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LEARNING OBJECTIVES

At the end of this chapter the students will be able to:

Recall Newton's Laws of motion.
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Q.1 Define motion and rest.
MOTION

If a body is changing its position with respect o its surroundings then the body is said to be in

motlion.

REST

If a body is not changing its position with respect to some observer then the body is said to be at

rcst.

Q.2 Define displacement and distance.
DISPLACEMENT

The displacement is a change in the position of body from its initial position to its final position,

shortest distance between two points is called displacement.

MOTION'AND FORCE

Understand displacement from its definition and illustration.
Understand velogity, average velocity and instantaneous velocity.

Understand aceeleration, average acceleration & instantaneous acceleration.
Understand the significance of area under velocity-time graph.

vescribe Newton'’s second law of motion as rate of change of momentum.
Define impulse as a product of impulsive force and time.

vescribe law of conservation of momentum.

Describe the force produced due to flow of water.

Understand the process of rocket propulsion (simple treatment).
Understand projectile motion in a non-resistive medium.

Derive time of flight, maximum height and horizontal range of projectile motion.
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'_'3‘ Vg — V; AY
Dimensions dave = At~ At 37 Falcon in a dive .
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(V] = m/s It the velocity of the body is increasing then its | '
| acceleration is positive while if the velocity of the body is 10 100-metres dash (max.)
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Types of Velucnly ' AV=V, -V, 4  Human running
: : —h 2 Human swimming
here are three types of velocity: v
. | . . AR, R : ~ 0.01 Walking ant
(1)  Uniform velocity (1)) Vanable velocity (i) Instantaneous velocity V,
(1) Uniform Velocity
If & Body covers equal displacements in equal interval of times, however small may be interval Dimensions
the velocity is said to be uniform velocity. ~. | 5 T
) d = N\
(i)  Variable Velocity

. | . | Nt g , , s the
Il a body covers equal displacement in unequal interval of times however small may be th
interval then it is said to be variable u'hu.fil)f. And its motion 18 non-uniform.
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Area under the graph = Height x Width velocity of the object is ‘V,” and final velocity “V/ after a time interval t. And ‘S’ is distance
indei i i covered then we have
HxW = W
\'F = Vi+at ... (1)
A = Vi |
Vf + V,
' = Area under V —t graph. S = ( = PRk s (2)
Hence distance covered = Area u 2
When car moves with constant acceleration S = Vs 1 of? 3)
i — 0 e 7 - | T Wy -
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| - ioct increased uniformly fro
ocity of the object Incre uni : | | 2 Sl _ |
H‘.m: llhr.. vc !, 'Il'!?erefme : When the object moves along the straight line, the direction of motion does not change. In this
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In the absence of air resistance, all objects near the surface of earth, moves towards the earth
| with a uniform acceleration. This acceleration, 18 known as ac;:cleration due to gravity. It is denoted by
=3 ‘e’. Its average value near the earth surface is taken as 9.8 ms™ in the down ward direction,
5 = Vot Fig. (1) Note: The equations for uniformly accelerated motion can also be applied to free fall motion of the
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objects by replacing ‘a’ by ‘g .
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Q.6 State and explain Newton’s laws of motion.
T NEWTON’S LAWS OF MOTION _
)
Newlon s laws are CIPiTiCal 1aws QCAUCCa [TOm €X PETIMCT,
FI;'H_;} weCicC 1”1 stated for the | UImne H_':; Sir 1saac New ton who |
published them in 1687 in s famous book called “Principia”. |
Newton' s laws are applicable only {801 f_-,lﬂjﬁ_".l’_i which 1s nf_gilgli}lc
compared 1o speed of light. For very fast moving objects, such as |
alomic particle in an accelerator, relativistic mechanics developed by |
Einstein 18 applicable |

NEWTON’S FIRST LAW OF MOTION

A body at rest will remain at rest and a body moving with
uniform velocity will continue to do so, unless acted upon by somg¢
unbalanced external force. This is also known as Law of “Inertia™.

Inertia

The property of an object tending to maintain to the state of
rest or state of uniform motion 18 known as object’s mertia. The mass
of the object 18 a quantitative measure of 1ts inertia.

Frame of Reference

The space bounded by three mutually perpendicular lines is
known as frame of reference. There are two types:
(i) Inertial frame of reference

The frame of reference in which Newton's laws of motionsg

holds 18 known as inertial frame of reference. It i1s non

accelerated frame of reference.
(i) Non-inertial frame of reference

A frame of reference in which Newton's laws of motions does

st hold is known as non-inertial frame of reference. It 15
accelerated frame of reterence.

e.4. A frame of reference stationed on carth is approximalely
an inertial frame of reference.

NEWTON’S SECOND LAW OF MOTION

A force apphied on & h-::dy produces acceleration in‘ils oW
direction. The uceeleration produced is directly proportional with the
apphied force and inversely proportional withthe massof the body.

Mathematically, it 1s expressed as
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negligible, objects fall with the
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where K — A rabe : . ,
= Cconstant of praportionality] A
I . . y A measurement of ma
_ T _ 55
I N ; i1 = 1 kg independent of gravity. The
: = 1/l unknown mass m and a calibrated
S Mass m, are mounted on a light
then K = weight rod. If the masses are
h 3 equal, the rod will rotate withgutﬁ
If S.I. units are used tidh moobieaboutiis contre,
=7 —3
F i 4 Point to Ponder

A

car accelerates along a road.
Which force actually moves the

NEWTON’S THIRD LAW OF MOTION
car?

Action afigd reactionare equal but in opposite direction. Ans. Force of friction.

I:l" X7 ; s AT Y , e r
ol _.:;* example, whcnuar @n interaction occurs between two objects, each object exerts the same
Orce on the otheén, but in the opposite direction and for the same length of time. Each force in action

reactiont pais acts'@nibv.enione of the tw ' | -
. ; mne ¢ 0 bodies : , >aC
bodd , the action and reaction forces never act on the same

e I'rionr et AT T —————————
Q.7 What is the linear momentum? Also define its units
—

) MOMENTUM (LINEAR MOMENTUM)

Ibis defined as the “the product of mass and velocity of the object.”
it 1s denoted by "“P".

Mathematically

3 -
P = mYV

or The quantity of motion in a moving body is called linear momentum.
Linear momenturn is a vector quantity and has the | Q. Show that kg m/s is equal
direction in direction of velocity to Ns?
The magnitude of momentum depends upon the mass of Ans. Kgm/s = Ns
body and velocity of the body.
As LHS. = Kgm/s

Unit | "
Multiple and divide by s
The SI umt of momentum is kg m/s, It is also Ns.

Dimensions A KEWHE
[Pl = Kgm/s = [Kgm/s’] x s
= ML/T = INS§
= R.H.S

= [MLT™"]
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&6 How jorce and linear momentum are related? (OR) State Newton’s second law of
motion in terms of momentum

i3 MOMENTUM AND NEWTON’S SECOND LAW
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Hence second law of motion in lerm of momentum can also be stated as “the time rate of change
of momentum of a body equals the applied force.”
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(0.9  Define impulse and L is : | 4
_ JINE Impulse and show that it is change in momentum.
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Q.10 State and explain law of conservation of linear momentum,

T3 LAW OF CONSERVATION OF MOMENTUM
Isolated System

It is a system on which no extemnal agency exerts any force. e.g., The molecules of a gas
enclosed in a glass vessel at constant temperature constitute an isolated system. .The molecules can
collide with one another because of their random motion but, no external force can exert on them.

Statement

This law states that the total linear momentum of an isolated system remains constant,
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Lxplanation
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Dalls o1 IIASSCS My ana mo MOovVINE aloneg thi SaAme ‘.H}i‘.,'_-'iﬂ [11]1{'_ 11
the same direction. with velocities \ Canda s CSpecty ely. Both the
Dalls collide and after collision, the ball of mass m: moves with
velocity V"  and my moves with velocity Vi 1in the same direction as

shown 1n higure

10 lind the change in momentum we use

) . )
F Xt = mVi-mV,
FOr mass m;
) 3 —)
FoX1 — n]1V] ]“|V| ......... (1)
Similarly for mass m;
- > )
'
M ox\ = mVs; -mV, ... el

Adding (1) and (2)

— » < ) =) =
Fxt+Fxt = mVyy=mV, +mVy, -mV,
? —-;} -~)f — -—%’ —

(F + F }l = ITl|V| - ﬂ11V| + mgv;g — I’ﬂ;VQ

Since the action F is equal and opposite to the reaction force F

- =
IE., '; - _l.‘
’ ’ = - =Y, o 4
((F [) = ll‘l]V] - I’TI;V] + m;Vg - mgV;:_
? —) g —p
| = mN," - ITI|V| + ITI;'V; - fﬂng
i 4 — _—y *)r
m|V| +mVy = mV+ m, Vs

which means that total initial momentum of the system before cqll?s?un
i equal to the final momentum of the system after collision
Consequently the total change in momentum of the isolated two ball
system 18 zero,

Point to'Pondar

What is the effect on the speed of
a fighter plane chasing another
whenitopens fire? What happens

10 the speed of pursued plane
when itreturnsthefire?

