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THE recent improvements in machinery have given
new and increasing importance to the science of Me-
chanics. The skill of modern artists seems almost to
have endued wood and iron with a degree of intelli-
gence, in the surprising operations accomplished by va-
rious machines. These improvements have advanced
manufactures to a high relative rank in the scale of na-
tional interests. It is not the effeminate employment at
the distaff of ancient times that is now understood by
the term, Manufactures, but vast operations performed
by means of mechanical inventions, whereby a common
individual is enabled to accomplish more than the fabled
labours of Hercules. So necessary to the wants of life
at the present day are the products of machinery, that
-the Steam Engine has become almost as important as
the plough; and the most remarkable achievements even
in commercial intercourse are performed by its agency.
Instead of indulging in the abstract and profitless inves-
tigations, once so common, philosophers seem now rath-
er to delight in researches into nature for the purpose
of making discoveries applicable to the useful arts.

The science of Mechanics truly demonstrates that
¢ knowledge is power.” By the aid of a few simple
machines, combining the principles of the mechanical
powers, the feeble strength of man is rendered adequate
tomoving with facility vast masses of matter, and to per-
forming all the complicated and delicate operations of
the useful arts, to which society is mainly indebted for
the present advanced state of civilization and reﬁne-

i




iv
ment. The importance of a knowledge of the science
of Mechanics to the daily wauts and comforts of almost
every individual member of society, renders the study
of it interesting to the scholar and the gentleman, as well
as to those who are by profession devoted to its practi-
cal details.

The high price of labour in the United States has had
a tendency to direct the genius of the people to all de-
scriptions of mechanical inventions, from the simple ap-
paratus for paring an apple, to the machinery for propell-
ing a vessel of war. There is among all classes of people
in this Republic a vivacity of inquiry, and an intelli-
gence upon subjects relating to Mechanics—some of
the most important improvements in Mechanism having
been made by professional gentlemen and merchants.
Indeed, all the energies of man are called forth in a

“youthful and flourishing country blessed with free in-
stitutions, and abounding with all the natural advantages
which a variety of climates and a soil rich in vegetable
and mineral productions can afford.* In such a coun-
try it becomes a pleasing though humble task to en-
deavour to advance the improvements in the useful arts,
a cause in which success must be beneficial to the
whole human race.

During a tour through the most interesting districts
of England and France, my attention was principally
directed to the latest improvements in mechanical
inventions in those countries. Having had occasion
previously to acquire a degree of information upon this
subject, from personal observations, as wellas from the
writings of the best authors, a mass of notes and practi-

* « Youthful nations” (observesa late writer in the Quarterly Review) <will be quick-
cr than Europe, and in our own vigorous children in the United States of America weal-
ready see the generations that in reason and industry are destined to stand beside En-
glishmen.” . C
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cal remarks became thus gradually collected. The
extracts and tables gathered from various quarters must,
of course, form a very considerable portion of an ele-
mentary work, in which it must also be very difficult to

. designate the name of each author, whose opinions may

be quoted. Various Rules and Tables have been insert-
ed, by means of which the engineer or mechanic may
speedily perform most of the calculations that ordinarily
occur in the practical details of his business.

"There is probably no mode in which a greater amount
of property may be more rapidly dissipated and wasted,
except perhaps at the gaming table, than in the construc-
tion and management of mills and machinery by those
incompetent to the task from a want of proper practica
knowledge. Every false calculation is attended with
costly expenditures, and loss of labour in manufacturing
operations. At some of the American mills which have
been erected only a few years, various kinds of ma-
chinery, abandoned after a course of unsuccessful ex-
periments, may be found collected as rubbish, form-
ing a sort of museum of injudicious and abortive con-
trivances.

The whole subject of this branch of Natural Philoso-
phy, has been arranged in a manner that appeared the
most favorable for explaining the first principles- of
the Science as practically applied to the useful arts,
and for introducing such remarks in relation to them
as personal observations—the result of no inconsidera-
ble share of labour and expense, have enabled me to
make. They are offered to the public, with the hope
that they may prove serviceable in aiding intelligent
freemen in their exertions for success in various
branches of industry, and in accomplishing the ¢ tri-
umph of mind over matter.”
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THE SCIENCE OF MECHANICS.

Tue Sciences as they are termed, have been divided into three
classes. The first class, relating to Matter and the properties of
the various bodies with which we are acquainted by means of our
Senses, is called Natural Philosophy. Thesecond class, relating to
number quantity and computation, is called Mathematics; and lastly
that which relates to mind or intellect, and the moral nature of man,
is called Moral Philosophy.

_ The ancients divided Natural Philosophy into two classes, Ration-
&l and Practical. The one they considered as demonstrable by rea-
son, whilst the other they seem to have regarded merely as presump-
tively true, or probable from their imperfect experiments performed
by means of various instruments or machines. Whatever was de-
monstrable by accurate reasoning was referred to Geometry, and
what was found to be practically true, although not thus demonstra-
ble, to Mechanics. S8ir Isaac Newton observes, that this inaccu-
racy of result should have been attributed ratherfto the artists them-
selves than assigned as the ground for a distinct division of the Sci-
ence of Natural Philosophy; for whenever the demonstrations of sci-
ence show a result different from that produced by nature, the error
must be in the demonstration. The term ¢ Mechanics” has contin-
ued to be anplied to the practical operations of machinery and to
the demonstrations of this branch of philosophy

In the theory of the mechanical powers, bodies are suppesed to
have surfaces perfectly smooth; levers to have no weight; cords to
be perfectly pliable; the parts of machines to have no friction, and to
possess strength adequate to sustaining the stress assigned to them
in theory.

Since matter forms the material of which machines are constructed,
a3 well as the subject upon which they must operate, in order to ar-
rive at any certain calculations upon the effective force or operations
of machines, a skillful mechanic must have a knowledge ofthe various
properties of matter, and of the various laws and modifications to
which it is subjected. Gravitation, Cohesion, Electricity, Galvan-
ism and Heat have an influence not only upon the machines which
he employs, but also upon the materials exposed to their action. Be-
fore entericg upon the investigation of the laws of Motion and Force,
upon which the Science of Mechanics is principally founded, we shall
give a brief sketch of these Natural Powers as affecting the weight,
strength, hardness, fluidity, and even forms of material substances,

Allowance must also be made for all the difference between theo-
ry and practice, arising from various causes. From the resistance of
friction alone, it has been observed by Mr. Ferguson, there are few
compound machines that do not require a third part more power to
work them when loaded than is sufficient to constitute an equilibrium
between the weight and power.

Galileo observes, that what appears very firm and succeeds well in
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models, may be very weak and infirm, or even may fall to pieces by
its weight, when it comes to be executed in large dimensions accord-
ing to the model. In order that machines, or animals, may have an
equal relative strength, compared with their size, a very great and
disproportionate increase must exist in their proportions or compo-
nent parts. If a machine be increased in size, it must be subjected
to greater stress merely to support the motion of the heavier parts.
While the smaller insects, like the flea, can leap several hundred
times their length, the utmost strength and activity of large animals
will hardly enable them to bound over a space of more .than four or
five times their length. In architecture, where the appearance of
solidity is no less regarded than real strength and firmness, it is even
necessary, in order to preserve the due symmetry of a building, and
to gratify a judicious eye and taste, to make columns of certain deter-
minate proportions—lighter or heavier according to the style of
architecture. Slender cast iron pillars, alth.ugh made equally strong
as stone of larger size, would excite in the beholder sensations of
painrather than of pleasure, if'substituted to support the heavy enta-
blature of a Deric or Ionic Portico.

MATTER.

Matter is defined to be a solid, inactive, and moveable substance,
capable of being infinitely divided. As presented to our senses it
appears in various states of density and fluidity, and in an infinite di-
versity of forms and colours. Although a state of rest appears to be
natural to matter, yet upon experiment it is found to be subject to the
action of two forces, which have a tendency to produce motion—one
of which acts in attracting the particles of the same body together, to
form one compact mass, as observable in the strength or cohesion of
various substances, or the power which they possess in resisting frac-
ture. The other force acts also upon every particle of a mass of matter,
attracting it towards the centre of the earth. The former is called the
attraction of cohesion, or aggregation,— the law that moulds a tear;”
the latter the attraction of gravitation, which ¢ bids it trickle from its
source.” The earth which we inhabit is a vast globular mass of mat-
ter, possessing the property of attracting towards its centre all bodies
situated near its surface. The force with which each specific body
is thus caused to press towards tbis centre is called the weight of that
body. This attraction is not peculiar to the earth, but is common to
all masses of matter. Magnetic and other attractions are resident
only in substances of particular species. [In ascending lofty moun-
tains it has been found that the mass of matter of which they are form-
ed possesses in a small degree the same power of attraction as the
earth itself, drawing the plumb line from its true direction, and caus-
ing it to incline to the side of the mountain A state of rest takes
place among particles of matter only when the attraction of cohesion
has drawn them together into the nearest possible contact, and when
the attraction of %ravitation has drawn themin aline towards the eentre
of'the earth, until their descent is arrested by the resistance of other
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bodies of matter. In the first instance, the particles of matter con-
tained in a body remain at rest from their mutual action and reaction
as appears when two concurrent globules of mercury unite. In the
second instance they remain at rest upon the surface of the earth,
When bodies ascend they are acted upon by a force greater than
that of the attraction of gravitation, and in a direction contrary to it,
as is observable of smoke, steam, and other vapours, which are
specifically lighter than the medium of the surrounding air, and are
consequently buoyed up, or floated in it.

Of the minute division of matter there are many astonishing instan-
ces farnished both by nature and art. A grain of gold, it is stated,
may be spread by the gold beater into a leaf containing fifty square
inches, and this leaf may be divided into 500,000 parts; and by a mi-
croscope magnifying the diameter of an object 10 times and its area
100 times, the one hundredth part of each of these,—that is the fifty
millionth part of a grain of gold, will be visible. The natural division
of matter are still more wonderful, as observable in the diffusion of
odoriferous substances in the atmosphere. The magnitude of a par-
ticle of musk, floating in the air, has been computed to be less than the
1.550.000.55%.000.500 sov part of a cubic inch. The minute division
of animal substancesaccording to Mr. Lewenhoeck is quite as remark-
able, there being according to his observations more animalcule in
the milt of a cod-fish than there are men on the whole earth. The
particles of bleod forming the arterial circulation of one of these ani-
malcul®, although small indeed, will be found to exceed the particles
of light 1n bulk, in the proportion of mountains to grains of sand.
Even the very rays of lifxt are divisible by the prism into myriads
of shades of colours. Delicate indeed must be the formation of the
organ that is not only susceptible of impressions from particles so
minute, but is capable of deriving from them ¢ all the delights of
vision.”

The rays of light are so minute as almost to lead one toa conclusion
that they are not a material substance. In regard to its inconceiva-
ble velocity through immense space, and in passing without obstruc~
tion through solid bodies with a momentum that bears no analogy
to that of other moving substances, it appears not to be governed
by the same laws as matter. Even the diamond, the hardest and
most impenetrable of gems, does not obstruct the passage of the
direct rays of the sun. The heat contained in its red rays are
capable of exciting combustion after passing through a transparent
sheet of ice.

2
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CENTRE OF GRAVITY.

In every body there is a centre of gravity, or a point about which
all its parts balance. If this centre be not supported the body will
fall. It is by artful skill in adjusting this point that the apparent won-
ders of horsemanship and balancing are performed. :

If a rod of iron be balanced upon a point, that point will be the
centre of gravity. If bodies be hung upon this rod, so as to counter-~
balance each other, tirir respective weights will be to each other re-
ciprocally as their distances from the the centre of gravity. Every
practical mechanic well knows that the density, or weights of beams
or rods are not uniform throughout their whole length; consequently
that there must be a degree of uncertainty in calculating the exact
weights in a foot of length of a piece of iron, wood, stone, &¢. In
practice the centre of gravity of beams, bars, &c. are found by balan-
cingthemover a prop. There being, however, many large unwieldy
bodies, that cannot be thus balanced, the following Rulesare given
by which the centre df gravity may be pretty nearly ascertained by
calculation.

Suppose a rod 11 inches long with a weight of 2lb. hung at one end,
and a weight of 20lbs. hung at the other end; the centre of gravity,
orthep oint on which the rods supporting these weights will be bal-
anced is one inch from the greater weight and ten inches fromthe less.

20X 1=20, and 2X 10=20

Therefore their weights are inversely as their distances from the
centre of gravity. Inorder to find the centre of gravity of any num-
ber of bodies, first find the centre between two bodies; then the cen-
tre between that centre, and a third body, and so on for the fourth or
fifth; the last centre found will be the common centre of all the bodies.

The centre of gravity of a triangle is in the straight line, drawn
from any angle to the bisection of the opposite side, at the distance
of § of that line from the angle. This rule holds also true with re-
gard to a pyramid of any number of sides, and to a cone.

The centre of gravity of a segment of a circle is in the radius which_
bisects it ; and its distance from the centre of the circle, is 1-12 of
the cube of its chord divided by the area of the segment. :

The centre of gravity of a section of a circle is in the radius which
bisects it; and its distance from the centre of the circle is a fourth
proportional to the area, its chord, and § of the radius.

Effect of Gravitation upon Falling Bodies.

The motion of a body falling freely by its own gravity is uniformly
accelerated, its descent being at the rate of 1644, feet at the end of the
first second, 6444; feet at the end of the second second, increasing as
the squares of the times. A new impression being made upon the
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falling body at every instant by the continued action of the attraction
of gravitation, and the effect of the former still remaining, the velocity
must continually increase. The same force which accelerates the
motion of a falling body, when acting upon one thrown upwards, must
equally retard its ascent. The action of gravitation being uniform, in
whatever time it generates a certain velocity in a falling body, it must
in the same time destroy the same velocity in the ascending body.
ball, discharged upwards from a gun, would thus acquire the same
velocity on reaching the earth in its descent, as when it left the muzzle
of the gun,—This would hold true only in vacuo, as the resistance of
the air has an evident effect in retarding the descent of falling bodies.
In a vacuum formed by the air pump, a feather and a guinea will fall
with equal velocities. The usual effect of gravitation is to produce
such motion only, on the surface of the earth, as tends to bring mat-
ter into the relative state of rest in which we find it. Schemes of
“¢ perpetual motion” to be derived from the power of gravitation in the
finite space between the surface and centre of the earth must conse-
quently be visionary.

The curved lines deseribed by bodies projected nearly horizontally,
as the water from a pump, are caused by the joint action of two forces,
which produce in the line of their descent what are termed parabolic
curves. The lines of these curves, as they are caused to vary by the
resistance of the atmosphere, and the effect of gravitation, are the
subjects of study in the science of Gunnery.

The following Tables of the velocities acquired by falling bodies
are calculated without allowance for the resistance of the air, which
must retard the descent of all falling bodies more or less according to
their densities.

The velocities are as the times, and the spaces fallen through as
the squares of the times.

Therefore if the times be as the numbers, 1 23 4 &ec.

‘The velocities will be also as 1234 &e.
The spacesfallen through as their squares 1 4 9 16 &c.
And the spaces for eachtimeas - - 1357 &e.
N " n "
If the first series of numbers be seconds of time 1 2 3 &ec.
The velocities in feet willbe . . . 323 64} 96} &ec.
Spaces fallen through will be . . . 1644, 641 1443 &ec.
Spaces for each second willbe . . . 164 48} I?Oug:;"&c-
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The following Table shows the es fallen through, and the Velociticy
acquired, at the i’ﬁfe{chqso Seconds.

SPACE. VELOCITY.

T;u:e As the Fallen Acqui:

Seconds. | Each ares in [Asthe cquired

Time. ofmime- mmm Times. | v ot & Tnches.
1 1 1 16 1 1 32 2
2 3 4 64 4 2 64 4
s b5 9 4 9 3 96 6
4 7 16 2571 4 4 128 '8
5 9 25 402 1 5 160 10
¢ |11 36 579 0| 6] 193 O
7 13 49 788 1 771 225 2
8 15 64 1029 4 8| 251 4
9 17 81 1302 9 9 289 6
10 19 100 1608 4| ‘10| 321 8
11 21 121 1946 1 11 353 10
12 23 144 2316 O 12 386 O
13 25 169 2718 1 13 418 2
14 27 196 3152 4 14| 450 4
15 29 225 3618 9 15| 482 6
16" | 31 256 4117 4 16| 514 8
17 33 289 4648 1 17 546 10
18 35 824 5211 O 18| 579 O
19 37 361 5806 1 19 611 2
20 39 400 6433 4| 20| 643 4
21 41 441 7092 9 21 675 6
22 43 484 784 4 22 707 8
23 45 529 8508 1 231 739 10
24 47 576 9264 O 24| 72 O
25 49 625 10052 1 25| 804 2
26 51 676 10872 4 26 836 4
21 53 729 11724 9 21 868 6
28 55 184 12609 4 28 900 8
29 51 841 13526 1 29 932 10
30 59 900 14475 O 30| 965 O

EXAMPLES.
To find the space descended by a body in 7 and the

acquired.

velocity

16 . 149 =188 feet. 1 inch of Space fallen through.

32 . 27 n =225 feet. € inches of velocity acquired
By referring to the above table at 71/ the answers will be found.

To find the time of generating a velocity of 100 feet per second

and the whole space descended.

100X 12=1200--32 . 2X 12=3 1 gy Time.
3 1 gty X 100=310 , 6--2==155 . 3 space descended.
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The answers to these and other similar questions may be readily
found from the table by the Rules of Proportion.

It is owing to the increased velocities of the falling weights of pile-
driving engines, that the momentum or force of the blow becomes so
effective. The power of the same weight or driver is increased
in the ratio of the spaces fallen through in each second, as in
the fourth column of the preceding table. It is therefore al-
ways desirable to increase the height for the fall of the driver as
much as practicable, as the effect of the stroke from falling increases
in the ratio of the square of the heights. A weight falling five feet
will strike with only one sixteenth of the force of one that falls twenty
feet. In descending inclined planes, bodies would acquire the same
velocity' which they acquire by fallin&ﬁ'eely through the perpendi-
cular elevation of the planes, provided their descent were not impeded
by friction.

One of the most useful inventions in Mechanics, the clock, owes its
origin to the effect of gravitation upon the pendulum.

PENDULUM.

The times in which pendulums of different lengths perform their vi-
brations are as the square roots of their lengths. This rule is not true
however, in all parts of the earth; as at the equator, where the effect
of the centrifugal force of objects upon the surface of the globe is

eatest, the power of gravitation is in a degree counteracted. - The

ength of the pendulum required to vibrate seconds at London, is y; of

an inch longer than at the equator. Hence gravity under the equa-
tor is to gravity in London, as 391 to 392. It has been found by
many accurate experiments, that the pendulum vibrating seconds in
the latitude of London is 39} inches long. The le of a pen-
dulum to vibrate in any other given portions of time, may be found by
the following Rule.

As the number of vibrations given, is to 60, so is the square root of
the length of the pendulum that vibrates seconds, to the square root of
the length of the pendulum that will oscillate the given number of vi- °
brations;—or, as the square roet of the length of the pendulum given,
is to the square root of the le; of the pendulum that vibrates sec-
onds, so is 60 to the number of vibratjgns of the given pendulum,

8Since the pendulum that vibrates seconds, or 60 times per min-
ute, is 39g_inches long, the calculation is rendered simple; for the
A/393X60=3175,*is a constant number, therefore 375, divided by the

* A table of Square and Cube Roots is given in the Appendix; a reference to which
will facilitate calcalations in which it may be required to extract these roots.
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square root of the length of the pendulum, gives the vibrations per
minute ; and divided by the vibrations per minute, gives the square
reot of the length of the pendulum. :

EXAMPLES.

How many vibrations will a pendulum of 49 inches long make in a
minute ?

