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PRACTICE EXERCISES

SINGLE CORRECT CHOICE TYPE QUESTIONS

This section contains Single Correct Choice Type Questions. Each question has four choices (A), (B), (C) and (D), out of
which ONLY ONE is correct.

1.

Two equal masses are attached to the two ends of a
spring of force constant k. The masses are pulled out
symmetrically to stretch the spring by a length 2x,
over its natural length. The work done by the spring
on each mass.

) ks ®) -5k

(C) 2kl (D) —kx}

An ideal spring is hung vertically from the ceiling.
Spring extends by 6 cm from its natural length when
2 kg mass is attached to it. A downward external force
is now applied to the mass to extend the spring slowly
by an additional 10 cm. Work done by the external
force is

(A) -12] (B) -18]
(€ 24] (D) 1.6]

A crate of mass m falls from a height i onto the end
of a platform, as shown in the figure. The spring is ini-
tially unstretched and the mass of the platform can be
neglected. Assuming that there is no loss of energy, the
maximum elongation of the spring is
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4.

Velocity-time graph of a particle of mass 2 kg, mov-
ing in a straight line is as shown in figure. Work done
by all the forces acting on the particle from t=0 to
t=10s is

v(ms™)
A

10

(A) 300]
(C) 400]

(B) -300]
(D) —400]

A particle moves with a velocity 7= 5 — 3}' +6k ms™
under the influence of a constant force
F=10i+10j+20k N. The instantaneous power
applied to the particle is
(A) 200]s™
(C) 140Js"

(B) 407s™
(D) 170]s™

A ball suspended by a thread swings in a vertical
plane so that its acceleration at the extreme position is
equal to that at the lowest position. The thread deflec-
tion angle from the vertical in the extreme position is
(Given: tan(26.5°)=0.5)

(A) 45° (B) 37°

(C) 53° (D) 60°

A force acts on a 3 g particle in such a way that the
position of the particle as a function of time is given by
x=3t-4t* + 1 , where x isin metre and ¢ in second.
The work done during the first 4 s is

(A) 578 m] (B) 528 m]

(C) 498 m] (D) 458 m]

Block A ofmass 45 kg is placed onablock B of mass
160 kg . Now block B is displaced by a force 50 cm
horizontally towards right. During the same time
block A just reaches the left end of block B as shown
in Figure.



9.

10.

11.
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10 cm (A) W, =W, (B) W,=2W,
40 cm (C) W,=2W (D) W, =4W
I 254V 273
4=02 A A 12. In an xy horizontal plane, a force field
F=—(40 Nm™ )(yz + x}) is present where x and y
B —>F B —>F are the coordinates of any point lying in the plane.
— — : — A smooth rod AB is fixed in the plane as shown in
Inital posttion Final posttion the figure. A particle of mass 5 kg is to be released
Work done by frictional force on block A in ground with a velocity in this force field such that it reaches
frame during this activity is the point B. The minimum velocity that must be
(A) -18] (B) 18] imparted to the particle along the rod at A such that
(C) —45] (D) 45] it reaches B is
Two masses m; =10 kg and m, =5 kg are connected v
by an ideal string as shown in the figure. The coef-
. . : 0,2 QA
ficient of friction between i, and the surface is 0.2. 9
Assuming that the system is released from rest, the
velocity when 1, has descended by 4 m is
' BB
Y 2.0
T (A) 1ms™ (B) 2ms™
ﬂ_nj,_. T (C) 3ms’! (D) 4ms’!
i 4m 13. Work done by a force F= (2? + 3}) N is zero, when a
ﬂj i particle is moved along the line 3y+kx=5. Then k
= equals
/ (A) 2 (B) 4
D
(A) 17 ms™ (B) 14ms™ © 6 (D) 8
(C) 4ms (D) 3.5 ms™ 14. A person wants to hit a small box on the floor with a

A force F =(2§+5}+I€) N is acting on a particle.
The particle is first displaced from (0, 0, 0) to
(2,2,0)m along the path x=y and then from
(2,2,0)m to (2,2,2) m along the path x=2m,
y=2m. The total work done in the complete path is
(A) 8] (B) 10]

(©) 12] (D) 16]

A particle is moved from (0, 0) to (4, a) under a force
F= (3?+ 4;) along two paths, Path 1 along OP and
Path 2 along OQP. Let W; and W, be the work done
by this force along these two paths. Then

Y
A

P(a, a)

marble as shown in Figure.

]
RS

¢ R P

He compresses the spring by a distance d and releases
but the marble falls short by a distance » from the box.
How much should he compress the spring from natu-
ral length to land the ball in the box?

d* d(R-1)
& ® 7k

d(R-r) Rd
© TRer g w
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15.

16.

17.

18.

19.

20.

An object of mass m slides down a hill of height & of
arbitrary shape and after travelling a certain horizon-
tal path stops because of friction. The friction coeffi-
cient is different for different segments for the entire
path but is independent of the velocity and direction
of motion. The work that a force must perform to
return the object to its initial position along the same
path is

(A) mgh

(C) 4mgh

(B) 2mgh

(D) -mgh

A horizontal force in the positive direction of x-axis
is applied to a 1.5kg block initially at rest on a
horizontal frictionless surface. The force is given by
= (4—x2 )z N, where x is in metre and the initial
position of the block is x=0. The maximum kinetic
energy of the block between x=0 and x=2m is

(A) 233] (B) 8.67]

(C) 5.33] (D) 6.67]

In PROBLEM 24, the maximum positive displacement
x is

(A) 23 m
(C) 4m

(B) 2m

(D) v2m

A particle is given an initial speed u inside a smooth
spherical shell so that it is just able to complete the

circle. Acceleration of the particle, when its velocity is
vertical will be

(A) 3¢ B) ¢
(C) Viog (D) og

The work done in moving a particle from a point
(1, 1) to (2, 3) in a plane and in a force field with
potential u=A(x+y) is

(A) 32 (B) -34

€ 0 D) 4

A 1.0 kg block moves in a straight line on a horizontal
frictionless surface under the influence of a force that
varies with position as shown in the figure. The work
done by the force as it moves from the origin to a point
r=10m is

21.

22.

23.

a0
A
8
3 c
g D
4
2
2 el |F
S| 02T a6 shio
'}

-6
G
-8
X (inm)
E—
(A) 5] (B) 30]
C) -10] (D) 22]

Ablock of mass m is attached with a spring in its nat-
ural length, of spring constant k. The other end A of
spring is moved with a constant acceleration a away
from the block as shown in the figure. The maximum
extension in the spring is (Assume that initially block
and spring both are at rest w.r.t. ground frame)

@—fnmmf—m

ma 1 ma
@) = ® S
2ma dma
© 5% ® 5

A particle moves in the x-y
0 = ai + fitj. The magnitude of tangential, normal and

plane with velocity

. o3
total accelerations at t = —— are

B, B

3
p B
(B) Er

5 and f respectively

and f respectively

(C) V2B, V2B and B respectively
(D) None of the above

A body of mass 0.5 kg is taken up an inclined plane
of length 10 m and height 5 m and then allowed to
slide down to the bottom again. The coefficient of fric-
tion between the body and the plane is 0.1. The work
done by the frictional force over the round trip is

(g:lOms‘z)
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(4) 5] (B 53] 2 5
(A) — B) —¢
@ 5] (D) 53] 3 3
g
24. In the system shown the 5 kg block is released from © ¢ D) 3

25.

26.

27.

rest. The pulley and spring are massless and friction
is absent everywhere. The force constant of spring is
40 Nm™ . The speed of 5 kg block when 2 kg block

leaves contact with ground is (Take g =10 ms™)

i

(B) 22 ms™
D) 42 ms™

A) V2ms™
(C) 2ms™

In the given system, when the ball of mass m is
released from position A, it swings down the dotted
arc. Anail is located at a distance d below the point of
suspension such that the ball just swings completely
around a circle centered on the nail. Then minimum
value of d possible is

A L

[—— o —Pp|
______O_________‘

=z

e

(A) 06L
(C) 05L

(B) 04L
(D) 03L

A 60 g bullet is fired through a stack of fibre board
sheets 200 mm thick. If the bullet approaches the stack
with a velocity of 600 ms™ and emerges out with a
velocity of 300 ms™ , the average resistance offered to

the bullet is
(A) 405kN (B) 2kN
(C) 20.25kN (D) 10kN

A particle of mass m begins to slide down a fixed
smooth sphere from the top. What is its tangential
acceleration when it leaves contact with the sphere?

28.

29.

30.

31.

A bob is suspended from a crane by a cable of length
[=5m. The crane and load are moving at a constant
speed ;. The crane is stopped by an obstacle such that

the bob on the cable swings out an angle of 60°. The

I

initial speed v, is ( g=98 ms‘z)

v
Pl
0—@©)-
(A) 10ms™ (B) 7ms™!
(C) 4ms™ (D) 2ms™

A chain of length | and mass m lies on the surface
of a smooth sphere of radius R(R>1) with one end
tied on the top of the sphere. Then the gravitational
potential energy of the chain with reference level at the
centre of sphere is given by

(A) mlizgsin[ﬁ] (B) @cos(é]
©) ”“?23 cotﬁ) D) @m(%}

A particle of mass » attached to a string of length [ is
describing circular motion on a smooth plane inclined
that makes an angle o with the horizontal. For the
particle to reach the highest point its minimum veloc-
ity at the lowest point should be

(A) @ (B) 5gl(cosa+1)
(C) (5gltana (D) 5glsine

A block is attached to a spring of stiffness k. The other
end of the spring is attached to a fixed wall. The entire
system lie on a horizontal surface and the spring is in
natural state. The natural length of the spring is [;. If

the block is slowly lifted up vertically to a height il,:,
from its initial position. The work done by the

ki 5
A) lifting force is — -+ mgl
(A) g 288 ' 12 8l

(B) lifting force is fim l +£
8 127807 288

LoD
(C) gravityis Emglo

(D) spring force is ﬁ
Prng 288
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32.

33.

34.

Two particles 1 and 2 are descending on two friction-
less chords OP and OQ . The ratio of the speeds of
the particles 1 and 2 respectively, when they reach the
circumference is

0
60°
f
P Q2
Q
1 1
(A) 1 (B) IV
1
©) P (D) 1

An object of mass m is released from rest at N to
move along the fixed smooth circular track of radius
R as shown in figure. The ratio of magnitudes of cen-
tripetal force and normal reaction of the track on the
object at the point P is

[SS N -]

Two blocks of masses 10 kg and 4 kg are connected
by a flexible inextensible string as shown in the figure.
The pulley is assumed to be frictionless. The coefficient
of friction between the inclined surface and the 4 kg
block is 0.2 and angle of inclination of the plane is 30°.
Assuming that the system is released from rest, the
velocity of 10 kg block when it has moved 4 m down is

35.

36.

37.

38.

39.

(B) 65ms™
(D) 13ms™!

(A) 56ms™
(C) 41.8 ms™
Asmall body A starts sliding off the top of a smooth

sphere of radius 2. The angle 6 corresponding to the
point P at which the body breaks off the sphere is

(A) cos™ ( 2] (B) cos‘l( 2;]

o ()
(D) cos o
Abody is displaced from (0, 0) to (1, 1) m along the

path x =y byaforce F = (rzf + y?) N . The work done
by this force is

4 5
(A) 3] (B) )
3 7
© ) D) EI

A dam is situated at a height of 550 metre above sea
level and supplies water to a power house which is at
a height of 50 metre above sea level. 2000 kg of water
passes through the turbines per second. The maxi-
mum electrical power output of the power house if the
whole system were 80% efficient is

(A) 8 MW (B) 10 MW

(C) 125MW (D) 16 MW

A particle of mass m attached to an inextensible
light string is moving in a vertical circle of radius r .
Velocity at the highest point is v, and is just sufficient
to complete the vertical circle. Tension in the string
when it becomes horizontal is

2
9Imuy

2
3muy

a. 0 b.

r r

(A) aonly
(C) Bothbandc

c. 3mg

(B) bonly
(D) Bothaandc

A body is moved from rest along a straight line by a
machine delivering constant power. The ratio of dis-

. 5 . T
placement and velocity, | — | varies with time ¢ as

[
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(A) t (B) t (A) 5007 (B) 1250]
A (C) 2500] (D) 5000 ]
44. Power supplied to a particle of mass 2 kg varies with
P2
time f (in second) as P = 3? W. If velocity of particle at
s A t =0is v = 0. The velocity of particle at time = 2 s will be
c (A) 1ms™ (B) 2ms™
t D) t
© ©) A (€ 22 ms™ (D) 4ms™
45. A particle of mass m is projected with velocity u at
an angle o with horizontal. During the period when
the particle descends from highest point to the posi-
s s tion where its velocity vector makes an angle £ with
v v horizontal. Work done by gravity force is
A particle suspended from a fixed point, by a light 1 5 5 1, Lo
inextensible thread of length L is projected horizon- (8) oM tan (B) St
7¢L
tally from its lowest position with velocity , /% . The (@) %mu2 cos? ortan? % (D) %mulcos71 %sin2 o
string will slack after swinging through an angle 6,  46. A uniform rod of length 1 m and mass 100 g is pivoted
such that 6 equals at one end and is hanging vertically. It is displaced
(A) 30° (B) 135° through 60° from the vertical. The increase in its
Q) 120° (D) 150° potential energy is (g =10 ms?)
A man pulls a bucket of water from a depth of h from (A) 025] (B) 05]
a well. If the mass of the rope and that of bucket full © 0.75] (D) 1.0]
of waterare m and M respectively, the work doneby 47, A running man has half the kinetic energy of a boy
the man is of half his mass. The man speeds up by 1.0 ms™ and
(A) (M+m)gh (B) ( M+ J gh then has the same kinetic energy as the boy. The origi-
2 nal speed of the boy was
M+ m M (A) 24ms™ (B) 9.6 ms™
I D) | — h
© [ 2 ]g' ®) ( 2 +m]g (C) 48ms™ (D) 72ms"
v-t graph of an object of mass 2 kg is shown. Select ~ 48. A body of mass m accelerates uniformly from rest
the incorrect statement to a velocity v, in time f;. The instantaneous power
vims™) delivered to the body at any time ¢ is2
4 A) muyt ®) muyt
201 fo fo
2 2
© " ®) "
107 by fy
49. One end of a spring of natural length /i and spring
, — 1(s) constant k is fixed at the ground and the other is fit-
10 20 30

(A) The average acceleration of the object is zero
(B) The average velocity of the object is zero
(C) The average force on the object is zero
(D) Work done on the object in 30 s is zero

A body of mass 2 kg, initially at rest, is acted upon
simultaneously by two forces, one of 4 N and the
other of 3 N, acting at right angles to each other. The
kinetic energy of the body after 20 s is

ted with a smooth ring of mass m which is allowed to
slide on a horizontal rod fixed at a height £ . Initially
the spring makes an angle of 37° with the vertical
when the system is released from rest. The speed of
the ring when the spring becomes vertical is

I

1
h i
I
)

!

o

8
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50.