AnS. The speed of fighter plane
chasing another will decrease
due to law of conservation of
momentum. While the speed of
pursued plane will increase.

Do You Wear Seat Belts?

When a moving car stops quickiy,
the passengers move fopward
towards' the windshieldd Seatl
belts change the forces of motion
land prevent the passengers from
mowing. Thus the chance ofinjury

Is graatiy reduced.

Do You Know?

i l

#A motoreycle's safety helmet 18
paddaed so as to extend the time a!
any collislon to pravent sorious
ilnjury.
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E'H) ELASTIC AND INELASTIC COLLISIONS

Collision

When two or more object come

them, with or without the presence of ext
objects.

close enotigh so that thete is some sort of interaction between
emal force, Wessay a colligion has been taken place between the

There are two types of callision:

l. Head-on collision, such @ eollision in which after collision balls move in same direction as

they move beéfore ¢ollision.

2. 4 ©blique collision (direction of balls changes after collision).

Elastic Collision

In the ideal case when no K.E is lost, the collision is said to be perfectly elastic.

13 Fpr example, when & hard ball is dropped on to a marble floor, it rebounds to very nearly the
initial height. Itloses negligible amount of energy in the collision with the floor.

Inelastie Collision

A collision in which the Kinetic Energy of the system is not conserved is called Inelastic
Collision.

When two tennis balls collide then after collision, they will rebound with velocities less than the
velogities before the impact. During this process, a portion of K.E. is lost, partly due to friction as the

melecules in the ball move past one another when the balls distort and partly due to its change into heat
and sound energies.

Note: Momentum and total energy are conserved in all types of collisions.

Q.12 Discuss elastic collision in one dimension and prove that speed of approach speed of

released. (OR) Derive the formula of final velocities of two balls after an elastic collision
in one dimensions.

ELASTIC COLLISION IN ONE DIMENSION

ide ~rotati : v v,
Consider two smooth, non-rotating balls of masses m; and m;

- —) : | '
moving initially with velocities V, and V; respectively, in the same @ @
direction. They collide and after collision, they move along the same

e " .t Bafore collision
straight line without rotation. Let their velocities after collision be 'V g ;
et g : ‘ v )
and V' respectively, as shown in figure, —_— —
Consider direction of the velocity and momentum to the nght. @ ( : )
Since the collision is elastic therefore both momentum and K E. After collision

are conserved,
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myl v = m\ V. -V,
: .’f . 7 y -}.r =
5 ) J (Vi + Vi) = Hlﬂf_ \Y A ValVv = \1] {})
Lividing equation (3) by equation (2)
¢ » b P, 'hr — y, — b
1|1E \_l[_"\. +« V) m i_'\'w \J(\"*\"‘)
¥ — = — —
11 { '\ \ | {"'[1{\-_‘* \v l
» — —
-\'! + \ | — \.‘ 2 -+ \v: --------- ("1]
—> —> -, —
\'r'_ - \ — \ = \ 'I
s 1 - Siudl S
Vi=Vy = =(Vi=V3)
—3 —3,
\L T\.ll -_— — \' =l
. - = = . s e imilarly
Before collision (V- V) is the velocity of first ball relative to second ball. Simuiiaty
(Vi- V) is the velocity of second ball selative to first. ball after collision. It means that relatiV

velocities before and afier the collision has the same magnitude but are reversed after the collision.
other woeds, the magnitude of relative velocity of agiproach is equal to the magnitude of relative velocity

of scparation ic..

In

Masnitage of -eumc

"'"‘.L 210N

Put this value in equation £1)
—F? .__.? = f’_'." — —
rn;'v;+rr-3~f_. — mr‘-/;-Hn: .VJ“*' v.‘" VE—-"J
g _',? o -_} —,J' =y

LTI;V; + H'ljvg — My v ::+ m3V| + My V! - ml“’:E

4 ~7 =2 = —

M Vit m Vs +mVo-myVy = (myp +mp) V,

Dividing both sides by (my + m3)

- o —3,
(Il’l; - mg) Vi+ En’lgV; o (m; + M>) VI
(m; + my) (m; + m;y)
= —
;,h ~ (my - my) Vi s 2m, Vs (5)
T (my4my) T (mp+mp) 0 T '
From equation (4)
—3, -, = =
Put this value 1n equation (1)
— - -, —,
mVi+mV, = mVi+meV;
mlvl + mz\r';, = m Va+ V'&—\"] -+ m;V;
— — e P —) — _-?r .
mVi+mVs; = mVa+mVa-mVa+m Vs
—-3 - -k — — -,
miV, +mVs+mVi-mVy= (m;+my) Vs
— p— . ""}r
2my Vi + (mp—my)Vz = (my+my) Vi
Dividing both sides by (m; + mg)
— —_
'F‘!
) 2mVy  (mp-mgVvVe (6)
. mig + m; m, + my

I
I another car crashes
lyours
|seat can save you from serious
ineck injury. It helps to accelerate

your head forward with the same

rate as the rest of your body.

Point to Ponder

In thrill machine rides atl
amusement parks, there can be

an acceleration of 3g or more. Bul
without head rests, acceleration

like this would not be safe. Think
Iwhy not? =

Nto bDack I':,;f"J
the head-rest of the -",-&!"I
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VY1) SPECIAL CASES:
Case-1: When S '=ms = m Vi v,
) 5 ‘ ; "
rutting this in equation (5) and equation (6) m @
— —
=7 (m-m)V 21 S
g JV1 | 2mV, After collision
m <+ m m+m
Sgo= 3 =
__§ ‘_} ""’l -vl* l"";I "v1
_ ZI'I’IV;_{ 2ﬂ1V3
= U+ = A
1Tl AN
—, —
V| — Vg
—
Now N m L, A%
m+ m m+m
__}
QmVI 0
' 2m
~ 3, -~
Va =V,

It means that when two balls of equal mass collide elastically, they simply exchange theif

velocities.
— —
v, V,=0

_}
Case-11: When m; = m; = m and V, = 0 i.e., target ball at rest

Put this value in eq. (5) and (6)

3
?, ~ (m-m)V, 2m (0)
= Tm+m m+m
= 0+0 |
—>,
V] = 0
— = V-v
-, 2mV, (m-m) (0) v - i
NOW, Vi = imt m4m
omV,
. =NV]
T + 0
=, 5
Vz = ¥

.
move with V,.

| » | 1
In this case the ball m; comes to rest after collision while ball m, that was at rest began !
l : lighter one bounces off in the forward direction Wi

body.

[CHAPTER 3
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Case-IIl: W

_ —>

1.€., Vo =0
also m; >>m;
i.E., m; ~ ()

Putting this value in equation (5) and equation (6).

7/ O=m>—> 2m
Vv — . =
’ O+m;v'+0+m3(o)
_ -
= ¢ Vi
—
V] :—V[
— - v
Also Vi3 = =1 +____,_2m|V
mp + m m; +mj
—
_ 0,20V
. O+m my
= 040
-2,
Vz =0

This means that m; will bounce back with same velocity while m; ‘remains stationary.
Case-I'V: When a massive body collides with a lighter body at rest.

| —>
1.C., Vz =0
AS m; >> m;

m> ~ 0

Putting this value in equation (5) and equation (6).

