


self how a systematic procedurs is followed in eolving prob-
" lems of statics by method of equilibriunm,
Exaunple 1-2 Find the tesions in the strings 1,2,and 3 in
fig.10.
Solution It is found usdful, in solving a problem of sta-
tics, to isolate a body under consideraetion from its sur-
- roundings and sketch a diagram of the body with all the
forces acting on it., This is called the free-body diagranm
no forces exerted by the'body should be includecd.

First, draw the frec-body diagram of the hanging body.
See, fig.1=11(a). It is acted on by the upward pull T1 and
the downward gravity W. ¥Fquilibrium condition in th& y-direc-

tion gives

or Ty =W (a)

Second, regard string 1 as a body uader consideration
{part b of the figure). As its weight is negligible, it is
also acted on bv two forces in the y-direction, viz, the
upward pull T1" of the knot o and the downward pull T]' od
the body, which is the reaction to T1. Fquilibrium condition

gives




Third, consicer the knot 0. As showhdin the free-body
diagran (part c¢ of the figure),it is acted on by the pull

{1 L
of three strings,Ty'™,Tp a8d %3 of which T,"' is the reac

: - .
tion to TE”. Resolving Ta and TB into their respective x-

anc y-components and cpplying the condition for equilibri

rium,we obtain

Fx = T3 cors@3 > TE cos@t2 v Q,

Fy = T2 sinQ2 + Tj"éingg - TR = D

From the first equation we get T3=T2cos@2/cosg5 and then
T :

substitute it in tho second o obtain

: cosey _
T2(81n92 + s:.ne.3 coso) - T1"'

T‘]H!
or iy

no
I

cos@2

sin92 + sin@3 -
cosB
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TI"' c;ose3 |
{ ¢ ) |

sin92c0s93+81n9300892

We notice that to obtain the final solution, equtions(a\;
{b) and (c) resulting from Newton's first law should be
combined with the followin; action-and-reactic: relations

@btained froa Newton's third law:



~ and 1= ARy TT"'” T]m

jhe'final expressions for T, and T3,after enploying a fami~

liar trigonometric identity, are

W cose

4T v 3
c 3in(9,+0,)
o 5
W cos®
" | + 51 2
and T3 =
ap \ sin (92#93)

e
. From this ezample we have seen that a weightless strin
can transmit a pull without changing its magnitude, as a

conclusion of thne anplication of Newton's first and third

laws.

2 Inertia»vMass
ile Inertia

That a body, 1n the absence of anplled forces remains
.at rest or in uniform mytlon alons a stralght lin: is at-

.tributed to a property of tne body calleu,lnertla. It is

vbecause-of this that Newton's first law is sometimes called

.
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 the law of inertia.
) When a force acts on-a body, the body-noumore continues
ﬁ;in its state of rest or of uniform motion, but uncergoes a
change in its state of motion. Does the body in acceleris
tion s&ill have its inertia? In other words, does the tend-
den¢y to remain in ifsuorignol. staterof motion still cxist
The .answer 15 Vyesilsifaagiucraforcgsctingron-body A (a
wart,say)produces au acceleration of 1 m/sa, whilé-the
.same -force acting oa body B (a whec¢lb arrow,say),procaces
i an acceleration of 2 m/sa; Yhy is thc accekcration oi body
A egual to -1 m/szﬁénd notbaim/é:,gndlthy is the accclerag-
tion of body B equal to 2a/5° and nct wore(say L m/:27? it
is obvious‘that body A‘is @more MreluclantViniu changdrits
welocity than body B, and: body B amavostill be acoe reluc-
#ant to change iis velocity than.a third body which,under
the same force, will have an acceleration of 4 u/sz.Dca-
soning this way, we may say that,; cvex wody shows xov: or
less "reluctante" with which it changes its velocity under
the aciion of a given force, unless its acceleration is
infinity, which is, of course, iampossible. This reluctance
meifests tiie body's inertia.

Every material body has its inecrtia, no matter whether
it is at rest, in unform motion, or in acceleratad motion,

Inertiz is an.intrinsic property of matter.
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Mass is measured on an equal-arm balance, When & bogy
‘of known mass is in balance with a body of unknown aoss,’
their masscs aro said to be e-ual. The unit of mass is the
kilogram.

