Chapter’?

and others i omtion. Bids Oy, Gsh swim,
cars move; Atoms. molscules, planets, stars
and Falaxies are all in mobton, We citex
perveive an object to be in motion when its
positicn chisnges with time However, there
are situstions where the moton {5 nferred
tirougdh indirect evidences. For exammle. we
imfer the motion of air by cbhssrving the
movernent of dust snd the movement of leaves
and branches of trees. What causes the
phenomene of sunnse, sunset and changing
of seasans? Is it due & the motion-of the
earth? I it is twue, why doot w= digctiv
perveive the motion of the-earth?

Aﬂﬂh;eﬂmavappﬁm'mbemﬁ?
ene person and stationary for som= dthisr. For
ths pasSengers ina moving busg, the readside
trees appear D be moving bﬁr_kw-.ﬂﬂ_-l A
peison standing on the m&ﬁui pﬂ'ne*if.s
the bus alongwith the passengers a5 OOV T
However. a passenger inswie the bas sees his
{fellow passengers to be at rest. What do these
observations iodicate?

Most motions are complex. Sgme= ohjects
may move in & Sstraight line, othérs may take
a-circulsr path. Som=1may Totate and a few
fnvolving a combmation of these. In this
chapter, we shall first leam to describe the
motion of chjects along a straight line. We
shall glsn learn to express sueh meotions
through simple-eguations znd graphs. Tater,
we shall discuss weys of describing
circubEr tnstion. N

7.1

Activity
DHscuss whether the walls of your
classrpom gve o rest oF in moton

Activity 7.2
Have you S=raxpetiencadnsg the
wzin n which you are sitdhganpears

1o move whils i {s a3t re=g?
DLtcmand-sh;rfﬁ—_ﬂrﬂpﬂian__

Think and Act
i

&

4

i Mw erstansfered by the
AT oS Sve ot 1S, SSpecEily
if th3t motion is srrafc -and
Tmﬂ'ﬂ.:ﬂ'rﬂf'ﬁz_ ciservedd in & Rooded
111-'?_'; = frmicar= oF = s, G the
rn‘.br_" Imnd confrolledmsismcam be a
gervee o frunman henes surh =5 o the
EEnsataem of dro-Slsdine poser. Do
vou feel the fiecssily to study the
erraic motionr of some objects ard
iearn o ooniirod then?

7.1 Describing Motion

We describe the location of an object by
specifying a reference point. Let us
understand this by an example. L=t us
zssume that a schocl in = village is 2 km north
af thz =iiveay si=tion. We b= specified the
position of the schodl with respect o the
rallvay siztion. In this s=mple, the t=ilvay
siation is the reference poimnt. We could have
aiso chosen other reference points according
to our convendence. Therelore, to descobe the
position: of an ohject we need to speciiy =
reference point called the ongin.
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7.1.1 MoTion ALONG A STRAIGHT LINE

The simplest rpe of motions 3= the inoton
alonsf = sizaight Hne. We shall frst ledrs to
deseribe this by an =xammgle. Consider the
moticn of 2n object moving slong & straight
path: The object starts its jourmey from G
which 1s treated zs its reference poimnt
Fig 7.1, Let A B and C regresemt the position
af the ghject at different instanis. At first. the
oiject mawes thoonigh Cand B and rearhies 4
Then #t moves back along the same path and
reache={ Gmough B,

=60 km + 25 lon = 85 kom while the magnituds
of displacement= 35 km. Tins, the megminde
ddisnlﬂﬂuaﬂ[ﬂukmltsﬂuteqmlmﬂ:anmh
length (85 lan). Further, we will notice that the
magoituds of the displsremett for scourse of
motion may be zero but the cormesponiding
distanee coversd isTiot zero. [ v consider the
object o travel back-to (), ths fnal posihon
conoides with the imitial position, and therefore.
the displarement is zemn, However, the distance
covered in this joumey is 04 + AG = 60 km +

¥ O i A

i 1 L] 1 1 | | 1 i 1 i I e

I I I | | i i 1 I i [ 1 I = = =

] g i i5 pJ] 15 a0 35 40 45 il i B hmy
Fig. 7F.1: Prsisoms of =0 -ﬂ:hj‘:z: oS FL'%"E'!!"LI‘IEEF'E:B

The total path Jength covered by the chjeet
EBOA+AD thet 5 60km+ 35 km =05 km
This is the-distance covered by thegbjert To
deseribe distsmies we need to spedify eniy the
mumerical value and not the diretticn of
moton. There-are certmin guanbifies winch
are described by spetifying only their
pumerical vahies, The pumericsl valuewof 2
physical quantity is its magnitude. From fhis

e e you fired out fhe distafite of the
final position C of the ohject from ths Inttisi
position 02 This difference-=ill dise you the
numerival value of the displacement of the
abjsct from O to C through A-Tke shortest
distance measured from thedmtial to the fns!
position of an ghject is koown as
ﬂmd_splacfmentﬂ
Eqmﬂ to the ﬂ:[&h_ntr travelled by an i:ilgztt’“
Cﬁuﬂh‘ihﬁmukgmzﬂm Fig. 7.1). F=x

motimn of the ohject from O W A the distare=
coversd s B0 km and the magmtude: of
dispiarement isalso 60 kan. During itsmotion
fFom 0o A amid Back o B, the disbenice covesed

200423

ars used tﬂ_-d;afsm‘lhs the crersll mobon of 2o
chject spd W jpcate 1t fina! pesibon with
refesenice i0its mmtial position at a given time.

