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To you I dedicate this attempt to place amongst the elements
of science the great discoveries with which you have adorned this pro-
lific age. I know that you will not be displeased that I have thought
them capable of being made the subject of familiar teaching.

The success of even this humble effort, should I not fail in my
purpose, will be owing to you; for to your kind encouragement and
ever ready explanations I.owe the facilities which I have enjoyed in

following you closely in your splendid career.
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much. You know that the consequence of repeating all your experi-
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yonrs must be the chief credit in what we may agree.
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ness to feel assured that you will not lightly regard the sentiment of

sincere affection with which I subseribe myself,
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PREFACE

TO THE FIRST EDITION.

TaE origin of the following work was a desire to present
to students of chemistry an elementary view of the
discoveries of Dr. Faraday in Electrical Science. From
the very first publication of his Ewperimental Researches
in Electricity, 1 have felt that from them Chemiecal Philo-
sophy will date one of its most splendid epochs; and
perceiving, at the same time, that the results bear upon
them the great impress of natural truths, namely, that
they simplify while they extend our views, I have, from
the first, availed myself of them in my instruction to my
classes. I have enjoyed particular advantages in doing
this from the kindness of the discoverer, for in every
difficulty which arose, he has assisted me with his expla-
nation and advice. At the same time, when consulted
by my pupils upon the best mode of following up the
oral instruction of lectures by the study of the subject in
books, as they must do who intend to derive benefit from
such instruction, I have been greatly at a loss to direct
them.

The ‘suceessive memoirs of an experimental philoso-

pher, who, from time to time, communicates his views as
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they open out to him during the progress of his diseo-
veries, must necessarily be better adapted to the study of
the proficient, than to the instruction of the beginner;
and long periods of time often elapse before the facts
which they record find their places in general systems.

After some solicitation and much hesitation, I deter-
mined to make an effort to supply a want, which, I was
perpetually reminded, was urgent, and which did not
appear to be likely to be soon supplied from any other
(uarter.

Upon considering the best mode of carrying this
design into execution, I became convinced that the great
doetrine of ¢ Definite Electro-chemieal Aection,” and the
laws of * Electrolysis,” could not be simply and intelli-
gibly stated without a preliminary notice, on the one
hand, of the force of local affinity and the laws of
definite, multiple, and equivalent proportions in chemiecal
combination; and, on the other hand, of the force of
electricity and the laws of electric charge and discharge
in matter. A clear description, again, of the action of
heterogeneous particles upon each other requires a dis-
tinetion, which has not been sufficiently attended to, to
be drawn between Heterogeneous Adhesion and Chemical
Affinity; and it is impossible now to treat of Electricity,
without deseribing the phenomena of its constantly-

associated force Magnetism.

Thus, T was gradually led to include in my plan such
a preparatory view of the forces which may be said to
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coneur to the production of chemical phenomena, as it
is absolutely necessary to the student to master, who
aspires to comprehend the Philosophy of Chemistry, or
anything beyond the mere manual operations of practical
chemistry.

It has not been a part of my design to construet a
system or manual of chemistry: several excellent works
already exist, which render such an undertaking quite
unnecessary; but I am not without hope that the fol-
lowing pages may be considered as a fit preparation for
the study of such systems.

In executing my task, it has been my aim to lead
the student by a more natural method,—that is, more
gradually from the known to the unknown—than that
which is generally adopted in our elementary books.

In short, if I shall be deemed to have failed in
simplifying and facilitating the student’s path to the
comprehensive science of chemistry, I have failed in the
sole object of my undertaking.

In such an elementary work, I have, of course, freely
made use of the labours of others, and I regret that my
limits have prevented me from mentioning, at all times,
the names of those illustrious philosophers, either living
or dead, to whom we are indebted for the observation of
phenomena, and the fundamental induections upon which
the fabric of science rests. The history of the science

of chemistry alone would fill a volume. T have, however,
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subjoined a list of those systematic works to whose
assistance I have been most indebted.

I have judged it best in the arrangement of my work,
to throw all the graphie illustrations of diagrams, or other
figures, into the form of notes; and the explanation and
etymology of scientific terms, of words of unfamiliar use,
and of words to which it is desirable that the student
should attach more definite ideas than are usually sug-
gested by common parlance, I have given in a Glossary.
The principal facts and reasoning of the text will thus
be uninterrupted by extraneous matter, which, however
important as a subsidiary means of explanation, might
often confuse the steps of the induction; and those who
are acquainted with the terms employed, will not be
delayed by definitions which they do not need. It is,
however, a caution which cannot be too strongly im-
pressed upon every student, never to pass over a term
which he does not understand, without seeking its

explanation.

It only remains for me now, to acknowledge my
obligations to my friends and colleagues, Professor Wheat-
stone and Dr. Todd, for their great kindness in under-
going the disagreeable labour of revising and correcting
the proof sheets. They have thereby prevented many
errors, which would otherwise have deformed the work.




POSTSCRIPT

TO THE SECOND EDITION.

A caLL for a second edition of the Infroduction to the
Study of Chemical Philosophy, in so short an interval of
time, having induced me to hope that my purpose in
writing it has been, in a great measure, fulfilled, T have
spared no pains in availing myself of this opportunity of
correcting and completing it; keeping always in view the
design of leading the student gradually forward from the
known to the unknown, and of teaching him to take
comprehensive views of the chemical connexions of
physical phenomena.

The prineipal additions which have been made to the
" work consist in the elementary application of Professor
Ohm’s formula of the Electro-Motive Force and Resist-
ances in the Electrical Current, as a guide to the accurate
expression of the various results of its action; the intro-
duction of some original researches upon the Electro-
lysis of Secondary Compounds, which are believed to
have an important relation to the theory of acids, salts,
and organic radicles; and an attempt to furnish a clue
to the labyrinth of facts which are generally classed
together under the title of Organie Chemistry, but which
have mostly little connexion, except in name, with the

chemistry of organized beings.



XIi POSTSCRIPT TO SECOND EDITION.

Although the philosophy, and not the arts of chemistry,
is the principal object kept in view throughout, some of
the recent wonderful and interesting applications of the
science have been deseribed; and the principles of Pho-
tography: of Volta-typing; of Electro-Magnetic Engines;
and particularly of the Electro-Magnetic Telegraph;
have been explained and illustrated.