51.

52.

@ X ® ok
m 2\m
h [k h k
©) o (D) W

The force acting on a particle moving along x-axis var-
ies with the position of the particle as shown in the
figure. The particle is in stable equilibrium at

F

» X
X4 X

(A) xr=x (B)
(C) both x; and x,

X=X,

(D) neither x, nor x,

Two masses n1; and i, (1, >, ) are positioned as
shown in figure, 1, being on the ground and 1, ata
height I above the ground. When m, is released, the
speed at which it hits the ground will be

2gh(my —m,)

3
h
s
) [ ()
i,

2gh(my +my,)

(1 —1m,)

(my +m,)

©) 2gh(m, —my)

(1my +my)
A block of mass m slides down a rough inclined
plane of inclination 6 with horizontal with zero initial
velocity. The coefficient of friction between the block
and the plane is u with 0>tan™(u). The rate of
work done by the force of friction at time ¢ is

(A) umgzt sinf

(B) mg*t(sin®— pcos6)

(C) umg’tcosd(sin- pcosh)
(D) ,Lm'lng cos6

53.

54.

55.

56.

A small block slides with velocity v, = %\/gT' on the

horizontal frictionless surface as shown in the figure.
The block leaves the surface at point C. The angle 6
in the figure is

Vo
—>
B
|
0
(4 4(3
(A) cos (9) (B) cos (4)

(C) cos™ ( % J

A vertical spring of force constant 100 Nm ' is
attached with a hanging mass of 10 kg. Now an
external force is applied slowly on the mass so that the
spring is stretched by additional 2 m . The work done

by the force F is (Take g=10 ms‘z)

(D) None of the above

k =100 N/m
10 kg
F
(A) 200] (B) 400]
(C) 450] (D) 6007

A child on a swing is 1 m above the ground at the
lowest point and 6 m above the ground at the highest
point. The horizontal speed of the child at the lowest
point of the swing is approximately

(A) 8ms (B) 10ms’

(C) 12ms™ (D) 14ms™

A force F acting on a body depends on its displace-
1

ment x as Fex 3. The power delivered by F will
depend on displacement as

2 )
(A) x3 (B) x°
1
Q) x2 D) 2
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58.

59.

60.

61.

62.
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Two conservative forces F, and F, act on an
object. The relation between W, and W,, where

(B) W1=W2¢O
D) W, <W,

(A) Wy>W,
€ Wy=W,=0
A smooth sphere of radius R is made to translate in a
straight line with a constant acceleration whose magni-
tude is equal to the value of acceleration due to gravity.
A particle kept on the top of the sphere is released from
there with zero velocity with respect to the sphere. The
speed of particle with respect to the sphere as a func-
tion of angle @with the vertical, as it slides down is
Rg(sin6+cos8)

2

(B) Rg(1+cos6-sinf)

(C) J4Rgsin#

(D) 2Rg(1+sin8-cosf)

(A)

A 100 kg drop hammer H is operated by a motor. It
falls from a height of 9 m on thick nail N which is to
be driven into the hard block. The hammer has to be
lifted to height of 9 m in 12 s with constant velocity. If
the efficiency of the motor is assumed to be 80%, the
power required by the motor is approximately

(A) 049 kW (B) 49kW

(C) 0.94kW (D) 6kW

Ablock of mass 1 kg is attached to one end of a spring
of force constant k=20 Nm™ . The other end of the
spring is attached to a fixed rigid support. This spring
block system is made to oscillate on a rough horizontal
surface having 11 =0.04 . The initial displacement of
the block from the equilibrium position is 2= 30 cm .
The number of times the block passes from the mean
position before coming to rest is ( g=10ms™ ]

(A) 15 (B) 11

€ 7 (D) 6

A motor has an electrical input of 30 k] and is used

to raise a 100 kg load to a height of 25 m when fit-
ted to a crane winch. What is the efficiency of winch?

( ¢=10 ms'z)
(A) 7.5% (B) 75%
(C) 83.3% (D) 0.75%

A block of mass m is attached to the two springs in
vertical plane as shown in the figure. If initially both
the springs are at their natural lengths. Then velocity
of the block is maximum at displacement x given as

Chapter 1: Work, Energy, Power and Conservation of Energy

63.

64.

65.
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mg mg
A = B =
(A) x=2, B) x==

mg 3mg

== D -]
€@ x=" B) x=—

x is the displacement of the block from its initial
position.

Three similar cubical slabs each of mass m and edge
b are lying on ground. Work done to arrange them
one over the other is

1
b b b _
m m m A
(A) 1.5mgb (B) 2mgb
(C) 3mgb (D) 4mgb

The potential energy function for the force between
two atoms in a diatomic molecule can be expressed

approximately as U= a where 2 and b are

positive constants and x is the distance between
atoms. The dissociation energy (the energy needed to
break up the molecule into separated atoms to infinity)
is

b? b?
® + ® =
2 2
o = o 2
4a a

Two blocks of masses 10 kg and 5 kg are connected by
a flexible but inextensible string over a shaft as shown
in the figure. The system starts from rest with 10 kg
mass moving downward. If a constant frictional force
of 25 N acts at the shaft, the velocity when the 10 kg
block has moved 2 m down is
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5kg
10kg
QTm
PES. S i
.y
(A) 2.6ms’ (B) 6.2ms '
(C) 32ms” (D) 4ms’
66. Force acting on a particle moving in a straight line varies

67.

68.

69.

with the velocity of the particle as F = E, where K is a
v

positive constant. The work done by this force in time  is

(A) Ezt (B) 2Kt
v
© Ki o =%

A 2HP pump is used to lift water to the overhead
tank on the roof of a building. It has to be operated 8
hours per day and the cost of 1 unit of electricity is 6.
The electricity bill for month of June will be

(A) T2148 (B) T2450

(C) %1580 (D) 840

A pendulum of mass 1kg and length 1 m is released
from rest when it makes an angle of 60° with the verti-
cal. The power delivered by all the forces acting on the
bob when it makes an angle of 30° with the vertical is
(Take g=10 ms"z)
(A) Zero

(C) 204 watt

(B) 13.4 watt
(D) 24.6 watt

The minimum speed v with which a small ball should
be pushed inside a smooth vertical tube of radius R
from a height  such that it may reach the top of the
tube is

(A) 2g(h+2R) (B) SR
(C) g(5R-2h) (D) 2g(2R-h)

70. Let a system of three blocks each of mass M, attached

by light cords, placed on a horizontal surface move
through a distance x with constant velocity. Then
work done by the external force is

A U e

/ / /

0.5 gy Hk 0.5 iy
(A) 3w Mgx (B) 2u;Mgx
(C) ZEro (D) %ukng

71.

72.

73.

Two blocks of masses m; =1kg and m,=2kg are
connected by a non-deformed light spring. They are
lying on a rough horizontal surface. The coefficient of
friction between the blocks and the surface is 0.4. The
minimum constant force F that has to be applied in
horizontal direction to the block of mass m; in order

to just shift the other block is (Take g=10ms™ ]

RS i

(B) 15N
(D) 25N

(A) 8N
(C) 10N

A man throws a brick to a height of 5m where it

reaches with a speed of 10 ms™ . If he throws it such
that it just reaches that required height, then the per-

centage of energy saved is ( §=10ms™ )
(A) 29% (B) 46%
©) 38% (D) 50%

An object of mass m is tied to string of length L and
a variable horizontal force is applied on it which starts
at zero and gradually increases (it is pulled extremely
slowly so that equilibrium exists at all times) until the
string makes an angle 6 with the vertical. Work done
by the force F is

Z

mgL(1-cos6)
mgL(1-sinf)

=

mgL

SB® S
g"-—-’

mgL(1+ tan®)
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77.
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Aball of mass m is attached to one end of a light rod of
length [, the other end of which is hinged. The mini-
mum velocity v that should be imparted to the ball
downwards, so that it can complete the circle is

! {

(A) gl (B) \2g!
© 3gl (D) B¢l

A simple pendulum swings with angular amplitude
0. When string is vertical, tension in it is twice the
tension in extreme position. Then, cosé is equal to

(B)

(A)

(©) D)

WM W
= p =

A particle is released from a height H has at a certain
instant kinetic energy twice its potential energy. The
height and speed of particle at that instant are

H 2¢H 2H 2¢H
@ =, %5 B =, [
3 3 3 3
H _[¢H H
C) —, 2./— D) —, (2¢H
© 5.2 © .\

A uniform flexible chain of mass m and length 2/
hangs in equilibrium over a smooth horizontal pin
of negligible diameter. One end of the chain is given
a small vertical displacement so that the chain slips
over the pin. The speed of chain when it leaves pin

18
(&) 281 B) |5l
D) \Bgl

© (gl

A system consists of two blocks of masses 1, and 1,
respectively connected by a spring of force constant
k. The force (F) that should be applied to the upper
block for which the lower one just lifts after the force is
removed is
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79.

80.

81.
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(A) mg (B) ﬁg
©) (m1+ mz)g (D) myg

A block of mass 2 kg is released from A on the track
that is one quadrant of a circle of radius 1 m. It slides
down the track and reaches B with a speed of 4 ms™’
and finally stops at C at a distance of 3 m from B. The
work done against the force of friction is

(A) 10]
© 2]

(B) 20]
(D) 6]

A particle moves on a rough horizontal ground with

initial velocity v, such that %th of its kinetic energy

is lost against friction in time #; . The coefficient of fric-
tion between the particle and the ground is

v )
A) L B) —
&) gty ®) 2gt,
3v )
€ —= D) —
4gt, 4gt,

Ablock of mass m is attached to a light spring of force
constant k. The block is placed over a rough inclined

surface for which the coefficient of friction is u= %

The minimum value of M required to move the block
up the plane is (Neglect mass of string and pulley and
friction in pulley)

37°
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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

(A) x B) ¥

Q) Inx (D) ¢

The potential energy of a particle of mass m is given
L, 2
—kx* f 0

by U=|2 ©T =Y total mechanical energy

0 for x20 F
of the particle is E . Then its speed at x = \/% is

(A) ZerO (B) 2t
E
©) - (D) .

A car of mass 1000 kg moves on a rough road where
road friction is 10 percent of its weight and air friction
2 percent of its weight. To keep the car at a uniform
speed of 36 kmhr ™",
(A) 112kW

(C) 12kW

the power required will be

(B) 56 kW

(D) 6kW
A particle of mass 0.5 kg is displaced from position
7(2, 3, 1) m to #,(4, 3, 2) m by applying a force of

magnitude 30 N which is acting along (? +f + IG) .The
work done by the force is

(A) 10437 (B) 30437
(€ 30] D) J15]

A 2 kg block is dropped from a height of 0.4 m on a
spring of force constant k=1960 Nm'. The maxi-
mum compression of the spring is

(A) 0.1m (B) 0.2m

(C) 0.3m (D) 0.4m

A stone of mass 1 kg tied to a light inextensible string

of length L =¥ m is whirling in a circular path of

radius L in a vertical plane. If the ratio of the maxi-
mum tension in the string to the minimum tension
in the string is 4 and if ¢ is taken to be 10 ms™, the
speed of the stone at the highest point of the circle is

(A) 20 ms™ (B) 10v/3 ms™

52 ms™! (D) 10 ms™
A simple pendulum consisting of a mass M attached
in a string of length L is released from rest at an angle

o . A pin is located at a distance ! below the pivot
point. When the pendulum swings down, the string

89.

90.

91.

hits the pin as shown in the figure. Assuming that after
hitting the pin, the pendulum just oscillates, then the
maximum angle & which string makes with the verti-
cal after hitting the pin is

I

(4
I

I

I

.

A) Sl[LcosaH) Sl(LcosaH]
1(Lcosa !) 1(Lcosa J
oS Cos
L+1

An agent applies force of constant magnitude F;
always in the tangential direction as shown in the
figure. Find the speed of the bob when string becomes
horizontal, assuming that it is at rest at its lowest
point

]
18

i Fo
C'}__,,
®) g

4 4mg o [
m m

!
(A) E( k) - 2mg)

©

The tangential acceleration of a particle in a circular
motion of radius 2 m is ar = of ms ™ (where o isa
constant) Initially the particle is at rest. At 2 second
from the start, total acceleration of the particle is
equally inclined to both the accelerations. The value of

constant o is
1

(A) Em5_3 (B)

(C) 2ms™

1ms™

(D) 4ms™

A car weighing 1000 kg is travelling on a level road
with a uniform velocity of 60 kmh™ . The resistance
offered to the motion due to air and friction is 50 N.
The work done by the car in travelling a distance of
1 kmis

(A) 5x10*]
(C) 60x10°]

(B) 60x10°]
(D) 3000]
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Abody is attached to the lower end of a vertical spiral
spring and it is gradually lowered to its equilibrium
position. This stretches the spring by a length 4. If the
same body attached to the same spring is allowed to
fall suddenly, what would be the maximum stretching
in this case?

