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PREFACE

T0 THE

REVISED AND ENLARGED EDITION.

TeE favor with which this book has, from its first appearance,
been received by the teachers of this country, has induced the pub-
lishers to offer yet another edition to the schools of the United States.

It is presented as a revision and an enlargement of the previous
edition.’

The revision of the book has led to such corrections of the text of
the older work as the recent progress in physical science demanded.
This has been accomplished without changing the numbering of
the paragraphs or their distribution on the pages. Where a more
extended correction seemed necessary than this plan permitted, the
reader has been referred by note to the Appendix for the supple-
mentary portion.

It was deemed an exceedingly desirable object by the publishers
that the new work should be presented in such shape that, when
introduced to classes using the old edition, the exchange might be
effected with the least possible inconvenience to teacher and pupil.

The principal emendations have been made in the subjects of
Mechanics, Heat, Hydrodynamics, and Optics. In Mechanics par-
ticularly, the progress of ideas within a short period demands that
the rudimentary conceptions of Force, Power, and work in the mind
of the learner should be more sharply defined. The first paragraphé
of the Appendix, giving the distinction between these terms, and
also introducing the term Energy, have been prepared in accordance
with this demand. /

The mechanical theory of Heat,—the practical relation of Hydro-
slatics and Hydraulics to Mechanical Engineering,—the later uses
of compressed air, and the theory of the Spectroscope, have received
a due share of space in the additional pages. :

A large number of new illustrations have been added, which, it is
hoped, will aid the necessarily concise Appendix.

GEO. W. PLYMPTON.

PoLyTECENIC INSTITUTE, December, 1871.
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INTRODUCTION.

THE term Philosophy literally signifies, the love of
wisdom ; but, as a general term, it is used to denote an
explanation of the reason of things, or an investigation
of the causes of all phenomena, both of mind and of
matter.

‘When applied to any particular department of knowl-
edge, the word Philosophy implies the collection of general -
laws or principles, under which the subordinate facts or
phenomena relating to that subject are comprehended.
Thus that branch of Philosophy which treats of God, his
attributes and perfections, is called Theology; that which
treats of the material world is called Physics, or Natural
Philosoph%; that which treats of man as a rational being
is called Ethics, or Moral Philosophy; and that which
treats of the mind is called Intellectual Philosophy, or
Metaphysics.

The natural division of all things that exist is into
body and mind—things material and immaterial, spiritual
and corporeal. Physics relates to material things, Meta-
physics to immaterial. Man, as a mere animal, is includ-
ed in the science of Physics; but, as a being possessed of
a soul, of intellect, of the powers of perception, conscious-
ness, volition, reason, and judgment, he becomes a sub-
jeet of consideration in the science of Metaphysics.

All material things are divided into two great classes,
called organized and unorganized matter. Organized
matter is that which is endowed with organs adapted to
the discharge of appropriate functions, such as the mouth
and stomach of animals, or the leaves of vegetables. By
means of such organs they enjoy life. Unorganized mat-
ter, on the contrary, possesges no such organs, and is con-



INTRODUCTION. v

sequently incapable of life and voluntary action. Stones,
the various kinds of earth, metals, and many minerals,
are instances of unorganized matter. Fossils, that is,
gubstances dug out of the earth; are frequently instances
of a combination of organized and unorganized matter.
Unorganized matter also enters into the composition of
organized matter. Thus, the bones of animals contain
lime, which by itself is unorganized matter.

Physical Science, or Physics, with its subdivisions of
Natural History (including Zoology, Botany, Mineralogy,
Conchology, Entomology, Ichthyology, &c.) and Natural
Philosophy, including its own appropriate subdivisions,
embraces the whole ficld of organized and unorganized
matter. . L

The term Natural Philosophy is considered by some
authors as embracing the whole extent of physical.science,
while others use it in a more restricted sense, including
only the general properties of unorganized matter, the
forces which act upon it, the laws which it obeys, the
results of those laws, and all those external changes which
leave the substance unaffected. It is in this sense that
the term is employed in this work.

Chemistry, on the contrary, is the science which inves-
tigates the composition of material substances, the inter-
nal changes which they undergo, and the new properties
which they acquire by such changes. The operations of
chemistry may be described under the heads of Analysiz
or decomposition, and Synthesis or combination.

Natural Philosophy makes us acquainted with the con-
dition and relations of bodies as they spontaneously arise,
without any agency of our own. Chemistry teaches us
how to alter the natural arrangement of elements to bring
about some particular condition that we desire. To ac-
complish these objects in both of the departments of
science to which we refer, we make use of appliances
called philosophical- and chemical apparatus, the proper
use of which it is the office of Natural Philosophy and
Chemistry respectively to explain. All philosophical
knowledge proceeds either from observation or experi-~
ment, or from both. It is a matter of observation that
water, by cold, is converted into ice; but if, by means of
freezing mixtures, or evaporation, we actually cause water
to freeze, we arrive at the same knowledge by experiment.
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By repeated observations, and by calculations based on
such observations, we discover certain uniform modes in
which the powers of nature act. These uniform modes
of operation are called laws ;—and these laws are general
or particular according to the extent of the subjects
which they respectively embrace. Thus, it is a general
law that all bodies attract each other in proportion to the
quantity of matter which they contain. It is a particular
law of electricity that similar kinds repel and dissimilar
kinds attract each other. !

The collection, comhination, and proper arrangement
of such general and particular laws, constitute what is
called Science. Thus, we have the science of Chemistry,
the science of Geometry, the science of Natural Philo-
sophy, &ec.

The terms art and science have not always been em-
ployed with proper discrimination. In general, an art is
that which depends on practice or performance, while
science is the examination of general laws, or of abstract
and speculative principles. The theory of music is a
science ; the practice of it is an art.

Science differs from art in the same manmner that
knowledge differs from skill. An artist may enchant us
with his skill, although he is ignorant of all scientific
principles. A man of science may excite our admiration
by the extent of his knowledge, though he have not the
least gkill to perform any operation of art. When we
speak of the mechanic arts, we mean the practice of those
vocations in which tools, instruments and machinery, are
employed. But the science of Mechanics explains the
principles on which tools and machines are constructed,
and the effects which they produce. Science, therefore,
may be defined, a collection and proper arrangement of
the general principles or leading truths relating to any
subject; and there is this connection between art and
science, namely—¢ A principle in science is a rule of art.”
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DIVISIONS OF THE SUBJECT.

b 1. Narturar PHIvosornY, or PHysics, is the
Natural Science which treats of the powers, properties and
Phhil;”"' mutual action of natural bodies, and the laws and
£ operations of the material world.

2. Some of the principal branches of Natural Philosophy are

Mechanics, Electricity,
Pneumatics, Galvanism,
Hydrostaties. Magnetism,
Hydraulics, Electro-Magnetism,
Acoustics, Magneto-Elcetricity.
Pyronomics, Astronomy.

Optics,

Nore. — This list of branches might be considerably enlarged, but per-
haps » rigid classification would rather suggest the omission of some of
tbem, as pertaining to the department of chemistry.

Whatis o MECHANICS. — Mechanics is that branch of
Mechan- Natural Philosophy which relates to motion and
s bl the moving powers, their nature and laws, with
their effects iz machines.- :

4. Mechanics is generally considered under twv divisions., ealled
Stativs und Dyvamics.
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5. The word Statics is derived from a Greek word implying resz
and it is applied to that department of mechanics whicE treats of
the properties and laws of bodies af rest.

6. Dynamies, from a Greek word signifying power or force
Lren.t-s of Qhe pmpe'it‘eg and iaws of bodies in motion.

“ n"¢~

(i Pmmuztzcs treats of' the, mechanical properties and effecta
E'an' amﬁsimﬂnp_ﬁmdq‘, »é‘\lled,*elastxc fluids or gases.

8. Hydrostatzcs treats of the gravity and pressure of fluids in
a state of rest.

9. Hydraulics treats of fluids in motion, and of the nstru-
ments and machines by which their motion is guided or con-
crolled.

10. Acoustics treats of the laws of sound.

11. Pyronomics treats of the laws and effects of heat.

12. Optics treats of light, color and vision.

13. Electricity treats of an exceedingly subtle agent, cailed
the electric fluid.

14 Galvanism (sometimes called chemical electricity) is a
branch of Electricity.

15. Magnetism treats of the properties and effects of the
magnet or loadstone.

16. Electro-Magnetism treats of magnetism incuced by elec-
trieity.

17. Magneto-Electricity treats of electricity indu<ed by mag-
netism.

18. Astronomy treats of the heavenly bodies,— the sun, moon,
stars, planets, comets.

19. The agents whose effects or operations are described 1n
Natural Philosophy are divided into two classes, called respectively
Ponderable and Imponderable Agents.

NoTE. — Some writers on Philosophy have suggested a different classi-
fication, into Bodies and Agents, calling bodies ponderable, and agents im-,
ponderable.

20. Ponderable agents are those which have weight, as water,
air, steam.

21. Imponderable agents are those which have no weight such
us light beat, magnetisui und electricity.
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- What is 22. MATTER—Matter is the general name of
Matter?  everything that occupies space.

23. Matter exists in three different states or forms—
namely, in the solid, liquid, and gaseous forms.

24. Matter exists in a solid form when the particles of which it is
composed cohere together. The different degrees of cohesion which
different bodies possess causes them to assume different degrees of
hardness.

25. Matter exists in a liquid state when the component parts do
not cohere with sufficient force to prevent their separation by the
mere influence of their weight. The surface of a fluid at rest always
conforms itself to the shape of the portion of the earth’s surface
over which it stands. :

26. Matter cxists in a gaseous or aériform state when the par-
ticles of which it is composed have a repulsion towards each other
which causes them to separate with a power of expansion to which
there is no known limit. Of this, smoke presents a familiar in-
stance. As it ascends it expands, the particles repelling each other
until they become wholly invisible.

Note. — The word aériform means, in tke form of air.

27. The vesicular form of matter is the form in which we see it -
in clouds. It consists of very minute vesicles, resembling bubbles,
and it is the state into which many vapors pass before they assume
a fluid condition.

28. Some substances are capable, under certain conditions, of
assumuing all these different forms. Water, for instance, is solid in
the form of ice, fluid as water, in the gaseous state when converted
into steam, and vesicular in the form of clouds.

29. Al matter, whether in the solid, liquid, gaseous, or vesicular
form, is either simple or compound in its nature. But this consider- -
ation of matter pertaing more properly to the science of chemistry.
It is proper, however, here to explain what is meant by a simple or
homogeneous and a compound or heterogeneous substance.

30. All matter is composed of very minute particles or atoms
united together by different degrees of cohesion. When all the
atoms are of the same kind, the body is a simple or homogeneous
substance. Thus, for instance, pure iron, pure gold, &c., consists
of very minute particles or atoms, all of which are pure iron or
pure gold. But water, and many other substances, are compound
suhstances, composed of atoms of two or more different substances,
rumbined by chemical affinity. g

Note.— The ancient philosophers supposed that all material substances
~ere composed of Fire, Air, Earth and Water, anl these four substances
ecre called the four elemeuts, because they were supposed to be the eimrie

1*
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substances of which all things are composed. But modern science has
shown that not one of these is a simple substance. Water, for instance,
is composed of two invisible gases, called Hydrogen and Oxygen, united in
the proportion of one part, én weight, of hydrogen to eight of oxygen; or,
by measure, one part of oxygen to two of hydrogen. In like manner air,
or, rather, what the ancients understood by alr, is composed of oxygen
mixed with another invisible gas, called nitrogen or azote, in the proportion
of seventy-two parts of the latter to twenty-eight of the former.

The enumeration of the elementary substances, which, either by them-
selves or in union with one another, make up the material world, properly
belongs to the science of Chemistrfy. As this work may fall into the hands
of some who will not find the information elsewhere, a list of the simple
substances or elements is here presented, so far as modern science has in-
vestigated them. They are sixty-three in number, forty-nine of which are
metallic, and fourteen are non-metallic.

The forty-nine metals are

+ Gold, Manganese, Potassium, Didynium,
Silver, Cadminm, Sodium, Tantalum,
Iron, Uranium, Lithium, Lrbium,
Copper, Palladium, Barinm, Thallium,
Tin, Rhodium, Strontium, Ruthenium,
Mercury, Iridium, Caleium, Rubidium,
Lead, Osmium, Magnesium, Niobium,
Zine, Titanium, Aluminum, Indium. °*
Nickel, Cesium, Glucinum,

Cobalt, Tungsten, Yttrium,
Bismuth, Molybdenum, Zirconinm,
Platinura, Vanadium, Thorium,
Antimony, Chromium, ¢ Cerium,
Arsenic, Lanthaniom,

The non-metallic elements are

Oxygen, Sulphur, Bromine, Boron,

Hydrogen, Phosphorus, lodine, Silicon,

Nitrogen, Carbon, Selenium, ‘Tellurium,
Chlorine, Fluorine,

Of the elementary substances now enumerated, about fourteen constitute
the great mass of our earth and its atmosphere. The remainder occur only
in comparatively small quantities, while nearly a third of the whole number
is 80 rare that their uses in the great economy of nature are not understood,
nor have they as yet admitted of any useful application.

The science of Geology reveals to us the fact that granife appears to be
the foundation of the crust of the earth; and in the granite, either in its
original formation or in veins or seams which have been thrown up by
subterranean forces into the granite, all of the elementary substances which
have been enumerated are to be found. A chart is presented below in
which the materials composing the strata of the crust of the earth are
enumerated, together with a tabular view of the composition of these
materials. It is not contended that this chart is perfectly accurate in all
its details ; but as it affords an interesting and extensive snbf'ect of inves-
tigation, and as it is not to be found elsewhere in print, it is thought thut it
will be well worth the space which it occupies, although a rigid classificar
tion would exclude it from this work,

!
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Dr. Boynton's Chart of Materials that enter inlo. the- Composition of Granite.

Quartz . . i A
Feldspar . . . . . .
N T

Hornblende o 5.0
Augite. . . . . ..
Diallage . . . . . .

Ghletife " .0,

Mlai L PO
Hypersthene . . . .
Actinolite. . . . . .

Steatite . . . . . .
Serpentine . . . . .
Schorl

Garnet . . . . R

M. Garoet . .
Clay .

Green Sand . . . . .
Carbonate of Lime. .
Carbonate ¢f Magnesia

Bilica.

Alumina.
Potash.
Soda.

Lime,

14
24
13

56

Magnesia.

19
25
15
21
14
13

28
33

48

Ox. Iron.

Ox. Manganese.

Water.
Carb. Acid.

=

Prot.
31

—  ex W

11

2 Fluor Aoid

4 B. Scid

44 Carb. Acida

50

.«

o

What are
the essen-
tial Prop-
crties of

Maiter?  Jostructibility ; 6. Inertia; 7. Attraction.

What is
Impene-

31. There are seven essential ¥ properties be-
longing to matter, namely, 1. Impenetrability ;
2. Extension; 3. Figure; 4. Divisibility; 6. In-

32. IMPENETRABILITY. — Impenetrability is the

wability? Power of occupying a certain porticn of space, so

* An essential property ,of a body is that which is necessary to the
zbsolute existence of the body. All matter in common possesses these
essential properties, and no particle of matter can exist without any sne of

them.

Different bodies pussess other different properties which are not

esseutial to their existence, such as color, weight, brittleness, hardness.
&c. These are called accidental properties, as they depend ou circum-
etances not essential to the very existence of a body.
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that where one bedy is another cannot be without dis.
placing it.

33. This property, Impenetrability, belongs to all bodies and
forms of matter, whether solid, fluid, gaseous, or vesicular.

The impenetrahility of cominon air may be shown by immersing
an inverted tumbler in a vessel of water. The air prevents the
water from rising into the tumbler. An empty bottle, also, foreibly
held horizontally under the water, will exhibit the same property,
for the bottle, apparently empty, is filled with air, which eseapes
in bubbles from the bottle as the water enters it. But, if the bottle
be inverted, the water cannot enter the bottle, on account of the
impenetrability of the air within.*

* This circumstance explains the reason why water, or any other liquid,
poured into a tunnel closely inserted in the mouth of a decanter, will rua
over the sides of the decanter. The air filling the decanter, and having
no means of escape, prevents the fluid from entering the decanter ; but, if
the tunnel be iifted from the decanter but a little, so as to afford the air an
opportunity to escape, the water will then flow inté the decanter in an un-
interrupted stream.

Wken a nail is driven into wood or any other substances, it forces the
particles asunder and makes its way between them.

An experiment was made at Florence, many years ago, to show the im-
penetrability of water. A hollow globe of gold was filled with water and
oubjected to great pressure. The water, having no other means of eicape,
was seen to exude from the pores of the gold.

The reason why fluids appear less impenetrable than solids is that ths
particles which compose the fluids move easily among themselves, on account
of their slight degree of cohesion, and wken any pressure is exerted upon a
fluid the particles move readily into the unoecupied space to which they
have access. But, if the fluid be surrounded on all sides, and have no
means of escape, it will be found to possess the property of impenetrabilit»
in no less a degree than solid bodies.

A well-known faet seems, at first view, to be at variance with this state-
ment. When a ve-=sel is filled to the brim with water or other fluia, a con-
riderable portion o1 salt may be dropped into the fluid without causing the
vessel to overflow. Aund, when salt has been added until the water can
held no more in solution, a considerabie ynautity of sugar can be added in
a similar manner. The explanation of this familiar
fact is as follows The particles of the sugar are
smaller than the purticles of the salt, and the particles
of the salt aro smaller than the particles which compose
the water. Now, supposing ail of these particles to be
globular, they will arrange themselves as is represented
in Fig. 1, in which the particles of the water are indi-
eated hy the largest circles, those of the salt by the
rext in size, and those of the sugar by the smallest.

Familiar Experiment. — Fill a bowl or tumbler with peas, then pour on
the peas mustard-sced or fine grain, shaking the vessel to cause it te fill the
vacaut spaces between the peas. Inlike manuer add, successively, fine sand,
e2tar, salt and sugar. This will afford an illus‘ration of the apparent parador
+f two bodies occupying tbe same space, and : how that it is only apparen:.
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; 34, ExTENSION.— Extension is but another
What is ! o ;
Esten-  name for bulk or size, and it is expressed by the
%onf  terms length, breadth or width, height, depth and
thickness.

NorkE. - - Length is the extent from end to end. Breadth or width is the
extent from side to side. Height, depth or thickness, is the extent from
the tup to the bottom. The measure of a body frcm the bottom to the top
is ealled height ; from the top to the bottom, is ealled depth. Thus we

. speak of the depth of a well, the height of a house, &e.

ﬁ:’jztr 25 85. Figure is the form or shape of a body.

gure ! .

36. Figure and Extension are separate properties, although both
may be represented by the same terms, length, breadth, &c. But
they differ as the words shape and size differ. Two bodies may be
of the same fizure or shape, but of vastly different size. A grape and
an orange resemble each other in shape, but differ wide!fy in size.
The limits of extension constitute figure, bus figure has no other
connexion with extension.

Whatis  37. DivisiBiniry.— Divisibility is susceptibility
Divisi- 3 e
wiiy?  of being divided.

38. To the divisihility of matter there is no known limit, nor
can we conceive of anything so small that it is not made up of two
halves or four quarters. It is indecd true that our sénses are quite
limited in their operation, and that we cannot perceive or take
cognizance, by means of our senses, of many objects of the existence
of which we are convinced without their immediate and direct
testimony.

39. Sir Isaac Newton has shown that the thickest part of a soap-
hubble does not exceed the two-millionth part of 4an inch.

40. The microscopic observations of Ehrenberg have proved that
there are many species of little creatures, called Infusoria, sosmall
toat millions of them collected into a single mass would not exceed
the bulk of a grain of sand, and thousards of them might swim
side by side through the eye of a small needle.

41. In the slate formations in Bohemia these little creatures are
found in a fossil state, so small that it would require a hundred and
eighty-seven millions of them to weigh a single grain.

42. A sirgle thread of the spider’s web has been found to be
somposed of six thousand filanents.

43. A single grain of gold may be hammered by a'gold-beater
until it will cover fifty squarc inches; each square inch may be
divided into two hundred strips; and each strip into two hundred
varts. One of these parts is only onc two-millionth part of a grain
<fgold, and yet it may be seen with the naked eve

; .
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44. The particles which escape from odoriferous objcets also
nfford instan:es of extreme divisibility.

What .
Inde(f ¥ 45. INDESTRUCTIBILITY. — By the Indestruct:-

;{;_ud;- bility of matter is meant that it cannot be destroyed.
il 1

46. A body may he indefinitely divided or altered in its form,
color, and other unessential properties, but it can never be destroyed
by man. It must continue to exist in some form, with all its
essential properties, through all its changes of external appearance.
IIE alone ¢ who can create can destroy.’’

47. When water disappears, either by boiling over a fire ur by
evaporation under the heat of the sun, it is not destroyed, but
merely changed from a liquid to a fluid form, and becomes steam or
vapor. Some of its unessential properties are altered, but its essential
properties remain the same, under all the changes which it under-
goes. In the form of water it has no elasticity * and but a limited

egree of compr-swibility.* But when ¢“it dries up” (as it is
called) it rises in the form of steam or vapor, and expands to such a
degree as to become invisible. It then assumes other properties.
not possessed before (such as elasticity and expansibility), it ascends
in the air and forms clouds ; these clouds, affected by the temperature
of the air and other agents, again fall to the earth in the form of
rain, hail, snow or sleet, and form springs, fountains, rivers, &c
The water on or in the earth, therefors, is constantly changing its
shape or situation, but no particle of it i ever actually destroyed.

48. Substances used as fuel, whether in the form of wood, coal.
or other materials, in like manner undergo many changes by the
process of combustion. Parts of them rise in the form of smoke,
part ascends in vapor, while the remainder is reduced to the form
of ashes ; but no part is absolutely destroyed. Combustion merely
disunites the simple substances of which the burning materials are
composed, forming them into new combinations ; but every part still
continues in existence, and retains all the essential{ vropertics of

bodies.

What is 49. INERTIA. — Inertia] is the resistance of
Inertia? matter to a change of state, whether of motion or
of rest. :

* Late writers assert that water kas a slight degree both of elasticity and
expansibility.

t 'The reader will be eareful to carry in his mind what is meant by the
term an essential property. It is explained in the note to No. 81, page 21.

1 The literul weaning of éinertia 1s inactivity, and implies tnability t
change a stute of rest or of motion. A clear and distinet understandiug o
this property of all matter is essential in all the departments cf materia
philosophy. All matter, mack nically cousiderad, must be in & state either
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50 A body at rest cannot put itself in motion, nor can a body
in wotion stop itself This incapacity to change its state from rest
to motion, or from motion to a state of rest, is what is implied by
the term inertia.

51. It follows, therefore, from what has just been stated, that
when a body is in motion its inertia will cause it to continue toncve
until its motion is destroyed by some other force.

52. There are two forces constantly exerted around us which
tend to destroy motion, namely, gravity and the resistance of the air.
All motion caused by animal or mechanical power is affocted by
these two forces. Gravity (which will presently be explained)
causen all bodies, whether in motion or at rest, to tend towards the
ceours of the earth, and the air presents a resistance to all bodies
moving in it. Could these and all other direct Fig. 2.
obstacles to motion be set aside, a body when
once put in motion would always remain in
wotion, and a body at rest, unaffected by any =
externa. force, would always remain at rest.*

53. Experiment to illustrate Inertia.
—Tig. 2 represents the simple apparatus
employed for illustrating the inertia of a
body. A card is placed on the top of a
stand, and a ball is balanced on the card. A quick motion

of motion or rest ; and, in whatever state * way be, it must remain in that
state until a change is effected by some rflicient cause, independent of the
body itself. A body placed upon anothrr body in motion partakes of the
motion of the body on which it is placrd. But, if that body be suddenly
stopped, the superincumbent body will 20t stop at the same time, unless it
be securely fastened. Thus, if a horss moving at a rapid rate be snddenly
stopped, the rider will be thrown forward, on account of this inertia of his
body, unless by extra exertion he secures himnself on the saddle by bracing
his feet on the stirrups. On the coutrary, if the horse, from a state of rest,
start suddenly forward, the rider will be thrown backwards. For the same
reason, when a person jumps from a vehitle in motion to the ground, his
body, partaking of the motion of the vehicle, cannot be suddenly brought
to a state of rest by his feet resting on the ground, but will be throwr
forward in the direction of the motion which it has acquired from the
vehicle. This is the reason that so many accidents happen from leaping
from a vehicle in motion. : :

* In the absence of all positive proef from the things around us of
the statement just made, we may find from the truths which astronomy
teaches that inertia is one of the necessary properties of all matter. Tha
beavenly bodies, launehed by the hand of their Creator into the fields of
infinite space, with no epposing force but gravity alone, have performed
their stated revolutions in perfeet corsistency with the character which
*his property gives thein ; and all the calculations which have been made
with respect to them, verified as they Lave repeatedly been by ‘-~rvation,
havo been predicated on their sion 0¢ this n Ty jro ey of all
matser

Iy
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is then given to the card by means of a spring, and the
card flies off, leaving the ball on the top of the stand.*

54, Nature seems to have engrafted some knowledge of mechan-
ical laws on the instinct of animals. When an animal, and especially
a large animal, is in rapid motion, he cannot (on aecount of the
ertia of his body) suddenly stop his motion, or change its direetion ;
and the larger the animal the more diflicult does a sudden stoppage
become. The hare pursued by the hound often escapes, when the
dog is nearly upon him, by a sudden turn, or changing the direction
of its flight, thus gaining time upon his pursuer, whose inertzais not
80 readily overcome, and who is thus impelled forward beyor.* the
spot where the hare turned. :

55. Children at play are in the same manner enabled ¢“# .oudge”
their elder playmates, and the activity of a boy will ofter enable
him to escape the pursuit of a man.

56. [t is the efloct of inertia to render us sensible to motion. A
person in motion would be quite unconscious of that state. were it
aot for the obstacles which have a tendency to impede his progress.
In a boat on smooth water, motion is perceptible only by the
apparent change in the position of surrounding objects: but, if' the .
course of the hoat be interrupted by running aground, or strikin
against a rock, the person in the boat wonld feel the shock cause
by the sudden change from a state of motion to 2 state of rest, and,
unless secured to his seat in the boat, he would be precipitated
forward

What is A-- ©7. ATTRACTION.—Attraction is the tendency
tracion?  which different bodies or portions of matter
have to approach or to adhere to each other.

What is the 03 Every portion of matter is attracted by every
.aw of At- other portion of matter, and this attraction is the
racion?  gironger in proportion to the quantity and the dis-
tance, The larger the quantity and the less the distance, the
stronger is the attraction.t

* The ball remains on the pillar in this case not solely from its inertie
put because suflicient motion is not communicated to the ball by the frie.
tion of the card to counteract the offect of gravity on the ball. If the
bail, therefore, be not accurately balanced on the eard, the experiment will
uot be successful, because tho card cannot move without communicating at
least a portion of its motion to the ball.

t+ [N. B. 'fhis subject will be more fully treated under the hcad of
Fromty  See page 33.]
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Ky biaks 59. There are tw? kinds of aittra.ction—
quttmcgion namely, the Attraction of Gravitation and
sl the Attraction of Cohesion. (See par.1388.)

The former belongs to all matter, whatever its form, rhe
latter appears to belong principally to solid bodies.

What 1s th: 60. The Attraction of Gravitation 18 the

Attraction o c 4
of Gravi- reciprocal attraction of separate portions of

tation? matter.

What is the 61 The Attraction of Cohesion is that whicn
Attraction  causes the particles of a bodv to cohere together.
¥ Sasal [See Vo. 31.]

62. The attraction of cohesion appears to exist but in a very
slight degree, if at all, in liquids and fluids.

Exemplify 2 0

thetwokinds ~ 68. The attraction of gravitation causes a body,
;’{0 iﬂ%me when 'unsupported., to fall to the ground. The
ly, Gravity attraction of cohesion holds together the particles
Z’t‘t‘igc"zzf;’;" of a body, and causes them to unite in masses.*

64. Having described the essential properties of budies, we
come now to the consideration of other properties belonging respect-
ively to different kinds of matter ; such as Porosity, Density, Rarity,
Compressibility, Expansibility, Mobility, Elasticity, Brittleness,
Rlexability, Malleability, Ductility, Tenacity.

65. It has already been stated that matter consists of minute
particles or atoms, uniwed by different degrees of cohesive attraction.
These atoms are probably of different shapes in different bodies, and
the different degrees of compactness with which they unite give
rise to certain qualities, which differ greatly in different substances
These qualities or properties are described under the names of
Porosity, Density and Rarity, which will presently be described.

* Besides those two kinds of attraction, there seem to be other kinds
ot attractive force, active in vegetation and in animal life, known by the
names of Endosmose and Erxosmose, terms applied to the transmission of
Z3:eous matter or vapors through membranous substances. See note to
Capillary Attraction, under the head of Hydrostatics, on page 112.

Other kinds of attraction, called Electrical and Magnetical Attraction,
will hereafter be considered under their appropriate head. The subject of
Chemical Attraction or Affinity belongs distinctly to the subject of Chemistry
snd will not, therefure, be consider ed in this work

: .



28 NATURAL PHILOSOPHY.

66. Besides the property of attraction possessed by wne particles
or atoms of which a body is ecomposed, there seems to be another
roperty, of a nature directly opposite to attraction, which exerts
«tself with a repulsive force, to prevent a closer approxzimation of
the particles than that which by the law of their nature they assume.
This property is called repulsion. This repulsion prevents the par-
ticles or atoms from coming into perfect contact, so that there must
be small spaces between them, where they do not absolutely touch
one another. [See Figure 1st.] These spaces are called pores, und
where they exist give rise to that propegtr or quality described
under the name of Porosity.

What is 67. Porosirr.—Porosity implies, therefore, that
Porosity?  there are spaces, or pores, between the particles or
atoms which form the mass of a body.

68. DENsiTY.—When the pores are few, so that a large number
of particles unite in a small mass, the body is called a dense body.

What is 69. Density, therefore, implies the closeness or
Density?  compactness of the particles which compose any
substance.

70. RaRrITY. — When the pores in any substance are numerous,
80 that the particles which form it touch one another in only a few
points, the body is called a rare body.

What is 71. Rarity, therefore, is the reverse of density,
Rarity?  and implies extension of bulk without increase in
the quantity of matter. J

72. From what has now been stated it appears [See No. 67] that
the particles of a hody are connected together by a system of attrac-
tions and repulsions which give rise to distinetions which have
elready been described. It remains to be stated that these attractions
und repulsions differ much in degree in different substances, and thig
difference gives rise to other properties, which will now be explained,
under their appropriate names.

73. CoupressipiLiry.— When the repulsion of the particles of any
sabstance can be overcome and the mass can be reduced within
narrower limits of extension, it is said to possess the property of
Compressibility *

* Compressibility differs from Contractibility rather in cause than 1w
effect. Contractibility implies a change of bulk caused by change of
temperature, or any other agency not mechanical. Compressibility implies
3hnt the dlminution of bulk is caused by some external inechanical force.
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What'is 74. Compressibility, therefore, may be defined, the

Compres susceptibility of a reduction of the limits of ©x-
sability ! tengion,

75. This property is possessed by all known substances, hut in
very different degrees,—some substances requiring but little force
to compress them, others resisting very great forces; but it is not
known that there is any substance unsusceptible of compression . if
a sufficient force be applied *

76. Liquids in general are less easily compressed than solic
bodies ; so much so, indeed, that in praetical science they are gen-
erally considered as incompressible. Under a very considerable
mechanieal force, a slight degree of compression has been ohserved.{

77. ExeaxsipiLiry.—The system OF attractions and repulsions
among the particles of a body are sometimes so equally balanced
that they exist, as it were, in an equilibrium. In other cases the
repulsive energy is so great as to predominate when the attractive
force is unaided. When the repulsive energy is permitted to act
without restraint, it forces the particles asunder and increases the
limits of extension, giving rise to another property of matter
possessed by many hodies, but in an eminent degree by matter in a
gaseous form. This property is called Expansibitity.