But I must take this opportunity of repeating, that
this work is not meant to furnish details of manipulation,
or particulars of construction which are to be found in
the many excellent works upon chemistry which now
abound, and still less to compete with the systems and
manuals which have been happily published by so many
of our first masters of the science; but it is designed
rather as a preparation for the useful study of those more
comprehensive works. It is, in short, only as its title
indicates, An Introduction to the Study of Chemical
Philosophy, and a Preparatory View of the Forces which
concur to the Production of Chemical Phenomena, and as
such it is hoped that it may be received and judged.

To the number of those who have aided me in this
labour, I must not omit to add my friend Dr. W. A.
Miller, to whose valuable assistance I have been greatly

indebted in this new edition.

g B D

King's Collere, Londun,
Janwary, 1843,



THE FOLLOWING IS A LIST OF THE WORKS TO WHICH THE
AUTHOR HAS BEEN PRINCIPALLY INDEBTED.

Experimental Researches in Electricity, by M. Farapay, D.C.L., published
in the Phil. Transactions, from 1831 to 1839. - Republished in one
volume, octavo.

Discourse on the Study of Natural Philosophy, by Sir J. F. W. Herscuer,
Bart.

History of the Inductive Sciences, by the Rev. Witttam WreweLy, B.D,

Philosophy of the Inductive Sciences, by the same.

Lectures on Natural Philosophy, by Tromas Youwe, M.D.

A Manual of Chemistry, by Professor Braxpe,

Elements of Chemistry, by Epwarp Turyer, M.D.

Elements of Chemistry, by Professor Grama.

Elements of Chemistry, by Roperr Kaxe, M.D.

Traité de Chimie, par M. le Barox L. J. THENARD,

Traité de Chimie Organique, par Jusrus Lienia, M.D.

Elémens de Physique, par M. PovirLeT.

Traité de L’Electricité et du Magnétisme, par M. BECQUEREL.

Treatises on Electricity, Magnetism, and Electro-Magnetism, in the Library
of Useful Knowledge, by P. M. Rocer, M.D.

Treatises on Optics and the Polarization of Light, in the Library of Useful
Knowledge, by Sir Davip Brewster, K.H.

Treatises on Opties and the Polarization of Light, in the Encyclopmdia
Metropolitana, by Sir J, F, W, Herscuer, Bart,
Gulstonian Lectures, by Dr, Provur.

*.* The various Apparatus described in this work may be obtained of
Mg, NewMaw, 122, Regent Street.






SECTION

I.

II.

I11.

EY.
Y.

VI

VII.

VIIIL.

IX.

TABLE OF CONTENTS.

MatTER AND FoRceE
Varieties of Force

GRAVITY AND WEIGHT
Specific Gravity . .

ELASTICITY AND THE ATMOSPHERE
Elastic Fluids

Sound S i o

HomocENEOUS ATTRACTION

HETEROGENEOUS ADHESION
Capillary Attraction
Endosmose, &e.

CRYSTALLIZATION :
Polyhedral Atoms
Spherical Atoms . .
Systems of Crystals ..

HeEear . .
Expansion
Temperature
Conduction of Heat . .
Convection
Heat of Composition . .

LicHT . . et 2
Theories of Light
Decomposition of Light . .
Double Refraction
Polarization

Rapiant Hear
Diathermancy

Differences of Calorific Rays. .

ELECTRICITY .. e
Electrical Induction .
Electrical Charge
Electrical Discharge . .
Atmospheric Electricity . .

PAGE

11

20
26

20
30
43

46

58
60

72

78
89
02
95

99
102
104
120
125
130

165
168
180
193
195

208
219
223

228
244
258
270
287



X Vi

SHECTION

Xl

XIIL

XI1II

X1V,

XV.

XV

XVII.

XVIII.

XIX.

XXI.

TABLE OI' CONTENTS,

MaGNETISM : 3
Terrestrial Mamwtt%m

CHEMICAL AFFINITY
Classical Elements
Laws of Composition . .
Non-Metallic Elements . .
Metallic Elements
Secondary Combinations. .
Theory of Salts
Concurrence of Forces
Photography

CURRENT AFriNiTy
Simple Circuits
Ohm's Formula ..
Compound Circuits
Variable Resistances

Laws or Erecrrorysis i
Electrolysis of Primary Compounds
Electrolysis of Secondary Compounds
Applications of Electrolytic Force

Turrmo ErkcTrIiCiTY
Electro-Thermancy

Erecrro-M acNETISM
Applications of Electm-Maguetm [‘ﬂn,e .

Electro-Magnetic Machines, Telegraph, &e.

MagseTo-ELECTRICITY.
Magneto- -Electrie M.lthme'-;

Antvar ELECTRICITY . .

Orcanic CHEMISTRY
Ultimate Organic Analysis
Alimentary Principles
Non-Alimentary Principles

MEeramorpraoses oF Orcanie Pronuers . .

Fermentat:on
Ethenrification, &e. ..
Pyrogeneous Products . .

Aromic Trrory

PFABK

20;
300

306
307
ST
372
423
431
433
440
453

462

r:M
575
abl
586

595

602
GOG
G13
621

(41

(42
646
674

677



INTRODUCTION TO CHEMISTRY.

I. MATTER AND FORCE.

§ 1. ExperiencE, or the repeated evidence of our
senses, and the irresistible persuasion of the mind that “like
causes will ever produce like effects,” constitute the sound
foundation of natural knowledge*.

The convictions arising from these impressions have directed
the intellect of man, in all ages and in all stations, to control the
powers which have been imparted to the material universe to
his own advantage; the maintenance of a bare existence in
savage life being dependant upon them no less than the polished
arts of civilized society. It is strange, however, to remark how
long a time elapsed, even in a state of high intellectual culture,
before it was discovered that the same principles which teach
the mere child that fire will burn, that water will flow, and that
a moving stone will inflict a blow, and to guide his conduct
accordingly, would lead to that higher acquaintance with the
powers of nature, which we distinguish by the title of natural
philosophy. The powers of reason had been exercised with
success upon abstract science for ages before the voice of Bacon
proclaimed, and insisted earnestly upon, the advantages of
extending experience by experiment, and of adopting the accu-
rate observation of phenomena, as the only safe guide in physical
investigations; but from the moment that this course was
entered upon by the patient student of nature, natural science

* Bome eminent philosophers, however, maintain that the whole of our
knowledge is not a mere collection of deductions from experience, but that
there are ideas of which the mind has a perception, and propositions of which
we have a conviction, antecedent to experience; that there are certain general
and universal propositions in science of which we have an innate coneeption.
But it has been well observed, that this opposition of views, after all, may be
only apparent; for whether certain truths have been originally impressed
upon our intellectual being, capable of being called forth by cirenmstances,
or whether our minds have been originally so constructed as to be most
permanently struck by those analogies amongst natural things which are
really dependent upon their nature, as that nature is known to their Creator,
the mind of man, on either view of the subject, is represented as in harmony
with universal nature, and therefore capable of attaining real knowledge.