When two bodies of masses m, and Moy arc acted on oy

equal forces (as indicated by the equal rcaaings oi tn2

-

spring balances or by the equel woights shown in fig, b
It is found that the rstio ol i4.1- accclerations equals

ithe reciprocal of the ratio of their masees, or

a - mz
aa m1 -

In other wovds, unhder the actiun ¢f 1 ziven force the ccue-

Teration is invcisely proportioial to the mass, or

1

il

a

T Uy M, then a, Ay The body of greater mass ha
Lhe smalic: acceleratioun., This uneuns that tids Dody is wmoie
difficult tu accerate tihau the body Hf smaller mass

Mass is a guantitative acasure of inertia.*

3., Newton's Sécohd Law

3. Newton's Second Taw

"Experiments using similar set-up as that shown in fig.
can be done with a definite mass and different forces(fig

i



It is found that for agiven mass, the acceleration is dir

rectly proportional to the applied force, or

a F

Combining eqs.(3-2) and (3-3) we obtain

m

where k 18 & proportionality constant. whose value depcnds

on tne unit systm. : 7 g

The SI unit of force is the newhtea(l). A newton is the

force that will impart to a body of mass 1 kg an accelera-~
tion 1 m/sa.

In this system the value of k reduces to unity. Fonce.
we have

F =.ma

This is the mathematical expression for Newton's second law

Force and acceleration afe both vector quantities, It is
found by exeriment that the acceleration is always in the .
direction of the force, .fegardiess of the dircction of the
&elocity. Thus, if the applied force has the same direction
of the fofce(fig.3-3a).1f the apﬁlied is oﬁposite in direc-

tion to the velocity, the motion of the body is retarded,it

-




moves more and more slowly until it stops and then reverses

‘4dts directicn of motion and begins to move faster and fTaste

"(fig.3=50), provided that the force continuec to act.Tf the

applied force mzkes an angle with tuc velocity, the velocity
will change, in general,boti in masgnitude and in direction
‘(1ige3~3c). Thus Newton's second law can be written in the

‘vector form:

F =ma (3-5)

As long =g & constant force acts on a body, the motion

“is that of uniform acccleration. As soon as the force chang

(in maznitude or in direction or both),the acceleraticn
changes instantly.. t the moment the force ceasec to act, tie
.notion becames uniform, that is,the acceleration stops at
-the same moment,Thus the relation between the Iforce and the
acceleration as defined by eq.(3-5) is onec of instantaneous
nature,

In the above we have assumed that the body is acted on

by a single force.But this is hardly ever the actual case.

When scveral force act on a body,cach produces it# own acce-
Jeration according to Vewton’ssecond law independently of
other forces.The resulting acceleration is the vector suam

voi the several independnt accelerationc.This is called the

principle of indepedence.By virtue of this principle ana

the vector nature of forcs and acceleration,the resultant

force and the resultant acceleration bear the same relation

¢




=

8 an individual force and the‘accelerétion it produces

{fig.5-4). Thus if the acceleration in Newton's second law is
gerstood to mean the resuitadt one, the force snould also :
mean a resultant force. | |
If the body is a composite one,difiercat parts of the %Y .oy7
wbody may interact with €ach othei.The force with which one
ipart of & body acts on another is called an iaternal force,
finternal forces,existiuag in “action-and reaction pairs,act
on differciut parts of the same body. ""hen the body Ls consi-
dered as 2 whole, these interal forces counteract cacs other
and produce no acceleration of the body.The force in Newtow'
s second Taw, therefore, raefers to exteranal forces only.

In suamary, we'may sbate Menton's second lav asrfollouws:

¥hen the resultant cxternal force on a bodt is not zero,
1t produces an acceleration of tie body. The accelcretion
@f the body at aany instant has the same diréction as the
resultant externalforce at that instant, asd the magud tude
of the acceleration is in direct pmoportion to the magnisx-
‘fude of the rosultant external force at that instaut, and
is ininverse groportion teo the mesg af the Lody.

It dsusomnetimes convenient to resolve forces emd accele:
rations into orthogonal coaponentis and write “ewton's lav

in the component form

A mé, ! el (3-6)




‘where F. and Fy are the algebraic sums of the x- and y-cou-
ponents of forces respctively.

Whenaa pody is acted on by its weight alone, its ac:cie-
ration is tuat duc *to gravity g. The weight of abedy,2ccor-

ding to Newtioan'ssecond law, can thus be written -

W = nmg. (3-6)

This eguction is valid whether the body is falling freecly
with acceleration g, or stays at rest, or in any other mo- ;
tipa, As the value of g is a constant independent of the
mass of the body, we see from this equation that weight of
abody is in direct proportion.so its mass. This is what dic-

tinguishes the gravitational attrction from other types o

forces, .