What is 18- Expansibility,1 therefore, may be defined
Expansi- as that property of matter by which it is enabled
bality ? ~ iy -

to increase its limits of extension.

79. Evasricity. — When the atoms or particles which constitute
a body are so balaneed by a system of attractions and repulsions
that they resist any force which tends to change the figure of the

* Sir Isaac Newton conjectured that if the earth were so compressed
as to be absolutely without pores, its dimensions might not exceed a cubic
inch.

t Under a pressure of fifteen pounds on a square inch, water has been
diminished in bulk only by about fortynine parts in a million. Under a
pressure of fifteen thousand pounds cn a square inch, it was compressed
by about one-twentieth of its volume. The experiment was tried in a cannon,
and the cannon was burst.

t Expansibility and Dilatability are but different names for the same
property ; but expamsion implies an augmentation of the bulk or volume,
dopendent on mecnanical agency, while dilatation expresses the same
eondition produced by some physical cause not properiy falling under the
denomination of mechanical force. Thus heat dilates most substances,
while cold contracts them. It is on this principle that the thermometer is
constructed. [See page 149, No. 546.]

All gaseous bodies are invested with the property of dilatability to ar
unlimited degree, by means of which, when unrestrained, they will expand
spontaneously, and that without the application of any erternal agencv t«
a degree to which there is no known limit.
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body, they will possess another property, known hy the name of
Llasticity.

Whatis  80. Elasticity, therefore is the property whick

Elastic-  causes a body to resume its shape after it has been
7

"y compressed or expanded.*

81. Thus, when a bow or a steel spring is bent, its elasticity
causes it to resume its shape.

82. India rubber (or caoutchouc) possesses the property sf
elasticity in a remarkable degree, but steam and other bodies in
a gaseous form in a still greater.t

83. Ivory is endowed with the property of elasticity in a remark
able degree, but exhibits it not so much by the mere force of pressure,
out it requires the force of impaet to produce change of form.}

Wkatis 84, BRITTLENESS. — Brittleness implies aptness
Brittle-
ness?  to break.

* This property is possessed, in at least some small degree, by all sub-
stances ; or, at least, it cannot be said that any substance is wholly
destitute of elasticity. Even water and other liquids, which yield with
difficulty to compression, recover their volume with a force apparently
equal to the compressing force. But, for most practical purposes, many
substances, such as putty, wet paste, moist paper, elay, and similar bodies,
afford examples of substances possessing the property of elasticity in so
alight a degree that they are treated as non-elastic bodies.

t The gases or aériform bodies afford the most remarkable instances
of elasticity. When water is converted into steam it occupies a space
seventeen hundred times greater than the water from which it is formed, and
its elasticity causes it to expand to still larger dimensions on the application
of heat. It is this peculiar property of steam, modified, as will be explained
in a future part of this work, which is the foundation of its application in
the movement of machinery. All gaseous bodies are equally elastic.

$ The metals which are best adapted to produce sound are those
which are most highly elastic. It sometimes happens that two metals,
neither of which have any great degree of hardmess or elasticity, when
combined in certain proportions, will acquire both of these properties.
Thus tin and copper, neither of which in a pure state is hard or elastic,
when mixed in a certain proportion, produce a compound so hard and
;‘;astic &thac it is eminent for its sonorous property, and is used for making

s, &c

§ Brittleness and hardness are properties which frequently accom-
pany each other, and brittleness is not inconsistent with elasticity. Thu
glass, for instance, which 1s the most brittle of all known substances, i
higaly elastic. The same body may acquire or be divestea of its brittle-
nea3 according to the treatment which it receives. Thus iron, and soma
sther metals, when hested and suddenly plunged into eold water, become
orittle; out if, in a ested state, they are buried in hot sand. and thus oe
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;{‘1’7@ is 85, FrexisrLity. — Flexibility implies a dis-
bil;?} position to yield withcut breaking when bent.

What is  90- MALLEABILITY. — Malleability implies that
Mallea- . property by means of which a body may be re-
Wlity?  Juced to the form of thin plates by means of the
hammer or the pressure of rollers

87. This property is possessed in an eminent degree by some of
the metals, especially gold, silver, iron and copper, and it is of vast
importance in the arts. A knowledge of the uses of iron, and of its
nalleability, is one of the first steps from a savage to a civilized state
of life. :

88. The most malleable of the metals is gold, which may be
hammered to such a degree of thinness as to require three hundred
and sixty thousand leaves to equal an inch in thickness.*

89. DueriLity.— Some substances admit of being extended simul-
taneously both in length and breadth. Others can be extended tu
a greater degree in length alone ; and this property gives rise to
another name, called Ductility.

Whatis  90. Ducriuity. — Ductility is that property
Ductility? which renders a substance susceptible of being
irawn out into wire.

91. The same metals are not always both ductile and malleable
to the same degree. Thus iron may be beaten into any form, when
heated, but not into very thin plates, but it can be drawn intu
extremely fine wire. Tin and lead, on the contrary, cannot be drawn
out into small wire, but they are susceptible of being beaten inte
axtremely thin leaves.

92.  Gold and platinum have a high degree both of ductlity ané
malleability. Gold ean be beaten (as has already been stated) into

permitted to cool very gradually, they will lose their brittleness ans
wquire the opposite quality of flexibility. This process in the arts iz
ralled annealing.

* The malleability of the metals varies according to their temper-
ature. Iron is most malleable at a white heat. Zinc becomes malleable at
the temperature of 300° or 400°. Some of the metals, and especially anti-
mony, arsenic, bismuth and cobalt, possess scarcely any degree of this
property. ) .

The familiar process of welding is dependent on malleabitity fhe two
pieccs of metal to be welded are first heated to that tempersture at which
they are most malleable, and, the cnds being placed togetler, the particles
sre driven into such intimate connexicn by the welding-bamnier that thep
swhere Different metals may in some cases be thus weldea tugether
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leaves 8o thin that it would require many thcusands or them to eyual
an inch in thickness. It has also been drawn into wite 8o attenn
ated that one hundred and eighty yards of 1t would not weigh more
than a single grain. An ounce of such wire would be more thar
fifty miles in length. But platinum can be drawn even to a fine
wire than this.

Whatis  93. TExacrry. — Tenacity impliee the cohesion
Tenacity? of the particles of a body.

94. Tenacity is one of the great elements of strength. It is the
ahsence of tenacity which constitutes brittleness. Both imply
strength, but in different forms. Thus glass, the moct brittle of al.
substances. has a great degree of tenacity. A slender r«d of glass,
which cannot resist the slightest lateral pressure, ii suspendea
vertically by one end will sustain a very considerable weight at the
other end.*

* A knowledge of the tenacity of different substances ir of great use in
the arts. The tenacity of metals and other substances has neen ascertained
by suspending weights from wires of the metals, or rc<é and cords of .
different materials.

The following table presents very nearly the weights sastained by wires
¢i>f different metals, each having the diameter of about one-twelfth of an
neh

Lead, 27 pounds. Silver, 187 pounds.
Tin, 34 ¢ Platinum, 274 ¢
Zinc, > 109 ¢ Copper, 302
Gold, 150 - ¢ Iron, 549

Cords of different materials, but of the same diamete., sustained the fol
lowing weights :
Common flax, 1175 pounds. New Zealand flax, 2380 pounds
Hemp, 1633 Silk, 3400
The following table presents a more extended list of materials. The

srea of a transverse section of the rods on which the experiment was tried
was one square inch.

Pounds Avoirdupois. Pounds Avoirdupots
English Oak, 8,000 to 12,000 Tin, .T,1H29
Fir, 11,000  Lead, J 3,146
Beech, 11,500 Rope, 1 inch in circum
Mahogany, 8,000 ference, 1,000
Teak, 15,000 Whale line, 2 inches in
Cast Steel, 134,256 circumference, spun by
Iron Wire, 93,964 . hand, 2,240
Swedish Bar-iron, 72,064 Do., by machinery, 3,620
*  Cast-iron, 18,654 Rope, 3 inches in sircum-
Wrought Copper, 33,792 ference, 5,628
Platinum Wire, 52,987 Do., 4 inches, 9,988
Silver Wire, 38,257 Cable, 144 inches, 89,60
Gold, 30,888  Do., 23 inches, %5,360
Zine, 22,551 )

A more particular accoux t of the tenacity of various subrtances will be

o
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35. The tenacity f metals is much increased by un:ting therw,
A compound consisting of five parts of gold and one of copper has a
tenacity of more than double that of the gold or copper alone ; and
brass, which is composed of copper and zine, has a tenacity more
than double that of the copper, and nearly twenty times as great as
that of the zinc alone. A mixture of three parts of tin and one of
lead has a tenacity more than double that of the tin ; and a mixture
of eight parts of lead and one of zinc has a tenacity nearly double
that of the zine, and nearly five times that of the lead alone.*

96  Graviry.—It has already been stated that matter in all its
forms, whether sclid, fluid or gaseous, possesses the property of
attraction. This property, with its laws, is now to be particularly
considered, under the name of Gravity.

What is ~ 97. Gravity is the reciprocal attraction of sep
Gravity? grate portions of matter.

}(’)‘:’Ze/‘ dlgh:;l All bodies attract each other with a force pro-

bodics at-  portionate to their size, density and distance from
tract each  gach other. [See No. 59.]

ather ?

98. This law explains the reason why a body which is not sup
ported falls to the earth. Two bodies existing in any portion of
space mutually attract each other, and would rush together were
they not prevented by some superior force. Let us suppose, for
instance, that two balls made of the same materials, but one weigh-
ing 11 pounds and the other weighing only one pound, were ten
feet apart, but both were a hundred feet above the surface of the
earth. According to this law, the two balls would rush together,
the lighter ball passing over nine feet of the distance, and the
heavier ball over one foot; and this they would do, were they not
both prevented by a superior force. That superior force is the earth,
which, heing a much larger body, attracts them both with a superior force.
This superior force they will both obey, and both will therefore fall
to the earth. As the attraction of the earth and of the balls is
wutual, the earth will also move towards the balls while the balls
are falling to the earth ; but the size of the earth is so much greater
than that of the balls, that the distance that the earth would move
towards the balls would be too small to be appreciated.}

found in Barlow’s Essay on the Strength of Timber, Rennie’s Treatise
(in Phil. Trans, 1818), Tredgold’s Principles of Carpentry, and the 4th vol.
of Manchester Memoirs, by Mr. Hodgkinson. )

* There are many other specific properties of bodies besides those that
kave now been enumeratel, the consideration of which belongs to the
science of Chemistry.

t The earth is one quatrillion, that is, oae thousand million miliiont
times larger than the largest body which has ever been kmown tu ful
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99. The attraction of the earth is the cause of what we call
weight. When we say that a body weighs an ounce, a pound, or a
ton, we express by these terms the degree of attraction by which it
is drawn towards the earth. Therefore,

What is 100. Weight is the measure of the earth’s
Weight ?  attraction

101. As this attraction depends upon the quantity of matter
which a body contains, it follows that

What bodies Those bodies will have the greatest weight

have the greatest which contain the greatest quantity of mat-
weight ¢ ter.t

102. TERRESTRIAL GRAVITY.—It has already been stated [ses
No. 97] that the attraction which one mass of matter has for another
is in proportion to the quantity and the distance; and that the
larger the quantity of matter and the less its distance, the stronger
will be the attraction. The Jaw of this attraction may be stated as
follows : .

What is 103. Every portion of matter attracts every
the law of  other portion of matter with a force propor-
attraction ? . . : 5

tioned directly to the quantity, and inversely
as the square of the distance.

through our atmosphere. Supposing, then, tnat such a body should fafl
through a distance of one thousand feet, the earth would rise no more than
the hundred billionth part of an inch, a distance altogether imperceptible
to our senses.

The principle of mutual attraction is not confined to the earth. It ex-
tends to the sun, the planets, comets and stars. The earth attraets each
of them, and each of them attracts the earth, and these mutual attractions
ale o0 nicely balanced by the power of God as to cause the regular motions
of all the heavenly bodies, the diversity of the seasons, the succession of
day and night, summer and winter, and all the grand operations which are
deseribed in astronomy.

* When we say that a body weighs an ounce, a pound, or a hundred
pounds, we express, by these terms, the degree of sattraction by which it is
drawn towards the earth.

1 The weight of a body is not dependent solely on its size or bulk ; its
density must also be considered. If we take an equal quantity, by measure,
of two substances, — lead and cork, for instance, — we shall find that, although
both are of the same size, the lead will weigh much more than the cork.
The cork is more porous than the lead, and, consequently, the particles of
whioh it is composed must be further apart, and therefore there must be
fower of them within a given bulk ; while, in the lead, the pores are much
smaller, and the particles wiil, therefore, be crowded intv & wuch smalier
space
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104. Let us now apply this law to terrestrial gravity — that is, te
tle earth’s attraction; and, for that purpose, let us suppose four
bulls of the same size and density, to be placed respectively as fol
lows, namely :

The first at the centre of the earth.

The second on the surface of the earth.

The third above the earth's surface, at twice the distance of the
eurface from the centre (¢hat distance being four thousand miles)

The fourth to be half way between the surface and the centre.

To ascertain the attractive force of the earth on each of these balls,
we reason thus:

The first ball (at the centre) will be surrounded on all sides by arc
equal quantity of matter, and it will remain at rest.

The second ball will be attracted downwards to the centre by the
whole mass below it. :

The third ball, being at twice the distance from the surface (gravity
decreasing as the square of the distance ncreases), will be attracted
by a force equal to only one-fourth of that at the surface.

The fourth ball, being attracted downwards by that portion of the
earth which is helow it, and upwards by that portion which is above
it, will be influenced only by the difference between these two oppe
site attractions ; and, as the downward attraction is twice as great as
the upward, the downward attraction will prevail with half its
original force, the other half being balanced by the upward attrao-
tion.

105. As weight is the measure of the earth’s attraction, we may
represent this principle by the weight of the balls, as follows (sup
posing the weight of each ball, at the surface of the earth, tv be one
pound) :

The first ball will weigh nothing.
The second will weigh one pound.
The third will weigh one-quarter of a pound.
The fourth will weigh one-half of a pound.
The law of terrestrial gravity, then, may be stated as follows

What is the 106. The force of grfa,vity iz greatest at the sur
law of Ter- face of the earth, and it decroases upwards as the
restrial  gquare of the distance from the centre increases,
Gravity? = ond downwards simply as the Jistance from the
centre decreases. 1

According to the principles just stated, a body which at the gur-

face of the earth weighs a pound at the centre of the earth wil
weigh nothing. Y

1000 miles ‘rom the centre it will weigh § of a pound

2000 = G o £ ¢“ 4 of a pound.

3000 1 ¢ 3 1 13 i of a pound

4000 13 113 I3 CONNE & 1 pound.

2
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8000 miles from the centre it will welgh 4 of a pound
12000 113 4 13 H3 113 4‘
16000 ‘s X3 13 13 6 6t 1"6‘
20000 << [T 13 6 1 .
24000 ¢¢ [T 13 u “ jll:.
28000 <¢ [T “ o« “ II'Q"
32000 ¢« 1 113 13 [ 13 '6'14'

If the prin:iples that have now been stated have been understood,
the solution of the following questions will not be difficult.

107.  Questions for Solution.

[N.B. We use the term weight in these questions in its philosophical
seuse, as * the measure of the earth’s attraction at the surface.”’)

(1.) Suppose that a body weighing 800 pounds could be sunk 500
miles deep Into the earth, — what would it weigh?

Solution. 500 miles is § of 4000 miles ; and, as the distance from.
the centre is decreased by 4, its weight would also be decreased in
the same proportion, and the body would weigh 700 pounds.

(2.) Suppose a body weighing 2 tons were sunk one mile below
the surface of the earth, what would it weigh? Ans. 1.95957,

(8.) If a load of coal weighs six tons at the surface of the earth,
what would it weigh in the mine from which it was taken, sup-
posing the mine were at a perpendicular distance of half a mile
from the surface ? Ans. 5.999257T.

(4.) If the fossil bones of an animal dug from a depth.of 5228 feet
from the surface, weigh four tons, what would be their weight at
the depth where they were exbumed ?. Ans. 87. 19cwt. 981b. +

(6.) If a cubic yard of lead weigh 12 tons at the surface of the
earth, what would it weigh at the distance of 1000 miles from the
centre? Ans. 87T.

(6.) If a body on the surface of the earth weigh 4 tons, what would
be its weight if it were elevated a thousand miles above the surface?

Solution. Square the two distances 4000 and 5000, &e.

Tons, cwt. grs. lba.
Amsuer SERO NS LTI 205 ¥H20;

(7.) Which will weigh the most, a body of 3000 tons at the dis-
tance of 4 millions of miles from the earth, or a body of 4000 tons at
the distance of 8 millions of miles?  Ans. .0087. and .0077. +

(8.) How far above the surface of the earth must a pound weight
be carried to make it weigh one ounce avoiri'ujiis?  Ans. 12000 mi.

(9.) If a body weigh 2 tons when at the disiance of a thousand
miles above the surface of the earth, what wc¢! d it weigh at the
surface? Ans. 37. 2cwt. 501b.

(10.) Suppose two balls ten thousand miles apart were to ap-
proach each other under the influence of mutual attraction, the
weight of one being represented by 15, that of the other by 8w
dow far would each move ? Ans. 66663 mi. and 33331 ms.

]
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(11.) Which would have the stronger attraction on tne eartn, a body
at the distance of 95 millions of miles fram the earth, with a weight
represented by 1000, or a body at the distance represented by 95, and
a weight represented by one? Ans. As sy3s559500000 (O soz3

(12.) Supposing the weight of a body to be represented by 4 ana
its distance at 6, and the weight of another body to be 6 and its
distance at 4, which would exert the stronger power of attrac-
tion§ Ans. The second, as § to §.

108. Tar CeNTRE OF GRAVITY.—AS every part of a body possesses
the general property of attraction, it is evident that the attractive
force of the mass of a body must be concentrated in some point ; and
this point is called the centre of gravity of the body.

that is the  109. The Centre of Gravity of a body is the
Gi’;i’;;{,fa point about which, all the parts balance each

hady ? other.

110. This point in all spherical bodies of uniform density will be
the centre of sphericity.

111  As the earth is a spherical body, its centre of gravity 13
at the centre of its sphericity.

112.  When bodies approach each other under the effect of mutual
attraction, they tend mutually to approach the centre of gravity of
each other.

113. For this reason, when any body falls towards the earth its
motion will be in a straight line towards the centre of the earth
No two bodies from different points can approach Fig. 3.
the centre of a sphere in a parallel direction, and no
two bodies suspended from different points can hang
parallel to one anothers

114. Evena pair of scales hanging perpendicularly
to the earth, as represented in Fig. 3, cannot be
exactly parallel, because they both point to the same
- spot, namely, the centre of the earth. But their
convergency is too small to be perceptible.

Ao nis. o 115. The direction in which a falling body ap-
Vertical proaches the surface of the earth is.called a Vertical
line? Tidns:

No two vertical lines can be parallel.

116. A weight suspended from ary point will always assume a
vertical position.*

* Carpenters, masons and other artisans, make uss of a weight of lead
susper:ded at rest by a string, for the purpose of ascertaining whether their
work stands in a vertical pogition. To this implement they give the narce
of plumé dine, from the Liatin wor? plwnium, lead
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117 All bodies under the influence of terrestrial gravity will fidl
to the surface of the earth in the same space of time, when at an
equal distance from the earth, if nothing impede them. But the
air presents by its inertia a resistance to be overcome. This resist-
ance can be more easily overcome by derse bodies, and therefore the
rapidity of the fall of a body will be in proportion to its density.

To what is

e 118. The resistance of the air to the fall of a
ance of the My i . )
gir toa fall- body is in direct proportion to the extent of ite

ing body  gurface.
propor-
tioned ?

119. Heavy bodies can be made to float in the air, instead of
falling immediately to the ground, by making the extent of their
surface counterbalance their weight. Thus gold, which is one of
the heaviest of all substances, when spread out into thin leaf is not
attracted by gravity with sufficient force to overcome the resistance
of the air; 1t therefore floats in the air, or falls slowly. A sheet
of paper also, for the same reason, will fall very slowly if spread
open, but, if folded into a small compass, so as to present but a small
surface to the air, it will fall much more rapidly.

120. This principle will explain the reason why a person can
with impunity leap from a greater height with an expanded um-
brella in his hand. The resistance of the air to the broad surface
of the umbrella hecks the rapidity of the fall.

121. In the same manner the aéronaut safely descends from a
balloon at a great height by means of a parackute. But, if by any
accident the parachute is not expanded as hczulls, the rapidity of the
‘all will not be checked. [See Fig.4.]

122. Errecr or GRAVITY ON THE DENsITY OF THE Arz.— The air
1xtends to a very considerable distance above the surface of the earth.*
Chat portion which lies near the surface of the earth has to sustain
she weight of the portions above ; and the pressure of the upper parts

* We have no means of ascertaining the exact height to which the air
sxtends. Sir John Herschel says : “ Laying out of consideration all nice
guestions as to the probable existence of a definite limit to the atmosphere,
beyond which there is, absolutely and rigorously speaking, no air, it is clear
that, for all practical purposes, we may speak of those regions which are
more distant above the earth’s surface than’ the hundredth part of its
diameter as void of air, and, of course, of clouds (which are nothing but
visible vapors, diffused and floating in the air, sustained by it, and render-
ing it turhid, a3 mud does water). It seems probable, from many indica
tions, that tho greatest height at which visible clouds ever exist does nous
exceed ten miles, at which height the density of the air is about an eighth
part of what it is at the level of the sea.’” Although the exact height te
whioh the atmosphere extends has never been ascertained, it ceases e
sefleet the sun’s vajys at a greater height than forty-five wiles ; :
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of the atmosphers on those beneath renders the air near the surface
of the earth much more dense than that in the upper regions.

Fig. 4.

NNV
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What effect 123. The air or atmosphere exists in a scate

" 4as Gravit . 3 5 :
:;fm whe - of compression, caused by Gravity, which in-

air ? creases its density near the surface of the earth.

124. Gravity causes bodies in a fluid or gaseous form to
move in a direction seemingly at variance with its own laws.

Thus smoke and steam ascend, and oil poured into a vessel con-
taining a heavier fluid will first sink and then rise to the surface.
This seemingly anomalous circumstance, when rightly understood,
will be found to be in perfect obedience to the laws of grav:-
tation. Smoke and steam are both substances less dense than
air, and are therefore less -forcibly attracted by gravitation,
The air bheing more strongly attracted than steam or smoke, on
weeount of its superior density, fulls into the space vecupied by the
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eteam, and forces it upwards. The same reasoniug applies m tb.
case of oil; it is forced upwards by the heavier fluid, and both phe
nomena are thus seen to be the necessary consequences of gravity
The rising of a cork or other similar light substances from the bot
tom of a vessel of water is explained in the same way. This eircum-
stance leads to the consideration of what is called specific grawity

What is 125. SpECIFIC GRAVITY. — Specific Gravity
meant by . o g
Specific. 18 a term used to express the relative weight of

Gravity?  equal bulks of different bodies.*

126. If we take equal bulks of lead, wood, cork and air, we find
the lead to be the heaviest, then the wood, then the cork, and lastly
the air. Hence we say that the specific gravity of cork is greate:
than that of air, the specific gravity of wood is greater than that of
cork, and the specific gravity of lead greater than that of wood, &e.

127. From what has now been said with respect to the attrac
tion of gravitation and the specific gravity of buuies, it appears that,
although the earth attracts all substances, yet this very attraetion
causes some bodies to rise and others to fall.

128. Those bodies or substances the specific gravity of which.
1s greater than that of air will fall, and those whose specific gravity
is less than that of air will rise; or, rather, the air, being more
strongly attracted, will get beneath them, and, thus displacing them
will cause them to rise.
For the same reason, cork
and other light substances
will not sink in water, be-
cause, the specific gravity
of water being greater, the
water is more strongly at-
tracted, and will be drawn
down beneath them. [For
a table of the specific
gravity of bodies, see Hy-

rostatics. ]

129. The principle which
causes balloons to rise is
the same which occasions
the ascent of smoke, steam,
&e. The materials of which

* The quantity of matter in a body is estimated, not by its apparens
size, but by its weight. Some bodies, as cork, feathers, &o., are termed
light ; others, as lead, gold, mercury, &c., are called heavy. The reason
of this is, that the particles which compose the former are not closely
packed togetber, and therefore they occupy considerable space ; while in
the latter they are joined more closely together, and oceupy but little roont.
A pound of cork and a pound of lead, thercfore, will differ very much in
apparent size, while they are both equally attracied by the earth,—that iz
they weizh the same
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& balloon is made, are heavier than air, but their extension is
greatly increased, and they are filled with an elastic fuid of a dif
ferent nature, specifically lighter than air, so that, on the whole, the
balloon when thus filled is much lighter than a portion of air of the
same dimensions, and it will rise.

130. Gravity, therefore, causes bodies which are lighter than
air to ascend, those which are of equal weight with air to remain
stationary, and those which are heavier than air to descend. But
the rapidity of their descent is affected by the vesistance of the air,
which resistance is proportioned to the extent of surface in the
falling body.

s 181. MEcmaNIcs.— Mechanics treats of mo-
V/hat is z : 2

Mechanics? tion, and the moving powers, their nature and
laws, with their effects in machines.

What is

Motion ? 1382. Motion is a continued change of place

133. On account of the inertia of matter, a body at resv cannot
put itself in motion, nor ean a body in motion stop itself

What is

meant by 184. That which causes motion is called a Florce.
a Forcel :

What i . : L E
i ('fy 185. That which stops or impedes motion is
Resist- called Resistance.*

ancel

What things : . :
re o b s® 1364 In relation to motion, we must consider

sideredin re- the force, the resistance, the time, the space

lation ¢ o 2 i
P "M% the direction, the velocity and the momentum

What isthe.  137. The velocity is the rapidity with which
pelocity, a4 5 body moves ; and it is always proportional to

proportional ? the force by which the body is put in motion.

138. The velocity of a moving body is determined by the time
that it occupies in passing through a given space. The greater the
space and the shorfer the time, the greater is the velocity. Thus, if
one body move at the rate of six miles, and another twelve miles

* A force ir sometimes a resistance, and a resistance is sometimes a force.
The two terms are used mereiy to denote opposition. (See Appendix, par. 1387.)
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i the same time, the velocity of the latter is double that of tha
tormer.

What is
therulefor 139, To find the velocity of a body, the spacs
ding the .. .
fil"oc’z;’f of Passed over must be divided by the time employed
a moving In MOVIng over 1t.
body ?
Thus, if a body move 100 miles in 20 hours, the velocity is found
by dividing 100 by 20. The result is five miles an hour *

140. Questions for Solution.

{1.) If a body move 1000 miles in 20 days, what is its velocity ? Ans.
60 miles a day.

(2.) If a horse travel 15 miles in an hour, what is his velocity ? Ans
4 of a mile in a minute.

(3.) Suppose one man walk 300 miles in 10 days, and another 200 miles in
the same time, — what are their respective velocities ? Ans. 80 & 20.

(4.) If a ball thrown from a cannon strike the ground at the distance of

3 miles in 3 seconds from the time of its discharge, what is its velocity ? 4. L.

(5.) Suppose a flash of lightning come from a cloud 3 miles distant from
the earth, and the thunder be heard in 14 seconds after the flash is seen;
how fast does sound travel ? Ans. 11813 ft. per sec.

(6.) The sun is 95 millions of miles from the earth, and it takes 8}
minutes for the light from the sun to reach the earth ; w1th what velocity
does light move ? } Ans. 191919 + mi, per seo.

* Velocity is sometimes called absolute, and sometimes relative. Velos
ity is called absolute when the motion of a body in space is considered
without reference to that of other bodies. When, for instance, a horse goes
a hundred miles in ten hours, his absolute velocity iz ten miles an hour.
Velocity is called relative when it is compared with that of another body.
Thus, if one horse travel only fifty miles in ten hours, and another one
hundred i the same time, the absolute velocity of the first horse is five
miles an hour, and that of the latter is ten miles; but their relative velocity
is as two to one.

t+ From the table here subjoined, the velocities of the objccts enumerated
may be ascertained in miles per hour and in feet per second, fractions omitt: d

TABLE OF VELOCITIES.
Miles per hour. Feet per secoww.

AQEWNIWAL KINg 3 e e =l 81N e L S SRRt e r e . 4
Ahorsetrotting . . . . . 7T .o .o v oo v s e .10
bwiftestirace-horse il i 55160 o % ! e LM SRS Vo 2| 88
RallroadtralnmEngland B ALPTS G TR Sy SN AR S e
& Amenca.lS. ISR SE SR BeIn e P il DS 7
¥ R Belgiam) . 25" 5 o et ot MU ST R ARA B, 1.6 1 36
o6 ¢ Bagies 27 IR R i RN 4 b RS
b ‘e Germany: 24 2. &, 00l e e = 0% B
English steamboats in J4 * c e e e a oo ong
chaanels . . . . . . L O) A IR - s gy
Amenca.nontheHndﬂon. T8 50T A TNe ST e s~ Sabater o o1 0 e 0 26
Fust-vailing vessels . . 10 . . - e s . 14
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é‘;’;’:e,‘:p;o";_ 141. The time employed by a body in motion

ed by a mov- may be ascertained by dividing the space by the

ing body as- :

rraineg . velocity. :
Thus, if the space passed over be 100 miles. and the velocity 5 miles

in an hour, the time will be 100 divided by 5.  Ans. 20 hours.

142.  Questions for Solution. ]

(1.) If acannon-ball, with a velocity of 3 miles in a minute, strike the
ground at the distance of one mile, what is the time employed ? Ans. { of
a minute, or 20 seconds.

(2.) Suppose light to move at the rate of 192,000 miles in a second of
time, how long will it take to reach the earth from the sun, which i3 95
millions of miles distant ? © Ans. 8 min, 14.07 sec. 4

(3.) If a railroad-car run at the rate of 20 miles an hour, how leng will
1t take to go from Washington to Boston,—distance 432 miles?  Ans, 216 hr,

(4.) Suppose a ship sail at the rate of 6 miles an hour, how long will it
take to go from the United States to Europe, across the Atlantic Ocean, a
distance of 2800 miles ? Ans. 19 da. 10 hr. 40 min.

(5.) If the earth go round the sun in 365 days, and the distance travelled
be 540 millions of miles, how fast does it travel ? Ans. 1,479,452 % md.

(6.) Suppose a carrier-pigeon, let loose at 6 o’clock in the morning from
Washington, reach New Orleans at 6 o’clock at night, a distance of 1200
ailes, how fast does it fly ? Ans. 100 m<. per hr.

How may the

svace passed 143 The gpace passed over may be found by
vver by a body N 2 .
in motion be multiplying the velocity by the time. :

ascertained ?

Miles per hour. Feet )  secord.
Blowrivers . . « « 4 . » & ... I g A T 4
Rapidrivers . . « o . . & o oatad R ATV s 10
Moderate wind « o o . . .- VRO T Coh T B F LT o (e AL 10
AR . R . e | TR A SR A AN g ey R o 52
ASHORRICNNG T oo % 7o i1 o (e'" o {10 S S IR s DA T LT e | |
fommon mpsket=ball .. “e o«  8B0 vy o5 siidini e s 5 0l e e 1,240
IR RIS S SreNe 1o 150000 “5s o7 = avera byt e | et 1,466
“f;lb.cannon-bn.ll by o S LA Tl A IR Bl g A aed SR gl B 1
ir rushing into a vacuum
.n:mw.......} gSEsRINED A Loy ke, 1,296
Air-gun bullet, air com-
pressed to <01 of its% T R S G TS (O . |
FOLUMS! o« & st s o e

o T LR A SRR R (SRS SR e o S 1004
A point on the surface of

e o L BRI SATISS L e 0 16 20
Eacehiiiitglorbit! 4o 5. L0 P GT T Dol T T e e s 98,8T5:

The velseity of light is 186,000 miles in a second of time.
The velozity of the electric fluid is said to be still greater sad soms
vuthoricies state it to be at the rate of 288 000 miles in a second .¢ time.