= M QOHOQ
LEWE m; +0 m; + 0
v,
_mVy
my
—, —
2m V)
ol 0-m m
Also V, = 1-0(0)+m1+0
_....)
2m; V,
— -+ m;
—, =3
V, = 2V

Hence after the collision there is practlcally

1en a light body collides with a massive body which is at rest

no change in
ith approximately twice the velocity of the incident

97
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the velocity of massive body bul the




1 1 8 INe mass o waler that stnkes the wall. then
- i E) B enLun il t 1||"u|“I j - i1 "-,'r'
OFCINg L Newlon ' s second law, tme rate of t-'|'l;i!li.‘_r of momentum 18 t'tllull 1O 101Ce .llilillifd
! &
L hange 1in momentum
lime <
y
ne' m !
il l' )"d .-(l..
! L
Ol Force (Mass per second) X (Change in velocity)

'his is the force exerted by the wall on walter

From third law of motion the reaction force exerted by water upon the wall is equal But opposiie:

Vherelore, equation | | ) becomes

(—mV ] my

T —
—
—

I L
Thus. force can be calculated from the product of the mass af water striking normally per second
and change in velocity,
For Example
Suppose the water flows out from a pipe at 3 kgs_’ and 1ts velocity changes from 5 ms ' to zero 3

on stnking the ball, then, 1’
I5N

Force = 3Kkgs—1%X(5 ms . @0in= 15kgms ¥ =
__—_—__________.___————————'——_————'—'_——_—__—‘
Q.15 Write a note on momentum and explosive forces.

MOMENTUM AND EXPLOSIVE FORCES

- i Al
There are many examples where momentum changes are produced by explosive forces within @
| i ey  ections:

isolated sysiem 1or €X urrrplf‘., when u shell CIPIIKIES in mid-air, fragmems ﬂy off in different directhio
The total momentum of all its fragments equals the initial momentum of the shell. Suppose
tplodes into pieces as shown in figure. The momenta of the bomb fragments combine b

i

H fﬂ”lng
y yectof

bomb €
addition to equal to original momentum of the falling bomb.

e i wp———

'I"J: | |'J'ii' A’if; #"Jf'_‘. I'

i
ke 111 M .
|

lllﬂ' i
| 4 ] ]
i, p {4 J
: ‘ ‘r I't il_' & ".-'.'.".q‘l i I,lr..| Al | IJ.."
) = ' | : a ! e
f‘ i ’ "J!f Illl{ ‘Jii r‘II ;I,* Jii i, L & .
| . ' | ! 14 Z . }H_, I l-.;’_,'-' il ¢‘; LT M4
||.' j ._..J." ' ¥ I ' i-,lr .I i
L WHIENLLAT )" " Ml S
o ilrlflfi !‘ !I"r ﬂj' b il i k L
f 1T e T ¢ & rmnial # il T |
P EAVTHESSOICe RS wcted on then Thus

! ' i i (] ]
| ¥ o UM YALCILY OF LNE 11T 1 N

)+ Y 4 _f'-A‘a,f
J = MW MV
MY = 2 V

’ mYy
\/ et
M

| hesmomentum of the tifle is thus equal and opposite to that of
the bullef: Since“mss of rifle is much greater than bullet, it follows
Lthat thé nfle moves baek or rifle with only a fraction of velocity of the
bullet.

Q.16 What do you know about rocket propulsion?
' ROCKET PROPULSION

Kockets move by expelling burning gas through engines at their
rear. The ingited fuel tums to a high pressure gas which is expelled
with extremely high velocity from the rocket engines. The rocket
gains momentum to the momentum of the gas expelled from the engine
It in opposite direction. The rocket engines continue to gases after the
rocket has begun moving and hence rocket continues to gain more and
more momentum. So instead of traveling at steady speed the rockel
gets faster and faster sol long the engines are operating.

Rocket carries its own fuel in the form of a liquid or solid and
oxygen, It can, therefore, work at great heights where little or no air is
present. In order to provide enough inward thrust to overcome gravity,
a typical rocket resumes about 10000 kgs™ of fuel and eject the bumnt
at speed of over 4000 ms . In effect, more than 10% of the launch

mass of a rocket consists of fuel only. One way to overcome the
problem of mass of fuel is to take the rocket from several rockets

linked together.
When one rocket has done its job, it is discarded leaving 1o

carry the space craft further up at every greater speed.
If m is the mass of the gases ejected per second with »gloqity
relative to the rocket, the change in momentum per second of ejecting

gases is mv. This equals the thrust produced in by the engine on the
—_) .
body of the rocket. So, the acceleration, a of the rocket 1s.

5 mV
=T
As { = l SCC

fuel
{hgquid
hydrogen)

WqLia
Dxygen

Combushon
Chamber

Fig. Fuel and oxygen mix in the
combustion chamber. Hot gases
exhaust the chamber at a2 very
high velocity. The gain in
momentum of the gases equals.
The gain In momentum of the
rocket. The gas and rocket push
against each other and move n

opposite directions.,
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Ma = 111 \
—) Vi}’ = 0
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Q.17 Define projectile motion. Also calculate the velocity of the projectile of any instant. (OR) - _;_gf;
Define projectile motion. Also derive the formulae for the time of flight and height of
projectile. (OR) Explain projectile motion. Also derive the formula for the range of Velocity of the Projectile at any Instant
” projectile. Suppose that a projectile is fired in a direction making an
[" PROJECTILE MOTION angle © with the horizontal by velocity V; as shown in Fig.
When an object is thrown in air making a certain angle with horizontal, so that object moves AL any ins_tant the velocity of the projectile has two
under the action of gravity and moves along a curved path, is called as “projectile”™. Its motion 1s called components (1) horizontal component, (2) vertical component. These

4 WO components are independent to each other. During the motion of

W

“projectile motion™. Its path is called trajectory. Its path is parabolic. (OR) Projectile motion 1s two R _ .
i ' the projectile horizontal component of the velocity remains same, so

dimensional motion under constant acceleration due to gravity.

¢
— -

For Example: N =1

\1) A ball thrown by a cricketer because we have neglected air resistance and no other force is acting
along this direction.

(11) A foot-ball kicked by a player.

(iii) A nussile fired from a launching pad. As the projectile moves up under the action of gravity, so

Explanation . e F
Consider the motion of 2 ball when it is thrown horizontally from certain height. It 1s observed y :

the ball ravels forward as well as falls downwards, until it strikes something. As r = V;+at
Suppose that the ball leaves the band of the thrower at point A, 4s sheéwn in figure. And 11s For two dimensional — motion

' | _ o S ay

velocity at that instant is completely horizontal, 1.e., V ;. Vix Vix + 2.t
according to Newton's 1st law of motion, there will _be no af:cclmuw'm hgnzorytally dlrﬂﬂw‘: R,

force acts on the ball. Ignoring the air fnction, only force acting on thé ball during flight, 1s the force Od

gravity. There is no horizontal force acting on it, 50 its horizontal velocity will remain unchanged an Ve = Vi+0(D)

will hcv... until the ball hits something. P Vix Vi = Vicos® ........ (1)

Hence., the honzontal distance 15 ( Also, Vi

Vi+al

Viy + 4,

<
<
I

S =Vitszal
= Vit+5a

viy = V;sin0, ay = -8

L 2
% = Vail4+54a,l _
23’ 5 Viy = VisinB-gt ... (2)
Ve = Cons@anl Velocity of the projectile at any instant is
g = { 2
By ) V =V, = Vg i+ Viy |
X = Vil

This is the horizontal distance,
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2 (AL con 'l ! AS the de%" P0CS U
ISy L ! - il O - * L) (_‘(';a'ﬁrjnf:r N V TR [ P aﬂd
I 'VETINg no vertical displacement

comes back o same level

Interesting Information

It Magrnit 1de | '
. . S A }. — h — U g |
- L‘I Y T V., \r':"' = v'I SAT U '
. — S, : : dy -~ B ~' :
) \ = AJ(V.cos0) +(V.:sinB-¢g1)° |
d | . y o1l 2 L) .
- As g LT |
A V.. L+ = a t‘: -
For direction k. |
\J 0 A . o l .
: ~fy TSH’]G[+;{-—g)[*
an 9 = v Z
_ o 0 V;Sinel—'l‘gt: |
af Ve 2
Q = an | y;
\'I ¥ ,.r'l : |
sel"= VisinOt |

A photograph of two balls released

1

I

i

D |
(I
b2
I

Height of the Projectile
| ] " simultaneously from 2 mechanism
- s | : : : : . _ ~ Pl = . s1in B that allows one hall to d freel ?
he maximum vertical da_ﬁ,tame W hich a projectile covers is called height of projectile. In order 2° | while the other is ;f;;i;f
o determine the maximum height of projectile attains we used the third equation of motion. * — horizontally. At any time the two)
- ' 2V;smn 0 balls are at the same level, |2 |
’ A y [ — — their vertical displacements are

g equal.

