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PREFACE. 

SHORTLY after the publication of the Mechanic’s Calculator, it 
l was suggested to me that a DICTIONARY OF THE TECHNICAL 

TERMS used in mechanics would be a highly serviceable book to 
those engaged in engineering and the study of natural philoso- 
phy. My situation as a public lecturer has every day since 

1 convinced me more and more of the justice of this suggestion, 
from the frequent application of my pupils for explanations of 

( technical terms they meet with in the perusal of scientific works. 
With a view to supply a cheap and portable manual for this 
purpose, the following Dictionary was drawn up, and is now 

f offered to the public, in the hope that if it is not perfect in all or 
any of its parts it is at least calculated to supply a material 
blankin the library of the workman. In drawing up many of the 
articles much more than a definition was absolutely necessary, 

i and accordingly such practical information, and tables for faci- 
! litating, or preventing the necessity of calculation, as the com- 

piler has found in his own practice most requisite, have been 
: introduced. No two persons will be found entirely to agree 

in their views of the relative importance of the various articles 
, contained in a work of this nature, and the compiler has little 

hope that his book will entirely satisfy the wishes of all his 
readers ; but he has dwelt at greater length on those subjects 
which his own experience has led him to regard as more im- 

,1 portant, and trusts that when any one shall wish that one 
t article should have been treated of more fully, he will bear in 
j mind that many others may be of the opinion that it should have 

been still shorter, in order to give place to some other subject 
• which they conceive more useful or interesting. 
: In drawing up such a book as the present, many sources of 

ff information require, of course, to be consulted. The labours 
of Newton, Smeaton, Banks, Emerson, Robison, Watt, Rennie, 

. Leslie, Young, Telford, Tredgold, Bevan, Wood, Gordon, 
■ M‘Neill, &c. &c., have furnished much of the information 
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which this work contains; and occasional extracts have been 
made from accredited works, but not to such an extent as to 
diminish their value, or render them unnecessary ; the present 
Dictionary being intended rather as a book for ready consulta- 
tion, than as containing systematic investigations of the matters 
which it embraces. 

To Mr Frazer, civil engineer, Sweden, the compiler is 
largely indebted for many rules, and numerous valuable tables, 
throughout the volume, and from that gentleman’s long ex- 
perience and acknowledged talent as an engineer, these may be 
employed with implicit reliance. Among these tables may be 
noticed those on the properties of bodies, the areas of circles, 
of ellipses, of the diagonals, &c. of various polygons, of the i 
weights of several metals, of screws, chains, and cables, and 
above all, the very valuable table of the teeth of wheels, the ! 
most extensive and correct that has hitherto been published. 
Various other gentlemen have also furnished valuable original 
communications, among whom may be more particularly men- 
tioned, Mr George Whitelaw, civil engineer, Glasgow, and 
Mr James Whitelaw, civil engineer, of the same city. 

There are interspersed throughout the volume about 200 
wood engravings and diagrams, together with four steel# 
engravings of fixed, locomotive, and marine steam engines, j 
which, together with the elegant portrait of the illustrious Watt, J 
will amply show that the publishers have spared no expense in t 
embellishing the work. From the great care of the printer the 
accuracy of the tables may be depended upon. 

The compiler, in conclusion, has only to express his sincere 
gratitude to the public for the very favourable manner in which 
his former publications have been received, and trusts that the 
present volume will in no way diminish the popularity which 
he has hitherto enjoyed. 

WILLIAM GRIER. 
GLASGOW, November, 1836. 



NTRODUCTION. 

N the course of this work many rules for calculation occur, which are 
ipressed by the aid of the common Algebraical signs ; and the reason 

for so doing has been, that we might, as far as possible, prevent any mis- 
ake in the application of these rules. Many who are not acquainted 
jrith the use of these signs, are led to believe, that they are employed 

ily as a parade of mathematical learning, which only serves to 
hake the subject more intricate ; but this is a mistake, for those who 
he not accustomed to the use of this notation, need only read to the end 
f this introduction, to be convinced that the invention of these marks of 
ontraction is one of the simplest and most effective means ever contrived 
iy man for the acquisition and communication of scientific knowledge. 

= When we wish to state that one quantity or number, is equal to 
mother quantity or number, the sign of equality — is employed. Thus 
I added to 2 — 5, or 3 added to 2 is equal to 5. 

-f- When the sum of two quantities or numbers is to be taken, the sign 
tins 4- is placed between them. Thus 3 + 2 =: 5; that is, the sum of 3 
md 2 is 5. This is the sign of Addition. 
? — When the difference of two numbers or quantities is to be taken, 
■ie sign minus — is used, and shows that the latter number or quantity 

to be taken from the former. Thus 5—2 = 3. This is the sign of 
Subtraction. 

X When the product of any two numbers or quantities is to be taken, 
he sign into x is placed between them. Thus 3x2=6. This is the 
agn of Multiplication. 
= When we are to take the quotient of two quantities, the sign by = 
placed between them, and shows that the former is to be divided by the 
tter. Thus 6-v-2 =3. This is the sign of Division. But in this 

|flrk it is seldom employed, the most distinct mode of marking division, 
teing, to place the dividend above a horizontal line, and the divisor be- 

it, in the form of a vulgar fraction, thus : 
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Dividend .. .. . 
- „■ . = Quotient. Divisor Divisor 

When the square of any number or quantity is to be taken, this is de- 
noted by placing a small figure 2 above it to the right. Thus 6® shows 
that the square of 6 is to be taken, and therefore 6® = 6 X 6 = 36. 

When the cube of any number or quantity is to be taken, this is 
denoted by placing a small figure 3 above it, and a little to the right. 
Thus, 43 shows that the cube of 4 is to be taken, therefore i3 = 4 X 4 X 
4 = 64, 

When we wish to show that the square root of any number or quantity . 
is to be taken, this is denoted by placing the radical sign V before it. 
Thus v/36 shows that the square root of 36 ought to be taken, hence 
✓36 = 6. 

When we wish to show that the cube root of any number or quantity 
is to be taken, the sign 3\/ is put before it; thus, 3v/64 shows that we are 
to extract the cube root of 64, hence V64 = 4. 

The common marks of proportion are also used, viz., ; :: : as- 

3 : 6 :: 4 : 8, being read 3 is to 6 as 4 is to 8.* 
( ) It not unfrequently happens that three, four, or more quantities or 

numbers are to be taken together or conceived as one, a circumstance which * 
is denoted by a parenthesis ( ). Thus, if 3 -f- 4 + 2 x 6, is to be viewed' 
as one number to be multiplied by 5, the whole is written thus, (3 4 
+ 2 x 6) X 5, which shows that the sum of 3 and 4 is to be added to the 
product of 2 x 6, which gives the number 7 + 12 = 19, which last num- 
ber is to be multiplied by the fi without the parentheses, making the 
whole = 95. Now had the parentheses been left out and the numbers 
stated thus, 3 -(- 4 + 2 X 6 X 5, the result would have been different, j! 
as we have here the sum of 3 and 4 to be added to the product of 2 x 6 ' 
X 5, that is 7 + 60 = 67. In like manner, v/64 -f 36 shows that we are 
to add the square root of 61, which is 8, to the number 36, and tlie amount 
is 44 ; but if parentheses are used thus, ✓(64 -f 36), we must add the 
numbers 36 and 64, and extract the square root of the sum, and there-1 

tore v'(64 -f 36) = v'100 = 10. It often happens that a dividend con- 
sists of several numbers or quantities connected together by the signs -f-,; 

—, Xi or under the sign ✓ or V, as likewise the divisor, in which case 
the parentheses may be used, as (6+ 8 + 5— 2)+ 6 + 2, which is 17+ 
8 = 21 ; but the same thing is more commonly expressed thus, 

€+8+5—2 _ _17 
= 21 6 + 2 

» These are merely sijfns to show that these operations ought to be performed 
according to the rules of Arithmetic, a conspectus of which will be found in the 
Appendix at the end of the volume. 
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The application of these signs to the expression of rules is exceedingly 
simple. Thus, connected with the circle we have the following rules: 

1st. The circumference of a circle will be found by multiplying the 
diameter by 3T416. 

2d. The diameter of a circle may be found by dividing the circumfer- 
ence by 3T416. 

3d. The area of a circle may be found by multiplying the half of the 
' diameter, by the half of the circumference, or by multiplying together 
the diameter and circumference, and dividing the product by 4, or by 
squaring the diameter and multiplying by *7854. 

N ow all these rules may be thus expressed: 

1st. diameter x 3T416 = circumference. 

2d. 

3d. 

- = diameter. 
circumference _ 

3-14] 6 

diameter circumference 
“2 X g- = 

diameter y circumference 

or, diameter* x ’7854 = area. 

i This latter mode of expressing these rules is evidently the best, as we 
1 are enabled to comprehend them by one glance of the eye; and the very 
! form in which they are expressed, shows us at once how the numbers in 
> any particular question are to be arranged for the purpose of solution. 
It often happens that the rules must be written in a shorter form still, as 
in this way they will sometimes occupy more than one line. The expe- 
dient fallen upon in this case is very simple, one letter being made to 
stand for a whole word, as in the above rules; c for circumference, d for 
diameter, and a for area, and they would in this way be written: 

1st. d x 3-1416 = c. 

2d' 3-1416 -d' 

t dye 
i °r’ 4 = a' 

or, (P x -7864 = a. 

Let us, for the sake of illustration, show the application of these rules 
i to particular examples. 
| Suppose that the diameter of a circle is 10 inches, then 

1st. 10 x 3-1416 z= 31-416 = the circumference. 
The circumference being 31-416, then 
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2d. 31-416 
3-1416 “ 

’ = 10 = diameter. 

10 31-416 
2 X 2 

10 x 31-416 
or> 4 

or, 102 x -7854 =. 

78-54 = area. 

Another illustration will make the subject fully understood. 
The common rule for determining the power of the steam engine, may 

be expressed as follows: 
Multiply together the square of the diameter of the piston in inches, 

the number of strokes per minute, the effective pressure of the steam in 
lbs. upon each square inch of the piston, the length of the stroke in feet, 
and the constant number -0000476-, and the product will be the horses’ 
power of the engine: or, 

Let d, represent the diameter of piston in inches, 
n, the number of strokes per minute, 

the effective pressure of steam on each square inch, 
l, the length of the stroke in feet: 

The engine being of the double stroke kind, the rule is d2 X n y p y l 
X -0000476 = horses’ power. 

Suppose that the engine is of the high pressure kind, and that the 
steam has an elastic force of 5 atmospheres, or 75 lbs., this, diminished by 
•5 to allow for friction and inertia, will give the effective pressure equal to 
about 50 lbs. to the square inch. Now if the diameter of the cylinder be 
20 inches = d, the length of stroke = 3 feet = l, the number of strokes 
in a minute = 36 = n, then putting these numbers in the form of the 
foregoing rule, instead of their respective letters, we have 202 x 36 X 50 
X 3 x -0000476 = 102-816 = the horses’ power of the engine. 

See Circle and Steam Engine. 
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ABACUS, in Architecture, the upper part of the capital of a column. 
In the Tuscan, Doric, and Ionic orders, the abacus or table is flat and 
square, but in the rest of the orders, the sides of the abacus are arched 

i inwards, having a rose in the centre. 
# ABSCISSA, in Geometry signifies a part cut off. See Curve. 

ABUTMENT, the land pier of a bridge. See Bridge. 
ACCELERATED MOTION, is that in which the velocity of the moving 

} body is continually increased. When the velocity increases equally in 
equal intervals of time, the motion of the body is said to be uniformly ac- 
celerated. An instance of uniformly accelerated motion occurs in the 
case of bodies tailing to the earth by reason of the action of gravity; and 
as a knowledge of this subject is of extensive use in Mechanics, all our 

: remarks on accelerated motion will be directed to its elucidation. 
We observe in the outset, that a uniform motion will take place 

where the force which urges the body ceases to act after the body has 
been put in motion, according to Newton’s primary laws of motion. (See 

| Motion.) For instance, if a ball at A be impelled by a force, in conse- 
i quence of which it is moved in the direction A B, and with such 
!(velocity, that it will pass over the first foot in one second of time, then, 
1 if it is not hindered, it will pass over the second foot in the 2nd second of 
itime, the third foot in the 3d second of time, and so on. 

A 12345678 H 

But if, when the ball arrives at the end of the first foot, it receives another 
i impulse of force in the same direction, and which will impart to it as much 

i more velocity as it had before, then will it move over two feet in the next 
second of time; for the velocity which the ball had before this new im- 
pulse, would have carried it over the second foot in the 2nd second of time, 
and the second impulse adds to it just as much more velocity; so that it 

A 3 
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will pass over two feet in the 2nd second of time, and if not obstructed, it 
would move on with the velocity of two feet in the second. But suppose 
that at the end of the 2nd second of time, it receives another impulse of 
the force, this will cause it to move over three feet in the third second of 
time, and so on, every such succeeding impulse adding to the preceding 
velocity an increase of one foot in the second. The reader is not to sup- 
pose that if a billiard ball, for instance, is struck with a certain force, 
which causes it to move on the table with a velocity of one foot in the 
sec. it will move with twice that velocity, after receiving a stroke pre- 
cisely of the same intensity with the first. The ball when it receives the 
second stroke is in motion, and, as it were, flies away from the impulse, and 
consequently a part of it is lost. (See Collision.) But it is easy to see that suc- 
cessive impulses, all equal in effect, and repeated at equal intervals of time, 
and in one direction, will cause the body to move with a velocity which in- 
creases with the time: so that in the 3rd second it is three times as 
great as it was in the 1st; at the 5th, five times; at the 8th, eight 
times, and so on. In the case we haye supposed, the acceleration of the 
motion or increase of velocity, cannot be said to be absolutely uniform, as 
it increases by starts separated by intervals of a second of time ; but if we 
suppose that the ball receives a thousand impulses, all equal, and at equal 
intervals during one second, then these starts will become insensible, and 
the body will appear to move with a uniformly accelerated motion; and 
as the increase of velocity must observe the same law as before, it is plain 
that at the half of the second, the velocity must be half of what it is at the 
end of the second. Now, it will not be difficult to see, that when a body 
in motion is uniformly accelerated, the velocity at the middle of the time 
is such, that had it been continued uniformly from the beginning to the 
end of the time, the body would have passed over the same space as it did 
with the uniformly accelerated motion; for the velocity at the middle, is 
just the mean between the first and last velocities, and is as much greater 
than the one, as it is less than the other, so that the increase of velocity 
after the middle, goes as it were to make up for the deficiency before it. 

Let us now turn our attention to the case of falling bodies. They fall 
to the earth by reason of the action of gravity, which is a force acting 
constantly. Now it has been found, that heavy bodies falling to the 
earth in consequence of the action of gravity, do, in the latitude of Lon- 
don, fall through X6-095 feet in the first second of time of their descent 
This has been determined by Captain Kater, and may be regarded as 
more correct than the number usually given, which is 16'0833 feet. It 
may however be remarked, that for all ordinary purposes the fraction may 
be neglected altogether, and thus the space through which a body will fall 
during the first second of time of its descent, may be taken in round num- 
bers at 16 feet See Gravity, and Pendulum. 
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Gravity being a constant force, may be supposed to act on the falling 
body by impulses repeated in rapid succession after each other, and there- 
fore, from the beginning to the end of the descent of the falling body 

, during the first second of time, its motion will be uniformly accelerated, 
SO that the velocity at the last instant of the time will be greater than at 
any foregoing instant. It has been stated above, that the body will fall 

I through a space of 16 feet in the first second of time, and the velocity of 
16 feet in the second, must be that which the body had at the middle of 
the second; since, if the body had moved uniformly with the velocity 
which it had at the middle of the time, it would have passed over the 
same space as the body did with the uniformly accelerated motion. But 
the velocity at the end of the time is double of what it was at the middle: 
it follows, that since the velocity at the middle of the first second is 16 
feet in the second, the velocity at the end of the first second must be 32 
feet in the second. Were the action of gravity to cease after the first 
second of time, the falling body would pass through a space of 32 feet per 
second, uniformly, to the surface of the earth. The action of gravity, 
however, does not cease, but continues to affect the body during the whole 
time of its fall; so that in the 2nd second of its descent it will cause it to 
move through 16 feet more, independent of any former velocity that the 
body had acquired. We saw before, however, that the body had at the 
end of the first second acquired such a velocity as would carry it through 
32 feet in the 2nd second, and this added to the 16 feet that the body has 
received from the continued action of gravity in the 2nd second of time, 
makes the whole space which the body will pass through in the 2nd second 
to be 32 4-16 — 48 feet. The space passed over in the 2nd second, is to 
the space passed over in the first, as 48 : 16, or as 3 : 1; and the whole 
space passed o+er in the first two seconds is 48 16 = 64; or calling the 
space passed over in the first second 1, then the second will be 3, and the 
whole space in the two first seconds 4. Carrying on Ihe same mode of 
reasoning, we will find that the space passed over in the 3rd second of 
time is 80 feet, or that it is to the space passed over in the first as 5 to 1. 
Hence in general it may be inferred, that if the times be as the numbers 
1, 2, 3, 4, 5, 6, &c., the spaces passed over from the beginning will be 
1, 4, 9, 16, 25, 36, &c., and the space passed over in the successive seconds 
or intervals of time, will be as the numbers 1, 3, 5, 7, 9, 11,13, &c.; and 
the laws of falling bodies may be thus expressed: 

The space passed through by a body falling from rest in free space is 
in proportion to the square of the time of falling, or the time is as the 
square root of the space. 

The velocity acquired by a body falling from rest in free space, is in 
proportion to the time of falling, or the square root of the space fallen 
through is in proportion to the velocity acquired. 
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If a body were to move on uniformly with the velocity which it hasac- 
quired at any time, it would pass over twice the space with this velocity 
in the same time that it did with the accelerated motion. 

These laws may be formed into rules for all the circumstances of fall- 
ing bodies. In these rules it is unnecessary to be troubled with the 
fraction in the number 16-095, (the space fallen through by a body in the 
first second of time,) but to consider the number simply as 16 feet, and 
the rules will be as follow :* 

The velocity = 32 X time 

=✓(64 x the space). 

The time = 

= v'(J1r6Ce) 
The space = 16 x time2 

_ velocity* 
•" 64 

Examples.—If a body has fallen through 60 feet, what is the velocity 
which it has acquired! 

By the rule it is ✓(64 x 60) =^3840 = 61-96 feet in the second. 
In what time did the body fall through that space of 60 feet ? 

By the rule ✓(•fg-) = ✓3T25 = 1-768 seconds. 

What is the space passed through by a body in five seconds, and what 
is the velocity acquired ? 

By the rule 16 x 53 = 16 x 25 = 400 feet, the space fallen through by 
the body, and the velocity acquired is 32 X 5 = 160 feet in the second. 

When a body is projected from the surface of the earth, its motion up- 
wards will be uniformly retarded, since gravity is continually acting in 
opposition to its ascent, and the body will only rise to a certain height, 
and then descend. Now the velocity with which it is projected being 
known, tire height to which it will ascend may be found; for the velocity 
with which it set out, will be such as it would acquire by falling from 
the height where it stops. Thus, if the body were projected with a velocity 
of 160 feet in the second, it would rise to the height of 402 feet. See 
Projectile. 

To save the trouble of calculation we have added two tables, which will 
be found of great use in the construction of machines which depend on 

* The velocity is that acquired at the end of the time, the space that fallen 
through from the beginning, and the time is also reckoned from the commence- 
ment of the body’s fall. 
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the action of falling bodies. In these tables the number taken as the 
basis is 16-095, as it is nearer the truth than 16, as given in the rules 

? ACCELERATION OF THE MOTION OF FALLING BODIES. 

TABLE A. 



10 ACCIDENTAL 

TABLE B. 

ACCIDENTAL POINT, in perspective, is that point in the horizontal line, 
where the projections of parallel lines meet the perspective plane. See 
Perspective. 

ACROSTICIA, in architecture, the sharp pinnacles ranged round the tops 
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of flat buildings, with walls and balusters; also small pedestals for sup- 
porting statues. 

ADDITION. See Appendix. 
ADHESION, a kind of attraction which takes place between the surfaces 

' of bodies; for instance, if two pieces of lead are filed flat on the face, 
and placed together, so that the flat surfaces touch each other, then it 

» will be found that it requires considerable force to separate them. The 
I force which resists the separation is called Adhesion. Adhesion is often 
i confounded with Cohesion, but although they are both species of attrac- 
' tion, they are nevertheless distinct from one another. Adhesion is the 
force which tends to unite the faces of bodies of diflerent kinds together; 
cohesion, on the other hand, is that force which tends to draw the particles 
of the same body together. See Cohesion. 

From experiments it would appear, that the force of adhesion diflers in 
[ different bodies; for instance, gold and copper adhere to the surface of 
1 mercury with forces which are to one another, as 446 to 112; and it would 

also seem, that the force of adhesion in any two bodies increases with the 
. number of touching points in the adhering surfaces, or on the extent of 
i surface in contact. When two bodies adhere, it is observed that they 
are most difficult to separate when the force employed for that purpose 
is made to act at right angles to the plane of the touching surfaces, so that 

; if it takes a force of 132 lbs. to draw asunder two surfaces adhering, when 
1 the separating force acts at right angles to the surfaces in contact, 8 or 9 
ounces will separate them, when applied in such a direction that they will 

! slide off It is also remarkable in the adhesion of bodies, that when the 
force of adhesion is so great that almost no constantly acting force will over- 

: comeit, it may be overcome by a slight blow near it. This may be observ- 
ed every day in the starting of bolts and nails. To know the force of ad- 
hesion of nails of different kinds, and in different kinds of wood, is of 

; great moment to the workman, but the only satisfactory source of infor- 
: mation on the subject that we are yet possessed of, is derived from the 
experiments of Mr Sevan. From his experiments the following facts 

i are collected:—Small sprigs, 4560 of which weighed one pound, and the 
J)length of each was 44 hundredth parts of an inch, forced in dry Christiana 
deal to the depth of 0-4 inches in a direction at right angles to the grain 

ilof the wood, required 22 lbs. to extract them. Sprigs half an inch long, 
having 3200 in the pound, and driven into the same kind of deal to the 
length of 44 hundredth parts of an inch, or nearly half an inch, required 
37 lbs. to extract them. Nails, 618 of which make 1 lb., each nail being 
one and a quarter inch long, when driven half an inch into the same kind 
of wood, required 58 lbs. to extract them. Nails two inches long, 130 of 
which were in the lb., when forced one inch into the wood, required a 
force of 320 lbs. to extract them. Cast iron nails, 380 of whicii were in 
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the pound, the length of one nail being an inch, when driven half an 
inch into the wood, required a force of 72 lbs. to draw them. Nails, 73 
of which weighed 1 lb., each of which was two inches long, when driven 
one inch into the deal, required a force of 170 lbs. to extract them, and 
the same nails when driven an inch and a half, required 327 lbs. to extract 
them, and when driven two inches, 530 lbs. It was found that the ad- 
hesion of a nail driven into Christiana deal at right angles to the grain, 
was to the force of adhesion when driven with the grain, as 2 to 1, but in 
elm, as 4 to 3. If the force of adhesion of a nail and Christiana deal be 
170, then in similar circumstances the number for green sycamore 
[plane tree] will be 312; for dry oak, 507; and for dry beech, 667. With 
regard to the relative adhesion of screws and nails, it was found that a 
common screw, whose diameter was one fifth of an inch, held with a force 
three times greater than a nail 2J inches long, 73 of which made a lb., 
when both entered the same length into the wood. A half inch iron pin 
applied in the way of a pin to a tenon in the mortice, the thickness of the 
board being '87 of an inch, and the distance of the centre of the hole from 
the end of the board being TOS inches, it required a force of 976 lbs. to 
extract the pin. 

To the same experimenter we are indebted for some important results 
concerning the adhesion of glue. From his experiments we are led to con- 
clude, that the surfaces of dry ash wood, cemented by newly made glue, 
in the dry weather of summer, would after 24 hours standing, adhere 
with a force of 715 lbs. to the square inch. But when the glue has been 
frequently made, and the cementing effected in wet weather, the force of 
adhesion is much lower, varying from 360 to 500 lbs. to the square inch. 
When Scottish fir cut in autumn was tried, the force of adhesion was 
found to be 562 lbs. to the square inch; from which it would appear, that 
if this cement be properly used, the strength of the glued part will exceed 
that of the rest of the wood. In these experiments of Mr Bevan, the 
force used to draw the surfaces of the wood asunder, was applied perpen- 
dicularly to the adhering surfaces, the pressure or weight being applied 
gradually and allowed to remain for two or three minutes before the ad- 
hesion was overcome. 

ADIT, an entrance or passage; a term frequently employed in talking 
of mines, to denote the aperture or opening by which they are entered, 
or by which the minerals or waters are drawn away, and the air shaft also 
sometimes goes by the name of Adit. 

JEOIIPILE, consists of a hollow vessel containing water, from the upper 
part of which there proceeds a pipe of small bore. When the vessel is 
placed upon the fire, steam is generated and is impelled through the pipe, 
the orifice of which is directed to this fire, and the instrument acts as a 
kind of bellows. On a large scale it is sometimes employed to increase 
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the draught of the steam engine furnace; as a jet of steam of high pres- 
sure carries with it a considerable portion of common air, so that when it 
is directed against the lower ribs of the furnace, the effect of the fire is 
materially increased. 

AERIAL PERSPECTIVE, is that which represents objects diminished in 
size and weakened in tint in proportion to their distance from the eye, 

I but the term relates principally to the colour. See Shade. 
AFFINITY, a term used in chemistry to denote that kind of attraction 

by which the particles of different bodies unite, and form a compound 
possessing properties distinct from any of the substances which compose 
it. Thus, when an acid and alkali combine, a new substance is formed, 
called a salt, perfectly different in its chemical properties from either an 
acid or an alkali; and the tendency which these have to unite, is said to 
be in consequence of affinity. See Chemistry. 

AIR, common, or atmospheric. See Atmospheric. 
AIR FURNACE. See bumace. 
AIR ESCAPE, a simple and ingenious contrivance for letting off the air 

from water pipes. If a range of water pipes be led over a rising ground, 
it will be found, that air will collect in the higher parts and obstruct the 
progress of the water, to remedy which inconvenience the Air Escape is 
employed. A hollow vessel is attached to the upper part of the pipe, in 
the top of which vessel there is fixed a ball cock, adjusted in such a way, 
that when any air collects in the pipe, it will ascend into the vessel, and 
by displacing the water, cause the ball to descend, and thus open the cock, 
when the air is allowed to escape. No water however can escape, for 
when that fluid rises in the vessel above a certain height, the ball rises 
and shuts the cock, new air then collects, displaces the water, lowers the 
ball, the cock is opened, and it again escapes. 

AIR PIPES, an invention for clearing the holds of ships and other close 
places of their foul air. The contrivance is simply this; a long tube open 
at both ends is placed with one end opening into the apartment to be 
ventilated, and the other out of it. The air in the outer end of the tube 
is rarified by heat, and the dense air from the hold comes in to supply the 
partial vacuum, the escape of the foul air in the hold being supplied by 
fresh air introduced through an opening above; and tins process is carried 
on until the air becomes everywhere equally elastic. 

AIR PUMP, an instrument invented by Otto de Guericke, about the 
year 1654. This instrument has been much improved in form in recent 
times, but the principle remains the same; its chief use being to extract 
the air from a vessel, whereby we are said to exhaust it, or to produce a 
vacuum. The construction and operation of the Air Pump will be un- 
derstood by a reference to the cut in the next page. 



14 

This is a sectional view of the common form of the air pump. Where R 
is, a bell-shaped glass vessel, open only at the bottom, and whose brim is 
ground perfectly flat, so that it may rest on every point on a brass plate 
S S, which is likewise ground to a flat surface, so that when a little hog’s 
lard is rubbed upon the edge of the glass vessel, commonly called the re- 
ceiver, and then the brim placed, by a kind of circular sliding motion, up- 
on the brass plate, no air can pass in or out of the receiver, between its 
edge and the plate. Through the centre of the brass plate there is drilled 
an orifice A, from which orifice there is led a pipe AB, forming a com- 
munication between the receiver R and the interior of the cylinder BPV, 
which communication may be opened or dosed by means of a stop-cock 
at G. The cylinder or barrel BPV is furnished with a piston BP ac- 
curately fitted to the cylinder, but capable of free motion up and down, 
which motion is effected by means of a piston rod DC, which moves 
through a stufl'ed or air-tight collar at D. The bottom of the cylinder 
or barrel is furnished with a valve V opening outwards. This cylinder 
communicates with another BXPV, constructed and furnished in a 
similar manner; and the two piston rods are provided with racks CC at 
the top, the teeth of which are acted upon by those of a wheel placed be- 
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tween them, as may be seen in the figure. Let us now attend to the mode of 
action. Suppose the stop-cock at G open, and the pistons as they are in 
the figure. The piston BP being at the top, a free communication is 
formed between the receiver R and the first cylinder, and the piston being 
pushed down past the orifice at B, the air contained in the cylinder or 
barrel will be forced into less space or compressed, and of course its elastic 
force increased. In consequence of this increased elasticity, the valve at V 
will be opened, and the air expelled. When the piston is lifted, this valve 
will be shut by the pressure of the atmospheric air without; thusa portion 
of the air which was contained in the receiver, communication pipe, and 
barrel, has been expelled, and that which remains will consequently be 
less dense; another stroke of the piston will diminish the density still 
more; and this process may be continued until the density be so diminish- 
ed, that when compressed by the descent of the piston to the bottom of 
the barrel, its elastic force is only sufficient to open the valve V. It will 
be easily seen, that the exhaustion of the air in the receiver depends on 
the elasticity of the air; for when the piston descends and expells the air 
contained within the barrel, (which it will do completely, if it go,to the 
bottom,) and then in returning, the valve V being shut, a vacuum will 
be formed in the barrel until the piston in its ascent passes the orifice B, 
when the air within the receiver will expand and fill the whole cavity. 
The operation of the second barrel and piston is precisely similar to that 
of the first, so that when the one is understood, the other requires no 
explanation. 

The degree of exhaustion will depend upon the workmanship of the 
pump, the number of strokes of the piston, and the relative capacities of 
the receiver and barrels; but perhaps in no case can the vacuum in the 
receiver be made perfect. For the purpose of determining the degree 
of exhaustion, a mercurial gage is employed, which acts on a similar 
principle with the common barometer. A glass tube EF, rests in a 
bason of mercury F, and its upper orifice opens into the brass plate SS. 
When the exhaustion of the receiver has commenced, the pressure of the 
air in the receiver must be less than that of the atmosphere without. 
Wherefore, since the air in the receiver presses the mercury down the 
tube, and the atmosphere pressing on the mercury in the bason forces 
it up the tube, with the greater force the mercury will rise in the tube, 
and it will rise the higher according to the difference of the density, and 
consequently elastic force of the air in the receiver, and that of the at- 
mosphere. 

AIR PUMP, as applied to the steam engine. See Condension. 
AIR VALVE, a valve commonly applied to steam boilers for the purpose 

of preventing the formation of a vacuum when the steam happens to be 
condensed within the boiler. The mode of action of these valves is very 

B2 
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simple. A valve in the top of the boiler opening inwards, is kept shut 
by a counterweight at the end of a lever; but whenever the steam in the 
boiler happens to be condensed, a vacuum is formed, and the air valve 
is opened by the pressure of the atmosphere, consequently the air enters 
and destroys the vacuum. The interior of the boiler being allowed to 
remain in the state of vacuum, the atmospheric pressure from without 
might cause its sides to collapse, and thus effect the destruction of the 
boiler. There have been instances of boilers collapsing even though fur- 
nished with an air valve, but in this case the counterweight must have 
been too great, or the valve itself too small; an error which we fear is 
pretty common, and ought to be avoided. 

Aia VESSEL, a chamber containing air, attached to pumps and other 
water works, the use of winch is to make the discharge constant, where 
the supply of water is intermittent. In the forcing pump for instance, 
where the water has to be sent up through a long range of pipes, the dis- 
charge from the pump being irregular, the impetus of the water at every 
stroke would jolt the machinery, which however may be prevented by an 
air vessel. The ejection pipe of the pump leads into a chamber containing 
air, and this chamber communicates with the pipes through which the 
water is to flow, the latter being less in diameter than the former. Now, 
when water by a stroke of the pump is sent into the air vessel, the air 
within it will be compressed, and before the pump has made another in- 
jection into this vessel, the air will by its elastic power force the water in 
a constant stream up the pipes, and thus a continuous stream is kept in 
the rising main. Air vessels are with great advantage applied to the suc- 
tion end of a pump. See Pump. 

AJUTAGE, a tube fitted to the mouth of a vessel for the purpose of 
modifying the discharge of water. For an account of the eflects of 
Ajutages of different forms and sizes, see Discharge. 

ALCOVE, in architecture, a recess separated from a chamber by a par- 
tition of columns. 

ALGEBRA, Signs of. See page 1. 
ALLOY, means generally a baser metal formed by the mixture of a 

valuable metal, as silver, with one of less value, as copper. In scientific 
language the value of the metal is not taken into account. 

ALTITUBE of a figure, the length of a line drawn perpendicularly from 
the vertex to the base of a figure. 

ALTITUDES, measurement of. See Heights, 
AMALGAM, a mixture of mercury with any other metal. Thus an 

amalgam of tin or lead, is a mixture of mercury with tin or lead. 
ANCHOR, a well known instrument for mooring ships. The form of 

the anchor is so very well known, that it requires no diagram for its il- 
lustration in this work, where we will introduce only such subjects con- 



17 

‘ iiieeted with ship building as are necessary for the description of steam 
e rvessels. The common anchor consists of a long bar of malleable iron, 

i [having a ring at one end, and two projecting curved arms at the other. 
This long bar is called the shank of the anchor, and near the top it passes 
through a cross piece of oak called the stock, which consists of two pieces 

I aStrongly bolted together. The arms at the bottom of the shank taper, 
(and form with the shank an angle of 30°., being terminated in broad 
pointed isosceles triangles, called the flukes of the anchor. 

The goodness of the metal will in a great measure determine the 
ij quality of the anchor. The shank, arm, and flukes are all forged I1 separately, and then welded or shut together. The general rule for the 

dimensions of an anchor is, that the length of the anchor should be *4) of 
the greatest breadth of the ship; so that if the ship be 30 feet, then the 
length of the anchor will be 30 x "4 = 12'0 feet. The shank is thrice 
the length of one of the flukes, and half the length of the beam. When 
the shank is 8 feet long, the two arms are 7 feet, measured with a tape 
line round the curve from tip to tip. The following tabular view of the 
lengths and weights of anchors for vessels of various breadths, may serve 

■ as a guide. The column B gives the breadth of the ship, L the length 
of the anchor, and W the weight of the anchor in pounds. 

B. L. W. 
10 40 64 
12 4-6 110 
14 5-6 175 
16 6-0 262 
18 71 373 
20 8 0 512 
22 8-6 681 
24 9-6 884 
26 10-4 1124 

B L W. 
28 11-2 1405 
30 120 1728 
32 12-8 2097 
34 13-6 2300 
36 14-4 2515 
38 15-2 3512 
40 16-0 4096 
42 16-6 4742 
44 17-6 5450 

| The weights of anchors will be as the cubes of their lengths, and from the 
[above table therefore the weight of anchors of all lengths may be de- 
itermined. 

5 ANEMOMETER, an instrument for measuring the force and velocity of 
Jwind. See Wind. 

ANEMOSCOPE, a machine that shows either the course or velocity of the 
wind. See Wind. 

ANGLE, in Geometry, means nearly the same thing with the word in- 
clination; thus, if two lines drawn on a plane surface  
are so situated, that they meet in a point, or would  
do so, if long enough, they form an opening which 
is called an angle. The point where the lines which 
form the angle meet, iscalled the angular point; and ^ 
if on this point as a centre, the one point of a compass be placed, while 
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the other is made to describe the arc of a circle, which passes through 
both of the lines that form the angle, that arc will be the measure of 
the angle. It is to be observed, however, that it is not the length of the 
arc which determines the magnitude of the angle, but the number of 
degrees, minutes, and seconds contained in it, so that if the arc consists of 
20° 30', the angle is said to be one of 20° 30'. 

Angles are of various kinds, as Right, Obtuse, 
and Acute. When one line meets another, or stands 
upon it, and makes the angles on both sides equal to 
each other, then these angles are each called a right • 
angle, and in this case the one line is said to be per- 
pendicular to the other. In the common language of 
workmen, the one line is said to be square with the 
other; and if the one line be horizontal, as in the 
figure, the perpendicular is said to be plum to it. 
The arc which measures a right angle, is the quarter 
of the whole circumference, or is a quadrant, and 
contains 90 degrees; any angle measured by an arc 
less than this, is said to be acute (sharp), and if the arc which measures 
the angle be greater than a quadrant, the angle is said to be obtuse 
(blunt). 

We may now pass to the common geometrical problem. 
At a given point A, in a line AB, to make an angle equal to a given 

angle, C. 
The method of performing which is as follows: 

From the points A and (J, describe with the same 
opening of the compass the arcs DE and FG. Then 
take the distance DE by the compass, and placing 
one leg on F mark the same distance FG; join AG, 
and the required angle will be formed. It is to be 
observed, that when an angle is denoted by letters,  
that letter which is at the angular point is always A F B 
read in the middle, as the angle DCE, or BAG. 

The measurement and formation of angles is of extensive application 
in the mechanical arts, and it is therefore necessary that the artificer 
should be familiar with the subject. On this account we will introduce 
in this place an explanation of the various fines employed for that purpose, 
which fines however are more frequently treated of under the head of 
Trigonometry; but in the course of this work we will be often concerned 
with angles, which are not connected with triangles, and we have there- 
fore thought proper to introduce this subject in the present article. 

For the division of the circle, we refer to the word circle, where an ex- 
planation of the terms, degree, minute, and second, will be found. But 
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it is to be remarked, that as an arc is the measure of an angle, any line which refers to the one, will also be understood to refer to the other; thus the sine of any arc, is also the sine of the angle of which that arc is the measure; so likewise the tangent of any angle, is also the tangent of the arc which measures that angle. The complement of an arc or angle, is what it wants of a quadrant, or 90°. Thus if AD be a quadrant, AB is the complement of the arc BD, and BD is likewise the comple- ment of AB; and the angles which these arcs measure, that is the angles DCB and BCA, are also complements of each other. The supplement of an arc or angle is what it wants of a semicircle, or 180°. Thus the arcs AB and BE are supplements of each other, so also are the angles ACB and BCE. Hence the complement of an arc or angle of 50", will be an arc or angle of 40"; but the supple- ment will be 130". The sine of an arc is the line drawn from one extremity of the arc, perpendicular to the diameter, passing through the other extremity. Thus BF is the sine of the arc AB, and the sine of an angle is the sine of the arc that measures that angle, wherefore BF is the sine of the angle ACB. The versed sine is that part of the diameter intercepted between the sine and the arc. Thus the versed sine of the arc AB, is FA. The tangent of an arc is a line touching the circle in one extremity of the arc, and continued from thence to meet a line drawn from the centre of the circle, and passing through the other extremity of the arc. Thus AH is the tangent of the arc AB, or of the angle ACB. The line CH, which is drawn from the centre to meet the extremity of the tangent, is called the Secant. The sines, tangents, versed sines, and secants of the complements of any arc or angle, are called the co-sines, co-tangents, co-versed sines, and co-secants of that arc or angle. Thus KB is the cosine of AB, DL the cotangent, &c.; co being only a contraction for the word complement. The chord of an arc is a straight line drawn from one extremity of the arc to the other. See Chord. These definitions being understood, we may proceed to remark that the lines employed for measuring angles bear certain relations to one another, so that if the length of any one or more be known, the lengths of the rest may be determined. It has been usual to take the lengths of these lines in measures of the radius. The radius may be reckoned 1, 10, 100, 1000, or any other number. In the tables of sines and tangents which 
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follow, the radius is taken 1, and the sines and tangents for every five minutes of the quadrant, stated accordingly. In using these tables for calculation, the following rules ought to be attended to: Any angle being given, to find its sine or tangent in the table ; look for the degrees in the horizontal line at the top of the table, and the minutes in the perpendicular column at the left side, and where these two columns meet, the sine or tangent will be found. Thus to find the sine of 14° 15'; in the second division of the table of sines there will be found 14 at the top, and 15 in the left hand column, and where these meet -24615 will be found, being the sine of the required angle. In the table of tangents we follow a similar method, and the tangent of the same angle will be found to be -25396. If it be the cosine or cotangent that we wish to find, we look for the degrees in the bottom line, and the minutes in the column at the right side of the table. Thus the cosine of the angle 14° 15', will be found to be •96923; and the cotangent of the same angle 3-93750. In using the numbers in these tables, it will often be found that the answer is a sine or a tangent, in which case it will be required to find the corresponding angle. It will be easily seen that the numbers in both tables increase from the beginning to the end, and therefore, if the result of our calculation be the sign -56039, we run our eye along the table of sines, until we come to the exact number, which we find to be the sine of 34° 5', or the cosine of 55° 55'. When the sine or tangent cannot be found exactly in the table, then the next nearest is taken, and the angle corresponding to it may be regarded as the answer. The table of tan- gents is used in like manner; but it is to be remembered, that although the points are not put in the tables, that all the sines below 90° are less than units, and therefore are decimals, so likewise all the tangents be- low 45°. From these two tables all the other lines which we have noticed above may be found. Thus for the secant of any angle, divide 1 by the cosine of that angle. 'Thus the cosine of 21° 30', is -93041; therefore, 

To find the cosecant; divide 1 by the sine of the angle; thus the co- secant of the same angle 21° 30', will be. 
•36650 “ 2 72380. 

To find the versed sine ; subtract the cosine from 1. sme of the angle 21° 30', will be 
1—-93041 = -06959. 

Thus tire versed 
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For the coversed sine; subtract the sine of the angle from 1. Thus, for the same angle we have the coversed sine, 1—-3(3650 : : -6335. The chord of any angle may be found by taking the sine of half the angle and doubling it. Thus the chord of 21<> 30' will be found. . 21° 30' Sine of - le of 10“ 45' = -18652. 
Therefore -18652 x 2 = -373041 = the chord of 21° 30'. We will have frequent occasion during the course of this work to show the extensive use of these tables in the calculations of the engineer; but in the mean time, the following may be taken as a specimen : If a body be projected up an inclined plane with a certain force, the constant action of gravity and friction will conspire to check its progress ; but leaving friction altogether out of consideration, there will be a cer- tain determinate point to which the body will ascend, and no farther, for then its original velocity will be entirely destroyed by the constant action of gravity. This point may be found by the following rule; the velocity being reckoned in feet per second; The velocity at the beginning * ... —. i—, ,6,.—~— = the distance of the point where 64 X sine of plane s inclination r 

the body stops, reckoned from the bottom of the plane. If a body be projected up a smooth inclined plane, with a velocity at the commencement of 20 feet in the second, the inclination of the plane being 38° 30', to what height will the body ascend ? By the table of sines it will be found that the sine of 38° 30', is -62251, wherefore, 9-84064 1 = 10-015 feet. < -62251 Angle of Application. See Force. Angle of Incidence. See Collision. Angle of Reflection. See Collision. Angle of Traction ; the inclination of the traces or line of dra the roadway, on which a weight is drawn. See Inclined Plane. 
SINES OF ANGLES. 
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TANGENTS OF ANGLES'. 

Angles, Vertically Opposite ; are formed by two lines which cross each other. At each crossing there are two pairs of such angles; those of each pair are equal, and the supplements of the other pair. Alternate Angles, are those made on the opposite sides of a line cutting two other lines; and if these two lines are parallel, the alternate angles are equal. Exterior Angles, are those formed by the sides of any righUined figure, and the adjacent sides produced; they are the supplements of the interior angles; which are the angles within a figure, formed by the meeting of each two adjacent sides. 



ANIMAL STRENGTH. 
Angular Motion. When a body moves in the arc of a circle, its velocity is commonly measured not by the space over which it passes in a given time, but by the number of degrees and minutes over which it passes; so that two bodies may have the same angular velocity, whose actual velocities are very different. There are two arcs, AC, ac, having the same centre, D, but different radii, Da, DA. They contain each 90°, yet the lengths of these arcs must be different. Now if a body moves from A to C in the one, while another body moves from a to c in the other, they have passed through 90 degrees in the same time, and their angular velocity is the same, but the radius of the one arc, is to that of the other, as 2 to 3; therefore the actual velocity of the body moving in the arc ac, is two-thirds of that moving on AC. Animal Strength. Of all the first movers of machinery, the force derived from the strength of man or other animals, was first used ; and notwithstanding the great power to be obtained from water, wind, steam, heated air, &c., the strength of animals continues in a multitude of cases not only to be the most convenient, but the only applicable source of power. As horses were formerly employed for the same purposes as water-wheels, wind-mills, and steam-engines now are, it has become usual to calculate the effect of these machines as equivalent to so many horses; and animal strength becomes thus a sort of measure of mechanical force. From these circumstances it is desirable, that a correct estimate should be had of the real strength of these animals, employed for mechanical purposes; but from the nature of animal organization, and from the variety of circumstances in which the living being may be placed in the exertion of its strength, it is impossible to come to any invariable standard; and all that is left for us to do, is therefore to collect together the results of many experiments, and take the average of the whole. We will here present to our readers, a condensed account of all that is yet known on this subject. When an animal is at rest, and exerts its strength against any obstacle, then the force of the animal is greatest, or the animal when standing still, will support the greatest load. If the animal begins to move, then it cannot support so great a load, because a part of its strength must be em- ployed to effect the motion, and the greater the speed with which the ani- mal moves, the less will be the force exerted on the obstacle, or the less will be the load which it is able to carry, for the greater will be the por- tion of its strength directed to the movement of its own body ; and there will be a speed with which the animal can move and carry no load, but where the whole of its strength is employed in keeping up its velocity. 
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It is clear that in the first and last of these cases, the useful effect of the animal is nothing, in a mechanical point of view. There must however be a certain relation between the load and speed of the animal, in which the useful eflect is a maximum. It has been found that the mechanical effect of any animal at work during a given time, is greatest when the animal moves with one-third of the greatest velocity with which it can move unloaded, and the load which it bears is four-ninths of that which it can only move. Thus if a man can move through 71 feet in the second, for ten hours a day, when he is unloaded, and if the weight which he is just able to move be 336 lbs., then the greatest mechanical effect will be obtained when he moves at the rate of 2i feet per second, which is i of 7i, and when he carries a load of 149i lbs., which is J of 336 lbs. The mechanical effect of any animal depends upon the load which it carries, and the speed with which it moves, conjointly; and thus to find the mechanical effect of an animal, we have only to multiply the load by the speed; hence the mechanical effect of a man carrying a load of 60 lbs., and moving at the rate of 3 feet in the second, is the same as that of a man who moves with a velocity of 2 feet in the second, and carries a load of 90 lbs., for 3 x 60 = 2 x 90 = 180. We have a few scattered hints on the subject of animal strength, from Smeaton, Euler, Desaguliers, and others, but it is to the labours of Cou- lomb that we are principally indebted; and the more important of his results we shall therefore present to the reader. If the average weight of a man be taken at 150 lbs., the quantity of action which he furnishes in going up a stair will be 2560 lbs., raised one yard in one minute, and a man will with convenience carry up a stair 480 lbs., through 1000 yards. In this kind of exertion it was found that the quantity of action of a man loaded, was to one unloaded, as one to two. It must be remembered, however, that quantity of action is a very dif- ferent thing from useful eft'ecb When a man goes up a stair unloaded, his quantity of action is the greatest possible, but his useful effect is nothing. When he is loaded his quantity of action is less, but his useful effect is more than formerly. In fact, it was found by Coulomb, that the greatest useful effect was produced when the weight which the man bore was 0-756, or } of his weight; or assuming the weight of the man to be 150 lbs. as before, the load would be 113i lbs. When a man travels unloaded on a level road for several days, he can hardly walk more than 31 miles a day, which gives for the quantity of a man’s action in this way 7700 lbs., carried 1094 yards. The quantity of action of a man walking up a stair, is to that when he walks on a level road, as 1 to 17. The strength of men according to different authors, is very different, as the following tables will show. 
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subject of this variable nature, where there are such differences in original constitution, and in habit Climate seems to have a decided influence on the strength of man, as may be learned from the statements of Reg- nier, according to whom. 

According to Robertson Buchanan, the effective strengths of men in working a pump, in turning a winch, in ringing a bell, and rowing a boat, are as the numbers 100, 167, 227, and 248. According to Mr Be- van, an ordinary workman is able to use the undernamed tools for a short time, with the forces marked against them. ins. A drawing knife, with a force of ... 100 An augur with two hands, 100 A screw driver, one hand,  84 A common bench vice handle 72 A chisel and awl, verticidly, . ... 72 A windlass handle, turning, ... 66 Pincers and pliers, compression, .... 60 A hand plane, horizontally,  50 A hand or thumb vice,  45 A hand saw, .  36 A stock bit, revolving,   16 Small screw drivers, or twisting by the thumb or fingers only, 14 
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The horse was formerly much employed in the propelling of machinery, and continues still to be so; on which account it is necessary to direct our attention to the measure of the average force of this animal. Of the strength of the horse there is about as much difference of opinion, as of that of man. Desaguliers and Smeaton state the strength of a horse to be equivalent to five men; whereas the French writers make it seven. Probably the truth lies somewhere' between, and we may with Dr Gregory estimate the strength of one horse, as equivalent to six men. Gregory estimates the strength of a horse to be about 420 lbs., at a dead pull. It is however to be remarked in comparing the strength of a horse with that of a man, that the most advantageous way to apply the strength of the one, is the least advantageous to the other. The worst way to apply the strength of a horse, is to make him carry a weight up a steep hill, while the structure of man fits him very well for that purpose; wherefore three men, each bearing a load of 100 lbs., will proceed faster up a hill, than one horse with 300 lbs. The best way of applying the weight of a horse, is to make bim draw a loaded carriage. A horse put into harness and endeavouring to draw, bends himself forward, and inclines his legs, bringing his breast nearer the earth, and this he will do the more, the greater the effort he makes. In this way it is obvious that the efiect will depend in some measure upon his own weight, and also upon the weight he has on his back. It is therefore useful to load the back of a horse when in draught, although at first sight it might appear a hindrance; and the more skilful of those who manage draught horses, being aware of this fact, adjust the load up. on the cart, or carriage, so that the shafts throw a portion of the weight upon the horses back, which portion operates with the weight of the animal in diminishing the exertion ofstrength necessary for draught, which more than compensates for the burden on the back. The best disposition of the traces while the horse is drawing, is to be perpendicular to the plane of the collar upon his breast and shoulders. When the horse is standing still, the position of the traces is rather inclined upwards, from the direction of the road, but when the horse leans forward to draw the load, the traces should become nearly parallel to the road. If the horse be employed in drawing a sledge or any other thing without wheels, the inclination of the traces to the road, will vary with the pro- portion of the friction compared with the pressure. Thus if the friction be one third of the pressure, the inclination of the traces to the road, will be according to the table, (see Inclined Plane,) 18J0, and the same table will give the angle for other proportions of friction to pressure. When a horse is employed in a gin, as is often practised in grinding and thrashing mills, it is desirable to give as great a diameter as pos- sible to the circle in which the animal walks. It is clear that since a 
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rectilinear motion is easiest for the horse, and that with the same velocity the centrifugal force will be less in a large circle, than in a small, which will proportionately lessen the friction in the cylindrical trunions, that It is advantageous to have the diameter of the gin circle large. In practice it may be stated, that the diameter of the gin walk ought not to be less than 25 or 30 feet. Mr Tredgold gives the following view of a horse’s daily labour, and maximum velocity unloaded. 

1 14-7 2 10-4 3 8-5 4 7-3 5 66 
Taking the hours of labour at 6 per day; the same author assigns 125 lbs. as the maximum of useful effect, moving at the rate of 3 miles an hour; and regarding the expense of carriage in that case as 1, he gives: 

62-5 41-66 36-5. 
Mr Tredgold states, that a horse working 6 hours, will raise 2250 lbs. one mile. Mr Sevan makes the number 2080. According to Desaguliers, a horse’s power is equivalent to 44000 lbs. raised one foot high in one minute of time. Smeaton makes the number 22916. Hachette, 28000; and Watt, 33000. For other particulars concerning animal strength, see the articles Dynamical Unit, and Power. Annealing. Glass, cast iron, and steel, together with other substances, when heated, and then allowed suddenly to cool, become hard and brittle, a circumstance which often renders them unfit for the purposes for which they are intended. To obviate this inconvenience, these bodies are, when heated, allowed gradually to cool, and this process is called annealing. Glass vessels after having been blown, are placed in an oven called the leer, which is situated immediately over the great furnace, where they are allowed to remain gradually cooling for a greater or less 
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time, according to their thickness. The best way of annealing steel, is to render it red hot in a charcoal fire, taking care that the metal be com- pletely covered, and then allowing the fire to go gradually out of its own accord. Cast iron cannot be managed in this way, as being bulky, the expense of charcoal would be enormous; it is therefore usual to employ turf or cinders, the process being otherwise conducted the same way as with steel. In annealing cast iron, it is not desirable that the metal should be brought to any more than a red heat, as otherwise the smaller pieces, and thin bars might not only bend, but even melt. In annealing cast iron when the pieces are numerous, and the fire too small, or, when it is suspected that the heat of the fire when left to itself may become too great, the pieces are when red hot, buried in dry saw1 dust, and in that state allowed to anneal. One great advantage of annealing cast iron, is, that if it is afterwards subjected to a partial heating, it is less liable to warp than it would otherwise be. The character of cast iron is not in any way altered by annealing, except thatit is rendered more malleable. Cast iron when employed in cutlery, is commonly bedded in some poor iron ore, or some substances which give out oxygen, and kept in a state little short of fusion for twenty-four hours; it is then found to be in a state not unfit for some kinds of edge tools and nails, and to retain a considerable portion of that malleability imparted to it by annealing. It is remarkable, that annealing makes copper hard and brittle, and that sudden cooling has the contrary effect. See Iron. Anvil, a table on which smiths hammer their work. The anvil is a solid mass of iron, of a peculiar form, being a kind of table, to the upper surface of which a plate of steel is firmly welded, and so hard' that it can withstand the blow of a hammer, or the action of a file. When design- ed for forging iron upon, the anvil is commonly made with one or two projecting arms, useful in giving the requisite shape to certain kinds of work, which may require to be bent or curved. Should there be only one arm on an anvil, workmen prefer it of a conical shape, but if two arms, the second is made pyramidical. Each of these arms is fixed to the body of the anvil a little below the surface, and they are so formed that they rise a little towards the point. Clock makers use very small anvils, which when using they fix in the vice. Tin plate workers have anvils of various forms and sizes, having concavities and convexities upon them, by means of which the proper form is more easily given to the work. Anvils, or break-irons as they are frequently called, may some- times require to be placed in some upper story of a house, in which case it will be advantageous that they should be placed on beds of sand, which goes far to prevent the vibration and noise. Avparaxos, the appendages belonging to machines, various detached parts necessary for experiments, or putting machines in motion. 



Aqueduct ; a structure for leading water over valleys, or uneven ground, whereby the level is always preserved. See bridge. Abc, in Geometry; part of the circumference of a circle, or any other curve, lying between two points. It ' 'N is often required to find the length of the arc of a circle containing a given number of degrees, and for this purpose the following table will be found serviceable •• 
Degrees. 1.— 01745329 2— -03490659 10— -17453293 20.— -34906585 

4— -06981317 5. — -08726646 6. — -10471976 7— -12217305 8.— -13962634 9— -15707963 

40.— -69813170 50— .87266463 60—1-04719755 70—1-22173048 80—1-39626340 90—1-57079633 

1 -00029089 2— -00058078 3— -00087266 4 -00116455 5— 00145444 6— 00174533 7— -00203622 8— -00232711 9— -00261799 

40—-01163553 45—-01308997 50—-01454441 55—-0. 
In the above table the radius of the circle is supposed to be 1, and therefore when the circle has any other radius, it will be necessary to multiply the numbers in the table by it, as will be shown in the follow- ing example: It is required to find the length of an arc of 481’ 13', the radius of the circle being 15 inches. By the table we find that the length of an arc of 40° is -69813170; that for 8°, is -13962634; that for 10', is -00290888; and for 3', -00087266; all which numbers added together give -84153958 as the length of an arc of 48° 13' of a circle whose radius is 1, hence -74153958 x 15 = 12-6230937 inches, as the length of an arc of the same number of degrees and minutes, the radius being 15 inches. Arcs whose lengths are required, are not always to be found to degrees and minutes; for instance, it might be required to find the length of the are of a circular segment, there being 18 segments in the whole circle, and the radius of the circle being 16 inches. In such cases the easiest method will be to take the whole circumference, and divide it by the number of segments required to complete the circle. In the case given we will find, that the entire circumference of acircle, 16 inches in radius, is 100-53096; (see Circle) which number divided by 18, gives 

100-53096 . . .  jg  = 5-5840 inches. 
In the erection of bridges and similar arched structures, it is often re- quired to find the length of an arc, where the base or span, and height are given. For this purpose the following rule and table may be em- ployed : 
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- = a number which will be found in the column Height of given arc Base, or span 

Height of arc, in the table, against which in the column Length of arc, will be found a number such, that when multiplied into the base of the given arc, will give the length of the arc required. Thus, In Southwark bridge, (London,) the arches are circular; the span of the middle arch is 240, and height 24 feet. Find the length of the arc. 
24 "240 = TOO 

A number which in the table, column of heights, stands opposite to 1 02645 in the column of lengths; wherefore, 1-02645 x 240 = 246-348 feet, the length required. Rules and tables for the lengths of arcs of other curves, will be found under the respective articles, Catenary, Cycloid, Ellipse, &c. The lines called sines, tangents, chords, &c. See., are common to arcs and angles. See Angle, and Chord. 
TABLE OF THE LENGTHS OF CIRCULAR ARCS. 
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Arch, in Geometry, is any portion of the circumference of a circle not (Xceeding a semicircle. , Arch ; a term used in architecture, to denote an arrangement of Separate stones, bricks, or other hard, non-elastic bodies, over any opening, «s a gate-way, or water course, so that the structure shall be capable of lesisting a limited pressure. Arches, as the name implies, are most iommonly in the form of a curve, but sometimes they are straight, as is 
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the rase in the portico of that beautiful specimen of architecture, St Andrew’s church, Glasgow. The wood-cut below will give a clear notion of the circular arch. The supports of an arch are pillars, or walls, called abut- ments, hutments, or piers. FG A the first stone which rises from the abutment to form the curv- ed part of the arch, is called the spring or rein, as A. The im- post or platband, is the upper part of the abutment at A. The stones ranged in the curved line forming the arch, are called arch-stones or vousoirs, and the concave surface which they form, that is ’ the curve line ABM, is called the intradus, or not unfrequently the soffet, the extradus being the curve formed by the upper, or opposite j surface of the arch-stones. The span of the arch is a straight line drawn ! from the one impost A, to the other M. The rise of the arch is measur- ; ed by a line drawn from the highest point of the intradus B, perpendicu- : lar to the line of span, AM. The highest point of the arch B, is called ! the vertex, or sometimes the crown, and the-arch stone placed there is i called the key-stone. The haunch or flank, is the space included be- j tween a horizontal line drawn from the crown B, and a perpendicular | drawn from the spring A. The outer wall forming the elevation of the ^ arch, is called the spandril. Various other particulars in the description of arches might be here given, but they will be better introduced under the article Bridge, to | which we refer, and terminate this with the following problem. To draw the plan of a circular segment arch, the space and rise being j given. This like alt other plans ought to be drawn to a certain scale; say in the present instance, that the span of the arch is 50 feet, and the rise 30, and that the plan is to be drawn to a scale, in which l-16th of an inch represents a foot. Take by the compass from a common foot rule, the distance AB = 50 six- teenths of an inch, and draw the line AB, bisect it in S, and raise the j perpendicular SR, whose length is 30 sixteenths. It only now remains | to draw the arc of a circle, which shall pass through the three given points : ARB ; join the points A and B with R, and bisect the lines AR and j 
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BR, in M and N, from wliich raise the perpendicular MO and NO, the point O being the centre, from which with the distance O A as radius, the arc ARB may be described. The figure will also show the method of drawing the arch stones, when the curve is circular ; and the method of drawing these vousoirs, when the curve is not a circle, will be found under the name of the curve, as Ellipse, Parabola, &c. Architecture ; the art of building, considered both as an ornamental and useful art. In this work there will be found definitions of such terms in architecture, as are useful to the engineer in understanding the principles on which bridges and edifices to contain machinery ought to be built, &c. Architectural Orders. See Order. Architrave; that part of a column which lies immediately upon the capital, being the lowest member of the entablature. The architrave of a fire-place, is the mantle piece. Area, of any plane figure in geometry, is the measure of the space contained within its boundaries, without any regard to thickness. The area of any plane figure is estimated by the number of little square spaces, that may be contained in it, each of these squares being of a cer- tain size; as an inch, a foot, or a yard long in the side. Workmen call this square measure. See Mensuration. Ash, is a very useful wood, as it possesses great elasticity, toughness, and considerable hardness. Ash answers well for instruments of hus- bandry, and for buildings where it is not much exposed to the weather ; also, for handles of such tools as axes, adzes, hammers, &c. It isremark- able of this wood, that it is equally good, whether cut young or at maturitj. Atmosphere ; that gaseous fluid which surrounds the earth, and which we breathe. The air which composes the atmosphere, was for a long time by all, and is at present by many, supposed to be destitute of weight, but this is not the case, for the exact weight of air has been determined by experiment. If a bottle whose content is one cubic foot, be weighed when full of common air, and then weighed when the air is taken out of it by means of an air pump, (see that article,) the bottle will be found to weigh heavier in the former case, than in the latter, by T222 ounces; from which we are led to infer the specific gravity of atmospheric air at the surface of the earth, and at the common temperature. Dr Prout states that 100 cubic inches of atmospheric air, at the surface of the earth, when the barometer stands at 30 inches, and at a temperature of 60 Fahrenheit, weighs 310117 grains, being thus about 815 times ; lighter than water, and 11,065 times lighter than mercury. Since the air of the atmosphere is possessed of weight, it must be evident, that a cubic foot of air at the surface of the earth, has to support the weight of all the , air directly above it, and that therefore the higher we ascend up in the 
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atmosphere, the lighter will be the cubic foot of air; or in other words, the farther from the surface of the earth, the less will be the density of the air. This may be easily inferred to be the case, from the nature of aeriform fluids, (see Pneumatics,) but it is verified by experiment. At the height of three and a half miles, it was found that the atmospheric air was only half as dense as it was at the surface of the earth. It may be proved that if altitudes are taken in arithmetical progression, the rarities of the air will be in geometrical progression. Now since the air at the height of three and a half miles, be twice as rare as the air at the surface of the earth ; it follows from the above law, that at the height of seven miles the air will be four times rarer than at the surface of the earth ; at the height of fourteen miles the rarity will be 16; and by con- tinuing the same calculation, it will be found that at the height of 49 miles the rarity of the air is 16,384 times greater than at the surface of the earth. In this manner it might be shown, that at the height of 600 miles, one cubic inch of the air which we breathe, would be so much ex- panded by rarefaction, that it would fill a hollow globe equal in diameter to the orbit of Saturn. This fact is sufficient to prove that the limit of the atmosphere is far within the height of 500 miles; in fact, from the researches of Dr Wollaston, we may conclude that the height is at least 40 miles, and from observations on the duration of twilight it may be in- ferred that the height of the atmosphere does not extend beyond 49 or 50. This subject is perhaps more curious than useful, and its considera- tion must therefore give place to others with which the mechanic is more immediately concerned. From the nature of fluids, it follows, that the air of the atmosphere presses against any body which comes into contact with it; because fluids exert pressure in all directions, upwards, downwards, sidewise, and oblique. From the nature of fluids it also follows, that the pressure on any point is equal to the weight of all the particles of the fluid in a perpendicular line between the point in contact, and the surface of the fluid. The amount of pressure of a column of air, whose base is one square foot, and altitude the height of the atmosphere, has been found to be 2156 pounds avoirdupois, or very nearly 15 pounds of pressure on every square inch. It is common to state the pressure of the atmosphere as equal to 15 lbs. on the square inch; and this ought to be remembered by the mechanic, as it is often an important element in the calculation of the effects of machinery. If any gaseous body or vapour, such as steam, exert a pres- sure equivalent to 15 lbs. on the square inch, then theforceof that vapour is said to be equal to one atmosphere; if the vapour be equal to 30 pounds on every square inch, then it is equal to two atmospheres; if the pressure be 45 pounds to the square inch, then its force is equal to three atmos- pheres, and so on. That the pressure of the atmosphere is equal to about 
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15 lbs. to the square inch, may be proved by the Torricellian experiment. Take a glass tube which is at least 30 inches long, being closed at one end, and open at the other. This tube being filled with mercury, and placed in a perpendicular direction, with the open end downwards, and resting in a basin of mercury; it might be thought that the mer- cury would by its weight fall out of the tube, but it is to be remem- bered that the atmosphere presses on the surface of the mercury at the open end of the tube, and forces it up the tube, and if the weight of the mercury in the tube is greater than the pressure of the atmos- phere, it is clear that a portion of the quicksilver will flow out of the tube, so that it will only be at rest when the weight of the mercury in the tube is equal to the pressure of the atmosphere. Supposing the bore of the tube to be one square inch, in the cross section, then it will be found that every two inches of mercury in the tube will weigh one pound; and consequently, if the height of the mercury in the tube be thirty inches, then will its weight be 15 pounds. Now the at- mospheric pressure is capable of supporting about thirty inches of mercury, and we therefore infer that the atmospheric pressure is equal to about 15 pounds on the square inch. A column of water 34 feet high, and one inch in base, is also found to weigh about 15 lbs., and it is found that the pressure of the atmosphere is sufficient to support a column of water of this height. The pressure of the atmosphere is not constant even at the same place; at the equator, the pressure is nearly constant, but it is subject to greater change as we approach the high latitudes. In this country the pressure of the atmosphere varies so much, as to support a column of mercury some times so low as 28 inches, and at other times so high as 31, the mean being 29'5. This would make the average pressure between 14 and 15 pounds on the square inch. Throughout this work, and indeed in scientific books generally, the pressure is understood in round numbers to be 15 lbs., so that when we say a pressure is exerted equal to one, two, three, four, &c. atmospheres, we mean such a pressure as would support 30, 60, 90, 120, &c. inches of mercury in a perpendicular column, or 15, 30, 45, 60, &c. pounds on every square inch. The higher we ascend in the atmosphere, the shorter will be the perpendicular column of air, and consequently the less will be the pressure; a fact which has been ad- vantageously applied to the measurement of altitudes. See Heights. The elasticity of the atmosphere is every where equal to the force which compresses it, that is to say, to the weight of the column of air which is above it. If a copper vessel be filled with common air, at the surface of the earth, and then sealed, the pressure on the inside will just be equal to the pressure on the outside, and be the vessel ever so thin, it will sus- tain no injury from the pressure of the atmosphere; but if it be n 2 



40 ATMOSPHERE. 
placed in the receiver of an air pump, and the air exhausted from about it, {the air in the inside remaining unchanged,) it will be found that, unless the copper has sufficient strength to overcome a pressure of 15 lbs. to the square inch, the vessel will burst, which follows in con- sequence of the elastic force of the air within. Had the air in the vessel been compressed by any means into half its original bulk, then its elastic force would have been doubled; in which case the pressure arising from the elasticity in the inside of the vessel would be 30 lbs. to the square inch, when the vessel is placed in an exhausted receiver; but when placed in the open air, the effective pressure would only be 15 lbs., because the atmosphere presses on the outer surface with a force of 15 lbs., which pressure being directly opposed to that arising from the elasticity of the air within the vessel, will destroy 15 lbs. of the pres- sure from within, and reduce it to 15 lbs., or one atmosphere. The air of the atmosphere was long supposed to be an elementary substance, but Dr Priestley determined it to be a compound. Various philosophers have subjected atmospheric air to analysis, and have arrived at different results. The latest, and that on which we may most implicitly depend, is as follows: 

Nitrogen 20 80 
100 

In 10,000 parts of common air, there is found about 4'9 of carbonic acid gas. Water in the form of vapour, is also found in the atmosphere, in small and variable quantities. The chemical properties of the atmos- pheric air are interesting to the mechanic, principally on account of the effects of the oxygen that it contains, which supports combustion, and corrodes metals. The following table will enable the reader to find a column of Mer- cury or Water, equivalent to the pressure of steam over the atmosphere; from 1 to 50 pounds on the square inch. 

1 1 5 2 2-5 203 2-54 304 

101 •52 2-03 
406 5-08 
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4-60 
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invention of Newcomen, an ironmonger, and Cowley, a glazier, both of Dartmouth, in Devonshire; the former of whom is commonly considered as the inventor, in consequence of which it is not unfrequently called Newcomen’s engine. The individuals above mentioned, had for some years been employed in an endeavour to improve the engine of Savary, the invention of the atmospheric steam engine was the result; and the year 1712, in which this machine was first constructed, forms a most important epoch in the history of the employment of steam, as a mover of machinery. The principles of this engine are sufficiently simple. It consists of a hollow cylinder, in which a piston is placed, similar to that of a common pump; the end of the rod of the piston is attached to a long lever, moving vertically, to the other end of which the pump rod is attached; the machine being commonly used for pump- ing water. The weight of the pump rod and geering attached, must be sufficient to draw down that end of the beam, and consequently raise the piston to the top of the cylinder, in which case steam is admitted into the 
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cylinder, below the piston, and then cold water injected which condenses the steam within the cylinder, producing a vacuum; when this takes place, the atmospheric air pressing on the upper surface of the piston, forces down the piston to the bottom of the cylinder, the steam is again admitted, and again condensed, and the reciprocating motion of the engine is thus produced. The injection of the steam, and likewise of the cold water, is performed by valves or stop-cocks, at the proper time, which is done by particular appendages to the machinery. In the article steam engine there will be found a particular description of the atmospheric engine, which though vastly inferior to those of more recent invention, still continues in many places to be employed in draining mines, &c. With regard to the proportions of the different parts of this species of the steam engine, the following general remarks may guide. The length of the cylinder ought to be twice its diameter; and 98 x ✓ (the length of the stroke in feet) = the velocity of the piston in feet per minute, which may be called V, and, Y x area of cylinder „ t  4800“^  - area of steam Passage- 
Wherefore if the diameter of the cylinder be 72 inches, the length of the stroke is 72 X 2 = 144 inches = 12 feet, and 98 x vT2 = 98 x \/3'4641 = 339-4818 feet per minute, which is V in the foregoing rule, and the area of the cylinder will be found to be 4071-504, hence, 339-4818 x 4071-504 oco . . ,  jggg   = 288 square inches nearly — the 
area of the steam passage. The quantity of water necessary for condensa- tion, is about twelve times that necessary for the formation of the steam, and a knowledge of this fact, will of course regulate the size of the orifice for the injection of the cold water; the height of the cistern should be about three times the height of the cylinder, and the jet aperture being made square, its side should be about l-22nd part of the diameter of the cylinder. The conducting pipe should be four times the diameter of the jet To determine the power of the atmospheric engine, the rule is, the square of the diameter of the cylinder in inches, x i the velocity of the piston in feet per minute x 5-9 = the weight in lbs. which the engine will raise one foot high in a minute. In 1775, Smeaton designed the Chess-Water Engine, having a cylin- der 72 inches in diameter, the length of the stroke was 9 feet, and 9 strokes were made in the minute. Required the power of this engine according to the foregoing rule ; 72a X 9 X 9 X 5 9 = 2477433-6 raised one foot high per minute; consequently estimating the horses’ power according to Watt at 33000, we have, 

2~33000^ = 75 ll0rscs> ‘he power of the engine. 
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Attraction. This is a general term which applies to several classes of phenomena in mechanics and chemistry, and its true extent of meaning, will, like that of most other technical terms, be best understood by a refer- ence to the facts which it is intended to classify. In the solar system it ap- pears, that each planet has a tendency to every other planet, and that all have a tendency to the sun; and, on our globe, bodies when unobstructed will fall to the earth. These phenomena are said to occur in consequence of a common property of matter, called the attraction of gravitation. When we pour any liquid, as water, into a vessel, we may not only fill the vessel to the brim, but more than this, so that the vessel will appear to be heap- ed. Now the particles of fluids are so easily moved among themselves, that they will be drawn by the action of gravity to the lowest point, and if there was not some power keeping the particles of the fluid above the brim together, the fluid would flow over the brim, until the surface became perfectly level with the edge of the vessel. There appears then to be a tendency in the particles of the fluid to keep together, which tendency is observed in all bodies, being greatest in solids, less in liquids, and least in gases, or aeriform fluids. This is the property by which bodies re- sist being broken, and is called the attraction of cohesion. (See Cohesion.) This kind of attraction is only exerted between the particles of the same body, but it is often confounded with another kind of attraction, which is exerted between the surfaces of diflerent bodies. Take two pieces of lead, and file a flat face on each, then bring these two surfaces into con- tact, it will be found that it requires a considerable force to draw them asunder. (See Adhesion.) When tubes of small bore are immersed in any liquid, the liquid will be found to rise in the tube above its common level, and there thus appears to be a tendency in the tube to draw up the water, which tendency is called capillary attraction. (See Capillary Attraction.) If a stick of sealing wax be rubbed briskly with a woollen cloth, and then brought near to light substances, as bits of paper, they will fly to the sealing wax, and the attraction of electricity is said to be exerted between them. If a common magnetic needle, or loadstone, be brought near a piece of iron, a mutual tendency to draw together takes place, which is called magnetic attraction. If acetic acid, that is common vinegar, and soda, are mixed together, then the particles of these two substances will unite with each other, and form a new substance, called a salt, whose properties are entirely dift'erent from the properties of either of the two substances which formed it, and it requires some superior power to separate the particles of the two substances which com- pose the salt. The attraction here exerted is sometimes called affinity or chemical attraction. See Chemistry. 
Those kinds of attractions which act at sensible distances, seem all to observe one general law; viz., that their power increases inversely with the 
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square of the distance; that is, let the power of attraction at any distance be reckoned unity, then at twice the distance, the power will be one-fourth ; at three times the distance, one-ninth. This is the case in the attraction of gravitation ; and the same law would seem to hold good in electricity and magnetism, which has led many to suppose, that these three kinds of attractions are only different modifications of the same power. Axis, in Geometry; the straight line in a plane figure, about which it revolves to generate a solid. Thus, if a circle be described on a surface, and that surface made to turn round the diameter, the figure of a sphere would be described. In a yet more general sense, the axis of any figure is a straight line drawn from the vertex to the middle of the base. Axis, in Mechanics; the line about which a body turns. See Ellipse, Parabola, Curve, &c. Axis, in Peritrochio, or, the Wheel and Axle ; one of the simple mechanical powers, which may be considered to be a kind of perpetual lever. In the accompanying cut, A is an axle and B a wheel firmly fixed together, but capable of motion round the centre C. A cord passes round the circum- ference of the wheel, from which is suspend- ed the power P, another cord passes round the axis, from which the weight W is sus- pended. Now in the simple machine, there will be an equilibrium when the weight W, is to the power P, inversely, as their horizontal distances from the centre of motion ; that is P : W : : AC : CB. Wherefore the rules are the same as for the lever. (See J Lever.) If the power acts at the end of a handspike fixed in the rim i of the wheel, then this increases the leverage of the power, by the length | of the handspike. If a weight of 36 lbs. is to be raised by an axle 3 I inches diameter; what must be the power applied at the end of a hand- spike 4 inches long, fixed in the rim of the wheel connected with the axle, the wheel being 6 inches diameter? Here the handspike will increase the distance of the power from the fulcrum, and will add to the diameter of the wheel twice its own length; therefore, 8 + 6 = 14 ;— I hence, 14 : 3 :: 36 : 7-71, the power required to keep the weight in cquilibrio. Axle, or Axle-Tree ; a piece of timber, or bar of iron fitted into the holes or naves of wheels, round which they turn. See Gudgeon, Shaft, Wheel, Friction, and Centre. 
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B 

Balance ; a well-known mo- dification of the first order of levers, commonly called the beam and scales. When the !balance is properly constructed, i the fulcrum is in the middle, between the two extremities, : and consists of an edge first i ground sharp, and then rounded i a little with a hone. The two i scales are hung upon edges of the same kind, which are com- monly called knife-edge centres, and are employed to diminish friction, where the body which moves upon them does not require to make an entire revolution. In this cut A and C are the points of suspension, B l the fulcrum, D and E the scales. In the construction of balances, three conditions must be satisfied be- • fore they can be pronounced perfect.—1st, That when equal weights lie 'in the scales, the beam ought to be level, or rest in a horizontal position. —2nd, The beam ought to be easily disturbed by small weights put into icither scale, which property is called the sensibility of the balance—3rd, 'That when the beam is drawn out of its hori zonal position by any small ftaddition of weight to either scale, it should "quickly resume the horizontal || position, which property is called the stability of the balance. The Umeans of satisfying these requisites of a good balance, may be learned Bfrom what follows. H If the centre of motion, the centre of gravity', and the centres of sus- ||y>ension be all in the same straight line, the beam will have no tenden- ||; 'y to remain in a horizontal position in preference to any other, in which case the stability of the balance will be destroyed. On the other ihand, if the centre of gravity be immediately above the fulcrum, the sensibility of the balance will be very great, but it will have no stability; for in that case when the slightest additional weight is put into one scale, khe balance will overset, for the centre of gravity will fall below the •eentre of motion, and this will follow the more quickly, the higher the centre of gravity is above the centre of motion, and the less the centres of suspension are loaded. But if the centre of gravity of the beam, be immediately below the centre of motion, it will remain, if undisturbed, in ji horizontal position, and if disturbed in this position, and then left at 
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liberty, it will vibrate, and at last come to rest in the level. The lower the centre of gravity is below the fulcrum, the quicker will be the vibration of the beam, and the greater will be its stability. This effect will also be the greater, the less the load upon the centres of suspension. Having thus stated the effects of the different relative positions of the centres of motion and gravity, we will now proceed to examine the effects of different relations of the centres of suspension, and the fulcrum, or centre of motion. If the straight line which joins the centres of suspen- sion, be above the centre of motion, the beam will overset, unless the weight of the beam prevent it by a tendency to restore it to the horizontal position. In this case, small weights will equilibrate, and with a certain exact weight, the beam will rest in any position; but all greater weights than this will cause the beam to overset. If the line joining the points of suspension be below the fulcrum, the beam will assume the horizontal position, unless prevented by its own weight. If the fulcrum and centre of gravity should nearly coincide, the vibrations of the beam will be nearly isochronous, and when the weights are very small, they will be very slow. The higher the fulcrum is, the tendency of the beam to the horizontal position is the stronger and the vibrations the quicker. If the arms of the balance be unequal in length, false indications will be given, because then the weights though equal, will act at unequal dis- tances from the fulcrum. But although equality in the length of the arms of a balance be necessary to the perfection of that instrument, j et a balance with unequal arms may be made to give correct weights; for we have only to weigh the body first in one scale, and then in the other, and multiply the one by the other. The square root of this product will be the true weight of the body. Thus if a body weigh in one scale, 4 ounces 2 drams, and in the other 4 ounces 3 drams, then we have 

4 oz. 2 drams = 4 2-16th oz. = 4-125 oz., and, 
4 oz. 3 drams = 4 3-16th oz. = 4-1875 oz.; wherefore, 

v/ (4-125 x 4-1875) = v'17-2735 = 4-156oz. = 4 oz. 2-496 drams, 
the true weight of the body. 

In the construction of balances, the artificer ought to keep the following observations in view :■—That the fulcrum and centres of suspension be all in one straight line—That the arms of the beam be of equal length from the fulcrum—That the arms be as long as possible with convenience— That there be as little friction as possible—That the centre of gravity of the beam be a very little below the centre of motion—That the scales be in equilibrium when empty. There have been various contrivances to rectify the balance when de- ficient in sensibility or stability. Thus for the purpose of raising or lowering the centre of gravity, a simple appendage to the balance has been 
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resorted to. On the index, or tongue, that slender stem rising perpendicu- larly from the beam, and which serves to indicate the beam’s inclination from the horizontal position, there is affixed a small weight, capable of being shifted up or down, by the motion of which the centre of gravity- may be raised or lowered at pleasure. For the purpose of equalizing the length of the arms, there is sometimes a screw affixed to the end of the beam, by means of which the centre of suspension of that scale which is at- tached to it, may be moved to or from the fulcrum. The exact differencein the length of the arms of a balance may be determined on the following grounds. The weight which counterpoises an ounce when suspended from the longer arm of a balance, when added to the weight which coun- terpoises an ounce suspended from the shorter arm, will make a sum greater than two ounces. The difference between this sum and two ounces, when expressed as the fraction of an ounce, will give us in the numerator, the square of the difference of the arms, and the denominator the product of the lengths of these arms. Baluster; a small column or pilaster; and a collection of these, joined by a rail, is called a balustrade. Barometer ; an instrument used for determining the pressure and elasticity of the atmosphere. To con- struct this instrument, procure a glass tube, having a bore of not less than one third of an inch in diameter, and which is perfectly clear and free from flaws, and at least thirty-three inches in length. Let this tube be hermeti- cally sealed at one end, that is to say, closed by fusing the glass with a blow- pipe, and then with the open end up- permost, holding the tube in a verti- cal position, fill it with purified mer- cury. In this state the finger is placed on the orifice at the open end, to prevent the mercury from falling out, and the tube is inverted, the open end being placed in a basin of mercury. Now the air of the at- mosphere presses on the surface of the mercury in the basin, and tends to force it up the tube, but the mercury in the tube tends by its weight to de- scend into the basin; and in this state 
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of things it is evident, that the pressure of the atmosphere on the surface of the mercury in the basin, must be equal to the pressure arising from the weight of the mercury in the tube, otherwise there cannot be an equilibrium. From the laws of the pressure of fluids, it follows, that there will be supported in the tube a column of mercury of such height as will exert by its weight a pressure on its base, equal to that of a column of air of the same area of base, and of a height reaching to the top of the atmosphere. Now it will be found that the height of the mercury in the tube will be in ordinary circumstances about 30 inches, from which cir- cumstance we may determine the amount of the pressure of the atmos- phere. To render this as simple as possible, let us suppose the base of the tube to be one inch in area, as the width of the tube’s bore cannot, from the laws of the pressure of fluids, alter the height of the mercury. We know from the specific gravity of mercury, that two cubic inches of it weigh about one pound avoirdupois; and as the column of mercury in the tube is 30 inches long, and lias a bore of one square inch, its whole contents will be 30 cubic inches. But since two cubic inches weigh one pound, the whole weight of the column will be 15 lbs.; and this is the pressure upon the base. The pressure of the atmosphere may, therefore, be inferred to be about 15 lbs. to the square inch. The barometer is commonly employed for the purpose of determining approaching variations in the weather; and the rules for applying its indications in this respect, may be found under Barometer, Popular Ency- clopedia. This instrument is more scientifically used for measuring altitudes, for which, see Heights. There are various modifications of the barometer, as the Diagonal, Horizontal, Marine, Pendant, Reduced, and Wheel Barometer, all modifications of the same instrument, the common form of which, with the scale attached, will be seen in the cut above See Atmosphere. Baroscope, the same as barometer; a weather-glass. Barrel of a Wheel, is the axle, or cylindrical body, about which the rope goes.*—Barrel of a Pump, is the hollow part of the pump where the piston works. Bars ; straight pieces of timber or metal, that run across from one part of a machine to another. Base of a figure, denotes the lowest part of its perimeter; in which sense the base stands opposed to the vertex, which denotes the high- est part.—Base of a right-angled triangle, is properly the hypothenu.se, though it is generally used to denote one of the sides about the right angle, the other side being called the perpendicular. That side on which a solid body stands is called the base of the solid.—Base of a conic section, is a right line in the parabola and hyperbola, formed by the common intersection of the cutting plane and the base of the cone. 
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Basil ; that angle the edge of a tool is ground to. Batten ; a piece of timber three or four inches broad, and one thick. To Batter ; to lean backward. Back ; a long piece of timber. Beak ; the crooked end of a piece of iron, to hold any thing fast. Beam ; a large piece of timber lying across any place. For the pro- portion of the working beam of the steam engine, see Working Beam. Beech ; a kind of timber very extensively used by artificers; while young, it possesses great toughness, and is of a white colour. The cohesive strength of this wood is, according to Sir John Leslie, 12,225, that is, this is the number of pounds weight which will tear asundera piece of this tim- ber one inch square. But great as its strength is, it is nevertheless unfit for many purposes, as it is liable to be worm-eaten when exposed in the open air, and warps in moist weather. Beech is chiefly useful for furni- ture work, but is sometimes employed in buildings. One great objection to the use of this wood is, that it is liable to be consumed by a worm which seems to feed upon its sap; and therefore with a view of preserving the wood, different methods are employed to extract the sap from it. When the scantling of beech is large, it is soaked in a pond of water for several weeks, the time required being longer or shorter according to the size of the scantling, or the heat of the season ; the requisite time being shorter, the smaller the scantling, and hotter the weather. In general, beams and thick planks require six ; joists and rafters, three ; and thin boards about two months’ soaking in the water. When taken out they are left to dry gradually in the shade; they ought also to be protected from the rain, and laid down with laths between them to prevent their contact, and pressed by a considerable weight, all which precautions are taken, so that the timber may not warp. When beech is used for building, the ends of the wood which touch the brick work ought to be covered with a thick coating of pitch. Beech is often used for handles of saws, plane-blocks, and small articles to be turned in the lathe; previous to which it is recommended to boil the pieces for two or three hours, which process renders the wood much more easily wrought, and in every respect better fitted for the purpose to which it is to be applied. Beetle ; a wooden instrument, or mallet, for driving piles. Bellows; a well known instrument used for supplying a blast of air to the fire. In a smith’s forge, the best position for the bellows, is in a level with the fire; but for the purpose of giving more room near the floor, they are frequently placed higher, and the blast is then communi- cated through a tube bent downwards. The nose of the bellows passes through the back of the forge, where it is fixed in a strong iron plate, called a true iron or patent back, which arrangement preserves the bel- lows, and also the back of the forge from injury. 



BENDING OF TIMBER. 
Bending of Timber. This becomes an object of very considerable importance to the millwright, who has often to purchase wood having a curved form, at a very high price. Wood which is curved naturally, is often very imperfect from its inequalities, and consequently ill adapted for mechanical purposes; but this may be avoided if the artificial mode of bending wood be attended to, for then the best pieces may be selected, dressed in a straight form, and afterwards bent to the curve required. The process of bending wood to any required curve depends on the property of heat, for its presence increases the elasticity of the wood; thus thin planks of wood, such as pipe staves, and the planks for the sides of boats, are heated in the part where the curve is required, and they are gradually bent as they become hot. Wood, of whatever kind it may be, is a bad conductor of caloric, and therefore the heat applied at one part of a plank will not readily be communicated to another; and thus there will be an inequality of elasticity, and consequently of curvature, and not unfrequently cracks in the interior, and splinters off the exterior surface of the wood will be the consequence. The heat is sometimes given to the wood intended to be curved by placing it in an oven, or stove heated gradually, which obviates the inconvenience above alluded to. The risk of injuring timber by the application of dry heat, however equal, is very considerable; as wood contains in its ordinary state more or less moisture, which dry heat has a tendency to dispel, a circumstance that ought to be avoided, since there cannot be any doubt that the elasticity of wood depends upon the quantity of moisture which it contains, no less than upon its temperature. This then is a general law, that of two pieces of wood of the same kind, and containing the same quantity of water, that will be the more elastic which is the warmer, and if they be both of the same temperature, that will be the more elastic which contains the great, er quantity of water. To take advantage of this law in its fullest extent, it was for along time usual to boil the pieces of wood to be bent, but this process was found very injurious, as it not only diminished the strength of the wood, but caused it to shrink, and become when dry and cold, less elastic than ever. The vapour stove was next employed. It consisted of a chest formed of thick planks firmly jointed together, and of a sufficient capacity to contain the wood to be cuived, which was laid upon supports placed in the interior of the chest; steam was introduced into the chest by means of a pipe led from a boiler. The wood being thus subjected to the action of the steam for some time, is rendered fit for beading, but if the planks or pieces are of considerable thickness, this method of increasing elasticity by imparting heat and moisture can be of no effect, since the temperature cannot be raised higher than that of boiling water. When the timber is not very thick, the vapour stove will answer exceedingly well, as it is not expensive, and requires little 
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attendance. The deficiency of this latter method is supplied by the employment of the sand stove. This stove is an imitation of the sand bath so extensively employed in chemical operations. It is formed of four walls of stone, or brick, having in the middle two fire places that communicate with several circular flues, to convey the heated air and smoke to the two chimneys at each end. Over these flues are laid the plates of metal, forming the bottom of the chest, in which the sand is placed. The wood is introduced lengthwise into the stove by either end, and placed upon gratings, then covered with sand. The sand it is well known may be heated to a great degree, and thus the temperature of the wood raised far above that of boiling water; and if the wood were kept dry, it might thus be converted into charcoal; to prevent which occur- rence, two boilers containing water are placed in the sand chamber, and the steam thus generated impregnates the sand with moisture, and sup- plies the wood with its watery principle, which is continually flying away from the action of the heated sand. If the wood be removed when it is sufficiently hot, and no more, it will be found to have sustained very little injury. The wood being thus prepared for bending, it must when hot, be moulded upon a surface, which gives it the curve required; which may be effected by the application of any sufficient force, by means of cords, pulleys, or capstans. I f the pieces are not large, heavy weights; or the force of men may be employed, but in all cases it is necessary to keep the force in action, until the wood be cold and dry. Bevel ; any angle except one of 90 degrees. The term bevel is also applied to an instrument for drawing angles, in general use among workmen. In construction, it somewhat resembles the common square, with this difference, that the blade is movable about a centre in tire stock, so that it can be set at various angles. The joint of the bevel should be stiff, otherwise no dependence can be put in the instrument, that it will remain as it has been set; indeed, it would be advisable that the mill-wright should take the precaution usually adopted by stone masons, of fixing the blade at the required angle, by means of a thumb 

Bevel Geek, in mechanics, denotes a species of wheel-work, where the axis or shaft of the leader or driver forms an angle with the axis or shaft of the follower or the driven. The wheels in this species of geering are not unfrequently called conical wheels, as they may be regarded as the frustums of fluted cones. The nature of the action of these wheels will be understood from the cut, fig. 1. In order to determine the relative size of the wheels for changing a motion into a direction inclined 45°, for example, to its first direction, and in which the new axle shall move with four times the velocity of the first,—Let AB (Fig. 2) be the original direction of the motion; through e2 



any point O draw COD, inclined 45°, to AB; then since the axle CD is to move four times more rapidly than AB, the wheel which it carries must have one-fourth the number of teeth, and one-fourth the diameter. Draw cd at any convenient distance from CD, and parallel to it, and draw ab parallel to AB, so that An =: B6 = 4 Cc = 4 Dd, and join the points of intersection i and O. Draw Om, so that the angle BOnt = BOi, and draw Ore, so that DOre = DOi, and these lines will mark out the size and situation of the cones of which the wheels are to be portions. By attending to the preceding construction, it is obvious that it is nothing more than to divide the angle BOD into two angles, whose sines are to one another as the number of the revolutions of the one wheel is to the number of revolutions of the other. For further particulars regarding bevel geer, see Wheel Work. Bird’s Eye View; a phrase used among draughtsmen to designate the picture of any machine, building, &c., where the spectator is supposed to look from above. The plane of such a picture is parallel to the horizon. Bisection ; dividing into two equal parts. Block ; a lump of wood. Blocks; pieces of wood in which the sheevers or pullies run, and through which the ropes go. Blowing ; the projection of air into a furnace in a strong and rapid current, for the purpose of increasing combustion. Whether bellows or a pumping cylinder be employed for this purpose, the air will be pro- jected into the furnace in puffs, unless some regulation of the blast bo employed. To regulate and equalize the blast, three different contrivan- ces have been adopted. The first is what has been called a regulating cylinder. In this con- trivance, the air which is propelled from the pumping cylinder, or large bellows, is carried through a pipe called the tuyere, into another cylinder, in which a piston loaded with a pressure of at least three pounds to the 
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square inch, is fitted. The air from the pumping cylinder or bellows passes through the tuyere into the regulating cylinder, and having no means of escape, presses up the piston in the regulating cylinder. An- other tuyere opens from the regulating cylinder into the furnace, and thus by the constant pressure of the piston, the blast is in a great measure equalized. This machine, however, is not by any means perfectly adapted to the purpose intended. The second way of regulating the blast, is by means of an air vault. The operation of the air vault may be easily understood. It is merely a vault connected with the pumping cylinder by a pipe, with a valve open- ing into the vault, so that the air will not return to the pumping cylinder. I f the content of the pumping cylinder be the one hundredth part of that of the air vault, and the nose-pipe of the air vault which leads into the furnace be stopped, then after the engine has made 25 strokes, and forced into the air vault 25 cylinders of air, the air vault will then contain 25 cylinders of air in a state of condensation, and having a force of three pounds upon the square inch above its original pressure. Let the nose- pipe opening into the furnace be now opened, and with such a bore as to allow the same quantity of air to be sent in blast from the air vault as is supplied by the pumping cylinder, then the blast will be nearly equal to the elasticity of the condensed air, acting as a regulator. The best form of the machine is represented in the cut below. Where C is a hollow cylinder furnished with a piston E, similar to that of a common steam engine. The piston-rod D, works through a stuffing box at the top of the cylinder, also similarly formed with that of the steam engine. A and B are pipes leading into the cylinder, and furnished with valves opening inwards. On the opposite side of the cylinder are two valves F and G, opening outwards from the cylinder into two pipes which lead into the large upright pipe H. From this pipe, which is closed both at bottom and top, there proceeds a pipe PO, a branch of which leads olf 
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at I, iuto the iron chest K, which lias no bottom, but rests in a cistern of water, a part of the stone work of the sides of which is seen at M and N. Above this branch there is a valve L opening upwards. The figure will now be completely understood by following the operation. When the piston is at the bottom of the cylinder, and is then raised, the valve A will shut, and all the air will in a condensed state be forced through the valve G into the pipe H. During the ascent of the piston, a vacuum would be formed in the cylinder below the piston, in consequence of which the valve F would be shut, and the valve B open, which last ad- mits the air into the cylinder C. When the piston begins to descend, the condensation of the air within the cylinder will cause the valve B to shut and F to open, so that the condensed air will rush into the pipe H; and thus, by the alternate ascent and descent of the piston, the air in a com- pressed state is sent into the pipe H. The compressed air proceeds along the pipe PO, but as the branch I allows it a passage into the chest K, it will press upon the surface of the water in the cistern, and of course cause it to rise on the outside of the chest. The pressure of the condensed air in the chest is often so great, as to raise the water in the outside of the chest, 6, 7, or 8 feet above the level of the water in the chest. By this contrivance, should there be any intermission in the in- tensity of the blast, the column of water in the cistern will press up the air in the chest, and thus equalize the current above. The valve at L is loaded with a certain pressure, so that when the engine is going too quick, and the supply of air too rapid, the valve will be forced open. Two branches are led from the horizontal pipe at O, one to each side of the furnace. If the diameter of the cylinder is 5 feet 2 inches, stroke 7 feet, making 6 strokes per minute, the engine will supply one furnace. The water cistern is then 47 feet long, 14 deep, and 19 broad, the chest being 40 long, 12 broad, and 12 deep. Such an engine is wrought with a steam engine of 35 horses’ power, the diameter of cylinder being 32 inches, and length of stroke 7 feet. It has been found that the same bulk of air at 32“, has ten per cent, more oxygen than at 85° when dry, and if saturated with moisture, twelve per cent.; wherefore, if 1500 cubic feet per minute be a sufficient supply in winter, 1625 will be required in sum- mer, to have the same effect. From this it was inferred, that the colder the blast, the greater would be the effect; but at the Clyde iron works, and other founderies, the pipe which conducts the compressed air from tire chest to the furnace is made to pass through the fire, and the air is thus heated to a very high temperature before it acts upon the fuel. This has caused great economy in the smelting of the ore, as will be seen by statements under the article Furnace. The density of the air is regulated by a constant pressure of from 4 to 6 inches of mercury, that is 2 to 3 lbs. on the square inch. The quantity of air required per minute varies from 
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1200 to 3000 cubic feet, and it may be assumed that the chest should contain ten times the quantity discharged during one stroke of the piston. See Combustion, Furnace, and Smelting. Body, or Solid, in Geometry, has three dimensions, viz. length, breadth, and thickness. Body, in mechanicalscience, is a solid, extended, palpable substance ; of itself merely passive, and indifferent either to motion or rest, but capable of any sort of motion, and all figures and forms. Bodies are either hard, soft, or elastic. A hard body is that whose parts do not yield to any stroke or percussion, but which retains its figure unaltered. A soft body is that whose parts yield to the stroke or impression, without restoring themselves again. An elastic body is that whose parts yield to any stroke, but immediately restore themselves again, and the body retains the same figure as at first. We know not, however, of any bodies that are perfectly hard, soft, or elastic; but all possess these properties in a greater or less degree. Bodies are also either solid or fluid. A solid body is that in which the attractive power of the particles of which it is composed exceed their repulsive power, and, con- sequently, they are not readily moved one among another; and, there- tbre, the body will retain any figure that is given to it. A fluid body is that in which the attractive and repulsive powers of the particles are in exact equilibrio, and therefore yields to the slightest impression. Fluid bodies are also distinguished into non-elastic and elastic, or fluids properly so called, and aeriform fluids or gases.* Regular bodies, or Platonic bodies, are those which have all their sides, angles, and planes, similar and equal, of which there are only five, viz. 

1. Tetraedron, contained under 4 equilateral triangles. 2. Hexaedron, . . 6 squares. 3. Octaedron, ... 8 triangles. 4. Dodecaedron, . . 12 pentagons. 5. Icosaedron, ... 20 triangles. 
Boiler ; the name generally applied to the vessel in which steam is generated for the supply of steam engines. These vessels have been con- structed of various forms and materials, with a view to economy of fuel, strength, compactness, or durability. No one form will, however, ensure all these advantages; for if we wish the greatest possible strength, the boiler would be nearly of a spherical form, but this is the worst form for the economizing of fuel, as the spheric will expose less surface in proportion to its contents, than any other figure whatever. It was a remark of Watt, that his chief object in the construction of boilers, was 
* The Table of the Proportions of Bodies in the highly useful for reference. next page 
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as much as possible to economize the fuel; which effect was produced mainly by making the boilers of such a shape, that the air which passed through the fire should be robbed of almost all its heat, before it was allowed to escape. This great engineer made his boilers of a rectangular form, being curved at the top. Boilers for fixed engines are most com- monly made in this manner, and they seem well adapted for low pressure steam ; but when steam is required of high pressure, the cylindrical form seems best. Boilers have also been formed of tubes for the supply of locomotive engines. It is desirable in the construction of boilers, that 
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they should expose as great a surface as possible to the action of the fire, and that this be done in as small a space as possible; but whatever the form of the boiler may be, there must be a determinate quantity of water always contained within it, and likewise a proportionate space for steam, otherwise the engine will not be regularly supplied ; and beyond the requisite dimensions it would be injudicious to go. The proper dimensions of a boiler may be found by the table of the proportions of boilers. It may be remarked, that Watt and Koulton usually allowed five feet of bottom surface for each horse’s power in land engine boilers, but only three feet for those of steam boats, as in these, economy of space is a matter of great consequence. Large boilers require proportionally less water, than small ones, as will be seen by an inspection of the table, and a satisfactory reason can be given for this; for a great quan- tity of water will take a longer time to arrive at a given temperature, than a less quantity, and will fall in temperature much slower when ex- posed to cold. Now, since the influx of steam from the boiler is inter- mittent, there must be a variation in the pressure on the surface of the water, consequently the temperature will rise, or fend to rise, and this tendency will be inversely as the quantity of water. To find the depth of water in the boiler, if it be of the common rectangular form, with a semi-cylindrical top, the rule is, to divide the quantity of water contained in the boiler, by the bottom surface, which quantities will be both found in the table. Thus, for a 12 horse engine boiler, we have, 

— 2*44 — the depth of water in the boiler 
in feet; and for the whole depth of the boiler of the above form, we may take twice the depth of water, added to one-tenth of that depth ; thus for the same boiler we have, 

(2 X 2-44) + -244 = 4-88 + -244 = 5-124 feet = 
the whole depth of the boiler. For the length and breadth of the boiler, we have,  bottom surface X side surface   ^ ^ quantity of water in the boiler — bottom surface — “ ’ 

bottom surface . , — length—" =: breadth of boiler, wherefore in the 
boiler for a twelve horse engine, we have bottom surface, 60, side surface 58-8 or 59, and the quantity of water being 146-4, we have, 

60 x 59 3510 ,60 , (2 x 146-4)-60 = 232^8 = 15 = the Iength’and 15 = 4 = the 

breadth. These rules by Tredgoid give the capacity nearly the same as the boilers commonly used, but the extent of surface for heat is increased, and they seem not only more effective, but also stronger. 
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For the proportions of cylindrical boilers, various rules have been given, but vre are inclined to think that they can be of little service to the practical engineer. By Tredgold’s rules, a cylindrical boiler, whose ends are the segments of spheres, and capable of converting seven cubic feet of water into steam of four atmospheres’ pressure per hour, should be 2-03 feet in diameter, and 18-6 in length; and one to boil off 24 cubic feet at three atmospheres, would be 2'6 feet in diameter, and 50 in length. To produce the same effect, two boilers of the same diameter, and each 25 feet long, would be preferable. With regard to the strength of boilers, it is to be observed In the out- set, that the pressure tending to separate a boiler, is about proportional to the load on the safety valve; and the tendency to crush it together, is equal to the pressure of the atmosphere. Against the last of these pressures it will be easy to provide, for it will always be constant; but the former may be varied, and if any thing should go wrong with the valves, a considerable excess of pressure may arise from the elasticity of the steam, against which it is necessary to provide. From experience we are led to conclude, that a boiler ought to be enabled to bear from two to three times the pressure that is generally put on the safety valve in the working state. This may serve as a guide for the excess of strength of low pressure engines; but for high pressure engines, the excess of strength would require to be more. For boilers of a rectangular shape, and formed of wrought iron plates, this rule may be employed. The load in pounds per circular inch on the safety valve, multiplied by the greatest diagonal of the section of the boiler in inches, will give a dividend; and for a divisor, multiply the cubic content of the boiler per horse’s power by 120, perform the division, and the quotient will be the thickness of the plate in inches. For copper, use 72 instead of 120. Thus, the greatest diagonal of a boiler is 8 feet = 96 inches, the load on the safety valve 3-5 lbs. per circular inch, and the space for steam being 16 feet per horse’s power, here by the rule. 

and for copper, 
3 5 X 96 120 x 16 = ’173 inch for iron. 
3-5 x 96 72 x 16 = -282 inch. 

