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82 KEY TO PHYSICS PART-1
To Find
(a) Tension in the string
(b) Porce exerted by the wall m P s ?

A_ A __A
Chapterin

* T = ?

ON ANMOTI D FORCESOLUTION
T sin 9(a) Let F he the force exerted on sphere by wall, T is the tension in string

and W is the weight of the sphere.

By using lu condition of equilibrium

YFy * 0 and LF» = 0

So F -T sin 0

T * TcosO
I *

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

Understand displacement from its definition and illustration.
Understand velocity, average velocity and instantaneous velocity.
Understand acceleration, average acceleration & Instantaneous acceleration.
Understand the significance of area under velocity-time graph.
Recall Newton's Laws of motion,

be Newton's second law of motion as rate of change of momentum.
impulse as a product of impulsive force and time,

be 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.

= 0

F = T sin 0
and T co*0-W = 0

T cos 0 = W
w

cos 0 w
Descri

Define

10.010.0
cos 30 0.866 Define

DescriIT = 11.55 N

F s T s m 0

= 11.55 sin 30°
F = 58 N

and

Result
(i> Tension in (he string

ptwot exerted by the wall
= T = 11.55 N

= F = 5.8 N Q.1 Define motion and rest.0»
MOTIONN: If a body is changing its position with respect to its surroundings then the body is said to be in

motion.r k

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

rest.

NTT
Q.2 Define displacement and distance.

TM 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.
83



M KEY TO PHYSICS PAFfT-f
The displacement can be represented a* a vector that describe* how far and in what directir> r77h7ha* **cn diAplactd from it* initial praitiort, Ihc tail of displacement vu,h;r is located at theptmtvm *)*** the displacement started and ns tip is located at final position where displacement endedff a ixidy K moving along a cur ye as shown with A an it* initial position and H u» its final position then

the displacement d erf the body i* represented by AM.
U Ml* p<*tUun vecun o4 A and r * that of B then by head to lai!

[CHAPTER Z] MOTION AMD FORCE 05till) Instantaneous Velocity
Velocity of a body at any instant is called lcif city. (OR) The instamaneou* velocity it

<**"** ,hc va,uc"f “ ' te omcintemi At following the time At approach** toMathematically

instantaneous

zero.
rule

A77 - i-"" ,v ,« &r?+ T *

T 7j- r ,
li i» a vector quantity and tu SI unit U metre (m).

•i

Note: IJ the instantaneous velocity doe,not change the bodyb said to be moving wuh uniform velocity.t #

Q.4 Define acceleration with its units.
For Your Information[ Ans] ACCELERATIONDistance

Typical SpeedsIt is the separation between the two points. It is a scalar quantity and its SI unit is metre (m). The time rate of change of velocity of a body iscalled acceleration. As Velocity is a vector so any changein velocity may be due to change in its magnitude orhange in its direction or both. Consider a body whose
velocity Vi at any lime t changes to V*

2 in small time
interval At, therefore the change in velocity A V is

-iSpeed,ms MotionQ.3 Define velocity and types of velocity.
Light, radio wave*, x-ray*,
microwave* ( in vacuum)

300 000 000Crm, VELOCITY
The rale of change of displacement is known as velocity. Its direction is along the direction of

displacement So if d is the total displacement of the body in time t, then its average velocity during the
interval t is defines as

' Earth-Sun travel around the
galaxy

29 600 Earth around the Sun
1 000 Moon around the Earth

980 SR-7J reconnaissance jet

333 Sound ( in air)

267 Commercial jet airliner

210 000i

AV = V2- V,
d The average acceleration during time interval At isV.„ =

given byt

Commercial automobileol . .( max.)
It is a vector quantity and SI unit is m/s.

V2 - Vi _ AV_
At ~ AtaavcDimensions

37 Falcon in a dive

29 Running cheetah

10 100-metres dash (max.)

[\? ] = m/s

= iyr

= [Lr' i

If the velocity of the body is increasing then its
acceleration is positive while if the velocity of the body is
decreasing then its acceleration is negative. The SI unit of
acceleration is m/s2. 9 Porpoise swimming

5 Flying bcc

4 Human running

2 Human swimming

Types of Velocity
AV = V2 - V,

There arc three types of velocity:
(i ) Uniform velocity (ii ) Variable velocity

Uniform Velocity
It n body covers equal displacements in equal interval of limes, however small may be interval

0.01 Walking ant(iii) Instantaneous velocity
( I )

Dimensions
the velocity is su d to be uniform velocity.

1 a J = m/s2Variable Velocitytil )

= L/T3 = [LX2]be theII it body covets equal displacement in unequal interval of times however small may
interval then it is said to be variable u Un ity. And its motion is non uniform.



<Z 1TO PHVfiCS% iCHAPTESj;
I Accderatkw

‘A*'*&t a** totUr*»towwn »was******accdt*̂ 0,L

L*n» AV
» «. * At-*) A*

Kow we calcidafie ar*a under .ekcsty-bshaded a*shorn m Bg. fn).
IArea of A = 2 '3a*c> (HbgHj

2
* 2#H*J.,nfc uniform atxeUratvm. tu average acceleration ti equal to the***** For a body moving

mAVjrtViwAuky mMerauA I= 2 V‘ Ifriedi
Hcr̂ c distance covered =

1E7|VKUJCITY-TIME.GUAFH
r rr* pr % wtacti « '/*;*;on '/f velocity of an object with time are called velocity-time

graph* In melt grap*t«f the time t* taken akmg prmiive because it is the independent quantity.

When velocity of car 1a comtant
When velocity of car is constant, its velocity-time graph • I y

it a horizontal straight Ime as shown in Fig. (i).
As the distance covered by the object is

= vt

"In this case averageIfceierario* ac object can be found by finding the slope of its vefcxay-
; Th* area between the xlocity-time graph ard the time-axis is numerically equal to the distancecovered bythe object

When the car moves with increasing acceleration I
When the car moves with increasing acceleration (non-uniform

velocity) the velocity-time graph is a curve as shown in Fig.(iii).
The point A on the graph corresponds to time t The magnitude
Instantaneous acceleration at this instant is numerically equal to Qthe slope of the tangent at point A on the velocity-time graph of the

ct as shown in Fig. (iii).

time graph”.
TJ

Sole:

S of the

This distance moved by an object can also be found by
velocity-time graph by calculating area under this graph. Fig.(Ui)obj

using its
This area is shown shaded in Fig. (i). RE OF EQUATIONS OF UNIFORMLY ACCELERATED MOTION

As it is a rectangle

Area under the graph
Suppose an object is moving with uniform acceleration ‘a’ along a straight line. If initial

velocity of the object is ‘V,’ and final velocity ‘Vf’ after a time interval t. And S’ is distance= Height X Width
covered then we have¥ *

HxW = vt V, = Vi + at 0)
vtA

c fVf + VA
(2)Area under V -1 graph.Hence distance covered =

When car moves with constant acceleration

When the car moves with constant
velocity-lime graph is a straight line which rises the same height

for equal intervals of time as shown in Fig. (ii).

Here the velocity of the object increased uniformly from

O to V in time "t” . Therefore

1S = Vj t + 2 at2 (3)
acceleration, the

V? = V - + 2a S (4)

These equations are useful only for linear motion with uniform acceleration.
When the object moves along the straight line, the direction of motion does not change. In this

case all the vector can be manipulated like scalars. In such problems the direction of initial is taken as
positive. A negative sign is assigned to quantities where direction is opposite to that of initial velocity.0 + V

V,v 2 In the absence of air resistance, all objects near the surface of earth, moves towards the earth
with a uniform acceleration. This acceleration, is known as acceleration due to gravity. It is denoted by
‘g’. Its average value near the earth surface is taken as 9.8 ms~:in the down ward direction.