Activity 7.3

¥  Take 3 metre scale and 2 ling mope,

* Yl from ofe Corner of & basles-hall
cmt tofts appposite carmer 2iong its
sides.

* Meavure the distance covered by vou
and meagnitide of the displacemean

% Wka: difference would vou notce
Between the two i this case7

Activity 7.4

8 Amtomniifies @ ftted with o device
ther shows fhe aromee ravellad. Suich
2 desida 13 Inewm 35 an odomeier &
car in driven from Bhilbaneshwar e
Hew Tielht The difference betwesn The
Hns] resding and theinits) mading o
the odometer &= 1850 lomn.

*  Find the mmagnitndies of (e displacemsat
bEtween Bmibanestrrsr and New Tetht
by using the Rroad Map of Indis




unestions

[. An obfeet bos mpved throusgh a ; Distaner Thst=me
diatance. Can M -have ze30 travelled by trawelled by
dispifacement?  ye=s, support objeef ATmm | objeei B mm
_]] T o [ 1] AL ry :?.:Il‘_IIJ-I L § —
VIO SOSTED Wil #n == e E,___-mm 10 12

F A fImrmer moves alfong the -

/ Lo arj-af @ e £ I""_ " =1l 9’_@@!1 . 9

Dorcts g £ [Foid of =fos P g ; :
fO Bam TR dp o 1000 am 30 23
Yo m m 4 5 Wizt will B fiie : . _
et o "_lﬁ‘._-::r_'—r tiTe 1015 a= <0 33
farrieer A the ernd o 2 rirmnie= 20 lﬂ"m-’iﬂi 51:' 37
seruyds o his frotis! position ? i0=5am &0 4}

3. Whi= of the fodlowing iz ue for ]‘_‘E_m_jm ?t;l -L:J-

cfin _1'J.i'5::'_'_":-*_r: I
fal It e=nnot be =l ,
w L= 'E-l*-.'i'll?'—'-:'tﬂ-c sterth=n 7,2 Measuring the Rate of Motion

+ ir ‘.--—=| frrre frgre !Il,..- _“ -1--.,..

alaect - =7 = b
i T -M‘ﬂ'us%"
7.1.2 UNIFORM MOTION AND NON- | ‘_m "
UNIFORM MOTION ! - "o d

Eonsider an object myving along a s*"'a..ghl
lie. let ii tavel 5 m in the Arst secood,

5 16 more in the next secend. 5 m ) the
third second and 5 m in the fourth Second.
In this case, the object covers 5'iman sach
second. As the object covers equal dijtances
in equsal intervals of Hme. ii-4s.5aid tg bein
vriform mobeon: The Sme inteivsl o this
motion should be small. In our dav-to-day
life, we Come atress motions where objects:
cover unequal distances m equz! miervals
of time, for expmple. when 2 car-is-mboving
o1l & gowded streel or 3 pErson 15 jogiling
In a park. Thess are some Instances of
NOT- LT TEhoT. i

Activity 7.5

# Thedamsegarding the motion of two
diffsrent chjests A snd S are given in
Tahle T.1

# Examine them carefully and state
whether the mntion of the phiecs i=
untform or non-umitfem

i By




Logk at the sShusfions giveninFig. 7.2, 1
the bowling speed 1 143 lon b~ tn Fig, 7.2(a)
what does it mean? Wimt do you understand
from the signheard in Fig. 7. 2007

Different chjects may take diffsent
amounts of trne o oover 3 given disiance.
Scme of them move fast and some moe
siowiy. The tate at which objects move can
be different. Alsc, different objects can move
at the same rate. One of the ways of
measuring the ate of motion of ao ohjedt 5
to find out the distancs travelled by the ohiject
in wunit time. THis gquantity is =fermed toas
spesd. The 5 unit of sp=ed is metre per
serond. This is represented by the symboi
m 57 ormy/ s The other umis of spesd include
cenbimeme per secona (em 57 and Hiometrs
per hour {lkm b, To specify the speed of an
object. we regquire only s magnitude, The
speed of 20 sbject need not be constent. In
most cases, objects will be It mon-unifonm
motion of such objects m t=rm= of thew

mqyﬁiﬁmmgespwﬂdmﬂhj&t '

is obtainsd by dividing the total distanes
travelled by the total time taken. That 15,

Tolal distance trewlied:
Total Lme Uiker

If an ohject trevels a distanice sin tme fthen

its spe=d vin,

average spesd =

5
- 71

Lzt us understand this by an eeunpls, A
car travels = distance of 100 km m2'h Ifs
gver=gs speed is B0 lon B The car might
not have travelled ar 50 lonth - afl the time:
Sometimes 1t mmght have Eavelled faster and
somebmes =iower than this,

LF=

Example 7.1 An ohject tavels 16 minds
and thest mnother 16 min 2's. What is
Solutiom:
Totz! distance traveiled by the object =
WBm+lom=32m
Total imme mken=4ds+2s=63s