A29=1. 315+7==53% vibrations per minute.
‘What length of pendulum will it require to make 90 vibrations in a
minute ? .
, 315--90=14. 16. 4.162=17 . 3056, inches long.
The vibrations of pendulums are subject to many irregularities, ow-
ing partly to the variable density and temperature of the air, and
partly to the rigidity and friction of the rod, by which they are sus-
pended. The expansion and contraction of the metallic rods of pen-
dulums from heat and cold, causes clocks to go slower in summer, and
faster in winter. The common remedy for this inconvenience is the
raising or lowering of the bob of the pendulum, by means of the screw
usually placed at the end of the pendulum rod for this purpose. Dif-
ferent metals are caused to expand by heat, and to contract from cold,
in various degrees or extents. Advantage has been taken of this va-
riation of expansibility, by using rods of different metals in the con-
struction of pendulums, arranged in bars somewhat in the form of a
gridiron, from which this sort of pendulum derives its name.

SPECIFIC GRAYVITY.

The Specific Gravity of a body, is the proportional weight between
that body and another of known density.m;i(‘)he density of a body is
its quantity of matter when the bulk is given, and the specific gravity
is its weight compared with that of another body of the same magni-
tnde. Rain water is admirably adapted to be the standard for a eom-
parison of the Specific Gravities of various substances, as a solid or
cubic foot of it weighs 1000 ounces avoirdupois, or 62} pounds.

.A body immersed in a fluid, if sreciﬁcally heavier, will sink; and ifit
be specifically lighter, it will sgttle into the fluid until it has displaced
a portion of it equalin weight t®the solid. Thus a cubic foot of weod
weighing 500 ounces, would sink in water only one half of its bulk,
as it would then displace half a cubic foot of water which weighs 500
ounces. The same rule is applicable to a ship with its cargo, which
displaces a bulk of water exactly equal in weight to that of the ship
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and its contents. Mr. Robertson, late librarian to the Royal Soci-
ety, investigated the specific gravity of living men, in order to ascer-
tain what quantity of buoyant materials would be necessary to keep a
man afloat in water, supposing that most men were specifically heav-
ier than river water. From trials which he made upon ten different
persons, it appeared that their specific gravity was about } less than
water. With a knowledge of this fact, if persons who accidentally
fall into the water could recover sufficient self-possession to throw
themselves upon their backs, with their mouths only rising above the
surface of the water, they might, in many cases, be able to sustain
themselves until relieved. This experiment was illustrated by Dr.
Franklin, in his account of being drawn across a pond, while floating
upon its surface, by holding in his hands the string of a kite. It is
only on atcount of the lungs being filled with water, that the bodies
of drowned persons sink.

RULE FOR FINDING THE SPECIFIC GRAVITY OF A BODY.

PROBLEM 1.

When the body is heavier than water.

Weigh it both in and out of water, and take the difference, which
will be the weight lost 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 the specific gravity of the body.

EXAMPLE.

What is the specific gravity of a stone which weighs 10 Ibs. but in
water only 63 Ibs. water being 1000 ?

10 lbs—63§=3} lbs. weight lost in water.
31 : 10::1000: answer 3077 specific gravity.

PROBLEM II.
When the body is lighllr than vater.
Ruce. Attach to it a piece of another body heavier than water, so
that they may both sink together. Weigh the denser body and the

compound mass separately, both in ard out of water; then find how
much"each loses in water, by subtracting its weight in water, from its
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weight in air, and subtract theless of these remainders from the great-
er; then say,

As the last remainder

Is to the weight of the light body in air,

So is the specific gravity of water,

To the specific gravity of the body.

EXAMPLE.

What is the specific gravity of a (Piece of elm which weighs in air
15 Ibs ; attached to it is a piece of copper weighing I8 lbs. in air,
and 16 Ibs. in water, and this compound weighs in water 6 lbs ?

—=18-415
6 16
27— 2=25 last, remainder. ,

As 25: 15::1000 : 600 answ. specific gravity of the elm.

PROBLEM IIIL

For a Fluid of any sort.

Take a piece of a substance or body of known specific gravity,
weigh it both in and out of the fluid, finding the loss of weight by ta-
. king the difference of the two weights ; then say,

As the whole or absolute weight,

Is to the loss of weight;

So is the specific gravity of the solid,
T the specific gravity of the fluid.

EXAMPLE.

What is the specific gravity of a fluid in which a piece of east iron
Weighs 34.61 oz. and 40 oz. out of it ?

40 : 5.39::7425 : 1000, specific gravity of the fluid.

PROBLEM IV.

To find the quantities of two ingredients in a given compound.

Ruie. Take the three differences of every pair of the three spe-
cific gravities, viz. the speoffic gravities of the compound and each

ingredient; and multiply each specific gravity by the difference of the

other two; then say

As the greatest product

Is to the whole weight of the compound
So is each of the other two products,
To the weights of the two ingredients.
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BXAMPLE.

A composition of 112 lbe. seing made of tin and copper, the speci-
fic gravity of which is found to be 8784; required the quantity of each
ingredient, the specific gravity of tin being 7320, and copper $000.

8784 Composition, 9000 Copper, 732 Tin.
9000—7320 = 1680 X 8784 = "47157120
8784—17320 . 1464 X 9000 =: 13176000
+ 9000 —8784 == 214 X 1320 = 15666480
As 14757120 112 : 13176000 : 100= Copper § forming the
112—100 = 12 = Tin Composition.
A Table of Specific Gravities of B dies, compared with Rain Water.

The comparafive weight or specific gravity of almost every known
substance has been ascertained by the preceding rules, by means of
hydrostatic balances, hydrometers, or other instruments, and the re-
sults of these experiments have been arranged in the form of Tables.
Rain Water, as before stated, has been taken as the standard for so-
lids and liquids, and atmospheric air has been taken as a standard
of the specific gravity of Gases.

Cubic foot. Weight in oz.| Cubic foot. ‘Weight in oz.
Platina (pure) - 23000 || Marble and Hard Stone 2700
Fine Gold - - 19400 )| Flint Glass . . 2510
Standard Gold - 17724 || Sand Stone - - 2520
Quicksilver (common) 13600 || Clay . . . 2160
Lead - - - 11325 rick - 1300 to 20€0
Fine Silver - 11091 || Common Earth - 1900
Standard Silver = 10535 || Sand . . . 1520
Copper - - 9000 || Coal . . 1100 to 1250
Gun Metal - - 8784 || Slate . . . 2700
Cast Brass - - . 8000 | Gunpowder - - 900
Steel - - - 7850 || Beeswax - - 964
Iron, bar - - 7788 || Sugar - - - 16(6
Iron, cast - - 7248 Liqusds.

Manganese - 8000 ll Rain water - - 1000
Cobalt - - - - 8600 || Sea Water - - 1030
Tin - - 7320 || Blood (human) - 1053

. Woods. Olive Oil - - 0915
Boxwood - - - 1030 | Linseed Oil - - 0940
Oak,hart - - - 925 || Whale Oil - - 0923
Ash - - - 800 || Tallow - - - 0923
Maple - - - 755 || Proof Spirits - - 0923
Fir - - 560 || Alcohol - - . 08.
Ebony - - 1331 Gases.
Lignumvite, - 1333 || A cubic foot of atmospheric
Mahogany . 1063 || dir, weighs 527 grs. about ]
Charcoal - . 400 i being nearly 840 times light-
Cork . . 240 || er than water.

Stones and Earth. Carbonic acid Gas . 1}
Iron Stone 3300 to 3500 |} Hydrogen, the lightest of all snb-
Granite, hardest = 3000 stances. hasonly 1 of the weight

Doeommon . - 2700" of Aimospheric Air.

3
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If an engineer wishes to move a certain block or pillar of granite,
or even a brick building, as has been done in the United States, he
may form an estimate of the weight by multiplying the number of cu-
bic feet of materials by the number of ounces against each respective~
ly, in the above table. The product in ounces being divided by 16,
will give the weight in pounds Avoirdupois.—Sea water being heav-
ier than fresh water, will cause a ship to float more buoyantly, and
the difference of specific gravity between common air and Hydrogen,
will cause balloons or large silken bags filled with this gas, to ascend
and float in the air Heat has also the effect of rarifying a volume of
air, and rendering it specifically lighter than the common atmospher-
1c arr. :

TABLE OF THE WEIGHT OF SHEETS OR PLATES OF MALLEABLE
AND CAST IRON, COPPER AND LEAD.

TABLE of the Weight of a Square Foot of Cast and Malleable Fron, Copper and
4 Lead, from 1-16th, to 1 Inch thick. r

Cast Iron {Vall Iron.| Copper. Lead.
Lbs. Oz.| Lds. Oz.| Lbs. Oz.| Lbs. Oz.

Thick.

lSixteenthL 2 66} 2 18] 2 15| 3 11

2 — 4133 4156] 5 14| 7 6
8 — | 74| 7174 8 13|/ 1
4 — 9106 9152[ 11 12|14 12
5 — 12 1.3/12 7114 11|18 7
6 — 14 8. | 1414917 10|22 2

7 — 16 147 17 6.7]20 925 13
8 — 19 53]19145]23 8[29 8

9 — 21 12. |22 63[/2 17|33 3
10 — 24 2724 142(29 6|36 14
m — |2 93|21 6 [32 5[4 o9
12 — 29 -129138|35 4|4 4
13 — 31 6.7{32 56|38 3|47 15
'14_ — 33 13.4] 34 13.4| 41 2|51 10

15 — 36 4. |37 5344 1|65 b

1 Inch 38 107039 13147 |59 -}
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TasLx of the Weight of a Lineal Foot of Malleable and Cast kron Bars, from

6-16¢As to 3 Inches square.
Sixtoenths | Area in | MALL IRON.| CASTIRON. h}lﬁlll‘}% RO,
T P - | P

side Sixteenths. | Ounces Weight. | Ounces Weight. Ounces Weight,
6 36 7.4736 - - = 5.83
1 49 10.1724 | - - - 7.99
8 64 13.2864 12.8960 10.43
9 81 16.8156 - - - ~ 1320
10 100 207600 | - - - = 16.30
11 121 25.1196 - - - 19.72
12 144 29.8944 29.0160 23.47
13 169 350844 |- - - - 271.53
14 196 40.6896 - = = 31.94
15 225 46,7100 [ - - - - 36.44
1 Inch 256 53.1456 51.5840 41.50
1 289 | 59.9964 - - - 46.80
2 324 672624 |- - - = 52.47
3 361 74.9436 - - 58.46
4 400 83.0400 80.6000 64,81
5 441 91.5516 (- - - - 71.41
6 484 | 1004784 | - - - 78.31
1 529 109.8204 | - - - - 85.66
8 576 119.5774 | 116.0640 93.27
9 625 129.7500 - - - 101.21
10 676 1403376 | - - - - 109.46
11 729 151.3404 - - - 118.05
12 784 162.7584 | 157.9760 126.95
13 841 174.5916 | - - - - 136.19
14 900 186.8400 - - - 146.74
15 961 199.5036 | - - - - 155.62
2 Inches| 1024 | 212.5824 | 206.3360 165.82
1 1089 | 226.0764 - - - 176.34
2 1156 | 239.9856 | - - - 187.19
o ] 1225 | 254.3100 .= = 198.36
4 1296 | 266.0496 | 261.1440 209.86
5 1369 | 284.2044 | - - - - 221.68
6 1444 | 299.7744 - - - 233.83
( 1521 | 315.7596 | - - - - 246.30
8 - 1600 | 332.1600 | 822.4000 259.09
9 1681 348.9156 - - - 272.20
10 1764 | 3662064 | - - - - 285.64
11 1849 | 383.8524 - - - 299.41
12 1936 | 401.9136 [ 890.1040 313.49
.13 2025 | 4203900 |- - - - 327.91
14 2116 | 439.2816 - - - © 842.64
15 2209 | 4585884 | - - - - 851.70
3 Inches| 2304 | 478.3104 | 464.2560 373.09
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The foregoing tables have been calculated from Hutton’s specific.
gravities; those of Cast and Malleable Iron, and Lead, agree very
nearly with those given by other authors,

TABLE of the weight of Bars of Flat Iron one foot in length, from which any great-
er length of this metal may be computed.

. Inches in thickness.

Inc}_n-s in 3 3 3 N 1 3 1 £
width. ——

lbs. av. | Ibs. Ibs. ‘ bs | Ibs. Iba. | Ibs. | Ibs.
1 83 | 1.25 | 1.66 12.082.5 [ 291
1% 93|14 1.87 12341 2.81(3.28| 3.75
1} 104 | 1.66 | 2.08 2.6 |3.12|3.64 4.16
]% 1.14 | 1.71 | 2.29 12.86(3.4.|4.01} 4.58
13 1.25 | 1.87 | 25 |3.1213.76| 437 5.
1% 1.451 2.18 | 291 13.64143715.1 | 583
2 1.66 | 2.5 3.33 | 4. 1_6 5. 5.83 | 6.66
Qi 1.87 | 2.81 | 3.15 | 4.68 | 562 {6.56 | 1.5
Q% 2.08 | 3.12 | 4.16 | 5.2 G.Q5 .29 | 8.33
2% | 229 | 343458 (572,987 :8.02] 9.16
3 2.50 ['3.75 | 5. 6.2511.5 |8.15 |10.

Weight of Flat Bars of Steel, one foot in lengih.

i 3 3 8 1 1}
1 852 '1.27] 1. 7| 2.13
1} 1.06 | 1.59 | 2.13 | 2.66
13 1127} 19112551319
13 1.49 | 2.23 | 2.98 | 3.12
2 1.7 1255 (3. 4| 426

Weight of Square Bars bf Steel, one foot in length.
1 # ] g 1 ¥ 1

1

Square [42.13 | 479 |,8.65 | 1.93 [ 1,91 | 2.61 34 |1.67
Weight of Round Bars of Steel, one foof in length.

i § 3 & 1 3 1 13

Diaweter. | 167 | 376 | .669 | 1.04 | 1.5 | 2.05]2.61] 6.02

It is often desirable to form estimates of the weight of Iron ne-
‘cessary for constructing works, in which a considerable quantity
of this metal may be required- The engineer, after having ascer-
tained the diameters of the bars or bolts, and the lengths necesssa-
ry for his purposés, by referring to the preceding tables may calcu~
late the weight and the cost of the iron which he may require,
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A Tasre showing how many fathoms, feet, and inches, of a rope of
any size, under fourteen inches, makes a hundred weight*

Bope (Fath. Ft. In.|Inches [Fath. Ft. ln.‘m‘,’,‘: Fab. Ft. In
T [486 O O| 43 |24 0 0| 8 |1 3 6
134 3813 3 0| 4 |21 3 0| 8 |7 o0 8
14 216 O O 5 19 3 0 8 6 4 3
l§ 159 3 0 6} 17 4 0 83 6 2 1
P4 124 3 0 5 16 1 0 9 6 0 0
21 |96 2 o 53 14 46| 9 (56 4 0
2 7 3 0 6 13 3 0 9§ 5 2 0
2 65 4 0 6} 12 2 0 9 5 0 6
3 54 0 O 63 11 3 0 10 4 5 0
33 45 5 2 6% 10 4 0 10} 4 2 2
3 |39 3 of 7 9 461l !4 0 3
3% 34 3 9 3} 9 1 61|12 3 2 8
4 30 1 6 7 8 4 0113 2 6 8
4 |26 5 3 73 8 3 6|14 [2 2 1

* Ropes are measured by their circumference in inches.

From the preceding Table, the weight of ropes may be readily cal-
culated when the length andsize is known, by the rules of Proportion.

EXAMPLE.

In a coil of 4} inch rope, there are 48 fathoms, what will be the
weight of the coil?

By the Table it appears that a rope of the dimension of 4} inches
weighs ome ewt. fer each 24 tathom of its length. Therefore as,

24 : 112::48 : 224 lbs. Ans,
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The following Table of the weight of cast iron pipes, gives the

length of pipe according to the diameter of bore, as generally used in
practice. :

Diameter of bore in inches.
Thickness of metal in inches.
Length of pipe in feet.

The above. Table is found to be of great use in making out es-
timates of cast iron pipes; for instance, it is required to know the
weight of a range of pipes 225 feet long, 74 inches diameter of bore,
and metal § of an inch thick.

9)225
25 pipes in the whole length.

One pipe weighs 4. 0. 22., which multiplied by 25, is equal to 104.
3. 18. or 5 tons, 4 cwt. 3 quarters, 18 Ibs. weight of the whole range.

To find the number of cubic inches contained in a solid body of
very irregular dimensions, in order to calculate the weight of it, when
its spaeific gravity is kmown, it is enly mecessary to immerse such

-
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irregular body in a vessel of water exactly filled to the brim. I¥ will
displace a quantity of water, and cause it to run over the sides of the
vessol. The water thus displaced, if collected in another vessel, and
measured, will indicate as many cubic inches in the solid body as
there are cubic inches in the pints or gallons of water collected. The
number of cubic inches in the pint or gallon, may be readily ascer-
tained by reference to the table of measures, '

In all the operations of the mechanical powers, gravitation has an-
important influence, and the effects of it should be well considered by
the artist in his calculations, whenever he intends to construct ma-
chinery to operate with regularity, or ‘sweetly,” as the engineers
term it, when they can succeed in making a steam engine of 100
horse power work with so little jar or noise, that a person near it.
might not be aware of its movements, were they not visible. Card
Cylinders should be accurately balancedto performwell. Even com-
mon water wheels will turn with a motion so irregular, after remain-
ing for a time with-one portion immersed and water soaked, while
another portion becomes dry and light, that that they cannot be suc-
cessfully used in many manufacturing operations. At every revolu-
tion the increased gravity of one side will hasten its motion in des-
.cending, while it will equally retard its ascent,

ATTRACTION OF COHESION.

Attraction of Cohesion, or the strength of various substances, is the
second most obvious quality of matter, and one of the most important
a3 connected with the operations of machines. A knowledge of the
cohesive strength of various materials employed in architecture, as
well as in the mechanic arts, is also highly important, as the safety
of life and of property depends upon the due solidity and strength
of buildings. Waste of materials must, on the other hand, ensue from
a profuse use of them where not required. There are probably few
carpenters who make any regular calculatiens. relative to the weight
that may be safely supported by the pieces of timber, upon which they
‘work, when the dimensions and the distances between the bearings
are given.

The attraction of Cohesion, or as it may be more succinctly term-
ed, cohesion, exists among the most minute atoms of matter, which ap-
pear to the eye comnected as one body, imparting to most sub~
stances a form of solidity, and constituting the force with which the
particles resist separation. It is only by attention to this subject,
that the due symmetry and strength is assigned to the various parts
of machines. In the practical application of the mechanical powersy
the force cannot be effectually applied to move the weight unless the
lever, the wheel, or the screw be capable of supporting the accumu~
lated stress transmittted through them, to act upan the weight.
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Cohesive Strength of various Substances.

The Cohesive strength of a body being measured by the force re~
quired to cause the particles to separate, the greater the mess of par-
ticles, the greater must be the power required to tear them asunder.

Cohesive strength is destroyed in various ways; as by pressure,
when the body is said to be crushed; by being drawn asunder, or
broken ; by torsion or twisting, and by abrasion or friction.

The strength of different materials in resisting compression is
variously estimated, few accurate experiments having been made on
this subject. According to Buchanan, in steel the cohesive strength
and resistance to being crushed, appear to be nearly equal. Free-
stone has been found to support about 2000 lbs; Oak in some partic-
ular cases, more than 4000; American pine, 1600 lbs. and Elm, 1284
Ibs. upon each square inch.

To find the load which a column or stick of timber might sustain
when pressed in the direction of the length —Multiply the area of
the section of the column or stick in inches by the weight which will
crush one inch.—One fourth of this product is all that can be safely
imposed upon them. See table of strength of woods.

