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terms of its position, velocity and acceleration.
We =aw thst soch a motion can be uniform
or non-uniform. We have not yet discovered
what causes the motion. Wy does the spesd
of an: ohject change with ime? Do all motions
require & canse? i s what is the nature of
this canse? In this chapter we shall make an
attempt to quench all such curinsities

For many cmtunes, the @oblem of
metion and its canses had purgied seienfists

given'a small hit. does not move forever Such

ohservations sudgest that resti= the “nataral

state” of an object. This remammed the behisf
until Galileo Galilei and Issac Newton
developed an entirely ﬁ.qﬂ’srert np'f.lmachh
understand motion

&
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Fig 8.1 Fushing puling or litics cljecis changs

i it B ot ioee

effort 1= required to put a siatiomarny shject
fnto motion o o stop a moving ogject. We
ordinarily sxperience thisgs a muscolar effort
and say that we must push or itor pull on
an object to chenge its stete of motion. The
coneept of fores is based oncthis push, hit ar
pull. Let us now pander ahout aforce’. What
Elf?[ﬁf&ﬂ,nuanei‘msmtnﬂedm‘f&ha
fnrtg.i-lﬂﬁﬁ—rmz.‘wmm‘ﬁrfﬂﬂlhﬂzfﬁeﬂ
oi'a force. It ta:lﬁn__h e explain=d by

destwibing what haiipens when a foree s

aﬁpuedtﬁm'lr:ﬁfectplﬁhlsg hitting and

Ypullmsg of pbiPdis wre =1l wass of bringing

ohjects in motion [Fig. 8.1). 'I'hermm'eheza_m

e meke s forck 3ot o them,

Fromryonr studies in earlier classes. you
areglso Exmibar with the fact that a force can
beused'to change the magnitude of velociy
Eﬁinaﬁm{thalis to make the chjert move
fa=fer ar siower) or to change its direction of

amiction. We zisc know izt a fores can chaogs

the shape and size of objects {Fig 8.3).

Fig: 8- (el A spong cxpamds oo spphcton of o
i A splverpal rabher Eaif bﬂn'_tﬂ el

&= e afEr fofoe co £
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8.1 Balanced and Unbalanced
Forces

Fig. 8.3 show=awooden block on & horizenial
table. Two sirings Xand Y are tied to the tvo
opposite faces of the hleck 2= shown, H w=
applya force by pulling the siring X the block
begins to move to the nght, Similardy, if we
pull the sing ¥, the block moves to the jeft.
But, if the block is pulled froen both the sades
with equal froes, the hiock will not move
Such foroes are milled balanced foroes aned
do ot change tie state of rest o of motion of
an ohjert. Now, Etus consider a situstion in
which bwo opposite feaces of different
magnitudes pull the block In this case, the
Block would begin to move in the-direction of
the greater force, Thus, the two forces are
ot balanced gnd the unbalanced force acts
in the direction the block moves. This
suggdests that an unbalanced force acting en
an objert hrings itin motion

—

Fig. 8.3 Two forees atﬁzg'ml_a"imdm blocle

What happens when mmenhi;hﬂsﬁf_yflta
push a bex on a rough floor? I they push the

bzcausz of inction acting in a direction
opposite to the push [Fig £4al]. This fuction.
and foor's rough susface, It balaoces the
pushing foree and fherefore the box doesnot
move. InFig. 5.4}, the children push the box

“harder but the box stifl does mot move. This is

because the friction force stll balances the
pushing fores, If the children push the hax
than the fricHon force [Fig. &.4lc)).
There is an unbalaneed foree. 50 the box
mﬁ:nmrﬁng

hIP’DF‘EEn'FhE!.'-‘I.'E mfea"&ntjna"
to ._Inwﬂtrwn ]]Jmisﬁgam'tﬁgﬂ_ﬁlzﬂflhﬁ
ﬁthfmmmht&m
tﬁ'mﬁtﬂhliuﬁdfrbh!gpfﬁﬂhlnﬂﬂmmg
we Baye to start pedalling again. It thus
:q]ﬁnﬁfﬁﬂl&ian tﬁ;ﬂmﬁmmm

_‘nnder.ihe zﬁzhnumﬁ application of an

urbalanced fun:E. However. it is° quite
inoorrect. A ﬂi'lj::l irioves with & uniform

‘weloeity when the forces (pushing force and

frictiomal force) acting on the object are
balanced and there is oo net external force
am it I =n unbalanced force is- applied on
.ﬂ'jefntg‘act. ther= will be 2 change either Inits
speed or mn the direction of its motion. Thus,
to accelemate the motion of an object. an