B



2 EXPERIENCE AND EXPERIMENT.

has advanced with a constantly accelerating progress, extending
the power of mind over the forces pertaining to matter in a
corresponding degree.

It deeply concerns the student who proposes to himself to
enter upon any branch of such investigations, that he should
have a right perception of these truths ; that he should correetly
distinguish the difference between abstract and natural science,
and clearly perceive the road along which his course must tend.

The contrast of these two great divisions of science has been
forcibly represented by one of the living masters of both. “A
clever man,” Sir John Herschel has observed®, “ shut up alone,
and allowed unlimited time, might reason out for himself all the
truths of mathematics, by proceeding from those simple notions
of space, and number, of which he cannot divest himself, with-
out ceasing to think; but he could never tell, by any effort of
reasoning, what would become of a lump of sugar, if immersed
in water; or what impression would be produced on the eye by
mixing the colours yellow and blue.”

§ 2. Experience, then, must be his guide; not the mere
passive experience of observation, but the active experience of
experiment: that is, he must not only carefully observe pheno-
mena as they spontaneously present themselves to him in the
ordinary course of nature, but he must purposely contrive and
vary circumstances, in order that he may observe them.

To personal experience he must also add the well-attested
experience of others ; and the experience of past ages, as well as
of the present; and as by following this course the generality of
mankind attain to such an acquaintance with the properties of
matter as ensures their comfortable existence, with which sensual
object they are content ; so he has but to persevere in the same,
and it will lead him to that intimate knowledge of the order of
creation, which constitutes science, and which is an object of
ambition worthy of a rational creature.

The immediate wants of their nature early taught the human
race to direct the agency of keat to their supply; and the accu-
mulated experience of ages, widely diffused, has given the most
unreflecting a command over that principle which strongly con-
trasts with the general ignorance concerning the no less general
and powerful principle of electricity, the very existence of which
could scarcely be said to have been recognised till within the

* HerscHEL'S Discourse on Natural Philosophy, p. 76,
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last century. When well-directed observation shall have been
brought to bear upon this all-pervading power, as upon the
former, it is scarcely possible to indulge too sanguine hopes of
the practical advantages which may flow from such extended
knowledge. The forces of nature, indeed, are the powerful, but
submissive, servants of man; and through their agency he has
been endowed with a subordinate power of creation; but their
respective actions have been limited by laws which cannot be
transgressed ; and in a knowledge of these limits consists the
secret of their application.

§ 3. There are two great mistakes which are commonly
committed by those who enter upon a systematic course of phy-
sical inquiry ; and not only by those who are commencing, but
by those who undertake to direct, such studies: the first is, the
neglecting to form a proper connection with previously acquired
knowledge,—the undervaluing the results of their ordinary
experience as parts of the system,—as the first rounds of that
intellectual ladder by which they aspire to scale the loftier
heights of philosophy; and the second is, the substitution of
names for things,—the vague acquirement of certain terms,
certain forms of expression, instead of a real understanding of
objects and principles to which they have been applied :—
“terms of ignorance, and of superficial contemplation,” as Lord
Bacon calls them.

The process may be repulsive to the too common self-suffi-
ciency of imperfect knowledge, but when invited to reflect and
reason upon the simple observations of childhood (simple indeed,
but not more easy than those which he will be called upon pro-
gressively to make), the student ought to feel no more offence
than when in the outset of his geomefrical studies he is referred
to the axioms, or self-evident truths, that “things equal to the
same are equal to one another,” and “the whole is greater than
its parts.” It is from the known that he must ascend to the
unknown, and it is all-important .that he make his footing sure,
and miss no step by the way.

§ 4. Something more, indeed, is necessary than the mere
observation of phenomena ; there must be a process of reflection
upon the evidence of our senses:—the foundation must be
crowned with a superstructure of thought and reason.

Professor Whewell, in his recent History of the Inductive
B2
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Sciences, has accurately remarked*, that “two things are requi-
site to the formation of science ;—facts and ideas; observation
of things without, and an inward effort of thought; or, in other
words, sense and reason. Neither of these elements, by itself,
can constitute substantial general knowledge.” It is owing to a
defect in this mental process that different arts have often
attained to a considerable degree of perfection long before they
could be said to form parts of a general structure of science.
The chemical arts of glass-making, metallurgy, dyeing, and
many others, were known to the ancient Egyptians, who,
probably, were utterly ignorant of the principles of chemical
philosophy.

The aim of the student then must be not only to obtain
distinet facts, but clear ideas of the connection of those facts.
Now it is by processes of thought, and operations of mind,
which are quite familiar, that the observations of experience
and experiment are connected into the order and structure
of science ; for the prineciples of natural philosophy are but the
principles of common sense.

In the ordinary occurrences of life we are struck with some
appearances,—some phenomena we may call them,—which are
out of the ordinary course of our experience: the mind imme-
diately suggests the familiar inquiry, “ What can these be?”
We form a conjecture, and we try whether the supposition will
include all the circumstances of the case; we reject it, and we
guess again; and we proceed in this tentative method till our
reason is satisfied that we have taken a right view of the sub-
ject. The formal course of philosophy differs not from this.

Amongst a variety of facts, or phenomena, collected together
as having some general resemblance or connection with each
other, some governing principle is sought, which may apply
successfully to the explanation of all their varieties ;—supposi-
tions, guesses, or hypotheses, are first attempted; some with
greater, some with less extent, but all, perhaps, without success;
each after each failing in the solution, for want of generality and
comprehensiveness ; till at length, after infinite labour on the
part of the inquirer, the Law is evolved; or a governing prin-
ciple which combines all together in one comprehensive view,
or theory. When by this simple, but laborious process of
induction, the mind has once been led up fo such laws of nature,
they are found to be distinguished by their exceeding simplicity

* WueweLL's History of the Inductive Sciences, vol, i. p. 6,
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both of form and essence. When theories, however, are firmly
established and recognised as indisputably true, so as to require
no conscious act of thought in their application, they become
Sfacts, and as such may enter into the foundation of more com-
prehensive theories.