1= 2 V

S = V„t Note: The equations for uniformly accelerated motion can also be applied to free fall motion of the
objects by replacing 'a ' by ‘g ’.* *

1
S = 5 Vt

;
’ «- -3

I r



Q.6 State and explain Newton's laws of motion. MOTION AND FORCE
Combining (i) and (ii)iAns.l NEWTON’S LAWS OF MOTION Do You Know?

Newton’s laws are empirical laws deduced from experiments.
They were clearly stated for the l'1 time by Sir Isaac Newton who
published them in 1687 in his famous book called “ Principia” .
Newton’s laws are applicable only for speed which is negligible
compared to speed of light. For very fast moving objects, such as where = constant of
atomic panicle in an accelerator, relativistic mechanics developed by time (s) If
Einstein is applicable How the displacement of a

vertically thrown ball varies withNEWTON’S FIRST LAW OF MOTION time. then— 20A body at rest will remain at rest and a body moving with 7

uniform velocity will continue to do so, unless acted upon by some E 10
If S.I. units are used then

f { Jrr \ runbaJanced external force. This is also known as Law of “ Inertia". > 2 4g 0 Time (sj
’S THIRD LAW OF MO'

and rcactio^jeeJBRt
A car accelerates along a road.
Which force actually moves thecar?

NEWTON©Inertia TION>-10
ActionThe property of an object tending to maintain to the state of 20 in opposite direction. Ans.Force of friction.
For exrest or state of uniform motion is known as object’s inertia. The mass HOW the velocity of a vertically le, when er an interaction occurs between two objects, each object exerts the: opposite direction and for the same length of time. Each force

ic of the two bodies, the action and reaction forces

force on the otlthrown ball varies with time? samekbul in tof the object is a quantitative measure of its inertia.
in action-velocity is upwards positive. reaction pair acts on never act on the sameFrame of Reference body.

The space bounded by three mutually perpendicular lines is Q.7 What is the linear momentum? Also define its units.Do You Know?
known as frame of reference. There are two types: U/is3] MOMENTUM (LINEAR MOMENTUM)Inertial frame of reference(b It is defined as the “ the product of mass and velocity of the object."ft is denoted by “ P”.

Mathematically

The frame of reference in which Newton’s laws of motions
holds is known as inertial frame of reference. It is non-
accelerated frame of reference.
Non-inertial frame.of reference

A frame of reference m which Newton's laws of motions docs

not hold is known as non-inertial frame of reference. It is

accelerated frame of reference.

00 P = mV
or The quantity of motion in a moving body is called linear momentum.

Linear momentum is a vector quantity and has the
direction in direction of velocity.

The magnitude of momentum depends upon the mass of
body and velocity of the body.

Q. Show that kg m/s is equal
to Ns?

Ans. Kg m/s = Ns
As L.H.S. = Kg m/s

Multiple and divide by s
s= Kg m/s x ~

= ( Kg m/s2] x *
3 N»
= R.H.S

A frame of reference stationed on earth is approximatelye.*,
an inertial frame of reference.

NEWTON’SSECOND LAW OF MOTION j
A force applied on a body produce* acceleration in \U ow#

dtactioa. The steeefcratfion produced is directly proportional withMc
applied force and inversely proportional with die mattof (he body*

Mathematically, it it expressed a.%

Unit
The SI unit of momentum is kg m/s. It is also Ns.

Dimensions
|PJ = Kg m/s

= ML/T

= |MET1 ]

.
„1*

mk ;
a* 9

l
a m

WJi

$.



[CHAPTER 3]Q'8 How force and linear momentum are related? (OR) State Newton's second law of
motion in terms of momentum.

MOTION AND FQRCE
91Q.9 Define impulse and show that it is cha in momentum,

An: IMPULSEC3 MOMENTUM AND NEWTON’S SECOND LAW OF MOTION Pcrtfrt U> P&nter
When a very large force act# on a body for *of time the momentum of the body change#. TheInteresting InformationConsider a body of mm m’ moving with an initial velocity V* J

Suppose an e*ie?rnail force F acts upon if for time V after which

•tiXi*,; 'jeCOBKft f-



92 KEY TO PHYSICS PART-1
[CHAPTER 3]

Q. / / Define elastic and inelastic collision
'

ELASTIC AND INELASTIC COLLISIONS

MOTION AND FORCEExplanation v, V,

© ©
93

Consider an isolated system of two smooth hard interacting
balls of masses m\ and m2, moving along the same straight line, in
, — ^ i
the same direction, with velocities V , and V2 respectively. Both the
balls collide and after collision, the ball of mass— > ->velocity V ,' anil mj moves with velocity V2' in the same direction as
shown in figure.

To find the change in momentum wc use

[IA/IS.1
K V, > V,

Collision
,0©7

mi moves with When two or more object
•. t

c^0Se enough so that that is some sort of interaction betweenwith or without the presence of external force, we say a collision has been taken place bclween the

come
them,
objects.v,* v,'

0 © There are two types of collision:
1. Head-on collision, such a collision in which after collision balls move in same direction asthey move before collision.

. . m. . JF2. Oblique 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.
For example, when a hard ball is dropped on to a marble floor, it rebounds to very nearly the

initial height. It loses negligible amount of energy in the collision with the floor.
Inelastic Collision

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

- © 1

When two tennis balls collide then after collision, they will rebound with velocities less than the
velocities before the impact. During (his process, a portion of K.E. is lost, partly due to friction as the
molecules 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 arc conserved in all types of collisions.

Point to PonderF x l = mVf -mVj
What is the effect on the speed of
a fighter plane chasing another
when it opens fire? What happens
to the speed of pursued plane
when It returns the fire?
Arts. The speed of fighter plane
chasing another will decrease
due to law of conservation of
momentum. While the speed of
pursued plane will increase.

For mass mi
7 d 7>

F x t = miVj' - miV| (1 )

Similarly for mass m2

4F xt

Adding ( 1 ) and (2)

= m2V2' - m2V2 (2)
Do You Wear Seat Belts?

= miV|'- m|V| + m 2V2'- ITI2V2F x t + F x t

= mt VV- mi V , + m 2V2'- m2V 2

Since the action F is equal and opposite to the reaction force F'
( P + F' ) t

When a moving car stops quickly,
fho passengers move forward »
towards the windshield. Seat
belts change the forces of motion
and prevent tin: pussengersfrom
moving Thus thechance of injury
is greatly reduced"

F = -F

t ( F - F ) = miVV - m|V|+ m2V2
/ - m2V2— — > — > — >

0 = miVi'- miV| -f m2V2
/ - m2V2

— > — f — > — >
m|V|+ m2Vj = miV|' + m2V2

which means that total initial momentum of the system before collision
is equal in the ima! momentum of the system after collision
Consequently the total change in momentum ol the isolated two brill
system is zero.

I.C., Q. 12 Discuss elastic collision in one dimension and prove that speed of approach speed of
released. (OR) Derive the formula offinal velocities of two balls after an elastic collision
in one dimensions.

[ Ansi ELASTIC COLLISION IN ONE DIMENSIONDo You Know?

Consider two smooth, non-rotating balls of masses mi and m.-
1 #

moving initially with velocities V| and V 2 respectively, in the same
direction. They collide and alter collision , they move along the same— ^straight line without rotation. Let their velocities after collision be V/

and V2' respectively, as shown in figure.
Consider direction of the velocity and momentum to the nghi

Before collisionln w
A motorcycle's safety helmet •>

padded HO as toextend the time
any collision to prevent aorlom*

Injury.

Since the collision is elastic therefore both momentum and K . E. After collision
aic conserved.

&
C— —IJ.̂ .