Stiffness and Transverse strength of Beams, Bars, &c.

If a beam be supported at both ends, and loaded ‘in the middle, it
will bend, called technically, deflection. Most substances before they

break, yield with a degree of elasticity to the force impressed upon -

them.—The stiffness of a beam follows laws very different from those
which determine its strength. Beams of equal length, have their la-
teral stiffness, to bear a load at any point in their length without being
bent. as the breadth and cube of the depth, while tbeir lateral strength
is only as the breadth and square of their depth.

Thus if a square beam measure twice as much on each side as an-
ether of equal length, it would be sixteen times as stiff, and eight
times stronger.

EXAMPLE.

If a beam or shaft be four inches square throughout, and another
five inches, both of equal lengths, what is their comparative stiffness.

The cube of 4 is 64. 64X '1==12536.

The cube of 5 is 125. 125X =825 Thatis, the shaft
of five inches is nearly two and an half times stiffer than that of our
inches.

Beams of different lengths have their stiffness (to bear a load at
any point in their length without bending) directly asthe breadth and
cube of the ‘depth and inversely as the cube of the length.

Thus if a beam be twice as long as another of the same breadth
and depth, it will have only § of the stiffness, while it will have one half
of the strength. Supposing a tube, indefinitely thin, to be expanded
into a tube of greater diameter, but of equal length, the quantity of
matter remaining the same: the stitfness of the tube will be increased
in the ratio of the square of the diametex. The quills in the wings of
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birds thus pessess admirable stiffness combined with lightness. The
stalks of all the grasses and many reeds, and the bones also of animals
are similarly formed for stiffness and lightness. Upon the same prin-
ciple cast iron pillars should be made hollow, the same weight of
metal being rendered stiffer, as its diameter is increased, in the ratio
of the cube of the diameter.

LONGITUDINAL STRENGTH.

For the measure of longitudinal cohesive strength, the number of
pounds avoirdupois, which are just sufficient to tear asunder a rod or
bundle of any substance one inch square istaken. From this it will be
easy to compute the strength of the same materials of other dimensions.

The following are the results of experiments made by Mr. Emerson, _
which state the load that may be safely suspended by 8 square inch
rod of each material.

Pounds
Avoirdupois.
Iron rod an inch square will suspend 76,400
Brass, - - 35,600
Hempen Rope - - 19,600
Ivory 15,700
Oak, Box, Yew, Plum-treo - 1,850
llm, Ash, Beech - - - 6,070
Walnut - 5,360
Red Fir, Holly, Elder, Crab - 5,000
Cherry, Hazel - - -. 4,760
Alder, Ash, Birch, Wlllow, - 4,290
Lead - - - 430
Free Stone - 914

Mr. Emerson_also gives the followmg practical rule, viz: thata
eylinder whose diameter is given in inches, loaded to £ of its absolute
strength, will carry as the square of their diameters in inches
multiplied by cwts. as follows. .

Cuts. .
Iron - 135 X Square of diameter in inches.
- Good Rope - 22X [ “«
Oak - - 14 X « “«
Fir - « “«

Other experiments made by Mr Barlow, make the ntrength of
woods much % reater than by the above table of Mr. Emerson’s ex-
periments. rom an average derived from experiments performed

by Mr. Barlow, it appears that the strength of direct cohesion of &
square inch of Box is about , - 20,0001bs.
' Ash - - - 17 000
Teak - - 15, 000 “«
Fir - - - 12, 000 «
Beech - 11 500 «
Oak - . . 10,000 «
Pear - 9,800 <.

Mphogany - - - 8,000 «
‘ 4
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Each of these weights may be taken as correct data for the abso-
lute and ultimate strength of the fibres of the woods, and therefore if
the weight that may be permanently borne with safety, be required,

not more than one .half, or at most, two thirds of the above weight
must be used.

From experiments made by Mr. Brown on Welsh pig iron, it ap-
pears that ¢ a bar of cast iron of this description 1} inch square, 3
feet 6 inches long, required a strain of 11 tons, 7 ewt. (25,424 lbs.)
to tear it asunder, breaking exactly transverse, without being reduc-

-ed in any part; was quite cold when broken, particles fine, of a dark
bluish grey colour.” This experiment shows that the cast iron sus-
tained a weight equal to 16,265 lbs. to the square inch.

Of malleable iron, from an average of the result of numerous ex-
periments made by different persons, the medium strength of a bar
one inch squage appearsto be sufficient to suspend a w:i‘fht of 27
tons. Muschenbroeck has described the methods he adopted for
trying experiments. The woods were all formed into slips fitted to
his apparatus, and part of the slip was cut away to a parallelopiped of
#\ of an inch square, and therefore ; of a square inch in section.

he absolute strengths of a square inch from more than fifty experi-
ments made with each are as follows:

Ash - - - 12,000
Locust Tree - - 20,100
Em - - - - 13,200
Mulberry - - 12,500
Willow - - - 12,500
Fir - - 8

- Walnut - 8,130
Pitch Pine - - 7,640
Cedar - . 4,880

It is stated by Mr. Penn, ¢ asthe result of numberless experiments,
which he has had the opportunity of trying in the chain cable manu-
factory of Messrs. Brown, Logan & Co. of Liverpool, that a square bar
of common iron will not bear more than 630 to 665 pounds weight to
every one eighth of an inch of its dimensions, while a bar of the best
cable iron of the same dimensions will bear from 780 to 800 pounds.”
About 30 tons to the square inch is commonly allowed to English
chain cables. Some of the chains manufactured in the United States
from the best American iron, it is stated, have borne a proof equal to
forty tons on a bar of iron one inch square.

A knowledge of the strength of materials is of the utmost importance,
in navigation. The frail bark is destined to encounter upon the
ocean the violence of adverse winds and waves, by which every tim-
ber of oak, and bolt of iron is subjected to great stress. Property te
a vast amount is endangered by using insufficient materials, and the
safety of anxious crews frequently depends on the strength even of
a single cable. ,

The annexed table has been furnished me by Mr. Leslie, showing
the relative strength and size of hempen and chain cables, and of an-
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chors adapted to vessels of various dimensions. This table is com-
puted as follows.—Double the cube root of the Register Tonnage, to
find the circumference of the best Bower Hempen cable in inches.
One eleventh of this circumference, is the diameter of a chain of
equal strength. The Register Tonnage multiplied by 5} gives the
‘weight of the best Bower Anchor, and by 4} for the small Bower,
being ten pounds of anchor in the two Bowers, to the Ton Register.
One eighth added to the cube root of the weight (in pounds) of any
wooden stocked anchor will give the circumference in inches of a cor-

responding hempen cable.

Ezplanation and Use of the Table.

T'o find the sizes of suitable Anchors, Cables, and Chains for dou-
ble-decked Merchant Vessels of the usual build .

For THE BRsT BowEr.—Find in the upper lino, the Register ton-
nage: directly under this, in the second line, will be found the circum-
ference of a Hempen Cable; in the fourth line, the diameter of a
-chain of equal strength; and in the fifth line, the weight of the An-
<hor.

For THE sMALL Bower.—Find the Register Tonnage in the low-
or line; directly above this will be found the size of the Anchor,
Cable or Chain, in their respective lines.

. For THE STREAM.—Find, in the fifth line, one third of the weight
of the best Bower Anchor; directly above this will be found a suita-
ble cable in the second line.

For e KepGe.—Find in the fifth line, one ninth of the weight
of the best Bower Anchor; directly above this will be found the size
of a suitable Hawser. Large vessels usually carry two Kedges, the
second about two thirds of the weight of the first.

N. B. For vessels differing much from the usual build, and for
single decked vessels, enter the table with the mean between four-
fifths of the mumber of tons they could carry in dead weight, and the
Register Tonnage.

EXAMPLE I.
Required to find the sized Anchors, Cables or Chains, for a
double-decked vessel of 280 tons Register.

: HrempER CaBLE. CHaIN. ANCHOR.
Best Bower 13 in. circumference 14 in. diam, 1550 lbs,
Small do. 12 in. do. 145 in. do. 1250
Stream 9in. do. - . 6817
Kedge 6} in. do. 170

. EXAMPLE 1I.

Regquired 1o find the Anchors, Cables, &c. of a ship of 620 tons Register.

,Hemren CasLk. CHain. ANCHOR.

Best Bower 17 in. circumference. 1% in diam. 3400 1bs.
Small do. 16 in.  do. 14 in. do. 2800
Stream 11 in. do. ——— 1133
Kedge 8in. do. 371
e 250

24 do. 1in.  .do.
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EXAMPLE III.

Required to find the Anchors, Cables, &c. of a vessel of 135 tons Regis-
ter, which could only carry, in dead weight, 106 lons.*

: Hemreen CasLE. CHalx. ANCHOR.
Best Bower 9} in. circumference.  § in. diam, 600 lbs.
Small do. 9in., do. 43 in. do. 500
Stream 6} in. do. 200
Kedge 4fin.  do. —_— 67

*4.5ths of 106 is 85
Add Reg. Tonnage 135

1-2 of 220 .

Mean 110 Tonnage to be used in Table.

Remarks.—If a proper Chain Anchor, with short shank and arms,
is used with a chain cable, one tenth may be deducted from the
weight found in the table, which is calculated for Hemp Cables, ang
for wooden stocks. The weight of Anchor, in all cases, should be
exclusive of Iron Stock, which adds nothing to the strength or secur-
jty. - Hemp Cables should be about nine fathoms in length for eve-
1y inch in circumference; but chains of equal strength need not ex-
ceed three-fourths of that length.* The size of the Kedge should not
be larger than could be managed to advantage with a suitable Haw-
ser, in the second Boat or Yawl. The Long Boat should be capable
of carrying out a Bower Anchor and Cable, in ease of getting ashore;
for that purpose she should be a foot and a halt in length, for every
inch in circumference of the best Bower Cable ; the breadth one-
third of the length, and the depth one half of the breadth. li, for the
convenience of stowing on deck, or any other cause, those dimensions
should be varied, she should still be of equal capacity. A Yawl of
about nine tenths of the length of the Long Boat could nest within
her if necessary, and could manage a kedge one ninth of the weight
of the best Bower Anchor. The Stream Anchor in merchantmen is
generally about one third of the weight of the best Bower ; the cable

should be of rope, being often used for anchorir& in deep water, in
. contrary currents, with calms or light winds. Vessels which have

chains for both Bowers, should not be without a Hemp Stream Cable.
It may he proper to observe that Chains should be kept as free from
turns gs possible, as they are very easily broken when kenked, and
she swivels seldom turn unassisted, after being wet with salt water.
‘Ships exceeding 600 tons, cannot conveniently purchase suitable
gized Anchors, with the common windlass.
A line containing the circumference of chains is introduced into
the table, it being more conveniently measused, and admitting of a
* greater subdivision; it may be used or not, as most corvenient.
The comparative strength and proportions between Cables and
Anchors, have been determined by the practice of centuries. The
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proportions of those to vessels, are more arbitrary, because these are,
#t times, tempests which scarcely any Anchors and Cables could
withstand. Custom has however established, and reason requires
that vessels of ordinary build, should have in her two Bower Anchors,
#t least, ten pounds to the Ton Register, with cables in proportion.
When large ships for convenience, carry three or more Bower An-
chors, but of smaller size, the aggregate weight should be still grea-
ter, each should in that case be at least four ds to the Ton Re-
gister. Some nations indeed, have them much larger, but none have
them smaller. Owners of vessels have often had to pay heavy dama-
ges for injury done to other vessels in consequence of the insufficien-
cy of Cables and Anchors. After taking into consideration the dis-
putes that often arise with underwriters, and the difficulty of procuring
freight or effecting insurance in foreign ports from this cause, there
can evidently be no economy in not providing vessels in a reasonable
manner. Indeed, no other appendage of vessels is of such vital im-
portance. Whoever thoufsht their anchorsand cables too large while
riding in a dangerous roadstead, in a storm, when the life of every

person on board was at stake? Vessels of war do not require so large .

Anchors and Cables as deep laden merchantmen ofthe same nominal

Tonnage; still they (United States’ ships) carry in Bowgr Anchors -

from 15 to 18 lbs. per ton: the larger classes of ships, Yor conven-
ience, have them smaller in proportion, but have more" in number.
Line of Battle ships and Frigates carry six Bower Cables of 120 fay

thoms each, and 180 fathoms of Bower Chain, with four Bower An--

chors. Sloops of War and under carry three Bower Cables ggd one
Chain, with three Bower Anchors as large as those. used in'ferchant-

.men. Althongh the above table was intended for merchant vessels,

%ill, with the following modifications, itmay be used for Vessels of
ar.

For three-decked ships of the line, the proper sized Bower An-
chors, Cables and Chains, will be found against four-fifths of their ton-
nage in the lower tonnage line. For two deckers of the line, against
six-sevenths of their tonnage in the lower line. For frigates, against
the whole tonnage in the lower line. For sloops ot War, and small-
er square rigged vessels, against their tonnage faund in' the uppes
line, and for fore-and-aft rigged vessels, a cable, an ancher, and a
chain, against their tonnage found in the line, and two anchors
and two cables against their tonnage in the lower line. Ships of War
have their Stream Anchor one-fourth of the Bower, and two Kedges,
one eighth and one sixteenth of the same. The proper sized ropes
will be found against those weights in the table, .

TRANSVERSE STRENGTH OF BEAMS, BARS, &c.

. If a piece of wood orbeam 12 inches deep, and one inch broad sup-
port a given weight, another beam of the same depth, and double the
breadth will support double the weight:—kence; beams of the same

]
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depth are to each other as their breadths.* If a beam 12 inches deep.
and ene inch broad will support a given weight, another beam 24 inchea
deep and of the same breadth.will support four times the weight; hence,
beams of equal breadths are to each other as the squares of their
depths. Again, if a beam of given size, one foot long, support a known
weight, another beam of the same size 2 feet long, will support one
-half the known weight;—hence in point of strength beams of equal
-dimensions are to each other inverselyas their lengths. The strength
.of beams is therefore directly as their breadths and square of their
depths, and inversely as their lengths; and if cylindrical, as the
cubes of their diameters.

BARLOW’S RULES FOR €ALCULATING THE TRANSVERSE STRENGTH OF

TIMBER.
Table of Multiplicands, for calculating the transverse strength of Tumbet.
English Oak : : 1426
American or Canadian do 1766
Ash : : : 2026
Beech : : 1556
® Ein : : ; 1013
* DPitch pine : 1632 i
Red pine : : 1341
Fir or Spruce : 1100
Larch : : : 1127
R4
) PROBLEM 1.

To find the ultimate transverse strength of any square or rec—
lar beam of timber, fixed at one end, and loaded at the other.

vLE.~Multiply the number in the table of Multiplicands, by the

breadth and square of the depth, both in inches, and divide the pro-

duct by the length, also in inches; the quotient will be the weight in
pounds.t

EXAMPLE I.

What weigi:t will it requiré to break a beam of fir, the breadth be-
ing 2 inches, depth 6 inches, and length 20 feet? .

110036 X2
330 lbs.
240
* This does not hold exactly true as it stiffness. 'The fibres of the wood be-

come more rigid and hard, by exposure to the air in narrow beams or joists, than if"
contained in the heart of one large beam, where they must remain more moist and more
yielding. Twelve boards each of an inch in thickness, and a foot in depth if properl
connected would on this account be somewhat stiffer than ane beam a foot square, lhhougz
perbaps not equally strong. .

+ When the beam is loaded uniformly throughoat its length, the same rule will applys..
only the result mtmt be dotbled. v o g e
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EXAMPLE II.
What is the weight requisite to break a beam of Ash 7 inches square
3 feet from the wall, in which one end is inserted?
2026 X7 X 49

19303 44 Ibs.

PROBLEM, II.

To compute the ullimate transverse strength of any rectangular beam
vhen supported at both ends and loaded in the centre. ’
RuLe.—Multiply the number in the table of Multiplicands by the
square of the depth in inches, and four times the breadth; divide that
product by the length in inches, and the quotient will be the weight.

EXAMPLE L
. What weight will break a beam of English Oak 7 inches broad, 9
inches deep, and thirty feet between the props?
1426 X 81X28
— 8983 3}§ Ibs.
: 360
‘When the beam is uniformly loaded throughout its lengéh, the re-
sult must be doubled, that is to say, it will support double the weight.
When the beam is fixed at both ends and loaded in the middle, one .
half of the result must be added, as the longitudinal, as well as the
lateral strength of the beam is in this case brought into bearing; and
f thedweight is laid uniformly along its length, the result must be
tripled. )

e above problems are extracted from Barlow’s essays. To each
of these problems he gives a second rule in which the angle of deflec-
tion is considered. As the latter rules give higher result for the
strength of beams than those above stated, they are omitted, it being
both more simple and safe in practice, to follow the rules here given.

The above calculations are also made for the weights required act-
ually to break the beams—not more than one half or two thirds of the
result of these calculations, as before observed,should ever be per~
mitted to rest upon the beams for a permanent load.

CAST IRON BEAMS.

Practical Problem;for the Transverse Strength of Cast Fron Beams.
(From Tredgold on the strength of Cast Iron.)
PROBLEM 1. .
To find the breadth of an uniform cast iron beam to bear a given
weight in the middle. , ’
Rure 1st.—Multiply the length of bearing in feet, or the length be-
tween the s:‘fports, by the weight to be supported in pounds, and di-

vide this product by 850 times the square of the depth m imohes; the
quotient will be the breadth m mches required.
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Rure 2. Multiply the length of bearing in feet by the weight to b
supported in pounds, and divide this prodnct by 850 times the breadth
in inches, and the square root of the quotient, will be the depth in
inches.

The rules are the same for inclined as for horizontal beams, when
the horizontal distance between the supports is taken for the length
of bearing.

EXAMPLE I.

What should be the breadth of a beam 20 feet long, 15 inches deep
to be loaded with 13 tens?
18 tons=29120 lbs. 29120 X 20
23,046 inches broad.
15.2 ¢ 850

EXAMPLE II.

What should be the depth of a beam 20 feet long, 8 inches broad,
equired to support a weight of 13 tons?
2912020
—— =025, the square root of which is
8503 .
' =15, inches the depth required.

EXAMPLE IIX.

What are the cross sectional dimensions of a beam 30 feet long, -

‘and of sufficient strength to support a weight of 10 tons; the depth be-

ing twice the breadth?

. 10 tons==22400 lbs. length—=30, 30X 2==60,
‘22400 % 60

. 1581, the cube root of which is nearly. 11§, which is
a 850 *

.. .equal to the depth in inches; the breadth is the half of the depth=5§
inches. ,

PROBLEM II.

To find the breadth of a cast iron beam, when the load is not in the-

middle between the,supports, .

~ Rure.—Multiply the short length, by the long length, and four
times this product divided by the whole length between the supports
will give the effective leverage of the load in feet; this quotient being

used instead of the length, in any of the Rules in the foregoing Prob-

lem, the breadth and depth will be found by. them.
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EXAMPLE.

What are the cross sectional dimensions of a beam 12 feet long,
supporting a weight of 15 tons, 3 feet from the one end, when the
breadth is a fourth of the depth?

3X9IxX4

—9, 9X4=36 15 tons=33600 lbs.
12
3360036
—————==1423, the cube root of which==11}, the depth:
850
the breadth will be 11}
4
PROBLEM III.

To find the breadth when the load is uniformly distributed over the
length of the beam.

RuLe.—The same rules apply as in Problem 1, only the divisor is
changed from 850 to 1700 ; tgat is to say, when the load is uniformly
distributed over the length of the beam, it supports double the weight
that it can when the whole load is laid on the middle.

Examples in Problem 1 apply to this Problem, only changing the

divisors, or halving the quotients.
PROBLEM IV.