The full force and range of the application of the laws of
nature are, however, only manifested when, subsequently to
their discovery by this inductive process, they are employed in
the converse process of deduction, to resolve the various cases
which were originally proposed to be determined, and are found
to include under their government not only these, but a host of
others, which were not contemplated in the first investigation.
It is then that the most ignorant and simple-minded are capable
of understanding what is thus rendered most self-evident; and
the multitude of such governing principles, so established and
registered in her archives, constitutes the great advantage of
modern science.

§ 5. In framing the Aypotheses, or suppositions which
commonly precede the discovery of the real laws and true
theory of phenomena, there is one useful guide which is so
often referred to as to render it expedient to explain its nature
and appellation, and that is analogy, or similitude. Design soon
becomes apparent in the order of creation ; and this design, as
far as our limited faculties can trace it, is uniform; and in the
system of the universe, every part is doubtless proportioned to
the whole. No intelligence but that of Om~isciENCE can
comprehend the plan—the fheory of the universe: but, from
the plan of such small portions as have been mastered, we are
often enabled, successfully, to anticipate the order of other
portions, and thus to obtain a guide to experiment, to which
the ultimate appeal must always be made. Analogy, therefore,
may serve to suggest and limit Aypellieses; and of such con-
ditional speculations we have the highest authority for saying,
that “a facility in framing them, if attended with an equal
facility in laying them aside when they have served their turn, is
one of the most valuable qualities a philosopher can possess*.”
But, after all, the mind must not be allowed to rest upon any
hypothesis as disclosing the real cause of the phenomena which
it explains ; for this would prevent any effort to search for any
other, and perhaps the true cause. The history of science

* Henscuer's Discourse.
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abounds with warnings of this error. In fact, it must be
remembered that it is not the province of science to study
causes of phenomena or the mode of their production; the
legitimate use of hypothesis is to furnish a bond or cement
which may unite a number of insulated facts, which, thus
united, are often capable of indicating new phenomena.

§ 6. Now, to apply these few plain principles to our pre-
sent purpose:—With regard to precision of terms, the mere
enunciation of the object of the following pages will afford us an
opportunity of exemplifying and enforcing our meaning; it is an
inquiry into THE FORCES OR POWERS OF MATTER. Let us
endeavour to ascertain and define the meaning of the expressions
MATTER and rorce: the words are of common occurrence;
but have we that distinet notion of them, those clear ideas con-
cerning their import, which it behoves us to have, in the strict
and accurate investigation upon which we are about to enter?

§ 7. Our first knowledge of matfer is derived from our
touch: a consciousness of resistance in surrounding objects to
this sense with which our bodies have been endowed, impresses
us with a conviction of their substance,—of their extension,—
of their impenetrability,—of their power, that is, to exclude
every thing of the same kind from being in the same place.
This tactile property is possessed by different parts of the skin,
in very different degrees; and some parts of the body, from
their peculiar organization, are capable of much more delicate
impressions from objects with which they may be placed in
contact than others. With regard to extension, for instance,
it appears from the experiments of Weber, that the tips of the
fingers, or the tongue, are capable of appreciating the distance
between the points of a pair of compasses which are only one
line apart; while the arm or the thigh would confound the two
impressions together, even at the distance of thirty lines. Those
whose touch has been educated by practice can rule, by their
feeling, fine linear divisions which are totally inappreciable to
the most experienced eye.

Some philosophers have maintained that the sense of touch
alone is not sufficient to convey the conception of form or
extension; but that to this is superadded a sizth sense, which
they have termed the muscular sense: that is, the conscious
exertion by which we move our limbs. Thus we ascertain the
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form and position of bodies, by perceiving the course which the
fingers take in order to follow the surface of the body, or to
pass from one point to another. The muscles of the body, no
doubt are, in this respect, auxiliary to our senses, but thaf can
scarcely be deemed a new sense, which is incapable of perform-
ing its functions alone.

Different degrees of resistance may even inform us of the
different states in which matter exists: a touch will satisfy us
that the parts of some bodies are immovable amongst each
other; that the particles of others are movable with little resist-
ance; while the passing breeze of air will convince us that
matter exists in a form which yields to the lightest breath. A
little reflection upon our sensations may thus establish a differ-
ence between solid, liquid, and aériform matter. Experience,
again, and the oft-repeated experiments, it may be said, of
infancy, teach us to combine observations of touch with those
of sight and hearing; and thus we learn to substitute the indi-
cations of one sense for those of another, and to judge of distant
forms of matter.

If we be curious to know what matter is, we plunge at once
into that deep which surrounds us on every side, and which
never yet was fathomed by human intellect.

With regard to its ultimate constitution, we cannot hope
to attain to a clearer conception than that which presented itself
to the comprehensive, but humble, mind of Newton; and that
transcendent philosopher has thus embodied the result of his
patient investigations:—

% It seems probable to me that Gon, in the beginning, formed
MATTER in solid, massy, hard, impenetrable, moveable particles,
of such sizes and figures, and with such other properties, and in
such proportion to space, as most conduced to the end for
which He formed them; and that those primitive particles,
being solids, are incomparal}l}* harder than any porous bodies
compounded of them; even so very hard as never to wear or
break in pieces; no ordinary power being able to divide what
Gop himself made one in the first creation.”

But this hypothesis, however convenient and consonant with
our prejudices, 1s not absolutely necessary to the explanation of
natural phenomena; for it may be conceived, according to the
theory of Boscovich, that matter consists not of solid particles,
but of mere mathematical centres of forces attractive and repul-
sive, whose relations to space were ordained, and whose actions
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are regulated and maintained by the Creator of the universe.
Both hypotheses, however, agree in one great principle: viz.,
that the properties of bodies depend upon forces emanating
from immovable points (whether substantial or not is of little
importance,) of their masses.