Total distunee travelled
Total fime taken

Avergge speed.=

Sdm
- Bs
55.33m s+

=533 m=*

7.2.1 SPrEED WITH DIRECTION

The rate of motion of @0 object can beimioi=
comprehensive i we specify its drectiors of
motion alopg with its speed. The gpantity that
specifies both these aspects is calledwsiocty.
Velocity is the speed of an objectmovingin a
defirite direction. The velociti ol #n. ohject
can be uniform orvariabie. Itganbe changed
by changng the objecks spﬁ:d direction af
migilon or both. When =5 object 1s moving
along & straight Ynsat 2 vansble speed. we
rc=n express the tnagf:;rudﬁ: of its-Tate of
motion in, terms of sverage velooity. It is
calculated i the same vy 85 we calculate
aversge speed.

In_e3se. the velooity of the objeet 1s
changing at a uniiprm rate, then average
velocity'is grven by the arthmetic mean of
mitial velocity and final velocity for a goen
penind of time. That is,
imitinl velocity = linnl velocity

2

Zeragevelediy=

e

Mathématically, v_ = 7.2

where v_is the average veloaty, ris the mitas]
velooty end vis the final velogiy af the chjeet:

=peed and velooily have the same unis:
thatis m s orm/s

Activity 7.6

#  hlezsure the ome T zakes vou o walk
from vour house 1o your bus 20p or
the schocl I you comsider that yoamr
rerage: ﬁmﬂn,g spead B2 4 bem
esrtmare the distance of the bus stap
or school from vour house:

el
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Accivity. ZF

Ar 3-thme whien i s cloudy:; thérs may
heﬁeqlmm:mdﬂrunﬁl@]tnmg 'I]mﬁ
sound of thureder takes sgme time fo
reach wou after you ses the lightning
Can you anzwer why thiz happens?
hicasure this time interval using =
dig|mmtvﬂnbma stopw=irh
Caleulate the distance of the mearest

paint nf]j@hzing_ [Epesd of sound in

aEk=34m

iestions

1. Ia=hingnimh Getvwesn speed and
VEGCELT

ZE U= wist condibionfs) s/ Hie
magminde of ovesge v=loenty o
anufj.,-r-‘-*q:_d; o s arage

speed
3.  What dors the oflvepeter of =0
autm=nbile miss=sire?

e

What do= the path of an object

Jeise Jikr feErem ff isin oeiboEn

Fauyjs niiky

A Junng an ESpEIEEDL & Sigpt
.:IJ:_r_"; T & :u..".:'h_'r_..,_:llh_ _:_?—_.IJ_J"E'_; l;.r'-
groeend stztion In re noes,
Whar sy th= distamipaalthe
spaceshup from the Sound
station ' T =l favets 3¢ the

speerd of light (tlet da 3 JOF

met

Example 7.2 The odometer of 2 ca¥yeads

2000 km =2t the start of a trip &nd
2500 km at the end of the trip. If the
trip took 8 h. caleulste the aversge

speﬁdulthﬁca:rmkmhﬂanﬂm =

Distance coveped b the car
5= 2400 lom— 2000 lon = 400 lom
Time elapged. t=3%h

Average speed of the caris,
o = S 806 km
= | Bh

=50 EmE

Fii)

I'.;sl:l’:I=IZHII\‘.J':1'_1:"c Ih
h  lkm 3600

=139 ms*
The average speed of the caris
80 kmbkior 138 ms=?

= B

Example 7.3 Usha swims in a 80 m long
pool. Shie covers 180 min one minute
by swimming from ane end to the other
and back along the same straight path-
Find the average speed and averade

_ ":Elnl'.'.’l.t} nfL—&ha
Mdh.‘hnnewﬁtﬁdhyLﬁlmﬁl l‘.iIl.iIl
=180 m
Displacement of Usha in li'min—ﬂm

) _ Tﬁmh‘.t'ml.ﬁqm covered
AEREE RS T e aken
180m_ 180 m o L min
“lmin Imin  60s
I .':*'-3 m e

% i

Displycement
mwﬂmfs Total timie taken

1 ]53]

T B

=0 ms=
The sverage speed of Usha s 3 m s~
and her average welocitvis O ms™

7.3 Rate of Change of Velocity

During uniform mebon of 30 object along a
stmaight lins.  the v=letily rerpaine constant
with ime. In thic case. the change inveloeity
of the object for any time interval is zero.
However 'in non-uniforn motion. velooity
varies with time t has different values at
different instants and at different ponts of
the path Thus. the change in welocity of the
object during any time interval i= not zero

Can we now express the change in "'Einm'.'j,

of an cbjeet?
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B sno=wer surh @ goesiEm. we have to
introduce another physical guantity called
acceletation, which It 3 messurs of the
change in the velocity of an object per unit

change in welocity

Eirne Liaken

If the velocity of an object changes from
an imtalvslive o to the fnal-wmiue o time
t the actsleration:ais.

acceieTation =

©—u

“':_r"" (7-3}

This kind of motion Is Enown zs
accelerated motion The aceslemtion is taken
to be positive if it is in the direction of velooity
and negative when it i& opposite to the
direction of veloelty The SI unit of
aceeleration Em e~

