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DAY SIX

Work, Energy
and Power

(Learning & Revision for the Day)

+ Work + Energy + Work-Energy Theorem | + Power
+ Conservative and + Law of Conservation of Mechanical + Collision
Non-conservative Force Energy

Work

When a body is displaced actually through some distance in the direction of applied
force, then work is said to be done by the force. The SI unit of work is joule (J) and in
CGS is erg.

1 joule (J) =10 erg

Work Done by a Constant Force

The work done by the force F in displacing the body through a distance sis
W =(F cos6)s =Fscos® =F-s
where, F cos 8 is the component of the force, acting along the direction of the
displacement produced. SI unit of work is joule (J).
1J=1N-m
Work is a scalar quantity. Work can be of three types

(i) Positive work (ii) Negative work and (iii) Zero work.

¢ Positive work If value of the angle 6 between the directions of F and s is either zero or
an acute angle.

¢ Negative work If value of angle 6 between the directions of F and s is either 180° or
an obtuse angle.

e As work done W =F-s = Fscos 0, hence work done can be zero, if

(i) No force is being applied on the body, i.e. F =0.
(ii) Although the force is being applied on a body but it is unable to cause any
displacement in the body, i.e. F #0but s =0.
(iii) Both F and s are finite but the angle 6 between the directions of force and
displacement is 90°. In such a case

W =F-s=Fscosb=Fscos90°=0



Work Done by Variable Force

Work done by a variable force is given by W = j F-ds

—'> Displacement
It is equal to the area under the force-displacement graph,
along with proper sign.
Work done = Area of ABCDA

Conservative and
Non-Conservative Force

A force is said to be conservative if work done by or against
the force in moving a body depends only on the initial and
final positions of the body and not on the nature of path
followed between the initial and the final position.

Gravitational force, force of gravity, electrostatic force are
some examples of conservative forces (fields).

A force is said to be non-conservative if work done by or
against the force in moving a body from one positions to
another, depends on the path followed between these two
positions. Force of friction and viscous force are the examples
of non-conservative forces.

Energy

Energy is defined as the capacity or ability of a body to do
work. Energy is scalar and its units and dimensions are the
same as that of work. Thus, SI unit of energy is joule (J).
Some other commonly used units of energy are
1erg=10"J, 1cal=4.186]=4.2],
1kcal = 4186 J, 1 kWh=3.6x 10° J
and 1 electron volt=(1eV)=1.60x 107° J

1. Kinetic Energy

Kinetic Energy (KE) is the capacity of a body to do work by
virtue of its motion. A body of mass m, moving with a

velocity v, has a kinetic energy, K = %mvz.

Kinetic energy of a body is always positive irrespective of

the sign of velocity v. Negative kinetic energy is

impossible. Kinetic energy is correlated with momentum as
2

_P

C2m
or p=+2mK.

2. Potential Energy

Potential energy is the energy stored in a body or a system
by virtue of its position in a field of force or due to its
configuration. Potential energy is also called mutual
energy or energy of the configuration.

Value of the potential energy in a given position can be
defined only by assigning some arbitrary value to the
reference point. Generally, reference point is taken at
infinity and potential energy at infinity is taken as zero. In

that case, U=-W = —I "F dr
Potential energy is a scalar quantity. It may be positive as

well as negative.
Different types of potential energy are given below.

Gravitational Potential Energy

Gravitational potential energy of a body is the energy
possessed by a body by virtue of its position above the surface
of the earth.

i.e. Gravitational potential energy = mgh
where, m is the mass of a body at a height h above a reference

level and g is acceleration due to gravity.
Potential Energy of a Spring

Whenever an elastic body (say a spring) is either stretched or
compressed, work is being done against the elastic spring

force. The work done is W = % kx?,

where, k is spring constant and x is the displacement.
1
And elastic potential energy, U = 5 kx

If spring is stretched from initial position x, to final position
X,, then

work done =Increment in elastic potential energy

1
= Ek(xg -x3).

Work Done in Pulling the Chain Against Gravity

If point mass m is pulled through a
height h, then work done W = mgh.

For a chain, we can consider its

centre of mass at the middle point of Lin
the hanging part i.e. at a height of l
(2—) from the lower end and the

n

mass of hanging part of chain, m = M
n
So, workdone to raise the centre of mass of the chain on the
table is given by
W:ngxiz WzMgZL
n 2n 2n




Work-Energy Theorem

Accordingly, work done by all the forces (conservative or
non-conservative, external or internal) acting on a particle or
an object is equal to the change in its kinetic energy of the
particle. Thus, we can write W = AK =K § -K;

We can also write, K; =K; + W

. Kinetic energy after
Which says that (the net work is done

_ (Kinetic energy before) | ( The net
~ { the net work done work done

Law of Conservation of
Mechanical Energy

The mechanical energy E of a system is the sum of its kinetic
energy K and its potential energy U.
E=K+U
When the forces acting on the system are conservative in
nature, the mechanical energy of the system remains constant,
K +U =constant = AK + AU =0
There are physical situations, where one or more non-
conservative force act on the system but net work done by
them is zero, then the mechanical energy of the system
remains constant. If W, =0

Mechanical energy, E = constant.

Motion in a Vertical Circle

In this motion body is under the influence of gravity of earth
and total mechanical energy remains conserved
(K. E. converts into P.E and vice-versa).

e Velocity at any point on vertical loop

v =u’ —2g(1 —cosO)r

where, u is the initial velocity at lowest point and r is
length of the string.