§ 8. Now it is no less necessary to test the accuracy of
our notions derived from common observation and the first
impression of our senses, than to guard against the careless
adoption of ill-understood generalizations of the results of
experiment in our after progress; and we must be particularly
careful to correct the prejudices which are but too apt to infect
the mind from this first fountain of our knowledge. With
regard to the absolute hardness, for instance, of the ultimate
atoms of all kinds of matter:—from the smooth flowing of
water, and the gentle breathing of the air, we derive a notion of
softness which we can scarcely separate from the constitution
of their ultimate particles; but if we take a portion of water
in a glass tube, which has been carefully freed from air by
boiling, and afterwards hermetically sealed, we shall find, upon
agitating it, that the particles strike one another with a ringing
sound, quite undistinguishable from that derived from the
collision of metals. Such a little apparatus is commonly made,
and goes by the name of the waler hammer. So with regard to
aériform matter; a mixture of airs may be confined in a mere
film of water, which exploding at a lighted taper, will allow the
particles of the atmosphere to rush together so suddenly as to pro-
duce a loud report, the result of the collision of aériform atoms.

Again, Newton has drawn a marked distinction between the
solidity of “ primitive particles” and that of the bodies com-
pounded of them; asserting that the latter are porous. Some
solid bodies we at once perceive, when taken in masses, are full
of void spaces, or pores; their solid particles appear only to
touch each other at particular points, as in a lump of sugar:
but we have difficulty in conceiving that the particles of no
bodies touch one another, and we seem but to be giving fair
credit to the testimony of our senses, in believing that the
particles of a solid metal must be in close contact. A little
reflection again may correct this prejudice. Many metals may
have their density increased; i.e., their particles approximated,
by mere hammering or pressure; but to this there is a limit: all
solids may have their particles approximated by cold, and to



ATOMS—INERTIA. ' 9

this no limit has been yet ascertained. Particles which admit
of such nearer approach to each other, cannot of course be in
close contact; a mass, or an assemblage of such, must be porous.
Newton admits that the atoms, even of the densest solid, are

placed at distances from one another infinitely greater than their
own diameters.

§ 9. If we are liable to such errors of judgment, with
regard to matters of direct observation, how careful ought we to
be, and how diffident, in embodying notions of things which are
wholly beyond the cognizance of our senses;—as of the sizes,
forms, or weights of the * primitive particles,” or afoms, of
matter. We can carry the palpable division of some substances
to an almost inconceivable extent, but we have no reason to
suppose that we thereby even approximate to their ultimate
atomic resolution.

A gallon of water weighs 70,000 grains; one-tenth of a grain
of green vitriol does not contain quite one-fiftieth part of a grain
of iron ; if we dissolve this quantity of the salt in the water, its
diffusion throughout its whole mass may be rendered perfectly
visible by the addition of a little tincture of the gall-nut} i. e., it
may be proved to the eye that each grain of water contains the
seventy thousandth part of the fiftieth of a grain of iron; a
quantity far too minute to be ascertained by the most delicate
instruments, and of which the imagination itself cannot possibly
frame an accurate conception: and yet we dare not assert that
this inconceivably minute quantity bears any assignable propor-
tion to the weight of a primitive particle.

§ 10. But, to proceed: we are familiar with matter in
two states; viz.—at rest; or undergoing a change of position in
space: but no particle of matter, nor assemblage, nor compound
of particles of matter, possesses within itself a power of changing
its existing state of motion or rest; a passive quality which is
generally designated by the ferm 1xeErria. This term, how-
ever, appears to have been not very happily chosen; inasmuch
as it might be taken to designate inactivity with regard to other
bodies; which if we were to admit, we should deny that inherent
activity by which it is probable that every particle of matter is
capable of acting upon every other particle in the universe.

When we are told that a body at rest would for ever remain
quiescent, unless it were to receive an impulse from some
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extraneous power, the mind at once assents to the proposition;
1t seems to agree with the results of our experience; the bodies
which surround us move not until some power from without
sets them in motion: but it requires some reflection in those
who, for the first time, consider the subject, to perceive that
bodies in motion would for ever continue to move unless they
were stopped by some exterior power. Common and careless
observation seems to contradiet this part of the proposition: we
“know of no motion on the surface of the earth but what comes
to an end, unless extraneous power be applied not only to
produce but to maintain it. This prejudice will, however, be
corrected by the observation, that all such moving bodies meet
with resistance from counteracting forces; and that the heavenly
bodies, the only examples with which we are acquainted of
unresisted motion, continue constant in their courses. More-
over, we are not without familiar instances of this tendency to a
persistence in a state of motion. If we suddenly check motion,
in an open vessel filled with a liquid, the rigidity of all the parts
of the solid mass brings them simultaneously to a state of rest;
but the mobility of the liquid particles of the combination
allows of their continuing in motion in their original direction,
and the liquid is spilled. The careless setting down of a pail of
water, or a cup of tea, may thus, with proper reflection, illustrate
an important principle.

§ 11. Now every particle of matter which we see around
us is under the influence of several rorces exerted upon it both
by distant and by adjacent particles; and upon which it acts in
return: for the action of one body upon another is always
accompanied by a reaction of the latter upon the former, of the
same intensity in the opposite direction. To these forces the
motions which we observe in some bodies are owing, and upon
their balance the apparent state of rest in others is dependent:
it is, therefore, of the first importance that we should form as
accurate a notion as possible of the meaning of the general term
FORCE. The following analysis of the subject, by Sir John
Herschel, clearly refers the origin of the idea to the conscious-
ness of each individual; conscience being the highest form of
personal experience*.

“We are conscious of a power to move our own limbs, and,
by their intervention, other bodies; and this effect is the result

* HenrscHEL's Discourse, p. 86.
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of a certain inexplicable process which we are aware of, by
which we exert force; and even when such exertion produces
no visible effect (as when we press our two hands violently
together, so as just to oppose each other’s effort), we still
perceive, by the fatigue and exhaustion, and by the impossibility
of maintaining the effort long, that something is going on within
us, of which the mind is the agent, and the will the determining
cause.” In the case of force exerted by the right hand, and
met by an equal force from the left, the two acting in opposite
directions exactly neutralize each other, and no motion ensues;
the effect is pressure; they exactly balance one another, and
may be said to be in equilibrio. We recognise a similar power
of generating force in other animals by opposition to our own,
and as the proximate seat of it is in the muscles, we denominate
it muscular or animal force. This force may be communicated
to inanimate matter, as when we project a stone from the hand;
and that a body thus set in motion carries force with it, we may
feel by arresting it in its course. Thus, in stopping a ball at
ericket, we experience a shock, and the bones of the hand might
even be fractured by the blow if it did not at first yield a little
to its course. It may be concentrated in the same mass by
continued action, as when a stone, which when cast from the hand
will inflict a comparatively slight injury, is continuously acted
upon by the same arm, by the intermedium of a sling, it will at
length be projected with an intensity of action capable of
producing very violent effects. We thus learn to regard motion
in matter, however produced, as the effect, and indication of
force: and force has been defined as “that which is capable
of producing motion in matter, or of stopping, or altering its
direction when produced.”