(A) d (B) 2d

1
(© 3d (D) Ed

Ablock of mass 4 kg slides on a horizontal smooth sur-
face of a table with a speed 1.6 ms™'. Tt comes to rest
in compressing a spring lying in its path. If the spring
has a force constant of 2Nm™, the spring should be

compressed by
(A) 0.22m (B) 14m
(©) 22m (D) 04m

Ablock of mass 0.5 kg has an initial velocity of 10 ms™
down an inclined rough plane of angle 30°, the coeffi-
cient of friction between the block and inclined surface
being 0.2. The velocity of the block after it travels a
distance of 10 m is

(A) 24 ms™
(C) 8ms™

(B) 13 ms™
(D) 17 ms™

If the block in the shown arrangement is acted upon by
a constant force F for {20, its maximum speed will
be

2F
(B) N
i
Jmk

Aprojectile is fired from point O with an initial speed
Vj. The speed at an altitude /1 from the ground is

(A)

F
Jmk
P

© o
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0
(A) V2 +2gh
C) Vi -2gh

A cube of mass M starts at rest from point 1 at a height
4R, where R is the radius of the circular track. The
cube slides down the frictionless track and around the
loop. The force which the track exerts on the cube at
point 2 is

ii.1

4R

v

(A) 3Mg (B) Mg
(C) 2Mg (D) Cube will not reach the point 2

Abead of mass 5 kg is free to slide on the horizontal
rod AB. They are connected to two identical springs
of natural length /1 ms as shown. If initially bead was
at O and M is vertically below L then, velocity of
bead (in ms™) at point N will be
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99.

MULTIPLE CORRECT CHOICE TYPE QUESTIONS

(A) 5h
(C) 8h

(B) 133k
(D) 4h

Aball of mass m is dropped from height h on a light
platform fixed at the top of a vertical spring as shown

in Figure.
"®
b

Speed of the ball will be maximum at the instant when
compression x in the spring is

mg
(A) 7

mg
® =

This section contains Multiple Correct Choice Type Questions. Each question has four choices (A), (B), (C) and (D), out of
which ONE OR MORE is/are correct.

1.

A particle is taken from point A to point B under the
influence of a force field. Now it is taken back from
B to A and it is observed that the work done in tak-
ing the particle from A to B is not equal to the work
done in taking it from B to A.If W, and W, is the
work done by non-conservative forces and conserva-
tive forces present in the system respectively, AU is
the change in potential energy, Ak is the change in
kinetic energy, then

(A) W, —AU = Ak
(C) W, +W.=Ak

(B) W.=-AU
(D) W, —-AU=-Ak
In the system shown in the figure the mass m moves in

a circular arc of angular amplitude 60°. Mass 4m is
stationary. Then

(A) the minimum value of coefficient of friction
between the mass 4m and the surface of the table
is 0.5

(B) the work done by gravitational force on the block
m is positive when it moves from A to B

(C) the power delivered by the tension when m moves
from A to B is zero

(D) the kinetic energy of m in position B equals the
work done by gravitational force on the block
when it moves from position A to B

3.

An engine is pulling a train of mass m on a level track
at a uniform speed v. The resistive force offered per
unit massis f.

(A) Power produced by the engine is mfov .

(B) The extra power developed by the engine to
maintain a speed v up a gradient of h in s is
mghv

L

(C) The frictional force exerting on the train is mf on
the level track.

(D) None of above is correct.

In the pulley-block system shown in figure strings are
light, the pulleys are light and smooth. The system is
released from rest. At t=0.3s

I

A) work done on 2 kg block by gravity is 6 |

B) work done on 2 kg block by string is 2 |
C) work done on 1 kg block by gravity is 1.5

(
(
(
(D) work done on 1 kg block by string is 2 |
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A block of mass 2 kg is hanging over a smooth and
light pulley through a light string. The other end of
the string is pulled by a constant force F =40 N. The
kinetic energy of the particle increases 40 ] in a given
interval of time. Then (Take ¢ =10 ms™)

(A) Tension in the string is 40 N

(B) Displacement of the block in the given interval of
timeis 2m.

(C) Power developed by this force varies linearly
with time

(D) Power developed by this force varies paraboli-
cally with displacement.

A smooth track in the form of a quarter circle of radius
6 m lies in the vertical plane. A particle moves from
P, to P, under the action of forces F1, F2 and Fj.
Force Fi is always toward P, and is always 20 N in
magnitude. Force F» always acts horizontally and is
always 30 N in magnitude. Force F3 always acts tan-
gentially to the track and is of magnitude 15 N . Select
the correct alternative(s)

(A) F1 is conservative in nature
(B) work done by Fis 120]
(C) work done by F» is 180 ]
(D) work done by F5 is 457]

Ablock of mass M is attached with a spring of spring
constant k. The whole arrangement is placed on the
frictionless surface of a vehicle as shown in figure. If
the vehicle starts moving towards right with an accel-
eration a (there is no friction anywhere), then

m-u§w—{ 2y
e

(A) maximum elongation in the spring is %

(B) maximum elongation in the spring is %

2
(C) maximum compression in the spring is %

(D) maximum compression in the spring is zero

Chapter 1: Work, Energy, Power and Conservation of Energy
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A particle is acted upon by a conservative force
?:(7?—6}) N (no other force is acting on the
particle). Under the influence of this force particle
moves from (0, 0) to (-3 m, 4m) then

(A) work done by the forceis 3 ]

(B) work done by the forceis —45]

(C) at (0, 0) speed of the particle must be zero

(D) at (0, 0) speed of the particle must not be zero

Displacement time graph of a particle moving in a
straight line is as shown in figure. Select the correct
alternative(s)

p t

o]

(A) Work done by all the forces in region OA and
BC is positive.

(B) Work done by all the forces in region AB is zero.

(C) Work done by all the forces in region BC is
negative

(D) Work done by all the forces in region OA is
negative.

A block initially suspended by an ideal spring of force
constant k is pulled down by applying a constant
force F and if maximum displacement of block from
its initial mean position of rest is x; then

(A) increase in energy stored in spring is kx;

3F

B =—

(B) x ok

(C) work done by applied force F is Fx,
2F

D) x= N

Power due to a force acting on a block varies with time
t as shown in figure. Then angle between force acting
on the block and its velocity is

P(watt)
A

10+---5
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12,

13.

14.

15.

16.

acuteat t=1s

90° at t=3s

obtuseat t=7s

change in kinetic energy from t=0 to t=10s is
20]

So0E=EZ

A particle is moving in a conservative force field from
point A to point B. U, and Uy are the potential
energies of the particle at points A and B and W,
is the work done in the process of taking the particle
from A to B.

(A) W.=Uz-U,
Q) U, >Uyg

(B) W, =U, -,
(D) Uy>U,

Out of the following statements, select the correct

alternative(s)

(A) Work done by static friction is always zero.

(B) Work done by kinetic friction can also be positive.

(C) Kinetic energy of a system cannot be increased
without applying any external force on the
system.

(D) Work energy theorem is valid for non-inertial
frames also.

Kinetic energy of a particle is continuously increasing

with time. It means

(A) resultant force is always along the direction of
motion

(B) resultant force is always normal to the direction
of motion

(C) resultant force is at an angle less than 90° to the
direction of motion

(D) its height above the ground level may be
decreasing

(E) power associated with resultant force is not equal
to zero

The potential energy of a particle of mass 1kg in a

conservative field is given as U= (3x2y2 + 6x) I,

where x and y are measured in meter. Initially par-

ticle is at (1, 1) and at rest, then

(A) initial acceleration of particle is 635 ms”

(B) work done to slowly bring the particle to origin is
9]

(C) work done to slowly bring the particle to origin is
9]

(D) if particle is left free it moves in straight line

A block of mass 2kg is hanging over a smooth and
light pulley through a light string. The other end of
the string is pulled by a constant force F =40 N. The
kinetic energy of the particle is increased by 40 J in a

given interval of time. Then ( ¢g=10ms™ )

17.

18.

19.

(A) tension in the string is 40 N

(B) displacement of the block in the given interval of
time is 2 m

(C) work done by gravity is -20 ]

(D) work done by tension is 80 ]

Displacement time graph of a particle moving in a
straight line is as shown in figure. From the graph we
observe that the work done on the block is

(A) positive from 0 to t;
(B) negative from f; to f,
(C) zero from t, to t;

(D) negative from #; to t,

A Block A is placed on a smooth horizontal surface
and a particle C is suspended with the help of light
rod from point B of the block as shown. Now both
the block A and the particle C are given velocity
v, towards left. The block A strikes a fixed wall and
suddenly stops. Then, (The rod BC is free to rotate
about B)

(A) The smallest velocity v, for which the particle
C will swing in a full circle about the point B is

4gql .
(B) The smallest velocity v, for which the particle
C will swing in a full circle about the point B is

.

(C) Velocity of point C at the highest point of the
circle (for the smallest value of v, ) is zero.

(D) Velocity of point C at the highest point of the
circle (for the smallest value of v, ) is \/Q .

A force acting on an object does zero work, if

(A) theforceisalwaysperpendiculartoitsacceleration

(B) the object is stationary but the point of applica-
tion of the force moves on the object
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(C) the force is always perpendicular to its velocity
(D) the object moves in such a way that the point of
application of the force remains fixed

If the kinetic energy of a body is directly proportional
to time f, the magnitude of the force acting on the
body is

(A) directly proportional to

(B) inversely proportional to

(C) directly proportional to the speed of the body

(D) inversely proportional to the speed of the body

A small block of mass m is released from rest from
position A inside a smooth hemispherical bowl of
radius R asshownin figure. The incorrect statement(s)
is/are

Y

(A) Acceleration of block is constant throughout
(B) Acceleration of block at A is g
(C) Acceleration of block at B is 3g
(D) Acceleration of block at B is 2¢

A particle of mass 5kg moving in the x-y plane has
its potential energy given by U = (~7x+24y )], where
x and y are in metre. The particle is initially at origin
and has a velocity u = (14.4?+ 4.2}') ms™.

(A) The particle has a speed of 25 ms ' at t=4s.
(B) The particle has an acceleration of 5 ms .

(C) The acceleration of the particle is perpendicular

to its initial velocity.
(D) None of the above is correct.

Apendulum of length | is suspended on a flat car that
is moving with a velocity # on the horizontal road.
If the car is suddenly stopped, then, (assume bob of
pendulum does not collide anywhere)

(A) the maximum angle 6 with the initial verti-
cal line through which the pendulum swing is

sin” M
e
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(B) the maximum angle € with the initial verti-
cal line through which the pendulum swing is

2sin [
e

(C) if maximum angle is 60°, [=5m and

¢=98ms™ then the initial speed of car u is
7 ms™
(D) if maximum angle 6 is 30°, [=5m and g =

9.8 ms™7, then the initial speed of car u is 6 ms™"

A small spherical ball is suspended through a string of
length /. The whole arrangement is placed in a vehicle
which is moving with velocity . Now suddenly the
vehicle stops and ball starts moving along a circular
path. If tension in the string at the highest point is
twice the weight of the ball and ©" be the velocity of
ball at the highest point, then

(A) v=\f5gl B) v=7gl
€ v'=\fg (D) v =3¢l

One end of a light spring of force constant k is fixed
to a wall and the other end is tied to a block placed
on a smooth horizontal surface. In a displacement, the

work done by the spring is 1 The possible case(s)

may be 2

(A) The spring was initially stretched by a distance x
and finally was in its natural length.

(B) The spring was initially in its natural length and
finally it was compressed by a distance x .

(C) The spring was initially compressed by a distance
¥ and finally was in its natural length.

(D) The spring was initially in its natural length and
finally stretched by a distance x .

If a particle under the action of a force F has potential
energy U then in equilibrium

(A) F=0and U=0

B) F#0and U=0

(C) F=0and U#0

(D) F#0and U#0

Ablock suspended from a spring is released when the

spring is unstretched. Then, which of the following
OPTIONS is/are correct?
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28.

29.

30.

A) Block starts oscillating simple harmonically.

B) Throughout the motion block is accelerated.

C) Maximum acceleration of block is g.

D) Inthe upward motion of block, spring is detached
from the block at its mean position, then block
will rise to a height greater than from where it
was released.

(
(
(
(

The potential energy U, in joule, of a particle of mass

1 kg moving in x-y plane varies as U=3x+4y,

where (x, y) are the co-ordinates of the particle in

metre. If the particle starts from rest from (6, 4) at

time f=0 then

(A) the particle has constant acceleration

(B) the particle has zero acceleration

(C) the speed of particle when it crosses the y-axis is
10 ms™

(D) co-ordinates of particle at t=1s are (4.5, 2)

A sledge moving over a smooth horizontal surface of
ice ata velocity v, drives out on a horizontal road and
comes to a halt as shown. The sledge has a length [,
mass m and friction between runners and road is { .

e

(P

ICE ROAD

(A) No work is done by the friction to switch the
sledge from ice to the road.