dio Newton's Third Law

Actions fné Reactions

When body A exerts a force on body B, body R exeris at
the same tine on body A another force which is oqual in aag
nitude but opnosite in direction and has the same line of
action, This is a statement of “ewton’s third ilaw of notion
Either force between the two bodies can be cailed tue ac-

tion, and the other the reaction.
| '%




Newton’s third law is sometimes simply worded as:
me - { : } AL : y L £ % 1 #*
Action an

d fééction are équal, opposite amd colinear.
e 4 an e bloch . :

According to this law, forces always ocaur in pairs. A
sihfle isolated force does not exst.
| A few points regar ding Vewton's third law should be
Vmet;onéd hefe. V "

(1) Action and reaction =c¢t on cifferent bodies, Equal

=

and 6ppositt 28 they =2re, they counot balance each other,
Instead, they produces different results on the‘respcetive
7?Qdies. 
(2)‘Action ana reaction start, vary, and csasc¢ simultence

 ueous1y. At

:{3)"dction and reuction are ifurces of ti¢ sase natuie.
Consiﬁer ablogk resting on atabletop, as shown in fig.l1-4
:(g); Thgrg‘%yé two action-reaction pairs(part b): (1)the we
»*sht of the blocsa W which is the atiraction the carbh
exerts on the blqck, and its reaction--=--- e ativagtlon
the block exerts on the earth(not chown in the figure be-

& ) {
.cause if should be drawn at toc center of thue eartn). Both
are 5ravitational attracticas (Z)ITh; aoramal sunporting for
force N the tabletop exerts on tne block and the precssure
‘ﬁ;'the blogg exerts on the tabletop. Both arise frou de-
.fgfmations~and arerf elastic origin. Further, if we push

. the block in the horizontal direction(part &), two morc

‘pairs of actiom and reaction come into play(part d):(3)The
{ push F, and its reaction-----the force F' the block exerts
| /




n the figure; both are e;astic forces. (4) The friction
‘exertea on the bloeck by the tabletop, and the frition F?'
excrted on the tabletop by the block. Both are frictionsl
.forces,

N =N'and f = f' by Vewton's third lar. ¥hat is the
‘“pelation between W and N? Betweon T and {2 Ars they neces-
" sarily equal all conditions® The answer will be found in
- chapter 2,

In order to find the reaction to a known force, v u
';have only to read backward ths description of the force,
-e}g.. for "earth on Wleck'",; you read "block on earthii and
b "then see if they are of the same nature., If they are, you
havve got the reaction right,

‘Example 1-1 What is the force that pushes a mamzforwarc

‘whenche waTks?

Reasdning "hile his left leg is stepping forward, his righi

 foot "kicks" backward., If the ground were nmerfectly smooth
the right foot would slip: :back on!thé:ground., Actually,

' the backward slipping of the foot is prevented by the sta-

" $ic friwtion, It is therefore the static friction that

' ®pushes" the man forward.

b

k *itampie 1-2 In a tug~fo war, does the team that wins pull
! v*ﬁh‘a greater force? E

’Ogg_coning No. The action and reaction between team A (win-

®etwden bhe ¥ope and team B, nanely, F, and F,', are respeca

‘Qirf and the répe, namnely, F1 and F,' in fig, 1-6, and thos«
3\ = !
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tively equal by Newton's third law. Neglecting the mass of

the rope, we can say that the forées on its ends are equal

.and opposite (by virtue of Newton's second law),i.e., Fi_

F.. It follows *that F]'=F2’. This suggests that we treat
thke rope as a mediun for transmitting the force botwsen
the teaums, Fa' and F1' can thus be considered ac action an
anc reaction between the teams through the rope. They are
always equel, Team A cannot increase its pull without at
the same tame increasing the pull of teem B by the sane a-
£ by
mount,

The winner will be the team that gets a firmer grip oa
the ground, i.e., the team that presses harder on tlhe rr.u
grounc and gets a greater frictional reaction froz “.t. As
we have assumed team A to be the winner, thec fricitioa
force f1 it gets frome the ground ig greater than I ---=
the friction on team B., Thus we have, for the forces ou

¥ 9

 the two teauns respectively,

f] Fa F2'

-y
no

It is obvious now that the whole system will moves in the

0]

dirsction of team A.