These results come very near to the practice of the best boiler makers, so far as the top plates are concerned, as it is usual to make the top plates about a quarter of an inch in thickness, and the bottom ones about three eighths; it is generally thought advisable to make the plates acted upon by the fire, a great deal thicker, with a view to make them last longer. This however would appear to be a mistaken notion, not only from obser- vation, but also froma very simple consideration. When the metal which 
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is subjected to the immediate action of the fire is very thick, the heat is a considerable time iii passing from the exterior to the interior surface, and it is plain that the interior surface (in contact with the water), cannot ac- quire a temperature greater than 212, while the outer surface may have acquired a temperature much higher; and thus the bottom surface of the boiler soon becomes burnt, and a crust of carbonaceous matter is presented to the action of the fire, and the plate of solid metal at the bottom has be- come as thin as any other part of the boiler. Besides, carbon is a bad con- ductorof heat, and so a loss of fuel is sustained, which it is the wish of the intelligent engineer always to avoid. If the plate had been thin, this would have taken place much slower, and to a far less extent. As to the comparative utility of copper ^nd malleable iron plates for boilers, we give our opinion decidedly in favour of the former. Copper is a better con- ductor of heat than iron, and although its tenacity is not so great, yet when a copper boiler bursts there is only a tear, whereas, when an iron boiler bursts, it is often blown to pieces, destroying every thing in its way—the copper boiler doing less damage, and being easily repaired. The prime cost of iron is only l-6th of that of copper, but when a copper boiler is done, the metal will sell for l-6th less than its prime cost, whereas the iron will not pay the expense of removal. The bursting of vessels exposed to heat is frequently owing to the unequal expansion, and therefore, as we see in glass vessels, the thicker they are the more liable are they to break; cast iron boilers often burst from the same cause, wrought iron ones being better conductors of heat, burst less frequently, and for a similar reason, copper boilers are preferable to those of malleable iron. Other particulars regarding boilers of various forms, will be found under Steam, and Locomotive Engine ; and we will conclude this article by describing the accompanying cuts of a rectangular boiler of the common form, with all its appendages. Fig. 1, is a longitudinal, and Fig. 2, a cross section, and the same letters are used for the same parts in both, aa is the boiler, surrounded by the flues bb, c is the chimney, d is the ash-pit, and e is a space for holding any ashes that may be carried over the division behind the furnace bars, this space being cleaned out through the opening f, which is built up when the boiler is in action, so that no air can be admitted into the flues, g is a space in the top of the division behind the furnace, to allow the flame and smoke to pass over; A is the furnace mouth, and i the bars ; i is a plate behind the bars, furnished with a handle l, with which when it is drawn out, the danders may be forced into the ash-pit. On the top of the man- hole m, a valve is shown, which opens inwards, in order to prevent the sides of the boiler from being crushed in when the steam in the in- terior happens to be condensed, (see Air Valve) ; n is the steam pipe and safety valve (see Safety Valve) ; o shows the gauge cocks for ascertaining 



Fig.1. 

the height of the water in the boiler, (the surface of the water is shown by the dotted line). The stone float ]> is partly balanced by the weight q, which is hollow, in order, if required,to hold additional weights for regulating the float; r is the ful- crum on which the lever ss turns, and f is the centre of the lever which works the small valve fixed in the bottom of the top part of the feed- pipe, which admits the water into the boiler. This water flows into the top of the feed pipe from the hot water pump. When the water in the boiler becomes less by evapora- tion, the level of the surface will be lowered, and consequently the stone float will descend, and the other end of the lever which works the valve in the feed-pipe will be raised, and 

Fig. 2. 
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the valve opened, and water admitted until the float rises to the proper level, (see Feeding Apparatus.) The feed-pipe u ought to be so high, that there cannot be a possibility of the water in the boiler being forced out through it by the pressure of the steam. When the steam gets very strong, the water in the boiler is by the increased pressure forced through the pipe vv up into the feed-pipe, and acts upon a float which is connect- ed by a chain passing over the pulleys ww, to the damper x, which damper passes into the flue and damps the fire, (see Damper.) In the bottom of the top part of the feed-pipe, there is fixed a small pipe to allow the chain of the damper to work through the bottom, and not allow any water to pass into the boiler which does not pass by the feed- valve. There is attached to the top of the feed-pipe, a small pipe for the purpose of carrying off the surplus water which is supplied by the hot- water pump, but is not required for the boiler. The feed-pipe is shown broken in the end section. Boiling, or Ebullition; the agitation of fluids, arising from the action of fire, Sx. All fluidity is the effect of a quantity of caloric, or the matter of heat, absorbed by a body in passing from a solid to a fluid state; and boiling is the act of a body passing from a fluid state to that of vapour, by a further absorption of the caloric. If the heat is applied to the bottom of the vessel, after the whole liquid has acquired a certain temperature, those particles next the bottom become elastic, and ascend as they are formed through the liquid like air-bubbles, and throw the whole into violent agitation. The liquid is then said to boil. Every liquid has a fixed point at which boiling commences, and this is called its boiling point. Thus under the ordinary pressure of the atmosphere, water begins to boil when heated to 212 degrees. After a liquid has begun to boil, it will not become hotter, however much the fire may be increased. A strong heat, indeed, makes it boil more rapidly, but does not increase its tem- perature. This was first observed by Dr Hooke.—The following table contains the boiling point of a number of liquids, at the ordinary pressure of the atmosphere: Bodies. Ether, Ammonia . Alcohol, Water, Nitric acid, Sulphuric acid, Oil of turpentine, Sulphur, Linseed oil, Mercury, 

98 . 140 176 . 212 248 

. 570 600 . 660 
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Bolts, large iron pins. Bond, the fastening several pieces of timber together, either by mortise and tenon, dove-tailing, &c. Boring. Much of the excellence of our modem steam engines depends on the improved methods of boring their cylinders. The cylin- ders of steam engines are cast hollow; and it is a well known fact among founders, that although the mould be ever so correct, and the casting managed with the utmost care of the most skillful workmen, yet there is every likelihood that the cylinder will be drawn out of the sand untrue. The cylinder to be bored is firmly fixed with its axis parallel to the direction in which the borer is to move. The cutting apparatus moves along a bar of iron, accurately turned to a cylindrical form, having a polished surface. Two opposite and parallel grooves are cut on this cylinder, from one end to the other. A socket of cast iron, which is bored and ground so as exactly to fit this cylinder, and to slide along it without the slightest shaking, is then put on. Its external part is made conical, having five or six studs upon the base to receive the cutter block, which is fastened to it. The bore of this socket is furnished with fillets, which fit the groves cut in the cylinder, so that the socket may easily slide lengthwise on the cylinder, but can only revolve on its axis with it. The cutter block is wedged tight into the socket. The cutter block is a ring of metal somewhat less in diameter than the cylinder to be bored, and having on its circumference eight notches to receive the cutters, which are fastened with wedges. To give a progressive motion to the cutting head, (including the socket, and cutter block,) while the cylin- driod guide is revolving upon its axis, a collar of metal is fitted to the socket, which collar is connected with two racks of sufficient length to reach through the cylinder to be bored, which racks communicate with a pair of pinions, acted upon by two levers loaded with a sufficient weight to overcome all obstacles while the operation is going on. The cutter should pass through 72 inches in the minute, so that the diameter of the cylinder to be bored, will determine the number of re- volutions of the shaft in a given time. If the circumference of the cylinder be 72 inches, then the shaft carrying the cutters will just make one turn in the minute, and the number of turns for any other cylinder will be found by dividing the circumference in inches, by 72. Some of these boring machines are so adjusted, that the cylinder is in a perpendicular direction, and this seems to be an improvement. See Drilling. The largest of the boring tools for wood, is the auger. The oldest construction of the auger, which is yet in common use, in various parts of the country, cannot be wrought till a small excavation has been made, which is mostly done with a gouge, at the place where the hole is to be; r 2 
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mid until the auger arrives at a considerable depth, its motion is very unsteady. This old auger is sliaped like a gimblet, except at the point, which is like that of a nose-bit. An improved construction of the auger, by Phineas Cooke, appeared to possess so much merit, that the Society for the Encouragement of Arts, presented thirty guineas to the inventor. This is called the spiral auger, for it consists of a rectangular bar of steel, twisted in the shape of a bottle-screw, terminating in a short taper screw, with a double worm like a gimblet. The upper part, like that of the common auger, is formed into a large ring, in which the handle is inserted, at right angles to the length of the auger. That part of the screw adjoining the spiral, presents an edge which cuts the wood. This auger is not very commonly used, but it pierces the wood much truer than the common one; no picking is necessary before it can be wrought, nor does it require to be drawn out to discharge the chip. It is, however, better adapted to the boring of soft wood than hard. Its use being on this account more limited than workmen like; besides, its not being cheap in its first purchase, and if not made of good metal and very care- fully tempered, easily changing its form, it will probably not retain the character it once acquired. The latest construction of the auger has been found to answer so well, that it will probably supersede the use of the spiral and common auger. Like the spiral one it terminates with a gimblet-screw, which draws it down into the wood, while the workman turns it round and presses upon it; and another peculiar advantage of which is, that its point can be set precisely upon the centre marked for the perforation, the proper direction of which there is then a good chance of preserving, while the broad-ended auger is apt to deviate considerably at its very commencement. Immediately above the spiral screw, it is, for a short length, rather of a prismoidal shape, tapering a little upwards, like the socket chisel below the conical part. The prismoidal part has one cutting edge which cuts the sides of the hole, and another which cuts the bottom. The core rises as the act of boring goes on, in the form of a spiral shaving. Above the prismoidal part, the shaft may be of any shape at pleasure, that possesses sufficient strength, taking the obvious precaution of making its diameter less than that of the bore. The general disadvantage of augers with gimblet points, is, that when they encounter knots or hard places in the wood, they are apt to break. Every one who makes use of an auger in the usual way by hand, knows by ex- perience that he never can so completely exert his strength in this opera- tion, as when he bores down perpendicular!}', with his body leaning over his work; and it is very evident, that by every degree of the auger’s elevation from this situation, his power is of less effect, consequently his labour is increased, and his work so much retarded, that in the former position he can bore four holes for one in the latter. In hand boring, 
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also, the unsteady and irregular motion of the auger, (particularly when the common old-shaped one is used,) at its first entrance into the wood, occasions the holes to be bored very crooked, often larger without than within, and very wide of the direction aimed at, especially if the wood proves hard and knotty, and the holes are deep. Regarding the preven- tion of these disadvantages, as a matter of considerable consequence to ship-builders, and a variety of other artists, the Society for the Encour- agement of Arts, &c. presented the sum of fifty pounds to William Bailey, for his invention of a machine for boring auger-holes, by the use of which the force of the workman, and consequently the despatch of his operations, are equally exerted in all directions. It is unavoidable, also, in the usual way of boring, for the action of the auger to be discontinued twice in every revolution ; but with the machine the motion is continued with equal force and velocity, till the auger has bored to the depth required. A description of this machine, illustrated by a plate, may be seen in Bailey’s Advancement of Arts ; our limits will not allow us the further notice of it here, but the fact of such a contrivance having been executed, being mentioned, the ingenious mechanic will not perhaps find it very difficult to contrive one for himself. The contrivance for boring next entitled to notice, is the stock, which is in effect a crank, not unlike the hand-drill, and frequently made of iron, though generally of wood, defended by brass, at the parts most subject to wear. Where the crank terminates, two short limbs project from it, in a line with each other, and parallel with that part of it by which it is revolved. In the end of one of these limbs, which is called the pad, the piece of steel by which the boring is performed, is inserted ; the other limb is connected with a broad head, rather convex externally, which head is placed against the breast, and is stationary while all the other parts are revolved. The piece of steel inserted in the stock is called the bit; as it can readily be taken out or put in, the same stock serves for bits of all sizes. They are difierently shaped, according to their use. The gouge-bit is best adapted for boring small holes in soft wood ; it is shaped nearly like the turner’s gouge, but is rather more pointed like a spoon at the ex- tremity ; the basil is made in the inside, and the sides are brought to a cutting edge like those of a gimblet. The centre-bit has a small conical point projecting from the lower end; this point entering the wood first, keeps the tooth of the bit from wandering out of its proper course, and the hole is bored straight with great ease. The taper shell-bit is used for widening holes; it diflers from the gouge-bit chiefly in tapering gradually from the pad to the lower extremity. The bit for widening the upper part of a hole, to admit the head of a screw, is called a countersink. The head of the countersink is conical, f 3 
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and the cutting edge is single when made for wood alone, and stands out a little from the side of the cone. Joiners and cabinet-makers, howerer, are generally provided with countersinks for brass •, and these, which have ten or a dozen teeth on the surface, running slantwise from the base up the sides of the cone, they frequently make use of for wood, especially when it is hard, and they are anxious to avoid tearing it; for the teeth of the brass countersink act like those of a file. The gimblet is a boring implement too well known to require any ex- planation of its construction ; but with respect to its management, it may not be wholly useless to remind the novice, that like other boring tools of a similar conformation, it requires to be withdrawn to remove the core as often as the cup or groove is filled, and this will be sooner or later, not only in proportion to the depth penetrated, but the density of the wood. Indeed, in boring such wood as lignum-vitce, which clogs the tool, it is advisable to withdraw the gimblet, to clear away the core, before the cup is full. The auger gives warning of the time to stop, by thedifiiculty of turning it, when overcharged with shavings, and is too strong a tool to be in danger of being twisted ; but the smallness of the gimblet renders it liable to be twisted and broken before the workman is aware, if not often enough withdrawn and emptied. Gimblets which are broken- pointed, or blunted on the arris of the screw, are generally thrown aside, it being tedious and laborious when they are large, to work with them in such a state; but we may observe, that though the grindstone cannot be employed to sharpen the worm, a file may, so that a few minutes’ labour will render them fit for use again. • The smallest sort of boring tool is a kind of bodkin, called the brad- awl, or sprig-bit, as it is chiefly used in making the perforation to admit those small slender nails, which have no head except a trifling projection on one side, and are called brads in some parts of the country, and sprigs in other parts. The sprig-bit is generally made with a shoulder where the tang terminates; below the shoulder it is cylindrical, to within a short distance of the extremity, which is flattened, and thereby made rather broader than the diameter of the cylindrical part; but so thin at the same time towards the end as to form an edge. Unlike other boring tools, the sprig-bit takes away no part of the substance of the wood, nor is it turned entirely round in making a hole, but merely wrought back- wards and forwards about half round before the motion is reversed. Bow Compass, for drawing arches of very large circles ; it consists of a beam of wood or brass, with three long screws that bend a lath of wood or steel to any arch. The term is also sometimes used to denote very small compasses employed in describing arcs, too small to be accurately drawn by the common compasses. Bow-dkill. See Drill. 
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Brace ; a piece of timber fixed obliquely into others, to slay them from moving any way. Brackets ; the cheeks of the carriage of a mortar. A cramping iron to stay timber work; also stays set under a shelf to support it. Brads ; nails having no broad heads. \ Bramah’s Press, or the hydrostatic press, is one of the most valuable f of all the machines ever invented by man, dependent on the action of n water. The first idea of the construction of this machine was given by Pascal, about the middle of the 17th century, but we have no proof of its ever having been put in practice, until Mr Bramah, about the year 1800, without any knowledge of the discovery of Pascal, constructed the press which now goes by his name. The action of this press depends upon the well known principle in hydrostatics, that fluids press equally in all directions (see Hydrostatics) ; and the application of this theorem to the machine under consideration, will be easily understood from this cut. Here AB is the section of a hollow cylinder, into which a piston P is fitted. ^ Into the bottom of this cylinder there is introduced a pipe C leading from the forcing pump D ; water is supplied to this pump by a cistern below, from which the pipe E is led, being furnish- ed with a valve opening upwards where it is joined to the pump barrel. Where the pipe C enters into the pump barrel there is also a valve opening outwards into the pipe ; consequently, when the piston D rises, this valve shuts, and the valve at the cistern pipe opens, and the fluid rises into the pump ) barrel. When the piston begins to descend, the cistern valve shuts, and ) the water is forced through the pipe C into the large cylinder AB, and by the law of fluids before alluded to, whatever pressure be exerted by the piston D on the surface of the water in the pump, will be repeated on the piston of the large cylinder AB as many times as the area of the t small piston D is contained in the area of the large piston AB; that is, 1 if the area of the pump-piston were one square inch, and that of the cy linder 100 inches, and if the piston were forced down with a pressure of 10 lbs., then the whole pressure on the bottom of the piston AB will bo ) 10 times 100, that is 1,000 lbs. The accompany ing wood engraving will I give a correct idea of the most improved construction of the press. ABCD ■! is a strong iron frame, at one side of which is the cistern containing the water for the supply of the force pump F, wrought by means of a lever { which fils into the tube G, at the other end of which is the counterweight H. At the beginning of the operation little power is required, but a great 



quantity of water, and therefore the fulcrum of the bar is placed far back, in order that the pump may have a longer stroke; but as the pumping advances, more pressure becomes necessary, and therefore the stroke is shortened by moving the fulcrum forward. The water is forced in the manner before described into the bottom of the large cylinder I, and the piston being pressed up, the board K supporting the material to be pressed, is raised, and the goods are compressed between this board and the top of the press. To prevent the machine from bursting, a safety valve, capable of overcoming a given pressure is employed; and for the purpose of admitting the water or drawing it from the large cylinder, the press is furnished with stop-cocks at E. From the facility of operating 



with this machine, and its great power, it is applied to many purposes. When the page which is now before the reader was taken wet off the types, it was all deeply indented in consequence of the pressure of the printing press; but after being dried, it was subjected to the action of Bramah’s press, by which process, as will be seen, these indentations have been nearly obliterated. In the press by which this has been accomplish- ed, the pump has a bore of I of an inch in diameter, and the cylinder one of 8 inches, their areas are therefore to one another, as 9 16ths to 64 (the squares of the diameters), that is, as 1 is to 136; hence if the pressure upon the pump-cylinder be 56 lbs., (which can be easily effected by boys,) the pressure upon the piston of the large cylinder will be 56 X 136, that is, 7,616 lbs. This astonishing power has also been employed in the con- struction of cranes. To find the thickness of metal necessary for the cylinder of Bramah’s press, multiply the pressure per square inch by the radius of the cylinder, and divide the product by the difference between the cohesive power of the metal per square inch, and the pressure per square inch ; and the quotient will be the thickness sought. Wherefore, in two presses, each 12 inches in diameter, in one of which the pressure is li tons, and in the other 3 tons, per circular inch,—the cohesive force of cast iron being 18,000 lbs. per square inch— li tons per circular inch = 4,278 lbs. per square inch. 3 tons do. = 8,556 lbs. do. 
Whence, by the m*e> f8“^^~j278”~ l'S7 inches thickness. 

And’ ~18^000-—^8,556'~ 5 43 in0heS thickne8S- Brass ; an alloy of copper and zinc. Of all the alloys of copper, this is the most useful, being more malleable than copper when cold, and less liable to tarnish from the action of the atmosphere. The malleability of brass is however destroyed by heating, so that at a low red heat, it crumbles under the hammer. Brass is composed of Copper, 3 parts. Carbonate of zinc, 1. The carbonate of zinc is found commonly combined with a small portion of lead, and is called calamine. In the formation of brass, the calamine is first pounded in a stamping mill, and afterwards washed and sifted in order to free it from the lead with which it is mixed. It is then placed on a broad shallow brick hearth, over an oven, heated to redness, and thus it is calcined for several hours, being frequently stirred during the process. Sometimes the calcination is carried on in another way. Alternate layers of cala- mine and charcoal are placed in a kiln, which is fired from the bottom. When the calcination of the calamine has been completed; it is then 
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taken to a mill and ground. It is then mixed with a third or fourth part of charcoal, and being put into crucibles, with the proper proportion of grain copper, or old copper of any kind, and then covered with charcoal, and the whole luted over with a composition of clay and horse dung, is set in a furnace. The temperature of the furnace is for some time kept below that which is necessary to fuse copper, but after some time it is raised to this pitch, and the brass being thus formed is run off into bars. Brass varies in the proportion of zinc which it contains, there being seldom less than one-ninth, or more than one-fourth of zinc. That brass is softer and easier wrought, which contains the least quantity of zinc; but even with so large a proportion of zinc as one-fourth, brass is still perfectly malleable when cold. Hammering increases, or indeed creates elasticity in brass, destroys its flexibility, adds considerably to its dura- bility, and imparts magnetic power. 

TABLE FOR COMPOSITIONS OF BRASS, &c. 
2 parts copper, 0 tin, 3 0 4 1 4 1 6 1 5 I 7 1 8 ] 9 1 

1 zinc, Yellow brass. 1 Spelter. Oi For lathe bushes. Oi Still harder. 0 Fit for bearings of shafts. OJ For harder bearings. 0 Fit for pulley blocks. 0 Fit for wheels. 0 Gun-metal. 
Breast Wheel; a form of the water wheel, in which the water is delivered to the float boards, at a point somewhere between the bottom and top. The water in this form of the water wheel, is commonly de- livered to the float boards a little below the level of the axis, but sometimes even above it. Buckets are never employed on breast wheels, but the float boards are fitted accurately in the mill course, so as to have little play, and thus the water after having acted upon the float boards by impulse, is retained between them and the mill course, acting by its weight until it arrives at the lowest part of the wheel. The effect of a breast wheel, is equal to that of an undershot whose head of water is equal to the difference of level between the surface of water in the reservoir, and the part where it strikes the wheel, added to that of an overshot, whose height is equal to the part where it strikes the wheel, and the level of the tail water. When the fall is between four and ten feet, and there be a sufficient supply of water, the breast wheel ought to be erected. It is also recommended that when the fall exceeds ten feet, it ought to be divided into two. and two breast wheels employed. The following table is calculated according to the data of Lambert: 



Brick ; earth formed into long squares by a wooden mould, and then baked in a kiln, or burnt in the sun. The principal are compass-bricks of a circular form, used in steyning of walls; concave or hollow bricks used for conveyance of water; feather-edged, which are thinner, used for penning up brick panels in timber buildings ; cogging bricks are used for making the indented works under the coping of walls built with great bricks ; coping-bricks are for coping of walls ; Dutch or Flemish bricks, for paving yards, soap-boilers’ vaults, &c.; clinkers are bricks glazed by the heat of fire; sandal or samel bricks are those which are not thorough- ly burnt, but soft and useless; great bricks are for fence walls; plaster 
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or buttress-bricks have a notch at one end, and their use is to bind the work built of great bricks. Statute, or small common bricks, ought to be nine inches long, four broad, and two and a half thick. Bricks may be made of pure clay, or of day mixed with sand or ashes. The clay is first tempered with water to render it fit for moulding. The brick- makers are called a gang, each consisting of one or two men, a woman, and two children. When the bricks are dry they are burnt in a kiln. A kind of bricks, called fire bricks, are made from slate-clay, which are very hard, heavy, and contain a large proportion of sand. These are chiefly used in the construction of furnaces for steam-engines, or other large works, and in lining the ovens of glass-houses, as they will stand any degree of heat. Indeed, they should always be employed where fires of any intensity are required. One stock brick is 81 inches long, 4i inches wide, and 2 J inches thick, and weighs about 4 lbs. 15 oz. 16 bricks to each foot of reduced brick-work; 7 bricks to each foot superficial of marie facing, laid Flemish bond j and 10 bricks to each foot superficial of gauged arches. 272 superficial feet, or 306 cubic feet, make 1 rod of reduced brick-work of the standard of 11 brick thick. To reduce cubic feet to the standard thickness, multiply by 8, and divide by 9. 450 stock bricks weigh 1 ton, and 1 rod of brick- work weighs 13 tons. Table showing what quantity of bricks are necessary to construct any piece of brick-work, from half a brick to two bricks and a half in thickness. 

work, including waste. The left-hand column contains the number of superficial feet contained in the wall to be built: the adjacent columns 
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show the number of bricks required to build a wall of the different thick- nesses of j, 1,1J, 2, and bricks. Although the left-hand column only exhibits the number for units, the number for tens, hundreds, and thousands may be found by bringing forward as many of the decimals to the whole number of bricks as the number required to be found is removed from the unit's place. Example 1.—Required the number of bricks necessary to build a wall 1 brick thick, containing an area of 5760 feet. 

5000 will require 55147 700 7720 60 661 
5760 63528, Ans. 

Example 2.—Required the number of bricks necessary to build a wall 2 bricks thick, containing an area of 9 feet. 
9 will require 198, Ans. 

Bridge ; an erection to facilitate conveyance from one point of space to another. There are few subjects of greater interest to the civil engineer, than the erection of bridges; in this article, therefore, we will endeavour to give a short, but perspicuous view of the principles and mode of procedure employed in these erections. Convenience, beauty, and durability should be the characteristics of a bridge, as well as of every other structure. To preserve all which qualities is often a difficult task for the architect, who has seldom the choice of the situation, and thus it becomes his first concern to consider well the local circumstances. A bridge should always be constructed at right angles to the current, and where a choice can be made, the widest part of the stream should be seleoted, as the velocity of the water will there be the least, and therefore it will have the less power in affecting the foundation. For the same reason, every possible means of preventing the current from being nar- rowed ought to be taken, as the narrowing the current must always in- crease its velocity. If the piers are unnecessarily large or numerous, they will contract the stream, and thus prove injurious. It is likewise to be observed, that the arches of a bridge ought to be 1, 3, 5, 7, or some odd number; as in this case the middle of the stream, which has the greatest velocity, will flow through the opening of the centre arch, which ought to have the greatest span. With regard to the proper curve for the arch of a bridge, great variety of opinion prevails both among architects and mathematicians. Some have contended that semicircular arches ought to be preferred, because they press more perpendicularly upon the piers. 
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than smaller portions of circles, and in proportion to their number, will diminish the pressure on the abutments. The elliptical arch has been preferred to other’s, where the arches are large, and few in number; because, in this way, the roadway would not be so much raised, as if circular arches were employed. Much has been said of the arch of equi- librium, (see Catenary,) but the arches of a stone bridge could not be made of this form ; for although the mathematical reasoning on the properties of this curve be perfectly just, yet it applies with strict propriety only to homogeneous materials, and to structures acted on by no force, but that of gravitation; so that whenever a waggon, or any load acted upon this arch, it would no longer be an arch of equilibrium, but would be as liable to fall as any other. Bridges have been built, having arches which were not of the equilibrate kind, and yet these have stood the test of centuries, and are likely to stand, until the materials of which they are composed, crumble into dust We are therefore warranted to build similar bridges when they suit our convenience. Arches which are parts of circles, have all their stones of one form, and they can therefore be made with great exactness; but this is not the case with arches having other curves, and hence, especially in the catenary, errors will arise, which will materially injure the structure. Next to circular curves, ellipses admit of the stones which compose them being formed in the most certain and satisfactory manner. Semi-elliptical approximate very nearly to the equilibrate arch, as their contour is not only very graceful, but in navigable rivers especially, very convenient, from the elevation of their haunches; as they can be made also to so great a variety of heights on the same span. To the semi-elliptic arch, then, we give our decided preference, especially for large works; and a table of elliptic arches, will be found under Ellipse; and the manner of forming the arch-stones will be found under the different curves, as Circle, Ellipse, &c. Autumn is the most favourable time to lay the foundations of a bridge, as it is commonly the driest season of the year, and the consequent low- ness of the water is favourable to the work. The simplest mode of overcoming the inconvenience of the water, in laying the foundations of piers, consists in turning the river out of its course, above the place designed for the bridge; but this plan is seldom expedient, the use of the coffer-dam, or enclosure to keep off the water, being much more common. By the coffer-dam, a part only at a time of the bed of tire river is enclosed from the water, which flows in a free current along the unenclosed parts of its bed. An account of the method employed in laying the foundations of Essex Bridge, in Dublin, will illustrate this subject. Round the place where the intended pier was to be built, two rows of strong piles were driven, about 30 inches from each other, and which were left at low- water-mark. These piles were lined with planks between which was 
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rammed a quantity of day, and thereby the wall of the coffer-dam was formed. Within this wall were driven a row of piles, dove-tailed at their edges, so as to receive each other, and which formed the extremities of the plan of the piers at the level of the bed of the river. After having dug to a fine stratum of sand, about four feet lower, within these a great number of other piles were driven as deep as they could possibly be made to penetrate. The intervals of these piles were filled up, and in order to produce a solid foundation, the first course was laid with mortar made of roach lime and sharp gravel, and on this large flat stones were rammed to about a foot in thickness.- On this first course was laid a thick coat of dry lime and gravel of the same quality, on which were again laid stones and the mortar as at first; and so on alternately, until the pier arrived at a level with the piles. Three beams, stretching the whole length of the pier, from sterling to sterling, were fastened down to the ends of these piles, and their intervals filled up with masonry. On this platform, which was 4} feet under low-water mark, was laid the first course of stones for the pier, cramped together, and jointed with terras mortar as usual; courses of stones were laid in this manner, until the piers were on a level with the water at ebb-tide.—The caisson is a contrivance of still more extended utility than the coffer-dam, being better suited to very deep and rapid streams. The most considerable work where caissons have been employed, was in the building of Westminster bridge. Each of the caissons contained 150 loads of fir timber, and was of greater ton- nage than a frigate of forty guns; their size was nearly 80 feet from point to point, and 30 feet in breadth; the sides, which were 10 feet in height, were formed of timbers laid horizontally over one another, pinned with oak trunnels, and framed together at all the corners, except the salient angles, where they were secured by proper iron-work, which being unscrewed, would permit the sides of the caisson, had it been found necessary, to divide into two parts. These sides were planked across the timbers, inside and outside, with three-inch planks in a vertical position. The thickness of the sides was 18 inches at the bottom, and 15 inches at the top; and every angle, except the two points, had three oaken knee timbers, properly bolted and secured. These sides, when finished, were fastened to the bottom or grating, by 28 pieces of timber on the outside, and 18 within, called straps, about 8 inches broad and 3 inches thick, and reaching and lapping over the tops of the sides. The lower part of these straps were dove-tailed to the outer curb of the grating, and kept in their places by iron wedges, which were used when the pier was built up sufficiently high above low-water-mark, to render the caisson no longer necessary for the masons to work in, the wedges being drawn up, gave liberty to clear the straps from the mortises, in consequence of which the sides rose by their own buoyancy, leaving the grating under the 0*2 
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foundation of the pier. The pressure of the water upon the sides of the caisson, was resisted by means of a ground timber or ribbon, 14 inches wide, and 7 inches thick, pinned upon the upper row of timbers of the grating; and the top of the sides was secured by a sufficient number of beams laid across, which also served to support a floor on which the labourers stood to hoist the stones out of the lighters, and to lower them into the caisson. The caisson was provided with a sluice to admit the water. The method of working was as follows: a pit being dug and levelled in the proper situation for the pier, of the same shape as the caisson, and about five feet wider all around, the caisson was brought to its position, a few of the lower courses of the pier were built in it, and it was sunk once or twice to prove the level of the foundation; then, being finally fixed, the masons worked in the usual method of tide-work. About two hours before low water, the sluice of the caisson'—kept open till then, lest the water, flowing to the height of many more feet on the outside than the inside, should float the caisson and all the stone-work out of its true place—was shut down, and the water pumped low enough, without waiting for the lowest ebb of the tide, for the masons to set and cramp the stone-work of the succeeding courses. Then, when the tide had risen to a considerable height, the sluice was opened again, and the water admitted ; and as the caisson was purposely built but ten feet high to save useless expense, the high tides flowed some feet above the sides, but without any damage or inconvenience to the works. In this manner the work proceeded, till the pier rose to the surface of the caisson, when the sides were floated away, to serve the same purpose at another pier. General Bentham proposes the construction of hollow massesof masonry, brickwork, &c. which he would afterwards float to, andsink at (he place desired. He observes, that these masses, if filled with casks, might be floated without having themselves any bottom ; and directs a calculation to be made of the weight which any of them will have to bear when employed as piers, or for any other purpose, so that vessels properly loaded may be grounded upon them, and by that means sink them, when the tide retires, as low as they would otherwise have been ultimately sunk by the weight they are to sustain, and thus prevent their sinking after the structure is finished, J. I. Hawkins would build his piers on shore, in some situation where they might be launched like a ship; he would cramp the outside stones strongly with iron, and would make the walls of such a thickness that they might float in water. He would have a valve in the wall, to admit water whenever it might be proper to sink the pier, and a pipe fixed through the top, communicating with the lower part of the inside, on which pipe a pump must be fixed, for drawing the water out, should that measure be necessary. To form a good foundation, a space in the bed of the river, rather 
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larger than the base of the pier, must be excavated and levelled by the means used in taking up ballast, and the spot must be piled, if necessary, as on other occasions of the kind. A platform is to be made over the place intended for erecting the pier, which, when sunk, must have bricks or stones let down into it equal at least in weight to the water required to sink it. The water must then be pumped out, when the workmen may \ descend, to lay the stones or bricks in mortar, and fill up the whole I interior; thus he obtains a solid pier. I In situations where, from the state of navigation, or any other cause, it may be inconvenient to erect centering in the customary way, he would not hesitate to adopt suspending chains; since the weight of an arch of any given dimensions is easily calculated, and the suspending power of iron is known; and no arch can be so heavy, but that a sufficient number of chains may be provided to bear more than the weight. The chains may be advantageously composed of long bars of iron, merely turned up at the ends, so that when done with, they may have these ends cut olf and be sold as bar iron again. That the piers of bridges may be built hollow, and rendered perfectly ■ manageable in or under water, at a considerable depth, is put beyond a doubt by an experiment of J. I. Hawkins. Two hollow cylinders of 1 brickwork, upwards of 11 feet diameter, and 25 long each, were sunk through 30 feet of water in the river Thames, and bedded precisely at the spot proposed. These cylinders were built in a barge, in October and November, 1810, and launched into the water, where they remained ; floating all winter, and were sunk in the river in the spring of 1811. They were under such perfect command, that from a stage erected on I the bed of the river, and supplied with suitable windlasses, pulleys, ropes, &c., they were lowered, raised, or moved, in any lateral direction without difficulty. These experiments left not a doubt, that masses of masonry, of large dimensions, might be fixed through the water, in the bottom of i a river or harbour, to the depth, if requisite, of 120 feet Bridge, any horizontal beam, &c., that is to support something. Brush Wheel. In light machinery, wheels often turn each other by if means of bristles or brushes fixed in their circumference. Sometimes 1 they are brought into contact acting by friction, the rims being formed J by the end surfaces of wood, or by being covered with hempen belts, or | that kind of belt worn by soldiers. A very good method of changing 

! velocity at any given rate may be effected by means of brush wheels— / Thus let the wheel A turn with the horizontal spindle B, having its rim I in contact with the face of the wheel C turning on the upright spindle D. | The face of the wheel C and the rim of A are made rough, so that the j one may turn the other by friction, and the wheel A is made capable of being moved on its spindle so as to be placed near to, or farther from, the G 3 
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17 
ecntrc of the wheel C, and as is evident there will be produced a corres- ponding change in the relative velocities of the two wheels. Bronze, a compound metal, made from six to twelve parts of tin, and one hundred parts of copper. It is used for cannon and for medals. Bull’s Eye; a small oval block of hard wood, withoutsheaves, having a groove round the out-side, and a hole in the middle. The bull’s eye spindle or under spindle of the air pump rod in the common parallel motion of a steam engine, so called, because the air pump rod must pass through a hole in it, called the bull’s eye. Bush ; a piece of metal fitted into the plummet block of a shaft in which the journal turns. The guide of a sliding rod also goes by the same name. Bushes are most commonly made of hard brass, and are not utifrequently denominated pillows, and the plummet blocks in which they are fixed, are called pillow blocks. Buildinq, may be defined the art which comprises all the mechanical operations necessary to carry into effect the designs of the architect. The engineer should make himself conversant with the principles of building, at least, so far as regards the erection of edifices for containing machinery. He ought to know the strength, durability, and other properties of the materials employed, and the best possible arrangement for the purpose required. It would be perfectly inconsistent with the plan of our work to enter here into details concerning the practice of building. Under various articles, such as Brick, Bridge, Cement, Engine-house, Mill, &o, will be found several of the more important practical details useful to mechanics. Butments, those supports on which the feet of arches stand. Buttress, a piece of strong wall that stands on the outside of another wall to support it. 
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Cable ; a thick rope made of hemp. To determine the ultimate strength of a cable, _girth in mches _ ^ utmogt stret)gth in tons that the cable will 
bear; wherefore, if the circumference of the cable be 4 inches, 42 in ——= — = 3-2 tons, the utmost that it can bear. 

Caisson ; a frame used in laying the foundation of the piers of a bridge. See Bridge. Caliber, or Caliper; properly denotes the diameter of any round or cylindrical body. Calipers, or caliper compasses, is the name given to a kind of compass for measuring the thickness of articles—chiefly employ- ed by turners. Caloric. See Heat. Cams. If the axis of a wheel be situated in any other point than its centre, the wheel, thus rendered eccentric, may produce by its revolution an alternate motion in any part exposed to its action. Circles, hearts, ellipses, parts of circles, and projecting parts of various forms, are made to produce alternate motion, by continually altering the distance of some movable part of the machine, from the axis about which they revolve. Such projecting parts are called cams. In the various forms which are shown in the figures, the part removed by the cam is supposed to return by its own gravity, or by some other power, so as to keep up the alternate motion. In the circular eccentric cam, or wheel, Fig. 1, the sliding or reciprocating part, A.B, will ascend and descend with an easy motion, being never at rest unless at the instant of changing its direction. In the semicircular cam, Fig. 2, the reciprocating part will remain at rest on the periphery of the cam during half the revolution, but in the re- maining half it will approach the axis and return. In the quadrant cam, Fig. 3, the reciprocating part will remain at rest on the periphery during 
the first quarter of the revolution: during the second it will descend to the axis; during the third it will be at rest upon the axis, and during the fourth it will return to its original situation. The narrow cam, Fig. 4, causes the reciprocating part to rise and fall in one half the revolution and to remain at rest on the axis during the other half. In these figures, the angles of the cams are made sharp, for the sake of demonstration, but in practice they are generally rounded, to produce more gradual changes 
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of motion. The elliptical cam, Fig. 5, causes two alternate movements for each revolution. A cam in the form of a heart, called a heart wheel, Fig. 6, is much used in cotton mills, to cause a regular ascent and descent of the rail on which the spindles are situated. When an easy motion is desired, as in most large machinery, the acting outline of the cam should be curved; but to produce a sudden stroke it should be straight. The number of cams may be indefinitely multiplied, if a rapid, or vibrating movement is required. This is in effect done, when the teeth of a wheel act upon a spring or weight, as in a watchman’s rattle, or in the feeder of a grist-mill. Capillary Tubes; pipes whose canals or bores are exceedingly nar- row, being so called from their resemblance to a hair in size. If several of these tubes, open at both ends, are immersed into water, the fluid will rise in them to heights which are inversely as their diameters, the height of the water in the tube of the smallest [practicable) bore being about 20 inches. It is also a law of capillary attraction, that different fluids rise to different heights in the same tube; thus, in a tube of -061 inch bore, 
Water will rise -SSTJnches. Hot do. . -537” Oil of turpentine ’351 Whisky . -327 Sulphuric acid -20 

It is remarkable, that mercury forms a prominent exception to the general law, for, instead of rising in a capillary tube, it falls below the level of the fluid in the bason, and the smaller the bore of the tube, the greater will be the depression. Many conjectures have been made as to the cause of capillary attraction. Some insist that the matter of the tube acts upon the upper surface of the fluids; while others maintain that the rise is caused by the diminished pressure of the air in the tube, on the surface of the fluids. The following explanation, however, may be regarded as more satisfactory. Since a force impressed upon a fluid 
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| in any one direction is distributed in every other, the tendency of the I: fluid to adhere to the matter of the tube will cause it to spread over the [- internal cavity, and consequently it will rise. j Capital ; in architecture, the uppermost part of a column or pilaster, serving as the head or crown. Capstan ; a simple machine usually employed in ships to weigh j anchors, &c. A very simple J and effective form of this I machine is represented by ' the accompanying cut; where AD is a barrel com- : posed of two cylinders, differ- i. ing in diameter. On the ex- ■ tremity of the cylinder at D > the rope CED is fixed, pass- ing round the pulley E, which is attached to the weight to be lifted by means of the hook F, the rope being coiled round the larger cylinder, so f that while the bar B urges the barrel round, the rope untwines itself from ’ the smallerbarrel,andpassesroundthelargerone. To ascertain the power ' of the capstan, let us suppose the diameter of the barrel C is 21 inches, f those of the under cylinder and pulley each 20 inches. Since the diameters of the two barrels are to one another, as 21 to 20, the circumferences will : be in round numbers, as 63 to 60, therefore there will be 63 — 60 = 3 inches of rope coiled more than was uncoiled, and the half of this, or li ! inches, will be the space through which the weight has been raised ; and, knowing the length of the bar, it is easy to determine through what space the power moves; and as this is greater than the space through which the weight has moved, so will the power of the capstan be. The great advantage of this form of the machine, which seems to be of Chi- . nese origin, is that it has no recoil. Carriage Wheels. Call a a wheel, b an obstacle, c the axle of the ; wheel, d the spoke which at present sustains the weight. A line drawn from the nearest part of the horizontal line of draught ci to the fulcrum I or obstacle at e, will form the acting part of a lever ge; and another line j ed being drawn from the fulcrum e to the nearest part of the spoke (1, j will form the resisting part of the same lever. Now, as the acting and j resisting arms of the lever are of equal lengths, it becomes like a scale- beam, and a draught in the line gk must be equal to the weight of the i wheel and all that it sustains, besides the friction; for if ged be a crooked lever, a pull at g must be equal to all the weight supported by d. But l when a horse draws agreeably to the shape of his shoulders, in the line ib, t the acting part of the lever he is lengthened nearly one-fourth; so that, if it would require a pull at g equal to four hundred weight, a power ap- 
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plied at h will draw the wheel over the obstacle b with three hurdred weight To those unacquainted with the principles of mechanics, this truth may be easily proved by an ordinary scale-beam. The horse him- self considered as alever, has in this inclined draughta manifest advantage over obstacles, in comparison of a horizontal draught. Single-horse carts are better than teams, because in a team, all but the shaft horse must draw horizontally, and in a manner inconsistent with the established laws of mechanics. Waggon wheels are generally made with the extremities of the axle inclined downwards; thus is forfeited the advantage of their being formed in a lathe; and the ends are seldom inclined in the same angle or exactly opposite each other, consequently the tendency of the motions of the wheels is in diflerent directions, which mischief is increas- ed by bevelling the wheels. Let a bevelled wheel be rolled by itself, it will soon be seen that it will not proceed in a straight line, but in a curve. Another disadvantage of a waggon arises from the sluggishness of its mo- tion. This will be readily understood and allowed, when it is considered how small a force will continue the motion of a heavy body, moving with a certain degree of rapidity, in comparison with what is required to im- pel it from a state of rest; but if the motion of the body be extremely slow, the force necessary to keep it up must be nearly equal to that which moved it at first. A sledge, in sliding over a plane, suffers a friction equivalent to the distance through which it moves; but if we apply wheels, the cir- cumference of which is only six inches, it is plain, that while the carriage moves eighteen feet over the plane, the wheels make but one revolution ; and as there is no sliding of parts between the plane and the wheels, but only a mere change of surface, no friction takes place there, the whole being transferred to the nave acting on the axle; so that the only sliding of parts has been betwixt the inside of the nave and the axle, which, if 
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they fit one another exactly, is no more than six inches; hence the fric- tion is reduced in the proportion of six inches to eighteen feet, that is, as thirty-six to one. In all cases, by applying wheels, the friction is thus lessened, in the proportion of the diameter of the axles to that of the wheels. Another advantage is also gained, by having the surfaces of friction confined to so small an extent, arising from the circumstance of their being more easily made true, kept smooth, and fitted to each other. The only inconvenience is the height of the wheels, which must in most cases be added to that of the carriage itself. A four-wheeled carriage may be drawn with five times as much ease as one that slides upon the same surface in the condition of a sledge. In four-wheeled carriages, the fore-wheels are made of a less size than the hind ones, in order to enable them to turn in less room ; and not for the purpose of bringing into action any supposed pushing quality in high back-wheels. Large wheels have the advantage over small ones in over- coming obstacles, because wheels act as levers in proportion to their various sizes; but when they are so high as not to allow the line of draught to have the inclination before stated, their advantage as longer levers is counterbalanced by their lessening the intensity of the moving power; therefore the total advantages of wheels drawn horizontally do not increase proportionally to their height. In ascending, high wheels will be found to facilitate the draught in exact ratio with the squares of their diameters; but in descending, they are liable to press in the same proportion. An admirable device was produced by lord Sommerville, to remedy the latter evil; it consisted in throwing the weight behind the centre in going down hill, by raising the fore part of the body of the cart; so that while the shaft may incline downwards, in proportion to the line of declivity, the bottom of the cart’s body should remain horizontal. This construction is now common in Devonshire, and some other counties. As small wheels turn as much oftener round than large ones as their circumferences are less, so when the carriage is loaded with an equal weight on both axles, the fore axle must sustain as much more friction, and consequently wear out as much sooner than the hind axle, as the fore-wheels are less than the hind ones. This points out that the greatest weight should be laid upon the large wheels; yet it is generally the prac- tice to put the greatest load over the small wheels, which not only makes the friction greatest where it ought to be the least, but also presses the fore-wheels deeper into the ground than the hind-wheels, notwithstanding the former are with more difficulty drawn out of it than the latter. The limitation to loading the hind-wheels with the greatest part of the weight, will consist in not carrying it to such an excess as to endanger the tilting of the vehicle, in going up-hill. 
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Wheels are. commonly made with what is called a dish, tlutt is, ths spokes are inserted not at right angles, but with an inclination towards the axis of the nave or centre piece; so that, if the interior end of the nave were placed on the ground, the spokes being higher at the outside than at their termination in the nave, the wheel appears dished or hollow. Wheels are usually dished about four inches in a diameter of five feet. If the wheels were always to go on smooth and level ground, the best way would be to make the spokes perpendicular to the naves and axle •, as roads are generally uneven, one wheel often falls into a cavity, when the other docs not, and then it bears much more than an equal share of the load; but when a dished wheel falls into a rut, the spokes become per- pendicular in the rut, and therefore have the greatest strength when the obliquity of the load throws most of its weight upon them; whilst those on the high ground, having less weight to bear, have no occasion for their utmost strength. Dished wheels, when on straight or horizontal axles have many other excellences; they make carriages stand on a broader base, and therefore render them less liable to be overturned; they give more room to the body of the carriage; they also stand against side-jolts like an arch, and when the carriage is going along the inclined side of a road, they render it less liable to be upset. If the spokes be set so far from the outer end of the nave, that a perpendicular from the sole to the under side of the axle may fall from 1 to 2 inches between the bushes, the pressure will be somewhat greater on the outer than on the inner bush, when the wheels are on a level. This will be an advantage, par- ticularly when the inner part of the axle-arm is much larger than the outer, and the pressure should be diminished ; besides, every sinking of one wheel more than the other, causes it to pinch the inner bush. It has been proposed, as the best mode of placing the spokes in the naves, to mortise them in two rows, alternately. The question whether broad or narrow wheels are best, has been much contested. The popular opinion has always been in favour of narrow wheels. If the lire or iron binding of a wheel be in separate parts, and not in one single hoop, these parts should not be made quite to meet each other at the first; because, when the wheel has been some time in use, they will settle more closely to the wheel than they can be laid, and the vacan- cies will then be filled up. The axle-arm should be a perfect cylinder, or if tapered towards the extremity, the difl'erence of its two diameters should be very trifling; a small degree of taper is preferred by many, as it gives the wheel rather a disposition to slide off, thus preventing it from being apt to dose inwardly, and creating excessive friction; but it. in- creases the necessity for good iron washers exteriorly, and of substantial linch-pins. It is not an uncommon practice to set the wheels, that is, to give them a slight indination towards each other, whereby they are, 
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perhaps, an inch nearer at the front than at the back. This is chiefly done to wheels that are bevelled, with a view to make them run more evenly on their sole or bearing part, and to prevent their gaping forward; but it is evidently a distortion, an attempt to rectify one bad thing by another of the same stamp, as if the multiplication of mischief would produce good. The nave of a heavy wheel, as for an ordinary cart for field pur- poses, need not be more than twelve or fourteen inches in length, exclu- sive of the pan at the outer end. The proportions of wheels are often regulated as much by the purposes to which the vehicles are applied, as by the facilities they afford to mo- tion ; thus waggons have in general large hind-wheels, while in timber- carriages the four are nearly of the same height; the London common stage-carts have large wheels, while the drajs used by brewers have very low ones. The reason is obvious: waggons and carts load behind; but drays and the timber carriages alluded to, load at the sides; and there- fore, for them, large wheels, however much they might favour the draught, would be extremely inconvenient, indeed incompatible with their use. The wheels of single-horse carts for ordinary purposes, where there is no particular necessity for having them low, may be from four feet to four feet six inches in diameter, for a horse of about sixteen hands high. For four-wheeled carriages, suppose four feet to be the height of the fore-wheels, and the line of traction to be drawn at an elevation of fourteen degrees from the centre of its axle, the point where that line cuts the circumference of the wheel in its front, gives that height from the plane on which the carriage stands, that will determine the radius of the hind-wheels. Wheels, whatever their size, should be made of well-seasoned, tough wood, perfectly free from blemish; the naves are generally of elm, the spokes of oak, and the fellies of elm or ash. The bent fellies, when the wood has not been hurt by too much heat, have greater strength with less wood, than those which are cut by the saw in a curved direction. For relieving the horse of a loaded cart from the weight pressing on his shoulders, when it is necessary for any purpose to stop awhile, a pole or staff, which, turning on a hook-and-eye hinge, is let down from one of the shafts when the occasion requires. Case Hardening. The hardness and polish of steel may be united, in a certain degree, with the firmness and cheapness of malleable iron, by what is called case-hardening—an operation much practised, and of considerable use. It is a superficial conversion of iron into steel, and only differs from cementation in being carried on for a shorter time. Some artists pretend to great secrets in the practice of this art, using saltpetre, sal ammoniac, and other fanciful ingredients, to which they attribute their success. But it is now an established fact, that the greatest effect 
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may be produced by a perfectly tight box, and animal carbon alone. The goods intended to be case-hardened, being previously finished with the exception of polishing, are stratified with animal carbon, and the box containing them luted with equal parts of sand and clay. They are then placed in the fire, and kept at a light red heat for half an hour, when the contents of the box are emptied into water. Delicate articles like files, may be preserved, by a saturated solution of common salt, with any vegetable mucilage to give it a pulpy consistence. The carbon here spoken of, is nothing more than any animal matter, such as horns, hoofs, skins, or leather, just sufficiently burned to admit of being reduced to powder. The box is commonly made of iron, but the use of it, for oc- casional case-hardening upon a small scale, may be easily dispensed with ; as it will answer the same end to envelope the articles with the composi- tion above directed to be used as a lute, drying it gradually, before it is exposed to a red heat; otherwise it will probably crack. It is easy to infer, that the depth of the steel induced by case-hardening, will vary with the time the operation is continued. In half an hour it wiil scarcely be the thickness of a sixpence, and therefore will be removed by violent abrasion, though sufficient to answer well for fire irons, and a multitude of other utensils, in the common usage of which its hardness prevents its being easily scratched, and its polish is preserved by friction with so soft a material as leather. Catch ; a contrivance employed in machinery, acting on the prin- ciple of a latch. See Disengagement of Machinery. Catenary ; a curve assumed by a chain or cord of uniform substance and texture, when it is hung upon two points of suspension (whether those points be in a horizontal plane or not), and left to adjust itself in equili- brio in a vertical plane. This curve is of great interest to practical men on account of its connexion with bridges of suspension, or chain bridges. Let AB be the points of suspension of such a cord, AaCAB the cord itself when hanging at rest in a vertical position. Then the two equal and symmetrical propor- tions AnC, CAB, both exposed to the force of gravity upon every particle, balance each other precisely at C. And, if one half, as CAB, were taken away, the other half AaC would immediate- ly adjust itself in the vertical position under the point A, were it not prevented. Suppose it to be prevented by a force acting horizontally at C, and equal to the weight of a portion of the cord or chain equal in length to CM ; then is CM the measure of the tension at the vertex of the curve: it is also regarded as the parameter of the catenary. Whether the por- tion AaC hang from A, or a shorter portion as aC hang from a, the 



CATENARY. 87 
tension at C is evidently the same: for, in the latter case, the resistance of the pin at a, accomplishes the same as the tension of the line at AaC hanging from A, which may easily be determined experimentally, by letting the cord hang very freely over a pulley at C, and lengthening or shortening the portion there suspended, until it keeps AnC, in its due position; then is the portion so hanging beyond the pulley equal in length to CM. Two examples will serve to illustrate the use of the table. Ex. 1. Suppose that the span of a proposed suspension bridge is 560 feet, and the depression in the middle 25* feet; what will be the length of the chain, the angle of suspension at the extremities, the ratio of the horizontal pressure at the lowest point, and the oblique pressures at the points of suspension with the entire weight of the chain 1 Here DB -i- DC = 280-h25'875 = 10-82, a number which is to be found in the table. Opposite to that number, we find 11° for the angle of suspension, DB = -19318, CB = -19438, tension at A or 15 = 1-0187, the constant ten- sion at the vertex being 1. Consequently, -19318 : 19433 : : 560 : 563-48, length of the chain. Also, horizontal pressure at C is as 1-0000 oblique pressure at A or B 1-0187 entire weight of chain -39876 Ex. 2. Suppose, that, while the span remains 560, the depression is iit- creased to 51. Here DB -i- DC = 280 -f- 51 = 5’49. This number is not to be found exactly in the table. The nearest is 5-553 in the last column, agreeing with 20°, the angle of suspension. Now, 5-55 — 5-49 = -06, and 5-55 — 5-27 = -23, the former differ- ence being nearly one-fifth of the latter. Hence, adding to each number, in the line agreeing with 20°, one-fifth of the difierence between that and the corresponding number in the next line, we shall have Angle of suspension = 20° 12', DC = 06556, DB = -36010, CD =; •36797, tension at A = 1-10656. Hence-36010 : 36797 :: 560 : 572-24, length of chain. Also, horizontal pressure at C is as 1-0000 oblique pressure at A or B 1-10656 entire weight of chain -73594 Comparing this with the former case, it will be seen that the tensions at C and A, in reference to the weight of the chain, are diminished nearly in the inverse ratio of the two values of DC. In practical cases with regard to bridges of suspension, it will be easy, when the weight of the material and its cohesive strength are known, to find the relative strength of any proposed structure.—Gregory's Math. 
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TABLE OF RELATIONS OF CATENARIAN CURVES, THE PARAMETER OR LINE CM BEING 1. 

DC 

54 13 56 28 58 3 
64 6 67 28 67 32 

•00015 •00061 •00137 •00244 •OO.'jso ■00551 •00751 •00983 •01247 •01543 •01872 •02238 •02630 
•03528 •04030 •04569 •05146 •05762 •06418 •07114 07853 
•09484 •10338 •11260 •13257 •15470 •18004 •21003 

•62973 •71021 •81021 •88972 10000 1-2894 1-6095 1-6168 

•01745 •03491 •05238 •06987 •08738 •10491 •12248 •14008 •15773 •17542 •19318 •21099 •22887 •24681 •26184 •28296 •30116 •31946 •33786 

•01745 

■08749 •10510 •12278 •14054 •15838 •i;ii.-« •19438 •21256 •23087 •24933 •26795 •28675 •30573 •32492 •31183 

1 0001 1-0006 1'0014 
1 0055 1-0075 

114-586 57-279 38-171 28-613 22-874 19 046 
1-0098 1-0123 1-0154 10187 1 0223 1-0263 1-0306 
10403 1-0457 10515 1-0576 

14-254 12-654 11-372 10 820 9-444 8-701 8-062 7 508 
6-208 5-863 •35637 •8;5"2 

•41267 
•45087 •47021 •50940 •54930 •5912 •6371 •6932 •7443 •8029 

•40403 •42447 •44523 •46631 •48773 •53171 •57735 •62649 
•74991 •81510 

•8566 •9066 •9623 10142 1-0706 1-1304 1-1995 1-2510 1-3169 

•96569 1-0361 11178 1-1974 1-2869 1-3874 1-5089 1-6034 1-7321 1‘4702 1-6135 1-6164 
2-0594 2-4102 2-4182 

1-0711 1-0786 1 0864 1-0940 1-1081 11126 1-1326 11547 1-1800 1-2100 1-2499 1-2901 1 -3400 1-3902 1-4400 1-4998 1 -5800 1-6297 1- 7102 1-8102 18-Mi: 2- 0000 2-2894 2-6095 2-6168 

5-271 5014 4-778 4-562 4-361 4 176 3-843 3-551 
3-034 2-773 2-567 
2-196 2060 1-925 1 811 
1-481 1-416 1-317 1140 1002 0-9998 



CE’IKNTS. 
Cements. The first quality of all cements is tenacity inordinary cir- cumstances ; but, besides this, it is sometimes required, that they should retain this tenacity, independent of the action of heat and moisture. A very strong glue is made by adding some powdered chalk to com- mon glue when melted : and a glue, which will resist the action of water, may be formed by boiling one pound of common glue in two quarts (English measure) of skimmed milk. See Glue. Turkey Cement. Dissolve five or six bits of mastich, as large as peas, in as much spirit of wine as will dissolve it. In another vessel dissolve as much isinglass, (which has been previously soaked in water till it is softened and swelled,) in one glass of strong whisky; add two small bits of gum galbanum, or ammoniacum, which must be rubbed or ground till they are dissolved, then mix the whole, by the assistance of heat. It must be kept in a stopped phial, which should be set in hot water, when the cement is to be used. £or Glass. A cement that will resist heat is composed of equal quan- tities of wheat flour, glass finely powdered, and powdered chalk. To this mixture, add half as much brick dust, and a little scraped lint, in the white of eggs. This mixture should be applied to the crack in the glass, and the glass should be well dried before it is put in the fire. For turners, an excellent cement is made by melting in a pan over the fire, one pound of resin, and when melted, add a quarter of a pound of pitch—while these are boiling, add brick dust, until, by dropping a litde upon a cold stone, you think it hard enough. In winter, it is sometimes found necessary to add a little tallow. By means of this cement, when warmed, a piece of wood may be fastened to the chuck, which will hold, when cool; and, when the work is finished, it may be loosed by a smart stroke with the tool. In joining the flanches of iron cylinders or pipes, to withstand the action of boiling water or steam, great inconvenience is often felt by the workmen for want of a durable cement. The following will be found to answer:—Boiled linseed oil, litharge, and white lead, mixed up to a proper consistence, and applied to each side of a piece of flannel, linen, or even pasteboard, and then placed between the pieces, before they are brought home, as it is called, or joined. The quantitiesof the ingredients may be varied, without materially hurting the cement—taking care, however, not to make it too thin by the oil, and observing that the use of the litharge is to dry speedily. This cement is useful in joining broken stones; and if the seams of the stones of a water cistern are done over with it, the durability and efficacy of the structure will be greatly pro- moted. For Steam Engines, an excellent cement is as follows:—Take of sal ammoniac, two ounces-, sublimed sulphur, one ounce; and *•<*<1 iron filings, h 3 
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or fine turnings, one pound: mix them in a mortar, and keep the powder dry. When it is to be used, mix it with twenty times its quantity of clean iron turnings, or filings, and grind the whole in a mortar, then wet it with water, until it becomes of a convenient consistence, when it is to be applied to the joint; after a time it becomes as hard and strong as any other part of the metal. Central Forces. When a body is made to revolve in a circle round some fixed point, it will have a continual tendency to fly off in a straight line at a tangent to the circle, which tendency is called the centrifugal force; and the opposing power by which the body is retained in the cir- cular path is called the centripetal force. When both forces are spoken of together, they are denominated central forces. This is the case of a stone revolving in a sling. Should the cord break or be let go, the stone will, in consequence of its centrifugal force, fly off at a tangent to the circle in which it formerly revolved ; the cord acted as the centripetal force so long as it retained the stone in its circular motion. Whenever the one force begins to predominate over the other, the body will deviate from the circular path, but while the body remains moving in a circular path, the centripetal and centrifugal forces must be equal to each other, and therefore the measure of the one will be likewise the measure of the other. The centrifugal forces of two unequal bodies, moving with the same velocity, and at the same distance from the central body, are, to one another, as the respective quantities of matter in the two bodies. The centrifugal forces of two equal bodies, which perform their revolution round the central body in the same time, but at different distances from it, are to one another as their respective distances from the central body. —The centrifugal forces of two bodies which perform their revolution in the same time, and whose quantities of matter are inversely as their dis- tances from the centre, are equal to one another.—The centrifugal forces of two equal bodies, moving at equal distances from the central body, but with different velocities, are to one another as the squares of their veloci- ties.—The centrifugal forces of two unequal bodies, moving at equal distances from the centre, with different velocities, are to one another in the compound ratio of their quantities of matter, and the squares of their velocities.—The centrifugal forces of two equal bodies, moving with equal velocities, at different distances from the centre, are inversely as their distances from the centre.—The centrifugal forces of two unequal bodies, moving with equal velocities, at different distances from the centre, are to one another as their quantities of matter multiplied by their respective distances from the centre.—The centrifugal forces of two unequal bodies, moving with unequal velocities, at different distances from the central body, are in the compound ratio of their quantities of matter, the squares of their velocities, and their distances from the centre. 



CENTRAL FORCES. 
The subject of central forces would require for its investigation much more space and mathematical reasoning than is consistent with the nature of our work. What follows, however, will be found sufficient for all practical purposes. (a.) Teiodtyg x ^ght, eentrif-gal foree. 
(b.) Divide the velocity by 4'01, square the quotient, and divide by the diameter: this last quotient multiplied by the weight, will give the centrifugal force. 
(c.) Number of revolutions per minute 2 x diameter 5870 5 

centrifugal force. 
(d.) velocity 2 x radius centrifugal force X 3s “ 

radius x centrifugal force > 

weights the 

(E.) 
('•) 

velocity 
C centrifugal force x 32' 

weight. 
the velocity. weight 

The following examples will illustrate the application of these rules. What is the centrifugal force of the rim of a fly-wheel moving with a velocity of 32{ feet in a second, and whose diameter is 20 feet. 
(Byn.) 321 _ 4-01 “ T = 8 02, then ° : 3-216, which multiplied by the 

weight of the rim, will give the centrifugal force. A grindstone makes 120 revolutions in the minute, the radius of the circle of its motion being 2 feet, and its weight 6 lbs. 
(Bye.) 1202 x 4 ' 5870 < 6 = 9-81 x 6 = 58'86 = thece 

trifugal force. A fly-wheel makes 65 revolutions per minute, its diameter being 12 feet, and the weight of the rim one ton, the weight of the entire fly being l) tons, the circle of gyration is 5-5 feet from the axis, the wheel con- sisting of two halves joined by bolts capable of resisting a pressure of 4 tons, wherefore, 
12 X 31416 x 65 _ _ velocity in feet per second 

And (by a.) 40 ^84* x 1  gg ^ g— = 8-687 ions, the centrifugal force. 
And (by f.) ^32 x 4 X 5 5 x 2^ _ ^1403 _ 
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und since 2 x 5 5 X 3-1416 = 34-5576 = the circle of gyration, therefore, 

J~345576~ = 5^‘195’ 1116 nu™1>er ot~ revolulions per minute, which would cause the fly to burst asunder. Centre, in a general sense, denotes a point equally remote from the extremes of a line, surface, or solid. Centre of Attraction of a body, is that point into which, if all its matter was collected, its action upon any remote particle would still be the 
Centre of a Circle ; is that point in a circle which is equally distant from every point of the circumference ; and, if more than two equal lines can be drawn from any point within a circle to the circumference, that point will be the centre. To find the centre of a circle, draw any chord AB; and bisect it per- pendicularly with the line CD, which will be a diameter. Therefore CD bisected in O, will give the centre, as required. To describe the circumference of a circle through three given points, A, B, C. From the middle point B, draw chords BA, BC, to the two other points, and bi- sect these chords perpendicularly by lines meet- ing in O, which will be the centre. Then from the centre O, at the distance of any one of the points, as O A, describe a circle, and it will pass through the two other points B, C, as required. Centre of Equilibrium, is the same, in respect to in a fluid, iis the centre of gravity is to bodies in free space. Centre of Friction, is that point in the base of a body on which it revolves, into which, if the whole surface of the base and the mass of the body were collected and made to revolve about the centre of the base of the given body, the angular velocity destroyed by its friction would be equal to the angular velocity destroyed in the given body by its friction in the same time. Centre of Gravity of any body, or system of bodies, is that point upon which the body, or system of bodies, acted upon only by the force of gravity, will balance itself in all positions ; hence it follows, that if a line or plane passing through the centre of gravity be supported, the body or system will be also supported. See Gravity. Centre of Gyration, is that point into which, if the whole mass were collected, a given force applied at a given distance would produce the same angular velocity in the same time as if the bodies were dispos- ed at their respective distances. This point differs from the centre of 

o bodies immersed 



CHIMNEY. 
oscillation only in this, that, in the latter case, the motion is produced by the gravity of the body; but in the former, the body is put in motion by some other force acting at one place only. See Gyration. Centre of Magnitude, is the point which is equally distant from the similar external parts of a body. Centre of Motion, is that point in a revolving body which remains 

Centre of Oscillation, is that point in the axis of suspension of a vibrating body, in which, if all the matter of the system were collected, any force applied there would generate the same angular velocity in a given time, as the same force at the centre of gravity, the parts of the system revolving in their respective places. See Oscillation. Centre of Percussion, is that point in a body revolving about an axis, at which, if it be struck, all the motion of the body will be destroyed, so that after the stroke, the moving body will incline neither way. Thus, if a common walking stick be held by one end, and struck against any obstacle at diflerent points of its length, it will be found that there is only one point on which it can be struck, that will cause no shock to the hand; this point will be found to be two-thirds of the length of the stick from the hand—it is called the centre of percussion, and is deter- mined by the same rules as the centre of oscillation. See Oscillation. Centre of Position, is such a point in a body, that if a plane be made to pass through it, and a perpendicular line be drawn from that place to the surface of the body, the sum of the perpendicular on one side of the plane, shall be the same as the sum of the perpendiculars on the other. The motion of this part determines the average motion of the whole mass. Centre of Pressure, or meta centre of a fluid against a plane, is that point, in which, if a force were applied equal and contrary to the whole pressure of the fluid, the body would remain unmoved. See Floating Bodies. Centre of Spontaneous Rotation, is that point which remains at rest, and round which a body moves when it is put into motion. When a body of any magnitude or form is left untouched, after being put into a rotatory engyrating motion it will have three axes of motion perpendicu- lar to each other, and all passing through the centre of gravity. Chafferv ; a kind of forge in the manufacture of iron, in which the metal is exposed to a welding heat. Chamfer ; used among carpenters; a groove to receive the tenon. Cheeks ; those pieces of timber in machinery which are double, and like to each other. Chimney. It is necessary that the engineer should attend to the best proportions for the chimneys of engine furnaces. For the purpose of 
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avoiding the nuisance of smoke, the stalk ought to be as high as possible, never less than 50 feet. For the area of the cross section of the chimney of a low pressure steam engine, we may employ the rule, 

horse’s power of the engine x 800 . . . . • i , v" of the height of the chimney in feet — aiCa ln sauare inc les‘ 
Find the area of a chimney, the height of which is 64 feet, the power of the engine being 36 horses. 

-—'= 910, the area of the chimney in square 
inches. Now if the flues are to be square, we have only to extract the square root of the area for the length of the side, therefore t/flOO = 30, the length of the side; or if the flue is to be cylindrical, then VCarea x 1 -27) == diameter, wherefore, V(90Q x 1‘27) — 3379, the diameter of the flue of the chimney, if cylindrical. For the chimneys of steam boilers being cylindrical the same rule may be employed, but, instead of the number 200, we may employ 90, therefore, for a 36 horse engine. These rules are applicable where the engine is of the best construction, and where it requires about 10 lbs. of coal per hour, for each horse’s power; but if more coal be required, the area of the chimney must be increased proportionally. When wood is burnt, instead of coal, the area of the chimney ought to be one half greater than that required for coal. The Egyptian obelisk seems to be the best form of a chimney top; it op- poses least resistance to the wind, is least expensive, and if rightly pro- portioned, by no means destitute of elegance. See Furnace. Chord ; in geometry, a right line drawn from one part of the arch of a circle to another. See Trigonometry. Chiphhg. This operation not only produces the intended effect in an expeditious manner, but saves much expense in the files which would otherwise be required. It is most frequently applied to cast iron, tjie dark rind or outside of which, taken as it comes from the mould, is always harder than the rest, and frequently so very hard, that it would spoil the best file in a few minutes, while, at no greater depth than the twentieth part of an inch, or even less, it is nearly as soft as brass. The chisel will penetrate this hard crust, and afterwards, as may be easily understood, its edge needs only to be made to act upon the soft part. The chisel, for this description of work, need not be more than seven inches long, but it ought to be made of the best cast steel. It is held in an angle of about forty-five degrees, and the blows of the hammer are given in quick suc- cession. Some dexterity, certainly, which can only be acquired by practice, is requisite to preserve a tolerably equable surface, but the art is not of difficult acquirement. A pellicle of iron may, by the chisel, be taken from a surface of a hundred square inches, in four or five hours. 
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and when it has been well done, the file very speedily levels the inequali- ties which it leaves. When much exactness is required, it is advisable to examine the work, before the chipping is commenced, and if improper , protuberances or hollows appear in it, the chisel must be struck more or. less deep at such places as the circumstance requires. Chisels. The large chisels used by millwrights for heavy work, are generally composed of iron and steel, welded together,—the steel forming but a small portion of the whole, seldom extending higher than the broad part of the tool, and being often no more than a third of the thickness The small and middle-sized chisels of the best kind, are always made of cast steel. As all chisels, not exclusively employed in turning, are driven more or less by blows, they are, except the socket chisel, provided with a shoulder, at the end of the handle into which the tang is driven, and prevents it from being split. The basil of chisels is on one side, and if well formed should be quite flat. The gouge used by the joiners and cabinet-makers is similar to that of the turner, though not always sharp- ened in the same way. The edge, by joiners and cabinet-makers, is made straight across the end, and not convex like the turner’s gouge; but millwrights often make the basil on the concave side of the gouge in order to cut perpendicularly. The thin broad chisel, the sides of which are parallel for a certain length, and then taper towards the shoulder, is called the firmer chisel when driven by the mallet, and the paring chisel, when the hand only is employed. The common mortise chisel, the section of which is almost a square, is employed in making mortises; the basil being made on one of its narrow sides. As it has to sustain extremely heavy blows with the mallet, and is partly used as a lever to get out the pieces of wood as they are severed, in the course of cutting the mortise, it must necessarily be made very strong. The socket-chisel is distinguished from other chisels by its having a conical socket, instead of a tang and shoulder, to receive the handle. It is much used for very large work, and for the same purposes as the mortise- chisel, but is not so thick in proportion to its breadth. The upper end of the handles of chisels driven by percussion, should be made convex. Chord, a right line joining the extremities of an arc. Circle, in Geometry, a plane figure bounded by a curve line, every where equally distant from a point within it, called the centre. The periphery or circumference, is sometimes called the circle, though that name denotes the space contained within the circumference, and not the circumference itself. We will give here tables of the circumferences and areas of circles, from l to 100, which will be found of great use in calculation. 
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A TABLE OF THE AREAS, CIRCUMFERENCES OF CIRCLES, AND SIDES OF EQUAL SQUARES CORRESPONDING TO ALL DIAMETERS, FROM 1 TO 100. 
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AREAS OF CIRCLES. IN SQUARE INCHES. 



100 cmci-: 

To find the area, or circumference, of a circle, the diameter being given. 1. Multiply the diameter by 3'14159, and the product will be the cir- cumference. 2. Multiply the square of the diameter by-7854, and the product will be the area. Thus, if 6 be the diameter of a circle, then 6 y 3-1416 = 18-8496 = circumference, and 6* x '7854 = 36 X -7854 i= 28-2744 — the area. To find the centre of a given circle. Draw any chord, bisect it, and through the point of section draw a line at right angles. This line is a diameter, which bisected, gives the centre. To describe a circle through any three given points not in the same straight line. Join the points by two straight lines, bisect those lines at right angles, and the intersection of the bisecting lines is the centre. To divide a given circle into any number of co-centric parts, equal to 
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each other. Divide the radius into as many equal parts as are required ; and trom the parts of division, erect perpendiculars upon the radius; de- scribe a semicircle meeting the perpendiculars; and through the points of intersection draw the circles. To divide a circle into any number of parts, equal both in area and periphery. Divide the diameter into the number of parts, and describe a semicircle upon the alternate sides of each division, so as to touch the point of contact, and also the extremities of the diameter. Circular Saw. Circular saws, revolving upon an axis, have the ad- vantage that they act continually in the same direction, and no force is lost by a backward stroke. They also are susceptible of much greater velocity than the reciprocating saws, an advantage which enables them to cut more smoothly. The size of circular saws, however, is limited; for, if made too large, and of the usual thinness, they are liable to waver, and bend out of their proper plane ; and, on the other hand, if made thick enough to secure an adequate degree of strength, they waste both the power and the material, by cutting away too much. Hence, they are not commonly applied to the slitting of large timber, but are nevertheless very useful in smaller works, for cutting ofl'bodies which can be included within a certain distance of the axis, and thus allow the sawto be of small size. Circular saws, however, of large size, are used in cutting thin layers of mahogany for veneering; for in this case the saw can be strengthened by thickening it on one side towards the centre, the flexi- bility of the layer of wood allowing it to turn aside, as fast as it is sawn off. Circular saws may be rendered more steady by giving them a greater velocity, so that the centrifugal force shall assist in confining the saw to its proper plane. An ingenious machine has been invented in Maine, for sawing ofl' sheets of wood of an indefinite length, for veneering, by cutting a spiral layer from the surface of a cylindrical log, the layer being turned off like a ribbon when unwound from a roller. The sawing of marble is performed by saws made of soft iron, and without teeth. A quantity of sand and water is kept interposed between them, and the sand, becoming partly imbedded in the iron, serves to grind away the marble. These saws are worked horizontally for the convenience of retaining the sand, and are moved either by hand, or by reciprocating machinery. The cylindrical blocks which form the tam- bours, or frusta, of columns, are sometimes cut out of marble, by perfora- ting the block at the centre, and inserting an iron axis, to the ends of which are attached frames, upon which a narrow or a concave saw is stretched parallel to the axis. An alternating motion is then given to the frame, until the saw has cut its way round the axis. i 3 
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Circumference ; in a general sense, denotes the line, or lines, bound- ing any figure. Circumgyration ; the whirling motion of a body round any given centre. Clack ; a bell so contrived that it will ring whenever more grain is re- quired in a com mill. Clack Valve; one of the most simple of all valves. It is usually made of a plate of leather somewhat larger than the opening which it is to cover, part of it being fastened at the one side as a hinge. When the valve is not very small it is strengthened by fixing to it a metal plate on each side, the plate next the opening being smaller than the space the valve has to cover, and the outer plate being larger. Sometimes the clack valve is made double, two semicircular disks being attached to one hinge, AB, which stretches over the opening. This construction is preferable to the single clack, where the piston is large, and this a- kind is also employed for steam engine air pumps, in which case the valve is made of metal. To diminish the effect of the weight of these valves, the orifice which they cover is sometimes made to incline a little, in order that the weight of the clack shall just be sufficient to close it. In the construction of these valves, it should be borne in mind that they ought to open to an angle of at least SO degrees. Coal. This mineral is so much used in mechanical arts, that we deem it necessary to acquaint the reader with the distinguishing characters of its various kinds, and several other particulars which could not have been so properly introduced under any other head. 1st. Caking or cubical coal, has a fine black colour. It is lamellated, or, to use the technical phrase of miners, the reed of the coal runs parallel to the bed in which it rests; and when this kind of coal is broken, the fragments are of a diced or cubical form. One kind of this species of coal runs into cakes during the process of burning. Coal of this class during the process of burning gives out great heat and flame. To this species belongs the Newcastle coal.—2nd. The rough or rock coal is of a black colour, but not so bright as the caking coal. When pure this coal leaves a small residue. This coal is very abundant in Scotland.—3d. Splint, slate, or stone coal, has a slaty structure, burns with a strong flame, and great smoke, leaving a considerable proportion of white ashes. To the same species belongs that coal called in Scotland run splint; it is difficult to separate.—4th. Cannel coal is of a black colour, and slaty structure, gives out great light in burning.—5th. Culm or blind coal, is of a clear glossy black colour with a metallic lustre: not easily kindled; but when once combustion commences, it burns with intense heat, but without smoke or flame, 
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throwing out however a suflbcating vapour. With regard to the eflect of coal inproducing heat, it has been stated by Dr Black, that 100 lbs. weight of Newcastle coal when applied in the most judiciously contrived furnace, would convert one and a half wine hogsheads = 790 lbs. of water into steam, equal in pressure to one atmosphere ; from which we would infer, that one part of coal will convert nearly eight parts of water into steam. Count Rumford makes the number six and two thirds, Watt seven and a half, and he also states, that it required three times that weight of wood to produce the same effect. The effect of the Newcastle coal is to the same quantity of Glasgow coal, as 4 to 3. A bushel of the former is equivalent to a hundred weight of the latter. If small coal, or culm (sometimes also called dross or slack), be employed, twice the weight will >e required to produce the same effect as large cubical pieces. The comparative value of coal to other species of fuel has been determined by finding how much of each is required to melt a given quantity of ice, in (given time. Thus: 

I lb. of good coal will melt 90 lbs. of ice. culm . . 45 coke . . 94 charcoal of wood 95 wood . . 92 peat . . 19 hydrogen gas . 370 
Charcoal may be obtained from coal, as well as from wood, and much in the same manner, as in the processor making coal gas. It is called coke, and is much employed in the smelting of iron, for which purpose it is commonly prepared as follows; large heaps of coal are piled on the ground in the open air, and sometimes a short brick chimney is placed in the middle of the pile, at the bottom, in which large holes are opened, so that currents of air may be introduced to the pile when ignited, which accelerates the combustion. The operation of coking is intended to dis- sipate the volatile parts merely, so that when the burning of any particular part of the pile goes on too rapidly, ashes are occasionally thrown on, and the parts sufficiently coked are covered with ashes, until the whole is completed, when the covering is allowed to remain until the heap be cooled below the point of ignition. When the coke thus made is cold and separated from dust, it is fit for the furnace. Cock ; a contrivance for stopping at pleasure the passage of a fluid through a pipe, being a sort of revolving valve. The common form of the cock is so well known, that it needs no description in this place; peculiar modifications of it are employed in several hydraulic and pneu- matic machines, which we shall take notice of. Where the opening and 
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shutting of a passage does not require to be constant, the cock seems pre- ferable to any other contrivance; as for instance, in the injection pipe of the condensing engine. In this case the cock has only one passage, but in others two, and sometimes three are employed, and when applied to the nozzles of the steam engine, it has four passages, being then denomina- ted the four way cock. For a description of this, see Nozzles. The greatest care should be taken that the plug of the cock be properly ground in the socket. The plug is usually of the form of a truncated cone, nearly approaching to the form of a cylinder, the difference of the diameters of the broad and narrow ends being l-16th of the length of the' plug. Thus, if the length of the plug be 14 inches, and the greater- 
diameter f of an inch, then = 0'09, wherefore, since f = •7.’>, we 
have -75 — -09 = •66, the diameter of the smaller end. Cog Teeth, formed of a different material than the body of the wheel; a timber tooth on a cog wheel, is one made of wood, where the teeth stand perpendicularly to the plane of the wheel.—See Wheel. Cohesion, that species of attraction which, uniting particle to particle, retains together the component parts of the same mass; being thus dis- tinguished from adhesion, or that species of attraction which takes place between the surfaces of similar or dissimilar bodies. The absolute co- hesion of solids is measured by the force necessary to pull them asunder. Thus, if a rod of iron be suspended in a vertical direction, having weights attached to its lower extremity till the rod breaks, the whole weight at- tached to the rod, at the time of fracture, will be the measure of its co- hesive force, or absolute cohesion. The particles of solid bodies, in their natural state, are arranged in such a manner that they are in equilibrium in respect to the forces which operate on them; therefore, when any new force is applied, it is evident that the equilibrium will be destroyed, and that the particles will move among themselves till it be restored. When the new force is applied to pull the body asunder, the body becomes longer in the direction of the force, which is called the extension: and its area at right angles to the direction of the force contracts. When the force is applied to compress the body, it becomes shorter in the direction of the force, which is called the compression; and the area of its section, at right angles to the force, expands. In either case, a part of the heat or any fluid, that occupies the pores or interstices of the body, before the new force was made to act upon it, will be expelled. See Materials, Strength of. 





COHESIVE FORCE OF WOODS. 



107 

Cold, the privation of heat. In general, cold contracts most bodies, , and heat expands them: though there are some instances to the con- trary, thus, though iron expands with heat, yet when melted it is always found to expand in cooling again, and water, in the act of freezing, sud- ' denly expands with great force. The sensation of heat is occasioned by i1 caloric passing into our bodies; that of cold by caloric passing out of f- them. And the strength of the sensations of heat and cold depends upon J the rapidity with which the caloric enters or departs; and this rapidity is j in proportion to the difference of the temperature between our bodies r and the hot or cold substance, and to its conducting power. The higher I the temperature of a body is, the stronger sensation of heat it gives; and the lower the temperature, the stronger sensation of cold : and when the ! temperature is the same, the sensations depend upon the conducting ! power of the substance. Thus, therefore, what is commonly called cold t is only the absence of the usual quantity of caloric. But there have been 



108 COLLAR. 
philosophers, who held that cold is a positive thing endowed with specific qualities. See Heat. Collar; a plate of metal screwed down upon the stuffing box, with a hole to allow tire piston rod to pass through. See Piston. Collision of Bodies. If one body A strike another body B, which is either at rest or moving towards the body A, or moving from it, but with a less velocity than that of A ; then the momenta, or quantities of      motion of the two bodies, estimated in a B C any one direction, will be the very same after the stroke that they were before it. Thus, if A with a momentum of 10, strike B at rest, and communi- cate to it a momentum of 4, in the direction A B. Then A will have only a momentum of 6 in that direction; which, together with the mo- mentum of B, viz. 4, make up still the same momentum between them as before, namely, 10. If B were in motion before the stroke, with a momentum of 5, in the same direction, and receive from A an additional momentum of 2; then the motion of A after the stroke will be 8, and that of B, 7, which be- tween them make 15, the same as 10 and 5, the motions before the 

Lastly, if the bodies move in opposite directions, and meet one another, namely, A with a motion of 10, and B, of 5; and A communicate to B a motion of G in the direction AB of its motion. Then, before the stroke, the whole motion from both, in the direction of AB, is 10—5, or 5; but after the stroke, the motion of A is 4 in the direction AB, and the motion of B is 6—5, or 1 in the same direction AB; therefore, the sum 4 + 1, or 5, is still the same motion from both as it was before. If a hard or fixed plane be struck by either a soft or a hard unelastic body, the body will adhere to it; but if the plane be struck by a perfectly elastic body, it will rebound from it again with the same velocity with which it struck the plane. The effect of the blow of the elastic body on the plane, is double to that of the unelastic one, the velocity and mass being equal in each. Non- elastic bodies lose, by their collision, only half the motion lost by elastic bodies., their mass and velocities being equal; for the latter communicate double the motion of the former. If an elastic body A impinge on a A c y firm plane DE, at the point B, it will rebound from it in an angle equal to that in which it struck it; or the angle of incidence will be equal to the angle of reflection; namely, the angle ABD equal to the angle FBE. 



COLLISION OP BODIES. 
Let the non-elastic body B, moving with the velocity V in the direction #  Bb, and the body b with the velocity B b C v, strike each other. Then, B V + bv, if the bodies moved the same way, or B V — bv, if they moved contrary ways, and BY only, if the body 6 were at rest, 

and the common velocity after the stroke in the direction BC ; will be, 
BV + iy. . „ t BV—6y. , , . BV . 4.. . —m the first case, T. in the second, and .. , , in the third. D + o B-f-o B + o 

For example, if the bodies or weights B and 6 be as 5 to 3, and their velocities V and v; as 6 to 4, or 3 to 2, before the stroke; then 15 and G will be as their momentums, and 8 the sum of their weights; consequent- ly, after the stroke the common velocity will be as 

—= |, or 1 i in the second ; and 
-g, . . or II in the third 

Let the elastic body B move in the direction BC, with the velocity V; and   let the velocity of another elastic body b § f C be v, then, 
the velocity of B: 

both in the direction BC, when the bodies both moved towards C before the collision. But if the body b moved in the contrary direction before the collision, or towards B ; then, 
<'~~K+A6~2A~’1116 velocit>' of B> 
(B —6*LX_, the velocity of b, in the direction BC. 

And if 5 were at rest before the impact, 
B-b B + 6 
BT* ' 

for the velocities in this < 

the velocity of B, and 
the velocity of C, 
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Column, in architecture, a round pillar, made to support and adorn a building, and composed of a base, shaft, and capital. See Order. Combustion, is a change in the nature of combustible bodies, accom- panied by the emission of light. It was the favourite theory of Lavoi- sier, that combustion arose from the combustible body absorbing oxygen, and from light and heat being given out in the process. This is true in ordinary cases; but there are many exceptions in which there is combus- tion without the presence of oxygen, where there is an intense action, and light and heat are given out. Compression. When a bar or beam is compressed in the direction of its length, it resists more powerfully than in any other way. If the beam be long, and its strength be overpowered by pressure, it bends, and then breaks; but if its thickness be as much as a seventh part of its length, it commonly swells in the middle, splits, and is crushed. When a stone block or pillar is crushed, the parts nearest to the force break away, and slide off diagonally at the sides, leaving a pyramidal base. The lower stories of buildings, the piers and piles of bridges, the spokes of carriage wheels, and the legs of furniture, are subjects of this force. According to Mr Tredgold, a cubic inch of malleable iron will support, without alteration, a weight of about 17000 pounds; cast iron, 15000; brass, 7000; oak and mahogany, nearly 4000; tin, 3000; lead, 1500. Granite is crushed by 11000 pounds to the square inch; white marble, by 6000; Portland stone, by 4000. When a force acts on a straight column in the direction of its axis, it can only extend or compress it equally through its whole substance. But if the direction of the force is not in the axis, but parallel to it, the ex- tension or compression will then be partial. In a rectangular column or block, when the compressing force is applied to a point more distant from the axis than one sixth of the depth, the remoter surface will be no longer compressed, but extended. In this case, the dis- tance from the axis of the neutral point, or that which is neither compressed nor extended, will be inversely as that of the point to which the force is applied. For example, a weight or compressing force being applied on one side of the block or column CDEF, and acting in a direction parallel to its axis, the compression will extend only to the line AB, the parts beyond this being extended. Condensation. When steam is brought into contact with a body colder than itself its temperature and elasticity will be diminished. The quan- tity of diminution of temperature and elasticity will vary with the difference of the temperature of the cold body and steam, and also on the quantity of the one compared with the other. The body employed for condensation 
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should expose as large a surface as possible to the steam, and for this purpose nothing answers so well as a jet of water. Water cannot always be procured of the same temperature, and, therefore, in order to econo- mise the water, and at the same time procure a complete condensation of the steam, we must determine what quantity of water is necessary to condense steam, both being at various temperatures. Let q represent the quantity of water necessary to form steam, Q that necessary for condensation, T the temperature of the steam, t of the condensing water, and c that of the condensed water, S the content of the cylinder; then, Q being in inches, and S in feet. 

<1000 +T-e)xi.lS3=Q, and 
(1000 + T) + Q x * 2 — 11 “ c' By these theorems it will be found, that when T = 220°, t, 52°, c = 100°, then Q = 251 times S. 220, ...52,   130  14   S. 220, ...70,  130,   18   S. 220,... 70,  100,   37   S. 

The mixture of the condensed steam and injection water in the conden- ser would never exceed 100°, whether a separate condenser be used or not. The modes of condensation have been various in the different forms of the steam engine. In those of Savary and Newcomen, the condensation is effected in the same vessel where the moving power of the steam is applied; in that of Watt it is condensed in a separate vessel. Savary condensed the steam by pouring the water on the vessel containing it; Newcomen by throwing the water among it; Watt, by exposing it to large surfaces of cold water; Cartwright, to large surfaces of cold solids; and Perkins, by pressing cold fluids against the vessels containing it. Two or more of these methods may be combined. See Condenser. The following Tables will be useful for reference. 
A Table of the Quantity of Water required for condensation per hour in an atmospheric engine. The mean pressure of the steam in the boiler being 35 inches of mercury. 
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Table of the Quantity of Water for condensation, &-c. required in a double acting Steam Engine, not acting expansively. 

Condenser. In the atmospheric engine of the old construction condensation was carried on in the cylinder, an arrangement which accompanied with a great waste of steam. Mr Watt’s first and g improvement consisted in condensing the steam in a separate vessel. The accompanying cut will show the construction of Watt’s condenser, a, a, a, a, represents a section of the cistern, containing cold water, b is the eduction pipe through which the steam passes from the cylinder into the condenser c. The condenser communicates with the air pump e, by a pipe at the bottom, furnished with a valve d, called the foot valve. This valve is of the clack form. The air pump e, is of the common suction kind, but the piston is furnished with two valves, as will be seen in the 

al
 f
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figure. The valve g opens into the hot well h, and the opening at h is the end of a pipe that allows the surplus hot water in the well to run ofT, the remainder being pumped into the boiler. At the side of the con- denser a rod is seen rising in the cistern, the lower end being attached to an injection cock near the bottom of the condenser. The water from the cistern passes through the injection cock and enters the condenser through a rose, in the form of a shower. 

Before the engine is set a going, the injection cock is shut, and steam is admitted into the cylinder, which, passing down through the pipe b into the condenser, fills it, there being no cold water yet admitted, it finds no other way of escape save through the valve to, winch is covered by a little water, and is called the blowing-through valve. The injec- tion cock is kept shut, and the steam allowed to blow through and dis- place the water and air contained in the condenser. This is continued until it is supposed that as much steam has been blown through as is sufficient to fill the cylinder and condenser. The injection cock is then opened, and the steam being condensed, the piston will begin to move. The piston rod and air pump rod being attached to the same end of the beam, rise and fall together; when the piston rises, the valve in the bucket of the air pump will be shut, and all the air and water above the bucket will be lifted through the valve g into the hot well h. At the same time a vacuum being formed in the air pump e, below the bucket, more perfect than that in the condenser, the foot valve d will be opened, and the water and air will pass from the condenser into the air pump. When the bucket descends, the valve in it will open, and allow the air and water to pass into the space above it, while the valves g and d will be shut. At the return, the water and air is lifted through the valve g to the hot well or cistern, as before, &c. The condenser is usually made of the same capacity as the air pump, each being equal to one eighth of k 3 
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the content of the cylinder; that is, the length of the air pump should be one half of the length of the cylinder, and also its diameter one half that of the cylinder. In Rees’s Cyclopedia, the diameter of the air pump is made two thirds that of the cylinder, and the length the same as before stated, but this makes the pump too large, and causes an unne- cessary waste of power. Cone, in geometry, a solid figure, having a circle for its base, and its top terminated in a point; it might be called a round pyramid. Cones are distinguished into right, or those which have the axis or line drawn from the vertex to the middle of the base, perpendicular to the plane of that base ; and those which have the axis of the cone inclined at some other angle, these are called oblique cones. 

. area of base x axis. The solid content = g  
Thus, the content of a cone whose height is 10, and diameter of base* 7, will be, 7X31416 X.JO _ 73-3Q4. 

The surface —f~area *)ase Circumference of base x slant height. 
Thus the diameter of base being 7 and the slant height 13, we have 3T416 x 7 = 21-9912 = circumference of base, and ^/T X -7854 = 6-203S = area of base. Wherefore, 2|,99I|.X-1? + 6-2035 = 149-1463 

= the whole surface of the cone. There are certain sections, or cutting of a cone, by which figures bounded by particular lines are formed. Thus in the annexed wood-cut. 

If the cone, fig. 1, be cut from the vertex perpendicularly to the base, the section is a triangle. If, as in fig. 2, it be cut parallel to the base, the section is a circle. If, as in fig. 3, the cone be cut obliquely to the base, that is, the one side of it nearer to the base than another, the sec- 
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tion is an ellipse. If, as in fig. 4, the cone be cut perpendicular to the base, but not through the axis, the section is an hyperbola. If, as in fig. 5, the cone be cut parallel to the slanting side, the section is a para- bola.—See Ellipse, Hyperbola, and Parabola. Cone, Double. It is sometimes necessary that a machine should be propelled with a velocity which is not equable, but which continually changes in a given ratio. This happens in cotton mills, where it is ne- cessary that the speed of certain parts of the machinery should continu- ally decrease from the beginning to the end of an operation. To effect this object, two cones, or conical drums, are used, having their larger diameters in opposite directions. They are connected by a belt, which is so governed by proper mechanism that it is gradually moved from one extremity of the cones to the other, thus acting upon circles of different diameter, causing a continual change of velocity in the driven cone, with relation to that which drives it. The cone is extensively used in cotton spinning for the purpose of obtaining the requisite change of velocity, for the equable tension of thread in the filling of bobbins or cops, as in the fly frame. The belt is moved by a rack, whose teeth are not all equal, but cut according to the law indicated by the equation of the parabola. Of late a substitute for the double cone has been employed in the cotton spinning machinery of America. It consists of two series of wheels, mounted upon two spin- dles placed parallel to each other. The wheels on either spindle con- tinually decrease in size, from the one end to the other; the larger wheels of the one acting in the smaller wheels of the other. One of these spindles is connected with the power, is hollow, and has an open- ing running from one end to the other. The wheels on this axis are loose, but capable of being caught in succession by a projecting pin, which is moved along the hollow of the spindle. The wheels on the other spindle are all fixed, so that it turns round with a different veloci- ty, according to the wheel that is put in gear by the catch in the other spindle. The following table shows the proportional number of teeth of the wheels on both spindles, to give the proper variation of speed in the fly 
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Conical Valve, the pupet or T valve, that first used by Watt in the construction of his engines. It consists of a circular plate of metal, hav- ing a bevelled edge, fitted to a seat. The angle of bevel ought to be 45°. Both the seat cover and ought to be accurately turned, and then ground together with emery. These valves are commonly formed of brass, but gun metal is preferable. The diameter of the widest part of this sort of valve ought never to exceed two thirds of the diameter of the valve box, and the corner of the valve should never rise less than one-sixth of the diameter of the base. This sort of valve never works well when its diameter is more than six inches. Contact, is when one line, plane, or body, is made to touch another, and the parts which thus touch are called the points of contact. Content, in geometry, the area or quantity of matter or space in- 
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eluded in certain bounds. The content of a ton of round timber is 43 solid feet. A load of hewn timber contains 50 cubic feet ; in a foot of timber are contained 1728 cubic or solid inches; and as often as 1728 inches are contained in a piece of timber, be it round or square, so many feet of timber are contained in the piece. Contractile Forces. Forces which decrease. See Forces. Contrate Wheels. See Crown Wheel. Convex, the exterior surface of gibbous or globular bodies, in opposi- tion to the internal or concave surface. Corner Stones, among builders, the two stones which stand one in each joint of the chimney, commonly made of Reigate or freestone. Co-secant, in geometry, the secant of an arch, which is the comple- ment of another to 90°. Co-sine, in trigonometry, the sine of an arch which is the complement of another to go0. Co-tangent, in trigonometry, the tangent of an arch, which is the complement of another. Convoy or Drag. When a carriage has to descend a hill, a crooked lever is applied to the surface of one of the wheels, which retards its motion and prevents the vehicle from acquiring too great velocity. Copper is a very brilliant sonorous metal, of a fine red colour, pos- sessing a considerable degree of hardness and elasticity. It is extremely malleable, and may be reduced to leaves so fine, that they may be car- ried about by the wind. Its tenacity is very great. A wire of one- tenth of an inch in diameter will support a weight equal to 300 lbs. avoirdupois without breaking. It does not melt till the temperature is elevated to about 27" of Wedgwood, or (by estimation) 1450° of Fahren- heit. When rapidly cooled, it exhibits a granulated and porous texture. When the temperature is raised beyond what is necessary for its fusion, it is sublimed in the form of visible dumes. None of the malleable me- tals is so difficult to file or turn smooth as copper; but it is cut by the graver, or ground by gritty substances, with great ease. When miners wish to know whether an ore contains copper, they drop a little nitric acid upon it; after a little time, they dip a feather into the acid, and wipe it over the polished blade of a knife; if there be the smallest quantity of copper in it, this metal will be precipitated upon the knife, to which it will impart its peculiar colour. Roman vitriol, much used by dyers, and in many of the arts, is a sulphate of copper. A solu- tion of this salt is used for browning fowling-pieces and tea-urns. In domestic economy, the necessity of keeping copper vessels perfectly clean, cannot be too strongly inculcated; but it is worthy of remark, that fat and oily substances, and vegetable acids, do not attack copper while hot; and therefore copper vessels maybe used, for culinary purposes. 
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with perfect safety, if no liquor be ever suffered to grow cold in thenu The mere tinning of copper and brass vessels does not afford complete security. The tinning is never so perfect as to cover every part of them. The alloys of copper, especially those in which this metal predomi- nates, are more numerous and important in the arts than those of any other metal. Many of them are perfectly well known, and have been immemorially in use. The exact composition, and particularly the mode of preparing several, are kept as secret as possible. By the aid of Chemistry, we may detect the precise composition of an alloy; yet we may not always be able, by common methods, to produce a mixture having all the excellencies, which, perhaps, mere accident has taught the possessor of the secret to combine. Brass is the most important of all the alloys of copper. See Brass. Five or six parts of copper and one of zinc form pinchbeck. Tombac' has still more copper, and is of a deeper red than pinchbeck. Princes’ metal is a similar compound, excepting that it contains more zinc thair either of the former. The alloys of copper, with different portions of tin, are of great im- portance in the arts. They form compounds which have distinct and appropriate uses. Tin renders copper more fusible, less liable to rust, harder, denser, and more sonorous. Copper and tin separately, are not more remarkable for their ductility, than, when united, the compounds they form, are for their brittleness. Eight to twelve parts of tin, combined with one hundred parts of cop- per, form bronze, which is of a greyish yellow colour, harder than cop- per, and the usual compositions for statues. The customary proportions for bell metal are three parts of copper and one of tin. The greater part of the tin may be separated by melting the alloy, and then throwing a little water upon it. The tin decomposes the water, is oxidized, and thrown upon the surface. The proportion of tin in bell metal is varied a little at different founderies, and for different sorts of bells. Less tin is used for church bells than clock bells; and in very small bells a trifling quantity of zinc is used, which renders the composition more sonorous; and it is still further improved, in this respect, by the addition of a little silver. A small quantity of antimony is occasionally found in bell me- tal. When copper, brass, and tin are used to form bell metal, the cop- per is from seventy to eighty per cent, including the portion contained in the brass, and the remainder is tin and zinc. When tin is nearly one third of the alloy, it is then beautifully white, with a lustre almost like mercury, extremely hard, close grained, and brittle; but when the pro- portion of tin is one half, it possesses these properties in a still more remarkable degree, and is susceptible of so exquisite a polish as to be 
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admirably adapted for the speculums of telescopes. If more tin be added than amounts to half the weight of the copper, the alloy begins to lose that splendid whiteness for which it is so valuable as a mirror, and be- comes of a blue grey. As the quantity of tin is increased, the texture becomes rough grained, and totally unfit for manufacture. Core, the internal mould which forms a hollow in the casting of me- tals, as the bore of a tube or pipe. Counter, a contrivance to indicate the number of strokes that an engine makes in a given time. It consists of a train of wheel work, resembling that of a clock, and so contrived that at each stroke of the piston rod a small detent is moved one tooth. It is useful for regulating the consumpt of fuel. Countersink, to take off the edge round a hole, in order to let in the head of a screw nail, so that it may not project from the surface. Couplings. In many cases, particularly where numerous machines are propelled by a common power, it is important to possess the means of stopping any one of them at pleasure, and of restoring its motion, with- out interfering with the rest. To produce this eflect, a great variety of combinations have been invented under the name of couplings. These in most instances are sliding boxes, which move longitudinally upon shafts or axles, and serve to engage or lock a shaft which is at rest, with one which is in motion; so as practically to convert the two into one, until they are at length unlocked. Couplings are sometimes provided with clutches or glands, which are projecting teeth, intended to catch on other teeth or levers, and thus lock the shafts together. Sometimes they have bayonets or pins adapted to enter holes. Sometimes the con- nexion is produced by friction alone, by pressing together surfaces which are either flat or conical. Sometimes, also, the wheels are thrown into and out of gear, which is done by causing wheels to slide in the direc- tion of their axles, or in some cases by elevating and depressing the axle itself. These methods, however, are difficult and unsafe. The fast and loose pulley afford perhaps the simplest mode of engagement. They consist of two parallel band-wheels on the same axle, one of which is fast, and the other loose, or capable of turning without the axle. The band which communicates the power is placed upon the loose pulley, when it is desired to stop the machine, and upon the fast pulley when it is in- tended to set the machine in motion. A common band may also be made to admit of motion or rest, according as it is rendered tense or Joose, by a tightening wheel pressed against its side by a lever. Coupling-box, a strong piece of hollow iron to connect shafts and throw machinery in and out of gear. Crane; a machine employed in raising or lowering heavyweights. Cranes are generally constructed by an application of the wheel and axle, 
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cog-wheel, wheel aud pinion, on the principle of the hydrostatic press. The first may be regarded as somewhat resembling the capstan, and the last Bramah’s press, which have already been described. The subjoined cut will illustrate the form and operation of the wheel and pinion crane, made of cast-iron. The collar B is made to revolve in an iron or stone cylinder A, fixed in the ground; the collar revolving on balls at the top, for the purpose of diminishing friction. The post C is firmly attached to the collar, and carries the gib and stay, D E. It has a double gib and stay, which screw on each side of the post, and admit the pulley between them. This crane is very commodious, and may be made of great power. 

The method of calculating the strength of the diflerent parts of a crane will be given in our article Materials, Strength of. Crank. The common crank affords one of the simplest and most useful methods of changing circular into alternate motion, and tn'ce versa. The single crank, 1, can only be used upon the end of an axis. The bell crank, 2, may be used in any part of an axis. The double crank, 3, produces two alternate motions, reciprocating with each other. The alternate parts in all these cases are attached to the crank by connecting rods, or by some of the kinds of mechanism hereafter described. The motion produced by cranks is easy and gradual, being most rapid in the 
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middle of the stroke, and gradually retarded towards the extremes; so that shocks and jolts in the moving machinery are diminished, or wholly prevented by their use. 

The connecting rod does not act upon the crank perpendicularly all the way round, which has led many to suppose that there is a positive loss of power, independent of friction. As the connecting rod acts upon the crank, the effect is compared to what it would be if it acted perpendicu- larly ; as twice the diameter of a circle is to the circumference, that is as 2 is to 3T416; for, while the crank moves through its circumfe- rence, the connecting rod, or moving power, moves through twice the diameter. This explains a mistake into which many practical men have fallen in considering that there is a loss of power in the use of the crank. There is, indeed, a small loss of power in consequence of friction, but in other respects the crank is like all other mechanical contrivances, a director of motion; for, since the connecting rod moves through a space equal to 2, the crank moves in the same time through a space equal to 3T41G, according to the ordinary way of expressing the law of virtual velocities. What is lost in power is gained in velocity. Crowbar ; a strong bar of iron, used as a temporary lever. Crucibles. Crucibles, melting pots, and other vessels intended for use in the furnace, require to be made of substances which sustain a high temperature without fusion. When they are made of about one part of pure clay, mixed with three of sand, and slowly dried and annealed, they are found to bear a great heat, and will retain most of the metals which are melted for use in the arts. Such crucibles, however, are liable to be acted upon, and destroyed at high temperatures, if the metals are suffered to become oxidized, or if saline fluxes are used. To pre- vent this accident, some crucibles are made entirely of clay, which is burnt, coarsely powdered, and mixed with fresh clay. These are found veiy refractory in the furnace. Crucibles are also made of plain Stour- bridge clay, of Wedgewood’s ware, of graphite, and of platina. 
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Crown, in geometry, a plane ring, included between two concentric perimeters, generated by the motion of part of a right line round the centre, to which the moving part is not contiguous. See Circle. Crown Wheels. Circular motion is com- municated at right angles, by means of teeth or cogs, situated parallel to the axis of the wheel. Wheels thus formed are denominated crown or contrate wheels. They act either upon a com- mon pinion or upon a lantern. The crown wheel is represented in the accompanying cut. It is less in use than the bevel geer, having more friction. Crushing. When materials require to be broken into minute parts, or when the texture of vascular substances is to be destroyed, that they may yield their fluid contents, the operation of crushing is resorted to. It is performed either by percussion, with hammers, stampers, and pes- tles, or by simple pressure, with weights, rollers, and runner stones. Culverts. It sometimes happens that the embankments act as a dam, to prevent the land on one side of a canal from being properly drained. In this case, culverts, or subterranean passages, are construct- ed underneath the canal, but not communicating with it, to effect the necessary draining. Culverts are made of brick or stone, and require to be strong and tight. An ingenious mode of ventilation is adopted by means of an empty culvert, one end of which opens into the building, while the other end is provided with a tumcap, presenting its open mouth to the wind. The air, in passing this culvert, partakes of the temperature of the earth, and is thus warmed in winter, and cooled in summer. The eflect is of a limited kind, since the continual transmis- sion of air must bring the surface of the culvert to a temperature ap- proaching that of the surface of the ground. Cupel, jn metallurgy, a small vessel which absorbs metallic bodies when changed by fire into a fluid scoria; but retains them as long as they continue in their metallic state. One of the most proper materials for making a vessel of this kind is the ashes of animal bones; there is scarcely any other substance which so strongly resists vehement fire, and which so readily imbibes metallic scoriae. Cup Valve, a valve resembling the conical valve, with this difference that the seat is made to fit a couver in the form of a base or of the por- tion of a sphere. The only advantage of the cup over the conical valve is in the case of a safety valve for the boiler of a steam-vessel, for if the weight be hung below the valve, within the boiler, the motion of the vessel will cause it to oscillate; and thus, by keeping the valve in con- tinual motion, prevent it from striking. 
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Cutting. Cutting instruments act, in dividing bodies, upon the same principle as the wedge. The blade of the instrument is in gene- ral a thin wedge, but the edge itself is usually much more obtuse. Mr Nicholson has estimated the angle which is formed ultimately by the finest cutting edge at about 56 degrees. If the edge of an instrument were not angular, but rounded or square, it would still act as a wedge, by pushing before it a wedge-shaped portion of the opposing particles, as is done by obtuse bodies moving in fluids. In general an oblique motion is more favourable to cutting than a direct, and this is because the edges of steel instruments are rough with minute asperities, like saw teeth. This circumstance, however, is of less importance when the material operated upon is very firm and the cutting is deep; for in this case the friction and compression consume more force than the actual division. This takes place with axes and chisels, which are necessarily made thick to secure the requisite strength. The quality in tools which is called temper is opposed to brittleness on the one hand and to flexibility on the other. Independently of the quality of the metal, it appears to be somewhat influenced by temperature, since axes and other tools are liable to break, or gap, in frosty weather, and razors cut best after being immersed in hot water. The kind of cutting which is performed by scissors depends upon the process called detrusion, in which the coherent particles are pushed by each other in opposite directions. In this case the cutting edges require to be angular, but the angle not very acute. The shearing of woollen cloths, the slitting and punching of metals, the cutting of nails, and various other mechanical processes, are performed on this principle. A variety of fibrous and woody substances used by druggists and dyers require to be reduced to a coarse powder like saw-dust, to facilitate the extraction of their soluble matter. This is not easily done in any of the common mills, owing to the toughness of the material. It is sometimes effected by machinery with circular rasps or saws; but a more economi- cal application of a dividing force in these cases is obtained by the rapid revolutions of a sharp cutting instrument. In Bramah’s surface planing machinery, and in Blanchard’s ingenious engine for cutting definite forms by a pattern, sharp instruments of different forms are made to revolve upon axles, or slide in grooves, while the material operated on is put in motion, so as to place itself in the proper position to receive the cut. 
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Cycloid, 

CYCLOID. 
a curve much used in mechanics. It is thus formed :— 

If the circumference of a circle be rolled on a right line, beginning at any point A, and continued till the same point A arrive at the line again, making just one revolution, and thereby measuring out a straight line ABA equal to the circumference of a circle, while the point A in the circumference traces out a curve line AC AG A: then this curve is called a cycloid; and some of its properties are contained in the follow- ing lemma : If the generating or revolving circle be placed in the middle of the cycloid, its diameter coinciding with the axis AB, and from any point there be drawn the tangent CF, the ordinate CDE perpendicular to the axis, and the chord of the circle AD; then the chief properties are 
The right line CD = the circular arc AD; The cycloidal arc AC = double the chord AD; The semi-cycloid ACA = double the diameter AB, and The tangent CF is parallel to the chord AD. This curve is the line of swiftest descent, and that best suited for the path of the ball of a pendulum. Cylinder, in geometry, a solid formed by the revolution of a paralel- 

A logram about one of its sides which remains fixed. Thus if the paralelogram, being right angled, AC re- volve round its fixed side AB, a cylinder will be formed. The circular planes which form the ends of a cylinder are called its bases, and the line AB its axis. The surface of a cylinder is found by multiply- ing the circumference by the length of the axis, and adding to this the area of the two ends. To find the c solid content multiply the area of the base by the alti- tude or length of the axis. If the length of a cylinder’s axis be 12 inches, and the diameter 3 inches, then 3s x '7854 = 7'0685 = area of base, and 3 X S'ldlfi = 9-4247 = circumference; hence 9-4247 X 12 + (2 X 7-0685) = 127-2834 = surface, and 7-0685 X 12 = 84-832 = solidity. 
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Cylinder o£ a steam engine, the hollow vessel in which the piston moves. The proportion of the length to the diameter of the cylinder is a subject in which makers do not seem to be always guided by the same rule; it would appear, however, by the investigations of Tredgold that there will be the greatest saving of heat when the length of the cylinder is twice its diameter. Circumstances will sometimes determine the length of the strokes in relation to the cylinder; and cylinders have been made, the length of which was to the diameter as 9 to 1’5, the cylinder lying horizontally; and other engines have been constructed where the length of the cylinder was to the diameter as 6 to 1; and also where the one was equal to the other. To determine the thickness of metal necessary for a cylinder, let T be the thickness of the cylinder, E the elastic force of the steam in pounds per circular inch, D the diame- ter of cylinder in inches. 

6000 * D—2-2 + 5 ~ ' 
Thus, a cylinder being 30 inches in diameter, and the pressure of steam = 15 lbs to the circular inch, then 

= 0 3 and 0-3 X 0 3 X 1 08 = -324 
and -324 + £ = -824. The diameter of the cylinder being 10, the pressure 6' 

6000 - 10—2-2 X 1-28 = *512 and -512 + £ : 
= 1-28, also 
: 1-012 = 

the thickness of the metal. This rule applies to the cast iron cylinder only. The position of the cylinder has been varied in various ways, the most common being the upright, where the axis is perpendicular to the horizon. This position seems to be the best, as the wear of the cylinder and piston rod is equal on all sides; but in some particular cases the cylinder is either inclined to some angle with the horizon, and sometimes the cylinder is laid par- allel to the horizon. The advantage gained by these latter positions is that a longer stroke is made practicable than would be with the erect cylinder, but the cylinder and piston rod wear unequally from the action of gravity. There have also been constructed revolving cylinders, as that of Mr Witty (See Galloway’s Steam Engine, p. 110), but not to be approved of. The vibrating cylinder of Maudsley seems to be less ob- jectionable. Hornblower employed two cylinders in such a way that when the steam had acted in the one, it, instead of being wholly con- densed, passed into the other and acted there expansively. When this invention was made it could not be put in action, for the patent for a 



126 
separate condenser was yet in the hands of the original discoverer, and Hornblower’s engine was superseded by the subsequent invention of Mr Watt’s expansive engine. See Steam Engine. 