L7 ) unbalanced foree is required. And the change

in its speed (or in the direction of meobion)
W:;ru.ld. contimie as long as this nnhslanced
force is El].'i‘[lhl.'.ﬂ However, i this force is
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tz move with the velooity it has arquiced il
Hen

8.2 First Law of Motion

By observing the miotion of objects on an
imelin=d plane Galiles deduced that ohjects
move with a constant speed when no foree
grts onthem He observed that whenamarhls

roils down &n inclined plane, its velocity
mﬂE,EsEﬁl'F!.q B.5[al]. In themext chiagter, you
will learm that the marbie falls under the
unbalanced force of gravity as it rolls dewn
and attains a defimite velocity by the tirme it
reaches the Dottomn: [ts velocty decreases
when it-clmbs up a5 shown in Fig, 3.50)
Fig. B.5lc) shows a2 marole resting on 2n ideal
frictioniess plane inchined on both sides.
CGalllep argued that when ths maerbie is
released from lef, it would ol down the slops
and go up on the oppesite side to the same
beight from which it was released. if the

mﬂmaﬂﬂn:iﬁthpp]anesanbﬁtﬂstdﬁﬁre-

equal then the merhle Wl climb lIl’gSEEII
distance that it covered whils :tﬂ}m.gﬂﬁwn if
thie srgie of trrivation af the D_ghi—mc'é:gmz
were gradually decreassd, thefy the marhl=
woltld frave] firther distaness Gkt reartes
thie criginal height If the right-side plans wers
ultirmately made horizodtal fthat is. the siops
is reduced o zern), the mavkls wm_:]ﬂmn!ma.m
o travel forever trying to t=ach the m:nf
height that it was relessed fgom) The
ussbaiarced foroes on the marble i this cass
are e It s snggests that s inbaianeed
[exterTial) forve iS5 requived, to ‘change the
motivn of the msrhle but no net force i3
nesded to sustain the uniform motion of the
marble. In precticalsituations it is-difficnlt
ta arhieve:a zevo unbaianced foree: This 5
because of the presence of the frctional force
arting opposite to the direction of motion.
Thus, in prastice the marble stops after
travelling some distance: The effect of the
mictional force may be mumimised by using a
smooth markle and s smooth plane and
providing = lubnicant on top of the planes.

Fars iwm L= o M=
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force and"

Fig. 85: (al tie ﬂmﬁmﬂlrﬁ: ;Ea_."m: LpwaErd
motEay of 3 m:i—lﬁ:a:; = adioed Hane
imfbemaﬂhihkhﬁﬁEcéf_Tm

Newton further stndied Galileg's ideas on
q‘mﬂ‘nn and presented those
fundamenial kgws that govern the motion of
thEFEThﬁethreElaﬁuekmwma;.
Newten's" fatvs of motion. The first Iaw of
mi::ﬁi;u:l. & stafed ax

‘Anobject remams in'a state of rest ox of

uniform motion in & stsight ine unless

compelied “to change that state by an
apphied force.

In atherwords. all objects resist a changs
m ther state of motion, 1o & qushtshve way.
the temdency of indisturhed chjects to stay
at rest or o EEsp moving Wil the =me
seiocity iz called Inertia This s why, the irst
law of motsm {5 also known as the law
of ineviim
wille travellng In 2 moltoiTas €30 be
explamed on the Basisof the law of inestia-
We tend to Temisin at st with resped to the
seat unti the driver applies a braking foice
to stop the motorear. With the application of
brakes, the ear slows down but cur body
tends to coptinise in the stane staie of imotion
becauss of s inerifa. A siydgen sEplication of
brakes mey this eass injury to us by immpact
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¥
an 15 Februsty 1564 In
Pisa [maly Gallls, righe
fFuitm hte chilkdhood, had
inrerest-in marhematies
-and maturs] philosophy.
‘But His farher
Vincenzo Galija! wanted
h!mt*haﬂnm midical
doctor.  Accardingiv.
Galileo-emrolled himscH
for & medical e a7 the
Untversity of Plea In Iﬂiﬁhithh&nwﬂ
sompletzd beestize of his 122l interest in
mathematics In 1586, he wrote his frst
scientific book The Lirile Balzncs [L2
‘Balzrneittal’, in which he descrihad
Archimedes’ methed of finding the relative
densites (or spectfic graviies) of substences
using 5 halance, In 1583, In his series of
o ﬂel;rnmnn;rrm:dh!ﬁlhmiﬂ
_aboue 2litng obijecss itsing an Inclined plars
to sl dosm the rat? of descent

