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PREF ACE,

Tne plan of this edition is the same as the forimer one. Tt
is designed O@]J(ﬁciﬂuf for stndents who are heginning the stndy
of Analvtical Mechanics, and is preparatory to the higher works
npon the same subjeet, and to Analytieal Physics and Astro-
nomy.  The Calenlus is freely wsed. I have sought to present
the subject in such a manner a8 to familiarize the student with
analytical processes.  For this reason the solotions of problemns
have Leen treated as applications of general formulas, The
solntion by this mwethod is often more lengthy than by special
methods; still, it has advantages over the latter, because it
eatablishes a uniformity in the process,

My experience has shown the importauee of applying the
fundamental equations to a great variety of problens, 1 have,
therefore, in Article 24, and Chapters IV, aud X., given a large
number and & considerable vaviety of problems to be solved by
the general equations nnder which they rospectively fall.

[n the revision I kave been aided not oaly by my own expe-
rience with the nze of the former edition in the class-room, bot
also by the friendly advice and eriticiam of several professors
that of eolleres who have used the work,  The resnlt has heen
eeveral pages have been rewritten, some definitions changed,
and the typographieal errom corrected,  Several now pages in
the latter part of the work have been added. T am especially
indebted to Professor L. T. Quimby, of Dartmonth College,
Hanover, X, H., for Lis valuable sngzestions and for assistance
in reading the final proofs,

The nature of force vematns as much a mystery as it was
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when its principles were first recognized. OF its essentinl
nature we ahall probably remain forever in ignorance, We can
only deal with the luws of its action. These laws are deter-
mined by obeerving the effects prodneed by & foree.  TForee is
the eanse of wn action in the physieal world., The results of
the action may be numerous and varied, Thus, force may pro-
dnee pressore, tension, cohesion, adhesion, motion, affinity, po-
larity, eleetricity, ete. Or, to speak more properly, sines force
may he transmated Trom one state to another, we would say
that the above torms are numes for the dilferent manifestations

of foreo,

The question “what iz the correct measnre of foree™ has taken
different phases at different times. Daring the last eentury it
wag contended by some that momentnm (M v) was the correct
measure, while others eoutended that it should be the work whieh
it can do in s it of time (30 %)L Dut as one has happily
expressed it, “theirs was only a war of words ;™ for the veal
measnre of foree enters only as a factor in the cxpressions
Thus, it & be a constant foree, the value of the momentum is
It soe page 51, and of the work £, sev page 45. At the pre-
sent day some contend that the ouly wessure of foree ia the
motion which it produces, or would produce, in a ouit of time.
This is ealled the spsoLyre MeasurE, and TUE ABLOLUTE BNIT O
FoRCE €8 Lhe welocity whieh the force produces, or would pro-
duce, in o wunid of wmags dn o unit of time if 6 aoted during
the unit with the indensity which &t bad at the instant con-
sideved,  1f the intensity of the foree were constant, the velo-
city which it prodoced at the end of the unit of time wonld
be the required velovity. IMeuce, the absolnte measure of any
force neting on any mass iz the product of the mass into the
acesleration ; and is the second member of cquation (21).
This is a correet measare, and is aceepted as such by all writers
on mechanics,

Iiut those who contend that this is the only measure, neces.
sarily deny that weight, or more generally pounds, is a mea-
sure, | contend that pewnds is @ measure of the intensity of a
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force both statically and dynamically. Many authors maintain
the same pogition.  Indeed, it is probable that the position
which I have taken can be dedwced from any standard work on
mechanics ; but in some it iz left to inference.  Thus, io
Smith's MWeckandes, page 1, we find this terse and corveet defi-
witiom, ¥ The dutensiry of 2 foree way be measnred, statically,
by the pressure it will produce ; dyvamically, by the quantity
of motion it will produce L say this is eorrect, but L will add
that the intensity of a force which produces a piven motion is
alse mensored by s pressure, or by something equivalent to a
prossure, or to a pnll.  To those who will look at it anulyti-
eally, it is only necessary to say that the [rst member of equa-
tion (21) iz measwed in pownds.  If we know the absolnte
measnre, we may easily fnd its value in powaeds.