If an: object trat=ls Ina sirdight in and

its welopity increzses or decreases by equal

amounts in equal intervals of time, then the

acceleration of the object is szid jo he
uniform. The motion of a freely falling body
iz an exampie of uniformly: .awelhimtqﬁ
mntinn Gnthentia.&rh.a.ud..agu&ctm
travel with nen-uniform aeeeleqi.nn if its
velocity ehanges at a non- uniformirate. For
emmple. Ezmtﬁmﬂ]ﬂlgabngaﬁrmght
road inerea=es s spcedb}'lmtqiml amount=s
in equal int=rvals of ime -then thECEIEHIﬂ
to be moving with non-uniform Mlﬁaﬁﬂn_

Acrivity 7.8

L In vour everyeiay life s come Sorriss
= rangs of metions in, which
fa) =cceleration ic in"He divectian &

TONFIET.
[} ar_te‘inrnﬂm: iz agsim=t the

direction of motion.
fe3 Eﬂﬁﬂgﬁ:}nmm
Jcd} ‘.‘ﬂﬂﬂ‘aﬂﬁnt&n@—mﬁm

s {Can voit ddentifv ons example sach
for-the abese tpe of motinn?

Example 7.4 Starting from 2 stationary

M=

200423

attain g velopity of 6 m s~ in 30 =, Then
of the bicycle comes dovmte 4 ms™in
the next 5 =, Caleulate the acesleration
of the hicyele in both the cases.

Solution:

imitial velocity, u=0;
firial weloclts v=6m's3:
time, (=305 .

From Eq_ (B.3). w= haw=

L=
t

Eu'l:ﬁtm.mng ths gmtﬂ&ﬂ@f .;,Tand
tin the above eguation, m.i ml_E

1=

(Bms'" Oms |
a= —
ais

=0, st

"In thesecond ease;

initial veloeity, H= ﬁms b
final velocity. r=4ms>
time, £ =5 5.

[-1-1[15'-61'115']

B

=-DAmE™.
The accelemation of the bicsele in the
firet caze i .2 mc=arnd in the second
case, it 04 ms™

nestions

l. Whsn will sy =ay = oy isdn
(U T et (i -
i anelmeion )
A bars decresses jis spoed fom
Hlkmb o0 Em B @m 53
Fimd the soodlestion of ths ins
A frEiT SIET AR fiEn a ._-."HI.I'
STETICET SFH] SRS VRt LT
acvele=ation afHfains a speed
40 Em h* m 10 minule, Fnd
Itw prr=weEratiien

3




7.4 Graphical Representation of
Motion

CGraphs provide a convenient method to
present basic Information abouta variely of
events, For example, in the telecast of a
ane-day cricke=t match, vertieal har sraphs
show the Tun rate of 2 team in each over A=
vou Have studied in mathematies, a shraicht
line graph helps In sdlving a linear sgquation
having two variables.

To deseribe the motion of an objeect. we
can use line graphs. In thiz case line graphs
zhow cependence of one phy=sical guantity,
guch gs distance or velscity, on another
friantity, such zsHme

741 DisTANCE-TIME GRAPHS

The change in the positinn of anobject with
time can be represented on the distanee-time
graph adopting a convendent scale of chaice.
In this graph. time i= taken along fhe =aws
and distance is taken along the j-asis;
Distanes-time graphs can be emploved undsr
Tarnes condidens whers oblects move with
uniform spead. non-uniform speed Femain
at rest eto.

‘ﬂi" r - -lu!-- =
N S e . i
_,__ﬂ} 1 N Fo
wil LB SaSREs L oEEbeE
i+ 3
gm ] A B
A
10 g S
.- . st 2
Bk L !
) N N x
o 20 40 a0
Time [min)

Wk know thst whenan abject travels aqual
diztanees in egual interrals of tme . [t moves
with uniform cpeed. Thiz shows that the

78

distance travelled by the object & dirsetiy
proportional o time when. Thus, for umiform
spe=d. a sraph of distancs travelled asamst
time I5a straight line. as shown in Fig 7.3.
The portion OB of the graph shows that the
distance is intreasing st a uniform rate. Nota
that, vou camw also u=se the term unEiorm
velogity in place of uniform speed if you take
the magnitude of displacement equal to the
distance travelled by the abject along the
ass,

We can uce the disiance-time g=ph to
determing the spead of an objeet To do %o,
consider a2 small part AB of the distanee-time’
griph shown in Fig 7.3, Draw a line' parsllel
te the xaxi=z from point A and another lins
sarallel to the paxis from point By These two
lines mest each other at point Cto form =
triangie ABC, Now, enthe grmph, 'AC denotes
the time interval (£ — £ ) whils BC eomresponds
to the distance (5, —=5)); We.can see from the
__;phﬂ;ﬁta._ﬂmnb}nﬂ.mﬂmctmmﬂtpﬁmt
Atod it cover= a distance {5, —s) in time
[i = £). The spesth rmﬂm objeet, thar?_{ﬂref

-
L

= 741

We-can alzo plot the distance-time graph
foridocdlerated motion. Table 7.2 chows the
distance travelled bya carin a fime interval
of tvo seconds.