To find the dimensions, when a cast iron beam s fized at one end, and
loaded at the other, or when i i3 supported at the middle, and loaded at

both ends. .
Rure.—Take the horizontal length of the projection of the beam .
when fixed at one end, for the length, and apply the Rules in Problem
~

1, only using the divisor 212 instead of 850.
When the beam is supported any where between the two ends, mul-

ﬁfly the length from the prop, by the weight hung at the end, and ap-
ply the remainder of the Rule, asin Problem 1, only using 212 instead
of 850. '

When the load is uniformly distributed over the length of the pro-
Jjection, employ 425 instead of 212 as a divisor.

Nore. The Rules of this Problem apply to the teeth of wheels,
the length being the length of the teeth, and the depth the thickness
of the teeth. .

Ezample to this Note. Let the greatest power acting at the pitch
line of the wheel be 6000 lbs. and the thickness of the teeth 1} inch,
and the length of the teeth being } foot, what is the breadth of the
teeth requisite to support this stress?

6000.25 1500
=3.14 inches, the breadth; but to make the

212%1.62 477
proper allowance for wearing by friction this quotient is doubled, or
63} inchesa=the breadth of the teeth, or face of the wheel.

5
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: PROBLEM V.
To find the diameter of a solid cylinder of cast iron to support a gwen
weight in the middle—b{hvm thccymiddk ?[nd the end,—and when the
ﬁhhwﬂ‘mﬂy&dﬁbﬂdwﬂuk@;—aﬁow&nﬁu& ot one

When the weight is in the middle.

. RuLe.—Multiply the weight in Ibs. by the length in feet, divide
this product by 500, and the cube root of the quotient will be the di-
ameter in inches.

When the weight is between the middle and the end.

Rure.—Multiply the short end by the long end; then multiply that
product by 4 times the weight in Ibs. Divide this product by 500

times the length in feet, and the cube root of the quotient will be the
diameter in inches.

When the load is wmiformly distributed over the length:

RurLe.—Multiply the length in feet by the weight in {bs. and onw
tenth of the cube root of the product, will be the diameter in inches.

When fized at one end and the load applied fo the other.

RuLe—Multiply the length in feet, by the weight in lbs. and the
6th part of the cube root of this product, will be the diameter in
inches.

The str of cast iron beams has been a more interesting sub-
ject of inquiry in England than in the United States, from the cir-
cumstance that such beams are in common use in the former country
for supporting the floors and roofs of fire proofbuildings. 1In the con-
struction of most of the fire proof mills which I have visited, I did not
observe any wood used, except for the doors. Not only are the
beams and posts of cast iron, but even the very window sashes are
formed of this metal. The stairs are made of hewn stone, and the
floors are formed of smooth flag stones. Instead of joists laid from

"one beam to another te uphold the floors, arches of brick work are
used, the abutments of which rest upon an iron ledge or lip project-
ing horizontally from the lower side of each cast iron beam. These
‘beams are formed upon a plan most favourable to strength, having
more than three times the weight of iron in the under side to re-
sist fracture, that they have on the upper surface, where the stress
tends rather to crush the particles. The beams resemble in shape a
board an inch thick, and 15 to 18 inches wide, set upon its edge, with a
bhorizontal hip on each side of the lower edge. They are formed upon
the principles laid down in-the foregoing rules for obtaining the
greatest strength of the iron.
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“The beams are prevented from spreading asunder horizontally
from the effect of the lateral pressure of the abutments of the arches,
by strong bars of round malleable iron, secured at each end, where
they pass through the beams, by screws and nuts.

ach of these beams are proved by aload of from 8 to 15 tons.—
They are made in sections, from ten to twenty five feet long, accord-
ing to the width of the building, and are supported by iron posts at
the places where they are united.—An instance of the importance
«of a due attention to the transverse strength of iron employed as beams
-occured in Manchester three or four years since, where one wing of
«a fire proof cotton mill was destroyed by the fracture of a cast iron
‘beam in -an -upper story. It broke while the work people were
employed ‘in‘the mill, and brought with it two ranges of arches.
The iron heams, and arches beneath being unable to support the
shock of the falling materials, gave way also; when all the. materials
and machinery sunk with accumulated force upon the succeeding
arches below, involving one end of the mill in a mass of ruins, and
burying beneath the rubbish = number of men, women, and children,
together with the machines they were attending. Wooden beams when
overloaded give evidence of their weakness by flexure, or emitting a
cracking sound, and after this, although much weakened, may retain
strength enough to be serviceable. e combination of arches with
this brittle metal therefore renders great caution necessary in con-
structing one of these fire proof buildings.

1 had an opportunity near Leeds, of viewing a fire proof woollen
mill, in which a large quantity of wool had taken fire from sponta-
neous combustion. On entering the rooms after the fire had subsided,
every thing appeared in its place; evento the iron frames of the ma-
chinery, the stone floors and brick arches having confined the flames
to the interiour of the apartments. The walls appeared merely black-
ened by the smoke. The machinery, however, was greatly damaged
by the heat and steam. Even the very glass remained nearly entire
in most of the iron sashes. The fire, indeed,seemed to have spent its
fury as harmlessly as if confined to the dusky arch and walls of a ba-
ker’s oven.

STRENGTH OF IRON GUDRGEONS AND JOURNALS OF SHAFTS.
" The preceding Rules of Problem 5, will be found the 1most correct for
finding the strength of Gudgeons.

Gudgeons are the spindles or points upon the ends of a shaft, serv-
ing to support them, and forming the axis upon which the shaft turns,
Gudgeops support all the weight which rests upon the body of the
shaft. K is always prudent to make the Gudgequs of shafts rather
large in gize to allow for wear, particularly when from their situation
tye% are exposed to gritty substances.

he following Rule is given by Mr. Tredgold, for calculating the
diameter of the gudgeons of wooden water wheels to have sufficient
strength to sustam the weight of the wheel. and load of water.
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It is unnecessary in this instance to ascertain the weight to be
supported by the gudgeons. The weight of wooden water wheels
when water soaked can rarely be ascertained except by calculations,
which at best must be imperfect. In England the water wheels are
generally constructed of Iron, the price of timber being four fold of
what it is in the United States. The actual weight of Iron water wheels
is readily ascertained by the bills of castings, and wrought iron work
usually done by the pound.

Rules for calculating the diameter of Gudgeons of wooden waler wheels.

Multiply the diameter of the wheel in feet by the width, also in feet,
to which add the square of half of the diameter. The cube root of the
sum will be nearly equal to the diameter (in inches) of the gudgeor
required. .

EXAMPLE. .

What should be the diameter of the Gudgeons to possess the re-~
quisite strength to support a wooden Water Wheel 12 feet diameter,
and 7 feet wide?

12 7=84
The square of } of the diameter is 6 X 6=36 X 84=120
The cube root of which (see cube root table) is 4.932, inches answer.

Buchanan’s Rule for caleulating the proper diameter of Gudgeons
where the weight of the Water Wheel o olher mpemugbem lond &

¢ The cube root of the weight in cwts. is nearly equal to the diam-
eter of the Gudgeon.”

EXAMPLE.

Suppose a water wheel to weigh 12 tons O cwt. 3 qrs. what ought
to be the diameter of a cast iron Gudgeon, sufficiently strong to sup-
port the wheel?

12 tons is 240 cwt, and 3 qrs. the cube root of which (see cube
root table) is nearly 6.223 inches diameter, answer.

To ensure the strenlgth of the Gudgeon particular care should be
taken that the axis of it be exactly in a line with the axis of
the shaft; otherwise, at one part of the revolution, the stress will be
thrown to the inclined point of the gudgeon, and the motion of the
wheel itself may be rendered unequal. If otherwise sufficiently strong
a long gudgeon might be thus broken. It is an excellent plan to
perfect a gudgeon inserted in a wooden shaft, to turn it the second
time after it is secured in its place. It can be thus made exactly
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true. A long bearing adds much to the durablity of the lgndgeon,
while at the same. time it does not increase the friction. ¥rom ex~
periments that have been made, the resistance from friction is propor-
tional rather to the pressure than the extent of surface The princi-
pal difficulty of long gudgeons however, as above stated, arises when
the line of their axis does not correspond with that of the shaft.

€OHESIVE STRENGTH OF MATERIALS TO RESIST TORSION OR
TWISTING.

The strength of a cylinder or solid axle to resist torsion, or being
wrenched asunder by twisting, is generally as the cube of its diame-
ter. 'Thus if an iron cylinder or axle be double the diameter of an-
other, it would require 8 times the force to wrench, or twist it off. It
is mentioned by professor Robison, that when the matter of the axle
is of a simple texture, like that of metals, he does not conceive that
the length of the axle has any influence to render it more easily frac-
tured by torsion. The probability, however, is, that as the lengths
of the shafts are increased, there is a corresponding chance of an
increase of the number of flaws or other imperfections of the metals,
which impair their strength. The lateral adhesion of the fibres of
wood being much inferior to their cohesion longitudinally, it is conse-
quently much weaker to resist torsion, the fibres sliding upon one
another very considerably before the fracture takes place.

In practice the effect of torsion is commonly the most destructive to
the Journals of revolving shafts. ' ‘

The Journal of a shafl is the round part or neck which revolves up-
on the support, serving both for an axis to the shaft, and for transmit-
ting past this support the force applied to turning the shaft. It is ob-
vious that this point of a shaft is exposed to be broken both by th

* weight it supports, and the force that twists-it. ‘

he strength of revolving shafts to resist torsion are directly as the
cubes of their diameters and revolutions; and inversely, as the resist-
ance they have to overcome. Mr. Robertson Buchanan, in his essay
on the strength of shafts gives the following data, deduced from seve-
ral experiments, viz. That the Fly Wheel Shaft of a 50 horse power
engine, at 50 revolutions per minute, requiresto be 74 inches diame- .-
ter, and therefore the cube of this diameter which is=421.1.875,
serves as a mulitiplier to all other shafts in the same proportion: and
taking this as a standard, he gives the folowing Multipliers, viz.

For the Shafis of a Steam Engine Water Wheel or any shaft

connected with a first power : : : 400
For shafts inside of Mills, to drive smaller machinery, or
connected with the shafts above : : 200

For the small Shafts of a Mill or machinery : : 100

From the foregoing, the following rule is derived, viz:

The number of horse power a shaft is equal to, is directly as the
cube of the diameter and number of revolutions: and inversely asthe
above multipliers.
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Nore. Shiafts here are understood:as thie Jawrale of Shafts, the
bodies of Shaits being gemerally made squara.

EXAMPLE I.

When the Fly Wheel Shaft of a 45 horse power Steam Engine
makes' 90" revolutions per minute, what- should be the diameter
the Journal?
45X 400 gm—— o
O—QOOJQOO gives 58 inches diameter.

9

EXAMPLE I1.

_ The velocity of 4 Shaft connected with a firet mover, i 80 revolu-
tions per minste, and ite diameter is- 3 inehes: what.is its powes?
33 %80
~a——uanfng herse powes.
400

EXAMPLE 111,

What will be the' diamster of the shaft in the. fiest example when
used as a shaft of the second Multiplier?
58

—ct4,64 of 45 %200=29000+-902=100—The cube root of which
1.25 : : '

(% per cube roob table) gives 44 inches diameter.

The following Table gives the diameters of the Journals of Shafs
inmediately connected with a water wheel, Steam Engine, or other
first moving' powet.

To find the diameters of Shafts, connected with the above Shafls,
to drive smaller machinery inside of mills, called second movers,

Divide the number of inches given in the table by 1.25.

To find the proper diameters of the small light Shafts of a mill,

" or machinery, connected with the fast described Shafts, and called
thitd movers,

: Divide the mumbers it the Table by 1.56.

The upper lirie shows the trumber of revdtutions per minute, and
the left hand ¢column the horse powér. Where the lines intersecet
each other will be found the diaeter in inches of & journal meking
the number of révolutions assigned to it in the upper line, and of @
strength equal to the horse power also placed against it.
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The following s a Table of the diameters of Shafts, va!_mm First Movers, or having 490 for theiy multiphiers,
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TAB .

Diameters of the Journals of first movers, or Shafls connected with a first powerof a Steam Engine or Water Wheel.
} REVOLUTIONS. ] R , .

mm 10,16 [ 2 185 |50 35 |40 |45 | 50 | 5 (€ 65 17 , 7 (90 (65 | 90 | 96 | 1901 105
o faches Dismeter. T N
4l 88) 48| 484 4. | 87| Boy 85| 88, 82| 81| 8 | 20 30| 28, 29 87|

® || 60| 61| 47| 44| 41| 89 87| 56| 85| B8 | 35| 62| B2 & (7T "I a7
6 || 63| 65| 5. | 46| 44| 41| 4. | 88| 87( 8.6| 85| 85| 84] 83| 3% "&2] 37|73, 29|28
7 J 66| 68| 62| 49| 46| 44] 4.2 | 4. | 89| 37| 58| #6| 85| 84 34 §3133 82| 81| 31
8 | 69| 6 | &5 | 51| 48| 46| 44| 43| 4Y| 4| 39| 88| 87| 86| 35, 85] 84| 84| 35| 33
9 N 72| 6B| 87| B5| 6. | 48] 45| 44| A2 | AT| 4 | B 87| 87 88| 3,6{ 38| 35|74 | 83
10 | 74| 66| 0| 56| 63| 49| 47| &8 | Ta| 42| 41| 4 | 89| 88| 73F | 57| 36| 86| 85{ 84
13 || 79| 69| 68| 58| 66| 64| 52| 5 | 48] A6 | 44| 484 42) 4T |"4 (739|883 BA| 87| 5,6
14 || B3| 72| 67| 63| 69| 66| 54| 68| K | 47| 48| 4df 44| 48743 g1 4| 4, | 89| 88
16 | 87| 76| 91| 56| 61| GB| 56| 64| 52| 5. | 48| 47| 46| 48| 44| 44] 43| 48| 41| 4
A8 |9 | 19| 36| 7. | 66| 62| 53| 68 | 54| 53| 5 | 49| 48| 47 46| 45| 44| 48| 43{ 43
M ) 98| 61| 74| 92| 66| 64| 55| 67 &6 | 54| 52| 61} 8 | 48| 46| 46| 46/ 45| 44| 44
% (10, | 85| 8 | 74| 73| 66| 68|76 | BO| 56, 55| 64) 53| 5F| BT 40 | 4F| 47| 46 | 28]
80 |07 98| 84| 79| 14| V1] 69| 67| 65| B8] 69| 6,8] 87| 86| 65| § 3| 81|75 | 49
S {114 98| 89| 84| 19| ¥4| 71| 69| 66| 65| 63| 61) 59 |°87| 56 nna% A| &8 |88 | 53]
® (|77 (105 | 03| 88| 88| ¥8| T4 72| 69 67| 66| G4) 62| 6 | 69| 48| 57| 56| 54| 65
® || 3% _|106| 87| 2| 8y | 81| 76| 72| 7. 4 68| 67| 45] 64| 63 |76T|"& { 89| 88| 57 56}
Yoo =8| {10 | B3| 9 [ 85| 8 |T7B | v4] 58| 12| 69] 63| 86 65 64] 63|76, | 53| o8]
85 || 184 | 1.4 104 D891 | 88| f4 |8 |"76| 44| 78| 9B} 7.7|76%| 68| 65§ 68 62| 61| 6
bep 1383 (32 468 | . | 931 9. |\ 86| 82 17V 6| 74) 78] 72| 69 68| 88) 67| 66! 611 62}
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~ 'There is so great a difference in the strength of cast iron (amount-
ing in some Instances to }) that it is always safest to calcu-
late upon the weakest. The soft iron, such as is most easily cut by
the file, is generally found to be more easily broken than the hard
iron. I have observed that the cast iron shafis and wheels which
come out of the moulds with a half vitrified crust of sand adheri
firmly to their surface, usually prove of the strongest met
The stre and hardness of cast iron depends in some measure
upon the degree of heat to which it has been exposed when melted.

The fact 18 well known, that a cast iron rod or shaft will sustain
more torsional stress than a malleable iron rod or shaft of the same
dimensions. Cast iron is therefore preferable to malleable iron for
shafts exposed to much stress by wrenching or twisting, as the wheel
shafts of steamboats. But the strength of wrought iron to resist late-
ral pressure or sustain heavy weights is superiour to that of cast iron
in the proportion of 14 to 9. For shafts of water wheels, therefore,
wrought iron is preferable. The shafts of some of the cast iron water
wheels which I have seen in England are formed of large hollow cy-
linders, by which d great increase of strength of the same weight
metal is obtained, being in the ratio of the cube of the diameters.

From the preceding rules and observations, the mill wright may
easily calculate to make his shafts of the iron best suited to overcome
the resistance to which they will be subject, and also to form the di-
ameters of the journals of such shafis of proportions corresponding
with the strength of the iron of which they are made. For example—
What should be the diameter of a journal of malleable iron, to sus~
tain an equal weight with a cast iron journal of seven inches diameter

73=2343, the cube of 7.

Malleable iron being stronger than cast iron to sustain lateral pres-
sure, as above stated, in the ratio of 14 to 9; by the rules of propor-
tion, 14 : 343::9 : 220. Now the eube root of 2203 (see the cube
root table) 6.04 inches.

S8TRENGTH OF WHEELS.

The arms of wheels are as levers fixed at one end and loaded at the
ether, and consequently the greatest strain is upon the end of the arm
next the axle; for this reason all the arms of wheels should be strong-
eost at that part and tapering towards the rim.

The Rule for the breadth and thickness of arms, accordin; to their
length and number in the wheel, is as follows: (see Tredgold’s Essay,
page 114) Multiply the power or weight, acting at the end of the
arm, by the cube of its length; the product of which divided by 2656
times the number of arms, multiplied by the deflection, will give the
breadth and eube of the depth.

EXAMPLE.

Suppose the force acting at the circumference of a spur wheel to
be 1600 lbs. the radius of a wheel 6 feet, and the number of arms 8;
and let the deflection not exceed one tenth of an inch:

1600 X 63_ . an
2656 X8X 1 163==breadth and cube of the depth.

]
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163
‘Let the breadth be 2. 5 inches, therefore — =65.2, which is
2.5
-equal to the cube of the depth; now the cube root of 5.2 is nearly
4.03 inches; this, consequently, is the depth or dimension of each
érm in the direction of the force. L

Nore.—When the depth at the rith is intended to be half that of
the axis use 1640 as a divisor instead of 2656.

The teeth are as beams or cantilevers, fixed at one end, and loaded
at the other, the rule applying direct to them ; (see Tredgold’s Es-
say, Art. 121) wherethe length ofthe beam is the length of the teeth;
and the depth the thickness of the teeth. For the better explanation
of the rule, the following example is given.

EXAMPLE.

The greatest power acting at the pitch line of the wheel is
6000 lbs. and the thickness of the teeth 1} inch, the léngth of the
téeth ?being 0.25 feet; it is required to determine the breadth of the
teeth

6000x0.25 1500 ’
’ +==3.2 inches the breadth required.
212X1,562 477 .

In order that the teeth may be capable of offering a snfficient re-
sistanice after being worn by friction, the breadth thus found should
be doubled; therefore in the above Examplé the breadth should be

' 6.4, ot 6} inches.
* Mr. Carmichael (see Robertson Buchanan on the teeth of Wheels)
gives the following data gleaned from experiments, which are there~
ore valuable, and useful to the practical mechanic.

Rure.—Muitiply the breadth of the teeth, by the square of the
thickness and divide the product by the length; the quotient will be
the proportional strength in horse power, with a velocity of 2.27
feet per second.