The pewnd here veferred to is the resalt of the action of gra-
vity npon & certain quanticy of matter.  The amnount of matter
having boen fixed, cither by a legal enactment or by common
consent, and declarcd to be one pound at a eortain place, itz
weight, as determined by a standard spring-halanee ar any other
place, beeomes a mensure of the foree of gravity as compared
with the fixed place. This standard spring-balanee may meas-
ure the intensity in pounds of any other foree, whether the
Lody upon which the foree acts be at rest ar in motion. If a
perfectly free ody were placed in a hollow space at the ceutre
of the eartly at which place it would Le devoid of weight, and
pulled or pushed Ly a voustant foree, whose inteusity, weasured
Ly a standard spring-balance, equaled the weight of an equal
body on the surface of the earth, then would its motion be the
samne as that of a fulling body. Bee pawe 24, Problem 7. In
the forces of nvature producing motion, there being no visible
connection between the point of action of the force and the
body upon which it acts, we are anable to weigh their intensity
except by ealenlation.  1f the absolate messwre is known, the
pounds of intensity may Le computed.  The absolute measure
of the foree of gravity ou a mnss m is mg, and the weight of
the Lbody being W, wo have W=umg. The sun acts upon the
earth with a foree which may be expressed by the absolure



vi PREFACE.

measure, and also by a certain nnmber of ponuds of foree,
More than half of the examples in Article 24 involve an
equality between pownds of intensity and the absolute measnre
of the foree.  The fact is, that, in case of motion, these quanti-
ties are eovelative.  Binee, then, it is correet Lo use the tern
podied as the measure of the intensity of a foree whether tha
Body be al rest or in motion, and sinee it is in common use, and
the student is aniliar with ity T prefer to consider a force as
measured by oocertain number of pounds.  See Article 8. 1t
iz more sinple, containing as it does only one element, than
the absolute wmeasure, which contains three elements—uass,
velocity, and tine.

There is another advantage in thos messnring foree,  Stu-
dents frequently, and in some eases writers, nse the expressions,
“ ruantity of foree,” * amonnt of foree,” ¥ furee of a blow,” ete.,
when they mean (or should mean) momentum, or work, or vis
viva, lnosneh cases an attempt to amswer the gquestion ® how
wany pouitds of Foree ™ wonld show at onee that the gnantity ve-
ferred to was not fores,

o much ambignity, or at least indeliniteness, has arisen in
regari Lo the termn foree, that T have rejocted the terms © Lin-
pulsive Force ” and # Instantancons Foree,” and wsed the torm
* Lpulse ¥ instead of them,  We know nothing of an instau-
taneous foree, that is, one which requires no time for its netion.
I also reject the expression force of dnerdin. 1 do not helieve
that ineitia is a force.  To the question * The inertia of a body
is how many poands of foree™ there is no answer,

The terin worment af enertin has no physical representation.
The nearest uppronch to it is in the expression for the vis viva
of & rotating body.  In snch problems the moment of inertia
forms an important factor.  The energy of a rotating body hav-
ing a vonstaul angular velocity is divectly proportional to its
muoient of inertia in reference to its axis of rowation.  See page
202 Dine wetion is not necessary for is existance.  See page
163, The expression appears in the diseussion of nwmerous



PREFACE vii

statical problems, such as the flexure of a beam, the centre of
pressure of a fluid, the centre of gravity of eertain eolids, ete.
Tt is not the moment of a mwoment, althongh it may Le so con-
strued as to appear to be of that form,  Some other terns mniglt
be more appropriate.  Iiven the expression mement of the weass
woiild De less objectionable.

The subjects of Ceatrifugal Force and Unbalonced Force
Liuve been discussed of late in Angineering., Some assert that
there is uo such thing as a centrifugal force. Mneh nnprofita-
ble discussion may be dvoided by strictly defining the terms
nsed. If it is defined to be a foree equal and opposite to the
deflecting foree, it will, at least, have an ideal existence, just as
the resultant in statical problems has an ideal existence. Tint
the vital question is, is the centrifugal loree active when the
defleeting foree wets? Oy, in other words, do hoth act npon
the luwly at the same (imed 1 seems, however, quite evident
that if both aeted wpon the body at the same time they would
neutralize cach other, and the body wonld move in a straight
live. Henee, in the movement of the plancts, or of any free
rotating body, there i no centrifngal foree.  Dat in the case of
a locoinolive running aromnd & enrve there may be both een-
tripetal and centrifugal forees; the former aeting against the
loconotive to foree it away from a tangent to the track ;) the
Iutter, sgainst the track, tending to foree it ontward, Wher-
ever the force is conceived to aet, whether jnst between the
rail and wheel or at some other point, it is evident that both do
uob ael upon the same body,

Bimilarly in regard to the unbalenced foree. 1t is a conveni
ent term to use, but, in o strict sense, an unbalaneed foree does
not exist; for action and reaction are equal and opposite.  But
in reference to a particnlar body, all other conditions Leing
iznored, the force may be unbalanced. Thus, when a ball ia
fired froin a cannon, the forve of the powder, considered in the
direetion of the motion of the hall only, i= nnbalanced ; bt the
powder exerts an equal foree’ in the opposite direction, and in
that sense also is unbalanced. Dot when the entive effect of the