D — 0 B
0
mv®
U mg cos 6 +
A
e Tension at any point on vertical loop
.
T -mgcos6 = m orT =2[u2 —gr(2 -3cos0)]
r

Power

Power is defined as the rate of doing work. If an agent does
work W in time ¢, then its average power is given by

Py=
The shorter is the time taken by a person or a machine in
performing a particular task, the larger is the power of that
person or machine.

Power is a scalar quantity and its SI unit is watt, where

1W=1]/s
Instantaneous power, P, , = C;—mt/ = F(;S =

Some other commonly used units of power are
1kW=10° W,1MW=10° Wand 1 HP =746 W.

Collision

The physical interaction of two or more bodies in which each
equal and opposite forces upon each others causing the
exchange of energy and momentum is called collision.
Collisions are classified as

(i) elastic collisions and (ii) inelastic collisions.

1. Perfectly Elastic Collision in
One Dimension

In a perfectly elastic collision, total energy and total linear
momentum of colliding particles remain conserved.
Moreover, the forces involved in interaction are
conservative in nature and the total kinetic energy before
and after the collision, remains unchanged.

—> U4 —> Uy —Vy —> Vo
m4 moy my mo
A B A B
Before Collision After Collision

In above figure, two bodies A and B of masses m, and m,
and having initial velocities u; and u, in one dimension,
collide elastically and after collision move with velocities
v, and v,, then we find that

(i) Relative velocity of approach = Relative velocity of
separation, i.e.u;, —u, =v, —v,

. my —m 2m,
(ii) v, =| —"2—2|u, + 2 |u,
m, + m, m, + m,

2m m, —m
and v, = L u, + | —=2—u,
m, + m, m, +m,

2. Perfectly Elastic Collision in a Plane

In a two dimensional (or oblique) collision between two
bodies, momentum remains conserved,

A

@

A B \e
(o (O
o

Before collision 2 ¢B

Ve
After collision



Along the X-axis

myu, + myu, =m,v, cos® + m,v, cos ¢ .. (1)
and along the Y-axis
0=m,v,sin® — m,v, sin ¢ ... (i)

As the total kinetic energy remains unchanged.
1 1 1 1
Hence, Emlui + Emzug = Emlvﬁ + Emzvg ... (iii)

We can solve these equations provided that either the
value of 6 or ¢ is known to us.

3. Inelastic Collision

In an inelastic collision, the total linear momentum as well
as total energy remain conserved but total kinetic energy
after collision is not equal to kinetic energy before collision.

For the type of collision
mv,
Common speed v =
my +m,
_ 2
and loss of kinetic energy AK = mumy (v, ~vp)
2(m, + my)
Here v, =0
__mmvi
2(m, + m,)
® @

Before collision v,=0 After collision

Coefficient of Restitution (e)

For a collision, it is defined as the ratio of relative velocity of
separation to the relative velocity of approach.

Vo=

Uy —

Thus, coefficient of restitution e =

For a perfectly elastic collision (e) = 1.

If 0 <e <1, the collision is said to be partially elastic. But if
e =0, then collision is said to be perfectly inelastic.

In a perfectly inelastic collision, e =0 which means that
v, —vy=0o0rv, =vy.

It can be shown that for an inelastic collision the final
velocities of the colliding bodies are given by

- 1+
V1=[ml emZ)u  Arom,

m, + m, (m, + my) 2
1+e)m m, —em

and V2=( ) Lu, +| 2 1lu,.
(my + my) m, +m,

If a particle of mass m, moving with velocity u, hits an
identical stationary target inelastically, then final velocities of
projectile and target are correlated as

. v, 1-e
ie. my=m,=mandu, =0; L =——,
v, 1+e

Rebounding of a Ball on Collision

with the Floor
e Speed of the ball after the nth rebound
v, =e"vy =e"\2gh,
e Height covered by the ball after the nth rebound
h, =e*"hy
* Total distance (vertical) covered by the ball before it stops
bouncing

2
H=hy +2h, +2h, +2h, + ...=h0[1+82]
—€

e Total time taken by the ball before it stops bouncing

T=ty+t,+t, +t5 +..= %+2 ﬂ+2 %+
8 8 g
_[2hy(1+e
g \1-e



( DAY PRACTICE SESSION 1)

FOUNDATION QUESTIONS EXERCISE

1 A bicyclist comes to a skidding stop in 10 m. During this
process, the force on the bicycle due to the road is
200 N and is directly opposed to the motion. The work
done by the cycle on the road is
(a) +2000J  (b) -200J (d) —20000J

2 Aforce F acting on an object varies with distance x as
shown here. The force is in newton and x is in metre. The
work done by the force in moving the object from x =0to
X=6mis

(c) Zero

F(N)
3
2
1
T2 s a5 67 M
(a)4.5J (p)13.5J (c)9.0J (d)y18.0J

2

3 A particle moves from a point (=21 + 5])to (4] + 3k)
when a force of (41 + 3]) Nis applied. How much work
has been done by the force? = NEET 2016
(a) 84 (b) 11J (c) 54 (dy 24
4 Force Fona particle movingin £ (N)

a straight line varies with

distance d as shown in the

figure. The work done on the 2

particle during its displacement

of 12mis = CBSE AIPMT 2011
(a)21J (b)26J 0
(c)y13J (d)y18J

5 A uniform force of (3i + j) N acts on a particle of mass
2 kg. Hence, the particle is displaced from position
(21 + k) m to position (41 + 3] — k) m. The work done by
the force on the particle is = NEET 2013

(a)9J (b)6J (c) 13d (d)y15J

6 A particle moves along the X-axis from x =0to x=5m
under the influence of a force given by F =7 — 2x + 3x2.
The work done in the process is