0

2 1
4 +
- 3
a 18
10 20
13 26

200423



T B Y 1%1 Y ¥
e E N R e §ompefed
11 ]
ANANENTERE SN EXEE it
of e s ma|wm. e i
u:’- g - N Y] PR S
B L Ll b
4

J - - ..LJ:... o
| o

8 ty Ean|

! i

1 ——

"R

= l

E

1

i

i

ThECr
228, o8
L]

T

Triwiamee (m)

=
I I}
T LT
EIE Sk s

Fig Fd: J;a!z&z-‘m@zpﬁmammri&,n‘ﬂn

TEUT- T e

The distance-time graph for the motion
of tt= car {5 shown in Fig. 7.4. Notz Hla_tt:hz
shape of this graphis differ=nt Som theeather
distancs-tim= graph [Fig. 7.3} for unifors
motion. The nature of this graph shows mos
linesr variation of the distsncs travelled by
the car with time. Thus, the graphshown in
Fig 7.4 represents motion with nog-uniform
speecl

7.4.2 VELOCITY-TIME GRABHS

rrEoving i & straight line-can be reyprestated
tiv a velocity- time graph. In this graph, fime =
represented along the x-axis &nd the velocity

' - 1 V- - I ; $
E a0 - -rﬂ - £
= g ¥ ,
< : 1 e
o EE H
o o
g 1041 1!"' | H
-+ e B T
T ¥
i 2 3 -
Time ()

Neszer
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5 mpresented along the jaxis. I the object
mewes 3t unifiemn veloclty, the height of s
lo- e grag will oot clermeswith Gme
Fig: 7.5). 1t w1l be = staght Iine parsllel to
the x-axis. Fig 7.0 shoes the velocity-time
graph fora car moving with uniforsn welority
of 40 fom b '

We know that the product of velooty and
time give displaremnent of an object moving
with uniform velgcty. The area enclosed hy
welocity-time graph and the time =xis wall be
equati to the magnitude of the displacsment

To kmow the dstsnce maved b'.*thF =T
etween tme f and (L using Fig. 7.5, draw
pﬂ‘p:ndmulﬁﬁfmmﬂiepum «:Errtspmdﬂ:g
to the time-¢_snd ¢ on the gragh Theyelocity
of 40 lom b is represented by the height AC
or BD and the time I'r—r}I Empmﬂt&d by
the length AB,

S0, the distance s moved by the car in
tisie (f,— ) can be ekmessed as

se=AC CD

= |40 Em B it - £) hi
= 10 [e-¢t) lm

= a:ﬂamthfmctangb ABDT [zhaded
in % Fg 7.5).

We candaiso stndy about uniformly
anreterated miotion by plothing its welocity—
Hme Fraph, Consider & car bemg dover along
& straight road for testing 1ts engine. Supposs
B person sitting next o the dover records its

welocity after svery 5 seronds 5y ooting the

reading of the spesdomester of thes == The
velocity of the wx, in hwm K7 a3 well as In
m =, =t difl=ent instants of fme-is shown
ntable7.3,

Table 7.3: Velocity of a car at
rﬂguhrimla'ntunfﬁnm

Velociy of the car
fm =)

fcmh”)

Z0 10.0 35
25 125 25
30 15.0 >4




Ir1 this case, the velocity-wme graph lor the
molion of the cir 15 shown 1n Fig. 7.6. The
nature ol the graph shows (hal velocily
clianges by egual amonnis o egual lnlervals
ol Ume. Thos, lor all unllormly dcceleraled
mollon, Lhe velocily-time graph 1s o

stralghi fine.

_m‘: -{ i T 'nf I.'fr'
1t 1 F
504 : i
Jlu.n. - u.ulln..‘ '|-||
o a0l 3 Faina
‘gm - --:- - i
F'

ERESEA

m_E..;r,... ---?---------i--
3 .| ¥
| ]
i 1'3-’ fs :ng'

Tiazim (u)

1
¥ | |
@ = A

Fig. 7.6: Vlociby-fime gmph for a cor moving with
terfirmm oooe et o -

You ran alse determine the distance
moved by Lhe car from s vieleciy-timegrapf.
The area under the veloclty-time ginph glves
the distance (magnitude ol diaplfl'm__-ml':'nt}
movied by Lhe car o3 givery daderval of Ume,
I the ecar would have bieh moving wilh
o veloeity, the distagoe frvelled by 1t
would be represented by e area ABED
under the graph (Fig. 7.6). Snce the
magniiude ol the velocily of (he oarF s
changing e to acceleration, thedistance s
travelied by the car will be given by the area
ABCDE under the veloeliy-time graph
(FlL. 7.6). '

That 1s,
s = grea ABCDE
= ared of eseciangle ARCD+ area of
[he trigndie ADE

0N
= AH::HE*—EL.&D:-:DEJ

Lii e case ol nop-tmlormly dccelermilog
mollorn. velooily-time graphs can luve any

shape.

