O

Work, Energy
and Power

TOPIC 1
Work and Energy

01 A block moving horizontally on a
smooth surface with a speed of
40 m/s splits into two parts with
masses in the ratio of 1: 2. If the

smaller part moves at 60 m/s in the
same direction, then the fractional
change in kinetic energy is

[2021, 31 Aug Shift-Il]
(a)1/3 (c)1/8 (d)1/4
Ans. (¢)
Let ablock of mass Msplits into two
masses m;and m, inratio 1:2.

(b)2/3

Then, mass of smaller part,
M _M

= —

1+2 3

Mass of bigger part, m, =2M/3

Given, speed of mass M,v=40m/s
Speed of mass m;, v; =60 m/s

Let speed of massm,, v, =v
Using conservation of linear momentum,
P; =P
Mv=mv, + mv,

MxAU:ngO +2?M xv 0 v=30 m/s

OThe fractional change in kinetic energy,
% = K" - Ki = & -1
K K; K

02 A block moving horizontally on a

smooth surface with a speed of
40ms™" splits into two equal
parts. If one of the parts moves at
60 ms " in the same direction,
then the fractional change in the
kinetic energy will be x : 4, where x
is [2021, 31 Aug Shift-I]
Ans. (5)
Given, initial speed of block, u =40ms™"
Let total mass of block=m

m
[0Broken masses, m; =m, =§

-1

Final speed of m;, v, =60 ms
As we know that, kinetic energy,
KE =1/2 mv?

Oinitial kinetic energy KE; =%mu2

=% ms0f =800m  ...(0)

By using law of conservation of
momentum,
mu=my, + my,
_mx40 -m/2 x60
0 Vys—— ———
m/2
10m

=" =20ms"
m/2

So, final H&inetic eqergy
KE =—mV2 +_ mV2
E oMty mV;

=102 4 12)= (602 + 207)
22 4

= m/4(3600 +400)

=1000 m . (i)

O Divide Eq/(ii) by Eq. (i), we get
KE _1000m_5
= ==m
KE; 800 4

So, x=5

03

04

Two persons A and B perform same
amount of work in moving a body
through a certain distance d with
application of forces acting at
angle 45° and 60° with the direction
of displacement respectively. The
ratio of force applied by person A
to the force applied by person Bis

——. The value of xis ....... .

JX

Ans. (2)

Given, workdone by both personissame,
Wy =W,

Direction of first force with

displacement, 8, =45°

Direction of second force with

displacement,8, =60°

Ratio of force applied by person A to

force applied by person Bis

FuiFg=1:x.

Work done by both person is same,

W, =W, O Fydcose, =Fd cos,

(~distance is same for both =d)

Fy _ cos; _ cosB0°

FT; cosB, cos4b°

[2021, 27 Aug Shift-1]

Thus, the value of xis 2.

A uniform chain of length 3 m and
mass 3 kg overhangs a smooth
table with 2 m laying on the table. If
k is the kinetic energy of the chain
in joule as it completely slips off
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05

the table, then the value of k is

[2021, 26 Aug Shift-I]
Ans. (40)

The given situation is shown below as

2m
—>

2kg I DATUM
% }m, 1kg level

Initial condition

DATUM level

Final condition

Applying law of conservation of energy,
we get
Kinitial * Uinitial = K
Kinitial =0

OuU,. =-1x10 x%u m lie below

initial —

initial final T Utinal

DATUM level, so negative)
K
3
Ufinat = =3 %10 XE

final = ¢

(3m lie below DATUM level, so negative)

1 3
0-1x10 ><§ =Kfipa —3 X10 ><E
O - & K 46
O Kina =45 -5=40)

Given below is the plot of a potential
energy function U(x) for a system, in
which a particle is in
one-dimensional motion, while a
conservative force F(x)acts on it.
Suppose that Emecn =8 J, the
incorrect statement for this system
is [2021, 27 July Shift-II]

Ernecn=8J

X1 Xo X3 Xy

[where, KE =kinetic energy]

(a) atx>x,, KEis constant throughout
the region.

(b) atx<x,;, KE is smallest and the
particle is moving at the slowest
speed.

(c) atx=x, KEisgreatestandthe
particle is moving at the fastest
speed.

(d) atx=x5 KE=4J.
Ans. (b)
From the diagram given in question,
Case | When x> x,;
U=constant=6J
K= Emech
Case Il When x<x;;
U=constant=8])
K=Een —U=8-8=0
It means that particle is at rest.
Case lllWhenx =x,; U=0
ad K = E ech =8J
It means that KE is greatest and
particle is moving at the fastest spee(d)
Case IVWhenx =x3 U=4J
ad U+K =8J
ad K=4J

- U =2J =constant

06 Aforce of F =(by +20)f N actsona

particle. The work done by this
force when the particle is moved

fromy=0mtoy=10mis...... J.
[2021, 25 July Shift-11]

Ans. (450)
Given, force, F =(by + 20)} N

0
Since, work done (W) :J';F dy
10
0 W_Io( By +20)dy
2
_ 5;/ |woo +20y|100

=2(10? -0%) +20(10 -0)

5
2
5
=(100) +200
2
2

50 +200=450J

07 A porter lifts a heavy suitcase of

mass 80 kg and at the destination

lowers it down by a distance of

80 cm with a constant velocity.

Calculate the work done by the

porter in lowering the suitcase.

[Take,g=9.8 ms™2]

[2021, 22 July Shift-II]
(b)-6272J
(d)784.0J

(a)-62720.0J
(c)+6272J

Ans. (b)

Given, mass of suitcase, m=80 kg

Let height lowered by porter,h=80cm

=80x1072m

As we know that,

Work (W) = -=mgh

0  W=-80x98x80 x107
=-6272J

E If the kinetic energy of a moving

body becomes four times of its
initial kinetic energy, then the
percentage change in its momentum

will be [2021, 20 July Shift-II]
(a)100% (b)200%
(c)300% (d)400%
Ans. (a)
We know that,
Kinetic energy, K :pi ad
2m

pOVK i)
where, p =linear momentum of the body
and m=mass of the body.
Considering Eq. (i), we can write

P i)

P \/K71
According to question,
0 K, =4K, i)
Putting the value of K, in Eq. (i), we get

&:\/K O p2:2

b \/Kj P
g P, =2p,
OPercentage change in momentum

=P~P 00
Py

= 2P~ P1 x 100
Py

=P x100 =100%
Py

E In a spring gun having spring

constant 100 N/m a small ball B of
mass 100 g is put in its barrel (as
shown in figure) by compressing
the spring through 0.05 m. There
should be a box placed at a
distance d on the ground, so that
the ball falls in it. If the ball leaves
the gun horizontally at a height of
2 m above the ground. The value of
dis ... m.

(Take, g=10m/s?)
[2021, 20 July Shift-I]



Ans. (0.003)

Given, k=100N/m
m=100g =0.Tkg
x=005m and H=2m

By energy conservation,

1kxz =lmv2
2 2

0 v=x\/I
m
=0.05x /% =0.6/10ms” ...
Time of flight of ball,t = |27
g
2x2 _ 2 -
U t= =—s i)
=5

ORange of ball,d =vt

= 0.5¢10 x %@

[From Egs. (i)and (ii)]
=0.5 x2=30%10"m =0.003m

)

10 A particle of mass mmovesina

circular orbit under the central
potential field, U(r) =_—C, where Cis
r

a positive constant.

The correct radius-velocity graph
of the particle’s motion is
[2021, 18 March Shift-11]

r r
(a) (b)
o 0 v
r r
(c) (d)
o v 0 v
Ans. (a)

The central potential field when particle
moves in circular orbit,

U(r):—g
-
We know that,
F:—ﬂ
dr
dgC
O F=-"g=>
dr%r%
C
o IFl=-=
2
2
o ™-Lgpeg!
r r r

Horizontal

(0] %

The graph between velocity and radius is
hyperbaolic.

11 As shown in the figure, a particle of

mass 10 kg is placed at a point a.
When the particle is slightly
displaced to its right, it starts
moving and reaches the point b.
The speed of the particle at B is x
m/s. (Take, g =10m/s?)

The value of x to the nearest
integeris ....... .
[2021, 18 March Shift-I]
A C

surface
5m

Ans. (10)
Given,
The mass of the particle, m=10kg
The speed of the particle at point A,
vy =0m/s
The elevation of the point Afrom the
point B,hy =5 +hg
Let's consider the speed of the particle
atpointB=v,
A C

Horizontal B
surface
hA =

l l

Using the law of conservation of energy.
Energy at point A=Energy at point B

2

1 1 9
—mv4y + mgh, =— mv
5 MvA ghy ?

g + mghg

Substituting the values in the above
equations, we get
%(10)(0)2 +10 %70 x(5 +N,)
1
=5(10)vg +10 x10 xh,

vg=10m/s=xm/s
O x=10

12

Two particles having masses 4 g
and 16 g respectively are moving
with equal kinetic energies. The
ratio of the magnitudes of their
linear momentumis n : 2. The value
of nwill be ............ .

[2021, 25 Feb Shift-11]
Ans. (1)
Given, mass of particle A, m, =4g
Mass of particle B,m, =169
Kinetic energy of Aand B is same
i.e. KE, =KE,
As, kinetic energy (KE)= p? /2m
where, pis momentum and mis mass.
g ) o P Pl

m, m

5 4 16 pg 2
-+ linear momentumisn:2.
O n=1

E Two solids A and B of mass 1kg and

2 kg respectively are moving with
equal linear momentum. The ratio
of their kinetic energies

(KE), : (KE)p will be é so the value

of A will be ......... .
[2021, 24 Feb Shift-II]

Ans. (2)

Given, m, =1kg, m, =2kg,

(KE), :(KE); = A1

Linear momentum of Aand B are equal.
u Pa = pB

-+Kinetic energy (KE) = p? /2m

ﬁ A cricket ball of mass 0.15 kg is

thrown vertically up by a bowling
machine, so that it risesto a
maximum height of 20 m after leaving
the machine. If the part pushing the
ball applies a constant force F on
the ball and moves horizontally a
distance of 0.2 m, while launching
the ball, the value of F (in N)is
(Take, g =10 MS™2) oo, .

[2020, 3 Sep Shift-1]
Ans. (150)
Work done by bowling machine = Initial

kinetic energy of ball =Final potential
energy of ball.

[ Force xdisplacement = mgh
ad F (0.2) =(0.15)(10) (20)
F =150N



15 A particle moving in the xy-plane

experiences a veloc:|ty dependent
forceF = k(v i +VXJ) where v, and

v, are the x and y components of
its velocity v.

If ais the acceleration of the
particle, then which of the
following statements is true for
the particle?

[2020, 6 Sep Shift-11]
(a) Quantity vxa is constant in time.
(b) F arises due to a magnetic field.
(c) Kinetic energy of particle is constant

intime.

(d) Quantity viais constant in time.
Ans. (a)
Given that, force, F = kv, i +v,j)

) k, = A
Acceleration, a=—(v,i +v,j)

m
2 Aok A
or Ox|+ay1:a(vyl+vxj)
v
%:i\/y and J:ﬁ\/x
dv, m dt m
v
Ondividing, v =Yy orv,dv, =v,dv,
dv, vy,

Integrating both sides, we get
V2 =v§ +tc i)
Option(a)

vxa=(v, i+v J) xi(v i+v J)

:%v -V 2 k= @»XC@

[From Eq.(i)]
which is constant.
Option(b)
Magnetic force can never change the

speed of a charged particle. So, force(F)
does not arise due to magnetic field.

Option(c)
The given force is not central force. So,
work has to be done by this force and it
will bring the change in kinetic energy.
Option(d)
viad =(in + vyj) xﬂ(vyi +vXj)
m
m
which is not constant as force is not
zero.
Hence, correct option is(a).