3 7 12 dm)

(a)70J (b) 270 J
(c)354J (d)135J

7 The potential energy of a system increases, if work is
done = CBSE AIPMT 2011

(a) by the system against a conservative force

(b) by the system against a non-conservative force
(c) upon the system by a conservative force

(d) upon the system by a non-conservative force

8 Velocity-time graph of
particle of mass 2 kg v (m/s)
moving in a straight line is 20
as shown in figure. Work
done by all the forces on
the particle is
(a) 400 J (b) —400J
(c)-200J (d) 2004
9 A ball of mass 2 kg and another of mass 4 kg are
dropped together from a 60 ft tall building. After a fall of
30 ft each towards the earth, their respective kinetic
energies will be in the ratio of
(a)v2:1 (b)1: 4 (c)1:2 (d)1:42

10 The momentum of a body is increased by 20%. The

percentage increase in kinetic energy is
(a) 54% (b) 44% (c) 100% (d) 50%

11 A body of mass mis accelerated uniformly from rest to a
speed v in atime T. The instantaneous power delivered
to the body as a function of time is, given by

mv mv? 5 1 mv2 1mve o
et Ot gt et

12 The power supplied by a force acting on a particle
moving in a straight line is constant. The velocity of the
particle varies with the displacement x as

(a) x'? (b) x
(C) X2 (d) X1/3

13 Aforce F acting on a particle F(N)
varies with the position x as
shown in the figure. The work
done by this force in :
displacing the particle from g 5 x(m)
X=-2mtox=0is

(a)-10J  (b)+5J O -10
(c)—20Jd  (d)+ 40J

14 A particle is moved from Y
(0,0)to(a,a)under a
force F =(31+ 47])from P(a a)
two paths. Path 1 is OP
and path 2 is OQP. Let
W, and W, be the work 450
done by this force in 0 Q X
these two paths. Then,

(a) W, =W,
()W, = 2W,

()W, = 2W,
(d) W, = 4W,



15 An engine pumps water continuously through a hose.
Water leaves the hose with a velocity vand m is the mass
per unit length of the water jet. What is the rate at which
kinetic energy is imparted to water ?

(a) %mlﬁ (b) mv® ©) %mvz (d) Lm?e?

16 300 J of work is done in sliding a 2 kg block up an
inclined plane of height 10 m. Taking g =10 ms™2, work
done against friction is

(a) 200 J (b) 100 J (d) 1000 J

17 The potential energy of a particle in a force field is

A

U=—- E where A and B are positive constants and r is
r r
the distance of particle from the centre of the field. For

stable equilibrium, the distance of the particle is
= CBSE AIPMT 2012
(a) BI2A (b) 2A/B (c) AIB (d) BIA
18 A spring of spring constant 5 x10° Nm ™" is stretched
initially by 5 cm from the unstretched position. Then, the
work required to stretch it further by another 5 cm is
(a) 12.50 N-m (b) 18.75 N-m (c) 25.00 N-m (d) 6.25 N-m

19 Two similar springs Pand Q have spring constants kp
and kg, such that ko > k. They are stretched, first by the
same amount (case a), then by the same force (case b).
The work done by the springs Ws and W, are related as,
in case (a) and case (b), respectively = CBSE AIPMT 2015

(@) Wp =W Wp > Wy () Wo = Wo; We =Wy
(CYWp > Wy W, > W (A Wp < W Wy <Wp
20. When a bullet of mass 10 g and speed 100 ms™"
penetrates up to distance 1 cm in a human body in rest.
The resistance offered by human body is
(a) 2000N  (b)1500 N (c) 5000 N (d) 1000 N

21 A block is left on a frictionless curve path that connects
to a horizontal path. At the end of the horizontal path,
there is a spring connected. Find the work done by
spring, when the block compress it completely.

(c) zero

m
CVUWUJ( h
nw=20
(a)—mTk (b)-mgh  (c)mgh <d>m7k

22 Consider a drop of rain water having mass 1 g falling
from a height of 1 km. It hits the ground with a speed of
50 m/s. Take g constant with a value of 10 m/s®. The work
done by the (i) gravitational force and the (ii) resistive

force of air is = NEET 2017
(@) () -10J, (i)-825J (b)(i)1.25J, (ii)—-8.25J
(c) (i) 1004, (ii)8.75J (d) (i) 10 d, (iy—875 J

23 A block of mass 10 kg, moving in x-direction with a
constant speed of10ms ™, is subjected to a retarding
force F = 0.1x J/m during its travel from x = 20 m to 30 m.
Its final KE will be = CBSE-AIPMT 2015

(a)475J (b) 450 J (c)275J (d) 250 J

24 A small block of super dense material has mass
3x10% kg. It is situated at a height h( < <R, ) from
where it falls on the earth’s surface. Its speed when its

height has reduced tog is (given mass of the earth is

6 x10%*kg)

<a),/2%’ <b>,/§gn (c) zero (d) Jgh

25 A block of mass Mis attached to the lower end of a
vertical spring. The spring is hung from a ceiling and has
force constant value k. The mass is released from rest
with the spring initially unstretched. The maximum
extension produced in the length of the spring will be