Using 2a8 = Vi-Vi " vy=0 -

. L
. 2ay = Viy- Yo o o Rl (1) T'ime to reach maximum Height Point to Ponder
' |
I

As, Vi = V;#at
. \‘rf“r ()
| Vig = Viy+ayl
As the body comes to rest after reaching highest point . As, Motion is upward | r
O dy = —g

Also dy 14 ny =0 Water is projected from two rubber
| ﬂpipes at the same speed-from one
Viy = Visin 0 0 = Visinb-gt jat an angle of 30° and from the
_ other at 60°. Why are the ranges
g[ — Vj Sin 0 equal?

Ans. Because the range will be

Putting these values in equation (1)

Visin O - a :
. 2 1l o 2 e maximum at 45°. But if the angles
2(— gy = 0) - (Visin 8) t - g of projection which exceed or fall
short of 45° by equal amounts, the#

ranges are equal.

2gy = —Visin’ 0 Range of the Projectile

2gy = Vi sin” © e “The maximum distance, which a .projectile covers in the y
| ( horizontal direction is called the range of the projectile. It is denoted by
S —_— y = h HR”.
In order to find “R”, we multiply the horizontal component of
X

2gh = Vzi sin” 0 | the velocity with time of flight. 0 R ——b

Vix X1

i

Hence, R
2 V,‘ sin O

V; cos 0 X

Time of Flight

“The time
where it hits the ground at th

| e |ack
taken by the body lo.cover he distance from the place of its projection to the P .,

o same level is called the time of flight.”

e — S — e
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F'! | re | ‘ b1 f] LAYS {J - 511) _HJ-E

Thu‘n NC range ol proiecCtile Qepenas 1DON the velox

J ICIty of projection and the angle of proie [—
& ; J * I ,T:I]rjn I‘XAMI’I[; ? J
k- AR .]

Maximum Range

I'he velocity time

K will be maximum .
motion of the car and fin

when, s1n 28 |
J |SOLUTION|
AS sin (1) F '
20 = 90° The graph shows that cafstarts -
2 | . * rns from rest ie. V. = *
velocity becomes ST .. SLLE, Vi = 0 and its Y
| o elocity becomes 20 ny@in e 5 sec. Then
l = A,
) Average aceeleration is given by
‘ 0 1 120 8 C
j = A8 S av 20 2 vy 110
Vi WE AL T s = 4mss (me)
l( — -4 . Au D g
fma o Motion of car from Bito C " m"’ W .
—
Application to Ballistic Missiles ! The graph$hows that car moves with uniform velocity of 20

| | | - | ‘ m/s", Here aceeleration is zero.
A ballistic fhight 18 that 1n which a projectile 18 given an mitial push and is then allowed to move

freely due to inertia and under the action of gravity, An un-powered and un-guided missile is called a Motion of Car From C to D

ballistic missile and the path followed by it is called ballistic trajectory. The graph shows that the acceleration decreases during last f ds
» during last four secon

As discussed before, a ballistic missile moves in a way that is Do You Know?
the result of the superposition of two independent motions: a straight
line inertial flight in the direction of the launch and a vertical gravity
fall. By law of inertia, an object should sail straight off in the direction
thrown, at constant speed equal to its initial speed particularly in empty
space. But the downward force of gravity will alter straight path into a
curved trajectory. For short ranges and flat Earth approximation, the
trajectory is parabolic but the dragless ballistic trajectory for spherical les, o angie les than 45°, t

Earth should actually be elliptical. At high speed and for long .fhelght reached by the projectll

_ _ e | g *a : - : . and the range both will be less.
trajectories the air friction is not negligible and some times the force of wWhar U .?‘gh of projectile |

air friction is more than gravity. It affects both horizontal as well as larger than 45° the height mlmid
vertical motions. Therefore, it is completely unrealistic to neglect the |will be more butthe rangels again

and d =M=£_Q

At g = —Sms

Negative Sign Shows that Velocity is Decreasing
Distance Covered by Car

Distance covered = Area of trapezium OABCO

Now

| \ .
Areca of trapezium = 3 (sum of parallel sides) X (distance between parallel sides)

| lass, |
acrodynamic forces. ; = 5(10+19) x 20
The shooting of a missile on a selected dislanl' spoL s a majqr Do You Know? { |
element of warfare. It undergoes complicated motions due o anr Bt ) (29) (20) = 290
friction and wind etc. Consequently the angle of projection cannot be
found by the geometry of the situation at the moment of launching. The Thus
actual flights of missiles are worked out to high degrees al precision : ed = 290m
and the result were contained in tabular form, The modified equation of Distance cove =
trajectory is too complicated (o be discussed here. The ballistic missiles | 5o presence of alr fr;mlon::; Note: The distance covered in above example can also be determined by applying.
ane s {4 v and remote control guided missiles are |trajectory of a high SP , : " ”
are useful Precision, paweess . prollucllln‘ffall short of a paraboll® Distance covered = Arca of AABF + Area of rectangle BCEF + Area of ACDE,

used path,
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SOLUTION]
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SYETrase 1 LATGIng

e w
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1)

|

i

I

|

1500 (15 - 20)

1500 x(—=5)

- 2500 N

- 2500 N

Data
Mass of 1" ball

Mass 0

The negative sign indicates the force is retarding,

Result

Force

\EXAMPLE 3.3!

Two spherical balls of 2.0 kg and 3.0 kg masses are
velocitles of 6.0 ms™” and 4 ms™ respectively, What must be the velocity of the smaller bal

collision, if the velocity of the bigger ball is 3.0 ms ™7

2500 N
2.9 KN

moving towards each other with
| after

_ MOTION AND FORCE

\ - & N

vEIOCILY Of £ Dall = V- -4 ms i

—
—_—

e 1 - ; * ! 5 '
l\h OCILY altel k.Lﬁ]J";!!-”\ = Vs,

|

To Find

\L‘tw‘ti} of 1™ ball after collisien = V, =%

SOLUTION!|

Using law of consesvation of momentum.

Momentum 0f the system before collision = Momentum of the system after collision
104 "t-'-a, + M 1‘-._*- = M) .\ + "':

Putting values
2(6)+3(-4) = 2V; +3(-3)

12-12=2V,-9

Result

!
-
g
|
$a
-
S

Velocity of 1™ ball after collision =

EXAMPLE 3.4)

A 70 g ball collides with another ball of mass 140 g. The initial velocity of the first ball is

9 ms— {o the right while the second ball is at rest. If the collisions were perfectly elastic what
would be the velocity of the two balls after the collision?

i

Dalta
Mass of 1* ball =m = 70g = 007kg
Mass of 2°“ ball =m = 140g = 0.14ke
Velocityof 1¥ball = V; = 9ms™
Velocityof 2% ball = V3 = 0

To Find

"

Velocity of 1™ ball after collision = V,

Velocity of 2™ ball after collision = Vs

F
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|SOLUTION

\ | my -~ My V My Vs
| s Vi m; + e i1y + 1My
r 007 -0.14 o
vi 007 +0.14°
Vi ¢ 3 mJ/s
r _7_1111 v My - My v
: INOW, \/: i + 1y ¥ mn; + 1My ‘
)
) : - 2x0.14 040
Vi = 007+014 %7
V; = 6ms
Result
Velocity of 1 ball after collision = V= = =3 m/s
Velocity of 2" ball after collision = V, =0 m/s 4
(EXAMPLE 3.5

A 100 g golf ball is moving to the right with a velocity of 20 ms ', It makes a head on
collision with a 8 kg steel ball, initially at rest. Compute velocities of the ball after collision.