16 A person pushes a box on a rough

horizontal platform surface. He
applies a force of 200 N over a

distance of 15 m. Thereafter, he
gets progressively tired and his
applied force reduces linearly with
distance to 100 N. The total
distance through which the box has
been moved is 30 m. What is the
work done by the person during the

total movement of the box?
[2020, 4 Sep Shift-II]

(a)5250J (b)2780 J
(c)3280J (d)5690 J

Ans. (a)

ForOsx<15m, F=200N L0

For15m<x<30m,

ForceF is linearly decreasing from 200 N
to 100 N.

So, using two-point form of straight line,
we have

Oy, —y, 0
(y-y,) =02 ity

(x=x)
DXZ _X1D

0r, -F 0O
(F-F)=2—'0x-x)
D<2 _X]D

Here, x;=16m,F, =200N
X, =30m,F, =100N

100 —200
So, (F —=200) =§7 (x —15)
30-15 %
F-200="199 1)
15
F=zoo—@(x-15)

F =200 —?x +100

_ _ 20 N
F= %OO ?XEN i)
Therefore,

2OON 0<x<lbm

%oo X%N; 15m<x<30m

Now, work done during the complete
movement of the box,

30
W[ Fax
5 30 20x
=[, 2000+, %oo %dx

20520
§OOX **IZI
20

=200[><]

= 200015 -0] + Boox - 10,20
| 3 Bs

10 2
=200 %15 00(30) ——(30
x +$ (30) 3( )@

@oo 15) - 15)2§

=3000 +[{9000 -3000} -{4500 -750}]
=3000 +[6000 -3750]

=3000 +2250=5250J
Hence, option(a)is correct.

F If the potential energy between two

molecules is given by

A B I
U=-— +— then at equilibrium,
P
separation between molecules and

the potential energy are

[2020, 6 Sep Shift-1]
B 1/6 Az
(a) %Q o

1/6
1/6

o) g 0
o BH - (d)%@

Ans. (¢)

Potential energy between two molecules
is given by
u=-~4+ 8

rB r12

From the relation between force and
potential energy,

Force acting between them, F = _?:TU
r
__d A B
O F= o %75 +r7§
__é% _12B
T o7 .
B 2B
= FA+—
7 % 6
At equilibrium, F =0
6 2BO_
0 7%A +T%_o
O ~a+2 =0 (:r#0)
6
0 6 =28

A

1
or r=§%8§

The above calculated value of ris the
separation between molecules at
equilibrium.

Now, putting this value in the expression

of potential energy, we get
]
1
B 1]
%ﬁﬁ .
T8

2



E A particle (m =1kg) slides down a

frictionless track (AOC) starting
from rest at a point A(height 2 m).
After reaching C, the particle
continues to move freely in air as a
projectile. When it reaching its
highest point P (height 1m), the
kinetic energy of the particle (in J)
is : (Figure drawn is schematic and
not to scale; take g =10ms 2)
[2020, 7 Jan Shift-I]

Ans. (10)
Following is the situation given :
Since, the given path AOC is frictionless.

So, it starting from point A, the particle
during the path AOC will attain maximum
height at P.

Energy conservation at Aand P gives
PE atA=(PE + KE)at P
O Upy=Up +Kp
mgh, =mghy +Kp
1x10 x2=1x10 x1 +Kp
O Kp=10J

E Consider a force F = —xi +yj. The

work done by this force in moving a
particle from point A(1,0) to B(0,1)
along the line segment is (all
quantities are in Sl units)
[2020, 9 Jan Shift-I]
Y
B (0, 1)

0, 0) A(1,0)

@5 w2 @1 (@)
2 2

Ans. (¢)

Work done by a variable force on the
particle,

W= [Fdr=[F [oxi + dyj)
O In two dimension, dr =dxi + dyj
anditis givenF = —xi+ y}

O W[l +yj) @i +dyj)
=(—-xdx+ydy= —xdx+y[ydy
As particle is displaced from A(1,0] to

B(0, 1), so x varies from 1to 0 and y varies
fromOtol.

So, with limits, work will be
0 1
W—L = xdx +J’Uydy

20 geo
"Bz B "HeH
o« o0 b

=01+ -0) =10
2

E A force acts on a 2 kg object, so

that its position is given as a
function of time as x =3t 2 +5.
What is the work done by this force

in first 5 seconds?
[2019, 9 Jan Shift-I]

(a)850J (b)900J (c)950dJ (d)875J
Ans. (b)

Here, the displacement of an object is
given by

x=(3t2 +5)m
2
Therefore, velocity (v) 2dx _dBT +95)
dt dt
or v=6tm/s ()|

The work done in moving the object from
t=0tot=5s

X5
w XIUF dx i)
The force acting on this object is given by
F=ma=m xﬂ
dt
:mxg [using Eq. (i)]

F=mx6=6m=12N
X, =3t2 +5=3 x(0f +5 =5m
andatt=5bs,
xg =3 %(5) +5=80m
Put the values in Eq. (i), we get
X
W =12 XJ'E dx =12 [80 -5]
X0
W=12x75=900J
Alternate Solution
Tousingwork-kineticenergy theoremis,

Also,

W= AK[E:%m(vfz V%)
= L mx(302 -0?)
2

:%xz x900 =900 J

21

A block of mass mis kept on a

platform which starts from rest
with constant acceleration %
upwards as shown in figure. Work

done by normal reaction on block in
timetis [2019, 10 Jan Shift-1]

(c)o

Ans. (b)

Normal reaction force on the block is

N
[ g/2

m

i

N =mag
where, g, =netacceleration of block.

:g+a
_ .9 _3¢g
= + 2 =7
g 2

2
- gQ_3mg
= + Z=_7
0 N m% 2% ’
Now, in time 't block moves by a

displacement s given by

s=0+ ot

2
_1gQ.e.
il
— 94
a=Z(given)

’ g

(vu=0)
Here,

OWork done =Force x Displacement
2
3mg , gt
2 4
:3mg2t2
8

a W=

22 A particle is moving in a circular

path of radius a under the actLon of
an attractive potential U= - Its
2r

total energy is [JEE Main 2018]



k k
- (b) ="
4a? 2d°
3 k
c)zero d)-———
(c) (-2
Ans. (¢)
0 Force=—--=

_d in‘@: K
dr B2

As particle is on circular path, this force
must be centripetal force.

O IF =M
r
2
So, K omv g lmv2- K
rs r 2 2r
0 Total energy of particle =KE + PE
Kk _k
2% 21

Total energy =0

E A body of mass m =1072 kg is

moving in a medium and
experiences a frictional force

F =—kv2. Its initial speed isv, =10
ms . If, after 10's, its energy is

1y, the value of k will be

[JEE Main 2017]

(a)107 kgs™ (b)107™* kgm™
(e)107 kgm™'s™  (d)107° kgm™
Ans. (b)

Given, force, F = — kv?
) -k
O Acceleration, a =—v?
m

or dv kv2 0 ﬂ:—ﬂ.dt
dt m v? m

Now, with limits, we have
v dv k

t
Jo, 7= s o

Kt
0 —t R _01+7
7, é -
o v= = 1
o.1+ﬁ 0.1+ 1000k
m
0 Mxmxy? :lmv% 0v=Y0=5
2 8 2
0 -
0.1+ 1000 k
0 1=0.5+ 5000k
0 y= 05
5000
O k=10""kg/m

24 A person trying to lose weight by

burning fat lifts a mass of 10 kg
upto a height of 1m, 1000 times.
Assume that the potential energy
lost each time he lowers the mass
is dissipate(d) How much fat will he
use up considering the work done
only when the weight is lifted up?
Fat supplies 3.8 x107 J of energy
per kg which is converted into
mechanical energy with a 20% of

efficiency rate. (Take, g =9.8 ms )
[JEE Main 2016 (Offline)]

)2.45 x10™° kg
)8.45 x10~° kg
)9.89 x 107 kg
)12.89x 10~ kg
Ans. (d)
Given, potential energy burnt by lifting
weight

=mgh =10 x9.8 x1x1000=9.8 x 10*
If mass lost by a person be m, then
energy dissipated

=mx2 x38x107J
10

a
b
c
d

O 98x104—mx5x38x 107

O m:i
3.8

=12.89 x 10 kg

x107° x9.8

E When a rubber band is stretched by a

distance x, it exerts a restoring
force of magnitude F =ax +bx?,
where a and b are constants. The
work done in stretching the
unstretched rubber band by L is
[JEE Main 2014]

(a)al? +bL° (b)l(aL2 +bl%)

2 3 2 SD
(C)ﬁ“'% ] &+ L

2 3 2 02
Ans. (¢)

Key Idea As, we know that change in
potential energy of a system
corresponding to a conservative
internal force as

t
Up=U;=-W=-[Fdr
i

Given, F =ax +bx

According to work-energy theorem, we
know that work done in stretching the
rubber band by tis

[dW | =Fdx

L
‘W‘:J’(ax+bxz)dx
0

O O

“H2 R "He B
025 03
_G@l? _ax(020, x> _bx(0)°0
Hz "2 HH: 3 H
2 3
0wl £+%

E This question has Statement | and

Statement Il. Of the four choices
given after the statements, choose
the one that best describes the
two statements.

If two springs S;and S, of force
constants k; and k, respectively
are stretched by the same force, it
is found that more work is done on
spring S, than onspring S,.
Statement | If stretched by the
same amount, work done on S, will
be more than that on §,.

Statement Il k;<k, [aee 2012]

(a) Statement |is false, Statement Il is
true

(b) Statement listrue, Statement Il is
false

(c) Statement listrue, Statement Il is
true; Statement Il is the correct
explanation of Statement |

(d) Statement listrue, Statement |l is
true; Statement Il is not the correct
explanation of Statement |

Ans. (a)

As no relation between k, and k; is given

in the question, that is why, nothing can

be predicted about Statement I. But as

in Statement Il, k; <k,.

Then, for same force,

W=F@ = Fdi_fm \/\/DE

ie., Wi>W,
But for same displacement,
W:FB:%kx@:%kXZ O WOk

e, W<W,
Thus, Statement Il is true and Statement
|is false.

E An athlete in the olympic games

covers a distance of 100 min 10 s.
His kinetic energy can be
estimated to be in the range

[AIEEE 2008]



a)200J-500J

)2 x10° J-3x10° J

)20000 J -50000J

)2000 J —5000J

Ans. (d)

The given questionis somewhat based on
approximations. Let mass of athlete be
65k g.

Approx velocity from the given data is
10m /s.

(
(b
(c
(d

So, KE:@:%UJ

So, option(d)is the most probable answer.

28 A block of mass 0.50 kg is movmg

with a speed of 2.00 ms™ Tona
smooth surface. It strikes another
mass of 1.00 kg and then they
move together as a single body.
The energy loss during the collision

is [AIEEE 2008]
(a)0.16J (b)1.00J

(c)0.67J (d)0.34J

Ans. (¢)

From law of conservation of momentum,
we have

myy + myv, =(my +m,)v
Given, m, =0.50kg,v,=2ms",
m, =1kg,v, =0 [atrest]
0.5%x2+1x0 =1.5 xv
[assumed that 2nd body is at rest]

0 vzz
3
0 A K=K;-K;
2
1.5><% )
:7% ~(0.5)x2 = -2y
2 3
=-0.67J

So, energy lostis 0.67 J.