(B) A work of % umgl is done against friction while

sledge switches completely on to road.
(C) The distance covered by the sledge on the road is

a1
2ug 2)

(D) Total distance moved by the sledge before stop-

ing is i+i
png 2‘[152-

A particle moves in a straight line with constant accel-

eration under a constant force F. Select the incorrect

alternative(s)

(A) power developed by this force varies linearly
with time

(B) power developed by this force varies paraboli-
cally with time

(C) power developed by this force varies linearly
with displacement

(D) power developed by this force varies paraboli-
cally with displacement

31.

32.

33.

34

The spring is given a compression 4 and released. The
block of mass m again comes to rest when the spring
extends by b. During this process, the work done by
the spring on the blockis W . If 11 be the coefficient of
friction between the block and the surface, then

(A) w:%k(m})2 ) W=%k(a27b2)

=k(a—b) D) Ju=k(a+b)

© u 2mg 2mg

One end of a light spring of force constant k is fixed
to a wall and the other end is tied to a block placed on
a smooth horizontal surface. For a possible displace-

ment, the work done by the spring is %kx2 . The pos-

sible case(s) may be

(A) the spring was initially stretched by a distance x
and finally was in its natural length

(B) the spring was initially in its natural length and
finally it was compressed by a distance x

(C) the spring was initially compressed by a distance
¥ and finally was in its natural length

(D) the spring was initially in its natural length and
finally stretched by a distance x

Aball of mass m is attached to the lower end of a light
vertical spring of force constant k. The upper end of
the spring is fixed. The ball is released from rest with
the spring at its normal length and comes to rest again
after descending through a distance x . Then select the
correct statement(s).

_mg
(A) x= T
® =28

(C) The ball will have no acceleration at the position
where it has descended through g .

(D) The ball will have an upward acceleration equal
to g atits lowermost position.

The potential energy U for a force field F is such that
U = —kxy , where k is a constant.

(A) F=kyi+kxj

(B) F=kui+kyj

(C) The force F is a conservative force

(D) The force T is a non-conservative force.
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During projectile motion, the power due to gravita-

tional force

(A) is constant throughout

(B) varies linearly with time

C) ispositive for complete path

D) isnegative for first half, zero at topmost point and
positive for rest half

—_—

Twoblocks A and B having different kinetic energies

K, and Ky(>K,) are released on rough horizontal

ground having same coefficient of friction for both the

blocks. Then

(A) momentum of B is greater than momentum of A

(B) more work has to be done by friction to stop B

(C) B will travel more distance before stopping

(D) from the given data we cannot compare the
distances travelled by them before stopping

Which of the following can be negative
(A) kinetic energy (B) potential energy
(C) mechanical energy (D) energy

A force F=-kx’ is acting on a block moving along

x-axis. Here, k is a positive constant. Work done by

this force is

(A) positive in displacing the block from x=3tox =1

(B) positive in displacing the block from x=-1 to
x=-3

REASONING BASED QUESTIONS
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(C) negative in displacing the block from x=3 to
x=1

(D) negative in displacing the block from x=-1 to
x=-3

Suppose a car is modeled as a cylinder moving with a
speed v.If A is the area of cross-section of the car and
p is the density of air then

1
(A) power loss due to air resistance is EApv3
(B) power loss due to air resistance is Apo’
1
(C) drag force is Eflpv2

(D) drag force is Apo*

A block is suspended by an ideal spring of force con-
stant k. If the block is pulled down by applying con-
stant force I and if maximum displacement of block
from its initial position of restis x; then

(A) Increase in energy stored in spring is kx;

3F
B =—
(B) x ok
2F
C =—
© x A

(D) Work done by applied force F is Fx,

This section contains Reasoning type questions, each having four choices (A), (B), (C) and (D) out of which ONLY ONE is
correct. Each question contains STATEMENT 1 and STATEMENT 2. You have to mark your answer as

Bubble (A) If both statements are TRUE and STATEMENT 2 is the correct explanation of STATEMENT 1.
Bubble (B) If both statements are TRUE but STATEMENT 2 is not the correct explanation of STATEMENT 1.
Bubble (C) If STATEMENT 1 is TRUE and STATEMENT 2 is FALSE.

Bubble (D) If STATEMENT 1 is FALSE but STATEMENT 2 is TRUE.

1.

Statement-1: Under the action of a force of constant
magnitude, work done is path independent.
Statement-2: Work done by force of gravity is path
independent.

Statement-1: Two cars of unequal mass are moving
with equal velocity in straight line. On applying equal
resistive force on both the cars, work done to stop
them are equal.

Statement-2: Work done is equal to change in its
kinetic energy.

Statement-1: A car and heavy truck have the same
speed moving on a road. Same force is applied on both
and both stop in same distance.

Statement-2: Same force will cause the different retar-
dation in the two vehicles.

4.

Statement-1: The potential energy of a particle varies
with distance x as shown in the graph.

y
A

The force acting on the particle is zero at point Band C.
Statement-2: The slope of y-x curveis zero at point B
and C.
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5. Statement-1: Abody is connected to a string and if it just
completes a circle, it must have zero velocity at the top.
Statement-2: A body is projected in vertically upward
direction, at the highest point the acceleration of par-
ticle is non-zero.

6. Statement-1: Consider the two situation shown in the
figure. In first case height attained by particle above
ground is same as the height attained by particle in
case IL
Statement-2: As planes are smooth so initial kinetic
energy is converted into potential energy. Initial
kinetic energy in two cases is different.

7. Statement-1: Power developed in a uniform circular
motion is always zero.

LINKED COMPREHENSION TYPE QUESTIONS

Statement-2: Work done in case of a uniform circular
motion is zero.

8. Statement-1: A heavy weight is suspended from

the spring. A person raises the weight slowly till the
spring become slack. The work done by person is W.
The energy stored on the stretched spring was E. The
gain in gravitational potential energy is (W +E) .
Statement-2: Work done by the spring force is always
negative.

9. Statement-1: A bomb at rest explodes into two frag-

ments of different masses. The kinetic energies of the
two fragments will be in inverse ratio of their masses.
Statement-2: Kinetic energy of a body is inversely pro-
portional to its momentum.

10. Statement-1: When a man raises himself up by pull-
ing down on a horizontal bar as in a gymnasium, it is
work done by the normal reaction from the bar that
goes on to increase his potential energy.

Statement-2: Normal force applied by the bar on the
man is responsible for lifting the centre of mass of the
man.

This section contains Linked Comprehension Type Questions or Paragraph based Questions. Each set consists of a Paragraph
followed by questions. Each question has four choices (A), (B), (C) and (D), out of which only one is correct. (For the sake of
competitiveness there may be a few questions that may have more than one correct options).

Comprehension 1

A small sphere B of mass m is released from rest in the
position shown and swings freely in a vertical plane, first
about O and then about the peg A after the cord comes in
contact with the peg.

¢ 0.8m >

% S 9B
/.\;xzsoo ,,
0.4\ ~ :

Based on above information, answer the following
questions.

1. The tension in the cord just before it comes in contact
with the peg is

® ®) g
© 2% (D) 2mg

2. The tension in the cord just after it comes in contact
with the peg is

5mg 3mg
@) == B —
8 ng
© = O =

Comprehension 2

Consider the set up shown below in figure. Block A has
amass m and the block B has a mass 2m . The block A
is attached to a rigid wall through a spring of spring con-
stant k. The system is released from rest with the spring
unstretched. Assume friction to be absent everywhere.

LELELTRTIRARY

—— TN A
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Based on the above facts, answer the following questions.

3. The maximum extension x,, produced in spring is

mg amg
™ 5 ® =
© = O =

4. The speed of the block A, when the extension in the
spring is half the maximum extension is

@) g7 ®) 28\/%

© g3 D) 2gJ3Ek

5. Netacceleration of the block B, when extension in the
spring is one fourth the maximum extension is

g
@ g ® &

g 8
© § o §

Comprehension 3

Asmall disc A slides down with zero initial velocity from
the top of a smooth hill of height H which also has a hori-
zontal portion as shown in figure.

A

H L

l h TG
s —»

Based on the above facts and figures, answer the following
questions.

6. The speed of launch of the particle as a projectile at
lowest point of the hill L is
(B) 2gh

(A) J2gH
2¢(H-h)

(C) 2¢(H+h) (D)

7. Time taken by the particle to go from L to G is

(A) \/E (B) \/@
8 8

2(H+h) D) 2(H-h)
g g

8. The height of the horizontal portion h to ensure the
maximum distance s covered by the disc is

©

(A) H (B)

© < D)

T
IS Benll SR Ras)
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9. The maximum distance then covered by the disc is
Smax - Then s equals

H H
(A) Y (B) 3
H
©) 5 (D) H
Comprehension 4

Aballis released from point A as shown in figure. The ball
leaves the track at B . All surfaces are smooth.

A
6m
B
2m
v

Based on above information, answer the following
questions.

10. Let h be the maximum height from ground reached
by ball after leaving track at B. Then
(A) h=6m
(B) h<ébm
(C) h>6m
(D) speed of ball at B will change if shape of track is
changed keeping /i, and i constant

11, If track makes an angle 30° with horizontal at B then
maximum height attained by ball will be
(A) 3m (B) 4m
(C) 45m (D) 5m

Comprehension 5
The work done by a variable force F is measured by tak-
ing an infinitesimal length element dl =idx+jdy+kdz
such that W = jf -dl . Aparticle of mass 2 kg is being acted
upon by a variable force F=k (xzyaf +x° yz}) . The particle
is taken from (0, 0) to (a, a) along different paths. Based
on the above facts, answer the following questions.
12. The work done to take the particle from (0, 0) to
(7, 0) (for k=24)is
(A) Zero
C) 6a°

(B) 4a°

(D) 8a°

13. The work done to take the particle from (a, 0) to
(a, a) (for k=9)is
(A) Zero (B) a°
Q) 3a° (D) 5a°
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14. The work done to take the particle from (0, 0) to
(a,0) to (a, a)is

) (B) ’“’7
ka® ka®
© = o =

15. The force F = k(x’y% +2%%]) isa
(A) conservative force
(B) non-conservative force
(C) force which is neither
non-conservative
(D) None of above facts seems to be true

conservative nor

Comprehension 6

A ball of mass 2 kg is released from the bottom of a tank
filled with water upto 2 m . On reaching the top its kinetic
energy is found to be 16 ] . Ignoring the viscosity and tak-
ing ¢ =10 ms™, answer the following questions.

)

2m

ol

16. The work done by upthrust is W; and that done by
gravity is W, , then

(A) W,=32], W,=-16] (B) W,=-16], W,=32]
(C) W,=40], W,=-24] (D) W,=56], W,=-40]

17. Density of the ball in 5. i

m3
5 3 3 3
A) —x10 B) —x10
(A) —x B) *
2 13 Lo
C) —x10 D) —=x10
© 3 ()3

Comprehension 7

The radial component of a conservative force (like elec-
trostatic or gravitational force) can be calculated from
the potential energy function U, by using the formula

du
F= I Consider a particle bound to a certain point at
r

a distance r from the centre of the force such that the poten-
. . . — A B
tial energy of this particle varies with r as U(r)=—5-—
r
where A and B are positive constants. Based on the above
facts, answer the following questions.

18. For the particle, the equilibrium distance is ;. Then

A 2A

(A) Iy = E (B) = ?
A

© n=> O) 1=

19. The nature of the equilibrium
(A) isstable
(B) 1is unstable
(C) isneutral
(D) non-predictable, as data provided is insufficient

20. The particle is moved from the equilibrium position to
infinity. Awork W is done in the process. Then

B’ B’
A W = B W = —
(A) 22 (B) A
2B 4B*
C W = D w = —
© 2 (D) 1
21. It is found that at a particular radial position, the
BZ
total energy possessed by the particle is E= —i)—A.

Assuming the motion to be purely radial, the velocity
will be zero at position given by (in terms of equilib-
rium distance 7, )

(A) 1 ® L

2, 1

C) =L D) L

©) 3 D) 5
Comprehension 8

The system is released from rest with both the springs in
unstretched positions. The mass of each block is 1 kg and
force constant of each spring is 10 Nm ™.

Based on above information, answer the following
questions.

22. Extension of horizontal spring, in equilibrium, is
(A) 02m (B) 04m
(C) 0.6m (D) 0.8m
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23. Maximum speed of the block placed horizontally is
(A) 1.26 ms™ (B) 193 ms™
(C) 221ms™ (D) 321 ms™

Comprehension 9

The kinetic energy is the capacity of the body to do work
by virtue of its motion. For a body of mass m moving with

a velocity v, it is mathematically defined as KE = %mvz :

Force (in N)
A
C D
10 p------7
B E
0 >
4 10 Displacement
(inm)
B N .
A
For conservative forces doing work, the kinetic

energy always increases (or remains constant) and for
non-conservative forces doing work, the kinetic energy
decreases. A plot of force vs displacement is shown here.
The conservative force is shown as positive and that due
to non-conservative force is shown as negative. Consider a
body of mass 4 kg having a velocity of 20 ms™ at the origin
of the coordinates. Based on the above facts and figures,
answer the following questions.

24. The kinetic energy of the particle at the origin of the
coordinates is

(A) 400] (B) 600]
(C) 800] (D) 1000]

25. The kinetic energy of the body at B, x=4m is
(A) 376] (B) 576]
(C) 776] (D) 824]

26. The kinetic energy of thebody at E, x=10m is
(A) 1036 ] (B) 836]
(C) 636] (D) 436]

27. Let us assume the body to return to O under the
action of these forces, then the kinetic energy of the
body at the origin of the coordinates will
(A) again be 800 |
(B) be more than 800 |
(C) be less than 800]

(D) be greater or less than 800 |
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Comprehension 10

Abob of mass 1kg is suspended from an inextensible string
of length 1 m. When the string makes an angle of 60° with
the vertical, speed of the bob is 4 ms ' . Based on above
information, answer the following questions.