P
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Thus, if the velocity be 5 miles an bour, and the time 20 houss
she space will oe twenty multiplied by 5. Ans. 100 miles.

144. (1.) If a vessel sail 125 miles in a day for ten days, how far will it
sail in that time ? Ans, 1250 mi.
(2.) Suppose the average rate of steamers between New York and Alvany
be about 11 miles an bour, which they traverse in about 14 hours, what
18 the distance between these two cities by the river ? Ans. 154 mi.
(3.) Suppose the cars going over the railroad between these two citier
travel at the rate of 25 miles an hour and take 8 hours to go over the dis-
tance, how far is it from New York to Albany by railroad 1 Ans. 200 mi,
(4.) If 2 man walking from Boston at the rate of 2 miles in an hour reach
Salem in 6 hours, what is the distance from Boston to Salem ? Ans. 15 mi.
(5.) The waters of a certain river, moving at the rate of 4 feet in a
second, reach the sea in 6 days froin the time of starting from the source
of the river. What is the length of that river ? Ans, 8927 mi.
(6.) A cannon-ball, moving at the rate ¢f 2400 feet in a second of time,
girikes a target in 4scoonds. What is the distance of the target? 4. 9600 /%

145. The following formulae embrace the several ratios of the time, space
snd velocity :

(1.) The space divided by the time equals the velocity, 0r:—= \&
(2.) The space divided by the velocity equals the time, or ; =,
N
(3.) The velocity multiplied by the time equals the space, or v){t=as.

Huwmany = 146, There are three kinds of Motion—
¥e ;}ng ¢ " namely, Uniform, Accelerated and Retarded.
%Vh.at 18 147. When a body moves over equal spaces in
Mﬁgm? equal times, the motion is said to be Uniform.
What is 148. When the spaces or distances over which
jiilcctqlm;ted a body moves in equal times are successively
M ot greater, the motion is said to be Accelerated.
What i 149. When the spaces for equal times are
f’?[e%l%d successively less, the motion is called Retarded
(7 k;

Motion.

How are Uni- 150, Uniform Motion is produced by the
Jorm, Acceler- ? x
ated ond Re- momentary action of a single force. Accel-

tarded Motion erated Motion is produced by the continued
respectively $
produced ? action of one or more forces. Retarded Mo-

tion is produced by some resistance.
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151. A ball struck by a bat, or a stone thrown from the hand, is
¢n theory an instance of uniform motion; and if the attraction of
gravity and the resistance of the air could be suspended, it would
proceed onward in a straight line, with a uniform motion, forever.
But as the resistance of the air and gravity both tend to deflect it,
it in fact becomes first an instance of retarded, and then of accel-
erated motion. .

152. A stone, or any other body, falling from a height, is an
instance of accelerated motion. The force of gravity continues to
operate upon it during the whole time of its descent, and con-
stantly increases its velocity.. It begins its descent with the first
impulse of attraction, and, could the force of gravity which gave it
the impulse be suspended, it would continue its descent with a
uniform velocity. But, while falling it is every moment receiving a
new impulse from gravity, and its velocity is constantly increasing
during the whole time of its descent.

153. A stone thrown perpendicularly upward is an instance of
retarded motion ; for, as soon as it begins to ascend, gravity immedi-
ately attracts it downwards, and thus its velocity is diminished. The
retarding force of gravity acts upon it during every moment of its
ascent, decreasing its velocity until its upward motion is entirely
destroyed. It then begins to fall with a motion continually acceler-
ated until it reaches the ground.

What time ‘
does a body 154, A body projected upwards will occupy the
occupy n s . s
ascenl and . S*me time in its ascent and descent.
descent ?

This is a necessary consequence of the effect of gravity, which
uniformly retards it in the ascent and accelerates it in'its descent.

How can per-
PR SR o 155. PERPETUAL MoTIoN. — Perpetual Mo-

be produced? tion is deemed an impossibility in mechanics,
because action and redction are always equal and in con-
trary directions.

:;ch‘t:z;"e;’:é 156. By the action of a body is meant the

Reiiction ? effect which it produces upon another body.
By redction is meant the effect which it receives from the
body on which it acts.

Thus, when a body in motion strikes another body, it acts upon it

or prod.uces motion ; bat it also meets with resistance from the body
which ig struck, and this resistance ia the redction of the body.
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Dustration of Action and Redction by 1weans of Elastic and
Non-elastic Balls.

(1.) Figure 6 represents two ivory * balls, A and B, Fig. ¢
of equal size, weight, &e., suspended by threads. 1f the =T
ball A be drawn a little on one side and then let go, /
it will strike against the other ball B. and drive it off A B
to a distance equal to that through which the first ball
fell ; but the motion of A will be stopped, because when it strikes
B it receives in return a blow equal to that which it gave, but in
a contrary direction, and its motion is thereby stopped, or, rather.
given to B. Therefore, when u body strikes against another.
the quantity of motion communicated to the second body is lost
by the first; but this loss proceeds. not from the blow given by
the striking body, but from the reaction of the body which it
struck.

(2.) Fig. 7 represents six ivory balls of equal weight, suspended
by threads. If the ball A be drawn out of the perpendicular
und let fall against B. it will communicate its mo- Fig. 7
tion to B3, and receive a reaction from it which wifl ——=—ut
stop its own motion. But the ball B cannot move \ﬁ

without moving C; it will therefore communicate
the motion which it received from A to C. and
receive from C a redction, which will stop its motion. ZlRpatd
[n like manner the motion and reéction are received by each ot
the balls D, E, I'; but, as there is oo ball beyond F t9 act upou
it, F will fly off.

N. B. Thi« experiment is to b¢ performed with elastic balls - 1 Iy.

(3). Fig. 8 represents two balls of clay (which are r ot elastie®
of equal weight, suspended by s‘rings. 1f the ball D
be raised and let fall against K, caly part of the mo- Fig. 8.

tion of D will be destroyed by it (because the bodies Z

1

a1 non-elastic), and the two balls will rove on togeth-
er to  and e, which are less distant {rom the ver-
tical line than the ball D was before it fell. Still,

e

)

=

* It will be recollected that ¢wory is considered bighly elastic.



MECHANICS. 47

Lowever, action and reiiction are equal, for the action on E is
only enough to make it move through a smaller space, but sc
much of D’s motion is now also destroyed.

157. 1t is vpon the principle of action and redction that biras
are enabled to fly. They strike the air with their wings, and the
redction of the air enables them to rise, fall, or remain stationary,
at will, by increasing or diminishing the force of the stroke of their
wings.

1§8. It is likewise upon the sume principle of action and reaction
that fishes swim, or, rather, make their way through the water,
namely, by striking the water with their fins, {

159. Boats are also propelled by oars on the same principle, and
the oars are lifted out of tﬁe water, after every stroke, so as com
pletely to prevent any redction in a backward direction.

‘How may  160. Motion may be caused either by action oy

tion b e T 5 e
sl ? - redction. When caused by action it is called

Incident, and when caused by redction it is called Reflected
Motion. §

* Figs. 6 and 7, a8 has been explained, show the effect of action ana re. .
action in elastic bodies, and Fig. 8 shows the same effect in non-elastic bodies.
When the elasticity of a body is imperfect, an intermediate effect will be
produced ; that is, the ball which is struck will rise higher than in case of
non-elastic bodies, and less so than in that of perfectly elastic bodies; and
the striking ball will be retarded more than in the former case, but not
stopped completely, as in the latter. They will, therefore, both move
onwards after the blow, but not together, or to .the same distance ; but in
this, a8 in the preceding cases, the whole quantity of motion destroyed in
the striking ball will be equal to that produced in the ball struck. Con-
aected with ¢ the philosophical apparatus’ is a stand with ivory balls, to
give a visible illustration of the effects of collision.

1 The muscular power of birds is much greater in proportion to their
weight than that of man. If a man were furnished with wings sufficiently
large to epable him to fly, he would not have sufficient strength or muscular
power to put them in motion.

1.The power possessed by fishes, of sinking or rising in the water, is
greatly assisted by a peculiar apparatus furnished them by nature, called
an air-bladder, by the expansion or contraction of which they rise or fall,
on the principle of specific gravity.

§ The word incident implies falling upon or directed towards. The word
reflected iraplies turned back. Incident motion is motion directed towards
any particular object against which a moving body strikes. Reflected mo-
tion is that which is caused by the redction of the body which is struck.
Thus, when a ball is thrown against a surface, it rebounds or is turned
back. This return of the ball is called reflected motion. As reflected mo-
tion is caused by reiiction, and reiction is increased by elasticity, it follows
that reflected motion is always greatest in those bodies which are most elas-
tic. For this reason, a ball filled with air rebounds better than one stuffed
with bran or wool, becanse its elasticity is greater. For the same reason,
balls made of caoutchouc, or India-rubber, will rebound more than these
which are made of most other substances.
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Whatis  161. The angle * of incidence is the angle formed
an angle

of Inci. DY the line which the incident body makes in ity
dene?  passage towards any object, with a line perpendic-
ular to the surface of the object.

* As this book may fall into the hands of some who are unacquainted with
geometrical figures, a few explanations are here subjoined :

1. Anangle is the opening made by two lines which meet each other in a
point. The size of the angle depends upon the opening, and not upon the length
of the lines.

2. A circle is a perfeetly round figure, every Fig. 9.
part of the outer edge of which, called the eir- R
cumference, is equally distant frem a poeint T
within, called the centre. [See Fig. 9.] 0,

3. The straight lines drawn from the centre
to the circumference are called radii, [The
gingular number of this word is radius.] Thus, D A
in Fig. 9, the lines CD, CO, CR, and C A, are
radii.

4. The lines drawn through the centre, and
terminating in both ends at the circumference,
are cailed diameters. Thus, in the same figure, D A is a diameter of the’
eircle.

5. The circumference of all circles is divided into 360 equal parts, called
degrees. The diameter of a oircle divides the circumference into two equal
parts, of 180 degrees each.

6. All angles are measured by the number of degrees which they contain
Thus, in Fig. 9, the angle R C A, as it includes ene-quarter of the circle, is
an angle of 90 degrees, which is a_ quarter of 360. And the angles RC O
and O C D are angles of 45 degrees. [

7. Angles of 90 degrees are right angles ; angles of less than 90 degrees,
acuto angles; and angles of more than 90 degrees are called obtuse angles.
Thus, in Fig. 9, RC A is a right angle, O CR an acute, and O C A an obtuse
angle. g

8. A perpendicular line is a line which makes an angle of 90 degrees on
each side of any ether line or gurface ; therefore, it will incline neither to
the one side nor to the ether. Thus, in Fig. 9, R C is perpendicular to D A.

9. The tangent of a cirele is a line which touches the circumference, with-
sut cutting it when lengthened at either end. Thus, in Fig. 9, the line RT
js a tangent.

10. A square is a figure having four equal sides, and four equal angles.
These will always be right angles. [See Fig. 11.]

11. A parallelogram is a figure whose oppesite sides are equal and parallel
[See Figs. 12 and 13.] A square is also a parallelvgram.

12 A rectangle is a parallelogram whese angles are right angles.

[N. B. Itwill be seen by these definitions that beth a square and a
rectangle are parallelograms, but all parallelograms are not rectangles nor
equares. A square is both a parallelogram and a rectangle. Threethings
ure essential to a square; namely, the four sides must all be equal, they must
ulso be parallel, and the angles must all be right angles. Two things only
ure essential {0 a rectangle ; namely, the angles must all be right angles,
nnd the opposite sides must be equal and parallel. One thing only is essen-
tial to a parallelogram; namely, the opposite sides must be equal and
purallel.]

13 The disgonal of & square, of u parallelogram. or a rectangie, s e lin
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Fxplain 162. Thus. in Fig. 10, the line Fig. 10.
ig. 10 A B C represents a wall, and PB 3 5

a line perpendicular to its surface. Ois a |, o
ball “moving in the direction of the dotted
line, O B. The angle O B P is the angle of 5 =
incidence.

[~

Whatis  163. The angle or reflection is the angle formed
Z’f :ggcl_e by the perpendicular with the line made by the

tion ? reflected body as it leaves the surface against
which it struck.

Thus, in Fig. 10, the angle P E R is the angle of reflection.

is th - —

:ZZZ;,:SO} g :;zgle 164. The angles of incidence and re-
of incidence to the  flection are always equal to one another.¥*
angle of rcfleetion ? »

(1.) Thus, in Fig. 10, the angle of incidence, O B P, and the
angle of reflection, P B R, are equal to one another ; that is,
they contain an equal number of degrees.

What will be the g 1
ol i 165. From what has now been stated with

in motion which regard to tho angles of incidence and reflec-
strikes against tion it follows, that when a ball is thrown
another fixed % g 2 § J ;

sody ? perpendicularly against an object whick

it cannot penetrate, it will return in the same direction ,
but, if it be thrown obliquely, it will return obliquely on
the opposite side of the perpendicular. The more 0b-
liquely the ball is thrown, the more obliquely it will
rebound. +

drawn through either of them, and terminating at the opposite angles. Thus,
in Figs. 11, 12, and 13, the line A C is the diagonal of the square, parallelo-
gram, or rectangle.

% An understanding of this law of reflected motion is very importaat,
vecause it is a fundamental law, not only in Mechanics, but also in Pyro-
a0mies, Acoustics and Optics.

+ Itis from a knowledge of these facts that skill is acquired in many
aifferent sorts of games. as Billiards, Bagatelle, &c. A ball may also, on
the aame principle, be thrown from a gun against a fortification so ag te
tcuch 2n object out of the range of a direct shot.
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What is the 166. MoMENTUM.—The Momentum* of a
.llgrgengum of  body is its quantity of motion,} and implies
a 0oay ¢ . . -
i an expression of weight and velocity at the
same time.
o is the The Momentum of a body is ascertained

bogZ’iﬁﬁc'Z’fa?{d"; by multiplying its weight by its velocity.

167. Thus, if-the velocity of a body be represented by 5 and ita
- eight by 6, its momentum will be 30

Howcana  168. A small or a light body may be made
small or a g g g
ight body 10 strike against another body with a greater

be made to  force than a heavier body simply by giving it

d . . . 5 3
d;,z;;;u;h sufficien velocity,—that is, by making it hava

a large one” greater momentum.

Thus, a cork weighing 4 of an ounce, shot from a pistol with the .
velocity of 100 feet in a second, will do more damage than a leaden
shot weighing 4 of an ounce, thrown from the hand with a velocity
uf 40 feet in a second, because the momentum of the cork will be
she greater.

The momentum of the cork is } X 100=25.
Thav .of the leaden shot is § X40 =5

169. Questions for Solution.

(1.) What is the momentum of a body weighing 5 pounds, moving with

che velocity of 50 feet in a second ? Ans. 250.
(2.) What is the momentum of a steam-engine, weighing 3 tons, moving
with the velocity of 60 miles in an hour ? Ans. 180,

{N. B. It must be recollected that, in comparing the momenta of bodies
the velocities and the time of the bodies compared must be respectively of
the same denomination. If the time of one be minutes and of the other be
Eours, they must both be considered in minutes, or hoth in hours. So.
with regard to the spaces and the weights, if one be feet all must be
expressed in feet ; if one be in pounds, all must be in pounds. It is better,
kowever, to express the weight, velocities and spaces, by abstract numbers
as follows :]

(3.) If a body whose weight is expressed by 9 and velocity by 6 is in

4.

motion, what is its momentum ? Ans,
(4.) A body whose momentum is 63 has a velocity of 9; what is its weight 1
Ans, T

* The plural of this word is momenta.

1 The quantity of motion communicated to a body does not affect the
duration of the motion. If but little motion be communicated, the body
will move slowly. If a great degree be imparted, it will move rapidly.
But in both cases the metion will continue until it is destroyed by some
external force
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N 3. The momentum being the product of the weight and velocity, the
weighy is found by dividing the momentum by the velocity, and the velocity
ja found by dividing the momentum by the weight.]

(5.) The momentum is expressed by 12, the weight by 2 ; what iz the
velocity ? Ans. 6.

(6.) The momentum 9, velocity 9, what is the weight ? Ans 1,

(7.)eMomentum 36, weight 6, required the velocity. Ans, 6.

(8.) A body with a momentum of 12 strikes another with a momentum of
% ; what will be the consequence ? Ans. Both have mom. of 6

[N. B. When two bodies, in opposite directions, come into collision, they eack
{o.e an equal quantity of their momenta.}

(9.) A body weighing 15, with a velocity of 12, meets another coming ir
‘the opposite direction, with a velocity of 20, and a weight of 10 ; what will
he the effect ? Ans. Both move with mom. of 20.

(10.) Two bodies meet together in opposite directions A has a velocity
of 12 and a weight of 7, B has a momentum expressed by 84. What wil
he the consequence ? Ans. Both mom. destroyed.*”

(11.) Suppose the weight of a comet be represented by 1 and its velocity
oy 12, and the weight of the earth be expressed by 100 and its velocity by
10, what would be the consequence of a collision, supposing them to be
woving in opposite directions ? Ans, Both have mom. of 988,

(12.) If a body with a weight of 75 and a velocity of 4 run against u mar
#hose weight is 150, and who is standing still, what will be the conss
quence, if the man uses no effort but his weight?  4ns Man has vel of15.

(13.) With what velocity must a 64 pound cannon-ball fly to be equally
effective with a battering-ram of 12,000 pounds propelled with a velocity
of 16 feet in a second ? Ans. 8000 7%

170. ArrractioN — Law oF Farning Bopres. — When one body
strikes another it will cause an effect proportional to its own weight
and velocity (or, in other words, its momentum) ; and the bod
which receives the blow will move on with a uniform velocity (i
the blow be sufficient to overcome its inertia) in the direction of
the motion of the blow. But, when a body moves b{ the force of
a constant attraction, it will move with a constantly a\ccelerated
motion.

171. This is especially the case with falling bodies. The earth
attracts them with a force sufficient to bring them down through a
certain number of feet dming the first second of time, While the
hody is thus in motion with a velocity, say of sixteen feet, the earth
still attracts it, and during the second second it communicates an
additional velocity, and every successive second of time the attrae.
tion of the earth adds to the velocity in a similar proportion, so that
during any given time, a falling body will acquire a velocity which,
in the same time, would carry it over twice the space through which
it has already fallen. Hence we deduce the following law .

i fand is;?le 172. A body falling from a height will fall
}:; of,;,, 7 sixteen feet in the first second of time,* three

* This is only an approximation to the truth ; it actually falls sixteen
feat and one inch during the first second, three times that distance in the
second, &8 The guestions propused to be solved assume sixteen feet unly
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times that distance in the sccond, five times in the
third, seven in the fourth, its velocity increasing during
every successive second, as the odd numbers 1, 8, 5, 7, 9
11, 18, &e*

The laws of falling bodies are clearly demonstrated by a mechanical
arrangement known by the name of * Attwood’s Machine,”” in whieh a small
weight is made to communicate motion to two others attached to a cord
passing over friction-rollers (causing one to ascend and the other to
descend), and marking the progress of the descending weight by the oscil-
lations of a pendulum on a graduated scale, attached to one of the columns
of the machine. It has not been deemed expedient to present a cut of the
machine, because without the machine itself the explanation of its opera-
tion would be unsatisfactory, with the machine itself in view the sim-
plicity of its construction would render an explanation unnecessary.

* The entire spaces through which a body will have fallen in any given
number of seconds increase as the squares of the times. This law was dis-
covered by Galileo, and may thus be explained. If a body fall sixteen feet
in one second, in two seconds it will have fallen four times as far, in three
seconds nine times as far, in four seconds sixteen times as far, in the fifth
gecond twenty-five times, &c., in the sixth thirty-six times, &c.

ANALYSIS OF THE MOTION OF A FALLING BODY.

Number tlaf Seconds. Spai:es. Velo;ities. TomIISpaoe
2 3 4 4
3 b 6 9
4 7 8 16
5 9 10 25
6 11 12 36
7 13 14 49
8 156 16 64
9 17 18 81
10 19 20 s 100

From this statement it appears that the spaces passed through by »
falling body, in any number of seconds, increase as the odd nuwbers 1, 3,
6, 7, 9, 11, &c. ; the velocity increases as the even numbers 2, 4, €, 8, 10,
12, &e.; and the total spaces passed through in any given number of
seconds increase as the squares of the numbers indicating the seconds,
— thus, 1, 4, 9, 16, 25, 36, &e.

Aristotle maintained that the velocity of any falling body is in direct
proportion to its weight; and that, if two bodies of unequal weight were let
fall from any height at the same moment, the heavier body would reach the
ground in a shorter time, in exact proportion as its weight exceeded that
of the lighter one. Hence, according to his doctrine, a body weighing two
pounds would fall in half the time required for the fall of a body weighing
only one pound. This doctrine was enbraced by all the followers of that
distinguished philosopher, until the time of Galileo, of Florence, who flour-
ished about the middle of the sixteenth century. He maintained that the
velocity of a falling body is not affected by its weight, and challenged the .
adberents of the Aristotelian doctrine to the test of experiment. The
leaning tower of Pisa was selected for the trial, and there the experiment
was tried which yroved the truth of Galileo’s theory. A distinguished
writer thus describes the sceme ¢ On the appointed day the disputaut:
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73. The height of a building, or the depth of a well, may thus
te estimated very nearly by observing the length of time which »
swne takes in falling from the top to the bottom.

174. Euxercises for Solution.

(1.) If a ball, dropped from the top of a steeple, reaches the ground in 5
seconds, how high is that steeple ?

16-4-48—-80-4-112-1-144==400 feet ; or, 5)5=25, square of the number
of seconds, multiplied by the number of feet it falls through in one second,
namely, 16 feet ; that is, 25)X16=400 feet.

(2.) Suppose a ball, dropped from the spire of a eathedral, reach the
ground in 9 seconds, how high is that spire ?

16-4~48--80-112-4-144--176+-208-+240—-272==1296 feet.

Or, squaring the time in seconds, 92==81, multiplied by 16==1226. Ans.

[It will hereafter be shown that this law of falling bodies applies to all
bodies, whether falling perpendicularly or obliquely. Thus, whether a
stone be thrown from the top of a building horizontally or dropped perpen-
dicularly downwards, in both cases the stone will reach the ground in the
same time ; and this rule applies equally to a ball projected from a cannox,
and to a stone thrown from the hand.]

(3 ) If a ball, projected from a cannon from the top of a pyramid, reach

the ground in 4 seconds, how high is the pyramid ? Ans. 256 ft.
(4.) How deep is a well, into which a stone being dropped, it reaches the
water 6 feet from the bottom of the well in 2 seconds ? Ans. T0/%

(5.) The light of a meteor bursting in the air is seen, and in 45 seconds
a meteoric stone falls to the ground. Supposing the stone to have pro-
ceeded from the explosion of the meteor perpendieularly, how far from
the earth, in feet, was the meteor ? 452)(16==32,40C feet.

(6.) What is the difference in the depth of two wells, into one of which a
stone being dropped, is heard to strike the water in 5 seconds, and into
the other in 9 seconds, supposing that the water be of equal depth in both,
and making no allowance for the progressive motion of sound ? 4. 896 /%

repaired to the tower of Pisa, each party, perhaps, with equal confidence.
It was a crisis in the history of human knowledge. On the one side stood
the assembled wisdom of the universities, revered for age and science,
venerable, dignified, united #nd commanding. Around them thronged the
multitude, and about them c.ustered the associations of centuries. On the
other there stood an obscure young man (Galileo), with no retinue of fol-
lowers, without reputation, or influence, or station. But his courage was
equal to the occasion ; confident in the power of truth, his form is erect
and his eye sparkles with excitement. But the hour of trial arrives. The
balls to be employed in the experiments are earefully weighed and scru-
tinized, to detect deception. The parties are satisfied. The one ball is
exactly twice the weight of the other. The followers of Aristotle maintair
that, when the balls are dropped from the tower, the heavy obe will reach
the ground in exactly half the time employed by the lighter ball. Galilec
asserts that the weights of the balls do not affect their velocities, and that
the times of descent will be equal; and here the disputants join issue.
The balls are conveyed to the summit of the lofty tower. * The erowd as
semble round the base ; the signal is given ; the balls are dropped at the
rame instant ; and, swift descending, at the same moment they strike the
earth. Again and again the experiment is repeated, with uniform results;
Galileo’s triumph was complete ; not a shadow of & doukt remained !
[ The Orbs of Heaven.”’}
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(7.} A boy raised his kiie in the night, with a lantern attached to it
tUnfcriurately, the string which attached the lantern broke, and the lantera
foll 1. the ground in 6 seconds. How high was the ¥ite ? Ans. 576 /1.

175. Rerarpep MotioN oF Bonies Prosectep Upwarbps. — All the
circumstances attendir_g the accelerated descens of falling bodies are
exhibited when a body 18 projected upwards, but in a reversed order.

Z‘;;g:g";;g 176. To determine the height to which a

height to which body, projected upwards, will rise, with a
1 body, pro- : e e

jectcdyu;))war 4s SiVen velom.ty, it is only necessary to deter-
with a given mine the height from which a body would fall

velocity, will ; E 3 :
" _,’ to acquire the same veloc1ty

177. Thus, if it be required to ascertain how high a body would
rise when projected upwards with a force suflicient to carry it f+4
feet in the first second of time, we reverse the series of numbers
16 44848041124 144 [see table on page 52], and, reading
them backward, 144 4-1124-80-4-48 l({ we find their sum to be
400 feet, and the time employed would be 5 seconds.

How does the . . '
time of the as-  178. The time employed in the ascent and

et descent of a body projected upwards will,
the time of its therefore, always be equal.
descent

Questions for Solution

(1.) Suppose a cannon-ball, projected perpendicularly upwards, returnea
to the ground in 18 seconds ; how high did it ascend, and what is the velocity
of projection 1 Ans 1296 ft.; 272 ft. 18t seo

(2.) How high will a stone rise which a man throws upward with a foree
sufficient to carry it 48 feet during the first second of time ? Ans. 6411

(3.) Suppose a rocket to ascend with a velocity sufficient to carry it 17¢
feet during the first second of time ; how high will it ascend, and what
tinte will it ocoupy in its ascent and doscent ? Ans. 576 11.; 12 sec.

(4.) A musket-ball is thrown vpwards until it reaches the height of 400
feet. How long a time, in seconds, will it occupy in its ascent and descent,
snd what space does it ascend in the first second ? Ans. 10 sec.; 144 1.

(5.) A sportsman shoots a bird flying in the air, and the bird is 3
zeconds in falling to the ground. How high up was the bird when he was
shot ¢ \ Ans, 144 11,

(6.) How long time, in seconds, would it take a ball to reach an objeot
3000 feet above the surface of the earth, provided that the ball be projected
with a force sufficient only to reach the object % Ans. 17.67 sec. 4

179. CompouNp MoTIoN. — Motion may be produced
either by a single force or by the operation of two or more
forces
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In what dire-  180. Simple Motion is the motion of a body
‘fon is the mo- § i i i

biort O 2 Dol 1n1p<?1led b.y a .smgle force, aI}d is always ina
impelled by a  Straight line in the same direction with the

single force? force that acts.

What is Com- 181, Compound Motion is caused by the
pound Motion? gneration of two or more forces at the same
time.

When a body .

isstruckbytwo 182, When a body is struck by two equal
equal forces, in foreey in opposite directions, it will remain at
opposite direc-

tions, how will rest.

i move ?

183. If the forces be unequal, the body will move with dimin-
fshed force in the direction of the greater force. Thus, if a body
with a momentum of 9 be opposed by another body with a momen- -
tum of 6, both will move with a momentum of 3 in the direction of
the greater force.

oy T 184. A body, struck by two forces in dif-
body move  ferent directions, will move in a line between
%’;}:rtgf?nby them, in the direction of .the diagonal cff a
d;‘ﬂerz;nt direc- parallelogram, having for its sides the lines
ey through which the body would pass if urged
by each of the forces separately.

How will the .

body move, if 185, When the forces are equal and at
the forces are . h 1 £ i N qn
equal and at V18 t angles to eacn other, the y Wi

right angles to move in the diagonal of a square.

each other ?
186. Let Fig. 11 represent a ball struck by Fig. 1.
the two equal forces X and Y. In this figure _ - X
the forces are inclined to each other at an angle —— i
of 90°, or a right angle. Suppose that the
force X would send it from C to B, and the
force Y from C to D. As it cannot obey both, /
it will go between them to A, and the line C A,

B
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through which it passes, is the diagonal of the square, ABC D
This line also represents the resultant of the two forces.

The time occupied in its passage from C to A will be the

same as the force X would require to send it to I3, or the force
Y to send it to D.
ﬁ?;; Z:,Zea 187. If two umequal forces act at right
under the influ- angles to each other on a body, the body wili
ence of two un- g g . g :
equal forces qt TOVE in the direction of the diagonal of a
right angles to rectangle.

each other ?
FExplain Fig. 188, Illustration.— In Fig. 12 the ball C 1
12. represented as acted apon by Fig. 12. g
two unequal forces, X and Y. The force X »p c
would send it to B, and the force Y to D. As
it cannot obey both, it will move in the direc-
tion C A, the diagonal of the rectangle ABCD.

How will the body move’ ‘ .
2T Miice-gs o 6 189. When two forces act in the

direction of any other  direction of an acute or an obtuse
than a right angle? : i :
R toit) 5 00y it if angl-e, the body: will move in thg di-
the forces act in the di- rection of the diagonal of a parallelo-

rection of an acute or gram.
obtuse angle?

Explain 190. Illustration.— In figure 13 the ball C 1
Fig. 13. supposed to be influenced by two Fig. 13.

forces, one of which would send it to B and
the other to D, the forces acting in the
direction of an acute angle. The ball will,
therefore, move between them in the line
C A, the longer diagonal of the parallelograa A B C D.

191. The same figure explains the motion of a ba!l when the
two forces act in the direction of an obtuse angle.

192. Illustration.— “he ball D, urder tke influcnce of twc
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forces, one of which would send it to C, and the other to A,
which, it will be observed, is in the direction of an obtuse
angle, will proceed in this case to B, the skorter diagonal of the
parallelogram A B C D.

[N. B. A parallelogram containing acute and obtuse angles has ‘we
diagonals, the one which joins the acute angles being the longer.]

What is Re- 193. Resultant Motion is the effect or re

sultant Mo- ! :
tion ? sult of two motions compounded into one.

194. If two men be sailing in separate boats, in the same
direction, and at the same rate, and one toss an apple to the
other, the apple would appear to pass directly across from one
to the other. in a line of direction perpendicular to the side of
each boat. But its real course is through the air in the diag-
onal of a parallelogram, formed by the lines representing the_
course of each boat, and perpendiculars drawn to those lines
from the spot where each man stands as the one tosses and the
Ezxplain other catches the apple. In Fig. 14 st
Fig. 14. the lines A B and C D represent the R
course of each boat. B the spot where the man * E— 8
stands who tosses the apple ; while the apple is ¢ ——— D
in its passage, the boats have passed from B
and G to H and I respectively. But the apple, having a
motion, with the man, that would carry it from E to H, and
likewise a projectile force which would carry it from E to G.
cannot obey them both, but will pass through the dotted line
E F, which is the diagonal of the parallelogram E G F H.*

How can we 195. When a body is acted upon by three o
ascerlain the -
more forces at the same time, we may take any

E H

direction of the

* On the principle of resultant motion, if two ships in an" engagement be
sailing before the wind, at equal rates, the aim of the gunners will be
exactly as though they both stood still. But, if the gunner fire from a ship
standing still at another under sail, or a sportsman fire at a bird on the
wing, each should take his aim a little forward of the mark, because the
s}xip and the bird will pass a little forward while the shot i3 passing to
them.
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motion when  two of them alone, and ascertain the resultant of

‘i};izzgg bl; """ those two, and then employ the resultant as a new

hree or more foree, in conjunction with the third,* &e.
forces ?