[CHAPTER 3]B> Appfmg La* of cotiservaiion of momentum MOTION AMD FORCE 35

oiiVj + mjVj Calculation of Velocity V,'and Vy:
From equation (4)

= miVi'+afeVa Do You Know?

miVi-njiV,' = m2V2'- m2v2

v, + v , = v;^m.tV, - V,') = rojfVi'- Vi)
Using la* of conservation of K.E v 2

1 — >2 1 -Tj
2 m » V| ^ rn2 V 2

Put this value in equation ( l )= 2 m » v ,2 + 2 miV 2

m, V, + m2Vi I^V ,
+ m2V2 = m, V;+ m2V^ + m2 VIm m

If another car crashes Into back of
yours, the head-rest of the car.seat can save you from serious
neck injury tt helps to accelerate
your head forward with the same
rateas the rest of your body.

It m2 v* J = ^( mjV\+ m£V 22 J7*2m » V|-f
- m2V2

— > PUB — » — > — k,
mi V! + m2V2 + m2V2 - m2V| = (mi + m2) V ,

Dividing both sides by (mi + m2)

m2) V| -k 2m2 V2
_ (mi + m 2) vj

(m, + m2) “ (mi + m2)

mi V * + m2 V 2 = mj V| + nri2 V ^
m i V ^ - m i V 2— >/

4
i

“ — k / — > — >,m,(V, - V , ) (V, + V 2) — >/ — > — >/ — >= m2( V 2 - V2)( V 2 + V2) (mi - m2) V| 2m2 V2
(mi + m2) + (m, + m2)

(5)
Dividing equation (3) by equation (2)

From equation (4)

— > / — > / — > — »
V| = v 2 + v2- v,

Put this value in equation (1)

— > — > — >/ — >/

m|V|+ m2V2 = miV|+ m2 V 2

— * — — * — k /

mifV. — V i ) ( V| 4 V|) — >/ — > — >/ — >
m 2 ( V 2 - V2) ( V 2 + V 2)— * V ,)

Point to Ponder

v l + v; = >/ 2 + In thrill machine rides at
amusement parks, there can be
an acceleration of 3g or more But
without head rests, acceleration
like this would not be safe. Think
why not?

—= v 2 - v ,
v V 2 + V2-vj+ m2V 2— > — > — > / — I — i — •

m|V| + m2V2 = mi V 2 + miV2- m|V2 + m2 V 2

— > — > — > — > — >/

miV, + m2V2 + miV|- m|V, = (mi + m2) V 2

— > — * —
2m|V|+ (m2- mi )V2 = (mi + m2) V 2

Dividing both sides by (mi + m2)

Vi - V >
mi V, + m2V2 = mi— *t —= - ( V , - V 2)V t - V 2

= - V*
Before coHiston lVj - V*) ,s ihe velocity of First >all relative to second ball. Similarly

• V:-\\ ) is the velocity of second ball rrlati e to first ball after collision. It means that relati'*
velocities before and after the collision has the : .me magnitude but are reversed after the collision,

other the magnitude of relative velocity of .-.pproach is equal to the magnitude of relative velocity
of separation U, A . 2miV| (m2 - mi ) V2

mi + m >V 2 = (6)
mi + m2

S'.-: ..



I with a massive body which is at rest.Case-1:When mm, m2
V2 = 0
m2 » mi
m, ~ 0

i.e.,Putting this in equation (5) and equation (6)
also
i.e.,(m -m)Vi 2m2V2

m + m +v ; After collision Putting this value in equation (5) and equation (6).
Tt/

m + m

v' = o7^+ o7^«»2mV2 2mV2= 0 + 2m 2m

V't = V2 v; = - v,
v; 2mV i (m- m)V2

m + m + m2 - mi 2miViV2 +Now m + m mi + m2 mi + m2

2 (0) V.2mVi = 0 ++ 0 0 + m22m
= 0 + 0

2 = V, 0
It means that when two balls of equal mass collide elastically, they simply exchange their This means that mi will bounce back with same velocity while m2 remains stationary.

IV: When a massive body collides with a lighter body at rest.velocities.

= 0V2Case-II: When mi = m2 = m and V2 = 0 i.e., target ball at rest

Put this value in eq. (5) and (6)
mi » m2

m2 2 0
Putting this value in equation (5) and equation (6).

(m - m)Vi 2m (0)
+ m + mv; m, - 0 r? 2 (0) (0)

Vi +m + m
mi + 0mi + 0

= 0 + 0
m i V i + 0

v; mi= 0
j V,

2mVi ( m -m) (0)v '2Now, 0 - m 2miVi
0 (0) + m i + 0

m + mm + m
m i -

2mV ,
~ 2m = 0 + m̂ i

— *t — *V 2 = 2V,
Hence after the collision there is practically no change in the velocity of massive body but the

lighter one bounces off in the forward direction with approximately twice the velocity of the incident

body.

+0

— b
V 2 = V Ĵ

In this case the ball mi come - to rest after collision while ball m2 that was at rest began to

move with Vj.
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(l 14 bin ,, v ,rluHonJoi Ili' J't!" dut u,wultijhw on flit wall

iffTflf lOK< I 1)1 » 10 WATER EM)W

[GHM' ltMj)
UOftOft Mo *( :'>nsid.;i a/MXlw;/ example <A bullei <rf Bums a)a velocity v , Jniually . OKL^ I lnuW),U a"'J ,,fk 15 '•«» ftpm the priduplemorae/iUim, when the l,ulle( (ired, die ux*Jullc bull remain /mo. since no exiefTii^lfcSSiimiedit V' is die velocity of dienfle d

ivlle ol mass M widi from (i*
I of the

linear
Wi .m w .»n • ti.oiii u iKinwnuil pq* biid.ca a wall noinuilly , u force n> excited on the wall ,, iu w^l‘ 1 tinker, ‘ l »4 WJ! I noiniuily will) veUx ity V and CQjnca to rest on sinking flic wall , then
i bungc m vi hx ny

and
IhusOn

l iiial vc* Ux ny - Initial velocity- 0 ~ V
0 + 0• f

I 0 V=
MV7

*V -ni

m VIt m t.s the muss ot water ( hut strikes the wall , then

t hunge in momentum = m (- V ) = - mV

Aci cutting to Newton s second law, time rule ol chunge of momentum is equal to force applied

v' 2 -nr
I IK - moinenium ol the nfie is thus equal and opposite to that of

the bullet.' Since moss of rifle is much greater than bullet, it follows
that the nlie moves buck or rifle with only a fraction of velocity of the
bullet , mu ,

Plunge in momentum
time Q- P What do you know about rocket propulsion?F

(ESll ROCKET PROPULSIONm v ni 0)F vor Rockets move by expelling burning gas through engines at theirlt
rear. The ingited fuel turns to a high pressure gas which is expelled

= -( Muss per second) X (Chunge in velocity)Force 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

or

This is the force exerted by the wull on water.
Prom third law of motion the reaction force exerted by water upon the wall is equal but opposite.

Therefore, equation ( 1 ) becomes
rocket has begun moving and hence rocket continues to gain more and
more momentum. So instead of traveling at steady speed the rocket
gets faster and faster sol long the engines arc operating.

(- m v) _ m v Rocket carries its own fuel in the form of a liquid or solid andF tt oxygen. It can, therefore, work at great heights where little or no air is
v. i

present. In order to provide enough inward thrust to overcome gravity,

a typical rocket resumes about 10000 kgs' 1 of fuel and eject the burnt
hydrogen )1force can lie calculated from the product of the mass of water striking normally per secondThus,

and chunge m velocity. liquid
oxygen

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 Combustiont or I xample problem of mass of fuel is to take the rocket from several rockets Oamber

es from 5 ms to zeroSuppose the water flows out from a pipe at 3 kgs" 1 and its velocity
on sinking the ball . then.