E A 2 kg block slides on a horizontal

floor with a speed of 4 m/s. It
strikes a uncompressed spring and
compresses it till the block is
motionless. The kinetic friction
force is 15 N and spring constant is
10000 N/m. The spring compresses

by [AIEEE 2007]
(a) b.becm (b) 2.65cm

(c) 11.0cm (d) 8.5cm

Ans. (a)

According to work-energy theorem

Lossinkinetic energy =Work done against
friction + Potential energy of spring

lmv2:f><+%k><2

0 Do) =15x + 1 x10000 2
2 2

O 5000 x* + 15x — 16 =0

0 x=0055m=55cm

E A particle is projected at 60° to the

horizontal with a kinetic energy K.
The kinetic energy at the highest

point is [AIEEE 2007]
(a) fé (b) iero
- d) —
(c) 4 (d) 2
Ans. (¢)

Kinetic energy at highest point,
(KE),, :% mv? cos’ 8

=K co¥ 8=K(cosB0°) =K /4

3_1 The potential energy of a 1kg

particle free to move along the
x-axis is given by

D([' ZD
Vix)=o—-%0J
D4 20

The total mechanical energy of
the particleis 2 J. Then, the

maximum speed (inms ™) is
[AIEEE 2006]

3
a) — (b) V2
2
1
(c) —= (d) 2
V2
Ans. (a)
42
Given, Vi(x)= DX X—E
IZI4 20
dV:U
dx
3
O T _2x g
4 2
O x=0, x==%1
So, V. (x=x9=1-1=71
4 2 4
Now, K. + V., =Totalmechanical
energy
9
D ma>< %%-*'2 or Kmax Z
or m_vzzg or vzims']
2 4 2

5 A spherical ball of mass 20 kg is

stationary at the top of a hill of
height 100 m. It rolls down a

smooth surface to the ground, then
climbs up another hill of height 30
m and finally rolls down to a
horizontal base at a height of 20 m
above the ground. The velocity
attained by the ball is  [AIEEE 2005]

(a) 40 m/s (b) 20 m/s
(c) 10m/s d) 10v/30 m/s
Ans. @)

According to conservation of energy,
potential energy at height H is sum of
kinetic energy and potential energy ath,.

—100m
hy= 30m h2720m

mgH—Emv + mgh,
0 mg(H-h) =%m\/2

or v=,2g(100 -20)
or v=,2x10 x80 =40 m/s

g 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
[AIEEE 2005]

M
I AR
Kl
(a) ML (b) W
ML?
(c) zero (d) S
Ans. (a)

Momentum would be maximum when KE
would be maximum and this is the case
when total elastic PE is converted into
KE.

According to conservation of energy,
1 1

~ k2 =_ MV
2 2
(Mv)
0 2=
M
or Mkl? = o [op=Mv]
O p =L Mk

34 A particle moves in a straight line

with retardation proportional to its
displacement. Its loss of kinetic



energy for any displacement x is
proportional to [AIEEE 2004]
(a) X (b)e* (c)x (d) log, x
Ans. ()

From given informationa = —kx, wherea

is acceleration, xis displacement and kis
a proportionality constant,

Viv:—kx 0 vdv=-kxdx
ax

Let for any displacement from O to x, the
velocity changes fromv, tov.

vV X
0 vdv:—J' kx dx
Vo 0
o2 d ned
: ®H ~'ER
02 0o 02
O VZ_V%:—K
2 2
D 2
0 mﬂ/ 0= _ mkx
O 2 O 2
2
1mvz—lmv%:—mkx
2 2 2
O A K OxX [AKislossinKE]

EA uniform chain of length 2 m is

kept on a table such that a
length of 60 cm hangs freely
from the edge of the table. The
total mass of the chain is 4 kg.
What is the work done in pulling

the entire chain on the table?
[AIEEE 2004]

(a) 7.2J (b) 3.6J
(c) 120J (d) 12004
Ans. (b)
. _M_4_
Mass per umtlength—I—E—Z kg/m

ir

— Lift

Passengers

h J
(M+10m) g

The mass of 0.6 mof chain=0.6 x2 =1.2kg

The height of centre of mass of hanging part

h:w:[}sm
2

Hence, work done in pulling the chain on
the table = Work done against gravity
force

i.e W =mgh
=1.2x10x0.3=3.6J

36 Aforce F =(5i +3j +2k)N is applied

over a particle which displaces it
from its origin to the pointr =(2i - j)
m. The work done on the particle in
joule s [AIEEE 2004]
(@) -7 (b)+7  (c)+10 (d) +13
Ans. (b)
Work done in displacing the particle
W=FI
=(5i +3j +2k) [2i —j)
=bx2+3x(-) +2 x0=10-3=7J

3_7 A spring of spring constant

5x10° N/m is stretched initially by
5 cm from the unstretched position.
Then, the work required to stretch

it further by another 5 cm is
[AIEEE 2003]

(a) 12.50 N-m (b) 18.75 N-m
(c) 25.00 N-m (d) 6.25 N-m
Ans. (b)

Work done to stretch the spring by 5 cm
from mean position =W, 25 ko

=% x5 x10° x(5 x1072)

=6.26J
Work done to stretch the spring by 10 cm
from mean position, W, = K(x, + x,

=1 x5 x10%(5 x102 +5 x102) =25 J

Net work done to stretch the spring from
S5ecmtol0cm =W, =W,
=25-6025
=18.75J=18.75 N-m

g Consider the following two

statements.

I. Linear momentum of a system of
particles is zero.
II. Kinetic energy of a system of

particles is zero. Then,
[AIEEE 2003]

) Idoesnotimplyllandlldoesnotimply|
) limplies Il but Il does not imply |

) Idoes notimply Il but Il implies |

) limplies Il and Il implies |

Ans. (¢)

Here, Ilisimplying | but I'is not implying Il
as kinetic energy of a system of particles
is zero means speed of each and every
particle is zero which says that
momentum of every particle is zero.

But statement | means linear
momentum of a system of particles is

(a
(b
(c
(d

zero, which may be true even, if particles
have equal and opposite momentums
and hence having non-zero kinetic
energy.

E A spring of force constant 800 N/m

has an extension of 5 cm. The work
done in extending it from 5 cm to
15cmis [AIEEE 2002]
(a)186J (b) 8J (c) 32J (d)24J
Ans. (b)

The work done on the spring is stored as
the PE of the body and is given by

U=J’ Fext dX
or U= J’z kxdx- X =x2)
_ 800

057 (0.05)2]

=400(0.2x0.1)=8J

E A ball whose kinetic energy isE, is

projected at an angle of 45° to the
horizontal. The kinetic energy of
the ball at the highest point of its
flight will be [AIEEE 2002]

@E (b % (c)

E (d) zero
2
Ans. (¢)

At the highest point of its flight, vertical
component of velocity is zero and only
horizontal component is left which is

u, =ucosB
Given, 0=45°
u
g U, =ucos4b®=—
‘ 7
Hence, at the highest point, kinetic
energy is
Eelmi=tm ug 1,88
2 2 Qﬁ 2 020
E 0. 1 O
=_ _ :E
2 g2 E

Work energy theorem,
Power and Vertical Circle

H A body of mass mdropped from a

height hreaches the ground with a

speed of 0.8,/gh. The value of

workdone by the air-friction is
[2021, 1 Sep Shift-II]

(a)-0.68mgh (b) mgh

(c)1.64 mgh (d) 0.64 mgh



Ans. (a)

Given, the mass of the body=m

The height from which the body dropped
=h

The speed of the body when reached the
ground, v, =0.8,/gh

Initial velocity of the body,v =0m/s
Using the work-energy theorem,

Work done by gravity + Work done by
air-friction =Final kinetic energy — Initial
kinetic energy

Wig + W,

air-friction

=Im2 -2
2 2

Here, work done by gravity = mgh
0

mgh + Walr friction — m(U 8\/7)2 m(O
UBAm h
u Wa\'rffr\'ct'\on = 9o gh
2
=0.32mgh — mgh
=-068mgh

The value of the work done by the air
friction is —0.68 mgh.

E An engine is attached to a wagon

through a shock absorber of length
1.5 m. The system with a total mass
of 40000 kg is moving with a speed
of 72 kmh ™', when the brakes are
applied to bring it to rest. In the
process of the system being
brought to rest, the spring of the
shock absorber gets compressed
by 1.0 m. If 90% of energy of the
wagon is lost due to friction, the
spring constant is ......... x10° N/m.
[2021, 1 Sep Shift-I]
Ans. (16)
Given, the length of the shock absorber,
[=1.5m
The total mass of the system, M=40000
kg
The speed of the wagon,v =72km/h
When brakes are applied, the final
velocity, v, =0
The compressed spring of the shock
absorber, x =1m
Applying the work-energy theorem,

Work done by the system =Change
in kinetic energy

W =AKE
2

1 9 1
Wfridion + Wspring - 5 Mmvy + E mv;

-5 m B W

- mvi2

43

44

(- 90% energy lost due to friction)

_ 10 1 o
spring — OO X§mv
—1k><2 =1 mv?
2 20
2
K= myv
10 x X

Substituting the values in the above
equation, we get

5 2
40000 x @z xfg
) 18

10(1)*
=16 x10° N/m
Comparing the spring constant,
k=xx10°
The value of the x =16.

An automobile of mass m
accelerates starting from origin
and initially at rest, while the
engine supplies constant power P.
The position is given as a function
of time by [2021, 27 July Shift-11]

a)%% m2 b)%ir’:ﬁj o
c)%gﬂ o|)%§J mg

Ans. (d)

According to given situation energy
supplied in delivering the constant
power Pis equal to the kinetic energy of
the automobile.

OEnergy supplied =Kinetic energy
1/2

0 Pt = ]mv Dv:?@
m

112

or %% D-vzdiD
B atf

Integrating both sides of above

equation we get
12t

Ids = %% J’tw @t
_[eP 32
0 s-%% L%t
oppd”
0 S_g%@ 2
_mrPa” L
0 S_%Tmﬁ i

A small block slides down from the
top of hemisphere of radiusR =3 m
as shown in the figure. The height h

at which the block will lose contact
with the surface of the sphere is

(Assume there is no friction
between the block and the
hemisphere)  [2021, 27 July Shift-I1]

Ans. (2)
The given figure can also be represented

-From work - energy theorem, we have
Work done =Change in kinetic energy
0O W=AKE

O Mg(R-Rcos6 :%mv2

O v=,2gR(1-cosb) ()
To loose contact,
2
mve =mgcos@ (i)
R

From Egs. (i)and (ii), we get
m[2gR(1-cosB)] _ mg cosd
] 2(1-cos6 =cosB
O 2—-2cosb=cosB
O 2=3cosB
O coso =2
h

cos@ :E (using the figure)

E A pendulum bob has a speed of

3 m/s at its lowest position. The
pendulum is 50 cm long. The speed
of bob when the length makes an
angle of 60° to the vertical will be

....... m/s. (Take,g=10m/s?)
[2021, 25 July Shift-1]

Ans. (2)
Given, speed of bob at lowest point,
=3ms’!



Length of string,/ =50 cm =50 %1072 m
Angle, 8=60°

Letv, be the speed of bob at 60° from
mean position.

By using law of conservation of energy

KE, + PE, =KE, + PE,

0 lm\/? +0 :lmvg +mgl(1 —cosb)
2 2
O lm\/2 :lm\/2 -mgl(1 —cosB)
2t 2
O v =v: —2gl(1—cos)
O
v, =3 ~2x10 x50 x107 (1 ~cos60 9
-8 3 e
=J4=2ms"

A body at rest is moved along a
horizontal straight line by a
machine delivering a constant
power. The distance moved by the

body in time t is proportional to
[2021, 20 July Shift-11]

3 1 1 3
(a)t? (b)t? (c)t4 (d)t4
Ans. (a)

According to the quesiton, we can say
that, the energy of the machine is
delivering a constant power which is
further used up in moving a body (from
rest)along a horizontal straight line.

OEnergy supply =Pt
where, P=power

and t=time taken.

0 1mvzz,‘:’t
2

O v OtO vt
or di:c t )
dt

where, c is any constant.

Now, integrating Eq. (i), we get
P

S t _
Jo'ds :{cﬁdt ] s=c'!t2 [dt

3
Zsctz 0 s Ot%2

O
So, the distance moved by the body in
3

timetis proportional tot?.