I 1582, ke was appointed professdr of

‘marhemarics ar the Eniversite of Padua i

the Republic of Venice. Here he contimued pfe
shservations nthe thewy of motton: Snd
thrmghmsmﬁ;nﬂumnedphm&éh
p=ndulum, formulated the crregtda;
uniformiy zrceisrated objects ﬂb&t 1=
distance the oifect MOYes i Proportions: 1o
the mmmﬁfﬂmdme;mkyi N
Galleg was alsoare

Hiﬂhﬁ?aﬁiq& of Buma

@nmmmﬁmﬁpﬂmmmmm
chemmations on Satiom and Venus, Galiisg
mgmmnanmmmmmb&m
‘and not the earth, cont=ry to what =3
Ealteeed prfhor thme:

sTEworn to prevent such arridents Sefety heits
exert a foree on our body to mskes the forward
motiom, slower. An oppesils =xpegrnce s
encoumter=d when we ars starsfing in a bus
an= the s begins to move snddeniy. Now
we tend to fall tackwards Thisis bermuiss the
suckien stant of the s brings mobion to the
biits a5 well a3 1o our fe=t in contart with the
Whenamolorcormakesasharpthum At =
tngh speed. we tend to get throvn toons st
This can ag=in be =xplained on the basis of
the law of inevtin. We tend o continusin our

“straight-ine motion. Whsn an unbalsnesd

fﬂrmlsapylﬁihrﬂtpmg&m:ha@ﬁ'
:ﬁrﬂtﬂrdmuhﬂuﬂfﬂ:fnmhqm,mﬂipm
grie side of the seat I:h_'lEl?.ll the inertis of
our body. '

Thedart that a body =il remisin =t rest
uinlzss acted upord'by 'an unbalsdesd force

can be tlluStsated through the
;ﬂl ety -_ . . I - -.Lf-__ -I-L- 'l
Activity 8.1

» ‘Make 2 pile of similar carom coins on

( & table, as shown in Fig. 86
__JAtt=mmt 2 sharp harizontal hit ot the
brttoin of e plis using anctler carmm
» edin or the =trileer. If the hit Izsoony]
encugl. the bottom coln moves out
guickly, Once the lowest coin is
remored, the [narda of the other cains
maokss them ‘{all’ verically on the'

ahls

Fg 86 Cofrthccemr cen =t the oo o =
piiz = remse e then s st oy ey
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Activity 8.2

% Sera fierispes coln on 2isHE card
covering-an emphy glass mumbler
standfing on.a teble as showp in

B,

s (o5 the'card a sharp horlzontal fick
with 3 finger. I we do it fast then the

| 10 ir= Daevia

# The inertie-of the coin tries.to
maintatn ifs siate of Test #Ven wi=n

..m.E -iﬂ ¥ .-ﬁ
W7 T e — . -
{-T-‘\.__.i‘\-'.""- w1 T =3 =
I‘ I‘ II-., I|
=y i
Fig. B 77 Wasa the card fe Sicked with the
ﬂilih"&?rminp!ﬂéﬁrﬁ—ﬂﬁﬂsﬁ:iﬁ:
o a s
Activity 8.3

®  Plaicz s watss-lled timbler-ona fray.

»  Hold the oy and nun m—uundaﬁ.fasr_
25 VOLULCSH

. Wacﬁﬂer'-f‘iharmhmia'#la%r

Ohb=zerve ﬂ:alagrmutﬁprmﬂ:’rsdma
saurer for placing the tﬁa cup, It prevents
the cup from tﬂpplm; ovEr in ta.pe -of
sudden jerks

F

8.3 Inertia and Mass

ilinstrate that there isa ‘resistanrs offered by
anobject to change its state.of motion. it s
at rest it tends to empin at rest i it is oving
it tends to kesp moving, This property of an
objert is called it mgrtia. Do sl bodies have
ﬂ:teme::naﬂi; We know that itis easter to
push an empty tifx than a box full of boaks.
Strmilariy. i we kick a foott=ll it fiies away.
But if we kirk 3 stone of the same sire with
equal foree, it hardly moves. We may, in Bt
get an mjury In our foot while doing so!
Simitarly, in activity 8.2, instead of 4

Erare wn D= o Mess

frre-rupess ooin il we use & one-Tupes ouln, We
find that & lesser face is requured o perfonm
th= activity. A firce that is just enough to canse
& sizall cart to pick up = large vElocty will
prodivce & negligible change n the motionofa
izain. This is becaus=s-in cEnparisanto the
cart the train has = muich lesser tendency o
change s state-of otion. Accordingly. we say
that the bmin has more inertia than the cart:
Clearly, heavier or mare massive objects affer
larger inertiz Quantitatively. the inertia of an
chject is me=sired by 15 meass. We may thus
Irertia s the natural tendeney of an objéct to
resist & charnge in d= State of omtion of o
mgt‘l‘hamas&afanu&gect_aa,mmﬂufnf
s inersa.