Force

linked together.
When one rocket has done its job. it is discarded leaving to

carry the space craft further up at every greater speed.
= 3 kgs-1 X (5 ms -0) = 15 kgms"f = 15 N

Q.15 Write a note on momentum and explosive forces.t If m is the mass of the gases ejected per second with velocity

relative to the rocket, the change in momentum per second of ejecting
gases is mv This equals the thrust produced in by ihe engine on the Fig. Fuel and oxygen mi* in the

combustion chamber Hot gases

\Ans\ i, of the rocket is.MOMENTUM AND EXPLOSIVE 1 QRCES exhaust the chamber at a very
body of the rocket. So, the acceleration high velocity. The gain in

momentum of the gases equals.
( here are many examples here momentnm changes are produced by explosive forces within

isolated system for example, when s hell explodes in mid-air, fragments fly off in different d,rc^1^
m ^ The gain In momentum of the

rocket The gas and rocket pushF t against each other and move in
opposite directions,

The total momentum of all its fragment equals the initiul momentum of the shell. Suppose a
^bomb explodes into pieces as shown in figure. The momenta of the bomb fragments combine by ved

addition to equal to original momentum of the falling bomb.

= 1 seetAs
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100 KEY TO PHYSICS PART-I
[CHAPTER 3]

MOTION AND FORCErThe ball will accelerate downward under the force of gravity and hencemotion is the same as for a freely falling body

y = viyt +

m 101
1 a = g- This vertical

t = m V As,

= mMa
Viy

m
a aM y

Q.1 7 De/ine projectile motion. Also calculate the velocity of the projectile of any instant. (OR)
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
ynj/B L t f l f c / J- : , i-- I , « r i y T. ' 0 .-t i» 1' 3 I I

y

Velocity of the Projectile at any Instant
Suppose that a projectile is fired in a direction making an

angle 0 with the horizontal by velocity V* as shown in Fig.
At any insi

•nents (1) hori:

\Ans. PROJECTILE MOTION
When an object is thrown in air making a certain angle with horizontal, 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 to gravity.
For Example:
(i) A ball thrown by a cricketer
(ii) A foot-ball kicked by a player.
(iii) A missile fired from a launching pad.

int the velocity of the projectile has two
ontal component, (2) vertical component. These
ndependent to each other. During the motion of

same, so
mi

horizontal component of the velocity remains

= 0

se we have neglected air resistance and no other force is acting
this direction.

As the projectile moves up under the action of gravity, so

° V„sV, COS 0

Explanation ay = -g
thatConsider the motion of a ball when it is thrown horizontally from certain height It is obs

the ball travels forward as well as falls downwards, until it strikes something. Vf = Vj + a tAsV-4 K
A, as shown in figure. And itsSuppose that the ball leaves the hand of the thrower at point

velocity at that instant is completely horizontal, i.e.f V,.
according to Newton’s 1st law of motion, there will be no acceleration in horizontally directed

Ignoring the air friction, only force acting on the ball during flight , is the force of

no horizontal force acting on it, so its horizontal velocity will remain unchanged and

For two dimensional -motion

Vfl = V„+ a, t
V

a, = 0• •

force acts on the ball,
parity. There is i

will be until the ball hits something.

Vf, = v„+ 0 (0

Vf, = v„ = V, cos 0

Vf = ^ + a t

Vfy ~ Vjy + ay t

= V, sin 0. ay = -g

Vfy = V j r i n G-g t

Velocity of the projectile at any instant is

V = V, = v h j .f V„j

(i )rHence, the horizontal distance is

S = V.t + ^ at2

x = V* t + ^ a, t2

Also,

A

V. V,y
v. (2)v.

V, st Constant

a, = 0
X = V„t

This is the horizontal distance.

a a v, v.
cB

i
9 6

VK. ra
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= V j c o s 0 i + (V i S i n 9- g t) j

MOTION FORCE
As the body goes 103up and comes backcovering no vertical displacement. Interesting Information

Its magnitude is
Also

V = AjVfc + Vfy .

V = *vJ(V, cos 8)2 + (V, sin 0- g t)2or As

For direction

t a n 0 = V h

tan

A photograph of two balls released
Height of the Projectile

The maximum vertical distance which a projectile covers is called height of projectile. In order
to determine the maximum height of projectile attains we used the third equation of motion.

2aS = V?- V*

2ayy = Vfy - vf,
Vfy = 0

As the body comes to rest after reaching highest point

Also

simultaneously from a mechanism.1 that allows one ball to drop freelyj g t = ^ sin 0
while the other is projected
jhorizontally. At any time the two
balls are at the same level- i.e2 V, sin 0
their vertical displacements aret

i equal.
Using A Time to reach maximum Height

Vf = Vj + a t

Vfy = Vjy + ayt

Point to Ponder
(1)or As,

As, Motion is upward

= -g
Vfy = 0

0 = V, sin 0-gt

= V, sin 0
V, sin 0

ay
Water is projected from two rubber
pipes at the same speed -from one
at an angle of 30° and from the
other at 60 Why are the ranges
equal7
APS. Because the range will be
maximum at 453. But if the angles
of projection which exceed or fall
short of 45°byequal amounts, the
ranges areequal.

ay = -g

= Vi sin 0V,y
gt

Putting these values in equation (1)

= (0)2 - (Vi sin 0)2

- vf sin2 0

t g2(- g )y

-2gy =
2gy = vf sin2 0

Range of the Projectile

‘The maximum
horizontal direction is called the range of the projectile. It is denoted by

multiply the honzontal component ot

distance, which a projectile covers in the

h“ R” .

) S = y = h .

2gh = V* sin2 0
In order to find “ R” , we

the velocity with time of flight. O R

R = Vn X t

= ViCosOx
V2 ( 2 sin 0 cos 0)

Hence,
sin2 0 2 V, sin 0ih = 2 g

Time of Flight
ion to the p'acC g

‘The time taken by the body to cover ( he distance from the place of its projection

where it hits the ground at the same level i > called the time of flight.”
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vf sin 29 105
R (v 2 sin 0 cos 0 = sin 20)

Thus the range of projectile depends upon the velocity of projection and the angle of projection
Maximum Range

g

\EXAMPLETT\ £

m0ti0n a road i.shown in ft
R will be maxtmum

Kurt.Describe thewhen, sin 20 = 1
20 = sin 1 ( 1 )

20 a 90°

\SOLUTlm\
The graph shows that car starts froivelocity becomes 20 m/s in time 5 sec.Then
Average acceleration is given by

My. A Va = -—
90°0 = —

0 - 45°

vi A I

Rfnax — Motion of car from II to C
Hie graph shows that car moves with uniform velocitym/s* . Here acceleration is zero.

Car From C to I)

e graph shows that the acceleration decreases during last four seconds

A V -2 0 2= A ( = — = -5 m/s2

Negative Sign Shows that Velocity is Decreasing

Distance Covered by Car

Distance covered = Area of trapezium OABCO

Now

• • g

Application to Ballistic Missiles
A ballistic flight is that in which a projectile is given an initial 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
ballistic missile and the path followed by it is called ballistic trajectory.

:
tioi

As discussed before, a ballistic missile moves in a way that is
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 draglcss ballistic trajectory for spherical
Earth should actually he elliptical . At high speed and lor long
trajectories the air fnction is not negligible and some times the force of
air friction is more than gravity. It affects both horizontal as well ;r

vertical motions. Therefore, it is completely unrealistic to neglect the
aerodynamic forces.

Do You Know?
and a

.9*
G>
X

Range
For an angla lata than 45°, tha
height reached by the projoctlle
and tha ranga both will ba lee*-
Whon th < « anglo of projoctlle la
larger than 45°, tbo holght attalnocl
will be more but the range la again

I
Area of trapezium = j(sum °f parallel sides) x (distance between parallel sides)

1lota.
= 19) X 20

The shooting of a missile on a selected distant spot is a major
element of warfare. It undergoes complicated motions due to air
fnction and wind etc. Consequently the angle of projection cannot he
found by the geometry of the situation at the moment of launching. The
actual flights of missiles arc worked out to high degrees of precision
and the result were contained in tabular form. The modified equation of
trajectory is too complicated to he discussed here. The ballistic missiles

useful precision, powered and remote conliol guided missiles arc

Do You Know? I= 2 (29) (20) = 290Ideal Path

Thus

Distance covered = 290 m

Note: The distance covered in above example can also be determined by applying.