_ EXAMPLE.
What is the power of a wheel, the teeth of which are six inches
broad, 1.5 inches thick, and 1.8 inch long, and revolving at the ve-
locity of 3 feet per second?
1.5X1.5.=2.25, the square-of the thickness, multiplied by the breadth
6 inches gives 13.5--1.8 the length of the teeth gives 7.5 horse pow-
er as the strength at 2.27 feet per second.
Then by the rules of proportion, 2.27 :-7.5: :3=17.6X3
=9.91 horse

‘ power as the strength at 3 feet per second. 227
TO FIND THE PITCH OF A WHEEL®.
Ruvre.~The pitch is found by multiplying the thickness by 2.1 and
the length is found by multiplying the thickness by 1.2.

#* The distance between the cogs or teeth of wheels, ing from centré to centre of
edch cogor tooth, is called the Pitch of the wheel; & term derived frem the-circle ar
durved line on which thess distances gre meastred,
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EXAMPLE.

The thickness being 2 inches, what is the pitch and length?
2X2.1=4.2 Pitch.
2% 1.2=2.4 Length.
The breadth of the teeth, as commonly executed by the best Mas~
ters, seems to be from about twice to thrice the pitch.

TascE of the Pitch, Thickness, Breadth, and Strength of Wheels.

i hi Horses .P. | H.P HP.

Pack | et ln"i':m Lopgts I et | atbhet | a1l ot !
‘ Inches. | Incbes. | Inches. | Inches. per 8 j|per chond.rper 8econd.| per Second.

4.2 2. 8. 2.40 | 13.33 17.61 35.23 64.6
399119 |76 | 228 | 13.03 15.90 | 31.80 58.30
378 |18 72 | 2.16 | 10.80 14.27 28.54 52.32
357 | 1.7 6.8 | 204 9.63 12,72 | 25.54 46.68
336 1| 1.6 6.4 1.92 8.53 11.27 22.54 41.32
3.15| 1.6 6. 1.80 7.50 9.91 19.28 36.33
294 | 1.4 5.6 1.68 6.53 8.63 17.26 31.64
213|113 |52 1.56 | 5.63 7.44 14.88 27.28
2521 1.2 4.8 1.44 4.80 6.34 12.68 23.24
231 | 1.1 4.4 1.32 | 4.03 5.32 10.64 | 19.64
210 | 1. 4. 1.20 3.33 4.40 8.81 16.14
1.89 9 | 36 1.08 | 2.70 3.15 1.14 13.09
1.68 .8 32 .96 213 2.81 5.62 10.33
1.47 N 2.8 .84 1.63 2.156 4.30 7.88
1.26 6 |24 12 1.20 1.59 3.18 5.83
105 D)2 .60 .83 1.10 2.20 4.03

It is favourable to the strength of wheels, when it becomes
necessary to employ them in mills to increase the velocity of the
motion of shafts, to make them of large diameters. Where small
pinions are used a much greater stress 1s thrown upon the journalsor °
gudgeons of shalfts, arising partly from the greater direct pressure,
and from the tendency which the oblique action of the teeth have

articularly when somewhat worn, to produce great friction, and to
orce the pinion from the wheel, causing by the reaction both the pin-
ion and the wheel to bear harder upon the journals. In all cases
where the velocity of the motion of wheels is rapid, particular atten-
tion should be bestowed in fitting them correctly upon the shafts, that
they may run without clatter, %‘o obviate the latter inconvenience,
wooden cogs are used to run upon iron teeth of a corresponding
wheel—in this case it is particularly desirable for strength and dura-
bility to make wheels of large 'diameters.* When small wheels or

1 The wood employed for cogs having only about } of the strength of cast iron, and the:
strength of these materials being as the squares of their depth or thickness, wooden cogs-
sh wuld therefore be made twice the thickness of cast iron ones. The pitch of course must by
greater in the same proportion. . .
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pinions are used, the wear of the teeth is greatly increased, » loss of
power takes place from excessive friction, the Shafts are caused to
tremble, and the fixtures to sustain them must also be made ve
strong; and after all, the wheels will not operate to the satisfaction of
those who construct them.—When wheels of large diameters are em-
ployed, the teeth and rims may be made much lighter in proportion as
they are incréased in diameter, as the stress upon the teeth of a wheel
of four feet diaméter is one half of that upon the teeth of a wheel of
two feet diameter operating under the same circumstances in all
respects.

Mr. Tredgold in his essay on the strength of Wheels, gives the
following rules for the proportions of cog wheels made of cast iron,
an attention to which will save the expense that is needlessly be-
stowed in making wheels much heavier than necessary. He observes
that the patterns must not only be of such a form as to be sufficient-
ly strong, calculating by the bulk of the parts, but also proportioned
. so that when the fluid metal is poured into the mould it may cool in
every part at the same time. Otherwise the arms, or some other parts
are subjected to such great stress from the unequal contraction of the
iron after being cast, that they are ready to fly to pieces upon being
struck with a hammer. The patterns he further observes should be
made one eighth of an inch to the foot larger than the desired casting
to allow for the contraction of the metal; and also tapered one six-
teenth of an inch in a depth of six inches that they may rise freely
without injuring the mould when the founder is drawing them out of
the sand.

To Proportion the Ring, Arms and Centre of a Wheel.

Make the thickness of the ring that supports the teeth equal ip
thickness to that of one of the teeth near its root.

Make the arm at the part where it proceeds from the ring, .of the
same breadth and thickness of the ring, and at its junction let it be so
formeed as to take off any acute angle which would be apt to break off
in the sand in moulding.

The arms should become larger as they approach the centre of the
wheel,* and the eye should be made sufficiently strong to resist the
driving of the wedges to secure it to the shaft, while on the other
hand care must be taken not to make the eye so thick as to endanger
unequal cooling. It should be somewhat broader than the breadth of
the teeth, in order that it may be secured more firmly upon the shaft.
When the ring is about an inch thick it is common to make the eye
about one inch and a quatrter thick, and one fifth broader than the ring.

When wheels are of a large size it is proper to have the centres
and rims castin distinct pieces, and a.ﬁerwanl:! united by bolts to pre-
vent the bad effects of the unequal contraction ofiron when cast. A

* The arms of wheels are as levers fixed to the shafts at oneond wid,; the. weight ap-
plied at the ether, like the handspike applied to turn the windlass ef a ship. -
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good plan to presesve the arms of wheels unimpaired by hls contrae<
tion is to give them g curved form.*

CQHESION OF A SOLID AND FLUID.

The Attraction of Cohesion is not confined to solid bodies, but al-
so takes place between a solid and a fluid, and between the particles
of the same fluid. A drop of water will hang upon the end of a rod,
and the particles will assume a spherical form.

The manufacture of shot dependsupon the principle, that fluid sub-
stances have a tendency to assume a spherical form under the operation
of the attraction of cohesion. Advantage has beentaken of this tendency
by pouring the melted lead, combined with a little antimony, through a
sieve or screen. Each drop as it descends freely through the air be-
comes perfectly globular, and also becomes sufficiently cool and hard
to retain its form after striking the water placed beneath to receive it.
A very simple and ingenious application of the principle of gravita-
tion is adopted to separate the imperfect shot from those which are
perfectly round, An inclined plane is formed by a narrow board,
upon which the shot is caused to roll down. Those globules which
are not round, pursue a devious course, and fall off the sides of the
hoard, while such as are perfect descend in straight lines to the bot-
tom, whence they are taken to a revolving cylinder, in which they
are inclosed, to be polished by their mutual attrition.

Drops of water, or of mercury, will unite on meeting, and form large
drops. Water will risg of itself in small glass tubes to heights which
are inversely as the diameter of the bores—an experiment easily
made ‘with tubes of glass in coloured water. Capillary glass tubes
have been used instead of wicks in lamps to supply the oil. The as-
cent of sap in trees has been also attributed to this principle. Polish-~
ed planes of metal, of about two inches diameter, besmeared with hot
grease, have required in some experiments, eight or nine hundred
pounds to separate them.

CRYSTALLIZATION.

The particles of all substances but such as are subject to the influ-
ence of animal and vegetable life, under the operation of the attrac-
tion of cohesion, have a tendency to unite in a heautiful and orderly ar-
rangement of component atoms, called crystallization. Thus water,
which is fluid at a certain temperature, always assumes a determinate
form of cyrstals, shooting eut at regular angles of 60 and 120 degroes
when cooled below the freezing point. The flake of descending snow

# It has been commen in the United States when forming the patterns of bevelled
wheels, to make the rims much thicker than the arms. The certain effoct of this forma-

tion is to impair the strength of the arms in a very great degree, from the unequal effects

of contraction. A cast iron wheel of this description I once had broken into several pie-

qes with a slight blow of a hammer. In such cases a wheel may be cansidered as

a resemblance to the philosophical toy called Princekl:r:rt's Drops, composed of dro)
of glass suddenly cooled after being melted, whith are shivered into stoms if bat a J
poxtion of the top be broken, or if it-be otherwiss subjected to s sudden shock.
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exhibits, on examination, this remarkable arrangement of spicular
fibres. Common salt will form most beautiful crystals in the shape
of regular cuhes, as perfectly square as if cut by some skilful lapidary.
Other bodies, such as the wetals, may be liquified by heat, but on
cooling will recover their cohesive force, and re-unite in

crystals. The grain of iron and other metals thus pressnts instances
of crystallization Cartain sybstances on being heated, readily as-
sume the state of vapour, and during their condensation present regu-~
lar crystalline forms; such as Camphor, Bengoin, &c. In this way
the crystals of spaw are produced. By carefully splitting orystals,
which only afford smoath surfaces when broken in particular direc-
tions, the sides may be sceled off until the primitive form of the nu-
cleus is observable. The science of crystallization is principally
founded upon measuring the angles formed by the sides of these
crystals, and determining their various figures by classes, such as cu-
bical, &e.

The attraction of cohesion does not, however, extend its influ-
ence to all substances to cause them to hgve a tendensy to pnite
when brought into contact. ‘Thus neither mereusy aor oil will unite
with water. To this fact the art of Lithography, or printing from
stones is indebted for its origin. If a piece of unpolished marble have
a portion of it surface. oiled, and he then immerssed im water,
it will be found that the pores of the marble will be saturated with
moisture ip all parts except those hesmearad with the oil. If printing
ink, compoged also of oily ingredients, be now applied, it will for the
same repsons attach only to the oiled partions of the stone, leaving
the wetted partions. Whatever figuses, letters, or even landscapes,
may be formed in qil upon the stone by the,pencil of the painter, the
impressions of them after having imbihed the ink, may be taken om
paper, as from copperplate. Thus g surprising facility is obtained in
the art of printing by which thousands of impressions, all exact

copies of the hand writing, or ariginal sketch upon the sione, may be
thrown off in a few hours.

CHEMICAL ATTRACTION.

An astraction, acting at insensible distances, somewhat similar te
that of Cohesion, exists between the particles of bodies entirely dis~
similar in composition and qualities, producing remarkahle eom-
pounds when allowed to unite. This attraction, exerted betweea

articles of matter of dissimilar kinds is designated by the name of
¢ Chemical Attraction, or affinity,” to distingwish it from Cohesion,
which causes the particles of the same kingd .of matter to unite. Pot~
ash and sulphuric acid are quite dissimiler in their gualities, and yet
have a strong attraction for eagh other, ming a hitter galt without
zetaining the“corrasive or hurtful qualities of either.of the ingredients.
Thus two substances which taken separately are destructive to ani-
mal life, form when united ‘by their chemical attractian 3 new sub-
stance or compoynd quite harmless in its effects. The muriate of
Seda, ar common tgble Salt, one of the mept usefid articles classed
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ng the negessaries of life, is produced from two equally powerful
ing :ﬁ;'ents, muriatic acid and soda—a mineral alkali. Sulphuric acid
and soda when united form the bitter Glauber Salts. The science of
Chenmistry is almost: entirely founded upon this remarkable fact, that
one body attracts other bodies unequally, and if brought together by
mixture, each body singles out that for which it has the strongest at-
traction or affinity, and enters into union with it, leaving the other
bodies forming the mixture to pursue a similar arrangement. Thus
if nitric acid be poured upon a mixture of lime and magnesia, it dis-
solves the former instead of the latter. It even sometimes appears
that the intervention of a third body will cause the union of two sub-
stances which have nodirect attraction for each other. 01l and water
immediately unite on adding an alkali, or potash, forming soap, and
may be separated afterwards by introducing an acid, which has a
stronger affinity for the potash than the oil, and the oil and water are
then left disunited.

By chemical attraction two transparent wmriform gases produce a
solid when united. Sal Ammoniac, the solid salt well known m
Commerce, is immediately formed when muriatic acid gas and ammo-
niacal gas are mingled together.* In this way two solids produce
a fluid, as may be exemplified by experiments.}

So violent is the chemical action between certain substances that
spontaneous combustion ensues when they come together. Highly
concentrated acids and spirits of turpentine will thus flash violently in-
to flame. Much caution is necessary in trying this experiment. The
‘most important effects in the useful arts have frequently attended this
violent action of chemical attraction. Waste cotton or wool mixed
with certain oils and left garelessly in mills, have in numerous instan-
ces set fire to them, and a vast amount of property has in this way
been lost. It should therefore be a subject of particular care to the
manufacturer to have his waste cotton or wool every night carefully
collected and carried out of his mill—a plan which unites both safety
and neatness. '

Quicksilver has a tendency to unite with most of the metals forming
an amalgam. Advantage has been taken of this principle to extract
gold and silver from the ores in which they are inbedded. The mercu-
ry is easily seperated again by heat from these metals.—Button gild-

* To produce asolid from two fiuids. These experiments may be made both amusing
and instructive.—Take two wine glasses, into one put a small quantity of sal ammoniac
in powder, and into the other, a spoonful of common table salt;—add quicklime to the one,
a.mro sulphuric acid, to the other. From the former ammoniacal, from the latter mu-
riatic gas, will be evolved. Bring the two glasses close together, and cause the two gases

eding from them to intermingle by funnel-shaped pieces of paper. The formation of °
a solid product will be displayed by the ap of white fumes of great density.

170 produce a solid from tw:ffkdda. Let fall gradually concentrated sulphuric acid into
a saturated solution of muriate of lime. * A pungent vapour (muriatic acid gas) will arise
and an almost solid compound (sulpha’e of Lime) be produced. The combination of
water with quick lime is a familiar instance of converting a fluid into a solid.

To form a fluid from two solids, mix a little sugar of lead, (acetate of Lead) with an

ual quantity of white vitriol (Sulphate of Ziric) both in fine powder. 8tir them together
with a piece of wood or glass, and no chemica: changes will be perceptible : but if they be
now rubbed together in a mortar the two solids will euponeugodlerndbooml
figid.  Nitrate of Ammonia and Sulphate of seda will produce the same effect.
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ing and other similar works ure accomplished in the same way by.
amalgamating the gold with mercury, and spreading it over the arti-
cle to be gilded. After the mercury is driven off by heat, the gold is
left behind, adhering to the surtace.

Chemical attraction indeed is often more powerfil i its effects
than cohesion itself, causing even iron and steel to unite with acids
and become fluid, and wood to decompose under the effects of moist-

ure. It must be apparent, therefore, that in the useful arts the most

important results attend the action of chemical attraction; for it is of
little avail if the artist form his machines of the strongest materials,

if they are exposed to the action of decomposing agents. It is this

chemical attraction and decomposition -that is silently. but contin-

ually operating upon the surface of the earth crumbling even the

rocks, and putting a limit to the duration of all the works of man.

The very air which we breathe posseses a tendency to upite with al-
most all the substauces which it surrounds, producing changes in
temperature, form and durability. The air is composed of two gases
called nitrogen and oxygen, in the proportion of 79 parts of the for-
mer to 21 parts of the latter. The oxygen seems to be a most power-
ful antagonist to the attraction of cohesion, combining with the hard--
est metals, slowly converting them at low temperature into dust, and
under high states of temperature, rapidly consuming them., Thus
wood when heated to a certain degree unites with this gas, as exhib-
ited in the instance of combustion;—were the atmosphere composed of
pure oxygen instead of only one fourth part, the very grates and iron
work of the furnaces would unite with the oxygen and ‘would burn
with a more brilliant light than the fuel placed upon them. -

To protect woods and metals from the action of the air and mois-
ture, various oils and varnishes are generally employed, which have
at the same time been made to contribute to beauty by mixing them.
with pigments of various colours. These colours are frequently,
composed of ‘the disintegrated particles of the metals produged by
their chemical attraction, as the same metal united to different pro-.
portions of oxygen produces compounds called oxides, differing
greatly in colour. Thus mercury forms a black and red oxide—iron,
a brown and red, manganese a white and black, and common lead a,
pure white, yellow, and red colour. Iron ubited by chemical attrac-.
tion with certain acids forms Copperas; copper thus forms, blue vi-
triol, and clay forms alum. The art of dying is indebted to chem-
ical attraction for its greatest success. L )

To obviate the destructive effects of chemical attraction to ma-
chinery, it only remains for the engineer to protect the wood and
metal as much as possible from moisture and damp air, producing
decay and rust. If the air could be entirely excluded, and the tem-
perature reduced, wood might perhaps be imperishable. In the bed
of the river Thames piles have been discovered which were suppos-
ed to have been driven when the island was in the possession of the
Romans. In the roofs of some of the ancient buildings in England,
chésnut timber has been found in dry situations in a good state of
preservatioa, after having eadured a space of more. than five hnn-
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dred years from the time the buildings were erected. Whatever
may be the solidity and strength of machines, however, their ma-
terials muset yield eventually to the effects of this all destroying
principle, which are often, in figurative language, imputed to the
% corroding tooth of time.”

Matter 18 subject also to the action or influence of other natural
powers or principles, ¢ which act upon material bodies, without bei
visible or tangible, or susceptible of being weighed by our balances,
such as Electricity, Galvanism, Magnetism and Heat, of which little
more is known than the facts of their existence as illustrated by va-
rious experiments. They do not operate upon matter uniformly at
all times, like gravitation, but are only observable under peculiar
eircumstances. Thus the direct power or actioh of electricity is
enly apparent when its state of equal diffusion is disturbed, and it
becomes collected by friction on various substances, or in the clouds.
@alvanism, which appears when metallic plates are immersed in
eertain liquids, continues in full action but two or three years from
the same plates. We shall treat of each of these ptinciples in course.

ELEOTRICITY.

If 'a piece of sealing wax and.of dry warm flannel be rubbed
inst each other, they both exhibit a power of attracting and repel-
Jing light bodies. Glass rubbed with silk, and various other substan-
ves exhibits like phenomena. In these cases the bodies are said to-
be electrically excited; and if viewed in a dark room are luminous.
All bodies do not possess this property, as on metals, no electricity
is excited by friction. This fluid was first discovered by the Greeks
from rubbing amber, called by them electron, from which the word:
electricity is derived. Many other substances have sinee been found
to possess the same qualities as amber, such as wax, rosin, glass,
silk, for, worsted, &c.

Whien electricity passes from one body to another through the air,
there is a peculiar odour, a slight noise, and a flash of light. —T'his is
ebservable on applying the finger to the conductor of an electrical
machine, and on a magnificent scale when this fluid passes from one’
cloud to another, or to the earth. From the similarity of the appear-
ance of electricity and lightning our immortal countryman, Franklin,
was induced by way of experiment to construct a kite with his hand-
kerchief, having a small wire commniunicating with it by the string, and
to fly it on the approach of a thunder storm. He was soon gratified
by drawing sparks from his simplé apparatus. The spark from the
common eletrical machine bears probably the same proportion to the
quantity of the fluid usually exhibited by a flash of lightning during a
storm, as the noise of it does to the peal of thunder.