47

48

A constant power delivering o Toax = mg; mvi/l _5 (given)
machine has towed a box, which Toin - My /l=mg 1
was initially at rest, along a O  mg+mvi/l=5mvi/l -5mg
hgrizontal straight line. The. . Here, v, = /Vg +4gl
distance moved by the box in time t )
is proportional to O mg+ @(Vg +4gl) _5mvy -5mg
[2021, 18 March Shift-I] / /
2/3 3/2 /2 2 2
(a)t (b)t (c)t (d)t O g+2 +4gl —5ﬁ—5g
Ans. (b) | |
We know that, U 6gl = 5V§ -vj —4gl
Power =force x velocity [ Given, u 10g/ = 4‘/2
power =constant] 0 _ Og _ [10x10 x1
O Force x velocity =constant
0  maxv=constant =\/7=5m/s
O a xv =constant
Q%@ co J‘vdv ICdt 49 Apartlcl.e is moving unidirectionally
on a horizontal plane under the
— action of a constant power supplying
- 2 =Ct D v=yact energy source. The displacement
s)time (t) graph that describes the
0 dl:m D'V dXD ( )‘ ! ( )g p A .
dt H dtB motion of the particle is (graphs are
0 Idx :Im drawn schematically and are not to
scale) [2020, 3 Sep Shift-11]
0 X:mDMED x Ot3? s s
5720
(a) (b)
A small bob tied at one end of a ; ;
thin string of length Tm is
S S

describing a vertical circle, so that
the maximum and minimum
tension in the string are in the ratio
5: 1. The velocity of the bob at the ¢ t
highest position is m/s.

(Take, g =10 m/s?)
[2021, 25 Feb Shift-1]

Ans. (a)

As, power=di(KE)=constant

Ans. (5)
Given, length of string,/ =1m 0 f%mv % PO fmf?lvdf—fj
Tmax @ndT, ;. be the tension in string and

O vdv——lﬂt

v, andv, be the velocities of bob at

bottom and top in vertical circle.
Integratlng both sides, we get

)
mvs/l 2
P ve- _P
vdv=—(dt O —=—0
Vo I m.[ 2 m
mg 0 v= [Pz g 9 - 2P g
Tnin m dt m
L
0 ds= 2Pt
T m
me Again,integrating both sides, we get
V4
s =J’ds =J’ Emvzdt O s=Ccm"?
mg m
mvii v\/here,Cisaconstant:Z 2P
m
Trnax =Mg + mv7 /1
max mgz ma Hence, displacement (s)-time (t) graph is
and T..=mv;/l —mg : :
min 2 correctly represented in option(a).



50 A body of mass 2 kg is driven by an
engine delivering a constant power
of 1J/s. The body starts from rest
and moves in a straight line. After
9 s, the body has moved a distance
(inm)......... . [2020, 5 Sep Shift-11]
Ans. (18)

Let s be the required distance.
P=constant (1 J/s)

u=0 V—
x=0 X=S

From Work-Energy theorem,
Work =Change in kinetic energy
g Power x Time = AK

Pt=AK O Pt =%m\/2 )

i.e.,

Given, P=1Js™, t=9s, m=2kg
Substituting all the given values in eq. (i),
we get

1x9=1(2)2
2

vV =9 0 v=3m/s (att=9s)
As, Fv=P 0O (malv=P [.F=ma]

v _ s dv] _
: m@tE_PD mﬁjtdsﬁ_P
v _
0 m%EE—P

O 2%dv =ds {.-P=1J/s and m=2kg}
Integrating both sides,
3

S
J’szdv :Ids O g[v3]8 =s
0 0 3

%[27—0]=s O s=18m

Hence, after 9 s, the body has moved a
distance of 18 m.

51 A 60 HP electric motor lifts an
elevator having a maximum total
load capacity of 2000 kq. If the
frictional force on the elevator is
4000 N, the speed of the elevator
at full load is close to (Take, THP
=746 W, g=10ms ?)

[2020, 7 Jan Shift-I1]

(a) 2.0ms™ (b) 1.5ms™
(c) .9ms™ (d) .7ms™
Ans. (¢)

At maximum load, force provided by

motor to pull the lift,

F =weight carried + friction=mg +f

=(2000 x 10) +4000=24000N

Power delivered by motor at speedv of

load, P=F xv
_P_60x746 _

o v=—= =

F 24000

1.865=1.9 ms™

52 An elevator in a building can carry a
maximum of 10 persons with the
average mass of each person being
68 kg. The mass of the elevator itself
is 920 kg and it moves with a constant
speed of 3 m/s. The frictional force
opposing the motion is 6000 N.

If the elevator is moving up with
its full capacity, the power
delivered by the motor to the
elevator (g =10m/s ?) must be at

least [2020, 7 Jan Shift-11]
(a) 62360 W (b) 48000 W

(c) 56300 W (d) 66000 W

Ans. (d)

Mass of elevator, M=920 kg

Mass of all 10" passengers carried by
elevator=10xm =10 x68 =680 kg

Total weight of elevator and passengers
=(M+10m)g =(920 +680) x10
=16000N

ir

— Lift

Passengers

l J
M+10m) g

Force of friction=6000 N

Total force (T) applied by the motor of
elevator

=16000 +6000=22000 N
Power delivered by elevator's motor,
P=F@=22000x3  [+v=3ms]
=66000W

53 A particle moves in one dimension
from rest under the influence of a
force that varies with the distance
travelled by the particle as shown
in the figure. The kinetic energy of
the particle after it has travelled
3mis [2019, 8 April Shift-I]

1 2 3
Distance —
(in m)

(a) 4J (b) 254
(c) 8.5J (d) 5J
Ans. (¢)

Key Idea Area under
force-displacement graph gives the
value of work done.

FIN)

[0 Work done on the particle
=Area under the curve ABC
W =Area of square ABFO+ Area of ABCD

+ Area of rectangle BDEF
=2x2 +l x1 %1 +2 x]
2

=6.5J
Now, from work-energy theorem,
AW =K; =K,
O K =AW =65J [K, =0]

54 A uniform cable of mass M and
length L is placed on a horizontal

surface such that its %]%th part is

hanging below the edge of the
surface. To lift the hanging part of
the cable upto the surface, the

work done should be
[2019, 9 April Shift-I]

2MgL
(a) Zg (b) nMgL

n

MgL MgL
(c) 5 (@) %

n 2n
Ans. (d)

L -L/n)

L/n

Given, mass of the cable is M.
So, mass ofith part of the cable, i.e.
n

hanged part of the cableis=M/n  ..(i)



Now, centre of mass of the
hanged part will be its middle T
point. L/2n

So, its distance from the top of L
the table will beL /2n. Lin

Olnitial potential energy of the
hanged part of cable,

U, = %@(—g) %@

_ Mgl

217
When whole cable is on the table,
its potential energy will be zero.
O U, =0 . (iil)
Now, using work-energy theorem,
W =AU =U; -U;

O U =

1

i)

—n Mgl
O Whey =0~ -0
[using Egs. (ii)and (iii)]
_ MgL
g Wnet _F

E A block of mass mlyingon a

smooth horizontal surface is
attached to a spring (of negligible
mass) of spring constant k. The
other end of the spring is fixed as
shown in the figure. The block is
initially at rest in its equilibrium
position. If now the block is pulled
with a constant force F, the

maximum speed of the block is
[2019, 9 Jan Shift-1]

(a) £ (b) ———
Jmk Jmk
(c) 2 (d) ——
Jmk W/ mk
Ans. (b)

In a spring-block system, when a block is
pulled with a constant forceF, then its
speed is maximum at the mean position.
Also, it's acceleration will be zero.

In that case, force on the system is given
as,

F =kx i)
where, xis the extension produced in the
spring.

_F
or X=—
k
Now we know that, for a system
vibrating at its mean position, its
maximum velocity is given as,
Vinax =AW

where, Ais the amplitude andwis the
angular velocity.

Since, the block is at its mean position.

So, A=><=E
k
vo=F |k G- kD
T K\ m E[ mB
_F
_qlkm

Alternate Solution

According to the work-energy theorem,
net work done =change in the kinetic
energy

Here, net work done =work done due to
external force (W,,,) + work done due to

the spring (W, ).

As, W, =F &
-
and Wspr:7kx2
1,2
= + —
0 AKE=F X %zkx%

(AKE), —(AKE), =F & —%kxz

(TR 1 ?
O — mvy, ——m(0) =F[% J(%
2 ™9 kE_Z k%

[ using Eq. (i)]
2 2 2
O 1mvgﬁaxzi—i :L
2 k 2k 2k
2
or Vzmax :%
0 Vimax =F /A kM

56 A particle which is experiencing a

force, is given by F =3i —12j,
undergoes a displacement of d = 4i.
If the particle had a kinetic energy
of 3 J at the beginning of the
displacement, what is its kinetic
energy at the end of the
displacement ? [2019, 10 Jan Shift-II]

(a) 9J (b) 15J
(c)12J (d)10J
Ans. (b)

We know that, work done in displacing a
particle at displacementd under force F
is given by AW =F[d

By substituting given values, we get

O A W= -12)) i)

O A W=12J (1)
Now, using work-energy theorem, we
get

work done (AW) =change in kinetic
energy (AK)

or AW =K, =K, (i)

Comparing Egs. (i)and (ii), we get
Ky =K, =12J
or K, =K, +12J
Given, initial kinetic energy, K, =3 J
O Final kinetic energy,
K,=3J+12J
=15J

5_7 A time dependent force F =6t acts

on a particle of mass 1kg. If the
particle starts from rest, the work
done by the force during the first

1s will be [JEE Main 2017]
(a)22J (b)9dJ

(c)18J (d)4a.5J

Ans. (d)

From Newton's second law,

AP of o p=g ¢
At

0 p:Idp=I; Fdt

0 p=I&6tdt=3kg%%

Also, change in kinetic energy

From work-energy theorem,
work done = change in kinetic energy.
So, work done = Ak =45J

58 Attimet =0, particle starts moving

along the x-axis. If its kinetic
energy increases uniformly with
time t, the net force acting on it
must be proportional to [AIEEE 2011]

(a)/t (b) constant
(c)t (d)1/4/t
Ans. (d)

Given, kOt O %}é constant
t

g K Ot

%mv2 Ot0 v Ot

dK

Also, P=Fv==—— =constant
dt
0 Fol!
%
0 FoL
Jt
Alternate Solution
K Ot Vi,
F=ma :mﬂ
dt



As = =yl where, F is resistive force and v, is initial (a) 94 (b) t¥2
' 0 V4 172
dt 2 spee(d) (c) t (d) t
| ! A Ans. (b)
a DT,SOFD 7 Case Il Let the further distance travelled .
t t by the bullet before coming to rest be s. Delivering power of a machine
a . 0 -F3+s)=K, =K, =--mV} P =constant
59 A mass of M kg is suspended by a ( )=k K 2 0 P=Fm
weightless string. The horizontal 0 -ImédE+s)=-m? . W .
force that is required to displace it 8 ] 2 . g Power=_=F % =Flg
until the string makes an angle of or JBrsI=tor T % =1 o
45° with the initial vertical direction or s=1em Smav=moy
is [AIEEE 2006] b dv
. =mv_—
(a) Mg(v2 +1) (b) Mg+2 61 Abody of mass mis accelerated dt
(c) Mg (d) Mg(~2 1) qniformly frpm resttoaspeedvina vav="Fdt
V2 timeT. The instantaneous power m
Ans. (d) delivered to the body as a function Integrating on both sides, we get
. . . t
Here, the constant horizontal force of time, is given by  [AIEEE 2005, 04] j‘v dv :J’E dt
required to take the body from position 1 mv?2 mv?2 ) 5 ym
to position 2 can be calculated by using (a) TT t (b) TTt ” 2
work-energy theorem. 5 ) Y- Pt,\/:gpt@
Let us assume that body be taken slowly, (c) 1 mv t (d) 1mv {2 2. m m
so that its speed does not change, then 2 T2 2 T2 ds %Pt ]2
V -_—
— Ans. (a) dt m
A body of mass mwith uniform ds = Pt dt
45° | acceleration, then force . S= % m %
__mv v-00
F=ma=— %G: - t
T H T8 [, ds= EJ'O £2 gt
m
2> Instantaneous power =Fv=mav 32
2Pt
1 :ﬂ [at S=— 7=
2 g s Ot
MV g mv
= —[H=—-t
Mg TT T OPIC
AK =0=We + Wyy + Wiengion 62 A particle is acted upon by a force Collisi
[symbols have their usual meanings] of constant magnitude which is olsion
. Fi
W, =F xIsin46°="_ i - .
F s NA always perpendicular to the 64 A body of mass M moving at speed

velocity of the particle. The motion
of the particle takes place ina
plane, it follows that  [AIEEE 2004]

v collides elastically with a mass
m at rest. After the collision, the
two masses move at angles 6, and
E A bullet fired into a fixed target (a) its velocity is constant 6, with respect to the ingitial 1
loses half of its velocity after (b) its acceleration is constant direction of motion of the body of
penetrating 3 cm. How much (c) its kinetic energy is constant mass M. The largest possible value
o (d) it moves in a straight line . .
further it will penetrate before of the ratio M/m, for which the