= CBSE AIPMT 2009

(d) Mg/2k

|

X

(a) Mglk (b) 2 Mg/k
26 The block of mass M
moving on the frictionless
horizontal surface collides
with the spring of spring
constant k and compresses it by length L. The maximum
momentum of the block after collision is

kL®
(@)JVMkL  (b) o

(c) 4 Mglk

M

M2
ko
27 A body of mass 1 kg is thrown upwards with a velocity
20 ms . It momentarily comes to rest after attaining a
height of 18 m. How much energy is lost due to air
friction? (Take, g =10 ms™2) = CBSE AIPMT 2009
(a)20J (b)30J (c) 40 J (d) 10 J
28 The string of a pendulum is horizontal. The mass of bob
attached to it is m. Now, the string is released. The
tension in the string in the lowest position is
(a)mg (b) 2mg (d) 4mg
29 A stone is tied to a string of length / and is whirled in a
vertical circle with the other end of the string as the
centre. At a certain instant of time, the stone is at its
lowest position and has a speed u. The magnitude of the
change in velocity as it reaches a position where the
string is horizontal (g being acceleration due to gravity) is

(@)V2w? ~g) (0)Ju? gl (c)v-u?-2gl (d)2g]
30 A heavy stone hanging from a massless string of length
15 m is protected horizontally with speed 147 m/s. The
speed of the particle at the point where tension in the
string equals the weight of the particle is
(a) 10 m/s (b) 7 m/s
(c) 12m/s (d) None of these

(c) zero (d)

(c) 3mg




31 A stone of mass 1 kg is tied of a string 4m long and is
rotated at constant speed of 40 m/s in a vertical circle.
The ratio of the tension at the top and the bottom is
(Take, g =10 m/s?)

(@11:12  (0)39:41  (c)41:39  (d)12:11

32 Atrain of mass 2 x10° kg has a constant speed of

20 m/s up a hill inclined at6 = sin‘(%) to the horizontal

when the engine is working at 8 x10° W. The resistance
to motion of train is
(a) 400 N (b) 200 N (c) 600 N (d) 800 N
33 A particle of mass mis driven by a machine that delivers
a constant power k watts. If the particle starts from rest

the force on the particle at time tis = CBSE AIPMT 2015
(@) (o) Nk 12
(c)~2mk t1? (d) % Jmk 12

34 An engine pumps water through a hose pipe. Water
passes through the pipe and leaves it with a velocity of
2ms~". The mass per unit length of water in the pipe is
100 kg m™'. What is the power of the engine?

= CBSE AIPMT 2010
(a) 400 W (b) 200 W (c) 100 W (d) 800 W

35 Two particles of masses my and m, move with initial
velocities uy and u,. On collision, one of the particles get
excited to higher level, after absorbing energy E. If final
velocities of particles be v; and v,, then we must have

= CBSE AIPMT 2015
(a) mPuy + mau, — E = m?vy + msv,
1 2 1 o _ 1 o 1 2
b) — mu + —myu; = —myy + —myv, - E
()2’7711 o Mella = 5 TV MoV

1 o 1 ° 1 o 1 2
C)—muy + —myus —E =—myvy + —m,Vv.
) th T Mt 5 MV T 5 MV

(d) % miu? + %mgug +E= % mavZ + %mﬁvﬁ
36 Two identical balls A and B having velocities of 0.5 m/s
and — 0.3 m/s respectively, collide elastically in one
dimension. The velocities of B and A after the collision
respectively will be = NEET 2016
(a) -0.5m/s and 0.3 m/s (b) 0.5 m/s and -0.3 m/s
(c) -0.3m/s and 0.5 m/s (d) 0.3 m/s and 0.5 m/s
37 An explosion breaks a rock into three parts in a horizontal
plane. Two of them go off at right angles to each other.
The first part of mass 1kg moves with a speed of 12ms™
and the second part of mass 2 kg moves with 8ms™
speed. If the third part flies off with 4 ms™ speed, then its

1

mass is = NEET 2013
(a) 3kg (b) 5kg
(c) 7 kg (d) 17 kg

38 Three objects A, Band C are kept
in a straight line on a frictionless
horizontal surface. These have
masses m, 2m and m, respectively. The object A moves
towards B with a speed 9 m/s and makes an elastic
collision with it. Thereafter, B makes completely inelastic
collision with C. All motions occur on the same straight
line. Find the final speed (in m/s) of the object C.

(a) 3m/s (b) 4 m/s (c)5m/s (d) 1 m/s

39 A particle A suffers on oblique elastic collision with a
particle B, i.e. at rest initially. If their masses are the
same, then after the collision

1. their KE may be equal

2. acontinuous to move in the original direction while B
remains at rest

3. they will move in mutually perpendicular directions

4. acomes to rest and B starts moving in the direction of
the original motion of A

(a)1,3 (b)2,3 (c)1,2 (d)y1,2,3

40 A body of mass (4 m)is lying in xy-plane at rest. It
suddenly explodes into three pieces. Two pieces each of
mass m move perpendicular to each other with equal
speeds v. The total kinetic energy generated due to
explosion is = CBSE AIPMT 2014

(d) 4mv?

m] o] [7]
A B C

(b) 3 mv?

2

41 For inelastic collision between two spherical rigid bodies

(a) the total kinetic energy is conserved

(b) the total mechanical energy is not conserved
(c) the linear momentum is not conserved

(d) the linear momentum is conserved

(a) mv? (c) 2mv?

42 A moving neutron collides with a stationary a-particle.
The fraction of the kinetic energy lost by the neutron is

(2)16/25  (b)9/25 () 3/5 (d) 2/5

43 A block of mass m moving at a velocity v collides with
another block of mass 2m at rest. The lighter block comes
to rest after collision. Find the coefficient of restitution.