Metallic wires having been found to conduct off electricity from
machines, Franklin with his accustomed sagacity applied metallic rods
to conduct off the lightning from buildings, These rods compos-
ed of iron, copper, or other metal, are now generally affixed to the
outer walls of buildings, reaching several feet above the highest point
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of the roof, and terminating in the earth below the foundation. Wa-
ter being an excellent conductor as well as the metals, and extend-
ing in springs and subterraneous channels, affords the best termination
to a lightning rod. It has been found that a conductor will protect
from lightning a circular space, the diameter of which is four times:
the length of the rod itself, measured from the highest point of the ob-
ject to which it is affixed. The rods ought therefore to be raised
about } of the diameter of the building above the highest parts of the
roof. The points should be formed of copper, well gilded, to prevent
decomposition or rust, by which they would be soon rendered blunt.
Points have been found to attract and draw off lightning, whereas
blunt bodies do not have this effect. It was for a long time argued
that a blunt termination to conductors was on this account preferable,
as the lightning was not thereby attracted to strike a building, while
atthe same time the conductors were equally efficacious in carrying off
the fluid, if it should fall upon them. Experience has however decided
infavour of points. The effects of electricity in the useful arts are in-
considerable compared with those of gravitation and cohesion. In the
manufacture of cotton it however sometimes offers serious difficulties,
as the fibres become during a dry frosty state of the atmosphere so
clectrical, as to diverge in every direction. The roving in such cases
becomes stiff as it passes from the rollers and shoots over the vessels
placed to receive it. Wooden vessels or cans, being non conductors,
have sometimes been laid aside to substitute metallic ones, which being
conductors, immediately deprive the cotton of its electricity and render
it at once pliable and manageable. Ihave sometimes seen filmy fleeces
of the cotton rise from machinery and move through the air towards
the belts of the mill, and ceiling. To obviate all difficulties of this
kind in the manufacture of this material, it is only necessary to intro-
duce steam into the apartmert, as the moisture will soon diffuse itself,
and by rendering the fibres moist, will cause them to become conduct-
ors, when they cease to be electric.

In theory, electricity is considered to pervade every substance,
but is only rendered sensible when accumulated in a body, or when
a less quantity exists in it than in surrounding objects. Hence elec-
tricity has been distinguished by the term, negative, when there is .a
deficiency, and positive, when there is a redundancy. In the former
case it attracts light objects, as if to obtain from them a supply. In
the latter case it repels such objects. An amusing experiment will
illustrate this principle of electrical attraction and repulsion. If a
metallic plate be supended from the excited conductor of an electrical
machine a few inches above a similar plate, resting upon a table, and
light figures cut from paper be placed between them, the attraction
and repulsion will alternately cause them to ascend to the upper plate,
and to descend to the lower one, producing the spectacle of an ani-
mated dance. ‘

. 7
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GALVANISM.

Galvanism seems to be considered by modern chemists as a spe-
cies of electricity excited by chemical action instead of friction.
While Galvani, an Italian physician, was performing experiments on
electricity, his wife accidentally cbserved fhat when the nerve of the
leg of a ({og suspended by a metallic hook was touched by a metal,
it was thrown into violent convulsions. If a piece of silver and of
zinc be placed one above and the other beneath the tongwe, and they
be made to touch each other at the edges, a peculiar sensation is
excited, and a metallic taste is observable, which if applied to a
nerve would produce an effect similar to that above stated. Volta
supposed that this effect might be very greatly increased by using a
number of pieces of metal arranged in pairs, substituting between
each pair a moist piece of cloth. The effect he found, as he had
conjectured, increased in proportion to the number of plates employ-
ed, and the apparatus he invented has since been called a Vollaic
pile, or galvanic battery when the plates are placed in a horizontal
trough filled with a diluted acid. When the opposite ends of the bat-
tery are made to communicate, a spark is observed to pass between
them as often as they are brought together. Even gold and silver
are caused to burn with a brilliant light if interposed in thin sheets
between these points. \

Galvanism is a most powerful agent in causing decomposition, as .
substances united by the strongest cohesive attraction, are easily
separated by it. Water is converted by it into two gases, oxygen
and hydrogen. These two gases after being thus obtained under a
bell glass, may be fired by applying flame, when an explosion takes
place and they again unite in the same proportions and form water.
Thus water is proved, both by composition and decomposition, to be
formed of two combustible elements, or gases, which have a tendency
to burn. It is by this experiment demonstrated to be composed
of two parts of hydrogen and one of oxygen. A most singular fact
attending these experiments is, that the same gases are invariably
given off from the same points of the connecting wires of the battery,
the oxygen being given off from one of the points and hydrogen from
the other, and may be collected seperately under inverted glasses
placed over each point and immersed in the water.

In practice, the effects of galvanism upon machines are inconsider-
able. The principal inconvenience arising from it is its tendency to de-
compose the iron bolts and fastenings of coppered ships. The bolts by
which the planks of coppered ships are attached to the timbers were
formerly of iron, which, being in contact with a great surface of cop-
per upon the bottom of the vessels, immersed too in a solution of
salt, which is favourable for exciting galvanism, were very soon des-
troyed, the iron being the metal most easily acted upon. Whenever
pieces of metal are to be immersed in a saline solution and con-
nected together, the same kind ought to be employed, that there méy
be no galvanic action, by which one or both may be destroyed. Ac-
cordingly copper bolts are now used instead of iron on the bottom

£
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of coppered ships. To save the copﬁer at the expense of the decom-
position of some cheaper metal, Sir Humphrey Davy placed plates of
zinc and of iron upon a coppered ship that the action of the salt water
might be exerted on them instead of on the copper itself. These metals
being more readily decomposed by the excitation of the electricity or
galvanism, the action upon them would be greatest. Although this was
found to render the copper more durable, yet it deprived it of its most
valuable quality of keeping clean and free from sea weeds and bar-
nacles.~—After a ship has been for a short time at sea, the copper ex-
posed to the action of the sea water becomes perfectly bright, and
offers but little resistance, compared with the grassy und shelly sur-
face of the bottom of an uncoppered ship, in passing through the wa-
ter.
MAGNETISM.

There are many points in which electricity and magnetism resem-
ble each other, such as attraction and repulsion. Negative and posi-
tive electricity, and two magnetic poles, are always found to exist to-

ether.—They are however regarded as distinct fluids or principles.
agnetism is most strongly displayed by the loadstone, a sort of iron
ore. Great masses of iron ore frequently exhibit magnetical proper-
tigs.—Even bars of common iron acquire this property after being
placed in certain situations. Thus tongs or pokers become magneti-
cal after standing for a time in a vertical position, the upper end being
the north pole, and the lower end the south pole. l-geat dissipates
this property, and percussion imparts it to several of the metals, as
observable after they are hammered. The most remarkable quality
of the magnet is polar attraction, or a tendency when alloweg free-
dom of motion to point in a particular direction. A piece of soft clean
iron is more powerfully attracted by the magnet than any other sub-
stance. It is only necessary to rub a needle or piece of iron with a
magnet to impart this property to it. The attractive power of mag-
nets for ned of iron or steel is often rendered surprisingly great by
bending both magnetic polesto act together upon a piece of iron.
These magnets from their form are called horse shoe magnets. One
of this description which I saw in the museum at Haerlem sustained
by its attractive power a weight of 200 lbs.

The most important application of magnetism is to the mariners
compass, to which indeed the discovery of this western hemisphere
may be attributed. Without itthe mariner could not pursue his course
amid darkness and storms over trackless oceans. ’lPhe angles in field
surveying are readily obtained by the compass.—Allowance is how-
er always made for the variations of the needle, which does not uni-
-formily point directly north, or toward the pole of the earth, but va-
ries with considerable regularity during a period of several years,
sometimes pointing to the east and sometimes to the west of north.
In different parts of the globe, this variation is found to exist in dif-
ferent degrees.—Tables of the variation of the compass, are publish-
ed in most countries for correcting new surveys of the courses laid
out on old plats.
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Another useful application of magnetic attraction is to prevest
the deleterious effects of the particles of iron or steel upon the
lungs of the workpeople, who grind steel upon dry stones. The
fine metallic dust which floats in the air, being inhaled, produces
Irritation upon the lungs and inflammations of the chest, by which the
cutlers are commonly brought to a premature grave.  Magnetic
mouth pieces have been used to attract this steel dust from the
air inspired. On a visit to the extensive grinding establishments of
_ Sheffield, I did not observe however, a single instance in which this

plan was adopted by the sickly looking work people,—so reckless are
they become by habit of the pernicious consequences attendant on
their branch of labour. Even the revolving fan and trunk to blow off
the deleterious particles, except in a few of the apartments of these
great establishments of Sheffield, are negligently dispensed with.

HEAT.

Heat is one of the most active and important agents of nature in
producing changes and modifications of all material substances. 1t
18 the antagonist of Cohesion—solidity in all cases yielding to its ir-
resistible effects. There are few subjects in Natural Philosophy,
more generally interesting in theory, than the nature and properties
of heat, and none more interesting and useful in practice. The ef-
fects of heat are of such vast importance in so many ofthe operations
of the useful arts, and even to the daily wants of almost every indi-
vidual, that a general outline of the leading principles or doctrines
of this great natural agent, the most powerful within the contral 6%
man, will here be given.

The sensation produced by heat, is too well known to require illus-
tration. The term Heat, is however employed to denote the cause
of the sensation as well as the sensation itself By chemists the
term Caloric has been introduced to denote the cause, while the
term Heat is still employed to express the sensation excited. Ca-
loric is the most generally diffused agent in nature as well as the
most active. All bodies contain more or less of it, upon which their
temperature depends. Cold 18 supposed to be merely a state in
which there is a deficiency of Caloric, and may therefore be consider-
ed a relative term connected with the abstraction of heat. It hasa
tendency to pass from one substance to another, in some cases slow-
ly from particle to particle ; in others it passes with the velocity of
light, when it is said to radiate, or shoot forth as it were in rays—
like air it has always a tendency to diffuse itself| till an equality of
temperature is established.

Much speculation has existed among philosophers in regard to the
nature of heat. Ithas by some been considered a fluid, by others a
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material, and by some an immaterial substance. By the most deli-
cate scales, however, its ponderosity has not been detected. Most
of the common effects resulting from the action of heat upon material
substances, may be plausibly explained on the hypothesis that caloric
is a subtile material fluid, the particles of which like those of elec-
tricity, mutually repel each other, and when interposed between the
particles of bodies cause them to separate, as in the expansion, fu-
sion and evaporation of bodies. It is natural to suppose that when
a body is enlarged in bulk, that the enlargement is occasioned by the
varticles of other matter insinuated between the particles of the
expanded body, by which they are repelled to a greater distance
from one another. When this repulsion becomes extreme by the
introduction of an excessive portion of heat, it is further natural
to suppose that the particles of a solid body might assume a fluid or
even an aeriform state. This theory seems further to be strengthen-
ed by the fact that almost all substances on being condensed or
compressed in volume give out heat, as if it were forced or pressed
out of such substances by the nearer approach of their particles.
Steam on being condensed occupies only gy part of its former vol-
ume, and a cubic inch of water thus condenseg sets free a sufficient
quantity of caloric, it has been stated, to heat a cubic inch of iron red
hot, if the caloric could be collected and concentrated . in the iron.
Water again on passing from a fluid to a solid state sets free the heat
which served to separate the particles so much as to allow them to
move easily upon each other. The heat evolved in the case of the
freezing of water has been computed to be sufficient to raise the
temperature of the same bulk of water from the freezing to near the
boiling point, could it be collected and concentrated. ere are on
the contrary phenomena which do not agree with this hypothesis ; as
the intense heat pre.duced by the explosion of gunpowder, when a solid
is suddenly converted into a great volume of gas, and other similar
cases. r. Young very ingeniously argues that heat is not matter,
from the fact that in boring large cannon, if the whole machinery be
completely excluded from the air and contact with other conducting
substances, a heat sufficient to make water boil, is obtainable by
causing powerful friction, which may be continued for a long time by
the operation. ¢ Ifthe heat in this case be neither received from the
surrounding bodies, which it cannot be without a depression of their
temperature; nor derived from the quantity already accumulated in
the bodies themselves, which it could not be even if their capacities
were diminished in any imaginable degree in the operation; there is
no alternative but to allow that heat must be actually generated by
friction; and if it is generated out of nothing, it cannot be matter nor
even an immaterial or semi-material substance.”” This curious argu-
ment deserves for its ingenuity to be classed with the most sceptical
syllogistical speculations of the ancient philosophers, ds it neither al-

. lows heat to be material, nor immaterial. After volumes have

been written on this subject, philosophers have at last been compelled
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toconfine themselves to the facts ordinarily observable as attendant
upon Heat.

It will be sufficient to give a brief view of some of the. most impor-
tant operations of caloric or heat as connected with the useful arts,
by considering :

1st, its most obvious effects, »
2d, its mode of communication or diffusion,
34, its sources, or the modes of generating it.

EFFECTS OF CALORIC.

The general effects of caloric are four, viz.
Expansion, Liquefaction, Evaporation,and Incandescence, or Ignition.

The most familiar effect of caloric upon bodies is expansion. When
bodies are heated they are increased in bulk, and on being cooled re-
turn to their former dimensions. Of the principle states of natural
bodies, solids are least expanded, and liquids next to them. The
elastic vapours or fluids are vastly more e)ﬂmnsible than liquids. Some
of the most useful operations of art as well as of nature depend upon
this law,

The expansion of various bodies has been ascertained by experi-
ment. Dr. Ure has given the following table.

EXPANSION AND CONTRACTION FROM HEAT.

Ezpansion of materials by e change of temperature from 322 to 2122
or from the freezing to the boiling point,—a range of 1802 of Fahren-
hew’s Thermometer.

Iron, : : : sts
Steel, : ohr
Gold, : : : i
Copper, SR
Tin, : : Itz
]é;m‘d) : : : T
ass, * : : o
Mercury, 1 : : =
‘Wood but little more than Glass
Water, : : 25

Alcohol, . i

Air and other aeriform ﬂ;lids, . 3§
or 45 part of volume for each degree of increase of heat.

ko S

* Glass rods have been selected for ing dist when great accuracy is re-
quired, to obviate, from their slight contraction, the usual effect produccd by on
iron chains, and other instruments of this description. Thus taking an iron chain at the
temperature of 32 and 92, a range not unusual, as it is exposed to the heat of the sun
and vicissitudes of cold in measuring, 2 variation of one footin 2544 willtake place—
equal to about 2 feet to a mile.

4The great expansibility of mercury on the other hand, has rendered it peculiarly fitted-

for indicating by its expansion, the degree of cold or heat, as in the commen thermome-
ter.

\
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EXPANSION.

In the useful arts advantage has been taken of the expansion of
metals by heat in setting hoops upon casks, and the tire upon wheels.
The iron hoop in such cases 1s made a little smaller than the circum-
ference of the wooden part of the wheel. While expanded by a red
heat it is put on, and is then suddenly cooled. 'The contraction of
the iron band then binds the wooden segments of the wheel most
firmly together. Cast iron and Glass are liable to be broken by this
sudden contraction and expansion. Glass being a slow conductor of
heat, when one surface or side of any vessel of this substance is sud-
denly heated, it is expanded before the heat passes through it to warm
the opposite surface. An unequal expansion taking place, fracture
must ensue. Looking glasses are thus broken by heating one spot
on the surface by the flame of a lamp Rocks of granite are also
readily crumbled into fragments by the expansive force of heat. For
the eéects of expansion on the pendulum rod. See Pendulum.

There are but few partial exceptions to the expansion of bodies by
heat. While water is cooling to 402 it continues to contract in bulk
and its coldest particles descend to the bottom.—When water is cooled
below 402 it begins to expand again, and the particles cooled below
this point become specifically lighter, and float at the surface. Thus
in deep ponds and lakes the coldest particles always collect on
the surface when the temperature of the water is reduced below 402,
while the bottom remains at 402. For this reason fish are found to
resort to the deep waters in winter where an uniform temperature pre-
vails. Water still continues to expand while freezing with a force
sufficient to burst bomb shells and cannon.—Ice is thus rendered §
specifically lighter than water—a most striking instance, it has been
observed, of the wisdom of the Creator, as the ice would otherwise
continue to accumulate in deep water, where it would not be affected
by the warmth of the sun and air, until the fishes of lakes would be
destroyed, and the whole period of a summer might be nearly passed
before the ice in such situations might be dissolved. Iron continues
to expand until it arrives at the melting point; but after it becomes
liquified it contracts like water, and will float the unmelted masses
upon its surface in the furnace. The expansion of bodies when heat-
ed alters their relative specific gravities. Warm air thus ascends
from any part of the ‘earth that is heated by the scorching rays of the
sun, while the ¢old air rushes to supply its place, forming the refresh-
ing breezes so grateful in allaying the fervid heat of summer. ¢ Thus
while one portion of the earth is cooled, the warm air that ascends, is
wafted away to colder climates to mitigate the extremes of the sea-
sons there. These silent, and often unobserved operations, are con-
‘viincing demonstrations of the power, wisdom, and goodness of Provi-

ence.

Metallic plates are commonly found to expand and contract so much
when employed to cover roofs that the nails become loose, or tear the
metal. Great care is always required to shelter the nails, that are
used to attach the sheets, from the rain, and to leave room for the ex-
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pansion and contraction to take place freely without rending the met-
al.—Where sheet lead is used to cover flat roofs, it is the practice to
form small ridges of wood one or two inches high over which the joints
of the sheets are lapped. There is by this contrivance, room allow-
ed for the expansion and contraction on the perpendicular sides of the
" ridges, without rending the nailed edges of the sheets.

o powerful is the effect of heat in expanding various substances
that the strongest metals cannot withstand it. The expansion of the
mass of masonry in Iron foundries will frequently break the large bars
of malleable iron employed to bind them together, while on the con-
trary, if the strongest metals are subjected to a fixed tension when
hot, and have not room or liberty to contract as they become cold they
are broken.—Chains employed to support bridges should always be
allowed liberty for expansion in summer, and contraction during the
frosts of winter.

When metals are cast in moulds it must appear evident from the
preceding observations, that unless the patterns are formed a little
larger than the desired model, the contraction of the metal in the
mould will render the casting too small in dimensions. Allowance is
accordingly always made for cast iron of } of an inch to the foot. If
it be required to make a plate of cast iron one foot long, the pattern
for forming the mould or impression in the sand must be one foot and
% of an inch in length, the contraction or sh: nkage of melted iron on
cooling being from an eighth to 8 of an inch to each lineal foot.

THERMOMETER.

Various substances having been found to expand regularly upon
being heated, thermometers have been constructed on this principle
to indicate degrees of heat. Mercury, spirits of wine, &c. have been
inclosed in glass balls terminating in long capillary, or very small
tubes, in which the expansion or contraction of these substances are
visible —The thermometer is an instrument too well known to re-
quire a description in this place.

The degrees marked on the scale of Fahrenheit’s thermometer which
is generally referred to in England, and the United States, commence
at 322 below the freezing point of water,—the most intense cold
known in England, in the time of Fahrenheit, the inventor of thisin-
strument. This degree of cold was produced artificially by a mixt-
ure of snow and common salt. The boiling point of water, he fixed
at 2122

Reaumur’s scale, commonly used by the French, and other nations
on the continent of Europe,commences at the freezing point of water,
marked, 0, between which and the boiling point are 802. Each de-
gree of Fahrenheit’s scale being eqiralto §ths of a degree of Reaumur’s
scale, it is only necessary to multiply the number of degrees of Fah-
renheit above and below the freezing point, by 4 and divide by 9,
when the sum obtained will indicate the number of degrees upon Fah-
renheit’s scale.
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EXAMPLE. (]

What degree of Reaumur is equal to 502 of Fahrenheit’s scale?
500—320—18 X 4--9=82 Reaumur’s scale.
To reduce the scale of Reaumur to agree with that of Fahrenheit,

reversq the above rule, multiplying by 9, and dividing the product
by 4. .