28. Net acceleration of the bob at this instant is
(A) 104 ms™ (B) 16 ms™
(C) 182 ms™ (D) 20.4 ms™
29. The maximum height upto which the bob will rise
with respect to the bottom most point is
(A) 1.3m (B) >1.3m
(C) <13m D) >2m

Comprehension 11

A block is released from height h(#0) on a rough track
AB as shown in figure. The coefficient of friction between
the block and the surface is ¢=0.5 and the track BC is
smooth. From C onwards there is a circular smooth track of

radius R =50 cm . Given tanf = % and g =10 ms™ . Based

on above information, answer the following questions.

R

0

IA.
'

I
I
I
I
I
I
!

B Cc

30. For what value of /i block does not leave contact with
any surface.
(A) h=25m
(C) h=2m

(B) h<2m
(D) h<l5m

31. If the block is placed on the above calculated height,
how many times will the block cross point C?
(A) Infinite number of times
(B) 2 times
(C) 4times
(D) 3 times

Comprehension 12

A projectile of mass n=1kg is projected with velocity v,
at angle 6.1If a be the acceleration of the projectile 7 be
its velocity, i be its height, K be its kinetic energy and U
be its potential energy at any instant, then based on above
information, answer the following questions.

32. The magnitude of rate of change of potential energy of
the projectile is numerically equal to the magnitude of
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(A) axv (B) v
© lalxlsl o
17|

33. Agraph is plotted between g (on y-axis), and % (on
1

x-axis) then the graph will be

(A) astraight line passing through origin

(B) astraight line not passing through origin
(C) aparabola passing through origin

(D) a parabola not passing through origin

Comprehension 13

A particle of mass 2 kg moving along x axis is being acted
upon by a single conservative force denoted by F(x). The
potential energy of the particle is U(x)=20+(x-2 7,
where U isinjouleand x isin metre. The velocity that the
particle possessesat x=5m is 4 ms™ . Based on the above

facts, answer the following questions.

34. The system possesses a mechanical energy equal to
(A) 25] (B) 35]
(©) 45] (D) 35]

35. The maximum kinetic energy possessed by the particle
is

(A) 15] (B) 25]
(€ 30] (D) 35]
36. For what value of x (say x,) will the particle be in
equilibrium?
(A) xp=1m (B) xp=2m
(C) x=3m (D) x;=4m

Comprehension 14

Ablock of mass m=2kg is suspended by a spring of force
constant k=10 Nm™. An another spring of same value
of force constant is 1 m below it. Initially both the springs
were unstretched. The block is released from rest.

3

Based onabove information, answer the following questions.

37. The maximum extension in the upper spring is
(A) 326m (B) 1.67m
(C) 282m (D) None of these

38. The equilibrium position of the block from where it
was released is
(A) ITm
(C) 1.2m

(B) 2m
(D) 1.5m

Comprehension 15

The velocity versus displacement of a particle of mass 2 kg
moving in a straight line is given by

1=+9+4s

where v isin ms™ and s in metre. Based on above infor-
mation, answer the following questions.

39. Work done by all the forces acting on the particle in a
time interval from =0 to t=2s is
(A) 10] (B) 20]
(€ 30] (D) 40]
th
40. The average power is 1 the instantaneous power at
time £, , then
(A) ty=15s (B) t;=2s
(€) ty=25s (D) fh=3s

Comprehension 16

A pendulum of mass m , length | has angular amplitude
6. Tension in the string at extreme position is T; and at
bottom is T, . Based on above information, answer the fol-
lowing questions.

41. If T, =T, then 6 isequal to

(A) cos™ ( % ] (B) cos‘l( % ]

(C) cos™ ( % ) (D) cos_l( % )

42. If maximum tension which the string can bear is twice
the weight of bob, then the maximum value of 6 is

(A) cos ( %) (B) cosl( % ]

Q) cos‘l(z) (D) g

Comprehension 17

A small ball is given some velocity at point A towards
right so that it moves on the semicircular track and does
not leave contact upto the highest point B. After leaving
the highest point B, it falls at the top of a building of height
R and width x(x < 2R). (All the surfaces are frictionless).
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Based on above information, answer the following
questions.
43. The velocity given to the ball at point A so that it may
hit the top of the building is
(4) 3R () 28R
(C) /43R (D) J6gR
44. If the collision of ball with the building is elastic, then

the angle with the horizontal at which the ball will
rebound from the top of the building is

(A) 30° (B) 45°
(C) 60° (D) 90°

45. The horizontal distance of the ball from the foot of
building where the ball strikes the horizontal ground is
(A) V2R B) (1+v2)R
© 2(1+v2)R (D) 12R

Comprehension 18
A particle of mass m is suspended vertically from a point
O by an inextensible massless string of length L. A verti-

cal line AB is at a distance ﬂL from O as shown in

7gL
figure. The object is given a horizontal velocity u = % .

At some point, its motion ceases to be circular and eventu-
ally the object passes through the line AB. At the instant
of crossing AB, its velocity is horizontal. Based on above
information, answer the following questions.

>

y

A
I
:
I
I
I
I
I

o

I

i

I

S,

I

I

|

I
v
>

[os]
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46. The magnitude of the change in its velocity as it
reaches a position, where the string is horizontal

3gL \/@
® 3 ® 3
© \3sL (D) 55L

47. When the particle’s motion ceases to be circular, the
angle made by the string with the horizontal is
(A) 30° (B) 60°

. a2
(C) 37 (D) cos (3]

48. When the particle leaves the circular path its velocity

vector 1s
(A) \E(Eh@}) (B) \/gz_L(?h/??}]
D) J%(—JEH})

© \/% (~3i +])

Comprehension 19

The Work Energy Theorem for a particle says, that the total
work done on a particle equals the change in its kinetic
energy. It means, to change the K.E. of a particle, we have
to apply some force on it and the force must do work on
it. On a system of particles, the work done by external and
internal forces on the system is equal to the change in K.E.
of the system. Based on above information, answer the fol-
lowing questions.

49. When you lift a stone from the floor and put it on top
of the table slowly, there is no change in its K.E. This
implies.

(A) You have not done any work on the stone because
had you done any work, then according to
W-E theorem the K.E. of the stone would have
changed.

(B) Work done by the force of gravity on the stone is
also zero as that has also not lead to any change in
K.E. of stone.

(C) Gravity has done a positive work and you have
done a negative work. Therefore, the total work
done on the stone equals zero and hence change
in K.E. equals zero

(D) The net work done on the stone is zero and hence
its change in K.E. is zero

50. Suppose a heavy box is kept on a smooth inclined
plane and is pushed up by a force F parallel to the
plane.

(A) The work done by the force F as well as work
done by the force of gravity both depend on how
fast was the box moving at A and B as the box
goes from A to B
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(B) The work done by the force of gravity alone
depends on how fast was the box moving at A
and B as the box goes from A to B

(C) The work done by the force F alone will depend
on how fast was the box moving at A and B as
the box goes from A to B

(D) None of them depends on how fast the box was
movingat A and B as the box goes from A to B

51. A balls is given a speed V; on a rough horizontal
surface. The ball travels through a distance ! on the
surface and stops.

(A) The work done by K-friction can be found by

WE. theorem as -pumgl =0—%mvé and hence

work done by kinetic friction is positive
(B) The work done by the kinetic friction can never be
positive. Therefore, work done is either —umgl or

1 . :
- mv; , only expressed in two different ways

(C) In this case the work done by kinetic friction is
negative and it can be expressed by either, —umgl

L 2
or ——my
50
(D) The work done by kinetic friction is negative and
is umgl and not —%mv?g because %mvé is the

change in K.E. and that is a result of work done
by all the forces like gravity and normal reaction
as well

Comprehension 20

Ablock of mass m is released on a track shown in figure.
The track is smooth from A to D and rough from point D
onwards. Based on above information, answer the follow-
ing questions.

;e

r30°
\
\

I
C
52. The normal force Nj exerted by the track just after
crossing point B is
(A) 2mg
(€ dmg

(B) 3mg
(D) 5mg

53. The normal force N at Cis
(A) 2mg
(C) 4mg

(B) 3mg
(D) 7mg

54. The distance travelled along the incline beyond point
D where the block stops is

2R 4R
® Tt ®

4R 4R
© Tt © s

Comprehension 21

Aforce F=50N is applied at one end of a string, the other
end of which is tied to a block of mass 10 kg. The block is
free to move on a frictionless horizontal surface. Take initial
instant as 6 =30° and final instant as 6 =37°. For the time
between these two instants, answer the following ques-

tions? Take sin(37°) = %

g T 7

55. Net work done by the force F on the block is

20 50
A) — B) —
Y ® =]

100
© =] D) 75]

56. What is the final velocity of the block if initially it was
at rest?
4 25 4

(A) V5 ms (B) \E ms
Q) \/?ms'] (D) 5ms™

57. Find the ratio of initial acceleration to final accelera-
tion of the block.

35 5v3

(A) e (B) ry

83 85

©) = (D) =
Comprehension 22

A particle moves in x-y plane under the action of a path

dependent force F=yi+xj. The work done by the force
as it moves in x-y plane can be evaluated by solving the
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line integral of force i.e. J.F -l , where dl = dxi + dy} . The

position coordinates x and y may vary according to some
constraint determined by the path followed by the particle.
Based on the information shared, answer the following
questions.

58.

59.

When the particle moves along a straight-line path
from origin to the point (a, a), the work done by the
force on the particle is
(A) a* (B) 2a
a

© =

(D) Zero
When the particle moves from (0, 0) to (4, 0) and
then from (4, 0) to (4, a) in straight line paths, then

work done by the force on the particle is

60.

Chapter 1: Work, Energy, Power and Conservation of Energy 1.101

(A) (B) 2a
2

a
o L
© 3
The infinitesimal work done (dW) by the given force

(D) Zero

when displaced through d! is given by
dW = E-dl = ydx + xdy

From this, it can be inferred that the work done by the

force

(A) depends only on initial and final values of x and y

(B) depends on initial and final values and on the
path followed

(C) is zero for any values of x and y.

(D) is zero when object returns to original position
after following any path.

MATRIX MATCH/COLUMN MATCH TYPE QUESTIONS

Each question in this section contains statements given in two columns, which have to be matched. The statements in
COLUMN-I are labelled A, B, C and D, while the statements in COLUMN-II are labelled p, g, 1, s (and t). Any given
statement in COLUMN-I can have correct matching with ONE OR MORE statement(s) in COLUMN-IIL The appropriate
bubbles corresponding to the answers to these questions have to be darkened as illustrated in the following examples:

If the correct matches are A — p,sand t; B— qand r; C — p and g; and D — s and t; then the correct darkening of
bubbles will look like the following:

1.

p q r s t
AROOEO
HONOXORONO,
COOOOO
PPOOOO®
Match the following c
COLUMN-I COLUMN-II
(A) Work done by all (p) Change in potential
the forces energy D B
(B) Work done by (@) Change in kinetic
conservative forces energy
(C) Work done by (r) Change in J
external forces mechanical energy A
(D) Work done by non- | (s) Decrease in potential
conservative forces energy COLUMN-I COLUMN-II
A particle is suspended from a string of length / and (A) ﬁ (p) 7
is given a velocity u=3,/g/ at the bottom. If v, Tj 8l 2
and v, T be the velocity, tension at points B and C, ) (q) 4
then match the following. (B) ”_i
8

(Continued)
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COLUMN-I COLUMN-II
T (r) 5

© 2mg
Tc (s) 7

(D) g

3. Ablock of mass 1kg is stationary with respect to a
rough wedge making an angle of 30° with horizontal
as shown in figure. Starting from rest with an accelera-

tion of 2 ms™> the work done on the block at f=4s.

1.

[}
COLUMN-I COLUMN-II
(A) by the gravity (p) 144]
(B) by the normal reaction (q) 32]
(C) by the friction (r) 56]
(D) by all the forces (s) 48]

4. Acceleration versus x and potential energy versus x
graph of a particle of mass 1kg moving along x-axis
are shown in figure. Assume that at x =0, the veloc-
ity of the particle is 4ms ™', match the following at

x=8m.
a (ms’g) uy)
A
2 1 120
I
:L, x(m) x(m)
4 8 :
RPY) S '
COLUMN-I COLUMN-II
(A) Kinetic energy (p) 120]
(B) Work done by conservative forces | (q) 240 ]
(C) Total work done (r) 128]
(D) Work done by external forces (s) 112]
(t) -112]

5.

6.

7.

A pendulum is released from point A as shown in
figure. Atany instant, the net force on the bob is making
an angle @with the string. Then match the following.

COLUMN-I

COLUMN-II

(A) For 6=230°

(B) For 8=120°

(C) For #=90°

(p) Particle may be moving
along BA

(q) Particle may be moving
along CB

(r) Particleis at A

(D) For 6=0° (s) ParticleisatB
(t) None of these
Match the following.
COLUMN-I COLUMN-II

(A) Magnetic potential energy

(B) Electrostatic potential energy

(C) Gravitational potential
energy

(D) Elastic potential energy

(p) Positive
(q) Negative

(r) Zero

(s) Not defined

Match the following.

COLUMN-I

COLUMN-II

(A) If the work done by
force in cyclic path is
zero, the force is

(B) If the work done by a
force in cyclic path is
not zero, the force is

(C) Work done by friction
force can be

(D) Work done by spring
force can be

(p) Non conservative

(q9) Negative

(r) Conservative

(s) Positive
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COLUMN-I

COLUMN-II

(A) Conservative force
(B) Non conservative
force

(C) Gravitational force

(D) Frictional force

(p) Potential can be
defined

(q) Potential can't be
defined

(r) Path dependent
work

(s) Position dependent

9.