Velocity of motion, or the distance which a body moves in
a given time, may, when the mass remains the same, be taken
as a measure of mechanical force (as force thus transferred to
moving masses of matter is called), and by multiplying the
quantity of matter in a body by its velocity, we, in all cases,
learn its momentum, or the quantity of force which it is capable
of exerting upon other bodies opposed to it. The Investigation
of the laws of motion constitutes the province of py~Namics.

§ 12. This force, which we can exert and communicate
at will, and which can be generated by all animal bodies, we
may soon become sensible may be opposed by other forces
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appertaining to inanimate matter. For example:—in lifting a
lump of iron, or lead, or stone, from the ground, we are con-
scious of the same kind of opposition, and consequent exertion,
as when we violently press one hand against the other; and
whatever opposes force must be force. If the force which we
apply be greater than the opposing force, which we familiarly
denominate weight, the mass is raised ; but we may so adjust
the two, that they may be in equilibrio, and then no motion will
be perceptible ; but we shall feel its pressure, and, if the mass
be considerable, we shall not long be able to maintain the
balance, from exhaustion and fatigue, and the mass will fall to
the ground.

Again, by pressing with the arm upon a strong spring, or in
drawing a bow, we feel another opposing power, which we
denominate ELasTIiCITY. At the first impression, motion may
be produced, because muscular force may have the advantage,
but we shall soon become conscious of a gradually-increasing
opposition, which our utmost exertion will not be able to over-
come ; our highest degree of force will be balanced ; fatigue on
our part will put an end to the contest, and the elastic body will
return to its former state. If the opposition be suddenly with-
drawn, and the bow be allowed to act continuously in its return
upon a body which is free to obey the impulse, the bolt or the
arrow will have a projectile force communicated to it of con-
siderable intensity, as in the case of the stone from the sling.

§ 13. The very same effect may be produced upon the
spring or bow by the action of the weight, as by the power of
the arm; and if we were to place the mass of iron upon the
former, or suspend it from the latter, the heavy body would be
supported, and the elastic body would be bent. Weight may
thus be opposed to elasticity, and at a certain point they will
balance each other: at this point no motion or visible effect will
be produced; but the two forces will not on this account cease
to act any more than in the case of the opposite pressure of the
two hands; they will exert pressure upon each other. Each of
these forces having been separately estimated by our exertion
and consciousness of muscular force, when opposed to them, we
cannot resist the direct evidence of our senses, that “ matter is
thus capable of exerting upon matter the same kind of effort as
that which we appreciate from a mental impression*.”

* HerscHEL's Discourse.
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The exertion of force necessarily implies resistance, or
reaction, in an opposite direction; and a force is effective only
when the resistance is called into play. We are conscious of
the ability to exert muscular force at our will; but we cannot
conceive its exertion without opposition. So with a common
bell-spring; we know from experience that it is capable of
exerting the force of elasticity ; but if we hold it by one end
only, it is not exerted. If we hold one of its ends in each
hand, and stretch it, we feel its elastic form, which we oppose
by a muscular effort of one hand, necessarily accompanied by
an equal effort, in the opposite direction, of the other; these
efforts may be replaced by the gravity of a weight passing over
a pulley at one end, balanced by an equal weight, similarly
acting at the other end. A curious question might arise upon
such an arrangement: Is the spring stretched by the sum of the
forces of the two arms, or of the two weights, or by one only?

Let one end of the spring be attached to a fixed support,
and it will be found that the same effort of one arm, or of one
weight, applied to the other, will stretch it to the same amount
as before; the force of the other arm, or of the other weight,
only measured the amount of reaction which necessarily accom-
panies the action, and which is now borne by the support.

y 14. There are several varieties of force, all of which may
either mediately or immediately be referred to the standard of
our own exertions. Some of these cause masses of matter to
approach, and others to recede from each other, retaining them
in their second position against an opposing force; the former
are classed together under the name of ArrracTION, the latter
under that of RErpuLsion. The laws of these motions, and of
the equilibrium of these forces, the intellect of man has been
able to develope; but the origin of the forces themselves,
though clearly perceived to be various, appears to be beyond
his comprehension, even when that origin is in his own will.
We cannot, at least, refer them to any secondary cause, and
we must be content to know that they are powers conferred
upon matter by the will of the Crearor, for the maintenance
of the order of his creation. Thus much the intellect of a child
can comprehend, and to nothing more did that of a Newton
attain. The effort which we feel that a mass of iron makes to
fall to the ground, is due to an attractive force between it and
the earth, which we denominate GraviTy, and is an universal
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power of nature ; that which we feel the spring make to recover
its first position when we press upon it with the hand, is due to
the repulsive force of ELasriciTY, and is possessed in very
different degrees by different kinds of matter.

Before we proceed to inquire into the laws which limit the
action of these forces, it will be well to indicate certain other
varieties both of repulsion and aftraction, which will come
within the scope of our inquiry.

§ 15. It was observed by the ancients, and the fact is
mentioned by Theophrastus, that when a piece of amber is
rubbed, it acquires the property of attracting light bodies. The
Greek term for amber being electron, the unknown cause of this
phenomenon has been called ELEcTRICITY. It Was not till the
commencement of the seventeenth century, that the same pro-
perty was found to be conferred, by friction, on various other
bodies, as glass, sealing-wax, sulphur, &ec.; and later still, that
any two dissimilar substances, when rubbed together, with
proper precautions, are capable of exerting the same attractive
force. Further observation has shown, that after bodies have
been thus attracted to the rubbed surface, they will be repelled
from it by an equal but opposite force : and the phenomena will
be presented to us in a striking light, if we suspend a feather
from a piece of silk, and approximate to it a tube of glass, which
has been rubbed with a silk handkerchief; the feather will be
attracted to the tube from a considerable distance, and after
attaching itself to it, will fly off, and cannot be made again to
approach it. Both this attraction and repulsion will overcome
the force of gravitation in the feather, and by its opposition we
can estimate the amount of either.