3 il i |-|
e NNENEEER =
- i
& so-f5dtiH HH
o Ea
9 o FEaHE P
q L
é MUENENE (iR ,.
SLEE] 1
.I[ T8 I
u 1 4 X 4 B L
Tiaie [n]
)
so pitE R R
FESSSEResensessas bintansann
2 bddm b ddad '
:ﬂ ' ‘ 1-E"i_l.i--': -1:-1 1
E : : T ¥ S5 EEE

4 i 8 0 14 1 30
Time )
[TH
Fig. 7.7: Veiociiy lime grmphs of an obket i o
. umjfarmiy acteltgied jnotion
Flg. 7.74a) shiowsd veloily-time graph Ut
regresimis te molon ol an object whose

wolocity 1s deercasing with (ime while
B3 7.7 (h) shows the yelocity-time graph

represculing the non-unilorm: varkation ol
vilocity of the object with Ume. Try la inteTpret

Lhwse graphs,
Acrivity. 7.9
@ The limes of arcval and depadine ol
i rain ol three stolods A I3 atd C

and the distance of statons B and ©
Lo sitabipn A gre ghven i Table 7.4,

Table 7.4: Distances of stations B
and C from A and times of arrival
and departure of the train

Sigtion | Distsnes | Time of | Time of
grrival |deparinre
{hoars) | (hours)
A 0 0840 0815
B 120 11:15: 11:30
(v 150 153:00 145715

®  Pol and nlerpret e distance- tume
praph for the tmin sssuming) thod its:
motiin between any twm stations 1s
Lerntlio .

e B



HActivity

F 0

. Fernz and hils sister Sl go 1o Schiodl
o Ehetr toyeles. Hoth of them star ot
L sy twees fromm Asetr s Tk ke
dilfegent imes Lo reach the schoal

it

sugh they follow the same rouie.

Tahte 7.5 shows (e distsnee roveded

L

T L el imes

Table 7.5: Distance covered by
Feroz and Sania at different

on their bicycles

times

800 am 0 i)
805 am 1.0 (0.5
8:10 am 1.9 L6
818 m 2.8 s £
820 am 3.6 a0
8:25 wn = 860 J
. Plol the aisdamed- Ui, gaph e ek
mntions on the snme scale ond
flegprel.
nestions
. What (= the naplure of the

b3

L LETES

gsimwe-tinee g;r:q:—i:t&' o Hniform:
amdd - non-unff§ra™wdlion of an
et

What edip you xal aboul the
mofigryoPeiin oljject whose
distome-fime graph iy a straigh
e paralied o he time axds?
What can you say atout the
mollon af an obpect {f ity spesd
itme graph 18 a stralghi He
jromlled f tfee (bt ol

i, Whal ts the quantity which s
mensurey] by Lhe e oorumetd
belonw the vetocily dme graph?

7.5 Equations of Motion

When an object moves along a strpdght line
wilh ontlorm accelemilon, 1 s possible W
melale Usyelodly, accelermbion durng mollon
and e distanee covered by 1L in a cérlain
tme Inlerval by o sel ol equalions known as
the equations of mollon. For convendence, a
sot ol thiree such eguations are given below:

T Tt 1 (7.5
= =+ % aF (7.63)
25 =rF-uf [7.71

whiere wis Lhe initial velocity of Lie abject whiel
moves with afitlorm acceleraflan o e bme [
nis the linal velocily. and sas e distanes
travelled by the objeft tn time L Eq. (7.5
deseribes the velociy=time Tekition and Exq.
(7. Gyreprosents the posifion-time eiation B,
.71 whitch represents U relatlon between the
position and tie velocity, can be objlatoed lroi
Eqs. (7.5) ad [7.6G] by cllminating L. These

Ahree ciqualions-can be derved by grmphical

mcthoeds

Example 7.5 A urain starting [rom rest
alinins a veloolty ol 72 km h ' in 5
mimies. Assuming that (he acceleration
i=s unitorm. Hnd 1) the-acceteration and
i) the distanee trvelled by the tain lor
atiaining this velocity.

Solution:

We luve bean divien
u=0:v=72knh*=20ms'and
[=5miles =300 s
[1) From Eq. [7.5) we know (uat
(or—u
L

_20ms"' - Oms*
A0 =
| 3

et ' 5]

I5

81
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{1 From Exq. (7.7 we have

Example 7.7 The brikes applied 10 & car

:’I“'h“:"’ SEEEEY produee an deeeleralion ol B5m 53 4 Lie
opposite direction to Ui moton, 1 U
. car fakes 2 s o stop aller the application
= of braKes, calenkite the distance it
Za Lravels during this time.
_ 20ms T Solution:
2x(1/15) ms " We live been given
- =-6ms= [ 1=2samlv=0ms".
:;f-knﬂ'm ¥rom K. (7.5) we know thil
=wERe v=u+al
) A O=u+i-6ms¥x2s
The acceleraiion of the tr.mmﬁmqr of M= 12 e .
and the distancs tmvetted 15 3 km. From Eq. [7.6) we gel r
1 - N "
s=gl+ S al® 'y -
Example 7.6 A r.ar accelerles unllt‘lfmly & T >
from 18 kmbh' w3 kmh' ms s ‘-'»L X
Calenfate (1) the aeceleralion and (1) the g iams el 3 {*g‘m s ) Fer
distianee coversd by te car i that e 7 izdm 12 _.
.'_'.- e m i
Rabutio: r "’i'rrm. the m:mumm- 12 m belore 1t
We are givery that &, ‘*ﬁtqb'utl:ﬂhe teation of hrakes, Can
u= I8kmh'=6ms" o0 vou noway peinte why drivers are
p = 36kmh'=10ms ‘and | Yy cautiohed to malniatn some distanee
I = Hg. N N hg’ﬁrbm'iﬁlmmmuk-tmmﬂngun Lhye
i _‘I
(1) From Q. (7.5)we Have = r@”’i
nJ’{;" - . * testions
L ~ . Abuss
P LI g 5 _m Im TEST TENES
= iﬂmsﬁanmm_ : E _-'_'_,J' unth @ unfform acceleratin of
Yo (.t ms? for 2 mimites. Fmd fo
=lms?* .