(a) 1/2 (b) 1 (c) 1/3 (d) 1/4
44 A ball is thrown vertically downwards from a height of
20m with an initial velocity v,. It collides with the ground,
loses 50 % of its energy in collision and rebounds to the
same height. The initial velocity v, is (Take, g =10 ms™)
= CBSE AIPMT 2015

(a)14ms™' (b) 20ms™'
(c)28ms™! (d)10ms™'
45 A bullet of mass m moving with velocity v strikes a block
of mass M at rest and gets embedded into it. The kinetic
energy of the composite block will be

(a) T s m (b) Iz M

2 (m+ M) 2 (m+ M)
() L mve x M+ m) (d) L mv2 x T

2 2 (m+ M)



(DAY PRACTICE SESSION 2)

PROGRESSIVE QUESTIONS EXERCISE

1 A body of mass 10 kg is moving on an inclined plane of
inclination 30° with an acceleration 2 ms™. The body
starts from rest, the work done by force of gravity in 2 s is

(a)10J (b) zero (c)98J (d) 196 J

2 A body of mass 0.5 kg travels in a straight line with
velocity v =a x/?, where g = 5ms 2. The work done by
the net force during its displacement from x =0to x =2
mis = NCERT Exemplar

(a)1.5J (b) 50 J (c)10J (d)y100J

3 A particle free to move along X-axis has potential energy
givenasU(X)=k (1- e‘Xe ), where k is a positive
constant of appropriate dimension. Then, for—a < X <

(a) at points away from the origin, the particle is in unstable
equilibrium

(b) for any finite non-zero value of x, there is a force
directed away from the origin

(c) if its total mechanical energy is g it has its minimum

kinetic energy at the origin
(d) if its total mechanical energy is g it has its maximum

kinetic energy at origin

4. A particle of mass 10 g moves along a circle of radius
6.4 cm with a constant tangential acceleration. What is
the magnitude of this acceleration, if the kinetic energy of
the particle becomes equal to 8 x 107 J by the end of the
second revolution after the beginning of the motion?

(a) 0.15 m/s? (b) 018 mjs? » NEET 2016
(c) 0.2 mis? (d) 0.1 mi?

5 A block of mass 10 kg is moving in x-direction with a
constant speed of 10 ms~' Itis subjected to a retarding
force F =—0.1 xJm™, during its travel from x = 20 m to
x =30 m. Its final kinetic energy will be

(a) 475 J (b) 450 J (c)275J (d) 2504

6 A body initially at rest and sliding along a frictionless
track from a height h (as shown in the figure) just
completes a vertical circle of diameter AB =D. The
height h is equal to = NEET 2018

7 What is the minimum velocity with which a body of mass
m must enter a vertical loop of radius R so that it can

complete the loop? = NEET 2016
(a)y2gR (b) \/3gR
(c) yogR (d)JgR

8 A body of mass 1 kg begins to move under the action of

a time dependent force F = (2?5 + 3t%j) N, where i and i
are unit vectors along X and Y axes. What power will be
developed by the force at the time (t)? = NEET 2016
(a)@t° + 4tH )W (b) @t° + 3tYW
(c) @t + 3t W (d)@t + 33w
9 On a frictionless surface, a block of mass M moving at
speed v collides elastically with another block of same
mass M which is initially at rest. After collision the first
block moves at an angle 0 to its initial direction and has a

speed é The second block's speed after the collision is

- CBSE AIPMT 2015
(@) ¥ v (b)% v

3 J3
(c) ﬁ v (d) 7 v

10 A moving block having mass m, collides with another
stationary block having mass 4m. The lighter block
comes to rest after collision. When the initial velocity of
the lighter block is v, then the value of coefficient of

restitution (e) will be = NEET 2018
(a) 0.8 (b) 0.25
(c) 0.5 (d) 0.4

11 A mass m moves with a velocity v and collides
inelastically with another identical mass. After collision

the first mass moves with velocity v in a direction

V3
perpendicular to the initial direction of motion. Find the
speed of the second mass after collision.

&<

At rest

@ O

Before collision After collision
2 v
(a) ﬁ v (b) ﬁ
(c)v (d)V3v



12 Water falls from a height of 60 m at the rate of 15 kg/s to
operate a turbine. The losses due to frictional forces are
10% of energy. How much power is generated by the

turbine? (Take, g =10m/s?) = CBSE AIPMT 2008
(a) 8.1 kW (b) 10.2 kW
(c) 12.3 kW (d) 7.0 KW

(c) 2Av%p

(a) 2Avp cos 6

(b) 2Av?p cos 6
(d) 2Avp

14 A mass of 100 g strikes the wall with speed 5 m/s at an
angle as shown in figure and it rebounds with the same

speed. If the contact time is 2 x 107° sec, then what is the
force applied on the mass by the wall?

13 An intense stream of water of cross-sectional area A
strikes a wall at an angle 6 with the normal to the wall and
returns back elastically. If the density of water is p and its
velocity is v, then the force exerted in the wall will be

SESSION 1

1 As the road does not move at all, the
work done by cycle on road is zero.

2 Work done in moving the object from
x = 0to x = 6m is given by
W = area of rectangle + area of
triangle

=3><3+%><3><3=9+ 45=13.5]

3 PositiO{l vectors of the Partic}es are
r, =-2i+ 5jandr, = 4]+ 3k
. Displacement of the particle,
As=r-r
=4j+3k—(-2i+5j)=2i-j+ 3k
Force on the particle, F = 4i+ 3j N
. Work done, W = F- As
=(4i+3})-2i-j+3k)=8-3=5]

(a) 25073 N to right
(c) 25043 N to left

4 Work done = Area under (F -d ) graph
=2x(7—3]+%><2><(12—7)
:8+%><10=8+ 5=13]

5 Given, force F = 3i + j
r1=(2i+ R)m

and r, =(4i+3j-k)m
sAs=r, -1, =(4i+3)-k)- 21 + k)
=(@2i+3j-2k)m
W=F.ds =(3i+ j)(2i+3) -2k)
=3%x24+3+0=6+3=9]
6 Work done,dW = F -dx
= W=j05(7—2x+ 3x%)dx

= W=[7x-x+ %}
W =7x5-(5"+ (5] =135]

(b) 250 N to right
(d) 250 N to left

7 The potential energy of a system
increases, if work is done by the
system against a conservative force.

- AU =W,

conservative force

8 Work done by all forces = Change in
kinetic energy

1

=, m(vj - vi)=x20 - 400)

1

2
= - 400]

9 v, = v, = vata30ft from falling point.