What is Cir- 196, CircuLar MotTION. — Circular Mo-
sular Motion? tion is motion around a central point.

5 197. Circular motion is caused by the con-
What causes . o
Circular Mo- tinued operation of two forces, by one of which
LA the body is projected forward in a straight
line, while the other is constantly deflecting it towards a
fixed point. [See No. 184.]

198. The whirling of a ball, fastened to a string held by the
hand, is an instance of circular motion. The ball is urged by two
forces, of which one is the force of projection, and the other the
string which confines it to the hand. The two forces act at right
angles to each other, and (according to No. 184) the ball will move
in the diagonal of a parallelogram. But, as the force which con-
dnes it to the hand only keeps it within a certain distance, without
-drawing it nearer to the hand, the motion of the ball will be through
the diagonals of an indefinite number of minute parallelograms,
formed by every part of the circumference of the circle.

How many 199. There are three different centres which
“;Z,Zegofg; require to be distinctly noticed ; namely, the
;Itotngd in Me- Centre of Magnitude, the Centre of Gravity,
chanics? and the Centre of Motion.

* The resultant of two foroes is always described by the ‘third side of a
triangle, of which the two forces may be represented, in quantity and
direction, by the other two sides. When three forces act in the direction
of the three sides of the same triangle, the body will remain at rest.

When two forces act at right angles, the resultant will form the hypothe
nuse of a right-angled triangle, either of the sides of which may be found,
when the two others are given, by the common principles of arithmetic or
geometry. .

From what has now been stated, it will easily be seen, that if any number
of forces whatever act upon a body, and in any directions whatever, the
resultant of them all may easily be found, and this resultant will be their
mechanical equivalent. Thus, suppose a body be acted upon at the same
time by six forces, represented by the letters A, B, C, D, E, F. First find
the resultant of A and B by the law stated in No. 184, and call this resultant
G. In the same manner, find the resultant of G and C, calling it " Then
find the resultant of H and D, and thus continue until each of the foroes be
found and the last resultant will be the mechanical equivalen* of the whole



MECHANICS. 5%

(W’wt isihe  200. The Centre of Magnitude is the central
j:;;z,%.ie point of the bulk of a body.

(‘i"’ h;ll s the 201. The Centre of Gravity is the pomt
(,i.’;vr;,f{ about which al! the parts balance each other. °

g’hﬂl isthe  202. The Centre of Motion is the point
Mzzﬁ‘? around which all the parts of a body move.

What is the 203. When the body is not of a size nor
Aaxis of Mo- shape to allow every point to revolve in the

Hots same plane, the line around which it revolves
is called the Axis of Motion.* -

t’:;f;?;ff:’;}, 204. The centre or the axis of motion is

of motion re-  generally supposed to be at rest.
oolve?

205. Thus the axis of a gpinning-top is stationary, while every
other part is in motion around it. The axis of motion and the
centre of motion are terms which relate only to circular motion.

Whatare Cen-  206. The two forces by which circular
tral Forces?  motion is produced are called Central Forces.

Their names are, the Centripetal Force and the Centrifugal
Force.t

What is the 207. The Centripetal Force is that which
(F{entrigwtal confines a body to the centre around which it
wsiia revolves.

(l:Vhat'is the; 208. The Centrifugal Force is that whick
ﬁ;:é:?‘uga impels the body to fly off from the centre.

* Circles may have a centre of motion ; spheres or globes have an axie
of motion. Bodies that have only length and breadth may revolve around
their own centre, or around axes ; those that have the three dimensions of
length, breadth and thickness, must revolve around axes.

+ The word centripetal means seeking the centre, and cent-ifugal means
flying from the centre. In circular motion these two forces constantly
balance each other; otherwise the revolving body will either =vproach
the centre, ox recede from it, according as the centripetal or centrifuga/
furce is the stronger.

3
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Wrat gollows  209. If the centrifugal force of a revolving
y a’;‘; cenlrip- body be destroyed, the body will immediavely
trifugal force approach the centre which attracts 1t; but if
be destroyed? the centripetal force be destroyed, the body
will fly off in the direction of a tangent to the curve which

it describes in its motion.*

210. Thus, when a mop flled with water is turned swiltly round
by the handle, the threads which compose the head will fly off from
the centre ; but, being confined to it at one end, they cannot part from
it ; while the water they contain, being unconfined, is thrown off
in straight lines.

%’Zﬁ;;’%y 211. The parts of a body which are furthest

around its  from the centre of motion move with the

Ze;;ireu;’/:a?’ greatest velocity ; and the velocity of all the

partsmovewith parts diminishes ag their distance from the

the greatest

f axis of motion Jdiminishes.
::elocxty ?

Tain 212. Fig. 15 represents the vanes of a windmill.
ig. 15. The circles denote the paths in which the different
parts of the vanes move. M is the centre
or axis of motion around which all the
parts revolve. The outer part revolves in
the circle D E F G, another part revolves
in the circle HI J K, and the inner part in
the circle L N O P. Consequently, as they
all revolve around M in the same time, the
velocity of the parts which revolve in the

Fig. 15.

outer circle is as much greater than the velocity of the parts -
which revolve in the inner circle, L N O P, as the diameter of

the outer circle is greater than the diameter of the inner.

* The centrifugal force is proportioned to the square of the velocity of a
moving body. Hence, a cord sufficiently strong to hold a heavy body
revolving around a fixed centre at the rate of fifty feet in a gecond, would
require to have ics strength increased four-fold, to hold the same ball, if ite
velosity ehould be doubled. )

~
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In the daily revolu- 218, As the earth revolves round 1ts

tion of the earth e # :
arounfditsown axis, 2Xi8, it follows, from the preceding illus-

what parts of the  tration, that the portions of the earth

th mov t : :
§‘,’,,’wly’j“,’;fd"$,fa, which move most rapidly are nearest to the

perts most rapidly ! equator, and that the nearer any porticn
of the earth is to the poles the slower will be its motion.

What is re- 214. Curvilinear motion requires the action

uired in order 5 3
2 produce  Of two forces; for the impulse,of one single

curvilinear  force always produces motion in a straight
motion? and I
why? me.

What effect. ~ 215. A body revolving rapidly around its
has the centrif- e :
ugal force on Jonger axis, if suspended freely, will gradually

a body revolv- change the direction of its motion, and revolve

ing around its . 3
longer azis?  around its shorter axis.

This is due to the centrifugal force, which, impelling the parts
from the centre of motion, causes the most distant parts to revolve
in a larger circle.*

* This law is beautifully illustrated by a simple apparatus, in which a
hook is made to revolve rapidly by means of multiplying wheels. Let an
oblate spheroid, a double cone, or any other solid having unequal axes, be
suspended from the hook by means of a flexible cord attached to the cx-
tremity of the longer axis. If, now, it be caused rapidly to revolve, it will
immediately change its axis of motion, and revolve around the shorter axis.

The experiment will be doubly interesting if an endless chain be sus-
pended from the hook, instead of a spheroid. So soon as the hook with the
chain suspended is caused to revolve, the sides of the chain are thrown out-
ward by the centrifugal force, until a complete ring is formed, and then the
eircular chain will commence revolving horizontally. This is a beautiful
illustration of the effects of the centrifugal force. An apparatus, with a
chain and six bodies of different form, prepared to be attached to the multi-
plying wheels in the manner described, accompanies most sets of philo-
sophical apparatus.

Attached to the same apparatus is a thin hoop of brass, prepared for con
nexion with the multiplying wheels. The hoop is made rapidly to revolve
around a verticul axis, loose at the top and secured below. So soon as tho
hoop begins to revolve rapidly, the horizontal diameter of the ring begins
to increase and the vertical diameter to diminish, thus exhibiting the-
manner in which the equatorial diameter of a revolving body is lengthened,
snd the polar diameter is shortened, by reason of the centrifugal force.
The duily revolution of the earth around its axis has produced this effect.
fo that the equatorial diameter is at least twenty-six miles longer than the
puler. Tn those planets that revolve faster than the carth the effect is etill
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What is Pro- 216, PROJECTILES. — Projectiles is a branca
Jectiles . »f Mechanics which treats of the motion of
bodies thrown ‘or driven by an impelling force above the
surface of the earth.

What is a 217. A Projectile is a body thrown ‘nto the
Projectile?  gir —as a rocket, a ball from a gun, or a
stone from the hand.

The force of gravity and the resistance of the
How are pro- R . d
jectiles affected 2ir cause projectiles to form a curve both in their
in their mo-  ascent and descent; and, in descending, their
aa motion is gradually changed from an oblique
towards a perpendicular direction.

Ezplain 218. In Fig. 16 the force of projection would carry
Fig. 16. a ball from A to D, while gravity would bring it to
C. If these two forces alone prevailed, the
ball would proceed in the dotted line to B.
But, as the resistance of the air operates in
direct opposition to the force of projection,
instead of reaching the ground at B, the ball B &
will fall somewhere about E.*

Fig. 16.

What is the 219. When a body is thrown fig. 11
course of @ in a horizontal dircction, or up-

zz%;z;aﬁn -3 wards or downwards, 0bliquely, its
horizontal course will be in the direction of

Ol ; A
direction ? a curve-line, called a parabolat

more striking, as is the case with the planet Jupiter, whose figure is nearly
that of an oblate spheroid.

The developments of Geology have led some writers to the theory that
the earth, during one period of its history, must have had a different axi.
of motion ; but it will be exceedingly difficult to reconcile such a theory !
the law of rotations which has now been explained, especially as a muc-
more rational explanatlon can be given to the phenomena on which tI«
theory was built. .

# ]t is calculated that the resistance of the air to a cannon-ball of tw.
pounds’ weight, with the volocity of two thousand feet in a second, is mor«
\han equivalent to sixty times the weight of the ball.

t The science of gunnery is founded upon the laws relating to projectiles
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tsee Fig. 17); but when it is thrown perpendicularly upwards
or downwaids, it will move perpendicularly, because the force
of projection and that of gravity are in the same line of
direction.

The force of gunpowder is acourately ascertained, and calculations are
predicated upon these principles, which enable the engineer to direct his
guns in such a manner as to cause the fall of the shot or shells in the very
spot where he intends. The knowledge of this science saves an immense
expenditure of ammunition, which would otherwise be idly wasted, without
producing any effect. In attacks upon towns and fortifications, the skilful
engineer knows the means he has in his power, and can calculate, with
great precision, their effects. It is in this way that the art of war has been
tlevated into a science, and much is made to depend upon skill which,
previous to the knowledge of these principles, depended entirely upon
physical power.

The force with which balls are thrown by gunpowder is measured by an
instrument called the Ballistic pendulum. It consists of a large block of
wcod, suspended by a rod in the manner of a pendulum. Into this block
the balls are fired, and to it they communicate their own motion. Now,
the weight of the block and that of the ball being known, and the motion
or velocity of the block being determined by machinery or by observation,
the elements are obtained by which the velocity of the ball may be found ;
for the weight of the ball is to the weight of the block as the wvelocity of the block is
to the velocity of the ball. By this simple apparatus many facts relative to
the art of gunnery may be ascertained. If the ball be fired from the same
gun, at different distances, it will be seen how much resistance the atmo-
sphere opposes to its force at such distances. Rifles and guns of smooth
bores may be tested, as well as the various charges of powder best adapted
to different distances and different guns. These, and a great variety of
other experiments, useful to the practical gunner or sportsman, may be
wade by this simple means.

The velocity of balls impeiled by gunpowder from a musket with a
tommon charge hag been estimated at about 1650 feet in a second of time,
when first discharged. The utmost velocity that can be given to a cannon-
ball is 2000 feet per second, and this only at the moment of its leaving tae

un.

In order to increase the velocity from 1650 to 2000 feet, one-half more
powder is required ; and even then, at a long shot, no advantage is gained,
since, at the distance of 500 yards, the greatest velocity that can be ob-
tained is only 1200 or 1300 feet per second. Great charges of powder are,
therefore, not only useless, but dangerous ; for, though they give little
additional force to the ball, they hazard the lives of many by their liability
to burst the gun.

Experiment has also shown that, although long guns give a greater
velocity to the shot than short ones, still that, on the whole, short ones are
preferable ; and, accordingly, armed ships are now almost invariably
furnished with short guns, called carronades.

The length of sporting guns has also been greatly reduced of late years
Fcrmerly, the barrels were from four to six feet in length ; but the best
fowling-pieces of the present day have barrels of two feet or two and a half
only in length  Guns of about this length are now universally employed
for such game as woodcocks, partridges, grouse, and such birds as are taken
on the wing, with the exceptions of ducke and wild geese, which require
longe 7 and heavier guns
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st Jerees 220. A ball thrown in a hor zontal direction

izontal pro- 1s influenced by threc forces ; namely, first, the
i’{f{é;’;(};’;‘fw force of projection (which gives it a horizontal
they produce? direction) ; second, the resistance of the air
through which it passes, which diminishes its velocity, with-
out changing its direction; and third, the force of gravity,
which finally brings it to the ground.

How is the

Sorce of

gravity o  221. The force of gravity is neither mcreased

fected by the mor diminished by the force of projection.*
S ree of pro-

jection ”

Explain 222, Tig. 18 represents a Fig. 18

Ghg 18 cannon, loaded with a ball, C. i

and placed on the top of a tower, at L

such a height as to require just three : - ~.5

seconds for another ball to descend per- : N 6
2 25

pendicularly. Now, suppose the can-
non to be fired in a horizontal direec-
tion, and at the same instant the other ball to be dropped towards
the ground. They will both reach the horizontal line at the
base of the tower at the same instant. In this figure C
a represents the perpendicular line of the falling ball. C & 1is
the curvilinear path of the projected ball, 8 the horizontal line
at the base of the tower. During the first second of time, the
“alling ball reaches 1, the next second 2, and at the end of the

* The action of gravity being always the same, the shape of the curve of
every projectile depends on the velocity of its motion ; but, whatever thia
velocity be, the moving body, if thrown horizontally from the same eleva-
tion, will rea.ch the ground at the same instant. Thus, a ball from a cannon,
with a charge sufficient to throw it half a wile, will reach the ground at the
same instant of time that it would had the chatge been sufficient to throw it
one, two, or six miles, from the same elevation. The distance to which a
ball will be projected will depend entirely on the force with which it is
thrown, or on the velocity of its motion. If it moves slowly, the distance
will be short ; if more rapidly, the space passed over in the same time
will be greater ; but in both cases the descent of the ball towards the earth
1 the same time, will be the same number of feet, whether it m« ves fast o»
siow; or even whether it move forward at all. or nnt.
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ehird second it strikes the ground. Meautime, that projected
{rom the cannon moves forward with such velocity as to reach
4 at the sarie time that the falling ball reaches 1. But the
projected ball falls downwards exactly as fast as the other, since
it meets the line 1 4, which is parallel to the norizon, at the same
instant. During the next second the ball from the cannon
reaches 5, while the other falls to 2, both having an equal de-
scent. During the third second the projected ball will have
spent nearly its whole force, and therefore its downward motion
will be greater, while the motion forward will be less than before.

What effecc  223. Hence it appears that the horizonta'
};";ngl};e f?(')’; 2 motion does not interfere with the action of
on gravity?  gravity, but that a projectile descends with
the same rapidity while moving forward that it would
if it were acted on by gravity alone. 'This is the neces-
sary result of the action of two forces.

KZZ‘(’;W';S Ujfhs 224, The Random of a projectile is the horizontal
vrojectile ! distance from the place whenee it is thrown to the

place where it strikes.

At what angle  225. The greatest random takes place at an
does the great- 1 "R Gk e A\ e
P angle o egrees; that 1s, when a gun Ts
take place?  pointed at this angle with the horizon, the hall is

thrown to the greatest distance. ¢

-What will b Let Fig. 19 represent a gun or Fig. 19
tb};e”qgec;h;{wz a carronade, from which a ball 80
at anv angle  is thrown at an angle of 45 de-
above 45 de- grees with the horizon. If
fiont ihe ball be thrown at any angle
above 45 degrees, the random will be the same

88 it would be at the same number of degrees below 45 degrees.*

* A knowledge of this fact, and calculations predicated on it, enables the
engineer 80 to direct his guns as to reach the object of attack when withit
the range of shot.
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What is the  226. CENTRE OF GRAVITY. — It has already
Cenire o/~ been stated [sce Nos. 109 & 110] that the
Gravity of a o n i

body ? Centre of Gravity of a body is the point
around whi :h all the parts balance eack other. 1t is in
other words, the centre of the weight of a body. (See

Appendix, par. 1404.)

What is the 997 The Centre of Magnitude is the centiul
Centre of

Magnitude *  point of the bulk of a body.

Where is the  228. When a body is of uniform density, the

certre of  centre of gravity is in the same point with the
gravity of a .

body ? centre of magnitude. But when one part of the
body is eomposed of heavier materials than another part, the
centre. of gravity (being the centre of the weight of the body)

no longer corresponds with the centre of magnitude.

Thus the centre of gravity of a cylinder plugged with lead is no.
in the same point as the centre of magnitude.

If a body be composed of different materials, not united in chemical
combination, the centre of gravity will not correspond with the centre
of magnitude, unless all the materials have the same specific gravity.

When will «  229. When the centre of gravity of a body is
body stand, = gyppnorted, the body itself will be supported ;

and when will Soin)
it fall? but when the centre of gravity is unsupported,

the body will fall.

Z‘.’rh‘” is the 930, A line drawn from the centre of grav-
‘neof Direc- | 3 : g
tion ? ity, perpendicularly to the horizon, is called

the Line of Direction.
231. The line of direction 18 merely a line indicating the path

which the centre of gravity would descrite, if the body were psr
mitted to fall freely.
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When wiii ¢ 232. When the line of direction falls within
fl‘;:f}’w Z;"‘anfl.” the base * of any body, the'body villstand ; but
it fall? when that line falls outside of the base, the
body will fall, or be overset.

Explain 223, (1.) Fig. 21 represents a loaded  Fig. 21.
gt wagon on the declivity of a hill. The
line C F represents a horizontal line, D E the base
of the wagon. If the wagon be loaded in such a
manner that the centre of gravity be at B, the per- =
pendicular B D will fall within the base, and the wagon will
stand. But if the load be altered so that the centre of gravity
be raised to A, the perpendicular A C will fall outside of the
base, and the wagon will be overset. From this it follows that
a wagon, or any carriage, will be most firmly supported when
the line of direction of the centre of gravity falls exactly between
the wheels; and that is the case on a level road. The centre of
gravity in the human body is between the hips, and the base is
the feet.

234. So long as we stand uprightly, the line of direction falls
within this base. When we lean on one side, the centre of gravity
not being supported, we no-longer stand firmly.

How does a 235, A rope-dancer performs all his feats of agil

;foe;i‘;:wz; ity by dexterously supporting the centre of gravity
feats of agil- Tor this purpose, he carries a heavy pole in his

ity? hands, which he shifts from side to side as he alters
his position, in order to throw the wcight to the side which is
deficient ; and thus, in changing the situation of the centre of
gravity he keeps the line of direction within the base, and he

will not fall.t ;

* Tha base of a body is its lowest side. fhe base Fig. 20.
of a body standing on wheels or legs is represented by S—————e——x
lines drawn from the lowest part of one wheel or leg
to the lowest part of the other wheel or leg. ;;L l

Thus, in Figs. 20 and 21, D E represents the base of
the wagon and of the table. D o

t The sherherds in the south of France afford an interesting instance of
the application of the art of balancing to the common business of life
Theso men walk on stilts from three to four feet high, and their children,

3%
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236. A spherical body will roll down a slope, because the centre
of gravity is not supported.*

237  Bodies, consisting of but one kind of substance, as wood,
stoue or lead, and whose densities are consequently uniforin, wilt
stand more firmly than bodies composed of a variety of sabstances,
of different densities, because the centre of gravity in such cases
more nearly corresponds with the centre of magnitude.

238, When a body is eomposed of different materials, it will
stand most firmly when the parts whose specific gravity is the
greatest are placed nearest to the base.

. .
blg (;;e"s;;’;g 4 239, The broader the base and the nearer

most firmly ? the centre of gravity to the ground, the more
firmly a body will stand.
240. For this reason, high carriages are more dangerous than

iow ones.
241 A pyramid also, for the same reason, is the firmest cf all

Fig. 22.

o ">

e NSRS T e

seructures, because it has a broad base, and but little elevation.

ven quite young, are taught to practise the same art. By means of these
odd additions to tghe length of the leg, their feet are kept out of the water
o1 the heated sand, and they are also enabled to see their sheep at a greater
distance. They use these stilts with great skill and care, and run, junp,
and even dance on them with great ease.

* A cylinder can be made to roll up a slope by plugging one side of it
with lead ; the body being no longer of a uniform density, the centre of
gra vity is removed from the middle of the body to some point in the lead,
as t hat substance is much heavier than wood. Now, in order. that the cyl-
ind r may roll down the plane, as it is here sitnated, the eentre of gravity
mu ¢ rise, which is impossible ; the centre of gravity must always descend
in nioving, and will descend by the nearest and readiest means, which will
be by foreing the eylinder up the slope until the centre of gravity is sup-
ported, and then it stops.

A body also in the shape of two cones united at their bases can be made to.
roll up an inclined plané formed by two bars with their lower ends inclined
towards each other. This is illustrated by a simple contrivance in school
apparatus, and the fact illustrated is called * the mechanical paradox.”
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242 A cone 1as also the same stability ; but, mathematieaily
ronsidered, a cone is a pyramid with an nfinite number of sides.

243. Bodies that have a narrow base are easily overset. because
if they are bus slightly inclined, the line of direction will fall out
side of the base, and consequently their centre of gravity will not Le
supported.

Why can @ 944 A person can carry two pails of water more
person C(lrry

two pails of easily than one, because the pails balance each

waler more 1 3
other, and the centre of gravity remains supported
casily than ’ SRS PP

onel by the feet. But a single pail throws the centre
of gravity on one side, and renders it more difficult to support
the body.

Where is the  245. Comyox CeNTRE OF GRAVITY OF TWo
centre of grav- B 1s — When two bodies are connected, they
ity of two i s

Yodies connect- are to be considered asforming but one body, and
ed together ! have but one centre of gravity. If the two bodies
be of equal weight, the centre of gravity will be in the middle
of the line which unites them. But, if one be heavier than the
ciher, the centre of gravity will be as much nearer to the heavier
nne as the heavier exceeds the light one in weight.

Explai 4 .
Fi?u?e,sl g3,  246. Tig. 23 represents a

A
24, and 25. bar with an equal weight fast- vE—&
ened at each end; the centre of gravity is
at A, the middle of the bar, and whatever supports this centre
will support both the bodies and the pole.

Fig. 23.

Fig. 24.

247. Fig. 24 represents a bar with an
anequal weight at each end. The centre of
gravity is at C, nearer to the larger body.

248. Fig. 25 represents a bar with un-
equal weights at each .nd, but the larger
weight cxceeds the less in such a degree
that the centre of gravity is within the
larger body at C.*

* There are no laws connected with the subject of Naturat Scionce so
grand and stupendous as the laws of attraction. Long before the sublitna
fiat, ** Let there be light ** was uttered, the Creator’s voice was heard amid
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Waat things 949 Tyg MecuanicAL Powers. There
i Mechanics

require dis- are five things in mechanics which require a

tinct consid-  Jistine consideration, namely :
eration ?

Flirst, the power that acts. ,

Secondly, the resistance which is to be overcome by the
power.

Thirdly, the centre of motion, or, as it s sometimes
called, the fulerum.*

Fourthly, the respective velocities of the power and the
resistance ; and,

the expanse of universal emptiness, calling matter into existence, and sub

jecting it to these laws. Obedient to the voice of its Creator, matter sprang
from *¢ primeval nothingness, >> and, in atomic embryos, prepared to cluster
into social unions. Spread abroad in the unbounded fields of space, each
particle felt that it was ¢ not good to be alome.”” Invested with the secial
power, it tought companionship. The attractive power, thusdeubled by the
anion, compelled the surrounding particles to join in close embrace, and
thus were worlds created. Launched into regions of unbound space, the
new-created worlds found that their union was but a part of a great social
system of law and order. Their bounds were set. A central peint controls
the Universe, and in harmonious revolution around this central point for
ages have they rolled. Nor can one lawless particle escape. The sleepless
eye of Nature’s law, vicegerent of its Ged, securely binds them all

¢ Could but one small, rebellious atom stray,
Nature itself would hasten to decay.” >

With this sublime view of Creation, how can we escape the conclusion
that the very existence of ¢ law necessarily implies a Law-giver, and that
Law-giver must be the Creator ? Shall we not then say, with the Psalmist,
¢ It is the rooL who hath said in his heart that there is no Ged >’ ?

Who, then, will not see and admire the beautiful language of Mr. Alison,
while his heart burns with the rapture and gratitude which the sentiments
are so well fitted to kindle :

¢ When, in the youth of Moses, ¢the Lord appeared to him in Horeb,’ a
voice was heard, saying, ¢ Draw nigh hither, and put off thy shoes from off
thy feet, for the place where thou standest is holy ground.’ It is with such’
a reverential awe that every great or elevated mind will approach to the
study of nature, and with such feelings of adoration and gratitude that he
will receive the illumination that gradually opens upon his soul.”

¢ It is not the lifcless mass of ma.ter, he will then feel, that he is exam-
ining; it is the mighty machine of Eternal Wisdom, — the.workmanship of
Him ¢in whom everything lives, and moves, and has its being.” Under
a1 aspect of this kind, it is impossit le to pursue knowledge without mingling
with it the most elevated sentimen:s of devotion ; — it is impessible to per-
ceive the laws of nature without perceiving, at the same time, the presenve
and the providence of the Law-giver : —and thus it is that, in every age,
the evidences, of religion have advanced with the progress of true philosophy;
and that SCIENCE, IN ERECTING A MONUMENT TO HERS (LF, HAS, AT THE SAMX,
ERECTED AN ALTAR T0 THE DEITY.”

* The word fulcium means a prop. or support
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Fifthly, the instruments employed in the construction
of the machine. (See Appendix, 1389-1400.)

250. (1.) The power that acts is the muscular strength of men
or animals, the weight and momentum of solid bodies, the elastic
force of steam, springs, the pressure of the air, and the weight of
water, &c.

(2.) The resistance to be overcome is the attraction of gravity
or of coherion, the inertness of matter, friction, &q

(3.) The centre of motion, or the fulerum, is the point about
which all the parts of the body move.

(4.) The velocity is the rapidity with which an effect is pro-
duced.

(5.) The instruments are the mechanical powers which enter
into the construction of the machine.

251. The powers which enter into the construc-
What are 3 5 c
the Me- Struction of a machine are called the Mechanical
thanical - Powers. They are contrivances designed to in-
Powers? . 1 S . r
crease or to diminish force, or to alter its direction.

;h"’h”f is 252. All the Mechanical Powers are constructed
daem{-:ztt,;: on the principle that what is gained in power is
principle lost in time. This is the fundamental law of
of Me- .

chanics ¢ Mechanies.

253, If 1 1b. is required to overcome the resistance of 2 lbs,
the 1 lb. must move over two feet in the same time that the
resistance takes to move over one. Hence the resistance will move
only half as fast as the power ; or, in other words, the resistance
requires double the time required by 'the power to move over a given’
8pace.

E;plgin 254. Fig. 26 illustrates the prineiple as applied to the
g, "6', lever. W represents the weight, Fig. 26.

f the fulerum, P the power, and the bar
W F P the lever. To raise the weight W
to w, the power P must descend to p. But,
as the radius of the circle in which the
power P moves is double that of the radius
of the eircle in which the weight W moves,

-
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tt2 arc P p is double the are W w; or, iu other words, the dia
tauce I p is double the distance of W w. Now, as these dis.
tances ave traversed in the same time by the power and the
wesght respeetively, it follows that the velocity of the power
must be double the velocity of the weight; that is, the power
mest move at the rate of two feet in a second, in order to move
tha weight one foot in the same time.

This principle applies not only to the lever, but to all the
Mechanical Powers, and to all machines constructed on me
chanical principles. '

Iow many Me- 255, There are six Mechanical Powers *
chanical Powers g o Tover, the Wheel and Axle, the Pulley,

are there, and .
their names?  the Inclined Plane, the Wedge and the Screw.

All instruments and machines are constructed on the prineiple of one
or more of the Mechanical Powers.

All the Mechanical Powers may be reduced to three classes, namely =
1st, a body revolving on an axis; 2d, a flexible cord ; and, 3d, an inclined
gurface, smooth and hard. To the first belongs the lever, and the whee!
and axle ; to the second, the pulley ; to the third, the inclined plane, the
wedge and the screw. g

What is the  256. The Lever is an inflexible bar, mova-

Lever, and how
FA ble on a fulerum or prop.

It is used by making one part to rest on a fulerum, applying the
power to bear on another part, while a third part of the lever
zpposes its motion to the resistance which is to be overcome,

257. In every lever, therefore, whatever be its form, there are
three things to be distinctly considered, namely : the position of the
fulerum, of the power, and of the weight, respectively. It.is the

osition of these which makes the distinction between the different
inds of levers.

g.ow many kinds 958, There are three kinds of levers,
here? called the first, second and third, according
to the respective position of the fulerum, the power, and
the” weight.

These may be represented thus :

Power, Fulerum, Weight,
Power, ‘Weight, Fulerum,
Weight, Power, Fulcrum

* More properly called simple machines.



THE MECHANICAL POWKRS. E 73

Wiar is thhe That is, (1.) The power * is at one end, the
’B'foézro" t‘;{; xe weight at the other,and the fulerum between them.
weegnt, and (2.) Power at i end, the fulecrum at the
the fuwrum,  other, and the weight between them.
vespectuvely, in ! . .

G O i (8) Th& weight is at one end, the fulerum at

of Lwer? the other, and the power between them.

Describe a .cver 259. In a lever of the first kind the fulerum
% t‘/}f gJZ:sel ké’.;‘f is pl.aeed between the power and the weight.
und tell the ad- Fig. 27 represents a lever of the first kind
oo ained  resting on the fuleriffn

oy i,

F, and movable upon
it. W is the weight to be moved, and ®
P is the power which moves it. Tke
advantage gained in raising a weight,
by the use of this kind of lever, is in
proportion as the distance of the power from the fulcrum excecds
that of the weight from the fulcrum. Thus, in this figure, if
the distance between P and F be double that between W and
* F, then a man, by the exertion of a force of 100 pounds with
the lever, can move a weight of 200 pounds. From this it fol-
lows that the nearer the power is applied to the end of the lever,
the greater is the advantage gained. Thus, a greater weight
can be moved by the same power when applied at B than when
it is exerted at P,

Fig. 27

On what prin-  260. The eommon steelyard, an instrument for

-ipleis the com- LB . . e
mon  steelyard weighing articles, is constructed on the principle

_onstructed ? of the lever of the first kind. It consists of a

- Describe the rod or bar, marked with notches to designate the

steelyard. X s s
pounds and ounces, and a weight, whieh is mova-

* Tt is to be understood, in the consideration of all instruments and ma-
chines, that some effeet is to be produced by some power. The names
power and weght are not always to be taken literally. They are terms
used to express the cause and the efect. Thus, in the movement of a cloek,
the weight is the cause, the movement of the hands is the effect. The
vauge of motion, whether it be a weight or a resistance, is technically called
the power ; the effect, whether it be the raising of a weight, the overcoming
of resistance or of cohesiou, the separation of the parts of a budy, compres
siup or expansion, is teehnically called the weizht.