nestions

1. Which of fhe foljowini; has more
inegfEa; (8l a rubber ball and a
strprl, P Fr same wize? (b =
i g & train? o & five
T Hpery CawrE 30 & (EE-TLpEEOEn T

2 Ig the Sllonimng s==mple. ty to

_ N igemafy the menber of Emes the
\ T eEinady o the fall cdemyes.

w Aloiball player ks o foothall

) Lo anotfE rrer @ s feam who
the foothsl] fowsrds the
goal The gealizeper of the

oEEoste fri cndieet st ool

arud kirkS it towards a player of

it ot jor a1t

Adsp sdenily Hie ayent supniying

fh=ifmre in =chcse

3 Eapi=m wihyv somme of the leoes
miEy ger demched from s bes i
e Sy erAlsy anase 1= IEamich

£ WEyr do you Bl & the Eyward

direrting when a moing bos
brakes fo a stdp and fall
bachvwards wirn i acceloaters
=S

8.4 Second Law of Motion

The first lawof motion indicstes thet when an
unkbalanced extenal fnve actsooan object

al
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1t veloity clianges. thal is, the ohject gels an
aeveleration. We would now Hke (o study how
the siceeleralon ol an object depends on Lhe
foree applied Lo 1 and how we measine o loroe.
Lot us mecount some observiltlons from our
evervilay e, During Hw gime of table lennls
11 thie ball hits a player 1L does nol bl him.
Ot e othier Bimmad, whion o sl moving orickel
ball hitis a spectator. 1 may ot im. A trmck
at rest does not reguire any attenton when
parked along a readstde. Bul a moving trck,
evim Al speeds as low as b m s may kil a
person stmding i s path, A small mass,
stch as a bullet may Kl a person when (red
from a gun. These observations sugges| that
the tmpacl produced by e objects depemls
on thetr mass and velocily, Simiiarly, Il an
objet 18 (o be aocelerated, we know Ll a
greater [oroe s rogquired Lo give o greiler
veloctty. In olher words, there appears (o exisl
some quantity ol mportnes Ut combines
the object’s mass and lis velocity. Ome such
pFroperty called momentiom was inboduced by

Newton. The momentum, p of an object I? 4

dﬂhuﬂ s the product of s mss, m .u,u
velocity, o Thal is,
p= mp

Momentum Has boll direettan sand
magriftude, s dirvetton is the sambas that
ol velocity, v Thie S§ ol mmmnﬁma s
kilogram-metre per second (kg m s ') Stice

the appieation ol an unbalanget torce hrings:
a change m the velooty of tie ohjeot, this

therolore clear that a foroe aiso pﬁ:.aizm a
ol of memeniom.

Let us consider a tuation nawhich oair
with 22 dead batlery 15 1o be pashod along a
stralght road (o give 1l & z.‘pnﬂ of Tew s which
15 sullledenl o sian s engtnea 11 one or two
UTsOnS e .lﬂ!.ll.'rl.'l['ll'[lj:ﬁh (umbalnriodd] lored)
Lo it it handly startscBata’eomtimious push
OVOT SO Lunnmsuﬁs s gl aceclertion
ol the car o thﬁﬂl'ﬂi M means that the change
of momentum of the Gir 1snot only determined
by the magnttude’ol the foree bul also by the
ttme during which the foroe = exeried. I may
thin also be cotmdided thal the loroe ecessary
1o clnge the momentom of an objee depends

82

The tate of cliange of momirnlum =
W, - W

" I!:_Hl -

on the ttme rate at which the momentum 1s
changed.

The second law of motion states thal e
rile ol change of momenium of an object 15
proporilonal to the applicd aiibalaticed lbroe
tei Uie direction ol Gree.

8.4.1 MATHEMATICAT FORMULATION OF
SECOND LAW OF MOTION

Suppose an object of mass, mis moving along
a siratphit ine with an tnitial velocity, w it is
mmtformily sceelimtlend o velocty, v in Ume,
by the applicatton ol a constant foroe, F
throughout the time. L The niial dngd lnal
momentum of the citdect will be, p, 1‘= mn;mu
P, = miv respectively,

The change In momentom & E:F' e,
N w ome-mu
7 8 = mw{r-,
mx(p=u)

o e :ippl;r-'ﬁ-inm"h. |

unj} :-lLr g1l
I %
- b o —u
. T - F.= t—j lH-ﬂi
= kmid (8.3}

THere a | = (v —w/i ) s the acesleration,
which 18 the mte of cluinge of velocily, The
quEantity, i Is a constant of proportlotality,
The SI azlls ol mass and aceelersilion are kg
atd m s * respeelively. The sl of 16rede 1s so
chosen that the valne of the conslant. K
hecomes one. For s, one unil of loroe 1S
defined as the amount thar produces an
anceleration of 1 m s? o an object of 1 kg
mass. That is.