Here, m, =2kg, m, =4Xkg.

Thus, —1 =




2
10 Increase in KE = P

2m
New momentum = p + £=6_p
5
£6PT
= 2
KE, —\0 J _360p
2m 25 2m
2 2
AKE=36.P P _ 1p
25 2m 2m  25X2m

Percentage increase = 44%

11 F=ma="Y
T

Instantaneous power = v = mav

2
SV oWV Vo mve
T T T T?
2
12 “P=Fv =(ma)v=m d_X (d_XJ
de® \dt

Since, power is constant,
9 2
) a)Ford ) =
dr* ) \dt dt \dt
2
or (gj =kt or dx _ kit = kzl‘l/z
dt dt

or x= kgt =t oc PP
dx ko aB
dt

13 From the diagram, it is clear that from
x =—-2mto x = 0, displacement of
particle is along positive x-direction
while force acting on the particle is
along negative x-direction. Hence, work
done is negative and is given by the area
under (F-x) graph

W=—%><2><10:—10]

Hence,

14 Given force is a constant force and work
done by a constant force is always path
independent.

15 As m is the mass per unit length, then
rate of mass per second

Rate of KE =

16 Net work done in sliding a body up to a
height h on inclined plane
= Work done against gravitational force
+ Work done against
frictional force
= W=W, +W, ()
but W =300]
Wg =mgh=2x10x10=200 J
On, putting the value of W, in Eq. (i),
we get
300 =200 + Wf
= Wf =300-200= 100 ]J

17 Given, the potential energy of a particle

in a force field, U = — - —

rr
For stable equilibrium, F = - Z—U =0
r
Y Y
dr
0=-24, B [As -du =0]
oot dr
or % =B
r
The distance of particle from the centre
of the fieldr = 24
B
18 w, = E1<x2 _EX 5% 10° x (5x 1072)?
=6.25]
w, = %k[xl + Xz)2
%x 5x 10°(5x 107 + 5x 1072)?
=25]

Net work done =W, — W,
=25-6.25=18.75] =18.75 N-m

19 k; > k,

In Case a Elongation (X)is same.

WP_—k X%, W, Q_—k Xx?
W, >W,
In Case b Force of elongation is same.
F F
Xlzk_, 2=
P Q
2
WP:lklele_
2 2 kp
1, o2 _1F
W, =ZkX; == "—
@2 2k
[k, =kp, k, = k]
W, <W,

20 W = AK

:>—Fs=1mvz—1muz
2 2

=O—%x10x10'3x10000

= —Fx107 = - x10x107 x 10*
2

F =5000N

21 Work done by spring + work done by
gravity = AKE
W, +W, =0-0
W, =-W, = W, = -mgh

22 Work done by gravitational force,
W, =mgh=10"" x10x1x10° =10]

Now, from work-KE theorem, we have
AK =W, + W,

grd\ ity air resistance

1
= 5 x mv?® = =mgh + W ance

1 >
= Wair resistance 5 mv: — mgh

=107 G x 50 X 50 — 10 X 103)
=-8.75]
23 Work done by force = AKE = KE; - KE;
AW + KE, = KE,

30
J' -0.1xdx + 1><10><102=KEf
20 2

30

01X 4 s00= KE
2 20
—07 (900 - 400) + 500 = KE,

le%+ 500 = KE,

-25+ 500 = KE; = 475]

24 Change in potential energy
h h
APE = m h-"|=mg—
18 [ 2) 18 2

KE = 1Inlvf + 1mzvz2
2 2

__m
-myv, = v, =- vy
2

From conservation principle, APE = gain
in KE

2
h _ 1 2 1 m,

mg—=_—mvy + —my| —V,;
2 2 m

myv, =

2 2
gh—v1+—vf—vl+1vf=§vf
m, 2 2
I )
3

25 Let x be the extension in the spring.
Applying conservation of energy,

Mgx - 10{2—0 0=>x= 2 Mg

26 According to conservation of energy,

Lz = Lyt o gz = O

2 2 M

MkI? = p? [p = Mv]
p = LVMk

So, just after collision momentum of
block (maximum) would be LMK .