24 Conservation of Fnorgy

Let us rewrite the work-energy theorem with the poten-

ey /3




5

“%iéi energy taken into account

v

W = Em2 ~ Em (5-1)

‘Here we have us d the subscript m to denote acchauical ene

ergy. In this equation, W is the work done by forces other
than the . rzvitational force and the elastic force. The
work done by such forces has w«.ways been found to assoclia-
tecd with a change in sone form of energy. The work of frie-
tional forces is associated with the incrooato-of heat, or

internail energy of a body. A temperature rise is usually

observed after au inclastic collision or after a bleck has

been pullled along a rough floor. The work dons during toe
explosioun of a bomb is associatecd with the rolcsse of the
chemical éenergy from Llie dynamite. Thus we caa associ=st:
the work of nonsgrazvitional, non-elastic forces with a

change in tce relevant snsrgy by

W= (R

"'I' E! ') ("-f*"z)

-uhere E' Ccnotes the sun of all other forms of energy.Tho

minus sign can be checked against the facts: When frictiocn
‘does negative work, the internal cnergy incrzascs, Whoen es=
xplosive forces do positive work, “hemical energy decreases

Snbstituting eq. (4-2) into eq. (4-1), we obtaiu

Eml + E1' = Em2 + Eu, (q-ﬁ)




"This equation has taken allvﬁinds @f energy into account,
and is called the\conservation of energy which may be stated
as:

Energy can neither be'crezted nor destr-ved, it can only
be transformed froun one kind to another, total energy being
cénserved.

This is one of the fundamental laws of nature. It pro-.
vides a unified description of all types of motions takiuag

plce in the material word.

Questious

le A steel bolt is resting on a table while 'a magnet is
dropped from above(fig.4-1). Under the attraction of the
magnet, the bolt jumps up to mcet it in the =i, get stroy
to it, and then they fall together, Tet it be suppoed that
at the instant the bolt leaves the tabletop from rest,. the
falling magnet has a velocity v, directéd:downwarc, ond
that the bolt remains in the air for a time t pbefore fal=-
ling to the table. What is the velocity with which they
hit the tabletop? The masses of the maguet and 'z bolt
are known to be ml! and m2 respectivrly.
"2+ While a car is driviéng at 36kn/hr (10n/s) on a level
road, the driver steps hard on the gas so as to double the
power output of the en_ing(originally 10kW), Wiol is the
acceleration of the car at this instant? Describe the sub~
seqent motion of the car if thc power output is thea kept .

constant, Will it eveturally attain a steady spe2d? If .s0,

£ g G . i




pwweat 1s 1LV
R Whicﬁ of the following guantitises
(a) momentum
(b) th: magnitude of momentum

(c) kinetic energy

{d) mechanical energy

of z system consisting of two balls remains unchanged:

(1) at the beginning and the end of an elsstic collision,

(2) throughout the elastic collision?

l,, Show that in addition to egs.(4= ) and (4- Vg
vi* = vl and v2' are also roots of the simultansous equations
of energy conservation and momentum conservation. (Theore-
tically quadratic simultaneous equations shouldé have two pais

of roots). Discuss the possible phgsical meaning of roots,

Does they represent the result of a collision®
5. A horseshoe magnet of mass m stanc on end on a friction-
less table, A steel ball of mass m is rolled toward tne na-
gnt fron far away with velocity v and goes througa the aag-
net and far beyond(fig.4- ). Assume that there is no mecha-
nicel enecrgy loss of the system during the whole process.
(a) What is the final velocity of the ball?
(b) What is the final velocity of the magnet?
6. A bullet is fired horizonally into the boboof a ballis-
tic pendulum and remains embedced in it. After that the bob
swin5§ up until itreaches o certain heif.t ﬂ\(fig. L= )
(a) .Does the initial kinetic energy of the bullet equal

X - i S gy . g b -
S TUT P
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 the potntial energy of the bullet-pendulun system at the
height h? :

(b) Why is momentum ‘conserved and mechznical energy not,
as the bullet makes its way into the bob?

(¢) Why is mechanical energy conserved and momentun not,
after that?
7. & bullet hits a ballistic peduluam in the horizontal
direction. In which case will the pendulum swing the height?

why
6. The First Law of Theramodynzmics

- 1. Internal Fnergy of a Body

In contras to the mechanical energy of a body which is

e Ms ’)ﬁA

'ﬂetermllned by the state of motion of the body as a wholeC,
the g&%%fnal energy is defined as the sum oi %hé energies
.determined by the state of the particles tﬂat anake up the
“bady. A body resting on'fhe ground nay have zero mochanical
euérgy, but its internal energy is never zero, A oody con-
siﬁt of mol g%&es, atoms, nuclei, and subnuclear prarticles,
.cha#ged—or ﬁnéharged. In its broad sensc¢ the internal energy
contains thelglgﬁ;ic and poqggtial cterEy TE e molegules;

- X > r. : i, " - '
the chemica., electrical, nuc ear, and all othcr forus of e-

.nergy Possessed by all the particles. Of these energies, how-

over, none but the kinetic and potential energies of the mole
17