§ umt ol toree = kw1 k) < (1 ms3),
Thus, the vatue of kKhecomes 1, From Eq. (8.3)
(5.4]

The unit of foree ts k¢ m 5% or newlon,
which has the symbol N. The second kaw ol

F=mna



mation gives us amethod o messure the force
acting on an objert as a product of its ma==
and secal=ation.

The steand law of motien |= oft=r seen In
action in our everyday life: Have you noticed
thatwhile catching a &=t meving erickeat ball,
a fislder in the ground gradually pulls his
bands backwards with the moving bail? In
doing so, the fielder increases the fime durimg
which the high velocity of the moving ball
decreases to zero, Thus, the acceleration of
the ball is deereased and therefore the impact
of catching the fast moving ball {Fig. 8 8) &=
alzo reduced. If the ball i= stopped suddeniy
titen itz high velocliy decreazecs to zero in 2
very short interval of time_ Thus, the rate of
chiange of momentum of the Ball will be large:
Therefore. a force would have to be
applied for holding-the eatch that may hurt
the palm of the fielder 1= & high jump sthletic
event, the athletes are made to &Gl either on
acyshioned bed oron a sand bed. Thiz s to
increasze the time of the athlet=t Gl w stop
after making the jump, This decrsaces the af

af change of momentum and hence the forea:’

Try to ponder hnwa}mratpﬂ.a};rbﬁ}:._x
siab of ice with a single hlow. '

mhﬂwﬁrﬁm‘nﬁg’zmhﬁ_

F s L= o Me==

200423

‘The first law of moilon ean be
expression for the second law of motion. Eq.
(2.2}

F=m3

Fi i FAERTY

or F =
[§

8.5)
ar Fi=mo— mir

That is, when F= (0, r=afor whatever time,
tis talen: This meang that the ohgeot wdll
continue moving with uniform =loeits o
throughout the Hme, ¢ If iz zero then vwdll
zlzo be zero. That s, the Gh;entuﬂﬂ remain
&t rest

Example 8.1 "LE&EEI&DIZEJI'EE‘&ME ofn an
ohject of mass 5 kg fora duration of
2= H increases the ‘ohiects velocity
from 3 my=s* o 7 m = Find the
« magnitude of the applied force. Nowr if
the foree was applied for a duration of
5 =. whatwweuld be the final velogity of
theohient?
-t ..I - o
V:EJ:EHE been given that u=3 m s
and v=Tms* t=2sand m =0 kg.
From Eqg. 8.5] mehave;
i -t
i

Substtuton of valuss in thi= relaton
gives
F=Bip[ms"=3ms7)/2s=10N.

WNow, If this foree-ls applled for a
duzation of 5 3 (= b =), then the ffal
velocity can be caleulated by rewyiting
Eg. [B5)as

f

I|,=u_i_._..
m

Cnzubstituting the valuesof . F rmand
£ we get the final velocity.

=13 mse",




Example 8.2 Which would reguire o

‘greator foree — acrelomting a 2 kg mass
atbms orad kg massul 2ms*?

Solution:

From Eij, (B4, we lave F=ma.
Herewe have m =2 kgia, =5m 5°*
and m, =4 kg; 11, 2ms".

Thus, F‘ =m i, =2 kg Gms*=10N;
imd F, = ma, =4kg«2ms =8N
= F‘Ilr % F!'

Thus. acceleraling a 2 K¢ mass al
o m s * would requine a greater loree.

Solution:

From Eq. (8.4) we have m, = F/a,; and
n,=F/a_. Here, a =10 ms*;
=20ms*ad F=5N.
us, L =EN/10m s* = 0.60 kgt amd
m, =5 N/20ms* = (.25 kg,
if the two masses were Hed togethoer,
ihe total mass, m wonkd by
m=050 ke + 0,25 ke = 0,75 kg
The aceeleratlon, a produced In the
combined mass by the 5 N foroe wonkd

he,a=F/m=5N/0.75 ke =667 ms~.