D 
Dam, a mole, mound of earth, or wall erected for the confinement of water. Dams are most commonly erected for the supply of water wheels. Most water-mills are now removed to the side of the river, one channel being from the river to the mill to supply it with water, and another to return the water from the mill to the river. The difference of level between these two channels is the fall of water to work the mill, and this is kept up by means of a wear or dam across the river. The water can run freely over this dam in case of floods, without at all affect- ing the mill, the entrance to the channel of supply being regulated by sluices and side walls. The dam should be erected across the river at a broad part, where it will pen up the river so as to form a large pond or reservoir, which is called the mill pond or dam head. This reservoir is useful to gather the water which comes down the river in the night, and reserve it for the next day’s consumption; or for such mills as require more water, when they do work, than the ordinary stream of the river can supply in the same time. The larger the surface of the pond is, the more efficient it will be, but depth will not compensate for the want of surface. The dam of a large river should be constructed with the utmost solid- ity ; wood framing is very commonly used, but masonry is preferable, and great care must be- taken, by driving pile planking under the dam, to intercept all leakage of the water beneath the ground under the dam. Some place the dam obliquely across the river, with a view of obtaining a greater length of wall for the water to run over. Such a form requires great strength, which is obviated by making the dam in two lengths which meet in an angle, the vertex pointing up the stream. A still bet- ter form is a segment of a circle. This was the form generally used by Mr Smeaton. The foot of the dam where the water runs down should be a regular slope with a curve, so as to lead the water down regularly; and this part should be evenly paved with stone, or planked. When the fall is considerable, it may be divided into more than one dam;'but if the lower dam is made to pen the water upon the foot of the higher dam, then the water running over the higher dam will strike into that of the lower and lose its force. With regard to the best proportions for the thickness of dam walls see Pressure on Walls. 
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Damascus Steel, a sort of steel brought from the Levant, greatly- esteemed for the manufacture of cutting instruments. Damper, a sort of valve or sliding plate of iron, which, by being raised or depressed, increases or diminishes the draught in the due of a furnace. The damper of the steam engine furnace is made to act by the pressure of the steam, in such a manner that when it becomes too strong the damper is lowered and the intensity of the fire diminished, and vice versa. See Boiler. Data ; certain quantities for things which are given or known. Datum, the singular of data. Deals, planks or thin boards of fir. Deals of various kinds are sold by the wood merchants of various lengths and in breadth seldom exceed- ing nine inches, the thickness being three inches. A deal is cut into boards or leaves; those divided into two are called whole deal, into four slit deal, and into five cut stuff. Deals are made harder by being soaked in salt water for two or three days. White deal is employed for inside work, but the yellow deal is best adapted for work exposed to the wea- ther. See Fir. Decagon, a plane geometrical figure of ten equal sides and angles. If the radius of a circle, or the side of the inscribed hexagon, be divided in extreme and mean proportion, the greater segment will be the side of a decagon inscribed in the same circle; or, to find the side of a decagon inscribed in a circle, multiply the radius by OT18034, and the area of the polygon = square of one side x 7'694209. Decangular, having ten angles. Definition, a brief description of any thing by its properties. Deflective Forces are those forces which act upon a moving body in a direction different from that of its actual course, in consequence of which the body is deflected, turned, or drawn aside from the direction in which it would otherwise move. Degree, in geometry or trigonometry, is the 360th part of the cir- cumference of any circle. The degree, according to the New French system, is the 400th part of the circumference. See Angle. Density is used as a term of comparison, expressing the proportion of the quantity of matter in one body to that in the same bulk of another body. It is, therefore, directly as the quantity of matter, and inversely as the magnitude of the body. The density of any body is directly as its weight and inversely as its magnitude; or the inverse ratio of the mag- nitudes of two bodies, having experimentally equal weights (in the same place), constitutes the ratio of their densities. No body is absolutely or perfectly dense; that is, no space is perfectly full of matter, so as to have no vacuity or interstices, or be destitute of pores. Descent of Bodies ; see Accelerated Motion and Inclined Plane. 
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Detent, something that locks or unlocks a movement; applied chiefly to clock work. Diadrome, the swing of a pendulum. Diagonal, in geometry, a right line drawn across a quadrilateral or other figure, whether plane or solid, from one angle to another. Every diagonal divides a parallelogram into two equal parts. Two diagonals in any parallelogram bisect each other. A line passing through the mid- dle point of the diagonal of a parallelogram bisects the figure. The dia- gonal of a square is incommensurable with one of its sides. The sum of the squares of the two diagonals of every parallelogram is equal to the sum of the squares of the four sides. In any quadrilateral inscribed in a circle, the rectangle of the two diagonals is equal to the sum of the two rectangles under the two pairs of opposite sides. In every parallelo- piped, the sum of the squares of the four diagonals of the solid is equal to the sum of the squares of its twelve edges. Diagram, a drawing made in order to explain geometrical properties. 
Diameter, a line which, passing through a circle or other curvilinear figure, divides its ordinates into two equal parts. The diameter A B of a circle is to its circumference as 1 to S'1416. 
Digester, a kind of boiler invented by M. Papin for raising water to a higher temperature than the common boiling point, 212°. This is effected by forming a vessel somewhat resembling a kitchen pot. The mouth is formed into a flat ring, so that a cover may be screwed tightly on; this cover is furnished with a safety valve, loaded to the required pressure. Digit, a measure of length = J of an inch. Dimension, is either length, breadth, or thickness. A line has only one dimension, length; a surface two, length and breadth; and a body or solid, length, breadth, and thickness. Diplinthius, a wall two bricks thick. Direction, quantity of ; a term sometimes used to denote Momen- 
Directly, one body is said to impinge directly upon another, when the former strikes the latter perpendicular to its surface. Directrix, in the conic sections, is a certain right line perpendicular to the axis of the curve. Also that line or plane along which another line or plane is supposed to move, in the generation of a surface or solid. Discharge of Fluids. A knowledge of the quantity of water dis- charged through pipes and orifices, or over wears, is indispeusible in the erection of hydraulic machines; and accordingly men of science have applied both to theory and experiment, in order to ascertain the laws of 
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discharge under different circumstances. The following is a statement of the most useful results. When an aperture is made in the bottom or side of a vessel contain- ing water, such particles of fluid as are nearest the orifice will escape, and those immediately above them, together with the whole of the par- ticles in the vessel, will descend in lines nearly vertical, until they arrive within three or four inches of the place of discharge, when they will acquire a direction more or less oblique, and make directly for the orifice; by which means the particles of the fluid have a tendency to converge to a point on the outside of a vessel, and the circumference of the issuing stream becomes much smaller than that of the orifice. This contraction reduces the area of the section of the discharged stream, at the distance of about half its diameter from the orifice, to about four- fifths of the orifice. If the area of the cross section of the contracted vein be 100, then the breadth of the orifice to give that contraction will be according to different authors as follows :— Sir Isaac Newton ..... 141 Poleni 140 Bossut 150-6 Bernoulli ....... 156 Du Buat 150 Michelotti . . . . . . .156 Venturi 158-5 Eytelwein 156-2 The quantity of water discharged is very nearly, but not quite, suffi- cient to fill this section with the velocity due, or corresponding to the height; for finding more accurately the quantity discharged, the orifice must be supposed to be diminished to 0-619, or nearly five-eighths. The velocity of water flowing out of a horizontal aperture is as the square root of the height of the head of water; otherwise the pressure or the height is as the square of the velocity. By Bossut’s experiments the velocities, with a pressure of 1, 4, and 9 feet, were 2722, 5436 and 8135 instead of 2722, 5444, and 8166, given by calculation. The velo- city of the flowing water is equal to that of a heavy body falling from the height of the head of water, which is found very nearly by multi- plying the square root of that height in feet by 8, for the number of feet described in a second. This is the theoretical velocity, but from the contraction of the stream we must multiply the square root of the height in feet by 5 instead of 8. Thus a head of 12 feet gives 12 5 = 5x3-4641 = 17-3205 — velocity in feet per second. We subjoin tables by Bossut and Prony, exhibiting a comparison of theoreti- cal and real discharges. 
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According to Eytelwcin— Shortest tube that will cause the stream to adhere every- ■ where to its sides ^ Short tubes, having their lengths from two to four times j their diameters i Conical tube, approaching to the form of the contracted i 
The same tube, with its edges rounded off. A tube projecting within the reservoir   The contraction of the stream is by no means constant, but rises with the form and position of the orifice, the thickness of the plate in which the orifice is made, the form of the vessel, and the velocity of the issuing fluid. It has been found that the quantities of fluid discharged in equal times from different sized apertures, the altitude of the fluid in the reservoir being the same, are to each other nearly as the area of the apertures, and the quantities of water discharged in equal times by the same orifice under different heads of water are nearly as the square roots of the cor- responding heights of the water in the reservoir above the centre of the apertures; but, in consequence of friction, the smallest orifice discharges proportionally less water than those which are larger and of a similar figure, under the same heads of water; and also of those orifices whose areas are equal, that which has the smallest perimeter will discharge more water than the other, under the same altitudes of water in the reservoir; hence circular apertures are to be preferred. From a slight increase which the contraction of the vein undergoes, in proportion as the height of the fluid in the reservoir increases, the expenditure ought to be a little diminished in calculation. The discharge through a cylin- drical horizontal tube, the diameter and length of which are equal to one another, is the same as through a simple orifice, but if the cylindrical horizontal tube be of greater length than the extent of the diameter, the discharge of water is much increased; and it has been found that the length of the cylindrical horizontal tube may be increased with advan- tage to four times the diameter of the orifice. The discharges by differ, ent additional cylindric tubes under the same head of water are nearly proportional to the areas of the orifices, and the discharges by additional cylindric tubes of the same diameter under different heads of water are nearly proportional to the square roots of the head of water. In general, the discharge during the same time, by different additional tubes, and under different heads of wafer in the reservoir, are to one another nearly in the compound ratio of the squares of the diameters of the tubes, and the square roots of the heads of water. The discharge of fluids by additional tubes of a conical figure, when 

I to 0-8125 
I to 0 82 
1 to 0-92 
1 to 0-98 1 to 0-50 
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the inner to the outer diameter of the orifice is as 33 to 26, is augment- ed very nearly one-seventeenth and seven-tenths more than the discharge by cylindrical tubes: but when the enlargement is pushed too far, there is a tendency to produce an exterior contraction of the vein, and thus to make the circumstances of the case the same as in simple orifices, in which the discharges are the least possible. From the experiments of M. Venturi it appears that if the part of the additional tube nearest the reservoir have the form of the contracted vein, the expenditure will be the same as if the fluid were not contract- ed at all; but if to the smallest diameter of this cone a cylindrical pipe be attached, of the same diameter as the least section of the contracted vein, the discharge of the fluid will, in a horizontal direction, be dimin- ished. When the same tube is applied in a vertical direction, the ex- penditure will be augmented; so that the greater the length of the pipe the more abundant is the discharge of fluid. If the additional compound tube have another cone applied to the opposite extremity, the expenditure will, under the same head of water, be increased in the ratio of 24 to 10. In vertical tubes, the upper ends of which have the form of the contracted vein, the quantity discharged is that which corresponds with the height of the fluid above the inferior extremity of the tube. In com- pound conical tubes, the discharge of the fluid is increased in the pro- portion of the area of the section of the contracted vein, whatever may be the position of the tube, provided that its internal figure be adapted throughout to the lateral communication of motion; and, by varying the divergence of the sides of the tubes, the lateral communication of motion has a minimum of effect when the angle made by the sides of the tube with each other exceeds sixteen degrees, and a maximum effect when the same angle is about three degrees. From the experiments of M. Venturi, the height of water in the reser- voir being 32'5 inches, he found that a cylindrical horizontal tube, hav- ing the conical end of the form of the contracted vein, with a diameter 14.5 lines and length 15 inches—and another cylindrical curved tube, having a conical end similar to the last, of the same diameter and length, and another cylindrical angular tube, having a conical end similar to the two preceding, also of the same diameter and length—their several dis- charges of cubic feet (Paris) were hence made in 4550 and 70 seconds; hence it is very evident that angles ought to be as much as possible avoided. Let V be the velocity of the water in the pipe, S the sine of the angle of bending, and N the number of bendings, then V* x S8 x N 

300 will be the measure of the resistance. 
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Comparison of the discharge ly conduit pipes of different lengths, 24 lines in diameter, with the discharge by additional tubes inserted in the same reservoir. 
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The following are the results of Bossut’s experiments on the ratio of the initial and final velocities of fluids in pipes:— 

Leaden pipe 50 feet in length and 12 lines in diameter. Katios. Rectilineal horizontal pipe. The altitude of water, 4 inches, 100 to 3'55 1 foot, 100 to 3-18 Ditto, with several horizontal flexures. The altitude of water, 4 inches, 100 to 3-78 1 foot, 100 to 3-43 Ditto, with several vertical flexures. The altitude of water, 4 inches, 100 to 3'93 1 foot, 100 to 3-44 
Pipe of cast iron 180 feet in length and 16 lines in diameter. 

Rectilinear horizontal pipe. The altitude of water, 1 foot, 100 to 6-01 2 feet, 100 to 5-64 
Pipe of cast iron 180 feet in length and 24 lines in diameter. 

Rectilinear horizontal pipe, The altitude of water, 1 foot, 100 to 4-57 2 feet, 100 to 4'27 
Pipe of cast iron 118 feet in length and 16 lines in diameter. Rectilinear inclined pipe, so that its length is to the depression as 2124 is to 241, The altitude of water, 13 ft., 4 in., 8 lines, 100 to 4. 
Pipe of cast iron 159 feet in length and 16 lines in diameter. Rectilinear inclined pipe, so that its length is to the depression as 2124 is to 241, The altitude of water, 6 ft., 8 in., 4 lines, 100 to 2-82 
Pipe of cast iron 177 feet in length and 16 lines in diameter. Rectilinear inclined pipe, so that its length is to the depression as 2124 is to 241, The altitude of the water, 20 ft., 11 in., 100 to 5- 

Conduit pipe, almost entirely of iron, 1782 feet in length and 48 lines in diameter. 
With several vertical and horizontal flexures, The altitude of the water, 9 inches, 100 to 28*5 1 foot, 9 inches, 100 to 26-53 2 feet, 7 inches, 100 to 25'79 
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Conduit pipe, almost entirely of iron, 1710 feet in length and 72 lines in diameter. With several vertical and horizontal flexures, The altitude of the water, 3 inches,   100 to 12’35 5 inches, 3 lines, 100 to 11*37 
Conduit pipe, partly stone and partly lead, 7020 feet in length, and 60 lines in diameter. With several vertical and horizontal flexures, The altitude of the water, 5 inches, 7 lines, 100 to 23*10 11 inches, 4 lines, 100 to 20*98 1 foot, 4 inches, 9 lines, 100 to 19*49 1 foot, 9 inches, 1 line, 100 to 18*78 2 feet, 1 inch,  100 to 18*46 
Conduit pipe of iron, 3600feet in length and 144 lines in diameter. With several vertical and horizontal flexures. The altitude of the water, 12 ft., 1 in., 3 lines, 100 to 10*08 
Conduit pipe of iron, 3600feet in length and 216 lines in diameter. With several vertical and horizontal flexures, The altitude of the water, 12 ft., 1 in., 3 lines, 100 to 6*05 
Conduit pipe of iron, 4740 feet in length and 216 lines in diameter. With several vertical and horizontal flexures, The altitude of the water, 4 ft., 7 in., 6 lines, 100 to 10*11 
Conduit pipe of iron, 14040 feet in length and 144 lines in diameter. With several vertical and horizontal flexures. The altitude of the water, 20 ft., 3 in., 100 to 19*34 

Hence we may conclude that the less the diameter of the pipe is the less proportionally is the discharge of fluid, and also the greater the length of conduit pipe the greater the diminution of discharge; and the dis- charges in equal times by horizontal pipes of different lengths, but of the same diameter, and under the same head of water, are to one another inversely as the square roots of the lengths. In order to have a percep- tible and continuous discharge of fluid, the altitude of the water in the reservoir, above the axis of the conduit pipe, must not be less than 1 inches for every 180 feet of the pipe’s length. The discharge by vertical pipes is augmented the greater the length of the pipe is; and a pipe which is considerably inclined will discharge in a given time a greater quantity of water than a horizontal pipe of the same diameter and length; wherefore the greater the angle of inclina- tion the greater the discharge of fluid. When the angle of the conduit pipe is 6° 31', or the depression of the lower extremity of the pipe is one- 
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eighth of its length, the discharge of fluid is the same as by an additional horizontal tube of the same diameter. A curvilinear pipe, the altitude of the water in the reservoir being the same, discharges less water when the flexure lies horizontally than a rectilinear pipe of the same diameter and length; and is still further diminished when the flexures lie in a vertical instead of a horizontal plane. When there is a number of contrary flexures in a large pipe, the air sometimes lodges in the highest parts of the flexures, and retards the motion of the water; which may be prevented by air-holes, or stop- cocks, which can be shut when the motion of the water is perfectly established. Respecting this discharge by wears and rectangular notches it may suffice to state that the quantity of water discharged may be found by taking two-thirds of the velocity due to the mean height, and allowing for the contraction of the stream according to the form of the opening. The discharge from reservoirs with lateral orifices of considerable magnitude, with a constant head of water, may be found by determin- ing the differences in the discharge by two open orifices of different heights; or with nearly equal accuracy, by considering the velocity due to the distance of the centre of gravity of the orifice below the surface. For the discharge from prismatic reservoirs receiving no supply of water all the supplies may be calculated from the general law that twice as much would be discharged from the same orifice if the vessel were kept full during the time which is required for its emptying itself. Where the form is less simple, the calculations become intricate, and are of little importance. The discharge through an orifice between two reservoirs, below the surface, is the same as if the water ran into the open air; and thus may be calculated the discharge, when the water has to pass through several orifices in the sides of as many reservoirs open above. In such cases, where the orifices are small, the velocity in each may be considered as generated by the difference of the heights in the two contiguous reser- voirs, and the square root of the difference will therefore represent the velocity; which must be in the several orifices, inversely as their respective areas. Mr Ethelyn, in considering the case of a lock which is filled from a canal of an invariable height, determines the time required by comparing it with that of a vessel emptying itself by the pressure of the water that it contains, observing that the motion is retarded, in both cases, in a similar manner. Disengagement and Engagement of Machinery. In all the con- trivances for putting in and out of gear, the great object to be avoided is suddenness of change, which would endanger the machinery. All the contrivances that have been invented for this purpose may be arranged 
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into two classes; those which act by bands, belts, or chains, and those which act by wheel work. Of the first description is the fast and loose pulley; one of the simplest, and, where applicable, one of the best me- thods of connecting or discomiecting machinery with the moving power. Two pulleys are placed upon the shaft by which the motion is to be transmitted, the one pulley being firmly fixed and the other loose, so that it may be easily turned round while the shaft remains at rest, or vice versa. A belt is made to pass over either of the pulleys, being led from a drum revolving on one of the main shafts driven by the first mover. The belt may be placed by means of a forked guide, either on the last or loose pulley; if on the fast, the shaft, and consequently the machine will move; but if on the loose pulley the machine will remain at rest. See Coupling Gland and Shaft. Divisibility, that quality of a body by which it admits of separation into parts. Some contend that this separation may be carried on ad infinitum, while others contend that it cannot be extended beyond cer- tain limits. To the metaphysical divisibility there unquestionably is no end, but in the real division there is always a limit. An ounce of silver may be gilt with eight grains of gold, which may be afterwards drawn into a wire 13000 feet long. In odoriferous bodies we can still perceive a greater subtilty of parts, and even such as are actually separated from one another; several bodies are scarcely observed to lose any sensible part of their weight in a long time, and yet continually fill a very large space with odoriferous parti- 

The particles of light, if light consists of particles, furnish another sur- prising instance of the minuteness of some parts of matter. A lighted candle placed on a plane will be visible two miles, and consequently fill a sphere whose diameter is four miles with luminous particles before it has lost any sensible part of its weight. And as the force of any body is directly in proportion to its quantity of matter multiplied by its velocity, and since the velocity of the particles of light is demonstrated to be at least a million times greater than the velocity of a cannon ball, it is plain that if a million of these particles were round, and as big as a small grain of sand, we durst no more open our eyes to the light than to expose them to sand shot point blank from a cannon. By help of microscopes, such objects as would otherwise escape our sight appear very large. There are some small animals scarcely visible with the best microscopes, and yet these have all the parts necessary for life, as blood and other liquors. Dodecagon, a regular polygon of twelve equal sides and angles. To inscribe one in a circle: apply the radius of the circle six times round the circumference, which will divide it into six equal parts; then bisect 
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each of those parts and join the points. To find the area, multiply the side squared by 11‘19C15. Dodecahedron, one of the regular Platonic bodies, comprehended under twelve equal sides or faces, each of which is a regular pentagon. To find the surface and solidity of a dodecahedron, the side of one of its equal faces being given, let s represent the given side, then will surface = 20-64577852 x ss, and solidily = 7-66341896 x s3. Dome, in architecture, is a roof or vault, rising from a circular ellip- tical, or polygonal base or plan; with a convexity outwards or a con- cavity inwards, so that all the horizontal sections made by planes will be similar figures round a vertical axis. Domes, are called polygonal, circular, or elliptic domes according to the figure of the base. Circular domes are of several kinds, as spherical, spheroidal, or ellipsoidal, hy- perboloidal, paraboloidal, &c. according to the figure of the vertical sec- tion. Domes that rise higher than the radius of the base are called sur- mounted domes, and those which rise less than this dimension are termed diminished or surbased domes. For the purpose of measuring the area of a dome, if A be a circular dome, call A C the diameter, B D the height, and B A the distance between the vertex and one of the ends of b the diameter, which last is called the sectorial radius; then B A* x 3-1416 = area of surface. If the dome be A__ | jc a frustum, then find.the area of the entire segment of the D 

sphere, and then of thd part cut off, and subtract the one from the other. Drachm, or Dram, the eighth part of an ounce in apothecaries’ weight, and the sixteenth part of an ounce avoirdupois. Drilling the act of boring small holes. Drilling may be effected in a lathe: the drill is screwed upon the spindle, so that its point shall turn exactly opposite that of the screw in the shifting head. The piece to be drilled is then slightly pierced with a punch, whele the drilling is to commence and also where it js intended to come out. Against the lat- ter puncture the point of the screw in the fixed head is directed, and gradually pressed forward as the drill, on turning the wheel, is found to cut. The motion of the wheel must be slow, especially for iron. The rest, or any temporary support, may be used to keep the work steady. Small drills, used by clock-makers and others, are made of a single piece of steel wire, upon which, about the middle, a pulley or drill barrel is driven. Sometimes a shank or small mandrel is used, with a square hole about half an inch deep at the end of it, into which drill bits of various sizes can be alternately inserted. The disadvantage of this construction is, that the drill bit is seldom held true, which causes it to perform indifferently. These small drills are held horizontally, and 
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pressed against the work by a breast piece made either of wood or sheet iron; but, in either case, is rather concave on its inside, to rest more steadily upon the breast, and in the centre of the outside is fixed a bit of steel for the blunt end of the drill to work in. The drill is turned by drawing backwards and forwards an elastic bow, the string of which is coiled once round the pulley. The best bows are made of steel, and the strings of catgut; the strength of which must be proportioned to the size of the drill. A piece of stout cane, or whalebone, makes a good substi- tute for a steel bow. To make large holes, a brace, not very unlike that used by joiners, is employed, and the drill is fitted as a bit; but instead of the stock which in the joiner’s tool remains stationary while the rest is turning, there is a long tapering spindle, which, being a continuation of the brace, is necessarily carried round at the same time. The upper end of the spindle works in an iron or steel plate, which is fixed on the under side of a beam called the drill beam. One end of the beam turns upon a transverse pin between two uprights, pierced with various holes, to fix it at diflerent elevations; the other end, which is pressed down by a weight, passes, when great steadiness is wanted, between two other uprights. The vertical part of the crank, by which the hand revolves the drill, ought to be very smooth, or, what is still better, it may be covered with a loose handle. Drills ought to be made of the best steel, and the cutting part only should be hard; they are therefore, tempered by keeping the lower end out of the fire, but heating the rest considerably, till the point attains the desired colour, when it is instantly cooled in the usual manner. By this means, the cutting part of the bit may be tempered to a straw colour, while the rest is not higher than blue, so that its liability to break when in use, is greatly diminished. In drilling, forged iron and steel require oil, but to brass and cast iron none must be used. For brass, also, the drill bit is made thinner, harder, and the cutting edge formed by a more acute angle than for iron. Small drills, such as those used by clock makers, are brought to the proper temper by holding the point in the flame of a candle until it acquires a white heat, and then cooling it in the tallow of the candle. Drum, a hollow cylinder fixed on the axis of a main shaft, having a belt passing round it, in order to communicate motion to subordinate machinery. Ductility, a property of bodies analagous to malleability, by which they may be drawn out into wire without breaking. See Wire. Dynamics is that branch of mechanics which treats of bodies in mo- tion, and of the quantity and direction of the moving forces. When solid bodies in motion are considered, the simple term dynamics is used; but when our inquiries are directed to fluids in motion, the term hydro 
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(water) is prefixed; hence hydrodynamics-, and, in like manner, if we discuss the circumstances of aeriform or gaseous fluids, the science might be called pnevmadynamics. See Force and Motion. Dynamometer. Instruments for measuring the relative strength of men and animals, as also the form of machinery are so called. The accompanying cut represents a very simple dynamometer, for measuring the force of machinery, A E B is a lever made of steel, having two spreading branches D A, D B, capable of being fixed on the circumference of a pulley by means of the pinching screws A and B. This pulley is firmly fixed on the end of the shaft C, so as to revolve with it. The pulley re- volving in the direction A B, would carry the lever round with it, and the end E would revolve also, but it is checked by the pin F fixed in the wall. But there is a scale G attached to the end E of the lever, into which weights are put in order to weigh down the lever so that it will not rise to the pin F. When the pulley continues to revolve, and has power sufficient to keep the lever nearly touching the pin F, then the weights in the scale will indicate the mechanical effect. 

E 
Ebony is an exceedingly hard and heavy kind of foreign wood, of a very smooth even grain, susceptible of a remarkably fine polish, and on that account used in mosaic and inlaid works, for toys, &c. It is of various colours, most usually black, brown, red, and green. The black is the kind most generally known, and preferred to that of other colours. The best is a jet black, free from veins and rind, very massive, astrin- gent, and of an acrid pungent taste. Ebony is not in so much demand as formerly, from the improvements which have been made in giving other hard woods, especially the holly, a black colour. It is used for parallel rulers, and other mathematical instruments not requiring to be marked with figures, which the darkness of its colour would prevent from being distinctly seen. Eccentric, or Excentric, literally means out of the centre. In geo- metry, two circles, rings, or spheres, one of which is either wholly or partially contained within the other, but whose centres are not in the 
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same point. In mechanics, the term eccentric is applied to a simple contrivance whereby variation in the direction and velocity of motion is effected. Camms moved by revolving wipers belong to the class eccen- 

The usual form of the eccentric wheel for working the valves of a steam engine is shown in the annexed figure. O is the end of 

the shaft, P the centre of a wheel fixed on that shaft, so that the centre or axis of the shaft shall be at a given distance from the cen- tre of the wheel. A brass ring is placed loosely, but not so as to shake, in the circumference of the wheel, to which ring the rods E A, F A are firmly attached. These arms unite at A, being formed into an eye through which a pin passes, connecting them to the lever A B. It is plain that as the shaft O turns upon its axis the wheel whose cen- tre is P will be turned round with it, and the rods attached to the ring upon its circumference will be drawn backwards and forwards so as to move the end A and give an alternating motion to the line A B. To construct an eccentric wheel Messrs Hans and Dodds give the follow- ing directions in their useful treatise on mechanics. From the centre of the shaft O take O P equal to half the length of the stroke which you intend the wheel to work; and from P as a cen- tre, with any radius greater than P D, describe a circle, and this circle will represent the required wheel. For every circle, drawn from the centre P, will work the same length of stroke, whatever may be its radius; as, whatever you increase the distance of the circumference of the circle from the centre of motion on the one side, you will have a corresponding increase on the opposite side equal to it. Thus, suppose an eccentric wheel to work a stroke of 18 inches is required, the diame- ter of the shaft being six inches; and if two inches be the thickness of metal necessary for keying it on to the shaft, then set off, from O to P, nine inches; and 9 + 5—14 inches, the radius of the wheel required. Let S represent the space the end A is moved through by the eccentric wheel, and s the space the slide moves; then AB x ■? = B C xS; and this equation, solved for A B, B C, S, and s, gives the follow- ing :— 
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Ex. 1. Given the length of the stroke of the slide = 8 inches, the length of the arm B C = 4 inches, and the distance of the centre of the eccentric wheel from the centre of the shaft = 10 inches; required the length of the arm A B. 
By formula (1) A B = — ^ ^ = 4 * ^ = 10 inches. 

Ex. 2. Given the length of the stroke of the slide = 4 inches, the length of the arm A B — 10 inches, and the eccentricity 6 inches, to find the length of the arm B C. 
1012 " ~ ^ inches. By formula (2) B C = 

Edge Railway, the kind of railway now most approved of for steam carriages. The rails may be made either of cast iron or wrought iron: when the former is used, the top of the rail is made convex, and the wheels are kept on the rail by flanges; when wrought iron is used the rail is made of a wedge shape. See Railway. Elasticity, that property of bodies whereby they regain their original form after being compressed or extended. Springs act by reason of this force. The measure of the elastic force of any substance is called its modulus of elasticity; or the modulus of elasticity of any body is a column of that substance capable of producing by its weight a degree of compression on the base which is to the weight causing a certain degree of compression as the length of the body is to the compression. Where- fore the modulus of elasticity is found by multiplying the length when compressed by the length before compression, and dividing the product by the force that produced the compression. When a force is applied to an elastic column of a rectangular prisma- tic form in a direction parallel to the axis, the parts nearest to the line direction of the force exert a resistance in an opposite direction; those particles which are at a distance beyond the axis, equal to a third pro- portional to the depth, and twelve times the distance of the line of direc- tion of the force, remain in their natural state; and the parts beyond them act in the direction of the force. Of the principal kinds of timber employed in building and carpentry, the annexed table will exhibit their respective modulus of elasticity, and the portion of it which limits their cohesion, or which lengthwise would tear them asunder. 
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Teak 6,040,000 feet  168tli. Oak  4,150,000 —   144 - Sycamore    3,860,000 —   108- Beech   4,180,000 —   107- Ash  4,617,000 —   109 - Elm   5,680,000 —   146- Memel Fir  8,292,000 —   205- Christiana Deal  8,118,000 —   196- Larch  5,096,000 —   121 - The modulus of the elasticity of hempen fibres may be reckoned about 5,000,000 feet. The metals differ more widely from each other in their elastic force than the several species of wood or vegetable fibres. English malleable iron has 7,550,000 feet for its modulus of elasticity, or the weight of 24,920,000 lb. on the square inch, while cast iron has 5,895,000 feet and 18,421,000 lb. Of other metals the modulus of elasticity is probably smaller, but has not yet been well ascertained. Elastic Fluids are those which are possessed of an elastic property, as air-, steam, &c.—See Steam. Elevation, the representation of a machine, building, &c., drawn on a plain perpendicular to the horizon. Ellipse, or Ellipsis, improperly called an oval, one of the conic sec- tions, being that formed by a plane passing through the cone in any other direction than at right angles to the base, or parallel to one of the sides. There are various methods of describing the ellipse upon a plane surface; sometimes it is performed by an instrument called the elliptagraph, the bent form of which is that invented by Mr Farrey, of which a descrip- tion will be found in the article Drawing Instruments in the Edinburgh Encyclopedia. Another instrument, called the trammel, is more com- monly used, but it is very defective, as it will neither draw very small ellipses nor such as approach in curvature near to a circle. Figures resembling ellipses are frequently made by a combination of arcs of cir- cles taken from different centres, but these are very incorrect. The simplest method of drawing an ellipse is by using two pins and a string. At a given distance, equal to the required eccentricity of the ellipse, place two pins, A and B, and pass a string, A C B, round j them; keep the string stretched by a pen- cil or tracer, C, and move the pencil along, keeping the string all the while equally tense, then will the ellipse C G L F H be described. A and B are the foci of the ellipse, D the centre, D A or D B the eccentricity, E F the principle axis or longer diameter, G H the shorter diameter, and if from any point L in the curve a line be drawn perpendicular to the axis, 
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then will L K be an ordinate to the axis corresponding to the point L, and the parts of the axis E K, K F into which L K divides it are said to be the abscissae corresponding to that ordinate. Elm is a very tough, pliable kind of wood, and the best kinds of it are very hard: it does not readily split, and bears the driving of bolts and nails into it better than any other wood. It is used for making axle- trees, mill wheels, keels of boats, water pipes, chairs, and coffins. It is frequently changed by art, so as to make an excellent resemblance of mahogany. For this purpose planks of it are stained with aquafortis, and rubbed over with a tincture of which alkanet roots, aloes, and spirit of wine are the principal ingredients. Entablature, that part of a column over the capital comprehending the architrave, frieze, and cornice. It also denotes the row of stones on the top of a wall on which the timber and covering rests. Epicycloid, a curve generated by a point in one circle, which revolves about another circle, either on the convacity or convexity of its circum- ference. Exterior epicycloids are those which are formed by the revo- lution of the generating circle about the convex circumference of the quiescent circle. Interior epicycloids are those that are formed when the generating circle revolves on a concave circumference. To these curves belong several curious properties, of which we shall only mention a few of the most remarkable. If the generating and qui- escent circle have to each other any commensurable ratio, then is the epicycloid both rectifiable and quadrable, although the area of the com- mon cycloid, which is so much more simple in appearance, can never be completely obtained. If the generating and quiescent circle are in- commensurable with each other, then the area of the epycloid cannot be found, but it is still in this case also rectifiable. If in the interior epy- cycloid the diameter of the generant is equal to the radius of the quies- cent circle, the curve becomes a right line, equal and coincident with the diameter of the latter. Epicycloidal Wheel. A very beautiful method of converting circular into alternate motion, or alternate into circular, is shown in the annexed cut. A B is a fixed wheel, toothed on its inner side. C is a toothed wheel of half * the diameter of the ring, revolving about the centre of the ring. While this revolution of the wheel C is taking place, any point what- ever on its circumference will describe a straight line, or will pass and repass through a diameter of the circle once during each revolution; and thus a piston rod, or other reciprocating part, may be attached to any point on the circumference of the wheel C. 
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Equable Motion. See Uniform Motion. Equiangular figures are those whose angles are equal; as the square and all regular figures. All equilateral triangles are also equiangular. An equilateral figure, inscribed in a circle, is always equiangular; but an equiangular figure inscribed in a circle is not always equilateral, except when it has an odd number of sides. If the number of the sides be even, then they may be either all equal, or else half of them will always be equal to each other, and the other half to each other; the equals being placed alternately. Equiangular is also applied to any two figures of the same kind, when each angle of the one is equal to a cor- responding angle in the other, whether each figure, separately considered, be an equiangular figure or not. Equilibrium means an equality of forces acting in opposite directions, whereby the body acted upon remains at rest, or in equilibria ; in which state, the least additional force being applied on either side, motion will then ensue. A body in motion is also said to be in equilibrio when the power producing the motion, and the force whereby it is resisted, are so adjusted that the motion may be uniform. Escapement, that part of a clock or watch movement which receives the force of the spring or weight, to give motion to the pendulum or balance. See Scapement. Evaporation, the conversion of water or any other fluid into vapour, which, in consequence of its becoming lighter than the atmosphere, is carried above the earth’s surface.—See Heat and Steam.. Evolute, a curve formed by the end of a thread unwound from an- other curve, the radius or curvature of which is constantly encreasing. The evolute of the cycloid is another equal cycloid, which property was first discovered by Huygens, who by this means contrived to make a pendulum vibrate in a cycloidal arc, by placing it between two cyclo- idal cheeks, and thus rendered the vibrations isochronous. Expansion, in physics, is the enlargement or increase in the bulk of bodies, in consequence of a change in their temperature. This is one of the most general efiects of caloric being common to all bodies whatever, whether solid or fluid. The expansion of solid bodies is shown by the pyrometer, and the expansion of fluids by the thermometer. The expan- sion of fluids varies very considerably; but in general the denser the fluid the less the expansion: for instance water expands more than mer- cury, and spirits of wine more than water; and commonly the greater the degree of heat the greater is the expansion; but this is not universal, for there are cases in which expansion is produced, not by an increase but by a diminution of temperature. Water furnishes us with the most re- markable instance of this kind; its maximum of density corresponds with 39° of Fahrenheit’s thermometer. 
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Expansion Engines. The steam which impels an engine is always diminished in volume, by the resistance which it has to overcome, and lends naturally to occupy a larger space than that to which it is confined while the engine is at work. .If it be dismissed into the air, or into the condenser, while under its greatest working pressure, it will not have produced all the useful effect which it is capable of affording. The expansive power of steam may be converted to use in various ways, and most of the common forms of the steam engine may be made to act ex- pansively by a proper arrangement of their valves. In Watt’s engine, this effect is produced by cutting off the steam from the cylinder before the stroke of the piston is completed, leaving it to the steam already in the cylinder to assist by its expansion in completing the stroke. The steam in the boiler being thus intercepted, acts only at intervals. Never- theless, its whole disposable force is accumulated in the fly wheel, while at the same time the force arising from the expansion of steam in the cylinder serves to increase the total amount. A great augmentation is thus produced in the useful effect of an engine, with the same amount of fuel and water. Mr Hornblower, who was one of the first inventors of the application of expansive steam, employed two cylinders having their pistons connected to the same beam. In the smaller of these, the steam was used at full pressure, after which it was discharged into the larger cylinder, where it again acted by its expansive force. This me- thod affords a more equable mode of applying the expansive force of steam than that used by Mr Watt, but the engine is more complex and expansive. Mr Woolf afterwards adopted the plan of two cylinders with the addition of using his steam at high pressure, together with a condenser. He appears to have exaggerated the expansive force of steam, at high temperatures, as various other projectors have done. His engines, however, continue to be used and approved in some parts of England and Wales. See Valve Expansion. Experimental Philosophy, that system of philosophy which is founded upon the results of various experiments, which thus furnish cer- tain data that are assumed as the unalterable laws of nature, and on which finally rest every branch of modern philosophical investigation. Extension is one of the general and essential properties of matter, the extension of a body being the quantity of space which it occupies, the extremities of which limit or circumscribe the body. It is otherwise called the magnitude or size of the body. The word extension, however, is commonly used to denote the surface of a body only without regard to its thickness. Exterior Angle, that which is formed by producing the sides of a figure. The sum of all the exterior angles of any right-lined plane figure are equal to four right angles. The exterior angle of a triangle is 
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equal to the sum of the two internal angles; and in any figure whatever the sum of the external angles is equal to four right angles. 

P 
Fanners, vanes or flat discs revolving round a centre, so as to pro- duce a current of air. Feed Pipe, a part of the apparatus of the boiler of a steam engine for keeping up a regular supply of water. It consists of a long vertical pipe, whose lower extremity is below the surface of the water in the boiler, and whose upper extremity terminates in a small cistern at a con- siderable height above the boiler. The cistern s (see fig. 1 under the article Boiler in this dictionary) is supplied with water by a pipe worked by the engine, and the top of the feed pipe u v v, which terminates in the cistern is a valve opening downwards, which valve is attached to a small rod fixed to the lever at. This lever rests upon a fulcrum on the edge of the cistern, and to one end of it is attached a long vertical rod which passes through a stuffing box, or steam-tight opening in the top of the boiler, and carries a large stone float, p, at the bottom. The other end of the lever, s s, carries a weight, q, which acts as a counterpoise to the stove p. When the water in the boiler, by evaporation, becomes lower in the surface than the level at which it is required to be, the stone float p descends with the fluid and lowers the end of the lever * a, to which its rod is attached. This, by moving the lever at the top, opens the valve at the bottom of the cistern, and water falls in until the stone float, by rising to the proper height, again shuts it. The feed pipe also contains the apparatus for regulating the damper. A cylindrical vessel is contained within the feed pipe, suspended from a chain that passes over two pulleys and is connected with the damper at the other end. When the elasticity of the steam becomes too great in the boiler it presses upon the surface of the water and forces it up the feed pipe; and, by raising the cylinder, depresses the damper, and thus lessens the intensity of the fire: hence the elastic force of the steam soon becomes diminished. The slightest reflection will show that the feed pipe must increase in height proportional to the elastic force of the steam generated in the boiler. The principal circumstance to be attended to in the con- struction of this apparatus is to make the height of the water in the cis- tern sufficient to balance the strength of the steam. To find the height of a column of water necessary to feed a boiler raising steam of a given pressure, multiply the pressure of the steam in lbs. per square inch by 2’5, the product is the height of the column of water, or the length of the feed pipe. Thus if the elasticity of the steam in lbs. per square inch above the atmosphere pressure, then 3-5 X 2'5 n 2 
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X 8-75 feet = the height of the feed pipe above the surface of the water in the boiler. File, a well known steel instrument, having teeth on the sin-face for cutting metal, ivory, wood, &c. When the teeth of these instruments are formed by a flat sharp-edged chisel, extending across the surface, they are properly called files; but when the tooth is formed by a sharp- pointed tool, in the form of a triangular pyramid, they are termed rasps. The former are used for all the metals harder than lead or tin, and the latter for the softer metals, ivory, bone, horn, and wood. When the teeth of files are a series of sharp edges, raised by the flat chisel, appear- ing like parallel furrows, either at right angles to the length of the file or in an oblique direction, the files are termed single cut; but when these teeth are crossed by a second series of similar teeth they are said to be double cut. The first are fitted for brass and copper, and are found to answer better when the teeth run in an oblique direction. The latter are suited for the harder metals, such as cast and wrought iron and steel, Each tooth presents a sharp angle to the substance, which penetrates the substance, while the single cut file would slip over the surface of these metals. The double cut file is less fit for filing brass and copper, since the teeth would be very liable to be clogged with the filings. Files are called by different names, according to their various degrees of fineness. Those of extreme roughness are called rough; the next to this is the bas- tard cut; the third is the second cut; the fourth the smooth; and the finest of all the dead smooth. The very heavy square files used for heavy smith work are sometimes a little coarser than the rough, called rubbers. Files are also distinguished by their shape, as flat, half-round, three- square, four-square, and round. The first are sometimes of uniform breadth and thickness throughout, and sometimes tapering; the cross section is a parallelogram. The half-round is generally tapering, one side being flat and the other rounded; the cross section is a segment of a circle, varying a little for different purposes, but seldom equal to a semi-circle. The three-square generally consists of three equal sides, mostly tapering; those which are not tapering are used for sharpening the teeth of saws. The four square has four equal sides, the section being a square. These files are generally thickest in -the middle, as is the case with the smith’s rubber. In the round file the section is a circle, and the file generally conical. The heavy and coarser kind of files are made from the inferior marks of blistered steel. That made from the Russian iron, known by the name of old sable, and also called from its mark, C C N D, is an excellent steel for files. Some of the Swedish irons would doubtless make the best file steel, but their high price would be objectionable for heavy articles. The steel intended for files is more 



highly converted than for other purposes, to give the files proper hard- ness ; but if the hardness is not accompanied with a certain degree of tenacity the teeth of the file break, and do but little service. Small files are mostly made of cast steel, which would be the best for all others if it were not for its higher price. It is much harder than the blistered steel; and, from having been in the fluid state, is entirely free from those seams and loose parts so common to blistered steel, which is not sounder than as it came from the iron forge before conversion. The smith’s rubbers are generally forged in the common smith’s forge, from the converted bars, which are, for convenience, made square in the iron before they come into this country. The files of lesser size are made from bars or rods, drawn down from the blistered bars and the cast ingots, called tilted 
The file-maker’s forge consists of large bellows, with coak as fuel. The anvil block is one large stone of millstone slab. This anvil is of considerable size, set into and wedged fast in the stone; it has a projec- tion at one end, with a hole to contain a sharp-edged tool for cutting the files from the rods. It also contains a deep groove for containing dies or bosses for giving particular forms to the files. The flat and square files are formed entirely by the hammer; one man holds the hot bar, and strikes with a small hammer; another stands before the anvil with a two-handed hammer; the latter is generally very heavy, with a broad face for the large files. They both strike with such truth as to make the surface smooth and flat, without what is called hand-hammering. This arises from their great experience in the same kind of work. The half-round files are made in a boss fastened into the groove above- mentioned. The steel being drawn out is laid upon the rounded recess, and hammered till it fills the die. The three-sided files are formed similarly in a boss, the recess of which consists of two sides, with the angle downwards. The steel is first drawn out square, and then placed in the boss with an angle downwards, so that the hammer forms one side and the boss two. The round files are formed by a swage similar to those used by common smiths, but a little conical. The whole of the working part of the file is formed and finished with the hammer before it is cut off from the rod ; the finished part is then held in tongs, and heated a second time to form the tang of the file: the very square shoulder formed by the tang of a file does not seem easy to form by the hammer; this is effected by first placing the file upon a sharp-edged tool, standing with its edge upwards in the anvil; a notch is now made on each side where the tang commences; it is then brought to the front edge of the anvil, and, by an acquired dexterity, the tang is drawn out without touching the shoulder with the hammer. In order to prepare the files for cutting, they require to have the surface per- 
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fectly metallic, smooth, and as even as possible. The state, however, in which the files leave the hammer is too hard for the dressing and cutting. The first thing to be done, therefore, after forging, is to soften the files by a process called annealing. This was formerly, and by many is still, performed by surrounding a close mass of the files with coals, keeping up the fire till the whole mass become red hot, and allowing them to cool gradually. In this process the files become softened, but the surface becomes so oxidated that a stratum of considerable thickness peels off. This scale, however, is very hard, and is removed but with difficulty. This last is not the greatest evil attending this process; the surface of the steel, lying immediately under the oxide, must have partly lost its property of steel. Indeed it is now known that, by a similar process, steel, and even cast iron, can be converted into pure iron. It will be obvious, that, by the oxidation which takes place, the part which has to form the teeth of the file will be much impaired by the abstraction of its carbon. Hence it will forcibly strike any one that steel, particularly in this instance, should be annealed in close vessels, to exclude the oxygen. This has been accomplished to a partial extent by some manufacturers, but still requires more minute attention. The annealing should be performed in troughs of fire-stone or fire-brick, similar to the cavities in which steel is converted, having the flame of a furnace playing on every side and over the top. The trough should be filled with alternate strata of the files to be annealed, and coal ashes, or the dust of the coaks, formed in the forge-hearth. The upper stra- tum of files should be covered with a thick stratum of the dust, and lastly with a mixture of clay and sand. The heat should be kept up no longer than till the mass will become red hot quite through. The whole must now be suffered to cool. When the files are withdrawn, instead of being scaled, as in the old method, they will.exhibit a metal- lic surface, and the substance will be much softer than by the common annealing. It should be here observed, that the mass to be heated should not be more than one foot in thickness, as it would be so .long in heating and cooling that the metal would put on the crystalline form, under which it is too brittle to form a cutting edge. We have before observed that the steel requires high conversion for files; this will evidently become unnecessary with this mode of annealing. The surface of the files, which is the principal part, will become converted in an extra degree, by using more carbon in the annealing, and thus make steel of common conversion sufficiently hard for files. The next process is the preparation of the surface for the teeth of the files. This is either done by means of filing or by grinding. The stones used for grinding files are of sharp gritstone, and of considerable 
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size, for the large files, from four to five feet in diameter, and wear them down to about thirty inches. The grinder sits so as to lean over the stone, which turns directly from him, and presses on the file with both hands. The files are now transmitted to the cutter. The file-cutter requires an anvil of a size great or less according to the size of his files, with a face as even and flat as possible. The hammers are from one to five or six pounds. His chisels are a little broader than the file, shar- pened to an angle of about 20°; the length is sufficient to be held fast between the finger and thumb, and of strength sufficient not to bend with the strokes of the hammer, the magnitude of which may be best conceived by the depth of the impression. The anvil is placed in the face of a strong wooden post, to which a wooden seat is attached, a small distance below the level of the anvil’s face. The file is first laid on the bare anvil, one end projecting over the front and the other over the back edge of the same. A leather strap now goes over each end of the file, and passes down on each side the block to the workman’s feet, which, being put into the strap on each side, like a stirrup, holds the file firmly upon the anvil while it is cut. While the point of the file is cutting, the strap passes over one part of the file only, while the point rests upon the anvil, and the tang upon a prop on the other side of the strap. While one side of the file is single cut, a fine file is run slightly over the teeth, to take away the roughness, when they are to be double cut, and another set of teeth are cut, crossing the former nearly at right angles. The file is now finished on one side, and it is evident that the cut side cannot be laid upon the bare anvil to cut the other. A flat piece of an alloy of lead and tin is interposed between the toothed surface and the anvil, while the other side is cut, which completely pre- serves the side already cut. Similar pieces of lead and tin, with angu- lar and rounded grooves, are used for cutting three-square and half- round files. Rasps are cut precisely in the same way, using a triangular punch instead of a flat chisel. The great art in cutting a rasp is to place every new tooth opposite to a vacancy as much as possible. Although smooth files have many more teeth, they are not proportion- ate in labour; since more strokes can be made in the same time, as they are of less magnitude. In cutting a flat side, about half an inch broad, of the bastard cut fineness, a quick workman will make about three hun- dred strokes and as many teeth in one minute. The smaller files are generally cut by women and children, who very soon acquire great dex- terity. The file-cutter, whatever may be the degree of fineness of the file, depends much more upon his feeling than his eyes; when one tooth is formed, the edge of the chisel and the surface of the file being both very smooth, the former is pushed up against the back of the first tooth, 
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which can be much better felt than seen. When the files are cut, the next process is to harden them, which is effected by heating them to redness and quenching them in cold water. The files were formerly first smeared with the residium of ale barrels, commonly called ale grounds, and then covered over with common salt in powder, which was retained merely by the adhesive nature of the ale grounds, and now dried before the fire. The files were now taken once or twice and heated in a smith’s fire made of small coaks, frequently moving the file backward and forward, in order to heat it uniformly red hot. At this period the file gives off a white vapour from the surface, which is the salt in the act of subliming. The surface appears at the same time covered with the salt in a liquid state, which, like a varnish, preserves the surface from the oxygen of the atmosphere, during the time it is red hot. The file is now held in a perpendicular position, and the immersion in the water commences at the point, slowly depressing it up to the tang, which should not be hardened. All files are dipped in a perpendicular direction. These, however, which have a round side and a flat one, are moved also in a horizontal direction, with the round side foremost. Without this precaution files of this shape would warp towards the round 

It is common, after hardening, to temper most cutting instruments. Files, however, are never tempered at all by the maker; nor are any but rough and the bastard cut files tempered by those who use them. If these were not in some cases tempered, the points of the teeth would break, and the file would do but little service. When files are hardened they are brushed with water and coak-dust. The surface becomes of a whitish grey colour, as perfectly free from oxidation as before it was heated. In applying the salt, as above directed, a very great proportion of it is rubbed off into the fire and is lost. This may be saved by mixing ale grounds and the salt together, the salt being in such proportion as just to be taken up by the aqueous part of the grounds, which should not exceed three pounds of salt to one gallon of ale grounds. The files require only to be smeared thinly with the mixture, which, when dry, adheres firmly to the surface till the salt fuses. The manner of heating files for hardening has been also improved. Instead of putting the files singly into a coak fire, a fire-place or oven is formed, into which the blast enters. Two iron bearers are placed on the upper part of a cavity to support a number of files at once; these are heating gradually while the workman continues to select the hottest, and, in a hotter part of the fire gives them the full degree of heat required for dipping them into the water. Some manufacturers pretend to possess secrets for harden- ing, by introducing different substances into water, such as sulphuric and muriatic acid. The quantities, however, are so small, that if 
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those bodies could be shown to possess any such qualities, the effect must he trifling. The only means which can be employed to increase the hardness of files is by more highly carbonating the surface of the file. This may be effected in a very simple manner. No more is necessary for this purpose than to introduce some animal carbon, ivory black, in fine powder into the hardening composition above mentioned. This carbon may best be obtained from the refuse leather of shoemakers and curriers. They should be introduced into a vessel of cast or wrought iron, leaving only one small opening for the escape of vapour. The ves- sel being surrounded by a fire capable of heating the vessel red hot, the heat must be kept up till no more vapour escapes ; the hole must then be closed, and the whole suffered to cool. The contents of the vessel will be found to be a hard shining coal, which, being reduced to a pow- der will be fit to mix with the composition. As a proof of the efficacy of this substance in giving greater hardness to the files, if a file be made of iron and cut in the usual way, by covering it with a mixture of the salt, ale grounds, and powdered carbon, heating it red hot, and quenching it in cold water, the surface will become perfectly hard, and files may be made in this way, which, at the same time that they will bend into diflerent forms, are hard enough to file wood, stone, and even metals. Filing. To use the file well generally proves one of the most diffi- cult tasks which the practical mechanic has to encounter, and this diffi- culty is owing chiefly to the want of a proper plan in setting about the work. Plane surfaces, for the plates of air pumps and other purposes, are of indispensable use; but a knowledge of the manner in which they may be executed is confined to very few. Grinding is the common process employed, but two surfaces of metal may be ground together for ever without being made plane, unless, by some previous opera- tion all their cross windings are completely removed. The application of turning to the production of plane surfaces is not an easy undertaking, and requires an expensive apparatus; and often the mere fixing upon the chuck the metal to be turned takes as much time as ought to be required for the completion of the work by the file. A plane surface, already known to be true, could be made use of So as to show, with perfect facility and correctness, the errors of another upon which the artist may be employed, as often as he wishes to ascertain the state of his work, and all the projections may be removed by means of a file, without reducing the other parts, and thus enable him at length to bring the .latter surface to an exact correspondence with the former. A perfectly straight steel ruler, or straightedge is also required. Since the scratches made by a file will be proportionate to the size of its teeth, the larger these are the greater will be the effect which an adequate force 
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will produce at one stroke; hence the propriety of commencing the work with the coarsest file and afterwards in regular gradation employing finer and finer ones as it approaches to the finished state; yet for most pur- poses files of three or four degrees of fineness are quite sufficient. The greater number of articles to which the file can be applied are composed of flat surfaces, and he who can file a flat surface well will find no difficulty in executing whatever the file will enable him to do; we shall therefore detail the progress of a block of metal taken rough from the foundry till it is brought to a finished £tate; and, supposing a rectangular figure to be aimed at, its surfaces will then be truly flat, and, according to their situation either exactly parallel or exactly at right angles to each other. As somewhat greater difficulties occur in filing iron than brass, and as cast iron is not in general so easy to man- age as the other descriptions of the same metal, we shall suppose it to be a block of cast iron, which let us suppose to be nine inches in length, seven in breadth, and one in thickness. The first step is to examine the state of the metal, whether it be hard or soft, warped or tolerably straight, perfectly solid, or interspersed with cavities. If very hard, which may be known by trying it with a file, it will be advisable to anneal it, which will greatly facilitate our work; but the outside will still be somewhat harder than the internal part, owing principally to some of the sand of the mould closely adhering to it. This outside may be removed by chipping, or with a large grindstone turned by machi- nery, or by the file, taking the precaution only of using a file that is already rather worn. The first is upon the whole the most economical and convenient process; and when, for the removal of imperfections or any other purpose, it is requisite to reduce the block materially, it is decisively to be preferred. If after the outside has been removed there appear any cavities or other imperfections which are not likely to be removed by the file, and which will unfit the piece for its destination, they may be drilled out, and the holes made by the drill filled with rivets. Small imperfections may be removed by drilling to the depth of about half an inch and then driving in a plug made of wire, which may be fitted sufficiently tight to bear any degree of hardship, and sufficiently correct to avoid the slightest appearance of a flaw, without the trouble, as in rivetting, of making the top of the hole wider than the rest. As the holes in a piece of cast iron, which are occasioned either by stagnated air or the falling in of part of the mould, have mostly not only very rough surfaces but are wider internally than at the outside, they may be filled with melted lead, pewter, or some other soft metal which they will retain: type-metal will answer extremely well. This mode is appli- cable when levelness of surface is the principal object in view, and it is not necessary to regard the uniformity of its appearance, the equal hard- 
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ness of its several parts, or its being able to bear a strong heat, such as the table of a printing press. Suppose the block completely freed from its hard black scurf, and every imperfection which the subsequent operations with the file are incapable of removing; we now select the file we intend to use first, a safe-edge one, about fourteen inches long, an inch and a half broad, and containing about fourteen rows of teeth in each inch. The file is held by the handle and pushed forward by the right hand, while the left, near the wrist, pressing upon its lower end, gives effect to the stroke, which must be directed as nearly horizontal as possible. By the occasional application of the straight-edge to the surface we are filing, in various directions, but in particular diagonally, we easily ascertain the state of our work and remove in succession the elevated parts. The inequali- ties at length become so small that it would be tedious to apply the straight-edge to discover them; but, being provided with a surface which we know to be true, and which we shall designate by calling it a table, as it ought always to be larger than the work we are filing, and for gene- ral purposes may with much advantage contain several square feet, we now make use of it for the detection of the remaining imperfections in the following manner: we mix finely washed red chalk or ochre with olive or any other oil which is not viscid, and we rub this mixture upon it with a piece of cloth, so as to cover the whole of it over very thinly and evenly; if the surface we are filing be then turned down upon it, and moved a few times backwards and forwards, it will be everywhere equally covered with ochre from the table, provided it be equally level; if not those parts which are highest will alone be reddened, and they must be reduced by the re-application of the file. As soon as it ap- proaches nearly to a perfect plane the ochre will redden a great number of places in small spots or strips, and then we not only use a fine file but merely press upon it with two or three of our fingers, by which means we are enabled to observe more distinctly the spot upon which we bear, and to move with more expedition from one part to another. Before finishing our work with much nicety we carefully attend to turning that side of the block we have been filing down upon the table, we strike the back of it, at the corners, centre, and various other parts at pleasure, with a mallet, or the end of the handle of a hammer held perpendicularly. If a dead sound, such as would be heard on striking the table itself in a similar manner, be produced, we have none of those twistings of the surface termed cross windings to remove; but if a sharp chinking sound be produced it is evident that the surfaces of the table and the block do not coincide. If the corner of the block, to the extent of a square inch, or even less, be lower than the remain- der of the surface, in no greater degree than the thickness of a sheet of 
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writing paper, this mode of trial will make the imporfeetion very dis- tinctly visible. If, therefore, the block will, not stand the test of this examination, we immediately proceed, by the use of the ochre, to detect the extent of the elevated parts; and, in moving the block upon the table for this purpose, we are careful to press only on those parts under which wre know, by our previous trial with the hammer, they are com- prized. Having obtained the marks we desire, we file away to the best of our judgment the convexities they indicate, and repeat the experiment and filing till the block will lie perfectly solid upon the table. Although the test by the hammer answers an important purpose in proving the existence or non-existence of cross-windings, yet its appli- cation extends but little further; the depression of any particular part, before it can point it out, must not only extend to the edge of the block but must embrace a small portion at least of two sides.' We use the hammer merely as a help : the use of the ochre simply is our bniversal test; but if we wish to know the measure of any particular imperfection we resort to a good straight-edge. Suppose that one surface of the block will bear examining in the different ways above mentioned; it will then coincide with the table so exactly that when laid upon it the finest hair could not be drawn out, or even moved, at whatever part, between the two planes, a portion of it were placed. The polishing we leave, if not to the last at least till the opposite side, to which we now proceed, is equally advanced. We have not only to make the second side as level as the first but also to make it parallel with it at the same time. The flatness is obtained by a repetition of the means adopted to bring the first surface to that state, and the parallelism of the two sides is a neces- sary consequence of making the block everywhere equally thick. Cal- lipers, in experienced hands, may be made to answer for this purpose very well, but they are apt to mislead the unwary, as they afford differ- ent indications with slight differences in the manner of holding them. In using them, therefore, we always hold the centre of the head in such a manner that a line passing through it, and exactly midway between the points, should be parallel with the surfaces they inclose. It is much easier to file correctly with the assistance of a gauge than a pair of callipers; and as the width of the former always remains the same two gauges may be made, one of them of the true width and the other a very little wider; the block may then be filed down to the latter with rather a coarse file, and afterwards to the former with a fine one. The heat produced by the strokes of a large coarse file expands the sur- face upon which they act, renders it convex, and the opposite one neces- sarily concave. These effects remain in part after the equilibrium of temperature is restored. While we are employed upon the first side they are overlooked, but when, after having nearly finished the second 
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side, we find upon trial with the ochre that the other no longer aflords the same indications of correctness which it did before, we are con- vinced of the propriety of having postponed the finishing of it. In a block eight or ten inches long the error seldom exceeds the five-hun- dredth part of an inch; and, therefore, not having begun to polish when it occurs, we can use a file by which it will quickly be removed. Having now rendered the two principal surfaces of our block correctly plane and parallel with each other, we immediately direct our attention to the four which yet remain in the rough state; these, for the sake of distinction we may call the edges. We begin upon one of the two longest of them and file it true in the same manner as we did in the first example, except that we make use of a square, applied alternately from the two sides already filed, in order to assist us in keeping it exactly at right angles with them. As soon as this edge is true, we make the opposite one parallel with it by a suitable guage, checking the chance of error by applying the square, which can quickly be run along the whole length of the edge, and ascertaining, as usual, the general flatness of the whole surface by the use of the ochre and table. The remaining two edges are brought to the same state, by a repetition of exactly the same means. With a rectangular bar of iron, or any hard metal, the sides of which are very smooth and exactly perpendicular when it is placed upon the table, we may make use of it in the filing of these edges as follows: cover one side with the ochre and oil, place upon the table either of the sides at right angles with the one thus coated, opposite which place that edge of the block which is to be tried; press the block and the bar down upon the table and against each other at the same time, moving one of them, while they are in contact, backwards and forwards two or three times. By the marks left upon the block we detect at once all its deficiencies. This mode of trial would also com- pletely succeed in other cases; for example if we had to file the inside of a frame such as printers use to fasten their types in, to which no other method would be so advantageously applicable. We pass with one of our smoothest files along the arris of the two surfaces upon which we are going to apply the square, in order to take off that extreme sharpness, and those overhanging particles of iron produced by filing. Our block being too broad to be held between the chaps of the vice, we place it, before we begin to file the principal surface, upon a piece of stout board, in breadth about an inch each way larger than itself. Close to the edge of the block we drive a strong nail here and there into the board, so as to pre- vent its horizontal motion but not its being lifted up and taken oil' per- pendicularly. By a square piece of wood, about two inches broad, being firmly screwed to the under side of the board and fastened in the vice, a steady and convenient support is obtained for our work; but as soon as 
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the filing of the edges is commenced, this board is discarded, and the vice alone, its teeth only being covered with lead, used to hold the 

Planemakers and others, who use files to smooth their wood-work, select those the teeth of which are not jagged by cross cutting, and we find that upon iron, files of this sort answer better for polishing than any other. We use them of such a degree of fineness as will effect our pur- pose, if that can be effected by a file: the last degree of smoothness can only be obtained by grinding. When using a fine file spread the ochre so thin as hardly to colour the table, otherwise we should choke up its teeth: when it does choke up the teeth it may be removed with a brush. Those who have various sorts of metal to work have an economical mode of management in the use of files, which deserves to be noted. They use all their new files to brass in the first instance; when the original keenness of the teeth has been diminished by this metal they lay them aside to be ready for filing cast iron; and when they cease to be sharp enough for cast iron they use them to malleable iron, for which they will serve tolerably well awhile longer. The last uses of a file may be to smooth wood or metal revolving in the lathe; some keep them for a short time red hot in the open fire, and then retemper them before they use them in this way; the scale which they cast leaving them somewhat sharper than they were previously.—Smith’s Panorama. Firmness denotes the consistence of a body, or that state wherein its sensible parts cohere or are united together, so that a motion of one part induces a motion of the rest. In which sense firmness stands opposed to fluidity. Floating Bodies are those which swim on the surface of a fluid, the stability, equilibrium, and other circumstances of which form an inte- resting subject of mechanical and hydrostatical investigation, particularly as applied to the construction and management of ships and other vessels. The equilibrium of floating bodies is of two kinds, viz., stable or abso- lute, and unstable or tottering. In the one case, if the equilibrium be ever so little deranged, the bodies which compose the system only oscil- late about their primitive position, and the equilibrium is then said to be firm, or stable: and this stability is absolute if it takes place, what- ever be the nature of the oscillations; but it is relative if it only takes place in oscillations of a certain description. In the other state of equi- librium, if the system be ever so little deranged, all bodies deviate more and more, and the system, instead of any tendency to establish itself in its primitive position, is overset and assumes a new position, entirely different from the former; and this is called a tottering or unstable equi- librium. The stability of a floating body is the greater as its centre of gravity is lower than that of the displaced fluid, or as the distance 



FLY. 15!) 
between these centres is increased; it is for this reason that ballast is put in the lower part of vessels to prevent them from being overset. The nature of the equilibrium, as to stability, depends on the position of a certain point, called the centre of pressure. When the centre of pres- sure is above the centre of gravity, the equilibrium is stable; on the contrary, when the meta centre is lower than the centre of gravity, the equilibrium is tottering; when the meta centre coincides with the cen- tre of gravity, the body will remain at rest in any position it is placed in, without any tendency to oscillation. If through the centre of gravity of the section of the surface of the water on which a body floats we conceive a horizontal axis to pass, such that the sum of the products of every element of the section, multiplied by the square of its distance from this axis, be less than any other hori- zontal axis drawn through the same centre, the equilibrium will be sta- ble in every direction; when this sum surpasses the product of the volume of the displaced fluid, by the height of the centre of gravity of the body above the centre of gravity in this volume. This rule is prin- cipally useful in the construction of vessels which require sufficient sta- bility to enable them to resist the effects of storms, which tend to sub- merge them. In a ship, the axis drawn from the stern to the prow is that relative to which the sum above mentioned is a minimum; it is easy, therefore, to ascertain and measure its stability by the preceding rule. In order that the floating body may remain in equilibrium, it is also necessary that its centre of gravity be in the same vertical line with the centre of gravity of the displaced fluid, otherwise the weight of the solid will not be completely counteracted by the pressure of the displaced fluid. When the lower surface of a floating body is spherical or cylin- drical, the centre of pressure must coincide with the centre of the figure, since the height of this point, as well as the form of the portion of the fluid displaced, must remain invariable in all circumstances. Fluid, or Fluid Body, is that whose parts yield to the smallest force impressed upon them, and by yielding are easily moved amongst each other; in which sense it stands opposed to a solid, whose parts do not yield, but constantly maintain the same relative situation. Elastic fluids are those which may be compressed into a smaller compass, but which on removing the pressure resume again their former dimensions; as air, and the various gases. Non-elastic fluids are those which occupy the same bulk under all pressures, or if they be at all compressible it is in a very trifling degree; such as water and other liquids. Fly, in mechanics, is a heavy weight applied to some part of a ma- chine, principally in order to render its motion uniform, though it is sometimes employed for the purpose of increasing the effect, as in tho 
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steam engine. It regulates the motion, because its momentum is not easily disturbed. To find the weight of the rim or ring of a fly-wheel proper for a steam engine, multiply 1368 by the number of horses’ power of the engine; divide the product by the diameter of the wheel in feet, mul- tiplied by the number of revolutions per minute; the quotient is the weight of the ring in cwts. Thus, the weight of the rim of a fly-wheel for an engine of 20 horse power, the wheel to be 16 feet diameter, and make 21 revolutions per minute, will be 1368 X 20 ,      = 81*4 cwts. nearly. 

The fly-wheel of an engine for a corn or flour mill ought to be of such a diameter that the velocity of the circumference of the wheel may exceed the velocity of the circumference of the stones, to prevent, as much as possible, any tendency to back lash. The necessary weight and diameter of the wheel being found, suppose a breadth of rim, and the thickness to make the weight in cast iron will be found thus : dividing the required weight in lbs. by the area of the ring in inches multiplied by '263. Thus, if it be required to know what thickness must a ring be to equal 81'4 cwts. when the outer diameter is 16 feet, and inner dia- meter 14 feet 8 inches. 81 *4 cwts. = Olid’S lbs., and by mensuration the area of the ring will be = 4624’43 inches; then 4624-43 X *263 ,    = 7’496 inches nearly. 
If the ring is to be of a cylindrical form, find the diameter of a circle having the same area as the cross-section of the ring found. Suppose the ring, in the last example, be required to be cylindrical, then 7’496 x 8 = 59’968 inches, cross sectional area of the ring found, and .59-968 x 452 Q -Q . . . *  355  = 8'/3 inches diameter nearly. 
As an approximate, multiply the required weight, in lbs., by 1-62; divide the product by the diameter of the wheel in inches, and the square root of the quotient will be the diameter of the cross section of the ring in inches; thus. .9116-8 x 1-62 0 „„. , V—16 — = 8-77 inches. 
Sometimes it is necessary to have the fly-wheel upon a second mover; for instance, there is a six-horse engine making 50 revolutions per min- ute, having a fly-wheel of 7 feet diameter and 9 cwt., but by the rule it ought to be 23-46 cwt. Now, a larger wheel cannot be got in, but the same may be put upon a second motion—required the velocity that will increase its momentum equal to 23'46 cwt. on the first motion, 7 feet 
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diameter = 21'9912 feet circumference, and 21,9912 x 50 revolutions = 1099-56 feet velocity; then, cwt Telocity. cwt. velocity. As 9 : 1099-56 : : 23-46 : 2866-1864 4- 21-9912 = 130 revolu- tions per minute, nearly. 

To find the centrifugal force of a fly-wheel, multiply the decimal •6136 by the diameter of the wheel in feet, and divide the product by the square of the time of one revolution; the quotient is the centrifugal force when the weight of the body is 1. Example. Required the centrifugal force of a fly-wheel, 15 feet dia- meter, and making 40 revolutions per minute, the weight of the ring being 3 tons, will be 60 -v- 40 = 1’5 time of one revolution; and 
•6136 X 15 1-5* = 4-09 x 3 = 12-27 tons, 

the centrifugal force. Focus is that point in the transverse axis of a conic section at which the double ordinate is equal to the parameter, or to a third proportional to the transverse and conjugate axis. Force, in its most general and comprehensive sense, denotes what- ever produces a change in the state of any body. Changes which are accompanied by motion or an alteration in the direction of motion, are said to be produced by mechanical forces; and those forces get different names according to their effects. Thus we say, the force of steam, the force of gunpowder, animal force, the force of impulse, the force of gra- vity, and a great many others; by which we mean that there are cer- tain results arising from them in given cases; and when we say the force of steam, the force of gunpowder, or animal force, we are aware that the substance, or the animal, undergoes a change in itself at the same time that it appears to be the medium in operating a change upon something else. All forces, however various, are measured by the effects which they produce in like circumstances, whether the effect be creating, accelerating, retarding, or deflecting motions. The re- sult of some general and commonly observed force is taken for unity, and with this any others may be compared, and their proportions represented by numbers or lines. Under this point of view they are considered by the mathematician; all else falls within the province of the metaphysician. When we say that a force is represented by a right line, A B, it is to be understood that it would cause a material point, A B 
situated at rest in A, to pass over the line A B, which is called the direction of the force, so as to arrive at B at the end of a given time, while another force would cause the same point to have moved a greater or less distance from A in the same time. 
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Mechanical forces may be reduced to two sorts; one of a body at rest, the other of a body in motion. The former is that which we conceive as residing in a body when it is supported by a plane, suspended by a rope, or balanced by the action of a spring, &c. being denominated pres- sure, tension, force; or vis mortua, solicitaiio, conatus movendi conamen, and may always be estimated or measured by a weight, viz., the weight which sustains it. Thus, the ultimate standard to which all forces are referred is the gravitating or falling of bodies towards the earth. This- has been adopted because it is the most constant and uniform hi its ope- ration. The force of a body in motion is a power relating to that body so long as it continues its motion; by means of which it is able to remove obsta- cles lying in its way; to lessen, destroy, or overcome the force of any other moving body, which meets it in an opposite direction; or to surmount any the largest dead pressure or resistance, as tension, gravity, friction, &c. for some time; but which will be lessened or destroyed by such re- sistance as lessens or destroys the motion of the body. Concerning the measure of moving force it is allowed that the measure depends partly upon the mass of matter in the body, and partly upon the velocity with which it moves: the point in dispute is, whether the force varies as the velocity or as the square of the velocity. Descartes assumed the velocity produced in a body as the measure of the force which produces it. Leibnitz observed that a body which moves twice as fast rises four times as high against the uniform action of gravity; that it penetrates four times as deep into a piece of uniform clay; that it bends four times as many springs, or a spring four times as strong to the same degree; and produces a great many effects which are four times greater than those produced by a body which has half the initial velocity. If the velocity be triple, quadruple, &c., then the effects are 9 times, 16 times, &c. greater; and, in short, are proportional, not to the velocity, but to its square. He therefore affirmed that the force inherent in a moving body is proportional to the square of the velocity. This is a mere dis- pute about words, the one party taking one result of force as the mea- sure and the other party taking another. To do so is perhaps quite natu- ral, although it is certainly not worthy of being the foundation of a philo- sophical controversy. If we call the force of gunpowder that which impels a cannon-ball with a given velocity, we mean one kind of force, and if we speak of it as driving the same ball a certain distance into the earth, or elevating it a certain way into the air, we mean another; and, though we have as- certained all the changes produced in the former, by altering the quan- tity and composition of the gunpowder, we have made no advance toward ascertaining the latter. A body moving with the same velocity 
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has the same inhercut force, whether this be employed to move another body, to bend springs, to rise in opposition to gravity, or to penetrate a mass of soft matter. Therefore these measures which are so widely dif- ferent, while each is agreeable to a numerous class of facts, are not mea- sures of this something .inherent in the moving body which we call its force, but are the measures of its exertions when modified according to the circumstances of the case; or, to speak still more cautiously and securely, they are the measures of certain classes of phenomena conse- quent on the action of a moving body. Laplace has shown, by a very ingenious investigation, how we may experimentally be convinced of the proportionality of force to the velocity; or, at least, that since the difference must be, if any, extremely small, it is highly improbable that there should be any difference whatever. It can be shown that if any considerable variation existed in this law, the relative motion of bodies on the earth’s surface would be sensibly affected by the motion of the earth; that is, that the effect of a given force would vary very much, according as its direction coincided with, or was op- posed to, the direction of the earth’s motion. The most general distinction of force is mechanical and chemical; the former refers to all those forces which change the shape of a body or its relative situation among other bodies, and the latter all those which alter its constitution or external structure. Force is also distinguished into motive and accelerative, or retardive, constant, variable, &c. Mo- tive force, otherwise called momentum, or force of percussion, is the absolute force of a body in motion, &c., and is expressed by the product of the weight or mass of matter in the body multiplied by the velocity with which it moves. Motive force also denotes the force by which a system of bodies is put in motion, as it is the difference between the power or weight which produces the motion and the resistance or weight to which it is opposed. Accelerative force, or retardive force, is that which respects the velocity or rate of motion only, accelerating or retard- ing it; and it is denoted by the quotient of the motive force, divided by the mass or weight of the body. Constant force is such as remains and acts continually the same for some determinate time. Such, for exam- ple, is the supposed force of gravity, which acts constantly the same upon a body, while it continues at the same distance from the centre of the earth, or from the centre of force, wherever that may be. Constant or uniform forces produce uniformly accelerated motions. Variable force is that which is continually changing its effect and intensity, such as the force of gravity at different distances from the earth’s centre. See the formulae relating to variable forces, under the article deceleration. Forces are farther distinguished into central, centrifugal, &c., which see under the several articles. 
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Freezing, or Congelation, the transformation of a fluid body into a firm or solid mass, by the action of cold. The following are the freezing points of the undermentioned substances: Sulphuric acid ..... 45° Mercury 39 Water 32 Nitric acid 19 Oil of turpentine 14 Brandy ....... 7'9 Friction, the act of rubbing, or the resistance to the motion of ma- chinery caused by the rubbing of the parts against one another. The determination of the amount of friction under different circumstances is one of the most important problems in practical mechanics, and we shall therefore lay before the reader a full account of the most recent and accurate information that has as yet -been obtained on this subject. In doing so we will for the most part follow the paper of Mr Rennie, pub- lished in the Philosophical Transactions for 1829. Amontons affirmed that friction was not augmented by an increase of surface, but only by an increase of pressure; that friction amounted to one-third of the pressure, the amount being the same both with wood and metals when unguents were interposed. He likewise concluded that friction increased or diminished with the velocity, and varied in the ratio of the weight and pressure of the rubbing parts, and the time and velo- city of their motions. Parent suggested the determining the angle of equilibrium at which a body, resting on an inclined plane, commenced sliding; and Euler conceived it to depend upon the greater or less ap- proximation of the asperities of the surface, brought into contact by pressure; and stated that when a body begins to descend an inclined plane the friction of the body will be to its weight or pressure as the sine of the plane’s elevation to its cosine; but that when the body is in motion the friction is diminished one-half. Muschenbroek held that friction increased with the surface; and Bossut distinguished it into two kinds, the first being generated by the gliding and the second by the rolling of the surface of a body over another; and observed that it was affected by time, but followed neither the ratio of the pressure nor of the mass. It is to Coulomb, principally, that we are indebted for the knowledge we possess of friction. The Academy of Sciences at Paris, being desirous of rendering the laws of friction and the effects resulting from the rigidity of cords appli- cable to Machines, Coulomb undertook, in the arsenal at Rochefort, a very extensive series of experiments, which he afterwards published in 1781, under the title of Thcorie des Machines simples, en ayant egard au Frottement de lews Parties, et a la Roidew des Cordages. Tiffs 
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memoir is divided into two parts; the first treats of the friction of sur- faces gliding over each other, and the second enters into an examina- tion of the rigidity of cords and the friction of the rotary movements of axles. Coulomb, in examining the friction of plane surfaces gliding over each other, distinguishes it into two kinds; the first resulting from time and the second from velocity. The first may depend on four differ- ent causes, viz. the nature of the bodies in contact, the extent of surface, the pressure on the surface, and the time the surfaces have been in con- tact. The state of the atmosphere, he thinks, may have little influence. He considers that friction arises from the entangling of the asperities, which can only be disengaged by bending or breaking. From his experi- ments he was led to conclude that the friction of wood on wood without unguents was in proportion to the pressure, which attained its maximum in a few minutes after repose: that the effects of velocities were simi- lar, but the intensities were much less to keep the body in motion than to detach it from a state of rest, oftentimes in the ratio of 22'95: that in the case of metals the results were likewise similar, but the intensity was the same, whether to disturb or maintain the motion of the body: that with heterogeneous surfaces, such as those of wood and metals gliding over each other, the intensity did not attain its limit sometimes for days. In general, however, with woods and metals without unguents, velocities were found to have very little influence in augmenting friction, except under peculiar circumstances. Dr Vince endeavoured by some very ingenious experiments to deter- mine the laws of retardation, together with the quantity and the effect of surface on friction; and was led to the conclusion that the friction of hard bodies in motion was a uniformly retarding force, but not so much as with cloth and woollen, which were found in all cases to produce an increase of retardation with an increase of velocity: that the quantity of friction amounted to about one-fourth of the pressure, and that it increased in a less ratio than the quantity of matter or weight of the body: that when the surfaces varied from l-til : 1 to 10 06 : 1, the smallest sur- face gave the least friction: and, finally, that friction was greatly in- fluenced by cohesion. Mr Rennie is the latest and most extensive experimenter on friction, and we shall exhibit his results in the form of tables. The apparatus consisted of a plane horizontal bed, but which might be elevated to any proposed angle; and the measure of the friction was obtained first by determining the weight on a scale requisite to draw a given load along the horizontal plane, and secondly by elevating the plane till the angle was such as to cause the effect of gravity to just overcome the friction. In the latter case, the angle being given, the cosecant of that angle will express the fraction of the weight which is equivalent to the friction. 
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Table of Friction of Wood on Wood. 



168 FRICTIO!*. 
Table of the Friction of Metals on Metals, as depending on surface, the bodies being moved over a horizontal bed by a descending weight. 



FRICTION. 
Hence it appears that the friction of 

Cast iron upon cast iron laid flat, varies from . . 6-58 to 7'53 Cast iron upon cast iron laid edgewise .... G'2 6'5 Hard brass upon cast iron laid flat .. i ... 1-2 7'8 Hard brass upon cast iron laid edgewise.... 6-0 8'0 Yellow brass upon cast iron laid flat  6-09 7'22 Yellow brass upon cast iron laid edgewise ... 6'1 7'24 Tin upon cast iron laid flat 5-4 S'll Tin upon cast iron laid edgewise 5'09 6*11 
That the friction is nearly the same with cast iron and brass, whether the load be applied on the broad side or the narrow side of the plates, although the areas of the surfaces are to each other as 6‘22 to 1. That tin, being a softer metal and more easily abraded, the friction increases when a load is applied above eight pounds per square inch, but remains nearly the same with the broad side as with a narrow side. Generally speaking, the friction is less with the broad side than with the narrow 
In calculating the force of an engine, friction should never be over- looked. Though it varies so much with circumstances, that it is not yet reduced to certain rules, still the specific details we have given will enable the young mechanic to come tolerably near the truth in ascertain- ing its amount at each part of a machine according to the pressure, sur- face, and materials; and, as he goes along from the power to the resist- ance, he must consider these amounts as actual deductions from the advantage of the machine. It must be understood that the amount of friction stated in this section will apply only to machines that are well made; the loss of power that may be occasioned by bad workmanship is incalculable, and, as bad workmanship may exist when it is not per- ceived, no conjectural calculation should be relied on, when the real loss of power can be obtained by experiment. The friction of a single lever is very trifling. The friction of the wheel and axle is in proportion to the weight, velocity, and the diameter of the axle; the smaller the diameter of the axle the less will be the friction. Pulleys have very great friction, on account of the smallness of their diameters in proportion to that of their axles, and their friction is greatly increased when they bear, as they are very apt to do, against their blocks, and when their centres and axles are worn untrue. The friction of bodies is in general proportionate to their weight, or the force with which their rubbing surfaces are pressed together; and is for the most part equal to between one-half and one-fourth of that force. Al- though friction increases with an increase of surface, yet this does not take place in direct proportion to that increase. It also increases, with some exceptions, in proportion to the velocity of bodies, particularly when very different substances are employed without an unguent. 
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From these statements it is inferred, 1. That the friction of metals varies with their hardness. 2. That the hard metals have less friction than the soft ones. 3. That without unguents, and within the limits of thirty-two pounds eight ounces per square inch, the friction of hard metals against hard metals may very generally be estimated at about one- sixth of the pressure. 4. That within the limits of their abrasion the friction of metals is nearly alike. 5. That from 1’66 hundredweight per square inch to upwards of six hundred weight per square inch, the resistance increases in a very considerable ratio, being the greatest with steel on cast iron and the least with brass on wrought iron, their limits being as 30, 36, 38, and 44 hundred weight. 

Table of the Friction of Axles, with and without Unguents. 
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It appears from an inspection of these tables that when no unguents were employed, and when the gun metal was loaded with variable weights from one to ten cwt., the friction varied within the limits of r \ and 

T|7 of the pressure. The friction was greater with yellow brass than with cast iron, and the friction in all the three cases was reduced by using blacklead. When unguents were used with yellow brass and cast iron, the friction with the smaller weights was about one-thirty-seventh of the pressure, but with great weights of ten cwt. it increased to one- fifth or one-sixth. Cast iron on cast iron under similar circumstances gave less friction, and still less when hog’s-lard was substituted for oil. Gun metal on cast iron gave less friction with hog’s-lard than with oil. Yellow brass on cast iron, with anti-attrition composition, gave very irregular results; but generally the proportion was greater with less weights than with greater weights. Yellow brass on cast iron, with tal- low gave the least friction; this unguent is therefore to be recommended as the best in this case. Yellow brass on cast iron, with soap, gave the next best result, and is therefore superior to oil. 



FO EX- ITS 
Frustum, in geometry, is the part of a solid next the base, left by cutting off the top or segment, by a plane parallel to the base. To find the solid content of the frustum of a cone or pyramid, add into one sum the areas of the two ends and the mean proportional between them, then j of that sum will be a mean area, or the area of an equal prism, of the same area, or the area of an equal prism, of the same altitude with the frustum; and, consequently, that mean area being multiplied by the height of the frustum, the product will be the solid content of it. That is, if A denote the area of the greater end, a that of the less, and k the height; then J(A + fls+v/Ao)x* = the solidity. The curve surface of the zone or frustum of a sphere is had by multi- plying the circumference of the sphere by the height of the frustum; and the solidity of the same frustum is found by adding together the squares of the radii of the two ends, and i of the square of the height of the frustum; then multiplying the sum by the said height and by the num- ber 1-5708; that is, (R1 + r* 3A2) x iph is the solid content of the spheric frustum, whose height is h, and the radii of its ends R and r, p being = 3-1416. „ Fuel. In our article coal we have made some remarks on the differ- ent species of that article of fuel; but it is necessary that some farther particulars of a more general nature be stated in this place. Respecting the quantity of steam produced by a given quantity of fuel no very accu- rate results have as yet been obtained. The annexed table, however, shows at one view those data which may be more implicitly relied upon: 

Table showing the Quantity of Heat produceable from different hinds of Fuel. 

According to Mr Gilbert, who experimented largely on this subject in the mining districts of Cornwall, seven pounds of coal will convert one cubic foot of water into steam; or, what amounts to the same thing, one bushel of coals will convert fourteen cubic feet of water from the 



ordinary temperature into steam. He also considers that the steam so formed will occupy 1330 times the bulk of the water; hence a bushel of coals will form 18620 cubic feet of steam. Now the weight of a cubic foot of water being 62‘5 lbs., it follows that the space occupied with water would be 18620 X 62'8 = 1150410 lbs.; and, as the elastic force of steam at 212 is equal to 15 lbs. on the square inch, or 33'92 feet of a column of water, it follows that, a vacuum being produced, one bushel of coals would raise 1150410 lbs. to a height of 33'92 feet; or, what amounts to the same thing, 39361000 lbs. to the height of one foot. We subjoin a table of the quantity of coals required per hour for double-acting condensing engines from 6 to 100 horses’ power. 



FUNICULAR MACHINE. 177 
Funicular Machine (from funiculus, a rope, is a term used to de- note an assemblage of cords, by means of which two or many powers sus- tain one or many weights. Furnace, a contrivance for generating great quantities of heat. Fur- naces are of different constructions according to the different purposes to which they are applied. In some cases it is not so much a great quan- tity of heat as a very intense heat that is required; as in the furnaces for smelting, casting, and forging metals. In other cases furnaces are constructed not so much with a view to obtain an intense heat, as to procure a great quantity and keep up a steady temperature: of this de- scription are the furnaces for glass manufacture, and for the generation of steam for the steam engine. The first object in the erection of a furnace is to procure a sufficient supply of air for the support of the combustion of the fuel. It would appear from experiment and observation, that, under ordinary circum- stances, about 200 cubic feet of common air are requisite for the com- plete combustion of one pound weight of good coal. When it is remem- bered that in some of bur large steam engine boilers not less than twenty tons of coals is consumed in an hour an estimate may be made of the great quantity of air that must pass through the fire in order to support combustion. Suppose there were only half a ton, or 10 cwt., then 212 X 10 X 200 = 224000 cubic feet of air that must pass into the furnace in one hour, or 3733 feet per minute. How is so much air to be directed to the fire? by the action of the chimney ? The chimney is a long perpendicular tube, open at both ends, the under part of which is made to communicate with the roof of the place where the fuel is to be consumed. The office of the chimney in causing a draught or ensuring a regular supply of air to the fuel is not difficult of explanation. Air is expanded by heat, and according to the degree of its expansion it becomes specifically lighter, and will therefore have the greater tendency to as- cend. The air above the fire being heated will ascend into the chimney, and thus form a column of light air whose tendency will be to rise up in the atmosphere. The ascent of the heated air in the chimney causes a sort of vacuum above the fuel, and, by the laws of the pressure of aeri- form fluids the external air will be forced in, in order to supply the deficiency. In furnaces the opening for the ingress of air is so placed that all the air introduced must pass through the fuel, and thus contribute to the support of combustion. No opening is left on the upper side of the fuel except the chimney, otherwise the external air would rush in above the fire to supply the place of the rarified air and not touch the fuel; but the opening being made below the fuel all the air from without must pass through the fire before it can supply the place of heated air, which passes through the chimney. The same principles account for 
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the phenomena of winds. The chimney of a furnace therefore creates a draught of fresh air through the fire, but it does more, it serves to carry away the impure air and also the smoke arising from combustion, and is therefore a most essential part of every furnace. For ordinary fire-places, where the heat does not require to be very intense, and where, conse- quently, the supply of air of air does not require to be so rapid, a con- siderable quantity of the air that supplies the place of that which escapes up the chimney is allowed to enter between the fuel and the bottom of the chimney and never come in contact with the fire, and all the air which passes into the fire-place is useless for combustion excepting that which passes up through the fuel by the grating from the bottom and the little that enters the fire from the front. The draught from the bottom of a fire-place is also comparatively little, for the air which enters the chimney from above the fire cools the heated air, and thus retards the rapidity of its ascent. The grating on which the fuel of a furnace rests is formed of iron rods, placed lengthwise, and parallel to each other. The spaces between the bars are generally from three-eighths to half an inch; the bars them- selves are about an inch thick, with a swell in the middle for greater strength; they are loose, and made to rest on cross bars at each end, so that they may be removed at pleasure. It would appear that one foot of grating space is required for every two pounds of coal consumed in a furnace per hour, and it is obvious that the magnitude of the fire will depend upon the extent of the grating. It is also worthy of remark that in the construction of furnaces the chimney should be placed as much as possible in the same perpendicular line with the grating, for then the air will be less obstructed in its natural tendency to rise in a perpendicular direction when heated. The tendency of the air in the chimney to rise will be proportionate to its temperature, wherefore every means ought to be employed to preserve the heat of the chimney, by constructing it of a bad conductor of caloric, such as brick; and, in order to facilitate the ascent of the hot air and smoke, the interior of the chimney should be smooth, straight, and perpendicular. Sudden bendings, or alterations in width create eddies and abstract the ascent of the hot air and smoke. The cylindrical form of the chimney is decidedly the most preferable, as it presents less cooling surface and greater area than any other form: the square chimney has, however, the recommendation of being more easily constructed. The chimney, whether circular or square, should be slightly tapered towards the top; for as the air ascends it becomes gradually cooler, and consequently diminished in bulk, and the width of the chimney should be regulated to this, so that it may be equally filled throughout. A little reflection will show that the degree of draught, or the velocity 
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with which the external air rushes up through the bottom of the grating, will depend upon the difference of the weight of the column of heated air within the chimney and a similar column of the air without. This difference will evidently increase with the height of the chimney. Thus, let there be a chimney of twenty feet high, and let the air within it be heated so as to be expanded to twice its ordinary bulk, then it is plain that the chimney contains a column only half as heavy as a like column of the external air of the ordinary temperature; wherefore the air from without will press up with a force equal to ten feet of the same area, or the cross section of the chimney. Calculations on this matter may therefore be easily made, if we know what proportion of air is expanded by given increments of heat. It has been determined by experiment that from 32° to 680° or the boiling point of Mercury, air expands uniformly by uniform increases of temperature, at the rate of a 488th part of its volume for every additional degree of heat; hence an increase of temperature of 488° would double its former volume and also double its tendency to ascend. From these data, by an easy investigation, it can be shown that the height of the preponderating column of external air 
will be where t is the number of degrees that the air in the 
chimney is heated above the external air, and h the height of the chim- ney. In using this formula, however, it is to be observed that the air cools gradually as it ascends the chimney, and the average or mean of the heats at bottom and top ought to be taken. But the most important point to determine is the velocity of the external air into the furnace, which on investigation will be found to increase with the square root of the height of the heated column, or, what may be substituted, the square root of the chimney’s height; and, making allowances for friction, &c., a good approximating rule will be 

6 Xv/ ' = velocity of the air into the grating. 
Thus, suppose the height of the chimney to be 40 feet, and that it is one square foot in width, the air within it being 350" higher in temper- ature than the external air, then we have 

6Xv/6 Xv/ 16-602 = 24-444 
feet per second of air that enters the grating. The velocity of the hot air up the chimney is a point which ought to be correctly ascertained, in order to guard against misconstruction. The rule for ascertaining this is 
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Thus, let the temperature of the air be 300 above that of the external air, and the height of the stalk or chimney 60 feet, then onno v 60 6 x 48q ■ = 6 x 37-5 = 6 x 6 123 = 36 738 
feet per minute. When a very great draught is required, as in smelting iron and other ores, the chimney is not sufficiently powerful, and mecha- nical means are necessary to force a sufficient quantity of air into the fire: this is sometimes done by blowing-cylinders (see Blowing), and sometimes by fanners, revolving rapidly on an axis. The common air furnace is mostly used for the melting of metals, the usual form of this kind of furnace is repre- sented in the annexed figure. The charcoal, coke, or coal, is placed upon the grating in the centre of the figure, and the retort c, containing the metal to be melted, is placed in the centre of the fire. The chimney does not ascend perpen- dicularly from the fire, but communicates with it by a horizontal opening, the height of the chimney making up for the defect of indirect draught. There is an opening above the crucible for admit- ting and taking it out. The angle of the flue is often serviceable for placing a retort in, so that it may be heated. There are various forms of fur- naces of this class, which are modified in shape according to the purposes for which they are designed; but they all act upon similar principles, and minute details regarding them would be inconsistent with a work of this nature. The annexed cut represents an air furnace of the rever- beratory kind : — A the ash-pit above which is the grate, B the door, C the hearth, and D the chimney. In this sort of furnace the heat generated in the fire 

immediately upon the crucible, but the fire-place is arched over and a horizontal flue passing along to about four times the length of the fire- 
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place, and opens at the farther end into the bottom of the chimney. The flame and heated air are reflected or reverberated from the arched roof above the fire, and carried from thence along the flue to a retort placed at the bottom of the chimney. This kind of furnace, from the great heat which may be procured by it, is extensively used in the iron manu- facture. The fuel proper for it is coal. There is another class of furnaces much used in the arts, especially in lacquering and enameling, where the material to be acted upon re- quires to be kept free of the smoke or dust arising from the fire; of this kind of furnace is the common kitchen oven. The lacquering furnace will be described under our article Lacquering-, such furnaces are called muffled furnaces. Self-feeding F urnace. The attendance of a man (the stoker) is in most cases necessary to supply regularly the coals requisite for the maintenance of a constant heat in steam engine furnaces. Several con- trivances have been made, in order that the constant attendance of the stoker may be dispensed with. Mr Brunton of Birmingham was the first who perfected an apparatus of this kind. A circular grating is made to revolve horizontally, carrying the ignited fuel beneath the whole of the under surface of the boiler; the axis on which the grating moves being turned by machinery connected with the engine. As to the velocity with which the grating turns, it may be stated that for a cylin- drical boiler, five feet diameter, the grating is made to perform one revolution per minute. The coals fall upon the grating from a hopper above, so contrived that when the grating arrives at a certain point in each revolution the channel of the hopper is opened, and the proper quantity of coals fall upon the grating. The regulator lies upon a rim descending into a trough, thus forming a water or sand valve, for pre- venting any air from above from descending into the furnace. There is likewise a regulator connected with the damper, which increases or di- minishes the quantity of coals permitted to escape from the hopper according to the strength of the fire. A simple and very effective self- regulating furnace has been extensively employed. There is a hopper near the mouth of the furnace, through the bottom of which coals, broken to a proper size, fall on two circular iron plates, revolving with great velocity being turned by the engine. The coals are thus thrown into the furnace in a regular manner, and the fire kept in a constant degree of intensity. Fosee is a mechanical contrivance for equalizing the power of the main-spring of a watch; for, as the action of a spring varies with its distance from the quiescent position, the power derived from the force of a spring requires to be modified according to circumstances before it can become a proper substitute for a uniform weight, which is what it is 
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intended to supply. In order, therefore, to correct this irregular action of the spring, the fusee on which the chain or catgut acts is made some- what conical, so that its radius at every point may correspond with the strength of the spring. Gauge, an instrument consisting of a stem, usually in the form of a square prism, with a small steel point, nearly at the end of one of the surfaces in the direction of its length, and just projecting enough to mark distinctly when pressed upon wood; the stem passes at right angles through a mortise in the middle of a piece of wood called the head. The head can be set at any distance required from the steel point, and secured by a small wedge passing through a mortise in one of its sides, and bear- ing upon the stem. The use of the gauge is to draw lines parallel to the arris of a piece of stuff, to serve as a guide for the saw, the plane, or the chisel. In drawing the line, it is necessary to keep that side of the head which is next the steel point rather firmly pressed against the edge of the wood. A guage made with two points projecting on the same side, and one of which, being moveable in a groove or mortise, can be placed at any distance from the other, is called a mortise gauge; it is used alike in gauging mortises and tenons. Gauge-cocks. There are inserted in the top of the boiler two tubes, near to each other, open at both ends, but furnished with stop-cocks at the top, which may be opened or shut at pleasure. One of these pipes has its lower orifice a little above the proper water level of the boiler, and the other pipe dips a little below that level; so that when the one cock is opened steam should escape, but when the other is opened water should escape, if the water in the boiler be at the proper level. Should the water be too low, steam will escape from both cocks: and if too high, water. These indications warn the attendant whether or not the feed- pipe is doing its duty. Gauge, Condenser, an instrument for measuring the state of vapour in the condenser of the steam engine. This instrument consists of a bent iron tube, in the form of an inverted syphon, one leg of which is about twice the length of the other. The top of the longer leg opens into a pipe which communicates with the condenser, and furnished with a stop cock, by means of which the communication may be opened or closed at pleasure. Mercury is poured in at the shorter leg, which opens into the atmosphere, and the mercury carries a float with a stem which rises or falls according as the mercury rises or falls. When the pressure on the surface of the mercury, in both legs of the gauge, is equal, there will be no difference of level. By the exhaustion in the condenser the mercury rises as much in the long leg as it falls in the short one; so that, the stem of the float being graduated into half inches, each division will be equivalent to one inch on the common ba- 
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rometer. The gauge should be made capable of indicating a steam pres- sure in the condenser of between two and three inches of mercury. Take the difference between the heights of the boiler or steam gauge and the condenser gauge, and add the height of the common barometer at the time, the result will be the moving force of the steam, deductions for friction, &c., being made. Gauge Steam, a simple contrivance, on the principle of the barome- ter, for determining the amount of the pressure of steam. The common form is that of an inverted syphon, either of glass or iron, one leg of which is opened into the boiler, or to some tube connected with tlie boiler and near it. Mercury is put into the gauge, and it is plain that when the steam is at 212°, or equal to the pressure of the atmosphere, the mercury will stand at the same height in both legs of the tube. When, however, the steam is of greater elastic force than the atmos- pheric pressure the mercury will make a corresponding rise in that leg open to the air, which leg being graduated in inches the rise of the mer- cury, or the difference of the heights of the mercury will indicate the pressure in pounds per square inch, one pound being reckoned for each two inches of rise. Girt, in timber measure, is the circumference of a tree; and a quar- ter of this is called the quar- ter-girt. The common practical rule is to square the quarter-girt, and multi- ply by the length of the tree for the content. Gland, a contrivance for engaging or disengaging ma- | chinery, moved by belts or bands. A pulley P revolves upon a shaft A B, to which it / requires sometimes to be con- \ ] nected, in order to drive some N a other part of the machinery. / A cross piece, D E, called t gland, is firmly fixed in the ] shaft, and one or more pro- jecting pieces are fixed upon the wheel, parallel to the axis of the shaft, the wheel itself being made capable of being slided backwards or for- wards to or from the gland by 

© 
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means of a handle F G. The part of the shaft on which the wheel slides is made square, so that when, by means of the handle, the wheel is moved forward to the gland, the project- ing pieces are 
quently the wheel turns with the shaft. The great objection to this contrivance is, that it produces a shock in the ma- chinery at the mo- ment of engaging, which renders it inferior to the fast and loose pulley. Another method of engaging and disengaging by the clutch may be here mentioned, which is superior to the gland in being less liable to fracture, as it may be made of any required thickness. A B is a shaft on which the wheel C C is capable of moving freely by means of a bush, being always kept in motion by being connected with the main shaft. The clutch, D D is made to slide freely upon the part of the shaft A which is square. The clutch is moved to or from the wheel by means of the handles E F, so that it may or may not be caught by the wheel, and thus engages or disengages the shaft. This contrivance is objectionable, like the gland, on account of the shock winch is given to the machinery, when the clutch is brought into contact. Globe, in geometry, a round solid body, which may be conceived to be generated by the revolution of a semicircle about its diameter. It is also called a sphere. See Sphere. Glue is a tenacious cement, principally used by cabinet-makers, joiners, bookbinders, case-makers, and hatters. The substances from which glue is made are the shreds or parings of hides; the ears before they are immersed in the tanner’s vats; the cuttings and raspings of horn, from the comb-maker and the button-maker; and the hoois and 



horns of oxen, calves, and sheep from the butcher; the pelts of the hare, rabbit, beaver, &c.; parings of vellum and parchment from the leather- dresser, glover, &c. These substances are indiscriminately mixed toge- ther, and are purified from all grease and dirt by digestion in lime water, the greatest care being taken to remove every piece that is in the slight- est degree putrescent. The materials are next steeped and washed in clean water, with frequent stirring, and are afterwards laid in heaps and the water pressed out. They are then boiled in a large brass kettle with clear water, the fet and dirt being constantly skimmed off as they rise, and when the whole is dissolved a little melted alum or finely powdered lime is added. After the skimming has been continued for some time, the whole is strained through baskets and suffered to settle, in order that the remaining impurities may subside and the fat rise to the top. The impurities and fat being removed, it is then returned into a clean ket- tle, and suffers a second evaporation and skimming. When it acquires a clear darkish brown colour, and a sufficient consistence, which is known by the appearances during ebullition, it is lifted out by a scoop into frames or moulds about six feet long, one foot broad, and two deep, where it is allowed to cool gradually. It is then cut by a spade into square cakes, and each of these is afterwards divided into three pieces, by an instrument like a bow, having a brass wire for its string. The pieces thus cut are dried in the open air, on a kind of net-work, gene- rally old herring nets, fastened in moveable sheds of four feet square, each containing six or eight rows of net-work. When the glue is dry, each piece is rubbed gently with a wet cloth, to give it that glazed ap- pearance which the London glue always possesses. The different pieces are then packed carefully up in separate rows in barrels or hogsheads, and are ready for sale. The best glue swells considerably, without melting, by three or four days’ immersion in cold water, and recovers its dimensions and properties by drying. When glue looks thick and black, or has got frost in the drying, it should be melted over again with a sufficient quantity of fresh glue. Good glue is distinguished by its having a strong black colour, and by being free of cloudy and black spots when held between the eye and the light. Glue must be steeped for several hours in cold water, when it will become swelled and softened. It must then be gently boiled till it is entirely dissolved and of a consistence not too thick to be easily brushed over wood. A quart of water may be used to half a pound of glue. In melting glue, the heat employed should not be more than is required to make water boil; and, to avoid burning it, the vessel containing it is suspended in another vessel containing only water. The glue should be thoroughly dissolved, and used boiling hot at the first or second melting; the wood should be warm and perfectly dry, and a very thin covering 
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of glue be interposed at the juncture, and the surfaces to be joined, strongly pressed together, and left in that state, in a warm but not hot situation, till the glue is completely hard. The most essential of these are the hotness of the glue and the dryness of the wood. The faces of joints must be rubbed lengthwise one upon another two or three times. Glue, by repeated melting, becomes of a dark and almost black colour, and then its qualities are impaired; when newly melted it is of a light ruddy brown colour, nearly like that of the dry cake held up to the light, and while this colour remains, it may be considered fit for almost every purpose; and that glue which has been the longest manu- factured is the best. A glue which does not dissolve in water may be obtained by melting common glue with the smallest possible quantity of water, and adding by degrees linseed oil rendered dry by boiling it with litharge; while the oil is added the ingredients must be well stirred to incorporate them thoroughly. A glue which will resist water, in a con- siderable degree, is made by dissolving common glue in skimmed milk. Finely levigated chalk added to the common solution of glue in water, constitutes an addition which strengthens it, and renders it suitable for sign-boards, or other things which must stand the weather. A glue that will hold against fire or water may be prepared by mixing a handful of quick lime with four ounces of linseed oil: thoroughly levigate the mixture, boil it to a good thickness, and then spread it on tin plates in the shade; it will become exceedingly hard, but may be dissolved over a fire as ordinary glue, and is then fit for use. Gnomon, in geometry, is the space included between the lines form- ing two similar parallelograms, of which the smaller is inscribed within the larger, so as to have one angle in each common to both. Governor, a contrivance for regulating the motion of machines. A common form of the steam engine governor is shown in the annexed en- graving. I K, fig. 1, represents a spindle kept in motion by the engine; A B the centrifugal balls; C A and C B the rods which suspend the balls. These rods cross one another and pass through the spindle at C, where the whole are connected by a round pin put through the spindle and the rods at C, which serves as the point of suspension for the centrifugal balls or revolving pendulum. A part , of the spindle above C is square, and nicely polished, so that the piece of brass, M, may slide easily upon it. The piece of brass M is round on the 



GOVERNOR. 187 
outside, and has an external groove turned upon the upper end of it to receive the lever N O, whose fulcrum is at P. This piece of brass is connected with the ball-rods by two short pieces and joints, D E F G. The construction of steam engine governors sometimes differs a little from that now described; but if this construction be understood there will be no difficulty in comprehending any other. When the engine goes too fast, the balls fly off from the spindle and depress the end N of the lever, which partly shuts the throttle-valve, and diminishes the quantity of steam admitted into the cylinder; and, on the other hand, when the engine goes too slow, the balls fall down toward the spindle and elevate the end N of the lever, which partly opens the throttle-valve, and increases the quantity of steam admitted into the cylinder. The usual velocity of the axis is thirty turns per second of time. It can be shown that the vertical distance between the plane in which the balls move and the point of suspension of the rods is equal to the length of a pendulum, making twice the number of vibrations that the balls make revolutions in the same time. Now, since the common velocity of the balls is thirty turns per second, therefore the length of the governor is the vertical distance between the plane of the balls; and the point of sus- pension will be equal to the length of a second’s pendulum, tiiat is, 39-14 inches. From this it follows that to find the height for any other num- ber of revolutions, 

35226 revolutions per second; 
( 375 \2 
\2 x revolutions per minute) = ^ie lenSt*1* 

From these rules it will be found that when the revolutions are 20 per second the length will be 88-065 inches; and also when the revolutions are 38 per minute the length is 24-305 inches. From these calculations it is not difficult to determine the requisite range of the slide of the governor. The greatest change of velocity should not, under ordinary circumstances, exceed one-tenth more or one-tenth less than the mean at which the engine ought to work. Suppose that at the proper motion of the engine the governor makes thirty-eight revolutions per minute, its height then will be, as before stated, 24-305; wherefore, the tenth of this being 2-4305, we have 24-305 -(- 2-4305 = 26-7355 = the great- est height, and 24-305 — 2'4305 = 21-9745; and the entire range will therefore be 26-7355 — 21-9745 = 4-861 inches, or very nearly 5 inches. A shorter process will be to take one-fifth of the medium height for the range; thus, 
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= 4-8G1, the same as before. 

The length or the distance between the point of suspension and plane of revolution of the balls being given, to find the times of revolution per minute: 1 / 375—\. Thus 36 inches being given 2 \ V length/ 
Th“ f (^1) = 31-25 rev. p.,^ The governor ought to be so adjusted that when at the medium height, the throttle should be entirely open. The stay on which the balls rest when they fall in, ought to be of such a length that the rods which sus- pend the balls make angles of about 30° with the upright axis. The other rods may with advantage be so arranged as to make more acute angles with the axis than is represented in the figure. According to the size of the governor, the weight of each of the balls may be from 30 to 80 lbs. Governor for a Wind-mill.—In a wind-mill, when the velocity is increased by the irregular action of the wind, the corn is sometimes forced rapidly through the mill without being sufficiently ground. There is a contrivance for preventing this, similar to the governor of a steam engine, but which was much earlier in use, and called in some parts of England a lift-tenter. By means of the centrifugal force of one or more balls, which fly out as soon as the velocity is augmented, and allow a lever to rise with them, the upper millstone is made to descend and bring it a little nearer to the lower one. The construction of Lift-tenters for Windmills.—This machine, and part of the stone-spindle and framing with which it is connected, are represented in the annexed cut. To the stone spindle there are fixed four arms, A A A A, and there are four similar arms, B B B B, firmly attached to the hollow cylinder C, which is loose on the spindle F G. The pendulums D D D D, are hung above to the arms A A A A, and through holes toward their lower extremities pass the arms of the loose cylinder. When the mill is at rest the pendulums hang verti- cally; but, by their centri- 
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fugal force, when the mill is in motion they hang obliquely; and that obliquity is increased in proportion to the velocity, and proportionately raises the loose cylinder C. This cylinder C acts on the one end of the lever E, which has a connexion with the clove upon which the bridge of the stone-spindle rests, and accordingly raises or depresses the upper millstone in proportion as the wind blows weak or strong. Water-wheel Governors.—Governors are sometimes applied to water- wheels, and made on various constructions. We shall describe a con- struction which has for several years been at work in Cartside cotton- mill, erected under the direction of the late Robert Burns, Esq. It has a revolving pendulum which receives its motion from the mill, and in proportion as the machinery moves faster or slower the centrifugal force acts upon the governor, and raises or depresses an iron cross, which, acting on a lever, reverses the motion by the wheel work, which ope- rates upon a sluice so as to enlarge or lessen the passage of the water to the water-wheel; this sluice is made on the principles of the throttle- valve, that it may be moved by a small power. So long as the machi- nery is moving at a proper velocity this wheel-work of the sluice appa- ratus remains at rest. The cut represents diflerent views of this ma- 
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chine, and some of its parts detached. The same letter in all the figures refers to the same part. The revolving pendulum, E F G H, receives its motion from the mill work by means of a rope giving motion to a pulley, I. The upright shaft, M N, is kept in constant motion by the the wheel work OPUS. The wheel N acts constantly into the two bevelled wheels T and U, and makes them move in contrary directions. They are loose on the shaft when the mill is going at its proper speed: but if the mill moves either too fast or too slow, the one of these wheels, by means of a clutch, Q, in a way to be described, is connected with, and carries round the lying shaft D C; and, by a pair of bevelled wheels, communicates motion to the oblique shaft, B W; which again, by a screw, X, and quadrant-wheel, Y, moves the sluice, Z; and, by making it stand more or less oblique, alters the area of the passage for the wa- ter. It will appear evident that the box a will be raised or depressed in proportion as the balls E and F, of the revolving pendulum E F G H, are removed further or brought nearer to the centre of motion; for when the velocity is greatest, the balls E and F, by their centrifugal force, will extend themselves furthest from the centre of motion, and raise the box a. To the box a is fixed a cross 4 c. There is a forked lever, d qe, the fulcrum of which is at/, and which turns horizontally. This forked lever has four prongs, 1 2 3 4. When the mill is at its proper speed, the cross works within the prongs 1 and 2; in this situation of the forked lever the clutch Q is disengaged from both the wheels T and U, and they move on their bushes without carrying round the lying shaft. The clutch is made to slide on a part of the shaft which is square. When the mill moves too quick the cross gland is raised, and in turning round hits the prong 3, which immediately causes the lever to throw the clutch into the arms of the wheel U. This wheel then car- ries the clutch and shaft round with it; and, by the means already de- scribed, acts on the sluice; and by lessening the quantity of water fall- ing on the wheel, diminishes its velocity. On the other hand, when the mill goes too slow the cross is depressed, and, striking the prong 4, reverses the motion of the shaft, and so produces a contrary effect on the sluice. Moreover, the train of wheel work is so calculated as very much to reduce the motion at the sluice, and this is found from experience to be necessaiy. Were the area of the aperture too suddenly changed, the effect on the water wheel would be too violent. Every time the mill is stopped it is proper to lift the wheel It out of gear. The centre on which the sluice turns should be one-third of its height from the bottom, in order that the pressure of the water above the centre may balance that below. At m there is an upright shaft, which is worked by hand when.required. Grain, a small weight, being the 480th part of an ounce troy weight, 



or apothecaries’ weight; and very nearly the 7,000th part of a pound avoirdupois. Grating. The most efficient mode of supplying fuel with air, in a steam engine furnace, is by causing the current to pass through an iron grating on which the coals are laid, the grating being placed above a pit which receives the ashes. It is important to determine the proper area of grating, in order that the admission of air may be proportionate to the requisite combustion, for which purpose Tredgold has given the follow- ing formula: 2 
v/ /* 

where h, — the height of the bottom of the chimney above the bottom of the ash-pit. Thus if the height from the ash-pit to where the smoke enters the chimney be 4 feet, we have 
v/ 4 = - = 1 foot, 

the area of grating for each home’s power:—the area of the bars being equal to the area of the openings, and this is the usual proportion in practice. For wood and peat the area is double of that for coal, but the bars are also double the breadth. The bars are usually made thicker towards the middle, to ensure strength: they are commonly six inches in depth, and for coal furnaces three-fourths of an inch in breadth; their length being one-third that of the boiler. The height between the bottom of the bars and the bottom of the ash-pit varies from four feet to four feet six inches, and between the top of the bars and the bottom of the boiler about eighteen inches fora twenty horse power boiler; the depth of curvature of which may be taken about six inches. The bars lie loosely in niches in the bearers, so that they do not shake; but each may be taken out at pleasure, the depth of these niches being usually five inches; and, to ensure strength, a bearer passes along the middle, which leaves less stress upon the bearers at each end. The bearers are supported upon brick work. Gravity. The attraction of gravitation differs from the attraction of cohesion in this respect, that it is exerted at all distances and by eveiy i particle of matter upon every other particle. The gravitating power of a body is always proportionate to its quantity of matter; and all the heavenly bodies are retained in their places by the due balance of their action on each other. An effect of gravity, or gravitation, familiar to all mankind, is the tendency of bodies to fall to the earth. This ten- dency is always towards a point, which is either accurately or very nearly in the centre of the earth; consequently bodies fall every where perpendicularly to the surface. The pressure of bodies to attain, in all 
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cases, the lowest situation possible, or that nearest the centre of the earth, is what constitutes their weight. All substances having a certain degree of gravity, they consequently all have weight. Even smoke and vapours 4 are possessed of it, the reason of their rising from the earth being the 1 same as that which causes a piece of wood to swim in water, viz., they are lighter than an equal bulk of the atmosphere or fluid in which they are disengaged, and therefore their falling to the ground is as effectually resisted as the falling of a stone supported by the hand. Since the gra- vitating force is proportionate to the quantity of matter, the most com- j pact and the most loose, the greatest and the smallest bodies, descend 1 through equal spaces in equal times, unless they fall through a resisting medium, which operates most upon those which have the greatest exten- sion for their weight. A guinea and a feather being dropt at the same j instant from the top of a house, no one will be at a loss to say which would soonest reach the ground; but in the exhausted receiver of an air j pump these two bodies fall together. The guinea, containing more solid J matter than the feather, requires more force to put it in motion; but 1 the attractive power being proportioned to the quantity of matter its ] velocity is not greater than that of a body which requires less force to ] put it in motion. Another proof that the gravity of bodies is proper- : 

tionate to their quantity of matter is derived from experiments on the motion of pendulums. When the lengths of pendulums are equal, and they vibrate in equal arcs, they always acquire equal velocities at the j corresponding points of those arcs, and their vibrations are consequently performed in times exactly equal, however different the bulk and texture 1 of the material of which they are composed. The resistance of the air must be understood to be excluded in this experiment, because it acts } unequally on different bodies, as already exemplified in the guinea and feather experiment. In all places equally distant from the centre of the earth, the force of j gravity is nearly equal. The earth is, however, not a perfect globe, but a little depressed on two opposite sides, partly like an orange. These depressed parts are at the poles, and the polar diameter of the earth has been found to be about thirty-four miles shorter than the equatorial one. The surface of the earth at the equator being therefore seventeen miles j further from the centre than at the poles, the force of gravity there is i less than at the poles. It is for this reason that a pendulum calculated \ to swing seconds in the polar regions must be shortened before it will swing seconds at the equator; and that bodies at the equator lose one- two hundred and thirtieth part of the weight which they would have at the poles. The power of gravity, at any given place, is greatest at the earth’s surface, from whence it decreases both upwards and downwards, 'S but not both ways in the same proportion. The force of gravity upwards 1 
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decreases as the square of the distance from the centre increases; so that at a double distance from the centre above the surface the force would only be one-fourth of what it is at the surface. The surface of the earth is, in round numbers, four thousand miles from the centre; if, then, a body at the surface weighs four pounds, and falls through sixteen feet in a second of time, it will at double this distance from the centre weigh but one pound, and will fall through but four feet in a second of time. Below the surface of the earth the power of gravity diminishes in such a manner that its intensity is in the direct, ratio of the distance from the centre, and not as the square of the distance: so that at the dis- tance of two thousand miles, which is half a semi-diameter from the cen- tre, the force would be but half what it is at the surface: at one-third of a semi-diameter the force would be one-third, and the same ratio is ap- plicable to all other distances. But although the force of gravity, strictly speaking, varies in the manner just stated, in receding from the surface, its operation at short distances is considered uniform, a quarter or even half a mile bearing so small a proportion to the earth’s radius that the difference is too insignificant to be noticed in calculations. As the power of gravity appertains to every particle of matter, and the gravitating power of entire bodies consists of that of all their parts, under certain circumstances the gravity of a part of the earth somewhat counteracts that of the whole earth. Thus, the attraction of a lofty mountain is found to draw a plumb line at the foot of it a little out of the perpendicular, so that in such a situation it does not tend to the centre of the earth. The spaces described in different times by a falling body are to each other as the squares of the times from the beginning of the descent; or, which produces the same result, they are as the squares Of the velocities acquired at the end of those times. The motion of a falling body being uniformly accelerated by gravity, the same cause uniformly retards the motion of a body thrown directly upwards. A body projected perpen- dicularly, with a velocity equal to tliat which it would have acquired by falling from any height, will ascend to the same height before it loses all its velocity. See Accelerated Motion. Gravity and weight, it ought to be understood, are not interchangeable terms. Gravity is a power of which weight is the effect. Gravity has a constant tendency to impress on every particle of bodies a certain velocity, which would cause them to fall if they were not supported: weight is the resistance necessary to destroy this velocity, or produce this support. Gravity, specific, is the relative gravity of any body or substance, con- sidered with regard to some other body which is assumed as a standard of comparison, and this standard, by universal consent and practice, is 
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rain water, on account of its being less subject to variation in different circumstances of time, place, temperature, &c. than any other body. By a fortunate coincidence, at least to English philosophers, it happens that a cubic foot of rain water weighs 1000 avoirdupois ounces; and, consequently, assuming this as the specific gravity of rain water, and comparing all other bodies with this, the same numbers that express the specific gravity of bodies will denote the weight of a cubic foot of each in avoirdupois ounces. In bodies of equal magnitudes the specific gravities are directly as the weights, or as their densities. In bodies of the same specific gravities tiie weights will be as the magnitudes. In bodies of equal weights the specific gravities are inversely as the magnitudes. The weights of dif- ferent bodies are to each other in the compound ratio of their magnitudes and specific gravities. Hence it is obvious that of the magnitude, weight, and specific gravity of a body, any two of these being given, the third may be found. Exam. 1. The weight of a marble statue being 748 lbs. avoirdupois, required the number of cubic feet, &c., which it contains, the specific gravity of marble being 2742. Since a cubic foot of marble weighs 2742 ounces we have As 2742 : 748 X 16 : : 1 : 4‘36 feet. Exam. 2, Required the weight of a block of granite whose length is 63 feet and breadth and thickness each 12 feet, the specific gravity of granite being 3500. Here 63 X 12 X 12 = 9072 feet: then again as 1 : 9072 : : 3500 : 31752000 ounces: or 885 ton, 18| cwt. A body immersed in a fluid will sink if its specific gravity be greater than that of the fluid: if it be less, the body will rise to the top, and be only partly immerged: and if the specific gravity of the body and fluid be equal, it will remain at rest in any part of the fluid in which it may be placed. When a body is heavier than a fluid it loses as much of its weight when immersed as is equal to a quantity of the fluid of the same bulk or magnitude. If the specific gravity of the fluid be greater than that of the body, then the quantity of fluid displaced by the part im- merged is equal to the weight of the whole body. And hence, as the specific gravity of the fluid is to that of the body, so is the whole magni- tude of the body to the part immerged. The specific gravities of equal solids are as their parts immerged in the same fluid. The specific gra- vities of fluids are as the weights lost by the same immerged solid. To find the specific gravity of a body. This may be done generally by means of the hydrostatic balance, which is contrived for the easy and exact determination of the weights of bodies, either in air or when im- mersed in water or other fluid, from the difference of which the specific gravity of both the solid and fluid may be computed. 
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1. When the body is heavier than water. Wciyh it both out of water and in water; then say, As the weight lost in water is to the whole or absolute weight, so is the specific gravity of water to that of the 
2. When the body is lighter than water. In this case attach to it a piece of another body heavier than water, so that the mass compounded of the two may sink together. Weigh the denser body and the com- pound body separately, both out of the water and in it; and find how much each loses in the water by subtracting its weight in water from its weight in air; and subtract the less of these remainders from the greater; then use this proportion. As the last remainder is to the weight of the light body in air, so is the specific gravity of the water to the specific gravity of the body. 3. When the specific gravity of a fluid is required. Take some body of known specific gravity; weigh it both in and out of the fluid, and find the loss of weight in the fluid, by taking the difference of these two; then say, As the whole or absolute weight is to the loss of weight, so is the specific gravity of the solid to the specific gravity of the fluid. For the method of finding the specific gravity of fluids by means of an hydrometer, see Hydrometer. 