Distance covered Area of AABF + Area of rectangle IK IT + Area of ACDE.

Actual Path

In the pretence of elr friction th
trajectory of « h i g h #P®

projectile fell ehort of a pnrnboare
used path.
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i = 6 ms” 1 Jk

= V2 - 4 m s’1

= v;

1 EXAMPLEn
A 1500 kg car

average retarding force.
Data

Velocity of 1“ baJI 107= VA has its velocity reduced from 20 ms"1 to 15 ms 1 in 3.S. How large was the Velocity of 2nd balll
= -4^^Velocity after collision

To Find1 = 1500 kg

= 20 m s'1

= 15 ms

= 3.0 s

Mass = m

lmual velocity = V,

Final velocity =• V(

Time taken

Velocity o f l ” ball after collision = V,' = {

-1 SOLUTION /•
' , I

= t Using law of conservation of momentum.
Momentum of the system before collision = Momentum of the system after collision5 • A* >

m, V, + m: jV2 = m, Vi + m2 Vj

To Find
= ?= FForce

iSOUJTION\
We know that + 3 (-4) = 2 vj + 3 (-3)

12 - 12 = 2 Vj-9

0 = 2 Vj-9

2 Vl = 9

v[ = 4.5 m / s

m V f -m V,
F t

m (V f - V j
t

Putting values, we get
1500 (15 - 20)

F 3
1500 x (-5)

Velocity of lsl ball after collision = V] = 4.5 m/s3

= - 2500 N

F = -2500 N
~

EXAMPLE 3.4\

A 70 g ball collides with another ball of mass 140 g. The initial \ eloeity of the first hall is_
1 to the right while the second ball is at rest. If the collisions were perfectly clastic whut

would be the velocity of the two balls after the collision?
9 msThe negative sign indicates the force is retarding.

Result Data
Force = F = -2500 N

= 2.5 KN
Mass of 1“ ball mi = 70 g = 0.07 kg

m2 = 140 g = 0.14 kg

= 9 ms'1

Mass of 2nd ball

Velocity of l“ ball

Velocity of 2nd ball

E X A M P L E 3.3j = V1

Two spherical balls of 2.0 kg and 3.0 kg m - ses are moving towards each other with
< itle* of 6.0 ms"1 and 4 ms'1 respectively. What must be the velocity of the smaller ball after

collision, if the velocity of the bigger ball is 3.0 ms ?

Data

= V2 = 0

To Find

Velocity of 141 ball after collision = vj

Velocity of 2nd ball after collision = V 2

9

rn , - 2 k ^
= m2 = 3 kg

Mass of l ” ball
Mass of 2*1 ball

= ?

I Uhw« TO* 17111 ABA



- I

%

KEY TO PHYSICS PART-1108
[CHAPTER 3][SOLUTION MOTION AND FORCE

V l + f f l L J D l v A' “mi + m2 2
A 109Vj = mi + m2

Now,2 im V 2

mi + m2l mi - m2

mi + mi

0.07 - 0.14
0.07 + 0.14 xV

V\ « -3 m/s

vi -1 mi + mj

2 x 0.14= 0.07 + 0.14

V*, V, +Using

= ofrix 20 +°v;v;i

vi = 0.49 ms-1

Vi ' « 0.5 ms'1m2- mt

*
V 2V » +Now, mi + m2 Result

Velocity of lvl hall after collision = vj = -19.5 m/s\ / /
Velocity of 2nd hall after collision = v\ = 0.5 m/s

\EXAMPLE 3.6\
A hose pipe ejects water at a speed of 0.3 ms 1 through a hole of area 50 cm2. If the waterstrikes a wall normally, calculate the force on the wall, assuming the velocity of the water normal‘ e wall Is zero after striking.

v; X 9 + 0

vi -I= 6 ms

Result
m -3 m/sVelocity of l*1 ball after collision = V

|

Velocity of 2Bd ball after collision = V 2

I EXAMPLE 3J
A 100 g golf ball Is moving to the right with a velocity of 20

8 kg steel hall, Initially at rest.Compute velocities of the ball after collision.

= 6 m/s

iV = 0.3 ms’

A = 50 cm;

= 50 X I 04 rrf

ms'1. It makes a

collision with a

Data
To Find= 100 gMass of I *' ball = mi

Force on the hall = F = 7100
“ 1000 kg

SOLUTION
= 0.1 kg

in VUsing F ( I )Mass of 2nd ball = Rkg= m* t
- 20 m sVelocity trf r ball = V,

mAs I’ - y

m = pV
V

j
( volume nl water pet second)

- 50 x m 4 x i

- 0.0015 m

= 0Velocity t»f 2M bail = V2

To Find
Vital H • 1 1 Ml lllilM •Vi = AV
VeloHty of 2nd ball after collision = V? = 7

[SOLUTION1 t

2ni, Vj Vv i til*0mr( (sing * PJ»tt| t tttj I

If ! i S * 1 "v! m |M0(Hd « MH t

l 5 kg/s
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We know that

113(ii)
SHORT QUESTIONS

sin 2 9
R

kl What is the difference between uniform and variable velocity. From the explanation of
variable velocity, define acceleration.Give SI units of velocity and acceleration.

Ans. Uniform Velocity: The velocity of a body is said to be uniform if it covers equal displacement
in equal interval of time.
Variable Velocity: The velocity of a body is said to be variable if it covers unequal
displacement in unequal interval of time.
Acceleration: From the variable velocity, the rate of change of velocity is called acceleration.& M -> -> -»
Let a body is moving with velocity v, . After small time At its velocity changes from V, to vf

g
(3012 sin 2 X 60°

9.8

900 X sin 120
9.8

900 x 0.866
s 9.8

= 80 m I

in velocity Av = vf - v,. Sothi ie cl

Vf - Vi

At

nit of Velocity:The SI unit of velocity is m/s or km/hr.
SI Unit of Acceleration:The SI unit of acceleration is m/s2.
An object is thrown vertically upward. Discuss the sign of acceleration due to gravity,

f * f v ** - r yrelative to velocity, while the object is in air.
When an object is thrown vertically upward, the sign of acceleration due to gravity is negative
rejative to velocity. But when the object is thrown downward, the sign of acceleration due to
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.

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

Example: When an object is thrown vertically upward then during upward motion its velocity
decreases, the direction of velocity will be in upward while direction of acceleration due to
gravity will be in downward and when it reach at the highest point its velocity become 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 that in this
reverse the direction while acceleration is constant. ^ ’ "

the velocity
4^

case

Specify the correct statements:
(a ) An object can have a constant velocity even its speed is changing.
(b) Ar. object can have a constant speed even its velocity is changing.
(c) An object can have a zero velocity even its acceleration is not zero.
(d) An object subjected to a constant acceleration canreyerse

^

itsveiocity.
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(a) li is false statement because an object cannot have a constant velocity even its

changing.