27 Tnitially body posseses only kinetic
energy and after attaining a height, the
kinetic energy is zero.

Therefore, loss of energy = KE — PE

1
=—mv° — mgh

5 g
=%X1X400—1X18X10

=200-180=20]

28 When string is released, then according
to conservation of energy

%IHVZ = mgh = V2 = Zgh = ZgH



Now, when it is at the bottom
2

T —mgcos 0°= mv

m
T -mg = —(2gR

8 = s
T = mg +2mg = 3mg

29 When stone is at its lowest position,

stone has only kinetic energy given by,

K = 1muZ
2

At the horizontal position, it has energy

E = U+K’—2mu + mgl
u
According to conservation of energy
K=E
1mu2 = 1mu’2 + mgl
2 2
1mu’2 1mu —mgl
2 2

Ju? —2gl

So, the magnitude of change in velocity
|Au|=|u|= Ju + u? + 2uu’cos 90°

|Au|= Vu? v -2 = \/Z(uz -gl)

u? =u* -2gl=u’ =

30 Equation of force, mg — mgcos® = ¥
VT = g(1-cos0)

= v? = gl(1-cos8) (i)

Applying law of conservation of energy

—mgl— mv?* + mgl(1 - cos )

=g]—2g]1—0059] (i)

On equating Egs. (i) and (ii) and then
solving, we get

0 =cos™! (g)
3

From Eq. (ii), we get

/i /98><15 7 m/s

31 Tyop =

-m
/ g

Tbouom = +mg

v 40x 40
Vg ( _10)
Ttop _ / _ 4

2
Tbuttum (V + gj (40>4< 40 + 10J

400+ 10 410 41

32 Power = Fv

= F = E
v
\5\0‘5
X
_\9 [
208
Given, P =8x10°W,v =20m/s
5
- F=8%19 410N
20

At constant speed, the forces acting on
the train are in equilibrium. The force

parallel to the hill is
1
F=R+(2x10%)gx —
( )8 =0
F=R+@2x10°)x 9.8x
50

= R =4x10* - 39200= 800N

33 FV—constant—k:md—‘t/V—k

d

2
deV= £di.‘,V—=£t
m 2 m
= V= %t,F= d—V
m dt

34 Given, Velocity of water v = 2 m/s

Mass per unit length of water in the pipe
=100 kg/ m

So, power = (mass per unit length of
water in pipe) x v*

=%xv3=100><2><z><2=800W

35 Total initial energy = % m,u} + % m, u?
Total final energy
1 2 1 2
=-m,v, + —mvi; + E
g V2 T
From conservation of energy,

1

z+1 2
oo Emzuz

N | =

1
mlvf+£m2V§+E

= 1mluf+1mzu§—E
2 2

1 2 1 2
- 1+£mzvz

m, v
36 It is given that mass of balls are same
and collision is perfectly elastic (e = 1),
so their velocities will be interchanged.
Thus, v = vy =-0.3m/s,
vy =v, =05m/s

37 Wehave, p, + p, + p, =0 [ p=mv]
. 1><12i+2><8§+p3=0
= 12§+163+p3=0
= py = —(121+16))
py =2f + (a6f
_ Jiaa+ 256

=20kg m/s
Now, p; =myv,
= my = Ps _ 20 =5kg
Vg 4

38 uy =9m/s Uo=

-—>W

Before elastlc

V4 Vo
A B

After elastic

collision collision
2m, u 2Xxmx9
v, = 171 = =6m/s
m, + m, m+ 2m

i.e. After elastic collision B strikes
to C with velocity of 6 m/s.

Now, collision between B and C is
perfectly inelastic.

[P

Rest
By the law of conservation of
momentum,
2m X 6+ 0=3m X vg
= Ve = 4m/s

39 If A suffers on oblique elastic collision
with a particle B, i.e. is at rest initially.
If their massess are the same then after
collision B remains at rest while A
continuous to move in the original
direction or they will move in mutually
perpendicular directions.

40 Initial momentum = p; = 0

Final momentum,
pf:0=mvi+mvj+ Ds
= p; = mv+2

2
P L Lt
2x2m 2 2

Total KE =

ZmZVZ 2
= + mv

4m
_ 3mv?
2

41 For inelastic collision between two
spherical rigid bodies, total linear
momentum is conserved.

42 Fraction of lost KE
ax x4

N 1+ x)? 1+ 4)?

16
25



43 From conservation of linear momentum,
we can see that velocity of 2 m will

v . .
become — after collision (as mass is
2

doubled)
m 2m
O— O

m 2m
-0 O

Rest
Now, e = Relative velocity of separation
Relative velocity of approach
_viz_1
\4 2

44 Suppose a ball rebounds with speed v,
v =4/2gh = /2 x 10 x 20
=20m/s
Energy of a ball just after rebound,
E= % mv* =200m

As, 50% of energy loses in collision means
just before collision energy is 400 m.
According to law of conservation of
energy, we have

%mv%, + mgh = 400m
:%mv%+mx10x20=400m

= v, =20m/s

45 By conservation of momentum,
mv+Mx0=(m+ M)v’
Velocity of composite block

, m
v/ = v
m+ M

KE of composite block
L+ m)v?

SESSION 2

1 We have, s = %atZ =

. Work done by force of gravity
W = mg - s= mgscos 60°
=10x9.8x4x%=196]

2 Here, m = 0.5kg, v = (]_X3/2, where

a=5ms 2, W="

Acceleration, A = dv _ i(1:1){3/ )
dt dt
—ax 3 X1/2@ _ 3_UX1/z(aX3/z]
2 dt 2
A= EXZ
2
Force, F = mA = 0.5 x %XZ = %XZ

Work done,
2 2

w =J'F-dx=.[£x2dx
0 o 4

2
=ﬁ{£} -3 5712 - 0
4|3 | axs3

W =50]

0

3 The graph of U(x)with x is as shown,
potential energy is zero at x = 0 and
maximum at x = + a.

Ux)

I I X
-a o +a

Mechanical energy has fixed value %,

kinetic energy has to be maximum at
x = 0and minimum at x = + a.

4 Given, mass of particle m = 0.01 kg.

Radius of circle along which
particle is moving, r = 6.4 cm.
-+ Kinetic energy of particle,

KE=8X10_4]:>%H?V2 =8x107*]

, _16x 107
vi=_—""""
0.01
As it is given that KE of particle is equal
to 8 x 107* J by the end of second

revolution after the beginning of motion
of particle. It means, its initial velocity
(u)is 0 m/s at this moment.