Table of the Specific Gravity of Metals 
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WOODS. 
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Gddgeon, the extremity of a lying or horizontal shaft, that runs in the collar. Every gudgeon, in order to avoid unnecessary friction, should be made as small in diameter as possible, consistently with the requisite strength and durability. The cube root of the weight of a water-wheel in hundred weights, is neaily equal to the diameter in inches of a cast-iron gudgeon sufficiently strong to support such wheel. For wooden water-wheels, multiply the diameter in feet by the width also in feet, to-which add the square of half the diameter: the cube root of the sum will be nearly equal to the diameter of the gudgeon in inches. It has been inferred from experiment that gudgeons of the same size, of cast and of wrought iron, are capable, at a medium, of sustaining weights 
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without flexure, in the proportion of 9 to 14. The following table, to show the proportionate diameters of cast-iron and wrought-iron gud- geons, has been drawn up on this principle 

Table of Cast and Wrought Iron Gudgeons. 
12 3 4 

Columns 1 and 2 are the same as those calculated for cast-iron gud- geons. Column 3 contains numbers in the proportion of 9 to 14 less than those in column 2. Column 4 contains the cube root of column 3, or the diameters of wrought-iron gudgeons, having the same strength as those of cast-iron in column 1. In order to find the diameter of a wrought-iron gudgeon of the same strength with one of cast-iron of 3 inches in diameter: look on the first column for 3, and on the same line in the fourth column will be found 2'5712S2; that is, a little more 



200 GUN METAL. 
than 2g inches, the diameter required of the wrought-iron gudgeon. The numbers in the third column, being the cube of those in the fourth, another use may be made of this part of the table. For, supposing the fourth column to represent cast-iron gudgeons, the third column will represent the hundred-weights which cast-iron gudgeons of those dia- meters should sustain.—See Shaft. Gun Metal, a species of brass employed in casting ordinance, and for some of the smaller parts of machinery. This alloy should consist of 9 parts of copper, and 1 of tin, but no zinc. It answers very well for valves. 

Table of the JVeight, in lbs., of a foot, in length, of Gun Metal. 
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Gyration, the act of turning round a fixed centre. Gyration, centre of. If any body or system of bodies be revolving round a fixed axis there is a certain point in which if the mass of the whole body or system of bodies were collected the momentum of inertia would be the same as that of the body or system of bodies; or, what amounts to the same thing, the sum of the products of the mass of each body x the square of its distance from the axis of motion will be equal to the sum of all the bodies x the square of the distance of the point before mentioned from the axis of motion. This point is called the cen- tre of Gyration. The centre of gyration may also be defined such a point in any revolving body or system of bodies that if all the mass were collected in it the angular velocity would be the same. In general if P be the weight or power giving rotation to the body or system whoso weight is w, the distance of the power from the axis of motion being r, and of the centre of gyration from the axis of motion d ; then f being the accelerating force we have P y r2 

f ~ V X r‘ + w X d1 

and when the power acts over a pulley the formula becomes P X T2 
The distance of the centre of gyration from the axis of motion, for the more common forms of bodies used in engineering are as follow:— 

In a circular wheel of uniform thickness d — ^X 1'4142, and the same 
rule holds good for the circumference of a circle revolving about the diameter, but for the plane of a circle revolving about the diameter, 
the rule is d = -g. In a solid sphere revolving on its diameter d = 
r x •6324. In a circular ring the radii of which are II and r, revolving about the centre we have 

•wW) In a cone revolving about its vertex 
, (2-4 X a2 + 0-6 r‘) d-\/ 2 but for a cone revolving round its axis d = r x 0’1783. In a straight lever, the arms of which are R and r, the rule is 

Vs (R -J- r)s In a paraboloid, the radius of whose base is R, wehavetf = R x^/ 0\333. The application of these theorems to actual cases is not difficult. Sup- pose we have a cylinder whose weight is 60 lbs. which is put in motion 
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round its axis by moans of a weight of 30 lbs. acting at the end of a string coiled round the cylinder, then by the theorem 

f- /-PXrs + «>X<f! 

H 
Hammer, a well-known instrument used for driving nails, etc. Ham- mers are faced with steel, in a state of considerable hardness. Their handles are almost always made of nearly a uniform thickness in every part, or if they differ from such figure it is not for any specific purpose. Hence the vibrations of the hammer head are communicated to the hand, to which they occasion very unpleasant sensations, and the work- man is tired before he has exerted his strength. If the handle of the hammer, at a little distance from its upper end, be made considerably smaller for a short space than in any other part, the alteration will he found a decisive improvement. Such a hammer will, as it is technically termed, fall well; diminishing, at the same time, the workman’s fatigue and convincing him that his blows are solid and effectual. In ham- mers for chipping iron the head need not be more than sixteen ounces in weight and the handle about twelve inches long. In a hammer of any given shape, calculated to give the hardest blows with the least weight, and, consequently with the least fatigue, the quantity of iron in the head should be equal on the opposite sides of a line supposed to be drawn per- pendicular to the centre of the face. Hammers, therefore, made for the purpose of drawing nails, with claws, which lean backwards from this line, are not calculated to produce the best effect in striking. Clock- makers, tin-plate workers, and braziers, polish the face of their planish- ing hammers by rubbing them upon a soft board covered with a mixture of oil and finely washed emery. Watchmakers and silversmiths take still more pains with theirs, selecting them free from every flaw, re- moving every scratch, and giving them an exquisite lustre with colcothar or putty. These various artists, also, for their respective purposes, require them to be made.of a numberless variety of shapes, convex, con- cave, cylindrical, etc. Hardness, or Rigidity, that quality in bodies by which their parts ro cohere as not to yield inward, or give way to an external impulse, with- out instantly going beyond the distance of their mutual attraction; and therefore are not subject to any motion, in respect to each other, without breaking the body. Heart Wheel, a contrivance for converting an uniform circular motion into an uniform rectilinear motion. It is much employed in the 



machinery of the cotton and flax manufacture, and is formed after the following manner. Draw a line AB R equal in length to the required extent of the alternating rectilinear motion, and divide this line into any number of equal parts, the more the better. From the centre, C, round which the heart wheel is to movej with any dis- tance (which need not be great) describe the semicircle, A ic, and divide it into the same number of equal parts as the line AB. From the centre draw radii passing through each of these points, and extend them a considerable way beyond the circumference. Next from the centre C take the distance to the first division on the line AB, and lay off that distance on the first radius, passing through the division on the semicircle, then take the second, third, fourth, &c. divisions from the centre C in succession on the line AB, and lay them off successively on the second, third, fourth, &c. radii, then will a line drawn through all these points on the radii be the face of one half of the wheel. The other half is formed after the same manner. The curve of the face of the wheel is in this case the spiral of Archi- medes, but the alternating rectilinear motion may be made to follow any given law besides that of uniformity, by changing the nature of the curvature of the face of the wheel, which may be easily done by making the divisions on the line AB increase or diminish from the centre or the ends, and constructing the figure in other respects as before. Heat. The term heat is employed cither to signify the sensation of warmth or the cause of that sensation. It is matter of dispute among philosophers whether the cause of the phenomena of heat be a subtile fluid, capable of penetrating all substances, or a peculiar vibration, rota- tion or other kind of motion. It would be inconsistent with the nature of this work to enter into the merits of the various arguments in support of either hypothesis; we will therefore confine ourselves to a view of its more important mechanical properties. Heat penetrates all bodies, nor is it possible to abstract it entirely from any body whatever. Heat may communicate from one body to another; thus, if a drop of ice be put into a cup of boiling water, the ice will melt in consequence of the heat of the boiling water being trans- | lerred to the ice, and the whole will ultimately become of one degree of 1 heat. And, also, if a number of substances of different degrees of heat be placed in a vessel where there is no original source of heat, such as a 



fu e, the whole of the substances will acquire ultimately one temperature, so that the thermometer will stand at the same height when placed on any of them. Heat may be communicated from a hot body to a cold one either by actual contact or by radiation. Thus, when a bar of hot iron is plunged into a vessel of cold water, the temperature of the water will be raised; or, in other words, the heat of the bar will be imparted to the water until an equilibrium be restored: that is, until the tempera- ture of the bar and water be the same; and this takes place by the actual contact of the bar and water. But a hot body may communicate heat to a cold one although not in contact; for, if a hot iron ball be placed in the focus of a large parabolic reflector, opposite which there is a similar reflec- tor, placed at several feet distance, and so as to receive the reflected rays of the first mirror; and there be placed in the focus of the second mirror a quantity of gunpowder; then the gunpowder will be inflamed in conse- quence of the heat given out by the iron ball, propelled from thence on to the first mirror, reflected from that to the second, and by this last concentrated into the focus where the gunpowder is laid. It is plain that in this experiment the heat is not communicated by contact from the ball to the gunpowder, as they are at a distance from each other of several feet. It may be imagined that the heat of the ball is communi- cated to the particles of the air immediately surrounding it, and from these to the next, and so on till the heated air reaches the first mirror, and then by the ordinary laws of reflection to the second, and from thence to the focus where the gunpowder is placed, and that thus the transfer of heat may in this case as well as the former be said to take place by actual contact. But the same experiment will succeed in the exhausted receiver of an air pump, where no air intervenes between the hot ball and the powder. This distinctly proves that hot bodies give out their heat, by, as it were, propelling it from their surface; this is called radiation. In some cases heat is communicated from a warm to a cold body solely by contact; in other instances solely by radiation, and in others by contact and radiation conjointly. The laws of the heating and cooling of bodies are extensively applicable in the arts and manufactures, and therefore for the use of the practical engineer we shall lay down in this place a short and connected view of the subject. Two circumstances, principally, influence the transfer of heat from one substance to another. These are, 1st. the proximity or nearness of the one substance to the other; and, 2d. the conducting power of the substances: these two circumstances influencing the rapidity of the transfer. Thus a solid will, other things being the same, transfer its heat less rapidly to another solid than to a gas, with which it is enveloped, and less rapidly to a gas than a fluid in which it is plunged, as the points of contact are more numerous in this last than in any of 



the former eases. When bodies touch each other at their surfaces only the question becomes one of conduction, the rapidity of transfer depend- ing on the velocity with which heat passes through the substances in contact. But, supposing the amount of contact to remain the same, the rapidity of transfer will depend, as before observed, on the conducting power of the substances; that is, on the celerity with which heat passes through them. The following tables exhibit .the relative conducting power of different substances:— 

It is extremely probable that the conducting power of gases or aeri- form fluids is even less than that of liquids, although the precise ratio is very difficult to ascertain. The conducting power of solids does not seem to follow implicitly any particular law, yet the conducting power seems in general to increase, but not in strict ratio with the density. Liquids are less perfect conductors than solids; and, as stated above, gases are still less perfect than liquids. It is to the perfection of the relative conducting power of bodies that they communicate sensations of different intensities of heat, although they be of the same temperature. Thus if a piece of iron and a piece of glass be heated to the same tem- perature, so that when the thermometer is applied to each it will stand at the same point; we will, when we touch the iron and then the glass, imagine, from the sensation by the hand, that the glass is considerably warmer than the iron; because the latter is a much better conductor of heat than the former, and will consequently convey the heat more ra- pidly from the body than the former. So a marble mantel-piece will to the feel seem much colder than the timber of the chair on which we sit, 
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although the thermometer indicates the same temperature in each; he;- cause the wood is a much worse conductor of heat than marble. The transfer of heat, as was remarked above, depends also on radia- tion, and we will next attend to the laws of this mode of diffusing or communicating heat. It is well known that when air is heated it has uniformly a tendency to ascend, so that one might be led to suppose that when a heated body is held at a considerable distance above the hand we would not feel any of its heat, since it would be all carried upwards; but this is not the case, for we can easily prove by trial that the heat is propelled, or radiated, in all directions; upwards, downwards, sideways, and obliquely. If a hot body be suspended in a vacuum, then will a thermometer, held at small distances from its surface in any direction, indicate the same temperature; so that the radiation must be equal in all directions. The radiating power of different substances is very dissimilar: and of the same substance the radiating power varies with the conducting power of the gas in which it is placed. The following table shows the relative radiating powers of the following substances, that of water being 100:— 

The radiating power of any substance varies with the nature of its surface: thus iron does not radiate so well when its surface is clear and polished as when it becomes rough by corrosion. A piece of tin plate does not radiate heat well when its surface is clear and free of scratches, but if it be smeared over with tallow, isinglass, or wax, its radiating power increases to a considerable amount. In general it would appear that velocity of radiation depends more upon the nature of the surface than the substance of a radiating body. A metallic surface appears ad- verse to radiate, independently of polish, for a highly polished plate of glass radiates better than an equally polished plate of iron. Scratching seems to increase the power of radiation, by multiplying the number of radiating points. Colour also seems to affect in a considerable degree the power of radiation, for if the bulb of a delicate thermometer be suc- cessively covered by equal weights of differently coloured wool, and placed in a glass tube heated by immersion in water at a temperature of 180° Fah., and then cooled down to 50 in cold water, the time of cool- ing for black wool will be 21 minutes, for red wool 26 minutes, and for 



white wool 27 minutes; the velocity of radiation increasing with the darkness of the colour. Having now considered the general laws of conduction and radiation, we will be better enabled to investigate the nature of the cooling of bodies, by the transfer of their heat, by either or both of these ways. When a hot body is enveloped in solid substances its heat is withdrawn solely by communication, and the velocity of cooling is dependent en- tirely on the conductive power of the enveloping substances. When the hot body is immersed in a liquid, the velocity of cooling depends in some measure upon the conducting power of the liquid, but in addition it also depends upon the facility with which the particles move among themselves. In an elastic fluid the cooling takes place both by com- munication and radiation, and in a vacuum by radiation alone. By the phrase velocity of cooling is meant the number of degrees of heat (indi- cated by the thermometer) lost by a hot body in a given time, as a minute or second ; and by the phrase the law of cooling, the relation which the velocities of cooling, in successive intervals, bear to each other. Newton supposed that while the times of cooling are in an arith- metical progression that the velocities are in a geometrical progression; as, for instance, if a body be heated to an excess of 1000 degrees above the surrounding atmosphere; and if it lose 100 degrees during the first second, that is, one-tenth of the whole excess, then will it lose one-tenth of the remainder during the next second, that is, one-tenth of 900, or 90 degrees; and, during the third second it would lose one-tenth of the remainder, that is, one-tenth of 810, or 81 degrees, and so on; so that during the first five successive seconds the velocities of cooling would be 100, 90, 80, 72’9 and 65'6 degrees, a geometrical progression, the ratio of which is 1-111. This law was found to hold sufficiently true when the temperature of the heated body was not much above that of the surrounding medium, but not otherwise. The following table exhi- bits the rate of cooling of a mercurial thermometer in vacuo. The first column gives the temperature (centigrade), and the second the degrees lost per minute at the corresponding temperature :— 

-According to Newton’s law, the velocity of cooling at 200 degrees ought to be twice that at 100 degrees, but from the table we find that it is actually three times. 
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The velocity of the cooling of a thermometer in a vacuum, for a con- stant excess of temperature, increases in a geometrical progression, while the temperature of the surrounding medium increases in an arith- metical progression; and the ratio of this geometrical progression is the same, whatever be the excess of temperature considered, as may be seen on inspecting the last table drawn up from the experiments of M. M. Dulong and Petit. Commonly the geometrical progress requires to be diminished by a constant quantity, in consequence of the heat radiated back from the inner surface of the surrounding vessel. The velocity of cooling other things being equal, seems to increase with the extent of surface and proximity; and of two bodies of the same temperature, form, and material, but difl'erent in size, the smaller will cool more rapidly than the larger. The following table shows the number of seconds that the bulb of a thermometer took to cool down from 70 to 10 degrees of Reumur, when placed in the substances mentioned:— 

The presence of heat, in different degrees, not only changes the bulk 1 but likewise the form of substances. By heat bodies are in general 1 increased in bulk or expanded. Heat, in fact, seems to exert a force 9 opposed to cohesion, for its effect in expanding bodies or separating their 1 particles seems to be greatest in those substances in which there is the 1 least cohesion. Thus solids, in which the cohesive power is strong, are less expanded by equal increments of heat than liquids, in which the attraction of cohesion is less intense, and liquids are less expanded by i equal additions of heat than gases or aeriform fluids, which last cohesion 1 

it cooled in . 570 s. of raw silk , 1284 Ravellingsof taf- 
Cliarcoal Lamp-blacl Wood asht 



HEAT. 209 
is very weak. In general equal increments of heat will expand the same bodies equally, but difl'erent bodies in different degrees, unless the form or chemical composition of the substance suffer a change by the addition of caloric. Many philosophers have turned their attention to the expansion of solids by heat, and the following general principles may be drawn from their experiments:—Equal increments of heat do not expand different substances in the same degree. A body that has been heated from the freezing to the boiling point, i. e. from 32° to 212° Fah. will increase in bulk, but will recover its original size if allowed to cool down again to 32“. The expansion of the more permanent solids, or solids not easily fused, is pretty uniform for equal increments of heat from 32" to 212°; but beyond this point, i. e. 212", the law does not hold, for equal incre- ments of temperature produce greater expansion, and this difference becomes the more remarkable as the temperature becomes higher. Indeed from the experiments of M. M. Dulong and Petit, we are led to infer that between 32" and 212" the expansion is not uniform, but follows a like law of increase; but the deviation from uniformity is small that for all practical purposes it may without fear of error neglected. The following table will, exhibit the results of the bi experiments on the expansion of solids by heat. 
Dimensions which a bar takes at 212° whose length at 32° ir 1.000000. 
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Table nf dimensions which a bar. Sec. continued. 

It is remarkable in looking over the foregoing table that those metals which are most expansible are also those that are most easily fused by heat, and thus there would seem to be some relation between the power of expansibility and the melting point. From the experiments of Dulong and Petit, it would appear that beyond 212° glass expands in a greater degree than mercury. The expansion of a cube is not quite correctly three times that of'the linear expansion, but so nearly so that the small difference may be neglected in practice. The following table exhibits the quantity of expansion of iron for different temperatures. 

We come now to speak of the expansion of liquids by increments of heat. Different liquids do not expand in the same degree from equal increments of heat. Mercury expands much less than water, and this last still less than alcohol. It would seem that in liquids equal additions of heat do not produce equal increments in bulk, but that the expansions go on in increasing ratio, that is, they are proportionally greater at high than at low temperatures. Thus in the case of mercury if it be heated from 32° half way to the boiling point, i. e. to 106°, the quantity of ex- pansion will not be so great as when heated from 106° to 212° the boiling point; for although the two intervals of temperature contain the same number of degrees, yet the quantity ol expansion in the first will be to 
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that in the second as 14 to 15. The following table exhibits the quantity of expansion of different liquids whose temperatures have been raised from Sg" to 212°. 

Muriatic acid . Nitric acid . Sulphuric acid . Alcohol Sulphuric asther Fixed oils . Oil of turpentine Water saturated D common sa 

. 0 0460 0-0600 01100 0-0600 -0-1100 

The following table exhibits the relative expansion of different liquids at various temperatures; the degrees being marked according to the three thermometers most commonly in use. 

Some liquids exhibit a singular phenomenon, of which water is a notable instance. There is a certain point at which this liquid is more dense than at any other, and it will expand if either heated beyond this point or cooled below it. The point in question is called the point maximum density, and in the case of water it has been found to 39° 38 Fah. The following table will exhibit the degree of expansion for different temperatures both above and below this point. 
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The expansive force of frozen water is truly remarkable, as has been proved by numerous experiments, the most celebrated of which was that of the Florentine academicians, who burst a hollow brass ball whose cavity was only one inch diameter, by introducing water and then freezing it. It has been calculated that the force necessary to produce this effect must have amounted to 2772 lbs. avoirdupois. Fused iron, antimony, zinc, and bismuth, are also expanded, on congelation, but mercury is a remarkable instance of the reverse. Aeriform or gaseous substances expand proportionally more than solids, by equal additions of heat, in consequence of the comparatively small cohesive force that draws these particles together. It would seem that in the same gas expansion takes place proportionally to the increase of heat. Dr Dalton states that 1000 cubic feet of air heated from 32° to 212“ Fah. became 1325 cubic feet, but this last number according to Gay Lussac is 1375, and according to Mr Crichton, of Glasgow, it should be 1374-8. According to Dalton the expansion of air for an in- 
crease of l" will be whereas Gay Lussac would make it —and 
Crichton, Dr Thomson thinks Crichton’s estimate the most 



correct, but Gay Lussac’s is more easily employed in calculation, and tlie difference between these two is so trifling that it may be neglected. From these statements we may easily calculate the bulk of any given quantity of air, at any temperature, provided we know the bulk of the same quantity of air at any other given temperature. For instance, 
taking Gay Lussac’s estimate, i. e. we have the following rule: 
if we wish to know the bulk of air at a temperature above 32", that at 32° being given. Subtract 32 from 480, and to the remainder add the degrees indicating the temperature of the air, these two sums will form the first and second terms of a proportion of which the third is the bulk of the air at 32", and the fourth that at the higher temperature. Thus let the given temperature be 60°, then 480 — 32 = 448, to this add first 32 and then 60, we get 480 and 508 as the two first terms of the proportion, and calling the bulk of the air at 32" = 100 cubic feet, then 480 : 508 : : 100 : 105-832; and the same rule holds good if both temperatures be above 32°. The following general rules will often be found useful. Let P' be the volume of gas at any temperature above 32°, T' the number of degrees above that point, and P its volume at 32°. Then 
P'=P. (l + — P (^480^ ) ar,(l P is unknown, its value. 
deduced from the last equation, may be calculated from the formula 
P = P, f_480 \ V480+TV It frequently happens, in the employment of Fahrenheit’s thermometer, that when P' for the above formula is known’, it is not P itself which is wanted, but the volume of gas at some other temperature, as at 60" F. This value may be obtained without first calculating what P is. Thus, retaining the value of P' and 1" as in the preceding formula, let P" be the corresponding quantity of gas, at some other temperature, the degrees of which above 32° may be expressed by T". Now P" = (480 4- T") 480 g P} but as P is unknown, let its value in P' be substituted. 

480* P' + 480 T" P' _ P' 480 (480 + T'') P' (480 + T") ' 480* +480 T' - 480 (480 + TO “ 480 + T'. * 
Suppose, for example, a portion of gas occupies 100 divisions of a graduated tube at 48°, how many will it fill at 60° F. ? Here P'= 100; T' =; 48 — 32 or 16; T" = 60 — 32, or 28. The number sought, or 

the P'' 100 x 508 496 = 102’42. 
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The rate of expansion of atmospheric air at temperatures exceeding 212° has been examined by Dulong and Petit, and the following table contains the result of their observations. 

All bodies are either solid, fluid, or aeriform, according to the rela- tion of the cohesive and repulsive forces among the particles. Heat has a tendency to destroy cohesion, and therefore by the addition of heat the form, or rather state, of all bodies may be changed from a solid to a liquid, and from a liquid into a gas. Thus the solid ice may, by the addition of heat, be converted into the liquid water, and that again may be converted into the gaseous form steam; by diminishing the heat of steam it will be converted intc water, and by diminishing the quantity of heat in water it will be converted into ice. The temperature at which solids are converted into liquids is called the melting point, or point ot fusion; and the point at wliich liquids solidify is called their point of congelation: both of these points are the same in the same body under the same circumstances, but different in different bodies. The following table shows the melting points of various substances. 

Gold Silver, o Copper 
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When a sufficient quantity of heat is applied to a liquid it rises in an aeriform state, denominated vapour. Vapours and gases bear a resem- blance to each other in their form; but it is the distinguishing character- istic of vapours that they may be converted into the form of liquids by a ■ moderate pressure, without diminishing the temperature, or by moderately diminishing the temperature without increasing the pressure. Gases resist all condensation at moderate temperatures or pressures. Were we able to apply sufficient heat there is reason to believe that all bodies whatever might be converted into vapour, but some substances resist even being fused by the most intense heat we have yet been enabled to produce; such substances are said to be fixed in the fire, and those that are not are said to be volatile. Most solids pass into liquids before they are converted into vapour, but a few, such as sal ammonia and arsenic, pass immediately into the state of vapour from that of the solid. Vapours occupy much more space than the solids or liquids. Thus one cubic foot of water at its point of greatest density, when converted into vapour will occupy 1696 cubic feet; and it has been found that vapours expand by the same law as gases, by uniform increments of heat, that is, 

provided the quantity of vapour remains the same; they expand 
of their bulk for each degree of Fahrenheit’s thermometer; and the volume or space occupied by both vapour or gas is in the inverse ratio of their pressure upon it. Evaporation goes on in all liquids at common temperatures, but so gently that it is not perceptible, excepting after the liquid has been exposed for a considerable time, when it will be found diminished in bulk. The rapidity of this insensible evaporation is different in different substances. Thus alcohol evaporates more quickly, ceteris paribus, than water. Evaporation increases with the extent of surface, and also with the tem- perature and the dryness of the surrounding air. It also increases when the air is put in motion, and also by a diminution of the atmospheric pressure. Scientific men have differed concerning the cause of evaporation. It was once supposed to be owing to chemical attraction between the air and water, and the idea is at first view plausible, since a certain degree of affinity does to all appearance exist between them, it is nevertheless impossible to attribute the effect to this cause. When the heat is considerable, evaporation goes on perceptibly, and the phenomenon of ebulition takes place; the temperature at which this takes place under the ordinary pressure of the atmosphere is called the boiling point. The following table exhibits the boiling points of various substances as determined by creditable experimenters. 
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The boiling point of a liquid varies with the pressure of the atmos- phere, increasing uniformly with the pressure. The boiling point of water at a pressure equal to thirty inches of mercury, or 15 lbs. per square inch, is 212° Fah., and by careful experiments it has been found that the boiling point sinks below 212°, or rises above it in the ratio of 0'88 of a degree, for every half inch of difference of the height of the mercurial column below or above 30 inches. Thus if the barometer stand at 25 inches, which is 10 half inches below 30, we have 0-88 x 10 = 8*8, which taken from 212 leaves 203’2 degrees, the corresponding boiling point; and at a pressure of 36 inches the boiling point would be 6 x 2 x 0-88 = 10-56, which added to 212 gives 222-56 degrees the boiling point. From this it can be easily shown by simple proportion that a change of one-tenth of an inch in the barometer will vary the temperature of the boiling point by 0-176 of a degree. This article has already extended to such a length, that we will be obliged to refer to our article Steam for further particulars regarding this important department of the doctrine of heat. See Steam. Although the thermometer should stand at the same height when put into different liquids, this is no proof that they contain the same quantities of heat. If two glasses of unequal capacities be filled with the same sort of water at the same temperature, it is manifest that the water in the larger vessel must contain the greatest quantity of heat. This obvious fact leads naturally to the inquiry whether equal quantities of different materials contain the same quantities of heat, while the thermometer in- dicates equality of temperature. Whether a pound of water, for example, contains as much heat as a pound of mercury of the same temperature. If equal quantities of water are mixed together, the one at 100 and the other at 200, the temperature of the mixture will be 150°, 
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the mean between the two: but if a cubic foot of water, at any tempera- ture, be mixed with a cubic foot of mercury at some other temperature, the mixture will not be a mean between the two; thus if the water be at 40* and the mercury at 100, the temperature of the mixture will not be 70°, which is the mean, but 60°; and if the water had been 100 and the mercury 40°, the temperature would have been 80®. Thus it appears that equal quantities of the same substance, when mixed, give a tem- perature the mean of the two, the hot portion losing just as much as the cold portion gained; thus the cold water, in the first case cited above, gained 25, exactly what the hot water lost; but in the second case the mercury lost 40° when the water gained only 20; and in the third case tire water lost 20* whereas the mercury gained 40, showing that the same quantity of heat that will raise the same quantity of mercury a certain number of degrees will raise an equal quantity of water only half that amount. But if we take them by weight, instead of bulk, it will require 23 times as much heat to raise a given weight of water a certain number of degrees as it would an equal weight of mercury. The quantity of heat necessary to raise the temperature of a body a certain number of degrees is called its Specific heat. The phrase specific heat is often confounded with capacity for heat. The definition of the former will be understood from what has been said above. The capacity of bodies for heat are the absolute quantities of heat contained in them at equal temperatures. The reader must have been struck with the singular fact which we have been endeavouring to describe, that it requires different quantities of heat to raise the temperature of different substances the same number of degrees: thus to raise water and mercury from a temperature of 32° to 212°, the former would require 33 times as much heat as the latter. Now the question naturally arises, where does all this great quantity of heat that has been given to the water go, seeing that it is not indicated by the thermometer ? Dr Black, who first observed these phenomena, was of opinion, that heat exists in two different states in the same substance; viz., in a free and in a latent or hidden state; the former passing readily from one substance to another, affecting the senses, and likewise the height of the thermometer, this species he conceived to be only united to the body by mechanical combination. The other species of heat he conceived to be chemically combined, and only to become apparent by a change of the condition of the body, and to be in fact latent or concealed. This serves to explain the phenomena, but can be regarded in no other light than an hypothesis. Dr Turner suggests that sensible heat should be employed instead of free or uncombined heat, and insensible for latent heat; these phrases serving to state the fact without reference to any hypotheses. 
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During the process of liquifaction a large portion of heat becomes insensible. Mix a quantity of water at 32° with an equal quantity at 172°, the temperature of the mixture will be the mean, that is 102°. Mix a pound of ice at 32° with a pound of water at 172°, the heat of the water will liquify the ice, but the temperature of the mixture will not be 102°, but 32°, showing that 140<> had passed from the ice and become insensible during the process of liquiiication. This insensible heat that seems all to go for the purpose of causing fluidity, is frequently called the heat of fluidity. We have seen that 140 degrees are necessary for forming ice into water without altering the sensible heat. The following is a list of the heat of fluidity of several substances, as determined by Irvine. 

Quantities of heat also become latent during the process of evaporation, as in the process of liquification. Thus Watt found long ago that it required nearly six times as much heat to convert water at 212° into steam at 212°, as it did to raise water from 32° to 212°. Dr Ure gives the subjoined numbers as representing in degrees of Fahrenheit’s thermometer, the insensible heats of the corresponding vapours. 



General Effects of Heat corresponding to certain Temperatures. 

Heating of Factories. Heat is sent from one general focus to be distributed through very large buildings or manufactories, and as it is unconfinable, and radiates and escapes in eveiy foot of its progress, it is necessary that the source should be as near as possible to the place of delivery. The annexed figure is a section of a silk manufactory belonging to Messrs. Shute and Co., of London, situated at Watford, Herts, and is described by the late ingenious Mr Tredgold, in his Treatise on the IVarming and Ventilating Buildings. The arrangement is very simple. B is the boiler and furnace house outside the building, the smoke being conveyed away through the funnels and chimney G. A is the main steam pipe up which the steam ascends from the upper part of the boiler. 
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Into this first pipe are inserted the longitudinal pipes suspended near the ceiling of each room, marked S S S S; each of these pipes has a valve 

to regulate the supply of steam, and a siphon at the other extreme, the construction and purpose of which may be thus described. C is a small pipe for returning the water of condensation to the boiler from the upper three floors, that collected from the steam pipe of the lower floor, being used for washing and other purposes. In order to accumulate the water of condensation the longitudinal pipes, it will be seen, are placed at a slight degree of inclination down towards the pipe C, so that as the water is formed in these pipes, it runs gently down towards the further end, there enters the descending small water pipe C, whence it passes again to the bottom of the boiler, retaining still considerable heat. Mr Tredgold observes, that the power of making a good arrangement in this case was extremely limited, the mill being already full of machinery, but the advantages of it are still great, which he thus enumerates: 1. A considerable reduction in the rate of insurance. 2. The absence of all smoke, dust, and ashes, which had been found very injurious to the silk in the former way of warming. 3. A saving of fuel, and of time and labour in attending to the fires. 4. An equable heat instead of the partial one of the stoves, and a regular supply of fresh air into the mill warmed by the main pipe A. 5. The labour proceeds without inter- ruption and in a comfortable temperature. 6. The children are free from chaps and chillblains in the winter season owing to their having warm distilled water for washing. The mill is 106 feet 4 inches by 33 feet; the upper story, 8 feet high, is warmed by a pipe of 3 inches diameter; the next story, 8 feet 8 inches high, is warmed by a pipe of 4 inches; the next, 9 feet high, by a pipe also 4 inches; the next or lower story, 9 feet high, by a pipe of 5 inches diameter. The building is supplied with water from a cistern at W. It remains for us to explain the nature and uses of the siphon above referred to, and not shown in the figure; this will appeal' in the course 



of the following general observations. In every part of the distributing apparatus it is necessary to prevent any considerable quantity of water collecting, for when steam is admitted into the pipes, &c. and meets with a great surface of cold w'ater remaining in them, it condenses the steam so rapidly as to endanger the boiler and pipes, should they not be firm enough to resist the sudden external pressure thus brought upon them. When it is possible to have the boiler at a lower level than the pipes and other steam vessels, it is best to return the water of the con- densed steam into the boiler again, because it not only saves fuel, but also requires only a small supply of fresh water, which is an object of some importance in certain situations. It is, however, desirable in some cases to allow the water of condensation to collect in the pipes, and to continue to give out heat after the steam has ceased to flow into the pipes. Stop-cocks may in these cases be employed, and which after- wards allow the water to be educted from the pipes: the same cocks also serve for letting the air out of the pipes when the steam is first admitted, but, when the water is returned into the boiler, the advantage of this supply of heat cannot be reserved; and in these cases a self- acting apparatus is commonly employed for taking off the water of con- densation, one kind of which is the siphon above referred to. This is represented by the accompanying cut. The pipes are so fixed that A is the lowest point of a longitudinal pipe; thus any quantity of water that may be formed in the pipe will flow into the siphon ABC at A, and run to waste, or otherwise, at C, the water in the legs of the siphon acting as a trap to the steam in the pipe A. The length of the leg AB of the siphon should not be less than is equivalent to the force of the steam in the pipes, and must, there- fore, be determined accordingly. For example, when the steam is worked at the rate of 10 pounds per square inch, the column of water should not be less than ten feet, and even with this pressure there will be considerable oscillations unless a valve be placed somewhere intermediate, as at I). When the legs are both filled with water, and at rest, this valve should be open so as to close whenever the water has a tendency to return into the pipe. The siphon should also be large enough to take away with ease all the water formed by condensation; at the same time it should not be too large, T 3 



222 HEMISPHERE. 
because there would then be a loss of heat in the leg AB, from its being filled with steam; and in all cases the siphon should be carefully protected against freezing. In connection with the siphon it is usual to place a cock for letting the air out of the pipe instead of the stop-cock above referred to; such a one is shown at E, and it is kept to range with the lower part of the pipe, because the air being heavier than steam it will occupy only the lower portion of it. The usual diameter of the heating pipe for the common size of spinning factories, is 9 inches. Heating by air is now in general abandoned. The quantity of coals for heating by steam, a cotton-mill, of 4 flats, each 120 feet long by 40 broad, is 1429 lbs. per day; and to heat by air to the temperature for spinning coarse Nos. requires 1782 lbs. Hemisphere, one-half of a globe or sphere, formed by a plane passing through the centre. Heptagon, a figure having seven angles and seven sides. When the sides and angles are equal, it is called regular; when not, irregular.— Properties. The angle at the centre = 51°?. The angle of the polygon = 1281. The area, when the side is 1, = 3'6339126. And, there- fore, when the side is any other number, the rule for the area is, Side * X 3-6339126. Heterogeneous, signifies something whose parts are of difl'ereut kinds, in opposition to homogeneous. Heterogeneous bodies, are of unequal density and composition. Hexaedron, the cube, one of the five regular or Platonic bodies; and so called from its having six faces.—The square of the side or edge of a hexaedron, is one-third of the square of the diameter of the circum- scribing sphere; and hence the diameter of a sphere is to the side of its inscribed hexaedron as^/3 to 1. In general, if l, s, and S, be put to denote respectively the linear side, the surface, and the solidity of a hexaedron or cube, also r the radius of the inscribed sphere, and R the radius of the circumscribed one; then we have these general formulae. 

1. 1=2^= JRV/3=V/1^ (A. 
2. s = 24ra = 8 R3 = 6J» = 6 1/ s*. 
3. S = 8j-3 — 5 R3 i/3 = l* = is i/ts. 
4. R = V3 = ifV3 = =V I vA- 
5. r = iR^/3 — ~ y \/ o — -y- y/ ,v‘ 

From which equations all those quantities may be found, if any one of them be givenj Hexagon is a figure of six sides and angles. It is regular, when both sides and angles are equal : irregular, when these are unequal. 
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To describe a regular Hexagon on a given line.—On the given line describe an equilateral triangle, and from the vertex as a centre, and with a radius equal to the given line describe a circle; the given line applied to the circumierence wjll cut it in the angles of the Hexagon. To inscribe a hexagon on a circle: apply the radius to the circum- ference. 

Angle at the centre = 60° Angle at the circumference = 120° Area to side 1 = 2-5980762. Area to any side (*) = «* X 2'5980762. 
Table of Diagonals of Hexagons. 

High Pressure Engine. The simplest form of the steam engine is the non-condensing, or high-pressure engine. In this engine the con- densing apparatus is dispensed with, and steam being admitted into the cylinder, at a high temperature, and consequently high pressure, and having acted on the piston, is allowed to escape into the open air. A part of the force of the steam is of course expended in overcoming the pressure of the atmosphere, and it is only that portion of the steam's elastic force that exceeds 15 lbs. to the square inch that is effective in moving the engine. The surplus pressure is usually from 30 to 40 lbs. on the circular inch. In Perkin’s engine, a strong vessel called a generator is kept full of water, heated to a high temperature; portions of the water are successively forced out, and he relies on the heat already in the water to produce from it the requisite amount of steam. See 
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Stcajii Engine for particulars as to the mode of operation and proportions of the various parts of the high-pressure engine. Hogshead, an English measure of 63 gallons. Homogeneal, or Homogeneous, is a term applied to various subjects to denote that they consist of similar parts, or of parts of the same nature and kind; in contradistinction to heterogeneous. Homogeneal Numbers, are those of the same kind and nature. Homogeneal Surds, are such as have one common radical part, as {/ 27, and {/ 3. Homologous, a term applied to the corresponding sides of similar figures, which are said to be homologous, or in proportion to each other. Thus, the base of one triangle is homologous to the base of another similar triangle; and in similar triangles, the sides opposite to equal angles are homologous. Equiangular, or similar triangles, have their homologous sides proportional. All similar triangles, rectangles, and polygons, are to each other as the squares of their homologous sides. Horizontal Wheel. A horizontal wheel with oblique floats, some- times called iu this country a tub wheel, is turned by a current of water discharged against the floats, moving in a horizontal direction. This method is said to be in common use on the continent of Europe, and but seldom employed in England. It is a disadvantageous mode of applying power, and is only recommended in corn-mills by its simplicity, the mill-stones being turned directly by the axis of the water wheel, without the intervention of other wheels, or geering. In the same manner, another kind of tub wheel, which is a sort of inverted cone furnished with spiral floats on its inside, is made to revolve horizontally, by dis- charging into it a current of water from above. Horizontal Wind-mill. This name is given to those wind-mills which turn on a vertical axis. Various methods are employed in their construction, in most of which the wind acts by its direct impulse, as in an undershot water wheel. In the most common forms, the sails, like float-boards, present their broadside to the wind on the acting side of the wheel, but are folded up, or turned edgewise on the returning side. Those wheels, however, are found to be greatly inferior to the vertical wind-mill, in the amount of work which they are capable of performing, and at the present day they are little used. As wind is the most uncertain of all the moving agents, and fails totally in times of calm, it is not common to depend upon this power in large works, provided other moving forces can be obtained. The steam engine has in many cases superseded it, but it is still used in certain places for grinding corn, pumping water, and driving inferior machinery. Upon the ocean it is a locomotive engine of incalculable importance. Horses. Horses are often employed as movers of machinery by their 
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draught. A horse draws with greatest advantage when the line of draught is not horizontal, but inclines upward, making a small angle with the horizontal plane. The force of a horse diminishes as his speed increases. The following proportions are given by Professor Leslie, for the force of the horse employed under dillerent velocities. If his force when moving at the rate of two miles per hour, is represented by the number 100, his force at three miles per hour will be 81,—at four miles per hour 04,—at five miles 49,—and at six miles 36. These results are confirmed very nearly by the observations of Mr Wood. In this way the force of a horse continues to diminish, till he attains his greatest speed, when he can barely carry his own weight. Various estimates have been made of a horse’s power by Desaguliers, Smeaton, and others; but the estimate now generally adopted as a stan- dard for measuring the power of steam engines, is that of Mr Watt, whose computation is about the average of those given by the other writers. The measure of a horse’s power, according to Mr Watt, is, that he can raise a weight of 33000 pounds to the height of one foot in a minute. In comparing the strength of horses with that of men, Desaguliers and Smeaton consider the force of one horse to be equal to that of five men; but writers difler on this subject. When a horse draws in a mill or engine of any kind, he is commonly made to move in a circle, drawing after him the end of a lever which projects like a radius from a vertical shaft. Care should be taken that the horse-walk, or circle, in which he moves, be large enough in diameter; for since the horse is continually obliged to move in an oblique direction, and to advance sideways as well as forward, his labour becomes more fatiguing, in proportion as the circle in wliich he moves becomes smaller. In some ferry boats and machines, horses are placed on a revolving platform, which passes backward under the feet, whenever the horse exerts his strength in drawing against a fixed resistance, so that the horse propels the machinery without moving from his place. A horse may act within still narrower limits, if lie is made to stand on the cir- cumference of a large vertical wheel, or upon a bridge supported by endless chains which pass round two drums, and are otherwise supported by friction wheels. Various other methods have been practised for applying the force of animals, but most of them are attended with great loss of power, either from friction, or from the unfavourable position of the animal. Hydrodynamics treats of the state and forces of liquids, at rest or in motion. It is divided into hydrostatics and hydraulics. Hydrostatics is the science which treats of the weight, pressure, and 
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equilibrium of liquid fluids. The particles in liquids are freely movable among each other, so as to yield to the least disturbing force; but though it was formerly believed that the liquid fluids are incompressible, recent experiments have shown that they may be indefinitely condensed by pressure. The fundamental truth, on which the whole science of hydrostatics rests, is equality of pressure. All the particles of fluids are so connected together, that they press equally in every direction, and are continually pressed upon; each particle presses equally on all the particles that surround it, and is equally pressed upon by them; it equally presses upon the solid bodies which it touches, and is equally pressed by those bodies. From this, and from their gravity, it follows, that when a fluid is at rest, and left to itself, all its parts rise or fall so as to settle at the same level, no part standing above or sinking below the rest. Hence, if we pour water or any other liquid into a tube bent like the letter U, it will stand at the same height in both limbs, whether they are of the same diameter or not, and thus a portion of the liquid, however small, will resist the pressure of a portion however large, and balance it. In a common tea-kettle, for instance, water poured into the body of the vessel will rise to the same level in the nose as in the vessel; and if poured into the nose, the same will also be true, and the small column of water in the nose balances the whole column in the body of the vessel, and will continue to do so, however large the one, and however small the other may be. From this fact two important conclusions follow, derived both from reasoning and from daily experience. The one is, that water, though, when unconfined, it can never rise above its level at any point, and can never move upwards, will, on being con- fined in close channels, rise to the height from which it came, that is, as high as its source; and upon this principle depend all the useful contrivances for conveying water by pipes, in a way far more easy, cheap, and effectual than by those vast buildings, called aqueducts, by which the ancients carried their supplies of water in artificial rivers over arches for many miles. In this case, the stream must have been running down all the way, and consequently a fountain fed from it at its termi- nation, could not furnish the water at the same height as its source. The other conclusion is not less true, but far more extraordinary, and, indeed, startling to belief, if we did not consider the reasoning upon which it is founded; it is that the pressure of the water upon any object against which it comes, is not in proportion to the body or bulk of the water, but only to the size of the surface, on or against which it presses, and its own height above that surface. Thus, in a tunnel-shaped vessel, the pressure on the bottom is not proportioned to the whole body of water in the vessel, but only to a column of the fluid equal in diameter to the bottom. The general rule for estimating the pressure of any fluid, is to 
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multiply the height of the fluid by the extent of the surface on which it stands; and this by the weight of some known portion of the fluid. Thus the weight of a cubic foot of water is very nearly 1000 ounces avoir- dupois; and supposing that a basin containing water up to the height of 10 feet, has a base whose area is 100 square feet, we have 1000 x 100 X 10 = 1,000,000 ounces the whole pressure on the bottom, which gives for the pressure on one square foot of the bottom 10,000 ounces, or 625 lbs. If any portion of the fluid is supported by a tube above the remainder, the pressure on the bottom of the vessel will be the same as if the water was throughout at the same height as that in the tube, so that the height of the tube is multiplied by the extent of the bottom of the vessel, to determine the whole pressure. And thus it is that the pressure on the bottom of the forementioned basin being only covered by a thin stratum of water but that connected with the water in a tube ten feet in height. In this way a small quantity of water may be made to give a great pressure. This principle of equal pressure has been called the hydrostatic paradox, though there is nothing in reality more para- doxical in it than that one pound at the long end of a lever should balance ten pounds at the short end; it is, indeed, but another means, like the contrivances called mechanical powers, of balancing different intensities of force by applying them to parts of an apparatus which move with diflerent velocities. This law of pressure is rendered very striking in the experiment of bursting a strong cask by the action of a few ounces of water. Suppose a cask already filled with water, and let a long tube be screwed tightly into its top, which tube will contain only a few ounces of water; by filling this tube the cask will be burst. The explanation of the experiment is this; if the tube have an area of a fortieth of an inch, and contain half a pound of water, this will produce a pressure of half a pound upon every fortieth of an inch over all the interior of the cask. The same effect is produced in what is called the hydrostatic bellows. The tube is made to communicate with an apparatus constructed like a common bellows, but without a valve. If the tube holds an ounce of water, and has an area equal only to one thousandth of that of the top board of the bellows, an ounce of water in the tube will balance weights of a thousand ounces resting on the bellows. The hydrostatic or hydrau lie press o.f Mr Bramah, (see Bramah's press), is constructed on this principle. The uses to which this power may be applied, are of great variety and extent, but this branch of art seems to be yet in its infancy. Upon the tendency of all the parts of fluids to dispose themselves in a plain or level surface, depends the making of levelling instruments, or instruments for ascertaining whether any surface is level, or any line horizontal; for finding what point is on the same level with any given point, and howmuch any point is above or below the level of any other point. 
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We have thus far spoken of the pressure of liquids upon a horizontal or level surface, in which case it is only necessary to multiply the height of the fluid by the extent of the surface, and the weight of the bulk is equal to the pressure upon the surface. But if the surface is not hori- zontal, a different rule must be applied; for then the pressure is equal to the weight of the bulk, found by multiplying the extent of the surface into the depth of the centre of gravity of the surface. In this manner we can find the pressure upon a dam; we must take half the depth of the water, and multiply it by the superficial extent of the dam; this gives the bulk of water whose weight is the pressure on the dam. The pressure against the upright sides of a cylinder filled with water, may be found by multiplying the curve surface under water by the depth of its centre of gravity, which is half the depth of the water. The increase of pres- sure in proportion to the depth of the fluid, shows the necessity of making the sides of pipes or masonry, in which fluids are to be contained, stronger in proportion to their depth. It is therefore needless to make them equally thick and strong from the top downwards. If they are thick enough for the great pressure below, they will be thicker than is required for the smaller pressure above. The same is true in regard to flood-gates, dams, and banks. When a solid body is plunged in any liquid, it must displace a quantity of that liquid exactly equal to its own bulk. Hence by measuring the bulk of the liquid so displaced, we can ascertain, precisely the bulk of the body; for the liquid can be put into any shape, as that of cubic feet or inches, by being poured into a vessel of that shape divided into equal parts. This is the easiest way of measuring the solid contents of irregular bodies, when a body is plunged into a liquid, if it be of the same weight as the liquid, it will remain in whatever part of the fluid it is placed; if it be heavier, it will sink to the bottom; if lighter, it will rise to the top. If any body, therefore, be weighed in the air, and then weighed in a liquid, it will lose as much in weight as an equal bulk of the liquid weighs. In this manner we determine the relative weights of all bodies, or the proportion which they bear to each other in weight, which is called their specific gravity. Suppose a mass of gold, for instance, to have a certain weight in the air; it would lose, on being weighed in water, about a nineteenth of its weight; that is, the gold <vould be nineteen times heavier than water. The instrument used for this purpose is called the hydrostatic balance, (See Balance'), and affords the easiest and most accurate method of comparing all substances, whether solid or fluid. This operation may be performed with substances lighter than water, by attaching them to a stiff pin, fastened to the bot- tom of the scale, or hy suspending some heavy substance of a known weight. The same principle also enables us to ascertain the specific 
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gravities of different fluids; for, if the same substance be weighed in two fluids, the weight which it loses in each is as the specific gravity of that fluid. (See Hydrometer?) Mr Thom of Rothsay has employed the principle of floating bodies in the regulation of the height of water in mill dams. The accompanying wood cut shows a section of one of his contrivances for this purpose, called a self-regulating sluice. 

The waster sluice. This sluice, when placed upon any river, canal, reservoir, or collection of water, prevents the water within the embank- ment from rising above the height we choose to assign to it; for when- ever it rises to that height, the sluice opens and passes the extra water; and whenever that extra water is passed, it shuts again; so that whilst it saves the banks at all times from damage by overflow, it never wastes any water we wish to retain. A C B L, part of a canal, river, stream, or collection of water. B C, high water mark, or the greatest height to which the water is to be allowed to rise. BD, a sluice, or folding dam, which turns on pivots at D. E F, a hollow cylinder, having a small aperture in its bottom, to which is joined F L, a small pipe always open. Till, small holes in cylinder EF, on the line of high water mark. G H, another cylinder, waterproof, that moves up and down freely within cylinder E F; and the weight of which keeps the sluice B D shut by its connexion with BKH, a chain fixed to cylinder GH at H, thence passing over pulley K, and having its other end fixed to sluice B D at B. When the water in the canal, river, or pond, rises to the line B C, it passes into cylinder E F, at the small holes fill; and this lessens the weight of cylinder G H so much that the pressure of the water in front of sluice B D throws it open. When the water subsides, so as not to enter these holes, the cylinder is emptied by the tube F L; and then the weight of cylinder G H shuts the sluice as before. The dimensions and weight of this cylinder must of course correspond with the weight of the column of water pressing upon sluice B D. This sluice is here represented with the pivots on which it turns at its under edge, but they may be placed either at the upper or under edge as circumstances render advisable. The upper edge is also here represented on a level with high water mark, but if necessary, it may be placed anywhere between that 
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and the bottom of the pond, or aqueduct, or right below, as on an aqueduct bridge, or similar situation. The cylinders may also be placed on the outside of the dam or embankment, by having a pipe to communicate between them and the water within; but in whatever situation the sluice or cylinders may be placed, the pipe that communicates between the cylinders and the water within the embankment must always have its opening there exactly at the level of high water mark, or at the greatest height to which the water therein is to be permitted to rise. On this principle a self-acting dam may be raised in any river or stream, up to high water mark, by which means a considerable reservoir will be ob- tained, whilst during floods the dam will fold down, and no new ground be overflowed. In lawns, or pleasure grounds, through which streams or rivulets flow, these sluices might be applied to advantage; for by placing one on the bank of each pond, the water within would always be kept at the same height, whether the weather were wet or dry; and hence flowers or shrubs might be planted close to the water’s edge, or in it, (as best suits their respective habits,) and their position with regard to water, would always be the same. If a single drop of water, or any liquid of a like degree of fluidity, be pressed upon a solid surface, it will wet that surface, and adhere to it, instead of keeping together and running off. This shows that parts of the liquids are more attracted by the parts of the solids than by one another. In the same manner, round the glass in which a liquid is contained, its surface will be seen to be higher than in the centre. If the vessel be less than the twentieth part of an inch in diameter, the liquid will rise in it the higher in proportion to the smallness of the diameter. This is called capillary attraction, and tubes of this kind are called capillary tubes. See Capillary Tubes; see also Pumps, Siphons, Springs. Hydraulics is that branch of hydrodynamics which has for its object the investigation of the motions of liquids, the means by which they are produced, the laws by which they are regulated, and the force or effect which they exert against themselves or against solid bodies. This subject naturally divides itself into three heads: 1. the effects which take place in the natural flowing of fluids through the various ducts or channels which convey them; 2. the artificial means of producing motion in fluids, and destroying their natural equilibrium by means of pumps and various hydraulic engines and machines; and 3. the force and power which may be derived from fluids in motion, whether that motion be produced naturally or artificially. The particles of fluids are found to flow over or amongst each other with less friction than over solid substances; and as each particle is under the influence of gravitation, it follows that no quantity of homogeneous 
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fluid can be in a state of rest, unless every part of its surface be on a level, that is, not a level plane, but so far convex as that every part of the surface may be equally distant from the centre of the earth. As the particles of all liquids gravitate, any vessel containing a liquid will be drawn towards the earth with a power equivalent to the weight it con- tains, and if the quantity of the fluid be doubled, tripled, &c., the gravitating influence will be doubled, tripled, &c. The pressure of fluids is, therefore, simply as their heights,—a circumstance of great importance in the construction of pumps and engines for raising water. As liquids gravitate independently, if a hole be made in the bottom of the vessel, the liquid will flow out, those particles directly over the hole being discharged first. Their motion causes a momentary vacuum, into which the particles tend to flow from all directions, and thus the whole mass of the water, and not merely the perpendicular column above the orifice, is set in motion. If the liquid falls perpendicularly, its descent will be accelerated in the same manner as that of falling solid bodies. (See Mechanics.) When water flows in a current, as in rivers, it is in consequence of the inclination of the channel, and its motion is referable to that of solids descending an inclined plane; but, from want of cohesion among its particles, the motions are more irregular than those of solids, and involve some difficult questions. The friction between a solid and the surface on which it moves can be accurately ascertained; but this is not the case with liquids, one part of which may be moving rapidly and another slowly, while another is stationary. This is observable in rivers and pipes, where the water in the centre moves with greater rapidity than at the sides, so that a pipe does not discharge as much water in a given time, in proportion to its magnitude, as theoretical calculation would lead us to suppose. As water, in descending, follows the same laws as other falling bodies, its motion will be accelerated; in rivers, therefore, the velocity and quantity discharged at different depths would be as the square roots of those depths, did not the friction against the bottom check the rapidity of the flow. The same law applies to the spouting of water through jets or adjutages. Thus, if a hole be made in the side of a vessel of water, the water at this orifice, which before was only pressed by the simple weight of the perpendicular column above it, will be pressed by the same force as if the water were a solid body descending from the surface to the orifice; that is, as the square root of the distance of those two points; and, in the same way, water issuing from any other orifices, will run in quantities and velocities proportionate to the square root of their depths below the surface. Now, the quantity of water spouting from any hole in a given time, must be as the velocity with which it flows: if, therefore, a hole A be four times as deep below the surface as a hole B, it follows that A will discharge twice as much 
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water in a given time as B, because two is the square root of four. A hole in the centre of such a column of water, will project the water to the greatest horizontal distance (or range), which will be equal to twice the length of the column of which the orifice is the centre. In like manner, two jets of water, spouting from holes at equal distances above and below the central orifice, will be thrown equal horizontal distances. The path of the spouting liquid will always be a parabola, because it is impelled by two forces, the one horizontal, and the other (gravitation) perpendicular. To prove this by experiment, let two pipes of equal size, m and n, be fixed into the side of the vessel A, but so that the pipe » is placed four times deeper below the surface c than the pipe m. (In this case the orifices fCg are supposed to be clos- ed.) If the surface of the water in the vessel be kept at the same height by a constant supply being poured in, and if two vessels, one of which Would hold a pint, be placed under the pipe m, and the other which would contain a quart under the pipe n, both vessels will be filled in the same time from their respective pipes. Wherefore the quantities of water passing through equal holes in the same time, are as the square roots of their depths. The horizontal dis- tance to which a fluid will spout from a hole made in the side of an upright vessel may be determined in the following manner. Let the vessel A be filled with water to the height of the surface, and let dk a be a horizontal plane upon which the jets fall; on c d, as a diameter describe a semicircle chd, whose centre C shall be the central height of the column of fluid in the reservoir A; then if holes be made in the reservoir at the points fCg, and lines drawn from them to the semicircle perpendicular to the diameter of the semicircle, or the side of the vessel as at fb, C h, and g i ; the distance to which water will spout from the holes/C g, will be proportionate to the length of line which cuts the semicircle. As C A is the longest line which can be drawn within the semicircle, the water spouting from C will reach the greatest horizontal distance a, and that range, if in vacuo, would be equal to twice the length of line drawn from the point of discharge to the semicircle. Though water will rise in pipes as high as the surface of the head from which it is supplied; yet in perpendicular jets it can never rise so high, because of the resistance of the air, and the friction of the adjutage. The best kind of adjutage is the end of the tube covered with a thin plate, in 
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which is made a smooth hole much less than the bore of the tube. In such an adjutage the water will ascend in a regular shape, and find little friction in passing through the thin plate.—See Discharge. The second division of the subject, mentioned in the beginning of this article, is of the greatest practical utility, as embracing an account of the various pumps and machines which have been employed to raise water; and numerous as these may appear, it will be found that they may all be compreliended under four general heads: 1. those machines in which water is lifted in vessels by the application of some mechanical force to them. The earlier hydraulic machines were constructed on this principle, which is the simplest; such are the Persian wheel, consisting of upright buckets attached to the rim of a wheel, moving in a reservoir of water; the buckets are filled at bottom, as they pass through the water, and emptied at top, so that the water is raised a height equal to the diameter of the wheel. The wheel may be turned by living power, or, if in running water, by fastening float boards to the circumference. A modification, and decided improvement on the Persian wheel has been long in use in Scotland. This wheel was the invention of Mr George Micke, an ingenious millwright of Alloa, in Clackmannanshire. (See Water Wheel.) The Archimedian screw, the bucket-engine or chain-pump, and the rope-pump of Vera, are modifications of the same principle. See Water Works. 2. The next class of machines are those in which the water is raised by the pressure of the atmosphere, and comprises all those machines to which the name of pump is more particularly applied. These act entirely by removing the pressure of the atmosphere from the surface of the water, which may thus be raised to the height of about thirty-two feet. Whenever it becomes necessary to raise water to greater heights, the third class of machines, or those which act by compression on the water, either immediately or by the intervention of condensed air, are employed. All pumps of this description are called forcing-pumps. Although atmospheric pressure is not necessary in the construction of forcing-pumps, it is, in most cases, resorted to for raising the water, in the first place, into the body of the pump, where the forcing action takes place. In machines of this kind the water may be raised to any height. —See Water Works. 3. The next class of hydraulic machines for raising water, consists of such engines as act either by the weight of a portion of the water which they have to raise, or of any other water that can be used for such purpose, or by its centrifugal force, momentum, or other natural powers; and this class, therefore, includes some very beautiful and truly philoso- phical contrivances, too numerous for us to describe. The Hungarian machine, the centrifugal pump, and the water-ram, are among the number. 
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The large pipe AB called the body of the ram, passes through the side of the reservoir PQ, from which the fall of water is obtained. It has a trumpet mouth at one end A, and at the other end an opening 

HH, which can be closed by valves C or D. When these valves are open, the water will issue at H H with a-velocity due to the height AP; but when the internal valve C is closed, as in the figure, the water is prevented from issuing. When the valve C opens, it descends into the position shown by the dotted lines G G, being guided between three or four stems g g, which have hooks at the lower ends for supporting the valves. In this case the water has a free passage between these stems, and the width of the passage can be increased or diminished by the screws with which the stems are fixed. The valve C is made of metal, and has a hollow cup or dish of metal attached to its lower surface. The seat HH of the valve is wider than the diameter of the pipe AB. It consists of a short cylinder or pipe screwed by its flanch h h into the opening of the upper surface of the head R of the ram; and the cylinder is so formed as to have an inverted cup or annular space ii round the upper part of it for containing air, which cannot escape when it is com- pressed by the water. A small pipe k l, leading from this annular space to the open air, is furnished with small valves, k l, one of which, k, opens inwards to admit the air into i i, but to prevent its return, while the other valve, l, admits a certain quantity of air, and then shuts and prevents any further entrance. The valve D is exactly the same as C, only it descends as in the figure when it shuts, and rises when it opens. The upper part of the head of the ram at E is made flat, and has several valves which allow the water to pass freely from the pipe AB, but pre- vent its return. On each side of the head of the ram, at the part opposite to these valves is a hollow enlargement, shown by the dotted lines K, forming a circular bason, through the centre of which the pipe ABR passes. The pipe is here made flat instead of circular, for forming the 
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seats of the valves, and the bason K K is covered with an air vessel FF. This air vessel communicates all round the pipe B, with the bason KK, and with the vertical pipe M. The machine being thus constructed, let us suppose the pipe A B R full of water, and the valve C to be opened, the water will lift the valve D, and escape with a velocity due to the height of the reservoir. In a short time, the water having acquired an additional velocity, raises the valve G, which shuts the passage, and prevents the escape of the water. The consequence of this is, that all the included water exerts suddenly a hydrostatical pressure on every part of the pipe, compressing at the same time the air in the annular space i i, which by its elasticity diminishes the violence of the shock. This hydrostatical pressure opens the valves at E, and a portion of the water flows into the air vessel F, and condenses the air which it contains. The valves at E now close, preventing the return of the water into the pipe, and the water recoils a little in the tube with a slight motion from B to A, in consequence of the reaction or elasticity of the compressed air in i i, and also of the metal of the pipe, which must have yielded a little to the force exerted upon it in every direction. The recoil of the water towards A produces a slight aspiration within the head R of the ram, which causes the valve D to descend by its own weight, and prevent the water X which covers it from descending into the tube. The air, however, passes through the pipe l k, opens the valve k, and a small quantity is sucked into the annular space i i; but the quantity is very small, as the valve & closes as soon as the current of air becomes rapid. During the recoil towards A, the valve C, being unsupported, fells by its own weight; and when the force of recoil is expended by acting on the water in the reservoir PQ, the water begins again to flow along ABR, and the very same operation which we have described is repeated without end, a portion of water being driven into the air vessel F at every ascent of the valve C. The air in this vessel being thus highly compressed, will exert a force due to its elasticity upon the surface of the water in the vessel F, and will force it up through the pipe M to a height which is sufficient to balance the elasticity of the included air. The small quantity of air which is drawn into the annular space i i through the air tube / £ at each aspiration, causes an accumulation of air in the space i i; and when the aspiration of recoil takes place, a small quantity of air passes from i i, and proceeds along the pipe till it arrives beneath the valves at E, and lodging in the small space beneath the valves, it is forced into the air vessel at the next stroke, and thus aflbrds a constant supply of air to the vessel. The valves make in general from fifty to seventy pulsations in a minute. When the fall of water, or PQ, is five feet, and the pipe AB six inches in diameter, and fourteen feet long, a machine with its parts 
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proportioned as in the figure will raise water to the height of 100 feet. It will expend about seventy cubic feet per minute in working it, and will raise about two and a third cubic feet per minute to the height of 100 feet. For another form of this machine see Water Works. The third general division of the subject relates to the means by which motion and power may be obtained from liquids, and includes the general consideration of water-wheels and other contrivances for moving machi- nery. Motion is generally obtained from water, either by exposing obstacles to the action of its current, as in water-wheels, or by arresting its progress in movable buckets, or receptacles which retain it during a part of its descent. Water-wheels have three denominations, depending on their particular construction, on the manner in which they are set or used, and on the manner in which the water is made to act upon them; but all water- wheels consist, in common, of a hollow cylinder or drum, revolving on a central axle or spindle, from which the power to be used is communi- cated, while their exterior surface is covered with vanes, float-boards, or cavities, upon which the water is to act. The undershot wheel is the oldest construction of this kind: it is merely a wheel, furnished with a series of plane surfaces or floats projecting from its circumference, for the purpose of receiving the impulse of the water which is delivered under the wheel. As it acts chiefly by the momentum of the water, the positive weight of which is scarcely called into action, it is only proper to be used where there is a great supply of water always in motion. It is the cheapest of all water-wheels, and is more applicable to rivers in their natural state than any other form of the wheel; it is also useful in tide-currents, where the water sets in opposite directions at different times, because it receives the impulse equally well on either side of its floats. In the overshot wheel, the circumference is furnished with a series of cavities or buckets, into which the water is delivered from above. The buckets on one side, being erect, will be loaded with water, and the wheel will be thus set in motion; the mouths of the loaded buckets, being thus turned downwards by the revolution of the wheel, will be emptied, while the empty buckets are successively brought under the stream by the same motion, and filled. The breast-wheel differs from this in receiving the water a little below the level of the axle, and has floats instead of buckets. In these two wheels, the weight and motion of the water are used, as well as its momentum, and a much greater power is, therefore, produced with a less supply of water than is necessary for the under-shot wheel. In order to permit these wheels to work with freedom, and to the greatest advantage, it is necessary that the back or tail water as it is called, or that which is discharged from the bottom of the wheel, should have an uninterrupted passage oil'; for 
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otherwise it aecumulates, and forms a resistance to the float-boards^ One of the simplest methods of removing it consists of forming two drains through the masonry, each side of the water-wheel, so as to per- mit a motion of the upper water to flow down into the tail, in front of the wheel. The water, thus brought down with great impetuosity, drives the tail-water before it, and forms a hollow place, in which the wheel works freely, even if the state of the water be such that it would otherwise form a tailing of from twelve to eighteen inches. The drains may be closed whenever the water is scarce. Numerous other contri- vances are in use, which our limits will not permit us to describe. See Breast, Over shot and Under-shot, Water Wheel. In Barker’s centrifugal mill, the water does not act, as in the con- trivances above noticed, by its weight or momentum, but by its centrifugal force and the reaction that is produced by the flowing of the water on the point immediately behind the orifice of discharge. It consists of a revolving vertical tube, which receives the water at the top, and at the bottom of which is a horizontal tube, extending on each side of it, and having apertures opening in opposite sides, near the ends. The water spouting from these apertures keeps up a constant rotatory motion, by reaction. Hydrometer, an instrument, which, being immersed in fluids, as in water, brine, beer, brandy, determines the proportion of their densities or their specific gravities. The hydrometer will sink in diflerent fluids in an inverse proportion to the density of the fluids. The weight required to sink a hydrometer equally far in different fluids, will be directly as the densities of the fluids. Each of these two facts gives rise to a particular kind of hydrometer; the first with the graduated scale, the second with weights. The latter deserves the preference. There are various instruments used as hydrometers; one is a glass or copper ball, with a stem, on which is marked a scale of equal parts or degrees. The point to wiiich the stem sinks in any liquid being ascertained and marked on this scale, we can tell how many degrees any other liquid is heavier or lighter, by observing the point to which the stem sinks in it. Another kind is formed by preparing a number of hollow glass beads, of different weights, and finding which bead will remain stationary in any liquid, wherever it is placed. An instrument of great delicacy, which will even detect any impurity in water too slight to be detected by any ordinary test, or by the taste, consists of a ball of glass three inches in diameter, with another joining it, and opening into it one inch in diameter. A wire, about ten inches long and one-fortieth of an inch in diameter, divided into inches and tenths, is screwed into the larger ball. A tenth of a grain, placed on the top of the wire will sink it a tenth of an inch. Now it will stand in one kind of water a tenth of an inch 
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lower than in another, which shows that a bulk of one kind of water, equal to the bulk of the instrument (which weighs 4000 grs.), weighs one tenth of a grain less than an equal bulk of the other kind of water; so that a difference in specific gravity of one part in 40,000 is detected. The areometer is more simple and accurate. A glass phial, about two inches in diameter, and seven or eight long, is corked tight; into the cork is fixed a straight wire, one twelfth of an inch in diameter, and thirty inches long. The phial is loaded with shot, so as to sink in the heaviest liquid, leaving the wire just below the surface. The liquor is then placed in a glass cylinder, three or four feet long, with a scale of equal parts on the side, by which the point to which the top of the wire sinks is marked. This instrument is so delicate, that the sun’s rays, falling upon it, will cause the wire to sink several inches; and it will rise again when carried into the shade. Nicholson made an improvement by which the hydrometer is adapted to the general purpose of finding the specific gravity both of solids and fluids. A is a hollow ball of copper, B a dish affixed to the ball by a short slender stem D; C is another affixed to the opposite side of the ball by a kind of stirrup. In the instrument actually made, the stem D is of hardened steel 1-40 of an inch in diameter, and the dish C is so heavy as in all cases to keep the stem vertical when the instrument is made to float in any liquid. The parts are so adjusted, that the addition of 1000 grains in the upper dish B, will just sink it in distilled water, at the temperature of 60" of Fahrenheit’s thermometer, so far that the surface shall in- tersect the middle of the stem D. Let it now be required to find the specific gravity of any fluid. Immerse the instrument in it, and by placing weights in the dish B cause it to float, so that the middle of its stem D shall be cut by the surface of the fluid. Then, as the known weight of the instrument, added to 1000 grains, is to the same known weight added to the weight used in producing the last equilibrium, so is the weight of a quantity of distilled water displaced by the floating instrument, to the weight of an equal bulk of the fluid under examina- tion. And these weights are in the direct ratio of the specific gravities. Again, let it be required to find the specific gravity of a solid body, whose weight is less than 1000 grains. Place the instrument in dis- tilled water, and put the body in the dish B. Make the adjustment of sinking the instrument to the middle of the stem, by adding weight in the same dish. Subtract those weights from 1000 grains, and the re- mainder will be the weight of the body. Place now the body in the lower dish C, and add more weight in the upper dish B, till the adjustment is again obtained. The weight last added will be the loss 
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the solids sustain by immersion, and is the weight of an equal bulk of w ater. Consequently the specific gravity of the solid is to that of water, as the weight of the body to the loss occasioned by the immersion. Hypotenuse, or Hypothenuse in Geometry, is that side of a right- angled triangle which is opposite to the right angle, the square of which is equal to the sum of the squares of the other two sides. Hypothesis, a proposition or principle which is supposed or taken for granted, in order to draw conclusions for the proof of a point in question. 

Icosahedron, in geometry, one of the regular platonic bodies, com- prehended under twenty equal triangular sides or faces. Let * represent the side; then will surface equal = 5s’\/3 = 
8-66025403 f2 and solidity = { a3 ^ = 2 1816950 f3. 

The radius of the sphere circumscribing an Icosahedron being given, to find its side or linear edge, surface, and solidity. Let R represent the given radius, then will 
Rv/(!°^A) 

surface = 2 It* (5^/3 — y/15) 
sohdity = ! R3 ^(10 + 2 y/5.) 

Or putting r to represent the radius of the inscribed sphere, we shall 
side — r y/ (42 — 18 \/5) 
surface = 2r* (7 s/3 — 3 /15) 
solidity = 10r3 (7 \/3 — 3 v/15) 

Or writing s for the side, we have radius of circumscribing sphere 

radius inscrib. sphere 

Impact, the single instantaneous blow or stroke communicated from one body in motion, to another either hi motion or at rest. 
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Impenetrability, that quality of a hotly which prevents it from heing pierced. Impetus, the product of the mass and velocity of a moving hotly, considered as instantaneous, in distinction from momentum, with reference to time, and force with reference to capacity of continuing its motion. Incidence, in mechanics, is used to denote the direction in which a body, or ray of light, strikes another body; and is otherwise called incli- nation. In moving bodies their incidence is said to be perpendicular or oblique, according as their lines of motion make a straight line, or an angle at the point of contact. Angle of Incidence, generally denotes the angle formed by the line of incidence, and a perpendicular drawn from the point of contact to a plane or surface on which the body or ray impinges. Thus if a body impinges on the plane at a point, and a perpendicular be drawn, then the angle made by this perpendicular and the incident ray is generally called the angle of incidence, and the complement of this the angle of inclination. Inclination, denotes the mutual approach or tendency of two bodies, lines, or planes, towards each other, so that the lines of their direction make at the point of contact an angle of greater or less magnitude. Inclined Plane. A plane which forms an angle with the horizon. The force which accelerates the motion of a heavy body on an inclined plane, is to the force of gravity, as the sine of the inclination of the plane to the radius, or as the height of the plane to its length. \if = force accelerating the body on an inclined plane, of which the inclination is i, and if^r = force of gravity, / = g sine i. Hence the motion of a body on an inclined plane, is a motion uniformly accelerated. If two bodies begin to descend from rest, and from the same point, the one on an inclined plane, and the other falling freely to the ground, their velocities at all equal heights above the surface will be equal. Hence the velocity acquired by a body in falling from rest through a given height, is the same, whether it fall freely, or descend on a plane any how inclined. The space through which a body will descend on an inclined plane, is to the space through which it would fall freely in the same time, as the sine of the inclination of the plane to the radius. When a power acts on a body, on an inclined plane, so as to keep that body at rest; then the weight, the power, and the pressure on the plane, will be as the length, the height, and the base of the plane, when the power acts parallel to the plane; that is, 
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The weight ^ (AC The power r will be as ^ BC The pressure on the plane ' AB 

When the power does not act parallel to the plane, then from the angle C of the plane, draw a line perpendicular to the direction of the power’s action; then, the weight, the power, and the pressure on the plane, will be as AC, CB, AB. When the line of direction of the power is parallel to the plane, the power is least. If two bodies, on two inclined planes, sustain each other, by means of a string over a pulley, their weights will be inversely as the lengths of the planes. The diameter of a circle perpendicular to the horizon, and any chord terminating at either extremity of that diameter, are fallen through in the same time. Thus a body will fall through the diameter E A in the same time that it would descend the inclined plane ED, or the plane DA, each of these being chords of the same circle. The velocities which bodies acquire by descend- ing along chords of the same circle, are as the Jy lengths of those chords. If a body descend over a series of inclined planes, at each of the angular points, where it passes from one plane to another, it loses a part of the velocity it had acquired, proportional to the versed sine of the inclination of the planes. If v be the velocity it has acquired when it comes to any angle Q, v X vers, p is the velocity lost. Any angle being given, it may be divided into angles, so small, that the sum of the versed sines of these angles shall be less than any given magnitude. Hence the number of planes may be so increased, and their inclination to one another so diminished, that though the change of direction between the first and the last "be ever so great, the loss of velocity in the descending body shall be less than any given quantity. Therefore, if the body descend in a curve, it will suffer no loss of velocity. Indicator, an instrument for ascertaining the amount of the pressure of steam and the state of the vacuum throughout the stroke of a steam engine. Boulton and Watt long employed an instrument of this kind, the nature of which was for a long time not generally known. Of late an instrument acting upon the same principle and equally accurate, has been made by Mr M‘Naught, of Glasgow, which we shall describe under our article Tell Tale. 
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Inkrt;a, is the term which designates the passiveness of matter, which, if at rest, will for ever remain in that state until compelled by some cause to move; and, on the contrary, if in motion, that motion will not cease, or abate, or change its direction, unless the body be resisted. That a body at rest will not move of itself, will be readily admitted; but its tendency to continue the motion once communicated to it, contra- dicting our ordinary experience, requires a little explanation. We can indeed produce no species of motion which will fully illustrate the proposition by experiment; but the conclusion seems undeniable, when we consider the effect produced by diminishing the obstructions to a body in motion. These obstructions are, gravitation, the resistance of the air, and friction. Gravitation, operates according to established laws, unsusceptible of change or modification by human art; most of the resistance of the air may be removed by means of the air-pump, but experiments with this machine can only be of small extent; the last- named obstruction to motion, viz. friction, is therefore the only one we have in general the power of diminishing; and yet in proportion as this one is diminished, we find the motion communicated to a body by a given impulse, so much increased that we cannot hesitate to consider the action of gravitation and the resistance of the air, combined with the friction yet undestroyed, as the sole causes of its ever ceasing. If a ball be projected along a rough pavement, it will soon stop; if projected on a level floor, the same force will send it much further; and on a surface perfectly plane, hard, and smooth, a ball also perfectly hard and smooth, as well as globular, would be carried perhaps five hundred yards, by the same force that would scarcely carry it twenty yards upon the rough pavement. So far, also, as reasoning confirms the explanation given of the inertia of matter, it seems as absurd to suppose that matter once put in motion can stop without a cause, as .that when at rest it can move without a cause. Inertias, Vis. See Vis Inertia. Inscribed Figure, is one which touches all the sides of another figure internally. To inscribe a circle in any triangle or regular polygon: Bisect two of the angles, the intersection of the bisecting lines will be the centre of the circle, and its radius will be the perpendicular drawn from that point to any of the sides. Interior angle or a Polygon, that which is formed internally by the meeting of any of the sides of the figure. Intestine Motion of the parts of a body, is that which takes place amongst the component parts. Intrados, the internal curve of the arch of a bridge. Involute curve, is that which is traced out by the end of a thread that is coiled round another curve. This species of curve is frequently used in the formation of the teeth of wheels. 
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Iron is intrinsically the most valuable of all the metals. In treating of this metal, we shall adopt the following order: its ores; their reduction to the metallic state; mechanical properties, and other particulars. Ores of Iron. Iron exists in nature under four different states—the native state; that of an oxide; in combination with combustible bodies, particularly with sulphur; and, finally, in the state of salts, as the . sulphate, phosphate, and carbonate, of iron. Natural malleable iron is 1 a rare production of this globe, nearly all that has ever been found upon J it having come to us from the atmosphere. It would be inconsistent with the nature of this work to enter into minute details of the chemical history of iron ores and salts. Of the ores there are at least fifteen, but as only four of them are employed in the manufacture of cast and malleable iron we shall omit all the others in our description. Magnetic Iron Ore, or Oxydulated Iron, is of an iron-black colour, more intense than belongs to metallic iron; its powder is of a pure black. It occurs crystallized, in the form of the regular octahedron, which is its , fundamental form; it usually, however, presents itself in large lamelli- ! form masses, with distinct octahedral cleavages, in granular concretions, or compact. It is brittle, has the hardness of feldspar, and a specific gravity of 5-094. It exerts a decided action on the magnetic needle; and certain specimens, especially of a compact variety, attract and repel, alternately, the poles of a needle, according as we present the same point of a fragment of the ore to one or the other of the extremities of a needle. This variety, which is found in several countries, is called native load- stone. Its magnetic virtue strengthens by exposure to the air. The magnetic iron consists of 28T4 protoxide of iron, and 71-86 of peroxide of iron. It is infusible before the blowpipe, but assumes a brown colour, and loses its attractory power, after having been exposed to a great heat. I It is soluble in nitric acid, and maybe obtained crystallized by fusing it, as often happens in the roasting of it, in furnaces, to effect its reduction. It occurs in primitive rocks, chiefly in gneiss, mica-slate, homblende- slate, and chlorite slate, and rarely in limestone, when it forms veins, t’ beds, or even entire mountains. It also composes the chief ingredient of certain sands, which have been washed and deposited by the same currents which separated it from its original beds. The different varieties of this ore are exceedingly rich in metal, often yielding eighty per cent of iron, and are every where explored, when found in sufficient quantities, and connected with abundance of fuel and facility of trans- portation. Specular Iron Ore, and Red Iron Ore. This species, scarcely less interesting than the last in economical importance, presents many diffi- culties to the mineralogist, in consequence of the complicated forms of x 2 
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its crystals, anil the diversified appearance of its compound varieties. It is crystallized in a great number of forms, whose fundamental figure is a slightly acute rhomboid of 86“ l(y and 93° 50', which may be derived from its crystals by cleavage. The general tendency of its secondary forms is to hexagonal prisms and irregular octahedra. Lustre, metallic; colour, dark steel-gray, iron-black; streak, cherry-red, or reddish-brown; surface of the crystals frequently tarnished; opaque, except in veiy thin lamina;, which are faintly translucent, and show a deep blood red colour; brittle; hardness, the same with the preceding species; specific gravity, 5-251. Its action upon the magnet is feeble; it never attracts iron filings, or oilers magnetic polarity. Besides occurring in distinct crystals, and in lamelliform and compact masses, with a metallic lustre, it also presents itself in reniform, botryoidal, and stalactitic shapes, and earthy-looking masses, where, from the smallness of the individuals, m signs of the metallic appearance are discernible. These varieties have received distinct names, and have often been treated of, in mineralogical systems, as belonging to a distinct species, which, on account of their colour, lias been designated red iron ore. But this distinction is now given up, as an uninterrupted transition has been noticed between all the varieties of the red iron ore and the crystalline specular iron. The following are some of the varieties of the present species, according as they have acquired distinct appellations in mineralogical books, and among mankind in general; that in distinct crystals is called specular iron / that in thin, lamellar concretions, with a metallic lustre, is called micaceous iron ; the rest, with a metallic lustre, is denominated common specular iron. Those varieties which have lost their metallic appear, ance, are included within, 1. the red iron ore, divided into Jibrous red iron ore, or red hematite ; compact and ochrcy red iron ore, which are massive, and consist of impalpable granular individuals, more or less firmly connected; and scaly red iron ore, or red iron froth, consisting of very small, scaly, lamellar particles, which, in most cases are but slightly coherent: 2. clay iron ore, divided into reddle, which possesses an earthy, coarse, slaty fracture, and is used as a drawing material; jaspery clay iron ore, which has a large, flat, conchoidal fracture, and considerable hardness when compared with the other varieties of red iron ore; and columnar and lenticular clay iron ore, which are dis- tinguished, the first by the columnar form, the latter by the flattish, grannular form of its particles. The micaceous iron, analyzed by Bucholtz, and the red hematite, analyzed by D’Aubuisson, have been found to consist of Peroxide of iron, . 100-00 90 00 94-00 Oxide of manganese, 0 00 a trace a trace Silica, . . . 0-00 2-00 2-00 
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Lime, .... 0-CO a trace I’OO Water, . . . O'OO 2'00 3-00 The proportion of metal to that of oxygen, in the species, is as 69-34 : 30-66. The clay iron ores, being more or less mixed with earthy substances, vary in their contents, and several of their properties are dependant upon the nature of these admixtures. The specular iron is infusible before the blowpipe, but melts with borax, and forms a green or yellow glass, like pure oxide of iron. It is likewise soluble in heated muriatic acid. The specular iron (in the crystalline, lamelliform, and compact varieties, with a metallic lustre) forms very powerful beds, and even entire mountains, which are traversed by a multitude of Assures, and cavities lined with small, but exceedingly brilliant crystals of this substance. It yields, in the ordinary operations of reduction, sixty per cent, of metal. Its most celebrated locality is the island of Elba, which has afforded iron for sixteen centuries. Its mines are still believed to be inexhaustible. They annually yield 32,000,000 of French quintals of ore, which are transported for reduction into Tuscany, the Roman states, Liguria, and the kingdom of Naples. It is also found at Framont in the Vosges (where its exploration occupies 200 miners), in Saxony, Bohemia, Sweden, Siberia, and in the United States of America. Wherever it exists it is explored with proAt. It deserves to be men- tioned, also, that specular iron in exceedingly brilliant crystals and scales, occurs very frequently among the ejected matter of volcanoes, as in the lavas of Vesuvius and Auvergre, where it is, undoubtedly, a pro- duct of sublimation. The red hematite is found in beds and veins, in primitive and secondary countries. It occurs abundantly in Saxony, the Hartz, Silesia, and in England. It affords excellent iron, and often in the large proportion of sixty per cent. Most of the plate iron and iron wire of England are made of it. In Scotland, it is used, along with the ore of that country, at the Carron and Glasgow works. The ochrey red iron ore usually accompanies the other varieties of this species, and is treated conjointly with them. In places where it is found in considerable quantities, it is sometimes collected, washed, and employed as a polishing substance. The compact red iron ore is found in France and some other European countries, where it is reduced, and affords a good soft iron, yielding Afty per cent, of metal. But its most important use is as a polisher. It forms, when perfectly compact, the burnisher of the button maker, by means of which he imparts to gilded buttons the highest polish of which they are capable. The best specimens for button-polishers command a very high price, and usually come from little pebbles and rolled masses of this ore, found in secondary countries. The following table exhibits a mineralogical analysis of nine specimens of iron ore found in the district of Clydesdale. x 3 



even to coarse-grained, uneven, very easily frangible, soft, easily j scratched by the knife. Specific gravity taken in distilled water at the 1 temperature of 60°, 3‘1793. This is the highest and also the least valuable of the Crossbasket strata of ironstone, which are at present raised for the use of the blast fumace. The thickness of the stratum is from three to three and a half inches. (4) From Crossbasket. Colour light greyish-black. Fracture fine- J grained, earthy, slightly uneven. Rather tough. Not particulary soft. ; Specific gravity 3‘3801. This ore is found at a distance of four feet under the preceding one. J It constitutes a stratum of about nine inches in thickness, and is esteemed the purest and most valuable of the Crossbasket ores. (c) From Crossbasket. Colour light greyish black. Fracture fine- i grained, earthy, slightly uneven. Rather tough, but more easily fran- J gible, and softer than the last mentioned ore. Specific gravity 3-2699. | The average thickness of the stratum is from six to eight inches. (d) From Crossbasket. Colour brownish-black. Fracture earthy, | fine-grained, uneven. Easily frangible and soft. Specific gravity | 31175. This stratum of ironstone is situated next under that from which the 1 preceding specimen was taken, and forms the lowest which is at present 1 wrought at Crossbasket. It varies in thickness from ten to fourteen j inches. Both it and the preceding ore are reckoned of good average ! quality. This ore furnishes a curious instance of the capricious and j seemingly unaccountable alterations that are liable to take place in eveiy 



IRON. 247 
chemical manufacture, whose fundamental principles are little under- stood, and in none, perhaps, does this happen more frequently than in the smelting of iron. Although it forms the thickest of all the Cross- basket strata, and therefore holds out powerful inducements, in an economical point of view, to the iron smelter, it was at one period re- garded at the Clyde iron-works as an ironstone totally unfit for the manufacture of good iron; and having once received an unfavourable character, it was allowed to remain unworked for a long course of years. It is only of late that its employment has been again resumed; but, so far from being held in low estimation, it is now considered to be little inferior in quality to any of the Crossbasket ores, and is used very extensively in the blast furnace. Immediately above this stratum there is situated a bed of schist, containing a regular stratification of very large modules of ironstone. Being extracted by the miner simultaneously with the subjacent ore, they are used to a considerable extent in the blast furnace, and are esteemed an ironstone of uncommonly fine quality. The black bitumi- nous substance which occurs occasionally in nodular ironstone, exists very generally distributed throughout the stratification of balls. (e) A specimen found in the neighbourhood of Clyde iron-works, which are situated about four miles south-east from Glasgow. Its mineralogical details are the following,—Colour pale, between brocoli- brown and clove-brown. Fracture rather fine-grained, uneven. Not particularly hard, easily scratched by the knife. Specific gravity 3T482. The thickness of the stratum is about two inches and a half. It is considered at the works to be an ore of a very inferior quality, and is seldom smelted. Immediately above this ore there is situated a bed of schist, which contains an immense number of petrifactions of different kinds of bivalve shells: they consist of a very pure ironstone, resembling in appearance the subjacent land. (/) Their forms are remarkably perfect, and they contain no visible remains of the original shell. (/) An ore lying under the last-mentioned stratum, and in close contact with it. Colour between yellowish-grey and hair-brown. Fracture fine-grained, earthy, even. Rather hard; scratched with some difficulty by the knife. Specific gravity 3‘2109. The stratum to which it belongs is situated above the splint coal, with the intervention of only four inches of schist, and both minerals are therefore worked out together with great advantage to the smelter. It is the most valuable ore in all the fields around Glasgow, except that called the black ironstone, which is at present smelted at the Clyde iron-works. The thickness of tho stratum is between one and a half and two inches. 
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(g) This specimen was procured from Easterhouse, near the line of the Monkland canal, and about six miles east from Glasgow. Colour dove-brown. Fracture fine-grained, rather uneven. Somewhat tough and hard, but easily scratched by the knife. Specific gravity 3'3109. This ore exists in precisely the same relative situation, with regard to all the other accompanying minerals, as the two ores from the Clyde iron-works, which have just been described; and wherever it makes its appearance, it seems to have been produced by the coalescence of these two strata. This compound stratum has always a uniform texture and composition throughout. . Its average thickness is two and a half to three inches. It is used pretty extensively in the blast furnace, and is esteemed an ore of good average quality. (A) From the neighbourhood of Airdrie, about ten miles east from Glasgow. Colour clove-brown, the intensity of the shade varying con- siderably in streaks which are parallel to the direction of the stratum. When reduced to powder the colour is brown. Fracture fine-grained, earthy, rather uneven. Tough, and difficultly pounded; communicating a feeling of elasticity under the pestle. Rather hard; scratched by the knife. Adheres slightly to the tongue, a property which did not appear to be possessed in a sensible degree by any of the ores already described. Specific gravity 3'0553. Numerous bivalve shells, of a pale wood- brown colour, occur scattered through the mass of this ore, and form a strong contrast with its darker shade. This is one of the most valuable iron ores in Scotland, where it is familiarly known under the name of black ironstone, or Musket’s black band. The latter appellation has been given from the circumstance that it was first smelted by Mr Mushet, to whom we have already referred as the metallurgist most distinguished for his practical skill. It lies about fourteen fathoms below the fifth Glasgow coal-bed, or splint coal, and constitutes a layer about fourteen inches in thickness. It is remarkable that it has hitherto been found nowhere except in the neighbourhood of Airdrie; although several attempts have been made in other localities to reach it by boring. At the Clyde iron-works, it is justly regarded as the richest and most valuable ore which they at present possess. («) From a stratum situated in the vicinity of Crossbasket. Colour blueish-grey. Fracture, in the great, even; in the small, very fine- grained, earthy; rather hard. Hydrous Osside of Iron, and Brown Iron Ore. The present is a species nearly parallel to the fore-going, in the quantity of iron it aliords to society. It is very rarely observed in distinct crystals, more usually occurring in botryoidal and stalactical masses, consisting of closely aggregated fibres, in which respect it resembles the most common 
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varieties of the specular iron. The crystals are very small, externally black and brilliant, and in the shape of right rectangular prisms. The general character of the species is as follows; lustre, adamantine; colour, various shades of brown, of which yellowish-brown, hair-brown, clove- brown, and blackish-brown are the most common; streak, yellowish- brown ; brittle; no action on the magnet; scratched by feldspar; specific gravity, 3*922. Besides occurring in crystals, and in globular stalactitic and fruticose shapes, it is found in masses whose composition is impal- pable ; sometimes also, the particles are so slightly coherent, that the mass appears earthy and dull. It differs, chemically, from the specular iron, in containing a quantity of water, not merely interspersed through its substance by simple absorption, but intimately combined with it by chemical affinity. According to D’Aubuisson, it consists of (in two analyses) Peroxide of iron, . • 82 "00 84'00 Water, . . . . 14-00 11-00 Oxide of manganese, . 2-00 2'00 Silica, .... 1-00 200 the proportion of peroxide of iron and water being as 85-30 to 14-70. Before the blowpipe, it becomes black and magnetic. It melts, with borax, into a green or yellow glass, and is soluble in heated nitro-muriatic acid. The division introduced among the varieties of the present species, is somewhat similar to that which has been given to red iron ore. Crystallized hydrous oxide of iron embraces the small black crystals, which sometimes occur in fibrous and radiating bundles. Crystallized brown iron ore is that variety which presents itself in the form of the cube, rhomboid, or some modification of these forms, and does not properly belong to this species, being decomposed varieties of iron pyrites and spathic iron, to which they are more correctly referred. The fibrous brown iron ore, or brown hematite, contains the fibrous varieties, in stalactitic, reniform, and other imitative shapes. Compact brown iron ore comprehends those imitative shapes and massive varieties, in which the composition or fibrous structure is no longer observable; while ochrey brown iron ore, or bog iron ore, is applied to those which have an earthy texture, and are friable. As impure varieties of the species, we must consider some of the clay iron ores, such as the granular, the common, the pisiform, and (he reniform clay iron ore. The granular variety is composed of compact, roundish, or globular masses; the reniform one, of alternating coats, of different colour and consistency, disposed in a reniform surface. In the pisiform variety, we meet with a similar composition, only in small globules, parallel to the surface of which the lamella; are disposed. • The compact pisiform clay iron ore, however, does not belong to the present species, but it is 
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decomposed iron pyrites, as is demonstrated, not only by the crystalline forms which it aflects, but likewise from the nucleus of the undecomposed pyrites, which the largest specimens of it often embrace. The crystal- lized hydrous oxide of iron is found, in limited quantities, in England, France, and Siberia; it either occurs in quartzose geodes, in the form of mamillary masses, or is enclosed in quartz crystals. The fibrous brown iron ore is the most abundant and widely dispersed of all the varieties of this species. The iron which this variety affords is superior in malleability to that yielded by the red ore of iron, and is much esteemed, also, on account of its toughness and hardness. The pig iron obtained from melting its purer varieties with charcoal, in particular, may be easily converted into steel. Tlie compact variety of this species is usually found in the same localities with the fibrous hematite, and is equally employed with that variety for obtaining iron. The ochrey brown iron ore, or bog iron ore, is the most recent in its formation of all the ores of iron, its deposition being continually going on, even now, in shallow lakes and in morasses. It is wrought in all countries, more or less extensively; but the iron it yields is chiefly used for castings. The pisiform clay iron stone occurs imbedded in secondary limestone, in large deposits, in France and Switzerland, where it supplies considerable iron works; but the iron, like that from the other earthy varieties of the present species, is generally too brittle to be wrought into bar-iron. Carbonate of Iron, or Spathic Iron Ore, occurs crystalline and massive. Its crystals are acute rhomboids, sometimes perfect, or only having the terminal angles replaced, six-sided prisms, and lenticular crystals. They are very easily cleavable, yielding obtuse rhomboids of 107 and 73°. Lustre, vitreous, inclining to pearly; colour, various, shades of yellowish-gray, passing into ash and greenish-gray, also into several kinds of yellow, white and red; streak, white: translucent in different degrees; brittle; hardness, nearly identical with that of fluor; specific gravity, 3-829. It occurs massive, in broad, foliated and granu- lar masses; also in fibrous botryoidal shapes, whence it has received the name of spherosiderite. Two varieties of this species, 1. the spherosi- derite, and 2. a cleavable variety from Newdorf in the Hartz, have yielded to Klaproth, Protoxide of iron, . . 63*75 . 47-50 Carbonic acid, . . 34-00 . 36-00 Oxide of manganese, . . 0*75 . 3*30 Lime,  000 . 125 Magnesia, . . . 0*52 . 0*00 Before the blowpipe, it becomes black, and acts upon the magnetic needle, but does not melt. It colours glass of borax green. It is soluble with difficulty in nitric acid, particularly if not reduced to 
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powder. On being exposed to the air, it is gradually decomposed: first the colour of the surface becomes brown or black; afterwards, also, the streak is changed into red or brown; hardness and specific gravity are diminished; and even the chemical constitution is altered, the whole being converted into hydrate of iron. It frequently occurs, along with carbonate of lime, in veins, and beds, in primitive rocks; also in metalliferous veins, accompanied by galena, gray copper ore, and iron and copper pyrites. Treatment of the Ores.—When the iron stone lies in a stratum or vein between two strata of clay, not more than thirty feet below the surface of the earth, it is obtained by sinking a pit, at first, of a diameter of eight feet, and deepened until the ore is reached where the pit is undermined, until the diameter at the bottom becomes twice that at the top. When all the ore is taken out of this pit, another is dug similar to the first, and near it; so that when the second pit is excavated, the bottom of the two will meet. In digging the second pit the earth is thrown into the first, and thus one pit is made and another filled, until the whole vein is exhausted. When the iron stone lies deeper it is extracted in the same way as coal, and as they frequently occur in the same district, one engine serves to drain and draw for both ore and coal. The first step after the ore has been taken from the vein, is to calcine the stones; a process technically called roasting. This consists in the application of a moderate heat, whereby the more volatile components of the ore, such as sulphur, arsenic, &c. are expelled. This is effected by spreading upon the ground a stratum of coals to a depth of about eight inches, ten feet long, and eight broad; over which is laid a layer of iron stone, to a depth of about six feet, interspersed with small cinders and coke dust, and covered with small coals. The coals being set fire to, combustion will go on for nearly a month, when the cementation is com- pleted. It is not uncommon to perform the roasting process in a kiln, the coal and iron stone being put in at the top, and the roasted ore taken out at the bottom. Care is requisite in conducting the process of roasting, for if the heat be too intense, or too long applied, then will the metal partially melt and the pieces cake together, and if on the other hand the heat be too little, all the extraneous matter, such as the water, sulphur, &c., will not be expelled, when the iron stones must be thrown aside, as unfit for the future processes in the manufacture. The iron stone of this country usually contains a sufficiency of carbonaceous matter to cany on the roasting after the fuel has been ignited; but the ores of the continent contain less carbon, and therefore require proportionally more fuel for their cementation. On the continent and in America, iron ore is most commonly roasted with wood and charcoal. When the roasting is performed with charcoal alone, a layer of the ore is laid on the ground. 
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then a layer of charcoal, ami so on alternately, the iron stone layers being each about nine inches, anil the charcoal about six, until the height of | the bed be seven feet. It is better, however, to lay a stratum of wood | below the ironstone. When the roasting is completed, the ore becomes | friable, rough to the touch, not at all vitreous, but full of fissures. The 1 ore by the power of cementation, sustains a loss of weight of from twenty 1 to fifty per cent.; according to the quality of the ore. The iron stones j thus prepared are called by the workmen mine. The next operation is the conversion of the roasted ore into metal, by 1 the application of strong heat in a furnace; which process is called '1 smelting. As will be readily understood after what we have said on the I ores of iron, they commonly consist of an oxide of the metal combined I with some earthy matter, in very various proportions. If these ores I were fused alone, the chemical student will at once perceive, that they I would be formed into glasses, the properties of which will vary with the' 1 composition of the ore, but retain no metallic character. The method 1 of proceeding, therefore, must be to intermix the iron stones with such fl substances as during the process of fusion, will combine with the oxygen 1 and earthy matter of the ore, and leave the metal free. From the great 1 affinity of carbon for oxygen, forming carbonib acid gas, charcoal, or J some other carbonaceous substance, is selected as the proper substance 1 for separating the metallic base from the oxygen; and the nature of the 1 other substances to be employed in separating the earthy matter of the l ore, will be determined by the species to which that earthy matter 1 belongs. The earths mixed with the iron, may be either calcarious, | silicious, or aluminous: these exist in different proportions, in different 1 ores, and it should be the first object of the iron manufacturer, to select J such earthy matter as a flux, that when combined with the earthy matter 1 of the iron stone, a glass will be formed, and the metallic base of the ore 9 left free. Sometimes the combination of several kinds of ore, will pro- I duce a congeries of earths that of themselves will form an excellent flux | —but this, in the ordinary course of manufacture, never occurs, so that 1 some flux, such as lime, is always employed. The strong affinity of carbon for oxygen, as before remarked, points it 9 out as the best substance for separating the oxygen from the iron. In 1 llussia and Sweden, and even in some parts of England, charcoal is 1 employed, and it undoubtedly is best for making that kind of iron that is a to be formed into steel. For many years past, almost the only ore in 9 Britain that has been smelted with charcoal, has been the red ore of 1 Lancashire, which being extremely rich, the product of smelting Can be J calculated upon with certainty. The abundance of coal in this country, 1 in those districts where iron stone is found, determines our iron makers | to employ coke from its cheapness; coal when properly coked, yields a I 



very considerable proportion of carbonaceous matter, and bears a strong resemblance to charcoal. When coke was first introduced instead of charred wood, it was made, by merely piling the coals in a heap, which being ignited, were allowed to burn until sufficiently coked, when they were covered with ashes and sand to prevent any further combustion. In many places in Wales, this plan is still pursued. From thirty to forty tons of coals, are piled in a heap, as loose and open as possible. Small coals being spread on the surface to give a level appearance. It is then ignited in various places, and allowed to burn till the whole surface is in combustion; when it is covered with the ashes of a former fire, and left to go out. The coke is made harder and more pure, when the cooling of the heap is quickened by throwing on cold water. A slight knowledge of chemistry is sufficient to show, that much of the coal must be converted into ashes before combustion can be carried a sufficient length to coke the heap, and the more economical process of coking in a close oven, or furnace, is now becoming more general. The ovens are of a hemispherical form, about ten feet wide at the base, and two feet at the aperture, the wall being of brick, eighteen inches in thickness. There is a door-way in the side, for the purpose of taking out the coke, and the opening at the top is for charging the oven with fresh coal. Small refuse coal is used. The oven being filled up to the springing of the arch, and the heat of the oven from the former coking being adequate to set the coal on fire, the door-way is filled up with loose bricks, and the air, rushing through the crevices, supports the combustion until the whole charge is lighted up, when the door-way is plastered up, excepting the top row of bricks, and in twelve hours after covered entirely. The chimney remains open until the flame be extinguished, when it is closed, and the whole allowed to remain for twelve hours more, after which the coke is withdrawn from the doorway. The coke thus formed is of a grey colour, metallic lustre, and very hard; but when it is required to be of a nature more resembling charcoal, the coking is prepared in a place similar to a baker’s oven, the door of which is kept constantly open, and the coals frequently stirred. Coke made in this way is black in colour, porous, and very light—more inflammable than the first description, but not capable of affording such intense heat, nor so durable in the smelting furnace. The construction of the smelting furnace, will be understood, from the subjoined section. The interior of the furnace, is a cavity, formed by the frusta of two cones joined at the base, and terminated in cylinders both at top and bottom, as will be seen at G, in the figure. The wall dd oi this cavity, consists of the best fire brick, well cemented together, the thickness of the wall being generally fourteen inches. At a distance of about six 
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inches behind this wall, a wall or casing of brick is built all round tite former, and of a thickness of fourteen inches. The space between these two walls is filled up with river sand, crammed in compactly. Sand being but an indifferent conductor of heat prevents the casing b b from being much affected by the fire of the furnace. The whole is enclosed by the outer wall, A A, of ashlar stone, or brick. This wall is built very strong and thick; the interior is of course made circular to envelope the casing b b, but the exterior face of the wall, is made to terminate in four faces, tapering to the top, so that the outward appearance of the furnace, is a truncated quadrangular pyramid. The inside of the fur- | nace, G, is made to terminate in a cylindrical chimney, and at the 1 bottom, in a deep quadrangular pit H. Such is the construction of the J furnaces erected in this countiy till of late, the whole building being i made for substantiality as thick as possible. But the strong heat of the J furnace, frequently so expanded the material, as to burst the mason work, and the modern furnaces are all constructed of comparatively thin I walls above AA, nor is there any space left in them for the introduction * of sand between the two interior walls of brick work. At the top of the 1 chimney there are formed two or more doors by which the workmen J introduce the ore, coke and flux, and above this there is a semicircular | wall E erected for the purpose of preventing the flame from blowing upon the workmen while they are feeding the furnace. The materials s are drawn up on a mound of earth at the back of the furnace, either by machinery or by animal strength, and being set fire to at the bottom, are \ allowed to bum, the combustion being afterwards accelerated by a blast from a blowing machine. (See Blowing Machine.) The ends of the pipes from the blowing machine enter nearly at the bottom of the furnace, 1 as may be seen by inspection of figure 4. These blast pipes, the nozles fl of which are technically called tweers, are two in number, and enter the I furnace opposite to each other, and a little above that point where the | melted metal rests. The ore, coke, and flux, in the body of the furnace, I are acted upon by the heat, just as they would be in a close vessel, the 1 oxygen of the ore combining with the carbon of the coke, and forming | carbonic acid, or rather carbonic oxide. On the ore parting with its oxygen, the carbon combines with the metal, and the mass being 



reduced, falls down to a lower part of the furnace, and in this way, makes room for more to come down to the hotter part, and in its turn be smelted, and the liquid metal to fall down to the bottom of the part H, called the hearth. It may be observed, that of late it is not usual to construct the hearth as deep in proportion as it is shown in the fore- going section. There is an opening in the wall at the bottom of the hearth, at the mouth of which a stone is placed, called the dam stone, beyond which an opening is made in the side of the outer wall, in order to run off the liquid metal when it rises so high as to cause the scoria to flow over the dam. The opening in the outer wall is closed by a little of sand mixed with clay, during the process of smelting; but when there has been a sufficient quantity of metal formed, the lute is removed, and the iron allowed to run off into a channel, made in a kind of sand. From this channel, called the sow, numerous side branches are led, called pigs, and as the melted metal flows along the sow, it is checked frequently by the workmen introducing a piece of wood which causes it to flow into the side channels, and thus the masses of iron called pig iron are formed. The height of the smelting furnace is sometimes not less than sixty feet, but the usual height of the furnaces in this country, is about forty- five or fifty feet. The proportions of the parts may be guessed at, on inspecting figures 1. and 2. in this article. It may be stated in addition to the description already given, that there are numerous small openings through the sides of the walls, to permit the escape of the vapours and gases formed during the process, and to ensure durability, the whole of the mason work is bound with bars of iron. Dr Ure states, that a fur- nace of ordinary dimensions, will make about three and a half tons of cast iron, these furnaces being tapped once in twelve hours. For the production of this quantity of metal, there is required seven tons of coke, eight tons of roasted iron stone, and three and three-eighths tons limestone as a flux. According to a later writer on the iron manufac- ture, one of the large furnaces in Wales receives on an average, fifty charges in twelve hours. Each charge requires six cwt. of roasted ore, in all amounting to fifteen tons produced from eighteen tons of raw mine. The same quantity of coke is required, i. e. fifteen tons produced from about twenty-two and a half cwt. of coals. The limestone required, is six tons, so that the whole weight of the charges for twelve hours, is thirty-six tons, from which only six tons of cast iron are produced. From this, we may estimate the loss of material in roasting, coking, ami smelting for two runs which occupies twenty-four hours. 
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Whole weight, . . 105 Supplied to the furnace, . 72 loss, S3 tons. Iron produced, . . . . 12 loss, 00 
Total loss, 93 tons. 