(b) li is true when the object is moving along a circular path.
<c) It is true because when an object is thrown vertically upward, at maximum height, velocity:

is zero but acceleration is not zero, it is a = g.
<d) It is true. Yes an object subjected to a constant acceleration can reverse its velocity.
A man standing on the top of a tower throws a ball straight up w ith initial velocity v, and at
the same time throws a second ball straight downward with the same speed. Which ba|•ill have larger speed when it strikes the ground? Ignore air friction.
Both the balls have the same speed on striking the ground but time is different. When the
velocity of the b«JJ thrown upward with initial velocity v„it will has same velocity v, when e
return back and prase* the man so ra the initial velocities of a bail is same for both caiet.
therefore the final velocities will also be same

Find the change in momentum for an object subjected to a given force for a given lime and
state law of motion in terms of momentum.3.84ns. sPeed is

velocity v Let a force F it applied on the body whichConsider a body of mass Hm" moving wiAns.
changes the velocity from v, to vf then

= v, atVf
vr- v.

a

But from Newton's3i

Ant

final momentum and mv, is the initial momentum so.
Liplain the arcurwUncta in which the velocity and acceleration“ a" of a car are:

(li) Anti.parallel

0f) **V* k zero but *V* U not

3-4
a Kate o! change of momentum<J) Parallel

(Si) Perpendicular to one another

(f ) *V* la zero but U not zero
Ana. Foi lowing are the circumstance* when velocity and acceleration of car

(I) Parallel: When the velocity of a car is increasing along a straight path
then velocity and acceleration are parallel to each other.

Rate of changed momentum< *

w/lsi*ton’s Second laiw of Motion in Terms of Momentum: Newton's second law of rmXJOfl in

terms of momentum states,"the rale of change of momentum is equal to applied force"
.

A l >« fun iiiipul - • and show that how it is related l « » linear momentum?

i. Impulse: When a very large force acts on a body for a very short interval of ume then the

product of such a force and time is called impulse. It is a vector quantity

Impulse •1

V
A

• Force x1»mc

I F x At

a

Anti-parallel: When the velocity of car is decreasing along the straight(li)

^ ygoeny and acceleration arc ^mi-parallel to each other As we know thatline
F x At mVf -mv,

mVf - mv,ISoPerpendicular to one another: The velocity and
are perpendicular u> each other when the car is moving along,a circular I » mAVHppn
v 1» zero but a Is not zero: The velocity|Ps cat bccoftlrt to zero when the brake** y
applied and the car comes to rest due to acceleration in opposite direction.

if ) a k zero but ? U not zero: Acceleration is zero wf*n the car is rm "it** w*th unfit*1*
acceleration vif ' y

Motion with constant velocity k a * leiial cam of motion with constant acceleration. I*
statement true? Discuss. V

— f HI
| AP Change in momentum

This shows that impulse is equal to change in momentum

Slate the law of conservation of linear momentum, pointing out the importance of hoisted

Explain, why under certain condition,, the law I.useful even though the system Is

not completely Isolated?
of Linear Momentum:Jhi* law states that the total Imear momentum of

:v
3.101

Law of Conservation
an isolated system remains constant .

isolated System: This law holds good only for isolated system An tsoiaied

system is one at which there is no cstcmal force acting It the system is not isolated hoi the

UitemaJ forces arc very small as compared to interacting forces so this law can also be applied

m such a system.

Ana.
Importance of an

Yea. the motion with constant velocity is a special case of motion with constant accelem*0*
This statement is true
Explanation we know that when a forty moves with constant velocity then its accelerando^he teao t e these is no rate of changeof velocity »o whenever it moves with constant
acceleration *ill remain teto that ji constant here zero is also a constant quantity,

motion wirti constant velocity u a special case of motion with constant acceleration

--
&
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3.11 Explain the difference between elastic and inelastic collisions. Explain how would'

bouncing ball behave in each case? Give plausible reasons for the fact that K.E is notconserved in most cases?
Ans. Elastic Collision: These collision in which kinetic energy remains constant is called elasticcollisions.

Inelastic Collision: These collision in which kinetic energy does not remain constant is called
inelastic collisions.
In Case of Bouncing Ball: If the ideal bouncing ball returns to the same height where it is
dropped then the collision is 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
constant.

[CHAPTER 3] MOTION AND FORCE
As the ball at 'A' has only the horizontal velocity so

viy (initial vertical velocity) = 0

y =\&2

117

a = g
So

1y = 2 ^
Time of Flight of Projectile:Irhe time taken by body to cover the distance from place ofprojection to the place where it hits the ground, is called time of flight of projectile. The lime offlight can be calculated by using 2nd equation of motion:

1For example; when a heavy ball is dropped on to the surface of earth, it rebounds upto very little
height because maximum K.E is lost due to friction and also changes into heat and sound
energies. So in most cases, the K.E is not conserved. Thus momentum and K.E are conserved in
all types of collisions. However the K.E is conserved only in elastic collision.

s = v>t + 2 g t2

As the ball returns to ground, so net vertical distance is zero, i.e.,
= 0 and ^ = viy = v, sin 0S

The above equation becomesExplain what is meant by projectile motion.Derive expressions for
(b) The range of projectile. 1(a) The time of flight

Show that the range of projectile is maximum when projectile is thrown at an angle of 45*

with the horizontal.
sin 0t - ^ gt2

1
Vj sin 0t or jgl = VisinG
2v, sin 0Projectile Motion: When an object is thrown in air making a certain angle with horizontal, 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 to
gravity.

Ans.
g

is the time of flight of projectile.
Range of Projectile: Max. distance which a projectile conversion the horizontal direction iscalled the range of projectile. In order to find R

= vuxt
v, cos 0 x 2v, sin 0

The body thrown is called projectile and the curved path followed by it is called
R

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

2. A ball thrown by a cricketer.
3. Missile fired from launching pad.

Consider a body thrown in horizontal direction w-ith horizontal
velocity vx from point A having vertical height y. In the absence
of horizontal force, the horizontal components vx remain

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

= vxt
Where ’t’ is the time taken by body to move from A to C.

The body not only covers distance in forward direction but also moves down under the action
gravity. The downward vertical velocity of body under the action of gravity goes on increasing
continuously. This vertical motion is same as for freely falling body. The distance covered by
body in downward direction is AB = y and is given by

g
2

V= T 2 sin 0 cos 0g
:

V,
R = ~ sin 20g

The formula for the range of projectile is

v“ sin 20
R g

For maximum horizontal range sin 20 must have maximum value and we know that the
maximum value of sin 20 is 1.

x

1
sin 20 = 1

= sin 90°

= 90°
= 45°1y = v > t + 2
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v? sin 2(45°)
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^max. ~ g PROBLEMS WITH SOLUTIONS
v? sin 90°

Rmax. ~ •A /; t* > U ( )g
2 PROBLEM 3.14;

V;

Rmax — g ally at the rate of 19.6 ms"1. When it is at a height of 156.8 m
iow long does the stone take to reach the ground?

A helicopter is ascending vi

above the ground, a stone is droppc
So the range of projectile is maximum when projectile is thrown at an angle of 45° with the
horizontal.

At what point or points in its path does a projectile have its minimum speed, its maximun
speed?

Ans. The speed of the projectile is maximum at the point of projection and also at the point where i;

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

3.14 Each of the following questions is followed by four answers, one of which is correct answer

Identified that answer.
(i) What is meant by a ballistic trajectory?

(a) The paths followed by an un-powered and unguided projectile is called ballistic
trajectory. *

(b) The path followed by the powered and unguided projectile is called ballisi

METHOD !

Data
1 vertical velInitial

Since initial velocity o
= v, = iQ 6 m/s

:one is upward and itone moves downward.

Vertical distance travelled by stone

To Find
= S = -156.8 m

m
Time taken by stone to reach the ground 9t

v
trajectory. By using 20 j equation of motion

S = V.t + Jgt2(c) The path followed by un-powered but guided projectile.

(d) The path followed by powered and guided projectile.

(ii) What happens when two-body system undergoes elastic collision? 1-156.8 = 19.6 t + 2 x -9.8 t2

-156.8 = 19.6 t - 4.912
4.912 = -19.61- 156.8 = 0

(a) The momentum of the system changes.

(b) The momentum of the system does not change.

(c) The bodies come to rest after collision.