INTEGER/NUMERICAL ANSWER TYPE QUESTIONS

work

A particle of mass 500 g moves along a horizontal
circle of radius 16 m such that normal acceleration of
particle varies with time as a, = 9t* .

COLUMN-I COLUMN-II

(A) Tangential force on particleat | (p) 72
t=1s (in Newton)

(B) Total force on particleatt=1s |(q) 36
(in Newton)

(C) Power delivered by total force | (r) 7.5
at t=1s (in watt)

(D) Average power developed by | (s) 6
total force over first one second
(in watt)

10. A bob of mass 2 kg is suspended from a vehicle by

a rope of length /=5 m. The vehicle and the bob are
moving at a constant speed v, . The vehicle is suddenly
stopped by a bumper and the bob on the rope swings

out a maximum angle of 60°. Taking ¢=10ms™,
match the following.

[—
/

\
=/

COLUMN-II

/U U

COLUMN-I

(A) Net force, in N, acting on the
bob at lowest point just after
the vehicle is stopped

(p) 53

(B) Acceleration, in ms™, of the bob (@ 1043
at lowest point

(C) Net force, in N, acting on the (r) 10
bob at its highest point

(D) Acceleration, in ms™, of the bob | (s) 20
at its highest point

In this section, the answer to each question is a numerical value obtained after doing series of calculations based on the data
given in the question(s).

1.

A small block of mass 1 kg is kept on a rough inclined
wedge of inclination 45° fixed in an elevator. The ele-
vator goes up with a uniform velocity v=2 ms™ and
the block does not slide on the wedge. Calculate the
work done, in joule by the force of friction on the block
in 1s.Take g=10ms™.

A train of mass 2x10° kg has a constant speed of
20ms™ up a hill inclined at 6= sin'l(SiO] to the

horizontal when the engine is working at 8 10° watt.
Calculate the resistance to the motion of the train, in
newton. Take ¢ =9.8 ms™.

Ablock of mass m =4 kg is dragged 2 m along a hor-
izontal surface by a force F=30N acting at 53° to

1
the horizontal. The initial speed is 3 ms™ and g, = re
Given that cos(37°)= % .

f 4+—

mg
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(a) Find the change in kinetic energy of the block, in
joule.
(b) Find its final speed, in ems™!

A small block of mass m slides along a smooth
frictionless track as shown in the figure.

P

At rest

(a) If it starts from rest at P, the resultant force act-
ing onitat Qis vx mg. Calculate x

(b) At height h=+*R above the bottom of the loop
should the block be released so that the force
it exerts against the track at the top of the loop
equals its weight. Find *.

Two blocks A and B are connected to each other by
a string and a spring. The string passes over a friction-
less pulley as shown in figure.

/ L

- B

B L

Block B slides over the horizontal top surface of a sta-
tionary block C and the block A slides along the verti-
cal side of C, both with the same uniform speed. The
coefficient of friction between the surfaces of the blocks
is 0.2. The force constant of the spring is 1960 Nm™".
If the mass of block A is 2 kg, calculate the mass of
block B, in kg, and the energy stored in the spring in
m]. Take g=9.8 ms™.

A body slides down an inclined surface which ends
into a vertical loop of radius R =40 cm as shown in
figure.

G

What must be the height H, in cm, of the inclined sur-
face for the body not to fall at the uppermost point of
the loop? Assume friction to be absent.

A block of mass m=2kg is attached to a spring
whose spring constant is k =8 Nm . The block slides

on an incline for which p;, = 1 and 6=137° as shown
in figure. 8

If the block starts at rest with the spring unextended,
what is its speed, in ms™, when it has moved a dis-
tance d=0.5m down the incline?

A small block of ice with mass 120 g is placed against
a horizontal compressed spring mounted on a hori-
zontal table top thatis 2.5 m above the floor as shown
in figure.

Wall

Table

The spring has a force constant k =2400 Nm ' and is
initially compressed 5 cm . The mass of the spring is
negligible. The spring is released and the block slides
along the table, goes off the edge and travels to the
floor. If there is negligible, friction between the ice and
the table and ice does not melt in the process, what is
the speed of the block of ice, in ms™, when it reaches
the floor. Take g =10 ms™

Figure shows, a 4 kg block accelerated by a com-
pressed spring whose spring constant is 640 Nm .
After leaving the spring at the spring’s relaxed length,
the block travels over a horizontal surface, with a coef-
ficient of kinetic friction of 0.25, for a distance of 8 m
before stopping.

LN

¢—— No friction —pi¢——8 m—pi
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(a) Calculate the increase in the thermal energy, in
joule, of the block-floor system.

(b) Calculate the maximum kinetic energy of the
block, in joule.

(c) Through what distance is the spring compressed,
in cm, before the block begins to move?

It is observed that when the 2 kg smooth collar is
slided back to point B and released from rest, the col-
lar attains a speed of 2ms ' when it arrives at point
A as shown in figure.

Calculate the necessary unstretched length of the
spring, in metre, if it has a stiffness k=2 Nm .

Block A has a weight of 300 N and block B has a
weight of 50 N. If the coefficient of kinftic friction
between the incline and block A is u, =— as shown
in figure. >

The speed, in ms ", of block A after it moves 1 m down
. .4 .
the plane, starting from rest is g\/; , where * is not

readable. Find *. Neglect the mass of the cord and
pulleys. Take g =10 ms™.

The sphere at A is given a downward velocity v, of
magnitude 5ms ' and swings in a vertical plane at
the end of a rope of length /=2 m attached to a sup-
portat O asshown in figure.

13.

14.

15.
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The angle at which the rope will break is 6 = sin™' ( 1 ],

where * is not readable knowing that the maximum
tension that the rope can withstand is twice the weight

of the sphere and taking ¢ =10 ms™, find *.

A particle is suspended from a fixed point by a string

of length 5 m. It is projected from the equilibrium posi-

tion with such a velocity that the string slackens after

the particle has reached a height 8 m above the lowest

point.

(a) The velocity of the particle (just before the string
slackens), in ms™!, is found to be ~/* , where * is
not readable, find * .

(b) The height to which the particle can rise further,
incm, is 24x . Find x.

Acircular tube of mass M is placed vertically on a hori-
zontal surface as shown in the figure.

m m

Jo

e

Two small spheres, each of mass 1, just fit in the tube
are released from the top. If 6 gives the angle between
radius vector of either ball with the vertical, obtain the

value of the ratio % , if the tube just breaks its contact
with ground when 6=60° . Neglect any friction.

A ball of mass 1kg moves inside a smooth fixed
spherical shell of radius 1m with an initial velocity
v=5ms ' from the bottom as shown in figure.
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5ms™
A

ARCHIVE: JEE MAIN

The total force acting on the particle at point B is
x\/; N . Calculate x

1.

[Online September 2020]

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?

(A) 5690] (B) 5250]
(C) 3280] (D) 2780 ]

[Online September 2020]
If the potential energy between two molecules is given

A

by U=—r—6+rﬁ, then at equilibrium, separation

between molecules, and the potential energy are
1

w (o o (L)

1 1
2BYs A’ 2BYs A’

(C)[A)' 4B (D)(A]' 2B

[Online September 2020]

A particle is moving unidirectionally on a horizontal

plane under the action of a constant power supplying

energy source. The displacement (s) time (¢) graph

that describes the motion of the particle is

(Graphs are drawn schematically and are not to scale)

(A) $ ®) s

[

[Online September 2020]

Abody of mass 2 kg is driven by an engine delivering
a constant power 1 Js'.The body starts from rest and
moves in a straight line. After 9 second , the body has
moved a distance ...... (in metre).

[Online September 2020]

A cricket ball of mass 0.15 kg is thrown vertically up
by a bowling machine so that it rises to 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 0.2m while
launching the ball, the value of F (in N) is ......

(g:lO ms‘z]

[Online September 2020]

A small block starts slipping down from a point B
on an inclined plane AB, which is making an angle
8 with the horizontal section BC is smooth and the
remaining section CA is rough with a coefficient of
friction p . It is found that the block comes to rest as
it reaches the bottom (point A) of the inclined plane.
If BC=2AC, the coefficient of friction is given by
p=ktan6. The value of k is ......

C
0

A

[Online January 2020]

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 3 ms™. 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 ( ¢=10ms™ ) must be at least
(A) 56300 W (B) 48000 W
(C) 66000 W (D) 62360 W
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[Online January 2020]

Consider a force F=-xi+ y} . The work done by
this force in moving a particle from point A(1,0) to
B(0,1) along the line segment shownis ......
(All quantities are in SI units)

Y

A

B(0,1)

-

A(1,0)

(0,0)
(A)
©

[Online January 2020]

A 60 HP electric motor lifts an elevator having a
maximum total load capacity of 2000 kg . If the fric-
tional force on the elevator is 4000 N, the speed of

3
5 (B) 1
2 (D)

N =

the elevator at full load is close to ...... ms . Take

1HP=746 W and g=10 ms™.

[Online January 2020]

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 reaches its highest point
P (height 1m), the kinetic energy of the particle
(inJ)is ...... (Figure drawn is schematic and not to
scale, take ¢ =10 ms™)

. 4 Height

[Online April 2019]

A particle moves in one dimension from rest under the
influence of a force that varies with the distance trav-
elled by the particle as shown in the Figure. The kinetic
energy of the particle after it has travelled 3 m is

Force (in N)

———+——+———p Distance (inm)

12.

13.

14.

15.
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(A) 4] (B) 25]
€ 5] (D) 65]
[Online April 2019]

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

th
. . 1 .
a horizontal surface such that its (—] part is hang-
n

ing below the edge of the surface. To lift the hang-
ing part of the cable upto the surface, the work done
should be

MgL
(A) n—gz (B) nMglL
MgL 2MgL
C) — D
© - (D) ”
[Online January 2019]

A block of mass m, lying on 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

F
/
F nF
A B) ——
(4) T~ mk ®) Jmk
2F F
il D) —
© Jmk © Jmk

[Online January 2019]

A force acts on a 2 kg object so that its position is
given as a function of time as x = 3" +5. What is the
work done by this force in first 5 seconds?

(A) 950] (B) 900]
(C) 850] (D) 875]
[Online January 2019]

Ablock of mass m is kept on a platform which starts
from rest with constant acceleration % upward, as

shown in figure. Work done by normal reaction on
block in time f is

g
< N
P I
|
3mg’t* mg*t*
A) omel B
(A) g (B) g
2,2
© 0 o) 285
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16.

17.

18.

19.

20.

[Online January 2019]

A particle which is experiencing a force, given by
F=3i-12], undergoes a displacement of d =4i . If
the particle had a kinetic energy of 3] at the begin-
ning of the displacement, what is its kinetic energy of
the end of the displacement?

(A) 15] (B 9]
€ 12] (D) 10]
[Online January 2019]

A pendulum is executing simple harmonic motion
and its maximum kinetic energy is K. If the length
of the pendulum is doubled and it performs simple
harmonic motion with the same amplitude as in the
first case, its maximum kinetic energy is K. Then

(A) K,=2K,; (B) K,= %
K
€ K=K D) K= 71
[2018]
A particle is moving in a circular path of radius

. . . k
under the action of an attractive potential U= 7

2
Its total energy is g

k k
A) -—— B) —
(A) 4% ) 24*
(C) Zero (D) _%aiz
|Online 2018]

Two particles of the same mass m are moving in circu-

lar orbits because of force, given by F(r)= LIS
r

The first particle is at a distance r =1 and the second,
at r=4. The best estimate for the ratio of kinetic ener-
gies of the first and the second particle is closest to

(A) 107 (B) 6x107
(C) 6x10? (D) 3x107
[Online 2018]

A body of mass m starts moving from rest along
x-axis so that its velocity varies as v=ay/s where
a is a constant and s is the distance covered by the
body. The total work done by all the forces acting on
the body in the first ¢ seconds after the start of the
motion is

(A) 1 ma*t?

B) 4ma’t’
. (B)

© éma‘lt2 (D) 8ma't

21.

22,

23.

24.

[2017]

A body of mass m=10" kg is moving in a medium
and experiences a frictional force F=-ko’. Its ini-
tial speed is v, =10 ms™ . If, after 10's, its energy is

%mvé , the value of k will be
(B) 107 kgs™
(D) 107 kgm™'s™

(A) 107 kgm™
€ 107 kgm"1
[2017]

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 1 second will be

(A) 45] (B) 22]
© 9] (D) 18]
[2016]

A point particle having some mass, moves along the
uniformly rough track PQR as shown in the figure.
The coefficient of friction, between the particle and the
rough track equals . The particle is released, from
rest, from the point P and it comes to rest at a point
R. The energies, lost by the ball, over the parts, PQ
and QR , of the track, are equal to each other, and no
energy is lost when particle changes direction from
PQ to QR . The values of the coefficient of friction u
and the distance x(=QR), are respectively close to

30°

Horizonta—» Q
surface

A) 0.29and 6.5 m
B) 0.2and 6.5m
C) 02and 3.5m
D) 0.29and 3.5 m

*T

— o~ — —

[2016]

A person trying to lose weight by burning fat lifts a
mass of 10 kg upto a height of 1 m 1000 times. Assume
that the potential energy lost each time he lowers the
mass is dissipated. How much fat will he use up con-
sidering the work done only when the weight is lifted
up? Fat supplies 3.8 x107 ] of energy per kg which is
converted to mechanical energy with a 20% efficiency
rate. Take g=9.8 ms™

(A) 12.89x107 kg
(C) 645x107° kg

(B) 245x107 kg
(D) 9.89x107 kg
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[Online 2016]

Concrete mixture is made by mixing cement, stone and
sand in a rotating cylinder drum. If the drum rotates
too fast, the ingredients remain stuck to the wall of the
drum and proper mixing of ingredients does not take
place. The maximum rotational speed of the drum in
revolutions per minute (rpm) to ensure proper mixing
is close to [Take the radius of the drum to be 1.25 m
and its axle to be horizontal]

(A) 270 (B) 04
(€ 13 (D) 8.0
|Online 2016]

A car of weight W is on an inclined road that rises by
100 m over a distance of 1 km and applies a constant

W
frictional force 2 on the car. While moving uphill on
the road at a speed of 10 ms™", the car needs power P.
p
If it needs power 5 while moving downhill at speed

v then value of v is

(A) 20 ms™ (B) 5ms™
(C) 15ms™ (D) 10 ms™
[Online 2016]

Velocity-time graph for abody of mass 10 kg is shown
in figure. Work-done on the body in first two seconds
of the motion is

v(ms‘1)
A
50 ms™'
0,0 »
(0, ) s (s)
(A) -9300] (B) 120007
(C) -45007 (D) -12000 ]
[Online 2016]

A particle of mass M is moving in a circle of fixed
radius R in such a way that its centripetal acceleration
attime f is given by n“Rt* where n is a constant. The
power delivered to the particle by the force acting on
it, is

1
(A) EMnZRZ.tz (B) Mn’R%

(C) MnR** (D) MnR%

29.