In England and everywhere else until very recently, it was supposed, 1 that the colder the air was injected into the furnace the better; and the 1 two currents on entering the furnace chilled the materials much, and ■ produced a sort of pipe or channel in the melted metal, which opposed I its entrance. These pipes often extended so as nearly to meet in the I middle of the furnace. The keeper watched the state of these pipes, 1 and regulated the blast, so that they should neither be too long nor too jt short. These pipes, tended to prevent the blast pipe, as well as the cast 1 iron lining of the wall, through which they were led, from melting. Mr J. B. Neilson, civil Engineer and manager of the Gas Works of ■ Glasgow, had, in the course of the year 1S24, directed his attention to | blast furnaces, in consequence of some inquiries having been made, if he 1 could devise any means of purifying the air propelled by the blowing 1 engine before it reached the furnace; in any way similar to that in which j coal gas is purified. The inquirer suspected that it was the presence of | the sulphurous vapour, that injured the air of the blast, seeing that fur- j naces commonly wrought worst in the summer months. But experience led Mr Neilson to attribute the evil to another cause. From some '] simple experiments, he concluded, that by heating the air before it went ■ into the furnace, he could effectually remove the evil under consideration. M It is known that air will not support combustion until heated to a ■ temperature of 1000° Fahrenheit, and therefore until it acquires that M temperature, by coming into contact with the heated mass of the fire, jl it must act prejudicially: from which it is manifest, that the nearer it I can be brought to that point before entering the fire, the better; yet all 9 things considered, there may be a certain temperature at which the effect ■ of the blast will be a maximum. The temperature originally employed 9 by the patentee was, we believe, about 300°, and this was the heat of the 9 blast at Clyde iron works in 1830, when coke was employed. The 9 advantage obtained by the employment of the hot blast at this tempera- ■ ture will at once appear from the fact, that during the first six months of 9 the year 1829, when all the furnaces at Clyde iron works, were wrought 9 with the cold blast, 8 tons cwt. of coal, converted into coke, were 9 required for the smelting of one ton of cast iron, but during the first six I months of 1830, when the blast was heated to about 300°, the same |l quantity of iron required only 5 tons 3j cwt. of coals converted into j. 



257 
coke, which after deducting 8 cwt. of coal employed in heating the air gives a saving of 2 tons 10 cwt. The success of the hot blast, at a temperature of 300° induced the iron manufacturers, to try it at a still higher temperature, and the results proved proportionally beneficial. In the course of the year 1831, the temperature of the blast was doubled, so that it was not less than 600°, and the success was such, that they were induced to employ coal instead of coke in the smelting furnace, which induced a saving to a very considerable amount. In 1829, 8 tons 1 % cwt. of coal were required for coke to smelt one ton of iron, whereas in 1833, only 2 tons 13W cwt. of coals, not converted into coke, were required for the same purpose. The increase of combustion with the blast at 600°, precludes the necessity of coking before smelting, for the intense heat of the blast is sufficient to compensate for the great quantity of latent heat that must arise with the vapours expelled from the coals during combustion. The patentee does not confine himself to any particular mode of heating the pipes, nor the temperature of the air. In some cases the pipes have been heated by the smelting furnace itself, and in others, by a separate furnace, which latter mode would appear to be the most economical. We will here lay before the reader, a description of furnaces heated in both ways, which with some modifications, we have drawn up, from a very valuable French work entitled Pwtefeuille Industrial, now (Jan. 1836), in the course of publication at Paris. The annexed cut represents the first form of the air-heating apparatus, invented bv Mr Neilson, where a separate fire is used. 

Fig. 2. 

The heating apparatus is contained within a kiln or furnace, F F', 
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constructed of brick. Within this kiln two straight tubes, A B, A' B', are laid horizontal and parallel to each other. In the upper surface of each of these large pipes, circular openings, C C' are made for the reception of the ends of small bent tubes. These tubes which are seen at S S' are bent so as to form arcs of circles, the length of each arc being more than the semi-circumference. They stretch across the kiln, one extremity terminating in each of the long pipes, A B, A' B'. There are 

Fig. 3. 

four small tubes, a b, a' V, fixed into the extremities of these long pipes, A B, A' B', as may be seen more particularly in the ground plan, fig. 3. It is necessary to attend to the manner in which these pipes are fitted into each other, as the joinings must-be made perfectly air-tight and strong. This is effected in the following manner:—The extremities of the great pipes, A B, A' B', are formed into frustums of cones, the smaller parts of which are at the extremities, curbs being placed within at the bases. The little pipes are made to terminate in conical swellings, the base of each being at the very extremity, but of such a magnitude that it may be introduced into the end of the large pipe, and be pressed against the curb. The space between the conical end of the large pipe, and the swelling of the small one is filled with mastich, in which way the joint is firmly secured. The bent-pipes, D S D', are fixed in a similar way. The construction of the furnace is altogether analogous to the reverberatory kind, as will be seen by inspecting fig. 2. The walls are formed of common brick, but fire bricks are employed for the vault. In order to give sufficient strength to the building, the walls are bound by ten cast iron pillars, F F, bound together by beams, enclosed in the brickwork, as may be seen at fig. 2, and each end is likewise furnished with four similar supports. The fuel is thrown upon the grating G, through the door H, the air which supports the combustion entering from K, the ashpit below. The smoke from the fire proceeds up by the inclined back I, and rising strikes the bent pipes, wliich stretch across the vault. It will easily be seen that in tliis way the last of the bent pipes receive 



more heat from the smoke than the first, but this is compensated for by the form and position of the vault and the bottom, which cause much more of the heat to be radiated to the first tubes, both from the fire, and from the vault. The flame and smoke having acted on the bent pipes, pass through the opening L, and from thence into the chimney. In order to save the joinings of the bended tubes, D S D', with the large tubes, A B, A' S', a wall of brick proceeds along the whole length of the furnace, on each side of the fire, and between that and each large pipe, built in such a way as to protect the joinings. The manner of operating is simply this:—The air from the blowing engine is propelled with the requisite force into the pipe A1 S', through the extremity, and passing through all the eight bent pipes D S D', passes through the large pipe A B, through its extremity b, and by means of the connecting pipe into the furnace, where the smelting is effected. The pipes D S D', being kept at a red heat, it must follow that the air must enter the smelting furnace, at a temperature very much higher than when it was propelled from the blowing engine. The inventor has given the dimensions of an apparatus, such as we have described, calculated to supply a furnace with 800 cubic feet of air per minute. The dimensions of the horizontal pipes A B, A' B'— 

Exterior diameter Interior do  
Dimensions of the four pipes a b, a! V— 

Length ....'. Exterior diameter 
Dimensions of the eight bent pipes D S D'- 

Exterior diameter 
Length of the axis 

Weight of the various pipes— 
The two pipes A B, A' B , The eight bent pipes, 

The eighteen supports— 
Grate, bolts, and door. 

We will now describe the structure of the apparatus for heating the blast by means of the smelting furnace itself. The furnace is repre- sented in section, in the accompanying wood engraving. This acts on the same principle as that just described, the chief diflerence being in the manner in which the heat is obtained. The reverberatory furnace. 

Feet. 

33205& 2848*86 
5358 15 
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with its system of horizontal and Fig. 4. bended pipes, is placed on the top of the chimney of the smelting furnace, and the heated air and smoke from the large furnace enters the small furnace just where the grating was placed in the former construction. It may be remarked that the three first bended pipes are directly above the flues of the smelting furnace and therefore receive the first ac- tion of the flame and smoke, which are reflected again by the vault, before entering the chim- ney, which is here made to rise directly from the end of the vault, instead of communicating by a horizontal pipe, as in the former construction. The distance of the large horizontal pipes is somewhat greater than the diameter of the flue, i. e. the chimney of the smelting furnace, in consequence of which the furnace is fed through the opening N. The communication between the heating apparatus and the blowing engine is similar to that formerly described, but the heated air passes out of the system of pipes at the top of the smelting furnaces, and is propelled into the tweers, which are seen entering at the bottom, through two pipes, which are led down the exterior wall of the furnace, as may be seen on inspection of the figure. The furnace we have just described, is better calculated for smelting by charcoal than by coke, as the heat raised by the former is much greater than by the latter. In order to complete the description of the apparatus with hot air invented by Mr Neilson, it remains for us to describe the system of heating, which is employed in Wilkinson’s foundery, in the cupolas intended to melt the metal. This application of Mr Neilson’s invention is due to Mr Taylor. Various other applications of the hot air blast have been recently made by Schauffelen, of Wurtemburg, who causes the air to pass through a sort of syphon in the chimney, before it reaches the grate. This system of heating is represented in fig. 5 and 6. A A is the frame-work itself, which is constructed of common bricks, the interior being lined with fire bricks, in order to form the melting pot A', and 



process, and as the height of the melting metal rises in the pot, they change them in order, so as always to blow at a suitable height to the bath of metal: the openings of the pipes which are not in use, are luted with care, especially when they have to support the pressure of the liquid contained in the melting pot. The tap hole is at a, it is always her- metically shut with a stopper, which may be lifted out in a moment from the tap hole. The only modification that they have attempted to make, to improve the frame-work is in leading to the top, a slope by which the charges of coal and of pigs are thrown in; the opening is usually shut by the door 4, which is lifted and attached by the little chain 4', during the veiy short time which is necessary to throw in the charge. There are three cast iron plates, placed one above another c, c, c" of the same diameter as the frame-work, and pierced in the centre with circular holes a little greater than the diameter of the melting pot A'. The first c" has a little jutting out cf" (fig. 6), serving as a point of support to the fanner by which the furnace is supplied with the blast. 
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The fanner is put in motion by means of a belt led over a drum on its axis, and connected with the steam engine, or water wheel. The second plate c, has a hole at the centre, a little greater than that of the first, that it may be protected against the action of the heat. The third has a central hole, still a little greater for the same reason, but its exterior j diameter is much less, so that it may leave upon the second plate c' an ! open circular ring of from twelve to fifteen inches. Upon this third j plate c, there are fixed two concentric cylinders of plate iron D and D', which are open below, but shut above, and the tops of which are firmly joined by a sort of open joint d, d'. The exterior cylinder has two j openings e and e' \ one, that by which the cold air is introduced, the other, that by which the air goes out after being heated between the two coverings D and D'; at the distance of twelve or fifteen inches from the exterior envelop D, a third envelop F, of brickwork, is built, which is bound together with circles of iron, as the frame-work itself. The bottom of this last, rests upon the circular space, that the plate c left open upon the plate iron d, and at its top it is shut, by a convex iron plate f f, upon which is erected a vault of some non-conducting substance. The iron plate is pierced in the middle with a hole, which is shut by I means of a lid above which is put a stone stopple G; this order of 1 

things serves to inspect and to clean the interior of the apparatus, as it is only necessary to lift the stopple G and the lid f. Above this opening at the top, which remains always shut during the operation of melting, the envelop F is carried down the side to its lower part; there are two openings H H, into which are fixed the strong iron pipes I I, which serve as a base and support to the two chimneys K K; the pipes I I, are shut at their extremities by stopples i i, which ; 

require only to be lifted out when they wish to sweep the chimney. The smoke rises and spreads itself in the interior of the first envelop D', and after heating the sides, goes out from this space by the little conduit d d', then passes under the vault/f, in order to descend between the exterior envelop F and the cylinder D, so that it may arrive at the two openings of the tubes I I, and at the chimneys K K. The cold air enters by the opening e', between the envelops D and D', and it comes immediately into contact with the hot tops of these cylin- drical envelops: it comes also into contact with the sides of the conduits d d', which are also at a very high temperature; thus heated against these surfaces, it descends in the spaces comprised between the envelops D and D', the one struck by the flame descending, the other by the flame ascending, and it arrives at the lower opening e, by which it escapes to the blast pipes. A the blast pipe ought successively to be raised, so as to be put into the dillerent openings a a a; as the liquid metal accumu- lates in the melting pot, we must have Hie means of making these 



changes with facility. For that purpose there is placed in the opening e, a fixed pipe L' L, which, after being bent, descends vertically to L: in its straight portion, which is bored very truly, there is fitted a smaller pipe M M', capable of sliding in its interior like a piston in the body of a pump. The lower extremity M, of the pipe M M', has a curb m, upon which is fixed the opening N of the bent N N' of which the other extremity N' is adjusted in the opening; the two curbs m and » are joined and held fast by the two cramps P P. In order to shift the pipe, they loosen the screws of the cramps P P, and lift them ofij then force up the pipe M M' into the pipe L' L, and remove the pipe N N' into an opening higher. The pipes are then fixed to the cramps and curbs to and n in this new position. W e have thus endeavoured to describe the construction of several forms of the hot blast furnace, and shall conclude this part of our subject, by a short extract from a very valuable paper, on the hot blast, by Dr Clark, of Aberdeen, which was read before the Philosophical Society of Edinburgh in March of the year 1835. “ As nearly as may be, a furnace, as wrought at Clyde Iron works in 1833, had two tons of solid materials an hour put in at the top, and this supply of two tons an hour was continued for twenty hours a day, one half hour every morning, and another every evening, being consumed in letting off the iron made. But the gaseous material—the hot air— what might be the weight of it ? This can easily be ascertained thus: I find, by comparing the quantities of air consumed at Clyde Iron works, and at Calder Iron works, that one furnace requires of hot air from 2500 to 3000 cubical feet in a minute. I shall here assume 2867 cubical feet to be the quantity; a number that I adopt for the sake of simplicity, inasmuch as, calculated at an avoirdupois ounce and a quarter, which is the weight of a cubical foot of air at 50° Fahrenheit, these feet correspond precisely with two cwt. of air in a minute, or six tans an hour. Two tons of solid material an hour, put in at the top of the furnace, can scarce hurtfully affect the temperature of the furnace, at least in the hottest part of it, which must be far down, and where the iron, besides being reduced to the state of metal, is melted, and the slag too produced. When the fuel put in at the top is coal, I have no doubt that, before it comes to this far-down part of the furnace—the place of its useful activity—the coal has been entirely coked; so that, in regard to the fuel, the new process differs from the old much more in appearance than in essence and reality. But if two tons of solid material an hour, put in at the top, are not likely to affect the temperature of the hottest part of the furnace, can we say the same of six tons of air an hour, forced in at the bottom near the hottest part ? The air supplied is intended, no doubt, and answers to support the combustion; but this beneficial 
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effect is, in the case of the cold blast, incidentally counteracted by the cooling power of six tons of air an hour, or two cwt. a minute, which, when forced in at the ordinary temperature of the air, cannot be con- ceived otherwise than as a prodigious refrigeratory passing through the hottest part of the furnace, and repressing its temperature. The expedient of previously heating the blast obviously removes this refrigera- tory, leaving the air to act in promoting combustion, without robbing the combustion of any portion of the heat it produces.”* Dr Clark concludes his paper by the following statements regarding the Clyde Iron-works:— The Blowing-engine has a steam cylinder of forty inches diameter, and a blowing cylinder of eight feet deep and eighty inches diameter, and goes eighteen strokes a minute. The whole power of the engine was exerted in blowing the three furnaces, as well as in blowing four, and in other cases there were two tweers of three inches diameter to each furnace. The pressure of the blast was two and a half lbs. to the square inch. The fourth furnace was put into operation after the water tweers were introduced, and the open spaces round the blowpipes were closed up by luting. The engine then went less than eighteen strokes a minute in consequence of the too great resistance of the materials con- tained in the three furnaces to the blast in its passage upwards. 

Materials constituting a Charge. 
^ cwt. qrs. lbs. 

Roasted Ironstone, . 3 1 11 Limestone, . . . 0 3 Ki 1830, Coke 5 0 0 Roasted Ironstone, . 5 0!) Limestone, . . . 1 1 16 1833, Coal 6 0 0 Roasted Ironstone, . .500 Limestone, . . . 10 0 
* The introdaction of the hot blast has caused a great increase in the manu- facture of iron, in Scotland. In June, 1836, there were 

There are eight additional ones in progress; i. e. 2 at Gartsherrie, 1 at Cal- iler, 1 at Monkland, 2 at Govan, and 2 at Somnmrlie. 
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Table showing the Weight of Cast-Iron produced, and the Average Weight of Coals made use of, in producing a Ton of Cast-Iron, at Clyde Iron-Works, during the Years 1829, 1830, and 1833, the Blowing Engine being the same. 

f An impression has gone abroad among founders and machine makers, I that the iron produced in the hot blast furnace, is inferior in quality to , that produced in the cold blast furnace; but correct experiments have, we believe, not yet been performed on the subject. It ought not to be ' forgotten, that the iron produced by the same furnace, is different at , different times, and there is very frequently a difference of quality in the iron of one smelting. The quality of metal issuing from the smelting furnace, will vary with the quantity of carbon it contains. The quantity of carbon Will : depend, in a great measure, upon the quantity of charcoal, coke, or coal that has been employed in smelting the ore; and the appearance of the metal, as it flows from the tap hole, will indicate the state of the metal. On the surface of the liquid metal, there floats a substance, called by j the workmen kish, which has the shining appearance of plumbago, and 
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the presence of this substance, indicates that the metal is saturated with carbon; and if great in quantity, the iron maker immediately takes the hint to diminish, proportionally, the quantity of the ere. The appearance of the cinder, is likewise a good guide, for when it assumes a greenish- yellow colour, it is a proof, that from the want of carbonaceous matter, some of the oxide of iron has not been decomposed. When the oxide of iron is in great excess, the cinder appears of a blackish-green colour. The nature of the iron produced will vary, as before observed, with the manner in which it has been smelted. Some conduct the process in such a way, as to produce iron for the foundery, and others, so as to produce iron for the forge, this latter containing less carbon than the former. The carbon is more abundant in the iron, in proportion as it is soft and tough; and there is this remarkable circumstance in pig and bar iron, or iron for the foundery, and iron for the forge; that the nearer they approach each other in appearance and mechanical properties, the greater is the difference of their chemical composition, at least, so far as carbon is concerned. The first step in the process of converting cast or pig iron, into bars of malleable iron, is refining. The pigs from the smelting furnace, are placed along with coke, in a smaller furnace supplied with the blasts from the blowing-engine. The coke and pigs are placed in a trough, whose sides are formed of cast-iron plates, but the bottom is of masonry; this trough is surrounded by a sort of canal, in which cold water is kept constantly running. There is a tap hole at one side of the trough, which opens into a rectangular mould at the side of theTurnace, which mould is commonly about twenty feet long, and two broad, into which the metal is allowed to run after it has been refined. This mould is likewise surrounded with cold water, as also the blast pipes. The material is set on fire, and the blast kept up until the pig-iron is brought to a state of fusion. The metal is kept in a state of fusion for at least two hours, after which it is run oil' into the mould, deprived of a great quantity of its carbon, or as the name of the process implies refined. The furnace is constructed of such dimension as to yield about a ton of refined metal at each tapping; and it may be stated that the loss of weight by the process, is usually about ten per cent. The sheet of metal which fills the mould to the depth of about two inches, is next withdrawn, and broken into pieces by means of large hammers, for the purpose of undergoing another process called puddling. The puddling furnace is of the reverberatory kind, and formed of bricks.—(See Furnace.) The furnace being heated, the metal begins to melt and flow down to the hearth, the temperature is then lowered, and the workman introduces his long iron rod, and stirs the melted mass, during which it swells and emits carbon, combined with oxygen, which 
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burns with a bluish flame. The metals become thicker as the process advances until it assumes a sandy appearance, at which period the tem- perature of the furnace is raised, and the particles cohere, when the charge is said to work heavy. The workman now forms it while hot into five or six balls, each of from 70 to 80 pounds weight. The balls are removed and subjected to several blows of a heavy hammer, and formed into what are called blooms. The blooms are passed through successive pairs of rollers until they acquire the proper shape of long bars. The loss of weight by this process is generally about 10 per cent. Five or six of these bars, cut to one length, are now piled together, and placed in a furnace similar to the puddling furnace, and brought to a welding heat, and then taken out and passed through successive pairs of rollers, until the bar is brought to the proper dimensions when the process is finished. The loss of weight is by this last process about 10 per cent. It may be useful to bring under the reader’s eye the actual weight of material employed in the manufacture of one ton of iron. 

aw mine 3 tons = 2-4 tons of roasted oi oal for furnace 3J tons = 2'3 of coke. io. for kiln, &C.1. . 
mpig iron. 

production of one ton of finished bar. 

/ Coals used in refinery.. 61 (.Do.inthep uddling, &c. 190   2-51 
Total, 14-53 tons used ii 

The pig iron produced in the operation of smelting is of very various qualities, according to the purpose for which it is wanted, and the cir- cumstances under which it is manufactured. It may be divided, first, into foundery iron and forge iron; the former being used in the state of pigs, for casting; the latter being only applicable to the manufacture of bar iron. The reason of this is, that, from its nature, it is too thick when melted to adapt itself to the shape of the mould, and, when cold, is too weak and brittle to be serviceable as cast iron, even if the other objection did not exist. There are three qualities of foundery iron: first, second, and third. No. 1. foundery iron diflers in its Chemical composition from the other sorts, by containing more carbon. It is, indeed, combined with as much carbon as it is capable of holding; and to eflect this combination 



in its full extent, the coke containing the fibrous appearance of charcoal, or the purest carbon, is selected. The tendency of this combination is to render the iron soft, and to make it very fluid when melted, so that it will run into the finest and most delicate mouldings. It is used for small and ornamental castings, and any tlung that requires a minute and perfect adaptation to the shape of the mould. It is distinguished in its appearance by great smoothness on the face or surface of the pig; and in the fracture it exhibits a large, dark, bright, open grain, intermixed with dead spots of a lighter colour and closer texture. When broken, the pig does not ring, but sounds rather like lead, falling dull and dead upon the block over which it is broken. It is also so soft as to yield readily to the chisel. In running from the furnace, the surface of the melted metal is smooth and dull, breaking occasionally into streaks and cracks of a darker and brighter red. When it is highly carbonized, the pigs and the cinder are frequently covered with small bright black lamince of a substance called kish. It is a pure carburet of iron, or black lead, and evinces an excess of carbon in the pig. No. 2. foundery iron is less carbonized than No. 1; not so soft, closer grained, and more regular in the fracture, not so fluid when melted, nor so smooth on the face of the pig; it is, however, harder and stronger, and is preferred for all the less delicate parts of machinery, where strength and durability are required. These two sorts are all that are recognized in some places as foundery iron. Their being combined with so large a dose of carbon and oxygen renders them unfit for manufacture into bars; but iron of the next quality, or No. 3, having less foreign admixture in its composition, is destined indifferently for the forge or the foundery. It is used exten- sively for castings where great strength is required, or in situations where it is to be exposed to constant wear and tear; such as tram plates, heavy shafts, and wheels, cylinders for steam engines, and many descriptions of heavy work. It is selected for these purposes from being still harder than No. 2, and possessing so great a degree of toughness as well as hardness as to make very strong and durable castings. In appearance it differs from No. 2, in the same way as that does from No. i, being more closely grained and more regular, and darker when broken. From its appearance, it is often called dark grey iron; by which term it is, indeed, as well known as by that of No. 3. The next quality, bright iron, is never called foundery iron, although used extensively for large castings. It possesses great strength and hardness, but not fluidity enough to adapt itself to intricate or minute mouldings. It derives its name from its appearance, which is of a lighter colour and brighter lustre than that which lias hitherto been described. 



Mottled iron is used exclusively for the purposes of the forge, as it is too thick and brittle for the foundery. It is smooth in the fracture, hardly exhibiting any grain, and appears to be compounded of two qualities imperfectly combined, being spotted or mottled with grey and 
IVhite iron is supposed to contain a very small portion of carbon, less than any other sort of pig iron. It is totally unfit for casting, and is sometimes so thick as hardly to run into the pig moulds, although they are purposely made very large; and so brittle, that the largest and most unwieldy pigs may be readily broken by a blow with a sledge hammer. It is too hard to yield in any degree to the chisel. The colour of the fracture is a silvery white, shining and smooth in its texture, with a foliated or crystallized structure. Thus we have six distinct gradations of pig iron, produced under different circumstances in the blast furnace: No. 1 and No. 2 foundery, No. 3 foundery iron, No. 4 is also occasionally used as foundery, but No. 5 and No. 6 are exclusively employed for forming malleable iron. 

Table of the weight, in lbs. of a foot in length of Cast Iron. 
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Table of the weight, in lbs. of a foot in length of Wrought Iron. 

According to the statements of that justly eminent engineer, Mr Tredgold, the specific gravity of cast iron is 7'207; weight of a cubic foot 450 lbs. j a bar one foot long and one inch square weighs 3 2 lbs. 
nearly; it expands j^^oOO 't3 len6t^1 ^ one ^eSree heat; greatest 
change of length in the shade in this climate —^ ; greatest change of 
length exposed to the sun’s rays melts at 3479°; and shrinks in 
cooling from to-^. of its length: is crushed by a force of 93,000 
lbs. upon a square inch: will bear without permanent alteration, 15,300 
lbs. upon a square inch, and an extension of of its length; weight 
of modulus of elasticity for a base of an inch square 18,400,000 lbs.; height of modulus of elasticity 5,750,000 feet; modulus of resilience 12-7; specific resilience l-76. Malleable iron. Specific gravity 7'6; weight of a cubic foot 475 lbs.; weight of a bar one foot long and one inch square 3-3 lbs.; ditto 
when hammered 3-4 lbs.; expands in length, by 1° of heat qqq ! good 
English iron will bear on a square inch without permanent alteration 
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17,800 lbs. and an extension in length of —?— ; cohesive force diminished j ° 1400 by an elevation 1“ of temperature; weight of modulus of elasticity 
for a base of an inch square 24,920,000 lbs.; height of modulus of elas- ticity 7-,550,000 feet; modulus of resilience 12’7; specific resilience l-7. Compared with cast iron as unity, its strength is 1'12 times; its exten- sibility 0‘86 times; and its stiffness 1'3 times. The following hints for distinguishing cast-iron by the fracture will be useful to the practical man. When cast-iron is fractured it exhibits a grey colour, sometimes approaching to dull white, and in other cases the colour is dark grey with spots nearly black. The lustre is sometimes metallic, resembling freshly cut particles of lead lying on the surface, and in other cases there seem to be crystals in the iron disposed in rays. When the colour is an uniform dark grey, the iron is tough, provided there be also high metallic lustre; but if there be no metallic lustre, the iron, though soft, will be more easily crumbled than in the fprmer case. The weakest sort of soft cast-iron is where the fracture is of a dark colour, mottled, and without lustre. The iron may be accounted hard, tenacious and stiff, when the colour of the fracture is lightish grey with a high metallic lustre. When the colour is light grey without metallic lustre the iron is hard and brittle. When the colour is dull white the iron is still more hard and brittle than in the last case. When the fracture is greyish white, interspersed with small radiating crystals, the iron is of the extreme degree of hardness and brittleness. When cast-iron is dissolved in muriate of lime or muriate of magnesia the specific gravity is reduced to 2T55, most of the iron is removed and the remainder consists of plumbago with the impurities of cast-iron. A similar change takes place when weavers’ paste is applied to iron cylin- ders. Sea water when applied for a considerable time has the same efiect. It takes three times as long to saturate acid with white cast iron as with grey. The best way to try the quality of a piece of cast-iron is to strike its edge with a hammer. Should the blow make a slight impression the iron must be in some degree malleable, and provided the texture be uniform, the specimen may be regarded as good for machinery. If on the contrary the hammer makes no impression, and fragments fly off, the iron is brittle, and consequently bad. The soft grey cast-iron yields easily to the file after the outer crust has been removed, and is, in a cold state, slightly malleable. 
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We have taken the liberty of introducing two valuable tables from a ; very excellent work lately published on the strength of timber, by Mr Turnbull. They are very accurate, and will be found exceedingly useful in practice. These Tables are intended to facilitate the process of estimating the strength, magnitude, and deflexion of cast-iron beams, when employed as bearers or supports in buildings and other mechanical constructions. Table A exhibits the greatest weight that a beam of cast iron will bear in the middle of its length, when it is just able to restore itself if the load be removed; if loaded beyond that point, its elastic force is destroyed, and it takes a permanent set. The numbers at the top of the columns denote the depth of the beam in inches, and those in the left- hand marginal column denote the length of bearing, or distance between the supports in feet; the other columns contain the weight in tons that the beam will bear with safety, the breadth being one inch; consequently the numbers found in the table must always be multiplied by the given breadth, to obtain the entire load. Table B contains the deflexion in inches produced in the middle of the beam by the load in Table A, the arguments being the same. The black lines that run across the pages, mark the point where the depth has arrived at that proportion of the length, when the beam becomes too rigid for bearing purposes, if exposed to any degree of impulsive force. A few examples will render the use of the tables manifest. Thus:— A cast-iron beam, 2 inches broad, 18 inches deep, and 42 feet long, is placed horizontally on two supports exactly 40 feet asunder; how much will it bear suspended from the middle of its length, the elastic force remaining perfect ? In Table A, under 18 inches at top, and opposite 40 feet in the left hand column, stands 3‘07 tons: this is the load that a beam one inch broad of the given dimensions will bear with safety: but the proposed beam is two inches broad, and the strength increases directly as the breadth; therefore, 3-07 X 2 — 6'14 tons, the entire load. A cast iron beam, 18 inches broad and 40 feet between the supports, is found to bear 6T4 tons at the middle of its length, while the elastic force remains perfect; what is the breadth ? In Table A, under 18 inches at top and opposite 40 feet in the left hand column, stands 3‘07 tons for the load that a beam one inch broad j will bear; therefore 

614 = 2 inches, the required breadth. 
Aud exactly after the same manner is Table B to be applied for the deflexions. 
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Table A.—The strength of Cast-iron beams. — Breadth one inch. 



Table A, continued. 
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Table B.—Deflexion of Cast Iron Beams. 
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Table B, continued. 
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Table B, continued. 
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Irregular, that which deviates from the usual form or rule; thus, in geometry, a polygon which has not all its sides and angles equal, is called an irregular polygon. Isagone, a figure having equal angles. Isochronal, or Isochronous, is applied to such vibrations of a pen- dulum as are performed in equal times. Of this kind are all the cycloidal vibrations or swings of the same pendulum, whether the arcs it describes be longer or shorter; for when it describes a shorter arc, it moves so much the slower; and when along one, proportionally faster. Isometrical Perspective; a new method of drawing plans of machines, &c. whereby the elevation and ground plan are represented in one view. See Perspective. Isoperimetrical Figures, are those which have equal perimeters. Isosceles Triangle, is a triangle of two equal legs or sides. The angles at the base of an isosceles triangle are equal, and if the sides be produced, the angles under the base are also equal. If the line be drawn perpendicular to the base, it will bisect the base and the vertical angle; or if it be drawn to bisect the base, it will be perpendicular to it. 

J 
Jacket, Steam. The cylinders of steam engines of the larger size are encircled with another cylinder of greater diameter, steam being introduced between them in order that the inner cylinder may be kept warm. This envelope, or outer cylinder, is called a Jacket. This arrangement is not accompanied with any great economisation of fuel, and besides the engine room is kept uncomfortably warm. A better arrangement is to make the space between the cylinder and the jacket air tight, and admit no steam at all. In a high pressure engine,- working with steam at a temperature of 300° Fah., the loss of power by the cooling of a cylinder without a jacket does not amount to more than one sixty-fifth part of the original pressure of the steam. Jack, in mechanics, a sort of crane for raising heavy weights. It consists first of a small pinion wrought with a common winch. This pinion works in the teeth of a large wheel, on whose axis .there is fixed a small pinion with teeth, working in a rack. The turning of the handle raises the rack, and of course any weight attached to it. If the length of the handle of the winch be 7 inches, and the pinion which it drives contain 4 leaves, working in the teeth of the large wheel having 20 teeth, then will 5 turns of the handle be requisite for one of the wheel. But the length of the ai m of the winch being 7 inches, the 
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circumference through which the handle moves will be about 44 inches, and for one turn of the wheel the handle must pass through 5 x 44 = 220. The wheel carries a piuion of say 3 leaves, of a pitch of 4 of am inch, working the rack that carries the weight; one turn of the pinion will therefore raise the rack one inch, and as the power moves through 220 in the same time, 220 will be the power of the jack. Jet, condensing. The water used for condensing the steam iu VVatt’s engine is introduced into the condenser through a rose, or vessel at the end of the injection pipe, which is perforated into a great number of small holes, so that the water enters the condenser in a shower, and thus exposes the greatest possible extent of surface to the steam, in order to ensure rapidity of condensation.—See Condenser. Jet d’ead, a French word signifying a fountain that throws up water to some height in the air. Joint; the place where two pieces of timber, metal, &c., are joined together. Timber bars may be extended to any length in a right line, by joining one to the end of another as often as may be necessary to make the required length. The corresponding ends which join are cut in such a manner that every point of the part cut away in the one will coincide with a corresponding point in the other. The parts cut away at the two ends of two pieces which join are commonly plane surlaces, and the joint such, that when the two timbers are joined and kept together, two forces applied in a direction of the length of the two pieces thus united, may not be able to pull them asunder without breaking at the joint. Timbers thus joined are said to be scarfed. Timbers may also be joined either at oblique or at right angles. The timber bars which form the enclosure of every frame used in building may be rectangular, excepting those which are employed in the different faces of a roof in order to support the covering. The interior timbers of every frame comprised between the sides of the enclosure may be rectangular. Whenever two pieces of timber are joined to form an angle, we shall always suppose that they are rectangular bars, of which two faces are parallel to a plane, and consequently the other two faces perpendicular to that plane, unless the contrary is expressed; and thus, when one piece of timber is perpendicular to another, if the end of the one piece fit close upon the side of the other, that end must be in a plane perpendicular to any one of the four arrises of that piece. Every timber in a building which terminates with a close joint upon the face of another, will have its end in the figure of a rectangle, of which two sides will be perpendicular to the plane of the angle formed by these two timbers, except in the faces of hip or in hip and valley roofs, where the ends of the jack rafters and the ends of the purlins meet the hips. When the ends of a piece of timber join one of the faces of another piece of timber. 
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anil form such a joint tliat all the faces of the piece of which the ends fit upon the other intersect, and form a close joint, these two timbers may be firmly secured to each other by means of nails or bolts, provided tliat the angle which they form is very oblique. This form of joint is called a shoulder joint, and the end of the piece which fits upon the face of the other is called the shoulder ; but if the directions of the pieces form a right angle, or approach nearly to a right angle, such a method of fixing them cannot be secure, especially where one of them acts as a lever upon the other. If the ends of each of the pieces are cut so that they may meet each other in a plane perpendicular to the plane of the angle which the two pieces make with each other, and which will either bisect that angle or pass through the intersections of the outer and inner faces of these timbers. This form of joint is called a mitre joint, and the two pieces are said to be mitred. Here the lengths of the mitring surfaces in both pieces are equal. The pieces which are mitred together may be rendered much more secure by means of nails or bolts, than when they are simply shoulder jointed, particularly when one of the pieces is required to act as a lever upon the other. One piece of timber may be joined to another by inserting a part of the one into an excavation of the other, or reciprocally by excavating both, and inserting a portion of the solid of the one into the hollow of the other. The surfaces which are thus concealed by being brought into contact are called a close joint. A close joint may be made in an infinite variety of ways; by making the hollow of the one in such a manner, that when the two pieces are jointed all the points of the surface which were excavated in either piece may come in contact with some point or other of the surface of the other solid. This is an universal method of joining timbers, but the modes by whicii it may be done are of infinite variety. Generally, whatever may be the office of a piece of timber which is to be fixed to another, the excavation which is cut in the one piece in order to receive a part of the solid of the other, ought to be such that the surfaces may be in planes either perpen- dicular or parallel to the face of the timber from which the excavation may be made. The particular manner of forming the joint will depend upon the two following cases; viz. 1. when one of the pieces is fixed and the other in a state of tension; and 2. when one is fixed and the other in a state of compression. As every timber bar has a considerable weight, it cannot be kept stationary without being supported at least under one point; but the most secure supports will be under its extremities. For whatever be the kind of pressure to which a bar of timber may be subjected, it has also to support its own weight; and thus the formation of the joint of two timber bars to be fixed to each other at a given angle will depend upon the joint consideration of the species of strain and the weight of the timber. In forming the joint of two timbers making a 2 a 3 



given angle with each other, we shall always suppose that one of the pieces is fixed or immovable, and the species of strain to which the other may be subjected given, and that the fixed piece has to support the other. The case of tension requires the joint to be made in such a manner, that it would be impossible to pull the piece of which the strain is given out of the fixed piece without leaving a part of the end of the one or the other or of both timbers. The operation of forming such a joint has betn called cocking. When two pieces of timber are of the same thickness, and are re- quired to be joined to each other in the form of a cross, the two parts may be so cut, that when put together they may be comprised between two parallel planes at a distance from each other equal to the thickness of one of the pieces only. This method is called notching, and when each of the pieces is reduced to half its thickness, by taking away a rectangular solid equal to half their thickness, the method of notching is called halving. When two timber bars are intended to be joined together in order to form a cross, where one of the pieces is to be let down upon the other, two notches are generally cut from the upper face of the lower bar, by taking away two rectangular solids, and leaving a solid part between the two notches, and one notch is cut from the lower face of the upper bar to fit the piece which remains whole between the two notches in the lower timber bar, so that when the two timbers come to be joined, two ends of the two notches of the lower piece, and one of the perpendicular faces of the upper piece, may be in the same plane, and the remaining ends of these two notches in the lower bar in the same plane as the remaining opposite perpendicular face of the upper bar, and that the depths of the notches in both pieces may be equal to the distance intended to be let 
Metallic joints in steam engines are usually fixed by screw bolts passing through flanches, between which some durable elastic material such as leather or hemp is introduced, or some cement. Steam tight joints may be formed by fitting the pieces to be joined very accurately into a conical ring, and then screwing them tightly together; or a very tight joint may be made between two flat surfaces, by introducing a ring of small copper wire which flattens and accomodates itself to the surfaces when they are screwed together. If cement is to be used a good one for iron may be made as follows:— Mix together Sal ammoniac, .... 2 ounces. Flowers of Sulphur, ... 1 — Thin cast-iron filings or turnings, . 16 — Grind them in a mortar and keep the powder dry till required for 
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immediate use. When it is required take a portion of the powder and mix with it twenty times its weight of clean iron filings, grind in a mor- tar and wet with water until the mass assumes the consistence of paste. Put this between the surfaces to be joined, screw them tightly together and the joint will soon become as strong as if it had been entirely solid. Watt was in the habit of using a little sand from the grindstone trough which he thought improved the cement. When joists require to be opened occasionally a very good cement may be formed by mixing white lead with a little red lead, and these with oil to a proper consistence. This is laid on each side of a piece of plaited hemp, leather, or thick canvass, and placed between the parts before they are screwed together. A cheap and durable cement, useful for many purposes, and very applicable to be laid over the rivets and edges of the sheets of a copper boiler, for preventing the leakage of cocks, &c., may be made by mixing quick lime with white of egg, or the serum of blood, of the consistence of paste. This cement must be applied as soon as it is made. Joint, universal, is a very simple and effectual method of transfer- ring rotation from one axis to another. The single universal joint is represented in fig. 1. A and B are the shafts, between which the rotation is transmitted; C D, E F is a cross of metal, the ends of which turn freely in bushes placed in the extremities of two diameters in which the shafts terminate. From considering this arrangement, it is evident that, when the shaft A is turned round, the shaft B will receive a similar motion. If, however, the angle under the shafts A and B be less than 140", this will fail to act. 

Fig. 1. Fig. 2. 

In this case, the double universal joint must be resorted to. This is represented in fig. 2. There are here two crosses, the extremities of which move on pivots, like the former. This will serve when the angle contained by the shafts is less than 140". 
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These joints may also he constructed with four pins, fastened at right angles upon the circumference of a hoop, or solid ball. They are of considerable use in cotton mills, where the tumbling shafts extend to a great distance from the impelling power; for, by applying an universal joint, the shaft may be cut into convenient lengths, and be thus enabled to overcome a greater resistance. Joist, a beam that supports a floor, being itself supported by the walls at each end. The strength of joisting ought to be in proportion to the squares of their lengths, or, if supported beneath, their strength ought to be in proportion to the squares of the distances of the supports. For we niay suppose that all apartments are meant to contain a quantity of furniture in proportion to their size, or otherwise to accommodate occasionally a number of persons in that proportion; wherefore they support a weight or strain in proportion to the length of the joist, and the strain with equal weights is also as that length; that is, the joint strain is in proportion to the square of the length. For instance, if a set of joisting has twice the length of another set between the supports, the strength of the first in any section should be four times the strength of the other in a similar section. This is an important truth beyond all controversy, and yet it does not seem to be generally known or attended to by builders. Suppose it to be known what size of the section of a joist is sufficient for a given length in a certain case, let it be required to find the section of a similar joist of a diflerent given length in a similar case. Multiply the cube of the depth of the joist whose section is known, by the square of the length of the joist whose section is required, and divide the product by the square of the length of the known joist; the cube root of the quotient is the depth of the section required. Thus if in a certain case a joist whose depth is 1 foot, and thickness 3 inches, be sufficient for a length of 30 feet; what must the section of a similar joist be in a similar case whose length is 15 feet ? By the 

= v/900 = v/'25 = '6298 feet, and rule the depth = 
foot : 3 inches : : -6298 feet : T8894 inches = thickness of the similar beam. It will be found, by multiplying the thickness by the square of the depth in each of these beams, that the section of the one is four times the strength of the other, as it ought to be. But the areas of the sections are as 3 to IT9, and as the less is half the length of the greater, the quantity of material in the one is therefore above five times as much as in the other; and yet, although it may seem a paradox, the one has been shown to be as strong as the other. The above rule may be extended to dissimilar beams. Suppose we know, as above, the three dimensions of a beam that is of a sufficient strength in a certain case. Let it be 



required to find any one dimension of any beam that will be equally strong with the given beam in a similar case. To find the length, the depth and thickness being given. Multiply the square of the depth of the unknown beam by its thickness; multiply this product again by the square of the length of the known beam; divide the product by the product of the square of the depth and the thickness of the known beam, and the square root of the quotient is the length required. Thus, suppose a joist 30 feet long, 12 inches deep, and 3 inches thick, has sufficient strength in a given case, it is required to know the length of another joist of equal strength, whose depth and thickness are 8 and 6 inches respectively in a similar case. 

feet, Ans. To find the depth, the length and thickness being given. Multiply the square of the depth of the known beam by its thickness, and this product again by the square of the length of the beam whose depth is required; divide the product by the product of the square of the length of the known beam, and the thickness of the other; and the square root of the quotient is the depth required. Suppose a joist 30 feet long, 12 inches deep, and 8 thick, be of sufficient strength in a given case: it is required to know the depth of another joist, whose length is 28-2S feet, and thickness 6 inches, of the same strength in a similar case. „ , , , 12' X 3 X 28-28* . 144 X 3 X 800 . By the rule, v/   = v/ ~ t,00 X 6 = ^ 64 = 
8 inches, Ans. To find the thickness, the length and depth being given. Multiply the square of the depth of the known beam by its thickness, and this again by the square of the length of the beam whose thickness is required; divide the product by the product of the square of the length of the known beam, and the square of the depth of the other, and the quotient is the thickness required. Suppose a joist 30 feet long, 12 inches deep, and 3 inches thick, has strength sufficient for a certain purpose; it is required to know the thickness of another joist of equal strength, whose length is 28-28 feet, and whose depth is 8 inches for a similar purpose. „ , 12' X 3 X 28-28' 144 x 3 X 800 By the rule, 82 x 302 - 64 x 900 r 6 inches, Ans. 

It is evident also, from the foregoing propositions, that a joist is four times stronger when supported in the middle. That the main part of the strength of a joist consists in its depth; for it may be shown, that a joist may have twice the strength of another, and yet have less timber in it of equal quality and length; for instance, suppose a joint to be 6 inches square, its lateral strength in any section is the square of 6 multiplied by 
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6, equal to 216. Let another joist be 11 deep, and 3 inches thick, its ; lateral strength is the square of 11 multiplied by 3, equal to 363; this J last is above one-third stronger than the first; but, suppose this last joist laid on its broad side, the depth will be 3 inches, and its strength is the square of 3 multiplied by 11, equal to 99, nearly four times weaker ! than in the other position, while the quantity of timber evidently remains the same. The quantity of timber in the first joist is 6 X 6 = 36, and the quantity in the last is 11 X 3 = 33. Deep and thin joists are therefore the strongest when they have no side pressure; they are also ) the lightest and the most efficient, for they do not strain the building so - much by their own weight, and very slight levers are sufficient to pre- vent them from warping. Joists are twice as strong with their ends firmly built into the wall, as when the ends are merely laid loosely upon it,—a circumstance that ought certainly to be attended to when the walls are strong; but if not, they in that case have a tendency to shake the 

In estimating the strength of joists the stress of the flooring is of course | the first thing to be considered. On an average the weight of a I superficial foot of unloaded flooring, where there is a ruling counter- 1 floor and iron girders, is about 40 lbs., and when loaded with people 1 about 120 lbs. to the square foot, this therefore ought to be taken as the minimum stress. Cast iron joists are employed for fire proof floors, a species of floors which ought to be used in all spinning and weaving factories. The iron joists are laid parallel to each other across the narrowest direction of the apartment, the spaces between them being occupied by arches of brick work. The joists are usually of this form, viewed endwise. For such cast iron joints Mr Tredgold gives the subjoined formula, in which W = the weight in lbs., I = the length in feet, d = the depth and 6 = the breadth in inches, y the diflerence of the breadth of the broadest and narrowest parts, and p a fraction such that when multiplied by the whole depth will give the depth of the middle part of the figures. Then for cast iron joists we have 
W X l  1700 x (1 — ? X P2) ~ ‘ X <**. 
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Table of Cast Iron Joists for Fire-proof Floors, when the extraneous load is not greater than 120 Us. on a superficial foot. 

Journal, is that part of a shaft that revolves on a support somewhere between these points where the power and resistance are applied. See Shaft. 

K 
Key Stone, the highest stone in an arch. \ Key Screw. See Screw hey. King Post. See Roof. Knee Joint. See Toggle. 

L 
Lacquer. See Varnish. Laminae, are extremely thin plates, of which solid bodies are supposed ! to be made up. These are indeed rather ideal than real ; but such a con. i firmation is frequently supposed for the sake of simplifying the solution in a great variety of physical problems. * Larch, this kind of timber is very useful to the mechanic. Worms do not destroy it, and the weather has very little influence upon it. It is well adapted for framing of machines, for masts of ships, &c. The > weight of a cubic foot is 36 lbs. Lead, a well known metal much used in the arts. Lead unites with most of the metals, has little elasticity, and is the softest of them all. Gold and silver are dissolved by it in a slight red heat, but when the heat is much increased, the lead separates, and rises to the surface of the gold, 



combined with all heterogeneous matters; hence lead is made use of in the art of refining the precious metals. If lead be heated so as to boil and smoke, it soon dissolves pieces of copper thrown into it; the mixture, when cold, being brittle. The union of these two metals is remarkably slight, for upon exposing the mass to a heat no greater than that in which lead melts, the lead almost entirely runs off by itself. Sheet lead is made by suffering the melted metal to run out of a box through a long horizontal slit, upon a table covered with sand, and the box is drawn over it, leaving the melted lead behind to congeal in the desired form. The requisite uniformity and thinness are given to these sheets, by rolling them between two cylinders of iron. An alloy of lead and antimony is used for printers’ types; four parts of lead to one of antimony form a good composition. If the antimony be pure, one part of it, to seven or eight of lead, form an alloy too brittle to be extended under the hammer, and as hard as the generality of types. Antimony renders the lead more fusible, more fluid when melted, and as it expands in passing to a solid state, it is calculated to produce a sharper impression of the mould, than could be easily obtained by lead alone. The antimony in combining with lead, as it is little more than half its weight, rises to the surface, and requires to be well stirred before it will incorporate. The surface of melted lead, as every one knows, becomes quickly covered with a skin or pellicle, often assuming different lively hues at first, and subsequently increasing in quantity and darkness of colour. This effect, termed by chemists oxidation, as it is occasioned by the action of the oxygen of the atmosphere, the activity of which is greater in proportion to the heat of the lead, wastes the metal so fast, that it becomes an object of importance to those who melt much lead, to check its formation, or to convert it, when formed, by the cheapest process, into the metallic state again. A thick coating of ashes of any kind, will check the formation of the oxide, and may be easily pushed back, when a quantity of lead must be taken out of the crucible or melting pan. Charcoal, which is also a good covering for lead in the pan, will convert dross into metal, when assisted by a sufficient heat; fat, oily, and bitu- minous substances in general, have a similar effect. Common resin answers exceedingly well; thrown in powder upon melted lead, and stirred about, it immediately converts the oxide into metal, causes the surface to shine like mercury, and if any thing remains, it is only a black dirt, containing little or no lead. But in taking off this dirt, small globules of pure lead, skimmed off at the same time, get mixed with it; by throwing it into water, stirring it thoroughly, and pouring off all that does not immediately sink, these grains may be separated. If part of what has appeared to be dirt, is found to be so heavy as instantly to sink 
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to the bottom of water, it may be suspected to be true dross or oxide, and may be revived by mixing it with charcoal, and exposing it to a considerable heat. It is always, however, more prudent and economical, to use means of preventing the formation of oxide, than to bestow much time upon its revival. Lead becomes less fluid every time it is melted, and by much or frequent exposure to a high temperature, a state in which it is said to be rotten, is superinduced. To use new lead, and not to melt it oftener, or expose it to a greater heat than is indispensable, are necessary precautions to preserve this metal in its best state. Plumbers, when they cast it into sheets, strew common salt upon the table, to facilitate its spreading, when they are not using new lead, and are for that, or any other reason, apprehensive that it will not run well. Leibnitzian Philosophy, is. a system formed and published by its author in the last century, partly in emendation of the Cartesian, and partly in opposition to the Newtonian Philosophy. In this philosophy the author retained the Cartesian subtile matter, with the vortices and universal plenum; and he represented the universe as a machine that should proceed for ever, by the laws of mechanism, in the most perfect state, by an absolute inviolable necessity. After Newton’s philosophy was published in 1687, Leibnitz printed an Essay on the Celestial Motions in the Act. Erud. 1689, where he admits the circulation of the ether with Des Cartes, and of gravity with Newton; though he has not reconciled these principles, nor shown how gravity arose from the impulse of this ether, nor how to account for the planetary revolutions in their respective orbits. His system is also defective, as it does not reconcile the circulation of the ether with the free motions of the comets in all directions, or with the obliquity of the planes of the planetary orbits, nor does he resolve other objections to which the hypothesis of the vortices and plenum is liable. Soon after the period just mentioned, the dispute commenced concerning the invention of the method of fluxions, which led Mr Leibnitz to take a very decided part in opposition to the philosophy of Newton. From the goodness and wisdom of the Deity, and his principle of a sufficient reason, he concluded, that the universe was a perfect work, or the best that could possibly have been made; and that other things, which are evil pr incommodious, were permitted as necessaiy consequences of what was best: that the material system, considered as a perfect machine, can never fall into disorder or require to be set right; and to suppose that God interposes in it, is to lessen the skill of the author, and the perfection of his work. He expressly charges an impious tendency on the philosophy of Newton, because he asserts that the fabric of the universe and course of nature could not continue for ever in its present state, but in process of time would require to be re-established or renewed by the hand of its first framer. The perfection of the uni- 
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verse, in consequence of which it is capable of continuing for ever, by mechanical laws, in its present state, led Mr Leibnitz to distinguish between the quantity of motion and the force of bodies; and, whilst he j owns, in opposition to Des Cartes, that the former varies, to maintain | that the quantity of force is for ever the same in the universe; and to measure the forces of bodies by the squares of their velocities. Leibnitz proposes two principles as the foundation of all our knowledge; I the first, that it is impossible for a thing to be, and not to be at the same time, which, he says, is the foundation of speculative truth; and, secondly, that nothing is without a sufficient reason why it should be so, -I rather than otherwise; and by this principle, he says, we make a transi- tion from abstracted truths to natural philosophy. Hence he concludes ! that the mind is naturally determined in its volitions and elections, by the greatest apparent good, and that it is impossible to make choice between things perfectly like, which he calls indisceruibles; from whence he infers, that two things perfectly like could not have been produced : even by the Deity himself: and one reason why he rejects a vacuum, is « because the parts of it must be supposed perfectly like to each other. | For the same reason, too, he rejects atoms, and all similar parts of mat- ter; to each of which, though divisible ad infinitum, he ascribes s. monad (Act. Lipsic. 1698, p. 435) or active kind of principle, endued with per- j ception. The essence of substance he places in action or activity, or, | as he expresses it, in something that is between acting and the faculty | of acting. He affir ms that absolute rest is impossible, and holds that ^ motion, or a sort of nisus, is essential to all material substances. Each monad he describes as representative of the whole universe from its point | of sight; and yet he tells us in one of his letters, that matter is not a substance, but a substantiatum or phenomena bien fonde. Lemma, in mathematics, a previous proposition, laid down in order to f clear the way for some following demonstration, and prefixed either to theorems in order to render their demonstration less perplexed and in- 5 tricate, or to problems to make their resolution more easy and short. Level, an instrument employed in ascertaining a horizontal line, of ? which there are various sorts; as the Air Level, which shows the line of , level by means of a bubble of air inclosed with some fluid in a glass tube of an indeterminate length and thickness, and having its two ends her- J metically sealed. When the bubble fixes itself at a certain mark, made exactly in the middle of the tube, the case or ruler in which it is fixed | is then level. When it is not level the bubble will rise to one end. This glass tube may be set in another of brass, having an aperture in the middle, where the bubble of air may be observed. The liquor, with which the tube is filled, is oil of tartar, that not being so liable to freeze as common water, or so subject to rarefaction and condensation as spirit 
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of wine. Plumb Level, shows the horizontal line by means of a line perpendicular to that described by a plummet or pendulum. This in- strument consists of two legs or branches, joined together at right angles, whereof that which carries the thread and plummet is about a foot and a half long; the thread is hung towards the top of the branch. The i middle of the branch where the thread passes is hollow, so that it may L hang free every where: but towards the bottom, where there is a little il blade of silver, whereon is drawn a line perpendicular to the telescope, [the said cavity is covered by two pieces of brass, making, as it were, a kind of case, lest the wind should agitate the thread; for which reason the silver blade is covered with a glass, to the end that it may be seen when the thread and the plummet play upon the perpendicular. The H telescope is fastened to the other branch of the instrument, and is about ; two feet long; having a hair placed horizontally across the focus of the I object-glass, which determines the point of the level. The telescope Ii must be fitted at right angles to the perpendicular. It has a ball and f! socket, by which it is fastened to the foot. Water Level, that which shows the horizontal line by means of a surface of water or any other rj; fluid; founded on this principle, that water always places itself level or . horizontal. The most simple kind is made of a long wooden trough or ij canal; which being equally filled with water, its surface shows the line D. of level. The water level is also made with two cups fitted to the two i! ends of a straight pipe, about an inch diameter, and three or four feet I long, by means of which the water communicates from the one cup to I' the other; and this pipe being moveable on its stand, by means of a ball J and socket, when the two cups show equally full of water, their two Ij surfaces mark the line of level. This instrument, instead of cups, may I; also be made with two short cylinders of glass, three or four inches long, ij fastened to each extremity of the pipe with wax or mastic. The pipe is U filled with common or coloured water, which shows itself through the H cylinders, by means of which the line of level is determined; the height |j of the water, with respect to the centre of the earth, being always the s:, same in both cylinders. This level, though very simple, is yet very commodious for levelling small distances. , Where works of moderate extent are carried on, and where the per- |!! feet level of each stratum of materials is not an object of importance, i the common bricklayer’s level, made thus, j , having a plumb suspended 4 from the top, and received in an opening at the junction of the perpen- b dicular with the horizontal piece, will answer well enough. The prin- i ciple on which this acts is, that as all weights have a tendency to 2 gravitate towards the centre of the earth, so as the plumb-line is a true f perpendicular, any line cutting that at right angles must be a horizontal &! tine at the point of intersection. 2 B2. 
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Levelling, the finding a line parallel to the horizon at one or more stations, to determine the height or depth of one place with respect to another, for laying out grounds even, regulating descents, draining morasses, conducting water, &c. Two or more places are on a true level when they are equally distant from the centre of the earth. Also one place is higher than another, or out of level with it, when it is farther from the centre of the earth; and a line equally distant from that centre in all its points, is called the line of true level. Hence, because the earth is round, a line must be a curve, and make a part of the earth’s circumference, or at least be parallel to it, or concentrical with it. The line of sight given by the operations of levels, is a tangent, or a right line perpendicular to the semi-diameter of the earth at the point of contact, rising always higher above the true line of level, the farther the distance is, is called the apparent line of level. The difference, it is evident, is always equal to the excess of the secant of the arch of distance above the radius of the earth. The common methods of levelling are sufficient for laying pavements of walks, or for conveying water to small distances, &c.; but in more extensive operations, as in levelling the bottoms of canals, which are to convey water to the distance of many miles, and such like, the difference between the true and the apparent level must be taken into the account. Now the difference between the true and apparent level, at any dis- tance, may be found by a well-known property of the circle, to be equal to the square of the distance between the places, divided by the diameter of the earth; and consequently it is always proportional to the square of the distance. Now the diameter of the earth being nearly 7958 miles, if we first take the distance = 1 hiile, then the excess becomes 7'962 inches, or almost eight inches, the height of the apparent above the true level at the distance of one mile. Hence, proportioning the excesses in altitude according to the squares of the distances, the following table is obtained, showing the height of the apparent above the true level for every 100 yards of distance on the one hand, and for every mile on the other. An easy rule to find the extent of the visible horizon is; the distance to which an object may be seen touching the horizon is proportional in leagues to the square root of the observer’s height in fathoms, that is, if the heights be 1, 4, 9, 16, &c. fethoms the distances will be 1, 2, 3, 4, &c. leagues, or 3, 6, 9, 12, &c. miles; or multiply the height in feet by the constant number 1'5, and extract the square root of the product for the distance in miles. Thus if the height of the observer be 3262 feet, then v,(3262 X 1‘5) = 69'95 miles = the distance to which an object can be seen on the horizon. 



LEVELLING. 293 

By means of this table of reductions, we can now level to almost any distance at one operation, which the ancients could not do but by a great multitude; for, being unacquainted with the correction answering to any distance, they only levelled from one twenty yards to another, when they had occasion to continue the work to some considerable extent. This table will answer several useful purposes. Thus, first, to find the height of the apparent level above the true, at any distance. If the given distance is in the table, the correction of level is found on the same line with it. Secondly, To find the extent of the visible horizon, or how far can b.e seen from any given height, on an horizontal plane, as at sea, &c. Suppose the eye of an observer, on the top of a ship’s mast at sea, is at the height of 130 feet above the water, he will then see about 14 miles all around. Or from the top of a cliff by the sea-side, the height of which is 66 feet, a person may see to the distance of near 10 miles on the surface of the sea. Also, when the top of a lull or the light in a light-house, or such like, whose height is 130 feet, first comes into the view of an eye on board a ship, the table shows that the distance of the ship from it is 14 miles, if the eye is at the surface of the water; but if the height of the eye in the ship is 80 feet, then the distance will be i increased by near 11 miles, making, in all, about 25 miles in distance. Thirdly, Suppose a spring to be on one side of a hill, and the house on an opposite hill, with a valley between them, and that the spring seen from the house appears by a levelling instrument to be on a level with the foundation of the house, which suppose is at a mile distance from it, then is the spring eight inches above the true level of the house; and this difference would be barely sufficient for the water to be brought in pipes from the spring to the house, the pipes being laid all the way in the ground. Fourthly, If the height or distance exceed the limits of the 1 table, then, first, if the distance be given, divide it by 2, or by 3, or by. 2 b 3 

I 
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4, &c. till the quotient come within the distances in the table; then take out the height answering to the quotient, and multiply it by the square of the divisor, that is, by 4, or 9, or 16, &c. for the height required. Lever. A lever is an inflexible rod, moveable about a centre of motion, or fulcrum, and having forces applied to two or more points in it. There are three kinds or orders of levers. A lever of the first order has the fulcrum C between the weight W and the power P. A lever of the second order has the weight between the power and the fulcrum. A lever of the third order has the power between the weight and the fulcrum. When the power and weight keep the lever in equilibrio, they are to each other reciprocally as the distances of their lines of direction from the fulcrum. That is, P : W : : C D : C E (fig. 1); where C D and C E are perpendicular to W O and A O, the directions of the two weights, or the power A and weight W; or what is the same thing, each force is reciprocally proportional to the distance of its direction from the fulcrum. When the two forces act perpendicularly on the lever, as two weights, then, in case of an equilibrium, D coincides with W, and E with P; therefore the above proportion becomes 

P : W : : C W : C A; 
and since the product of the extremes is equal to the product of the means, P x C E = W x C D; or if the forces act perpendicularly on the lever, we have this theorem, P xCA=WxCW. Also should any force P act at A in the direction A E, its efiect on the lever to turn it about the centre of motion C, is as the length of the lever AC, and the sine of the angle of direction CAE. 

In the bended lever A C W, we have P x A C x sine C A D = W X C W x sine C W G. (Fig. 2.) Also in a straight lever of the first order, P x A C = W x C W, and the pressure on the fulcrum is P + W. (Fig. 3.) In a straight lever of the second order P x A C = W x C W; but the pressure on the fulcrum is, in this case, W — P. (Fig. 4.) In a straight lever of the third order, P x A C = W x C W, and the pressure on the ful- 
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crura is P + W. (Fig. 5.) If a straight lever be kept iu equilibrio, by several weights, P, Q, R, S, T, acting perpendicularly, (Fig. 6.) then, 

PxAC + QxBC + RxDC = SxEC + TxFC. 
Therefore, (Fig. 7), 

P + W : P ; : A W : C W. 
and P + W : W : : A W : A C. 

C W = P X A W P + W and A C W x A W P + W 
which theorems are useful in finding the fulcrum, when the power and weight are both given, together with the whole length of the lever. 

Fig. 3. Fig. 4. 

In the compound lever, or where several levers act perpendicularly upon one another, as A B, 13 C, C D (Fig. 8), the fulcrums of which are F, G, I; then P:W::BFxCGxDI:AFxBGxIC, 



and the pressure on the fulcrum F = P -f Q : 
on the fulcrum G = Q + R = + 
R + VV = W+2L^D = ^g_CD, 

B F y I D and upon I = 

The following rule holds, whether the lever be of the first, second, or third order. Multiply the power by its distance from the fulcrum, and this product will be equal to the weight multiplied by its distance from the fulcrum, the weight of the lever not being considered: when if the weight upon each end of the lever is given, then the sum of the weights, is to either of the weights, as the sum of the distances, or whole length of the lever, is to the distance of the other from the fulcrum. The Balance is a lever of the first kind with equal arms. See Balance. The steelyard is also a lever of the first order. See Steelyard. If we take the weight of the lever into account, we must consider its whole weight to act at its centre of gravity; and if the lever be in the form of a cylinder, prism, or an uniform bar of any kind, its centre of gravity will be in its middle point. We will show afterwards how to take the weight of the lever into con- sideration, when the centre of gravity is not in the middle point of the 
In a lever of the first order, we may consider the weight of each arm of the lever as a new power acting at its centre of gravity, therefore, (see Fig. 3) P X A C + weight of AC X ^ A C = W x C W + weight of C W x § C W. In a lever of the second kind, we have, 
PxAC = WxCW + weight of A C x 3 A C. (Fig. 4.) 
In a lever of the third order (Fig. 5), 

PxAC = WxCW + weight of C W x « C W. 
Formula: for the lever of the first order, when the power acts at one end of it, and the weight at the other. Put A C = o the diameter of the power from the fulcrum, and C W —. I, the fulcrum, and let the weight of one inch in length of the lever . c, P the power, and W the weight. 

p _ W i & 2c — M a 2c (1) 
- T’ a + ?4 a M l> -c (2) 
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a = l ^/(PZ + 2W6c + b* c*)—1\ 
b = iv/(W2 + 2 P a c + «2 <V~. 
„_2Pa^2WJ C “ b2 ^ a? 

(3) 
(4) 
(5) * 

When W = O, or when there is no weight, we have, 
“=v/("2+5)-r ^6) 

And when P =: O, or there is 
a=v/(iS + ^i). 

Where the power acts at some and the weight acts also at some 

2Wj- + J2c —a2i 2 P 
_2V d + a2c — b2c 

no power, we have. 
(7) 

intermediate point between A and C, intermediate point between W and C. 
— • (8) 
—. (9) 
•• (10) 

(11) 
When the power acts at one end of the lever, and the weight at the other, and the power is required. Suppose a case where W = 100 lbs. a = 60 inches, b = 36, and c = — fa lbs.; therefore, then by (1) we have, 

P = 100X36 + ^X36^ ,V-^602XTy = 5g 2 lbs> 
Take now a case where the power is applied at a given point D between A and C, and the weight at a given point E between W and C; then for the power P we must take formula (8.) Suppose W = 3 cwt. = 336 lbs. a = 8 feet, i = 6 feet, c — = 3 lbs. weight of one foot of the lever, d = 5 feet, and r = 2 feet; substitute those values in the above, and 

* It ia more simple to divide the whole weight of the lever by the whole length, and the quotient will give the weight of one inch or one foot in length, according as you take the length in inches or in feet. 
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„ 336 x 2 + $ X fi! y 3 — J S2 X 3 _ 672 + 54 — 96 _ “5 5 126 lbs. 
Let A W C be a lever of the second order, and C its fulcrum; the power multiplied by its distance from the fulcrum, is equal to the weight multiplied by its distance from the fulcrum, together with the whole weight of the lever multiplied by half its length; the lever being con- sidered uniform throughout its length. Given the whole weight of the lever 9 lbs. its length A C = 6 feet, a weight of 100 lbs. is put on at li feet from the fulcrum; it is required to determine the power acting at A which will keep the lever in equilibrio. (See Fig. 4.) Now 100 lbs. x li feet = 150 = the weight multiplied by its dis- tance. 9 x 3 = 27 = the weight of the lever multiplied by half its 

length. Hence = 29i lbs. is the weight or power acting at 
A which will keep the whole in equilibrio. Or thus, 6 : 100 : : 41: 75, the weight upon the fulcrum from the action of the weight. 6 : 100 : : 11 : 25, the power at A which will just support the weight. And the lever being uniform, its whole weight must be considered as acting at the middle of A F; therefore the ful- crum will bear one half of its weight, and the power must support the other. Consequently 75 + 41 = 791 lbs. weight upon the fulcrum. And 25 + 41 = 291 lbs. the power necessary to keep the whole in equilibrio, which is exactly the same as before. Again, a beam, the weight of which is 12 lbs. and its length 18 feet, is supported at both ends; a weight of 36 lbs. is suspended at 3 feet from one end, and a weight of 24 lbs. at 8 feet from the other end; required the pressure on each prop or support. Then, 18 : 36 : : 15 : 30 lbs. the pressure on the support C by the action of the 36 lbs. weight. 18 : 24 : : 8 : 10% lbs. the pressure on the support C from the action of the 24 lbs. weight. 30 + 10% = 40% lbs. pressure on the support C from both weights. Also 18 : 36 : : 3 : 6 lbs. pressure on the support A from the action of the 36 lbs. weight. 18 : 24 : : 10 : 13% lbs. pressure on the support A from the 24 lbs. weight. 6 + 13% = 19% lbs. the whole pressure on the support A from both weights; half the weight of the lever added to each of the above sums will give the whole pressure on each support: thus, 40% + 6 = 46% lbs. whole pressure on the support C; and 19% + 6 = 25% lbs. the whole pressure on the support A. Given the whole length of the lever A C = 10 feet (Fig. 4), its weight 15 lbs. a weight of 50 lbs. is suspended at 2 feet from the fulcrum 
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or end C; what power, acting at 3 feet from the other end A, will keep the whole in equilibrio ? Since 10 — 3 = 7 feet, the distance of the power from the fulcrum C; therefore 7 : 50 : : 2 : J4f lbs. the power necessary to balance the weight alone; and since the centre of gravity of the lever is 2 feet from the power, and 5 feet from the fulcrum, we have 7 : 15 : : 5 : 10^ lbs. the power necessary to sustain the lever. And 14f + lOf = 25 lbs. the power required to sustain both weight and lever. And to find the weight sustained by the fulcrum, 7 : 50 : : 5 : 35f lbs. from the action of the weight. Also 7 : 15 : : 2 : 4f lbs. from the action of the lever. Hence 35* j_ 4* = 40 lbs. the whole pressure on the fulcrum or end C. 

Formulae for the lever of the second order. 

When W = O, or the power just sustains the lever, we have P = 
ki a c, and a = . (6) 

Formulae for the lever of the third order, 
p   W b -f* 7} b% c 

b 2 
  2 P a — 2W4 C b* ’ 
b = j/CWS + 2 P o c) 
„ _ Wi + £ J2c P 

(1) 
(2) 
(3) 
(4) 
(5) 



When W = O, or the power just sustains the lever, ' 
X = T ~ 0’ hence a~YT (e) 

(7) 
When the weight does not act weight from the fulcrum, the resl of the above formulfe. 
Then P a = Wr+ i4*c. 

_ Wr + 

at the end: let r = the distance of the t remaining the same as in the notation 

(8) 
(9) 

(10) 
The above theorems and examples are taken, with some alterations, from a very excellent work, before alluded to, Hann’s and Dodd’s Mechanics. Many more examples are given in that work, but the attentive reader will have no difficulty in applying the formula to other cases from the specimens we have laid before him. Line, in geometry, is that which has length without thickness. Lines are either right or curved. A Right or Straight Line is that which lies all in the same direction between its extremes or ends. A Curve Line, is that which continually changes its direction. Curve lines are again divided into algebraical, geometrical, and mechanical, or transcendental. Locomotive Engine. See Railways. Logarithms are artificial numbers, used to facilitate or abridge arithmetical calculations, and may be considered as expressing the relation between an arithmetical and geometrical series of terms, or between ratios and the measures of ratios, and are, in short, the indices or exponents of a series of numbers in geometrical progression. The origin and nature of them may be easily explained. In an arithmetical series the quantities increase or decrease by the same difference, but in a geometrical series they increase or diminish by a common measure. The first of the following lines exhibits an arithmetical progression, all the other lines are examples of geometrical progression: 1— 0, 1, 2, 3, 4, 5, 6, 7, 8, 9. 2— 1, 2, 4, 8, 16, 32, 64, 128, 256, 512. 3— 1, 3, 9, 27, 81, 243, 729, 2187, 6561, 25683. 4— 1, 10, 100, 1000, 10000, &c. &c. 
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Here, considering the upper line as the index to all the rest, every term of it is the logarithm of a corresponding term in each of them; and. it is evident, that an infinitude of other lines, or any one of the same lines, varying the point of commencement, and containing numbers in geometrical progression, might be added, to all of which the same arithmetical series might furnish logarithms. But any other series of numbers in arithmetical progression, for example, one increasing or diminishing by the common difference of two, three, four, &c. might be used for an index to a geometrical series. Hence, then, there may be various systems of logarithms, any one of which may be contrived so as to abridge calculation. It has been found most convenient to adopt that system which takes the natural series of numbers for the indices of the terms in the geometric series, 10, 100, 1000, &c. increasing in a tenfold progression, as in the fourth line. Now, in every multiplication by a whole number, the ratio which the product bears to the multiplicand is the same as that of the multiplier to unity; and, consequently, the ratio of the product to unity must be equal to the sum of the ratios of the multiplier to unity, and the multiplicand to unity. Obviously, then, the addition of the ratios of the multiplicand to unity, and the multiplier to unity, corresponds with the multiplication of the two quantities; and, hence, adding togetherjfhe representatives of such ratios, we obtain the representatives or. indices of the ratios of the products to unity; and, accordingly, if we have a table containing the natural numbers with which such representatives correspond, we shall there find the product of the multiplicand and multiplier, the ratio of which was indicated. In other words, the addition of the terms of the arithmetical series corresponds to the multiplication of the terms of the geometrical series; and thus, the arithmeticals may be considered as presenting a set of artificial numbers, which, when arranged in tables, will convert operose multiplication into simple addition; and, on the same principle, the labour of division may, by means of such table, be performed by subtraction. But we may also consider logarithms as the indices of those powers of numbers which are equal to any given numbers. This is easily explained. All affirmative numbers may be regarded as the powers of anyone given affirmative number. For example, the powers of 2 may become equal, or approach within less than any assignable difference to all other num- bers whatever. Now, in those numbers which are expressed by integers, “ as 2°, 21, 2s, 23, &c. we have the geometrical progression 1, 2, 4, 8, 1-6, &c., and the intermediate numbers of this series, viz. 3, 5, 6, 7, &c. are expressed, very nearly, by powers of two with fractional expo- nents. Thus, 3 = 21'53496 nearly : 5 = 22'3219 : 6 = 22'58W6. The powers of 10 might be used, in the same manner, to express all numbers, 
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as 109 = 1, 10,3°103 — 2, 10'47712 = 3, and thus also might fractions be expressed, as 10-1 = ^ 10"30103 = i, &c. where the negative powers of 10 are employed. In short, any number whatever, whether integer or fractional, might he taken in place of 2 or 10, and such exponents of it found as would give its powers equal to all numbers from 0 upwards; and there are, accordingly, no limits or conditions as to the magnitude of the number, the powers of which are to represent all numbers, save that it must be neither equal to unity nor negative, and that for very obvious reasons—for, in the first case, that is, if it be I. all its powers would be = 1, and, in the second, that is, if negative, there will be numbers to which none of its powers can possibly be equal. Now, sup- pose N = m,r representing any number whatever, according to the system of logarithms adopted, then the logarithm of N is n, which may be either positive or negative. When N is 1, then n = o, whatever may be the value of r; and accordingly the logarithm of 1 is 0 in every system of logarithms. In the commonly adopted system, r = 10, so that the logarithm of any number is the index of that power of 10 which is equal to the said number. Accordingly, 100 or 102, that is the second power of 10 has 2 for its logarithms and 1000, that is 10s, or the third power of 10, has 3 for its logarithm: or, as in this series, 103, 102, iqi, 10», 10->, 10-2, 10-3, that is, . . . 1000, 100, 10, 1, 1, -01, -001, we have respectively for) g „ ^ q  j  g  g the logarithms ) ’ ’ ’ ’ ’ Now the logarithm of any number that is intermediate between any two terms in the first series, is included between the corresponding terms of the last series, and consequently will have the same index, whether positive or negative, as the less of the terms, together with a decimal fraction, which is always positive. For instance, 50 falls between 10 and 100; its logarithm therefore falls between 2 and 1, and has 1 for its index, or characteristic, as it is sometimes called, and a decimal fraction, that is together 1-69897. Thus, then, 0, 1, 2, 3, 4, &c. are the logarithms of 1, 10, 100, 1000, 10000, &c. in a system of logarithms having 10 for its base, that is, the number the powers of which, as marked by exponents, are used to indicate the logarithms of other numbers. The index, or characteristic of a logarithm, is always either = 0, or an integer, positive or negative, and points out the place * that is occupied by the first significant figure of the given number, either above or below that of units, being positive in the former case, and negative in the latter. When negative, the sign — is usually set over the characteristic to distinguish it from the decimal part, which, as already mentioned, is always positive. But the whole expression may be converted into a negative form by making tire characteristic figure 
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less by 1, and taking the arithmetical complement of the decimal, namely, commencing at the left hand, and subtracting each figure from 9, except the last significant figure, which is to be subtracted from 10, the remainder constituting the required logarithm in an entirely negative form. Thus, the logarithm *05, that is, 2‘69897, or — 2 -f •69897, may also be expressed by — 1-30L03, which is entirely negative. On the other hand, such logarithms are sometimes conveniently expressed altogether in a positive form, by joining to the tabular decimal the com- plement of the index to 10, as in the above case, 8'69897. A system of logarithms, then, may be considered as the numbers arising in and expressed by the indices or exponents of a power according to every value that may be given to that power, while the base of the system, which is the same as the base of the power, may be any constant number greater than unity. The number 10, as already remarked, is the number chosen for the base in the system of logarithms now generally adopted, which is that of Henry Briggs; whereas the radical number in the system originally proposed by the celebrated Napier, the inventor ef logarithms, is 2'7182818, &c. But however systems of logarithms may difler in this respect, the logarithms of the same number are always in a constant ratio to one another. Of the methods of constructing logarithms we need not speak particularly, as we merely concern ourselves with the general principles of numbers. The following table, which gives tlie logarithms of numbers from 1 to 120, will afford some idea of the nature of them, and serve all the purposes we have at present in view. 

2 c 2 
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The chief properties of logarithms are these: 1. The sum of the logarithms of two numbers is equal to the logarithm of their produce. 2. Tho difference of the logarithms of two numbers is equal to the logarithms of their quotient. 3. The logarithm of the power of any number is equal to the logarithm of the number taken as often as is denoted by that power; e. (/. the log. bn = n log. b. On .the same principle it can be shown, that the logarithm of any root of a number is equal to the logarithm of that number divided by the index of the roots. All logarithms are derived from the equation of the hyperbola, but one system has been peculiarly denominated hyperbolic logarithms, i. e. those first laid down by lord Napier, the inventor. These latter species are very frequently used in calculations connected with the steam engine, and we therefore present a table below. 

HYPERBOLIC LOGARITHMS. 

Lone, Lunula, in geometry, is the space included between the arcs of two unequal circles, forming a sort of crescent or half-moon; the area of which may, in many cases, be as accurately determined as that of any rectilinear figure. On the diameter of a semicircle describe a right- angled triangle, of which the angular point will necessarily fall in the circumference. Then on each of the sides describe a semicircle; the two figures contained between them and the first semicircle will be Junes; and the area of them will be equal to the area of the right-angled triangle. For the semicircles, when the two sides are equal to that upon the diameter; and if the segments between the sides and the lunes which are common to both be taken away, the remaining lines will be equal to the remaining triangle. 
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M 

Machine, any thing that is used to augment or to regulate moving forces or powers; or it is any instrument employed to regulate motion so as to save either time or force. Machines are classed under different denominations, according to the agents by which they are put in motion, the purposes they are intended to eflect, or the art in which they are employed; as Electric, Hydraulic, Pneumatic, Military, Architectural, Sic. Maximum eflect of machines is the greatest effect which can be produced by them. In all machines that work with a uniform motion, there is a certain velocity, and a certain load of resistance, that yields the greatest effect, and which are therefore more advantageous than any other. A machine may be so heavily charged, that the motion resulting from the application of any given power will be but just sufficient to overcome it, and if any motion ensue it will be very trifling, and there- fore the whole effect very small. And if the machine is very lightly loaded, it may give great velocity to the load; but from the smallness of its quantity the effect may still be very inconsiderable, consequently between these two loads there must be some intermediate one that will render the effect the greatest possible. This is equally true in the application of animal strength as in machines. 1. The maximum effect of a machine is produced when the weight or resistance to be overcome is just £ of that which the power when fully exerted is just able to balance, or of that resistance which is necessary to reduce the machine to rest; and the velocity of the part of the machine to which the power is applied should be one-third of the greatest velocity of the power. 2. The moving power and the resistance being both given; if the machine be so constructed that the velocity of the point to which the power is applied be to the velocity of the point to which the resistance is applied, as nine times the resistance to four times the power, the machine will work to the greatest possible advantage. 3. This is equally true when applied to the strength of animals; that is, a man, horse, or other animal will do the greatest quantity of work, by continued labour, when his strength is opposed to a resistance equal to , of his natural strength, and his velocity equal to i of his greatest velocity when not impeded. Now, accprding to the best observations, the force of a man at rest is 
on an average about 70 lbs.; and his greatest velocity, when not impeded, 2 c 3 
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is about 6 feet per second, taken at a medium. Hence the greatest effect will be produced when the resistance is equal to about 31 f lbs. and his uniform motion 2 feet per second. The strength of a horse at a dead pull is generally estimated at about 420 lbs. and his greatest rate of walking 10 feet per second; therefore the greatest effect is produced when the load = 1861 lbs. and the velocity 3°, or 3J feet per second. 4. A machine driven by the impulse of a stream, produces the greatest effect when the wheel moves with one-third of the velocity of the water. The following may be taken as a general arrangement of machines. 

CLASS I. Machines for overcoming inertia. Machines for raising weights. Machines for transporting weights on land. Machines for raising water. Blowing machines. Machinery for ascending and descending in fluids. Machines for navigation. 
CLASS II. Machines for overcoming cohesion. 

Ploughs. Drilling machines. Reaping machines. Thrashing machines. Mills. Block machinery. Boring machines. Machinery used in button-making. Card wire machine. Chaff-cutting machines. Machines for cleaning, or removing impurities. Machines for cleaning cotton. Grinding machines. Machines for turning. Machines which act by compression. Drilling machine. Pile engines. 
CLASS III. Machines for combining materials. 

Machines for weaving cloths, carpets, nets, stockings. Machine for combining materials in brewing. 
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CLASS IV. 

Machines for measuring forces. 
Anemometers. Torsion machines. Balances and steelyards. Barometers. Thermometers. Hygrometers. Machines for measuring the elasticity and strength of materials. Dynamometers for measuring the force of men, animals, and other agents. Ballistic pendulum for measuring the force of projectiles. Machines for measuring the force of running water. 

CLASS V. 
Machines for measuring and dividing space. 

Quadrants. Circles. Theodolites. Levels. Micrometers. Goniometers. Dividing machines. Odometers. Drawing and copying instruments. Craniometers. 
CLASS VI. 

Machines for measuring time. 
Machinery. [We take the liberty of extracting this article from the Popular Encyclopedia; a work alike remarkable for the clearness and comprehensiveness with which its subjects are treated.] The utility of machinery, in its application to manufactures, consists in the addition which it makes to human power, the economy of human time, and in the conversion of substances apparently worthless into valuable products. The forces derived from wind, from water, and from steam, are so many additions to human power, and the total inanimate force thus obtained in Great Britain (including the commercial and manufacturing) has been calculated, by Dupin, to be equivalent to that of 20,000,000 labourers. Experiments have shown that the force necessary to move a stone on the smoothed floor of its quarry is nearly two-thirds of its weight; on a 
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wooden floor, three-fifths; if soaped, one-sixth; upon rollers on the quarry floor, one thirty-second; on wood, one fortieth. At each increase of knowledge, and on the contrivance of every new tool, human labour is abridged: the man who contrived rollers quintupled his power over brute matter. The next use of machinery is the economy of time, and this is too apparent to require illustration, and may result either from the increase of force, or from the improvement in the contrivance of tools, or from both united. Instances of the production of valuable sub- stances from worthless materials are constantly occurring in all the arts; and though this may appeal- to be merely the consequence of scientific knowledge, yet it is evident that science cannot exist, nor could its lessons be made productive by application, without machinery. In the history of every science, we find the improvements of its machinery, the invention of instruments, to constitute an important part. The chemist, the astronomer, the physician, the husbandman, the painter, the sculp- tor, is such only by the application of machinery. Applied science in all its forms, and the fine and useful arts, are the triumphs of mind, indeed, but gained through the instrumentality of machinery. The difference between a tool and a machine is not capable of very precise distinction, nor is it necessary, in a popular examination of them, to make any distinction. A tool is usually a more simple machine, and generally used by the hand; a machine is a complex tool, a collection of tools, and frequently put in action by inanimate force. All machines are intended either to produce power, or merely to transmit power and execute power. Of the class of mechanical agents by which motion is transmitted,—the lever, the pulley, the wedge,—it has been demonstra- ted that no power is gained by their use, however combined. Whatever force is applied at one part, can only be exerted at some other, diminished by friction and other incidental causes; and whatever is gained in the rapidity of execution, is compensated by the necessity of exerting additional force. These two principles should be constantly borne in mind, and teach us to limit our attempts to things which are possible. 1. Accumulating power. When the work to be done requires more force for its execution than can be generated in the time necessary for its completion, recourse must be had to some mechanical method of preserving and condensing a part of the power exerted previously to the commencement of the process. This is most frequently accomplished by a fly-wheel, which is a wheel having a heavy rim, so that the greater part of the weight is near the circumference. It requires great power, applied for some time, to set this in rapid motion, and when moving with considerable velocity, if its force is concentrated on a point, its effects are exceedingly powerful. Another method of accumulating power consists in raising a weight and then allowing it to fall. A man 
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with a heavy hammer, may strike repeated blows on the head of a pile without any eflect; but a heavy weight, raised by machinery to a greater height, though the blow is less frequently repeated, produces the desired 

2. Regulating power. Uniformity and steadiness in the motion of the machinery are essential both to its success and its duration. The governor, in the steam-engine, is a contrivance for this purpose. A vane or fly of little weight, but large surface, is also used. It revolves rapidly, and soon acquires a uniform rate, which it cannot much exceed; because any addition to its velocity produces a greater addition to the resistance of the air. This kind of fly is generally used in small pieces of mechanism, and, unlike the heavy fly, it serves to destroy, instead of to preserve, force. 3. Increase of Velocity. Operations requiring a trifling exertion of force may become fatiguing by the rapidity of motion necessary, or a degree of rapidity may be desirable beyond the power of muscular action. Whenever the work itself is light, it becomes necessary to increase the velocity in order to economize time. Thus twisting the fibres of wool , by the fingers would be a most tedious operation. In the common spin- ning-wheel, the velocity of the foot is moderate, but, by a simple contri- vance, that of the thread is most rapid. A band, passing round a large wheel, and then round a small spindle, effects this change. This con- ' trivance is a common one in machinery. 4. Diminution of Velocity. This is commonly required for the pur- pose of overcoming great resistances with small power. Systems of pulleys afford an example of this: in the smoke jack, a greater velocity is produced than is required, and it is therefore moderated by transmis- sion through a number of wheels. 5. Spreading the Action of a Force exerted for a few minutes over a large time. This is one of the most common and useful employments of machinery. The half minute which we spend daily in winding up our watches is an exertion of force which, by the aid of a few wheels, is spread over twenty-four hours. A great number of automata, moved by i! springs, may be classed under this division. 6. Saving time in natural operations. The process of tanning consists * in combining the tanning principle with every particle of the skin, which, by the ordinary process of soaking it in a solution of the tanning matter, requires from six months to two years. By enclosing the solu- tion, with the hide, in a close vessel, and exhausting the air, the pores of the hide being deprived of air, exert a capillary attraction on the tan, which may be aided by pressure, so that the thickest hides may be tanned in six weeks. The operation of bleaching affords another example. 7. Exerting forces too large for human power. When the force of 
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large bodies of men or animals is applied, it becomes difficult to concen- trate it simultaneously at a given point. The power of steam, air, or water, is employed to overcome resistances which would require a great expense to surmount by animal labour. The twisting of the largest cables, the rolling, hammering, and cutting of large masses of iron, the draining of mines, require enormous exertions of physical force, con- tinued for considerable periods. Other means are used when the force required is great, and the space through which it is to act is small. The hydraulic press can, by the exertion of one man, produce a pressure of 1500 atmospheres. 8. Executing operations too delicate for human touch. The same power which twists the stoutest cable, and weaves the coarsest canvass, may be employed, to more advantage than human hands, in spinning the gossamer thread of the cotton, and entwining, with fairy fingers, the meshes of the most delicate fabric. 9. Registering operations. Machinery affords a sure means of remedying the inattention of human agents, by instruments, for instance, for counting the strokes of an engine, or the number of coins struck in a press. The tell-tale, a piece of mechanism connected with a clock in an apartment to which a watchman has not access, reveals whether he has neglected, at any hour of his watch, to pull a string in token of his vigilance. 10. Economy of materials. The precision with which all operations are executed by machinery, and the exact similarity of the articles made, produce a degree of economy in the consumption of the raw material which is sometimes of great importance. In reducing the trunk of a tree to planks, the axe was formerly used, with the loss of at least half the material. The saw produces thin boards, with a loss of not more than an eighth of the material. 11. The identity of the result. Nothing is more remarkable than the perfect similarity of things manufactured by the same tool. If the top of a box is to be made to fit over the lower part, it may be done by gradually advancing the tool of the sliding rest; after this adjustment, no additional care is requisite in making a thousand boxes. The same result appears in all the arts of printing: the impressions from the same block, or the same copperplate, have a similarity which no labour of the hand could produce. 12. Accuracy of the work. The accuracy with which machinery executes its work is, perhaps, one of its most important advantages. It would hardly be possible for a very skilful workman, with files and polishing substances, to form a perfect cylinder out of a piece of steel. This process, by the aid of the lathe and the sliding rest, is the every day employment of hundreds of workmen. On these two last advantages 
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of machinery depends the system of copying, by which pictures of the original may be multiplied, and thus almost unlimited pains may be bestowed in producing the model, which shall cost 10,000 times the price of each individual specimen of its perfections. Operations of copying take place, by printing, by casting, by moulding, by stamping, by punching, with elongation, with altered dimensions. A remarkable example of the arts of copying lies before the eye of the reader in these pages. 1. They are copies obtained by printing from stereotype plates. 2. Those plates are copies obtained (by casting) from moulds formed of plaster of Paris. 3. The moulds are copies obtained by pouring the plaster, in a liquid state, upon the movable types. 4. The types are copies (by casting) from moulds of copper, called matrices. 5. The lower part of the matrices, bearing the impressions of the letters or characters are copies (by punching) from steel punches, on which the same characters exist in relief. 6. The cavities in these steel punches, as in the middle of the letters a, b, &c., are produced from other steel punches in which those parts are in relief. Montesquieu somewhere regrets the introduction of the use of water- mills for grinding com, instead of the hand-mills formerly in use, as it threw a great many labourers out of employment, besides diverting the water from the purposes of irrigation. Upon this principle of throwing labourers out of employment, our hand-loom weavers were opposed to the use of power looms. It is not remarkable that labourers themselves, who, for a time, feel the inconveniences of the introduction of any im- provement, should oppose its introduction; but it is singular that any man of enlarged and philosophical views should fall into such a notion. Nobody certainly would think it a misfortune to a community, that, in consequence of some improvement in agriculture, the same labour would produce a greater quantity of grain; on the contrary, every one consents to the praise bestowed, by Johnson, upon the man who makes two blades ,of grass grow where only one grew before. And an improvement in machinery, whereby the same labour will produce twice the quantity of cloth, is precisely the same in its general effects upon the condition of the community, as an improvement in agriculture. But in a case of improvement in machinery, the effect is more apparent and more sudden, as it will spread rapidly, and, accordingly, the inconvenience to the labourers is, in fact, greater, though it can last only for a time. How- ever, the circumstance that its effect in discharging labourers is only temporary, though it shows that the inconvenience to the community is very limited, while its advantages are permanent, yet aflbrds no great consolation to the labourers themselves, if the population is dense, ana employment difficult to be obtained, since, while this temporary effect is passing off, they may starve. To avoid producing distress, and conse- 
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quent disorder, labour-saving machinery, therefore, should be introduced gradually among a community of labourers, like those of Britain, to whom it is ordinarily difficult to find full employment, and who, if unemployed, are immediately reduced to distress. Hitherto no incon- venience has been experienced in North America in consequence of the introduction of improvements in machinery, since it is, as yet, the more general habit of all classes to save something, so that very few are reduced to immediate distress, though thrown out of employment; and there is usually less difficulty in obtaining full employment for the industrious classes than in most other countries; and, accordingly, all classes are in favour of improvements and inventions whereby labour may be saved, or its products augmented. Magnitude, is used to denote the extension of any thing, whether it be in one direction, as a line; in two directions, as a surface; or in three directions, which constitute a body or solid. Geometrical magnitudes, may be conceived to be generated by motion, as a line by the motion of a point, a surface by the motion of a line, and a solid by the motion of a surface. Mahogany; one of the most valuable of the woods imported into this country. Mahogany balks are often three or four feet in diameter. Mahogany varies very much in quality; that grown on rocks is the hardest, heaviest, closest in the grain, and most beautifully veined; and Jamaica wood is preferable to that obtained on the coast of Cuba and the Spanish Main, on account of its being mostly found on rocky eminences, while the latter is cut in swampy soils near the sea-coast, and is light, porous, pale coloured, and open grained. On soils neither rocky nor swampy, the wood is of a medium excellence. Hence a good idea of the value of a parcel of mahogany may be formed, if we know correctly the nature of the soil upon which it grew. Different parts, however, of the trunk of the same tree, vary somewhat in quality; and in felling the timber, the most beautiful portion of it is commonly left behind. The negro workmen raise a scaffolding of four or five feet elevation from the ground, and hack up the trunk, which they cut into balks. The part below, extending to the root, is not only of larger diameter, but of a closer texture than the other parts, most elegantly diversified with shades or clouds, or dotted like ermine with spots. This part is only to be come at by digging below the spur, to the depth of two or three feet, and cutting it through; an operation too laborious to be often attempted.—The remark just made, with respect to the superiority of the wood of the mahogany-tree, near the earth, is applicable to timber in general, and ought not to escape the observations of those who are desirous of selecting the choicest and most ornamental portions for par- ticular purposes. The exquisite beauty of the finer kinds of mahogany, 
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the incomparable lustre of which it is susceptible, exempt also from the depredations of worms, hard, durable, warping and shrinking very little, it is preeminently calculated to suit the work of the cabinet-maker. Accordingly, these admirable properties, added to its abundance, and the largeness of its dimensions, have occasioned it to be manufactured into every description of furniture. From its being so little subject to shrink and warp, it is particularly excellent and much used for the pat- terns of iron and brass founders, especially for the patterns of wheel-work , and other things which require the greatest nicety. It is the commoner sorts of mahogany which are generally wrought up in this way. The commoner kinds also are often stained black, and made to look to great advantage, for small turnery wares, such as picture frames. Malleability, the property of a solid that is hard and ductile, and which may, therefore, be beaten, forged, and extended under the ham- mer without breaking; as is the case with all metals, not excepting quicksilver, but of these gold possesses this property in the highest degree. See Metals. Manometer, an instrument intended to measure the rarefaction arid I condensation of elastic fluids in confined circumstances, whether oc- casioned by variation of temperature or by actual destruction, or genera- tion of portions of elastic fluid. It is sometimes called manoscope. Man, Strength of. The power of a man to produce motion varies according to the mode in which he applies his force, and the number of muscles which are brought into action. In the operation of turning a crank, a man’s power changes in every part of the circle which the handle describes. It is greatest when he pulls the handle upward from the height of his knees, next greatest when he pushes it down on the opposite side, though here the power cannot exceed the weight of his body, and is therefore less than can be exerted in pulling upward. The weakest points are at the top and bottom of the circle, where the handle is pushed or drawn horizontally. If a windlass be provided with two cranks placed at right angles with each other, two men will perform much more work than they could if the cranks were disconnected, il because at the moment one puts forth his strength to the least advantage, the other is exerting his with the greatest eflect. The mode in which ' a man can exert the greatest active strength, is in pulling upward from his feet, because the strong muscles of the back as well as those of the upper and lower extremities, are then brought advantageously into action, and the bones are favourably situated by the fulcra of the levers being near to the resistance. Hence the action of rowing is one of the most advantageous modes of muscular exertion; and no method which has been devised for propelling boats by the labour of men, has hitherto superseded it. According to Mr Buchanan, the comparative eflect pro- 
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duced by different modes of applying the force of a man, is nearly a^ follows. In the action of turning a crank, his force may be represented by the number 17. In working at a pump, by 29. In pulling down- ward, as in the action of ringing a bell, by 39. And in pulling upward from the feet, as in rowing, by 41. Violent efforts are not true speci- mens of a man’s labour, since they can be exerted for a short time only. A moderate computation of an ordinary man’s uniform strength, is that he can raise a weight of 10 pounds to the height of 10 feet once in a second, and continue this labour for 10 hours in the day; his power may be estimated at 10 x 10 X 60 = 6000 lbs. raised one foot high per minute, about the fifth of what a horse can raise. This is supposing him to use his force under common mechanical advantages, and without any deduction for friction. Mass, the quantity of matter in any body, which is always proportional to, and may be truly estimated by, its weight, whatever be its figure or magnitude. Materials, Properties of. The following is a table of some of the properties of bodies, compiled from Tredgold’s alphabetical list of materials.—See another table under article Body, 
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Table of Properties of Materials, continued. 

Materials, Strength of. When materials are employed for mechanical purposes, the power or strength with which they resist external force, depends not merely upon the nature of the materia], but upon its shape, its bearings, and upon the manner in which force is applied to it. It is, therefore, important to consider not only the quali- ties of individual substances, but likewise the laws, which are common to different materials, by which they act in resisting mechanical change, from forces applied to them. Two methods are employed in estimating the strength of materials, in different forms and situations; one by mathematical computation, and the other by actual experiment. The first supposes the structure of given bodies to be homogeneous, so that the cohesion of their particles shall be equal throughout. In the second, a single specimen is taken as the representative of a class; or at most the average of a number of specimens, is so taken. Neither method, therefore, is to be looked upon as precisely accurate in its results; yet these results furnish approximations to truth, which, in many cases, it is useful to understand. The following divisions are generally made of the various strains to which materials are exposed. 1. They may be drawn asunder by a force acting endwise. 2. They may be compressed and destroyed by a force acting also end- 
3. A bar of any substance may be strained laterally, one part being supported, and the strain applied immediately at the point of the support, as when a tenon breaks or a rafter fails at the wall. If the material is 2 n2 
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cast iron or any similar substance, viz. non-fibrous, the direction of the force with respect to the body is important, but in fibrous bodies as timber, this strain may be considered under two distinct heads; accordingly as the force acts perpendicular to, or parallel with, the direction of the fibres. 4. A bar or beam may be strained transversely, as in the case of a girder or rafter. 5. It may be twisted as in the axle of mills, &c. 6. It may be strained by any two or more of these forces combined. 7. A material may also be strained by an internal pressure, as in the case of hydraulic cylinders, pieces of ordnance, water pipes, &c. Before proceeding further with this article the reader will do well to consult the articles Stress, Strain, Resistance, Extension, Compression, Cohesion Lateral, Strain, Stiffness, Resilience, Torsion, Cohesion, and Elasticity. We will here take a general view of the subject, and collect together such practical rules and tables as we consider most useful to the practical man. In frames of houses, and for various other purposes, beams are used of a prismatic form, having straight parallel sides. But such beams, when exposed to a lateral strain, are not of equal, or duly proportioned strength throughout; and therefore a part of them is superfluous. This con- sideration is not of much importance in ordinary practical cases. But in cases where economy of the material is important, as in cast iron railroads, also in machinery where it is desirable that the moving parts should be as light as possible, consistently with the requisite strength; it becomes of consequence to ascertain the best form for resisting a force with the smallest amount of material. Mathematicians have calculated the forms of different beams, which are suited to give them, at all points, a strength proportionate to the pressure they sustain, supposing the material to be of uniform texture. But the outline which answers merely to mathematical truth, is in many cases too scanty for actual employment; so that in order to obtain sufficient length for a secure connexion of the beam with its bearings, it is necessary to include the mathematical figure in a somewhat similar one, of larger dimensions. The following rules are, most of them, given in substance by Mr Tredgold. If a beam be supported at both ends, and the load applied at some one point between the supports, and always acting in the same direction, the best plan appears to be, to make the extended side, or that opposite the load, perfectly straight; and to make the breadth equal throughout the whole. Then the mathematical form of the compressed side will be that which is formed by drawing two semi-parabolas, A C D and 
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B (, D, their vertices being at A and B, and C being the point where the force acts. Now since the curve terminates at A, it is necessary, in applying it to use, to add some such parts as are indicated by the lines extending to E and F at the extremities, for the sake of better support. 

The same form is proper for a beam supported in the middle, as the beam of a balance. If the beam be strained, sometimes from one side and sometimes from the other, as in the beam of a steam engine, then both sides should be of the same form, and E A and F B should each be equal to half C D. 
C 

It is sometimes desirable to preserve the same depth throughout; and in this case the section through the length of the beam, made perpen- dicular to the direction of the straining force, should be a rhombus or trapezium, as in the annexed figure, the force acting perpendicularly at C, and the points of support being at A and B. To give this figure stability, the ends may be formed as shown in the continued outline. 

If a beam be intended to support a weight uniformly distributed throughout its length, or a load rolling over it, as in a railway, the line bounding the compressed side should be a semi-ellipse, the other side being straight. In practice the semi-ellipse may be included in a por- tion of a circle, to give the requisite bearings. A, B, ends of the elliptic curve. C, D, ends of the circular curve. 
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Where it is necessary that the upper side should be straight, the above form may be inverted, and the ends adapted to the bearings. Beams which are fixed at one end only and support weights, should decrease as they recede from the wall, or point of fixture. If the weight be at the extremity, the outline, in a beam cut from a vertical plank, should be parabolic; but if equally distributed throughout, it may be straight. 

If a beam be firmly fixed at both ends, and supports a weight in the middle, it should be largest at the ends and in the middle, the outlines being parabolic. In the annexed figure the shaded part shows the mathematical form, and the outline the form for practical purposes. 

For resisting a cross strain, it is advantageous that the  . edges of a beam should be made thicker than the rest of |   j its substance, so that a section of the beam would be nearly such as is seen in the adjoining figure. It must be recollected that the foregoing rules pre- scribe only a general form, the proportions of which     must vary with the nature of the material, and the ^ degree of resistance, or load to be supported. The absolute strength of a beam of timber, or a bar of metal, when acted upon by a weight in the direction of its length, is proportional to the area of its transverse section. The form of the bar makes no dif- ference with respect to its strength, that is, it may be round, or square, a polygon, or an oblong, or any other shape; it may also be solid, or hollow, provided the area of the section be the same. When the bar is uniformly thick, it is of the same strength in every part of its length, when acted upon only by a weight; but when considered with respect to its own weight also, it is the most liable to break at the top, and the same with respect to a cord, or rope. The following table gives the absolute cohesion, or the weight that will rend a prism of an inch square, 
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as well as the length of a prism, which would be pulled in two by its own weight only. This last is called the madidus of cohesion,* 

Teak 12,915 lbs. . . 36,049 feet. Oak  11,880 lbs. . . . 32,900 feet. Sycamore .... 9,630 lbs. . . 35,800 feet. Beech .... 12,225 lbs. . . . 38,940 feet. Ash 14,130 lbs. . . 42,080 feet. Elm  9,720 lbs. . . . 39,050 feet. Memel fir ... . 9,540 lbs. . . 40,500 feet. Christiana fir . . 12,346 lbs. . . . 55,500 feet. Larch  12,240 lbs. . . 42,160 feet. Cast steel.... 134,256 lbs. . . . 39,455 feet. Swedish malleable iron 72,064 lbs. . . 19,740 feet. English do. . . 55,872 lbs. . . . 16,938 feet. Cast iron. . . . 19,096 lbs. . . 6,110 feet. Cast copper . . . 19,072 lbs. . . . 5,003 feet. Yellow brass . . . 17,958 lbs. . . . 5,180 feet. Cast tin .... 4,736 lbs. . . . 1,496 feet. Cast lead . . . 1,824 lbs. ... 348 feet. 
In ropes of the same thread, and manufactured in the same manner, the force to break them is proportional to the area of the section. The strength is found to be nearly proportional to the weight of the rope, under an e.qual length, when the quality of the threads, and the degree of twisting, is the same. 
Table showing what weight a good hemp rope will bear with safety. 

* See Cohesion for a very extensive Table of the weight that will break a square inch of various materials. 
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Table showing what vteight a good hemp cable will bear with safety. 

Longitudinal Compression.—The compression which a column suffers, is, at first, nearly as the force of extension occasioned by an equal and opposite power; but as the weight, or compressive force increases, the power of resistance, likewise, augments, so long as the column does not bend: after it once begins to bend, it very soon breaks, wherefore a slender vertical prism is capable of supporting less pressure than the tension it can bear; but if the base of a column be considerable, with respect to its height, it will sustain a greater pressure than its cohesive power. The cohesion of a rod of cast iron of a quarter of an inch square is only 300 lbs., but a cube of that dimensions will require 1440 lbs. to^ crush it. The weights required to crush cubes of a quarter of an inch of certain materials are. 
Iron cast vertically . . . 11,140 lbs. Iron cast horizontally . . . 10,110 lbs. Cast copper . . . 7,318 lbs. Cast tin  966 lbs. Cast lead . ... 483 lbs. 

Cubes of an inch were crushed by the following weights:— 
Elm  1,284 lbs. White deal  1,928 lbs. English oak ..... 3,860 lbs. Free-stone ..... 8,688 lbs. 

When the pressure is applied to the upper end, in the direction of the axis, the particles will become condensed perpendicularly, and ac- cumulate towards the sides, and thus the incumbent weight will cause an oblique action, by which the column will be made to swell. Tie 
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ellipse forms a good outline for columns, but the enlargement of the diameter at the bottom seldom amounts to a fourth part, and, in prac- ! tice, it is generally varied according to different notions of beauty. See Order. It appears that if b be the breadth, d, the depth, and l the length of the column, the force, or weight, at the top, required to bend 
it, will be as And when the columns to be compared are similar, 

i the resistance will be as Thus the weight which a cylindrical 
column can support, will be directly as the cube of the diameter and inversely as the square of the length. The strength of a regular beam to resist a fracture by a force acting laterally upon it, is as the area of a section of the beam at the place where the force is applied, multiplied into the distance of its centre of gravity from the point or line where the breach will end. In square beams the lateral strengths are as the cubes of the breadths or depths; and in cylindrical beams the lateral strengths are as the cubes of their , diameters. The lateral strengths of any two similar beams are as the cubes of any two corresponding dimensions of the sections. In rectangular beams, the lateral strengths are as the breadths into the squares of their depths. The lateral strength of a beam with its narrow side upwards, is to its strength with its broader face upwards, as the breadth of the broader side to the breadth of the narrower. That is, id® : di® : : d : i. ’ Thus, the area of the end of a joist which is 3 inches by 4, is 12 inches; and its strength, with its narrow side upwards, is as 4® x 3 = 48. A joist 6 inches by 2, contains the same quantity of timber, but with its narrow side upwards, its strength is as 6* X 2 = 36 x 2 = 72. A joist 8 inches by Ig, still contains the same quantity of timber, and with its narrow side upwards, its strength is as 8® X I5 = 96; so that a joist 8 inches by I3, which contains exactly the same quantity of wood as a joist that is 3 inches by 4, is, however, exactly twice as strong; for 96 = 2 X 48. 1) The lateral strengths of prismatic beams are as the areas of the sec- tions multiplied by the distances of their centres of gravity from the line !! which terminates the fracture, divided by the products of their lengths and weights. A beam when fixed at both ends, is as strong as one of equal breadth and depth, and but half the length, which is fixed only at " one end. The strength of a beam of any form, of a given length, is, in most cases, the same as if the whole power were collected in the centre of gravity of each section; wherefore, if a triangular prism be supported at both ends, it will be just twice as strong when its edge is uppermost, 
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as when the opposite side is uppermost. When the beam is supported only at one end, the breach will terminate at the under side; in this case, the beam will be twice as strong when the edge is downward as when its opposite side is downward. A square, or rectangular beam, will be stronger when the diagonal of its end is placed vertically. For when a side is vertical, the distance of the centre of gravity from the case of fracture is equal to half the side; but when the diagonal is vertical, that distance is equal to half the diagonal, hence when the diagonal is vertical the beam will be strongest. The strength, when the diagonal of a square beam is vertical, is greater than when the side is vertical, in the ratio of 2 to 1, or as 1414 to 1000, nearly. The lateral strengths of two cylinders, of the same matter, of equal weight and length, one of which is hollow and the other solid, are to each other as the diameters of their ends. Let a hole be bored length- wise through a cylinder, equal to half its diameter; the strength will be diminished only %th, while the quantity of metal is diminished Hth; therefore hollow axles are stronger than solid ones containing the same quantity of material. If a weight be placed on any part of a horizontal beam, supported at both ends, the strain upon that part will be as the product of its two distances from the supported ends. The greatest stress is when the weight is placed at the middle point; for the product of the two halves is greater than the product of any other two parts of the same line. Hence in all structures we must, as far as possible, avoid placing weights on the middle of the beams. The strength of a rectangular beam, in an inclined position, is to its strength in a horizontal position, to resist a vertical pressure, as the square of radius to the square of the cosine of elevation. The transverse vertical section of a beam is a rectangle, whether the beam be in an inclined or horizontal position, and the strengths in both cases will be as the squares of the D A depths. Let C D represent a vertical section of the beam, then C d would be its depth in a horizontal position; hence the strength of the beam in one position is to its strength in the other, CD8 : C d*. But the triangles C Dd, ADO, are similar; therefore C D8 : C : : AD2 : AO2: : (radius)2 : cos.2 DAO. Hence the strength of any beam is the greatest when in a vertical position, and weakest when horizontal, the pressure on it being ver- 

When a beam just breaks with its own weight, let L = its length; 
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also, let l be the length of a given prism, w its weight, u a weight attached to it at the distance d from the fixed end, then 

L=v/(fx(/ + 2^) ). 
From the preceding deductions it is plain, that in similar beams of the same materials, the force which tends to break them in the larger beams increases in a greater proportion than the force which tends to keep them whole, or to secure them against accidents; their tendency also to break by their own weight increases as their length increases, so that although a small beam may be firm and secure, yet a large, though similar one may be so long, as to break with its own weight. Hence we find, that what often appears firm and successful in a model, is weak, or infirm, or often falls to pieces by its own weight, and will by no means answer in a large machine. The strongest rectangular beam which can be cut out of a given cylinder, is that of which the squares of the breadth, depth, and the diameter of the cylinder, are as 1, 2, 3, respectively. The strength of axles and other parts of machines to resist the twist to which they are liable, is generally supposed to be as the cubes of their diameters; but M. Dulean, concludes, from many experiments, that the resistance which a piece of round iron opposes> to the twist, is inversely as its length, and directly as the fourth power of its diameter. Mr G Rennie has also made experiments on the twisting of cast iron bars one- fourth of an inch in diameter. He found that vertical casts are stronger than horizontal ones; but that when he threw out of the account of his experiments the badly cast specimens, the difference between the two castings was but trifling. When the average of the two kinds of casts was taken jointly, and compared with a similar cast of half inch bars, the strength of the bars appeared to be nearly as the cubes of their diameters. 