§ 16. Again, there is an ore of iron which is common in
Sweden, which has received the name of loadsfone, from the
property which it possesses of pointing, when freely suspended,
to the polar star, or load-star, as it was formerly called; it has
been known from remote antiquity to possess the property of
attracting small pieces of iron: it is said to have abounded in
Magnesia, a province of Lydia, and is mentioned by Pliny,
under the name of magnes, hence the property derived the
name of MAGNETISM. It is capable of being communicated to
bars of steel by friction, which are also called magnets. If we
take two bars so prepared, and balance one of them upon a
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pivot, we may again have the opposite forces of attraction and
repulsion exemplified from this new source; for upon approxi-
mating one end of one magnet to a certain end of the other,
which is free to rotate, they will approach each other with con-
siderable energy ; if the other end be presented to it, they will
separate with equal velocity. This attraction we can feel and
estimate by the muscular force which we must exert to pull
away a piece of iron which is under its influence. Artificial
magnets, as well as the loadstone, when freely suspended, take
up a definite position with regard to the poles of the earth, or
the extremities of any other magnet: hence this property has
been termed polarity; and forces which are conceived to act
with equal intensity in opposite directions at the extremities of
the axes of molecules, or of masses of matter, are denominated
polar forces.

The forces which we have thus designated may be distin-
guished as EXTERNAL rorcEs, for they act upon masses of
matter at sensible distances; there are others which act only
upon its constituent molecules, and at insensible distances, and
may be called INTERNAL or MOLECULAR FORCES.

§ 17. The first, and most general of these, is homnogene-
ous altraction, or cohesion. If we take two masses of lead, on
which two perfectly smooth surfaces have been cut,—and a
cloven bullet will answer the purposes of illustration,—and bring
these planes in contact, we shall find that they cohere, or attract
each other with a force which we can appreciate by a muscular
effort to separate them ; or by opposing to them the gravitation
or weight of another body, for we may suspend a heavy sub-
stance to them without forcing them asunder. In the same
way, two pieces of plate-glass cohere strongly together when
brought into contact, by their polished faces. It has often
happened in manufactories of this article, that the plates, which
after receiving their last polish are placed in cases, where they
are arranged like books in a book-case, a little inclining upon
each other, have been found to have contracted so strong a
cohesion, as not to be separable without a fracture; and some-
times three or four plates have thus become so incorporated as
to bear working together, and cutting with a diamond, like a
single plate. Some specimens, which were selected from the
manufacture of St. Gobin, were found to be thus united no less
intimately than if they had been fused together; and when
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a violent degree of force was applied to make them slide from
each other, the experimenter was surprised to find that the sub-
stance of the glass was actually torn, so that the surface of one
was covered with large flakes detached from the substance of
the other.

Another example of this force is afforded by the running
together of two globules of mercury, or two drops of water; the
moment they appear to touch each other they coalesce, and
become one. One of the most striking illustrations of homo-
geneous attraction is afforded by sifting some finely powdered
resin upon a plate, and carefully scattering a few drops of water
upon it; each of these will assume an almost perfect globular
form, from the equal action of this force, in all directions from
the centre upon the exterior film; in obedience to which the
particles of each mass are free to move: these small globes may
be made to roll about in all directions, like solid shot, by
inclining the plate. When made gently to touch each other,
they still continue separate, the liquid particles being defended
from actual contact by the light dust with which they are
powdered; but when by greater violence this is dispered, they
immediately run together.

Some measure of the activity of this force in liquids is
afforded by the contraction of the thin film which constitutes a
soap-bubble. If such a bubble be blown with a pipe, and the
open end of the tube be directed towards the flame of a taper,
the flame may be blown out from the reaction of this contrac-
tion upon the air.

This is the force which connects the particles of bodies
together in the solid form with greater or less energy, and which
still prevails in liquids, though reduced to a less amount by an
opposing force which we must presently indicate. We have
seen from our experimental illustrations, how gravity, or mus-
cular force, may be made to act in opposition to it, and the two
may be combined to such a degree of intensity by the continu-
ous action, for instance, of the sledge-hammer, that the cohesion
of the hardest solid may be obliged to yield.

§ 18. And here it may be remarked, that Zime is an im-
portant element in the action of force. When a mass of matter
moving with a certain momentum strikes against a substance whose
cohesion is insufficient to resist the force which it conveys, the
fracture of the latter is the consequence, and the momentum
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of the former may be destroyed; but if a greater velocity be
given to the mass, it may pass through the opposing substance
with little comparative injury, and still continue to move. Thus
a leaden bullet projected from the hand may demolish a plate of
glass, while the same bullet impelled from a gun will pass
through the plate, and pierce it with a small hole, without
destroying the cohesion in any other part. In the practice of
artillery, where it is required to batter down walls, or the sides
of a ship, the charge of gunpowder is so regulated as that the
projectile may not be carried through the object aimed at; as
in that case the time of its passage is not sufficient for the
transfer of the force from the moving body.

§ 19. Elasticity also may be made to act against cohesion;
and a most beautiful instance of the eguilibrium of these two
forces is presented to us in the common schoolboy’s plaything,
called a Rupert’s drop. This is a drop of glass suddenly solidi-
fied by dropping it into water: its cohesion is very considerable,
as we may ascertain by the force which would be required to
crush it; it will bear the pressure of half a hundred weight
without injury. Glass is also a body endued with a high degree
of elasticity, which is greatly increased by heat. When the
exterior molecules are suddenly cooled they contract, and
violently compress the still heated interior particles. That
these retain their state of tension, and strive energetically to
recover from it, even after they are cool, is proved experi-
mentally. If we grasp the drop in one hand, and with the
other break off the point, or merely scratch the surface, we
diminish the force of cohesion, and the elasticity assumes the
ascendency, breaking the mass to an almost impalpable powder,
and giving a violent shock to the hand which grasps it. By
holding it under water, in a stout glass bottle, or other vessel,
the effect is rendered still more striking; for upon scratching
the surface with a file, not only is the drop, but the containing
vessel, shivered into a thousand fragments.

§ 20. But the real, and, but for one remarkable excep-
tion, universal antagonist of cohesion, is the repulsive force of
HEAT: and of the meaning, again, of this term, our conscious-
ness will afford the best explanation. The sensations of the
most ignorant teach them to apply a meaning to the terms
hot and cold, which the most philosopliic définition would not

c
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at all elucidate. Common experience proves to us that the
unknown cause of these sensations is an agent of the most
powerful and active kind: we find it continually employed both
in the processes of nature and the arts; we recognise it as
destroying some substances, melting others, rendering others
luminous, and converting others into vapour. The hidden
cause of all these effects we term /heal, as well as the sensation
which it produces upon our organs. Our ignorance oceasions
this confusion of language, and we only attempt to disguise that
ignorance when we substitute the term caloric for the myste-
rious cause, and confine the term heat to the sensation produced.