(d) The energy conservation law is violated. Dividing by 4.9

Ans. (i ) (a) is correct. tf - 4t - 32

t2 - 8t + 4t - 32 = 0

l(t - 8) + 4(t - 8) = 0

(t - 8Kt + 4) = 0

1-8 = 0 ,

= 0

t + 4 = 0

= -4 sec.= 8 see.
Since ume is always positive so ignoring the negative ume hence.

tt

Result
Time taken by stone - t - 8 sec.
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SOLUTIONData

The velocity time graph is as shown. me AInitial vertical velocity of helicopter B= v, = -19.6 m/s 20For initial accelerationVertical distance = S = 156.8 m “ 15 -Initial acceleration
To Find Change in velocity

ai = 1# ^ 10
Time taken by stone to reach the ground VnVs

5
Av 0 HSOLUTION 3i " At O 30 60 90 120 150 180 E

By using the 2nd equation of motion t sec.Since^ Av s 20 m/s
1 = 60 sec.= Vi t + jg t2S

20
1156.8 = -19.6 t + 2 X 9 .8 t2

156.8 = -19.6 t + 4.9 t2

= 0.33 m/s2Divide by 4.9
For final acceleration156.8 -19.6 4.9 2t + 49 l Change in velocity4.94.9

Time32 = -4t + 12
t2 - 4t - 32
t2 -8t + 41- 32 = 0
t(t -8) + 4(t - 8) = 0

(t + 4)(t -8) = 0
t + 4 = 0 , t - 8 = 0
t = -4 sec. (neglected), t = 8 sec.

Vf- V,
0 - 20

-20 m/s

== 0

30 sec.
-20 r -
30

-0.67 m/s2

For total distance travelled by motorcyclist

Total distance = Area of AOAD + Area of rectangle ABHD + Area of ABHE
Result

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

PROBLEM 3.2 l _
Area of AOAD = ^ Base x Height

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

1of a motorbike. = -x 60 x 20

= 600 m

Area of rectangle ABHD = Length x Breadth

= 90 x 20

= 1800 m/s

Velocity (ms *) 2020 2010 20 0
60 9050 120 150 180Time (s)

Use the graph to calculate
(a) The initial acceleration
(b) The final acceleration
(c) The total distance travelled by the motorcyclist.
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1
Area of ABHE = ^ Base x Height [CHAPTER 3] MOTION AND FORCE 123

-96 x 1012
l a= ^ x 30 x 20

= 300 m

Putting in above equation

Total distance travelled = 600 + 1800 + 300

4 x 10 4

= -24 x 1016
= -2.4 x I.017 m/s2

Negative sign shows retardation.

For the time taken, by usi

a

a

St ition of motion= 2700 m

= 2.7 km

Result
(a ) .Initial acceleration = a*
(b) Final acceleration = af =
(c) Total distance travelled by motorcyclist = 2.7 km

f -

= 0.33 m/s2

-0.67 m/s2
2.0 x 106- 1.0 x 107

-2.4 x 1017
106 (2 - 1.0 x 10

-2.4 x 10I

PROBLEM 3.31 106 (2-$
A proton moving with speed of 1.0 x 107

and emerges with a speed of 2.0 x 10‘ms-1. Assuming uniform deceleration, find retardation and

time taken to pass through the paper.

Data

-l thick sheet of paperpasses through a 0.02 cmms -2.4 x 10

-8 x 106
" -2.4 x 1017

= 3.3 x 106*17

= 3.3 x l6
_n sec.v, = 1.0 xl07 m/s

S = 0.02 cm
Initial speed of proton

Distance covered Result

= 2 x 10-4 m a = -2.4 x 107 m/s2

t = 3.3 x 10"n sec.
Retardation (negative acceleration)

= 2.0 x 106 m/sFinal speed of proton = Vf Time taken

To Find PROBLEM 3.4
Retardation (negative acceleration ) = a

Time taken
Two masses m, and m2 are initially at rest with a spring compressed between them. What is

the magnitude of ratio of their velocities after the spring has been released ?

[ SOLUTION Data
Is' mass m i

For the retardation by using 3rd equation of motion
. 2 22as = vf - Vj

2a x 2 x I04 = (2 x 106)2 - ( 1.0 x 107)2

4 x 10-4 a = 4 x 1012- 1.0 x 1014
= 1012 (4 - 1.0 x 102)

= 1012 (4 - 100)

4 x 10"4 a = -96 x 1012

204 mass m.
= 0initial velocity of mass mj = v,

= 0
k Initial velocity of mass m2 = v,

To Find
V|= = ?Ratio of their velocities v2

r"'
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SOLUTION [CHAPTER 3] MOTION ANO FORCE 125-So by second law of motion
According to law of conservation momentum F = ma

miV. + n^v, = m » v , + m2v2 FaTherefore; m
I .Ox 10 ^1.0 x 10 12miV| + m2Vj = 0 a

m, V| = -m2v2 1.0 x
Vi = 1.0 x 10~s_ mi

miv2 The force of surro(b)
Result * t .V

Hence after releasing the spring, the ratio of magnitude of their velocities is equal to the inverse
ratio of their masses. ~ 4 .

I r » rtj i» i

= 1.0 x 10“ 13 x 1.0 x 10‘4

= 1.0 x 10"
,7 N

% ‘I l| ‘|

{ PROBLEM
Result
(a) Acceleration of amoeba

(b) Force of surrounding water = F =
An amoeba of mass 1.0 x 10 12 kg propels itself through water by blowing a jet of water 1.0 x 10~s m/s2

1.0 x 10"17 N
= a =through a tiny orifice. The amoeba ejects water with a speed of 1.0 x HF4 ms 1 and at a rate of /

1.0 x 10 n kgs"1. Assume that the water is being continuously replenished so that the mass of the
?i -

amoeba remains the same.
(a) If there were no force on amoeba other than the reaction force caused by the

emerging jet, what would be the acceleration of the amoeba?
(b) If amoeba moves with constant velocity through water, what is force of surrounding

water (exclusively of jet) on the amoeba?

4
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

it explodes at the top of its path. If the block shoots out with a speed of 3 ms \ how fast will

the can be going?

Data

up.

Data
m , = 40 g = 0.04 kg

m2 = ?00 g

= 0.2 kg

= 3 m/s

m = 1.0 x 10'12 kg

v = 1.0 x 10-4 m/s

V = 1.0 x 10'13 kg/s

Mass of can

Mass of wooden block
Mass of amoeba
Speed of ejected water

Rate of water Speed of wooden block = v2't . To FindTo Find
= ?= v,'Speed of can?(a) Acceleration of amoeba

(b) Force of surrounding water = F = ?
a

SOLUTION
According to law of conservation of momentum

= Momentum after explosion

= m|V|' + m2V2'

0 = miV|'+ m2v2
/

-m:v2
/

SOLUTION
Momentum before explosion

(a) By formula
m|V| + m2v2

m— xvt
m , Vi' =

= 1.0 x 10“ 13 x 1.0 x 10"*

= 1.0 x 10 17 N

F
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m2V2V,' = - \PRQBLEM 3.8\

A truck weighing 2500 kg and moving with a elocity of 21 ms 1 collides with a stationary

car weighing 1000 kg. The truck and the car move together after the impact Calculate their

common velocity.
Data

mi

0.2 x 3
0.04

= -15 m/s
= 2500 kg

= 21 m/s

= 1000 kg

Result Mass of truck
Velocity of truck = Vi

Mass of car
Velocity of car - v2 0

mi *Speed of can = v/ = 15 m/s

-ve sign shows that the can and wooden block moves in opposite direction. = m2
.

1 PROBLEM 3J\ To Find
?An electron (m = 9.1 x 10~31 kg) traveling at 2.0 x 10 ms-1 undergoes a head on collision

with a hydrogen atom (m = 1.67 x 10~27 kg) which is initially at rest Assuming the collision to be
perfectly elastic and a motion to be along a straight line, find the velocity of hydrogen atom?