MATERIALS. 
TABLE A. 

Experiments on the direct cohesive powers of various materials. 
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Table A, continued. 
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Table A, continued. 
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TABLE B. 

Experiments on the Resistance of Cast Iron to pressure. 
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TABLE D. 
Exhibiting the experimental strength of various species of Timber opposed to a transverse strain. 
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TABLE E. 

Exhibiting the Strength of various descriptions of Cast Iron opposed to a transverse strain from experiments reported in Tredgold's Essay on the Strength of Cast Iron, Barlow’s Essay, Src. 

Of experiments on the stiffness of different Woods. 

2 
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TABLE G. 

Of experiments on the stiffness of Fir. 

Of experiments on the stiffness of Oak. 
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TABLE I. 

Experiments on the Resistance of various materials to a crushing force. 

TABLE K. 
Of the elasticity of various Woods, as computed by Mr Tredgold. 
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TABLE L. 

Experiments on the resistance of seasoned Oak beams to forces pressing 
in the direction of their lengths. 

Mathematical, relating to mathematics. Maxima et Minima, in Analysis and Geometry, are the greatest and least value of a variable quantity, and the method of finding these greatest and least values, is called the Methodus de Maximis et Minimis; which forms one of the most interesting inquiries in the modem analysis. Mean, is a middle state between two extremes; thus we say, 
arithmetical mean is half the sum of any two quantities: as ° ^ 
= arithmetical mean between a and b. Geometrical Mean, is the square root of the product of any two quan- tities; that is, p/ a A is the geometrical mean between a and b. 



MEASURE. 
Measure, denotes any certain quantity, with which other homo- geneous quantities are compared. Geometrical measures are of different kinds, as lines, (straight and curved,) surfaces, capacities, and angles. —Measure of an angle, is the number of degrees, minutes, &c. con- tained in the arc of a circle comprised between the two lines forming that angle, its angular point being the centre.—Arithmetical measures, are commonly used to denote numbers which divide other numbers without remainder. When a number measures two or more numbers, it is called a common measure.—Measure of a line, is its length com- pared with some determinate line; as a foot, yard, &c.—Measure of a surface, is the number of square units contained in it, whether that unit be a foot, a yard, mile, or other quantity.—Measure of a solid, is the number of cubic units contained in it; as inches, feet, miles, &c.— Measure of a number, is such a number as will divide another number without a remainder.—Measure of a ratio, is its logarithm in any system of logarithm; thus, the measure of the ratio 2 : 3, or I, is the logarithm off—We subjoin the following Tables of Measures. 

CLOTH MEASURE. 
24 inches make 1 nail. I 3 quarters make 1 Flemish ell. 4 nails 1 quarter. 5 quarters 1 English ell. 4 quarters 1 yard, | 6 quarters 1 French ell. 

: 4 = 1 yard. :3 = 1 Flemish ell. : 5 = 1 English ell. 
LONG MEASURE. 

fathom, rod, pole, or 

barleycorns. 3—' 1 inch. 36 = 12 = 1 foot. 108 = 36 = 3 = 216= 72= 6 = 594 = 198 = 16J = 5£ = . 23760 = 7920 = 660 = 220 = . 190080 = 63360 - 5280 = 1760 = . 570240 = 190080 - 15840 = 5280 = . 34214400 = 11404800 = 950400 = 316800 = ■ X) = 1440 = 180 = 60=1 dt 
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WINE MEASURE. 

2 pints make 1 quart. 4 quarts 1 gallon. 10 gallons 1 anker. IS gallons 1 rundlet. 
42 gallons make 1 tierce. 63 gallons 1 hogshead. 2 hogsheads 1 pipe or butt. 

ALE AND BEER MEASURE. 
2 pints make 1 quart. 4 quarts 1 gallon. 0 gallons 1 lirkin. 2 firkins 1 kilderkin. 

8 = 4 = 1 gallon. 72 = 36 = 9= 1 firkin. 144= 72= 18= 2 = 1 kilderkin. 288 = 144 = 36 = 4 = 2 = 1 barrel. 432 = 216 = 54 = 6 = 3 = 1$ 

bushel; and 1 gallon contains 277'274 cubical inches, at 62 degrees. GRAIN OR CORN MEASURE. 2 pints make 1 quart. I 2 bushels mak 2 quarts 1 pottle. I 4 bushels 4 quarts I gallon. 2 gallons 1 peck. 4 pecks 1 bushel 

._„.J§!TsZ lbs. of distilled v, 

2 coombs 5 quarters 
1 strike. 1 coomb. 1 quarter. 1 wey or load. 

2 = 1 quart. 4 = 2 = 1 pottle. 8 = 4 = 2 = 1 gallon. 6= 8= 4=2=1 peck. 64 = 32 = 16 = 8 = 4= 1 bushel. 128 = 64 = 32 = 16 = 8 = 2= 1 strike. 256 = 128 = 64 = 32 = 16 = 4 = 2 = 1 coomb. 512 = 256 = 128 = 64 = 32 = 8 = 4 = 2 = 1 quarter. 
= Hast. 

COAL MEASURE. 
4 pecks make 1 bushel I 12 sacks make 1 chaldron. 3 bushels 1 sack. | 21 chaldrons 1 score. pecks. 

12 = 1 bushel. ^ 
144 chaldron. 



SQUARE MEASURE. 

^ = I 12 stons^f'parchment make 1 roll. 
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Mechanical Powers, ; simple machines that art raising great weights, overo combination of which the m Authors have differed as reckoning only three, ( 

hrase under which is cl eparately employed for t ng great resistances, &e.; complex engines are const the number of mechanica :, and others again seven: 



MEDIUM. 
Medium, in physics, denotes that space or region through which a body passes in its motion towards any proposed point; being used in contradistinction to a vacuum, which is a simple void space. Thus, air, water, glass, &c. are mediums of different densities, and possessed of different powers of refraction, resistance, &c. Metals, are elementary bodies, being all capable of combining with oxygen; and many of them, during this combination, exhibit the pheno- mena of combustion. Formerly only seven metals were known, but modem discoveries have added to the number greatly. Metals are distinguished by their great specific gravity, considerable tenacity and hardness, opacity and property of reflecting the greater part of the light which falls on their surface, giving rise to what is denominated the metallic lustre or brilliancy. The lightest metal is about six times heavier than water, while the specific gravity of the heaviest substance with which we are acquainted, that is not metal, is less than five times heavier than water. Opacity is another leading property of metals; even when beat to the greatest possible thinness, they transmit scarcely any light; from the union of the two qualities density and opacity, arises that of lustre. By their opacity and the denseness of their texture, they reflect the greatest part of the light that falls on their surface. From their density they are susceptible of a fine polish by which their lustre is increased. Colour is not a characteristic property of metals, but it serves to distinguish them from each other. Their colours are generally shades of white, grey, or yellow. Tenacity distinguishes a number of the metals, and is not possessed in any great degree by other bodies ; hence arises their malleability and ductility. Some of the metals are neither malleable nor ductile. Metals are less hard than the diamond and many fossils, and their elasticity follows the same order as their hardness. Both these qualities are greater in combinations of the metals than in the individual metals, and both may be increased by raising the metal to a high temperature, and then suddenly cooling it. Metals are the best conductors of caloric; their expansibilities are various, and are probably nearly in the order of their fusibilities. Mercury melts at so low a temperature, that it can be obtained in the solid state only at a very low temperature; others, as platina, can scarcely be melted by the most intense heat, which we can excite. In congealing, some of the metals expand considerably, especially iron, bismuth, and antimony; the others contract, one twenty-third of the whole volume. Metals may be volatilized; at the degree of 600, quicksilver may be volatilized; and zinc and arsenic at a temperature not veiy remote from this; many others may be dissipated in the focus of a large burning mirror, or by a power- ful galvanic battery. Metals are the best conductors of electricity. 
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340 MILL. 
Mile, a long measure, which the English, Italians, and some other nations use to express the distance between places; the same as the French use the word league. See Measure. Mill. The term is most commonly applied to machines for grinding com, but it is likewise used in a more loose sense to denote machines intended for other purposes, as the grinding of bark, for felling wood, for preparing flax, &c. It would be inconsistent for us, in a work like this, to enter into details regarding the structure of any of these mills, this Dictionary not being intended to explain any machines, but those com- monly called prime movers, as water wheels, wind mills, and steam engines. We shall, however, insert a series of tables connected with corn mills, which will be found useful for the reference of the practical millwright. Ferguson gave the following rules for the construction of undershot water-mills. When the float-boards of the water-wheel move with a third part of the velocity of the water that acts upon them, the water has the greatest power to turn the mill: and when the mill-stone makes about 60 revolutions in a minute, it is found to do its work the best. For, when it makes but about 40 or 50 it grinds too slowly, and when it makes more than 70, it heats the meal too much, and cuts the bran so small, that a great part thereof mixes with the meal, and cannot be separated from it by sifting or boulting. Consequently, the utmost per- fection of mill-work lies in making the train so, as that the mill-stone shall make about 60 turns in a minute, when the water-wheel moves with a third part of the velocity of the water. To have it so, observe the following rules: 1. Measure the perpendicular height of the fall of water, in feet, above the middle of the aperture, where it is let out to act by impulse against the float-boards on the lowest side of the undershot-wheel. 2. Multiply this constant number 64-2882, by the height of the fall in feet, and extract the square root of the product, which shall be the velocity of the water at the bottom of the fall, or the number of feet the water moves per second. 3. Divide the velocity of the water by 3, and the quotient shall be the velocity of the floats of the wheel, in feet, per second. 4. Divide the circumference of the wheel in feet, by the velocity of its floats, and the quotient will be the number of seconds in one turn or revolution of the great water-wheel on whose axis the cog-wheel that turns the trundle is fixed. 5. Divide 60 by the number of seconds in a turn of the water-wheel, or cog-wheel, and the quotient will be the number of turns of either of these wheels in a minute. 6. By this number of turns divide 60, (the number of turns the mill- 
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stone ought to have in a minute,) and the quotient will be the number of turns the mill-stone ought to have for one turn of the water or cog- wheel. Then, 7. As the required number of turns of the mill-stone in a minute is to the number of turns of the cog-wheel in a minute, so must the num- ber of cogs in the wheel be to the number of staves in the trundle on the axis of the mill-stone, in the nearest whole number that can be found. By these rules the following table is calculated; in which the diameter of the water-wheel is supposed to be 18 feet, (and consequently its cir- cumference 56^ feet,) and the distance of the mill-stone to be five feet. 

Example.—Suppose an undershofc-mill is to be built where the per- pendicular height of the fall of water is nine feet; it is required to find how many cogs must be in the wheel, and how many staves in the trundle, to make the mill-stone go about 60 times round in a minute, while water-wheel floats move with a third part of the velocity with which the water spouts against them from the aperture at the bottom of the fall. Find 9 (the height of the fall) in the first column of the table; then against that number, in the sixth column, is 70 for the number of cogs in the wheel, and 10 for the number of staves in the trundle: and by these numbers we find in the eighth column that the mill-stone will 2 f 3 



make 5!)^^ turns in a minute, which is within half a turn of 60, and near enough for the purpose; as it is not absolutely requisite that there should be just 60 without any fraction: and throughout the whole table the number of turns is not quite one more or less than 60. The diameter of the wheel being 18 feet, and the fall of water nine feet, the second column shows the velocity of the ■water at the bottom of the fall to be 24‘005 feet per second; the third column the velocity of the float-boards of the wheel to be 8'002 feet per second; the fourth column shows that the wheel will make 8-0052 turns in a minute; and the sixth column shows that for the mill-stone to make exactly 60 turns in a minute, it ought to make 7'005 (or seven turns and one-twentieth part of a turn) for one turn of the wheel. Sir D. Brewster, in the Appendix to his edition of Mr Ferguson’s works, shows, that the principles upon which the above table is calculated, are erroneous. Proceeding upon the practical deductions of Smeaton, as confirmed by theory, and employing a more correct constant number, and a more suitable velocity for the mill-stone, we jnay construct a new Mill-wrights’ Table by the following rules: 1. Find the perpendicular height of the fall of water in feet above the bottom of the mill-course, and having diminished this number by one- half of the natural depth of the water at the bottom of the fall, call that the height of the fall. 2. Since bodies acquire a velocity of 32T74 feet in a second, by felling through 16‘087 feet, and since the velocities of felling bodies are as the square roots of the heights through which they fall, the square root of 16-087 will be to the square roots of the height of the fell, as 32-174 to a fourth number, which will be the velocity of the water. Therefore the velocity of the water may be always found by multiplying 32-174 by the square root of the height of the fall, and dividing that product by the square root of 16-087. Or it may be found more easily by multiplying the height of the fall by the constant number 64-348, and extracting the square root of the product, which, abstracting the effects of friction, will be the velocity of the water required. 3. Take one-half of the velocity of the water, and it will be the velocity which must be given to the float-boards, or the number of feet they must move through in a second,in order that the greatest efi'ect maybe produced. 4. Divide the circumference of the wheel by the velocity of its float- boards per second, and the quotient will be the number of seconds in which the wheel revolves. 5. Divide 60 by this last number, and the quotient will be the num- ber of revolutions which the wheel performs in a minute. Or the num- ber of revolutions performed by the wheel in a minute, may be found by 
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multiplying the velocity of the float-boards by CO, and dividing the pro- duct by the circumference of the wheel, which in the present case is 47‘12. C. Divide 90 (the number of revolutions which a mill-stone five feet diameter should perform in a minute) by the number of revolutions made by the wheel in a minute, and the quotient will be the number of turns which the mill-stone ought to make for one revolution of the wheel. 7. Then, as the number of revolutions of the wheel in a minute is to the number of the revolution of the mill-stones in a minute, so must the number of staves in the trundle be to the number of teeth in the wheel, in the nearest whole numbers that can be found. 8. Multiply the number of revolutions performed by the wheel in a minute, by the number of revolutions made by the mill-stone for one of the wheel, and the product will be the number of revolutions performed by the mill-stone in a minute. In this manner the following table has been calculated for a water- wheel 15 feet in diameter, which is a good medium size, the mill-stone being five feet in diameter, and revolving 90 times in a minute. 

DR BREWSTER’S MILLWRIGHTS’ TABLE. 
In which the velocity of the wheel is three-sevenths of the velocity of the water, and the effects of friction on the velocity of the stream reduced 
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Tables, showing the quantity of water (ale measure) requisite to grind different quantities of corn, from one to Jive bolls (ffinchester measure) per hour, applied on overshot water-wheels from 10 to 32 feet diameter; also the size of the cylinder of the common steam engine to do the 



Tables on Overshot water-wheels, continued. 
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To make the foregoing tables applicable to mills intended to be turned by undershot or breast water-wheels: from Smeaton’s experiments it appears that the power required on an undershot water-wheel, to produce an effect equal to that of an overshot (to which the tables are applicable,) is as 2‘4 to one; and also the power required on a breast water-wheel, which receives the water on some point of its circumference, and after- wards descends on the ladle boards, to produce an equal effect with an overshot water-wheel, is as 1'75 to 1. 

A Table, showing the necessary size of the cylinder of the common steam- engine to grind different quantities of corn, from 1 to 12 bolls (\ to 48 bushels Winchester measure) per hour. 

N. B. This table will be applicable to any improved steam-engine, as well as that of the common kind, if the ratio of their efficacies be known. 
Application of the Tables. 

Example 1.—If a stream of water, producing 808 gallons, ale measure, per minute, can be applied to an overshot water-wheel 20 feet diameter, what quantity of corn will it be able to grind per hour ? Look in the tables under a 20 feet water-wheel, and opposite 808 gallons will be found 2J bolls of corn ground per hour. Example 2 If a stream of water producing 808 gallons, ale measure, per minute, can be applied to an undershot water-wheel 20 feet diameter, what quantity of com can it grind per hour ? It is found by the tables, that, if applied on an overshot water-wheel 20 feet diameter, the stream will grind 2£ bolls per hour, and the power required by the undershot to that of the overshot water-wheel, to produce an equal effect, is as 2'4 to 1; therefore, as 2'4 : 1 : 2-5 : 104 bolls of corn ground per hour by means of the stream. Example 3 If a stream of water, producing 808 gallons, ale measure, 

1 
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per minute, can be applied on a breast water-wh?el 20 feet diameter, v.-hat quantity of com can it grind per hour ? It is found by the tables, that, if applied to an overshot water-wheel of equal size, 2% bolls of com will be ground per hour, and as the power of a breast water-wheel to that of an overshot water-wheel, to produce an equal effect, is as l-75 to 1; therefore, as 1'73 : 1 : : 2‘5 : 1‘42 bolls of com ground per hour by the stream. Example 4.—Of what diameter must the cylinder of a common steam- engine be made, to grind 10 bolls of corn per hour ? By looking on the table, given above, opposite 10 bolls ground per hour, the diameter of the steam cylinder will be found to be 36 inches. Mines, Engines for. The locality of a mine will determine the manner in which it ought to be drained. Where the mine is situated on the top or side of a hill, a shaft is led from the bottom of the mine to the nearest valley, and the water runs off in this way without the appli- cation of pumps wrought by steam engines. Where the mine is situated in a level country pumping becomes necessary; and should the mine be deep, say from 100 to ISO- fathoms, very powerful steam engines are required. Where the pumping requires great power, suppose of 200 horses, it is better to construct two small engines than one large one. Where a single engine is used one set of pumps are wrought, and the ascending motion of the piston is employed to raise a weight equal to half the pressure of the water in the pumps. Where two engines are used there are commonly two set of pumps, one set wrought by a diagonal spear attached to the piston end of the beam, and the other set are wrought by the other end. Steam engines for mines should be simple in form and proportioned to the work they have to perform. The pump shaft is divided into lifts, which should not exceed 180 feet each; there is a cistern for the reception of the water, at the top of each lift.—See Pump. Rather than make the diameter of the pump more than sixteen inches an additional set should be added. Mining work is irregular, more resistance having to be overcome at one time than another. Mr Tredgold gives it as his opinion that an engine does good duty when it raises 70,000 lbs. of ore by the consumption of one pound of coal. The weight to be raised and one draught varies from 3 to 7 hundred weights. The weight attached to a rope should never be more than 700 times the weight of a fathom of the rope. An approximate rule for determining the weight of a fathom of rope is:—multiply the circumference in inches into itself and that product by 0’27. Thus if the circumference be 9 inches, we have 9 x 9 X 0 27 = 21'87 lbs. the weight of one fathom of the rope, wherefore 21*87 X 700 = 15309 lbs. the greatest load it will bear with safety. Engines at mines are sometimes used to break the ore by means of stampers. Two-thirds of the stampers should be on 
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the rise at all times; the weight of each stamper is usually about 

Minute, the sixtieth part of a degree; or, in time, the sixtieth part of au hour. Momentum, in Mechanics, is the same with impetus, or quantity of motion, and is generally estimated by the product of the velocity and mass of the body. This is a subject which has led to various controver- sies between philosophers, some estimating it by the mass into the velocity, as stated above, while others maintain that it varies as the mass into the square of the velocity. But this difference seems to have arisen rather from a misconception of the term, than from any other cause. Those who maintain the former doctrine, understanding mo- mentum to signify the momentary impact; and the latter, as the sum of all the impulses till the motion of the body is destroyed. Motion, or Local Motion, in Mechanics, is a continued and suc- cessive change of place, or it is that affection of matter by which it passes from one point of space to another. Motion is of various kinds, as follows:—Absolute Motion, is the absolute change of places in a moving body independent of any other motion whatever; in which general sense, however, it never falls under our observation. All those motions which we consider as absolute, are in fact only relative; being referred to the earth, which is itself in motion. By absolute motion, therefore, we must only understand that which is so with regard to some fixed point upon the earth; this being the sense in which it is delivered by writers on this subject.—Accelerated Motion, is that which is con- tinually receiving constant accessions of velocity.—Angular Motion, is the motion of a body as referred to a centre, about which it revolves — Compound Motion, is that which is produced by two or more powers acting in different directions.—Equable Motion, or Uniform Motion, is when the body moves continually with the same velocity, passing over equal spaces in equal times.—Natural Motion, is that which is natural to bodies, or that which arises from the action of gravity.—Relative Motion, is the change of relative place in one or more moving bodies; thus two vessels at sea are in absolute motion (according to the qualified signification of this term) to a spectator standing on the Shore, but they are only in relative motion with regard to each other.—Retarded Motion, is that which suffers continual diminution of velocity, the laws of which are the reverse of those for accelerated motion.—Projectile Motion, is that which is not natural, but impressed by some external cause; as when a ball is projected from a piece of ordnance, &c.—Rectilinear Motion, that which is performed in right lines. 
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Navigation, Steam.- In a book by Valturius, entitled “ De re Militari,” printed at Verona, in 1472, a method is described of pro- pelling vessels by means of paddles or wheels. The vanes, or paddles, wrere made of pitched sail cloth, and were put in motion by means of cranks. It is beyond doubt that troops were often transported across rivers, during the 15th and 16th centuries, by means of boats, or pon- toons, moved by paddles, the paddles being turned by animal strength. Jonathan Hull was the first who proposed to apply steam power to the propelling of vessels. His method of converting the reciprocating into the rotatory motion was ingenious, though by no means so simple as the crank. The steam-boat was patented in December, 1736, and a description, with a drawing, published in a small pamphlet, in 1737, under the title of “ A description and draught of a new invented machine for carrying vessels or ships out of or into harbour, port, or river, against wind, or tide, or in a calm.” From the date of this in- vention it is manifest that the engine must have been the old atmospheric engine of Newcommen. The paddle was situated behind the boat. It would appear that, from want of encouragement, the steam-boat of Jonathan Hull was never actually constructed. Two Americans, James Ramsey of Virginia, and John Fitch of Philadelphia, claimed the honour of inventing steam-boats, about 1785, so also did Thomas Paine, but none of their plans were ever brought into practice. Robert Fulton, an American engineer, claimed the honour of being the inventor and constructor of the first steam-boat actually brought into use, but the following extract from his life in the Popular Encyclopedia, will show that his claim is unfounded. “ We must now advert to Mr Fulton’s connexion with the practical establishment of navigation by steam. The real inventors of the steam- boat were Mr Millar of Dalswinton, and the tutor of his family, Mr James Taylor. The former was the first to suggest the application of paddle-wheels in the propelling of vessels, and the latter to suggest the employment of steam as the moving-power of these wheels. So far back as the year 1788, they constructed a boat on this principle, the engine of which was made by Mr Symington, then a young engineer in Edin- burgh. Experiments were made with this boat on the lake of Dalswinton, Dumfries-shire, which proved highly satisfactory, the vessel being driven at the rate of five miles an hour. In the Scots Magazine, for November, 1788, p. 566, we find the'following account of these experiments:— 
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‘ On Oct. 14, a boat was put in motion by a steam engine, upon Mr Millar of Dalswinton’s piece of water at that place. That gentleman’s improvements in naval affairs are well known to the public. For some time past, his attention has been turned to the application of the steam- engine to the purposes of navigation. He has now accomplished, and evidently shown to the world, the practicability of this, by executing it upon a small scale. A vessel, twenty-five feet long and seven broad, was, on the above date, driven with two wheels by a small engine. It answered Mr Millar’s expectations fully, and afforded great pleasure to the spectators. The success of this experiment is no small accession to the public. Its utility in canals, and all inland navigation, points it out to be of the greatest advantage, not only to this island, but to many other nations of the world. The engine used is Mr Symington’s new patent engine.’—The same gentleman, in the following year, constructed, at the Carron foundry, a larger vessel, which was tried on the Forth and Clyde canal in November and December, 1789, and went at the rate of seven miles an hour. An account of various experiments made with this vessel will be found in the Edinburgh newspapers for February, 1790. Soon after this, a misunderstanding arose between Messrs Millar and Taylor, and the prosecution of the invention was by them for some time neglected. Mr Symington, the engineer, meanwhile, did not abandon the project. Having commenced business at Falkirk, he, in 1801, built another experimental steam vessel, which was also tried with success on the Forth and Clyde canal, but was interdicted by the canal company, on account of its motion destroying the banks. This vessel, which lay at Lock Sixteen, was inspected by Mr Fulton, accompanied by Mr Henry Bell of Glasgow, when on a visit to the Carron works; and the consequence was, that, in 1807, Mr Fulton launched a steam vessel on the Hudson, and, in 1812, Mr Bell another upon the Clyde, being respectively the first vessels of the kind used for the service of the public in the new and old hemispheres. Before, however, carrying the discovery to America, Mr Fulton, in company with Robert R. Living- ston, American minister to France, made several experiments on the subject. After some trials on a small scale, they built a boat upon the Seine, in 1803, which was completely successful. On Mr Fulton’s arrival at New York, in 1806, they immediately engaged in building a boat of what was then deemed very considerable dimensions. This boat began to navigate the Hudson river in 1807: its progress through the water was at the rate of five miles an hour. February 11, 1809, Mr Fulton took out his first patent for navigation by steam; and, February 9, 1811, he obtained a second patent for some improvements in his boats and machinery. In 1811 and 1812, two steam-boats were built under Mr Fulton’s directions, as ferry-boats for crossing the Hudson 2 g 2 
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river, and soon after, one of the same description for the East river. Of the former Mr Fulton wrote and published a description, in the American Medical and Philosophical Register, for October, 1812. These boats were what are called tmn-boats ; each of them being two complete hulls, united by a deck or bridge; sharp at both ends, and moving equally well with either end foremost; so that they cross and recross without losing any time in turning. He contrived, with great ingenuity, floating docks for the reception of these boats, and a means by which they are brought to them without a shock.” To Mr Fulton, however, belongs the great honour of having been the first who endeavoured to investigate on principle, the difficulties of the subject. M. Marestier, in an able report on the steam navigation of America, drawn up by command of the French minister of marine, and published at Paris, in 1824, has described at some length his method of proceeding. It is in principle this: having determined the resistance of the vessel, he inferred that the paddles must experience the same resistance, and that the engine must exert a force at the centre of effort of the paddles, equal to the resistance of the paddles. Assuming then the velocities of the piston and paddles as known, and equivalent to V and v, and the forces on -the same as equivalent to F and f, he formed the proportion V : « : : : F; and by dividing the whole force on the piston, by the force exerted by the steam on any given portion of its sur- face, he obtained the surface of the piston itself, and thence its diameter. Knowing then the whole resistance on the paddles, and supposing only one paddle on each side to act at the same instant, the area, corres- ponding to that resistance becomes known, the half of which determines the surface of one paddle. Knowing also from the number of strokes made by the piston, the number of revolutions made by the paddle wheels, the diameter of the wheel may be determined so as to ensure to the paddle the velocity originally assumed. Fulton having in this manner determined the force necessary to propel his boat, and accurately considered the mode by which it might be most successfully applied, avoided the great error of his predecessors, viz. attempting too much with an inadequate power, and gave to steam navigation that splendid and triumphant character which it now possesses; so that within little more than the half of a century after so transcendent a philosopher as Bemouilli had declared the utter improbability of its success, and within less than twenty years after its first successful attempt, has steam navi- gation arrived at such a perfection, that even a voyage to India has been accomplished, and a passage across the Atlantic by no means regarded as an uncommon thing. What other achievements it is destined to perform, time must develop. The form of a steam boat must in some degrees assimilate to that of i 
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sailing vessel, but there are many peculiar circumstances to be taken into account in considering of their construction; such as the particular kind of navigation for which they are destined—whether for the open sea, or for the shallower water of rivers and lakes. If for the former, an increased draught of water becomes necessary; but for the latter this element must be less considerable. These considerations are to be inferred from the experiments on the resistance of fluids, in which it has been proved, that the quantity of water beneath the body in motion, has a very important influence on the resistance it experiences; and also, that if the water be at all confined, the resistance is very considerably increased. This circumstance indeed is one of common observation among watermen; and it has been moreover observed in steam boats of difi'erent sizes on the same river, that as long as water continued shallow, the smaller boat has had the advantage; but that as the water has gradually deepened, the velocity of the larger boat has increased. A similar observation applies to the area of the midship section, which it is necessary to have as small as possible in boats destined for canals or narrow rivers, since the resistance depends on the relation of the area of the section of the boat, to the area of the section of the fluid. Steam boats have a very considerable rolling motion, owing to the small proportion their breadth bears to their length, and to the height of the common centre of gravity of the principal weights. This motion arises from a deficiency in stability, and it would be advantageous there- fore to adopt that form for the body most conducive to that very desirable quality. It is also of importance to have the greatest displace- ment with the least direct resistance, that is, with the least area of the midship section. Supposing the area of the midship section and the breadth to be given, the condition here alluded to, is in favour of a form, full near the load water line, and lean below. In such a body also, the centre of gravity of the displacement is high, which is favourable to the stability. It moreover enables the body forward and aft to be made finer, than could be the case with a flat-floored midship section. The rising of the floor must, however, be limited by the consideration, that if the engines and other material weights are raised by it, the advan- tages might be counterbalanced by the effect this would have in raising the centre of gravity of the vessel. There is one great advantage in the extra draught of water, resulting from the rising floor, viz. that the keel, which, by its direct opposition to the water must tend very much to diminish the rolling motion, is at a greater distance from the axis of rotation, and consequently has a proportional greater effect. The rising floor is now generally adopted in the English steam boats. We have already remarked in a former part of this article, that the form of the sides between wind and water has a very material efiect on 2 g 3 
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the rolling of the vessel, and the observation equally applies to steam boats. For this purpose, the moment of stability should increase rapidly but uniformly, and as the vessel performs its alternate oscillations, the centre of gravity of the displacement should remain in the same trans- verse section. The form of the body also above and below the plane of flotation, should so accord with the position of the centre of gravity, as to cause the different oscillations of the vessel to be performed with the axis of rotation in the same constant plane. The elevation of the chim- ney, moreover, should be diminished as much as other circumstances will allow, in order that its weight, by raising the centre of gravity of the vessel, does not diminish in too great a degree the stability. The momentum also that the chimney acquires by its almost incessant vibrations, not only increases the rolling of the vessel, but creates also the chance of its being carried away, if the stability be not very well graduated. Not only indeed for the comfort of the passengers, and the perfect ease and security of the engines, but also for the general advan- tage of the vessel, ought the motions and strains of a steam boat to be rendered as moderate and uniform as possible. In the English steam boats, the engines are so adapted as to have the axis of the paddle wheel generally below the surface of the deck. In the American steamers on the contrary, it is as generally above, and even some of their boats which are destined for merchandise have, according to M. Marestier, their engines on the deck. The sides of those vessels being, however, in general nearly vertical for some distance both above and below the water section, it would be advantageous with regard to easiness of motion, to endeavour to adjust the different weights so that the centre of gravity of the boat should be as nearly as possible in the plane of the deck. In the earlier steam boats it w-as usual to give great comparative length, in imitation it is said of the relative proportion of row gallies. Thus in the following table, it will be remarked, that the length of the Clermont is to its breadth as 9’3 to 1; whereas the Connecticut, which had precisely the same length, had its breadth so increased as to present the relation of 4'2 to 1. The Clermont was constructed in 1807, and the Connecticut at a much later period. But the Enterprise presents an alteration in this particular of a still more striking kind, her length being gd'SS metres and her breadth 8-84, the two elements presenting the ratio of 2'8 to 1. The objects and destinations of these boats are without doubt very different; but it will be apparent, that in a mechanical structure like a steam boat, wherein the weights are so very unequally distributed, the length ought not to exceed the breadth in any thing like the ratio first mentioned. In steam boats intended for river navigation, the length may without much impropriety be increased, because the 
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strains are much less considerable than in the open sea. In the con- struction of steamers for rivers, some attention should be paid to length on account of the space necessary for turning them—a circumstance which may sometimes be productive of inconvenience. The report of M. Marestier is replete with numerous and important tables, one of which we introduce, for the purpose of illustrating the relative dimensions of the length and breadth. The vessels are arranged according to the numerical relations of these dimensions, and not as M. Marestier lias given them, according to the places at which they were built. 

The column devoted to the relation of the length to the breadth, was found by dividing the latter dimension by the former. The average length of these boats is 39‘82 metres, or 130-G4 English feet, and their average breadth 7T5 metres, or 23'46 English feet. The draughts of water, it will be observed, are very variable, arising necessarily from the particular purposes for which the vessels are destined. The Savan- nah is the steamer that first crossed the Atlantic, and her draught of water, it will be perceived, is the greatest of the whoje series. The Robert Fulton, which navigates the magnificent waters of the Mississippi, has a draught of 3-05 metres; whereas the Vesuvius, built for the pur- 
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pose of navigating the same mighty stream, has only a draught of 1-8 metre, her breadth, however, being l-53 metre less than the same dimensions of the Robert Fulton, but her length two-thirds of a metre 

With respect to the draught of steam vessels, there is, however, no necessity for its being so considerable as in sailing vessels, because their great length and straightness of breadth will, in the event of their using sails, supply the place of depth, any useless degree of which serves only to increase the resistance; neither can there be any advantage in a differ- ence of draught of water forward and aft in boats constructed with a rising floor; but, probably with flat floors, it may be necessary to assist the action of the water on the rudder. Mr Augustin Creuze has lately deduced from M. Marestier’s drawings of the steam boat, the Chancellor Livingston, and also from several English boats, and from two which have been lately constructed in England for the service of the Nonvegian Government, by Lieut A. G. Carlsund, of the Swedish Royal Naval Engineers, the exponents of their different elements, as recorded in the following table, according to the parabolical method of Chapman, before alluded to. 

It is of importance that the displacement and also the position of the centre of gravity should be accurately determined, on account of the great and constant weights on board a steam vessel being so considerable. It is usual to distribute the coals as much about the centre as possible, and to adjust the position of the centre of gravity of the engine, to the intended purposes of the vessel. It would be proper also to form an estimate of the stability of a steamer with regard to its length, by calcu- lating what effect the removal of a weight to a certain distance either before or aft the centre of gravity, will produce a given difference in the draught of water. This weight being known might be employed as a scale by which to regulate the disposition of other weights; and it is from a neglect of this important particular, that steam boats float at a different draught of water from what was intended. 
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Unless the displacement is correctly determined, and the area of the midship section also known, and limited moreover to a constant quantity, the power of the engine cannot be determined, so as to ensure a given velocity. Another necessary cause for accuracy with regard to the displacement is, that any alteration from the water-line, in relation to which the height of the axis of the paddle-wheels was determined, might materially afiect the action of the paddles themselves; the height of the axis being adjusted in such a manner, that the wheels having a specific diameter, the paddles may obtain such an immersion in the water, as shall cause their inner edge to have a velocity at least equal to that of the vessel, to ensure the absence of resistance on the fore side of the paddle. Hence it appears, that the depth of the paddle depends on the proportion of the velocity of the vessel to that of the velocity of the outer edge of the paddle wheel. It is, moreover, found in practice, that the 1 taddles will not work well if immersed in the water more than eighteen inches or two feet. This circumstances arises from the great loss of power occasioned by the obliquity of the stroke on their entrance into the fluid, and also on their leaving it, and the great quantity of water, moreover, they will lift. The breadth of the paddle must be regulated by local circumstances, attending to the condition, that the greater the arc of the paddle, the less is the loss of power occasioned by the motion it communicates to the 

fluid. Bernouilli estimates this loss for the common oar to be 
of the whole force applied. Sea-going boats should in general have their paddles narrower than boats intended for smooth water. The number of paddles on a wheel is at present wholly determined by practice. One paddle for every foot the wheel is in diameter, is the general rule followed. If they are too near each other, they do not meet the water with all the advantage they ought; and if too far apart, the motion which their successive and distinct impact with the water communicates to the vessel is unpleasant. Neither theory nor practice has yet determined where the axis of the paddle wheel should be placed with regard to the length of the vessel. M. Marestier has given us the following of its situation in several American boats. Its position is, however, always very much limited by that of the engine. 
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This table proves that the position of the paddle axis is very variable in different vessels. In the Chancellor Livingston it is placed in the middle of its principal axis, and very nearly so in the Fulton; but in the Philadelphia of Baltimore, the deviation from the centre is very con- siderable, and the greatest of the whole series. In the United States, the Virginia, and the Washington, the deviation is also very great. Many of the boats on the Mississippi have their wheels abaft, that they may be protected from the logs of timber incessantly floating on that mighty river, thus practically exemplifying the original idea of Hulls. Many vessels also, intended only for short passages, and where a small draught of water is necessary, are built with two bodies, with the wheel placed between them. This plan, however, is not found advantageous for boats with any considerable draught of water. When there are two paddle wheels on each side, their relative velocities, with respect to the water, should be equal, in order that they may exert an equal force on the vessel. If this were not the case, the aftermost wheel would operate disadvantageously: for as the water on which the aftermost wheel acts, has had an increased velocity commu- nicated to it by the action of the foremost wheel, the absolute velocity of the aftermost wheel must be proportionally greater than that of the fore- most ; a circumstance which would require a greater quantity of steam, and consequently a greater consumption of fuel. There would also be a waste of power, unless each pair of wheels had separate engines: and it is probable that the aftermost wheels would lose a portion of their effect, in consequence of the disturbed state of the water they acted on. The following important table was communicated to M. Marestier by one of the principal engineers of New York, as the result of his 
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M. Marestier has also given the following comparative table of the results he has observed, and calculated for ten boats, of which he was able correctly to ascertain the velocities. 

Table of the comparative proportion and dimensions deduced from ten American Steam Boats. 

In the first column, the measure of the elasticity of the steam, is represented by the height of the column of mercury it will support in a vacuum. The column devoted to the proportion of the paddles, is the quotient of the rectangle of the breadth and draught of water of the boat, divided by the area of one of the paddles. The number which he terms the factor of the diameter of the wheels, he obtained by considering, that if the vessels were similar, and the re- sistances to the paddles bore in all of them the same invariable relation to the resistance of the hull, the diameter of the paddle wheels would be equal to the velocity of the boat multiplied by a constant factor, and divided by the number of double oscillations of the piston. The mean of these factors being between 29 and 30, it follows, that if the propor- tion the velocity of a steam boat bears to the number of strokes of the piston, be multiplied by 29 or 30, the result will give nearly the dimen- sions of paddle wheels similarly proportioned to those in the American 
The last column denominated the multiplier, is a number which Marestier deduced, to show the relation which the true velocity of a boat bears to the following quantity: The square root of the product of the height of the column of mercury the steam will support, the stroke of the piston, and the square of its diameter, divided by the square root of the 
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product of the rectangle of the breadth and draught of water of the vessel, and the diameter of the paddle wheel. If the diflerent boats were equally perfect in their respective elements, there would be no necessity for a different multiplier for each boat; but, as the forms of their bodies, and the qualities of their engines differ considerably, the multipliers must necessarily vary. M. Marestier finds, that the variation for the first nine boats recorded in the table is between twenty and twenty-five. The Savannah he did not include in his computation, as he had no precise information respect- ing her. To accomplish this he supposes the motion of the vessel to become uniform, and the force of the steam constant; and on this hypothesis, and the data he has collected in the preceding table, he investigates the proportions which exist between the power of the engine, the dimensions of the vessel, of the paddles, and the wheel. He assumes, moreover, that the resistance of the paddles is equal to the resistance of a surface moved in the fluid in a direction perpendicular to itself, and having a velocity equal to the mean velocity of the paddles. This surface, which he denominates The resisting surface of the paddles, is represented by a2 

The velocity of the resisting surface by . U The resisting surface of the vessel by . . l>2 And the velocity of the vessel by . . V Each of these quantities he proposes to derive from experiment. 1. The resistance of the hull being supposed proportional to the square of the velocity, is equivalent to A 6* V2, the function k being the measure of the direct resistance corresponding to the unity of surface and velocity. Then the velocity with which the paddles strike the fluid being U—V, the resistance they experience will be 
k a* (U—V)2. 

and U = (l+^-)v. 
The velocity of the vessel is therefore always proportional to that of the paddles, while the resisting surface of the vessel bears a constant relation to the surface of the paddles. 2. The moments arising from the action of the paddles on the water, and the steam on the piston, are equivalent to each other, omitting the effects of friction. The absolute velocity of the paddles being also U, and the resistance they meet with k a2 (U—V)2 the moment of their action, will be k a2 (U—V)3 U. 
Supposing q to represent the density of the mercury, h the altitude of the column the steam will support, P the surface of the piston, and v 
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the measure of its mean velocity; then will the moment of the piston be equivalent to qhV v, and consequently 

qhVv = kcfi (U—V)8 U. 
3. Since the effect of the friction of the machine is to diminish the effect of the moving force communicated from the piston to the paddles, a portion only of the moving force y A P is taken, and which is repre- sented by m q hV. Hence we obtain 

4. From these formula; we may draw the following conclusion:—that the cube of the velocity of the vessel is less than the power of the engine, divided by the resistance of the vessel; and that the cube of the mean velocity of the paddles is also greater than the same quantity—a limit only to be attained when the paddles are infinite. 5. If we suppose a second boat to exist, the elements IT, V' a', b', &c. of which are analogous to those of U, V, a, b, &c. adopted for the former boat, we may obtain by the common processes of reduction 

So also when the resisting surfaces of the paddles are, in both vessels, proportional to the resisting surfaces of their hulls, 
, . V b we obtain ; 

J „ v'_tr /svi'h'v'v' b\ and consequently r- ^ = a/ 
Hence it follows, that the velocities of the boats are proportional to the velocities of the paddles, and they are also in a direct proportion to the cube root of the power of the engines, and in an inverse proportion to the cube root of the resistance of the vessels. M. Marestier considers this proposition nearly general; because, unless there is a very great 
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disproportion in the dimension of the vessels, the relation of 1 + 
— to 1 -f- cannot differ much from unity. 

Throughout these investigations, M. Marestier has regarded h as the altitude of the column of mercury, which the steam when acting on the piston will support, and determined the effort of the piston, under the supposition that the vacuum on the contrary side of the piston is perfect; but as such a condition cannot exist, the quantity h should be diminished by the height, which, the steam remaining on the contrary side of the piston, will depress the mercury from the altitude at which it would stand in a common barometer. This is an important consideration when comparing one boat with another, because the degree of the vacuum must depend wholly on the goodness of the engine. 
6. From the equations b V = a (U—V), 

and mqhVv^ka* (U—V)» U, 
we may deduce UV* - ™ ”' 

Therefore whatever may be the dimensions of the paddles, the pro- duct of their velocity and the square of the velocity of the vessel is in proportion to the power of the engine. Although the power of the engine has been considered as known, it is seldom that the velocity of the piston can be taken arbitrarily. The relation of this velocity to that of the paddles is almost always invariable, and therefore the velocity of the piston alters with any increase or diminution in the size of the paddles. This however will not make any change in the conditions of the preceding question; but the value of v will vary according to the alteration. It may happen either that the velocity of the piston is too great to admit of an adequate supply of steam, or that the supply of vapour is too great, and some necessarily escapes by the safety valve. In the first case, the elastic force of the vapour will diminish until the movement of the piston shall correspond to the quantity of steam supplied; and in the second case, to prevent the loss of steam, the intensity of the fire must be diminished; but then the power of the engine will be reduced in the proportion of the actual velocity of the piston to that which it ought to have. That the velocity of the piston may correspond to the quantity of steam furnished by the boilers, the mechanism must be so arranged as to satisfy the equation 

2 h 2 
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or if r represents the relation between the velocities of the piston and paddles, we may obtain the equation 

Of the quantities a, b, h, P, r, U, V, and v contained in the equations. 
u = (1 + !r)v’ 

m q hV v — k a* (U—V) *U 
and U = r e. 

any five being known, the remaining three may be readily determined. Thus, if the values of the elements a, b. A, P, r, are known, and it be required to determine the values of U, V, and v, we shall obtain from the preceding equations 

Since the velocity of the vessel is independent of the element a, it follows, that as long as the value of r remains unchanged, the surface of the paddles may be either increased or diminished without producing any alteration in the velocity of the boat. At the same time also it appears, from an inspection of the function representing the value of v, that we cannot augment the dimensions of the paddles, without diminish- ing the velocity of the piston, and causing a greater consumption of steam and fuel. If the diameter of the wheels be dimimshed, the velocity of the steam boats will be increased; but the velocity of the piston and the power of the machine being increased also, will require a greater consumption of steam and fuel. Hence an increase of velocity may be obtained by diminishing the diameter of the wheels, provided that the boiler will furnish more steam than the engine consumes. If, on the contrary, the diameter of the wheels be increased, the vessel will lose velocity; but this cannot be avoided, if after having increased the surface of the paddles as much as is consistent with other circumstances, it is found that the engine has too great a velocity for the supply of steam furnished by the boiler. If, again, the diameter of the wheels be diminished by tailing away a 
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portion of each paddle, the velocity of the vessel will be increased, because the value of the element r is diminished; but then it must be remarked, that more steam will be consumed than if the change had been made in the diameter, without diminishing the surface of the paddles. When any alteration is made in the mechanism which communicates motion from the piston to the wheels, the elements r, U, V, and v, become respectively r1, U', V', and v'. Hence we have 

Consequently, V' = V— V 

Hence it follows, that when the piston does not partake of the velocity which the steam furnished by the boiler would admit in any change of the mechanism, the velocity of the boat will be reduced in proportion to the cube root of the velocity of the piston; and in order that the vessel may acquire the velocity which the engine is capable of imparting, the value of r must be diminished inversely as the cube root of the square of the velocity of the piston. 
The value of V = \ ^ ^)e'n& more s'mP'e t^lan ^at before 

deduced for the same element, admits of an easier comparison with the velocities before observed. It admits, however, of further simplification. For this purpose letyi represent the diameter of the piston, and <r the relation of the diameter to its circumference, then will 

In the American vessels, the wheels generally make one turn for every double stroke of the piston; and, therefore, supposing c to represent the length of a stroke of the piston, and n the number of revolutions of the wheel in a minute, we shall have 
2»c _ 60 — 30 2h 3 
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Calling also the absolute diameter of the paddle wheels D, its mean diameter will be $ D, where 3 denotes a quantity to be determined by experiment. Hence we have 

, fl U «r J P and consequently, »■=—=: —^ ^ ■ 
The resisting surface of the vessel before assumed as equivalent to £*, depends essentially on the shape of the vessel, and perhaps on its velocity; but as it is known that it increases in proportion as the draught of water and breadth are augmented, we may suppose it proportional to the rectangle B of the dimensions alluded to, and which therefore furnishes the equation = /} B, 

the element /3 being determined by experiment. Substituting this value of &s in the equation 
V - I /m1h'P V “ i v/ 

and we shall have V =J,' 
The density of the mercury y = 13’6; and it may also be remarked that the value of k, when the body exposed to the impulse of the water 

is thin, as in the case of the paddles, is about j~, unity being the 
weight of a cubic metre. There are several causes, however, which render it difficult to determine the values of m, jS, and S, as they vary under different circumstances. The best boats, M. Marestier observes, 
will be found to be those where the value of is the greatest. 

8. For the object in view, it is sufficient to know the value ol 
^las been dfisigH&ted the multiplier. Supposing it to 

be represented by M, we have 
V = Ml/w- 

In the last table it will be perceived that M. Marestier has deduced the multipliers for several vessels, the values of which, omitting the instance of the Savannah, vary from about 20 to 25, and the mean he fixes at 22. Since, however, the value of the multiplier, all other things remaining the same, depends on the perfection of the engine and vessel, 
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it cannot be strictly correct to apply to one vessel a number deduced by experiments on others far inferior to it. It is to be remarked that the velocities which M. Marestier has given of the American boats are small in comparison with those of the more modern English boats. The latter boats require therefore higher multipliers than the former. 

9. The equation U = ^ V before given, will undergo some 
convenient modifications, by substituting in it the values of b and U 
deduced from the equations 4* = /SB, and U = ” 60 anc* a*so 

adopted for a* the resisting surface of the paddles, the quantity A *, the function A representing the area of one of them. These substitutions 
will transform the first-mentioned equation U = ^l -f V, into 

”»D=('WI)V' and from which we may deduce 
v 

The function *s which has been denomi- 
nated the factor of the diameter of the wheels, and of which the mean value is thirty. If we designate this function by F, we shall obtain the equation 

10. By means of the equations 
V = , and D = F. ^ 

in which the co-efficients M and F, taken at their mean experimental values are 22 and 30, we can resolve such questions as relate to the pro- portions and principal dimensions of engines and vessels constructed on principles similar to those of the Americans. We obtain, for example, from the equations referred to 
“ — M F y/Wa’ 

which enables us to remark, that though from the first of the two equations given, it appears to be advantageous to diminish the diameter 
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of the wheels, that cannot be done unless the boiler will produce enough of steam to admit of their performing a greater number of revolutions. Again, by eliminating D from the same equations, we obtain, 

we may have, 

Hence it appears that the velocity of a steam boat is equal to the cube root of the product of the following quantities: The altitude of the column of mercury the steam will support, the square of the diameter of the piston, the length of its stroke, and the number of times it is raised in a minute; divided by the cube root of the product of the breadth of the vessel into its draught of water, and the quotient multiplied by a constant coefficient. By employing this expression for calculating the velocities of the first nine vessels contained in the comparative table, it will be found, says M. Marestier, that the error is generally less than one-tenth of the actual value. The coefficient 2‘53 above deduced, depends on the form of the vessel. Its value might be 2’25 for a form experiencing apparently a great re- sistance ; or it may be 2'75, or even more, for a contrary form. 11. If the value of B be regarded as unknown, we shall obtain, 

or since the value of the coefficient -p is nearly equivalent to 16, we 
shall have. 

Hence, the engine being given, we can determine the area of a parallelo- gram, whose base shall be the breadth of a vessel which the engine can move with a given velocity, and altitude equal to the draught of water. B Vs 
12. From the equation nchp* = “Jg-" we may also find the power it 

is requisite an engine should possess, to enable it to move a given vessel with a determinate velocity. We see, moreover, that this force increases as the cube of the velocity. 
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13. Having found that 

we shall obtain, by substituting in the value of V before given, that 
V 

8 and when the velocity of v is equivalent to ^ of a metre, which is the 
case in most of the American boats, we shall farther have 

This equation may be employed in the same manner as the preceding, to determine the size of a vessel, or the power of an engine, by supposing K or hp* as unknown. M. Marestier objects to the method commonly employed of estimating the power of a steam engine, by the number of horses it would require to perform the same quantity of work, since the nominal power of the engine under these circumstances, must very much depend on the esti- mated power of a horse. He proposed a method, certainly of a much more philosophic character, and capable of affording more accurate ' results. Multiply, says he, the height of the column of mercury the steam will support, by the square of the diameter of the cylinder, and | the mean velocity of the piston; sixty-six and two-thirds of this product ! will be the number representing the horse power. Then will the velocity be equal to twice the cube root of the quotient of the number of 11 horses, divided by the rectangle of the draught of water, and the breadth of the vessel. The power of an engine capable of communicating a required velocity : to a boat may be found, he informs us, by multiplying the cube of the velocity by the breadth, and by the draught of water, and dividing the , resulting product by 7'26, or by 6, as the circumstances of the vessel J) may require. The surface of the parallelogram also, which has the breadth of the * vessel for its base, and the draught of water for its altitude, may be determined, by dividing the number of horse power of the engine, by the cube of the required velocity, and multiplying the resulting quotient by 7'?6, or 6, as the conditions of the vessel may require. In considering the motions of steam vessels in rivers, M. Marestier introduces the consideration of the velocity of the current, and also attends to the effect produced, by causing the action of the engine to be applied to winding a rope round a roller, the outer end of the rope being 
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attached to a fixed point on the shore. His general results are as follow: To stem a current with the least consumption of fuel, the absolute velocity of the vessel should be only half the velocity of the steam. That the velocity resulting from the use of the rope and roller is greater than that which results from the use of the paddle-wheel, in the proportion of the cube root of the velocity of the paddle to the cube root of the velocity communicated by the paddles to the vessel. That to enable the vessel to stem a current with an absolute velocity equal to half the velocity of the current, it requires three times the motive power, if that power acts on board the vessel, that would be necessary if the power were applied to the rope. That when the current is rapid, it is advantageous to use the rope for hauling, in order to stem it; but that if the current is not strong, it is preferable to use the paddles; and that the paddles should always be used in descending a stream, when the absolute velocity of the vessel is greater than the velocity of the paddles, or when the velocity of the stream is greater than the velocity with which the paddles strike the water, which will generally be the case. Much remains to be done to perfect the theory and practice of steam boats; yet in a department of knowledge so comparatively new, it is remarkable what rapid steps have been already made towards its im- provement. “ The motion of boats, their forms, and proportions,” says Mr Tredgold, in an ingenious and able paper on the subject, “ will afford many fine subjects for the application of science.” Let us hope, that “ Man, nature’s minister and interpreter,” will not cease his en- deavours to carry it onwards to perfection. Mr Tredgold, in his ingenious disquisition, observes, that in still water, it may be assumed, that the resistance of the same vessel is sensibly proportional to the square of the velocity; the variation from the law being, he considers, too small to produce a sensible effort within the range to which the velocity is limited in practice. Therefore if a be the force that will keep the boat in uniform motion at the velocity u, the force that will keep it in motion at the velocity, will be found by the analogy. 

which is the measure of the resistance with the velocity v. Hence the mechanical power required to keep the boat in motion with the same 
CL iP velocity, will be —2-; and from which it follows, that the power of a 

steam engine to impel a boat in still water, must be as the cube of its velocity. Therefore, if an engine of twelve horses power will impel a boat at the rate of seven miles an hour in still water, and it be required 
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to determine what power will move the same boat at ten miles per hour, we shall have 103 v 12 . 103 . . 10 . x _ QC. 
or an engine of thirty-five horses power. This immense increase of power to obtain so small an increase of velocity, says Mr Tredgold, ought to have its influence in fixing upon the speed of a boat for a long voyage, and its proportion ought to be adapted for that speed, with a proper excess of power for emergencies. A low velocity should be chosen, when goods as well as passengers are to be conveyed. The example before given, places this in a very striking point of view; for to increase the velocity of the same boat from seven to ten miles an hour, requires very nearly three times the power, and of course three times the quantity of fuel, and three times the space for stowing it, besides the additional space occupied by a larger engine. Therefore if seven miles per hour will answer the purposes of the trade the vessel is to conduct, the advantages of the lesser speed must be evident. According to these principles, Mr Tredgold has computed the fol- lowing table, illustrating the power necessary to communicate to a boat different velocities. 

3 miles per hour 4 . 5 . 6 . 7 . . . 8 . . . 9 . . . 10 . . . 

65 horses power. 13 25 43 69 102 146 200 
In short voyages, the extra quantity of engine room and tonnage for fuel is not so objectionable; but in a long voyage, it reduces the useful tonnage to so small a proportion, as to render it doubtful whether such vessels will answer or not. The consumption of fuel to produce a given 4 effect, is much greater than in engines on land; and perhaps much in consequence of the draught of the chimney, and the limited space for the 
When the paddles of a steam boat are in action, there is a point in each paddle, wherein if the whole reaction of the fluid was concentrated, the effect would not be altered. This point Mr Tredgold denominates the centre of reaction. By supposing the fluid at rest, the velocity of the centre of reaction 
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V, and the velocity of the boat v, the velocity with wliich the paddles strike the water will be V — v. Or the difference between the velocity of the paddles and the velocity of the boat, is equal to the velocity with which the paddles act on the water. Hence when these velocities are the same, the paddles have no force to impel the boat; and if the paddles were to move at a slower rate, they would retard it. Now, as V — v represents the velocity, the force of the reaction will be as (V — v)2, since this quantity is proportional to the pressure pro- ducing the velocity V — v. But during the action of the paddles, the water yields with a velocity V — v; and since the velocity of the boat is v, the effective power is as 

V — v : v : : (V — tO2 : « (V — v). 
The effect of this power in a given time, is a maximum, when v2 

(V — v) is a maximum; that is when 2 V = 3 ®; or when the velocity of the centre of reaction of the paddles is lg time the velocity of the boat. It is desirable that the action of the paddles should be as equable and continuous as possible, unless they be arranged so that the variation of the power of the engine may coincide with the variation in the action of the paddles. But in attempting to render the action of the paddles equable, their number ought not to be increased more than can be avoided, because there is not then time for the water to flow between them, so as to afford a proper quantity of reaction; neither do they clear themselves so well in quitting the water. To determine the radius of the wheel, or the depth of the paddles, when the number of the paddles is given, becomes an easy problem, when the preceding conditions are to be adhered to. Mr Tredgold gives the following rules for finding the radius of the wheel, when the number and depth of the paddles are given. Divide 360 by the number of paddles, which will give the degrees in the angle contained between two adjacent paddles. From unity subtract the natural cosine of this angle, and the depth of the paddles divided by the remainder will give the radius of the wheel. Thus, if the number of paddles be 8, and their depth foot, we shall 
have = 45°, the cosine of which is *7071. Therefore 
= 5T2 feet, the radius of the wheel. Again, if the number of paddles be 7, and their depth l-5 foot as 
before, we again have = 51* 26', the cosine of which is -6234. 
Consequently j = ^ ^eet> the radius of the wheel desired. 
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It is obvious, continues Mr Tredgold, that, by enlarging the wheel, the obliquity of the action on entering the water may be reduced; but it also may be done by lessening the depth of the paddles, where the angles are the same in both wheels. Hence it is useful to be able to find the I depth; and if the number of the paddles and the radius of the wheel be 1 given, the depth may be found by the foregoing rule: Multiply the radius of the wheel by the difi'erence between unity and the natural cosine of the angle contained between two paddles, and the : product is the depth required. Suppose, for example, the radius to be 4 o feet, and the number of paddles eight, there will be 4‘fl (1—-7071) = 1-318 feet, for the depth of the paddles. Mr Tredgold thinks eight paddles to be as small a number as ought to be adopted, and where large wheels can be admitted, nine or ten might be used with advantage, but where many paddles are employed, the wheels must necessarily be of large diameter, to keep them narrow. \ The advantages of wheels of large diameter consist in the favourable direction they strike the water, and also quit it; the paddles are also !’ more distant from one another, and while they have more re-action on the water, they splash it about much less; the weight of the wheel also renders it more effective as a regulator of the forces acting upon it. On the contrary, there are some strong practical objections to very large ! wheels for sea vessels; they give the force of the waves a greater hold ! on the machinery, they are cumbersome and unsightly, and they raise the point of action too high above the water line, so that the choice ! requires both experience and judgment. The best position for the paddles appears to be in a plane passing through the axis, as represented in the figures. If they be in a plane which does not coincide with the axis, they must either strike more • obliquely on the fluid in entering, or lift up a considerable quantity in quitting it. With respect to the shape of the paddle, it is clear that it : should be such that the resistance to its motion should be the greatest : possible, and the pressure behind it the least possible. These conditions , appear to be fulfilled in a high degree by the simplest of all forms, the 1) plane rectangle; but we might learn much from a judicious set of ex- periments on this subject. i! As there is some variation in the force of re-action against the ; paddles, it may in some measure be compensated by making its periods coincide with the variation in the force of the engine. To effect this, , the stroke of the engine should be made in the same time as is occupied by that part of the revolution of the paddle wheel, which is expressed by a fraction, having the number of paddles for its denominator, and the I piston should be at the termination of its stroke, when one of the paddles ' is in a vertical position. For, when one of the paddles is in a vertical 
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position, the re-action is the least, and it is greatest when two paddles are equally immersed, at which time the force would be acting at right angles to the crank. Having shown the power that is necessary to keep a boat in motion in still water, it will be some advantage to resume the inquiry in the case where it moves in a stream or current; and, for that purpose, let » be the velocity of the boat, and c that of the current; a being the resis- tance when the boat is in motion with the velocity u. Then the resistance to be overcome to give the boat the velocity v, is, when the motion is with the stream, 

And, when the boat moves against the stream, we have 

Hence the power is expressed in either case by 
« 0 -f c)2 

the upper sign of which is to be attended to when the motion is with the current, and the lower sign when it is against it. When c the velocity of the current, is nothing, the result is the same as before. But the resistance in still water is not the mean between the resistances in the direction of the current, and against the current; con- sequently, the mean rate of a boat, which alternately goes with and against a current, must be less than the mean rate in still water. The mean resistance is 

d #3 while the resistance in still water is only -2—, the difference between 
which and the former is — ; a quantity depending on the velocity of 
the current, and for any particular case, should be calculated from the mean motion of the current. When a boat advances with a current, the velocity with which the paddles act on the water will be V + c — v; and when the boat moves against the current, it will be V — c — v; consequently in either direction it is V + c — e; and the force of re-action (V + c — v)3. ! But the effective resistance of the boat is as 

V + c — e : r : : (V + c — e)* ; v (V + c — e); 
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is a maximum, when v2 (V -f c — v) i 

= 1’5 « 4. c. Moreover, 
g (V + c) 

. 2 V When c vanishes, or the boat moves in still water, -g- — v, the same 
as before. The mean also between moving against and with the cur- 
rent is = o. Therefore, where the velocity cannot be changed to 
suit the circumstances, this will be the best proportion for all cases. Where the force of a current is considerable, it would be extremely desirable to have the power of altering the velocity of the wheels; but this should not be accomplished by any alteration of velocity in the steam piston, since whatever change is made in its velocity must affect the power of the engine. There is no difficulty, MrTredgold imagines, in adopting such a train of mechanism as would produce the alteration of velocity required, and yet be as strong and durable as the ordinary combination, and not at all expensive, compared with the object to be gained by introducing it. It will only be necessary to provide for an increase of velocity; for, when the boat goes with the stream, the rate of the paddles is already too great; whereas, when a boat moves against the current, both an increase of the velocity of the wheel, and an increase of surface of the paddle, is necessary to maintain the mean rate. MrTredgold concludes his very interesting investigations, by inquiring into the velocity a boat may be expected to acquire when the power is the same. The power P of the engine may be represented, as we have before determined, by the equation 

P = - 
and if the ratio of the current to the velocity of the boat be as 1 : that is, 1 : n ; : v : c = n v, we shall have 

If the boat moves ii velocity of the boat, w< 
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Velocity of tte current with the Velocity of the boat. 

Still water OOO Against the stream 1-08 

2'2 1-53 0-00 
6-6 6-12 5-00 4-34 4-16 1-38 1-92 3-85 2-38 317 3-17 

This table shows that a power capable of moving a boat at the rate of five miles per hour, in still water, will only move it at the rate of a little more than three miles per hour against a current of the same velocity as the boat; and that the speed of the same boat would be eight miles per hour, when moving with a current of which the velocity is four miles per hour. It should be remarked, that these calculations suppose the area of the paddles, and their velocity, to be adjusted to the maximum proportions in each case; were it otherwise, the velocity with the current would be increased, and the velocity against the current diminished. The investigation of this subject to any greater extent would be incon- sistent with the nature of this work. We shall however give the results of the investigations of Mr W. Barlow, in a paper On the laws which govern the motion of Steam Vessels, which appeared in the Philosophical Transactions for 1834. 1. That when the vessels are so laden that the wheel is but slightly immersed, there is little advantage in the vertically acting paddle. 2. In cases of deep immersion, it has considerable advantage over the common wheel, as at present constructed. 3. That in the common wheel, while the paddle passes the lower part of the arc, or when its position is vertical, it not only affords less re- sistance to the engine, but is less effective in propelling the vessel than in any part of its revolution. 4. That in the new wheel, the paddle, while passing the lower part of the arc, affords more resistance to the engine, and is more effective in propelling the vessel, than in any part of its revolution. This property of the vertical paddle is a serious deduction from the value of the wheel; for in consequence of the total resistance to all the paddles being so much less than in the common wheel, much greater velocity is required to obtain the requisite pressure, which is attended with the consumption of an additional quantity of steam, and, in course, of a proportionate loss of power. 
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This loss of power is most sensible when the wheel is slightly immersed; whereas the lost power, from the oblique action of the com- mon wheel, is then scarcely perceptible. When the vessel is more immersed, and the angle of inclination at which the paddle enters is greater, the proportion of lost power in the common wheel is much increased, while that of the vertical paddle remains nearly constant, so that in cases of deep immersion, the vertical paddle has considerably the advantage. 5. That in any wheel, the larger the paddles the less is the loss of power; because the velocity of the wheel is not required to exceed that of the vessel in so high a degree, in order to acquire the resistance necessary to propel the vessel. 6. That with the same boat and the same wheel, no advantage is gained by reducing the paddle, so as to bring out the full power of the engine; the effect produced being simply that of increasing the speed of the wheel, and consuming steam to no purpose. 7. That with the same boat and the same wheel an increase of speed will be obtained by reducing the diameter, or by reefing the paddle floats at least within certain limits, viz. as long as the floats remain immersed in the water, and the velocity of the engine does not exceed that at which it can perform its work properly. This is very evident; for, as the engine will exert a greater power at a less radius or lever, it will cause the velocity of the paddles througii the water to increase, and, consequently, an increased resistance upon them, which is the true measure of the force that propels the wheel. The resistance on the paddle will of course be increased in the ratio1 

of the radius or lever; the velocity of the vessel will therefore be in- creased inversely as the square root of the radii. The reverse will of course be true, viz. that by increasing the diameter of the wheel, the velocity of the boat will be decreased in the above ratio. 8. That an advantage would be derived from a wheel of large diameter, so far as the immersion of the paddle produced by loading the vessel would not so sensibly affect the angle of inclination of the paddle; this, however, cannot be attained advantageously with an engine of the same length of stroke, because to allow it to make its full number of strokes with the large wheel, the size of the paddles must be diminished, which is a much greater evil than a wheel of small diameter with larger paddles. To have larger wheels, it is therefore either necessary to have the engines made with longer strokes, or to have the paddle wheel on a difierent shaft to the engine, in order to diminish their speed. These are both practical inconveniences in sea boats, and we must therefore consider the wheels to have gained their greatest limit in point of diameter. For the navigation of rivers, as the construction of the boats will admit of 2 i 3 
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much greater speed given to them than is at present attained, larger wheels may be employed. The ill effect resulting from making the wheel of too large diameter, and the paddles too small, is very sensibly exhibited in the experiment on the Medea. Her engines have the same length of stroke as those of the Salamander, Phoenix, and Rhadamanthus, and the wheel is twenty- one feet in diameter to the centre of pressure, while those of latter vessels are not above eighteen feet five inches, or eighteen feet six inches. The consequence is a considerable loss of power, from the greater velocity of the wheel than of the ship, the whole power of the engine being brought out in both cases. This loss of power is, of course, still small, compared with that of the common wheel when deeply immersed, so that in the experiment at Sheerness, her superiority of speed is perfectly consistent with the preceding calculations; at the same time we have no hesitation in saying, that an increase of speed of half a mile per hour at least might be obtained by a smaller wheel aud more surface of paddle board. A great portion of the foregoing article has been taken, but with very considerable modifications, from the article Ship Building, in the Edin- burgh Encyclopedia. The whole article is replete with valuable infor- mation. The following tables will be found very useful for reference. 

Table of Proportions and Dimensions of several Steam Boats. 
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One of the largest steam vessels, now afloat, is the Monarch, belonging to the London and Leith Steam Packet Company; it was built by Messrs Green, Wigram, and Green, in 1833, from the plan of Mr Charles Wood, of Port Glasgow. It was superintended while building by the present scientific commander, William Bain, Esq., a master in the Royal Navy, by whom we have been favoured with the following dimensions of the hull, and other particulars. Length of keel . . 180 feet. Over all . . . . 208 Beam for tonnage . 32 Hold .... 18-4 Extreme breadth . . 55'4 It is propelled by two engines of one hundred horse power each, con- structed by Boulton and Watt. Cylinders 53 inches; diameter stroke 5 feet; extreme diameter of paddles 21 feet, floats 10 feet by 2j feet; the average speed is 10j miles. The voyage from London to Leith has been performed in 39 hours. The space occupied by the machinery and the coal space measure 60 feet by 32 feet; the coal space will con- tain 140 tons. The weight of the machinery and boilers is 226 tons. The average consumption of coals is 21 hundred-weight per hour. This vessel makes up one hundred and fifty beds for passengers, and one hundred are comfortably and elegantly accommodated in the saloon at dinner. The appointments of the vessel are as below: Commander ... 1 Officers .... 3 Seamen .... 12 Engineers ... .2 Fire men and coal trimmers 8 Boatswain and mate . . 2 Carpenter .... 1 Cook and mate . . .2 Stewards . . . .10 Female attendants . . .2 

Total 43 
Node, in the doctrine of curves, is a small oval figure, made by the intersection of one branch of a curve with another. Nonagon, a figure of nine angles and nine sides. The angle at the centre of a nonagon is 40°, the angle subtended by its sides 140°, and its area when the side is 1 = 6-1818242, consequently the square of the side x 6-1818242 will give the area of the figure. 



NON-CONDENSING ENGINES. 
Non-condensing Engines, that class of steam engines commonly called high pressure. Such engines act by the excess of the pressure of steam above the pressure of the atmosphere. The steam commonly employed is such as to exert a pressure on the piston of between 30 and 40 lbs. on the square inch. Mr Tredgold divides non-condensing engines into two classes, the first comprehending those in which the generative force of steam alone is employed; the second, in which the generative and expansive forces are brought into action. See Steam Engine. ' The power of a non-condensing engine may be determined by ascer- taining the force of the steam in the boiler, above the atmospheric pres- sure, by means of the steam guage, and reckoning that the effective pressure upon the piston is six tenths of this, then will the rule be: Take the force of the steam in the boiler in lbs. per circular inch, above the pressure of the atmosphere, and multiply it by 0-6, subtract from this product the constant number 4*6, multiply the remainder by the square of the diameter of the cylinder in inches, and this last product by the number of feet that the piston travels per minute, the result will be the number of pounds’ weight that the engine will raise per minute. By symbols the rule will stand thus 

(F x 0*6 _ 4-6) x d* X t> = E, 
where F is the force of the steam in the boiler, d the diameter of the cylinder in inches, v the velocity of the piston in feet per minute, and E the effect of the engine. Thus, let the force of steam in the boiler be 30 I lbs. to the circular inch, the diameter of the cylinder 15 inches, the length of stroke 3 feet, and the number of strokes per minute 30, we have 

(30 x 0-6 — 4-6) X 152 X 2 X 3 X 30 = 541800 lbs. 1 raised one foot high per minute, which being divided by 33000 will give 541800 w- u ”33000 = 16-41 horses P°wer- 
This rule only holds when the steam does not act expansively. When the engine acts expansively the problem becomes a little more ij complex. The first thing to be done in this case is to find the mean pressure of the steam upon the piston, for since it is cut off before the H termination of the stroke, the pressure must decrease from the moment j that it is cut off. The steam may be cut off at any fractional part of the stroke, as )4, or lA, or W, &c., or in general we may say at the 
— part of the stroke. Let the steam then be cut off at the ~ part of 
the stroke, find the hyperbolic logarithm of n, (see Logarithms,) and multiply it by 2 3, and add 1 to the product; divide this Sum by n, and from the quotient subtract 0*4, multiply the remainder by the force of 2 K 
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the steam in the boiler per circular inch, subtract 11'55, and the result is the mean pressure of the steam on the piston. This being found, the power of an engine under such circumstances is easily determined by the following rule.'—Multiply the mean pressure on the piston by the square of the diameter of the cylinder in inches, and that product by the velocity of the piston in feet per minute, the result will be the number of pounds the engine can raise one foot high per minute, which, divided by 33COO, gives the number of horses power. Suppose a cylinder 12 inches diameter, the force of the steam in the boiler 46 lbs. to the circular inch, the velocity of the piston 160 feet per minute, the steam being cut off at the l-l-5th part of the stroke Log. 1-6 X 2-3 is = 0 405 Add 1- 

Divide by 1-5|1'404 
0-936 Subtract 0-4 

536 Multiply by 46 the full pressure on the boiler. 
24-656 Subtract 11-55 the atmospheric resistance. 
13-106 lbs. mean pressure on the piston. 
144 diameter of cylinder squar ed. Multiply by 160 speed of piston. 

23040 Multiply by T3T mean pressure. 
301824 lbs. raised one foot high per minute. 

Divide by 33000 gives 9-146 horses’ power. 
Normal, is the same as perpendicular. Nozzles, that portion of a steam engine in which the apparatus for opening and shutting the communication between the cylinder and the boiler and condenser, in low pressure or condensing engines; and between the cylinder and boiler and atmosphere in high pressure or non-conden- sing engines. For an account of the form of nozzles, and valves, &c. see Steam Engine, and Valve, in this Dictionary. 
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Nut; a short internal screw, which acts in the thread of an external screw, and is employed to fasten any thing that may come between it and a Hang on the bottom of the external screw or bolt. See Screw. 

Table of the sizes of Nuts, equal in strength to their bolts. 

0 
Oak. There are several varieties of this valuable tree; but the com- ! mon English oak claims precedence of every other. The oak timber imported from America is very inferior to that of this country; the oak l; from the central parts of Europe is also inferior, especially in compactness : and resistance of cleavage. The knotty oak of England, the “ unwedgeable : and gnarled oak,” when cut down at a proper age (from 50 to 70 years), f is the best timber known. Some timber is harder, some more difficult j)to rend, and some less capable of being broken across; but none contains all the three qualities in so great and equal proportions; and thus, for at Honce supporting a weight, resisting a strain, and not splintering by a | cannon shot, the timber of the oak is superior to every other. The colour of oak wood is a fine brown, and is familiar to every one: ' it is of different shades; that inclined to red is the most inferior kind of .wood. The larger transverse septa are in general very distinct, pro- educing beautiful flowers when cut obliquely. Where the septa are 1 small, and not very distinct, the wood is much the strongest. The i texture is alternately compact and porous; the compact part of the annual 2 k 2 



ring being of the darkest colour, and in irregular dots, surrounded by open pores, producing beautiful dark veins in some kinds, particularly pollard oaks. Oak timber has a particular smell, and the taste is slightly astringent. It contains gallic acid, and is blackened by contact with iron when it is damp. The young wood of English oak is very tough, often crossgrained, and difficult to work. Foreign wood, and that of old trees, is more brittle and workable. Oak warps and twists much in drying; and in seasoning, shrinks about l-32d of its width. Oak of a good quality is more durable than any other wood that attains a like size. Vitruvius says it is of eternal duration when driven into the earth; it is extremely durable in water; and in a dry state it has been known to last nearly 1,000 years. The more compact it is, and the smaller the pores are, the longer it will last; but the open, porous, and foxy coloured oak, which grows in Lincolnshire and some other places, is not near so durable. Besides the common British oak, the sessile fruited bay oak is pretty abundant in several parts of England, particularly in the north. The wood of this species is said by Tredgold to be darker, heavier, harder, and more elastic than the common oak; tough, and difficult to work; and very subject to warp and split in seasoning. Mr Tredgold seems disposed to regard this species as superior to the common oak for ship- building. But other, and also very high authorities, are opposed to him on this point; and, on the whole, we should think that it is sufficiently well established, that for all the great practical purposes to which oak timber is applied, and especially for ship-building, the wood of the common oak deserves to be preferred to every other species.—M'Culloch. English oak has a specific gravity of 0*83, one cubic foot weighs 52 lbs. The weight of a beam, one foot long and one inch square, is 0-3(j lbs., will bear without permanent alteration a weight of 3960 lbs. upon a square inch, and may be extended I-430th part of its length without being tom. The modulus of elasticity is 4730000 feet, and the weight of the modulus on an inch square is 1700000 lbs. Compared with cast iron, as unit, its strength is 0'25, extensibility 2'8, and stifiness 0 093. Oblate, flattened or shortened. Oblique, aslant, indirect, or deviating either from perpendicularity or parallelism. Oblong, is properly a right-angled parallelogram, of which the length and breadth are unequal. It is commonlyemployed to denote any figure which is longer than it is broad, or even a solid; thus a prolate sphere is sometimes called an oblong spheroid. Obtuse, literally implies any thing blunt or dull, in contradistinction to acute, sharp, or pointed. An obtuse angle is one that is greater than a right angle, or contains more than 90°. 
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Octagon, a figure of eight sides and angles, which, when the sides and angles are all equal, is called a regular octagon, and when they are not both equal, an irregular octagon. The angle at the centre of an octagon is 45 degrees, and the angle of its sides 135 degrees. The area of a regular octagon whose side is 1 = 4-8284271; and therefore when the side is s, the area = 4-8284271 X side8. To construct a regular octagon on a given line.—From the extremities of the line, draw perpendiculars to that side of it, upon which the octagon is to be constructed, and produce them indefinitely. Pro- duce also the line both ways. Then bisect the angles made by the perpendiculars and line produced, and from the extremities of the line draw lines through the points of section. Make them equal to the given line, and three sides will be constructed. Two sides more are obtained by drawing parallels to the indefinite perpendiculars, and the remaining three, by cutting the perpendiculars from the extremities of them, with a distancb equal to the given side.—To inscribe an octagon in a given circle.—Inscribe a square in the given circle; then bisect each of the four equal arcs intercepted by the sides of the square, which will be the arcs subtended by the sides of the octagon. 

Table of the Diagonals of Octagons. 

Rule:—Multiply the short diameter by 1-085. 
Octahedron, or Octaedron, one of the five regular bodies, contained under eight equal and equilateral triangles. Or an octahedron may be conceived to be made up of eight equal triangular pyramids, whose ver- tices unite in one common point, which is the centre of the solid, and of its circumscribed spheres. To find the surface and solidity of an Octa- 2 k3 
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hedron, the side of one of its equal faces being given. Let s represent the given side, then surface = 3-4341016 j* solidity = -4714045 *» Octant, the eighth part of a circle. Orb, a spherical shell, or hollow sphere. Orders, Architectural. Five different species of columns were in use among the Greeks and Romans; and continue still to be used among architects. These columns are chiefly distinguished from one another by their capitals; and as the orders are often used as supports in machinery, we deem it proper to introduce the following description and engravings. The description is not minute enough for the purpose of the practical architect, but it is sufficiently minute for this work. A complete order is divisible into three grand divisions, which are occasionally executed separately, viz. The column, including its base and capital; the pedestal, which supports the column; the entablature, or part above and supported by the column. These are again each subdivided into three parts. The pedestal into base or lower mouldings; dado or die, the plain central space; and swrbase, or upper mouldings. The column into base or lower mouldings, shaft or central plain space, and capital or upper mouldings. The entablature into architrave, or part immediately above the column 'frieze or central flat space; and cornice or upper projecting mouldings. These parts may be again divided thus: the lower portions, viz. the base of pedestal, base of column, and architrave, divide each into two parts; the first and second into plinth and mouldings, the third into face or faces, and upper moulding or tenia. Each central portion, as dado of pedestal, shaft of column, and frieze, is undivided. Each upper portion, as surbase of pedestal, capital of column, cornice of entablature, divides into three parts: the first into bedmould, or the part under the corona; corona, or plain face; and cymatium, or upper moulding. The capital, into neck, or part below the ovolo; ovolo or projecting round moulding; and abacus or tile, the flat upper moulding, mostly nearly square. These divisions of the capital, however, are less distinct than those of the other parts. The cornice into bedmould, or part below the corona; corona, or flat projecting face; cymatium, or moulding above the corona. Besides these general divisions, it will be proper to notice a few terms often made use of. The ornamental moulding running round an arch, or round doors and windows, is called an architrave. An ornamental moulding for an arch to spring from, is called an impost. The stone at the top of an arch, which often projects, is called a keystone. The small brackets under the corona in the cornices, are called mutules or 
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' modillions; if they are square, or longer in front than in depth, they are called mutules, and are used in the Doric order. If they are less in front than their depth, they are called modillions, and in the Corinthian order have carved leaves spread under them. A truss is a modillion enlarged, and placed flat against a wall, often used to support the cornice of doors and windows. A console is an ornament like a truss carved on a key-stone. Trusses, when used under modillions in the frieze, are called cantaUvers. The space under the corona of the cornice, is called a soffit, as is also the under side of an arch. Dentils are ornaments used I in the bedmould of cornices; they are parts of a small flat face, which is cut perpendicularly, and small intervals left between each. A flat j column is called a pilaster; and those which are used with columns, ) and have a different capital, are called antes. A small height of pan- j nelling above the cornice, is called an attic, and in these pannels, and sometimes in other parts, are introduced small pillars, swelling towards the bottom, called balustres, and a series of them a balustrade. If the joints of the masonry are channelled, the work is called rustic, which : is often used as a basement for an order. Columns are sometimes orna- mented by channels, which are called flutes. These channels are some- I times partly filled by a lesser round moulding; this is called cabling ; the flutes. Some of these definitions require illustration to make them intelligible. 

Tuscan Capital Doric Capital. 
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Kg. 3. 

Ionic Capital. 

Fig. 4. 

The letters refer to only two of the figures, figs. 1 and 5. Fig. 1 is the j capital of one order, i. e. the Tuscan, and fig. 5 is the base of another order, i. e. the Corinthian. The parts marked A B and C, form together the entablature. A is the cornice, B the frieze, C the architrave. D is the capital of the column, and E its shaft. The second figure shows the base formed by j the parts marked G H I. G is the fillet, H the torus, I the plinth. F is a fluted column placed upon the base. I may mention that a base is not an absolutely essential part of a column. In some buildings columns j are formed without bases. The plainest order is the Tuscan. In it the capital and the entabla- ture are without ornament, and indeed the whole column is quite plain, with a great appearance of strength; and on this account it was used in columns which were supposed to sustain a heavy weight. The next order is the Doric. In it also the capital is plain, but the - architrave is ornamented with little drops or bells, cut in the stone, and j the frieze with an equal number of channels termed triglyphs. It is the most ancient of the Grecian orders, the Tuscan being considered of 
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Fig. 5. 6* 

Corinthian Base. Composite Capital. 
modern origin. It was supposed to be formed according to the propor- tions between the foot of a man and the rest of h.s body, reckoning the foot to be the sixth part of a man’s height. They gave to a Done column six of its diameters, that is to say, they made it six times as high as it was thick; but a seventh diameter was afterwards added. The third order is the Ionic, which is more light and elegant than the other two. It is characterized by a peculiar curve or curl in the capital, called a volute, resembling a curl of hair or a ram’s horn. The frieze is plain; but there are little ornaments on the cornice, named dentils. The volutes are said to have been intended to represent the curls in the female head-dress, and the column was formed according to the pro- portions of a woman, making its height eight times greater than the diameter. ,. ,, The Corinthian is the fourth order, and is still more highly ornamen- ted. It is in the capital chiefly that its decorations are placed, and these consist of a representation of leaves, and stalks with numerous little volutes, forming an ample exercise for the taste of the architect and the 
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skill of the artist. The capital of this order, according to an ancient report, was copied from an appearance noticed by an Athenian sculptor in passing the tomb of a youngdady. A basket covered with a tile had been placed upon it, and round this an acanthus spread its leaves, the tops of which were bent downwards, in the form of volutes, by the resistance of the superincumbent tile. This hint is the reputed origin of the order. The height of a Corinthian column is ten diameters, in which the base and capital are both included. The fifth architectural order is the Composite, so called because it is composed by uniting the characteristics of two orders, namely, the Ionic and the Corinthian. It has the rich flowery decorations of the latter, with the well marked volute of the Ionic curving over them. These five are what may be termed the classic orders of architecture; having been those in use by the ancients, whose works have never been surpassed. The columns are not necessarily of equal thickness throughout their whole height, but vary according to certain rules, or the taste of the artist. A column is either quite smooth and plain, or it is fluted, that is, having channels or furrows cut lengthways. The names of most of these orders are derived from the countries where they were first brought into use. Oscillation, vibration, or the reciprocal ascent and descent of a pendulum. Axis of Oscillation, is a right line passing through the point of sus- pension parallel to the horizon. Oscillation, centre of, that point in a vibrating body into which, if all its matter were collected, the vibrations would be performed in the same time: or more explicitly, the centre of oscillation is that point in the axis of suspension of a vibrating body into which, if all the matter of the body were collected, any force applied there would generate the same angular velocity in a given time, as the same force at the centre of gravity, all the parts of the system revolving in their respective places. Let several bodies oscillate about a point of suspension, as if the mass of each were concentrated into points referred to the same plane perpen- dicular to the axis of motion. Then the gravity of each of them may be decomposed into two forces, of which the one passing through the centre of suspension is destroyed by its resistance; and so the other, perpen dicular in direction to the former, is alone efficacious in moving the body or system. Now gravity tends to impress the same velocity upon the points in the vertical direction; which velocity we shall denote by g, and by m, n, p, the sines of the angles, which the supposed inflexible bars, joining the bodies with the centre of suspension, form with the perpendicular. Drawing lines parallel to this perpendicular, and each equal to g, they will represent the accelerating forces of the bodies, or 
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the spaces which they would describe in the first unit of time, if they were left to themselves. But because of the obliquity of these forces upon the inflexible bars, if rectangles be constructed, the spaces run over will be only the sides of those rectangles which are at right angles to the bars; and as the angles have for their sines vn, », p, we shall have these respectively equal to gm, gn, and gp. Hence it follows, that the bodies taken separately, move with different velocities. But if we suppose them connected together, so that they all perform their vibrations in the same time, the velocity of some will be augmented while that of others will be diminished; and as the aggregate of the forces which solicit the system is always the same, it is necessary that the sum of the motions lost should be equal to that of the motions gained. Let us represent, by A, B, C, the masses of the three bodies, by a, b, c, their distances from the point of suspension, and by a, /5, y, the initial velocities which they lose; the quantities of motion lost will be A «, B ji, C y, which must be in equilibrio; therefore, the sum of their momentums taken with regard to the point of suspension is nothing; and as these respective distances from that point are a, 6, c, we shall have 

Ao* + BA/3 + Ccy = 0. Let/ be the velocity which the point A subjected to the laws of the system would receive in the first unit of time; as all the points describe similar arcs, their initial velocities are proportional to the distances from 
the centre of suspension ; therefore that of B will be — and that of C 
will be Now the velocity lost by each body is equal to the velocity 
which it would have had, minus that which it really has; therefore bf ef a - gm - f, - gn — y = gp — - ; 
whence, by substituting these values in the preceding equation, we have 

Aa (pm —/) + B4 (gn — + Cc (gp — = 0. 
Multiplying by a to clear this equation of fractions, and finding the value of/, we have 

<• __ <KA + Babn + C acp) J ~ A a* + B i8 q- C c2 

From A, B, C, let fall the perpendiculars upon the line passing vertically through the point of suspension, and from the centre of gravity of the system draw perpendicular to the same line. The sum of the momentums of the weights, referred to the point of suspension, is equal to the momentum of their resultant which passes through the centre of gravity. 
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Whence, (A + B + C) hr Aa? + B i8 + C c2 ' 
Mo ascertain the actual position of the point whose invariable con- nection with the system does not change its velocity, let a be its distance from the centre of suspension, and S the sine of the angle which the inflexible rod that retains it to that point makes with the vertical: its accelerating force when it moves singly is gs; in the contrary case it is proportional to its distance from the point S, and of consequence is equal' 

to — f, but these two forces, or the initial velocities they produce must 
be equal; therefore — = gs, or putting the preceding value of f for it, 
there arises (A + B + OjrArA- Aa^ + BA^ + Cc* ~9S' 
from which we find 

s . Ao* + Bi> + Cc* * ~ r (A + B + QA * 
That the point sought maybe the centre of oscillation, it is not merely necessary that these two velocities be equal in the first instant, they must continue so in every instant of the descent; therefore x remaining the same, this equation should hold whatever be the position of the point sought, and that of the centre of gravity, relatively to the vertical, that 

is to say, whatever be s and r, the ratio — is therefore constant; and i 
consequently we have at the same time r = 0, s = 0; which shows that the centre of oscillation, the centre of gravity, and the point of sus- pension, are in one and the same right line. Hence it results that s = r, and that A a» + B i* + C c* (A + B + Q A * 

The same kind of reasoning applies exactly, however many the num- ber of particles may be; therefore, to find the centre of oscillation of a system of particles or of bodies, we must multiply the weight of each of them by the square of its distance from the point of suspension, and divide the sum of these products by the weights multiplied by the distance of the centre of gravity from the centre of suspension: this quotient expresses the distance of the centre of oscillation from the point of suspension measured on the continuation of the line joining the centre of gravity and that point. 
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Call S the point of suspension, O the centre of oscillation, or SO the distance of the centre of oscillation from the point of suspension; also let s be the fluxion of the body at the distance x; then the above formula becomes 

As an example, let it be proposed to find the centre of oscillation of a right line, or cylinder, suspended at one end. 

SO = Jlu. X* X 
flu. X X 

that is, the centre of oscillation is I of the whole length from the point of suspension. If the centre of oscillation be made the point of suspension, the point of suspension will become the centre of oscillation. See Percussion, centre of, and Pendulum. Oval, an oblong curvilinear figure, having two unequal diameters, and bounded by a curve line returning into itself, resembling the outline of an egg. Under this general definition of an oval is included the ellipse, which is a regular oval; and all other figures which resemble the ellipse, though without possessing its properties, are classed under the same general denomination. See Ellipse. Overshot Water Wheel. In this species of water wheel the cir- cumference is furnished with buckets so fashioned and disposed as to receive the water at the top of* the wheel and retain it until they reach, as nearly as possible, the lowest point. This wheel acts by the weight of the water. For a description and engraving of the most improved form of the overshot water wheel, and for the proper form that ought to be given to the buckets, see Water Wheel. In this article we will con- fine ourselves to the estimation of its mechanical effect, and some other numerical particulars. The weight or momentum of the arch of loaded buckets may be found by multiplying 4-9ths of the number of buckets in the wheel by the number of ale gallons in each bucket, and that product by the number 6-465. Thus, if the number of buckets be 96, and each bucket holds 17 
ale gallons, then x 96 x 17 X 6-465 = 4638-5463 lbs. the mo- 
mentum of the loaded side of the wheel. With respect to the relation that the diameter of the wheel ought to bear to the height of the fall, theoretical mechanics have stated that an overshot wheel will produce its maximum effect when the diameter is 2 L 



•EaSHOT WATER WHEEL. £98 
two-thirds of the height of the fall, the water being supposed to enter the buckets with the same velocity as the wheel. Experience proves this to be erroneous. Smeaton has satisfactorily shown that the maximum effect will be when the distance from the spent to the receiving bucket is two or three inches. The same engineer also showed that the maxi- mum effect will take place when the velocity of the buckets is three feet per second. The wheel which Mr Smeaton used was 25 inches in diameter. The depth of the buckets or of the shrouding, was 2 inches, and the number of buckets 36. When it made about 20 turns in a minute, the effect was nearly the greatest. When the number of turns was 30, the efl'ect was diminished l-20th part. When the number was 40, the diminution was Jth; when the number was less than 18$ its motion was irregular; and when it was loaded so as not to be able to make 18 turns, the wheel was overpowered by its load. It is an advantage in practice, says Mr Smeaton, that the velocity of the wheel should not be diminished farther than what will procure some solid advantage in point of power; because, cteteris paribus, as the motion is slower the buckets must be made larger; and the wheel being more loaded with water, the stress upon every part of the work will be increased in proportion. The best velocity for practice, therefore, will be such, as when the wheel here used made about 30 turns in a minute; that is, when the velocity of the circum- ference is little more than three feet in a second. Experience confirms, that this velocity of three feet in a second is applicable to the highest overshot wheels as well as the lowest; and all other parts of the work being properly adapted thereto, will produce very nearly the greatest effect possible; however, this also is certain from experience, that high wheels may deviate farther from this rule before they will lose their power by a given aliquot part of the whole, than low ones can be admit- ted to do; for a wheel of 24 feet high may move at the rate of 6 feet per second without losing any considerable part of its power; and, on the other hand, I have seen a wheel of 33 feet high, that has moved very steadily and well with a velocity but little exceeding two feet. The experiments of the Abbe Bossut afford the same results. He used a wheel three feet in diameter. The height of the buckets was three inches, their width five inches, and their number 48; and the canal which conveyed the water furnished uniformly 1194 cubic inches in a minute. When the wheel was unloaded, it made 40!4 turns in a minute. The following Table, for which we have computed the fourth column, contains the results which he obtained. 
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From this Table it appears, that the effect is a maximum when the number of turns is 8/,, or when the velocity of the circumference is 1 foot 4 inches per second. The effect diminished by diminishing the velocity, and the wheel was at last overpowered by its load, as in Smeaton’s experiments, which ought always to happen when the resistance or load is equal to the effect of all the buckets when acting upon a semi- circumference of the wheel with their respective quantities of water. In comparing the relative effects of water wheels, the Chevalier de Borda maintains, that an overshot wheel will raise tlirough the height of the fall a quantity of water equal to that by which it is driven; while Albert Euler affirms that the effect is greatly inferior to this. The ex- periments of Mr Smeaton show, that when the heads and quantities of water are least, the ratio between the power and the effect at the maxi- mum is nearly as 4 : 3; but when the heads and quantities of water were greater, it is as 4 : 2; and by a medium of the whole, it is as 3 : 2. When the powers of the water, computed for the height of the wheel only, are compared with the effects, they observe a more constant ratio, the variation being only between the ratio of 10 : 8T and 10 : 8-5. Hence the ratio of the power, computed upon the height of the wheel only, is to the effect, at a maximum, as 10 : 8, or as 5 : 4 nearly; and the effects, as well as the powers, are as the quantities of water and per- pendicular heights multiplied together respectively. The form of the delivering sluice, and the method of introducing the water into the buckets, will be best explained in another part of the 
M. Lambert has investigated the subject; but from a table of overshot wheels which he has given it appears that he makes the diameter of tiie wheel too small. The table is however inserted here. 2 l 2 
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TabU. for Overshot Mills. 

Packing. See Piston. Paddle. See Navigation, Steam. Parabola, one of the conic sections formed by the intersection of a plane and a cone, when the plane passes parallel to the side of the cone. The abscisses of the parabola are to each other, as the squares of their corresponding ordinates. The distance from the vertex to the focus is equal to one-fourth of the perameter, or to half the ordinate at the focus. A line drawn from the focus to any point in the curve, is equal to the sum of the focal distance, and the absciss of the ordinate to that point. If through a point in the axis produced, taken so that the distance from the vertex is the same as that of the focus, a line be drawn perpendicular to the axis, that line is called the directrix of the parabola, which has this property; viz. that if there be drawn any number of lines parallel to the axis and meeting the curve, they will be equal to the lines from the same points in the curves to the focus. The absciss of any ordinate is equal to the distance of the vertex, from the point where the tangent to the parabola at the extremity of that ordinate cuts the axis produced. The same properties as have been stated above, and a variety of others belonging to the axis, abscisses, and ordinates of the axis, are equally true of any other diameters. Cartesian Parabola, is a curve containing four infinite legs; viz. two hyperbolic and two parabolic. Cubic Parabola, is a curve having two infinite legs tending contrary ways. If the absciss touch the curve in a certain point, the relation between the absciss and ordinate is expressed by an equation. The area of the cubic parabola is equal to three quarters of its circumscribing cylinder; but it cannot be rectified even by means of the conic sections. 
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Parabolic Pyramidoid, is a solid generated by supposing all the squares of the ordinates applicate to the parabola, so placed that the axis shall pass through all their centres at right angles: in which case the aggregate of the planes will form the solid called the Parabolic pyrami- doid ; the solidity of which is equal to the product of the base, and half the altitude. Parabolic Spindle, is the solid generated by the rotation of a parabola about any double ordinate; the solidity of which is found as follows : Let m denote the middle diameter, and l the length of the spindle; then Solidity = '418879 X l X ms 

And the solidity of a middle frustrum of such solid, is Solidity = -05236 x f X (8 m8 + 3 x rf2 + 4 dm) where d denotes the diameter of the end of the spindle. Paraboloid, or Parabolic Conoid, is the solid generated by the rotation of a parabola about its axis, which remains fixed; the solidity of which may be found by the following rule; diameter at the base x height x C'3927. Frustrum of a Paraboloid, is the lower solid formed by a plane passing parallel to the base of a paraboloid. Parallel, in geometry, is applied to lines, figures, and bodies, which are every where equidistant from each other, or which, if ever so far produced, would never meet.—Parallel Right Lines, are those which, though infinitely produced, would never meet. To draw a line parallel to a given line through a given point. Draw a line meeting the given line in any point; and make at the given point an angle equal to the alternate angle made at the given line, then the line making this angle is the parallel. Parallel Motion, the name given to a contrivance invented by Watt for converting a reciprocating circular motion into an alternating rectilinear motion. The chief use to which the parallel motion is applied, is to connect the pump rod and piston rod with the working beam in such a manner, that while the points of the beam to which these rods are attached move in arcs of circles, the rods are made to move alternately up and down, always keeping parallel to themselves. In the following series of engravings we have shown different kinds of parallel motions, which will be understood by mere inspection, after the construction of the first has been explained. The top of the piston rod and the top of the pump rod are connected by joints at B and C to the rods D B and E C, which rods are called straps or links. The links are connected by joints, B and C, to the working beam, and at their other extremities to a cross bar D E. The links are of the same length, and the bar D E being equal in length to 2 l 3 
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the distance of the centres B and C, B C E D, will be a parallelogram, hence the bar D C, being parallel to the working beam, is called the parallel bar. Another bar, F E, is connected to the parallelogram by a joint at E, and is moveable round a fixed centre, F. This bar is called the radius bar. By the alternate motion of the beam, up and down, it is plain that the joint C will describe an arc of a circle whose centre is the centre A of the working beam; and the joint E will describe an arc whose centre is the other extremity F of the radius bar; the centres A and F being fixed. Now the centres E and C are connected by the link E C; and by the alternate motion of the beam the joint C will draw the upper end of the link towards the left hand side of the figure, and the other end E will advance towards the right, and the link will become inclined, but there will be some point, as C, in the link which is bent neither to the right nor to the left, and if to this point the top of the air pump rod be attached, it will rise and fall in a perpendicular direction, keeping always parallel to itself. The length of the rods are so adjusted that the centre D keeps parallel to the point C, and therefore the piston rod attached to this point will also have a parallel motion. A line drawn through the centres D G and A, is called the line of centre, and the apparatus should be so constructed that this line will move parallel to itself. It is impossible to make it do so exactly, and the longer the stroke is the greater will be the deviation. At the middle of the stroke the line of centres should be horizontal. 
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Fig. 2. 

£ 
Figs. 1, 2, and 3, are modifications of the parallel motion, commonly used for fixed engines. Fig. 4, is the parallel motion, invented by Mr Cartwright. Fig. 5, is another form of parallel motion, t ig. G, is drawn with the parts very far down in order to show, that when the beam is very short, compared with the length of the stroke, the motion of the rods is not parallel. Fig. 7, is a construction in which the motion of 
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the air pump rod is not parallel. Fig. 8, is a parallel motion for a marine engine. Fig. 9, is another form of parallel motion. 
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When the link, E C, is attached at a point, E, of the beam, which is half way between the centre, A, of the beam, and the centre B at the extremity, that is when the parallel bar C D is equal to the distance of the centres E and A, then the point G in the link E C will be in the middle of the link. If any other proportion between the lines A E and E B exists, as of 2 to 3, 3 to 4, 3 to 5, or in general of n to m. From the number n subtract half the square root of four times its square less one, for a first number. Also from the number m subtract half the square root of four times its square less one, for a second num- ber. Divide the first number by the first added to the second, and the quotient multiplied by the length of the link C E will give the distance of the point G from the top centre C of the link. Let AC be to E F as 2 : 3; hence n is 2, and m is 3; therefore, the square of 2 is 4, and 4 times this is 16, subtract 1 we have 15, the square root of which is 3-873, the half of which is 1-9365; hence 2 — 1-0365 = 0-0635 = the first number. For the second number we have 3 X 3 X 4 = 36 then 36 — 1 = ^/35 = 5-916, the half of which is 2-958, where- fore 3 — 2-958 = 0-042. 