74 NATURAL PHILOSOPHY.

ole along the notches. The'bar is furnished with thrve hooxs,
on the longest of which the article to be weighed is always to be
aung. The other two hooks serve for the handle of the instru

Fig. 28.

ment when in use. The pivot of each of these two hooks serves
for the fulerum,

261. When suspended by the hook C, as in Fig.
aor{ ;‘;l}:att h’:‘; 28, it is manifest that a pound weight at K will
hooks in the balance as many pounds at W as the distance be-
steclyard? tween the pivot of D and the pivot of C is con-
tained in the space between the pivot of C and the ring frow
which E is suspended.

The same instrument may be used to weigh heavy articles,
by using the middle hook for a handle, where, as will be seen
in Fig. 29, the space between the pivot-of F (whish in this
case is the fulerum) and the pivot of D (from which the weight
is suspended) being lessened, is contained a greater number of
times in the distance between the fulerum and the notches on
ke bar. The steelyard is furnished with two sets of notches on
opposite sides of the bar. An equilibrium * will always be

Of Equilibrium. — In the caleulations of the powers of all machines it if
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produwta when the product of the weights on the opposite sides

of the fulerum into their respective distances from it are equal

to one another. :
Fig. 29.

W

A balance, or pair of scales, is a lever of the first kind, with
equal arms. Steelyards, scissors, pincers, snuffers, and a poker
used for stirring the fire, are all levers of the first kind. The
longer the handles of scissors, pincers, &c., and the shorter the
points, the more easily are they used. (See Appendix, par. 1415.)

262. The lever is made in a great variety of forms and of man
different materials, and is much used in almost every kind o
mechanical operation. Sometimes it is detached from the fulcrum

necessary to have clearly in mind the difference between action and equi-
librium. 3

By equilibrium is meant an equality of forces ; as, when one force 18
opposed by another force, if their respective momenta are equal, an equi-
librium is produced, and the forces merely counterbalance each other. To
proauce any action, there must be inequality in the condition of one of the
forces. Thus, a power of one pound on the longer arm of a lever will bal
ance a weight of two pounds on the shorter arm, if the distance of the
power from the fulerum be exactly double the distance of the weight from
the fulcrum ; and the reason why they exactly balance is, because their
moluenta are equal. No motion can be produced or destroyed without a
difference between the force and the resistance. In calculating the me-
chanical advantage of any machine, therefore, the condition of equilibrium
maust first be duly considered. After an equilibrium is produced, whatover
is added upon the one side or taken away on the other destroys the equi
tibrium, and causes the machine to move
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nut nost generally the fulcrum is a pin or rivet by which the lever
is permanently eonnected with the frame-work of other parts cf the
machinery.

263. When two weights are equal, and the fulerum is placed
sxactly in the centre of the lever between them, they will mutually
balance each other; or, in other words, the centre of gravity being
supported, neither of the weights will sink. This is the principle
of the common scale for weighing.

Honwis power 264, To gain power by the use of the
ﬂle”:ft% the lever, the fulcrum must be placed near the
lever ? weight to be moved, and the power at the
greater distance from it. 7'he force of the lever, there-
fore, depends on its length, together with the power
applied, and the distance of the weight from the ful-
rum.¥

What is a 265. A Com-
Compound  pound Lever,rep- ©

D A
Lever ? 3 . e e e oeurd
; resented in Tig. i E B i
30, consists of several levers,

so arranged that the shorter

arm of one may act on the longer arm of the other. Great
power is obtained in this way, but its exercise is limited to a
very small space. ‘

Fig. 30.

Describe the 266. In a lever of the seecond kind, the ful-
tever of the sec- 2 .

By M‘J;d,with crum is at one end, the power at the other, and
Fig. 31. the weight between them.

(1.) Let Fig. 81 represent a lever-of the second kind. F is
che fulerum, P the power, and W the weight. Fig. 31.
The advantage gained by a lever of this kind is :
in proportion as the distance of the power from p Dlr:x
the fulcrum exceeds that of the weight from the J

fulerum. Thus, in this figure, if the distance w

* This being the case, it is evident that the shape of the lever will not
influence its power, whether it be straight or bent. The direct distance between
the fulerum and the weight, compared with the same distance between the
fulerum and the power, being the only measure of the mechanical advantage
which it affurds
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from P to F is four times the distance from W to F, then a
power of one pound at P will balance a weight of four pounds
at W.

(2.) On the principle of this kind of lever, two persons, carryin%
a heavy burden suspended on a bar, muy be made to bear unequa
portions of it, by plicing it néarer to the one than the other.

267. L'wo horses also, may be made to.draw unequal portiyns of
a load, by dividing the bar attached to the carriage in guch a
wanner that the weaker horse may draw upon the longer end of it.

2068. Oars, rudders of
ships, doors turning on
hinges, and cutting-knives
which are fixed at one end,
are constructed upon the %
principle of levers of the
second kind.*
Describe the 269. In a lever of the third kind the fulerum
ﬁj’:;z 0~irfgeby is at o'ne $en(1', the we'ght at the other, and the

g, 33. power is applied betwzen them.

Fig. 32.

In levers of this kind the power must always exzceed the
weight in the same proportion as the distance of the weight
from the fulcrum exceeds that of the power from the fulcrum

In Fig. 33 F is the fulerum, W the weight, Fig. 33.
and P the power between the fulerum and the g
weight ; and the power must exceed the weight
in the same proportion that the distance between
W aand F exceeds the distance between P
and T\ i

270. A ladder, which is to be raised by the strength of a man’s
arms, represents a lever of this kind, where the fulcrum is that
end which is fixed against the wall ; the weight may be consid-
ered as at the top part of the ladder, and the power is the strength
applied in raising it. ;

271. The bones of a man’s arm, and most of the movable bones
of animals, are levers of the third kind. But the loss of power in
limbs of animals is compensated by the beauty and compactness of

T T i

* Tt is on the same principle that, in raising a window, the hand should
be applied to the middle of-the sash, as it will then be casily raised;
whereas, if the hand be applied nearer to one side than the other, the
centre of gravity being unsupported, will cause the further side to bear
against the frame, and obstruect its free wotion.
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the hmbs, as well as the increasea veiocity of their motion. Taae
wheels in clock and wateh work, and in various kirds of machinery,
may be considered as levers of this kind, when the power that
moves them acts on the pinion, near the centre of motion, and the
resistance to be overcome acts on the teeth at the circumference.
But here the advantage gained is the change of slow int. rapid
motion

272. PracricAL EXAMPLES OF LRVERAGE.
Questions for Solution

(1.) SBuppose 4 lever, 6 feet in length, to be applied to raise a weight of 50 pounds,
with & power of only 1 pound, where must the fulcrum be placed? Ans. 1.41 in.+
(2.) If a man wishes to move a stone weighing a ton with a crow-bar
6 feet in length, he himself being able, with his natural strength, to move u
weight of 100 pounds enly, what must be the greatest distance of the ful-
orum from the stone ? Ans. 842 in. |-
(3.) If the distance of the pewer from the fulerum be eighteen time:
greater than the distance of the weight from .he fulerum, what power would
be required to lift a weight of 1000 pounds ? Ans, 55.55 Ib. 4
(4.) If the distance of the weight from the fulerum be only a tenth of
the distance of the power from the fulerum, what weight can be raised by a
power of 170 pounds ? Ans. 1700 b,
(5.) In a pair of steelyards the distance between the hook on which the
weight is hung and the hook by which the instrument is suspended is 2
inches ; the length of the steelyards is 30 inches, How great a weight may
be susqcndcd on the hook to halance a weight of 2 pounds at the extremity
of the longer arm ? Ans. 28 Ib.
(8.) Archimedes hoasted that, if he could have a place to stand upon, he
sould move the whele earth. Now, suppose that he had a fulerum with a
lever, and that his weight, compared with that of the earth, was as 1 to
270 millions. Suppose, also, that the fulerum were a thousand ‘miles from
the earth ; what inust be his distance from the fulerum#
Ans. 270,000,000,000 mi.
(7.) Which will cut the more easily, a pair of scissers 9 inches long,
with the rivet 5 inches from the points, or a pair of scissers 6 inches long,
with the rivet 4 inches from the points ? Ans. The first.
(8.) Two persons, of unequal strength, carry a weight of 200 pounds
suspended from a pole 10 feet long. One of them can carry only 75 pounds,
the other must carry the rest of the weight. Ilow far from the end of the
pole must the weight be suspended ? ! Ans. 875 ft.
(9.) How must the whiffle-tree * of a carriage be attached, that one horse
way draw but 3 ¢wt. of the load, while the other draws 5 cwt. ? 4ns. At §.
(10.) On the end of a steelyard, 3 feet long, hangs a weight of 4 pounds.
Suppose the hook, to which articles to be weighed are attached, to be at
the extremity of the other end, at the distance of 4 inches from the heok
by which the steelyards are held up. How great a weight can be estimated

by the steelyard ? Ans. 82 .
%tlis tge 278. Tue WHEEL AND AXLE. — The
»iwl:; 1 Wheel and Axle consists of a cylinder with a

wheel attached, both revolving around the same axis of motion.

* The whiffle-tree is gererally attached to a carriage by a huek or
wather band in the centre, sc that the draft shall be equal on buth zidne
The hook or leatker band thus becowes a fuleruwm.
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How are the 274. The weight is supported by a vope or
power and the  ohyin wound around the cylinder; the power is
weight applied ™ i

to the wheel ~ applied to another rope or chain wound around
and axle? the circumference of the cylinder. Sometimes
projecting spokes from the wheel supply the place of the chain.*

275. The place of the cylinder is sometimes supplied by a smati
wheel.

Explain the 276. The wheel and axle, though made in
:ZZﬁZ’;Z’ZZ;f many forms, will easily be understood by in.
arle by Fig.  specting Figs.
34, 34and 35. In
Fig. 34 P represents the larger
wheel, where the power is ap-
plied; C the smaller wheel, or
cylinder, which is the axle;
and W the weight to be raised.
What is the  The advantage
P T
use of the wheel Proportion  as
and axle ? the circumfer-

ence of the wheel is greater
than that of the axle. That
is, if the circumference of the wheel be six times the circum-
ferenca of the axle, then a power of one pound applied at the
wheel will balance a power of six pounds on the axle.

How does the 277. Some-

wheel and arle times the axle
described in -

Fig. 35 differ is constructed
from that de- Wwith a winch or

scribed in Fig. handle, as in
? tl

e 2 Pig 85 o).

fometimes the wheel has pro-

jecting spokes, as in Fig. 34.

* A cylinder is a long circular body of unitorm diarseter, with extremities
forming equal and parallel circles
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. 278. The principle upon which the  zel and
On what prin- N y A R
siple is the axle is constructed is the same with tiwt of the
wheel and axle other Mechanical Powers, the want of power
constructed ! 3 q . q

being ccmpensated by velocity. Tt is evident

(from the Figs. 34 and 85) that the velocity of the circum-
ference of the wheel is as much greater thdn that of the axle as
it is further from the centre of motion; for the wheel describes
a great circle in the same time that the axle describes a small
one ; therefore the power is increased in the same proportion as
the circumference of the wheel is greater than that of the axle.
If the velocity of the wheel be twelve times greater than that
of the axle, a power of one pound on the wheel will support a
weight of twelve pounds on the axle.

279. The wheel and axle are sometimes called ¢ the continuous
lever,”” the diameter of the wheel representing the longer arm, the
diameter of the axle representing the shorter armn, the fulerum
being at the common centre.

280. The capstan,* on board of ships and other vessels, is con
structed on the principle of the wheel and axle. It consists of an
axle placed uprightly, with a head or drum, pierced with holes for
the lever, or levers, which supply the place of the wheel,

281. Windmills, lathes, the common windlass, used for drawing
water from wells, and the large wheels in mills, are all constructed
on the principle of the wheel and axle. :

282. Wheels are a very essential part to most machines. They
are applied in different ways, but, when affixed to the axle,.thelr
mechanical power is always in the same proportion ; that is, us
the circumference of the wheel exceeds that of the axle, so much \
will the power be increased. 'Therefore, the larger the wheel, and
the smaller the axle, the greater will be the power obtained.

Wha S 283, Cranks.— Cranks are sometimes con-
Cranks, and ~ nected with the axle of a wheel, either to give or
how are they  to receive its motion. They are
oy 4 made by bending the axle in such a
manner as to form four right angles facing in dif- — -~
ferent directions, as is representéd i Fig. 36.

They are, in fact, nothing more than a doubls winch.

Fig. 36.

* The Jdifference between a capstan and a windlass lies only in the
position of the wheel. If the wheel turn horizontslly, it is called a capstan;
if vertically, a windlass.
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284. A rod connects the crank with other parts of the 1nachinery
either to communicate motion to or from a wheel. When the rod
which communicates the motion stands perpendicular to the erank,
which is the case twice during each revolution, it is at what is
commonly called the dead point, and the crank loses all its power.
But, when the rod stands obliquely to the crank, the craak is then
effective, and turns or is turned by the wheel.

285. Cranks are used in the common foot-lathe to turn the wheel.
They are also com:mon in other machinery, and are very convenient
for changing reetilinear to eircular motion, or circular to rectilinear

286. When they communicate motion Zo the wheel they operate
like the shorter arm of a lever; and, on the contrary, when they
communicate the motion from the wheel they act like the longer
arm. ; ~

What are Fiy- 287. FLY-.WIIEELS are heavy rims of metal
wheels, and = secured by light spokes to an axle. They are

what is their  ysed to accumulate power, and distribute it

it equally among all the parts of a machine. They

are caused to revolve by a force applied to the axle, and, when
once set in motion, continue by their inertia to move for a long
time. As their motion is steady, and without sudden jerks,
they serve to steady the power, and cause a machine to work
with regularity. j

288. Fly-wheels are particularly useful in connexion with cranks,
especially when at the dead points, as the momentum of the fly-
wheel, received from the cranks when they acted with most advan-
tage, immediately carries the erank out of the neighborhood of the
lead points, and enables it to again act with advantage.

289. There are two ways in which the wheel and axle is sup-

orted. namely, first on pointed pivots, projecting into the extrem-
ities of the axle,* and, secondly, with the extremities of the axle
resting on gudgeons. As by the former mode a less extensive area
is subjected to friction, it is in many cases to be preferred.

How many 290. WATER-WHEELS. — There are four
Kisalos kinds of Water-wheels, called, respectively,

* The terms axle, awis, arbor and shaft, are synonymously used by
mechanics to express the bar or rod which passes through the centre of a
wheel. The terminations of a horizontal arbor are called gudgeons, and
of an upright one frequently pivots; but gudgeons more frequently denota
the beds on which the extremities of the axle revolve, and pivots are
elther the pointed extremities of an axle, or short pins in the frame of a
mackine which receive the extremities of the axle. The term axis, in a
more exact sense, may mean merely the lcngesi central diameter, or s
diameter about which motiou takes place



82 NATURAL PHILUSOPHY.

Water-wheels the Overshot, the Undershot, the Breast, and
arethere?  the Turbine. (See par. 1440 to 1450.)

291. The Overshot Wheel receives its motion from the
weight of the water flowing in at the top. (See par. 1441.)
Descrite the Fig. 37 represents the Overshot Wheel. It con.
Overshot sists of a wheel turning on an axis (not repre-
Wheel. sented in the figure), with
compartments called buckets, a b ¢ d, &e.,
at the circumference, which are succes-
sively filled with water from the stream
S. The weight of the water in the buckets
causes the wheel to turn, and the buckets,
being gradually inverted, are empticd as
they descend. It will be seen, from an
inspection of the figure, that the buckets in the descending side
of the wheel are always filled, or partly filled, while those in
the opposite or ascending part are always empty untilethey are
again presented to the stream. This kind of wheel is the most
powerful of all the water-wheels.

292. The Undershot Wheel is a wheel which is moved by the

motion of the water, receiving its impulse at the bottom. (See
par. 1443.)

Describe the Fig. 38 rep- Fig. 38.
Undershot resents the Un- : -
Ve dershot Wheel. /,,f

i @!“mﬂ
Instead of buckets at the cir- s
cumference, it is furnished / it

with plane surfaces, called
float-boards, a b ¢ d, &c., which _
receive the impulse of the §
water, and cause the wheel
to revolve.

D.scribe the 293. The Breast Wheel isa whecl which receives
Breast Wheel  the water at about half its own height, or at the
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level of its own axis. It “Fig 39
is moved by the weight
and acquired force of the
water.

Fig. 39 represents a
Breast Wheel. It is fur-
nished either with buck- £
ets or with float-boards, 7
fitting the water-course, receiving the weight of the water with
its force, while in motion it turns with the stream. (See Appen-
dix, par. 1442.)

294, In the water-wheels which have now been described, the
motion is given to the circumference of the larger wheel, either by
the weight of the water or by its force when in motion.

295. = All wheels used in machinery are connected with the differ-
ent parts of the machine by other parts, called gearing. Sometimes
they are turned by the friction of endless bands or cords, and some-
times by cogs, teeth, or pinions. When turned by bands, the

motion may ba direct or reversed by attaching the band with one or
two centres of motion respectively.

296. When the wheel is intended to revolve in Fig. 40
the same direction with the one from which it -
receives its motion, the band is attached as in
Fig. 40; but when it is to revolve in a contrary =
direction, it is crossed as in Fig. 41. In Fig. 40 Pig. 41

the band has but one centre of motion; in Fig. 41
it has two. > (
297. Instead of the friction of bands, the rough =

surfaces of the wheels themselves are made to com~

munijcate their motion. The wheels and axles thus rubbing to
ether are sometimes coated with rough leather, which, by increas-

ing the friction, prevents their slipping over one another without

communicating motion.

298. Figure 42 represents suci a combination of wheels As
the wheel a is turned by the weight S, its axle
presses against the circumference of the wheel 4,
causing it to turn ; and, as it turns, its axle rubs
against the circumference of the wheel ¢, which
in like manner communicates its motion to d.
Now, as the circumference of the wheel a is equal
to six times the circumference of its axle, it is
evident that when the wheel ¢ has made one rev-
olution 5 will have performed only one-sixth of a
revolution. The wheel a must therefore turn round six times ftc
cause b to turn once. In like manner? must perform six revolutions

4

Fig. 42.
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to cause ¢ to turn once, and ¢ must turn as many times to cause d to
revolve once. Hence it follows that while d revolves once on its
axis ¢ must revolve six times, b thirty-six times, and @ two hundred
and sixteen times.

209. If, on the contrary, the power be applied at F, the conditions
will all be reversed, and ¢ will revolve six times, & thirty-six, and a
two hundred and sixteen times. Thus it appears that we may
obtain rapid or slow motion by the same combination of wheels.

How may rapid or  300. To obtain rapid motion, the power

b tion be ob- . a
:,u-:fedmoa;or;,le;zre must be applied to the axle; to obtain

by a combination of slow motion, the power must be applied to

heel: ith thet .
Z’mii w “"  the circumference of the wheel.

301. Wheels are sometimes moved by means of cogs or teeth
articulating one with another, on the circumference of the wheel
and the axle. The cogs on the surface of the wheels are generally
called teeth, and those on the surface of the axle are called leaves.
The axle itself, when furnished with leaves, is called a pinion. :

302. Fig. 43 represents a connexion of cogged wheels. The
wheel B, being moved by a Fig. 43.
string around its circumfer-
ence, is a simple wheel, with-
out teeth. Its axle, being fur-
nished with cogs or leaves, to
which the teeth of the wheel
D are fitted, communicates its
motion to D, which, in like
manner, moves the wheel C.
The power P and the weight
W must be attached to the
circumference of the wheel or
of the axle, according as a slow
or & rapid motion is desired.

303. Wheels with teeth or cogs are of three kinds, according tc

Fig. 44 Fig. 45.

IR
IS muni‘r’m

(1L

the position of the teeth. When the teoth are raised perpendicular
to the axis, they are called spur wheels or spur gear. When the
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teeth are parallel with the axis, they are called crown wheels, When
they are raised on a surface inclined to the axis, they are called
bevelled wheels. In Fig, 43 the wheels are spur wheels. In Figs. 44
and 45 the wheels are bevelled wheels.

304, Different directions may be given to the motion produced
»y wheels, by varying the position of their axles, and causing them
to revolve in different planes, as in Fig. 44 ; or by altering the shape
and position of the cogs, as in Fig. 45. :

How may the d 805. The power of toothed wheels may be
z‘;::z; ofb etooi’;;i_ estimated by substituting the number of teeth
mated? in the wheel and the number of leaves in the

pinion for the diameter or the circumference of the wheel and
axle respectively.

306. Suseension oF AcTioN. — In the arrangement of machinery,
it is often necessury to cut off the action of the moving power fromn
some parts, while the rest continues in motion. This 1s done by
causing a toothed wheel to slide aside in the direction of its axis toand
from the cogs orleaves into which it articulates, or, when the motion
is communicated by a band, by causing the band to slip aside from
the wheel to another wheel, which revolves freely around the axle,
without communieating its motion.

307. Wleels are used on vehicles to diminish the friction of the
road. The larger the circumference of the wheel, the more readily
it will overcome obstacles, such as stones or inequalities in tho
surface of the road.

308. A large wheel is also attended with two additional advan-
tages , namely, first, in passing over holes, ruts and excavations, a
large wheel sinks less than a small one, and consequently causes less
jolting and expenditure of power; and, secondly, the wear of large
wheels is less than that of small ones, for, if wesuppose a wheel six
feet in diameter, it will turn round but once while a wheel three” feet
mm diameter will turn round twice, its tire will come twice as often
to the ground, and its spokes will twice as often have to hear the
weight of the load.

309. But wheels must be limited in size by two considerations :
first, the strength of the materials ; and seeondly, the centre of the
wheel should never be higher than the breast of the horse, or othez
animal by which the vehicle is drawn; for otherwise the animal
would have to draw obliquely downward, as well as forward, and
thus expend part of bis strength in drawing against the ground.*

* In descending a steep hill, the wheels of a carriage are often locked (a8 -
it is called), that is, fastened in such a manner as to prevent their turning;
and thus the rollin% is converted into the sliding friction, and the vehicle
descends more safely. |

Castors are put on the legs of tables and other articles of furniture to
facilitate the moving of them ; and thus the sliding is converted into the
rolling friction,
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310. PracricaL Exasmeres or PowER APPLIED TO THE VI HEEL AND AYLX.
Questions for Solution.

(1. With a wheel 5 feet in diameter and a power of 6 pounds, wha
nust be the diameter of the axle to support 3 ewt. ? Ans, 1.2 in.
(2.) How large must be the diameter of the wheel to support with 10
lk> a weight of 5 cwt. on an axle 9 inches in diameter ? Ans, 875 1.
(3.) A wheel has a diameter of 4 “eet, an axle of 6 inches. What power
must be applied t¢ the wheel to balance 2 ewt. on the axle ?  Ans. 251,
(4.) There is a connexicn of cogged wheels having 6 leaves on the pinion
and 36 cogs on the wheel. What is the propertion of the power to the
wuight in equilibrium ? Ans. As1to 6.
(5.) Suppose a lever of six feet mserted in a capstan 2 feet in diameter,
and six men whose united strength is represented by 4 of a ton at the capstan,
how heavy an anchor can they draw up, allowing the less of  of their powez
from friction ? Ans. 2 T,
(6.) What must be the proportion of the axle to the wheel, to sustain a
weight 30 ewt. with a power of 3 cwt. ? Ans. As1to 10.
(7.) The weight is to the power in the proportion of six to one. What
must be the proportion eof the wheel to the axle ? Ans. 6to 1,
(8.) The power is represented by 10, the axle by 2. How can you repre-
gert the wheel and axle ? Ans. 10:weight:: 2 : wheel,
(9.) The weight is expressed by 15, the power by 3. What will repre- -
sent the wheel and axle ? Ans, 5and 1.
(10.) The axle is represonted by 16, the power by 4. Required the pro
portion of the wheel and axle. Ans, 4:weight::16: wheel,
(11.) What is the weight of an anchor requiring 6 men to weigh it, by
means of a capstan 2 feet in diameter, with a lever 8 feet long, 2 feet of its
length being inserted in the capstan ; supposing the power of each man to
be represented by 2 cwt., and a loss of } the power by friction? Ans. 56 cowt.
(12.) A stone weighing 2 tons is to be raised by a windlass with spokes
2 feet in length, projecting from an axle 9 inches in diameter. How many
men must be employed, supposing each man’s power equal to 2 ewt., and the re.
sistance increased } by friction 2 Ans. b men.

What ;sa 811. Tue PuLLey. —The Pulley is a small
Pulley”  wheel turning on an axis, with a string or rope
in a groove running around it.

How many kinds — Mhere are two kinds of pulleys — the
of pulleys are

there? fixed and the movable. The fixed pulley
is a pulley that has no other motion than a revolution on
its axis, and it is used only for changing the direction of

motion.

Ewplam 812. TFig. 46 represents a fixed pulley. P is a
Fig. 46. small wheel turning on its axis with a string running
round it ina groove. W is a weight to be raised, F is the force
or power applied. It is evident that, by pulling the string at
P, the weight must rise just as much as the string is draws
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down. As, therefore, the velocity of the weight and the #ig. 45
power 18 precisely the same, it is manifest that they
balance each other, and that no mechanical advantage

is gained.* But this pulley is very useful for changing

the direction of motion. If, for instance, we wish to W
raisea weight to the top of a high building, it can be done F
with the assistance of a fixed pulley, by a man standing

below. A curtain, or a sail, also, can be raised by means of a
f£xed pulley, without aseending with it, by drawing down a string
running over the pulley.

On what prin- 313. The fixed pulley operates on the same
ciple does the  principle as a lever of the first kind with equal
e Ruleg s arms, where the fulecrum being in the centre
of gravity, the power and the weight arc equally distant from it.
and no mechanical advantage is gained.

. 314. The movable pulley differs from

ow does the .

movable pulley the fixed pulley by being attached to iy 41.

differ from the the weight; it therefore rises and

fived? Tt 3 F
falls with the weight.

Explain 315. Fig. 47 represents a movable pulley,
Fig. 47.  with the weight W attached to it by a hook
below. One end of the rope is fastened at F; and, as
the power P draws the weight upwards, the pulley
rises with the weight. Now, in order to raise the w

weight one inch, it is evident that both sides of the string

* Although the fixed pulley gives no direct mechanical advantage, a
man may advantageously use bhis own strength by the use of it. Thus, if
he seat himself on a chair suspended from one end of a rope passing over a
fixed pulley, he may draw himself up by the other end of the rope by exert-
ing a force equal only to one-half of his ownweight. One half of his weight
is supported by the chair and the other half by his hands, and the effect is
the same as if he drew only one half of himself at a time ; for, the rope being
doubled across the pulley, two feet of the rope must passihrough his hands
before he can raise himself one foot. In this manner laborers and others
frequently descend into wells, and from the upper floors of stores, by meang
uf & rope passing over a fixed wheel «r pulley.
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must be shortened; in order to do which, the power P must
pass over two inches. As the velocity of the power is double
that of the weight, it follows that a power of one pound will bal-
ance a weight on the movable pulley of two pounds.*

What is the ad- 816, The power gained by the use of pul-
vantage gained . 2 2 e
in the use of the 1eys is ascertained by multiplying the num-
movable pulley?  ber of movable pulleys by 2.1

317.- A weight of 72 pounds may be balanced by a power of 9
ounds with four pulleys, by a power of 18 pounds with two pul-
eys, or by a power of 36 pounds with one pulley. But in each
cage the space passed over by the power must he double the space
passed over by the weight, multiplied by the number of movable
pulleys. That is, to raise the weight one foot, with one pulley, the
power must pass over two feet, with two pulleys four feet, with'
four pulleys eight feet. )
Ezplain 318. Fig. 48 represents a system of fixed and
Fig.48. 5 ovable pulleys. In the block F there Fig. 4.
are four fixed pulleys, and in the block M there '
are four movable pulleys, all turning on their com-
mon axis, and rising and falling with the weight =
W. The movable pulleys are connected with the
fixed ones by a string attached to the hook H,
passing over the alternate grooves of the pulleys
in each block, forming eight cords, and terminating
at the power P. Now, to raise the weight one foot,
it is evident that each of the eight cords must be

Thus, it 18 seen that pulleys act on the same principle with the lever
and the wheel and axle, the deficiency of the strength of the power being
compensated by superior velocity. Now, as we cannot increase our natural
strength, but can increase the velocity of motion, it is evident that we are
enabled, by pulleys, and other mechanical powers, to reduce the resistance
or weight of any body to the level of our strength.

+ This rule applies only to the movable pulleys in the same block, or
when the parts of the rope which sustains the weight are parallel to each
other. The mechanical advantage, however, which the pulley seems to possess
in theory, is considerably diminished in practice by the stiffness of the ropes
sod the friesion of the wheels and blocks. - When the parts of the cord,
also, are not parallel, the pulley becomes less efficacious ; and when the
parts of the cord which supports the weight very widely depart from par.
allelism, the pulley becomes wholly useless. There are ecertain arrange-
wonts of the 2ord and the puiley by which the effective power of the
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shortened one foot, and, consequently, that the power I’ must
descend eight times that distance. The power, therefore, must
pass over eight times the distance that the weight moves.

319. The movable puliey, as well as the fixed, acts on the same
vrinciple with the lever, the deficiency of the strength of the
power with the movable pulley being compensated by its supericz
velocity.

On what princi-  320. The fixed pulley acts on the principle of
ple is the mov- a lever with equal arms. [See INo. 313.] The
able pulley con- bl 1 th " i gl
A ovable pulley, on the contrary, by giving a

superior velocity to the power, operates like a
lever with unequal arms.

321. Practical use of Pulleys. — Pulleys are used to raise goods
into warehouses, and in ships, &c., to draw up the sails. Both kinde
of pulleys are in these cases advantageously applied : for the sails
are raised up to the masts by the sailors on deck by means of the
fixed pulleys, while the labor is fucilitated by the mechanical power
of the movable ones.

322. Both fixed and movable pulleys are constructed in a great
variety of forms, but the principle on Wwhich all kinds are con-
structed is the same. What is generally called a tackle and fall,
or a block and tackle, is nothing more than a pulley. Pulleys have

likewise lately been attached to the harness of a horse, to enable
the driver to govern the animal with 16ss exertion of strength

823. It may be observed, in relation to the Me-
What law ap- 2 5 :
plies to ull the chanical Powers in general, that power is always
Mechanical*  gained at the expense of time and velocity ; that
R 1s, the same power which will raise one pound in
one minute will raise two pounds in two minutes, six pounds in
six minules, sizty pounds in sizty minutes, &c.: and that the
same quantity of force used to raise two pounds one foot will
raise one pound two feet, §c. And, further, it may be stated
that the product of the weight multiplied by the velocity of the
weight will always be equal to the product of the power multi
plied by the velocity of the power.

%uhey may be augmented in a three-fold instead of a two-fold proportion.
ut when such an advantage is secured, it must be by contriving to make
the power pass over three times the space of the weight.

* See Appendix.
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In what propor-  Hence we have the following rule. 7%he
tzon is the power e 7 2
to the weight POWEr 18 n tae same proportion fo the

when  the mov-  weight as the velocity of the weight 1s ta
able pulley is e veloci : *
used? the velocity of the power.