=0

ension

Wiy =Mgll -l cos45°), W,
0 F=Mg(y2 -1

coming to rest, assuming that it Ans. © angles 6, and 8, will be equal, is
faces constant resistance to When a force of constant magnitude [2021, 31 Aug Shift-1]
. acts on velocity of particle
? (a)4 (b)1 (c)3 (d)2
motion? [AIEEE 2005] perpendicularly, then there is no change A
(a) 3.0cm (b) 2.0cm in the kinetic energy of particle. Hence, ns. (c)
(c) 1.5cm (d) 1.0cm kinetic energy remains constant. Given, mass of body 1=M
Ans. (d) — Mass of body 2=m
According to work-energy theorem, 63 A body is moved along a straight Initial speed of body 1, u; =v,
Total work done =Change in kinetic line by a machine delivering a Initial speed of body 2, u; =0
energy constant power. The distance Final speed of body Tand 2 =v,andv,
W = AK moved by the body in timet is Angle made by body 1and 2 after

2 i | to AIEEE 2003] collision with respect to initial direction

1 1, proportiona L
Casel -Fx3=—mE2g -—mv _
2 %% 2 ° =6,6



uy=Vvp uy=0
Mv, sin 64
M, V4
B, M v, cos 6,
=
m Vo cos 6,
m, Vo
m vy sin 6,

By using law of conservation of momentum,
Along X-axis
Mvg + ml0 =Mv, cosB, + mv, cos6,

If6,=8, =0
0 Mvgy =Mv,cosB + mv, cos® ...(i)
Along Y-axis,
Mv,sin@; =myv, sin6,
[since,8, =86, =0]
v, = i)
m

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

Mvy = Mv, cosB + m%m%cosﬁ
m

=2Mv, cosB
v, =0 i)
2cosO
By using law of conservation of energy
along X-axis
Tyo_ly2,1 9
—Mvg == Mvi + —mv;
2 P2 2

ad M2 = MV? + m%ﬂv %2
0 1 g

[from Eq. (ii)]

2.2 2
0 mZ=m2+ =My
mom
?
M
o =g %ﬁ-
COSG% mg

O 4codB=1
m
0 M scodo-1
m

%or largest possible value of ﬂ,e =oU
m

=4cod0°-1=4-1=3

g A bullet of 10 g, moving with

velocity v, collides head-on with the
stationary bob of a pendulum and
recoils with velocity 100 m/s. The
length of the pendulum is 0.5 m

and mass of the bob is 1kg. The
minimum value of v .......... m/s, so
that the pendulum describes a
circle. (Assume, the string to be

inextensible and g =10 m/s?)
[2021, 27 Aug Shift-1I]

0.5m
o—Y
109  1kg
Ans. (400)
Given, mass of bullet(m,) =10 g
=10 x107kg

Initial speed of bulletisv.

Length of pendulum,/ =0.5m
Mass of bob, m=1kg

Initial speed of bob, u =0

Final speed of bullet,v, =100 ms™
Final speed of bob for making complete
circle at bottom, v' = \/5T1/

Acceleration due to gravity,g =10ms™

By using law of conservation of
momentum

1

2

- '
myU, + mu =-—myv, +mv
10 -10

—~ v+0=—_"x100+1/5¢
1000 1000 J
0 V14 [5x10 x2
100 10
0 vV - _1+5
100
O v=4x100=400ms™

E Three objects A,Band C are kept in

a straight line on a frictionless
horizontal surface. The masses of
A, BandCare m,2mand2m,
respectively. A moves towards B
with a speed of 9 m/s and makes
an elastic collision with it. There
after Bmakes a completely
inelastic collision with C. All
motions occur along same straight

line. The final speed of Cis
[2021, 27 July Shift-I]
B

I EINE]

(@a)em/s (b)9m/s (c)4m/s (d)3m/s
Ans. (d)
If vy and vy, be the velocity of body Aand

B after first collision, then by
conservation of linear momentum

mv, =mvy +2mvy
V=Vt 2 (i)

r

VA~V

Again, e =

0-v,
1= ViV
-,
[For elastic collision, e =1]
O- vz vy—vg (i)
Adding Egs. (i)and (ii), we have
0=2v) +vg
O vy=-) i)

From Egs. (ii) and (iii), we get
=v, =vy =(=2v})

O = vy vy +2v, =3v,
0 vy=-"=9 = 3ws
3 3

OFrom Eq. (iii). vi = =2(=3) =6m/s
Again, after 2nd collision,
2mvy =(2m+2mlv, =4mv,

67 A ball of mass 4 kg, moving with a

velocity of 10 ms ™', collides with a

spring of length 8 m and force
constant 100 Nm ™. The length of
the compressed spring is x m. The
value of x to the nearest integer, is
............. [2021, 18 March Shift-II]
Ans. (6)

Given, mass of the ball, m=4kg

Velocity of the ball,v=10 m/s

Force constant, k=100 N/m

The length of the spring, x =8m

Let xis the compressed length of the
spring.

Using the work-energy theorem,

"It states that kinetic energy of the ball is
converted into the stored energy of
spring”.

mv’ _ ko 4001 _(100) X
2 2 2 2
o X=2m

The final length (compressed) of the
spring

=8-2=6m
Hence, the value of x to the nearest
integeris 6.

68 An object of mass m; collides with

another object of mass m,, which
is at rest. After the collision, the
objects move with equal speeds in
opposite direction. The ratio of the
masses m, :my is

[2021, 18 March Shift-II]
(@)3:1 (b)2:1 (c)1:2 (d)1:1



Ans. (a)

The mass m; is moving with speed u,
initially and mass m, is at rest. After the
collision, the mass m; and m, move with
speedvin opposite directions.

Uy u,=0
e

Before collision

Vy=-v Vo=V
— —

After collision

Using the law of conservation of linear
momentum,

myuy + Moy =myvy +myv,
O mu,+ m(0) =m(-v) +my
O mu, =(=m, +mylv .0
Since, the collision is elastic because
they move with same speed after the

collision. Hence, coefficient of
restitution, e =1

O e=l2""
U= Uy
o ==tV
u, -0

u;=2v . (ih)

Putting the above value in Eq. (i), we get
m4(2v) =(=m, + m,)v

a BmW:m2 O &:é

m; 1

O m,:m; =3:1

E A ball of mass 10 kg moving with a

velocity 104/3 m/s along the X-axis,
hits another ball of mass 20 kg
which is at rest. After the collision,
first ball comes to rest while the
second ball disintegrates into two
equal pieces. One piece starts
moving along Y-axis with a speed
of 10 m/s.

The second piece starts moving at
an angle of 30° with respect to the
X-axis. The velocity of the ball
moving at 30° with X-axis is x m/s.
The configuration of pieces after
collision is shown in the figure
below. The value of x to the

nearestintegeris.......... .
[2021, 18 March Shift-I]

Y-axis Piece-1
vy =10m/s
X-axis
30°
Vo
Ans. (20)
Given,

The mass of the first ball, m; =10 kg
The mass of the second ball, m, =20kg
The initial velocity of the first ball,

u = 1043 m/s
The initial velocity of the second ball,
u, =0m’/s
The final velocity of the first ball,
v, =0m/s

The final velocity of the first piece of the
second ball, v, =10 m/s

Let's consider the final velocity of the
second piece of the second ball=v;

As shown in the figure,

u4=1003 m/s u,=0 m/s

10 kg 20 kg

Before collision vo=10m/s
vi=0m/s
! 10 kg
10 kg

10kg v
After collision

The net external force on the system is

to be zero. Hence, we can use the law of

conservation of linear momentum in
both directions.

In x-direction the linear momentum
conserved,

MUy, + My, =MV, + MyVy, + M3V,
]

10(10+/3) + 0 =10(0) +0 +10v; cos30°
0 vs=20m/s

Hence, the velocity of the ball moving at
30° with respect to the X-axis is 20 m/s.

So, the value of x to the nearest integer
is 20.

Two identical blocks A and B each
of mass m resting on the smooth
horizontal floor are connected by a
light spring of natural length L and
spring constant k. A third block C of
mass m moving with a speed v
along the line joining Aand B

B collides with A. The maximum
compression in the spring is

[2021, 17 March Shift-Ii]
A B
m

b —{ m |

C
m

I —

(a)v\/E (b)\/@ (C)J@ (d)\ﬁ
2k 2k k 2k

Ans. (a)

Letvis the speed of the third blockC.
The velocity of centre of mass of Aand B
is

-
™M T o
2

The spring is compressed maximum by x
distance.

Using the law of conservation of energy.
2 2
1m\/2 :1m%% + lm%% + lI'(X2
2 2 2 2
2

0 1mvzzlkx2 0 x= mv.
4 2 2k

0 X=v m
2k

F A rubber ball is released from a

height of 5 m above the floor. It
bounces back repeatedly, always

rising to %0 of the height through
which it falls. Find the average
speed of the ball.

(Take,g =10 ms?)
[2021, 17 March Shift-11]

(a)3.0ms™ (b)3.5ms™
(c)2.0ms™ (d)2.5ms™
Ans. (d)

Velocity of rubber ball when it strikes to
the ground, vy =/2ghy
Using the formula of coefficient of
restitution,

_ velocity after collision

velocity before collision

v; -0 0e=_"

vy —0 2ghy

O  v,=ey2gh, i)

As, initial height of the ball =h;.

0 e=

2
OThe first height of the rebound, h, :;—W
9

d h, = ezh[J [Using Eq.(i)]
The nth height of the ball to the rebound,
2

h,=Y0 0 h, =e’h,
29

The velocity of the ball after nth
rebound,v, =e"v,



Now, the total distance travelled by the
ball after nth rebound is

H=hy +2h, +2h, +2h;...

H=h, +2e%h, +2e"h, +2e°hy ...