If the length of the link C E be 32 inches, then 32 X 0-602 = 19-264 = the distance of the centre G from the centre C. The arc of vibration of the beam should never exceed 20°; and this is nearly the case when the length of the stroke is to the distance of the centres, B and A, as 2 is to 3. In this case the length of the radius bar may be found by subtracting twice the length of the parallel bar from one and a half times the length of the stroke, and multiplying the remainder by half the length of the stroke. Divide the number thus found by 0-343146 x the length of the parallel bar, and to the quotient add the length of the parallel bar, the result will be the length of the radius bar. Thus, if the length of the stroke be 8 feet, and the length of parallel bar 3, we have 1-5x8= 12, and 2X3 = 6, then 12 — 6 = 6, which multiplied by half the length of stroke gives 6 x 4 = 24; next 0-343146 X length of parallel bar = 1-029438, gives the divisor; wherefore 

Messrs Hans and Dodd give the following table of parallel motions:— 
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Table of Parallel Motions, when the length of the stroke is not taken into consideration. 
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Parallel ruler, ati instrament consisting of two wooden, brass, or steel rulers, equally broad throughout, and so joined together by the cross blades, as to open to different intervals, and accede and recede, yet still retain their parallelism. The use of this instrument is obvious; for one of the rulers being applied to a given line, another drawn along the extreme edge ,of the other will be parallel to it; and thus, having given only one line, and erected a perpendicular upon it, we may draw any number of parallel lines or perpendiculars to them; by only observing to set off the exact distance of every line with the point of the com- 
But the best parallel rulers are those whose bars cross each other, and turn on a joint at their intersection; one of each bar moving on a centre, and the other ends sliding in grooves as the rulers recede. Parallelepiped, or Parallelopiped, or Parallelopipedon, is a solid figure contained under six parallelograms, the opposite of which are equal and parallel; or it is a prism whose base is a parallelogram. See 
Parallelogram, in geometry, is a quadrilateral right-lined figure, whose opposite sides are parallel. A parallelogram has its opposite sides and angles equal to each other, and the diagonal divides it into two equal triangles. The two adjacent angles of any parallelogram are together equal to two right angles. Parallelograms having equal bases and altitude are equal; on equal bases they are to each other as their altitudes; and with equal altitudes they are to each other as their bases; and generally parallelograms are to each other in the compound ratio of their bases and altitudes. The sum of the squares of the diagonals of any parallelogram is equal to the sum of the squares of the four sides. The complements about the diagonals of any parallelogram are equal to each other. Parallelogram of Forces, is a term used to denote the composition of forces, or the finding a single force that shall be equivalent to two or more given forces when acting in given directions, the principles of which may be thus illustrated. The simultaneous action of two .impulsive forces on a body which would impress upon it separately the velocities, in directions making an angle with each other, will cause that body to move uniformly over the diagonal of the parallelogram whose sides are in the direction of those 
Let the body be situated on a plane, the containing sides of which make any given angle with each other, and let the plane be moved parallel to one of its containing sides, and with an uniform velocity, so that it may arrive at the other extremity of that side, that is, that the plane may have moved its whole extent in any unit of time; it is obvious 
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that, with regard to the plane, the body has remained at rest, but that with regard to space, it has passed over a line equal to the side of the plane. Suppose, again, that the body is acted upon at the same time by another force, which would carry it parallel to the other containing side of the plane, and make it arrive at the extremity of that side at the same instant that the motion of the plane brings it to the extremity of the other; then it is obvious, that the body will have arrived at the angle of a parallelogram, of which the lines of motion are the containing sides, opposite to that from which the body is supposed to set out; and that its path will have been along the diagonal of that parallelogram. At the half of the supposed unit of time, it will be at the middle of the parallelo- gram, or at the middle of the diagonal; and its situation at any other period may be easily found. If the angle made by the two forces, or motions which are the measures of those forces, be a right angle, the force produced, or the motion which is the measure of that force, will be equal to the square root of the sum of their squares; if less than a right angle, it will be greater than this; and, if greater than a right angle, it will be less. If the angle vanish by the forces and motion coinciding, the result will be their sum; and if it vanish by their opposing each other, it will be their difference. It could likewise be shown, that if a body be acted on by two similar variable forces, whose directions and magnitudes are expressed by the adjacent sides of a parallelogram meeting in the body, it will describe the diagonal of the parallelogram. Hence it appears, that in order to find a force that shall be equivalent to two forces, whose quantity and direction is given, we have only to find the diagonal of the parallelogram, by the sides of which the given forces are represented, and this will express the quantity and direction of the force which is equivalent to them both. And in the same manner may be found the equivalent to three or more forces, by first reducing two of them to one single and equivalent force; then this and one of the other given forces; and so on till they are all reduced to one equivalent force. Suppose, for example, it were required to compound three given forces; or to find the quantity and direction of one single force, which shall be equivalent to three given forces. First reduce the two to one, by completing the parallelogram. Then reduce the result of these and the third to one, by completing a second parallelogram. Hence conversely, any single direct force may be resolved into two or more oblique forces; which is done by merely describing any parallelo- gram, such that the line representing the given single force may be its diagonal; and as these may be an indefinite number of parallelograms having the same diagonal, so may any single force be resolved in an 
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indefinite number of ways into two or more oblique forces, that shall produce the same effect as the single given force. Parameter, a certain and constant right line in each of the three conic sections, and otherwise called the Lotus Rectum, because it measures the conjugate axis by the same ratio, which has place between the axes themselves, being always a third proportional to them, viz. a third proportional to the transverse and conjugate axes in the ellipse and hyperbola, and, which is the same thing, a third proportional to any absciss and its corresponding ordinate in the parabola. Particle, the minute part of a body, or an assemblage of several atoms of which natural bodies are composed. Patent, in law, is the exclusive right of using and vending a certain composition or combination of matter, as a medicine or a machine. This right is not derived from the law of nature, as the whole field of inventions and improvements is open to all men, and one cannot mono- polize a part of it by prior discoveries. By the common law of England, monopolies were declared to be generally void, and patents for new inventions, being a species of monopolies, would, according to this doctrine, be void by that law. But they seem to form an exception to this rule; for it was held that the king could confer on the inventor of any useful manufacture or art the power of using it for a reasonable time. But the law of patents, as it now stands in England, rests upon a statute of 21 Jac. I, c. iii, and in the United States of America, on statute Feb. 21, 1793, and April 17, 1800. In France, until 1790, inventors were generally obliged to keep their discoveries secret, in order to secure to themselves a small part of the benefit of them. In an early period of the French revolution, a law was passed in favour of new inventions, formed on the basis of the English statute. The French law of Jan. 7, 1810, declares that every discovery or new invention, in every species of useful industry, is the property of its author. In England, patents are now, as they were before the statute of James I, granted by the crown. Letters patent are made out by the secretary of state in the name of the United States of America, bearing teste of the president. What is patentable ? In general, any invention of a new and useful art, machine, manufacture, or composition of matter not known or used before, or any new and useful improvement in any art, machine, or manufacture, or composition of matter. The invention must be new. In England, a manufacture newly brought into the kingdom, from beyond sea, though not new there, is allowed by the statute of James; because that statute allows a patent for any new manufacture within this realm. By the patent law of the United States of America, if the thing patented was not originally discovered by the patentee, but had been in use, or had been described in some public work anterior to the supposed discovery 
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by the patentee, or if he has surreptitiously obtained a patent for the discovery of another person, the patent is void. In France, by the law of Jan. 7, 1810, whoevever introduces into that kingdom a foreign discovery shall enjoy the same advantages as if he were the inventor. In England, the publisher of an invention is entitled to a patent, whether he be the inventor or not. The subject of a patent must be vendible, in contradistinction to any thing that is learned by practice. The in- vention must be material and useful-, thus the substitution of one material for another is insufficient to support a patent; as of brass hoops to a barrel instead of wooden ones. So there cannot be a patent for making in one piece what before was made in two. But if one elemen- tary thing be substituted for another, as if that be done by a tube which was before done by a ring, a patent for the improvement would be good. It must not be hurtful to trade, nor generally inconvenient, nor mis- chievous, nor immoral, as an invention to poison people, or to promote debauchery. Patents for improvements are valid, as for an improved steam-engine; but if the improvements cannot be used without the engine which is protected by a patent, they must wait the expiration of the patent. But a new patent may be taken out for the improvement by itself. A combination of old materials, by which a new effect is produced, may be the subject of a patent. The effect may consist either in the production of a new article, or in making an old one in a better manner, in a shorter time, or at a cheaper rate. A patent may be obtained for a method or process by which something new or beneficial is done, when it is connected with corporeal substances, and is carried into effect by tangible means, as in the case of Watt’s steam-engine, which was described to be a method of lessening the consumption of fuel in a steam-engine. So a chemical discovery, when it gives to the community some new, vendible, and beneficial substance, or compound article, is a subject of a patent, as medicines, &c. But a patent for a mere curiosity is void. If the manufacture in its new state merely answers as well as before, the alteration is not the subject of a patent: nor is a mere philosophical abstract principle, nor the application or practice of a principle, the subject of a patent. No patent can be obtained for the expansive operation of steam; but only for a new mode or application of machinery in employing it. Right how lost. The inventor may lose his right to a patent by using, or allowing others to use, his invention publicly. It was considered that doctor Hall had not lost the right to a patent for his discovery of the object- glasses, because he had not made it known to others, though it was not immediately patented. If the secret of an invention is known only to a few persons, and one of them puts it in practice, then a patent afterwards obtained by any one of them is void. This happened to Mr Tennant, 2 m 2 
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because a bleacher, who had not divulged the secret to any other person but his two servants, had used the same kind of bleaching-liquor for several years anterior to the date of Tennant’s patent. Where a person who sought a patent for making spectacles incautiously told an acquaintance of the principle of the invention, by which means a person of the same trade made a similar pair, and the inventor, seeing them in a shop win- dow, employed a friend to purchase them for him, and the patent was afterwards granted, it was said to be secure. The question does not, however, appear to have been brought before a court, and Mr Godson thinks that the patent was void. A patent for British imperial verdigris was declared to be void, because the inventor had, four months prior to the sealing of the grant, sold the article under a ditferent name. Whether experiments made with a view to try the efficacy of an inven- tion, or the extent of a discovery, are a using, and dedicating the invention to the public, within the statute of James, has not been decided; but it would be difficult to say how much a substance or machine might be used without running great risk of invalidating the right to a patent. In France, if the inventor do not, within two years, put his discovery into activity, or do not .justify his inaction, the patent is annulled. • Duration of the Patent. In England and the United States of America, patents are granted for a term not exceeding fourteen years. The time in England may be prolonged by a private act, and, in the United States of America, by act of congress. In Fiance, by the law already mentioned, patents are given for five, ten, or fifteen years, at the option of the inventor; but this last term is never to be prolonged without a particular decree of the legislature. The duration for im- ported discoveries is not to extend beyond the term fixed for the privilege of the original inventor in his own country. In France, if the inventor obtains a patent in a foreign country after having obtained one in France, the patent is annulled.—Caveat. In England, a caveat is an instrument by which notice is requested to be given to the person who enters it, whenever any application is made for a patent for a certain invention, which is therein described in general terms. It must be renewed annually. It is simply a request that, if any other person should apply for a patent for the same thing, the preference may be given to him who entered it. In the United States of America, in case of interfering applications for a patent, they are submitted to the arbitration of three persons, appointed one by each applicant, and one by the secretary of 

Specification. The invention for which a patent is granted must be accurately ascertained and particularly described. The disclosure of the secret is the price of the monopoly. The specification must be such 
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that mechanics may be able to make the machine by following the directions of the specification, without any new inventions of their own. The patent and specification are linked together by the title given to the invention in the patent, and the description of it in the specification. The specification must support the title of the patent: thus a patent taken out for a tapering-brush is not supported by the specification of a brush in which the bristles are of unequal lengths. It must point out what parts are new and what old-. It must not ■ cover too much: if it does so, it is not eflectual, even to the extent to which the patentee would be otherwise entitled; as, if there be a patent for a machine and for an improvement upon it, which cannot be sustained for the machine, although the improvement is new and use- ful, yet the grant altogether is invalid, on account of its attempting to cover too much. A patent for a new method of drying and preparing malt is not sustained by a specification in which is described a method for heating, &c., ready-made malt: so a patent for an invention founded I on a principle already known, for lifting fuel into the fire grate from I below the grate, in the specification whereof was described a new apparatus, was held to be bad for not claiming the new instrument as the f thing invented: so when a patent was “ for a new method of completely lighting cities, towns, and villages,” and the specification described I ; improvements upon lamps, the patent was held to be void. The subject must be given to the public in the most improved state known to the inventor. A patent, in England, for steel trusses was held to be void, because the inventor omitted to mention that, in tempering the steel, he rubbed it with tallow, which was of some use in the operation. The specification must not contain a description of more than the improve- ment or addition. If there be several things specified that may be pro- duced, and one of them is not new, the whole patent is void. In England, if any considerable part of a manufacture be unnecessary to Sj produce the desired effect, it will be presumed that it was inserted with a view to perplex and embarass the inquirer: thus, in 1 Term Reports, , 602, in Turner’s patent for producing a yellow colour, among other ' things, minium is directed to be used, which, it appeared, would not ,, produce the desired effect, and, for this reason, the validity of the patent might be impeached. In the specification of Winter’s patent, 1 Term Reports, 602, a great number of salts were mentioned, by which it appeared that either might be used to make the subject of the patent, but only one would, in fact, produce the effect; and, for this reason, the patent was held to be void. If the patentee makes the article of cheaper materials than those which he has enumerated in his specification, although the latter answer equally as well, the patent is void. In iji England, if the improved manner of using the invention be unintention- 2 m 3 
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ally left undescribed, still the patent is void. (1 Mason's Reports, 189.) In France, the general rules, in these respects, are similar. Enrolment. In England, a patent is void unless it is enrolled. The time allowed for the enrolment is now generally confined to one month. Enrolment cannot be dispensed with, though it be to keep the specifica- tion secret. After a patent has passed, the time for enrolment cannot be enlarged without an act of parliament. In the United States of America, the patent, after the seal of the United States of America is affixed, is recorded in a book kept for the purpose. Infringement. Whether any act is really an infringement of the patent, is a question for the jury. The using the least part of the manufacture is an infringement. In Manton v. Manton, the infringement consisted in making a perforation in the hammer of a gun in a direction a little different from that in the patent article. If the article manu- factured be of a different form, or made with slight and immaterial alterations or additions, if the manufactures are really and substantially the same, the patentee is entitled to a remedy, as where the position of the diflerent parts of a steam engine were reversed. Where several independent improvements are made in the same machine, and a patent is procured for them in the aggregate, the patentee is entitled to recover against any person who shall use any one of the improvements so patented, notwithstanding there shall have been no violation of the other improvements.—Remedy for Infringement. The remedies for infringe, ment, in England, are by an action at law for the damages, or by proceedings in equity for an injunction and account. The remedy sought in equity is for instant relief, and it is often preferable to proceed in equity before a suit is commenced at law. In the United States of America, the circuit court has original cognizance, as well in equity as at law, in regard to patents, and may grant injunctions. The damages for a breach of the patent right, in the United States of America, are three times the actual damage sustained by the patentee: the jury are to find single damages, the court are to treble them. In France, the patentee, in case of infringement, shall recover the damage he may sus- tain, and a penalty for the benefit of the poor, not to exceed 3000 francs, and double in case of a second offence.—Repeal. If a patent be void, in England, the king may have a scire facias to repeal his own grant. All persons are injured by the existence of an illegal patent for an invention, and every one is therefore entitled to petition for a scire facias to have it cancelled. Patents are repealed, in the United States of America, by a process in the nature of a scire facias.—Who may obtain a Patent. Aliens who have resided two years in the United States of America are allowed to obtain patents under the act of 1800, on their making oath that the invention has not, to the best of their knowledge or belief, been 
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used in any country before. The English law has no restrictions on this head, and it is every day’s practice to grant patents for new inventions to Americans and other foreigners. The foregoing portion of this article is modified from a very excellent article in the Popular Encyclopedia; and what follows we take the liberty of quoting from the Companion to the Almanac, for 1836. An Act has been passed in a late Session of Parliament to do away with some of the defects with which our antiquated Patent Laws are encumbered; and although it does not pretend to an entire removal ef the causes of complaint, yet considering the admitted difficulties of the case, and the very objectionable nature of some of the former propositions for amendment, we are not sorry that the work of improvement has been begun with caution; at the same time we wish to consider what has been done only as a beginning, and hope it will lead the way to a general amelioration. One great grievance of the system, was the destruction of all right to a patent which resulted from an inadvertent claim put in to any part of an invention which might not actually be new, although that circum- stance should be unknown to the inventor, and even although the part claimed should be a small and unessential portion of the whole invention. To make this matter clear, it must be stated that, in explaining the nature of an invention, such as a machine for instance, the patentee is compelled to describe the construction of his invention in the fullest detail, so as to enable an ordinary workman to construct a similar machine. As in every such new invention, certain parts must also necessarily be well known, certain wheels and levers will be like wheels and levers in other machines; and as to these wheels and levers the patentee can have no exclusive right, he is expected to declare in his specification what parts of the machine he claims as his own invention. To these alone he has exclusive right; all other parts are public property, and may be used by any one. Thus far all is right; if it were otherwise, a patentee might be allowed a right to what is not his own. The grievance complained of is, that if a patentee should inadvertently lay claim to any part of his new invention, which part might afterwards be found not original, he lost not only his right to an exclusive use of that one part, but to the entire invention, however new it might be. He was thus cooped up in a dilemma; if he did not claim the whole of his invention, from a fear of overclaiming, he of course lost his right to that which he did not claim; if, on the contrary, he claimed all which was his own, and it should be found that some part was not original, then he lost his whole patent. The motive to this severity seems to have .been the wish to prevent by a penalty an unprincipled schemer from en- deavouring to appropriate to himself more than his own. But while the 
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schemer was punished, the honest inventor was often a sufferer. A new machine might have great merit, it might in principle and action he perfectly new; but some of its details might have been used in some other machine now in disuse, quite unknown to the inventor. This is discovered by some rival manufacturer, and the patentee loses his right. By the act now passed, this grievance is done away with; if a patentee should be in the situation supposed, if he should find that some portion of his invention has been anticipated, he may now, on a proper represen- tation, obtain leave to enter and enrol a disclaimer of such portion, and remain in the situation he would have been in, had no such claim ever been put forward. It has been objected to this alteration, that advantage may be taken of it by a dishonest schemer, who may take out a patent for an invention net his own, and then, as he finds himself discovered, enter a disclaimer, first to one part and then to another, as such parts are objected to, and in the mean time reap all the advantage of his patent, as though the invention were his own. This we imagine is an impossible occurrence; it must be remembered that the enrolment of the disclaimer is not a matter of right, that it may be refused by the Attorney-General, unless a sufficient cause is alleged for the alteration, and that in cause of fraud it would undoubtedly be refused. There is also another check, and a strong one, against such a practice: the disclaimer cannot be received in evidence, in case of an action brought before such disclaimer was en- rolled. A patentee, therefore, who should make an overclaim, and against whom an action should be brought in consequence of that over- claim, will, as far as that action goes, stand precisely in the situation he would have stood in before the new act was passed. He will be liable to the same penalties, and be put to the same expense in the suit. The only diflerence is, that he will be enabled to protect himself from the loss of his whole patent in such a case, and will stand upon his own right in future. Now an honest patentee will, it is true, sutler in the immediate action the penalty of his inadvertence, but no more. The dishonest one will render himself liable to the same penalty, as often as he shall attempt to make use of any right given him by a fraudulent claim. The second clause enacts, that if a patentee shall have reproduced some old invention, believing himself to be the inventor, it shall be in the power of the crown, upon a recommendation of the Judicial Committee of the Privy Council, to continue the patent to the patentee, wherever it shall appear that the invention has not been publicly and generally used. It is feared by some persons that all kinds of old inventions will be brought up again and promulgated as new, under favour of this clause, and that every body will be taking out patents for old and abandoned 
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projects. This appears very absurd. To say nothing of the expense of taking out patents, and the almost certainty of their being useless to the patentee (for we may be well assured that in ninety-nine cases out of a hundred the inventions would not have been abandoned if they had not been useless), there are so many checks against the continuance of such patent by the crown to any but a bona fide re-inventor, that few persons will feel inclined to rake out old books for the purpose of picking up lost inventions. If any person should be lucky enough to re-produce an in- vention of value abandoned from any cause, and generally forgotten, we see no harm in his having the monopoly of its use for a few years as a recompense for his bringing to light a valuable idea, though we would rather he should be entitled to it without any misrepresentation. The third clause contains a provision against the repeated vexatious actions by which a patentee might be put to enormous law expenses under the former act. Before the passing of the new law, although an action respecting the validity of a patent might be decided in favour of the holder of the patent, this verdict was no bar to a future action, nor to any number of future actions. Although nothing new could be alleged, although it was but going over the same ground again and again, the patentee might be compelled year after year to defend himself against fresh actions to his great injury, perhaps to his ruin. The clause enacts, that in any action respecting the validity of a patent, if a verdict pass in favour of a patentee, the certificate of the judge who tried the action may be adduced in evidence on any future action; and if the verdict in such subsequent action be given in favour of the patentee, he shall receive treble costs. By the fourth clause, an extension of the term of a patent, not ex- ceeding seven years, may be granted by his Majesty, on a recommenda- tion of the Judicial Committee of the Privy Council, who may call and examine witnesses in the case of a petition for extension. This is decidedly an improvement: the term of fourteen years granted indis- criminately by every patent, is too short in some cases to render any profit to an inventor, and this chiefly in those inventions of great value which require time to introduce. We may instance Watt’s improve- ments on the steam-engine, which from prejudice and other causes were hardly in general use when the term granted by his patent expired. By the old act, no extension could be obtained without aii application to Parliament, which was attended with so many difficulties that it has been rarely resorted to. The fifth and sixth clauses refer to the manner of conducting trials for infringement of patent rights, and regulate the costs in such actions. The last clause inflicts a penalty upon any person putting the name or mark of a patentee upon any article without his permission. 
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Here follows a more detailed abridgement of the act. sin Act to amend the Law touching Letters Patent for Inventions. [5 and (j Will. IV. c. 83.—10th September, 1835.] 1. Reciting that it is expedient to make certain additions to and alterations in the present law touching letters patent for inventions, as well for the better protecting of patentees in their rights, as for the more ample benefit of the public: enacts that any person having obtained letters patent for any invention may enter with the clerk of the patents of England, Scotland, or Ireland, respectively, as the case may be, having first obtained the leave of his Majesty’s attorney-general or solicitor-general in case of an English patent, of the lord advocate or solicitor-general of Scotland in the case of a Scotch patent, or of his Majesty’s attorney-general or solicitor-general for Ireland in the case of an Irish patent, certified by his fiat and signature, a disclaimer of any part of his specification, or a memorandum of any alteration therein, not being such as shall extend the exclusive right granted by the said letters patent; and which, when filed, shall be deemed part of such specification; but a caveat may be entered as heretofore; and such dis- claimer shall not affect actions pending at the time; and the attorney- general may require the party to advertise his disclaimer. 2. Where a patentee is proved not to be the real inventor, though he believed himself to be so, he may petition his Majesty in council to con- firm his letters patent or grant new ones; and the said petition shall be heard before the judicial committee of the privy council, who, on being satisfied that such patentee believed himself to be the first and original inventor, and that such invention had not been generally used before the date of such first letters patent, may report their opinion that the prayer of such petition ought to be complied with, whereupon his Majesty may, if he think fit, grant such prayer; but any person opposing such petition shall be entitled to be heard before the said judicial committee: and any person, party to any former suit touching such first letters patent, shall have notice of such petition. 3. If in any action or suit a verdict or decree shall pass for the paten- tee, the judge may grant a certificate, which being given in evidence in any other suit shall entitle the patentee, upon a verdict in his favour, to receive treble costs. 4. Allows a patentee, on advertising as therein mentioned, to apply to the privy council for a prolonged term. If the judicial committee report in his favour, his term may be prolonged for seven years; but such application must be made before the expiration of the original term. 5. In case of action, &c., notice of objections to be given with the pleadings. G. Costs in actions for infringing letters patent, to be given as cither 
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party has succeeded or failed in any part of his case, without regard to the general result of the trial. 7. Penalty for using, unauthorized, the name or device of a patentee, &c„ j£50, one half to his Majesty and the other to any informer. Mr Farey, who has had much experience in superintending the taking of patents, states, that the average expence of a patent for England, may be estimated at £120; for Scotland, at £100; and for Ireland, £125. Pendulum. A simple pendulum consists of a particle of matter fastened to the end of a very fine inextensible string, the other end being fastened to a pin, about which it vibrates as a centre of motion. A compound pendulum consists of two or more bodies, or of one body from the figure and extent of which we are not permitted to abstract. A pendulum which vibrates seconds in the latitude of London, is 39'1393 inches long; and 39-1393 X 60 = 375'36, serves as a constant number for other pendulums: thus, 375'3G divided by the square root of the pendulum’s length, gives the number of vibrations per minute; and divided by the vibrations per minute, gives the square root of the length of pendulum. Thus, required the number of vibrations a pendulum of 25 inches long will make per minute. 

= 75'072 vibrations per minute. v/25 

Required the length of a pendulum to make 80 vibrations per minute, 
3-7^36- = 4‘5922 = 22-014864 inches long. 

Penetrability, the capability of being penetrated. Penetration, is used principally to denote the forcible entry of one solid body within another by means of a projectile motion, communicated to the former, which enables it to displace those parts of the latter with which it comes in contact. Or, the penetration may be otherwise pro- duced, by the action of some percussive force acting upon one of the bodies when in contact with the other; these two cases, however, differ rather in circumstances than in principle, and therefore in the slight sketch we shall give of this subject, we shall consider the penetrating body to be projected with a certain velocity, and impinging upon the fixed body in a direction perpendicular to its surface. This is a subject of considerable importance in military and naval gunnery, and has been accordingly treated of by diflerent writers on these subjects; Dr Hutton, in particular, has made several experiments on different substances, and with different charges of powder, and different weight of shot, in order to procure data from which the penetration in other cases may be deter- mined. The mean results of the most accurate of his experiments, as given in vol. iii. of his Tracts, are stated below. 
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Penny weight, the 20th part of an ounce Troy. Pentagon, a figure of five angles, ami five sides; when these are equal''] it is called a regular pentagon; but, otherwise, it is irregular. The j angle at the centre of a pentagon is 72", and the angle of its sides 144". | The area of a pentagon, whose side is one, is 1,7204774; consequently, ij when the side is s, the area = 4s x 1 -7204774. Percussion, in Mechanics, the striking of one body against another, j or the shock arising from the collision of two bodies. This is either a direct or oblique.—Direct Percussion, is when the impulse takes place 1 in a line perpendicular to the plane of impact.—Oblique Percussion, is '] that which takes place in any direction not perpendicular to the plane of ] impact. The theory of percussion, is a subject which has much engaged the j attention of philosophers, particularly with regard to the comparison of I percussion and pressure, one party maintaining a perfect congruity 1 between these two forces, while others assert their total incomparability, 1 observing that the least quantity of percussion is greater than any pres- | sure, however great; for, say they, the momentum of a body is ] measured by its mass into its velocity, if therefore the body A moves j with a velocity v, while the body B is at rest, or has no velocity; the . momentum of the former is Axe, and of the latter B x 0, and con- | sequently the former is infinitely greater than the latter. However | plausible this reasoning may appear at first sight, it is evidently erroneous | as to the fact. Daily experience will convince us, that though the advantages gained by bodies, moving swiftly, are very great over those which oppose merely a resistance of pressure, yet that they are by no ; means infinite. Numerous circumstances will suggest themselves to j the mind, which prove, that, physically speaking, we may balance any ■ percussive force by an equivalent one of mere pressure, or even we may make the latter greater, so as to overcome the former. The pile-engine ■ offers a remarkable confirmation of this equality, or even preponderance 1 on the side of pressure. It has, for instance, been found, that in driving | piles in a uniform sandy soil of the same density to 47 feet, the piles j could not be driven more than 15 feet by any percussive blow that could j be communicated by the engine; that is, the friction and resistance of i 
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the soil, which may be considered as a pressive force, was greater than any percussive force that could be employed by the pile-engine, although the rammers made use of were extremely great. Hence, when we are computing the effect of a pile-engine, it will be necessary to estimate first the quantity of percussion that is equivalent to the resistance and friction opposed to the pile; as no momentum short of this, or even just equal to it, will produce any effect, and when the momentum is greater than this, it is only the diflerence between the two that is effective in producing motion in the pile. And to this circumstance must be attri- buted the many erroneous solutions that appeared a few years back to the question, “ What must be the height of a pile-engine to produce the greatest effect in a given time ?” This question, at first sight, appears to be the same, with asking how high must the pile-engine be, to produce the greatest momentum in a given time; but by using this principle the solution always gave the height = 0; that is, the greatest effect will be produced when the rammer is left at rest on the top of the pile. If, instead of proceeding thus, we first estimate, or find from experi- ment, the height to which the rammer must be drawn, in order that its momentum may be equivalent to the resistance of the pile, and then considering the difference between this and any greater momentum to be only the effective part, a very rational solution will be obtained. But, before entering upon the solution of this problem, it will be proper to offer a few farther remarks with regard to the comparability of per- cussion and pressure, because the solution ultimately depends upon a proper comparison of those quantities, and a want of due attention to which seems to have been the cause of the erroneous results generally deduced in the solution of this problem. ; Without, indeed, entering into a discussion concerning the congruity o or incongruity of these forces, it is obvious, that they may be so ! employed as to produce the same or equal results. A nail, for example, may be driven to a certain depth into a block of wood by the blow of a hammer, or it may be sunk to the same depth by the pressure of a heavy body; whence, and from numerous other instances, it is obvious, that i pressure and percussion, whether congrous or incongruous in their nature, are at least comparable in their effects. With regard to the above ' problem, the resistence and friction of the soil against the pile may, as above observed, be considered as a pressure, and the object of our inquiry is to establish a comparison between this resistance or pressure of the soil, and the momentum of the ram, or what part of the whole generated i momentum of the latter is employed in overcoming the resistance of the 

« former, in order to determine the effective part of the stroke, which o ought alone to be considered in estimating the maximum effect; because i s any single momentum, less than that which is equivalent to the resistance, 
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would produce no efieet whatever. It being admitted that pressure and momentum are at least comparable in their effects, it must also be granted that there is some determinate momentum of the ram, that is equivalent to the resistance of the pile, and the height necessary for producing this momentum must be the first object of our research, which it is obvious, from the various circumstances that may arise in the application of the pile-engine, can only be determined by experiment. Percussion, centre of. In striking any body with a bar or lever, it is always found that if the blow is given at or near the end of the bar, it will jar, or attempt to fly out of the hand; and if the blow is given by that part of the bar near the hand, it will also jar, and attempt to fly from it. Now there evidently must be a point between these two, where, if a stroke is given, the full effect of the blow will be sensible, and the bar will remain at rest, without jarring the hand. This point is called the centre of percussion, or the point in a striking body where, if it strike another, the effect will be most powerful; and as the centre of gravity of a body is a point on which, if suspended, the body would be in equilibrio, so the centre of percussion is a point in which the whole momentum of the moving body is placed to produce the greatest effect. The centre of Percussion is determined in the same way as the centre of Oscillation, which see. Perimeter, the boundary of any figure; being the sum of all the sides in right-lined figures, and means the same as circumference, or periphery, in circular ones. Periphery, tire same as perimeter or circumference. Perpendicular, is formed by one line meeting another so as to make the angles on each side of it equal to each other. Perpetual motion, is that which possesses within itself the principle of motion; and, consequently, since every body in nature, when in motion, would continue in that state, every motion once begun would be perpetual but for the operation of some external causes; such are those of friction, resistance, &c.: and since it is also a known principle in mechanics, that no absolute power can be gained by any combination of machinery, except there being at the same time an equal gain in an opposite direction; but that, on the contrary, there must necessarily be some lost from the above causes, it follows that a perpetual motion can never take place from any pure mechanical combination. Perspective, is the art of representing, upon a plane surface, the appearance of objects, however diversified, similar to that they assume upon a glass-pane interposed between them and the eye at a given dis- tance. The representation of a solid object on a plane surface can show the original in no other point of view but that from which it is at the time beheld by the draughtsman; the least change in any of the parts 
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requires a change in the whole; unless in fancy drawings where a fac- simile is not required. Nor can any deviation from the several lines, which will be hereafter explained, and on which the truth and correctness of representation depend, be allowed without changing the bearings, directions, and tendency of all the perspective lines which constitute the basis of that faithful and converging series which unite all the component parts in the most pleasing and harmonious concinnity. The following definitions of the principal features in the science and application of perspective will prove useful to the student, viz. projection delineates objects in piano, by means of right lines called rays, supposed to be drawn from every angle of the object, to {(articular points. When the objects are angular, these rays necessarily form pyramids, having the plane or superfices, whence they proceed, for their basis; but when drawn from, or to, circular objects, they form a cone. Ichnography, or ichnographic projection,, is described by right lines parallel among themselves, and perpendicular to the horizon, from every angle of every object, on a plane parallel to the horizon. The points where the perpendicular lines or rays cut that plane being joined by right lines. The figure projected on the horizontal plane is likewise called the plan, or seat of that object on the ground plane. The points are the sites, or seats, of the angles of the object. The lines are the seats of the sides. By this we are to understand how the basis of figures represented as superstructures stand, or are supported; and we are further enabled to judge of, indeed to measure, their several parts, and their areas. Orthography represents the vertical position and appearance of an object; hence orthographic projection is called the elevation. When we see the front of a house, we give it that term, but when the side is dis- played, we call it the profile. If we suppose a house, or other object to be divided by a plane passing perpendicularly through it in a line at ; right angles with the point, we call it the lateral section; but if the plane pass in a direction parallel with the front, it is termed a longitu- L dinal section. If the plane passes in neither of the former directions (' (not however deviating from the vertical) it is said to be an oblique \ section. I These give us the modes of laying down plans, of showing the parts, 1 and the manner in which the interiors of edifices are arranged ; conse- quently are indispensable to the architect, or surveyor, and indeed should ! be understood by every person in any way connected with building, or designing. Nor should the following be neglected, viz. scenography, which shows us how to direct the visual rays to every point, or part, of a picture; and stereography, which enables us to represent solids on a plane, from geometrical projection; whence their several dimensions, 2 n 2 
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viz. length, breadth, and thickness may all be represented, and be correctly understood at sight. We suppose our readers to have some knowledge of geometry before they commence upon this, or any other of the abstract sciences which are founded thereon. Should such, however, not be the case, we beg leave to refer them to that head, where they will find sufficient instruction to enable them to prosecute their enquiries on the subject now before us. An original object, is that which becomes the subject of the picture, and which is the parent of the design. Any plane figure may become an object, as may any of its parts, as a broken pillar, the ruins of a house, the stump or the branch of a tree; but we generally speak of objects as relating to entire figures represented as solids, or to as much rural or other scenery as may be embraced under an angle of 60 degrees formed by two lines meeting at the eye. This will explain why we are enabled to represent so great a number of distant objects, while the front, or foreground will contain, comparatively, but a very few: it being obvious that as the lines forming the angle become more distant, the more may be included between them. Original planes, or lines, are the surfaces of the objects to be drawn; or they are any lines of those surfaces; or it means the surfaces on which these objects stand. Perspective plane is the picture itself, which is supposed to be a trans- parent plane, through which we view the objects represented thereon. Varnishing planes are those points which are marked upon the picture, by supposing lines to be drawn from the spectator’s eye parallel to any original lines, and produced until they touch the picture. Ground plane is the surface of the earth, or plane of the horizon, on which the picture is supposed to stand. The ground line is that formed by the intersection of the picture in the ground plane. The horizontal line is the vanishing point of the horizontal plane, and is produced in the same manner as any other vanishing line, viz. by passing a plane through the eye parallel to the horizontal plane. The point of sight is the fixed point from which the spectator views the perspective plane. Vanishing points are the points which are marked down in the picture, by supposing lines to be drawn from the spectator’s eye, parallel to any original lines, and produced until they touch the picture. The centre of a picture is that point on the perspective plane where a line drawn from the eye perpendicular to the picture, would cut it, consequently it is that part of the picture which is nearest to the eye of the spectator. The distance of the picture is the distance from the eye to the centre 
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of the picture. If what has been already said and repeated, regarding the angle of CO degrees, is understood, the spectator will never bring the picture so near to himself as to occasion the eyes to expand, indeed to strain, so as to embrace more than that angle. The distance of a vanishing point is the distance from the eye of the spectator to that point where the converging lines meet, and alter gradually diminishing all the objects which come within their direction and proportion, are reduced so as in fact to terminate in nothing. AH parallel lines have the same vanishing points; that is to say, all such as are in building, parallel to each other, when not represented exactly opposite to, and parallel with the eye, will appear to converge towards some remote point, i. e. their vanishing point. Circles, when retiring in such manner, are represented by ellipses, proportioned to their dis- tances: their dimensions in perspective are ascertained by enclosing them, or the nearest of them, where a regular succession is to be por- trayed, within a square, which being divided into any number of. equal parts or chequers, will show all the proportions of those more remote. We trust it scarcely requires to be repeated that the further any object is from the eye or fore-ground of a picture, the less it will appear in nature, and the more it must be reduced in exhibiting its perspec- tive. A bird’s-eye view is supposed to be taken from some elevated spot which commands such a prospect as nearly resembles the plane or ichno- graphy of the places seen. Thus a view from a high tower, or from a mountain, whence the altitudes of the several objects on the plane below appear much diminished, gives nearly the same representation as is offered to a bird flying over them: whence the term. Some idea may be formed of this by standing on any height, and observing how low those objects, which are near thereto, will appear when compared with those more distant, taking, however, the perspective diminution of the latter into consideration. The methods of perspective commonly practised and described in books are extremely complex and difficult to follow. We have pleasure in presenting to the reader an account of a method lately invented by Mr James Whitelaw, civil engineer, Glasgow, who has favoured us with the description and illustrations. The account will be found clear and complete, and when it is recollected that large volumes are neces- sary to explain perspective drawing on the old plan, the brevity of the following account is a sufficient proof of the superior simplicity of the method it describes. 1. If a person behind a transparent plane kept his eye exactly in the same position till he traced on the plane the objects on the other side of it by means of a pencil carried over the parts of the plane where the rays 2 n 2 
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of light reflected to the eye from all the lines in the objects cut the plane, j the delineation would be a perspective drawing of the objects. 2. Fig. 1, is a ground plan of a number of objects, marked a, i, c, d, j standing on a horizontal surface; the same letters in fig. 2, point out the I same objects in the elevation; and fig. 3, is a perspective view of them. J Before going farther, I may remark that when a line is spoken of in I this paper it is a straight line that is meant, unless the contrary be men- j 

3. In order to draw the perspective view, make first the ground plan [ and elevation as in figs. 1 and 2, then draw a line f g, in fig. 1, to I represent the transparent plane which stands perpendicular to the surface on which the objects a, b, &c. stand, and after this fix upon the point e, in the same fig. for the position of the eye. But before making a full view it may be as well to illustrate the method by finding the perspec- tive of a line, and as the line A in fig. 1, which stands perpendicular to the transparent plane is as good as any other, we shall commence with it. The point A, which marks the position of A i, in the elevation is on a level with the eye. From the ends of the line A i, draw the lines A e and i e to e, the point of sight, and the part f A of the transparent plane, or picture sheet, contained between the lines A e and i e, will be the perspective in the ground plan of the fine A i, because the lines A e and i e represent the rays of light reflected to the eye from the ends of the line A i. From what is now said, it will be evident that l n shows the perspective in the ground plan of the part i m, of the line A i; and n A is the perspective in the same plan of A m, the other part of A t. If a line be drawn through e, parallel to A i, till it meets the picture sheet in ^A will show, in fig. 1, the perspective of the line A i, if it is indefinitely extended beyond the point i. For, by inspecting the ground plan, it will be seen that the more distant from the picture sheet any point i, is taken, the line drawn from the point to the eye becomes more nearly parallel to e p; and in consequence of this, p l becomes smaller, the more distant the point is taken. And although we cannot name a distance from the picture sheet for the position of the point i, that will make p and l exactly coincide, yet we can place i so distant that the space betwixt p and l will be smaller than any quantity that we can form a notion of, and for this reason p A must be considered the perspec- tive in the ground plan of the line A t, when it is indefinitely extended from the point A, in fig. 1, or from the point A, in the elevation which is on a level with e, the point of sight in the same view. 4. We now know how to represent on an edge view of the transparent plane, or picture sheet, the perspective of any line, or part of a line, running perpendicular to the transparent plane, and on the same level with the eye; but in order to make a picture, the perspectives of the 
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lines in the objects to be represented must be shown not on an edge but on an elevation of the picture sheet. Let fig. 3, be this elevation; then through the lowest points of the objects shown in fig. 2, draw the level line/ ff, in figs. 2 and 3. The part of/<7, which is under the elevation, will represent a horizontal surface, passing through the lowest point of the objects to be shown in perspective, and if the bottom ends of the objects are on the same level as in figs. 1 and 2, this line show's the horizontal surface on which the objects stand, while the part of the line, f</, which passes under the perspective view, will represent the inter- section of the transparent plane with this horizontal surface. I may remark just now, that the ground plan is drawn in such a position that the line/ff, in figs. 2 and 3, is parallel to the line marked/^, in fig. 1; and I may further notice, that these lines are drawn parallel to the top or bottom edges of the drawing board, so that if a line is wanted to be drawn either parallel or perpendicular to these lines, the thing is done at once by applying a T square to the edge of the drawing board. If a line be drawn perpendicular tofff, in figs. 2 and 3, through p, or, which comes to the same tiling, through e, in the ground plan, and if another line be drawn through e, which marks the place of the eye, as also the place of the point p, in fig. 2, parallel to the same line fff, and cutting the perpendicular line e e, m e; e, in the perspective view, is the posi- tion of the point p, shown in the ground plan. Now, if we let fall per- pendicular lines from the points A n and l, in fig. 1, to the line fff, in figs. 2 and 3, and then produce the horizontal line e e, till it cuts the perpendicular lines h g, n t, and l u, in the points A, m, and /, in fig. 3, these points will be the perspectives of the points marked A, m, and i, respectively, in the ground plan. If the points A and l, in fig. 3, are joined, this line A l, will be the perspective of the line A «, the part A m, of this perspective line, is the perspective of the part marked A m, of the line A i, in the ground plan; and a line joining the points A and e, in fig. 3, is the perspective of the line A i, in the ground plan, when it is indefinitely extended in the direction A i, 5. Points in contact with the transparent plane must be at the same distance from, and in the same position with respect to, each other in the perspective view, as in the elevation; for the line drawn to the eye, which marks the perspective, can neither converge nor diverge in passing betwixt a point whose perspective is wanted and the picture sheet, as in this instance there is no distance betwixt the place of the point and the line//;, in fig. 1. From this it will be evident that any line or plane surface in contact with the transparent plane will have the same shape and dimension in the perspective view as in the elevation. And it will also be seen, that the principal reason why the point marked e, in fig. 3, is fixed upon as the place in the perspective view of the point 
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marked p, in fig. I, is, that as this point e, is found in the place where a perpendicular let fall from the point p, to the line f g, in figs. 2 and 3, cuts a horizontal line running through the point e, in fig. 2, and the point e, in fig. 3, being the perspective of a point in contact with f g, in fig. I, setting it ofl'in this manner will allow the place of any other point of the objects to be shown in perspective which is in contact with the picture sheet, to be obtained by a similar process, which process is very easily gone through by means of a drawing square. As the part of the line fg, which is under fig. 2, represents a horizontal surface, which cuts the transparent plane, the intersection of the picture sheet and this horizontal plane being a line in contact with the picture sheet must be shown at the same distance below e, in the perspective view, that the part of f g, which is under fig. 2, is below the position of the eye, which is also the position in the elevation of the point marked p, in the ground plan. As we proceed it will become evident that the part of the line f g, which is under the perspective view, is of veiy great use to set up the height from it which any point in the elevation has above the line f g, in figs. 2 and 3, when the elevation cannot conveniently be drawn on the same board with the ground plan and the perspective view. The line h e, which shows, in fig. 3, the perspective of the line h i, when it runs to an indefinite distance from the picture sheet, must be a level line, as the point h, in fig. 2, at which the line commences, is in a level with the point e, the position of p, in the same fig., and these points being both in contact with f g, in the ground plan, must have the same position in the perspective view that they have in the elevation. 6. Suppose the line h i, which runs perpendicular to the picture sheet, and on a level with the eye, to have its commencement in fig. 1, at the point l, instead of the point k. By reasoning in the same way, as in paragraph 3, it will be found that f is the perspective in the ground plan of the line h i, when it is extended to an indefinite distance beyond the point l, in the ground plan. And it will further be found that the nearer to the point p, that any line, running perpendicular to the picture sheet, and on a level with the eye, is taken, the indefinite perspective (that is, the perspective of a line when it is indefinitely extended,) will always get shorter, so that if a line such as h i, has its commencement in the point p, its indefinite perspective will be shown in the ground plan by the point p itself. In the same way it may be shown that p is the vanishing point (that is, the point which terminates the perspective of a line when it is indefinitely extended,) of any line running perpen- dicular to the picture sheet and in a level with the point of sight, although the line commence at a point f, on the diflerent side of the point p, from the line h i - and the reasoning employed in paragraph 3, will also show that the perspective of any point, in a line so situated, is 
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obtained in the same way in which the perspective of the point marked m, in fig. 1, or the point i, in the same fig., is found. Or, if a line running perpendicular from the picture sheet to an indefinite distance beyond it, have its commencement not, as in the above examples, at a part of the picture sheet on a level with the eye, but in a line passing through the pointy, and running at right angles to the plane on which the objects a, b, &c., stand, the vanishing point of a line so situated will be the point p in the ground plan, and the point e, in fig. 3, in this case also: this may be demonstrated in the same way as the vanishing point of the line h i, or any of the other lines running parallel to, and on a level with it, was shown to be the points p and c, respectively, in figs. 1 and 3. In a similar manner it may be shown that if any line running perpendicular to the transparent plane, to an indefinite distance beyond it, has its commencement at any point v, in fig. 2, which is neither in a hori- zontal nor a perpendicular line, passing through the position of the eye in the same fig.; the vanishing point of a line so placed is, as in the above examples, the point p, in the ground plan; or the point e, in the elevation. 7. Let the line h i,.fig. 1, have its commencement in the elevation at r, one of the comers of the cube a, its perspective view is found as follows. From the point h, in fig. 1, draw a line h s, perpendicular to the line /g, in figs. 2 and 3, and from r, draw a line r q, parallel to f g, and the point q, where the line r q cuts the line h s, is the commencement of the perspective of the line h i; join q with e, and this line will be the perspective of the line h i, when it is indefinitely extended. A line joining the points s and e is the perspective of the line h i, if it is in- definitely extended, when it has its position in the elevation at the corner which is under r, of the cube a. The point s, where the perspective line a e commences, is found in the very same way as the point q was found. As y e is the perspective of the line h i, which runs perpendicu- lar to the picture sheet, when it is indefinitely extended, from r, in fig. 2, one of the top comers of the cube a; and as * e is the perspective of h i, when it is indefinitely extended, in a direction perpendicular to the picture sheet, from the corner under r, of the cube a, in fig. 2, the triangle q c s is the perspective of a parallel surface, standing perpen- dicular to the surface on which the objects a, b, &c. stand, and running at right angles to the picture sheet, to an indefinite distance from it. The side of the cube a, that is towards the centre of the picture, and the same side of the cube under the pyramid, form part of the perspec- tive of this parallel surface. The point t, where the line » t, let fall from the point n, in the ground plan, perpendicular to the line f g, in figs. 2 and 3, cuts the line s e, is the perspective of the bottom comer at m, of the cube a; and the place where this same line, n t, cuts the perspective line q e, is the perspective of the top corner m, of the cube 
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marked a, in the ground plan. So now we have got the perspectives of the four corners of one of the sides of the cube, in front of the picture; and by joining these corner's we get the surface y t, and this surface is the perspective of the side of this cube, which is towards the object d. A perpendicular, let fall upon the line fg, in the elevation and perspective view, from the point l, in fig. 1, will cut the lines q e, and s e, so as to give the perspectives of the top and bottom corners at t, of the cube under the pyramid; and the other two corners of the side of this cube, which is next the object c, is obtained in a similar manner; and by joining these comers we get the surface o u, which shows, in perspective, the side of the base of the object l>, marked o i, in the ground plan. 8. It may not be plain to every one how that the line, m w, in the ground plan, as well as every other line in the objects to be shown in perspective, which runs in a horizontal direction, and parallel to the picture sheet, should be shown by a level line in fig. 3. That this is the case, can very readily be proved, in a line, as above described, but in the position x y, in the ground plan, with the points x and y, which terminate the line, each at the same distance from the line, e p, produced. For whether the line x y he above, or below, or on the same level with, the eye, the rays of fight, proceeding from the whole line x y, to the point of sight, form a plane of the shape of an isoceles triangle, having x y for its base; and a line joining the points x and e, will be the one side, while a line joining the points y and e, will form the other side. But this triangular plane is the surface which gives, by its intersection with the picture sheet, the perspective of the line x y; and as ^ y is a level line, and parallel to f g, in fig. 1, the line which forms the inter- section of the triangular plane with the picture sheet, must be a hori- zontal line, which every person, at all acquainted with the properties of parallel lines and the intersection of planes, will see at once. Now, it will be evident that the perspective of any line in a position as m w, must be a level line, for m, w forms a part of a line similarly situated to the line x q. Some people think that a line as x y, should appear in the perspective view, bent upwards or downward at the ends, from the point in it exactly under or above the point e, according as x y happens to be below or above the level of the point of sight in the elevation; but this is a mistake; for the perspective of every straight line must be a straight line, as it is formed by the intersection of two planes. By reasoning in the same way as in the former part of this paragraph, it will be seen that every fine which stands in a perpendicular direction in the objects to be represented in perspective, will be shown by a perpen- dicular line in fig. 3. The upright corners of the cubes, and some other lines in the figs, illustrate,this. 
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9. If what is written in the preceding paragraphs be well understood, it will be seen that the different figs, are placed in such a way, that w hen the perspective of a line, which stands perpendicular to the horizontal surface, passing through the lowest point of the objects to be shown in perspective, and of no particular length, is wanted, we have just to draw a line to the place of the eye, in the ground plan, from the point which marks the position of the perpendicular line in the same fig., and at the point in the picture sheet where the line, passing betwixt the place of the perpendicular line and the eye, cuts it, let fall a perpendicular line upon f g, in figs. 2 and 3, and this line will be the perspective of the line whose perspective is wanted. And when we want to find the per- spective of a line running perpendicular to the picture sheet, from any point in it, we have first to let fall upon f g, in figs. 2 and 3, a perpen- dicular line from the point in the picture sheet, in fig. I, where the line, whose perspective is wanted, commences, then we have to draw a horizontal line, to cut this perpendicular line, from the point which marks the place of the line to be shown in perspective, in fig. 2, and the place where this horizontal line cuts the perpendicular line, is the point in fig. 3, where the perspective of the line commences; and joining this point with the point e, in the same fig., will give the perspective of the line whose perspective is wanted, when it is indefinitely extended from the point where it commences in the picture sheet. The following rule to find the perspective of any point rests upon the principle, that a point to be shown in perspective, which does not happen to be in the inter- section of two lines, the one running perpendicular to the picture sheet, and the other at right angles to the horizontal surface on which the objects to be drawn in perspective stand, may be supposed to be so situated, and then if the perspectives of these lines, cutting each other in the point whose perspective is wanted, be found, the point where they cross, in fig. 3, will give the perspective of the point. Role.—From the place of the point in the ground plan, draw a line to the point of sight, and from the point where this line cuts the picture sheet, let fall a perpendicular upon the line f g, in figs. 2 and 3. After this, from the place of the point in the ground plan, whose perspective is wanted, let fall another perpendicular upon the line f g, in figs. 2 and 3, on this perpendicular set up the height that the point stands at in the elevation above the line fg; measuring this height from part of /g, which is under the perspective view; then, from the height so set up, draw a line to the point e, in the perspective view, and the place where this line cuts the perpendicular let fall from the point in the picture sheet where the line drawn to the eye in the ground plan cuts it, is the perspective of the point wanted. Thus:—suppose that we want to find the perspective of the top point k, of the pyramid <j. From k, in the 
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ground plan, draw a line k e, to the eye, and from the point n, where this line cuts the picture sheet, let fall a line n k, perpendicular to /g, in figs. 2 and 3. Then from the point k, in fig. 1, let fall a line k z, perpendicular to f g, in figs. 2 and 3, on this line set up the point z, above the line f g, at a distance equal to the height that the top k, in the elevation of the pyramid, is above the part of f g, which is under fig. 2, and from the point z, draw a line to e, in the perspective view, and the point k, where the lines z e and n k intersect, is the perspective of the top point of the pyramid. As all the lines that run up the sides of the pyramid meet at the top, the perspective view of the pyramid is completed by finding the perspectives of the bottom ends of these lines, and joining as many of the perspective points as are not hid by surfaces in front of them, with the point k; and then join these perspective points, the one with the other. The method of drawing the cube in front of the picture, and also the cube on which the pyramid stands, is fully sketched out in the engraving. The six-sided prism c, is drawn in perspective, in the very same way as the pyramid, by finding the perspectives of the points at the ends of all the lines in it, and joining these perspective points. To find the perspective of a circle or any other curve. Mark off, at random, a number of points in the ground plan of the curve, after this mark off the positions of the same point in the elevation, then find by the ride the perspective of each point, and when that is done, connect the perspective points by a line, and this line will be the perspective of ! the curve. The line which shows the perspective of a curve will be a straight line, when the curve to be shown in perspective is placed in a ' plane, which if it was produced, would pass through the point of sight. If a circle is placed in a plane, parallel to the picture sheet, its per- . spective is a circle. In any other position than the two now mentioned I' the perspective of a circle is an ellipse, and not two segments of a circle meeting at the ends, which is the way that persons who do not under- stand the subject draw a circle in perspective. I; When the line drawn perpendicular to f g, in figs. 2 and 3, from the If point in the ground plan, whose perspective is wanted, nearly coincides with the line drawn perpendicular to the same line f g, from the point Pin the picture sheet, where the line drawn to the eye, from the point in I the ground plan cuts it, the height of the perspective of the point cannot I be so exactly found by the rule, as the line drawn to the point e, in the i perspective view, is, in this case, nearly a perpendicular line, and the •place where this line cuts the line, let fall perpendicular to f g, in figs. •2 and 3, from the point in the picture sheet where the line drawn to the ; eye from the place of the point in the ground plan cuts it, is not so ! exactly marked as when these lines, which mark by their cutting the 
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perspective of the point, cross each other in a direction nearer the per- pendicular. When great exactness is wanted in a case of this kind, it will be the better way to find the perspective of a horizontal line, parallel to the picture sheet, passing through the point whose perspective is wanted, and the place where this perspective line cuts the line drawn perpendicular to the line fg, in figs. 2 and 3, from the point in the picture sheet, where the line drawn from the place of the point in the ground plan to the eye cuts it, is the perspective of the point. The eye should not be nearer to the picture sheet than the greatest height or breadth of the picture, and it should be placed in the ground plan, so that a line let fall from it perpendicular to the picture sheet should bisect the angle f e g, formed by lines drawn to it from the points which mark out the greatest width of the picture. The line e p, in the ground plan, does not bisect the angle f e g \ but this was done to save room, and to show some parts of the objects that could not have been so well represented if the position of the eye had been more nearly opposite to the centre of the picture. If the eye is veiy distant from the picture sheet a perpendicular let fall from it to the picture sheet need not fall exactly on the centre of the picture. If, in the ground plan, or the elevation, one part keeps another out of sight, the part hid must be drawn before its perspective can be made. The dotted lines in the ground plan showing the small moulding on the top of the pillar, and the dotted lines in the same plan which show the round pannels in the cube that is close to the picture sheet, illustrate this remark. When a figure in the objects to be represented is parallel to the trans- parent plane the perspective of the figure is similar to the original one, but less in magnitude, according to its distance. If a picture is wanted in which the transparent plane does not stand perpendicular, the easiest way to make it is to consider the picture sheet perpendicular, and draw the figures corresponding to the ground plan and elevation as if the objects were put off the perpendicular by elevating one side of the horizontal surface passing through the lowest point in 

Sometimes after the ground plan of any object or number of objects is drawn, it may be considered better not to have the picture sheet in this plan parallel to the top or bottom edges of the drawing board, but in a direction such as the line h c, in fig. 4, is drawn. When this happens draw, as in fig. 1, lines from all the points in the ground plan to d, the point of sight, then let fall perpendicular lines from the same points to the picture sheet, he; after this draw from a point c, (which is beyond the lines drawn from the place of the points in the ground plan to the picture sheet,) the line c e, parallel to the top or bottom edge of the 
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drawing board. Then from the point c, where the lines A c and e c, meet, with a pair of pencil bows draw circles to e c, from all points in h c, where the perpendicular lines, and the lines drawn to the eye from the points in the ground plan meet it, also the point where a perpen- dicular let fall from the point d to the picture sheet, meets it, must be transferred by means of the pencil bows to the line ec; and perpendicular to e c, from this last point transferred, mark off the point/, at the same distance from e c, that d is from h c. It will now be evident that trans- ferring the points on A e to e c; and settling the point f, in the position mentioned above, produces the same effect as if A c, with all the points on it, together with d, the point of sight, moved with the same angular motion round the point c, as a centre, till A c came to the position e c. The point d would then coincide with f; and e c would be the picture sheet with all its points upon it brought into a position parallel to the bottom of the drawing board. When the operation is thus far gone through, the rest of the process is conducted as if the ground plan had been drawn to suit the picture sheet in the position e c. In order that fig. 4 may be fully understood, I need only add that A is an elevation of the object a, in the ground plan, and A is the perspective view of it; g, in the perspective view, being the vanishing point of the lines running perpendicular to the picture sheet. Rather than draw a perspective view with the position of the picture sheet in the ground plan inclined to the sides of the drawing board, as in fig. 4, it will be better to shift the blade of the drawing square so as to draw the ground plan of the objects at the required angle to the picture sheet, when it is in a position as in fig. 1. Isometrical Perspective. This is a kind of perspective invented by professor Parish, of Cambridge. We extract, with some modifications, a portion of professor Parish’s paper on the subject, which appeared in the first volume of the Transactions of the Cambridge Philosophical Society. The subject has been but little attended to by mechanical draughtsmen, but its importance is becoming daily better known. After some general remarks on the inadequacy of the common methods of drawing machinery; he states that it is preferable to the common per- spective on many accounts, for such purposes. It is much easier and simpler in its principles. It is also, by the help of a common drawing- table, and two rulers, incomparably more easy, and, consequently, more accurate in its application; insomuch, that there is no difficulty in giving an almost perfectly correct representation of any object adapted to this perspective, to which the artist has access, if he has a very simple knowledge of its principles, and a little practice. It further represents the straight lines which lie in the three principal directions, all on the same scale. The right angles contained by such 
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lines are always represented either by angles of 60 degrees, or the supplement of 60 degrees. And this, though it might look like an objection, will appear to be none on the first sight of a drawing on these principles, by any person who has ever looked at a picture. For, he cannot for a moment have a doubt, that the angle represented is a right angle, on inspection. And we may observe further, that an angle of 60 degrees is the easiest to draw of any angle in nature. It may be instantly found by any per- son who has a pair of compasses, and understands the first proposition of Euclid. The representation, also, of circles and wheels, and of the manner in which they act on one another is very simple and intelligible. The principles of this perspective which, from the peculiar circumstance of its exhibiting the lines in the three principal dimensions on the same scale, I denominate “ Isometrical,” will be understood from the follow- ing detail: Suppose a cube to be the object to be represented. The eye placed in the diagonal of the cube produced. The paper, on which the drawing is to be made to be perpendicular to that diagonal, between the eye and the object, at a due proportional distance from each, according to the scale required. Let the distance of the eye, and consequently that of the paper, be indefinitely increased, so that the size of the object may be inconsiderable in respect of it. It is manifest, that all the lines drawn from any points of the object to the eye may be considered as perpendicular to the picture, which becomes, therefore, a species of orthographic projection. It is manifest, the projection will have for its outline an equiangular and equilateral hexagon, with two vertical sides, and an angle at the top and bottom. The other three lines will be radii drawn from the centre to the lowest angle, and to the two alternate angles; and all these lines and sides will be equal to each other both in the object and representation: and if any other lines parallel to any of the three radii should exist in the object, and be represented in the picture, their representations will bear to one another, and to the rest of the sides of the cube, the same proportion which the lines represented bear to one another in the object. If any one of them, therefore, be so taken as to bear any required pro- portion to its object, e. g. 1 to 8, as in my representations of my models, the others also will bear the same proportion to their objects; that is, the lines parallel to the three radii will be reduced to a scale. I omit the demonstration of this, and some other points, partly for the sake of brevity, and partly because a geometrician will find no difficulty in demonstrating them himself, from the nature of orthographic projec- tion ; and a person, who is not a geometrician, would have no interest in reading a demonstration. 
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For the same reason, it is unnecessary to show that the three angles at the centre are equal to one another, and each equal to 120 degrees, twice the angle of an equilateral triangle; and the angle contained between any radius and side is GO degrees, the supplement of the above, and equal to the angle of an equilateral triangle. In models, and machines, most of the lines are actually in the three directions parallel to the sides of a cube, properly placed on the object. And the eye of the artist should be supposed to be placed at an indefinite distance, as before explained, in a diagonal of the cube produced. The last mentioned line may be called the line of sight. Let a certain point be assumed in the object, as for example, C, fig. 2, and be represented in the picture, to be called, the regulating point. Through that point on the picture may be drawn a vertical line, C E, fig. 1, and two others, C B, C G, containing with it, and with one another, angles of 120°, to be called the isometrical lines, to be dis- tinguished from one another by the .names of the vertical, the dexter, and the sinister lines. And the two Fig. 1. latter may be called by a common name—the horizontal isometrical lines. Any other lines, parallel to them, may be called respectively by the same names. The plane passing through the dexter, and vertical lines, may be called the dexter iso- metrical plane; that passing through the vertical, and sinister lines, the sinister plane; and that through the dexter and sinister lines, the horizontal plane. Fig. 
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The drawing implements are thus described by the inventor. It is unnecessary to describe the drawing-table any further than by observing that it ought to be so contrived, as to keep the paper steady on which the drawing is to be made. There should be a ruler in the form of the letter T to slide on one side of the drawing-table. The ruler should be kept, by small promi- nences on the under side, from being in immediate contact with the paper, to prevent its blotting the fresh drawn lines as it slides over them. And a second ruler, by means of a groove near one end on its under side, should be made to slide on the first. The groove should be wider than the breadth of the first ruler, and so fitted, that the second may at pleasure be put into either of the two positions represented in the plate, fig. 2, so as to contain with the former ruler, in either position, an angle of 60 degrees. The groove should be of such a size, that when its shoulders a and d are in contact with, and rest against the edges of the first ruler, the edge of the second ruler should coincide with d e, the side of an equilateral triangle described on d ff, a. portion of the edge of the first ruler; and when the shoulders b and c rest against the edges of the first ruler, the edge of the second should lie along g e, the other side of the equilateral triangle. The second ruler should have a little foot at k for the same purpose as the prominences on the first ruler, and both of them should have their edges divided into inches, and tenths, or eighths of inches. It would be convenient if the second ruler had also another groove r s, so formed that when the shoulders r and s are in contact with the edges of the first ruler, the second should be at right angles to it. For representing circles in their proper positions, the writer made use of the inner edges of rims cut out from cards, into isometrical ellipses as represented in the figure; of these he had a series of different sizes, corresponding to his wheels. Such a series might be cut by help of the concentric ellipses, but he thinks that it would be an easier way to make use of that set of concentric ellipses as they stand, by putting them in the proper place under the picture, if the paper on which the drawing is made, be thin enough for the lines to be traced through, as by the help of them the several concentric circles will go to the representation of one which might be drawn at once. It is difficult to execute them separately with sufficient accuracy to make them correspond. For this purpose a separate plate of ellipses should be had, and one edge of the paper on the drawing-table should be loose to admit of the concentric ellipses being slid under it to the proper place. By the use of the simple apparatus described above, the representation of these lines in the objects may be drawn on the picture, and measured to a scale, with the utmost facility, the point at the extremity being first 
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found, or assumed. The position of any point in the picture may be easily found, by measuring its three distances, namely, first its perpen- dicular distance from the regulating horizontal plane (that is, the hori- zontal plane passing through the regulating point), secondly, the perpendicular distance of that point where the perpendicular meets the horizontal plane, from the regulating dexter line; and thirdly, of the , point, where that perpendicular meets the dexter line from the regulating point; and then taking those distances reduced to the scale, first, along . the dexter line, secondly, along the sinister line, and thirdly, along the r vertical line, in the picture. These three may be called the dexter distance of the point, its sinister distance, and its altitude. And it is manifest they need not be taken in this order, but in any other that may be more convenient to the artist, there being six ways in which this , operation may be varied. If any point in the same isometrical plane, with the point required to be found, is already represented in the picture, that point may be assumed as a new regulating point, and the point required found by taking two distances; and if the new assumed regulating point is in the same ' isometrical line with the point, it is found by taking only one distance. And this last simple operation will be found in practice all that is necessary for the determination of most of the points required. Thus ; any parallelopided, or any frame work, or other object with rafters, or lines lying in the isometrical directions, may be most easily and accurately exhibited on any scale required. But if it be necessary to ; represent lines in other directions, they will not be on the same scale, but may be exhibited, if straight lines, by finding the extremities as ; above, and drawing the line from one to the other; or sometimes more readily in practice by help of an ellipse, as hereafter described. If a curved line be required, several points may be found sufficient to 1 guide the artist to that degree of exactness which is required. The method of exhibiting the representations of any machines, or ( objects, the lines of which lie, as they generally do, in the isometrical : directions; that is, parallel to the three directions of the lines of the |) cube, is as has been already shown; and likewise the mode of repre- ; senting any other straight lines, by finding their extremities; or curved lines, by finding a number of points. But in representing machines and models, there are not only iso- metrical lines, but also many wheels working into each other, to be , represented. These, for the most part, lie in the isometrical planes. And it is fortunate that the picture of a circle in any one of these planes is always an ellipse of the same form, whether the plane be horizontal, dexter, or sinister; yet they are easily distinguished from j each other by the position in which they are placed on their axle, which 
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is an isometrical line, always coinciding with the minor axis of the 

This will be obvious from considering the picture of a cube with a circle inscribed in each of its planes, fig. 1, and considering these circles as wheels on an axle. The two other lines, or spokes of the wheel, in the ellipse, which are drawn respectively through the opposite points of contact of the circle with the circumscribing figure, are isometrical lines also; for the points of contact bisect the sides of the circumscribing parallelogram, and therefore the lines are parallel to the other sides. They give likewise the true diameter of the wheels, reduced to the scale required. It further appears from the nature of orthographic projection, that the major axis of the ellipse is to the minor axis, as the longer to the shorter diagonal of the circumscribing parallelogram, that is, since the shorter diagonal divides it into two equilateral triangles, as the square root of three to one; and since the sum of the squares of the conjugate diameters in an ellipse is always the same, if we put \J 1 for the minor axis, the y/3 for the major, and i for the isometrical diameter, we shall have 2 »* = 1 + 3, = 4, and i — y/2. Therefore the minor axis, the isometrical diameter, and the major axis, may be represented respectively by ^/l, y/2, \J3, or nearly by I, 1-4142,1-7321; or more simply, though not so nearly, by 28, 40, 49. These lines may be geometrically exhibited by the following construc- tion: 

Let A B, fig. 3, be equal to B D, and the angle at B, a right angle. In B A produced, take B « = to A D draw « D, and produce both it, and a. B. Then will B D, B a, and a. D, be respectively to one another, as ^/l, ^/2, ^/3. Therefore if * |3 be taken equal to the isometrical diameter of the ellipse required, 0 $ drawn perpendicular to it will be the minor axis, and a. % the major axis. The ellipse itself, 
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therefore, may be drawn by an elliptic compass, as that instrument may be properly set, if the major and minor axes are known. If it is to represent a wheel on an axle, care must be taken to make the minor axis lie along that axle. In the absence of the instrument it may be drawn from the concentric ellipses, which may be placed under the ! paper, in the position above described, and seen through it; if the paper be not too thick, and in this method the smaller concentric circles of the wheel may be described at the same time, as they may be seen through the paper, or if they should not be exactly of the right size, it would be easy to describe them by hand between the two nearest con- centric ellipses; and thus also the height of the cogs of a wheel in the different parts of it may be exhibited longer aud narrower towards the extremities of the minor axis. Their width may be determined from the divisions of the ellipse. In most cases this may be done with sufficient accuracy from the circumference of the ellipse being divided into eight equal divisions of the circle, by the two axes, and two iso- metrical diameters, each of which parts may be subdivided by the skill of the artist; and not only the face of the wheel in front may be thus , exhibited, but the parts of the back circles also, which are in sight, may be exhibited by pushing back the system of concentric ellipses on the minor axis or axle through a distance representing the breadth of the wheel, and then tracing both the exterior and the interior circles of the wheel, and of the bush on which it is fixed, as far as they are visible. Care should be taken to represent the top of the teeth, or cogs, by iso- metrical lines, parallel to the axle, in a face-wheel, or tending to a proper point in the axle in a bevil-wheel. And nearly in the same way may the floats of a water-wheel be correctly represented. If a series of I] concentric ellipses be not at hand, it will still be easy for an artist to draw the ellipses with sufficient accuracy for most purposes, by drawing through the proper point in the axle, the major and minor axes, and the two isometrical diameters, thus making eight points in the circum- ference to guide him. i If in any case it should become necessary to represent a circle, which does not lie in an isometrical plane, we may observe that the major axis will be the same in whatever plane it lies: and it will be the picture of !l that diameter, which is the intersection of the circle with the plane parallel to the picture, passing through its centre. And the major axis will bear to the minor axis the proportion of radius to the sine of the , inclination of the line of sight to the plane of the circle. We may observe further, that the diameters of the ellipse, which are to the major axis, as \/2 to y/ 3, when such exist, are isometrical lines. And the representation of every other line parallel, and equal to any diameter of the circle, may be exhibited by drawing it equal and parallel 
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to the corresponding diameter in the ellipse. If it should be desired to divide the circumference of an ellipse into degrees, or any number of parts representing given divisions of the circle, it may be done by the following method:— Let an ellipse be 4' drawn, fig. 4, and on its major axis, A G, a circle described, with its circumference di- vided into degrees or parts in any desired proportion, at B, C, D, E, F, &c. from which points draw per- pendiculars to the ma- jor axis. They will cut the periphery of the ellipse in corresponding points. It would be difficult, however, in this way, to mark, with sufficient accuracy, the degrees, which lie near the extremities of the major axis. But the defect may be supplied by trans- ferring those degrees in a similar way, from a graduated circle, described on the minor axis. In this manner an isometrical ellipse may be formed into an isometrical circular instrument, or an isometrical compass, which may show bearings or measure angles on the picture, in the same manner as a real compass or circular instrument would do in nature. It may be often useful to have a scale to measure distances, not only in the isometrical directions, but in others also. And this may be done by a series of similar concentric ellipses, as in fig. 7, dividing the iso- metrical diameters into equal portions. The other diameters will be so divided as to serve for a scale for all lines parallel to them respectively. Thus, in the isometrical squares, exhibited in fig. 1, distances measured on the longer diagonal, or its parallels, would be measured by the divisions on the major axis, those depending on the shorter diagonal by the divisions on the minor axis. To describe a cylinder lying in an isometrical direction, the circles at its extremities should be represented by the proper isometrical ellipses, and two lines touching both shoald be drawn: and in a similar way, a cone, or frustum of a cone, may be described. A globe is represented by a circle, whose radius is the semi-major axis of the ellipse repre- senting a great circle. It would not be difficult to devise rules for the representation of many other forms which might occur in objects to be represented. But the above cases are sufficient to include almost every thing which occurs in 



the representation of models, of machines, of philosophical instruments, and, indeed, of almost any regular production of art. Physios, is a term denoting the same as experimental or natural phi- losophy; being the doctrine of natural bodies, their phenomena, causes, and effects, with their various affections, motions, and operations.— Experimental Physics, is that which enquires into the nature and reason of things by experiments, as in hydrostatics, pneumatics, optics, chemistry, &c.—Mechanical Physics, explains the appearances of nature from the matter, motion, structure, and figures of bodies, and their several parts, according to the established laws of nature. Piers, walls built to support arches, and from which as bases they spring. Piles ; large stakes or beams sharpened at the end, and shod with iron, driven into the ground for a foundation to build upon in marshy places. Pinion, in practical mechanics, is any small wheel working in the teeth of a larger wheel. See Wheel. Pipe, a tube for the conveyance of water, steam, &c. Pipes receive particular names, according to the purposes to which they are applied, as Steam Pipe, Eduction Pipe, Sec. We insert a table of the weight of cast iron pipes of the dimensions commonly in use. 
Table of the Weight of Cast Iron Pipes. 
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Table of the weight of Cast Iron Pipes, continued. 

Piston, a thin solid cylinder fitted to move in a hollow cylinder, so as to prevent the escape of air between the surfaces. Pistons, for steam engine cylinders, or pumps, have been made of wood and metal. The common piston is formed by joining the frustra of two cones at their smaller sections. The two cones have two bands of leather bound round them and fastened with nails. The joints of the leather are closed as accurately as possible, but not seamed, nor put opposite one another. When no wood is employed, a brass cylinder is made so as to fit the bore of the cylinder, and be capable of moving easily up and down. On the bottom and top of the brass cylinder pieces of leather are fixed, being confined within plates of metal, and cut in a bevelled manner round the edges, the angle of bevel being about 45°. The piston of the atmos- pheric engine is formed of a cast-iron plate, about one inch and a quarter thick, and in diameter one-eighth of an inch less than the diameter of the cylinder, and furnished with a rim about four inches 
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from the edge; on the top of this rim a plate similar to the former is fitted, the two being fastened by bolts. The exterior of the rim is wound round with soft hemp, or gasket, saturated with oil, which packing is kept in its place by the pressure of the two plates. -A quantity of water is kept on the upper side of the piston to make it more tight. Smeaton improved this kind of piston by adding a bottom of elm or beech planks, the interstices of which were packed with tarred flannel so as to render the piston air-tight. The piston now commonly employed in steam engines is the hemp packed piston, a section of which is represented in figure 1. The bottom part is a circular plate of metal, of a diameter such that it shall easily move up and down in the cylinder; immediately above this plate is the portion round which the packing is coiled, being smaller in diameter by one or two inches than the diameter of the cylinder, in order to allow sufficient space to be occupied by the hemp or soft rope {gasket). On the top is a plate similar to the plate at the bottom, and called the piston cover. The packing is kept tight by means of the two plates being pressed together by means of screws. When the plates are screwed the packing is pressed outwards and made to fit the interior of the cylinder. As the packing wears, the screws are tightened, until, through course of time, the packing is so much worn as not to be tightened in this way, the top plate is then taken off and new packing substituted. With a view to save the trouble of taking off the cylinder cover when the packing has to be tightened, Mr Wolf fixed a small toothed wheel to the head of each screw. Each of these wheels act in the teeth of a central wheel which turns upon the piston rod as an axis. One of the small wheels has a square projecting piece on its axis, which rises through the cylin- der cover when the piston is at the top, the opening through which it rises is furnished with a cap which may be taken off at pleasure. When the screws are to be tightened, the cap is taken of)'and a key applied to the projecting axis of the wheel, which being turned gives motion to the central wheel which gives motion to the other small wheels, and thus the screws are tightened. Little trouble is required to replace the cap air-tight upon the cylinder cover. Metallic packed pistons are daily coming into more general use. The first was invented by the Rev. Mr Cartwright, patented in 1797. He packed his piston by using two rows of segments of rings, the outer row being formed to an arc of the same diameter as the cylinder. The inner row was formed so as to press out the outer row, they being themselves pressed outward by means of springs formed like the letter V. In order to prevent the steam from escaping by the joints of the segments, the joints of the outer row were placed against the middle of the inner seg- ments. This piston did not answer so well as was wished. A better 2 r 
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form of metallic packed piston was that invented by Barton, and exhibited in the cut, fig. 2, below, which is a plan with the top plate removed. 

Pig. I. Fig. 2. 

a a a a are the four metal segments; bblb four right-angled wedges interposed between the segments, their points forming a portion of the periphery of the circle; cccc is a thin steel spring, formed into a single broad hoop, and pressed into the undulated form represented, by which it is found to act with uniform energy upon the wedges, until they and the segments become so much worn in the course of time, that the steel spring recovers itself into its original circular figure; d is the frame- work, cast in one piece, with the lower plate of the piston; e is the piston rod; the dark spaces shown on the plan within the circular frame d, are cavities to lessen the weight of metal; the other dark spaces are cavities to allow of the free action of the circular spring. To prevent the segments from falling out of their places whilst the piston is being taken out, or put into the cylinder, the periphery of it is grooved near to its upper and lower edge, in which are sunk two slight spring hoops, cleft across into forked joints, which close together simply by their elasticity. To lubricate the piston, there is a third groove, made mid- way between the two former, for the reception of oil; these parts are not introduced into the figures. The action is as follows:—as the piston and cylinder wear away by the friction, the circular spring c, presses out the wedges b, and these project the segments against the cylinder; by degrees they are reduced in thickness. It is certainly easily demonstrated that the wedges move faster than the segments, and that, consequently, the pressure upon the wedges is greater than that on the segments; in a right-angled wedge this differ- ence is as 2 to 1, but the wearing is in no such proportion, nor is there in practice any perceptible difierence at all; which arises, we conjecture, 



from the following cause. The cylinder being of cast-iron, and the piston of a much softer and easier abraded metal (an alloy of copper), the only effect of the superior pressure of the wedges, is to wear them away quicker than the segments, while the wearing of the cylinder, from its superior hardness, is scarcely perceptible. In consequence of this arrangement, the brass piston will always conform itself to the circular figure of the cylinder, until worn out. Another kind of metallic packing is that invented by Jessop: it consists of an elastic spiral spring substituted instead of the hemp packing. Mr Tredgold states that in double-acting engines the friction of a hempen packed piston is 0‘1222 of the power, and a metallic packed piston, 0-069. The thickness should be to the diameter as the friction is to the pressure of the rubbing surface. Piston Rod; the rod connecting the piston with the end of the working beam in the steam engine. The piston rod is attached by a joint to the parallel motion, and to the piston by being passed up through a conical hole in the bottom, into which its end is exactly fitted and secured, by a screw nut or wedge, between the top and bottom. To find the diameter of a piston rod: take the product of the square root of twice the pressure of the steam per circular inch x the diameter of the piston, divide by 45 for malleable, and 42 for cast iron, and the quotient will be the diameter of the piston rod of a double acting engine. Thus, if the pressure be 11 lbs. to the circular inch, and the diameter of the piston 36 inches, then, 
36 x v(2 X 11) 36 X 4-69 „ ,  ^   =  77 = 3-75 inches 45 45 

= the diameter of the malleable iron piston rod: the cast iron one will be = 3-93 inches. Plane, or Plain, denotes a surface or superficial extension, lying evenly between its bounding lines; being such, that if a right line touch it in two points, it will touch through its whole extent. See Inclined Plane. Platonic Bodies, the same as regular bodies. Plumbline, a line having a plummet or weight attached to it, in order to find a perpendicular. Plunger, the solid brass cylinder used as a forcer in forcing pumps. Pneumatics, is that branch of natural philosophy which treats of the weight, pressure, elasticity, &c. of elastic fluids, but more particularly of the air, the history and principles of which will be found under the articles, Air, Atmosphere, Barometer, ike. Point, in Geometry, according to Euclid’s definition, is that which has no parts or dimensions, neither length, breadth, nor depth; and 2 P 2 
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therefore marks position only.—A Physical Pointj is the smallest or least sensible object of sight, and is thus distinguished from a geometrical point, which has only position, being of no magnitude or dimension. Polygon, in Geometry, a multilateral figure, or a figure whose peri- meter consists of more than four sides, and consequently having more than four angles. If the angles be all equal among themselves, the polygon is said to be a regular one; otherwise it is irregular. Polygons also take particular names according to the number of their sides; thus a polygon of 3 sides is called a trigon, 4 sides is called a tetragon, 5 sides is called a pentagon, 6 sides is called a hexagon, &c. and a circle may be considered as a polygon of an infinite number of small sides, or as the limit of the polygons. Polygons have various properties, as below:—Every polygon may be divided into as many triangles as it has sides. The angles of any polygon taken together, make twice as many right angles, wanting 4, as the figure hath sides; which property, as well as the former, belongs to both regular and irregular polygons. Every regular polygon may be either inscribed in a circle, or described about it; which is not necessarily the case if the polygons be irregular. An equilateral figure inscribed in a circle is always equiangular; though an equiangular figure inscribed in a circle is not always equilateral, but only when the number of sides is odd. For if the sides be of an even number, then they may either be all equal, or else half of them may be equal, and the other half equal to each other, but different from the former half, the equals being placed alternately. Every polygon, circumscribed about a circle, is equal to a right angled triangle, of which one leg is the radius of the circle, and the other the perimeter or sum of all the sides of the polygon. Or the polygon is equal to half the rectangle under its perimeter and the radius of its inscribed circle, or the perpendicular from its centre upon one side of the polygon. The area of a circle being less than that of its circumscrib- ing polygon, and greater than that of its inscribed polygon, the circle is the limit of the inscribed and circumscribed polygons: in like manner, the circumference of the circle is the limit between the perimeters of the said polygons. See Circle. The following table exhibits the angles and areas of all the polygons, up to the dodecagon, viz. the angle at the centre, the angle of the polygon, and the area of the polygon when each side is 1. 
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To find the area of any regular polygon, not exceeding 12 sides, square the side, and multiply that square by the corresponding tabular number in the preceding table. To inscribe a polygon within, or to circumscribe a polygon about a given circle:—Bisect two of the angles of the given polygon, and by the right lines; and from the point where they meet, with the radius equal to either of them, describe a circle which will circumscribe the polygon. Next to circumscribe a polygon, divide 360 by the number of sides required, which will give the angle at the centre; draw a radii, including this angle; they will cut off one side, and this applied round the circle will give the polygon. 2. On a given line to describe any given regular polygon. Find the angle of the polygon in the table, and at each extremity of the given line make an angle equal to half that angle, pro- duce the lines till they meet at the centre, then describe the circle, and the construction becomes the same as before. Otherwise. To inscribe a polygon in a circle.—Draw a diameter, and divide it into as many equal parts as the figure has sides. From the extremities of the diameter as centres, with the radius = the diameter, describe arcs crossing each other. From the point of section, through the second division of the diameter, draw a line. Join the points, and the distance between the point where it cuts the circle, and the nearest extremity of the diameter will give the side of the polygon. Another method, something more accurate, is by erecting a perpen- tl dicular from the centre, of such a length that the part without the circle shall be equal to $ of that within, and drawing a line from its extremity through the second division as before. Polygons of less than 100 sides, admitting of geometrical construction. 
No. of sides. 10 = 2-5 12 = 2*-15 15 = 3-5 16 = 2* 17 = 24+l 2 P 3 

No. of sides. 3=3 4 = 2* 5 = 22+l 6 = 2-3 8 = 2s 
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No. of sides. 20 = 2*-5 24 = 23'3 30 = 2-15 32 = 2s 

34 = 2-17 40 = 22'5 48 = 2(-3 

No. of sides. 51 = 317 60 = 2S-15 64 = 2s 

68 = 2M7 80 = 24-5 85 = 5-17 96 = 25’3 
Polyhedron, a body or solid contained by many rectilinear planes or sides. When the sides of the polyhedron are regular polygons, all similar and equal, then the polyhedron becomes a regular body, and may be inscribed in a sphere. There are but five of these regular bodies; viz. the tetrahedron, the hexahedron or cube, the octahedron, the dode- cahedron, and the icosahedron.—Gnomical Polyhedron, is a stone with several faces, on which are projected various kinds of dials. Pores, are the small interstices between the solid particles of bodies. Postulate, in Geometry, a demand or petition, or a supposition so easy and seif-evidently true, as needs no explanation or illustration; differing from an axiom only in the manner in which it is put, viz. as a request instead of an assertion. Pound, an English weight of different denominations, as Avoirdupois, Troy, Apothecaries, &c. The pound avoirdupois is sixteen ounces of the same weight, but the other pounds are each equal to twelve ounces. The pound avoirdupois is to the pound troy as 5760 to 6999J, or nearly as 576 to 700. Power, in Mechanics, denotes some force which, being applied to a machine, tends to produce motion; whether it does actually produce it or not. In the former case, it is called a moving power; in the latter, a sustaining power. Power is also used in mechanics, for any of the six simple machines, viz. the lever, the balance, the screw, the wheel and axle, the wedge, and the pulley, which see. Pressure, properly the action of a body which makes a continual effort or endeavour to move another body on which it rests; such as the action of a heavy body supported by a horizontal table, and is thus dis- tinguished from percussion or momentary force of action. Since action and re-action are equal and contrary, it is obvious that pressure equally relates to both bodies, viz. the one which presses and that which receives the pressure. See Percussion. Pressure of fluids, is of two kinds, viz. of elastic and non-elastic fluids. Pressure of Non-elastic Fluids. The upper surface of a homogeneous heavy fluid in any vessel, or any system of communicating vessels, is horizontal. 
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This is usually explained by saying, that since the parts of a fluid are easily moveable in any direction, the higher particles will descend by reason of their superior gravity, and raise the lower parts till the whole comes to rest in a horizontal plane. Now, what is called the horizontal plane is, in fact, a portion of a spherical surface, whose centre is the centre of the earth: hence it will follow, that if a fluid gravitate towards , any centre, it will dispose itself into a spherical figure, the centre of which is the centre of force. , If a fluid, considered without weight, is contained in any vessel what- ever, and an orifice being made in the vessel, any pressure whatever be applied thereto, that pressure will be distributed equally in all directions. Hence:—Not only is the pressure transmitted equally in all directions, but it acts perpendicularly upon every point of the surface of the vessel which contains the fluid. For, if the pressure which acts upon the surface were not exerted perpendicularly, it is easy to see that it could not be entirely annihilated by the re-action of that surface; the surplus of force would, therefore, occasion fresh action upon the particles of the fluid, which must of consequence be transmitted in all directions, and , thus necessarily occasion a motion in the fluid; that is, the fluid could not be at rest in the vessel, which is contrary to experience. If the parts of a fluid contained in any vessel, open towards any part, are solicited by any forces whatever, and remain notwithstanding in equilibrio, these forces must be perpendicular to the open surface. For the equili- brium would obtain, in like manner, if a cover or a piston of the same figure as the open surface were applied to it; and it is manifest that, in this latter case, the forces which act at the surface, or their resultant, must be perpendicular to that surface. If, therefore, the forces which act upon the particles of the fluid are those of gravity, we shall see that the direction of gravity is necessarily perpendicular to the surface of a tranquil fluid; consequently, the surface of a heavy fluid must be hori- zontal to be in equilibrio, whatever may be the figure of the vessel in which it is contained. If a vessel, closed throughout except a small j orifice, is full of a fluid without weight; then, if any pressure be applied V at that orifice, the resulting pressure on the plane surface, or bottom, ; will neither depend upon the quantity of fluid in the vessel, nor on its '■ shape; but, since the pressure applied at the orifice, is transmitted equally in all directions, the actual pressure upon the bottom will be to the pressure at the orifice, as the area of the bottom is to that of the orifice. ! In the same manner will the pressure applied at the orifice, be exerted j in raising the top of the vessel; so that if the top be a plane, of which the orifice forms a part, the vertical pressure tending to force the top 

i upwards will be to the force applied at the surface, as the surface of the top to the area of the orifice. The hydraulic press is founded upon this 
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principle. The pressure of a fluid on the horizontal base of a vessel in which it is contained, is as the base and perpendicular altitude, whatever be the figure of the vessel that contains it; the upper surface of the fluid being supposed horizontal. Prism, in Geometry, is a body, or solid, whose two ends are any plane figures which are parallel, equal, and similar; and its sides connecting those ends are parallelograms. Prisms receive particular names, according to the figure of their bases; as a triangular prism, a square prism, a pentagonal prism, a hexagonal prism, and so on. The axis of a prism, is the line conceived to be drawn lengthwise through the middle of it, connecting the centre of one end with that of the other end. Prisms, again, are either right or oblique. A right prism is that whose sides and its axis are perpendicular to its ends, like an upright tower. An oblique prism, is when the axis and sides are oblique to the ends; so that, when set upon one end, it inclines on one hand more than on the other. The chief properties of prisms are, That all prisms are to one another in the ratio compounded of their bases and heights. Similar prisms are to one another in the triplicate ratio of their like sides. A prism is triple of a pyramid of equal base and height; and the solid content of a prism is found by multiplying the base by the perpendicular height. The upright surface of a right prism is equal to a rectangle of the same height, and its breadth equal to the perimeter of the base, or end. And, therefore, such upright surface of a right prism, is found by multiplying the perimeter of the base by the perpendicular height. Also the upright surface of an oblique prism is found by computing those of all its paral- lelogram sides separately, and adding them together. If to the upright surface be added the areas of the two ends, the suit will be the whole surface of the prism. Prismoid, a figure resembling a prism. Problem, a proposition wherein some operation or construction is required; as to divide a line or angle, erect or let fall perpendiculars. Projectiles, is that branch of mechanics, which relates to the motion, velocity, range, &c. of a heavy body projected into void space by any external force, and then left to the free action of gravity, by which it descends to the earth. Pulley, one of the six mechanical powers. The pulley is a small wheel turning on an axis, with a rope passing over it. The circum- ference of the pulley is generally grooved to receive the rope, which is attached on the one end to the moving power, and on the other to the resisting force. The pulley is sometimes called a sheave, and is so fixed in a frame or block, as to be moveable on a pin passing through its centre. When pulleys are made of wood, a ring of iron or brass is 
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generally let into the middle of them, to work upon the pin, as they would otherwise wear unequally, and their motion would then be im- peded by an increased degree of friction. A fixed pulley is one which has no motion except upon its axis : a moveable pulley is one which rises and falls with the weight. The gorge or groove of a pulley, is the hollow part of the circumference which receives the rope or cord; it is frequently hollowed out angularly, so that the rope is, by the pressure, so wedged in the angle, that it cannot glide or slip in its motion. A pair of blocks, with the rope fastened round it, is commonly called a tackle. Two equal weights attached to the ends of a rope going over a fixed pulley, as fig. 1, in the accompanying engraving, will balance each other, for they stretch the rope equally, and if either of them be pulled down through any given space, the other will rise through an equal space in tire same time, and consequently as their velocities are equal, they must balance each other. This kind of pulley, therefore, gives no mechanical advantage, but the use of it is a source of great convenience. It serves to change the direction of draught; it gives a man an opportunity of applying bis weight instead of his muscular strength, but not of lifting more than his weight; it also enables a man to raise a weight to any point, without moving from the place he is in, whereas he would otherwise have been obliged to ascend with the weight; and, lastly, by it several men may apply their strength to the weight by means of the rope, with as much facility, under the same circumstances, as one person only. If the lever of the second order, A B, fig. 3, have its fulcrum at B, the weight in the middle at C, and the power at A, half the weight being supported by the fulcrum, a power equal to the other half will keep it in equilibrium. This will apply to the illustration of the action of pulleys, which, when the weight is appended to the circumference, may be considered as levers of the first kind, and when the weight is appended to the centre, they may be considered as levers of the second kind; hence the ropes a b, fig. 1, hanging at equal distances from the centre, c, (which must be regarded as the fulcrum,) equal weights must be in equilibrium, exactly as they would be if placed in the scales of a common balance. But if one weight be further from the centre or fulcrum than the other, they will balance each other only as they would in a steel-yard, and, therefore, though still-a lever of the first kind, a less weight will suspend a greater. Thus, if the pulley, as in fig. 2, have different gorges, and the weight R of six ounces, be hung at the distance of one inch from the fulcrum, c, and the weight S of three ounces be hung at the distance of two inches from the same centre; the two weights R and S, though in the proportion of 2 to 1, will balance each other. If the weight S ’ were only two ounces, it would produce the same effect upon R, pro- 
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vided its distance from the fulcrum were proportioned to the diminution i of its weight; that is, if it were three times as far from the centre c, as R. We have now to show that the moveable pulley acts like a lever of the second order. Let the moveable pulley A, fig. 4, be fixed to the 
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J weight W, with which it rises and fells. In comparing it with the lever ! alluded to, the fulcrum must be considered as at F; the weight acts i i upon the centre c, by means of the neck e A / the power is applied at I L>; and the line D F will represent the lever. The power, therefore, ; i as in fig. 3, is twice as far from the fulcrum as the weight, and the effect ; i in both cases is alike, viz. the proportion between the power and the i weight, in order to balance each other, must be as 1 to 2. It is evident, I therefore, that the use of this pulley doubles the power, and that a man i may raise twice as much by it, as by his strength alone. Or, as variety .. in illustration will sometimes catch the attention, and familiarize a ! subject to some whose ideas of it would not otherwise be distinct, the ( action of this pulley may be viewed in a light somewhat different from j the above.' Every moveable pulley may be considered as hanging by two ■ ropes equally stretched, and which must consequently bear equal parts ( of the weight; the rope F G being made fast at G, half the weight is i sustained by it, and the other part of the rope, to which the power is |j applied, has only the other half of the weight to support; consequently 1 the advantage gained is as 2 to 1. When, as in fig. 5, the upper and I fixed block, or pulley-frame, contains two pulleys, which only turn upon II their axis, and the lower moveable block contains also two, which not j only turn on their axis, but rise with the weight W, the advantage j gained is as 4 to 1; for each lower pulley will be acted upon by an equal j part of the weight; and because each pulley that moves with the weight, S diminishes one-half the power necessary to keep the weight in equili- m brium, the power by which W may be sustained will be equal to half the |! weight divided by the number of lower pulleys; that is, as twice the d number of the lower or moveable pulleys is to 1, so is the weight sus- ( pended to the power. But if the extremity A, fig. 6, be fixed to the t lower block, it will sustain half as much as a pulley; consequently here . the rule will be, as twice the number of moveable pulleys, adding unity, ; is to 1, so is the weight to the power. To prevent the ropes as and A 1 from rubbing against each other, the upper fixed pulley may have a I double gorge. The pulley d belongs not to the system of pulleys, it is , merely used in the plate, to separate from the ropes, and show more distinctly the power, P. If instead of one rope going round all the moveable pulleys, the rope ; belonging to each of them be made fast at the top, as in fig. 7, a different _ proportion between the power and the weight will take place. Here it is evident, that each pulley doubles the power; thus, if there are two pulleys, the power will sustain four times its own force or weight; if three pulleys, eight times its own weight; if four pulleys, sixteen times its own weight, as in the figure, where the weight W, of sixteen ounces, is supported by the power P, of only one ounce. This arrangement of 
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pulleys takes up much room, raises the weight very slowly, and is not j convenient to fit up. It is therefore seldom used, notwithstanding the great power gained. These rules are applicable, whatever may be the number of pulleys employed. The large space occupied by pulleys, when arranged under each other, as in figs. 5 and 6, is an inconvenience that would often render them useless, and such an arrangement would increase the liability to entangle- ment, particularly on shipboard; it is therefore common to place all the pulleys in each block on the same pin, by the side of each other, as in fig. 8. The advantage, and the rule for the power, are the same here as in fig. 5. In this kind of tackle, the ropes are not exactly parallel, a direction which should be preserved as much as possible} but the defect is not very considerable. The reason of the parallel direction of the ropes being better than an oblique one, is that less power is required to sustain the same weight; and in proportion to the obliquity of the ropes must be the increase of the power. When there are many pulleys in the same block, and the end of the rope to which the power is applied terminates over one of the outside pulleys, that pulley always endeavours to get into a line with the centre of suspension or middle of the moveable pulleys, from which the weight hangs. In consequence of this, the friction of the pulleys against the sides of the block is so great as sometimes to equal the power. Hence the multiplication of pulleys thus used, soon ceases to be advan- tageous ; they are seldom effective, if their number exceeds three or four. Smeaton, the eminent engineer, was the first who disencumbered him- self of the difficulty here stated, by making the rope terminate over the middle pulley or sheave in the fixed block, which is thereby kept per- pendicularly under the other, and the friction of the sheaves is on their centres of motion only. The number of sheaves must always be uneven, or this improvement cannot be adopted. To avoid as much as possible the friction and shaking motion of a combination of pulleys, James White, a very able mechanic, invented and obtained a patent for the concentric pulley, fig. 9. M and N are two of these pulleys, one of them being fixed, the other moveable. They are usually made of brass, and answer the purposes of as many distinct pulleys as there are grooves. In this case, as in fig. 5, the weight being divided among the number of ropes, a power of 1 will support a weight of 12. In speaking simply of a system of pulleys, the common arrangement of them is meant, viz. that where the number of ropes is just twice the number of the moveable pulleys. Figs. 4, 5, and 8, are all systems of this kind. The ropes are spoken of as if they were in different lengths, but it can hardly require an observation, that the expression is used merely because it is 
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convenient, and that there is in fact but one rope, the parts of which are alluded to as if they were separate. It has been shown, in illustrating fig. 2, that by means of a pulley of several grooves, the actions of two unequal powers may be made to balance each other. In like manner, a constant equilibrium or relation may be preserved between two powers, the relative forces of which continually change. Watchmakers derive great advantage from the application of this principle to their work. The spring of a watch always acts with the greatest power immediately after it has been wound up, and its power is continually but gradually diminishing, till the watch stops. If this inequality of the maintaining power operated upon the wheels, the watch would not go two successive hours at the same rate; but the effects of it are completely avoided by the peculiar conformation of the pulley off which the spring draws the chain. Instead of many concentric gorges upon the fusee, they make only one, but that one is in a spiral form upon a truncated cone.—Smith’s Panorama. Pump, in a general sense, is a machine consisting of a peculiar arrangement of a piston, cylinder, and valves, employed for extracting air or raising water. See Air Pump, and Water Works. In the steam engine several pumps are employed; as the air pump for exhausting the condenser; the cold water pump for supplying the cistern; and the hot water pump for supplying the boiler. See Boiler, Condenser, and Steam Engine. Pumping of Water. When a steam engine is employed in raising water the pumps are either sucking or forcing. The action of pumping, it would appear, expells a portion of air from the water, and on this account, as well as on account of the defect of pressure on the water that follows the piston and the escape by the piston or bucket, the stroke should not exceed eight feet, and the velocity of the piston in feet per minute ought to be = the length of the stroke X 98. The quantity of water that a pump in good order will deliver in cubic feet per minute may be found by taking the product of half the velocity of the piston x the diameter8 of the pump x the constant number 0’00518. To find the amount of power necessary to raise a given quantity of water, find the height of the point of discharge above the surface of the well in feet, and add 1‘5 for each lift, and l-20th of the height, and call this H, call p the pressure on the steam piston per circular inch, D the diameter of the steam piston, d that of the pump barrel, and W the quantity of water discharged per minute, the velocity of the piston being 180 feet per minute, we have, 'H X W x 0-7332 

and V/(2T5 x W) = d. 
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Let it be required to lift CO cubic feet of water per minute from a depth of 100 fathoms, there being 5 lifts, and the mean pressure on the steam piston being 11 ibs. per circular inch. 100 fathoms = COO feet, add 5 X 1'5 and \0o°. we have COO + 7'5 + 30 = 037'5 = H, and W = CO, p = 11, wherefore. 

C37-5 x CO x 0-7332^ = v/2549-5 = 50-48 
or SOj inches nearly = the diameter of the steam cylinder in inches. By the second formula we have ^/(3-15 X CO) = 189 = 13'747, or nearly 14 inches for the diameter of the pump barrel. Pyramid, is a solid having any plane figure for its base, and triangles for its sides, all terminating in one common point or vertex. If the base of the pyramid be a regular figure, the solid is called a regular pyramid, which then takes particular names according to the number of its sides, as triangular, square, pentagonal, &c. the same as the prism. If the perpendicular demitted from its vertex falls on the centre of the base, the solid is called a right pyramid; but if not, it is oblique. The principal properties of the pyramid may be stated as follows:— Every pyramid is one-third of a prism of equal base and altitude. Pyramids of equal bases and altitudes are equal to each other, whether the figure of their bases be similar or dissimilar. Any section of a pyra- mid parallel to its base will be similar to the base, and these areas will be to each other as the squares of their distances from the vertex. Pyramids, when their bases are equal, are to each other as their alti- tudes, and when their altitudes are equal they are to each other as then- bases ; and when neither are equal, they are to each other in the com- pound ratio of their bases and altitudes. To find the solidity of a pyramid. Multiply the area of the base by its perpendicular altitude, and one-third of the product will be the so- lidity. To find the surface of a pyramid. Multiply the perimeter of the base by the slant altitude of one of its faces, and half the product will be the surface. Or, find the area of one of its triangular faces, and multi- ply by the number of them, which is the same thing. 

Q 
Quadrangle, a figure having four angles and four sides; it is other- wise called a quadrilateral. Quadrant, the fourth part of a circle, being bounded by two radii perpendicular to each other, and a quarter of the circumference, or 90°. 
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Quadrature, in Geometry, is the finding a square equal in area to another figure, or in other words, finding the areas of plane surfaces. Quadrilateral, a figure of four sides and angles. All quadrilaterals have the following properties. The sum of their four angles is equal to two right angles; and if the sum of each pair of opposite angles be equal to two right angles, the figure may be inscribed in a circle, othenvise it cannot; and in all such quadrilaterals the sum of the rectangles of the opposite sides is equal to the rectangle of the two diagonals. Quantity, any thing capable of estimation or mensuration; or which, being compared with another thing of the same kind, may be said to be greater or less than it, equal or unequal to it. 

R 
Radiant Point, any point from which rays proceed. Radii, the plural of radius. Radius, in Geometry, the semi-diameter of a circle, or a right line drawn from the centre to the circumference. Railway; lines of wood or iron for the purpose of diminishing the resistance to the wheels of carriages moving upon them, are called rail- ways. The first railways, formed on the plan of making a distinct sur- face and track for the wheels, seem to have been constructed near Newcastle on Tyne. In Roger North’s life of lord keeper North, he says, that at this place (in 1676) the coals were conveyed from the mines to the banks of the river, “ by laying rails of timber exactly straight and parallel; and bulky carts were made with four rollers fitting those rails, whereby the carriage was made so easy that one horse would draw four or five chaldrons of coal.” One hundred years afterwards, viz. about 1776, Mr Curr constructed an iron railroad at the Sheffield colliery. The rails were supported by wooden sleepers, to which they were nailed. In 1797, Mr Barns adopted stone supports in a railroad leading from the Lawson main colliery to the Tyne, near to Newcastle; and, in 1800, Mr Outram made use of them in a railroad at Little Eaton, in Derbyshire. Twenty-five years afterwards, this species of road was successfully adopted on a public thoroughfare for the transpor- tation of merchandise and passengers, viz. the Stockton and Darlington railroad, which was completed in 1825, and was the first on which this experiment was made with success. From that time, accordingly, a new era commenced in the history of inland transportation. The first inquiry presenting itself in respect to a railroad between two points, relates to the choice of a route, where the nature of the territory 2 Q 2 
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permits of any such choice. In making this election, the comparative distances, the amount of intermediate transportation to be accommodated, the character of the soil as to affording a good foundation, the excava- tions and embankments necessary to be made in order to bring the road within a certain scale of inclination, and the difficulty or facility of obtaining suitable materials for the construction of the road, are all to be taken into consideration. These investigations and comparisons cannot be too rigidly and minutely made; and it has been suggested by experienced engineers, that, in some of the roads of this description constructed in the United States of America, great mistakes will be found to have been made in this respect, in consequence of too great precipitancy in fixing on a route. The scale of inclination to which the road is to be reduced, is necessarily taken into consideration in fixing upon a general route; but still a choice often presents itself in parts of such route, between the expense in reducing the rate of inclination by excavations and embankments, and the saving of expense by taking a more circuitous route. Another question also presents itself, namely, whether to reduce an acclivity, or to surmount it; and the manner of overcoming it is a subject of inquiry at the same time; for, the surface of the ground having been examined and the route determined, on a general scale of inclination, within which the ordinary power used for transportation is to be applied, the whole line is either to be brought within this scale, or, if an inclination exceeding it is admitted, it is to be overcome by the use of an extra power. In such case, if the extraordinary expense of reducing the inclination is not so great that the interest upon this part of the original outlay would exceed the additional expense of the use of an extra power to overcome an inclined plane, it will be a decisive reason in favour of reducing the inclination. The amount of transportation to be accommo- dated will determine, in a great degree, the expense of the extra power requisite to overcome a given inclined plane. Another circumstance to be considered is, whether the extra power to be used is that of horses, or steam, or water; for the two former are comparatively more expensive for a small than for a large amount of transportation, owing to the cost of maintaining them; but the difference is not so great where a water power can be used. In some cases, it may be better to make deflections in the road, than to reduce inclinations, or to use extra power. This will depend on the kind of transportation and the importance of celerity; for if the object is mainly the transportation of increased weight by the same power, witliout regard to the time, any deviation from a direct course is less objectionable. But upon lines of public travel, despatch is of great importance. In the recently constructed railroads in England, the iron rails are in 



RAILWAY. 461 
general supported by iron chairs or props, at a distance of about three feet from each other; in most of those hitherto constructed in the United States of America, the rail is supported by a continued line of wood or stone. Where the rails rest on a line of wood, the track must be com- paratively imperfect, since the wood will yield to the weight of the load transported, and be slightly compressed as the wheels pass, thus ofiering a continual resistance. Where successive parts of the track are formed by laying iron rails upon pine, oak, and stone, the difference of power necessary to move the same load on the different parts, will be evident in the different degrees of exertion made by the horse, where this power is used. Accordingly, if a soft species of wood is used to support the iron rail, it is a great advantage to interpose a line of oak or other hard wood. A rail continuously supported by a line of stone will not yield to the weight of the load; and where the rail is supported at successive points by chairs, it is always intended to be of such strength, that it will not be sensibly bent by the weight. The plan of supporting by chairs has been very thoroughly tried in England, and so much im- proved, that a very perfect track may be now (1832) formed in this way. Continued lines of granite or other durable stone, are now in use on a number of railroads in the United States of America, but cannot, as yet, be considered to be so thoroughly tested, though the results of the ex- periments are thus far very favourable. It was apprehended, at first, that the action of the wheel would draw or flatten the iron plate; but it has been found by experience, that this effect is not produced. The principal difficulty in the use of this kind of track, was in the fastening of the rail to the stone, the nails used for this purpose being liable to be loosened or cut ofl by the expansion and contraction of the iron rail. This defect has, however, been partially remedied by making oval holes in the rails for the fastenings, thus allowing a little longitudinal motion of the rail without injury to the fastenings. A question was heretofore made, whether cast iron or malleable was the best material for the rail. Cast iron rails do not so easily bend, and the same weight of iron is also much cheaper. But they are more subject to be broken by sudden jars and blows, and a much greater weight must be used in order to obtain the requisite strength. It was at one time supposed, that the action of the wheels on rails of malleable iron would cause them to exfoliate in thin laminae, and that thus they might be subject to greater waste than those of cast iron. But this has proved to be a mistake. It has also been further proved, that if a bar of iron be cut into two equal pieces, and one of them be laid on a railroad, and used for a track, and the other laid by the side of the road, and exposed to the action of the atmosphere, and not used at all, the latter will waste and lose weight much more rapidly than the former. The loss of malleable iron rails by 2 Q 3 
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use, is less than that of cast iron ones. Mr Wood states the following comparison of the two: Malleable iron rails, 15 feet long, were used on the Stockton and Darlington railway; over which locomotive engines passed, weighing from 8 to 11 tons, and wagons with their loads weighing four tons: 86,000 tons passed over the rails in one year, exclusive of the weight of the engines and wagons. A rail 15 feet in length, weighing 136^ pounds, lost in the year eight ounces, or 1-272 part of its weight; and the loss was the same in a similar rail over which only empty wagons passed. A cast iron rail four feet long, weighing 63 pounds, over which wagons passed, weighing four tons each when loaded, and on which the same number of tons, besides the wagons, was transported in a year, lost eight ounces, being l-126th part of the whole weight of the rail, or more than twice as great a proportion as the former. The inclination of opinion is, accordingly, from these circumstances, very strong in favour of the use of malleable iron rails. Plate rails were first used, which presented a flat surface to the wheel; but what are denominated edge rails have since come into use, and, according to Mr Wood, are pre- ferable, on account of their presenting less resistance to the wheel, and being less subject to injury and destruction by use. The upper surface of the edge rail has a slight transverse curve, so as to be highest in the central line of the track, and to fall off by degrees towards each side of the rail, thus presenting no angle. Where the iron rail is supported by chairs at distances of three, or three and a half feet from each other, the rail will evidently require to be of greater strength in the centre between the supports, if it be proposed to form the rail so that it shall be able to bear the same weight in every part; and it w ould evidently be a waste of material to form it upon any other plan. The rail ought, also, to be stronger at the same point, in order to resist any lateral pressure, as the cars, in moving over the road, will necessarily be sometimes propelled against one or the other side of the road; which makes it necessary to strengthen the central part of the rail laterally, to prevent its being broken or bent by such lateral pressure. The rails are accordingly formed upon this principle, the size and weight of iron increasing from each support towards the centre. In the tram railways, plate rails are used, with a perpendicular plate, or rim, at the outside edge of the rail, of two or three inches in height, to confine the wheels upon the railroad. But this mode of keeping the carriage upon the road is not necessary; for, whether the rail be of the plate or of the edge form, the wheels of the carriages may be confined to the road equally well by a flange, or projection at the periphery of the wheel, on the side next the centre of the road. In the mode of joining the rails, very important improve- ments have been made since the introduction of railroads into more general use. The rails were, at first, only about three or three and a 
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half feet in length, and fastened in the chairs by a pin running horizon- tally through each end of the rail, there being two holes in each chair for the admission of two pins for this purpose, one for the end of each rail, so that the fastenings were distinct. The consequence was, that if the chair did not stand upon a perfectly firm foundation, but upon one that yielded on one side, so that the chair leaned in the line of the road, one of the pins, and consequently the end of the rail fastened by it, would be depressed below the other, thus making a sudden break in the surface of the track, which would cause a jolt as the wheel passed over it, to the injury of both the road and the carriages, and the inconvenience of passengers. Mr Wood says this defect was very frequent on railroads constructed upon this plan. It has been remedied by making the rails join by lapping with what is called the half-lap, and fastening the ends jf both rails by one pin; so that, although a chair should lean in the line of the road, or be a little depressed below the others, still the two rails would present a smooth surface at their junction. The injury and inconvenience occasioned by the imperfections of the junctions of the rails were still further remedied by making the rails twelve or fifteen -feet in length, supported at short distances as before, the form and dimensions of each part of the rail between any two supports being con- structed as already described; by which means the number of junctions was reduced to one-fourth or fifth of their former number. This was a very great step in the improvement of this species of road. An im- provement, of great utility, has also been made in the mode of fastening the rails, by dispensing with the use of pins, which were liable to work loose. There are various forms of constructing the rails and chairs for this purpose, but they all agree in principle. One mode is by making a depression in the chair on one side of the rail, into which a projection from its lower side precisely fits. If the rail is held close upon that side, it is thereby fixed to the chair, and can be moved only with the chair itself; and it is so held by driving a key or wedge along tlie opposite side of the rail, between the rail and the side of the chair projecting upon the side of the rail. In describing the rails, the supports or chairs have been partly described. They are of iron, with a broad, flat base, supported upon blocks of stone, into which holes are drilled, and filled with wooden plugs. The chairs are fastened to the stone blocks by nails driven into these plugs. This stone block should rest firmly upon its base, and not bo liable to change of position by frost or any other cause; and, accordingly, great care has been taken to make these supports firm. If all the wagons upon a railroad, whether for the transportation of passengers or merchandise, were to travel at the same time, and at the same speed, two sets of tracks would be sufficient to accommodate the 
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whole, as there would be no necessity of their turning out to pass each other. But in the transportation of passengers, greater speed is desirable than in the transportation of merchandise; for the transportation of mer- chandise, whether by horse power or steam power, can be done more economically, and with less injury to the road, at a low than a very high rate of speed. It is, therefore, a veiy considerable object, in railroads upon lines of public travel, to allow wagons to pass others travelling in the same direction. Provision must be made, accordingly, for turning out. This provision is particularly necessary in case of a road with a single set of tracks, on which the carriages must meet. These turn-outs are made by means of a movable or switch rail at the angle where the turn-out track branches from the main one. This rail is two or three feet, more or less, in length, and one end may be moved over that angle, and laid so as to form a part of the main track, or the turn-out track. The switch rail is usually moved by the hand, so as to form a part of that track on which the wagon is to move. The bodies of the wagons will, obviously, require to be constructed with reference to the kind of transportation. The principal consideration, in regard to the construction of the carriages, relates to their bearings on the axle and the rim of the wheel. The rule given by Mr Wood, as to the bearing on the axle, is, that in order to produce the least friction, the breadth of the bearing should be equal to the diameter of the axle at the place of bearing. This diameter must be determined by the weight to be carried; and the breadth of the bearing will accordingly vary with it. The objection to the plate rail, as already stated, is, that the breadth of the bearing of the rim of the wheel upon such a rail, causes an un- necessary additional friction; and the resistance to the wheel is increased in consequence of the greater liability of such a rail to collect dust and other impediments upon its surface. The edge rail is preferable, in these respects; but, at first, these rails were liable to one difficulty, in consequence of their wearing grooves in the rim of the wheel, so that the friction was continually increasing, and the wheel soon became unfit for use. To remedy this defect, the rims were case-hardened, or chilled, by rolling them, when hot, against a cold iron cylinder. Wheels so case-hardened are found to be subject to very little wear. It was, at first, objected to the use of iron wheels, that they would not take sufficiently strong hold of the rails to draw any considerable load after them, and that therefore they would not answer for the use of locomotive engines. Where horses are the motive power, it is evident that if the horse draws the car to which he is attached, the others fastened to it must follow, it being no objection that either the wheels of the carriage to which the horse is harnessed, or of those ef the train following, do not take hold of the rails, but, on the contrary, the less hold they take, the 
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more easy it will be to move the train. But where one carriage is impelled forward by the action of the engine in turning the wheels, and the following train of wagons is drawn by the engine car, if the resistance by gravity and friction is greater than the force with which the wheels adhere to the rails, the engine will only revolve the wheels to which it is geared, which would turn upon the rails, and the car and whole train remain stationary. To prevent this, different contrivances were hereto- fore resorted to, one of which was to let teeth project from the sides of the wheels to interlock with rack-work on the side of the rail. It has, however, been found, in practice, that, for the ordinary inclinations of rail-roads, to the extent of about thirty feet per mile, the wheels may be so constructed as to move a train of wagons by their mere adhesion to the rails. The inclination which can be so overcome must evidently depend on the kind of surfaces of the rim of the wheel and the rail, the weight bearing upon the wheels, the weight to be moved, and the resist- ance from the friction of the train of wagons; so that no precise rule can be given that shall be applicable to roads and wheels of different materials and construction. One of the first expedients for increasing the adhesion of the wheels to the rails, without incurring any considerable loss by additional weight or friction, was to gear the four wheels of the engine car together, so as to have the advantage of the friction of all of them upon the rails; for, if the piston of the engine is connected by gearing only with the wheels of one axle, a resistance in the other wheels of the engine, and by the whole train, only equal to the friction of these two wheels, can be overcome. By gearing the piston of the engine with the four wheels, by means of an endless chain passing round the two axles upon two cog-wheels, or by otherwise gearing the four wheels together or to the piston, the hold of the wheels on the rails is doubled. For the same purpose, an additional set of wheels, making six in the whole, for the engine car, is sometimes added; but such an addition to the number of sets of wheels is evidently attended with disadvantages on the score of expense, complication of structure, weight to be moved, and friction of parts to be overcome. The advantage proposed by adding another set of wheels is, that a greater weight may be carried by the engine car, thus making a greater adhesion to the rails by the wheels geared together, without throwing so great a weight upon any of the wheels as to injure the road. But resort is rarely had to this expedient. An improvement, having the same object, and attended by no loss from addition of weight or friction, is a contrivance for securing the adhesion of all the wheels to the rails; for it will be obvious that, if the two axles of the two sets of wheels are fastened to a strong unyielding car frame, the car will rest upon three wheels, whenever the surface of the road does not precisely correspond in relative altitude to the lower points in the rims of the 
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wheels; that is, if the surfaces of the rails are precisely in the same plane, and the bearing surfaces of the rims of the wheels are also pre- cisely in the same plane, all the wheels will rest upon and take hold of the rails, whether the axles are fastened to an unyielding frame or not. But no road or carriage can be so perfectly constructed, that the surfaces of the rails and bearings of the wheels can always exactly correspond. Mr Knight, the chief engineer of the Baltimore and Ohio railroad, says, in his report of October, 1831, that the whole weight of a wagon, with an unyielding frame, will frequently be supported on two only of the four wheels, thus making a load bear twice as much upon one part of the rail, as it would do if its weight were equally supported by the four wheels. To remedy this difficulty, the whole weight carried upon the axle is supported by springs, or some interposed elastic power, that of the condensed steam being taken advantage of for the purpose in some cars, whereby each wheel is pressed upon the rail, though the relative surfaces on which the wheels may bear, on different places in the road, may vary. Mr Knight, in the same report, makes a suggestion worthy of consideration in the construction of wagons, as well as engine cars. He proposes that in all cases the weight should be supported on springs, not only for the purpose of distributing the weight equally, but also to prevent shocks and jars, whereby both the road and carriages are injured. Another expedient to secure a sufficient adhesion of the wheels to the surfaces of the rails, is to use wheels for the engine car that are not case-hardened. The experiments stated by Mr Tredgold and Mr Wood show a very great advantage in the use of large wheels. Mr Wood states that the motive power required to overcome the same friction of rubbing parts of the car and engine, in case of wheels four feet in diameter, is less by one fourth than in case of those three feet in diameter. But there is some limit to the extent of this advantage; for an increase of the diameter of the wheel adds to the weight, and the expense of construc- tion, so that wheels of not more than four or live feet in diameter are ordinarily used, and a great part of those in use are not above two and a half feet. Some of the locomotives used on the Liverpool and Man- chester railroad have sets of wheels of different sizes, the diameter of one being nearly double that of the other. The state of the rail will have some effect upon the adhesion of the wheels, which is least when the rails are slightly wet. The experiments of Mr Booth, on the Liver- pool and Manchester railroad, prove that in the most unfavourable state of the rails, the adhesion of wheels of malleable iron upon rails of the same material, is equal to one-twentieth of the weight upon them. The locomotives vary in weight, from three or four to ten or eleven tons. A locomotive, with its apparatus and appendages weighing four and a 



half tons, will adhere to the rails with sufficient force to draw thirty tons weight on a level road, at the rate of fifteen miles per hour, and seven tons up an ascent of one in ninety-six, or fifty-five feet in a mile; at a slower rate, it will draw a greater weight. The slower the rate of travelling is, the greater is the weight that may be supported by the same wheel, without injury to the road from shocks, though the weight must of course be limited by the size and strength of the rails, whether the rate of motion be quick or slow. The curvatures of the railroad present some obstructions, since, the axles of the car and wagons being usually fixed firmly to the frames, every bend of the tracks must evidently cause some lateral rubbing, or pressure of the wheels upon the rails, which will occasion an increased friction. If the wheels are fixed to the axles, so that both must revolve together, according to the mode of construction hitherto most usually adopted, in passing a curve, the wheel that moves on the outside or longest rail must be slided over whatever distance it exceeds the length of the other rail, in case both wheels roll on rims of the same diameter. This is an obstruction presented by almost every railroad, since it is rarely practicable to make such a road straight. The curvatures of some roads are of a radius of only 300, and even of 250 feet. The consequence was that the carriages heretofore in use were obstructed, not only by the rubbing of the surfaces of the wheels upon the rails, already mentioned, but also by the friction of the flange of the wheel against the side of the rail. This difficulty has, however, been in a great measure remedied by an improvement made in the form of the rim of the wheel. The part on which this rim ordinarily rolls on the rail, is made cylindrical, this being the form of bearing evidently the least injurious to the road, as the weight resting perpendicularly upon the rails has no tendency to displace them or their supports. But between this ordinary bearing and the flange, a distance of about one inch in a wheel of thirty inches diameter, is the rim made conical, rising towards the flange one-sixth of an inch, and thus gradually increasing in diameter. Wherever the road bends, the wheel, rolling on the exterior, and, in such case, longer track, will, in consequence of the tendency of the carriage to move in a right line, be carried up a little on the rail, so as to bear upon the conical part of the rim, which gives a bearing circum- ference of the wheel on that side, greater than that of the wheel at the opposite end of the same axle. The tendency, accordingly, is to keep the car in the centre of the tracks, by producing a curvilinear motion in the wagon, exactly corresponding to the curve of the road. A car, with wheels such as those already described, was run upon a part of the Bal- timore and Ohio railroad, where the greatest curvatures were of a radius of 400 feet, at the rate of fifteen miles per hour, and the additional ffic- 
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tion on such a curve, above that on a straight road, is 1 in 1418, equal to 3-72 feet in a mile, with Winans’s car, and 1 in 356, equal to 14-83 feet in a mile, with another car. If the diameter of the wheel is in- creased, that of the conical part of the rim should be increased also, making the rise of the conical part between the flange and the cylindri- cal part one-fifth of an inch in a wheel of three feet diameter, and one- fourth of an inch in a wheel of four feet diameter. Gravity, horse power, and steam power, have been used on railroads. Where the road is sufficiently and uniformly descending in one direction, gravity may be relied upon as a motive power in that direction; but on railroads generally, some other power must be resorted to in each direction. At the time of the construction of the Liverpool and Man- chester railway, much discussion took place as to the expediency of using stationary or locomotive steam-engines. The result of the deliberations was, that if locomotives could be constructed within certain conditions as to weight and speed, they would be preferable. The directors accordingly offered a premium for the construction of such a locomotive, as should perform according to the conditions prescribed. At the celebrated trial on that road in October, 1829, of which Mr Wood gives a particular account in the edition of 1831 of his work on railroads, the locomotive, called the Rocket, constructed upon the plan of Mr Robert Stevenson, was found to come within the proposed conditions, and accordingly the decision, in respect to that road, was in favour of loco- motives. The opinion in favour of this kind of power on roads of which the inclination does not exceed about thirty feet in a mile, has become pretty fully established. Stationary power can be used to advantage only on lines of very great transportation, as the expense is necessarily very great, and almost the same, whether the transportation be greater or less. Another objection to the use of stationary power is, that its interruption, in any part, breaks up the line for the time, which is not necessarily the case with a locomotive. The alternative, accordingly, is between the use of locomotive steam engines or horses, and the choice must be determined by the particular circumstances of the line of trans- portation. The advantages of this species of road are illustrated by the action of a horse upon it, compared with his performance upon the best turnpike, being, as Mr Wood assumes in one of his estimates, in the proportion of 7-5 to 1; thus enabling us to dispense with thirteen out of fifteen horses required for transportation on the best common roads. The horse’s power of draught is much the greatest at a low rate of speed, since the more rapid the velocity, the greater proportion of his muscular exertion is required to transport his own weight. But it is ascertained, on the Baltimore and Ohio railroad, that a speed of ten miles an hour may be kept up by horses travelling stages of six miles 
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each, which would perform the whole distance between Baltimore and the Ohio river in thirty-six hours. The whole expense of transportation by horse power, including cars, drivers, and every expense except repairs of the roads, on the same railroad, from January to September, 1831, amounted to about one-third of the gross tolls received; and this expense, it was calculated, might be very materially reduced. The average consumption of coke by a locomotive engine, on a passage from Liverpool to Manchester, thirty-two miles, is stated by Mr Wood to be 800 pounds, and the water evaporated 225 gallons per hour, and 450 gallons on the passage. Mr Wood computes that one of those locomo- tives will perform the work of 240 horses travelling at the rate of ten miles per hour upon a turnpike road, the velocity of the locomotive being fifteen miles per hour. The fact is well established, that where the transportation is sufficient for supplying adequate loads for locomotive engines, and where the load is so constructed that they can be advan- tageously used, and where fuel is not exceedingly expensive, they afford much the most economical motive power. Mr Robert Stevenson, in a communication to the agent of the Boston and Lowell railroad, estimates that the most advantageous speed is that of fifteen miles per hour for passenger trains, and seven miles for those transporting merchandise. A reason for adopting a lower speed for the latter, is, to prevent injury to the road by the heavily loaded wheels. Speculators in railroads ought not to be sanguine as to profits derivable from the transport of goods, as they can be carried by canals at a lower rate of charge than by railways, and as great rapidity of transport, in which the railway is chiefly preferable to the canal, is in general of little consequence in manufacturing, mining, or agricultural produce. Rapidity of transport is mainly advantageous to travellers, and therefore the chief source of emolument derivable from a railroad will arise from the transport of passengers. The speed of conveyance on the Manches- ter and Liverpool railway may be estimated on an average at 20 miles per hour; the average rate of transport of goods on a canal may be estimated at 4 miles per hour; the railway conveyance being thus pre- ferable to the canal in the proportion of 5 to 1, or 1 to 0-2, so far as economy of time is concerned. Formerly on all canals, and on some canals still, the rate of con- veyance of passengers was the same, or perhaps about 5 miles per hour. But about 1830, a species of light boats, made of sheet iron, were introduced on the canal between Glasgow and Johnston, and called Swift boats, the average of which may be estimated at 9J miles per hour. These boats are adapted exclusively to the conveyance of passengers, and have, since their invention in Scotland, been in- troduced on the principal canals in Great Britain, and at this date, 
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July, 1836, one is constructing at Paisley for the French government. li So far then as these swift boats and railway carriages are to be compared)* in respect to speed, the latter has the advantage over the former in theM proportion of 20 to 9i, or as 1 is to 0-462. The average fares charged is upon the Manchester and Liverpool railway is I’084d. per mile; thefl average upon the Kendal and Preston rail>vay is Id, per mile. The! average speed of the swift boats on the Glasgow and Johnstone canal is 9-75 miles per hour; and that of the carriages on the Glasgow an Garnkirk railway 18 miles an hour; the charge for passengers on th former is to that on the latter as Till to 1. Since the superiority of railroad over a canal consists chiefly in the transport of passengers, n rail road can be undertaken with prudence where there is not likely to be a sufficient number of passengers to clear at least a small percentage of profit. As rapidity of conveyance increases the inducement for travelling, a greater number of travellers may be expected on a line of railroad than on the same line of common road or canal. Dr Lardner thinks that the probable number of passengers on a line where a railway is to he constructed may be estimated by doubling the average number! on the same line by a common road, for the last three years. This is a; prudent estimate; for we find that on the Manchester and Liverpool line the number of passengers has been increased three times instead of twice. From what has been stated before, it is easy to see that a long railroad can be wrought with a proportionally less expense than a short one, other tilings being the same. It will also be manifest that the fewer the ascents and descents the better, as also the deviations from a right line. Gradients, according to Dr Lardner, are accompanied with a loss of power when they exceed 17 feet in a mile, and when the acclivities^ exceed 30 feet per mile assistant engines will be required; and when the gradients amount to 50 feet per mile, the assistant engine must be! stationary, and the train brought up by ropes. Steep gradients are not; objectionable when they descend from the commencement of the line, and are not very long. The resistance on the level is doubled when the ascent is 17 feet in the mile; and the resistance is proportionally gieater or less as the ascent is greater or less than this. The curves on a road should never be placed at the foot of a descent; nor should the' diameter of the arc of curvature be less than two miles. Tunnels should, if possible, be avoided, and when necessary not of less height than 30: feet, and ventilated by upright shafts. The greater the capacity and the: shorter the better. While comparing railway and canal transport it may be interesting tol the reader to learn the distinguishing features of the new system of canal navigation. T. Grahamc, Esq., civil engineer, gives the following particulars. Two horses on the Paisley canal boats, drag, with ease, a 
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passage boat, with her complement of seventy-five or ninety passengers, at tlie rate of ten miles an hour, along the canal. The facts now stated, though more decidedly exhibited in the Paisley canal, from its narrowness, have been proved and exhibited on various other canals, and must, though in different degrees, affect motion along all bodies of water. I have been dragged, by one horse, in a common gig boat, with five or six other persons, for two miles, along a canal, at the rate of fifteen miles per hour; and this speed was not limited by the labour of the draught, but by the power of speed of the horse. A high degree of speed is safer both for the light boat and the canal works, than a speed of five miles an hour with a common heavy boat; as the light boat carries little way, or momentum, and might be dragged at the above high velocity to the very entry of a lock, and would have her speed reduced before she was fully into it, so that there is no danger to the gates. I liave also performed a voyage of 56 miles, along two canals, including tire descent of four, and the ascent of eleven locks, the passage of eighteen draw-bridges where the line was thrown off, and sixty common bridges, and a tunnel half a mile long, in six hours, thirty-eight minutes. The boat was of a twin shape, 69 feet long and 9 feet broad, and was drawn in stages by two horses each stage, and carried thirty-three pas- sengers with their luggage and attendants. A speed of ten miles an hour has for the last two years been main- tained, in the carriage of passengers, on one of the narrowest, shallowest, and most curved canals in Scotland, where the vessel carried upwards of 100 passengers, or as many as are carried in a train of coaches on the Liverpool and Manchester railway. The expenses or cost of obtaining this speed are so trifling, that the fares per mile are in these quick boats just one-half and one-third of the fares in the Liverpool railway coaches, while at these low fares the profits are such as have induced the boat proprietors to quadruple the number of boats on the canal. The ordinary speed for the conveyance of passengers on the Ardrossan canal has, for nearly two years, been from nine to ten miles an hour, and although there are fourteen journeyings along the canal per day at this rapid speed, the banks of the canal have sustained no injury. The boats are formed 70 feet in length, about 5 feet 6 inches broad; and, but for the extreme narrowness of the canal, might be made broader. They carry easily from seventy to eighty passengers, and when required, can, and have carried, upwards of 110 passengers. The entire cost of a boat and fittings up, is about £125, The hulls are formed of light iron plates (16 gauge), and iron ribs, and the covering is of wood and light oiled cloth. They are more airy, light, and comfortable than any coach; 
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they permit the passengers to move about from the outer to the inner cabin; and the fares per mile are one penny in the first, and three farthings in the second cabin. The passengers are all carried under one cover, having the privilege also of an uncovered space. These boats are drawn by two horses (the prices of which may be from £50 to £60 per pair), in stages of four miles in length, which are done in from 22 to 25 minutes, including stoppages to let out and take in passengers; each set of horses doing three or four stages alternately each day ! The entire amount of the whole expenses of attendants and horses, and of running one of these boats four trips of 12 miles each (the length of the canal), or 48 miles daily, including interest on the capital, and twenty per cent, laid aside annually for replacement of the boats, or loss on the capital therein invested, and a considerable sum laid aside for accidents and replacement of the horses, is j£700, some odd shillings; or taldng the number of working days to be 312 annually, something under £2 4j. 3d. per day, or about lid. per mile. The actual cost of carrying from 80 to 100 persons a distance of 30 miles (the length of the Liverpool railway), at a velocity of nearly 10 miles an hour, on the Paisley canal, is therefore just £1 7s. 6d. sterling. Whilst the daily expense of the railway is much more than three times as great 1 Mr M‘Neill made several experiments on the subject of resistance, in which he was assisted by Mr Gordon, who says, “ there was no reason to doubt the accuracy of the law, that the resistance increased as the squares of the velocity when the transverse section immersed remained the same. But in a range of velocities from 1 to 12*396 miles per hour with an iron passage-boat, such as is used on the Scotch canals; and in a range of velocities from l to 14 miles per hour with various shaped models; the resistance was not found to be as the squares of the velocities when the boat was hauled at and above 6 miles per hour. At the velocity 10*383 miles per hour, the iron passage boat, con- taining 15 persons, and weighing in all 3*5 tons, was hauled by two horses, whose exertion, registered by Mr M‘Neill’s dynamometer, was 285*15 lbs.; whereas if the old law of the resistance being as the squares had been correct, 429*5 lbs. would have been necessaiy. We afterwards measured the boat’s emergence from the water, and although it could not be stated with mathematical accuracy, there was no room left for doubting, that the emergence of the boat caused the difference.” We have now to investigate the quantity of power necessary to move a train of carriages over a given line of rail. The mean tractive power on a horizontal rail has been variously estimated. It is commonly sup- posed that the tractive power is, at a mean, 9 lbs. per ton; or the power is to the weight as 9 is to 2240, or as 1 is to 250, in round numbers. It would seem, however, that in favourable circumstances, and on a well 
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constructed rail, tins estimate is too much; and from the improvements daily making, we may take the power of traction as ]-200th part of the load. If we suppose that the same locomotive engine drags the same train over the whole length of rail, and there are not descending slopes of more than 1 in 200, the power required to tract the load L from the station A to the station B, B being the higher point; by the quantity h, then we have the formula;. 