- By Newton’s 3rd equation of motion,

vi=u® + 2a,8

= =16x107%  ..(i)

= v*=2a,5 or v’ =2a,(4nr)
(. particle covers 2 revolutions)
v 16 x 1072
= aq=—-= -
8mr  8x314x%6.4x10
(. from Eq. (i), v* =16 x 107%)

a, = 01 m/s’

5 Work done
=1mv - - mu =Kf—K
2

F-dx=I<f—1><10><[1o]2
2

= F-dX=Kf—500

x =30
= j ,, (- 0) xdx =K = 500

X =

x =30
or -01 {i} = Kf - 500
2 x =20

2 2
-0.1 @_@ =Kf_500
2 2
= Kf - 500=-25
= Kf=500—25=475]
6 According to the conservation of
mechanical energy,
(TE)igitial = (TE )inan
= (KE), + (PE), = (KE); + (PE);
0+ mgh = %vaA+ 0
2

2
= gh=Y4 oorp=Ya ()
2 28

In order to complete the vertical circle,
the velocity of the body at point A

shouldbev, = v, =.5gR
where, R is the radius of the body.
Here, R =

Substituting the value of v , in Eq. (i),
we get

(D

2g 2x2g

h= D

5
4

7 According to question, we have
Let the tension at point A be T 4. So,
force equation,

2
mv,
T, - mg= RC
Energy at point A = % mv} (1)
Energy at point C is
%mvf + mg x 2R ... (i)
C
R1Tc
Ho
Ts
A Yo
mg
At point C,
2
T(: + mg = %

R



To complete the loop T, > 0

ITle

So, mg = —¢%
& R

= v, =+/gR ... (iii)
From Egs. (i) and (ii) by conservation of

energy

1 mv? = 1 mv? + 2mgR
2 2

= mv% =mgR + 2mgR x 2

= V% =gR + 4gR
= v, = +/5gR

According to question, a body of mass 1
kg begins to move under the action of
time dependent force,

F =24+ 3t*j)N

where i and j are unit vectors along X

and Y-axes.
F=ma =>a= F
m
2 24
= a=7(2tl +13t i) (- m=1kg)
= a =2+ 3t%))m/s?
. dv
-+ acceleration, a = =—
dt
= dv = adt (1)

Integrating both sides, we get

dv = [adt = [ (2 + 3t%) ) dt
[dv=[adt =]

v=t+ tai
-+ Power developed by the force at the
time ¢ will be given as
P=F.v=04+3%5) %1+ %))
= (2t.t? + 32 -t%)
P=(@*+3)W

Vi3

M)—v WM)—u,=0° 9

M
N
Vo
According to law of conservation of
kinetic energy, we have
1 1. (v} 1
“Mvi 4+ 0=-M|=| + =Mv:
2 2 3 2
2 2 2
Vs oL oo
9 9 9
Velocity of second block after collision,

242
V2 _TV

v
= v?=

10 Since, the collision mentioned is an

11

elastic head-on collision. Thus,
according to the law of conservation of
linear momentum, we get

mu, + myu, = mv, + m,v,
where, m; and m, are the masses of the
two blocks, respectively and u; and u,
are their initial velocities and v, and v,
are their final velocities, respectively.

Here, m; =m,m, = 4m
u, =v,u, =0
and v,=0
mv +4mx 0=0+ 4mv,
= mv = 4mv,
4 .
or V, = — ()
4

As, the coefficient of restitution is given
as,

relative velocity of separation
after collision

¢ relative velocity of approach
vV, =V t-o
=2" "1 -4 [from Eq. (i)]
u, —u;, 0-v
1
4
e =0.25

Let mass A moves with velocity v and
collides inelastically with mass B, which
is at rest.

A B
L m
)
At rest

B \\\{‘

According to problem mass A moves in a
perpendicular direction and let the mass
B moves at angle 8 with the horizontal
with velocity v.
Initial horizontal momentum of system
(before collision) = mv ..(i)
Final horizontal momentum of system
(after collision) = mv’cos 6 ...(ii)

From the conservation of horizontal
linear momentum

mv =mv’cos 0=v =v'cos O ..(iii)
Initial vertical momentum of system
(before collision) is zero.

Final vertical momentum of system

mv .
— — mv’sin 6.

V3

12

13

14

From the conservation of vertical linear

momentum
mv . v .
Y -mv’sin0=0=-—=v'sin0

3 (V)

On squaring and adding Egs. (iii) and
(iv), we get

P

generated = X

input

100

_ mgh 90 _15x10x60 90
t 100 1 100

=8.1kW

Linear momentum of water striking per
second to the wall

p; =mv = Avpv = Avp,

similarly linear momentum of reflected
water per second

p, = Av?p.
Y
Pi
p;COSO g p;cose
0.0
Pr .
D, SiNG \ ~Pi
pjsine

Now, making components of
momentum along X and Y-axes. Change
in momentum of water per second

= p;cos O+ p,cosB= 2Av?p cos 8
By definition of force, force exerted on
the wall = 2Av?p cos 6
Force = Rate of change of momentum

Initial momentum
p, =mvsin6i+ mvcos 6 j

Final momentum
p, =-mvsin®i+ mvcos®j
F= Ap _ —2mv sin
At 2x107°
On substituting, m = 0.1 kg,
v =5m/s,0 = 60°
Force on the ball, F = — 25043 N to left

Negative sign indicates direction of the
force.