H=hol1+2e%(1+e” +e“ +e°..)]
Using the formula,

T+e’+e% + .= ]2
1-e

0O H= hd+2e 57%

_gd+08)m 810

H-wostH° ~h, 100

H=476m

Now, the total time taken by the ball to
come torest

T=ty+2t, +2t, + ...
/2h0 +2/ o 1

T= 2ﬁ[1+2e+2ez+...]
g

T= 2o f14e(i4e +e? +.)]
g

T:\/@DI_'—QD
g ]—EE
2(5) O1++0.810
. 10 51 WH
=19s

The average velocity,
_H_476

T 19

=25m/s
Hence, the average velocity is 2.5 m/s.

avg

ﬁ Aboy is rolling a 0.5 kg ball on the

frictionless floor with the speed of
20ms™". The ball gets deflected by
an obstacle on the way. After
deflection it moves with 5% of its
initial kinetic energy. What is the

speed of the ball now ?
[2021, 17 March Shift-1]

(a)19.0ms™ (b)4.47ms™
(c)14.41ms™ (d)1.00ms™
Ans. (b)

Given, mass of rolling ball, m=0.5kg
Speed of ball, u =20ms™
Before deflection,

Initial kinetic energy, KE, :%mu2

_1 x0.5 x(20)?
2

= x05x400= " x! x400 =100
2 22

Itis givenin the question that after

deflection the ball moves with 5% of its

initial kinetic energy

KE, =5% of KE, O KE, =—>_x100 =5
100

If the final speed of the ball isvms™,

then

KEf=lmvz
2
0 5=%><[J.5><v2 0 10 =05x2
0 vzzﬂ @ 0 v =20
05 5

0 v=420 =4.47 ms™
0 v=4.47ms™

73 A large block of wood of mass

M =5.99 kg is hanging from two
long massless cords. A bullet of
mass m=10q is fired into the block
and gets embedded in it. The
system (block + bullet) then swing
upwards, their centre of mass
rising a vertical distance h=9.8cm
before the (block + bullet)
pendulum comes momentarily to
rest at the end of its arc. The
speed of the bullet just before
collision is

(Take g =9.8 ms™2)
[2021, 16 March Shift-11]

yvi 1111111
N

e N
h
m M
—
v
(a)841.4 m/s (b)811.4 m/s
(c)831.4 m/s (d)821.4 m/s
Ans. (¢)
Given,

Mass of large block of wood, M=599kg
Mass of bullet, m=10g

Height at which their centre of mass
rise, h=9.8cm

From the law of conservation of energy,
Energy of the system when bullet gets

embedded =Energy of the system till it
momentarily comes to rest.

a %(M+ mlv? =(M + mjgh

where, v, =velocity of bullet + block
system

O v, =/2gh ()
According to law of conservation of
momentum,

Momentum before collision=
Momentum after collision.

a mv =(M+ mv,
[where, v =velocity of bullet before
collision]
O mv=(M+m)42gh [using Eq.(i)]

e

0
_(5.99+000 [ oo a8 X102
10%x107°
0 v=831.55ms"!

A ball of mass 10 kg moving with a
velocity10\6ms"1 along X-axis, hits
another ball of mass 20 kg, which is
at rest. After collision, the first ball
comes to rest and the second one
disintegrates into two equal pieces.
One of the pieces starts moving
along Y-axis at a speed of 10 m/s.
The second piece starts moving at
a speed of 20 m/s at an angle 6
(degree) with respect to the X-axis.
The configuration of pieces after
collision is shown in the figure.
The value of Bto the nearest

integeris ..........
[2021, 16 March Shift-I]

After collision
Y

X-axis

Ans. (30)

We can represent the given situation in
figure as
At

N B
10v3 ms™’ rest

10 kg 20 kg
Before collision



y
10ms™ T

@ :

10 kg

[e]

At rest

10 kg
-1
- 20 ms
After collision
It means linear momentum is conserved
along X-axis.
According to the law of conservation of
linear momentum,
P =P
MU+ MgUg =myv, +(mgv, cosB)

=maVp+ Mg Vg cos90° +mg Vg cosf
O 10><10ﬁ+20 x0 =10 x0 +10 x10 >0
+10 %20 cosB

O  10x10+/3 =200cos0

where, cosBbeing the horizontal
componenti.e., along X-axis

0 cosezﬁ
2
O 6= 39 [+ cos30° =/3/2]

Given below are two statements :
one is labelled as Assertion A and
the other is labelled as Reason R.
Assertion (A) Body P having mass
M moving with speed u has head-on
collision elastically with another
body Q having mass m initially at
rest. If m << M, body Q will have a
maximum speed equal to 2u after
collision.

Reason (R) During elastic
collision, the momentum and
kinetic energy are both
conserved. In the light of the
above statements, choose the
most appropriate answer from the
options given below.
[2021, 26 Feb Shift-I]
(a) Aisnot correct but Ris correct.
(b) Both Aand R are correct but Ris not
the correct explanation of A.
(c) Both Aand R are correct and Ris the
correct explanation of A.
(d) Aiscorrect but Ris not correct.
Ans. (¢)

Letv,andyv, are the speed of P and 0
after collision.

By using law of conservation of
mementum,

MUy + My, =My +myY,
0 Mu + mD =Mv, + mv,
0 Mu-v) _, A1)
m

and by using law of conservation of

energy,

1 2 1 2 _ 1 2,1 2
—mMuUS + —myus =—my; +—myv.
e zmz 2 =5 M zmzz
0 Mu? +0 = MvZ +mv3
a Mu? =v4) = mvZ

O Mu=v)u+v,)/m=v (i)

(u=vy)

Substituting the value of M——1 from
m

Eq.(i)in Eq.(ii) we get
Vy(u+v)=v3

0 u+v,=v,
. M>>m
0 vi=u
and v, =2u

Hence, option(c)is the correct.

76 A ball with a speed of 9 m/s collides

with another identical ball at rest.
After the collision, the direction of
each ball makes an angle of 30°
with the original direction. The
ratio of velocities of the balls after

collisionis x:y, where xis ........... .
[2021, 24 Feb Shift-1]

Ans. (1)

The situation is shown below

s @)

Rest
Before collision
V4
30°
30°
Vo

After collision

Using conservation of linear momentum
in y-direction,

Pi = P
As, p; =0
and  p, =mv,sin30°—myv, sin30°
O [J:mxlv1 -m ><1v2
2 2
O Vi =V, or vy, =100
Since, v, :v, =x:y(qgiven)
O x=1

78

77 A particle of mass m with an initial

velocity ui collides perfectly
elastically with a mass 3m at rest. It
moves with a velocity v j after

collision, then v is given by
[2020, 2 Sep Shift-1]

(a)v= %u (b) v =%u

=Y =Y
(c) v—\/§ (d) v e
Ans. (¢)

As collision is elastic as shown below,
both momentum and KE are conserve(d

N

After coII|S|on

~
ui=ul

Before collision

Momentum conservation gives,
mui = mvj +3mv,
1, 2 2
O v, =—(ui —-vj)
23

u? +

O lv,|=

or Vi =(u? +v%)/9 ()

Kinetic energy conservation gives,
1 1 1

O —mu*=—mv* +_-3mv2

2 2 2
o U’ =v2 + 32 i)
Substituting value of v, from Eq(i)into
Eq (i), we get

0% +v2 0
=2 +3 Y

o 9% O
O guzzév2
S
u
O V=
2

Hence, correct optionis(c).

A particle of mass mis moving
along the X-axis with initial velocity
ui. It collides elastically with a
particle of mass 10 m at rest and
then moves with half its initial
kinetic energy (see figure). If

sinB, =+/nsind,, then value of nis

[2020, 2 Sep Shift-II]
® /M




Ans. (10)

Given, impact is shown below,

TR

m VA 0,
0m ¢
10m

For particle 1, final KE is equals to half of
its initial value,

0 K, _1K

0 %’W xf

O Final velocity of m, will be,v, =

7

Momentum in y-direction is conserved,

m vy sin 6,
v
m AV
u 81 mv; cos 8,

3Q

0, 10 m v, cos 6,
10m v

10mv,sin 6,
i.e. 10mv, sinB, =mv,sin®,
u . )
Here,v, =— and sin®, =+/nsin
1 \/i 1 92

So, we have
10mv, [3in6, —TEIfS|nGZ
0 v, = un i)
1042

Also collision is elastic, so KE is
conserve(d)

1T 21

0 Le? =2 mi2 + Laomn2
2 2 2

Substituting values ofv andv,, we have

W= Q |:| un D
% Hi00 <21
0 o v g o

2 10x2

E Ablock of mass 1.9 kg is at rest at

the edge of a table of height Tm. A
bullet of mass 0.1kg collides with
the block and sticks to it. If the
velocity of the bullet is 20 m/s in
the horizontal direction just before
the collision, then the kinetic
energy just before the combined
system strikes the floor, is
(Take,g=10 m/s? and assume
there is no rotational motion and

loss of energy after the collision is
negligible) [2020, 3 Sep Shift-I]
(a) 20J

(b)19°J

(c)21J

(d)234J

Ans. (c)

When the bullet undergoes an inelastic
collision with block, a part of KE of bullet
islost.

u=20ms™"'

|
+

When bullet + block system falls from
heighth, then its total energy (kinetic +
potential) becomes kinetic energy, so
kinetic energy of bullet + block system at
bottom just before collision is equal to
total energy just after collision.
Now, by law of conservation of
momentum, we have

mu =(m+ My
0 y=Mmuo_ 0.1x20 =1ms”

m+M (0.1+19)

Total energy of bullet and block just after
collision

= KE + PE=%(m+ MV +(m +Mgh

:%xzxﬁ +2 %10 x1

=1+20=21J
Hence, correct optionis(c).

E Blocks of masses m, 2m, 4mand 8

mare arranged inaline on a
frictionless floor. Another block of
mass m, moving with speed v along
the same line (see figure) collides
with mass min perfectly inelastic
manner. All the subsequent
collisions are also perfectly
inelasti(c) By the time, the last
block of mass 8m starts moving,
the total energy loss is p% of the
original energy. Value of pis close

to [2020, 4 Sep Shift-1]
7l VA 7 74 72
(a)77 (b) 87

(c) 94 (d) 37

81

Ans. (¢)

v at at at at
rest rest rest rest

[m] Jer] Jem] fom]

Before first collision

(Assume)
v

= [ erfarfen]

After last collision

Since, all the collisions are perfectly
inelastic, so after the final collision, all
blocks will be moving together. Let their
final velocity bev'".

By law of conservation of linear
momentum,
(psys)/’ :(psys)f
O mv+ m(0) +2m(0) +4m(0) +8m(0)
=(m+m+2m+4m+8mjv’

ad mv =16mv’
n v=" i)
16
Now, initial kinetic energy of system,
(K gys); =%mv2 +0+0+0 +O:%mv2

And final kinetic energy of system,

(Kgys ) =%(m+ m+2m +4m +8m) (v )

Loss in kinetic energy,

(AKsys)\oss :( sys) (Ksys)
=_m —im\/2 —Emv2
2 32 32
% loss in kinetic energy,
AK
%(BK gy6)i05s = B gysdoss 100%
(Ksys)i
5 15
= 3]2 x100% = -2 x 100%
mv? 18
=93.75%
Given that,
% (AK sys )Ioss = P%
so, p=93.75=94

Hence, correct optionis(c).

Two bodies of the same mass are
moving with the same speed, but in
different directions in a plane. They
have a completely inelastic



collision and move together
thereafter with a final speed which
is half of their initial speed. The
angle between the initial velocities
of the two bodies (in degree)is
............ [2020, 6 Sep Shift-I1]

Ans. (120)

Letinitial velocities of two bodies are
making angle 8, and 8, with horizontal
direction as shown in figure.

m
Yo
_________91(_\_>____O_) _____
8, 2m Vo
-7 2
o/%
m

Initial momentum, p, = p; + p,
={mv, cosB,i + mv, sing,j}
+{mv, cosezf + mv, sing, -j)
=mvg(cosb, + cosez)f

+ mvg(sing, - sinez)j

Final momentum, p; :(Zm)%ﬁf

a pr = mvgi
In collision momentum remains
conserved, so, applying momentum
conservation,

~ pf = pl A
or mvyi =mvy(cos6, + cosB,)i

+ mvg(sin®; —sing,)j

0O sinB, —sing, =0
O 6 .8,
and mvy =2mv, cosB

or cose=%or9=60°

But angle between initial velocities is
6, + 6, which is equal to60° +60° =120°.

8_2 Particle A of mass m; moving with
velocity (v31 +j)ms™ collides with

another particle B of mass m,
which is at rest initially. Let v, and
v, be the velocities of particles A
and B after collision, respectively.
If m; =2m, and after collision
v, =(i +/3 ])ms"1, then the angle
betweenv;andv, is

[2020, 6 Sep Shift-II]

(b)60°
(d)105°

(a)15°
(c)—45°

Ans. (d)
Given that, u, =(4/3i +j) m/s,u, = 0
v =(i + \/3]) m/sand m, =2m,
Using conservation of linear momentum,
P =Pr
mu; + M, =MV + MV,
2m, (V3i + ) + my(0)
=2m,(i +3)) + myv,
v, =230 + ) —2i ++3])

=2(3 =i —j)m/s
Let the angle betweenv, and v, be®,
then
cosg= Y12 - (i ++3))E3 ~ ki -)
ViV, 2042(J3 =)

(v, =2m/s, v, =242(+/3 =) m/s]
203 -1 =233 -1)
B
_2AN3-11-+3)

423 1)
cos0 = 12' V5 _ 0250 DB= 105

Alternate solution

Directly observing the direction of
v,andyv,.