30.

31.

32.
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[Online 2015]

A block of mass m = 0.1 kg is connected to a spring of
unknown spring constant k. It is compressed to a dis-
tance x from its equilibrium position and released from

rest. After approaching half the distance (%] from

equilibrium position, it hits another block and comes to
rest momentarily, while the other block moves with a
velocity 3 ms ™, The total initial energy of the spring is

(A) 15] (B) 0.6]
€) 03] (D) 08]
[Online 2015]

A particle is moving in a circle of radius r under the
action of a force F=ar® which is directed towards
centre of the circle. Total mechanical energy (kinetic
energy + potential energy) of the particle is (take
potential energy =0 for r=0)

A) ar’ (B) %ars‘
LI 5
© 37 D) o

[2014]

When a rubber-band is stretched by a distance x, it
exerts a restoring force of magnitude F=ax+bx*
where 2 and b are constants. The work done in
stretching the unstretched rubber-band by L is

(A) al?+b3 (B) %( 12+ b1%)
2 3 2 3"
© T+ ) 1[ﬁf’i]
3 202 73
[Online 2014]

A particle is released on a vertical smooth semi-circular
track from point X so that OX makes angle 6 from
the vertical (see figure). The normal reaction of the
track on the particle vanishes at point ¥ where OY
makes angle ¢ with the horizontal. Then

X

(A) sing=cos¢ (B) sing= %cos&

(C) sing= %cose (D) sing= %cosﬂ
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33.

34.

35.

36.

37.

[Online 2014]

A spring of unstretched length 1 has a mass m with
one end fixed to a rigid support. Assuming spring to be
made of a uniform wire, the kinetic energy possessed
by it if its free end is pulled with uniform velocity v is

(A) %mvz (B) mo?
(O %mv2 (D) %mv2
|Online 2014]

A wind-powered generator converts wind energy into
electrical energy. Assume that the generator converts
a fixed fraction of the wind energy intercepted by its
blades into electrical energy. For wind speed v, the
electrical power output will be most likely propor-
tional to

A o (B) o*
C) v (D) o*
[Online 2014]

th
A bullet looses [1) of its velocity passing through
n

one plank. The number of such planks that are required
to stop the bullet can be

n’ 2n?
A B) —
&) 2n-1 ®) n-1
(C) Infinite (D) n
[Online 2014]

A small ball of mass m starts at a point A with speed v,
and moves along a frictionless track AB as shown. The
track BC has coefficient of friction u. The ball comes to
stop at C after travelling a distance L which is

A
h
@
B c
Il L Lal
2 2
(A) 2_h+v_0 (B) ‘L’.,.U_U
uo2ug no2ug
2 2
() F_1+v_0 (D) B
21 g 2u 2ug
[2013]

This question has Statement 1 and Statement 2. Of the
four choices given after the Statements, choose the one
that best describes the two Statements.

38.

39.

40.

Statement 1: A point particle of mass m moving with
speed © collides with stationary point particle of mass
M. If the maximum energy loss possible is given as

(i o )

Statement 2: Maximum energy loss occurs when
the particles get stuck together as a result of the
collision.

(A) Statement 1

is true, Statement 2 is true,

Statement-Il is  correct explanation of
Statement-1.
(B) Statement-I is true, Statement-Il is true,

Statement-II is not a correct explanation of
Statement-I.

(C) Statement-I is true, Statement-II is false.

(D) Statement-Iis false, Statement-II is true.

[Online 2013]

A 70 kg man leaps vertically into the air from a
crouching position. To take the leap the man pushes
the ground with a constant force F to raise himself.
The centre of gravity rises by 0.5 m before he leaps.
After the leap the c.g. rises by another 1m. The
maximum power delivered by the muscles is [Take

g=10ms™]

(A) 626x10° Watts at the start
(B) 6.26x10° Watts at take off
(C) 6.26x10* Watts at the start
(D) 6.26x10* Watts at take off

[2012]

This question has Statement 1 and Statement 2. 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 on spring S,.

Statement 1: If stretched by the same amount, work

done on S, will be more than that on S,.

Statement 2: k; <k, .

(A) Statement 1 is true, Statement 2 is false.

(B) Statement 1 is true, Statement 2 is true, Statement
2 is the correct explanation of Statement 1.

(C) Statement 1 is true, Statement 2 is true, Statement
2 is not the correct explanation of Statement 1.

(D) Statement 1 is false, Statement 2 is true.

[Online 2012]
A particle gets displaced by Ar= (2? +3} + 4]::) m

under the action of a force F(7i + 4] + 3k ) . The change
in its kinetic energy is
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L] )
(A) 38] (B) 70] b are constant and x is the distance between the
(C) 525] (D) 126] atoms. If the dissociation energy of the molecule is
41. [2010] D= I:u(x =o0) = uat equilibrium] ,Dis
The potential energy function for the force between b B2
two atoms in a diatomic molecule is approxi- (A) r (B) .
mately given by Ul(x)= x%fx—ﬁ, where 2 and 2 P2
© = O) —
a 4a
ARCHIVE: JEE ADVANCED
Single Correct Choice Type Problems [IIT-JEE 2010]

(In this section each question has four choices (A), (B), (C)
and (D), out of which ONLY ONE is correct)

1. [JEE (Advanced) 2014]

A wire, which passes through the hole in a small
bead, is bent in the form of quarter of a circle. The
wire is fixed vertically on ground as shown in the
figure. The bead is released from near the top of the
wire and it slides along the wire without friction. As
the bead moves from A to B, the force it applies on
the wire is

] 90° B

(A) always radially outwards

(B) always radially inwards

(C) radially outwards initially and radially inwards
later

(D) radially inwards initially and radially outwards
later

2. [JEE (Advanced) 2013]
The work done on a particle of mass m by a force,

3
Sy ()

of appropriate dimensions), when the particle is taken

from the point (g, 0) to the point (0, ) along a circular

path of radius # about the origin in the x-y plane is

K[ S — 3]j| (K being a constant

@ 27 ® -~
a a

© D) 0
a

Ablock of mass 2 kg is free to move along the x axis.
It is at rest and from =0 onwards it is subjected to
a time-dependent force F(t) in the x direction. The
force F(t) varies with ¢ as shown in the figure. The
kinetic energy of the block after 4.5 s is

F)
A
4N
45s R
0 33\ >
(A) 450] B) 750]
(C) 5.06] D) 14.06]
[IIT-] EE 2008]

Ablock (B) is attached to two unstretched springs S,
and S, with spring constants k and 4k, respectively.
The other ends are attached to two supports M, and
M, not attached to the walls. The springs and sup-
ports have negligible mass. There is no friction any-
where. The block B is displaced towards wall 1 by
a small distance x and released. The block returns
and moves a maximum distance y towards wall 2.

Displacements x and y are measured with respect to

the equilibrium position of the block B. The ratio L
X

2 1

M, M,
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(A) 4 (B) 2

1 1
(©) 5 (D) 1
[IIT-JEE 2008]

Abob of mass M is suspended by a massless string of
length L. The horizontal velocity v at position A is just
sufficient to make it reach the point B. The angle 6 at
which the speed of the bob is half of that at A, satisfies

n n
A) 6=" B) —<f<>
®) 0=7 ® f<o<
© g<19<%r (D) 3—<9<:r
[IIT-JEE 2004]

A particle is placed at the origin and a force F=kx
is acting on it (where k is a positive constant). If
U(0)=0, the graph of U(x) versus x will be: (where
U is the potential energy function)

(A) Ulx) (B) Ulx)
A A
X » X
(©) Uk (D) Uk
A F 3
P X P X
[IIT-J EE 2003]

If Wy, W, and W; represent the work done in moving
a particle from A to B along three different paths 1, 2
and 3 respectively (as shown) in the gravitational field
of a point mass m . Find the correct relation between
Wy, W, and W,

10.

(A) Wi>W,>W;
C) W, <W,<W,

(IIT-JEE 2002]

An ideal spring with spring constant k is hung from
the ceiling and a block of mass M is attached to its
lower end. The block is released with the spring ini-
tially unstretched. Then the maximum extension in the
spring is

(B) Wi=W,=W;
(D) W,>W,>W,

4Mg 2Mg
(A) T (B) T

Mg Mg

o D) ==
©) . D) o
[IIT-JEE 2002]

A particle, which is constrained to move along x-axis,
is subjected to a force in the same direction which var-
ies with the distance x of the particle from the origin
as F(x)=-kx+ax®. Here, k and a are positive con-
stant. For x>0, the functional form of the potential
energy U(x) of the particle is

(A) U (B) Uk
»
N VA N
(€) Uk (D) ‘L:'(X)
. .
[II'T-JEE 2000]

A wind-powered generator converts wind energy into
electrical energy. Assume that the generator converts a
fixed fraction of wind energy interception by its blades
into electrical energy. For wind speed v, the electrical
power output will be proportional to



11.

12.

13.

14.

15.

ICON

(A) v (B)
€ (D) o*
[IIT-JEE 1999]

A spring of force constant k is cut into two pieces such
that one piece is double the length of the other. Then
the long piece will have a force constant of

) 3
@ (3} ® (3)
© 3k (D) 6k

[IIT-JEE 1998]

A stone tied to a string of length L is whirled in a
vertical circle with the other end of the string at the
centre. At a certain instant of time, the stone is at the
lowest position and has a speed u . The magnitude of
the change in velocity as it reaches a position where
the string is horizontal is

(A) u?-2gL (B) 2L
(C) u*-gL (D) 2(112—gL)

[IIT-JEE 1998]

Aforce F = —k(yi +x]), where k is a positive constant,
acts on a particle moving in the xy plane. Starting
from the origin, the particle is taken along the posi-
tive x-axis to the point (, 0), and then parallel to the
y-axis to the point (a, a). The total work done by the
force on the particle is

(A) -2kd® (B) 2ka*
©Q —ka’ (D) ka*
[IIT-JEE 1994]

A particle of mass m is moving in a circular path of
constant radius r such that its centripetal acceleration
a. is varying with time ¢ as a, =k*rt*, where k is a
constant. The power delivered to the particle by the
force acting on it is

(A) 2mmk** (B) mk*r’t
42,5

© M (D) Zero

[IIT-JEE 1985]

A uniform chain of length L and mass M is lying on
a smooth table and one-third of its length is hanging
vertically down over the edge of the table. The work
required to pull the hanging part on the table is

() MgL (B) %
ML Mgt
© = o =
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16. [IIT-JEE 1984]
A body is moved along a straight line by a machine
delivering constant power. The distance moved by the
body in time # is proportional to
1
(A) 2 (B)
3

Q) 2 D)

17. [IIT-JEE 1980]
Two masses of 1g and 4 g are moving with equal
kinetic energies. The ratio of the magnitudes of their

3
4

momenta is
(A) 4:1 (B) V2:1
© 1.2 (D) 1:16

18. [IIT-JEE 1980]

If a machine is lubricated with oil,

(A) the mechanical advantage of the machine
increases

(B) the mechanical efficiency of the machine increases

(C) both its mechanical advantage and efficiency
increases

(D) its efficiency increases, but its mechanical advan-
tage decreases

Multiple Correct Choice Type Problems

(In this section each question has four choices (A), (B), (C)
and (D), out of which ONE OR MORE is/are correct)

1. JEE (Advanced) 2020
A student skates up a ramp makes an angle 30° with
the horizontal. He/she starts (as shown in Figure) at
the bottom of the ramp with speed v, and wants to
turn around over a semicircular path xyz of radius R
during which he/she reaches a maximum height /r (at
point y) from the ground as shown in Figure. Assume
that the energy loss is negligible and the force required
for this turn at the highest point is provided by his/her
weight only. Then (g is the acceleration due to gravity)

30°

(A) 0)-2gh= %gR

(B) v?g —-2gh= ggR
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(C) the centripetal force required at points x and z is
7ero

(D) the centripetal force required is maximum at
points x and z

2. [IIT-JEE 1987]
A particle is acted upon by a force of constant mag-
nitude which is always directed perpendicular to the
velocity of the particle. The motion of the particle takes
place in a plane. From the information given, we con-
clude that the particle
(A) has constant velocity.
(B) has constant acceleration.
(C) has constant kinetic energy.
(D) moves in a circular path.