Example 8.3 A motomar is moving with a

vietoelly of 108 kon /b amd it lnkes 4.5 (o
stop aller the brakes are apphied.
Calculiale the loree exeried by the
brakes on the motarear 1 1Ls mass along
with the passengers s 1000 kg

Solution:

The mitial velocity of the molorear
=18 km/h
= 108 < 1100 m /(60 = 60 5)
=30ms' L

and the tmal veloctty of the ‘E:mqmar

p=0m st

The total mass of the mplorcar :uung
withi s passengers = lmq]q,mm thit
time Lalen (o stop the Tiotorcar, (=4 8

From Eq. {8.5) we have the m: rﬂtﬂ&t -

of the furee (F applied by the If‘ll'ﬁ,l‘.ﬁ:iﬁ
mife —wlfl
{Jn substiltuting the values. we gol

= !{ﬂikgtﬂ} "lUlm.';t'*jailﬁ

= - 7500 kg m 52 or 7500 N
The n:-g:mw stgnels us taat the foree
exerted by mepmkm oppasite to the
direction of mottoid ol the motorcar.

™

-
e

Example 8.4 ﬂ‘-‘-lnrm ol 5 N fives a mass
m,, an aecelermiion of 10 m s* and a
mass m,. an acceloration of 20 m 5%
What accejeration would i give i both
the masses wore (ted together?

g

Example 8.5 The velocity-tme graphi of
bitll ol mass 20 g moving dlong «

stralghl lne on & long tnl:le!q,gﬁm in
Fg. 849

- e ] —=

Fig.8.9

How much loree does the tatde exerl on
the ball Lo bring i Lo resi?

Solution:

The trbttad veloodty of tie ballis 20oms '

D to the mctonal loree exertod by the

tatde, the welocity of the ball docreases
down tnzem o [0 Thus, =20 cm s
p=0cms' amt =10 s Stooe the
velocly-time grpd s iosrdght e, 1 s
Clesr thad the Ball moves with i constant
accelerabion. The acceleration als

r—u
L

={0ecms'-20ems )/ 10 s

=2 mms*=-d}{fitms*




Tize frce exerted on the ball Fis,

F=ima= (20/1000) kg » - 0.02 m57)
=—0.0004 N

The Gegative sign lmmliss that the

frictional force exerted by the tahle i=

gpposiic o the divection of moloo of

thi= bl

8.5 Third Law of Motion

The first twe lews of motion tell us how 20
applied foree changes the moticn and provids
us sith 2 method of determining the force
The thivd law of motion states thst when one=
ohjsct =xeris 3 force on another ohijsct the
=rond objsct Isiantarrpusty =1ty a foc=
berk on the first. These two forces or= alvays
Efqual in megnitude but opposits In dirsction.
These forces sct on different chjects and never
an ths =sme ohject. In the game of foothall
sometimes we, wiile looking dt the fostball
and trymd o kick it wath = grester Facs,
collide with = glaver o the n'lﬁ'p-n:-.itE team.
Both feel hurt because sach applies pforee
ta the other. In etherwords, there is'a pairof
forces’ 2nd not just ome {orecsd, The two
mf&;m&mmmmim&ﬂ
rearction foress.

Let us consider two spring balances
commected together as shovn In Fig £.10, The
ﬁxedmdnfhﬂ.anceEiamtathgdwithar'gid
support, like'a wall. When'a foree is anglied
through the free 2nd of spring balapce & itis
observed that bpth the spring balanees show
the same readings on their seales. It means
that the force excerted by E;Il::ﬂghi_[m.l oo
belance B is equsl but npp-ni!tE in ditecton
tn the. force -exerted, by tH€ balance B on
belance A Ansy ufthﬂﬁsm&rmm:bem]hﬂ
asa:ﬂmmﬂthﬁrﬁﬁ'ﬁras re=cticn This gives
us an altermative statement of the third lawaf
motion Le., lﬂéﬁ'&lﬁﬂiﬂ]ﬂ‘fﬁﬂﬂﬂlﬂﬂj
and opposite teaction. However: it must be
remmembered that the action and reaciton
always act oo two different object=.
SrmrilfETEnsiy.

Fars iwm L= o M=

I'I1l|||||-ﬂ

.u. g

Fizg 8. 10: Acion armc wiaciim faoes 5re egus? S
Oppose

Suppese vou are standing at rest and
mtend to start walking on & road. You must
accelerats. and this requires: = force in
accordancs with the sscond law of motion.
Which is this force? Is it the mmscunlsr effon
yiou exert oo the road? Is it in the directon
we intend to move? Xo. you pusk the road
below baciowadds. The oad xS an equl
and cppesite forre on your fest mrnfﬁfjﬁ_i
mve favard

It is tmportant to gotethag even though
the acHon a:l:ﬂ:l_zt!as_'tlm:i_, Er"-l:fs = alwayvs

Equﬂl J:E:Iu:qu:{*u.ﬂ__ jﬁn fﬂI-:EEI:ﬂI. not

'ﬁnﬁlﬁﬁﬁt&uf-ﬂd‘;hﬂﬁmmaiﬁm
ubjptt thatmakave a different mass,
Whﬂ::ammjs fr=d, it e==1i='a Irward
force onthe bullet. The bullet exerts an equat
and opposile fofes on the gun. Thisresults o
the'recoll of the gun [Fig. 8.11), Since the zun
K55+ much greater midss than the bullet. the
gceleration of the sum IsTmuch less than the
atesleration of the-bullet. The third l=w of

‘mobtion can glso bedllastrated witen a =ailor

jrenps-sut of & rowing boat- As-the sailor
jmps forward, the forcs on the bost moves it
baciwards (Fig: 3.13).

