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PREFACE.

g

THE following pages are not intended for the use of
very young students, but rather for those who, having
taken such a comme of physics as is now common in
echools which prepars hoya for college, would fit them-
selves to deal with the foller developments or wider gen.
eralizationa of phyeical ecience.

Such students might be referred at ooce to Cleck
Maxwell's Muatter and Motion ; but they wounld find in
that book some things too difficult for them, and they
wounld hardly be led by it to make for themscives thoss
experiments which are for many atudents the only
meang of attaining eound and vital notions of general
truths. Moreover, the term inertia, which the student is
sure to encounter in his reading of physics and is likely
to find nsed in more than one sense, is ignored by Max-
well in the treatise mentioned.

The author of this pamphlat had the good fortune to
find the Harvard Physical Club, at its formation last
spring, willing to davote several meetings to the discus-
dion of his manuacript, By far the greater part of this
discussion way given fo the peges desling with inertia
and mass, and the final form which those pages bave
taken' is due very largely to eriticiems and suggestions
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made at these meetings. It must be understood, how-
ever, that the author takes the sola responsibility for the
teachings of the pamphlet,

My thanka ava due to several friends who have assisted
in preparing the menuseript for the press or in reading
the procfshoeta,

E. H HALL.
CAMBRIDGE, Oclober 18, LAES.




ELEMENTARY IDEAS, DEFINITIONS, AND
LAWS, IN DYNAMICS.

Introductory. — Almost every beginner in the stndy
of Physice haa difficulty in mastering the ideas nacessary
for 2n intelligent handling of problems invelving the con-
sideration of masees undergoing change of moticn. A
largs part of this diffienlty arises from the fact that in
such problems the student needs to uae with a strict mean-
ing terms that he babitually uses with a loose meaning,
ot with several meanings. The text-booka do not always
sucoeed in setting hin right {n this particular, and he may
suffer for yesrs under disad vantages which a few hours of
study should remove. Pepalar significationa need not ba
called ineorrect by the scientific man, but frequently they
are differpnt from the scientific significations. Even sci-
entifia men do not nlways agres about definiticons,

An attempt is hera mads to define and correlate the
ideas associated with the words Weight, Inertia, Masa,
Force, Work, and Energy. In this proocsss any one of
these terms may be nsed before it is defined, in ocases
where the popular use of the term is sufficiently exact
for the immediate parpose. Omne word, however, Forca,
which must appear very frequently in the following
pages, has been used go looeely, in scientific as well as in
pepular writings, that 3t is well to give at onees the fol-
lowing provisional definition: Foree is a Push or s Fyll

Weight. — It is one of the commonest facts of obaer-
vetion thet bodies when unaupported fall toward the
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earth. Whether the ecarth really attracts them, or

whether they are by some other means impelled toward
it, we do not know. ‘The notion that the earth attracts
them accounta perfectly well for the observed facts, and
28 1o other hypothesis that has been proposed accounts
for them equally well, physicists hold and teach as an ex-
tremely convenient and useful theory, if nob a final fact,
that bodies fall becanse they are pulled downward by the
earth’s attraction. 'With this explanation we ghall hence-
forth apeale of this sopposed attraction as if it were an
estublished fact,

It is another fact of observation that the earth revolves
opon &n axis, And it can ensily be shown by experiment
thet the effect of this revolution must in some measure
neutralize the earth’s attraction, so as to make the ap-
patent attrastion slightly different from the real. The
Woeight of & body, in the scientific sense, is a fores, which
force is the apparent attractivn of the earth.

Since the earth is not a perfact ephere, since it i3 com-
posed of different materials in different places, and since
bodiss near the poles ravolve in a smalier daily circls
than bodies nearer tha eqoator, we might ezpect the
weight of a bedy to depend somewhat upon ite placs on
the earth’s surface. Observation shows this to be true.
A given body will stretch & spring-balance more in re-

“giona far north or far sonth than in repions near the

equator.

At the equator and the poles the weight of bodies is
directed towerd the earth’s centre. At olbar paris of the
earth’s surface weight is directad nearly, but in general
not exactly, teward the earth’'s oentre. Evidently the
free surfage of etill water or mny other liquid must be
everywhera ab right angles to this force, Such a surface
is called a fevel syriace. :

We ask here a question which will prove very impor-
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tant when we come to speak of Inertia, When a body is
pladed upon a level surface in such a manner that it does
not tend, from mere imperfeet bulancing, to roll or tip,
does the weight of the body, ns we have defined weight,
either help or hinder the body's motion in any direction
along the level surfuce, save by causing friction with the
enrface?  All experience goes to ahow that it does not
do 303 that, iu fact, no forco in a given direction either
directly helps or directly hinders metion in a line st right
angles to the direction of the forcn. We shall therefors
take it as settled, theb upon a level eurface the weight of
. a body affects motion only by caneing friction,

Suapending & body by & fine wire we cun get rid of
nearly all friction except that offered by theair. When
a body is so euspended and is hanging at rest, any swing
imparted to it will involve soms sscent by the body
sgainet the earth’s pull; butif the wire used for the sus.
pension be 4 long one, tha curved incline ap which tha
body moves in leaving its equilibrium position will be at
first very gradeal. Ezperience lias taught avery one that
the pull required to move a body, with uniform velocity,
along #moh an ineline, is very small compared with that
foree whieh we gall the weight of the bedy.

Inertia. — All this belng understood, let us suspend &
fifty-pound ball by & long wire, attach a airing to the ball,
and, taking the free end of the string in the hund, sud-
denly move the hand horizontally away from the ball,
As soon a8 the string is drawn straight, one feols that the
hand is pulling, that it encounters p resistance, which is
offered in some way by the ball at the other end of the
gtring., IF the hand be jerked viclently, this pull may be-
come so great as to breslk the string, even if the latter is
strong enough to bear easily the whole weight of the
fifty-pound ball.

How can we acoount for this observed resistance? Per-