(1) From Eq.(7.6) we have ..
™

's=ut+lm‘ ;‘ L -
2 N
%ﬁmnixﬁfﬁ.
'—Eﬁrﬂ_-t ,_’,i‘i];
—ST.Em\

The aecelerion of e carts 1 s *ann

Live distanoe covered 18 37.5 m.

1 .
TRt m s ¥ < {5 sF

o the spred acguired. [h) the
distanoe frenwied

2. A frain s trarefling at a spesyd
af 90 km h, Hrakes are applied
S0 as to produce a imiform
acoeferiiion of - 0.5 m s2. Fiud
hanae fer the tradn will go befare i
is tremight Lo rest.

3. A Uslley, whik: gofng douwin an
inclined plane. hos an
arceferaiion of 2om s *. What uail
be its velocity 3 S gfter the star?

Fao42E



4. A roving car has a uniform
aireleration af 4 i s34, Whal
dlistesice udl U cover it 10's alliee
suart?

A stong s trown m @ perialy
mgrevird drectiom with a vejocdly
gf o m sl the acciemlin of
the st during s odion &5 10
m 52 i the dowsneared divecin,
wehat weill be the heepld atiained
by the sfore and low much time
will i torkee {0 reach there?

[ %51

7.6 Uniform Circular Motion

Whien Lhe velocity of amn object chianges, we say
that L objeel is aceeleraling. The change In
the weloclty could be due lo change In s
magniiude or the direction ol the motion or
hoth. Can you think of an example when an
object does nol change 1ts maguitude of
velocity bul oty 1s direction of motlon?

&
n -

i
=

fr) Octugonat shaped track @) A'gmoular rack

Fig. 7.8: The motlovrof an athilie alorg closed Irocks
of differerii shape=

Lot us consider anexample of the motion

of a body along a Bosed path. Fig 8.9 (4)

sliows Lhe patheol an athlele along a

reclangulifirack ABCD. Lol us asstirhoe (hal

the athilel funs at a unllorm speed on the

stmtght prarts AB, BC, CD and DA ol the trmck.
in order (o keep limesell on tmcks, he gqoickly
changes his spesd at the comiers. How many
tmes will the athicte bave to cliinge s
uh:-.m_m:: of mation, while hie compleles one
rotmcd? 1 s clear thal (o move o rectangoiar
irnck once, be hits to chimge lys direction of
motion lour mies,

Now, suppose iostead of a meetangular
track. the athieie 1s running along a
hexagonal shaped path ABCDEF. as shown
in Flg. 7.58{b). In this situation. the athiete will
have to change his direcliton six times while
he compleies one Tound. What i the track
wis not a hexagon bl a mg&}.a:r O lagorn.
with elghlt equal sides gs Ethri by
ABCDEFGH mn Fig. 7.8(c)? Tiis ohserved that
as the pamber of sides of the frack mereases
theatheleie has o r.nl-mhg'mimnmand o
offen. Whai would happen o the shape of the

y, wackas we goon ‘mergasing the number of

. shdes mdelmitely? ¥ you do this you wiil

" 'qlnnmihaﬂhﬂ s}lapc- ol the track appreaches
the shapeol greleand the length of each of
the ﬁdmfpitiﬂm ina paint. 1f the athloie

moves with aveloctty of eonstoni magnitude
ilong the ciroutar path. e only change o

lug velocily 1s due to the change i the

Mlm: of mobon, The mobon of the athleie

"\ moving aleng a cireutar path is, therefore, an

exanple ol an accelerated motlon.

Wi Know Ul Wie cireomleretios ol a4 cirole
of ndius ris gven by 2zr. U the athlele takes
1 secoTies 1o go onee dronmd the cirealar path
ol mdinsT, the speed v is glven by

[7.5)

Whient an olject moves 1n a circular patl
with umntform speed. 1l motlon is called
tnitorm etreular mollon.




HEHWII}" 771 Iy carelully note, on betng releised
the stone moves along a stralght line
& Toke doplece of red and e 3 small tungential o the cireolar path. This 1s

Fig. 7.89: A stonme diescribing o circtilor poth usdih

phetie Of stotie il one ol (i etds. Move

the sione 1o describe b cienlyr padh
wilth eomstanl speed by holiling the
thread al the olbwer e, ns shown m
Fli. 7.9.

because once the stone 1s released. 1
contimies (o move iong Lthe direction 1 has
bieen moving at thal nstamt. This shows thal
the direction of motlon changed af every patnt
when the stone was moving along the circutar
path.