324. PracricAL EXAMPLES OF APPLICATION OF THE PrLLEY.
Questions for Solution.

(1.) Suppose a power of 9 lbs. applied to a get of 3 movablo pulleys. Al
lowing i loss for friction, what weight can be sustained by them 7 4. 86 /5.
(2.) Six movable pulleys are attached to a weight of 1800 1bs.; what
power will support them, allowing a loss of two-thirds of the power from
friction ? Ans. 450 b,
(3.) Six men, with a block and tackle containing nine movable pulleys,
are required to raise a sail. Suppose each man’s strength to be represented
by two cwt. and two-thirds of the power lost by friction, what is the
weight of the sail, with its appendages ? Ans. 12 cuwt,
(4.) If a stone weighing 3 tons is to be raised by horse power to the wall
of a building in process of erection, by means of a derrick from which are’
suspended 3 movable pulleys, how many horses must be employed, sup-
posing each horse capable of drawing as much as eight men, each of whom
can lift 2 cwt., making an allowance of two-thirds for friction? Adans. 17 °
(5.) Ablock contains 5 movable pulleys, connected with a beam contain-
ing 5 fixed pulleys. A weight of halfa ton is to be raised. Allowing a loss
of two-thirds for friction, what power must be applied to raise it 7 4. 8 cwt.
(7.) The power is 3, the weight is 27; how many pulleys must be usea,

if friction requires an allowance of two-thirds ? Ans, 27,
(8.) Friction one-third of the power, power 6, weight 72,— how many pul-
leys ? Ans, 18,
(9.) Weight 84, friction nothing, pulleys, 3 fixed, 3 movable ; required
the power. b Ans. 14,
(106.) Power 12, friction 8, four pulleys, two of them fixed ; required the
weight. Ans. 16.
(11.) Six movable and six fixed pulleys. The weight is raised 3 feet.
How far has the power moved ? Ans. 8€ f4,
.+2.) The power has moved 12 feet ; how far has the weight moved un-
der two pulleys, one fixed, the other movable ? ] Ans. 6 ft.
(13.) The weight, suspendetl from a fixed pulley, has moved 6 feet. How
far has the power moved ? Ans. 6fv.
(14.) The power has moved 29 feet under a fixed pulley ; how far has
the weight moved ? Ans. 20 f.

What is the In-  825. THE INCLINED PLANE.— The In-
clined Plane?  clined Plane consists of a hard plain surface,

inclined to the horizon.

326. Tue principle on which the inclined plane acts as & me-
shunical power is simply the fact that it supports part of the weight.
{f a body be placed on a horizontdl plane, its whole weight will be

* The stiffness of the cords and the friction of the blocks frequently
require large deduction to be made from the effoctive power of pulleys
The loss thus coousioned will sometimes amount to two-thirds of the power
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supported ; but, if the plane be elevated at one end, by degrees, it
will support less of the weight in proportion to the elevation. untin
the plane becomes at right angles to the horizon, when it will sup-
port no part of the weight, and the body will fall perpendicularly.

%27. A body, in ascending or descending an inclined plane, wil
have a greater space to traverse than if it should rise or fall per-
{)endicularly. The time, therefore, of its ascent or descent will be
onger, and thus it will oppose less resistance, and thus, also, a less
force will be required to cause its ascent. Hence, we see that the
fundamental principle of Mechanics, ¢ What is gained in power is
lost in time,”” applies to the Inclined Plane as well as to the Me-
chanical Powers that have already been described.

W’;at is the az- 328. The advantage gained by the use of
Z;z;fegzsfi}fhe the inclined plane is in proportion as the

inclined plane?  length of the plane exceeds its perpen-
dicular height.

Fig. 49 represents an inclined plane. C A its height, C B
1ts length, and W a weight which is to be Fig. 40,

moved on it. If the length C B be four e

{ 5 :/] c
times the height C A then a power of one

pound at C will balance a weight of four B A

pounds on the inclined plane C B.

329. The greater the inclination of the plane, the greater must
be its perpendicular height, compared with its length; and, of
course, the greater must be the power to elevate a weight along its
surface. ;

330. Instances of the application of the inclined plane are very
common. Sloping planks or pieces of timber leading into a cellar,
and on which casks are rolled up and down; a plank or hoard with
one end elevated on a step, for the convenience of trundling wheel-
barrows, or rolling barrels into a store, &c., are inclined planes.

331, Chisels and other cutting instruments, which are cham-
fered, or sloped only on one side, are constructed on the principle
of the inclined plane.* 3
* 332, Roads which are not level may be considered as inclined
Planes, and the inclination of the road is estimated by the height
corresponding to some proposed length. To raise a load up an
inclined plane requires a power sufficient to carry it along the
whole distance of the length of the base, and then to iift it up to

* Chigsels for cutting wood should have their edges at an angle of about
30° ; for cutting *ron from 502 to 60°, and for cutting brass at akout 80° or
90°, Tools urgea by pressure may be sharper than thoze which, like the
wedge, are driven by percussion

4%
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the elevation ; but in the inclined plane a feebler force will accom-
plish the desired object, because the resistance is spread equally
over. the whole distance.*

g:h;l 2 the  333. THE WEDGE.— ThLe Wedge consists
cage: of two inclined planes united at their bases.

What is the ad- 334, The advantage gained by the wedge
vantage gained g g q
by the use of the 18 10 proportion as its length exceeds the

wedge? thickness between the converging sides.
In what pro-
portion’ is the It follows that the power of the wedge is in pro-

power of the portion to its sharpness.
wedge?

885, Fig. 50 represents a wedge. The line a & ",%
represents the base of each of the inclined planes
of which it is composed, and at which they are

united.
b

336, The wedge is a very important mechanical power, used te
split rocks, timber, &c., which could not be effected by any other
power.} y -

337. Axes, hatchets, knives, and all other cutting instruments,
chamfered, or sloped on both sides, are constructed on the principle
of the wedge; also pins, needles, nails, and all piercing instru-
ments. :

On what does 338, The effective power of the wedge depends
:ﬁewqgect;e the OO friction ; for, if there were no friction, the
wedge depend?  wedge would fly back after every stroke.

* Mention has already been made of the sagacity of animals in a former
page [see No. 54], and a sort of intuitive knowledge which they appear
to possess of philosophical principles. In ascending a steep hill, a com.aon
dray-horse will drag his load from side to side, as if he were conscious that
be thus made the plane longer in proportion to its height, and thereby
made his load the lighter.

+ The wedge is an instrument of exceedingly effective power, and is
frequently used in presses for extraciing the juice of seeds, fruits, &o. [t
is used especially in the oil mill, by which the oil is extracted from secds.
The seeds are placed in hair bags, between planes of hard wood, which are
pressed together by wedges. The pressure thus exerted is so intense that
the seeds, after the extraction of the oil, are converted into masses as hard
and compact as the most dense woods.

Wedges are used also in the launching of vessels, and also for restoring
buildings to the perpendicular which have been inclined by the sinking of
the foundation.
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830. The wedge derives much of its efficiency from the force of
percussion, which in its nature is so different from continued force,
such as the pressure of weights, the foree of springs, &e., that it
would be difficult to submit it to numerical calculation ; and, there-
fore, we cannot properly represent the proportion which a blow
bears to the weight.,

Wie ‘s the  ©40. THE Screw. — The Screw is an in-
et clined plane wound around a cylinder, thus
producing a circular inclined plane, forming what is called
the threads of the screw.

341. Cut a piece of paper in the shape of an inclined plane, as
vepresented by Fig. 49, and, beginning with the end represented
by the height C A, in that Figure, wind it around a pencil, or a
round ruler. The edge of the paper will be a circular inclined plane,
and will represent the threads of the screw. The distance between
any two threads on the same side of the rule will represent the per-
pendicular height of the inclined plane that extends once around the
eylinder, and the advantage gained in the use of the screw (when
used without a lever) will be the same as in the inclined plane;
namely, as the length of the plane exceeds the perpendicular heighs.
But the screw is seldom used alone. A lever is generally attached
to the screw, and it is with this attachment the screw will now be
considered.

342. The Screw is generally accompanied

What aeppendage ; G
generally attends by an appendage called the 7, which consists
vhe Screw ? of a concave cylinder or block, with a hoilow
spiral cavity cut so as to correspond exactly with the threads of
the screw. When thus fitted together, the screw and the nut
form two inclined planes, the one resting on the other.

343. Sometimes the screw is movable and
Is the screw, or X 3 g
the nut mov- the nut is stationary, and sometimes the screw
able? is stationary and the nut is movable.

344. At every revolution the screw or the nut advances or
retreats through a avace equal to the distance between the threads
of the screw. -

In what manner  345. The power applied to a screw gener-
does the power . :

SOPRET B the ally des.cnbes a circle a}round tPe Savav
serew move?  perpendicular to the direction in which

the serew or nut moves.
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Whdl is the advan- ~ 946. The advantage gained by the
tagy gained by the serew is in proportion as the circumfer-
sreio $ ence described by the power exceeds the
distance between the threads of the screw.

What is meant by ~ 347. The cylinder with its threads is ealled
the Convex and  the Convex Screw, and the nut is called the
Concave Screw ? 1 h . .

Concave Screw. The lever is sometimes at-
tached to the screw, and sometimes to the nut.

Explain  348. Fig. 51 represents a fixed serew  Fig. 51.
kig. 51. S, with a movable nut N, to which is S
attached the lever . By turning the lever in one
direction the nut descends, and by turning it in the
opposite direction the nut ascends, at every revo-
wation of the lever, through a space equal to the dis-
tance between the threads of the screw ; to accomplish which, the
hand or power applied to the end of the lever Li will describe a
circle around the sorew S, of which the radius is L S. The
power thus passes over a space represented by the circumfer-
ence of this circle, and the advantage gained is in the same pro-
portion as the space exceeds the distance between each threa
of the screw

Explain  349. Fig. 52 represents a movable Fig62
Fig. 52. screw, with a nut fixed in a frame, and L
consequently immovable. As the lever L is

turned, the screw ascends or descends at every

revolution of the lever through a space equal to

the distance between the threads of the screw, and

the advantage gained is in the same proportion as in the case of
the movable nut in Fig. 51.

350. It will thus be seen that, although the screw is usually con-
sidered distinctly as a mechanical power, it is in fact a compound
power, consisting of two circular inclined planes, moved by a lever.

351. The power of the screw being estimated by the distance
hetween the threads, it follows that the closer the threads are

toprether, the greater will he the power, but the siower will be the
motion produced: for. every revolution of the lever advances the
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serew o1 the nut only through a space as great as the distance of the
threads from each other.

352 The screw is applied to presses and engines of all kinds
where great power is to be applied, without percussion, through
small distances It is used in bookbinders’ presses, in cider and

Fig. 63.

wine presses, in raising buildings. 1tis also used for
toining, and for punching square or circular holes
through thick plates of metal. When used for this
purpose, the lever passes through the head of the
screw and terminates at both ends with heavy
balls or weights, the momentum of which adds to
the force of the screw, and invests it with immense
ower.

353. HuntEr’s Screw.— The ingenious contrivimee known by
the name of Hunter’s Screw consists of two screws of different
threads playing one within the other ; and such will be tbe effect, shat
while one is advancing forward the other will retreat, and the resist-
ance will be urged forward through a distance equal only to the
difference between the threads of the two screws. An indefinite
increase in the power is thus obtained, without di:ninishing the
thread of the screw.*

* From what has been stated with regard to the Mechanical Powers, it
appears that by their aid a man is enabled to perform works to which his
unassisted natural strength is wholly inadequate. But the power of all
machines is limited by the strength of the materials of which they are com-
posed. Iron, which is the strongest of all substances, will not resist a strain
beyond a certain limit. ITts cohesive attraction may be destroyed, arnd it
can withstand no resistance which is stronger than its cohesive attraction.
Besides the strength of the materials, it i3 necessary, also, to consider .the
time which is expended in the application of mechanical assistance. Archim.
edes is said to have boasted to Hiero, King of Syracuse, that, if he would
give him a place to stand upon, he would move the whole world. TIn order
to do this, Archimedes must himself have moved over as much more gpace
thanhomoved the world as the weigh: of the world exceeded his own weight;
and it has been computed that he must have moved with the velocity of #
caunon-ball for a million of years ia ¢rder to mova the carth the twenry
seven willionth part of an inch.
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354. Pracrical EXAMPLES oF THE APPLICATION OF THE INCLINED PrLaxm
AND THE SCREW.

Questions for Solution.

(1) Withan inclined plane the power moves 15 feet, the power is to the
weight as 6 to 24. How far does the weight move ? Ans. 4 #,
(2.) The length of an inclined plane is 5 feet, the proportion of the
power to the weight isas 2 to 10. What is the height of the plane ? 4. I st
3.) An inelined plane is 4 feet high, a power of 6 lbs. draws up 30
ibs. What is the length of the plane * Ans. 20 £,
(4.) The length of a plane is 12 feet, the height is 3 feet. What is the
proportion of the power to the weight to e raised ? Ans. As1tod,
(5 The distance between the threads ¢f a serew is 1 inoh, the length of
the lever is 2 feet. What is the proportion Ans. 1 to 150.79 4
(6.) Which will exert the greater force, a lever 3 feet long with the
fulerum 6 inches from one end, or a serew with a distance of 1 inch between
the threads and a lever one foot long ? . Ans. The screw.
(7.) A screw with the threads 2 inches apart,and a lever 6 feet long,
draws a ship of 200 tons up an inelined plane whose length is to the height in
the proportion of 1 to 16. What power must be applied to the lever of the

ferew ! Ans. 11.05 b, +
(8.) Ifa man can lift a weight of 150 1bs., how much can he draw up an
inclined plane whose length is to its height asz4to8p | Ans. 1200 b,

(9.) A Hunter’s screw has a lever four feet long. The distance betwecn
the threads of the larger screw is 1inch, between those of the smaller § of an
inch. llow much weight can a man whose power is represented by 175 lbs.
move with such a screw ? Ans. 21111552 Ib.

(20.) A screw with a lever of 2 feet in length, and a distance ot } of an
inch between its threads, acts on the teeth or cogs of a wheel whose diameter
is to that of the axle as 4 to 1. Fastened to the axle is a rope, one end of
which is attached to a weight at the bottom of an inclined plane, the length
of which is to the height as 12 to 3. Suppose this weight to require the
strength of a man who can lift 200 lbs. to be applied to the lever of the
serew to move it. What is the weight ? Ans. 9650995200 b,

What is the 355. Tue K~NEE JoiNT, oR ToGGLE
Toggle Joint?  yo1xt. — The Toggle Joint, or Knee Joint,
consists of two bars united by a hinge or ball and socket,
which, being urged by a power perpendicular to the resistance,
acts with rapidly-increasing force, until the bars form a
straight line 2

The toggle (or knee) joiut affords a very useful mode of convert-
g velocity into pewer, the motion produced being very nearly at
right angles with the direction of the force. It is a combination
of levers; and the same law applies to it as to all machinery,
namely, that the power is to the resistance inversely as the space
of the power is to the space of the resistance.
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Explain 856. Fig 55 represents a toggle joint. ¥ig 85
Fig.85. A Q and B C are the two rods con-
nected by a joint at C. A moving force applied

constantly increasing power to separate the parts
A and B.

357. The operation of the toggle
joint is seen in the iron joints which
are used to uphold the tops of chaises.
1t is also used in various kinds of
printing-presses to obtain the great-
est power at the moment of impres-
sion.*

358. Mepia. — The motion of all
bodies is affected by the substance or
element in which thcy move, and b
which they are on all sides surround-
ed. Thus the bird flies in the air, the
fish swims in the water. Air there-
fore is the medium in which the for-
mer moves, while water is the medium
in which the motion of the latter is
made.

A";’qu is : 359. A Medium is the substance, solid or fluid,
“HM which surrounds a body, and which the body must
displace as it moves.

360. When the fish swime or the bird flies, each must foree its
way through the air or the water ; and the element thus displaced
must rush into the sgot vacated by the body in its progress. It has
already been stated that the body of the fish or of the bird is pro-
pelled in its motion in the one case by the redction of the air on tha
wings of the bird, and in the other of the water on the fins of a fish
The fish moves in the denser medium and needs therefore to present
a less surface for the redction of the water ; while the bird, living in
a comparatively rare medium, presents in his wings a much larger
extent of surface to receive the redetion of the air. In making
the fins of a fish, therefore, so much smaller, in proportion to itz
size, than the wings of a bird, nature herself has taught us that,

In what proportion 861 The resistance of a medium i
£s the resistance of a | y X 3 g
medium ? in exact proportion to its density.

* A gimilar effect, but with a reve’rsed action, is produc'ed wﬁen_a long rope,
tightly strained between wo puints, is forcibly pulled in the middie
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362. A body falling through water will move more slowiy thar
one falling in the air, because it meets with more resistance from
the inertia of the water, on account of the greater density of the
water.

What is a 363. A Vacvum.— A Vacuum is unoccu-
Vacuum ? pied space; that is, a space which containe
absolutely nothing.

364. From this definition of a vacuum, it appears that it docs
not mean a space which 2o our eyes appears empty. What we cals
an empty bottle is, in fact, full of air, or some other invisible fluid.
If we sink an empty bottle in water or any other liquid, neither the
water nor any other liquid can enter until some portion of the air is
expelled. A small portion of water enters the bottle immersed,
and the air issues in bubbles from the mouth of the bottle. Other
portions of water then enter the bottle, expelling the air in similar
manner, until the water entirely fills the bottle, and then the air
bubbles cease to rise.

365. From this statement of the meaning of the term ¢ a vacuum,”’
it will be seen that if a machine be worked in a vacuum (or, as it
is more commonly expressed in Latin, ‘¢ in vacuo *’) its motion will
be rendered easier, because the parts receive no resistance from a
surrounding medium.

What is Fric.  ©066. FRICTION.— Friction is the resistance

twn, a,:szhowf which bodies meet with in rubbing against
many kinds of

o vre each other. : 3

there? De- There are two kinds of friction, namely,

scribe cach.  the rolling and the sliding friction. The
rolling friction is caused by the rolling of a circular body.

867. The sliding friction is produced by the sliding or
dragging of one surface over another.

368. Friction is caused by the unevenness of the surfaces which
eome into contact.* It is diminished in proportion as the surfacee
are smoothed and well polished. The sliding friction is overcome
with more difficulty than the rclling.

* All bodies, how well soever they may be polished, have inequalities
their surfaces, which may be perceived by a microscope. When, therefore,
the surfaces of two bodies come into contact, the prominent parts of the
one will often fall into the hollow parts of the other, and cause more or
Irss reriztance to wotion.
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What portion 369. Friction destroys, but never can gen-
gfgffc%xe{s-‘g . erate, motion. It is frequc.zntly computed
by frietion ? that friction destroys one-third of the power
of a machine. In calculating the power of a machine,
therefore, an allowance of one-third must be made for loss
by friction.*

What is used 370.. Oil, grease, black-.lez‘ul or powdered soap-
to lessen fric- stone, 18 used to lessen friction, because they act
tion? and as a polish by filling up the cavities of the
i rubbing surfaces, and thus make them slide more
easily over each other.

How does fric- 371, Friction incrcases:

fion increase? (1) As the weight or pressure is increased.
(2.) As the extent of the surfaces in contact is increased
(8.) As the roughness of the surface is increased.

How may fric- 372. Friction may be diminished :
(ion be dimin- (1.) By lesscning the weight of the body in
ished ! motion.

(2.) By mechanically reducing the roughness of the sliding
surfaces.

(3.) By lessening the amount of surfice of bhowogencous
bodies in contact with each other.

(4.) By converting a sliding into a rolling motion.

(6.) By applying some suitable unguent.t

* When finely-polished iron i# made to rub on bell-metal, the friction is
said to be reduced to about one-eighth. Mr. Babbit, of Boston, has pre-
pared a composition for the wheel-boxes of locomotive engines and other
machinery, which, it is said, has still further reduced the amount of frie-
t'on. This composition i3 now much in use. As the friction between
rolling bodies is much less than in those that drag, the axle of large wheels.
is sometimes made to move on small wheels or rollers. These are called
frietion wheels, or friction rollers. They turn round their own centre as
the wheel continues its motion.

+ From tbe experiments made by Coulomb, it appears that the friction
of heterogeneous ; bodies is generally less than that of homogenous that -
I8, that if a body rub against another composed of the same kind of wood
or metal, the friction is greater than that of different kinds of metal, or of
wood.

Ferguson’s experiments go to prove that the friction of polished eteel
against polished steel is greater than that of polished steel on cupper or on
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What are the 873. TFriction, although it retards the motion
uses of friction ? of machines, and causes a great loss of power,
performs important benefits in full compensation. Were there
no friction, all bodies on the surface of the earth would be clash-
ing against each other. Rivers would dash with unbounded
velocity, and we should see little but motion and collision. But
whenever a body acquires a great velocity, it soon loses it by
friction against the surface of the earth.

374. The friction of water against the surfaces it runs over soun
reduces the rapid torrent to a gentle stream ; the fury of the tempest
is lessened by the friction of the air on the face of the carth; and
the violence of the ocean is soon subdued by the attrition of its own
waters. Our garments, also, owe their strength to friction ; and
the strength of ropes, cords, sails and various other things, depends
ou the game cause, for they are all made of short fibres pressed
together by twisting, and this pressure causes a sufficient degree of
friction to prevent the fibres sliding one upon another. Without
friction it would be impossible to make a rope of the fibres of hemp,
or a sheet of the fibres of flux; neither could the short fibres of
eotton have ever been made into such an infinite variety of forms as
they have received from the hands of ingenious workmen. Wool,
elso, has been converted into a thousand textures of comfort and
luxury, and all these are constituted of fibres united by friction.

What is the 875. REeeunaTors oF MorioN. — THE
Pendulum?  Pgxpurum.— The Pendulum * consists of a

brass. In a combination where gun-metal rubs against stcel, the same
weight may be moved with a force of fifteen and a half pounds that it
would require twenty-two pounds to move when cast-iron moves against
steel.

* The pendulum wag invented by Galileo, a great astronomer of Florence,
in the beginning of the seventeenth century. Perceiving that the chan-
deliers suspended from the ceiling of a lofty church vibrated long and with
great uniformity, as they were moved by the wind or by any accidental
disturbance, he was led to inquire into the cause of their motion, and this
inquiry led to the invention of the pendulum. - From a like apparently
insignificant circumstance arose the great discovery of the principle of
gravitation. During the prevalence of the plague, in the year 1665, Sir _
1saac Newton retired into the country to avoid the contagion. Sitting in
his orchard, one day, he observed an apple fall frem a tree. Iis inquisitive
mind was immediately led to consider the cause which brought the apple
to the ground, and the result of his inquiry was the discovery of that grand
trinciple of gravitation which may be considered as the first and most im-
portant law of material nature. Thus, out of what had been before the
oyes of men, in one shape or another, from the creation of the war)d, did
hieae poilos)phers bring the wost important results.
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weight or ball suspended by a md and made to swing
backwards and forwards.

What th
B ro;"ae 876. The motions of a pendulum are called

P;"“'“Z”Z call- ity yibrations' or oscillations, and they are
ed, and how

are they caused by gravity.¥

caused ?

What is the The part of a circle through which it moves -
arc of a pend- A T .
. is called its are. B RaR s S

What differ- 877. The vibrations of: 'pendﬂ.m" o"equal

ence is there in

the time of the 1€Dgth are very nearly equal, " iether’ they

vibrations of  move through a greater or less part of their

pendulums of
equal length ? arcs.}

378. In Fig. 57 A B represents a pendulum, Fig. 57.
DFEC the arc in which it vibrates. If the A
pendulum be raised to E it will return to F, if it
be raised to C it will return to D, in nearly the » c
same length of time, because that, in proportion R s y
as the arc is more extended, the steeper will be i
its beginnings and endings, and, therefore, the more rapidly
will it fall. '

* When a pendulum i3 raised from a: perpendicular position, its weight
will cause it to fall, and, in the act of falling, it acquires a degree of motion
which impels it to a hclght beyond the perpendlcular almost as great as
that to which it was raised. Its motion being thus spent, gravity again
acts upon it to bring it to its original perpendicular position, and it again
acquires an impetus in falling which carries it nearly as high on the cppu-
site side. It thus continues to swing backwards and forwards, until the
resistance of the air wholly arrests its motion.

It will be understood that gravity affects every part of the length of the
pendulum. A ball or flattened weight is attached to the lower end of the
pendulum to concentrate the effects of gravity in a single point. .

In the construction of clocks, an apparatus connected with the weight or
the spring is made to act on the pendulum with such a force as to enable it
to overcome the resistance of the air, and keep up a continued motion.

t It has already been stated that a body takes the same time in rieing
und falling when projected upwards. Gravity brings the pendulum down,
and inertia causes it to continus its motion upwards.

1 The length of the arc in which a pendulum oscillates is called its
smplitude.
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On what does 379, The time occupied in the vibration of

the time Jf the g
S pendulum depends upon its length. The

e pendulum longer the pendulum, the slower are its vi-
depend ? brations. *

What is the .380. T%le lf{ngth of a pendulum which
length of @ vibrites sixty times in a minute (or, in other

ffg%’ji’;’;‘n’;“’ words, which vibrates seconds) is about thirty-

. every cecondt . hine inches. DBut in different parts of the
2o,V of tyme¥ G carth this length must be varied.
£33 0% Wk st b e, 3 :
SIS SR A Wiy A pendulum, to vibrate seconds at Fhe
seconds, a pendulum equator, must be shorter than one which

’ﬁ‘,}}‘; ;?;‘l‘c’:"[ or ¢ vibrates seconds at the poles.t

a

How is a clock  381. A clock is regulated by lengthening
regulated? o shortening the pendulum. By lengthening
the pendulum, the clock is made to go slower ; by shortening
it, it will go faster.f

* The weight of the ball at the end of a pendulum does not affect the
duration of its oscillations.

+ The equatorial diameter of the earth exceeds the ‘polar diameter by
about twenty-six miles ; consequently the poles must be nearer to the centre
of the earth’s attraction than the equator, and gravity must also operate
with greater force at the poles than at the equator. Hence, also, the length
of a pendulum, to vibrate in any given time, must vary with the latitude
of the place.

} The pendulum of a clock is made longer or shorter by means of a screw
veneath the weight or ball of the pendulum. The clock itself is nothing
more than a pendulum connected with wheel-work, so as te record the
number of vibrations, A weight is attached in-order to counteract the
retarding effect of friction and the resistance of the air. The wheels show
how many swings or beats of the pendulum bhave taken place in a given
time, because at every beat the tooth of a wheel is allowed to pass. Now,
if this wheel have sixty teeth, it will turn round once in sixty vibrations
of the pendulum, or in sixty seconds ; and a hand, fixed on the axis of the
wheel projecting through the dial-plate, will be the second-hand of the
elock. Other wheels are so connected with the first, and the number of
teeth in them is so proportiored, that the second wheel turns‘sixty times
slower than the first, and to this is attached the minute-hand ; and the™
third wheel, moving twelve times slower than the second, carries.the hour-
kaud. On account of the expansion of the pendulum by heat, and its con-
traction by cold, clocks will go slower in summer tban in winter, because
the pendulum is thereby lengthened at that season,
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In what pro- 382. The lengths of pendulums ‘are to
ggz@%’fq‘}” the  each other as the square of the time of their

pendulums?  vibration,

383. According to this law, a pendulum, to vibrate once in two
seconds, must be four times as long as one that vibrates once in one
second ; to vibrate once in three seconds, it must be nine times as
long ; to vibrate once in four seconds, it must be sixteen times as
long ; once in five seconds, twenty-five times as long, &c.

The seconds employed in the vibrations being

1,2,3,45,6,7,8,9,
the length of the pendulums would be as
1, 4,9, 16, 25, 36, 49, 64, 81.
A pendulum, therefore, to” vibrate once tn Jfive seconds, must be
over eighty feet in length. g

384. As the oscillations of a pendnlum are dependent upon gra-
vitation, the instrument becomes useful in ascertaining the force of
gravity at different distances from the centre of the earth.

385. It has already been stated that the centrifugal force at the
equator is greater than in those parts of the earth which are near
the poles. As the centrifugal force operates in opposition to that
of gravity, it follows that the pendulum must also be affected by
it; and this affords additional reason why a pendulum, to vibrate
seconds at the equator, must be shorter than one at the poles. It
has been estimated that, if the revolution of the earth around its
axis were seventeen times faster than it is, the centrifugal force at
the equator would be equal to the force of gravity, and, conge-
quently, neither could a pendulum vibrate, nor would bodies there
have any weight.

386. As every part of a pendulum-rod tends to vibrate in a dif-
ferent time, it is necessary that all pendulums should have a weight
attached to them, which, by its inertia, shall concentrate the attract-
ive force of gravity. :

887. Pendulums are subject to variation in warm and cold
weather, on account of the dilatation and contraction of the mate-
rials of which the rod is composed, by heat and cold. IFor this
reason, the same pendulum is always longer in summer than it is
in winter ; and a clock will, therefore, always be slower in summer
than in winter, unless some means are employed by which the
effects of heat and cold on the length of the pendulum can be coun-
teracted. This is sometimes effected in what is called the gridiron
pendulum, by combining bars or rods of steel and brass, and in the
mercurial pendulum, by enclosing a quantity of quicksilver in a
tube near the bottom of the pendulum,

388. In order to secure a continuous motion to the pendulum
(or, in other words, to keep a clock in motion), it is necessary that
the pendulum should hang in a proper position. A practised ear
can easily detect any error in this respect by the irregularity in the
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ticking, or (as it is called) by its being « out of beat.” To remedy
this fault, it is necessary either to incline the clock to the one side
or the other, until the tickings are synchronous; or, in other words,
are made at equal intervals of time. It can sometimes be done
without moving the clock, by slightly bending the upper appendage
of the pendulum in such a manner that the two teeth, or pro-
jections, shall properly articulate with the escapement-wheel. [ Sce
No. 303.] °

3R9. Table of the Lengths of Pendulums to vibrate Seconds in different latitudes

Inches. Inches
At the equator, 39. At the equator, 39,
Lat. 10° North, 39.01 Lat. 10° South,  39.02
20 o« 39.04 20 s 39.04
30 o« 39.07 30 o« 39.07
40 ¢« 39.10 40 ¢« 39.10
50 « 39.13 50 ¢ 39.13
60 <« 39.16 (0 = o

390. The observations have been extended but little further, north
or south of the equator. Different observers have arrived at different
results ; probably on account of their different positions in relation
to the level of the sea in which the observations were made. In
such a work as this, a table of this kind, without pretending to ex-
treme accuracy, is useful, as show’ng that theory has been con-
firmed by observation.

391. The moving power of a clock is a weight, which, being wound
up, makes a constant effort to descend, and is prevented by a small
appendage -of the pendulum, furnished with two teeth, or projec-
tions, which the vibrations of the pendulum cause alternately to
fall between the teeth of a wheel called the escapement-wheel.
The escapement-wheel is thus permitted to turn slowly, one tooth
at a time, as the pendulum vibrates. If the pendulum with its
appendage be removed from the clock, the weight will descend very
rapidly, causing all the wheels to revolve with great velocity, and
the clock becomes useless as a time-piece.

392. The moving power of a watch * is a spring, called the main-
spring, which being tightly wound around a central pin, or axis, its
clasticity makes a constant effort to loosen. This power is commu-
" nicated to a balance-wheel, acted upon by a liair-spring, and having
an escapement similar to that of the slock. If the hair-spring, with
the escapement, be removed, the main-spring, being unrestrained,

« A watch differs from a clock in having a vibrating wheel, instead of &
pendulum. This wheel is moved by a spring, called the hair-spring. The
place of the weight is supplied by another larger spring, called the main-

spring.
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wll canse the wheels to revolve with great rapidity,ana the was :h,
also, becomes useless as a time-piece.*

Whatisa Bat-  393. Tur Barrerive Ray.— The Batterw:g
fering Ram?  Rum was a military engine of great power, used
10 beat down the walls of besieged places. ‘

Explain 394, Its construction, and the principle on whieh it
Fig.58. was worked, may be understood by inspection of 7ig.
68, in which A B represents a large beam, heavily loaded ith

Fig. 58.
D N B
f ~
¢

il = 2 F

a nead of iron, A, resembling the head of a ram, from which 1t
takes its' name. The beam is accurately balanced, and sus
pended by a rope or chain C, hanging from another beam, sup-
ported by the frame D E F G. At the extreme end B, ropes
or chains were attached, by which it could be drawn upwards
through the arc of a circle, like a pendulum. The frame was
cometimes mounted on wheels.