8, =tan”' Q]TQ: 60°
3

y
2]

Vo
08 ,=tan’'(-1) =45°

0 0=6,6,=60°+45°=105°
Hence, correct option is(d).

g A body A, of mass m=0.Tkg has an

initial velocity of 3ims ™. It collides
elastically with another body, B of
the same mass which has an initial
velocity of 5j ms 1. After collision,
A moves with a velocity v =4(i +j).
The energy of B after collision is
written as % J. The value of x is

Ans. (1)
Given situation in as shown in the figure.

[2020, 8 Jan Shift-I]

A
@ ~ q X
3ims™
0.1 kg r 5 ms™!
8%0.1 kg
Total initial momentum,

P =mavatmpvg
=0.1x3i +0.1 x5j
=030 + O.Bj (kg-ms ™)

Final velocity of A, v, =4(i +])
Let final velocity of Bisv,.

Then, final momentum after collision,

Pr = MV, + Myyyg
=01 x4(i +]) +0.1 xv,,

Now, by conservation of momentum, we

have

L PiER
O 03i +0.5] =04i +04j +0.lv,
O vB:—i+j

Kinetic energy of B after collision will be
A AR
K :1m\/2 :l x0.] X‘(—i +J)‘
2 2

=!x01x2=08J
2
Itis given, energy of B after collision is %

So,

X =0lorx=1
10

84 A particle of mass mis dropped
from a height habove the ground.
At the same time another particle
of the same mass is thrown
vertically upwards from the ground
with a speed of \/2gh. If they collide
head-on completely inelastically,
then the time taken for the
combined mass to reach the

ground, in units of h is
g
[2020, 8 Jan Shift-11]

1 1
(a) \/; (b) E

3 3
(C) \/; (d) Z

Ans. (¢)

Let particles collide at some distanceh
fromtop at timet,. Then,

o1 0 H
h'=_gt (I)
ng

(for particle A)



andh—h" =\2gh(t, —%gt% ... (i)

(for particle B)

A u=0
hl
(.
- h-h'
B V2gh |

From these equations, particles meet
after timet, given by

t, = h = L
0" J2gh \2g

Velocities of particles Aand B at instant
of collisionarev, = gt,

and Vg =4/2gh —gtg.
Hence,

h 1 1
V,=gX |— = |—gh =—./gh
#e V29 V27 TRV
h 1
and v, =./2gh - 7:§F_7§/h

_ 1y
=5 <o

So, particles collide as shown in the
figure.

j —
Va2V h

1
VB2V oh

From momentum conservation, we can
see that particles stuck, p, s = Prinal-

This means the combined system of
particles comes to rest(v
instantaneously.

Now, we have to calculate time of fall of
combined mass.

-3

Combined mass starts withu =0
and its height above earth's surface is

=3p
4

:D)

combined mass

H=h-h'
=h-1/2gt3
=h-1/4h
=3/4h

So, time taken by combined mass to
reach ground is given by

H=ut +—at?
2
3

1 2
0 “h=—gxt
4 Zg

O §ﬁ:t
2\g

85

86

Two particles of equal mass m have
respective initial velocities ui and

i0
u %%@ They collide completely

inelastically. The energy lost in the

process is
[2020, 9 Jan Shift-I]

(a) gmu2 (b) \Emuz
(c) lsmu2 (d) = md?
Ans. (d)

Collision between particles are as shown
in the figure.

m ~
u (i+j/2
Before (i+i2)
collision
m

v

om After collision, both
particles stuck as they
collided inelastically

From momentum conservation, we have

A |:|i+J|:J
m(ui) + mu—20=2mv
02 0O

Initial kinetic energy of particles,

1 1 1
K1:7mu2 +—m§%§
2 2 0f

:1mu2 +1mu2 :§mu2
2 4 4
Final kinetic energy of combined

particles,

K, =-(2m) v
g 2 zlj2
=1 xomxO %u@ +%}u% g
2 H
8
Change in kinetic energy or energy lost
=K, =K,
=3 mu? -5 mu? =1 mu?
4 8 8

A particle of mass mis projected
with a speed u from the ground at

anangle® :g w.r.t. horizontal

(X-axis). When it has reached its

maximum height, it collides
completely inelastically with
another particle of the same mass
and velocity ui. The horizontal
distance covered by the combined

mass before reaching the ground is
[2020, 9 Jan Shift-II]

2 2

(a) Ei (b) ﬂi

8 ¢ 4 g

2 2

(c) 2L (d) 247 &

8¢ g
Ans. (a)

Collision is as shown in the figure.

Particle 1
U'i:’%s u cos 1737

u,/"\ Particle 2
0=173

Velocity of the particle projected from
origin at its topmost point,

T2 _ U3
=—ucos—O=—1i
* 3 2

By conservation of momentum (velocity
of combined mass after collision (v)), we
have

2 us
mui +mE| =2mv

0O v=§ui
4

Time of fall of combined mass fromh,,,.,

LT
_ usin® =“S'”§:J§ u

g g 29
During this time, combined particle
keeps 0N moving with a horizontal speed

t

of|v|:§u‘
4

So, horizontal distance covered by
combined mass before reaching the

ground,
33U 38y

R =speed x time==ux—
29 8 g

87 A body of mass m; moving with an

unknown velocity of vﬁ, undergoes
a collinear collision with a body of
mass m, moving with a velocity
v,i. After collision, m; and m,
move with velocities of v3i and v[ﬁ )
respectively.

Ifm, =0.5m; andv; =0.5v;, then
vyis [2019, 8 April Shift-1I]



Vo

(@) v, +v, (b) v, _Z
%

(c) vA—?z (d) v, =V,

Ans. (d)

Key Idea Total linear momentum is
conserved in all collisions, i.e. the initial
momentum of the system is equal to final
momentum of the system.

Given,

m, =0.5m;, O m =2m,
Let  m, =m,then,m =2m
Also, v5=0.v,

Given situation of collinear collision is as
shown below

Before collision,

After collision,

OAccording to the conservation of linear
momentum, Initial momentum =Final
momentum

my,i + myv,i=mysi + myv,i
O 2mv,i + mv,i =2m(0.5v,)i + mv,i
Ov,=vi+v, O v,=v, -V,

88 A body of mass 2 kg makes an
elastic collision with a second body
at rest and continues to move in
the original direction but with
one-fourth of its original speed.
What is the mass of the second

body? [2019, 9 April Shift-1]
(a) 1.5kg (b)1.2 kg

(c) 1.8kg (d) 1.0kg

Ans. (b)

Key Idea For an elastic collision,
coefficient of restitution (e), i.e. the ratio of
relative velocity of separation after
collision to the relative velocity of
approach before collision is 1.

Given, mass of small body, m=2kg
Given situation is as shown

At rest "
O B @ M-
- -
Before collision After collision

Using momentum conservation law for
the given system,

(Total momentum) =

before collision

(Total momentum)

O mv)+ MO) :m%%+ Mv')

after collision

i)

e =1and we know that,

e=-"2"%
Up — Uy
O ==YV gu=voyis
0-v
or v'=bv/4 i)

Using value from Eq. (ii)into Eq. (i), we

get
mv :H + M@EL‘/@
4 4
vo_ bv
o mR-iEerETH

O §mv:§Mv
4 4

M=3m=3 x2=12kg
5 5

89 A particle of mass mis moving with
speed 2v and collides with a mass
2m moving with speed v in the
same direction. After collision, the
first mass is stopped completely
while the second one splits into
two particles each of mass m,
which move at angle 45° with
respect to the original direction.

The speed of each of the moving
particle will be [2019, 9 April Shift-11]

Vv
(a) V2 v (b) 7
v
(c) o3 (d) 242 v
Ans. (d)

According to the questions,
Initial condition,

S\ S — S

2v

Final condition,

As we know that, in collision, linear
momentum is conserved in both xand y
directions separately.
So. (P hnitiar = (Pfina
m(2v) +2m(v) =0 + mv'cos4b°
+ mv'cos45b°

2m
0 4tmy ==—_v'

2
] v'=242v

90 Two particles of masses M and 2M,
moving as shown, with speeds of
10 m/s and 5 m/s, collide elastically
at the origin. After the collision,
they move along the indicated
directions with speedv, andv, are
nearly [2019, 10 April Shift-1]

M 2M

2m M

(a) 6.5 m/sand 3.2 m/s

(b) 3.2 m/sand 6.3 m/s

(c) 3.2m/sand12.6 m/s
(d) 8.5 m/sand 6.3 m/s

Ans. (d)

The given condition can be drawn as
shown below

vy sin 30°

[
A
\
\
+10sin 30°
[
[
[
[
[

\
M Yvpsinds® M

Applying linear momentum conservation
law in x-direction, we get
Initial momentum = Final momentum

(Mx10 cos30°) +(2M x5 cos45°)
=(Mxv, cos45°) +(2M xv, cos30°)

O O
O mxmxﬁm Mx5xi§
] 2 N

O
1 30
:@erv2 xﬁ§+ %M XV, x%g
0 53+ 5[:% 3 )

Similarly, applying linear momentum
conservation law in y-direction, we get

(Mx10sin30°) =(2M x5 sin45°)
=(Mxv, sin45°) =(2M xv, sin30 °)

0 @me x;@—gMXBX%@



1 1
:QMX\/2 xﬁ —%Mwi XE%
0 5—5[:%—v1 (i)

Subtracting Eq. (ii) from Eq. (i), we get

(573 + 642) = (5 = 542)

BB B o8
2 2
0 5J3+1042 -5=v,J/3 +v,

_ D53+ 1042 —5%

0 1+4J3 O
866+ 14142 -5
141732
_17.802
2732
0 v, =6.516 m/s

=6.5 m/s ... (iii)

Substituting the value from Eq. (iii)in Eq.
(i), we get

543 + 542 :% +651 %43

O v, = (543 + 542 6,51 x+/3) /2

v, =(866 + 7071 = 11215) 1414
| v, =4456 x 1414
O v, =B3m/s

Vi

9_1 Three blocks A,Band C are lying on

a smooth horizontal surface as
shown in the figure. Aand Bhave
equal masses mwhile Chas mass
M. Block Ais given an initial speed
vtowards Bdue to which it collides
with Bperfectly inelastically. The
combined mass collides with C,

also perfectly inelasticallygth of

the initial kinetic energy is lost in
whole process. What is value of

—?
m
[2019, 9 Jan Shift-1]
A B C
(] fm] [m]
(a) 4 (b) 2
(c) 3 (d) 5
Ans. (a)

Key Idea For a perfectly inelastic
collision, the momentum of the system
remains conserved but there is some
of loss of kinetic energy. Also, after
collision the objects of the system are
stuck to each other and move as a
combined system.