Data
Mass of 1" ball =m = 100¢g
g _llf(;(:r X8
= (.1 kg
Mass of 2™ ball = m = Bkg
Velocity of 1% ball =V, = 20m g
Veloeity of 2% ball = V; =0
To Find
Velotity of 17 ball after collision = Vi =4 R
Veloeity of 2™ ball after collision = Vs =1 ‘
[SOLUTION)
L Isinip Vi :::: -' ::i Vi 4 ff-l'*:-zi
| .1
v Hi:i"”"“

' L
Vi LD § $41 &

[CHAPTER 3]

3 MOTION AND FORCE
Now VA 2m My — m —_— 108
| '1 5 T Yy d —, V
! 2 X0, 148
\£ 0 | ;_H,J'L:“-i ()
\"r" - ”Il_) m l
Vi 2 05ms™

Kesull

F

f s . . sl ' ' e
velocityol 17 ball after collision Vi = «19.5m/s

[

- Y e ) al o4 :
Velacity of 2% ball after collision = Vs = 0.5 m/s

EXAMPLE 3.6

A hose pipe ejects water at a speed of 0.3 ms™ through a hole of area 50 cm’, If the water

strikes & wall normally, calculate the force on the wall. assuming the velocity of the water normal
W the wall'ls zero after striking.

ara

V = 03myg"

A = 50em’

o Find

Forceonthe ball = F = 7
SOLUTION]
LIsing o = '"i'_t}i (1)
A8 {1 = l,:]
m 2 DY
'. (volume of waler per sécond) = AV

= SOx 10"k 2

“ DS m

1) Y
Qi | = |
m

PEMMY w 1M

1 hp/s

= . ——— _
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-

'_.l .hi_‘ f --:-:'.": : — 5 @ -

: " ,
- = /95 m
- a9 T L £ I
— 4 11me of High —5F - 1
. * = 3.1 8ec

Resull EXAMPLE 3.8

=
E]
i

-
i
¥ .l-'

e Ty The D

= | In example 1.7 2 :
- 'T -—? -ﬁ a f,,_'.# r ' hp' - C?ICU{d[E !hE .Ilkanmum
of 3 ms— in a direction 30" abon

el e & | | Data
A bl » threowe Wilh a speed ol
Deterntine (he helgint to which it rises. the Uime of Might and borizontal range. waiidl speed 0= 30 m/s

range and the height reached by the ball if the

b.' :F_L f: ‘L' I'r.l r‘lzi_,? ﬂL&!..

m

T
"3 - .—'.'I.
AT DL g - -
-
. = _ t'! I - - - " ? l‘;
. g - = = - Qlll = —
i st = : '
- - - 3 . ! -
' & .;-f-rli
- o — -'_r

®
| ue
"
3
s
|
I\

i
__l
lv.‘
P
4
L
i
A
]

j [SoEBTION

"
A
i

~rr-rrniiad 38 'L:

SOLUTION Y T

Ve artead Hewpne g

Q
I
|

N ‘:'i _———— 3
. , (30) sin 2 x 45
: ) %) um N7 . - 9.8
. LXEDER *
" 900 X sin %)
= :;- 'f <} - 9*8

900 x |

For Range of Projectile = 0%

‘ujl sin” —
L4 = ) IR _=918m|

! m : un 2 . 3'-’ andg 'Jfﬂjﬁﬂl hﬂlgh[

=
943 Using formula

2

2 | :
!Jﬂl sin 60 | : _ ¥ 511‘.2&

=
9.8 T2

p ‘ﬁq‘im! 2 (30!}' (8in 45!2
. N 2(9.8)

. Mim 900 (0.707)°
- =196

2V, 3n®© = 23m
# h :23m_]
2 %30 x sin 30

A 1,
&0

= 3.1 sec

- B
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When 0 = 60°

We know that
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l

[
\O
o0

900 x sin 120
- 0.8

000 x 0.866
= 0.8

[R = 80m|

and vertical height 1s

Using formula

AnSs.

Result
(i) When 6 = 45°

Maximumrange = R = 9l1.8m
Verticalheight = h = 23 m
(iiy When 8 =60°
Maximumrange = R = 80 m
h = 344m

Vertical height -

‘SHORT QUESTIONS

What is the difference between iniform and variable velocity. From the explanation of
variable velocity, define acceleration. Give 81 units of velocity and acceleration.

Uniform Velocity: The velg€ity of a body is said to be aniform if it covers equal displacement
in equal interval of time.

Variable Velocity: The“welocity of '@ body is said to be variable if it covers unequal
displacement in unegual intervabof time.

Acceleration: From the yvanable velocity, the rate of change of velocity is called acceleration.

| | | =) | | ‘ - -
Let a body 1s moving withwelocity v;. After small time At its velocity changes from v; to ¥;

| e T
thefi the change 1n veloCity AV = Ve — V;. So

L
= Vi— Vi
¥y At
_}
— AV
At

SI Unit of Velocity: The SI unit of velocity is m/s or km/hr.
SI Unit of Acceleration: The SI unit of acceleration is m/s”.

An object is thrown vertically upward. Discuss the sign of acceleration due to gravity,

r

relative to velocity, while the object is in air. dieth- Y afu

When an object is thrown vertically upward, the sign of acceleration due to gravity is negative
relative 1o velocity. But when the object is thrown downward, the sign of acceleration due 1o
gravity is taken as positive because velocity and acceleration are in same direction,

Can the velocity of an object reverse direction when acceleration is constant? If so, give an
example.

Yes, the velocity of an object can reverse its direction when acceleration 1s constant.

Example: When an object is thrown vertically upward then during upward motion i_ts velocity
decreases, the direction of velocity will be in upward while direction of acceleration due 10

gravity will be in downward and when it reach at the highest point its velocity becomc zero but
during downward of object the direction of velocity will be in downward while direction of

acceleration due to gravity will again in downward thus we see lhﬁt in lhii case t}lc vc}c}c;ly .~
reverse the direction while acceleration is constant. Gufl "X E AR ¥ e

Specify the correct statements:

(a) An object can have a constant velocity even its speed is changing.
(b) An object can have a constant speed even its velocity is changing.
(¢) An object can have a zero velocity even its acceleration is not zero.

(d) An object subjected to a constant acceleration can reverse its velocity.
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-OCIhy
man standmng on the top of a tower throws a ball straight up with initial velocity y and af
Lie same lime Inrows a second ball straight downward with the same spead. Which ball
N RaEYe [arger A g when Il sirikes the ;—_:rui_iflfj - [;;'HUE'L air Iriction,
& 15 y . : b
| r - e '-rl |
3 . 3 < e |
- - r i
A rapiain the circomsiances in which the velocity *v" and acceleration “a” ol a car are:
1) Parallel i)  Anti-parallel
131 ) |’l'f'p*"r'ﬂh4 ular Lo one anotner (V) "W B zero bul Yamvt 1s not
(%) “a Inzero bul Y s notl zero '
.. FOMIOWINE A LN Circumsia ' 4. = yEMW LY NG acceicrabion ol i

i) Varallel v g = YCMX1] o8 Cal I8 INTESERINE anly | Lral i |'J.'|': /
ho e .'": i . "h':' £ &l E Yols ol PE 'y ¢ i 't O™t — 1
-

4

117 ‘\nli-puru”rli when the velocity of Car 18 geCreasing along the sitrmghl ’
! | i 2 R —-—_—"

NNE 1NED YEIOCILY and acceicrallon arc gmi I).IT..HLI 10 cach othes

- ———

i

(ili) Perpendicular to one another: The velocity and accelemtion of » om
age fm_‘r;'rn;h:. wlar 1o each other when the car 18 MovIng :u‘uni H Circulat

path

- v

1..‘ : h ‘in

vy is zevo butl & 15 notl zero; The ‘t'ClLIILIIjv' 08 & Car becomes 1 zero when the brakes o P

{ apphied and the car comes 10 rest due 10 ageeierabion in opposite direction. {
: {v) mais zero bul v is not zero: Acceleration 15 zero when the car i1s i “ine w ith Uﬂl[w
. L
. acceleration. vy -/

Motion with constant velocity Is a special case of motion with constant acceleration. IS thi
J sistement true” Discuss.,

Yes, the motion with constant velocity ia a special case of motion with constant acceleratio®
This statement 15 frue

. _ B 1 : _ 1
Fx ton: we know that when a bady moves with constant velocity then its acceleration ¥
- - o : ) y 4 ’ . | ; :
- &850 iere 15 no e of change of velocity so whenever it moves with constant velocit)
aCCIcTal Ty ey 8 . i ']’h*n:f'-ﬂ
CEICTANUN Wil rcinain 2250 that s constant herce zero 1s also a constant quanity .