EXAMPLE.

What degree of Fahrenheit’s scale is 82 of Reaumur?

© 8X9+-4=18432=502 Fahrenheit, answer.

Thermometers with two bulbs, and of various forms have been con-
structed to operate from the expansion of air. When both bulbs of
the thermometer are exposed to the same temperature, it is not in
the least affected. But if one of the bulbs be exposed to a warmer
temperature than the other, the difference of temperature is shown
with great exactness by the motion of the coloured fluid with which
they are partly filled. Henceitis termedthe differential thermometer.

PYROMETER.

The common mercurial thermometer not being calculated from its
structure to withstand the action of intense heat, advantage has been
taken of the regular scale of contraction of certain clays when expos-
ed to degrees of heat which would melt glass and mercury. The
pieces of clay, the contractions of which are to be measured for this
purpose, are of a cylindrical form, flattened on one side, and are ex-
actly fitted to a guage of brass, consisting of two straight pieces two
feet long, fixed upon a plate, alittle nearer each other at one end than
at the other. As the piece of clay suffers contraction from exposure
to heat, it will slide further in between the sides of the brass guage,
which is marked with degrees to indicate the heat to which the clay
has been exposed. This thermometer, or rather pyrometer, was the
invention of Wedgewood.

Mr. Wedgewood found by various experiments that his pyrometer
indicated one degree on the scale to 1302 of Fahrenheit’s scale. The
temperature of a white heat visible by day light, which was found to
correspond to 10772, was taken as the commencement of Wedge-
weod’s scale. :

The following table shows the effect of different degrees of heat
aceording to Wedgewood’s and Fahrenheit’s scales.

Wedgewood’s  Fahrenheit’s

Greatest heat of an air furnace : : 160° 218772
Cast Iron thoroughly melted : : : 150 20577
Greatest heat of a common smith’s forge : : 125 17327
Welding heat of iron : : : 90 to 95 12711
Flint Glass furnace : : : : 70to0 114

Settling heat of flint Glass e 29 4847
Fine Gold melts : : : : : 32 5237
Fine Silver melts : : F 28 4117
Brass melts H : : : : 21 3807
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Red heat fully visible in day light  : T 1077
Iron Red hot viewed by twilight : : : : 884
Heat of common fire : : : : : 790
Quicksilver boils HE : : : 660
Linseed Oil boils : : : : 600
Lead melts : : : : : . . . 594
Oil of turpentine boils : : : : : : ¢ 560
Sulphur melts : : : : : : : 226
Water boils : : : : s : 212
A compound of 3 parts of tin, 5 of lead and 8 of

Bismuth melts at * : : : : 209
Alcohol boils : : : ; : : : 114
Ether boils : : : : : : : : 98
Heat of the human body, and blood : : : 98
Medium temperature of the Globe g : : : 50
Ice melts : : : : : : 32

The expansion and contraction of woed takes place from the pres-
ence of a degree of moisture as well as from heat and cold. The
gannels of a wainscot, that have been set up above half a century, k

ave observed always to expand in summer and contract in
winter in rooms that are warmed, while they remain nearly unaltered
in such rooms as are not heated. The annual contraction each win-
ter, asindicated by the retraction of the painted joints,is equal to
about ; of an inch to the foot measuring across the fibres, while the
longitudinal contraction is barely visible. The effects of contraction
and expansion upon the wooden coverings of card cylinders is of
tmuch importance, as the variations of their surfaces are frequently
the cause of considerable losses to manufacturers. The work per-
formed by the machine is at such times deteriorated in quality, and
to restore regularity to the surface of the cylinders the wire teeth of
the cards are sometimes ground down, by the application of boards or
cylinders covered with emery,—as much in a few days as they would
have been worn by their ordinary attrition in several years, while the
amount of the cost of repairs bears an inconsiderable ratio to the loss
of the operation for a time of the other subordinate machinery of the
mill. Cast iron cylinders for cards were introduced a few years since
to ohviate this disadvantage of wooden cylinders, by William Hovey
of Worcester, and have since been in common use in various parts of
the United States. These iron cylinders are cast hollow in one piece,
and being formed without joints upon their surfaces, the contraction
and expansion operates uniformly upon all parts of the metal, and
they consequently retain their shape. Although the first cost of such
cylinders may be greater, yet the saving made in the prolonged wear
of the teeth must render them in the end more profitable for use. The
principal difficulty attending cast iron cylinders is in attaching to their

* Teaspoons made of this co d metal will melt when immersed in a cup of boiling
Tea. Ihave seen these ns for sale in London as a sort of philosophical tosy to surprise -
the unwary, who will find only the handle of the spoon left ietween their fingers when
they attempt to sip their tea. Jugglers use this compound to exhibit their power of helding
melted metals in their naked hl.:nfl with imppnity.

F
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sutfaces in ( proper manner the leather containing the wire teeth.
“This is commonly done by putting on the leather in fillets or bands
passing around the circumference, with one end of each strip of fillet
drawn through the cylinder and wound around a small roller secur-
ed within it, by which the leather may be tightened at pleasure.—
‘Where the leather is not of uniform texture, the edges of these fillets
have been found to rise into irregular ridges, which cannot be nailed
down to the surface of the cast iron as they can be tothe wooden cyl-
inders. It may be considered impracticable to form wooden cylinders
that will remain unaltered by changes of temperature. The best sea-
soned woods will expand and contract in breadth in the rooms of a
mill, which are at one season of the year kept open and exposed to
the ordinary moisture and heat of the atmosphere, while at another
season they are artificially warmed by stoves, and heated air farnaces
of the most drying tendency. It is stated by Mr. Bull, in his publi-
cation upon Fuel, that wood kept under cover in the most favourable
circumstances will contain 8 per cent more of moisture or water at
ene season than at another in the course of the year.

In England, where steam pipes are used for warming the rooms of
mills, the almost unavoidable leakage,or escape of a portion of the
steam has a tendency to counteract the peculiarly drying effects pro-
duced by the stoves. For this reason, as well as for depriving cotton
and wool of its electricity, and rendering the fibres more pliable for
manufacturing, basins of water should be placed upon the stoves of
a card room to generate steam.

It may be adopted as a most useful rule by the manufacturer to
attend to the preparation of the wood for his card cylinders, causirg
it to be thoroughly baked, or kiln dried, and before it is used to have it
left exposed to the air for a time; otherwise the expansion on a trans-
ition to damp air, might endanger the breaking the iron rims or hoops
to which the wood is bolted. In this case the joints are crowded to-
gether so forcibly by the expansion, that the wood appears actually
mashed by the pressure. Even after this, if exposed again to the hot
air produced by stoves, the joints will open. For these reasons
it is considered the best plan to form the pieces, or lags of the
size adapted to receive each a sheet of the leather, in which case it
is no disadvantage to leave an open joint between each sheet. This
arrangement cannot of course be adopted where strips of card filleting
are wound round the cylinders.

FLUIDITY.

It has been proved that bodies are expanded by heat.. This enlarge-
ment continues under ordinary circumstances, until the heat arrives
at a certain temperature, when the bodies become liquid, in which
case they are said to be melled, liguified or fused. On the contrary,
nearly all substances contract on the application of cold, which mere-
I[V effects a withdrawal of heat, until they become solid, or congealed.

n this way almost every solid may be rendered fluid, and almost
eyery fluid solid. All liquids with the exception of Alcohol have heen
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reduced to the solid state. It is supposed that this hqu\m would alee
become solid if its temperature could be reduced sufficiently. Mer«
cury becomes a solid metal when cooled to a certain temperature.

he change from a solid to a fluid, and from a fluid to a solid state
occurs at a certain temperature in every body. Thus ice melts at 329
sulphur at 2182, Every other substance has its point of liquefaction
fixed. When such substance has mxrived at this point of temperature,
the whole of it does not become fluid at once but the melting gees on
gradually. Dr. Black by the following experiment showed that a
great quantity of heat is ulways entering melting substances, which
produces no rise of temperature that can be discovered by the ther-
mometer. He therefore gave it the name of lalent haat. He put five
ounces of pure water into a globular glass vessel, and the same weight
of ice into another similar vessel.—Iuto each he placed a thermome-
ter, and found the temperature of the vessel of ice 322 and water332,
In about half a minute the thermometer assumed the temperature
of the water, after which he observed the temperature of the water to
rise gradually during half an hour, at the end of which the degree of
heat indicated was 402,

The glass containing the ice was left undisturbed ten hours and a

half. At that time a small spongy mess of the ice remained unmelted

in the upper part of the water. In a few minutes more the whole of
the ice had become liquid, and the temperature of the water reached
409, The temperature to which the two glasses were exposed, under
precisely the same circumstances, was 472, The water glass attain-
ed the temperature of 402 in half an hour, being an increase of 7%,
the ice glass, after being exposed twenty one haif hours, attained the
same temperature. It is obvious that the ice glass must have receiv-
ed, during every half hour nearly the same quantity of heat which
the water glass did, while its temperature was being raised 72. The
whole quantity of heat imparted to the ice glass will therefore be
found by multiplying 21 by 7=1472. Only 8% degrees of this quan-
tity could be detected in the water glass by a thermometer; conse-
quently 1472—82==1392 or 1402 must have been absorded to enable
the ice to liquify. .

He also ascertained that an equal quantity of heat, of 1402 is set
free from water when it assumes the solid form, or is frozen, thus
confirming his previous experiment. This experiment may
also be made upon heating water. If a regulur fire be kept
under a vessel containing, for instance, a gallon of water, it will
be found that after the temperature rises to 2122 it will remain
stationary at that point until the whole of the water is converted
into steam, when the whole steam produced will also indicate no high-
er temperature them 2122. It is evident in this case, that all the
heat that has passed into the water to convert it into steam has be-
come latent, because it cannot be detected by the thermometer. If
the steam produced by this one gallon of water be now condensed by

causing it to eater into six gallons of water of the temperature of 50° ‘

the heat will again be evident, because it will raise the temperature
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of this quantity of water from 502 to 2122, making abundant allowance
for waste of heat. In this case the gallon of water in the form of
dteam has imparted sufficient heat to raise the temperature of six
gallons of water from 502 to 2122 while at the same time its own
temperature after condensation will remain the same as before, ot
2122, as indicated by the thermometer.

This was a most interesting discovery, and will perpetuate the fame
of Dr. Black with the present established philosophy of heat. It has
been of. great service in the useful arts in forwarding the improve-
ments madé by Messrs. Boulton and Watt on the steam engine, and in
explaining the pheromena of steam, fluidity and evaporation, the theo-
ries of which were before involved in doubts and uncertainty. Dr.
Black considered that the malleability of the metals depends on thé
latent heat which they contain. It may be separated from iron by
violent hammering when the metal becomes brittle. From steel it
can be separated not only by hammering but also by sudden cooling,
when it becomes brittle and excessively hard.

The beneficial results of these prineiples of nature are most appa-
rent in tempering the extremes of heat and cold of climates. The
inhabitants of countries surroundéd by water, although in higher lati-
tudes, feel comparatively less of the severity of wintry frosts than thosé
who dwell on continents in latitudes nearer the equator. Before the
ocean water loses its common temperature and becomes cooled to
the freezing point it imparts warmth to a great volume of the atmos-
phere above it; but on being converted into ice, it evolves a vast re-
serve of latent heat—equal to the heat that would pass off from the
same bulk of ocean water, were it heated to near the boiling point,
and afterwards allowed te yield its lieat until its temperatare subsid-
ed to the freezing point or 322, On the contrary where masses of
snow dnd iee are accumulated in wintet on the surface of a continent,
tlis great quantity of latefit heat requisite to be absorbed to render

ed water fluid, retards the melting and prevents inundations
that would otherwise spread desolation over every valley.

The relative quantities of heat which different bodies in the same
state require to raise them to the same thermomsetrical temperature is
called their specific heat.—The teritperature of a pint of cold water at
502 and a pint of hot water at 1002 after mixture is as near as
possible half wiy between the extremes, or 752. But if a pint of wa-
ter at 502 .and a pint of quicksilver at 1002 be mixed, the resulting
temperature is not 752 but 702. The quicksilver in this case las
lost 302 whereas the water has orily gained 202. Hence the capaci-
ty for heat, or the specific heat of quicksilver is less than that of wa-
. ter.

The absorption of calotic during the transition of a body from
solid to a fluid state enables us to account for the production of cold
by what are called freezing mixtures. When a solid and a fluid, or
two solids are mixed together, having atendency to act upon each oth-
erso as to convertthe solid rapidly into a fluid, it appears evident from
the preceding observations, that Heat must be absorbed frotit str-



a2 LIQUEFAETION, FREEZING MIXTURES.

rounding bodies, in contact with the mixture, to enable the solid to ag-
sume the liquid form. Common nitre dissolved in water, will reduce.
the temperature of the water 172, and a mixture of three parts of mu~
riate of lime with two parts of water, lowers the thermometer from 372-
to Zero,—a remarkable instance of the production of cold by the

process of dissolving a solid.
TABLE OF FRIGORIFIC MIXTURES PRODUCED BY LIQUEFACTION.

A Thermometer immersed ees of cold
By dissolving salis. in the mixture sinks.  or reduction of tem~
Ni ; Parts. perature produced.
itrate o Ammoma, L | Q
Water, : : : A lerom+50ﬂto4 48

Sulphnte of Soda, or

Glaubers Salts. 3 -+-50 to—22 52
Diluted nitric Acid, 2

By dissolvmng Snow or Iee.
Snow or pounded Ice, : 2 The thermometer sinks from
Muriate of Soda, (table salt. ) 1 § any temperature to 0. or Zero.
Snow, : 8 i From--322 the
Diluted muriatic a.cnd 5 § freezing point to  27%below zere
gﬂ;’;ﬁ : 'Z z From-{-32° to 519 below zero
Snow : H’)
Muriate of L:me, 3 § From—15¢ 68°  do,

Snow, : .
Diluted Sulphunc acld 10 ; From—g84 914 do, being
the greatest degree of cold that can be artificially produced.

Ice creams are usually made by Confectioners by immersing the
cream in a mixture of ice and salt. The effect of the operation is
much accelerated by frequently stirring this mixture. Potash will
form with snow, as by the above table, a much more powerful freez-

ing compound than salt.
TABLE OF TEMPERATURE AT WHICH VARIOUS LIQUIDS BECOME

SOLID.
Sulphuric Ether - - 462 below Zero.
Nitric Acid, - - - - 45 “
Sulphuric Acld S - - 45 «
Mercu - - 39 «
Nitric Zcul - - 30 «
Common salt.25 parts, Watet 75, 52 above Zero.
Oil of Turpentine, - - 14
Common g’alt 6 do+wa.ter 94, - 25*
Vinegar - - 28
Milk, - . . .- . - 30
Water, - - - e - 30 to 32 -

* Hence salt water bays or rivers are not 60 soon frozen over in ooldwudm o
fresh water lakes and streangn
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By applying heat to a fluid it continues to expand until it arrives
at a certain temperature. Here it undergoes another change, the
cohesion among its particles being so far overcome that it passes in-
to a state of vapour. This point is commonly termed the Beoiling
Point, and the process, is called Evaporation, (being the third gene-
ral effect of Caloric.) It beautifully illustratesthe doctrine of latent
heat. Fluids require that large quantities of sensible heat should
enter into them and become latent to enable them to assume the ex-
panded state of vapour, All evaporation consequently produces cold.
It is on this account that showers in summer cool and refresh the earth,
the evaporation of the water carrying off the superfluous heat from
the surface of it.

Although the boiling or vaporific point of a fluid is always the same
under the same circumstances, yet it is materially changed by the ef-
fect of pressure. Water will boil at 2122 in a vessel in the open air,
but if relieved of the pressure of the air by placing the vessel beneath
the exhausted receiver of an air pump, (in vacuo, as it is termed) it
will boil at alower temperature than at blood heat, or 952. Mr, Watt
in a course of experiments on watery vapours found that a temrpera-
ture of 702 was sufficient for the distillation of water. He used a
small still which was about half filled with water, and securely joined
to a receiver. As soon as the water was made to boil, the vapour
filled the receiver, and expelled the air at the open aperture, which
was then closed with a plug. On immersing the receiver (the vessel
filled with the steam and connected with the still,) in cold water, the
steam was immediately condensed, and-a vacuum produced within it.
On the application of the blaze of a lamp to the still, steam was pro-
duced, and the noise of boiling was distinctly heard in the still, al-'
though the top of it scarcely seemed warm to the hand—notwithstand-
ing the apparent advantage of economy of fuel in this way, Mr. Watt
found from this and other experiments, conducted with the greatest
care, that although distillation may be effected with very little heat
in vacuo, yet no real advantage in regard to the saving of fuel can be
obtained, as the latent heat of the steam is increased in proportion to
the diminution of sensible heat. Where it is required to distil articles
of delicate flavour or qualities, and great excellence in the products of -
distillation is the principal object, distillation in vacuo has been prac-
tised with peculiar success. To perform this process on a large
scale, it becomes necessary to use an exhausting syringe or air pump
to maintain the vacuum. The following experiment readily proves
that the boiling point is lowered as the pressure is diminished.

Take a glass flask, such for instance as those used for containing
salad oil, which being thin are not readily broken by heat. Boil some
water in it until the steam has driven out all the air from the upper
part of it, and filled it with steam; then insert a cork tightly and
plunge the flask into cold water. The water within it will commence
boiling briskly, and will continue boiling for some time, but should it
be taken out and plunged into boiling water the ebullition will cease.
It will recommence on again being plunged inte the cold water. In
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this experiment the air being expelled from the flask, and the mouth
of it closed, the steam that remains in it is condensed, and leaves a
vacuum above the water, which being thus relieved of the pressure of
the atmosphere boils, although cooled by the application of a cold fluid
to the vessel containing it. On plunging it into the hot water the
steam generated within the flask ceases to*be condensed and fills the
vacuum in the same manner as common air, and exerts a similar elas-
tic pressure. ’ :

DISTILLATION.

The principle upon which the process of the distillation of spirits
and essences depends is the greater volatibility of the particles of
these fluids than of the water or other liquids with which they may be
mixed. Even water may be obtained by distillation free from all
foreign substances by which its purity may be contaminated.—fsn
board of English ships of war the apparatus for distilling sea water
has been furnished, by which pure wholesome water may be readily
obtained from this briny element. Alcohol, and various essences boil
at a lower temperature than the water with which they may be min-
gled, and will rise in vapour and pass into the condenser, com-

"monly called the worm from its spiral shape, adopted to offer the
greatest possible surface to the action of the refrigerating fluid or sub-
stance in which it is immersed.

The absorption of latent heat during the process of evaporation is
extremely great.

A sufficient degree of cold may be produced by the excessive evap-
eoration whach takes place in a vacuum, to cause water to freeze even
in summer beneath the exhausted receiver of an air pump. The la-
tent heat is absorbed from the water so rapidly by that portion of it
which is converted into vapour, that its temperature is reduced below
the freezing point. In this experiment it is necessary to place some
sulphuric acid within the bell glass of the air pump to absorb the
vapour of the water as fast as it rises, otherwise the accumulation of
it would soon fill the vacuum, and become equivalent to the pressure
of the atmosphere. Ether being more readily evaporable, causes
water placed in a vessel immersed in it to freeze rapidly.

Evaporation, it is well known, produces cold in the open air by
absorbing latent heat. In the East Indies, ice is formed upon this
principle in large quantities ag an article of luxury, when the temper-
ature of the air is several degrees .above the freezing point. TFhe
evaporation of the water from the bottoms and sides of porous shal-

«low earthern pans which they expose to the night winds, causes the
- water remaining in the pans to congeal into thin flakes of ice.