395. Battering rams were frequently from fifty to a bundred
feet in length, and, moving with a force compounded of their
weight and velocity, were almost irresistible.t

* As aregulator of motion, the pendulum of the clock is to be lengthened
or shortened, and the hair-spring of a watch is to be tightened or loosered.
This is to be done in the foriner case-in the manner already explained in the
text ; in the latter, by turning what is called the regulator, which tightens
or loosens the hair-spring.

t The ram used by Demetrius Poliorcetes at the siege of Rhodes was



106 NATURAL PHILOSOPHY.

396,  The force of a hattering ram is estimated by its momentum
that is its weight multiplied by its velocity.

397.  Questions for Solwtion.

'(1.) Suppose a battering ram weighing 5760 lbs., with a velocity of 11
feet in a second, could penctrate a wall, with what velocity must a can-
non-ball weighing 24 1bs. move to do the same execution ?

5760 X 11 == 63360 = 24 — 2640 feet, or one half of a mile in a second
(2.) If a battering ram have a momentum of 58,000 and a velocity of 8.

what is its weight ? E Ans, 7250
(3.) If a ram have a weight of 90,000 and a momentum 81,000, what is
its velocity ? Ans. .9
(4.) What is the weight of « ram with a velocity of 12 and & momentum
60,000 : Ans. 5000.
(5.) Will & cannon-ball of 9 1bs, and a velocity of 3,000, or a ram with a weight of
15,000 and a velocity of 2, move with the greater force? . Ans. The ram.,

What is the  398. Txs GoVERNOR.— The Governor is an
Governor? . . 5 5 N
ingenious piece of mechanism, constructed on

the principle of the centrifugal force, by means of which
the supply of power in machinery is regulated.*

Ezxplain 399. Fig. 59 represents a governor. A B and
Fig.59. 4 (0 are two levers, or arms, loaded with heavy

one hundred and six feet long. At the siege of Jerusalem Vespasian em-
ployed a ram fifty feet long, armed with an iron butt, with twenty-five pro-
jecting points, two feet apart, each as thiok as the body of a man. The
oounter weight at the hindmost end amounted to 1075 cwt., and 1500 men
were required to work the machine.

* This very useful appendage to machinery, though long used in mills
and other mechanical arrangements, owes its happy adaptation to the steam
engine to the ingenuity of Mr. James Watt.

In manufactures, there is one certain and determinate velocity with
which the machinery should be moved, and which, if increased or dimin-
ished, would render the machine unfit to perform the work it is designed to
execute. Now, it frequently happens thai the resistance is increased or
diminished by some of the machines which are worked being stopped, or
others put on. Tho moving power, having this alteration in the resistance,
would impart a greater or less velocity to the machinery, were it not for
the regulating power of the governor, which increases or diminishes the
supply of water or of steam, which is the moving power.

But, besides the alteration in the resistance just noticed, there is, also,
frequently, greatwr changes in the power. The heat by whieh steam is
generated cannot always be perfectly regulated. At times it may afford an
excess, and at other times too little expansive power to the steam. Water,
also, is subject to ¢hange of level, and to consequent alteration as a moving
power. ‘The wind, too, which impels the sails of a wind-mill, is subject to
great inorease and diminution To remedy all these inzonveniences is the
duty assigned tv the governor.
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balls at their extremities B and C, and
suspended by a joint at A upon the ex-
tremity of a revolving shaft A D. A
a is a collar, or sliding box, connected
with tae levers by the rods & @ and ¢ a;
with joints at their extremities. When
the shaft A D revolves rapidly, the cen:
trifugal force of the balls B and C will
cause them to diverge-in their attempt to
fly off, and thus raise the collara, by means
of the rods 4 ¢ and ca. On the con-
trary, when the shaft A D revolves slowly, the weights B and
C will fall by their own weight, and the rods 4 a and ¢ « will
cause~the collar @ to descend. The steam-valve in a steam-
engine, or the sluice-gate of a water-wheel, being connected
with the collar a, the supply of steam or water, which puts the
works in motion, is thus regulated.

W?h e 400'. The Main-spring of a watch consists of a
Main-spring  long ribbon of steel, closely coiled, and contained
¢ awatch? 5 3 round box. It is employed instead of a
weight, to keep up the motion.

401. As the spring, when closely coiled, exerts a stronger torce
than when it is partly loosened, in order to correct this inequality
the chain through which it acts is wound upon an axis surrounded
by a spiral groove (called a fusee), gradually increaging in diameter
from the top to the bottom ; 8o that, in proportion as the strength
of the spring is diminished, it may act on a larger lever, or a larger
wheel and axle.

Explain 402. Tig. 60 represents a spring coiled in a round box

Fig. 60. AB is the fusee, Fig- 60.

surrounded by a spiral groove,

on which the chain Cis wound.

When the wateh is recently

wound, the spring is in the

greatest state of tension, ana

will, therefore, turn the fusee
5




108 NATURAL PHILOSOPHY.

by the smallest groove, on the principle of the wheel and
axle. As the spring loses its force by being partly un-
wound, it acts upon the larger circles of the fusee; and
the want of strength in the spring is compensated by the
mechanical aid of a larger wheel and axle in the larger
grooves. By this means the spring is made at all times to
exert an equal power upon the fusee. The motion is com-
municated from the fusee by a cogged wheel, which turns
with the fusee.

Of what does  403. HyprosraTIos.*—Hydrostatics treats

Hydrostatics q 3
m?at ? of the nature, gravity and pressure of fluids.

What is the dif- 404, Hydrostatics is generally confined to
Jerence between 41,4 oonsideration of fluids at rest, and Hy-

Hydraulics and

Hydrostatics?  draulics to fluids in motion. ) '
What is a 405. A Fluid is a substance which yields
Flusa? to the slightest pressure, and the particles -of

which, having but a slight degree of cohesion, move easily
among themselves.t

* The susjects of Hydraulics and Hydrostatics are sometimes descrioea
under the general name of Hydrodynamics. The three terms are from the
Greek language, compounded of vdwp (kildor), signifying water, and dvraueg
(dunamis), force or power ; otatixog (staticos), standing, and wviog (aulos), «
tube or pipe. Heunce Hydrodynamics would imply, the science which treats
of the properties and relations of water and other fluids, whether in a state
of motion or rest ; while the term Hydrostatics would be confined to the
consideration of fluids in a state of rest, and Hydraulies to fluids in motion
through ¢ubes or channels, natural or-artificial.

+ There is this remarkable differemrce between bodies in a fluid and
bodies in a solid form, namely, that every particle of a fluid is perfectly
independent of every other particle. They do.not cohere in masses, like
the particles of a solid, nor do they repel one another, as is the case with the

articles composing a gas. They can move among one another with ths
East degree of friction, and, when they press down upon one another ir
virtue of their own weight, the downward pressure is communicated in ali
directions, causing a pressure upwards, sideways, and in every possible
manner. Herein the particles of a fluid differ from the particles of a solid.
even when reduced to the most impalpable powder; and this it is whick con
stitutes fluidity, namely, the lgwwer of transmatting pressure in every direction,
and that, too, with the least degree of friction. 'L'he particlés which compose
a fluid must be very much smaller than the finest grein of ap impalyable
pow ler.
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How does @ 406. A liquid differs from a gas in its de-
?ggf;f j‘%’w gree f’f compressibil‘ity and clastieity. 'Gases
vapor ? are highly compressible and elastic. Liquids,

on the contrary, have but a slight degree either of com-
pressibility or of elasticity.*

407. Another difference between a liquid and a gas arises from
the propensity which gases have to expand whenever all external
pressure is removed. Thus, whenever a portion of air or gas is
removed from a closed vessel, the remaining portion will expand,
and, in a rarer state, will fill the whole vessel. Liquids, on the
contrary, will not expand without a change of temperature. Liquids
also have a slight degree of cofesion, in virtue of which the particles
will form themselves into drops ; but the particles of gases seem to
possess the opposite quality of repulsion, which causes them to ex-
pand without Iimit, unless confined within the bounds of some ves-
sel, or restricted within a certain bulk by external pressure.

408. The fluid form of bodies seems to be in great measure, if
not wholly, attributed to heat. This subtle agent insinuates itself
between the particles of bodies, and forces them asunder. Thus,
for instance, water divested of its heat becomes ice, which is a
solid. In the form of water it is a liquid, having but in a very
slight degree the properties either of compressibility or elasticity.
An additional supply of heat converts it into steam, endowed with
a very great degree both of elasticity and compressibility. But, so
soon as steam loses its heat, it 1s again converted nto-water.
Again, the metals become liquid when raised to certain tempera-
tures, and it is known that many, and supposed that all, of them
would be volatilized if the required supply of heat were applied.

* The celebrated experiment made at Florence, many years ago, to test
the compressibility of water, led to the conclusion that water is wholly
incompressible. Later experiments have proved that it may be com
pressed, and that it also has a slight degree of elasticity. In a voyage to
the West Indies, in the year 1839, an experiment was made, at vne sugges-
tion of the author, with a bottle filled with fresh water from the tanks on
the deck of the Sea Eagle. It was hermetically sealed, and let down to the
depth of about seven hundred feet. On drawing it up, the bottlo was still
full, but the water was brackish, proving that the pressure at that great
depth had forced a portion of the deep salt water into the bottle, previously
compressing the water in the bottle to make room for it. As it rose to the
surface, its elasticity restored it to its normal state of density.

At great depths in the sea the pressure of the superincumbent mass
increases the density by compression, and it has been calculated that, at »
depth of about ninety miles, water would be compressed into one-half of its
volume, and at a depth of 360 miles its density would be nearly equal to
that of mercury. Under a pressure of 15,000 lbs. to a square inch, Mr.
Perkins, of Newburyport, subsequently of London, has sh:wn that water is
reduced in bulk gne part in twenty-four.
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The science of Geology furnishes sufficient reasons tfor believing
that all known substances were once not only in the liquid form,
but also previously existed in the form of gas.*

How do fluids 409. Gravirarion oF Fryips. — Fluids gravi-
gravitate!  tate in a more perfect manner than solids, or
sccount of their want of cohesive attraction. 'The particles of a
solid body cohere so strongly that, when the centre of gravity
is supported, the whole mass will be supported. But every
particle of a fluid gravitates independently of every other par-
ticle.
Why dawnot 410. On account of jche independenf: gravita-
fluids be tion and want of cohesion of the particles of a
moulded into  flyid, they cannot be formed into figures, nor pre-
figures? . ! :
served in heaps. Every particle makes an effort
to descend, and to preserve what is called the level or equi-
librium,

What is the 411. The level or equilibrium of fluids is
ST o/ ‘the tendency of the particles so to arrange
vl themselves that every part of the surface
shall be equally distant from the centre of the earth; that
is, from the point towards which gravity tends.

What is the 412. Hence the surface of all fluids, when in a

Ci:ﬁ;f otfhzll state of rest,. partakes the spherical form of the

fluads ? earth.

413. For the same reason, a fluid immediately conforms itself to
Jhe shape of the vessel in which it is contained. The particles of a
solid body being united by cohesive attraction, if any one of them
be supported it will uphold those also with which it is united.
But, when any particle of a fluid is unsupported, it is attracted
down to the level of the surface of the fluid; and the readiness with
which fluids yield to the slightest pressure will enable the particle,
7y its own weight, to penetrate the surface of the fluid, and mix

with it.

* The gcience of Chemistry unfolds the fact that all the great changes in the
constitution of bodies are accompanied by the exhibition of heat either in a free
or latent condition.
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What is Ca- 414. UAPILLARY ATTRACTION.— Capillary
pillary Attrac- Attraction is that attraction which causes
fion ? . . . ?

Viat are Co- fluids to ascend above their level in capillary

pillary Tubes? tubes. Capillary * tubes are tubes with very
fine bore. :

415. This kind of a#traction exhibits itself not only in tubes. but
also between surfaces which are very near together. This may be
beautifully illustrated by the following experiment. Take twe
pieces of flat glass, and, having previously wet them, separate their
edges on one side by a thin strip of wood, card or other material ;
tie them together, and partly immerse them perpendicularly in
colored water. Tlie water will then rise the highest on that side
vhere the edges of the glass meet, forming-a beautiful curve down-
wards towards the edges which are separated by the card.

416. Immerse a number of tubes with fine bores in a glass of
colored water, and the water will rise above its equilibrium in all,
but highest in the tube with the finest bore.

417. The cause of this seems to be nothing more than the ordi-
nary attraction of the particles of matter for each other. The sides
of a small oifice are so near to each other as to attract the particles
of the fluid on their opposite sides, and, as all attraetion is strongest
in the direction of the greatest quantity of matter, the water is
raised upwards, or in the direction of the length of the tube. On
the outside of the tube, the opposite surfaces cannot act on the
same column of water, and, therefore, the influence of attraction is
here imperceptible in rajsing the fluid. 4

418, All porous substances, such as sponge, bread, linen, sugar,
&c., may be considered as collections o: capillary tubes; and, for
this reason, water and other liquids will rise in them when they are
partly immersed.

419. It is on the same principle that the wick of a lamp will
carry up the oil %0 supply the flame, although the flame is several
inches above the level of the oil.} If the end of a towel happen to

* The word capillary is derived from the Latin word capilla (hair), and it
ts applied to this kind of attracticn because it is exhibited most prominently
In tubes the borer of which are as fine as a hair, and hence called capillary
tabes. ‘

t The reason why well-filled lamps will sometimes fail to give light is,
that the wick is too large for its tube, and, being thus compressed, the
sapillary attraction is impeded by the compression. The remedy is te
reduce the size of the wick. Another cause, also, that prevents a clear
light, is that the flame is too far from the surface of the oil. As capillary -
attraction acts only at short distances, the surface of the oil should always
te within a short distance of the flame. But another reason, which requires
partioular attention, is, that all kinds of oil usually employed for lamps
econtain & glutinous matter, of which no treatment can wholly divest. them.
This matter fills the pores or cupillary tubes of the wick, and preveuts the
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be left in a hasin of water, it will empty the basin of its contents
On the same principle, when a dry wedge of wood is diiven inte
the crevice of a rock, as the rain falls upon it, it will absorb the
water, swell, and sometimes split the rock. In this manner mill-
stone quarries are worked in Germany. :

420. Exposmose axp Exosmose.—In addition to the capillary
attraction just noticed as peculiar to fluids, another may be men-
tioned, as yet but imperfectly understood, which seems to be due
partly to capillary and partiy to chemical attraction, known wnder
the names endosmose and exosmose.* These phenomena are wani-
fested in the transmission of thin fluids, vapor and gaseous matter,
through membranes and porous substances. The ascent of the sap
in vegetable, and the absorption of nutritive matter by the organs
of animal life, are to be ascribed to these causes.

421, When two liquids of different densities are separated by a
membranous substance or by porcelain unglazed, endosmose will
carry a current inwards, and exosmose will force one outwards, thus
causing a partial mixture of the fluids.

. 422. Eazperiment. —Take a glass tube, and, tying a piece of bladder oy
clean leather over one end for a bottom, put some sugar into it, and having
poured a little water on the sugar, let it stand a few hours in a tumbler. of
water. It will then be found that the water has risen in the tube through
the membranous substance. This is due to endosmose. If allowed to stand
several days, the liquid will rise several feet.

If the experiment be reversed, and pure water be put into the tube, and
the moistened sugar into the tumbler, the tube will be emptied by exosmose.

423. The liquid that has the less density will generally pass to the
denser liquid and dilute it.

What peculi- 424. GraviTaTiON OF FLUIDS OF DIFFERENT

arity is there  Dexnsrries. — When solid bodies are placed one
;sz:: gﬁ;’; o abo've another, they will remain in tlfe position_ in
of different  which they are placed so long as their respective
densities ! centres of gravity are supported, without regard

to their specific gravity. With fluids the case is different.

ascent of the oil to feed the flame. For this reason, the wicks of lamps
should be often renewed. A wick that has been long standing in a lamp
will rarely afford a clear and bright light. Another thing to be noticed by
those who wish the lamp to perform its duty in the best possible manner
is, that the wick be not of such size as, by its length, as well as its thickness,
to fill the cup, and thereby leave no room for the oil. It must also be
remembered that, although the wick when first adjusted may be of the
proper size, the glutinous matter of the oil, filling its capillary tubes, causes
‘the wick to swell, and thereby become too large for the tube, producing the
rame difficulty as has already been noticed in cases where the wick is too
large to allow the free operation of capillary attraction.

* Endosmose, from evdoy, within, and wouvg, impulsion  Exosmose, from
ef, outwar d, and wopog, impulsion
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fluids of different specific gravity will arrange themselves ir
the order of their density, each preserving its own equilibrium.

425. Thus, if a quantity of mercury, water, oil and air, be put
into the same vessel, they will arrange themeselves in the order of
their specific gravity. The mercury will sink to the bottom, the
water will stand above the mercury, the oil above the water, ana
the air above the oil ; and the surface of each fluid will partake of
the spherica) form of the earth, to which they all respectively
gravitate.

What isa Spiric ~ 426. A Water or Spirit Level is an in-
Level, or  Water strument constructed on the principle of the
Jevel? e : E

equilibrium of fluids.. Tt consists of a glass
tube, partly filled with water, and closed at both ends.
When the tube is not perfectly horizontal,— that is, if one
end of the tube be lower than the other,— the water will
run to the lower end. By this means the level of any line

to which the instrument is applied may be ascertained.

427. Fig. 61 represents a Water Level. A B is a

gg’lgzl" glafs tube pa:rtly ﬁllled with.water. &k
C is a bubbie of air occupying the s
space mnot filled by the water. When both =k

ends of the tube are on a level, the air-bubble

will remain in the centre of the tube; but, if either end of the
tube be depressed, the water will descend and the air-bubble
will rise. The glass tube, when used, is generally set in a wocden
or a brass box. It is an instrument much used by carpenter:
masons, surveyors, &c.

-[N.B. The tube is generally filled with spirit, instead of water, o
account of the danger that the water will freeze and burst the glass. Hence
the instrument is called indifferently the Spirit Level or the Water Level. ]
Why do falling 428. Errecr or THE PECULI.AB. GI'{AVITATION
Auids do less OF Fruips.— Solid bodies gravitate in masses,
damage than their parts being so connected as to form a
JaReds Malsda ] whole, and their weight may be regarded as
concentrated in a point, called the centre of gravity ; while each
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particle of a fluid may be considered as a separate mass, gravi-
tating independently.

It is for this reason that a body of water, in falling, does less
injury than a solid body of the same weight. But if the water be
converted into ice, the parficles losing their fluid form, and being
united by cohesive attraction, gravitate unitedly in one mass.

In what direc- 429. PRESSURE OF FLuips.—Fluids not
%g‘(’}gl%ﬁmt only press downwards like solids, but also
of their weight? upwards, sidewise,* and in every direction.
(See Appendix, par. 1418.)
430. 3o long as the equality of pressure is undisturbed, every
article will remain at resv. If the fluid be disturbed by agitating
it, the equality of pressuze will be disturbed, and the fluid will not
rest until the equilibrium i3 restored.
How are the 431 The d.ownward pressure of fluids is
downward, lat- shown by making an aperture in the bottom of
eral and up- 4 yesse] of water. Kvery particle of the fluid
ward  pressure g
of fluids shown? above the aperture will run downwards through
the opening,.
432, The lateral pressure is shown by making the aperture
at the side of the vessel. The fluid will then escape through
the aperture at the side. gl

433. The upward pressure is shown by taking a glass tube,
“open at both ends, inserting a cork in one end (or stopping it
with the finger), and immersing the other in the water. The
water will not rise in the tube. DBut the moment the cork is
taken out (or the finger removed), the fluid will rise in the tube
to a level with the surrounding water.

Fig. 62. * If the particles of fluids were arranged in

Fig. 63. regular columns, as in Fig. 62, there would be
00 lateral pressure ; for when one particle is per-
& pendicularly above the other, it can press only
dowmwards. But, if the particles be arranged as

in Fig. 63, where a particle presses between twe
particles beneath, these last must suffer a lateral pressure. In whatever
manner the particles are arranged, if they be globular, as is supposed, there
mast be spanes between them  [See Fig. 1, page 22.]
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What is the 434. The pressure of a flnid is in propor-
law of fluid  tion to the perpendicular distance from the
v surface; that is, the deeper the fluid, the
greater will be the pressure. This pressure is exerted in
cevery divection, so that all the parts at the same depth
press each other with equal force. (See par. 1423.)

435. A bladder, filled with air, being immersed in water, will
Ye contracted in size, on account of the pressure of the water in all
lirections ; and the doeper it is immersed, the more will it be con-
wacted.*

436. An empty hottle, being corked, and, by means of a weight,
et down to a certsin depth in the sea, will either be broken by the
pressure, or tho cork will be driven into it, and the bottle be filled
with weter. “This will take place even if the cork be secured with
wire and resled. But a bottle filled with water, or any other liquid,
may be fet down to any depth without damage, because, in this
cage, the internal pressure is equal to the external.}

* The weight of a cubic inch of water at the temperature of 620 of Fah-
ronheit’s thermometer is 36066 millionths of a pound avoirdupois. The
preasure of a column of water of the height of one foot will therefore be
twelve times this quantity, or .4328 (making allowance for the repeating
decimal), and the pressure upon a square foot by a column one foot high
will be found by multiplying this last quantity by 144, the number of
square inches in a square foot, and is therefore 62.3332

Hence, at the depth of

Ibs. Ibs,
1 foot the pressure on a square inch is .4328, on a square foot, 62.3252
Zcfeep-um ittt tit e N s N -8656, € & 124.6464
BB R = T AR A B - o oo e 1.2084, < o€ s 8619666
L R O e R s TSR 1.7312, « o e 249.2928
D L AT AN S o s PR e 2.1640, « CURRN LB 1 W ) )
A o [t R O Y R s « . 2.5968, c¢ ¢« 373.9392
TR ShR T o S 5 e o Fetmd . . 3.0206, © s« 436.2624
O e L o . o o e DA R o SRR e ¢ ¢ 408.5856
BT T £ R B AR offloy o ates 5 (1OB9D2 N €« ¢ 560.9088
OB e ke o) % ot ol o e oo 328050 €« 623.2320
e T SRET AL, otds] Sttt s ¥ e . 43.2800, ¢« ¢« ¢« §232.3200

. Fiom this table, the pressure on awy -u.face at any depth may easily be
found.

It will thus be seen that there is a sertain limit beyond which divers
cannot plunge with impunity, nor fishes of any kind live. Wood that has
been sunk to great depths in the sea will have its pores so filted with
water, and its specific gravity so increased, that it will no longer float.

t ¢ Eaxperiments at Sea — We are indebted to a friend, who has just arrived
from Europe, says the Baltimore Gazette, for the fol'owing experiments
made on bhoard the Charlemagne :

< 26th of September, 1836, the weather being calm, I corked an empty

5*
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437.  Questions for Nolution.

(1.) What pressure is sustained by the body of a fih having a surface of

Y square feet at the depth of 150 feet ? Ans, 84136.32 b,
(2.) What is the pressure on a equare yard of the banks of a canal, at the
lepth of four feet ? L Ans, 9248.6552 Ib.

(3.) What pressure is exerted on the body of a man, at the depth of
30 feet, supposing the surface of his body to be 2} sg. yd.? Ans, 42065.16 2.
(4.) Suppose a whale to be at the depth of 200 feet, and that his body
presents a surface of 150 yards. What is the pressure?  Ans. 16527264 b,
(5.) How deep may a glass vessel containing 18 inches of square surfase
be sunk without being broken, supposing it capable of resisting an equal
pressure of 1500 lbs.? Ans. 19254 /1 +
(6.) What is the pressure sustained on the sides of a cubical water-tight
hox at the depth of 150 feet below the surface, supposing the box to rest on
*he bed of the sea, and each side to be 8 fect square? Ans. 299151.86 Ib.
(7.) Mow deep can a glass vessel be sunk without breaking, srjposing
that it be capable of resisting a pressure of 200 pounds on a square inch ?
Ans, 4621 ft.

438. The lateral pressure of a fluid proceeds

What causesthe  gntirely from the pressure downwards, or, in

lateral pressure c -

of Auids other words. from the weight of the hqu.ui

above ; consequently, the lower an orifice is

made in a vessel containing water or any other liquid, the

greater will be the force and velocity with which the liquid will
rush out.

wine-bottle, and tied a piece of linen over the cork ; 1 then sank it intc
the sea 8ix hundred feet ; when drawn immediately up ‘again, the cork wai
inside, the linen re¢mained as it was plaeced, and the bottle was filled with
water. .

¢ I next made a noose of strong twine around the bottom of the cork,
which I forced into the empty bottle, lashed the twine securely to the neck
vt the bottle, and sank the bottle six hundred feet. Upon drawing it up
immediately, the cork was found inside, having forced its way by the twine,
and in 8o doing had broken itself in two pieces ; the bottle was filled with
water. !

I then made a stopper of white pine, long enough to reach to the bot.
tomn of the bottle; after forcing this stopper into the bottle, I cut it off about
baulf an inch above the top of the bottle, and drove two wedges, of the same
wood, into the stopper. I sank it six hundred feet, and upon drawing it
up immediately the stopper remained as I placed it, and there was about
a gill of water in the bottle, which remained unbroken. The water must
have forced its way through the pores of the wooden stopper, although
wedged as aforesaid ; and had the bottle remained sunk long enough, theve
is no doubt that it would have been filled with water.” [See also note on
page 109.]

It is the opinion of some philosophers that the pressure at very great
dapths of the sea is so great that the water is condensed into a solid state;
and that at or near the centre of the earth, if the fluid could extend so
deeply, this pressure would convert the whole into & solid mass of fire.
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: 439 Ifig. 64 represcnts a vessel of water, with ori.
t«::?/gtf fices at the side at different dis- .
©°"" tances from the surface. The agbialn
different curves in the figure, described by i
the liquid in running out of the vessel, show
the action of gravity, and the effects pro-
duced by the force of the pressure on the
liquid at different depths. At A the press-
ure is the least, because there is less weight of fluid above.
At B and C the fluid is driven outwards by the weight of that
portion above, and the force will be strongest at C.

What effect has 440. As the lateral pressure arises solely
the length and  from the downward pressure, it is not affected
the width of a g A

body of fuid by the width nor the length of the vessel in
upon its lateral which it is contained, but merely by its depth;
e il for, as every particle acts independently of the
rest, it is only the column of particles above the orifice that can

weigh upon and press out the water.

To what 15 the . 441. The lateral pressure on one side of a
lateral pressure  gybical vessel will be equal only to half of the
i pressure downwards; for every particle at the
bottom of a vessel is pressed upon by a column of the whole depth
of the fluid, while the lateral pressure diminishes from the bottom
upwards to the surface, where the particles have no pressure.

What causes the 442, The upward pressure of fluids, althougt
upward pressure  gpparently in opposition to the prineiples of
& s gravity, is but a necessary consequence of the
operation of that principle; or, in other words, the pressure
upwards, as well as the pressure downwards, is caused by gravity.

: 443. When water is poured into a vessel with a
f‘g.lggt spout (like a tea-pot, for inst:fnce), the water rises in
the spout to a level with that in the body of the ves.-

sel. The particles of water at the bottom of the vessel are
pressed upon by the particles above them, and to this pressure
they will yield, if there is any mode of making way for the
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particles above them. As they cannot descend
through the bottom of the vessel, they will
change their direction and rise in the spout.
i'ig. 65 represents a tea-pot, and the columns
of balls represent the particles of water magni-
tied. From an inspection of the figure, it appears that the par-
ticle numbered 1, at the bottom, will be pressed laterally by the
particle numbered 2, and by this pressure forced into the spout,
where, meeting with the particle 3, it presses it upwards, ana
this pressure will be continued from 3 to 4, from 4 to 5, and so
on, till the water in the spout has risen to a level with that in
the body of the vessel. If water be poured into the spout, the
water will rise in the same manner in the body of the vessel,
from which it appears that the force of pressure
Sfepﬁ%h;fzz depends entirely on the height, and not on the
sure, length or breadth, of the column of fluid. [See
No. 434.]

_ 444. Any quantity of fluid, however small,
;vz‘;’}i@:f;zi may be made to balance any other quantity
Paradoz?  however large. This is what is called the Hy-

drostatic Paradox.*

Faplain 445. The principle of what is called the hydro-
Fig. 66. gstatic paradox is illustrated by the hydrostatic bellows
represented in Fig. 66 A B is a long tube, one inck square
C-D EF are the bellows, consisting of two boards, eight inches
square, comnected by broad pieces of leather, or india-rubber
cloth in the manner of a pair of common bellows. One pound

* A paradox is something which is seemingly absurd, but true in fact. Buj
in what is called the Hydrostatic Paradox there is in reality no paradox at
all. It is true that a small quantity of fluid will balance any quantity,
kowever large, but it is on the same principle as that with which the longer
arm of the lever acts. In order to raise the larger quantity of fluid, the
smaller quantity must be elevated to a height in proportion as the bulk of
the larger quantity exceeds the smaller. Thus, to raise 500 Ibs of water
by the descending force of one pound, tho latter must descend 500 inches
while the former is rising one inch ; and hence, what is called the hydro-
rtatic paradox is in strict conformity with the fundamental principle of Me-
shanics, that what is gained in power is lost in time, or in space
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of water puur.d iiio the tube will raise sixty- Big. 66
four pounds on the bellows. If a smaller “f
tube be used, the same quantity of water will
£l it higher, and, consequently, wiil raise a
greater weight ; but, if a larger tube be used,
it will, of course, not fill it so high, and, con- |
sequently, will not raise so great a weight,
because it is the keight, not the quantity,which
causes the pressure.

The hydrostatic bellows may be constructed
in a variety of forms, the simplest of which
consists, as in the figure, of two boards connected together by
broad pieces of leather, or india-rubber cloth, in such a manner
as to allow the upper board to rise and fall like the common
bellows. A perpendicular tube is so adjusted to this apparatus
that water poured into the tube, passing between the boards,
will separate them by its upward pressure, even although the
upper board is loaded with a considerable weight.

[N.B. A small quantity of water may be poured into the bellows to separate
the surfaces before they are loaded with the weight.]

How is the force 446. The force of pressure exerted on
g{f;ﬁ;ﬁg};‘% the bellows by the water poured into the
bellows estimated ? tube is estimated by the comparative size
of the tube and the bellows. Thus, if the tube be one inch
square, and the top of the bellows twelve inches, thus con-
taining 144 square inches, a pound of water poured into
the tube will exert a pressure of 144 pounds on the bellows.
Now it will be clearly perceived that this pressure 1s caused
by the height of the column of water in the tube. A pound,
or a pint, of water will fill the tube 144 times as high as the
same quantity would fill the bellows. To raise a weight of
144 pounds on the bellows to the height of one inch, it will
be necessary to pour into the tube as much water as would
What funda- fill the tube were it 144 inches long. It will
mentas law of  thus be perceived that the fundamental prin-
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Mechanses ciple of the laws of motion 18 here also in full
;;%%gtgff: 0 force—namely, that what is gained in power
pressure? 18 lost either tn time or tn space; for while

the water in the bellows is rising to the height of one inch,
that in the tube passes over 144 inches.
Faplain 447. Another form of apparatus, by means of
Fig. 67. which it can be proved that fluids press in proportion
to their perpendicular height, and not their quantity, is seen in
Fig. 67. This apparatus unites simplicity with convenience.
Instead of two boards, connected with leather, an india-rubber
bag is placed between two boards, connected by crossed bars
with a board below, loaded with weights, and the upper boards
are made to rise or fall as the water runs into or out of the
bag. It is an apparatus easily repaired, and the bag may also
be used for gas, or for experiments in Pneumatics

A and B are two vessels of unequal size, but of the same
length. These may suc-
cessively be screwed to
the apparatus, and filled
with water. Weights
may then be added to
the suspended scale until
the pressure is counter-
Lalanced. It will then
be perceived that, al-
though A is ten times
larger than B, the water
will' stand at the same
height in both, decause
they are of the same
leagth. If C be used
mstead of A or B, the
apparatus may be used as the hydrostatic bellows.