MOLnn wi cotant » ;:11;;;1:, & 2 jmul case of motion with constant acceleration

' i A ™Y r'Fﬂ 7
[ =N 4 I_..\-_.lll
|

' i)
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. !-!.n b 'J'. '[]',l}f[j_l_flhl“'i

39 o~ Define impulse and

\fs, Impulse: When a very large force acls
ach & force and time s called 1m

wal '
i 1 1))

Lrnpulse '
i
:'.'L A W i M)W Itl;i!

i # ’A‘T

S0 I

This shows that impulse

110 State the law of conservation of linea
system. Explain, why under certain con
not completely isolated?

Law of Conservation of Linear Momentum:
an isolated system remains constant

Importance of an Isolated System: This

Ans.

svsiem 18 one al W
| al forces are very small as com

cxicm
m such a sysicm

)
= A =

Find the chanege in momentum for an object subjected to a given force for a given fime and

.,;r
ctate law of motion in terms of momentum.
Ans, | v of mass “m” moving with velocity ¥, Let a force F is applied on the body which
, | » velocity from v, to vy then acCorgingto 1% eguation of molon.
— A - 1
. N \on's secand law of Maton
I ; T™h &
E = ke .
r | | r!lk"';.
ik the fingl mMoMmenium and mv, 1s the I.ﬂl“ﬂl mMOomenium o, ’
I’ ! M ule !J! Lf!iJI];,,’{Z (1 e Tium
I #ate of chunged momenium
' T : ‘s sec law of moton in
Newion's Second Law of Motion in 1 erms of Momentum: Newton s {nd sl
J sigties. “the rale of change of momentum is equal o upphcd orce

show that how it is related Lo linear momentum?
on & body for a very short interval of tme then the
pulse, It is u vector quantly

Fortee < 1ime

I A

mvy = my,

Mmvi my,

¥
mAYv

Change 1n momentum

1§ equal to change in momentum

r momentum, pointing out the
ditions, the law Is useful even

um: This law states that the total |

4ing. If the system s
_ no external force acuing |
e = pared 10 interacting forces so this law ¢an
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ANS.

E 0
. = — — = —— e

xplain the difference between elastic

e — —

= —— T e e B e — —— =

» - . 'R K. - 1 = 3 :_—H-E——___.---_--’
and inelastic collisions. Explain how wouylg a
bouncing ball behave in each case? Give plausible reasons for the fact that K.E is not
conserved in most cases?

Elastic Collision: These collision in which kinetic energv remains coustant is called elastic

colhisions.
inelastic Collision: These collision in which kinetic enerey does not remain constant is called

inelastic collisions.

In Case of Bouncing Ball: If the ideal bouncing ball retumns to the same height where it is
dropped then the collision 1s elastic collision. If the bouncing ball will not returned to the same
height then the collision is inelastic. So due to change of energy, kinetic energy does not remain
consiant.

For example; when a heavy ball 1s dropped on to the surface of earth, it rebounds upto very little
neight because maximum K.E 1s lost due to friction and also changes into heat and sound

{ energies. S0 in most cases, the K.E is not conserved. Thus momentum and K.E are conserved in

{
7.

all types of collisions. However the K.E is conserved only in elastic collision.

,-‘&.12// Explain what is meant by projectile motion. Derive expressions for

Ans.

The time of flight (b) The range of projectile.
Show that the range of projectile is maximum when projectile is thrown at an angle of 45°

with the horizontal.

(a)

Projectile Motion: When an object is thrown in air making a certain angle with honzontal, so

that object moves under the action of gravity and moves along a curved path, is called as

“projectile”. Its motion is called “projectile motion™. Its path is called trajectory. Its path Is

parabolic. (OR) Projectile motion is two dimensional motion under constant acceleration due o

gravitly.
The body thrown is called projectile and the curved path followed by it 1s called trajectory.

Examples:
l. Motion of football kicked off by a player.

g A ball thrown by a cncketer.

-—

3. Missile fired from launching pad.

Consider a body thrown in horizontal direction with honzontal
velocity v, from point A having vertical height 'y'. In the absence
of horizontal force, the horizontal components V; reman

constant all along-the motion. If the body hits at point C the
horizontal distance 'x' covered by the body is given by

X = Wit

Where 't 1s the ime taken by body to move fram Ato C.

The body not only covers distance in forward direction but also moves down under the action of
gravity. The downward vertical velocity of body under the action of gravity goes on increasing
continuously. This vertical motion is same s for freely falling body. The distance covered bY

body in downward direction is AB = y and is given by

I
1,hll'lnt + ') a{

—

S =y =

[CHAPTER 3]

Viy (initial vertical velocity)

S O }

MOTION AND FORCE
As the ball at 'A" has only the horizontal

|

1 2
— 5 8l

}F

),

o

1D |

Time of Flight of Projectile

velocity so

0 and

The time taken by body to cover the distance f
Lk s ] rom place of
projection to the place whege it hits the ground, is called time of flight of projectile. Thcplimc of

flight can be calculated by using2™ equation 6f motion:

S

As the'dall returns 10 grdund, so pet vertical distance is zero. i.e..

S

L

= Vil+ 5 B8l

—
—_—

0 and Vi =

TI'he abg¥eequation becomes

0

1.
2 &

or {

wihere ‘U is the time of flight of projectile.

Range of Prnjec_lile: Max. distance which a projectile conversion the horizontal direction is
called the range of projectile. In order to find R

R

R

—
-

—
—

i

, I
¥; sin Ot -3 gt°

, |
VisinOt or =gt
2V:sin 8

g

vn. x1
Vicos 8 x 2v; sin O
L

it

v
K
- sin 20

- AL

2sinBcos B

The formula for the range of projectile is

R

For maximum horizontal range sin 20 must have maximum value and we know that the

vf sin 20
2

maximum value of sin 20 18 1.

sin 26

sin 20
20
0

|

sin 90°
%ﬂ
45°

Viy= V;8in0

V; sin 0
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So above equation becomes
V> sin 2(45°) [CHAPTER 3] MOTION AND FORCE 119
RIILI‘:. — O -
v; sin 90°
Rm:r-; - o -
. / f'I ) /t} / 7 4'!‘ f .--"'6
v |PROBLEM 3.1)/ .f ,,
}'J Y Rﬂ‘lli‘ﬂ. — : ;
A oy ﬁ | ’:_ | A helicopter is ascending vertically at the rate of 19.6 ms . When it is at a height of 156.8 m
,f"i So the range of projectile is maximum when projectile is thrown at an angle of 45° with the above the ground, a stone is dropped. How long does the stone take to reach the ground?
4 _
horizontal. :
W7 METHOD-I

( 3.1y At what point or points in its path does a projectile have its minimum speed, its maximup
| 7 4/ speed?

Ans. The speed of the projectile is maximum at the point of projection and also al the point where§

hits the ground. While the speed of projectile 1s minimum when it reaches the maximum height.

Data
Initial vertical velogity of heligopter = Vi = 196m/s

Sincednitial veldeity of the stone is upward and stone moves downward.

314 Each of the following questions is followed by four answers, one of which is correct answer
Vertical distance travelled by stone =S = -1568m

Identified that answer.

(i) 'What is meant by a ballistic trajectory? | To Find
(@) The paths followed by an un-powered and unguided projectile is called balliﬁ’ Timetaken by stone toreachtheground =1t = ?
trajectory.
(b) The path followed by the powered and unguided projectile is called ballisi SOLUTI OM
RJEELOTY: By using 2" equation of motion
(¢) The path followed by un-powered but guided projectile. 1
. (d) The path followed by powered and guided projectile. S = Vit+5 gt
(ii) What happens when two-body system undergoes elastic collision? :
1568 = 19.61+5x-9.8¢
(a) The momentum of the system changes.
(b) The momentum of the system does not change. 1568 = 196t-49¢
49¢ = -1961-1568 =0

(¢) The bodies come 10 rest after collision.
(d) The energy conservation law is violated. Dividing by 4.9

Ans. (i) (a)1scorrect C-4-32 =0

(ii) (b)is comrecl. ’ 2 _gtadt=32 = 0
!/MI/’ ' t=8)+4(t-8) =0
| (t-8B)t+4) =0
(-8 =0 : t+4 = 0

t = 8sec. t = —4 sec.

| Since time is always positive so 1gnoring the negative fime hence.