Ao et
o e iiedles
i

|
J

Rl fires
= qil iz gros

Fig. 8:11: Afpre=rd fave oot tnles anc recail

of e geoes,
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Fig. 8 12 a=the sailor fumyps i foward direction.

(g Sogfmoves SackwarE
Activity 8.4 Fig 13 |
*  Hequest two:children to stand o two: Now, ]:&Iﬂ:cetﬁ'ﬂd:aﬂdrenmnm&n:tand
ssparate carts as shovm i Bg 5113 mﬂﬂﬁmmermmﬁemgwﬂmm

®  Give them 2 beg fisll of sand or some= can be seeml. as this srangement would show
othér heavy dbject. Ask them to play a wmwmem
game of carch with the bag m::a:r[_hnwﬂmihﬂm—t}mﬂk

® Doas éach of them =xperience an mhgﬂwlzm-lﬂmthmk
insronmtoneous fores o Igsu.ll af: + 50 o w 100 ot
throwing the ssfl hag? . ;Il'jll Bod board af-about

»  You can pain: = ._;ﬂ-mﬂ_ fine on o rﬁ}.palrs ﬂfmiib@l—haarmgnrhads i=iate
caTpwhesls b ehasTve the nuotlesn of the Wﬂmﬂmﬁ“ﬂ Shateboards arenct
two carts when the children throw the ‘=5 effectiveibecause it is diffienlt to maintain

ynu havf

learnt

. F:_Ea'lh'i'-i'ﬂf'lﬁﬂﬁﬁﬂ An pbject continnes to be - 3 siate of
-Ieﬂ.lzrﬂfmﬁammﬂﬁzma_rmg;s siraight line uniess acted
opon by an unbalanced force
®  The natural tendency of objects to resist & change n theirr
“wstate of rest or of uniform motion is called inertia
«/ The mpss of gn object is & measure of it= inertia. Its SI unit
i= leilogzam [kdl.
. Fores of foction always opposes moiion of objects.
. Second law of motion: The rate of change of momentum of

an object is proporticnal to the applied unbalanced force In
the direction of the force.
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Erare wn D= o Mess

i

)

The S! unit of foree 5 kg m 5= This is =lso known &5 newton
=nd regres=nted by the symbol N. A fesce of onz newton
produces an acceleration of | m 5= on an object of
mass | kg,

The momentum of an ebject is the product of its mass and
velocity and has the same direction as that of the velocity.
its SI unit is kg m 5=,

Third law of motion: To every acton, there #5 20 eguel and
opposite reaction #nd they act on two different bodies:

e Exercises

. A object expeniences z net zero external unbalanced foree.

Is it possible for the object to be travelling with & non-zero
velority? If ves. state the conditions that must beplaced on

When a carpet is-heaten with & stick, du.stl:qmiﬁa oat of it
Explam.

Why is it advised to hemlu_ggmkeptuu the toof of a bus
with a rope?

A batsman hitssa ﬂr!tkﬂ ball WI'BI::T': then rolls on a level
ground. ARELFmﬂ'fng' g shorp'distance, the ball esmes to
rest. The ball slowsto a stop hecauss

=] me'@imﬂ:..ﬂdnmmtﬂﬁ Hall hard encugh.

(b) velocity issproportionsl fo the force exerted on the ball
{clth:::é',:s 2 forcs on ‘tiie'baill opposing the motion,

idl thE_,I_E is no H.uhai.ma.cﬂd force an the ball, so the ball
would want Yo come to rest

A brucl stasis from rest and rmolls down = hillwith a constasit

acceleration It Tavels a distamnce of 200 3= in 20¢s. Fid s

accsleraticn "Find the force ‘actmg on it # 1t mass 15

7 trms (Hint 1 wmme= 1000 k=)

;h.sglmehf 1 kg i1s thrown with a velocity of 20 m 5™ acmss

. the frozem surface of 2 lake and comes to rest after trayelling

3 @istance of 50 m. What is the foree of frictinn between the

“gtone and the ice?