Sailors readily ascertain in the night from what quarter the wind
blows merely by wetting their fingers and holding them up to the
breeze. The evaporation that takes place from the parts acted upon
by the immediate current of air causes them to feel cold, thus indi-
cuting the quarter from whence the current’of air proceeds.
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By the term condensation, as applied to vapours, is understood the
withdrawdl of the heat, or the cooling of them, by which they again
resume a fluid state. This is observable when any cold & is
brought into contact with steam,~—drops of water usually collecting
on the surface as the steam becomes condensed. During a moist state
of the atmosphere the surface of a glass of cold water is covered
with drops olpwatér, like a sort of dew, collected from the damp air.
This moisture has been sométimes supposed to have exuded thu.ill
the pores of the vessel. Porous earthen ware, which actually aliows the
water to exude, has béen used for wine coolers, hving a tendencyto
keep the liquors which they contain’ in & cool state, m being ab~
sorbed by the evaporation from their surfaces. In damp weather, how-
ever, when the evaporation is diminished by the moisture with which the
air is already loaded, (as in the instance of the condensation upon the
surface ofthe glars,) this contrivance is attended with little ulnntaﬁ;
For the same reason during the heats of summer, a moist state of
air, so well undérstood by the térm sultry, impedes the evaporation
from the surface of the body, when the heat becomes most oppressive.
The process of perspiration admirably illustrates the effect of evapo-
ration. The natural temperature of the body is kept nearly at 972
by the evaporation of a watery fluid, that exudes whenever excessive
exercise or heat produces a warmth above this point. 8Sir Jose,
Banks once made the experiment of the degree of heat, which
human body could bear without injary, by entering a room, the tem-
mre of which was gradually raised until it became 522 hotter

boiling water, as indicated by the thermometers hung up in va-
rious parts of the room. He found that while in this room, the knobs
of the doors, his watch chain, and all other metallic articles about his

n, were so hot that he could not bear to touch them. Eggs
placed :{(m a tin frame were roasted hard in twenty minutes, and a
Deef steak was over donie in half an hour. Notwithstanding this ex-
traordinary heat to which he was exposed, the témperature of his
body was not perceptibly raised.*

The unhealthy chill, produced by the evaporation of the perspired
moisture after exeércise, may be attributed to the cold by which the
bodTv' bécomes too mich reduced in temperature. :

'he cold praduced by evaporation may be most sensibly demon-
strated by dipping the hand in ether. It is éven stated that small an-
iinals may be entirely deprived of vital het, by exposure to a current
of air whilé wét with this volatile fluid.

Connected with the subject of the formation and condensation of
elastic vapours are many of the most interesting inventions of man,
and the most practically important in Mechanics. In order- that the
operation of the Steam Engine, and the other applications of steaim,

*Dry heated air communicates its heat slowly, and absorbs moisture, or promotes evap-
oration rapidly ; therefore inthe above experiment, the tity of heat imparted from
the xir was equel ‘to thit withdrawn by evaporation.—Had the hot air been combined
with steam at the same temperature, the effect of the latter to impede evaporation from
the surface of the body, and its tendency to impart its heat more rapidly, would have
saon destroyed life. hd
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hereafter to be treated upon, may be more fully understood, most of
the facts attendant upon the existence of this elastic vapour, and the
ptinciples that govern it, will be given at large while treating upon
this subject.

STEAM.

Since the invention of the Steam Engine, the various properties of
steam have been investigated with a zeal excited by the importance
of its agency as applicable to the useful arts. The elastic vapour
frem heated water 18 commonly used, which arises when the water
attains a certain temperature, called the boiling point.

BOILING POINTS.

Water ordinarily boils at 2)122 of Fahrenheit when placed nearly -
on alevel with the sea. Ebullition, or boiling, is produced by the for
mation of vapour at the bottom of a vessel to which heat is applied.
The vapour being lighter than the fluid, rises throug‘h it to the surface,
and produces the agitation ordinarily observable. The boiling point of
water differs according to the state or density of the air, or atmos-~
pheric pressure, more heat being required to make the water boil
when the barometer stands at 31 inches than when it stands at 28 in-
ches. When the atmospheric pressure is reduced, as on ascending
mountains, less heat is sufficient to produce ebullition. On the top
of a hill 520 feet above the level of the sea, water will boil at2112,
—exactly one degree less than when placed on a level with the sea ;
and on the top of Mont Blauc it has been found to boil at 1872. -

It is only when the vapour is heated to the boiling point that it is
properly termed steam, at which temperature it is invisible. As visi-
ble in the misty clouds, or the opaque vapour issuing from the warm
medium of the boiler into a colder one, it is partially condensed into
minute globules of water. However violently the fluid may beil, it
does not become hotter after arriving at the boiling point, nor does
the steam that arises from it indicate a warmer temperature than the
fluid itself. Although a hot fire may have been burning beneath a
boiler,and imparting heat to the water which it may contain for an
hour or more, yet at the termination of the experiment, it will be found
that the water will still indicate 2122 and the steam proceeding from
it precisely the same temperature.—It was this experiment which led
Dr. Black to the discovery of latent heat, which most evidently exists
in this case in a state that the thermometer does not detect. He
found that with a regular fire, it required about five times as long to
evaporate or convert into vapour the water, that it did to raise the
heat of the water from 502 to the boiling point,(2122—502 X 5=8102).
From this he inferred that 8102 of heat was required merely to give
water an aeriform state without increasing its temperature. Naturally
concluding that this great quantity of latent heat would be rendered
sensible when the steam returned again to the state of water, he caus-
ed it to be condensed in the worm of a still. He found accordingly
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that one pound of water in the form of steam imparted sufficient heat,
when condensed, to 40 Ibs. of water in the worm tub to raise its tem-
perature 202, 202 40=8002 of latent heat which gave nearly the
result that he had before calculated More accurate experiments
have since made the latent heat of steam equal to about 900%—a suf-
ficient degree of heat to raise the temperature of the yolume of con-
densed water, or of a solid body of an equal weight and capacity with
water, to 9002, if it were possible to concentrate this heat within it,
At this temperature it would be nearly red hot. The theory of the
process of combustion was considered by Lavoisier as founded upon
the same principle as the condensation of steam, the gases being sim-
ilar to vapour in their high relation to heat, and evolving heat copi-
ously on passing from an aeriform into liquid or solid states. .
The great quantity of latent heat contained in Steam renders it
remarkably well adapted for conveying caloric in a safe and conven-
ient manner, by means of pipes, to considerable distances for warming
rooms, heating water, or other useful purposes. Most of the large
manufactories in England are warmed by steam pipes, which impart
a peculiarly mild and agreeable temperature to the air. A large steam
pipe of cast iron may commonly be seen extending from the boiler of
the steam engine through the wall of the mill by the side of the revo}-
ving shaft, thus communicating both heat and motion from the same
source. Steam pipes are commonly made of cast ironin sections
connected by flanges and bolts, and are laid with particular care to al-
low each range of pipesto expandand contract freely when heated and
cooled. Steam pipes for warming rooms are commonly arranged
near the side walls, and floors; lead pipes will not answer for conyey-
ing steam unless they can be fitted to slide ve¥ freely when they ate
caused to expand and contract by heat. The least’ obstruction
causes a permanent elongation of this yielding material, and they soon
become distorted or disjointed.—Where the pipes are light and are
properly laid, they may prove sufficiently durable.. To prevent con-
densation and waste of steam before it reaches the place where it is
* to be used, the pipes may be inclosed in a flannel, or in a box filled
with wood ashes which are excellent non conductors of heaf, 1In all
cases attention must be bestowed in laying the pipes with a sufficient
descent to convey the condensed steam, if possible, back to the boiler;
if not, a cistern or small reservoir must be attached to thé pipe in
some convenient place info which the condensed steam or water may
flow. As it accumulates, it may be occasionally drawn off from this
cistern, or a floating valve may cause it to be discharged whenever
the water rises within it to a certain height. - .. {
In many of the largest dye houses in  England, the blue ‘vats for
dying woollens are heated by steam. ~ In some cases it is injected at
once from the end of the pipe into the liquor, and in others it is ap-
plied to the sides of the cast iron vats, which have a space prepared
around them inclosed by brick work, or otherwise to keep the steam in
immediate contact with them. By the former mode the steam is con-
densed by the liquor with considerable noise as fast as it is discharged
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from the pipe, and increases the bulk of the liquor. If the orifice of
the steam pipe be placed more than two or three feet below the sur-
face of the water, the discharge of steam is impeded and the noise
increased greatly. In all cases where steam is thrown into a fluid
from the end of a pipe immersed in it, a vacuum valve should be at-
tached to the boiler; otherwise should the steam be suddenly con-
densed within it, before the stop cock is closed to cut off the com-
munication with the liquour to be heated, a vacuum will be formed in
the boiler, whereby the liquor will be drawn through the pipe from
the vat. An instance of this kind occurred within my knowledge, in
which the boiler sucked up the contents of a blue vat, until it became
completely filled. The vacuum valve is constructed similarly to a
cominon safety valve, opening, however, internally.

It may sometimes happen that much inconvenience would attend
the erection of boilers in the apartments of private houses intended
for hot baths. In such cases recourse may be had to steam conveyed
in pipes. It is also economically used for drying wet cloths in vari-
ous processes of manufactures.

For culinary purposes one steam boiler may suffice to supply steam
for all the operations of boiling required even for a large hospital. This
Eonndia actually adopted in some of the most extensive hospitals in

ndon.

In Northwich, in Cheshire, extensive works :;re erected for evapo-
rating the brine ofthe salt pits, in the process of crystallizing salt, by
ap;ly'ging steam to the salt gans insteag of fire, Lreyss agitation of the
sahne liquor is thus produced, and consequently the salt is allowed
time to form larger and more begutiful cubical crystals.

During the mania for Joint Stock Companies in England, a Steam
Washing Company was formed with a considerable capital for the
pu of washing clothes by the aid of steam upon an extensive
sc

TABLE OF THE BOILING POINTS OF SEVERAL OF THE MOST IMPOR-.
TANT LIQUIDB. (BY FAHRENHEIT’S S§CALE.)
Ether, the most volatile fluid, boils at - 100°
Alcohol, of the specific gravity 0.818 - - 178}
“ 1.500

NitricAcid, « - 210
Water - - . - - - 212
Water saturated with seg salt - - 224}
Rectified Petroleum - - - 306
0il of Turpentine, - - - 316
Sulphuric Acid - - - 1.848 - 600
Sulphur - - - - 570
Linseed Oil * - - - - 640
Mercury - - - - 656
- . .. .
i orming e et bne St o 3 eoreate hent. - From the powertil setlon o sotrol
ing of the ts used, leaden retorts or boilers are from necessity employed
to contain them. Boilers of this metal being readily fused by the immediate application

been found necessary to place them in hot sand, ulledasandb:::. Lin-

of has
seed Oil, however, has been found to answer better for imparting a regular heat to all bo-
.dies

inwaersed iu it, when it is Dot required to raise the temperature ahove 600 degrees.
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The vapours grising from these liquids at their boiling points would
not be compressed in volume if placed,in air tight close tubes, and
a weight equal to that of a column of mercury 30 inches high were
allowed to press upon them—which is equivalent to the atmospheri¢
pressure.

Mr. Watt and Mr. Clement found by experiments that the latent
heat of steam is proportioned to the degree of pressure to which it is
subjected, and that the latent heat contained in a given volume of it
always diminishes as the sensible heat increases. Henoe they drew
this important infergnce, “ That equal weights of sleqm, of whatsoover

ure, contain e Yuamm heat,”? .
: ater confined inq:d ose vessel may be heated many degrees
above 2122 without boiling. The steam at first genexated, being un-
able to escape, exerts an additional pressure on the fluid apd pre-
vents ebullition. A strong metallic vessel must be uysed for this ex-
periment, having a stopper loaded with a certain weight, called a
safety valve, which may be lified when the pressure of the steam
against it attains sufficient elasticity or, force to endanger bursting
the vessel. This description of vessel ia galled Papin’s Digestor,
having been first used by Papin to melt or spften horn and bones. It
has been ascertained by experiment that water heated in this way
may bave its temperature increased to 5009, and indeed might he
made red hot, were it possible to consiryct vessels of suflicient
strength to resist the force of the steam.

A remarkable experiment with thig beiler illustrates the quantity
ofthe latent heat required to produce steam. Mr. Watt placed a dv-
gester over a ateady coal fire for half an hour with the valve open,
and found on examination that an inch in depth of water had boiled
away. He then restored that inch of water, and gecyred down the
safety valve, and allowed it to remain on the fire half an hour as be-
fore. - He then took it off the fire after the temperature had been in-
creased many degrees ahove the boiling point, gnd opened the valve.
The steam rushed out with great violence, making a shrieking neise
for ghout two minutes. On opening the bojler he found that au inch
of water was consumed as in the firat instance. Hence it appeared
that the same quantity of hest had entered into the water in each
half hour, and that as much oaug:ltin the two miputes after qpem
the Vf'ﬁe, as had escaped in the experiment when the vessel had
been left open.

The follgfving facts have been ascertained by experiments upon
the formation and existence of steam, and will serve as data for fa-

cilitating many calculations upon this subject.

RECAPITULATION OF FACTS AND EXPERIMENTS RELATING TO

. STEAM. _

Proposition 188, A cubic inch of water forms very nearly a cubic
foot of sieam, when its elasticity is equal to 30 inches of mercury,
or more exactly, water is caused to expand to abeut 1300 times its
volume on being converted inta steam.



0 RULES AND CALCULATIONS RELATING

17 gallons of water occupy a space of 4090 cubic feet when con-
verted into steam, under the ordinary state of atmosghenc pressure.

To ascertain what quantily of steam will be formed by a given quan-
#ty qf waler, say o

As 17: 4090 1 so will be the given quantity to the answer.

Tomcﬁamthequantdy “water that will be formed by the conden-
sation of a given numb. ic feet of steam, say,

As 4090 : 17 : s0 wnll be the given quantity to the answer.

2d. The time reqmred to convert a given quantity of boiling wa-
ter into steam is six times that 1‘equ1re§l to raisk it from the freez-
ing to the boiling point, or from 322 to 2129 supposing the supply
of heat to be uniform.

- 8d. 1 gallon of water in the state of steam will impart suﬁclent
heat on being condensed to raise the temperature
: " of 6 gallonis of water-at 502 to 2122

or 18 gallons of water from 50 to 100, making abundant
allowance for waste.

44h. After water is raised to the boiling point or 2122, it requires as
much heat to give it the elastic form as would raise the same water
9002 higher. If its volame were not changed by the heat—that is,
if it could be prevented from expanding into steam, its temperature
would become 11122 by the same quantity of caloric—a degree
that would render it red hot.

6th. The same weight of water in the form of steam contains the
same quantity of heat, whatever may be its temperature or density,
the latent heat always dummshmg as the sensible heat increases.” -
Rule for finding the quantity of Steam required to raise a given quantily

of waler to a given temperature.

Multiply the water to be warmed by the difference of temperature
between the cold water, and that to which it is to be raised, for &
dividend.

Then to the temperature of the steam add 9oon and from that
sum take the required temperature of the water; this last remainder
being made a divisor to the above dividend, the quotxent wxll be the
quantity of steam in the-same terms as the’ Water.

If the quantity of water be: given ‘in ga.llona, cdblc feet, &ec, the
answer wﬁl be in the sarhé'tneasure.

. . Y '
N RSN

EXAMPLE. TR e s
What quantity of steam at 2122 will raise, 100 gallons of: water at
‘60‘1 up to.the boiling point or 21222 .© ° " 7 - _
- o190 gosiky 25%100=15200 * "~ * "\t
21294 9009—1112.-212—900.15200--900Ans. 17 gallons of
water converted into steam will raise the temperature. of 100 gallons
from 602 to 2129,
Mr. Chaptal states that it ma; ‘be laid down as a principle, that
. %ues -and vapours are equally- dilatable and- équally eompressible.
ommon air expands about § by hemg ‘heated from the fteezmg to
the boiling point, or 2122,
Mr. Perkins observed tome, in conversation upon thls subjeet, d\ll‘-
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hg[:short visit which I made to his works near the Regent’s Park,
in London, for the purpose of seeing his Steam Kngine and Steam
Gun, that he had tried the experiment of heating a volume of steam
for the purpose of ascertaining its expansible power when not con-
nected with the boiling water to reinforce it. He stated that he
could obtain no important or available power from the expansion of &
given volume of insulated steam. In some recent experiments he has
‘“ heated steam to a temperature that would have given all the power
that the highest steam is capable of exerting, which would have been
56,000 pounds to the square inch, if it had had its full quantum of
water; yet the indicator showed a pressure of less than76 pounds.*®
Had his boiler been filled with common air instead of steam, its ex~
pansion might have produced nearly the same expansive pressure
when heated in a red hot boiler, as was the case at the temperature
above stated. .

The expansive force of steam depends therefore upon crowding a
greater quantity of aqueous particles into a given space, by the ap-
plication of heat to water, rather than upon the elasticity imparted by
the heat to the steam itself. If a bladder be partly filled with com-
mon air and exposed to the heat of a fire it will be expanded ; steam'
possesses an equally expansible power with common air, and gases ;
but it is necessary that heat should continue entering a quantity of
water inclosed in a tight vessel, to convert it into vapour, until
the space allowed for the expansion of it above the water becomes
filled. The steam being still forced to rise from the water, and to
enter the space already crowded with it, begins then to exert its pow-
er against the sides of the vessel that confines it.

6th. When a quantity of water. is kept at the uniform temperature
of 212° or the boiling point, and the mercury is 30 inches in the ba-.
;ometer, the depth evaporated in the boiler will be 14 inches per

our.

The quantity of steam formed, or the water evaporated, will also
be jointly as the force of the vapour, answeringto each degree of heat,
and the surface. '

The economy of steam for the use of the steam engine has been a
subject that has excited much research and attention, and numerous
experiments have been made for the purpose of ascertaining the most.
advantageous circumstances under which it can be employed. From
an ignorance of some of the principal facts contained in the following
table, which has been formed from various sources, many visionary
schemes have been pursued by means of expensive experiments, most

* Mr. Perkins supposes that the bursting of steam boilers takes place frequently from
the action of -ﬁea.mm&tt has been exposed to intense heatafter the water has been partially
exhausted from the boiler. ‘The great heat contained in this case in the steam will not,
he supposes, descend and enter the water remaining in the bottom of the boiler ; but should
any agitation of the surface throw up a portion of this water into the heated steam, or
should a supply of water be injected into it, the concentrated heat is readily imparted to
the water, converting it into a great volume of steam in so instantaneous & manner that
the safety valve will not afford it a sufficient vent, to relieve the sudden stress upon the
boiler, in which case it must yield to the force of the steam, and the dreadful effects, us-
ually attending the explosion of steam boilers, ensue.




¥} 1 ELASTIC FORCE AND WEIGHT OF STEAM.

of which have at last ended ‘in dmppointmenu—oomeﬁmea rendéred
severe by heavy losses.

The calcuiations and experiments made by Dalton, Ure and Oliver
Evans of Philudelphia, dre here eollected and ed in & compara-
tive table, showing the elastic or expansive power of steam at various
degreeo of temperature from the point or 212° up to 325° of

Fahrenheit—also the weight of water in the form of vapeur, contain-
ed in acubic foot of steam at different temperatures and pressures.
There appears to be a considerable difference in the result of the cal-
culations of the above writers. The two former have given accurate
#ccounts of the mode in which their experiments and calculations
were mgde. Mr. Evans has not however given the mode by which
he arrived at the results stated by him, and we aré therefore mduced
to -ns)o-e that his table is thooretlcally rather than experimentally

Comparsrive Tasre, of the elastic force or presswre of Steam wilh its
wenghtaimﬁdcgrmd‘pmmemdwm
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