Result

Time taken by stone = 1 = 8 sec.
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METHOD-II

Data
Inihial vertical velocity of helicopter = Vi = =19.6 m/s
Vertical distance = S = 156.8 m
Io Find
'ime taken by stone toreachthe ground =t = ?
\SOLUTION
By using the 2" equation of motion
) |
S = Vil + E gtz
! 2
156.8 = —19.6t+5x9.81t
156.8 = —19.6t+4.9¢
Divide by 4.9
1568 196 49,
49 T 49 'Tao!
32 = —4t+¢’

t*-4t-32 =0
' —8t+4t-32 = 0
t(t—8)+4(t—8)
(t+4)t—-8) = 0
t+4=0, t—-8 =0

t = -4 gec. (neglected), t = 8 sec.

|
O

Result

Time taken by stone to reach the ground = t = 8 sec.

|PROBLEM 3.2|

of a motorbike.

Using the following data, draw a velocity-time graph for a short journey on a straight road ’

Use the graph to calculate
(a) The initial acceleration
(b) The final acceleration

(¢) The total distance travelled by the motorcyclist.

[CHAPTER 3] MOTION AND FORGE 121
' == __.- 1___ e == \_\
| SOLUTION!|
The velocity time graph is as shown. C
g s Lisiald 8
(a) For initial acceleration < -
Initial acceleration P 154
| - Changc In ‘-’L‘:](}Lfi[i 10
“ - Time Vrrvs :
AV ‘W
dj = E 0O >
30 60 90 120 150 180 FE
Since AV = 20 mis { ~——> S6C.
Al = 60 sec
, 20
S0, d; = 60
8 _!. rn/ .
— 3 S
a = 033 m/s’
r (b) For final acceleration
- Change in velocity
s Time
Since AV = Vi=YV,
= 0-20
= =20 m/s
and At = 30 sec.
-20
B = 530
ar = —0.67 m/s’

(c)  For total distance travelled by motorcyclist
Total distance = Area of AOAD + Area of rectangle ABHD + Area of ABHE
Thus;

¥

l .
Area of AOAD = 5 Base x Height

|

'2-x60x20

= 600 m
Area of rectangle ABHD = Length X Breadth
= 90x20
= 1800 m/s




- ) X 20)
= 300m
Putting 1n above equation
lotal distance travelled = 600 + 1800 + 300
= 2700 m
= 2./ Km
Result
(a) Initial acceleration = a; = .33 m/s”
(b) Final acceleration = af = —0.0/ m/s’
(C) Total distance travelled by motorcyclist = 2.7 km
PROBLEM 3.3

A proton moving with speed of 1.0 X 10’ ms ™ passes through a 0.02 cm thick sheet of paper '
and emerges with a speed of 2.0 X 10° ms~'. Assuming uniform deceleration, find retardation and

time taken to pass through the paper.

Data
Initial speed of proton = Vi = 1.0 x 10" m/s
Distance covered K = 0.02cm
= 2% 107" m
Final speed of proton = V¢ = 2.0 x 10° m/s
To Find
Retardation (negative acceleration) = a = 7
r
Time taken =t =17

(SOLUTION)

For the retardation by using 3™ equation of motion
248 = Vf - vf

(2% 10°)* = (1.0 % 10")’

4%10%-1.0x%x10" | |

10'%44 - 1.0 %.10°)

10" (4 - 100)

-96 % 10"

— ‘ =

-4
2ax2x10

4%10™a

[CHAPTER 3]

I

e

|

d

d —

-96 x 10"

4% 107"

24 % 10'°

2.4 % 10" m/s*

Negative sign shows retardation;

MOTION AND FORCE

M

For the time taken, by using 1™ eguation of motion

Vi -

———
—

—
—

Result

Retardation (negative acceleration)

Time taken

\PROBLEM 3.4

Two masses m; and m;
the magnitude of ratio of their velocit

Data
1* mass

2" mass

Initial velocity of mass m;

Initial velocity of mass m;

To Find

V; + al

V¢— Vi

d

2.0 %10°—1.0x 10’

10% (2 - 1.0 x 10)

24 x 10"

24 x10"

10° (2 - 10)

24 % 10"

-8 X 106_

24 %10"

3.3 % 1057

3.3 x 107" "sec.

Ratio of their velocities

)

I

2.4 x 10" m/s’
3.3 X 10_“ sec.

are initially at rest with a spring compressed between them. What is
ies after the spring has been released?

123
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e e -

So by second law of motion

a'\u'a"'ll‘.l'iﬁ'-__'l 10 I!.I*.‘- 9) CONSCIvauon momentum |
I = mi
m v, + My V,; mMmv+mv, I
| herefore: - - m
1/
miVy +mvy; = 0 : . 1.0 x 10 :
‘ 1.0 X 107"
MV, = N>Vs ' 19
| ¥ iN2v2 - I.(}X“}[Hl-
i m = 1.0 %107 m/s’
V- m; | *
" (b) The force of surrounding wateris
Result _. m
| I+ — '[_')( Vv
tHlence after releasing the spring, the ratio of magnitude of their velocities is equal to the inverse 4
ratio of their masses. = 0102010 "7 x 1.0 10
- = 1.0x107'""N
\PROBLEM 3.5
i Result
An amoeba of mass 1.0 X 107" kg pro ' * r : i h | =5 1.2
' . . | g propels l.tSEIf through water b}qblmtllng a jet of water (al R o oI mocba = a = 1.0% 107 m/s
through a tiny orifice. The amoeba ejects water with a speed of 1.0 X 107 ms— and at a rate of § | 17
1.0 x 107" kgs™'. Assume that the water is being continuously replenished so that the mass of the (b) 4 Foregof surrounding water = F = 1.0X 107N

amoeba remains the same.

PROBLEM 3.6

A boy places a fire cracker of negligible mass in an empty can of 40 g mass. He plugs_ the
end with a wooden block of mass 200 g. After igniting the firecracker, he throws the can straight

(a) If there were no force on amoeba other than the reaction force caused by f(he
emerging jet, what would be the acceleration of the amoeba?

(b) If amoeba moves with constant velocity through water, what is force of surrounding up. Tt explodes at the top of its path. If the block shoots out with a speed of 3 ms™, how fast will
water (exclusively of jet) on the amoeba? | the can be going?

Data Data

Mass of amoeba = m= 1.0x107"* kg Mass of can =m = 40g = 0.04kg

g [ — = 200
Speed of ejected water = v = 1L.0x10" m/s Mass of wooden block mp g
= - 1.0x10 "k ,

Rate of water i S LAas /s Speed of wooden block = v’ = 3m/s

To Find To Find
| = = 7 ’ Speed of can =v, =17

(a) Acceleration of amoeba = 8 =

i

2y

|

3 v
.

(b) Force of surrounding water SO L_UT[O_N
|SOL_UTION ‘ | According to law of conservation of momentum

Momentum before explosion = Momentum after explosion

(a) By formula v VS

mV;+mzVa =
m Y+ maVa
-13 -4 mVy = —mav2
F = lOxX10"“"x10x10

= 1.0x10"" N



Result
Speedofcan = vy = 15m/s

-ye sigh shows the
gh shows that the can and wooden block moves in opposite direction.

\PROBLEM 3.7

- -3 _
with l:ndm?ntim nd 548 k-%? traveling at 2.0 x 10’ ms™ undergoes a head on collisio
perfecﬂyy roge .:nd l:l i::u: 1.67 X 107" kg) which is initially at rest. Assuming the collision tol;grl

elastic n to be along a straight line, find the velocity of hydrogen atom?

Data
Mass of electron =m = 91x10™" kg
Velocity of electron = v, = 20x10"m/s
Mass of hydrogen atom =m = 1.67x10% kg
Velocity of hydrogen atom = v, = 0
To Find
Velocity of hydrogen atom = V' = 7
SOLUTION
, 2mVi
Vi = 5
m; + Iz
vy o AX81X 10" x 2.0 x 10’
2 T 91x107"+1.67x10
36.4 x 107" *7
B T A i 1
107 (9.1 x 107" + 1.67)
364 x 107+
— 0.00091 + 1.67
364 x10°
- 1.67091
= 21.78 x 10’
= 2.18 x 10* m/s
Result

Velocity of hydrogen atom

It
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[PROBLEM 3.8|

vy’ = 2.18 x10* m/s

A truck weighing 2500 kg and moving with a velocity of 21 ms ™' collides with a stationary
car weighing 1000 kg. The truck and the car move fogether after the impact. Calculate their

common velocity.