A 8000 kg sngine pulls a train of 5 wagons, sach of 2000 leg.
along 3 horirontal tzack. If the engine =x=ris a force of 40000
N -and the track offers-a friction force of 5000 N, then
czalenlate:

(2} the net accelerating force and

[b) the acceleration of the train

An automobile vehicle has 3 mass of 1500 kg What must be
the force between the vehicle end road i the vehicle S te b=

o7
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- stopped with a negative acceleration of 1.7 m s*?
9. What 1s the momentum of an object of mass n. moving with
a velocity of?

{a) tmg? (b) mu? e) V& ma” () 1
10, Using a horizoental force of 200 N, we tntend to move a wooden

cabinet actoss a fipor at @ constant velocity. What is the
friction force that will be exerted on the cabinet?

11. According to the third law of motlon when we push on an
objecl, the objest pushes back on us with an egual and
oppostie force, I the object s a4 massive truck parked along
the roadside, it will probably not move, A student justifies
this by answering that the two opposite and equal forees
cancel each other, Comment on this logle and E:!:pl;im why
the truck docs nol mave.

12. A hockey ball of mass 200 g travellng at |0 m s’ f&ﬂmlﬂk
by @ hockey stick so as to return it along its griginal path
with a veloctty at 5 m s Lalrulﬂlﬂtbcmqgtm@nﬂf
of momentum ococurred th the motion of the hocd-:ey b:1LI by
the force applied by the hockey stick,

13. A bullet of mass 10g travelling hortzontally with a velocity
of 150 m's* strikes a stationary wooden block and comes (o
rest th 0.03 s Calculate llmlagﬂlanét of peneiration of the
bullet mto the block: Also caloulie the magnitude of the
foree exertéd by the woodentlock on the bullet.

14, An objedt, ﬂ'l'umﬁﬁ 1 Ky l‘.’m'ﬂtlﬂng 1n a stralght Une with a
vrkmlt;’ﬂ' 10 m s ! collides with, and sticks to, a stationary
wooden' hinlfk of mass 5 Then they both move off together
tr-the same su-.ught Tne. Calculate the tolzl momentum

",lum before the tmpact and just after the impacl. Also.
JLalcnlate the ‘i'ﬂﬂi'..lt) af the combined object,

15. An object-of mass 100 kg ts aceelerated untformly from a
velocity of b m s' te 8 m s in 6 5. Caleulate the tndtial and
final momentum of the object. Also, find the magnitnde of
the force exerted on the object.

16. “Akhtar, Kiran and Rahul were riding in a motorcar thit
wis moving with a high velocity on an expressway when an
tnsect it the windshicid and got stuck on the windsereen.

“ Akhtar and Kiran started pondering over the situatton. Kiran
sugpested that the inscet suffered a greater change in
megnentum as compared to the change in momentum of the
motorcar (because the change in the velocity of the insect
was much more than that of the maotorear). Akhtar said
that since the motorcar was moving with a larger velooity,
Il exerted a larger foree on the insect. And as a resull the
insect died. Rahul while putting an entirely new explanation

i Sl




1.

==ald that both the motorcar and the insect sxpemenosd the
same force and 2 change in their momentum, Comment on
How much momsotum will 2 dumb-bell of mass 10 kg
transfer to the floorif it fels frown o height of 80 cm? Taks

Jt= dowhAwerd acceleration ta e 10 m 5=

P Additional

Al

JAd

Erare wn D= o Mess

Exercises

The following is ths distance-time table of an cbject in
metion:
Time in seconds Bistance in metres

¥} )

1 ! .
2 &

3 7

S BL

g 135%

5] 2 1E

fa] What cr_,:-nc'—.ﬁ.tﬂi;an ean you draw about the sceelerztion?
Is it ‘eomsgant, increasing’ decreasing or zero?

{315 “r'hal d::l Sl !:n.[er El!:m:lt the fmces scting cu the object?

Two | mrsmﬁmﬂnage to pl.!_crh a motorcar of mass 1200 kg at

-4 uniform velosity ‘along a level road. The same motorcar

can be pushed by'three persons {o Pmdj_u:e an acceleration

‘of 0.2 m $°.With what force does sach person push the

motorcar? {AsSume that all persons push the motorear with
the same muscular efort)

A hammer of mass 500 g. moving at B0 m 57, sirikes & pail.
The nail stogs the hammer in' & very short time of 0.01-=

" What iz the fores of the sail onths hammes?
“A motorear of mass 1300 kg s moving along a straight Iine

with a uniform veloctty of 20 km/h I3 velocity is slowsd
down & 18 km/h in 4 3 by ao unbalanced extermal force.
Calculats the accslerstion and change In momentum, Also
calculate the magnitiode of the force reguired.
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