When we take a half flaccid bladder, and expose it to
any of the common sources of heat, as by holding it before
the fire, or pouring hot water upon it, we invariably commu-
nicate a repulsive force to the air which it contains, causing the
particles to recede from each other, and distending the bladder
to a degree which, if properly confined, will cause it to burst,
with a loud report. Here again we may feel the force which
causes the aérial molecules to repel each other. Common
experience has also taught us that the application of heat will
quietly subdue the cohesion which binds together the atoms of
the most solid metal, and which the most intense mechanical
force can only very partially effect; and hence, again, we judge
of the energy of the active cause.

Such are the forces of homogeneous attraction and repul-
sion:—antagonist powers which act upon the constituent
particles of the same kinds of matter,—matter that is, of the
same sensible properties.

§ 21. Referring back to our first acquaintance with
matter, we have not only been assured of its existence, of its
substantiality, of its impenetrability, of its solidity, of its
fluidity, by our touch, but our other senses have discovered to
us different kinds of matter—matter of different sensible pro-
perties. Our taste has informed us of sapid and insipid, of acid
and sweet, and bitter and saline matter; our organs of smell, of
odorous and inodorous bodies; our sight, of blue and green,
and black and white, transparent and opaque. It is in the
reciprocal action of bodies of such |different essences that we
trace the existence of our next active force. If we simply dip a
piece of metal, or glass, into water, and withdraw it, we shall
have an illustration of it in the wetting of the solid; a portion
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of the liquid will adhere to it: we can estimate the amount of
the force by the weight of the water which may be raised under
its influence. If we repeat the experiments before referred to,
of placing a few drops of water upon a fine dust, substituting
powdered flint-glass for resin, we shall be able to contrast this
force of heterogeneous adhesion with that of komogeneous cohesion:
in the former case the drops of water assumed a spherical form,
under the influence of the last power; in the latter case hefero-
yeneous adhesion will overcome homogeneous cohesion: the
powdered glass will be wetted, and the water will be absorbed.

§ 22. The last force which it will be necessary to specify,
to complete this general view of the forces, is cuEMIcAL
AFFINITY, the highest degree of heterogeneous attraction. The
action of this marvellous power between the ultimate particles
of different kinds of matter, constitutes matter of distinet
qualities,—matter differing in essence from any of its ingre-
dients,—matter possessing no sensible property in common with
its constituent elements but that of their gravity combined.
An inquiry into the laws and results of its action constitutes the
chemist’s peculiar province. It has been named affirity, from
a supposed relationship of substances to each other, which fits
them for intimate combination.

If we take some fragments of copper, and pour some aqua
fortis (nitric acid) upon them, intense action will ensue between
the liquid and the solid; abundance of aériform matter will be
evolved; the acid and the metal will both disappear, and in
their stead we shall find a saline substance of a beautiful deep
blue colour; the weight of which, together with that of the
collected air, would be exactly that of the acid and metal thus
acting upon each other by the force of chemical affinity. The
blue matter resembles in no single property the substances from
which it is produced; but that copper enters into its com-
position may easily be proved by dipping a piece of clean iron
into its solution, when the metal will appear upon its surface,
with all its characteristic properties.

The intimate and mutual penetration of bodies, under this
mysterious force, might be expected to elude that kind of com-
parison and measure with our innate energy which we have
established in the case of the other forces which we have passed
under our review: indeed it is not easy to conceive how a

molecular action of such a kind could be immediately tested by
c 2
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our muscular force; but mediately this may be done by a
reference to the force of cohesion, which is directly opposed to
it. This extraordinary agent, moreover, presents itself to us
in another form, in which having elicited it from the distant
reaction of two masses of cold metal, by means which it will be
our business hereafter to investigate, we can apply it to effect
the essential changes upon matter which are the distinctive
results of its operation, and at the same moment feel its power-
ful influence upon our muscular frame, contracting its fibres
with a violence which no spontaneous exertion of our self-
generated force can control.

§ 23. These illustrations may serve the useful purpose of
fixing upon the minds of beginners in science some definite
notions of the nature of the forces which principally concur to
the production of chemical phenomena; but to constitute
science it is necessary to seek out the laws which limit and
regulate the action of the different forces. It is not sufficient
to know, that under the force of gravity every particle of matter
attracts every other particle in the universe and is attracted by
it; it is necessary that we should measure the amount of the
force and ascertain the influence of distance upon its action,
The particular laws of their several actions, as far as they are
conducive to chemical results, it is the object of the following
pages to examine and illustrate; and for this purpose we will
take them nearly in the order in which they have already been
notified; and first with regard to gravity.

IT. GRAVITY—WEIGHT.

$ 24. The alfraction of gravitation may be exerted be-
tween masses of matter at the greatest distances from each
other; it is that sublime power which the astronomer con-
templates as extending between all the bodies of the solar
system; binding the planets in their orbits, and reaching
through space to countless other systems, at distances of which
the mind of man strives in vain to form an adequate conception.
With this stupendous and all-pervading force the chemist has
little concern, except as acting at the surface of the earth, and
conferring the property which we call weight.
It may be exemplified not only by the fall of a body to the
earth, but by the approach towards each other of masses of
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matter which are free to obey the mutual impulse. Thus,
pieces of wood, upon the surface of water, are attracted towards
each other, or the sides of the containing vessel; and the
wrecks of ships are frequently found aggregated together upon
the surface of the ocean.

A plummet, or weight suspended to a string, is commonly
employed to indicate a line directed immediately to the centre
of the earth, and which is called a perpendicular. This is the
direction of gravitation, which acts in straight lines, when undis-
turbed, at the surface of the globe. The same plummet, when
suspended by the side of the abrupt precipice of a mountain,
has been experimentally found to deviate from this perpen-
dicular, having been drawn aside a minute, but measurable,
quantity by the gravity of the mass in whose viecinity it had been
placed.

In common language, we say that a stone, or other heavy
body, falls to the earth: but the influence is reciprocal; the
earth is attracted by the stone as the stone is by the earth.
The action is directly proportionate to the quantity of matter
which each mass contains, and this is the first law of gravity.
The quantity of matter in the ston