Initially, block Ais moving with velocity v
as shown in the figure below,

A B C
[} [m]  [W]

Now, A collides with B such that they
collide inelastically. Thus, the combined
mass (say) move with the velocity v as
shown below,

C
m]mpov

Then, if this combined system is collided
inelastically again with the blockC. So,
now the velocity of system bev" as
shown below.

mi{m M}—w”

Thus, according to the principle of
conservation of momentum,

initial momentum of the system
=final momentum of the system

4

4

O mv=_(2m+Mv"
g mv O )
or v''= (D)
m+M

Initial kinetic energy of the system,

(KE), =L mv? i)
2
Final kinetic energy of the system, (KE);
2
=1 om+ My =lom+ mE-TY_H
2 2 m+ M
[-using Eq. (i)]
2
g vt i)
2 2m+M)
Dividing Eq. (iii) and Eq. (ii), we get
KE)f = 57\/ :7m (lV)
KE), @m+M 2m+M
L

Itis given thatgth of (KE)is lost in this

process.
O KE), :%KE),

E), 1
KE), 6
Comparing Eq.(iv)and Eq. (v), we get
m 1

=— 0 6m=2m+M
2m+M 6

d (V)

sm=m 0 M=y
m

9_2 A piece of wood of mass 0.03 kg is

dropped from the top of a 100 m
height building. At the same time, a
bullet of mass 0.02 kg is fired
vertically upward with a velocity

100 ms ™' from the ground. The
bullet gets embedded in the wood.
Then, the maximum height to
which the combined system
reaches above the top of the
building before falling below is
(Take, g=10ms %)

[2019, 10 Jan Shift-1]

(a) 20m (b) 30m
(c) 1I0m (d) 40m
Ans. (d)
y
A 10 ms™ T
o)

X
Atrest 10 kg

10 kg

20 ms™
After collision 0

Key Idea As bullet gets embedded in the
block of wood so, it represents a collision
which is perfectly inelastic and hence only
momentum of the systemis conserved.
Velocity of bullet is very high compared
to velocity of wooden block so, in order
to calculate time for collision, we take
relative velocity nearly equal to velocity
of bullet.
So, time taken for particles to collide is
t= i :@ =
100

Vrel
Speed of block just before collision is;
v,=gt=10 x1=10ms™"
Speed of bullet just before collision is
v, =u —gt
=100-10 x1=90ms""
Letv =velocity of bullet + block system,

then by conservation of linear
momentum, we get

-(0.03 x10) +(0.02 x390) =(0.05) v

O v=30ms™'

Now, maximum height reached by bullet
and block is

1s

2
heV g p230%30
29 2x10
n h=45m

[ Height covered by the system from
point of collision=45m

Now, distance covered by bullet before
collisionin1s.

=100 x 1 -% x10 xP =95m

Distance of point of collision from the
top of the building



=100-95=5m
0 Maximum height to which the
combined system reaches above the top
of the building before falling below
=45-5=40m

E A body of mass 1kgq falls freely

from a height of 100 mon a
platform of mass 3 kg which is
mounted on a spring having spring
constant k =125 x10° N/m. The
body sticks to the platform and the
spring’s maximum compression is
found to be x. Given thatg =10ms 2,

the value of x will be close to
[2019, 11 Jan Shift-1]

(a) 8cm (b) 4 cm
(c) 40cm (d) 80cm
Ans. (%)

Initial compression of the spring,

m =k%xi (X incm)
g OOQ 0

_3x10x100 _ 3

125x10°% 1250
Which is very small and can be
neglected.

Applying conservation of momentum
before and after the collisioni.e.,
momentum before collision =
momentum after collision.

mx /2gh =(m + M)v(.-velocity of the
block just before the collision is
V2 —0% =2gh

or v =4/2gh)
After substituting the given values,
we get

1x,/2 %10 x100 =4v
or 4y =204/5
So, v=6J5m/s

Let this be the maximum velocity, then
for the given system, using

O Xg

1mvzzlkx2
2
i 1 x
0 x4x125 =" x125 x10° x%@
2 2 00
4 X
0O 4=10"x"_or x=2cm
0%

0 No option givenis correct.

94 A simple pendulum is made of a

string of length | and a bob of mass
m, is released from a small angle
6. It strikes a block of mass M,
kept on a horizontal surface at its
lowest point of oscillations,
elastically. It bounces back and

goes up to anangle8;. Then, Mis

given by [2019, 12 Jan Shift-I]
B, +6,U m B, -6,0

(a) mEz>—0 (b)) —3F>—'0
B, -6, 2 B, +6,0
EB0_61] mI:BD+61D

c) m——-— d) ———10

) 0, +6,0 (@) 2 B, -6,0

Ans. (a)

Pendulum's velocity at lowest point just
before striking mass mis found by
equating it's initial potential energy (PE)
with final kinetic energy (KE).

Initially, when pendulum is released from
angle 8, as shown in the figure below,

1111111,
A
| L
J{ [cose :/—lh)

We have,
mgh=—mv
2

Here, h=I-IcosB,

So, v =29/ (1-cosB) i)
With velocityv, bob of pendulum collides
with block. After collision, letv, andyv,
are final velocities of masses mand M
respectively as shown

(M-~
<L@ J After collision

Then if pendulum is deflected back upto
angle®,, then
v, =4/2gl (1-cos8,) i)
Using definition of coefficient of
restitution to get
o \velocity of separation‘

J Before collision

‘velocity ofapproach\
v, =(=vy)
v-0

1= O=% vk v, (i)

From Egs. (i), (ii) and (iii), we get

O |29(1-cosBy) =v, +./2g(1 -cos6))

O v, =429/ ({/1-cosB, —,/1-cos,)
Aiv)

According to the momentum
conservation, initial momentum of the
system =final momentum of the system

O mv =Mv, —mv,
O Mv, =mlv +v,)

Mv, = m\[2gl ({/1=cosB, +,/1-cos,)
Dividing Eq. (v)and Eq.(iv), we get

M _ [1-cosBy +./T-cos@
m J1-cosB, —,[T-cos6,

\/sinz%g+\/sin2%§
(orEeE (s B
_ sin%@+ sin%@
sin%@— sin @

For small8;, we have

3z

S

8,8
M- 2 ZoermEBU-'-e1D
m 8 _6 0 =8
2 2

95 Ana-particle of mass m suffers

one-dimensional elastic collision
with a nucleus at rest of unknown
mass. It is scattered directly
backwards losing 64% of its initial
kinetic energy. The mass of the

nucleus is [2019, 12 Jan Shift-II]
(a) 1.5m (b) 4m

(c) 3.6m (d) 2m

Ans. (b)

We have following collision, where mass
of a particle = mand mass of nucleus=M

O ®

Leta particle rebounds with velocityv,,
then

Given; final energy of a = 36% of initial
energy

O lmv? =036 ><lm\/2
2 2

a v;=06v ()
As unknown nucleus gained 64 % of

energy ofa, we have

12 =084 x 1 mi?
2 2

] v, =\E x0.8v . (if)
M

From momentum conservation, we have

mv =My, —mv,
Substituting values of v, andv, from
Egs. (i)and (ii), we have

mv = M\/% x(0.8v —m x0.6v

0 1B6mv=ymMx0.8v O 2m=ymM
O 4mP=mM O M=4m



96

97

In a collinear collision, a particle
with an initial speed v strikes a
stationary particle of the same
mass. If the final total kinetic
energy is 50% greater than the
original kinetic energy, the
magnitude of the relative velocity
between the two particles after
collision, is [JEE Main 2018]

(B)VZTO (D)2 vy

Vo Vo
()7 (o2
Ans. (¢)

Key Idea Momentum is conserved in
all type of collisions,

Final kinetic energy is 50% more than
initial kinetic energy

a 1mv% +1mv$ =150 xlmv% .A0)
2 2 100 2

o O

Before collision

m m
After collision
Conservation of momentum gives,
mvg =mv, + mv,
Vg =V, +V, . (ih)

From Egs. (i)and (ii), we have
2
VZHVZ+2vy, =vh O vy, =%

O (v, =) = (v, +v, ) —tvy, =2v2
or Vi =2V,

A particle of mass m moving in the
x-direction with speed 2v is hit by
another particle of mass 2m
moving in the y-direction with
speed v. If the collision is perfectly
inelastic, the percentage loss in the
energy during the collision is close

to [JEE Main 2015]
(a)44% (b)50%

(c)56% (d)62%

Ans. (¢)

Key ldea Conservation of linear
momentum can be applied but energy is
not conserved.

Consider the movement of two particles
as shown below.

Conserving linear momentum in
x-direction

(p)x =(pe)x
or 2mv=02m+ m)v,
or v, =2y

Conserving linear momentum in
y-direction
(p)y =épf)y or 2mv=(2m+m)v,

or vy =zV

Initial kinetic energy of the two particles
system is
1

E =l m@? + L omwp
2 2

=l x 4mv? +1 x2mv?
2 2
=2mv’ + mv? =3mv?
Final energy of the combined two
particles system s

E, :%(Sm) (2 +12)

Percentage loss in the energy during the
collision

2
AE 100 = (5/3) rr;v

x100 =2 x100
Ef Imyv 9

=56%

E This question has Statement | and

Statement II. Of the four choices
given after the statements, choose
the one that best describes the two
statements.

Statement | A point particle of mass
m moving with speed v collides with
stationary point particle of mass M. If
the maximum energy loss possible is

givenasf % mv? % then

f_D m E

%+mg
Statement Il Maximum energy
loss occurs when the particles get

stuck together as aresult of the
collision. [JEE Main 2013]

(a) Statement |istrue, Statement Ilis
true; Statement Il is the correct
explanation of Statement |

(b) Statement | is true, Statement Il is
true; Statement Il is not the correct
explanation of Statement |

(c)Statement | is true, Statement Il is
false

(d) Statement | is false, Statement Il is

true
Ans. (d)
Energy E = sz , where pis momentum, m
m

is the mass moving of the particle.
Maximum energy loss occurs when the
particles get stuck together as a result of
the collision.

Maximum energy loss (AE)
P
2m 2(m+ M)

where, (m+ M)is the resultant mass
when the particles get stuck.

2
AE:LE_ m szZDM o

omH m+MH 2mHn+ MH
Also, p=mv

mvyO0 M Om’0 M O
2m Hn+MH 2 Hn+ MH

Comparing the expression with

AE:f%va@hL
m+ M

O AE=

99 Statement| Two particles moving

in the same direction do not lose all
their energy in a completely
inelastic collision.

Statement Il Principle of
conservation of momentum holds
true for all kinds of collisions.
[AIEEE 2010]
(a) Statement listrue, StatementIlis
true; Statement Il is the correct
explanation of Statement |
(b) Statement listrue, Statement Il is
true; Statement Il is not the correct
explanation of Statement |
(c) Statement listrue, Statement Il is
true
(d) Statement listrue, Statement Ilis
false
Ans. (a)
Ifitis a completely inelastic collision,
then
myvy + My, =my +myv
my my

~—— ~—>
V4 Vo



= MVt MY
m +m
?
KE=p7*+i
2m;  2m,

1

Asp,andp, both simultaneously cannot
be zero. Therefore, total KE cannot be
lost.

ﬁ A bomb of mass 16 kg at rest

explodes into two pieces of masses
4 kg and 12 kg. The velocity of the
12 kg mass is &4ms ~'. The kinetic

energy of the other mass is
[AIEEE 2006]

(a) 144 J (b) 288 J
(c) 192 J (d) 96J
Ans. (b)

Here, momentum of the system is
remaining conserved as no external
force is acting on the bomb (system).

4 kg 12 kg

Initial momentum (before explosion)
=Final momentum (after explosion)
Let velocity of 4 kg mass bevms™. From

momentum conservation, we can say
that its direction is opposite to velocity
of 12 kg mass.

From P =p;
| 0=12x4 =4 xv
or v=12m/s

4% (12)?

0 KE of 4 kg mass =

=288J

101 A mass m moves with a velocity v

and collides inelastically with
another identical mass. After
collision, the 1st mass moves with

2 N
velocity — in a direction
V3

perpendicular to the initial direction
of motion. Find the speed of the

second mass after collision.
[AIEEE 2005]

(a) v (b) \/3v
(c) v (d) 2
NS NS

Ans. (c)

In x-direction,

Apply conservation of momentum, we get
mu, +0=my,

0 mv =mv,

0 V, =V

Before collision

v/{3m
?—»vx

vy
After collision

In y-direction, apply conservation of
momentum, we get

% v
0+0=m @—mv v, =—
@Fs y y 5

Velocity of second mass after collision

2
- Q%QJNZ: 4.2
3 3

%

2
or vi= v
3
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