Data

Mass of truck = m; _=.,2900kg
Velocityof truck = Yii© = 21 m/s
Mass of car = my = 1000°Kg
Velocity of car =y, =a

To Find
= V

Commien velogity after collision =

|SOLUTION

According to law of conservation of momentum

mi Ve + mpV2 = m;vl' + l'nz\r"f

Since Vl; = sz = V

mpV; + msVs = mV + mpV

mVv; + m;Vsz = (lTll +my)V

e ————

myV + mV2
Y - m;+m2 |

Putting values

2500 x 21 + 1000 x 0

V. =7 2500+ 1000
L 52500
— 3500
Y = 15 m/s
Result
Common velocity of truck and car after collision = V= 15 m/s
PROBLEM 3.9 /
———
re attached at the two ends of a compressed

spring. The elastic potential energy
the spring delivers its energy to the

Data
Mass of 1* block = 2.0kg

Mass of 2* block =
Elastic potential energy
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- -_*111 — N % — II||| L] — L . ]
: % s ', .I..-i *.--I' ':E:'tr-_..i':‘.i P.lf"r:{ r"l

To Find - - —_—
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L e mee———

s
(PROBLEM 3.0

- RS-

velocity of mass m; ;

I
-
1

velocity of mass m»

|SOLUTION!

|
<
|

A football is thrown upward with an angle of 30" with respect to the horizontal. To throw a
40 m pass what must be the initial speed of the ball?

Data
ACC n'}rt_i!:f"l_}:: lO law Ol conservation of EﬂCFg}' Anele with horizontal = O = 30”
_'i : ! , ! 7. ] . : al distance = = 40m
SMVI 43 MV = =myVe 4= moV' Horizontal distance R 2
- - & The value of g =.9.8 m/s
]. J l ) .
> MV +5mv,= 10 To Find
: : Initial speed g ball ="V = ?
mv = lnz‘u'fz = 20
S o, ] [SOLUTION.
PA'S ! +05V 7 - .....-0 ...... (1) B\ formula
LU ETARA
And according to law of conservation of momentum | 2 .
: v;~ sin 20
MV +MiVy = m,"v"] + mj_vfz K - g
m]V;] + m;V'; = 0 R
: X
’ ’ ' V"I . —_g-
2V14+05v, =0 sin 20
’ 40 x 9.8
05v, = ‘2‘«’;1 = sin 2(30)
2\’!1 .
Vi = = = 4V’ — 322
. 0.5 ~ 0.866
[v, = —av, _ \Jv? = 1[452.64
| | = 21
Putting eq. (i) " S
pY. s L . 2]3 e
2V  + 0.5(4v ) = 20

. 2 Result
oV +0.5(16v') = 20

[nitial velocity of ball = Vi = 21.3 m/s

;2 /2 | -
2V’ + BV |z = 20 PR?W/’( b velocity of 21 ms™. How far off i
[P¥e e A ball is thrown horizontally f:om a height of 10 m with v y
v:? - %% \ hit the ground and with what velocity:
| ’ Data
Vi = 14l mis [nitial horizontal velocity = Vipe = 21 m/s
and Vg iim Vi [nitial vertical velocity = Viy = Q
= —4(1.41) Vertical distance =y = 10m
Vi = —5.65mls ‘ To Find i
Result Horizontal distance =R = : B

‘ | it the ground
Velocity of mass m Velocity to it the g

Velocity of mass m;




Aornzoniy. distance -

VeIt i ' ine grounc
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e
e
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E
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-0
'- v A WRs BIE S
""'i'.-:;;
T = - - — -_1_:4-' n
» ...-?-" TSRS -
ncil = = 3D &m/e
~ T ZOMIAL NEAOR "
W » 100N
b Inlk
= E23m

Top Fint

I
-
i

Horzontal istancs

i

ame 1

SOLUTION

For honzonial AISIANCE
I

_—
f
=
i
o

«

1

-

W

+

b |
W
Nt
(& )
"N

i
=
I\
§ BN
0
=

4%
49

= 100
t = 10 sec.

"
i

A

So pulting In €g. (i), we get
X = Wy Xt

= 10X 53.3
g3 m
10 sec.

i

i
»
1

Result e

10 se<.
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'PROBLEM 3.13

Find the angle of projection of a projectile for which its maximum height and horizonta]

range are equal.

Data
zontal rang = Maximym heigh
To Find
tr}:*:-’ :* TULA 1 = fJ —
SOLUTION|
—- We KT rigiy - ?Eﬁf-g": *-Uf T_.'}I'U:,E'-l"]f]"
“sin 20
4 =
' o
and maximum height is
“sin” O
il p— EE
Thereiore K = hn
v:* sin 26 v;" sin” 6
g k 2g
] .
_ sin” ©
sin28 = 5
Since sin20 = 2sin0cos 6
.2
sin” ©
T7sinBcos® = 5
sin O

Result

2cosB = 5

sin ©
ENE: = cos ©
tan® = 4
0 =tan’ (@)
0 &.759
= 76°

Angle of projection = 0 = 76°
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[PROBLEM 3.14,

Prove that for angles of projection, which exceed or fall short of 45" by equal amounts, the
ranges are equal.

[SOLUTION

Let the two angles 30° and 607 Which exceed or fall short of 45° by equal of 15°.

Now we have to find, the sanges at thesetwo angies so the range of projectile is

y : -
V" sin 28

£

R

)

When = 30°

v:© sift 2(30°)

R*_ - g
*.’f‘ sin 60°
R, = "
. 0.866 V;’
' T B

And when 0 = 60°

v:* sin 2!60*}

Rj = g
v’ x 0.866
Ry = :
0.866 Vi’
R: =~ 4
Thus R1 = Rz
Result
5 ranges are
Hence for angle of projection which exceed or fall short of 45 by equal amounts, the rang
equal.
PROBLEM 3.15|

' 3000 km. If the
A SLBM (submarine taunched ballistic missile) is fired rti':':im u:,- zmsna of s SLDM to i
Farth were flat and the angle of launch is 45° with horizontal, taken

the target and the velocity with which the missile is fired.

Data
3000 km

3000 % 1000
3 X 10° m
45°

i
e
il

Horizontal distance

I

|

i
>
Il

Angle of launch
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WORK AND ENERGY

SOLUTION :
V:" s 2E
g - R —
= LEARNING DBJECTIVES
ve = _.: | At the end of this chapterthe students will be able to:
- gin 28 * Understand the goncept of work in.terms of the product of a force and displacement in
the direéetion of the forfce.
N~ L
, _ 2 X1U X33 x Understand. and 'derive the formula Work = wd = mgh for work done in a gravitational
sin 2(457) field neapEarth’s surface:
0 4 x :,ﬂ x Relate PDOWET 10 Work gone.
I Simce s 90° = %  Define power as the product of force and velocity.
_ = * Quote examples of power from everyday life.
‘ = 24 x10 ! * Explain the two types of mechanical energy.
~ = 542 x W mfs ¥* Understand the work-energy principie.
= 547 kauls w Derive an expression for absolute potential energy.
- ) L Define escape velodty.
Fror e * . Give examples of conservation of energies from everyday life.
v, um O » Describe some non-conventional sources of energy.
o] Q.1 Define the term work done. Describe the special cases when the work done is positive,
26 49 % 40P} sim 45 ' negative and zero.
_ 5 ¥ WORK DONE BY A CONSTANT FORCE
: a? . o Work done on 2 body by a constant force is defined as;
M).34 x M x 0. 907 7V _
. _'Ti_" . “The product of the magnitude of the displacement and the component of the force in e
! direction of the displacement.”
s = D982« W& Consider, an object which is being pulled by & constant
t = T8Z sec, force F, a1 an angle 6 to the direction of motion. The force moves 8
¢ = 13 min . the object from A 10 B through a displacement d, as shown in
figure
Revult ’ Since W = Fd
Tirne taken by SLMB 1o hit the ground = + = 13 min. W = (Feos9)d
Velocity of the missile ® V= 542kmy | W = Fdcos0
| . Where Pmﬁislj\ecmxﬂudﬂwl’mmﬁn ,

. direction of ﬂc? . S0,
; i oy Y

W. &xkaN (#)
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