Data

Common velocity after collision - v -
SOLUTION

According to law of conservation of momentum

m,V|' + m2V2'm2v2 == 9.1 x 10"31 kgMass of electron

Velocity of electron

Mass of hydrogen atom = m2

Velocity of hydrogen atom = v2

mi = v2'

miVi + m2V2 = miV + m2v

miVi + m2v2 = (mi + m2)v

vVi'= 2.0 x 107 m/s= v,
= 1.67 x 10"27 kg

= 0
miVi + m2V2

To Find mi + m2

Velocity of hydrogen atom = v2' Putting values
9S00 x 21 + 1000 x 0

2500 + 1000SOLUTION
52500

2miV, 3500V2' = mj + m2 15 m/s
2 x 9.1 x 10~31 x 2.0 X 107

= 9.1 x 10'31 + 1.67 x 10~i;

36.4 x 10'= lO"2"7 (9.1 x 10

36.4 x 10= 0.00091 + 1.67
a

36.4 x 103
* 1.67091

= 21.78 xlO3

= 2.18 xlO4 m/s

ResultV l = 15 m/s
truck and car after collision - v

Common velocity

PROBLEM 3.9
»*rlEtf5SS1SSrjsr-s®spring. The elastic potential ener£v s[^r

when released,

the spring delivers its energy to the blocks w

-24 + 27 Two blocks of masses

Data = 2.0 kg

m2 = 0 5 ks
= 10 J

= miMass of 1st block
Mass of 2nd block

= P.E
Elastic potential energy

Result
Velocity of hydrogen atom = v2' = 2.18 x 104 m/s



To Find
Velocity of mass mi = v' = ?1

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?

Velocity of mass m2 = v'2 = ?

SOLUTION
Data

Angle with horizontal = 0According to law of conservation of energy
1 2 1 2 1

/2 1 ,2
2 m,v, +-m2v2 = 2 m i v i + 2 m2V 2

^ mtv^ + j m2vy2 = 10

miV'i -r = 20

2V^ + 0.5V'2 = 20
And according to law of conservation of momentum

miV|+ m2v2 = miv', + m2v/
2

mjv', + m2v#
2 = 0

2v' l + 0.5^2 = 0
O.Sv'z = -2V ,

Horizontal distance = R =
The value of g

To Find
Initial speed

sin 20
40 x 9.8= sin 2(30)

3922̂ ,
V^2 = 0.8660.5

yfv } = >/452.64-4v'v'2 1

= 21.27Putung eq. (i)

2v'? + 0.5(-4v',)2 = 20

2\' ] + 0.5(16^) = 20

2\' ] + 8v'?
10v'?

= 21.3 m/s

Result
= 21.3 m/sInitial velocity of ball = vi

‘xrfball is thrown li
hit the ground and with what velocity .

20

m „ith velocity of 21 ms 1. Ho* far off it
height of 10horizontally from a= 20

20
V'f 10 Data

= 21 m/s= vuInitial horizontal velocityv'i = 1 . 4 1 m/s
v'2 = -4v,

= -4(1.41)

v'2 = -5.65 m/s

= 0= VjyInitial vertical velocityand
= 10 m= yVertical distance

To Find = ?= R = x
Horizontal distance

= v = ?Result
Velocity to hit the groundVelocity of mass mi = v', 1.41 m/s

Velocity of mass m2 = v'2 = -5.65 m/s



ft It oil? ^(bt Hi* Inftf

* KKK
K) ^ K&f 3KK

ID 133 m*? ~ 40

r * 21IK = R = ?
< a :

1.421

X = R = V«M

[x = VuXjl= 21x 1.42

= 293
1 *> = 0v*Since= 30 xri y = VV + n^

490 = Oxt + ^ xWl1

= ' : -W 490 = 4.912
490= 22 in'sAl Vfc = vB «* = 4.9

* V** t2 = 100

=|491XL42 = 10 sec.I

So puttingin tQ. (i). wcw* = 13.91 * = VuXlX

= -fc 21f - 113.91rSc x = 10 X 133

= 193 4.1 = 833 m

= 10 sec
= V*3**t - tTime m(b)

Result= 25Im%w = 833 m= xHonzooud distance
= 10 sec.= iTime in **tb)

= t = = JiflP
leiflon' it tut tne pwoc = v = 2f no*
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PROBLEM 3.13 PROBLEM 3.14
Find the angle of projection of a projectile for which its maximum height and horizontal

range are equal. Prove that for angles of projection, whk exceed or fall short of 45° by equal amounts, the
ranges are equal.

Data SOLUTION
The given that

Horizontal range
>0° which exceed or fail short of|5° by equal of 15°.

anges at these two angles so the range of projectile is

Let the two angles 30° and

Now we have to find, the= Maximym height

To Find r*

= 0 = ?Angle of projection

SOLUTION 2(30°)
g

As we know that the range of projection is

v,2 sin 20
Vj2 sin 60°

g
R g 0.866 v,2

and maximum height is g

Vi2 sin2 0 0 = 60°
h 2g v,2 sin 2(60°)

g
R = hTherefore; v,2 x 0.866

Vi2 sin
2 0v,2 sin 20 g

2gg 0.866 v,2
sin2 0 R 2 g

sin 20 2 = RiRI
sin 20 = 2 sin 0 cos 0

sin2 0
Since Result

Hence for angle of projection wh.ch exceed or fall short of 45“ by equal amounts, the ranges are

2 sin 0 cos 0 2 equal.

sin 0 PROBLEM 3.15
2 cos 0 2

Earth “ “
the target and the velocity with which the missile is fired.sin 0

2 x 2 cos 0

L/
= 4tan 0 Data

3000 km

= 3000 x 1000

= 3 x 106 m

Horizontal distance = x =
0 = tan"' (4)

0 i= 75.9

= 76° = 0 = 45°Angle of launch

Result
= 0 = 76°Angle of projection

WP*!m*
ira"
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Time taken by SLBM to hit the ground = t = ?
Velocity of the missile = vi = ? WORK AND ENERGYSOLUTION \

For velocity- of the missile

vr sin 20R = x = § LEARNING OBJECTIVES
At the end of this chapter the students will be able to:

Understand the concept of work in terms of the product of a force and displacement in
the direction of the force.
Understand and derive the formula Work = wd = mgh for work done in a gravitational
field near Earth's surface, w
Relate power to work done.
Define power as the product of force and velocity.
Quote examples of power from everyday life.
Explain the two types of mechanical energy.
Understand the work-energy principle.
Derive an expression for absolute potential energy.
Define escape velocity.

* Give examples of conservation of energies from everyday life.
"km Describe some non-convenbonal sources of energy.

vr = sin 29

3 x 10* x 9.8v,2 an 2(45°)

29.4 xVt
an 90c

V = 294 x Id*

= 542 x 10s

= 542 *a» *

f
Q. 7 Define the term work done. Describe the special cases when the work done is positive,

negative and zero.

JES WORK DONE BY A CONSTANT FORCE
Work done on a body by a constant force i* defined as;
The product of the magnitude of the displacement and the component of the force

direction of the displacement ’

Consider, an object winch is being pulled by a constant
force F, at an angle h to the direction of motion. The force moves

the object from A to B through a displacement 7, as shown in

figure

L
2542x ft#*)M49*

t M- 9%

MM S ifr s 0707 tn (he
9 A

* X Ur

* 7*2 «0,

* 13 mm

f

I .

I

ketuii W = Fd
W a (P 00 9) 4

Since
Time Ake* f>y SUMft W> hit the

Vcioefcy rA the tmum*. W = FdcosO
is the component of the force in theWhere P cos 0

direction of a . So,
////////////// / / /

W * F . d (•)
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