When an athdete throws a hnmmer ora
diseus in a sporis meel, he/she holds the
hammer or the discus i bis/her hand and
glves it a clroular motion by roiating his/
her own body. Once released in the'desired
direction, the hammer or discus gima in

sty of animag . Lhe directton nwhich (0 was moving al the
& Now. Jet the stone go by mieastng the ltme 1t was released, just ke the plece ol
:Imd- T vt stone 1 the acavily ﬁ{-smmﬁphuw There
L] S you firecton In-w 1 At
e s e 1 irsa? oy mors amilag el of oo

* Dy repeoting the aoiivity for o lew ving -

times and celeasing the stome at
diflerent postiians of the clrealar
pally, check whellher the direciion in

whirh the stone moves rmntns th-tz.

saredl as e moton’ 1:II L moogl and Lo
Barihe.a satellile.tn o cireular orbtl around

~ Lhéweartll, a ovclist on o ctreular [Eack al

constanl spﬂqﬁmd S0 0.

SHEMF 0T ToL,

lca_rntf
. Motioniis @ chm-m,c of position: It can be deseribed In terms
of the distance mﬂwd or the displacement
. The _motan of an object could be uniform or non-unilform
dsnmﬂmg on whether its velocity 18 constant or changing,
. -'T.ht spr:tﬂ of an object i+ the distance covered per unit ttme,
. amd veloclly ts the displacement per unil tme,
+%_ _The acceleration of an object Is the change in velooity per
unit time.
o Untiorm and non-uniform motions of objects can be shown
througly graphs.
. The motion of an object moving at untform aeceleration can
be described with the help of the following equations, namely
L=+ af
E=u + e 'gE
2as=prF—1f

i Sl




where o is initial veiocity of the object. which moves with
uniform acceleration 3 for time ¢ «is {ts Gnal velocity and
5 is the distanre it mavelled in time £

If an object moves in & circular path with uniform speed.
its motion is called uniform ecircular motion.

Exercises

b

2

An athiete completes one round of 2 elrcular track of
diameter 200 m in 40 5. What will be the distance covered
and te dispiacement at the end of 2 miniiies 20 57

Joseph jogs from one end A to the other end B of a straight
300 m road in 2 minuies 30 seconds and then turps around

.and jods 100 m back to peint C in another 1 minutes What
-are Joseph's average spesds and \'ein::'mfs—{n pﬁmﬁ fal

from Aic Band [h;fmmAmC"

Alxdul, while driving o school, :‘nmputﬂ ihe awrage speed
for his trip to be 200km B~ On his fetiftn trip along the
same roLuE, there = less traffic and the average speed is
30 km i “'hﬂ:f,ﬁiﬁﬂﬂ‘."&}‘ﬂ_gﬂ Mlﬁr Abdill’s frip?

Amurmrboagﬁtarﬂng from mﬁtunamxeaunﬂeramsma
stlmghtmlent:im}ﬂaﬂt raieiaf 3.0 ms2for 80 3. How
Iardnearth&hﬂtlﬂ'&mduﬁngﬂ}rsmzm"
Adnﬁru[aﬂartrmm.ﬂﬁili‘mlr applss the brakes
Ehmthtaﬂann.ihfgmph that represenis the distance
travelled by thtcardurin:g the period.

(fa)] wm-::h part of the graph represents uniform motion of

: Eg 7.10 shows the distance-time: graph of three abgets AB

and C_Btufv-the graph and answer the following questions:

IR SECSLECCLEEEELELEL
L 12 1

-

ilistancs {kmj—s
™

4 RE 1.2 14
thme [hnug)—

Fig 710
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i

14,

i} Which of the three 15 t[m'el__ﬁ.ﬂ.g the fzstest?

[b} &ze all thizee over at e smme pomt on the road?

{c}! How far has € travelled when B passes A7

(8] How far-has B travelled by the time it passes CP

A ball is gently dropped from 2 height of 20 m. If s v=locity
increases uniformiv at the rate of 10 m 57, with what v=lodby
I'F‘.ﬂﬂﬂIitEthﬂil‘ﬁﬂﬂﬂ'?ﬁﬂI[ what fme will & strike the
ground? -
The spesd-time graph for & car is shown is Fig. 7.1L

Bpuad m s )
= =2 23 =

n * 4 & a4 10
Time tui

S 7 _

fa) Find how far does t_h;z T27 travel li'tthg first 4 s=conds.

Shade the ares ‘an the graph that rgpresents the disiznee
travelled by the car during the period.

[b] Which part of H.':,i:! graph :‘EEIE%EEE uniform motion of
the cm"i

State trhiﬂ::’ﬂf the following q:l:.miim:s =re possible and give

an example for each of these:

2] an ﬂhject with a'woostont adezleratipn but with z=rn
"r.lElﬂ-EftF

q;:-m’; ahje{t;ngring'withﬁn acreleration but with umiform

ic] am h]:ij'ﬂ:_t moving in & certaic direcBon “withk -an
acceleraiion in the perpendicular direction.

An ariificia] satellite is moving in & circular arbit of radius

49350 fkm, Ea.lﬂlﬂt:l‘l&:pEEﬂIfﬂ‘.lﬁkﬁ 24 hours te revolve:

Im!.mﬂ thes e=ril.
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