If a cask be filled with water and a long pipe be fitted to
it, water poured into the pipe will exert so great hydro-
static pressure as to burst the cork. -

-

Fig. 67.
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418. HYDROSTATIC PRESSURE USED AS A
In what man-
ner may hy- MECHANICAL PowER. — If water be confined
drostatic pres- 1
in any vessel, and a pressure to any amount

sure he em- X
ployed asa  be exerted on a square inch of that water, a
%f;i‘;";wl pressure to an equal amount will be trans-

mitted to every square inch of the surface of
the vessel in which the water is confined. 5

449, This property of fluids seems to invest us with a power ot
increasing the intensity of a pressure exerted by a comparatively
small force, without any other limit than that of the strength of
the materials of which the engine itself is constructed. It also
enables us with great -facility to transmit the motion and force of
one machine to another, in cases where local circumstances pre-
clude the possibility of instituting any ordinary mechanical con-
nexion between the two machines. Thus, merely by means of
water-pipes, very great pressures may be transmitted to any dis-
tance, and over inequalities of ground, or through any other ob-
structions. (See par. 1423.)

On what prin- 450 Tt is on the principle of hydrostatic press-
ciple is Bra-  ure that Bramah’s hydrostatic press, represented
'zg?i;sp’:'yef:a- in Fig. 68, is constructed. The main features of
constructed?  this apparatus are as follows : @ is a narrow, and
Explain Fig. A a large metallic cylinder, having communi-
i cation one with the other. Water stands in both
the cylinders. The ‘ -

piston® S carries a
strong head P, which
works in a frame op-
posite to a similar
plate R. DBetween
the two plates tac
substance W to be
compressed is placed.
In the narrow tube,
z is a piston p,
worked by a lever
c¢hd, its short arm

Fig. 68.
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+4 driving the piston, while the power is applied at d. The
pressure exerted by the small piston p on the water at a is
transmitted with equal force throughout the entire mass of the
fluid, while the surface at A presses up the piston S with a
force proportioned to its area. for instance, if the cylinder ,
of the force-pump has an area of half an inch, while the greaf
cylinder has an area of 200 inches, then the pressure of the
water in the latter on the piston S will be equal to 400 times
that on p

Next, suppose the arms of the lever to be to each other as
1 to 50, and that at d, the extremity of the longer arm, a man
works with a force of 50 pounds, the piston p will consequently
descend on the water with a force of 2500 pounds. Deducting
one-fourth for the loss of power caused by the different impedi-
ments to motion, and one man would still be able to exert a
force of threc-quarters of 2 million of pounds by means of this
machine. This press is used in pressing paper, cloth, hay, gun-
powder, &e.; also in uprooting trees, testing the strength of
ropes, &e.  (See pars. 1425, 1426.)
When will one
fluid float on 451. A fluid specifically lighter than: another

zi;fo-t‘;b‘:{jgsl‘lf fluid will float upon its surface.*

[N. B. This is but another way of stating the law mentioned in Nus 409
and 410.]

452. If an open bottle, filled with any fluid specifically lighter
than water, be sunk in water, the lighter fluid will rise from the
oottle, and its place will be supplied with the heavier water.

When will @ 453. Any substaxlxce thos.e specific gravity is
body rise, sink greater than any fluid will sink to the bottom of
or ﬁdﬂazl, ina  that fluid, and a body of the same specific gravity
i with a fluid will neither rise nor fall in the fluid
but will remain in whatever portion of the fluid it is placed

* The slaves in the West Indies, it is said, steal rum by inserting the
fong neok of a bottle, full of water, through the top aperture of the rum
a8k, The water falls out of the bottle isto the cask, while the lighte
tum ssocends in ite stead
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Jut a body whose specific gravity is less than that of a
fluid will fleat. ;

This is the reason why some bodies will sink and others
float, and still others neither sink nor float.* (See par. 1427.)

How deep will 454. A body specifically lighter than a fuid
a body sink in will sink in the fluid until it has displaced a por-
% fid? tion of the fluid equal in weight to itself.

455, If a piece of cork is placed in a vessel of water, aboust one-
third part of the cork will sink below, and the remainder will stand
above, the surfuce of the water; thereby displacing a portion of
water equal in bulk to about a third part of the cork, and this
quantity of water 18 equal in weight to ‘the whole of the cork
because the specific gravity of water is about three times as great
ag that of corxli.

456. It is on the same principle that boats, ships, &c., although
composed of materials heavier than water, are made to float. From
sheir peculiar shape, they are made to rest lightly on the water.
The extent of the surface presented to the water counterbalances
the weight of the materials, and the vessel sinks to such a depth as
will cause it to displace a portion of water equal in weight to the
whole weight of the vessel. From a knowledge of the specific
gravity of water, and the materials of which a vessel is composed,
rules have been formed by which to estimate the tonnage of vessels ;
that is to say, the weight which the vessel will sustain without
sinking,.
s‘;gﬁ%:;%i 457. The standard which has been adopted to

estimating the estimate the specific gravity of bodies is rain or

specific grav- 3143 o
ity of bodies? distilled water, at the temperature of 60°.t

* The bodies of birds that frequent the water, or that live in the water,
are generally much lighter than the fluid in which they move. The
feathers and down of water-fowl contribute much to their buoyancy, but
fishes have the power of dilating and contracting their bodies by means of
an internal air-vessel, which they can contract or expand at pleasure.

The reason that the bodies of persons who have been drowned first sink,
and, after a number of days, will float, is,.that when first drowned the air
being expelled from the lungs, makes the body specifically heavier thar
water, and it will of course sink ; but, after decomposition has taken place.
the gases generated within the body distend it, and render it lighter thas
water, and they will cause it to rise to the surface. -

t+ As heat expands and cold condenses all metals, their specific gravity
cannot be the same in summer that it is in winter. For this reason, they
will not serve as a stondard to estimate the specific gravity of other bodies
The reason that distilted water is used is, that spring, wel’, or river water is
seldom perfectly pure, and the various substancessmixed with it affect itc
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This is found to be a very convenient standard, because s
cubic foot of water at that temperature weighs exactly oue
thousand ounces

458. Taking a certain quantity of rain or distilled water, we find
that a quantity of gold, equal in bulk, will weigh nearly twenty
times a8 much as the water; of lead, nearly twelve times as much;
while oil, spirit, cork, &c., will weigh less than water.*

weight. The cause of the ascent of steam or vapor may be found in its
specific gravity. It may here be stated that rain, snow and hail, are formed
by the condensution of the particles of vapor in the upper regions of the
atmosphere. Fine, watery particles, coming within the sphere of each
piher’s attraction, unite in the form of a drop, which, being heavier than
the air, falls to the earth, Snow and hail differ from rain only in the
diferent degrees of temperature at which the particles unite. When rain,
snow, or hail falls, part of it reiscends in the form of vapor and forms
clouds, part is absorbed by the roots of vegetables, and part descends into
the earth and forms springs. The springs form brooks, rivulets, rivers,
&o., and descend to the ocean, where, being again heated by the sun, the
water, rising in the form of vapor, again forms clouds, and again descends
in rain, snow, hail, &o. The specific gravity of the watery particles which
sonstitute vapor is less than that of the air near the surface of che earth ;
toey will, therefore, ascend until they reach a portion of the atmosphere of
the same specific gravity with themselves. But the constant accession of
fresh vapor from the earth, and the loss of heat, cause several particles to
come within the sphere of each other’s attraction, as has been stated above,
and they unite in the form of a drop, the specific gravity of which being
greater than that of the atmosphere, it will fall in the form of rain. Water,
as it descends in rain, snow or hail, is perfectly pure; but, when it has
fallen to the earth, it mixes with the various substances through which it
padses, which gives it a species of flavor, without affecting its transparency.

* TABLE OF SPECIFIC GRAVITIES.
Temperature about 40° Fahrenheit.

Distilled Water, 1% Palladium, 11.500
Mercury, 13.596 " | Iridium, . 21.500
Sulphuric Acid, 1.841 Copper, 8.850
Nitric Acid, 1.220 Lead, 11.250
Prussic Acid, - .696 Bismuth, 9.822
Aleohol (pure), r 792 | Tellurium, x 6.240
Ether, 715 .| Antimony, ) 6.720
Spirits of Turpentine * 869 { Chromium, 5.900
Essence of Cinnamon, 1.010 Tungsten; 17.500
Sea Water, 1.026 Nickel, 8.270
Milk, . 1.030 Cobalt, 7.810
Wine, 993 Tin, 7.293
Olive Onl, 915 Cadmium, 8.687
Naphtha, 847 | Zine, e « 7.190
Iodine, - 4.946 Steel, 7.820
Platinum, 22.050 Iron,. y 7.788
Gol3, 19.360 Cast-iron, 7.200
Silver, 10.500 Manganase, 8.012
Rhodiuw, -~ 11.000 Sodium, 9713
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How is th. 459. The specific gravity of bodies that will
;?;"Z{ff’ﬁf’y sink in water is ascertained by weighing them
,_?mameg when first in water, and then out of the water, and

i is greater  dividing the weight out of the water by the loss
than that of

Hton of weight in water. (See par. 1432.)

Potassium, 875 Elm, 800
Diamond, 3.5630 Yew, 807
Arsenic, 5.670 Apple Tree, .733
Graphite, 2.500 Yeilow Fir, | 657
Phosphorus 1.770 | Cedar, 561
Sulphur, 2.086 Sassafras, 482
Lime, 3.150 Popiar, 383
Galena, 7.580 Cork Tree, .240
Marble, 2.850 Flint Glass, 3.230
White Lead, 6.730 Pearls, 2.750
Plaster of Paris, 2.330 Coral, 2.680
Nitrate of Potash, 1.930 China-ware, 2.380
Emerald, 2.700 Porcelain Clay, 2.210
Garnet, 3.350 Flint, 2.600
Feldspar, 2.500 Granite, 2.700
Serpentine, 2.470 Slate, 2.825
Alum, 1.700 Alabaster, 2.700
Topaz, 3.500 Brass, 8.300
Bituminous Coal, 1.250 Ice, 865
Anthracite, 1.800 Common Air, .001
Pulverized Charcoal, 1.500 Hydrogen Gas, 000105
Woody Fibre, 1.500 Living Men, 891
Lignum Vite, 1.350 Brandy, 820
Boxwood, 1.220 Mahogany, 1.002
Beech, 852 Chalk, . 1.793
Ash, .845 | Carbonic Acid Gas, 001527

By means of this table the weight of any mass of matter can be ascer
tained, if we know its cubical contents. A cubic foot of water weighs
exactly 1000 ounces. If we multiply this by the number annexed tc sny
substance in this table, the product will be the weight of a cubic foot of
that substance. Thus anthracite coal has a specific gravity of 1.800. A
thousand ounces, multiplied by this sum, produces 1800 ounces, which is
the weight of a cubic foot of anthracite coal.

The bulk of any given weight of a substance may also readily be ascer-
wained by dividing that weight in ounces by the number of ounces there are
in a oubic foot. The result will be.the number of cubic feet. The cube
root of the number of cubic feet will give the length, depth and breadth, of
tho inside of a square box that will contain it. 5

It is to be understood that all substances whose specific gravity is greater
than water will sink when immersed in it, and that all whose specific
gravity is less.than that of water will float in it. Let us, then, take a
quantity of water which will weigh exactly one pound ; a quantity of the
substances specified in the table, of the same bulk, will weigh as follows :

Platinum, . 22.050 1bs. Silver, 10.500 108

Fine Gold, 19.360 < Copper, 8.850 ¢¢

i&ercury, 18.596 ¢ Iron, 7788 «
e

ad, 11.250 < | Glass, 3.880 «
-
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460. Fig. 69 represents the scales for asces
scales used for taining the specific gravity

of bodies. One scale is
shorter than the other, and
a hook is attached to the

bottom of the scale, to which substances
whose specific gravity is sought may be
attached and sunk in water.

Fig. 69

461. Suppose a cubic inch of gold weighs nineteen ounces when
weighed out of the water, and but eighteen ounces* when weighed

Marble, 2.850 1bs. Brandy, 820 Ibs.
Chalk, 1.793 « Living Men, 891 «
Coal, 1.250 ¢ Ash, 845
Mahogany, 1.008 ¢« Beech, 852 ¢«
Milk, 1.080 ¢ Elm, 800 <
Boxwood, 1.320 ¢ Fir, o 7 cd
Rain Water, 1.000 « Cork, 240 ¢
0il, 920 < Common Afr, L0011 <«
Ice, 865 ¢ Hydrogen Gas, .000105 ¢

A cubic foot of water weighs one thousand avoirdupois ounces. By mu?

tiplymng the number opposite to any substance in the above table by onw
thousand, we obtain the weight of a cubic foot of that substance in ounces.
Thus, a cubic foot of platinum is 23,000 ounces in weight.

In the above table it appears that the specific gravity of living men is
about one-ninth less than that of common water. So long, thcrefore, as
the lungs can be kept free from water, a person, although unacquainted
with the art of swimming, will not completely sink, provided the hands and
arms be kept under water.

The specific gravity of sea-water is greater than that of the water of
lakes and rivers, on account of the salt contained in it. On this account,
the water of lakes and rivers has less buoyancy, and it is more difficult to
swim in it.

* The gold will weigh less in the water than out of it, on account of the
upward pressure of the particles of water, which in some measure supports
it, and, by so doing, diminishes its weight. Now, as the upward pressure
of these particles is exactly sufficient to balance the downward pressure of
a guantity of water of exactly the same dimensions with the gold, it follows
that the gold will lose exaetly as much of its weight in water as a quantity
of water of the same dimensions with the gold will weigh. And this rule
applies to all bodies, heavier than water, that are immersed in it. They
will lose as much of their weight in water as a quantity of water of their own
dimensions weighs. All bodies, therefore, of the same size, lose the same
Juantity of their weight in water. Hence, the specific gravity of a body s the
weight of it compared with that of water. As a body loses a qmmtlty of ite
weight when immersed in water, it follows that when the body is lifted
from the water that portion of its weight which it had lost will be restored.
This is the reason that a bucket of water, drawn from a well, is heavier
wheu it rizes above the surface of the water in the well than it is while it
remains below the surface. For the same reason our limbs feel heavy iz
ezving a bath -
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m water, the loss in water is one ounce. The weight out of water,
ninetesn ounces, being divided by one (the loss in water), gives
nineteen. The specific gravity of gold, then, would be nineteen ;
or in other words, gold is nineteen times heavier than water.

462. The specific gravity of a body that will

ggﬁﬁz Z;'eavity not sink in water s ascertained by dividing its
of @ body weight by the sum of its weight added to the
Z’?x%ﬁf%@? loss of weight which it occasions in a heavy body

previously balanced in water.¥ (See par. 1436.)

463. If abody lighter than water weighs six ounces, and, on being
attached to a heavy body, balanced in-water, is found to occasion it
to lose twelve ounces of its weight, its specific gravity is determined
by dividing its weight (six ounces) by the sum of its weight added
to the loss of weight it occasions in the heavy body; namely, 6
added to 12, which, in other words, is 6 divided by 18, or &,
which is }.

464. Questions for Solution.

(L.) A body lighter than water caused the loss of 10 lbs. to a heavier
body immersed in water. In air the same body weighed 30 lbs. What
was its specific gravity ?

Solution. — 30 1bs., its weight, divided by (304-10=) 40 (the sum of its
woight added to the loss of weight which it cansed in another body pre-

viously balanced in the water). Ans. .76,
(2.) A body that weighed 15 lbs. in air weighed but 12 in water. What

was its specifio gravity 2 Ans. 5.
(3.) If a cubic foot of water weigh 1000 ounces, what is the weight of an

e yual bulk of gold ? Ans. 1210 2.
(4.) The weight of an equal bulk of lead ? Ans. T087. 2 oz,
(5.) The weignt of an equal bulk of cork ? Ans. 15 ib.

* The method of ascertaining the specific gravities of bodies was dis-
ecvvered accidentally by Archimedes. He had been employed by the King
of Syracuse to investigate the metals of a golden crown, which he suspected
had been adulterated by the workmen. The philosopher labored at the
problem in vain, till, going one day into the bath, he perceived that the
water rose in the bath in proportion to the bulk of his body. He instantly
perceived that any other substance of equal size would raise the water just
as much, though one of equal weight and less bulk could not produce the
same effect. Ile then obtained two masses, one of gold and one of silver,
each equal in weight to the crown, and having filled a vessel very accu-
rately with water, he first plunged the silver mass into it, and observed the
quantity of water that flowed over ; he then did tho same with the gold,
and found that a less quantity had passed over than before. Hence he
inferred that, though of equal weight, the bulk of the silver was greater -
than that of the gold, and that the quantity of water displaced was, in each
experiment, equal to the bulk of the metal. He next made trial with the
erown, and found that it displaced more water than the gold, and less than
the silver, which led him to conclude that it wss neither pure gold wnor
pure silver L -
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(6.) The weight of an equal bulk of iron ? A, 48670, 12 o8
(7.) What is the weight of a cubic foot of mahogany * Ans. 62 . 11 oa.
(8.) The weight of a cubic foot of marble ? Ans, 17810, 2 ox.
(9.) Wtat is the weight of an iceberg 6 miles long, - mile wide, and
400 feet thick ? Ans, 904,304,600 tons.
(10.) What is the weight of a marble statue, supposing it to be exactly
a yard and half of cubic measure ? Ans. 7214,06 1b. +
(11.) If a cubical body of cork‘exactly 9 inches on each side be placed
in water, how deep will it sink ? Ans. 2.16 in.

(12.) Suppose that 4 boats were made each out of one of the following
kinds of wood, namely, ash, beech, elm and fir, which would carry the
greatest woight without sinking ? Ans. That of fir,

“What 13 an 465. An Hydrometer is an instrument to ascer-
Hydrometer?  tain the specific gravity of liquids. (See par.
and on what 4450

principle is it

constructed ? 466. The hydrometer is constructed on the
principle that the greater the weight of a liquid, the greater will
be its buoyancy. !
How is an hy- 467. The hydrometer is made in a variety of
drometer con- forms, but it generally consists of a hollow ball
structed ! of silver, glass, or other material, with a gradu-
ated scale rising from the upper part. A weight is attached
vclow the ball. When the instrument thus constructed is im-
mersed in a fluid, the specific gravity of the fluid is estimated by
the portion of the scale that remains above the surface of the
fluid. The greater the specific gravity of the fluid, the less will
the scale sink.

Of what use 468. The hydrometer 1s a very useful instru-
is the hydrom- ment for ascertaining the purity of many articles
b in common use. It sinks to a certain determinate
dopth in various fluids, -and if the fluids be adulterated the hy-
drometer will expose the cheat. Thus, for instance, the specific
gravity of sperm oil is less than that of whale oil, and >f course
has less buoyancy. If, therefore the hydrometer does not sink
to the proper mark of sperm 011 it will at once be seen that the
article is not pure.

Of what does Hy-  469. HYDRAULICS.—Hydraulics treats of
draulics treat?  liquids in motion, and the instruments by
which their motion is guided o1 controlled. (See par.1437.)
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470 This branch of Hydrodynamies deseribes tLs edects ot
liquids issuing from pipes and tubes, orifices or apertuies, the
motion of rivers and canals, and the forces developed in the
action of fluids with solids.

471. The quantity of a liquid discharged in a

What quantity ;oen time through a pipe or orifice is equal to a
of a liquid will & e 5 sy

be dischargea column of the liquid having for its base the orifice

oﬁ"’”‘. e ‘.’;,’ﬁ‘e or the area of the bore of the pipe, and a height

T prpe o, a . . .
giv‘:np size?  equal to the space through which the liquid would
~ pass in the given time.

472. Hence, when a fluid issues from an orifice in a vessel, it is

discharged with the greatest rapidity when the vessel from which it

flows is kept constantly full.* This is a necessary consequence of

the law that pressure is proportioned to the height of the eolumn
above.

From what orifice 473. When a fluid spouts from several orifices

il id ¢ in the side of a vessel, it is thrown with the
;l: th‘; %ﬁ;t%ou " greatest random from the orifice nearest to the
distance ? centre—the random being measured horizon- *

tally from the bottom of the vessel.

474, A vesgel filled with any liquid will discharge a greater quan-
tity of the liquid through an orifice to which a short pipe-of pecu-
liar shape is fitted, than through an orifice of the same size without
a pipe. (See par. 1457.)

T'his i8 caused by the cross-currents made by the rushing of the
water from different directions towards the sharp-edged orifice.
The pipe smooths the passage of the liquid.. But, if the pipe pro-
ject into the vessel, the quantity discharged will be diminished,
instead of increased, by the pipe. ’

475. The quantity of a fluid discharged through a pipe or an
orifice is increased by heating the liquid ; because heat diminishes
the cohesicn of the particles, which exists, to a certain degree, in
all liquids.

476. Water, in its motion, is rstarded by the

;@Z;ﬁ:?;}f friction of the bottom and sides of the channel

water flows  through which it passes. For this reason, the

:znrf;!;;gi;ily > velocity of the surface of a running stream is
2 always greater than that of any other part.

* 'f'ne velocity with which a liquid issues from an infinitely small orifice

in the bottom or sides of a vessel that is kept full is equal to that which a

neavy body would acquire by falling from the level of the surface to the
tavel of the orificc. — [ Brande.]
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477 In consequence of the friction of the banks and beds of
rivers, and the numerous obstacles they meet in their ecircuitous
course, their progress isslow. If it were not for these impediments,
the velocity which the waters would acquire would produce very dis-
astrous consequences.* An inclination of three inches in a mile, in
the bed of a river, will give the current a velocity of about three
miles an hour.

478. To measure the velocity of a stream at its surface, hollow
floating bodies are used ; as, for example, a glass bottle filled with
a sufficient quantity of water to make it sink just below the level of
the current, and having a small flag projecting from the cork. A
wheel may also he caused to revolve by the current striking against
boards projecting from the circumference of the wheel, and the
rapidity of the current may be estimated by the number of the rev-
olutions in a given time.

How may the  479. The velocity of a current of water at any
velocity of a : .

curvent af any portion of its depth may be
depth be ascer-  ascertained by immersing in
tained ? it a bent tube, shaped like a
tunnel at the end which is immersed.

480. Fig. 70 is a tube shaped like a
tunnel, with the larger end immersed in an
opposite direction to the current. The
rapidity of the current is estimated by the _H
height to which the water is forced into the
tube, above the surface of the current. By
such an instrument the comparative velocity :
of different streams, or the same stream at different times, may
be estimated.

Fig. 70.

Aow are waves 481, Waves are caused, first, by the friction
caused? between air and water, and secondly, and on a
much grander scale, by the attraction of the sun and moon
exerted on the surface of the ocean, producing the phenomena
of the tides. /

482. The hand of a wise and benevolent Creator is seen in nothing
more clearly than in the laws and operations of the material world.
Were it not for the almost ceaseless motion of the water, the occar

# See what is stated with regard to fr ction in Nos. 878 and 874.
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itself would become unbearable. Decayed and decaying matter
would be constantly emitting pestilential vapors, poisoning the at-
mosphere, and spreading contagion and death far beyond the borders
of the ocean. The “ ceaseless motion” distributes the poisonous in-
gredients, and aids tliat change which renders them harmless.

483. The equilibrium of a fluid, according to recent discoveries,
cannot be disturbed by waves to a greater depth than about three
hundred and fifty times the altitude of the wave.

484. When oil is poured on the windward side of a pond, the
whole surface will become smooth. The oil protects the water from
the friction of the wind or air. It is said that boats have been pre-
sérved in a raging surf, in consequence of the sailors having emptiad
a barrel of .0il on the water.

What are the ~ $39- The instruments or machines for

principal hy- raising or drawing water aresthe common

:l,;an”ziw;r"szg_’ pump, the forcing-pump, the chain-pump, the

shines siphon, the hydraulic ram, and the screw of.
Archimedes.

[The common pump and the forcing-pump will be

tion is depeadent upon principles explained in that
department of Philosophy. The fire-engine is nothing
more than a double forcing-pump, and will be noticed in
tne same connexion.]

486. The Chain-pump is
amachine by which the water
is lifted through a box or

What is the
Thain-pump ?

and attached to a chain. It bas been used
principally on board of ships.

1 487. Fig. 71 represents a Chain-

Ié.;if l‘i‘.'i‘_ pump. It consists of a square box
through which a number of square

ooards or buckets, connected by a chain, is
made to pass. The chain passes over the wheel
G and under the wheel D, which is under
water. The buckets are made to fit the box,

* The undulations of large bodies of water have also produced matertal
shanges on the face of the globe, purposely designed by Crentive Wisdom
working by secondary causes, the uses of which are descriked in the science
of Ueology

6
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so as to move with little friction. Tle upper wheel C is turned
by a crank (not represented in the Fig.), which causes the chain
with the buckets attached to pass through the box. Each
bucket, as it enters the box, lifts up the “water above it, and
discharges it at the top.

488. The screw of Archimédes is a ma-
qu,jl;,f i;f ﬂ‘i_ chine said to haYe been invented by the phi-
chimédes ! losopher Archimédes, for raising water and

draining the lands of Egypt, about two hun-
dred years before the Christian era.
Fig. 72 repre-
Eaplain sontg the serew of
Fig. 72. e
Archimédes. A
single tube, or two tubes,
are wound in the form of
a screw around a shaft or
cylinder, supported by the
prop and the pivot A, and
turned by the handle =.
As the end of the tube dips into the water, it is filled with the
fluid, which is forced up the tube by every successive revolution.
until it is discharged at the upper-end.

Whatisthe 489. The Siphon is a tube bent in the form
Siphon?  of the letter U, one side being a little longer
than the other, to contain a longer column of the fluid.

Bxplain 490. Fig. 78 represents a Siphon, A siphon Fig. 73.
£%g.78. g used by filling it with water or some other
fluid, then stopping both ends, and in this state immers-
ing the shorter leg or side into a vessel containing a
liquid. The ends being then unstopped, the liquid will
run through the siphon until the vessel is emptied. In
performing this experiment, the end of the siphon which
8 out of the water must always be below the surface of the
water in the vessel.
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On what prin- 491 The principle on which the siphon acts
ciple does t;“’ is, that the longer column having the greater
) hydrostatic pressure, the fluid will run down in
the direction of that column. The upward pressure in the
smaller column will supply a continued stream so long as that
column rests below the surface of the water.

[N. B. This principle will be better understood after the prineiple is ex-
plained on which the operation of the common pump depends ; for the
upward and downward pressure both depend on the pressure of tbe atmos
phere.]

492. The siphon may be used in exemplifying the equilibrium ot
fluids ; for, if the tube be inverted and .two liquids of different
density poured into the legs, they will stand at a height in an in-
verse proportion to their specific gravity. Thus, as the specific
gravity of mercury is thirteen times greater than that of water, a
column of mercury in one leg will balance a column of water in the
other thirteen times higher than itself. But, if but one fluid be
poured into both legs, that fluid will stand at equal height in both

Explain the toy 493. The toy called Tantalus’ ¥ Cup consists
called Tantalzs’ of a goblet containing a wooden figure, with a
Cup. siphon concealed within. The water being
poured into the cup until it is above the bend of the siphon,
rises in the shorter leg, which opens into the cup, and runs out
at the longer end, which pierces the bottom.

Fig. T4

494. Fig. 74 represents the cup with the siphon,
the figure of the man being omitted, in order that the
position of the siphon may be seen.

3 495. Tur Hypravric RaM+ is an inge-
What is the Hy- . .

draulic Ram? Dious machine, constructed for the purpose
of raising water by means of its own im-

pulse or momentum.
* Tantalus, in Heathen mythology, is represented as the victim of per-
petual thirst, although placed up te the chin in a pool of water ; for, as soon
as he attempts to stoop to drink, the water flows away from his grasp ;

hence our English word tantalize takes its origin. In the toy described
above, the siphon carries the water away before it reaches the mouth of the

gure.
+ The Hydraulic Ram, sometimes called by its French name, Bélier Hy-
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496 In the construction of an hydraulic ram, there must ne,
in the first place, a spring or reservoir elevated at least four o1
five feet above the horizontal level of the machine.*

Secondly, a pipe must conduct the water from the reservoir
to the machine with a ‘descent at least as great as one inch for
every six feet of its length,

Thirdly a channel must be provided by which the superﬂu-
ous water may run off.

497. The ram itself consists of a pipe having two apertures,
both guarded by valves of sufficient gravity to fall by their own
weight, one of which opens downwards, the other opening up-
wards into an air-tight chamber. An air-vessel is generally
attached to the chamber, for the purpose of causing a steady
stream to flow from the chamber, through another pipe, to the
desired point where the water is to be discharged.

Explain the con- 498, Fig. 75 represents the hydraulic ram,
struction of the A B represents the tube, or body of the ram,
lf[yg‘: Z“,lr’g Ram having two apertures, C and D, both guarded by
YR valves; C opening downwards, D opening up-

drauhque, in its present form, was invented by Montgolfier, of Montpelier
An instrument or machine of a similar construction had been previously
tonstructed by Mr. Whitehurst, at Chester, but much less perfect in its
mode of action, as it required to be opened and shut by the hand by
means of a-stop-cock. Montgolfier’s machine, on the contrary, is set in
motion by the action of the water itself.

* Such an elevation may easily be obtained in any brook or stream of
running water by a dam at the upper part of the stream, to form a reser-
voir. It hasbeen calculated that for every foot of fall in the pipe running
from the reservoir to the ram sufficient power wjll be obtained to raise
about a sixth part of the water to the height of ten feet. With a fall of only
four feet and a half, sixty-three hundred gallons of water have been raised
to0 the height of one hundred and thirty-four feet. But, the higher the res-
ervoir, the greater the force with which the hydraulic ram will act. The ope
ration of the principle by which the hyiraulic ram acts is familiar to those
who obtain water for domestic purposes by means of pipes from an elevated
reservoir, as is the case in many of our large cities. A sudden stoppage of
the flow, by turning the cock too quickly, causes a jarring of the pipes, which
18 distinctly perceived, and often loudly heard all over the building. - This
is due to the sudden change from a state of rapid motion to a state of rest.
The inertia of the tluid, or its resistance to a change from a state of rapid me-
tion to a state of rest, a property which it possesses in common with all other
kinds of matter, explains the cause of the violent jarring of the pipes, the
stoppmg of which arrests the motion of the fluid ; and the violence, which
is in exact proportion to the momentum of the ﬂuul is sometimes so gread
as to burst the pipes
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wards, and both falling by their own weight. Lwvus now suppose
the valve C to be open and D shut The water, descending through
the tuhe A B with a force proportionate to-the height of the

Fig. 15.

reservoir, forces up the valve C and closes the aperture, thus
suddenly arresting the current, and causing, by its redction, a
pressure throughout the whole length of the pipe ; this pressure
ferces up the valve D, and causes a portion of the water to enter
the chamber above D. The current having thus spent its force,
the valve C immediately falls by its own weight, by which
means the current is again permitted to flow towards the aper-
ture C. The pressure at D thereby being removed, that valve
immediately falls, and closes the aperture. When this takes
place, everything is in the same state in which it was at first.
The water again begins to flow through the aperture at C, again
closing that valve, and again opening D ; and the same effects are
repeated at intervals of time, which, for the same ram, undergo
but little variation.

The water being thus forced into the chamber E, as it cannot
return through the valve D, it must proceed upwards through
the pipe G, aad is thus carried to any desired point of dis
chirge.  An nir-vessel is frequently attached to the chawber

¢’
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of the ram, which performs the same office as it doey in the
forcing-pump, namely, to cause a steady stream to flow from
the pipe G. The action, both of the ram and the foreing-pum