Reasoning Based Questions

This section contains Reasoning type questions, each hav-
ing four choices (A), (B), (C) and (D) out of which ONLY
ONE is correct. Each question contains STATEMENT 1 and
STATEMENT 2. You have to mark your answer as

Bubble (A) If both statements are TRUE and STATEMENT
2 is the correct explanation of STATEMENT 1.

Bubble (B) If both statements are TRUE but STATEMENT
2isnot the correct explanation of STATEMENT
1.

Bubble (C) If STATEMENT 1 is TRUE and STATEMENT 2
is FALSE.

Bubble (D) If STATEMENT 1is FALSE but STATEMENT 2
is TRUE.

1. [HIT-JEE 2007]

Statement-1: A block of mass m starts moving on a
rough horizontal surface with a velocity v. It stops
due to friction between the block and the surface after
moving through a certain distance. The surface is now
tilted to an angle of 30° with the horizontal and the
same block is made to go up on the surface with the
same initial velocity v. The decrease in the mechanical
energy in the second situation is smaller than that in
the first situation.

Statement-2: The coefficient of friction between the
block and the surface decreases with the increase in
the angle of inclination.

Matrix Match/Column Match Type Questions

Each question in this section contains statements given in
two columns, which have to be matched. The statements
in COLUMN-I are labelled A, B, C and D, while the state-
ments in COLUMNE-II are labelled p, q, 1, s (and t). Any
given statement in COLUMN-I can have correct match-
ing with ONE OR MORE statement(s) in COLUMN-IL

The appropriate bubbles corresponding to the answers to
these questions have to be darkened as illustrated in the
following examples:

If the correct matches are A — p,sand t; B—» qandr;
C - pand g, and D — s and t; then the correct darkening of
bubbles will look like the following:

P 9

EeE®
@O
QIO

®
®
®
®

|~

OO0 m >

1. [JEE (Advanced) 2015]
A particle of unit mass is moving along the x axis
under the influence of a force and its total energy is
conserved. Four possible forms of the potential energy
of the particle are given in COLUMN-I (4 and U, are
constants). Match the potential energies in COLUMN-I
to the corresponding statements in COLUMN-IIL.

COLUMN-I COLUMN-II
U .\ 2 | (p) The force
(A) Ul(x)=—”[1—('—] } acting on the
2 . particle is zero
at x=a

(q) The force
acting on the
particle is zero
at x=0

INES (r) The force acting
on the particle

X 27 is zero at
exp[—(—) X=-a

3] | (s) The particle
] experiences an
attractive force
towards x=0
in the region
lx|<a

(t) The particle
with total

ener Yy
gy 1
can oscillate

about the point
xX=-a
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Linked Comprehension Type Questions

This section contains Linked Comprehension Type
Questions or Paragraph based Questions. Each set consists
of a Paragraph followed by questions. Each question has
four choices (A), (B), (C) and (D), out of which only one is
correct. (For the sake of competitiveness there may be a few
questions that may have more than one correct options)

Comprehension 1

A small block of mass 1kg is released from rest at the top
of a rough track. The track is a circular arc of radius 40 m .
The block slides along the track without toppling and a fric-
tional force acts on it in the direction opposite to the instan-
taneous velocity. The work done in overcoming the friction
up to the point (), as shown in the figure, is 150 |. (Take
the acceleration due to gravity, g =10ms *)

o]

1. [JEE (Advanced) 2013]
The speed of the block when it reaches the point Q) is
(A) 5ms™ (B) 10 ms™
(C) 1043 ms™ (D) 20 ms™

2. [JEE (Advanced) 2013]
The magnitude of the normal reaction that acts on the
block at the point Q is
(A) 75N
(C) 115N

B) 86N
(D) 225N

Integer/Numerical Answer Type Questions

In this section, the answer to each question is a numerical
value obtained after series of calculations based on the data
provided in the question(s).

1. [JEE (Advanced) 2019]
Aparticleismovedalongapath AB-BC-CD-DE-EF-FA,
as shown in figure, in presence of a force

F= (o:yf + 2ax}) N, where x and y are in meter and
a=-1Nm"". The work done on the particle by this
force F will be joule.

Chapter 1: Work, Energy, Power and Conservation of Energy 1.115

y
A
A B
1 'r‘l
: \ 4
|
D
055--=-="=- +—C
|
2 !
0 F < a:—bx
T 05 1
[JEE (Advanced) 2014]

Consider an elliptically shaped rail PQ in the verti-
cal plane with OP=3m and OQ=4m. A block of
mass 1kg is pulled along the rail from P to Q with
a force of 18 N, which is always parallel to line PQ
(see figure). Assuming no frictional losses, the kinetic
energy of the block whenitreaches Q is (nx10) J. The
value of n is (Take acceleration due to gravity to be
10 ms™)

[JEE (Advanced) 2013]

Abob of mass 1, suspended by a string of length ;,
is given a minimum velocity required to complete a
full circle in the vertical plane. At the highest point, it
collides elastically with another bob of mass m sus-
pended by a string of length [,, which is initially at
rest. Both the strings are massless and inextensible. If
the second bob, after collision acquires the minimum
speed required to complete a full circle in the vertical
plane, the ratio i—] is

2

[JEE (Advanced) 2013]

A particle of mass 0.2 kg is moving in one dimension
under a force that delivers a constant power 0.5 W to

the particle. If the initial speed (in ms™) of the particle

is zero, the speed (in ms )after 5s is
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ae
5. [IIT-JEE 2011]
Ablock of mass 0.18 kg is attached to a spring of force
constant 2 Nm™. The coefficient of friction between f— — ST
the block and the floor is 0.1. Initially the block is at
rest and the spring is un-stretched. An impulse is The block slides a distance of 0.06 m and comes to

given to the block as shown in the figure. rest for the first time. The initial velocity of the block in

N
ms ' is V= E . Find the value of N.
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ANSWER KEYS-TEST YOUR CONCEPTS AND PRACTICE EXERCISES

Test Your Concepts-I
(Based on Work Done by a Constant and
Variable Force)

kZJ
1 —mgh| 1-—
nzgt[ 2

2. ~ff,

3. —-mg/sin@

4 (a) 403] (b) -35]

5 () 0 (b) —g(o.oze) (©) g(o.ozs)
6. -3380]

7. 83]

8. (a) 6] (b) -8]
(c) Force is non-conservative in nature.
9. 30]

10. 25]

11 (a) 4] (b) 0 (€) -1] (d) 3]
12. 60 ]

13. —ka*

14. () 50] (b) 1007  (c) 50]

15. Work done by the gravitational force is mgh
I
Work done by the tension force is _msh

Test Your Concepts-Il
(Based on Kinetic Energy,
Potential Energy and Power)

P pn
'fr8r2

yz
2. (a) \/% (b) (%) £12

40t for t<02s
| =1002 + 60t for £>02s
5 30W

6. 1.2x10° watt
1

7. ——
-

8. 19 ms™
9. 50]
10. 3

1

, 2533 ]

1. 1

12. 240]

13. 4.9 kmh™
14. 9]

15. 3.75]

16. -0.25]

Test Your Concepts-lll
(Based on Conservation of Energy and

Work Energy Theorem)
1. mg/(1-cosf)
2. 5ms™
3. 354ms ", 3.96 ms™!
4. 625ms’
5. (a) 04] (b) 1.2]
6. I;/Ik_;g + %
7. \/Zg_Rcosa , \/Zg_Rsina
8. (a) 387 ms™ (b) =01m

9. rg(%+g]

10. (a) 132k] (b) 12k (c) 12k (d) 547 ms'

11 0.374 ms™
12. (a) 2.33] (b) 2.635]
oax?  pit 1
13. @) —+— 6 ms~
(a) 7t (b)
“ [nrg(sin9+p5c089)]2
2k
15. 0.5 m

16. (@) 098m  (b) 1.39ms™

17. \/ﬂ%—(%—x]ﬂ

18. {%(1+ m)gr

Test Your Concepts-1V
(Based on Work Energy Theorem for
Non-conservative Systems)

v

—  (0) 2d
2148

1. () +%mvz (b)
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2. (a) 082N (b) 2.45ms™
3. (a) -uMg/ (b) —%kﬁ
(c) Gravitational force, normal reaction, zero

(d) —(ngH%kFJ

1
(e) E[\/#zMzgz + Mkoj - Mg |

1 ( M*} ) gb
2 k+Mgb

5. (a) 02 (b) —24]
6. (a) 0.8 ms™ (b) 0.82 ms™
7. =750

m
8. ( my + TZJ,ug
9. 0.044]

10. 0.115
1. 5]

Test Your Concepts-V
(Based on Relation Between Conservative
Force and Potential Energy and Types of
Equilibrium)

1 —(2yf+(2x+z)}+yf€)

2. all, exp(—az)[sin(ax )i +cos(ax)k |

Single Correct Choice Type Questions

1. D 2.D 3. A 4. A 5. C
11. A 12. D 13. A 14. D 15. B
21. C 22, A 23.D 24. B 25. A
3. A 32. C 33. C 34. B 35. B
41. B 42. B 43. C 44. B 45. C
51. D 52. C 53. B 54. A 55. B
61. C 62. A 63. C 64. C 65. A
71. A 72. D 73. A 74. B 75. D
81. A 82. B 83. B 84. A 85. B
91. A 92. B 93. C 94. B 95. A

3.

4,

5.
6.
7.

3

2, W
Uy —ax y+?
20]
7m
D
A

Test Your Concepts-VI

(Based on Vertical Circle)

1.

(S I SR I o

10.
11.

16.
26.
36.
46.
56.
66.
76.
86.
96.

gR
. 1615N
. (@) 9N (b) 155N
. 5.66ms™, 16.75 ms 2
. (@ 2N (b) 64N
: \/?, 30°

3L 40
(a) ? (b) EL
48gl
5

15.65 ms™

10 ms™
C 7. B 8. B
C 17. A 18. C
A 27. B 28. B
B 37. A 38. D
A 47. C 48. D
D 57. C 58. D
C 67. A 68. B
C 77. B 78. C
A 87. D 88. C
C 97. A 98. A

© 12]

19.
29.
39.
49,
59.
69.
79.
89.
99.

> > W O N O W > ® O

10.
20.
30.
40.
50.
60.
70.
80.
90.

oW ™ N W™ N g = g
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Multiple Correct Choice Type Questions

1. A,B,C 2. A,B,C,D 3. A,B,C 4. A,B,C,D 5. A,B,C,D
6. A,C,D 7. B,D 8. B,D 9. B,C 10. C,D
1. A,C,D 12. B,C 13. B,D 14. A,C,D,E 15. A, C
16. A, B,D 17. A,B,C 18. A, C 19. B,C,D 20. B,D
21. A,C 22. A, B,C 23. B,C 24. B,D 25. A,C
26. A, C 27. A,C,D 28. A,C,D 29. B,C,D 30. B,C
31. B,C 32. A,C 33. B,C,D 34. A,C 35. B,D
36. B,D 37. B,C 38. A, D 39. A, C 40. C,D

Reasoning Based Questions

1.D 2.D 3. D 4, A 5.D 6. A 7. A 8. C 5,0 10. D

Linked Comprehension Type Questions

1. C 2. A 3. D 4, D 5. C 6. D 7. B 8. B 9. D 10. B
11. A 12. A 13. C 14. C 15. A 16. D 17. A 18. B 19. A 20. B
21. C 22. B 23. B 24, C 25. C 26. B 27. C 28. C 29, C 30. D
31 A 32. B 33. B 34. C 35. B 36. B 37. C 38. D 39.D 40. A
41. D 42, D 43. D 44, B 45. C 46. D 47. A 48. C 49, D 50. C
51. C 52. C 53. D 54. C 55. C 56. C 57. B 58. A 59. A 60. A,D

Matrix Match/Column Match Type Questions

1. A—(q) B—(s) C—(r) D= (1)

2. A>(s) B—(r) C—(p) D—(q)

3. A= (1) B—(p) C—(s) D—-(q)

4. A—(r) B—(q C—(p) D—(t)

5 A—=(p,q) B—(t) C—(r) D — (s)

6. A= (p,qr1) B—(p,qr1) C—(qr) D—(p,1)

7. A> (1) B—(p) C—(qs9) D—(q,s)

8. A= (p,s) B—(q1) C-(p,s) D—(q1)

9. A>(s) B—(r) C—(p) D - (q)

10. A—(s) B—(r) C—=(q D - (p)
Integer/Numerical Answer Type Questions
1. 10 2. 800 3. (a) 32, (b) 500 4, (a) 65, (b) 3 5. 0.098
6. 100 7.2 8. 10 9. (2) 80, (b) 80, ()50 10. 3

11. 2 12. 4 13. 4 14. 2 15. 5
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1. B 2.C 3.D 4. 18 5. 150 6. 3
11. D 12. C 13. D 14. B 15. A 16. A
21. C 22. A 23. D 24. A 25. A 26. C
31. C 32. C 33.D 34.D 35. A 36. B
41. D

ARCHIVE: JEE ADVANCED

Single Correct Choice Type Problems

1.C 2.D 3.C 4. C 5.D 6. A
11. B 12. D 13. C 14. B 15. D 16. C

Multiple Correct Choice Type Problems
1. AD 2.CD
Reasoning Based Questions
1.C
Matrix Match/Column Match Type Questions
L (A)=(p.qnt) (B) = (q,9) ©—=Ppqgrs)
Linked Comprehension Type Questions

1. B 2. A

Integer/Numerical Answer Type Questions

1. 0.75 i g 3.5

ae
7. C 8. B 9. 1.9 10. 10
17. A 18. C 19. B 20. C
2l © 28. B 29. B 30. D
37. D 38. B 39.D 40. A
7. B 8. B 9. D 10. C
17. C 18. B

D)= (p,r )

4.5 5. 4