/length ofAB \ ' . (1) power x (—2_200 f- ^ ) when the tram moves from 
A to B, ascending. 

/length of A B \ . .... , (2) power X f—  h 1, when the tram moves from 
B to A, descending. 

These formula; are true, supposing that the train starts from a state of rest and terminates the journey when the velocity is reduced to zero, the power expended in moving the train being only regarded. It is necessary, however, to determine the amount of power of the engine used in dragging the train, and also that expended in friction and other una- voidable resistances. If we make n represent the force in atmospheres 
of the steam, then n — 1 will be the effect on the piston, and ^ 
will be the part of the power used, and ^—-, the part lost in friction, &c. 

Now, the pressure commonly employed in locomotive engines (which 
are noncondensing,) is 4 atmospheres, and therefore ^ ^ \—~= ^ 
for the effective part of the engine’s power, and ^ — %, that lost 
by friction, &c. This is M. Navier’s formula; according to Mr Stevenson’s estimate the number O'O should be substituted for 0-5, which would make the effective power equal to half the power of the steam in the boiler, a result too great, at least, for ordinary pressure. Mr Wood, on the other hand, estimates the effective pressure at ft, which would make the number O'3 instead of 0"5, an estimate decidedly too low, if the management and construction of the carriage be at all judicious. In order to determine the total quantity of power expended by the locomotive engine, we must recollect that when the train passes up a slope, or gradient, to a certain height, and then passes down another gradient of the same height, the descent restores the power that had been expended in raising the weight of the train, but not that which was con- 2 R 3 
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sumed by the friction, and therefore there is a loss of power whenever there is a useless ascent, that is, when the train is made to rise and then fall through the same height, and vice versa. Thus, let A be one extremity of the rail, and B the other, and the train moving in the direction A B, the point B being the higher of the two, then will there be a useless waste of power every time there is a descent; and in returning from B to A there will be a waste of power every time there is an ascent; wherefore it is preferable to have one long gradient than undulations. The useless gradients may easily be found by inspecting a section. Take the greater rises and falls in the line, i. e. the highest and lowest points : let A represent the sum of the useless rises, and L tfie power lost in friction or otherwise, and not used to drag the train, also let L represent the length of the rail, and H the height of B above A, then we have, 0005 X L + H +/A, an expression which gives us the power necessary to effect the transit in terms of the height to which it could elevate the whole weight of the train, or, in other words, the power employed in transit would raise the weight of the train to 8i0dth part of the length of the rail, increased or diminished by the difference of the heights of the two extremities of the rail, to which is to be added the sum of the useless rises, multiplied by that fraction of the whole power which is expended in friction, &c. This is applicable only when the inclination of the gradient is not more than 1 in 200. Whenever the descending slope is greater than this expres- sion, where i is the inclination, and s the difference of the height of the two ends of the slope, — 0-005 

When there is an ascent so steep as to require an additional engine, let a be the length of the incline, n the height, and e the fraction that the weight of the additional engine forms of the whole weight, then must we add to the expression, 
0 005 X L + H +/A, the quantity e x (0-005 X o + »). 
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We will now proceed to show the application of these principles; supposing the reader to draw the section of a railway, as directed in the above table, of a section of a line of rail. Now the length of rail, being the sum of the lengths of the rails of all the stations, will be found, by adding the 2d column of the above table, 

to be 101000 yards; wherefore from what was stated formerly, ~~2qq~ 
= 505 yards the height to which the power would raise the weight of the train, supposing the rail to be horizontal, but the station B is 32 yards higher than A, and therefore if the train move in the direction A B, this must be taken into account, wherefore the power necessary to move the train on the rail would be the same as that required to raise the weight of the train to a height equal to 505 -p 32 = 537 yards, that is, if there were no descending slopes in the line of rail or useless ascents. On looking over the table, however, we find the rail continues to ascend to the station c, but the next station d is lower by six yards; it ascends again to the station/, and then falls at g 39 yards; the total of descents being 45 yards. Now, since two-thirds of the power of the engine are lost in overcoming friction, and other resistances, and, as before observed, all this is expended in effecting useless rises, it follows that two-thirds of this 45 must be added to the former result in order to account for the whole power expended in dragging the train, including the useless descents or ascents. Two-thirds of 45 being 30, we have 337 + 30 = 367 yards to which height the power would be capable of raising the weight of the train. Suppose the train moves back from B to A, we have a descent of 32 metres, which taken off the result for the horizontal rail, as first found, gives 505 — 32 = 473 yards, but the amount of the useless ascents is in this case the same as before, therefore we must add 30, and we obtain 503. In general we may state that if the height to which the train is to be raised in the gradients be called q, and the length of the rail, as before, L, the weight of the train P, then the mean tractive power will be ex- 
pressed by the formulae x P. 

There are two circumstances which chiefly limit the effective traction of a locomotive engine, i. e. a sufficient quantity of steam, and the slipping of the wheels upon the rails. It is to be observed that the space passed through by the piston is equal to the volume of steam generated in a given time, and the pressure of the steam must be such as to produce the mean tractive power at the circumference of the wheels To determine the first condition, let F represent the pressure of steam in the boiler, then multiply F by the decimal 0-0000484, and add 
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0-l!>85 to the product; for a divisor and for a divident take the product of the pressure of the steam in lbs. X 60'027, the quotient is the cubic inches of steam generated in a second of time. The effective force exerted by the engine being of the high pressure kind, is 0'6 n ■— 1, where n is the pressure of the steam in the boiler. M. Navier gives the following formulae. 

F = 94*57 X J XP + 20660. 

U = 4132 J P + 238 
n = 0-09 + 0 0000484 x F 

J =; 
p = 
p — 
u = 

c (0 5 F — 10330) x n a- r * J 
l(l0S3ox_n_1i260 )<^) 

In which P is the weight of the train, J the ratio of the height of the plane to the length, n the area of the pistons, c the length of the stroke, r the radius of the wheels, F the force of the steam, n the weight of steam produced in a second, U the velocity of the train in a second, sr the number 3T416. All the measures are taken in metres, and the weights in killogrammes, and in the three first formula; the formulas are applied to a particular case, i. e. that of the Planet on the Liverpool and Manchester railway, when 
n = 12315 m 
c = -41 » 
r = -76 m 

n = 0*4 kil. 



RAILWAY. 477 
In a discussion at the late meeting of the British Association at Bristol, Professor Mosely drew the attention of the meeting to the resistance of railway carriages. The friction of the machinery itself he considered to be of two kinds, which was composed of two elements, one was that which would oppose itself to a force applied to the wheels of the carriage, if it were lifted off the rail; this friction amounted to from 120 to 180 lbs. in the Liverpool and Manchester railway carriages. The other element was the friction of the machinery dependent on, and proportional to, the load. The traction resulting from friction has been variously estimated at from 8 to 11 lbs. per ton. The first of these resistances is constant; and the second varies with the load, the velocity of the train, and inclination of the rail. Much advantage, it would seem, arises from watering the rails immediately before the carriages have passed over them. A tolerable estimate may be formed of the performance of a locomo- tive engine, from the following statement of an experiment made on the Manchester and Liverpool railway, with the Victory, on the 5th of May, 1831. This engine made the trip of 30 miles in 1 hour 34 minutes 45 seconds, exclusive of ten minutes spent at the middle of the journey for taking in water; 929 lbs. of coke were consumed, the train consisting of 20 wagons carrying merchandise, and weighing 92 tons 19 cwt. 1 qr., exclusive of the weight of engine and tender. The train was retarded, from two to three minutes, by the slipping of the wheels at Chat moss. On the level the speed was 18 miles an hour, on a descent of 4 feet in a mile the speed was 2I5 miles an hour, on a fall of 6 feet per mile 255 miles an hour; on a rise of 8 feet per mile the speed was 17 miles an hour, and on an incline, rising 1 in 96, the train was assisted by an additional engine, making the ascent of li miles in 9 minutes. There was a moderate wind direct a-head; but when the train was on a level sheltered from the wind the speed was 20 miles an hour. The atten- dance required is that of an engine man who receives Is. Gd. per trip, and fire boy who receives Is. We will terminate what farther we have to state regarding railways by giving a few useful tables from which the reader will collect more information than he could from any general formulae. For the purpose of saving space we present these tables together, reserving the short explanation which they require to page 483. 
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the quality of the iron employed since Mr Wood mac ments. Tables C and D exhibit the results of experimen engines on several rails, which furnish valuable data another table of the same kind will be found in Mr M‘h of Naver’s work on Locomotion. Table E exhibits an cost and profits of the Liverpool and Manchester Rail' assist considerably in forming estimates for new lines. Horses are still extensively employed in mining traction of coals, iron stone, &c. upon railways. The v of wood, bound with iron, being about 80 inches long, 4 

ith dilierent calculation; 

Is, each about 3 fe osting about £14. 
i 12 tc 
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Rarefaction, in Physics, is the making a body to expand or occupy more room or space without the accession of new matter. Rarity, lightness, thinness, the reverse of density. Ratio, is the relation of two quantities of the same kind with respect to quantity, and is by some authors divided into arithmetical and geometrical ratio: viz. arithmetical when the term is used with respect to the difference of the two quantities, and geometrical when it relates to the number of times in which the one of those quantities is contained in the other. Reciprocally, the property of being reciprocal; thus we say, that in bodies of the same weight, the density is reciprocally as the magnitude; viz. the greater the magnitude the less is the density; and the less the magnitude, the greater the density. So again, the space being given, the velocity is reciprocally as the time. Rectangle, in Geometry, is a figure having all its angles right angles, being a particular species of parallelogram, and consequently possessing all the properties belonging to the latter figure; besides which, it has the following ones peculiar to itself, viz. If from any point in the plane of a rectangle, lines be drawn from any point either within or without, or in any of its sides to the four angles of the figure, the sum of the squares of two of those lines going to the opposite angles of the figure, is equal to the sum of the squares of the lines joining the other opposite angles. To find the area of a rectangle, multiply its length by its breadth, and the product will be the area. Rectangular Figures and Solids, are those which have one or more right-angles. Rectification, in Geometry, is the finding of a right-line equal to a proposed curve. Rectilineal, or Rectilinear, consisting of, or being bounded by, right lines. Reflection, is the return or regressive motion of a moveable body, arising from the reaction of some other body on which it impinges. The reflection of bodies after impact, is attributable to their elasticity, and the more perfectly they possess this property the greater will be their reflection, all other things being the same. In case of perfect elasticity they would be reflected back again with the same velocity, and at an equal angle with which they met the plane; that is, the angle of inci- dence would be equal to the angle of reflection, and the velocity both before and after impact would be the same, at equal distance from the body on which they impinge. See Incidence and Percussivn. Refraction, is the deviation of a body in motion from its direct course, in consequence of the variable density of the mediums in which 
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it moves. This, however, except in speaking of the rays of light, is more commonly called deflection. Regular Figure, in Geometry, is one that has all its sides and all its angles equal. If these are not both equal, the figure is irregular. Regular bodies, are those which have all their sides, angles, and faces, similar and equal. Of these there are only 5, viz. The Tetraedon, contained by 4 equilateral triangles; The Hc.raedron or cube, by 6 squares; The Octaedron, by 8 triangles; The Dodecaedron, by 12 pentagons; and The Icosaedron, by 20 triangles. Repulsion, that property in bodies, whereby, if they are placed just beyond the spheres of each other’s attraction of cohesion, they mutually recede and fly off. Resistance, any power which acts in opposition to another, so as to destroy or diminish its effect. Resistances are of various kinds, arising from the nature and properties of the resisting bodies, the circumstance in which they are placed, and the laws by which they are governed. These may be divided into the following cases: ]. The resistance between the surfaces of contiguous solid bodies, generally denominated friction. 2. The resistance between the contiguous particles of the same body, whether fluid or solid. 3. The resistance that solid bodies oppose to penetration. 4. The resistance of elastic and non-elastic fluids to the motion of bodies moving in them. The resistance that a body experiences from the fluid medium through which it is impelled, depends on the velocity, form, and magnitude of the body, and on the inertia and tenacity of the fluid. For fluids resist the motion of bodies through them. 1. By the inertia of their particles. 2. By their tenacity, or the adhesion of their particles. 3. By the friction of the body against the particles of the fluid. In perfect fluids the latter causes of resistance are very inconsiderable, and therefore are not commonly considered; but the first is always very considerable, and obtains equally in the most perfect, and in the most imperfect fluids. In what follows, and in all cases of a similar description, it will be necessary to distinguish between resistance and retardation; the former being the quantity of motion, and the latter the quantity of velocity, which is lost; therefore the retar- dations are as the resistances applied to the quantity of matter, and in the same body they have always the same constant ratio to each other. In fluids of uniform tenacity, the resistance from the cohesion of its particles is as the velocity with which the body moves. For, since the cohesion of the particles is constantly the same, in the same space, what- ever may be the velocity, the resistance from this cohesion will be as the space described in a given time; that is, as the velocity. In a fluid 2 s 3 
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whose parts yield easily without disturbing each other’s motions, and which flows in behind as fast as a plane body moves forward, the resis- tance will be as the density of the fluid; for in this case the pressure on every part of the body is the same as if the body were at rest. And on the same hypothesis, the resistance from inertia will be as the square of the velocity. For the resistance must vary as the number of particles which strikes the plane in a given time, multiplied into the force of each against the plane, and both these quantities varying as the velocity, the resistance which is measured by this product must vary as the square of the velocity. We here suppose the plane of the body to be perpendicular to its direction; but if, instead of being so, it is inclined to it in any given angle, then the resistance of the plane in the direction of the motion will be diminished in the ratio of 1, to the sine cubed of the angle of inclination. Rest, the continuance of a body in the same place, either absolutely or relatively. The support for a tool in Turning. Retardation, any force tending to diminish the velocity of moving bodies; it may arise either from the effect of resistance, or from the action of gravity. Revolution, the motion of a body or line about a centre, which remains fixed. River, a stream or current of fresh water flowing in a bed or channel from its source or spring into the sea. Water running in open canals or rivers is accelerated in consequence of its depth, and of the declivity on which it runs, till the resistance increasing with the velocity, becomes equal to the acceleration, when the motion of the stream becomes uniform. But this resistance, it is obvious, can only be determined by experiment, and hence several philosophers have undertaken different courses of experiments for this purpose, amongst whom Buat seems to have met with the most complete success. Let V represent the velocity of the stream per second in inches; R the quotient arising from the division of the section of the stream by its perimeter, minus the superficial breadth, all in inches; and S the cotangent of the inclination of the slope. Then the section and velocity being both supposed uniform, 

which, when R is very great, and s small may be reduced to 
A. /. S 10 . 3 
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From which it appears that when the slope remains the same, the velocity varies as v^(R — A), or as V'R, when R is very great. Hence the velocity of two great rivers of the same declivity are as the square 

root of where b and d represent the breadth and depth of a 
transverse section in inches. It follows also, from what is said above, that if R = A, or is less than that, the velocity is zero, which agrees with the theory of capillary attraction; also the slope may be so small that the other factor may become zero, or 3°7 3 - Q Si — i h. 1. (S + IS) 10 U’ 
in which case likewise there will be no motion; this, however, can never happen, if the declivity be not less than ^ th of an inch in an English mile, as this will produce a sensible motion in the water. In a river the greatest velocity is at the surface, and in the midle of the stream, from which it diminishes towards the bottom and sides, where it is least; and it has been found by experiment, that if « = the velocity of the stream in the middle, in inches, then v — 2 Vv -f- 1, is the velocity at the bottom. The mean velocity, or that with which (were the whole stream to move) the discharge would be the same as the real discharge, is equal to half the sum of the greatest and least velocities, as computed by the above formuke. Suppose that a river, having a rectangular bed, is increased by the junction of another river equal to itself, the declivity remaining the same; required the increase of depth and velocity. Let the breadth of the river equal b, the depth before the junction d, and after it the velocity before v, and after it v'; then the quantity denoted 
by R, in the preceding formula, is R = before the junction, and 

b X R' = , ,--r— after the junction. o + l x 
When the water in the river receives a permanent increase, the depth and velocity, as in the example above, are the first quantities that are augmented, the increase in the velocity increases the action on the sides and bottom; in consequence of which the width is aug- mented, and sometimes, though rarely, the depth also. The velocity is thus diminished till the tenacity of the soil, or the hardness of the rock, affords a sufficient resistance to the force of the water. The bed of the river then changes only by insensible degrees, and is said to be permanent; though, in strictness, this is not applicable to the course of any river. When the sections of a river vary, the quantity of water remaining the same, the mean velocities are inversely as 



488 PARALLEL MOTION. 
the areas of the sections; this being necessary to preserve a uniform discharge. Playfair's Outlines of Natural Philosophy. Rivets, short bolts of metal inserted in a hole at the juncture of two plates, and after insertion hammered broad at the ends, so as to keep the plates together: it is in fact a sort of double headed nail. Rod, or Pole, a long measure of 16j linear feet, or a square measure of 272square feet. Roller, a solid cylinder of metal or wood; used for various purposes. A roller placed under a heavy body will enable it to move with less friction than a wheel, that is, so long as the roller’s path does not deviate from a straight line. Rope. The weight in lbs. of a hempen rope may be found by multi- plying the square of the circumference in inches by 0-045 for the one foot in length, but for cables use the number 0-027. The load in lbs. that a rope will bear with safety may be found by multiplying the square of the circumference in inches by 200, and for cables use the number 120. 

Table showing what weight a good hemp rope will bear with safety 
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Table showing the Proportion of Chain when substituted for Mopes, with the proof strain of each size. 

Rotation, the motion of the different parts of a solid body about an axis, called the axis of rotation, being thus distinguished from the pro- gressive motion of a body about some distant point or centre; thus the diurnal motion of the earth is a motion of rotation, but its annual motion one of revolution. 
s 

Safety Valve. Papin was the first who proposed loaded valves in order to ensure vessels in which steam was formed against bursting by the vapour becoming too elastic. The invention was applied to the boilers of steam engines by captain Savary. Safety valves are of two kinds, external and internal; the first of which opens outwards, and is intended to admit of the escape of steam when it attains an elastic force which may endanger the bursting of the boiler; and the second opens inwards, in order to admit of the ingress of atmospheric air, when by any means a vacuum has been formed in consequence of the condensation 
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of the steam in the boiler. The external safety valve is usually of the conical kind, resting in a seat made in the top of the boiler. It is loaded so as to oppose a certain resistance for each square inch of its surface to the escape of the steam, which load consists of weights laid on its upper surface, and held from sliding off by means of an upright spindle, or the valve is pressed into its seat by means of a lever, drawn down by a weight, and the pressure regulated by placing the weight at the proper distance from the fulcrum. In case the engine keeper should overload the valve, it is sometimes inclosed in a locked box, the key of which is kept by the proprietor. The escape steam passes through a pipe, led from this box into the furnace chimney. Corrosion causes the valve to stick in its seat, in order to separate it a small rod is attached to its upper surface by which it may be lifted. For enclosed valves Mr Tred- gold proposes that the seat should be flat, and the surface of contact small. It has been proposed to make the valve hemispherical instead of conical, and to form the seat so that it may exactly fit the curved sur- face; the weight is to be hung below. This kind of valve seems peculiarly applicable to marine engine boilers, as the valve would roll without being unseated by the rolling of the vessel. Another safety valve has been employed, which is very certain in its action. It consists of a column of water, of a certain height, contained within a tube rising from the surface of the water in the boiler. The bottom of the tube is bent upwards, and opens a little below the water line, but above the top of the flues. It rises to the proper height, and a pipe is led from its top to a side pipe, down which the hot water flows that has been expelled up the tube by the force of the steam, and the steam escapes by the top of the side pipe which opens into the atmosphere. Plugs of fusable metal have been proposed. A hole is to be made in the boiler, and filled up with some alloy that will melt before the steam has reached a tempera- ture such that its force would endanger the boiler. 5 parts of bismuth, 3 of tin, and 1 of lead, form an alloy that melts at the boiling point, i. e. 212°; a valve formed of this alloy can therefore be of no use. If 4 parts of tin be used, instead of 3, the alloy will not melt under 246°, a tem- perature at which steam has an elastic force of 54-68 inches of mercury. Equal parts of bismuth and tin form an alloy which melts at 286°, the elasticity of the steam = 95-48 inches of mercury. With double the quantity of tin the alloy will melt at 336°, when the elastic force = 225 inches. A mixture of 2 parts of lead and 3 of tin forms an alloy that melts at about 334°. These metals alone melt at higher temperatures, i. e. tin, 442°, bismuth, 472°, lead, 6121’, zinc, 648®, within which limits the elasticity of the steam ranges between 30 and 60 atmospheres. To find the size of the safety valve, i. e. the diameter of the narrowest part of its seat, supposing the orifice to be circular. Let A be the area 
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in square feet of the bottom surface of the boiler, D = the density of the steam, and S = the diameter of the lowest part of the safety valve, then, 

/ A v/ (D — 1) x D X 7-5 ’ or for low pressure boilers a very simple rule is, V(A x 0‘22) = S. Thus, if a boiler be 20 feet long, and 5 wide, then 20 x 5 = 100 = A, and V^IOO X 0’22) = V22 = 4,69, rather more than four inches, for safety it may be made 5. When the pressure is high the following multipliers should be used instead of 0'22. 

Thus, as is the case in locomotive high pressure engines, a force of 4 atmospheres above the atmospheric pressure is used, then O’OIGG for a multiplier. Suppose there be 65 feet of fire surface, then, 
V(65 X 0-0166) = 0-739 nearly. There ought to be two safety valves, or, if not, one larger than the rule given. Scalene, or Scalenobs, is a term used to distinguish any figure or solid, when the line drawn from the vertex to the centre of the base is not perpendicular to the base. Scholium, a note, annotation, or remark, occasionally made on some passage, proposition, or the like. Screw, one of the mechanical powers, or rather a combination of two of them, the inclined plane and the lever, principally used in pressing bodies together, or in lifting great weights, which may be conceived to be generated as follows:—Let a solid and a hollow cylinder of equal diameters be taken, and let there be a right-angled plane triangle, whose base is equal to the circumference of the solid cylinder, and applied to the latter in such a manner, that the base may coincide with the circumference of the base of the cylinder, and the hypothenuse will form a spiral thread on its surface. By applying to the cylinder triangles in succession similar and equal to this, in such a manner that their bases may be parallel to its base, the spiral thread may be continued; and supposing the threads to have thickness, or the cylinder to be protuberant where it falls, the external screw will be formed, in which the distances between two contiguous threads, measured in a direction parallel to the axis of the cylinder, is the perpendicular of the triangle. Again, let the triangles be applied in the same manner, to the concave surface of 
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the hollow cylinder, and where the thread falls let a groove be made, and the internal screw will be formed. The two screws being thus exactly adapted to each other, the solid or hollow cylinder, as the case requires, may be moved about the common axis by a lever, or in such other man- ner as the nature of the case may require. The external screw is sometimes called the male screw, and the internal the female screw. When there is an equilibrium upon the screw, then the power is to the weight, as the distance between two contiguous threads, measured in a direction parallel to the axis, is to the circumference of the circle described by the power. That is, if P represents the power, W the weight to be lifted, or the resistance to be overcome, also d the distance of two contiguous threads, and l the length of the lever; then P : W = d : 6-2832'. I. calling 6‘2832 the circumference of a circle to radius 1. This results immediately, if we admit the equality in the momenta of the power and weight, for the velocity of the power is to the velocity of the weight, as the circumference of the circle described by the power is to the distance of the threads; but this principle has been justly objected to by some modern writers, and other demonstrations adopted in its stead. The result, however, is the same in all cases; and so far as relates to the theory it is perfectly correct; but in practice, not only the weight, or resistance, but also the friction of the screw, is to be overcome, which in this machine is very great, in some cases equal to the weight itself, being frequently sufficient to sustain this after the power is removed. 
Table of the best Proportions between the diameters and pitches of Screws with square threads. 

Rule -.—Divide the diameter by 4. 
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Table of the best proportions between the diameters and pitches of screws, with round top and bottom or V threads. 

These two Tables of the diameters and pitches of screws will, we hope, be found useful in arranging screw-cutting machines. The depth of the thread is supposed to be half of the pitch. The angle which the thread forms on screws with square threads will be about 7°, and on those with V threads about degrees. The diameter of a screw to work in the teeth of a wheel should be such that the angle of the threads does not exceed 10 degrees. Secant, in Geometry, a line which cuts another, whether right or curved.—In Trigonometry, is a right line drawn from the centre of a circle to meet the upper or farther extremity of any tangent, to the same 
Second, is the sixtieth part of a minute, both as it relates to the measure of angles or time. Section, in Geometry, denotes a side or surface of one body or figure cut by another, or the place where lines, planes, &c. cut each other. Sector, a portion of a circle comprehended between any two radii and their intercepted arcs.—Similar Sectors, are those whose radii include equal angles. To find the area of a sector. Say as 360" is to the degrees, &c. in the arc of the sector; so is the area of the whole circle to the area of the sector. Or multiply the radius by the length of the arc, and half the product will be the area. Segment of a Circle, is a part of a circle bounded by an arc and its chord, and is either greater or less than a semicircle. The following are their most remarkable properties: all angles in the same segment of a circle are equal to each other; if the segment is greater than a semi- circle, the angle is less than a right-angle; if less than a semicircle, it is greater than a right-angle. 
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Segment of a Sphere, is any part of a sphere cut off by a plane; the section of which, with the sphere, is always a circle. To find the superficies and solidity of spherical segments. Let d denote the diameter of the sphere, or the chord of half the circumference, and c the chord of half the arc of any segment, also a the altitude or versed sine of the same; then, 3T416 Xd2 is the surface of the whole sphere, and 3T41Gc, or 3'1416 x a x d, the surface of the segment.—To find the solidity. 1. To three times the square of the radius of its base, add the square of its height; multiply the sum by the height, and the product by •5236. Or, 2dly, From three times the diameter of the sphere, subtract twice the height of the fmstrum; multiply the remainder by the square of the height, and the product by -5236. That is, in symbols, the solid content is either 

= -5236 a x (Sr2 + a8) or = -5236 a8 X(3d — 2a); 
where a is the altitude of the segment, r the radius of its base, and d the diameter of the whole sphere. Semicircle, is half a circle, or the area comprehended between a diameter and the semicircumfercnce. Sextant, is the sixth part of a circle, or an arc of 60°. Shaft, in mill work, a large axle, in contradistinction to a small axle which is called a spindle; thus we say the shaft of a fly wheel, the spindle of a pinion. Shafts are said to be lying when they are in a horizontal direction; and vertical when they are upright. The gudgeon is the arbour or spindle on which the shaft turns. When the gudgeon is subject to tortion it is called a journal. When the shaft is made of wood the short iron axles on which it turns are called gudgeons. When a horizontal shaft has a support between the points where the power and the resistance act, or between the first mover and the work to be performed, the cylindrical portion revolving in this support is called the journal. The part which supports a shaft, or the part in which the journal revolves, is called a carriage, if it forms a part of the frame- work, but if it does not it is called a plumber block. The parts in which the lower gudgeons of upright shafts rest are called steps or bearings. The parts where the journals of vertical shafts turn and bear against are called bushes; and if the shaft be small, or a spindle, they are called breasts. Motion requires frequently to be conveyed to a greater dis- tance than can be done by a single shaft, in which case two or more shafts are connected together at the ends by a contrivance called a coupling. Couplings are of two kinds. When the ends of the shafts are connected by catches, the coupling is called a clutch or gland, (see Gland,) and when the ends of the shafts are fastened into a box, into which they fit, the coupling is called a coupling box. 
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Shafts are exposed to two different kinds of strain. Thus the shaft of a water wheel has, in the first place, to support the weight of the wheel which will cause a deflection or bending; and, in the second place, the shaft may be exposed to the stress arising from the resistance which the work to be done opposes to the moving power, this stress will cause tortion, or a tendency in the shaft to twist round its axis. In almost all cases the danger of injuring the shaft arises from the latter kind of strain, and in cases where both causes combine the latter is that which requires the greatest strength of the shaft, and therefore providing against it will ensure security from the effect of the other. Several scientific engineers have paid attention to this subject, among whom may be more particularly noticed Mr Buchanan and Mr Tredgold. Where the theorems of Mr Tredgold differ from practice they are on the safe side, and we will therefore employ them. Shafts are distinguished into long and short, and square, solid cylin- drical, and hollow cylindrical. Though shafts are most commonly made square, and sometimes feathered, or having a cross section similar to the sign +; yet it may be shown that the cylindrical shaft is the best. When the shaft is not cylindrical the flexure will vary in different pails of the revolution, and cause want of uniformity in the motion. Feathered shafts are preferable to square ones, cylindrical shafts to both; and for large shafts hollow cylinders to solid. Let W be the weight or stress upon the shaft in cwts., I the length of the gudgeon in inches, and d the diameter of the gudgeon, then 

<f = y (W X /) X 0-42, 
where the gudgeon is not exposed to much wear, but where it is as in water wheels the number 0’6 should be used instead of 0,42. Let S = the side of a square shaft, d the diameter of a cylindrical one, r the radius of a wheel at the circumference of which the power is applied, t the thickness of metal in a hollow shaft, and w the weight, 
also let p = -—~fj—~ > then for short cast iron shafts, where the length 
does not exceed one-fourth of r, we have, 

(1) S = IQQtg| for a square shaft. 
(2) d — j2'r~> f°r a solid cylinder, 

d = $/125 (Xi->’for a hollow cylinder. 
The same formulae will answer for malleable iron, if we use the num- ber 168 in (1), and 140 in (2), and 140 (1 — y/1) in (3), as divisions. 2 t 2 
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For long shafts of cast iron, supposed to be cylindrical, we have this rule. Multiply the weight in lbs. by r in feet, and divide the product by the cube of the length in feet X 5'2, add 5148 to the quotient, extract the square root and subtract 72, then multiply by the square of the length in feet, and the result will be d in inches. For ready practical application the following rules may be used. For lateral stress on cast iron shafts, the weight w in lbs. acting in the middle of the length l in feet; 

for malleable iron multiply the result by 0-935, for oak by 1.83, and for fir by 1-72. For shafts to resist tortion we have, estimating in horses’ power, h that the shaft will drive making n turns in a minute. 
f«r cast iron, 

and for malleable iron multiply the last result by 0*963, for oak by 2-238, and for fir by 2" 06. These are shafts for first movers, for second movers multiply the first by 0-8, and for third movers by 0-793. We take the liberty of inserting the following Tables from Mr Tredgold. 
Tails of Shafts. 
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Table of Hollow Shafts of Cast Iron to resist lateral Stress. 
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Side, a term used for any line which forms one of the boundaries of a right-lined figure, as the side of a triangle, square, &c. Similar figures are to each other as the squares of their like sides. Similar Plane Figures, in Geometry, are such as have the angles of the one respectively equal to the angles of the other, and the sides about those angles proportional; and such figures are to each other as the squares of their like sides.—Similar Sectors, and Segments of Circles, are such as are contained under arcs, having the same measures, or being the same part or parts of their respective circles.—Similar solids, are those which are contained under the same number of similar planes alike placed, or such as have their solids, angles, equal each to each; and all such bodies are to each other as the cubes of their like sides, or like linear dimensions. Sijding, is the motion of a body along a plane, when the same face or surface of the moving body keeps in contact with the surface of the plane. Solid, in Geometry, is a body of three dimensions, having length, breadth, and thickness: being thus distinguished from a surface which has but two dimensions, and from a line which has but one.—In Physics, is that whose parts adhere to each other with a greater or less force ; being thus distinguished from a fluid whose parts yield to the least external pressure. Regular Solids, are those bounded by equal and regular plane figures. Solid Angle, is that formed by three or more plane angles meeting in a point, like an angle of a die, or the point of a diamond, &c. Or, more generally, a solid angle is the angular space included between several plane surfaces. Solidity, in Geometry, denotes the quantity of space contained or occupied by a solid body, called also its solid content, being estimated by the number of solid or cubic inches, feet, yards, &c. which it contains. Sphere, or Globe, in Geometry, is a solid contained under one uniform surface, every point of which is equally distant from a point within, called the centre of the sphere, and may be conceived to be generated by the revolution of a semi-circle about its diameter, which remains fixed, and which is hence called the axis of the sphere. A sphere is equal to two-thirds of its circumscribing cylinder; or it is equal to a pyramid or cone, whose base is equal to the whole surface of the sphere, and its altitude equal to half the diameter. All spheres are similar figures, and are to each other as the cubes of their diameters or circumferences. The surface of a sphere is equal to the area of four of its great circles, or to the curve surface of its circumscribing cylinder; and, therefore, the surface of different spheres are to each other as the squares of their diameters. The surface of a sphere is equal to the area 
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of a circle, whose radius is equal to the diameter of the sphere; and the curve surface of any segment of a sphere is equal to a circle, having for its radius the chord of half the arc of that segment. The surface of any segment or zone of a sphere is equal to the curve surface of a corres- ponding portion of the circumscribing cylinder; that is, any two planes passing through the sphere and its circumscribing cylinder parallel to the base of the latter, the surface of the segment of the sphere and cylinder thus cut off will be equal to each other. Most of these proper- ties we owe to Archimedes, being given by that celebrated geometrician in his treatise on the sphere and cylinder. Let d represent the diameter, and c the circumference of a sphere; also s the surface, and S the solidity of the same, then 

\. s — cd — 3-14159 d’ = -3183c2 

2. s — hsd — -5236 <P = -01688 c3. 
Spherical Segments, the same notation remaining, and r being put for the radius of the base, and h for the height of the segment 

3. surface = 3*14159 d h 4.. solidity = -5236 A (3 r’ + A2), or, 
5. soUdity = -5236 A (3 d — 2 A). 

Spherical Zones. Put R and r for the radii of the ends, and A for the height, then 
6. surface = 3-14159 d A 7. solidity = 1-5708 (R2 + r* + J A*). 

Spheroid, a solid body resembling a sphere, which is supposed to be generated by the revolution of any oval figure about an axis. Spindle, in Geometry, a solid generated by the revolution of a curve about its base or double ordinate, and is farther denominated elliptic, parabolic, hyperbolic, &c. according to the figure from which it is gene- rated. See Shaft. Spiral, in Geometry, a curve line of the circular kind, which in its progress always recedes more and more from its centre. There are various kinds of spirals, according to the law by which the point recedes from the centre. See Heart Wheel. Square, is a quadrilateral figure, having its four sides equal to each other, and its angles all right-angles; the area of which is found by multiplying its side by itself. Steam. When water, exposed to the pressure of the atmosphere, is heated to the temperature of 212°, globules of steam, composed of heat and water in a state of combination, are formed at the bottom of the vessel, and rising through the fluid, may be collected at its surface. In 
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its perfect state it is transparent, and consequently invisible, but when it has been deprived of a part of its heat by coming in contact with cold air, it becomes of a cloudy appearance, as when it issues from a tea- kettle. By increasing the heat, the temperature of the water never rises above 212°, nor that of the steam which is generated; the only effect being a more copious production. If the water is confined in a strong copper vessel, both it and the steam which is produced may be brought to any temperature. Steam is highly elastic; but when separated from the fluid from which it is generated, it does not possess a greater elastic force than the same quantity of air. If, for instance, a copper vessel is filled with steam only, at 212°, it may be brought even to the temperature of red heat, without any danger of bursting; but if water is also in the vessel, each additional quantity of heat causes a fresh quantity of steam to rise, which adds its elastic force to that of the steam already generated, till the constantly accumulating force bursts the vessel in pieces. The latent heat of steam, according to the experiments of different philosophers, is given in the following table: 

Rumford ' 1021° Desprete 956° Watt 950 or 960 Southern 955 Black 800 
Thomson 1016 Lavoisier 1000 Clement 990 

The mean of these results is 950°, agreeing with the measure obtained by Mr Watt. The estimate of Lavoisier cannot be far from the truth, and affords a most convenient number for calculation, i. e. 1000. Let us suppose that steam of the temperature of 212° contains 950° of heat, which is not detected by the thermometer, while it retains the gaseous state, its real quantity of heat will be 950° -f 212° = 1162°; consequently, if we mix a quantity of steam with 65 times its weight ot water, at 32°, the temperature of the water will rise nearly to the tem- perature of ebullition, because 5!4 X 32° + 32® = 208°. Hence the great utility of steam not only in manufactures where great quantities of hot water are required, but also for heating large buildings, and for drying whatever is liable to combustion. The elasticity of steam, arising no doubt, from the great quantity of heat which it contains, is very great, and from its extensive application as an impelling power, it has been investigated with considerable attention. Mr Watt was the first philosopher who made any accurate experiments on the elasticity of steam. The following is a table of Ins results. 
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Table of the Elasticities of Steam for Heats below and above the Boiling PoitU. 

Mr Achard of the Royal Academy of Berlin, published, in the Memoirs of 1782, a series of experiments on the elasticity of steam, from the temperature of 32° to that of 212°. The following are a few of the results, which are here compared with those of Mr Watt and Mr Robison: 
168o 1105 11-24 10-60 189 18-5 18-45 17-47 209 28-1 27-88 26-05 

The following results were obtained by Dr Robison. 

The next experiments on the elasticity of steam were made by Bet- tancourt; the following are some of the results. 
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Mr Bettancourt made similar experiments on the elasticity of the vapour of spirit of wine, and he found it at all temperatures equal to 2k times that of steam. The next set of experiments on steam were made by Mr Dalton about 1800, with a degree of accuracy and care, which gives them a high value. 
Mr Dalton’s Table of the Force of Vapour from Water at every Tem- perature, from that of the congelation of Mercury, or 40 degrees below Zero, to 160 degrees. 
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Dissatisfied with his own experiments, in the results of which he observed irregularities which he could not explain; Mr Watt, in the year 1796, requested Mr Southern to try them over again, and, in ful- filling his requests he was assisted by Mr William Creighton. The results of these experiments are as follows:— 

The next experiments on the elasticity of steam were those of Dr Ure, which were made at temperatures from 24° to 312". 
Table of Dr lire's Experiments on the Elastic Force of Steam from 24° to 312". 

The next experiments on the elasticity of steam, were those of Mr Philip Taylor, at temperatures from 212° to 320“. The results which he obtained, are given in the following table. 
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Mr Philip Taylor's Experiments on the Elasticity of Steam, from 212° to 320° Fahrenheit. 

The most recent experiments on the elastic force of steam are those by a committee of the Franklin Institute, appointed by the Treasury directors of the United States. The object of the committee was to enquire into the causes of the explosion of steam boilers, to investigate which they were requested to make experiments on the properties of steam, the expense of which was defrayed out of the treasury of the United States. The appointment of this committee is highly honourable to the government of the North American republic, and has been rewarded by results of great advantage to science, and highly creditable to the gentlemen who conducted the experiments. We give here an extract from the report, as published in the Journal of the Franklin Institute. The committee, determined to put the apparatus which was necessary for other experiments, to the best use possible, in determining the elastic force of steam, at different temperatures; and accordingly great pains were bestowed upon the graduation of the guage, the regulation of the temperature of its parts, &c., the comparison of the thermometers, the maintenance of the scales at about the same temperature, &c. The small size of the boiler, and the various openings required to be made in it for the experiments which were the immediate objects of the com- mittee, were unfavourable to the attainment of considerable pressures, 
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but the discrepancies, even at working pressures, of the different tables of the elastic force of steam, made it important to push those trials as far as could be done without material changes. They succeeded without much difficulty in reaching ten atmospheres, which is but one atmosphere less than the reputed working pressure of our high-pressure engines, and as the experiments on the safety valves have rendered probable, is very near the true working pressure. A series of results obtained in the trials of the fusible plates, is given below in the tabular form. The table contains the temperature, observed by the thermometer in the water, corrected for the error of the graduation; the temperature of the scale of the thermometer, with a view to show that it was not allowed to vary too considerably; the observed height of the mercury in the gauge, reduced to its mean height; the temperature of the air in the gauge; its volume at the observed temperature; the volume reduced to 48°, the temperature of graduation of the gauge at which the column of mercury, equivalent to an atmosphere, is very nearly 30 inches; the elasticity of the compressed air, in inches of mercury; the correction in the height of the column of mercury, for the depression produced in the cistern below; the height thus corrected; the height after subtracting the sensibly constant number for the column of water between the level of the steam-pipe from the boiler and the cistern of the gauge; the total elasticity in inches of mercury; the elasticity in atmospheres. The first number in the table is merely introduced for the convenience of presenting certain data required for subsequent calculation, it gives the height of the mercury in the gauge before beginning the observations, after cor- recting for the height of the barometer. 

Table I.— Of the Elastic force of Steam at different Temperatures. 
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A curve traced to represent these observations, the ordinates repre- senting the pressures, and the absciss® the temperatures, is quite regular, until the temperature corresponding to eight atmospheres is attained, when it rises abruptly. This fact was explained by examining the gauge; it was found that the cement used in attaching the glass tube to its ferule had become softened, and had permitted the tube to rise. This defect was remedied and its recurrence prevented. It was then deter- mined to repeat the entire series of observations, and to carry them as high as could be done, with reasonable convenience, aiming particularly to embrace the range of working pressures of the American engines. The results are contained in the following table, in which the observed data, and calculated numbers, are arranged as in the last table. This table extends to 9'91 atmospheres, and to the temperature of 352“ Fah. Care was taken that the elasticities were increased not too rapidly, and the last numbers obtained, were verified by keeping the temperature sensibly constant for a considerable time. There is one observation, namely, that at 329%“, which is certainly recorded erroneously; but omitting this one, the rest which are given present a very tolerable regularity in the curve traced to represent them. 

Table II.—Of the Elastic Force of Steam at different Temperatures. 

For the sake of adding to the force of these results the scattered ob- servations of temperatures and pressures incidentally made during the 
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other experiments of the committee, are brought together in the annexed table. A column is added to the cable, to show the number of observations employed in obtaining the results. This table enables us to go as low as 1’43 atmospheres, and is strik- ingly accordant with the two others as far as they extend in common. 
Table III.—Of the Elastic Force of Steam at different Temperatures. 

A curve which would be traced by the following table, and which may be considered to represent the mean of the foregoing, would differ little more than one-tenth of an atmosphere in any part of the range, from the observations, omitting one noticed in the first, and another noticed in the second table; the pressures in general differing less than one-tenth of an atmosphere from the observed pressures. 
Table of the Elastic Force of Steam, from One to Ten Atmospheres. 
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To compare our results with those given by the Committee of the French Academy, we have traced, on paper, a curve, from the above table, and another from those of the thirty observations, selected by the Committee of the Academy, from their experiments, below ten atmos- pheres, The curve of our observations, passes at low pressures nearer to a line AB* than that of the French experiments, and after coinciding at the medium pressures of the table, crosses the latter, different at ten atmospheres 5 degrees, or at 3525 degrees *65 of an atmosphere. The difference here noticed is too .considerable to be admitted, as within the limits of errors in the apparatus or in observation. Having an authority of so much weight against them, the Committee have been driven to examine their results very closely. The care employed in the graduation of the gauge seems to exclude the idea of error from it; the upper portion of the scale was divided to -05 of an inch, and could easily be read to half of that distance, making about *1 of an atmosphere at the highest pressure attained. A specific correction for capillarity was ascertained and employed. In one point of manipulation, namely, the method employed to dry the air, the Committee differed from what was usual, and though they think there is reason to confide in that method, they have examined what effect would be produced if the air were satu- rated with moisture. Recent experiments, on the passage of gases, out and into vessels placed over mercury, and observations connected with them, warrant, moreover, a suspicion that dry air standing in a glass vessel over mercury, the surface of which is covered with water, may become impregnated with vapour. The effect of such a source of error they have calculated in the highest and lowest results of Table No. II., and find it to be as follows :— 
For 24854° the tension of the vapour is I'QG instead of 1’97, and ...352   . 9 78   9-91. 

Differing from the numbers given in table No. II, by -01 and '13 of an atmosphere. This supposition is thus shown to be inadequate to explain the dis- cordance, and must, in fact, be deemed, to a certain extent, gratuitous. The Committee have next compared the results furnished by the safety valves graduated independently of the gauge, and these, as has already been shown, gave calculated pressures 4 per cent, and JO per cent, higher than the pressure indicated by the gauge. From these 

* The pressures are understood to be laid down on a line AB, which is hori- zontal, and the temperatures on a line which is perpendicular to it, and the curve is formed by the intersections of the two sets of lines, drawn from the respective temperatures and pressures. 



independent experimental data we have, then, an evidence that our results are, probably, not too high. The question of the elastic force of steam has been examined by many experimenters, and with very various results. The Committee propose to show the state of knowledge on the subject by comparing the principal series of experiments referring to temperatures above 212“, with their own, which are now under examination. In the first table, below, they have compared their results with those of Robison, of Ure, and of Taylor. The first two experimenters named used an open mercury gauge in their experiments, and the thermometers were exposed to the pressure of the steam. This latter circumstance would tend to render the observed tempera- ture slightly too high, or the observed pressure, relatively to the tem- perature, too low, as far as it produced any effect. 

The experiments of Watt are not referred to, as he states himself that he has doubts of their accuracy, and defers to the results of Mr Southern, vtflich will be given presently. The results of the Committee as to pressure corresponding to tem- perature, all fall below those of professor Robison, the extremes being •14 and -40 of an atmosphere, they approach nearer to those of Dr Ure, differing in the extremes —-06 and + -12 of an atmosphere. They agree even more nearly with the experiments of Mr Taylor, tending, generally, to gain upon them; thus at 260° the difference is -01 of an atmosphere, and at 320° is ‘42. The temperature corresponding to six atmospheres, in the table of the Committee, is 3151°, to the same 
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(5'98) in that of Mr Taylor, 320°, and to the same in that of the French Commission, 320-4, the latter two agreeing very closely. In the following table are given a comparison of the experiments of the Committee, with those of Mr Southern, professor Arzberger, of Vienna, and the Commission of the Academy of Paris. The pressures were obtained in the experiments of Mr Southern by a piston-valve, which is stated to have been checked, in part, by a mercury gauge; in the experiments of professor Arzberger by a spherical valve of steel; and in those of the French Commission by a closed gauge, containing air. The numbers for these last-named results are those deduced from the empyrical formula adopted as representing, most closely, the experiments. 

From these comparisons it appears, that for given temperatures the pressures determined by the Committee are lower than those found by professor Robison, between 1 and 31 atmospheres; lower than those of Dr Ure, from 1 to 5i atmospheres, except at the highest pressure, differing, however, but little from them; nearly the same from 1 to 2i atmospheres with those of Mr Taylor, and higher from 2f to 6 atmospheres; higher than those of Mr Southern; much higher than those of professor Arzberger; higher than those of the French Com- mission. The temperature given hy the Committee ior the pressure of 8 atmo- spheres differs about 3Q from that inferred from the temperature given by Christian for 7'8 atmospheres; viz. 337° Fah. 
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The empyrical formula, adopted by the Committee of the French Academy, as representing the law of relation between the pressure and temperature of steam, is of the form, e=(a+nt)5 
Where e represents the elastic force of the steam, t the temperature, and a and n are constants, determined, as well as the index 5, from observation. Tredgold had previously adopted a formula similar to this in form, as agreeing nearly with the best experiments to which he had access, and which have already been compared with the results obtained by this Committee. Of this formula the French Commission remark, that the numbers which it gives accord, at the lower temperatures of their series, better with their experiments than those furnished by their own formula. Besides the differences in the numerical coefficients between the two formulae now in question, Tredgold’s formula has the number 6 instead of 5 for an index. With this law the experiments of the Committee coincide; the index 6 applying much more nearly to their results than 5. The empyrical formula, adopted to represent their results is, 

e = (-00333 < + I) • where e is the elasticity of the steam in atmospheres, and / the excess of temperature above the boiling point of water in degrees of Fahrenheit’s 
This formula will be found to accord very well at the higher pressures with the experiments of this Committee, and its variations from them at other pressures to be sometimes in excess, and at others in defect. 

Comparison of Temperatures calculated by the Formula, with those deduced from Experiment. 

The comparison indicates that at the lower temperatures the elasticity, ; shown by the formula, increases too rapidly, but from 4 up to 10 
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atmospheres, the difference between the calculated and mean tempera- tures are less than 1J° of Fahrenheit’s scale. The differences have sometimes the positive and sometimes the negative sign, which is favourable to the correctness of the formula as representing the law of increase of elasticity, in terms of the temperature. In conclusion, it seems to the Committee, that while the differences in the results of experimenters are greater than the present state of experimental science warrants, yet at pressures even exceeding ordinary working pressures, the relation of the temperature and pressure of steam may be considered, in a practical point of view, as sufficiently deter- mined. 
Table showing the Elastic Power of Steam at different degrees of Tem- perature, as resulting from the Experiments of different Authors, within the limits of six atmospheres. The degrees are those of Fahrenheit's thermometer. 
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Table showing the Pressure, Specific Gravity of Steam, and IVeight of a cubic foot at different temperatures. 

Steam Engine. The first idea of employing steam as a motive power seems to have occurred to Hero of Alexandria, who flourished about 40 B.C. He introduced high pressure steam into the interior of a hollow globe, revolving upon an axis, and having two projecting tubes from the sides, through which the steam escaped into the atmosphere, and by the resistance which it met with from the air the globe was made to revolve. This engine acted on the same principle as Barker’s mill. In 1629, Bronca, an Italian, published an account of another form of steam engine, in which the steam, issuing out from a tube in the boiler, impinged upon the floats of a wheel, and turned it round. These con- trivances are so trifling in their nature, so far as utility is concerned, that they need scarcely be mentioned. The first approaches at anything like a useful machine was made by the marquis of Worcester, who, in a work entitled a Century of Inventions, gave an account of it, from which we may infer that his engine acted somewhat after the following manner. Suppose a long upright tube, furnished at the top with a valve opening upwards, and communicating with a vessel containing water. When steam is thrown upon the surface of the water it will force the water up the pipe to a height greater in proportion as the force of the steam exceeds the elasticity of the air. The valve at the top of the pipe would prevent the water from returning when the steam was cut off. Sir Samuel Moreland contrived an engine for raising water by steam, about the year 1682, but no account is left of the nature of its construction; he has, however, left some tables of the force of steam which form an important link in the history of experimental science. In 1698, Papin proposed the formation of a partial vacuum below a pis- ton in a cylinder, thus using the pressure of the atmosphere as the 
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motive power; but his contrivance was impracticable. In 1692, Amontons and Deflander invented steam wheels, but neither were prac- ticable. Thomas Savary took out a patent, in 1698, for his steam engine, and the year following exhibited a working model of it before the Royal Society. In this engine he employed both the elastic and condensing properties of steam. A long pipe was inserted into the well to be drained, and at a point of not more than 20 feet above the surface of the water a valve was placed in it, opening upwards. Immediately above this valve a side pipe was led to a hollow vessel, called the receiver, and the main pipe had a second valve, opening upwards, situated im- mediately above the receiver pipe. The top of the main pipe opened into the cistern where the water was to be delivered. The receiver communicated with a strong boiler, by means of a pipe furnished with a stop cock that might be opened or shut at pleasure, and a pipe with a stop cock was likewise led from the cold water cistern to the receiver. Steam was admitted into the receiver, and, consequently, into the main pipe above the lower valve. When this was the case, the steam cock was shut, and cold water let into the receiver by the other pipe, the steam was condensed and a vacuum formed in the receiver and main pipe, and the water, by the action of the atmosphere, pressed up the main pipe from the well, and prevented from returning by the lower valve which was closed by the weight of the fluid above it. In this state of things the steam was again admitted into the receiver, and acting upon the water in the main pipe, forced it through the upper valve up the pipe and into the cistern. The steam, of course, would at the same time force down the under valve and prevent the water from returning to the well. Several ingenious mechanics have endeavoured to improve the engine of Savary, among whom may be more especially mentioned Mr Pontifax, Mr J. Boaz, and Mr George Whitelaw. There were several engines erected on Savary’s principle, but the introduction of Newco- men’s, in 1705, caused it to be abandoned. Letters patent were granted in that year to Thomas Newcomen, blacksmith, John Cawley, a plum- ber, both of Dartmouth, in conjunction with captain Savary, for a new engine for raising water from mines. The nature of this invention may be described as follows. A solid piston was fitted into a hollow cylinder, and so contrived that it was capable of moving up and down without difficulty, yet at the same time so accurately fitted that while even in a state of motion no air or steam was allowed to escape between it and the cylinder. Into this piston a rod was fixed, attached to one end of a long beam, suspended in the middle, and having the pump rods at the other end. The weight of the pump rods was such as to draw down that end of the beam, and by raising the other lift the piston to the top of the cylinder. In this position steam was introduced into the bottom 
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of the cylinder, so as to fill the whole space below the piston, and when this was done cold water was introduced which converted the steam into water, or condensed it, and formed a vacuum in the cylinder below the piston. The pressure of the air on the upper surface of the piston forced it down to the bottom of the cylinder, raised the pump rods at the other end of the beam, and thus drew the water from the well. The re-ad- mission of steam below the piston would destroy the vacuum, and the piston would be drawn to the top of the cylinder by the weight of the pump rods. Another condensation by the injection of cold water would cause the piston to descend, and so the alternate rising and falling of the piston and pump rods was continued. The steam and cold water were admitted, at the proper intervals of time, by an attendant, who turned stop cocks. It is recorded that a boy, named Potter, contrived, by at- taching cords and catches to the beam and cocks, to cause the engine to admit and cut off the steam and the cold water at proper intervals. This occurred about the year 1712, but in 1717, Mr Henry Brighton, of Newcastle-upon-Tyne, made a more complete and effective arrangement for opening and shutting the valves. In the year 1720, one Leupold, a German, made the first proposal of a high pressure engine. He placed two cylinders above the boiler, the cylinders being placed side by side, and furnished with pistons. At the bottom of each cylinder an opening was made into a cavity, in which a four way cock was placed, so con- structed that when a free passage was opened between the bottom of one cylinder and the boiler, a free passage was opened at the same instant between the bottom of the other cylinder and the atmosphere. Steam of an elastic force greater than the atmospheric pressure, was generated in the boiler, and being admitted into the bottom of one of the cylinders, forced up the piston to the top, while at the same time a free communi- cation was opened between the bottom of the other cylinder, which allowed the steam it contained to make a free escape and the piston to descend. The four way cock was now turned so as to permit the steam in the cylinder whose piston was up to escape, and therefore the piston would descend, while the other piston would be forced up by the steam from the boiler being admitted below it; and thus the operation was con- tinued. In 1736, Jonathan Hulls made an attempt to apply the steam engine of Newcomen, as improved by Brighton, to navigation. He contrived a method of converting the reciprocating motion of the piston rod into a continuous circular motion; the contrivance was not so simple as the crank, but very ingenious. About 1757, Fitzgerald proposed the use of the yfy wheel. The celebrated Smeaton did a great deal to im- prove the construction of Newcomen’s engines, and his labours contri- buted in no small degree to hasten the engine to that state of perfection in which we now find it. John Blakey took out a patent, in 1766, for 
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a proposed improvement on S&vary’s engine, in which he used two receivers, one placed above the other, preventing the contact of the steam and water by a floating stratum of oil, but his contrivance was imprac- ticable. He had, however, the merit of inventing tubulated boilers now so extensively employed in locomotive engines. The greatest improve- ; ments ever yet made on the steam engine were reserved for Dr James ! Watt, a native of Greenock, but at the time his attention was drawn to the subject, a mathematical instrument maker in Glasgow. He began his researches on the nature of steam as early as 1763, but his plans for . improving the steam engine seem not to have been matured until about 1768, and the year following he obtained his first patent for “ Methods of lessening the consumption of Steam, and consequently of fuel in fire i engines.” The great improvement held forth in the specification con- • sists in condensing the steam, not in the steam cylinder, but in a separate j vessel, with which it was made to communicate occasionally by the opening and shutting of a valve. By this means the steam cylinder was not cooled down, by the injection of cold water at every condensation, and all the steam which was expended in heating the cylinder in New- comen’s engine was thus saved. He also specified his method of j extracting the air and water from the condenser, by means of pumps, aud likewise the employment of high pressure, or what he terms expan- sive, steam to work the engine, either with or without condensation. In the same specification he also includes the rotatory engine to be applied to the turning of mills. Instead of rendering the piston air-tight by water on its upper surface, he proposes oil, wax, mercury, &c. In 1781, one Steed obtained a patent for the crank motion, in order to convert the alternating motion of the beam into a continuous rotatory i motion; but there is strong proof that the invention was stolen from Mr ’ Watt, as a pattern of the crank was lying in the yard of Boulton and Watt’s foundery, at Soho, for some time previous to the date of Steed’s patent. (See Life of James Watt, Chambers’ Biography of Eminent j Scotsmen.) Watt was thus driven to the invention of that beautiful motion, the sun and planet wheel, as a substitute for the crank, for I] which he obtained a patent the same year. Mr Jonathan Hornblower took out a patent, in 1781, for an ingenious method of employing steam so as to act expansively. He employed two cylinders; first allowing the steam to act in one, and then to act by expansion in the other; but as the employment of a separate condenser he could not bring his engine into use. This was compensated for by Watt, who, in the year follow- ing, i. e. 1782, took out letters patent for his expansive engine. He employed only one cylinder, and effected the action by expansion, by admitting high pressure steam at the beginning of the stroke, but cutting ; it off after the piston had moved a certain space, after which the steam 
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expanded to the end of the stroke. It is but justice to add, that Watt had employed the expansive engine both at Soho and Shadwell, between the years 1776 and 1778. In the patent of 1782, Watt included many contrivances for regulating the power of the double-acting engine. In 1784, Watt obtained letters patent for the parallel motion, together with other contrivances; and in the year following he obtained a patent for an improved smoke consuming furnace, the governor, steam gauge, con- denser gauge, and indicator. The next modification of the steam engine, of any consequence, was that of Cartwright, who proposed to condense the steam by means of cold water applied to the external surface of the condenser. The con- denser consisted of two cylinders, one placed within the other, the cold water flowing through the inner and enveloping the outer. The valves to change the steam were placed in the piston, so that the condenser was always open. This engine was ingenious, but nothing more can be said of it. The metallic piston, however, was invented by Cartwright, and employed in his engine, and this invention is of itself sufficient to rank him as one to whom we are indebted for one of the great improvements in the steam engine. Much was done by Mr Murray, of the firm Fen- ton, Murray, and Wood, of Leeds, in improving several parts of the steam engine, which he included in his patents of 1799, 1801, and 1802. About the same period, Mr W. Murdoch, the well-known inventor of gas lighting, made several important improvements in constructing the cylinders and working the valves of steam engines. In 1801, Mr Bramah contrived the four way cock, as a substitute for the valves, the cock turning always in one direction. As before stated, Leopold had projected a high pressure engine, and so had Watt, but it was not until 1802 that the principle was applied with success, in the simple high pressure engine of Trevithick and Vivian, whose principal object seems to have been the formation of a simple and portable engine, where water was scarce, and where economy of fuel was an object of less moment. These engines were intended chiefly to propell carriages on railways. In 1804, Arthur Woolf projected a new form of expansion engine, somewhat after the construction of Hornblower’s, but he used high pres- sure steam in the small cylinder, whereas Hornblower did not. Wonderful advantages were expected from Woolf’s engine, from the supposed existence of a law in the expansion of steam which he stated he had discovered. He stated that from numerous experiments he had made, he found that the temperature remaining the same the bulk of steam is inversely as the pressure in lbs. above the atmosphere; and thus, that steam generated at 50 lbs. above the pressure of the atmosphere would expand, when allowed to escape into a large vessel of the same temperature, to 50 times its former bulk. But in this discovery he 
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deceived himself, and has led many others astray, for the expansion will be inversely as the pressure; thus, a cubic foot of steam, generated at a pressure of 50 above the atmospheric pressure, will (reckoning the at- mospheric pressure at 15 lbs. per square inch) expand in the proportion of 15 to 15 + 50, or 15 to 65, or 1 to 4M, that is, the steam, when ex- panded, will only occupy 4l/> cubic feet, instead of 50, according to Woolf’s assertion. The engine of Woolf is said, however, notwithstanding this immense deduction from its proposed advantages, to work better than the single cylindered expansion engine of Watt. We have thus given a short sketch of the history of the steam engine, chiefly with a view to give the reader a notion of the principal dates and names. To enter into detail would occupy a work of no small magni- tude, in which would be laid open much that is ingenious, much that is useful, and much more that is of no value. We have not noticed the many attempts that have hitherto been made to form rotatory steam engines, or steam wheels, as these, however ingenious, have hitherto been failures, and when found to work at all, their effect has been inferior to that of the piston and cylinder engine, employing the same quantity of steam. Neither have we included in this short view any statements regarding the invention and progress of steam navigation, or locomotion, these subjects have been discussed under the articles Navigation, Steam, and Railways, in this Dictionary. We shall now endeavour to make the reader acquainted with the principle of action of the steam engine. We have reserved a description of that part of it for this place, where the action may be considered more especially to go on, the minute details of the several departments will be found under the respective names by which they are designated, and a general view of the whole in combination will be found in our description of the plates annexed to this Dictionary. Let there be a hollow cylinder, A, fig. 1, accurately bored and turned in the interior, so that it shall be smooth, and of the same diameter from bottom to top. Into this cylinder let a solid piston of metal, B, be fitted so that it may easily move up and down in the cylinder, so tightly adapted to the cylinder as to allow of no air, water, or steam, and yet so as to oppose little resistance, or cause little friction in the motion up and down. To the centre of this piston let the upright rod, C, be attached, the upper end of which is connected with a long beam, or lever, D E F, poised in the middle E, to the other end F of this beam there is a weight, W, attached. G is a small tube, also containing a piston similar to that in the large cylinder. The pipe in which this piston moves is closed at the top with a cover or lid, through the centre of which a small hole is bored, to admit of the rod H moving easily up and down, yet so as not to allow any air or steam to escape. This rod 
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is also connected with the beam at e. A pipe I is led from the boiler and enters the tube, or small cylinder G, near the bottom, and from the top of the cylinder G another pipe is led which opens into a cistem, K, containing cold water. A connexion is formed between the large and the small cylinders by the cross pipe L. Let us now suppose that the weight W is so adjusted as just to draw the end, F, of the beam down, and, consequently, raise the other end D, and cause both pistons to rise to the top of the cylinders, it is manifest that a direct communication is formed between the cold water cistern and the large cylinder, for the small piston is above the pipe L, which enters the large cylinder, and a free passage is open from that to the cistem, as will at once be seen on looking at the diagram. The large cylinder, we shall suppose, has been previously filled with steam, that is, all the space below the piston is filled with steam. But the cold water having now access to the large cylinder, will condense the steam, and form a vacuum below the piston. The atmospheric pressure now exerts its force, with effect, on the upper surface of the piston, and presses it down to the bottom of the cylinder, with a force of 15 lbs. for every square inch on the surface of the piston. Suppose there are 60 square inches on the surface of the piston, then it will descend with a force of 60 X 15 = 900 lbs., and unless the weight is greater than this it will be raised by the descent of the piston. The piston has now arrived at the bottom of the cylinder, and the descent of the end of the beam to which the piston rod is attached causes the rod of the small piston also to descend, and the piston to pass below the pipe L, the consequence of which will be that the connection between the large cylinder and the cold water cistern will be cut off, and the passage between the boiler and the large cylinder opened. Steam will thus be admitted into the large cylinder, below the piston, the vacuum will be destroyed below the pis- ton, and the weight W will draw the piston up to the top of the cylinder. When the large piston ascends, the small piston also ascends, and shuts the passage between the boiler and the large cylinder, opening at the same time the passage between the cylinder and the cold water cistern. Thus the steam is again condensed, and the piston will fall to the bottom of the cylinder. In this way the alternate ascent and descent of the piston, and consequently of the weight W. This is the nature of the action of the engine of Newcomen, commonly called the Atmospheric engine. This engine is commonly used to raise water, the pump rods being substituted instead of the weight W. Instead of injecting the cold water into the cylinder. Watt formed a communication between the bottom of it and another hollow vessel, M, fig. 2, called the condenser. Into this vessel a shower of cold water is continually flowing through a rose, the steam is condensed in conse- 2 X2 
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quence, and the cold water, together with the condensed steam, are taken out of the condenser by means of a pump worked by the engine itself, so that the condenser is continually cleared. See Condenser. In order to keep the piston parallel it was usual to attach the top of it to a chain, which adapted itself to a wood arch at the end of the beam, but this has, in general, been abandoned for the more perfect contrivance for the same purpose, called the parallel motion. See Parallel Motion. It is not difficult to see that a very considerable addition of power could be derived from this engine were the pressure of the atmosphere taken off the top of the piston when it is in the act of rising. This is accomplished in the following manner. The cylinder is closed at the top, by a cover, as shown in fig. 3. Through the centre of the cover a circular opening is made to permit the piston rod to rise and fall, and a small metallic box is placed upon it, containing hemp, which envelopes the piston rod, and prevents the passage of air or steam by the opening. The upright tube A B communicates with the cylinder, both at the bottom and top, and also communicates with the steam boiler by a pipe S, as likewise with the condenser by means of a pipe at C. The upright pipe A B contains a rod passing up through it, and moveable up and down through a hemp stuffed box in the end, similar to that for the pis- ton rod in the cylinder cover. This upright rod, or spindle, carries two valves, A and B, which, in this case, are pieces of metal ground so as to fit accurately on the face of the pipe next to the cylinder, and slide easily up and down past the openings into the cylinder at the top and bottom. When the valves are below the openings, or port holes as they are called, as shown in fig. 2, then it is plain that there will be a free communication between the top of the cylinder, and the steam from the boiler, and at the same time a free communication between the bottom of the cylinder and the condenser. When the valves are slided up above the port holes, as in fig. 3, then tho case is reversed, the steam is cut off from the top of the cylinder, and admitted to the bottom, while the condenser is opened to the top and closed to the bottom. On whichever side of the piston the steam acts it will move the piston in the direction of its own motion, that is, when the steam issues in at the top of the cylinder the piston will descend to the bottom, and when admitted at the bottom, the piston will rise to the top, there being nothing but its own friction to oppose its ascent or descent, as the moment that the steam is opened to one side, the other side is put into a state of vacuo, by being opened to the condenser. Such is the principle of the double acting condensing engine of Watt. If the steam be used of higher pressure than 14 lbs. to the square inch, and cut off before the piston has moved through the whole length of the cylinder, being then allowed to expand itself, the engine is of the expansive kind.' If there be no con- 
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denser at all, and the steam be used of very high pressure, and instead of being condensed be allowed to escape into the open air, after it has moved the piston, then the engine is of the high pressure kind. 

Particulars as to the proportions of the various parts will be found under our articles Condenser, Cylinder, Fly IF heel. Governor, Parallel Motion, &c. &c.; and the connexion of the whole will be seen by in- specting our plates of fixed, locomotive, and marine engines. We also subjoin tables of the general proportions, which will be found useful. In estimating the power of a steam engine the first thing to be taken into consideration is the pressure of the steam in the boiler. For low pressure engines it is common to load the safety valve with a weight of from to lbs. on every square inch. The vacuum in the condenser is never perfect, seldom exceeding 26 inches on the barometer guage, and therefore we may calculate that the pressure on the piston instead of being 15 + 2%, or ITg lbs. is about ISj. But this must be diminished still farther, in consequence of friction and the alternating motion of the piston, deducting one-fifth for the former, and one-third for the latter, in all eight-fifteenths, leaving about 7i lbs. as the efiective 2x3 
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pressure upon the piston per square inch. Hence, if a piston contain 100 square inches, and move through a space of 1000 feet per minute, then will its eflect be 100 X 1000 X 71 = 725000 lbs. But a horse will raise 33000 lbs., through a space of one foot, in a minute; therefore dividing the effect of the piston by the eflect of a horse during the same time, we obtain the number of horses’ power to which it is equivalent. 

■ 33QQQ = 22 horses’ power nearly. 
An easy rule is, calling the area of the piston A in square inches, L the length of the stroke in feet, N the number of strokes in a minute, P the pressure of steam per square inch, and H the number of horses’ power. A X L X N x P TT 33000 _ ’ 

for single acting engines; and 
AxLx2NxP TT 33000 — ’ 

for double acting engines. Or taking D for the diameter of the cylinder instead of A the area, we have another form of the rules, where division is not necessary. 
D2xLxNxPx 0 0000238 = H, for single acting engines, and 
D*xLxNxPX 0‘0000476 = H, for double acting engines. 

These rules apply to both low and high pressure engines; but when the steam acts expansively we must find its mean pressure as follows. Divide the length of the stroke in inches by the distance that the piston travels before the steam is cut off, and divide the pressure in lbs. by the quotient. Add l to3J times the hyperbolic logarithm of the number of times the steam is expanded, and multiply the logarithm by the num- ber of times the steam is expanded, the product is the uniform force of the steam. In the table of Hyperbolic logarithms in this work, the logarithms of the fractional numbers are already taken 3j times, p. 304. In a high pressure engine the cylinder is 8 inches diameter, length of stroke 2 feet, makes 50 strokes per minute, the pressure on the safety valve is 30 lbs. per square inch, the engine being double acting. 
S* x 2 x 50 X 30 X 0-0000476 = 6-09 horses’ power nearly. 
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Table of the Proportions of the parts of an Atmospheric Engine founded on Experiments ly Mr Smeaton. 





STEEL. 525 
The above Table of the Proportions of double acting Steam Engines, is given by Mr Tredgold in his valuable work on that subject. Steel is a compound of iron and carbon. The furnace in which iron is converted into steel, has the form of a large oven, or arch, terminating in a vent at the top. The floor of this oven is flat and level. Im- mediately under it there is a large arched fire-place, with grates, which runs quite across from one side to the other, so as to have two doors for putting in the fuel from the outside of the building. A number of vents, or flues, pass from the fire-place to different parts of the floor of the oven, and throw up their flame into it, so as to heat all parts of it equally. In the oven itself, there are two large and long cases or boxes, built of good fire stone; and in these boxes the bars of iron are regularly stratified with charcoal powder, ten or twelve tons of iron being put in at once, and the box is covered on the top with a bed of sand. The heat is kept up, so that the boxes and all their contents are red hot for eight or ten days. A bar is then drawn out and examined; and if it be found then sufficiently converted into steel, the fire is withdrawn and the oven allowed to cool. This process is called cementation. The bars of steel formed in this way are raised, in many parts, into small blisters, obviously by a gas evolved in the interior of the bar, which has pushed up, by its elasticity, a film of the metal. On this account, the steel made by this process is usually called blistered steel. The bars of blistered steel are heated to redness, and drawn out into smaller bars by means of a hammer, driven by water or steam, and striking with great rapidity. This hammer is called a tilting hammer, on which account, the small bars formed by it are called tilted steel. When the bars are broken in pieces and welded repeatedly, and then drawn out into bars, they acquire the name of German or shear steel. Steel of cementation, however carefully made, is never quite equable in its texture; but it is rendered quite so by fusing it in a crucible, and then casting it into bars. Thus treated, it is called cast-steel. When the steel is to be cast, it is made by cementation in the usual way, only the process is carried some- what farther, so as to give the steel a whiter colour. It is then broken into small pieces, and put into a crucible of excellent fire clay, after which the mouth of the crucible is filled up with vitrifiable sand, to pre- vent the steel from being oxidized by the action of the air. The cru- cible is exposed for five or six hours to the most intense heat that can be raised, by which the steel is brought into a state of perfect fusion. It is then cast into parallelepipeds about a foot and a half in length. To fuse one ton of steel, about twenty tons of coals are expended; which accounts for the high price of cast-steel, when compared with that of iron, or even of common steel. Every time that cast-steel is melted, it loses some of its characteristic properties; and two or three fusions render it 
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quite useless for the purposes for which it was intended. It has recently been proved that the steel of which the Damascus blades were made, and which was steel from Golconda, owed the peculiarity which these blades have of showing a curious waving texture on the surface, when treated with a dilute acid, to their consisting of two difierent compounds of iron and carbon, which have separated during the cooling. It is cast- steel in which the process is carried farther than usual, and which is cooled slowly; both common steel and cast-steel is formed, which separate during the slow cooling. The steel is rendered black by the acid, while the cast-iron remains white. This kind of steel can only be hammered at a heat above that of cherry-red. The specific gravity of good blistered steel is 7-823. When this steel is heated to redness, and suddenly plunged into cold water, its specific gravity is reduced to 7’747. The specific gravity of a piece of cast-steel, while soft, is 7'82; but when hardened by heating it red-hot, and plunging it into cold water, it is reduced to 7'7532. Hence it appears, that when steel is hardened, its bulk increases. The colour of steel is whiter than that of iron. Its texture is granular, and not hackly, like that of iron. The fracture is whitish-gray, and much smoother than the fracture of iron. It is much harder and more rigid than iron; nor can it be so much softened by heat without losing its tenacity and flying in pieces under the hammer. It requires more attention to forge it well, than to forge iron; yet it is by its toughness and capability of being drawn out into bars, that good steel is distinguished from bad. Steel is more readily broken by bending it than iron. If it be heated to redness, at id then plunged into cold water, it becomes exceedingly hard, so as to be able to cut or make an impression upon most other bodies. But, when iron is treated in the same way, its hardness is not in the least increased. When a drop of nitric acid is let fall upon a smooth surface of steel, and allowed to remain on it for a few minutes, and then washed off with water, it leaves a black spot; whereas the spot left by nitric acid on iron, is whitish-green. Doctor Thomson gives the following as the composition of cast-steel :— Iron, 99 Carbon, with some silicon, . . 1 

100 
The natural steel, or German steel, is an impure and variable kind of steel, procured from cast-iron, or obtained at once from ore. It has the property of being easily welded, either to iron or to itself. Its grain is unequally granular, sometimes even fibrous; its colour is usually blue; it is easily forged; it requires a strong heat to temper it, and it then acquires only a middling hardness. When forged repeatedly, it does 
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not pass into iron so easily as the other kinds. The natural steel yielded by cast-iron, manufactured in the refining houses, is known by the general name of furnace steel; and that which has only been once treated with a refining furnace, is particularly' called rough steel, and is frequently very unequally converted into steel. The best cast-iron for the purpose of making natural steel, is that obtained from the brown hcematite, or from the sparry iron ore, which should be of a gray colour. Superficies, or Superfice, in Geometry, the outside or exterior sur- face of any body. Supplement of an Arc, is what it wants of ISO0. 

T 
Tangent, in Geometiy, is a line that touches a circle or other curve without cutting it. Tenacity; that quality of bodies by which they sustain a considerable pressure or force without breaking, being the opposite quality to brittle- ness or fragility. Tension, that state which a chord, string, &c. is in when stretched beyond its natural length. Tetraedron, or Tetrahedron, in Geometry, one of the five regular or Platonic bodies or solids, comprehended under four equilateral and equal triangles. Tetragon, a quadrangle, or a figure having four angles. Thermometer, an instrument used for the purpose of measuring the degrees of heat in bodies in general. It consists of a glass tube with a bulb at one end, the bulb and part of the tube being filled with a fluid. The tube is hermetically sealed, and the part of it not occupied by the fluid ought to be a vacuum. The method of constructing Fahrenheit’s thermometer, which is in general use in this country, is as follows. Having procured a uniform glass tube with a ball at one end, the ball and part of the tube are to be filled with mercury which has been pre- viously boiled to expel the air. The open end of the tube is then to be hermetically sealed. It is found by experiment that melting snow or freezing water is always at the same temperature. If, therefore, a ther- mometer be immersed in either the one or the other, the mercury will always stand at the same point.' It has been observed, also, that water boils under the same pressure of the atmosphere at the same temperature. A thermometer, therefore, immersed in boiling water, will uniformly stand at the same point. Here, then, we have two fixed points, and by dividing the distance between them into equal parts, and extending the 
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same divisions as far above and below these points as may be thought convenient, we shall have a scale by which two thermometers may be easily compared together; for the mercury will always stand at the same degree on the two scales. Quicksilver is found to be the best, because its expansions are most equable. The freezing point of Fahrenheit’s thermometer is marked 32“,and the reason for this is said to have been, that this artist thought he had produced the greatest degree of cold pos- sible, by a mixture of snow and salt, and the point at which the thermo- meter then stood in this temperature he marked zero. The point at which mercury begins to boil, he conceived to be the greatest degree of heat, and this he made the limit of his scale. The distance between these two points he divided into 600 equal parts, or degrees, and by trials he found that the mercury stood at 32°, or at the 32nd division, when water began to freeze; it was, therefore, called the freezing point. When the tube was put into boiling water, the mercury rose to 212°, which is, therefore, the boiling point, and it is just 180° above the former, or the freezing point. In De LTsle’s thermometer the whole bulk of the mercury when placed in boiling water is conceived to be divided into 100,000 parts, and from this one fixed point, the various degrees of heat, either above or below it, are marked in these parts on the scale by the various expansions or contractions of the mercuiy in all the imaginable varieties of heat. In Reaumur’s thermometer, or more properly De Luc’s, the scale begins at the freezing point, which is marked o, or zero; and the point to which the mercury rises when the thermometer is in boiling water is marked 80°, which of course corresponds with the 212° of Fahrenheit’s. The thermometer of Celcius has 100° between the freezing point and that of boiling water. The temperatures indicated by any one of those thermometers may be reduced to the corresponding degrees of any of the others, by the following theorems. Thus let R denote the degrees on the scale of Reamur; F those of Falirenheit; C those of Celcius; then 

1. To convert the degrees of Reaumur into those of Fahrenheit. 

2. To convert the degrees of Fahrenheit into those of Reaumur. 

3. To convert the degrees of Celcius into those of Fahrenheit. 
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4. To convert the degrees of Fahrenheit into those of Celcios. 

„ (F — 32) x 5 C “ 9 
5. To convert the degrees of Celcius into those of Reaumur. 

6. To convert the degrees of Reaumur into those of Celcius. 

Ex.—What point in Reaumur’s thermometer answers to 55°, or temperate in Fahrenheit’s ? 
By the second formula above, we have ^X - = lOf —the 

answer. Or thus by the rule of three; as 180° (the distance between the freezing and boiling points in Fahrenheit) : 55" — 32" = 23° (the distance between freezing and temperature in Fahrenheit) :: 80» (the distance between the boiling and freezing points in Reaumur) : 10| the distance between freezing and temperate in Reaumur. 
The following Table gives the correspondence between the degrees of the different scales mentioned, without the trouble of calculation. 
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Table on Thermometers, continued. 

Tousion, Force of, a term applied by Coulomb in some of his experiments, to denote the effort made by a thread which has been twisted to untwist itself. See Materials, Strength of. Traction, in Mechanics, is the drawing of one body towards an other. See Carriage. Trapezium, in Geometry, a plane figure contained under four right 1 lines, of which neither of the opposite sides are parallel. Trapezoid, a quadrilateral figure, having two of its opposite sides ; parallel. Triangle, a figure bounded by three sides, and consequently con- taining three angles, whence it derives its name. Triangles are of difl'erent kinds, as plane or rectilinear, spherical, and curvilinear. j 

V 
Valve, a contrivance for opening and shutting alternately a passage for the ingress or egress of some liquid or fluid. Under this view a stop cock may be regarded as a valve, and the stop cock is frequently used for the valve commonly so called, as the four-way cock in the steam 
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[ engine. Valves are of various forms, as the clack valve, the conical valve, the slide valve, &c., references to which will be found under various I articles in this Dictionary. There are many methods of working the [ valves of a steam engine, some being wrought by an eccentric, (see ' Eccentric,) others by means of what is called a plug tree, or projections f upon the air pump rod which strikes levers attached to the valves, at the I proper part of the stroke. A very ingenious method of working the valves of a steam engine, by means of the governor, has lately been invented by Mr James Whitelaw, which will be found described under the article Steam Engine, in the Popular Encyclopedia. Velocity, is that direction of motion, by which a moving body passes a certain space in a certain time. It is always proportional to the space passed over in a given time when the velocity is uniform, or constant during that time. Velocity is either uniform or variable. Uniform, or I equal velocity, is that with which a body passes always over equal spaces f in equal times. And it is variable, or unequal, when the spaces passed i over in equal times are unequal; in which case it is either accelerated or retarded velocity; and this acceleration, or retardation, may also be equal or unequal, i. e. uniform or variable. Velocity is also either absolute or relative. Absolute velocity is that we have hitherto been considering, in which the velocity of a body is considered simply in itself, or as passing over a certain space in a certain time. But relative I or respective velocity is that with which bodies approach to, or recede from one another, whether they both move, or one of them be at rest. Thus, if one body move with the absolute velocity of two feet per second, and another with that of six feet per second; then if they move directly towards each other, the relative velocity with which they approach is that of eight feet per second ; but if they move both the same way, so that the latter overtake the former, then the relative velocity with which that overtakes it, is only that of four feet per second, or only half of the former; and consequently it will take double the time of the former ; before they come in contact together.—Initial Velocity, the velocity with which a body begins to move.—Virtual Velocity of a point solicited by any force, is the element of the space which it would describe in the direction of the power when the system is supposed to have undergone an indefinitely small derangement. Vibration, the regular reciprocating motion of a body, as a pendulum, musical chord, &c.—See Oscilation. Vis Absolota, or Absolote Force, is that kind of centripetal force which is measured by the motion that would be generated by it in a given body, at a given distance, and depends on the efficacy of the cause producing it.— Vis Acceleratix, or Accelerating Force, is that centripetal force which produces an accelerated motion, and is proportional to the 3 y 2 
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velocity which it generates in a given time; or it is as the motive or absolute force directly, and as the quantity of matter moved inversely. — Fis Impressa, is defined by Newton to be the action exercised on any body to change its state, either of rest, or moving uniformly in a right line.—Fis Inertias, or Power of Inactivity, is defined by Newton to be a power implanted in all matter, by which it resists any change en- deavoured to be made in its state, that is, by which it becomes difficult to alter its state, either of rest or motion.—Fis Matrix, or Moving Force of a centripetal body, is the tendency of the whole body towards the centre, resulting from the tendency of all the parts, and is propor- tional to the motion which it generates in a given time; so that the vis motrix is to the vis acceleratix as the motion is to the celerity; and as the quantity of motion in a body is estimated by the product of the velocity into the quantity of matter, so the vis motrix, from the vis acceleratix, multiplied into the quantity of matter.—Fis Mortua, or Dead Force, a term used by Leibnitz to denote the power of pressure in a body at rest; whereas Fis Fiva, or Living Force, is used by the same authors to denote the force or power of a body in motion. Undecagon, a polygon of eleven sides. 

w 
Water. The specific gravity of rain water is 1000; weight of a cubic foot 62J lbs., weight of a column one inch square and a foot in height 0-434 lbs., of an ale gallon 10’2 lbs. Expands ^th of its bulk in freezing, and for every degree of heat. Boils at 212°, under the ordinary pressure of the atmosphere. Maximum density SO-SS* of Fah. The specific gravity of sea water is 11-0271. Water Wheel. The most usual means of applying water to move machinery is through the agency of a water wheel. Water wheels may be distinguished into two great classes; 1st., those which are put in motion by the weight of water; and, 2nd., those which derive their motion from the velocity of running water. The first are called overshot, and the second undershot. In the first the stream of water falls into buckets near the top of the wheel, and by its weight causes the buckets to descend to the bottom, where they empty themselves. Such a wheel is employed at Catrine, in Ayrshire, which is certainly one of the largest wheels in the country. The frame work is constructed of iron, and motion is given to the machinery from teeth on the side of the cir- cumference. The undershot water wheel consists of flat pieces of wood, called floats, disposed on the circumference of a wheel, which floats being acted upon 
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by the stream of miming water the wheel is turned round. The breast wheel partakes of the nature of both of these, its form being exactly like that of the undershot wheel, the only difference between the two being that in the breast wheel the water strikes the floats about half way up its circumference, and thus acts by its weight as well as its velocity, while on the other hand the water strikes the floats of the undershot wheel as nearly as possible at the bottom, so that the water may have acquired as great a velocity as possible before it has reached the floats of the wheel. Under the article Breast JVheel we have given particulars as to the construction of that species of wheel, and in our article MiU we have given the data for calculating the effect of a fall of water; in this place it only remains for us to lay down a summary of the maxims for overshot and undershot wheels.—See also Overshot Wheel. The ratio between the power and effect of an undershot wheel is as 10 to 3'18. The velocity of the periphery of the undershot wheel should be equal to half the velocity of the stream; the float-boards should be so constructed as to rise perpendicularly from the water; not more than one half should ever be below the surface; and from 3 to 5 should be immersed at once. The virtual or effective head of water being the same, the effect will be nearly as the quantity expended. That is, if a mill, driven by a fall of water, whose virtual head is 10 feet, and which discharges 30 cubic feet of water in a second, grind four bolls of corn in an hour; another mill, having the same virtual head, but which dis- charges 60 cubic feet of water, will grind eight bolls of com in an hour. The expence of water being the same, the expence will be nearly as the height of the virtual or effective head. The quantity of water expended being the same, the effect is nearly as the square of its velocity. That is, if a mill, driven by a certain quantity of water moving with the velocity of four feet per second, grind three bolls of com in an hour; another mill, driven by the same quantity of water, moving with the velocity of five feet per second, will grind nearly 4-^y bolls in the hour, because 3 : 4-^y : : 42 : 6* nearly. The aperture being the same, tho effect will be nearly as the cube of the velocity of the water. That is, if a mill, driven by water, moving through a certain aperture, with a velocity of four feet per second, grind three bolls of com in an hour; another mill, driven with water, moving through the same aperture with the velocity of five feet per second, will grind bolls nearly in an hour, for as 3 : : : 43 : 5s nearly. The effect of the overshot wheel, under the same circumstances of quantity and fall, is, at a medium, double to that of the undershot. The velocity of the periphery of an overshot wheel should be from 0* to 8 J feet per second. The higher the wheel is, in proportion to the whole descent, the greater will be the effect; and the effects, as well as the powers, 2 y 3 
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are as the quantities of water and perpendicular heights multiplied together respectively. Water Works. Under this head may be comprehended the raising of water by means of pumps, wheels, &c. A description of the various kinds of pumps will be found under the head Pneumatics, in the Mechanic’s Calculator. A very ingenious mode of raising water is by means of Montgolfier’s water ram, which is described under the article Hydrodynamics in this Dictionary. The power necessary to raise a given quantity of water will be found specified under the articles Mining Engine, and Pumping. Wedge, one of the six mechanical powers, the properties of which depend upon somewhat the same principles as those of the inclined plane. The wedge is made of some hard material, as wood or iron, and has that form which, in geometry, is called the triangular prism. The annexed diagram is a side view of the wedge, in which A B is the thickness, C D the depth, C A, or C B the length. The wedge is commonly used for splitting timber; its edge being introduced and forced inwards by the appli- cation of mechanical power at the back. In theoretical mechanics it is shown that there will be an equilibrium when the power acting against the back is to the resistance acting perpendicularly against either side as is the thickness to the length of that side. Notwithstanding what has been said on the theory of the wedge, there are introduced in it so many conditions which are inapplicable in prac- tice, and inconsistent with practical truth, that the whole doctrine has little value. In the first place, in theory the resistance is supposed to be that modification of force called pressure, and the power which is opposed to it, is that description of action denominated, percussion, or striking. These two modifications of force are so different as not to admit even of comparison; and it is evident that this difference is sufficient to demonstrate the total impossibility of establishing the con- dition of equilibrium of a machine, in which the weight or resistance is a force of the one, and the power of a force of the other species. In all cases where the wedge is used practically, the friction of its sides with the surface of the substance to be cleft, is sufficient of itself to keep the equilibrium, and to prevent the wedge recoiling; so that strictly speaking, it requires no force whatever to sustain the equilibrium, and to propel or drive forward the wedge; percussion is always resorted to in preference to pressure, as being infinitely more eflective. The only general theoretical principle which holds true in the practical 
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application of the wedge is, that its power is increased by diminishing the angle. The wedge is a mechanical power of singular efficacy, and the per- cussion by which its power is increased, is precisely that force which we may with ease increase almost indefinitely. 

Weights, Tables of. 
ENGLISH. 

AVOIRDUPOIS WEIGHT. 
16 = 1 Ounce. 256 = 16= 1 Pound. 7168 = 448 = 28 = 1 Quarter. 286782 = 1792= 112 = 4= 1 Cwt. 573440 = 35840 = 2240 = 80 = 20 = 1 Ton. 

Tons are marked t.; hundredweights, cwt.; quarters, qr.; pounds, lbs.; ounces, ox.; and drams, dr. 
TROY WEIGHT. Grains. 24 = 1 Penny weight. 480 = 20= 1 Ounce. 6760 = 240 = 12 = 1 Pound. 

Pounds are marked lbs.; ounces, oz.; penny weights, dwl.; and grains, gr. 
REMARKS ON ENGLISH WEIGHTS AND MEASURES. 

Troy weight is used frequently by chemists, and also in weighing gold, silver, and jewels; but all metals, except gold and silver, are weighed by avoirdupois weight. 175 troy pounds are equal to 144 avoirdupois pounds. 175 troy ounces = 192 avoirdupois ounces. 14 oz., 11 dwt., 151 grs. troy = 1 lb. avoirdupois. 18 dwt., 51 gr. troy = 1 oz. avoirdupois. A chaldron of coals in London = 36 bushels, and weighs 3136 lbs. avoirdupois, or nearly 1 ton, 8 cwt. The ale gallon contains 282 cubic inches, and the wine gallon contains 231 cubic inches,—the wine gallon being to the ale gallon nearly as 1 lb. avoirdupois 
The imperial gallon contains 277'274 cubic inches. The pound troy contains 5760 grains. The pound avoirdupois contains 7000 grains. 

FRENCH WEIGHTS. 
OLD SYSTEM. English Troy Grains. The Paris Pound = 7561 Ounce = 472-5625 Gros = 59-0103 Grain = -8204 
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NEW SYSTEM. 

Milligramme . . . — 
Decigra'Zr = Gramme . . . . 
Hecatogramme . . . = Chiliogramme (Kilogram) — Myrigramme . . . 

A Decagramme is 6 dvvta. I0‘44 gr. troy; or 5'65 dr. avoir. A Hecatogramme is 3 oz. 8-5 dr. avoir. 
A Myriogramme is 22 lbs. 1-15 oz. avoir. 100 Myriogrammes are 1 ton, wanting 32-8 lbs. 
Welding, the operation of combining or joining two pieces of iron or steel, by bringing the surfaces to be joined to a heat nearly equal to that of fusion. When the metal is heated to the proper temperature it appears to be covered with a sort of varnish, an appearance which is still more marked in the case of steel than of iron. When the pieces are brought to the proper heat they are speedily scraped, placed in con- tact, and fixed together by hammering. Care should bs taken to prevent the iron from running, as also to keep the fire free from clinkers and sulphur. In endeavouring to weld iron with steel it should be remem- bered that cast steel is incapable of welding, shear steel therefore must be employed. Care must be taken not to raise the temperature of the steel beyond the requisite point. Wheel and Axle. See Axle. Wheel Carriage. See Carriage. Wheel. The rules for determining the respective numbers of the teeth of wheels to eflect a given change in speed will be found in the section Mechanics, in the Mechanic’s Calculator, as also the method of determining their proper forms. To expedite calculation in determining the pitches of teeth and corresponding diameter of wheels, the following table has been inserted. The table has been calculated with great care by Mr Frazer, and is the most correct and extensive hitherto published. 

English Grains. *0154 
15*4440 154-4402 1544*4023 15444*0234 154440 2344 



Table of the Diameter, in inches, of Wheels, from 10 to 340 teeth, and the pitch from VA to 3^4 inches. 

21 | 23 | 

•5(J6 57-295 63- •282 58-091 63-900 64-775 70-664 
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Table of the Diameter of Wheels, continued. 
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Table of the Diameter of IVhecls, continued. 
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Table of the Diameter of Wheels, continued. 
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Table of the Diameter of IVheels, continued. 
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Table of the Diameter of Wheels, continued. 

This table gives, by inspection, the diameters, in inches, of wheels, from 10 to 340 teeth and the pitch from 1J to 3^ inches. If any other diameter be wanted (within the tabular number of teeth, but the pitch either a multiple or a measure of the above) it may be found by multi- plication or division, thus; let the pitch be 7 inches, and the number of teeth 38; then 7 being the double of 354, under 354 and opposite 38 is 42-335, which, being multiplied by 2, gives 84-67 as the diameter required. Or, let the pitch be 54 inch and the teeth 26; then, 54 being the sixteenth part of 2 inches, under 2 and opposite 26 is 16-552, which, divided by 16, gives 1-0345 as the diameter required. Wind; our limits will not permit us to enter into minute details on this subject. The subject has been treated in the Mechanic’s Calcula- tor, to which this volume is intended as a companion. We subjoin a table of the force of winds which may be useful in computations as to the effect of windmills. 

i gentle pleasan .brisk gale.... 

Mr Smeaton found that when the velocity of the winds was 3, 5, and 6 miles an hour, the velocities of the sails, compared to that of the wind, were respectively as 0-666, 0-809, 0-83 to 1, the radius of the sail is 3 feet. 



REFERENCES TO PLATES. 

The Plates exhibiting views of the Portable Engine, and also of the Marine Engine, will be understood by a careful inspection after the articles describing their several parts have been read. Locomotive .Erayirae.—Various views of this railway steam carriage are given in plates No. 1 and 2. A side elevation is shown in fig. 1, No. 1; figs. 2 and 3 are end elevations, the former showing the back, and the latter the front elevation, fig. 4, is an end view of the boiler. Fig. 1, plate No. 2, is a ground plan, and fig. 2 a section and 3 a side view, with some parts taken away, in order to show the more concealed portions of the machinery. The same letters of reference are used in all the figures. The boiler, an end view of which is represented in fig. 4, plate No. 1, consists of a metallic cylinder, having two flat ends, the cylinder being commonly about six feet in length. The under half of this cylinder is occupied by 80 or 100 copper tubes traversing the whole length, and each of about 114 inches diameter. These tubes are so many flues, being open at both ends, the one end communicating with the fire box, or furnace, and the other opening into the chimney, thus affording a passage for the smoke and hot air. These pipes being heated, they communicate their caloric to the water which surrounds them, the boiler or cylinder being filled with water to such a height as to cover the tubes. The boiler lies lengthwise in the carriage, as may be seen at A A' in the longitudinal section, fig. 2, No. 2, and one end of the boiler as was before observed, opens into a fire-box or furnace, seen at bbab in the same section. The furnace bars are laid horizontally at a as may be seen, also in the ground plan, fig. 1, plate No. 2. The fire box or furnace, is a square box formed of two casings, the one contained within the other. The outside casing communicates with the lower, and also at the upper parts of the boiler, by means of two pipes, therefore when water is poured into the boiler, it flows into the space between the out- side casing and the fire-box, and the boiler being constantly kept about half full of water, the casing is consequently well supplied. The steam that is generated in the casing, passes into the boiler by the upper pipe. 
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Above the fire-box, and communicating with the upper part of the boiler, there is a sort of bell-shaped receiver covered at the top, and opening into the boiler, as seen at E". From this receiver a pipe is led, one end of which opens into the receiver : at a little distance below, this pipe is bent, having a knee joint, and then traverses horizontally along the whole length of the boiler. At its farther extremity, it opens into two pipes of smaller bore, one of which is seen at g, the other being hid in the section. These pipes are bended downwards, in order to supply the cylinders, one of which is seen at R. The hot air and smoke, as before stated, pass along the horizontal tubes in the boiler, rise up through the chimney A, and escape into the air. F is the safety-valve, being of the steel yard kind, but instead of the pressure being regulated by a moveable weight, it is regulated by a spiral steel spring, whose elastic force is measured by a graduated scale. F' is another safety-valve, wrought in a similar way, but confined within a pipe, so that the work- men cannot get at it, in order that should the other valve be too much loaded, the valve F' will still act, and prevent accident when the force of the steam is greater than it should be. E is the main hole, which is uncovered when the boiler requires to be cleaned. The engine which is of the high pressure kind, is seen at R r It'; the cylinders two in num- ber, lie nearly in a horizontal position, being a little inclined upwards towards the fire-box, or back of the carriage. The alternate motion of the piston rod, gives motion to a crank on the axle of the back wheels, and thus the carriage is propelled. The valves in the nozzles are wrought by an eccentric, V r. The rods for putting off or on the steam, as also for working the eccentric that causes the carriage to move either backwards or forwards, are seen at h and Z at the end of the fire-box. D is the hot water pump, which may be connected with the gearing at pleasure, by a handle at the command of the engine man, who stands within the rail at the back of the carriage. The whole is suspended on springs, which may be seen at N, in plate No. 1. The above is only intended to be a general description; more particular details will be given in our articles Railways and Steam Engines. With regard to locomotive engines, on common roads, it may in general be remarked, that notwithstanding the many ingenious contri- vances put in action, to bring them into effective operation, much more requires yet to be done, before they can be brought into competition with railway locomotive engines. 
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THE END. 




















