CHAPTER

| Section-A

1.

Ifa machine is lubricated with oil (1980)
(a) the mechanical advantage of the machine increases.
(b) the mechanical efficiency of the machine increases.
(c) both its mechanical advantage and efficiency increase.
(d) its efficiency increases, but its mechanical advantage
decreases.

Two masses of 1 gm and 4 gm are moving with equal kinetic
energles The ratio of the magnitudes of their linear momenta
is (1980)
(@ 4:1 ® 2:1 (© 1:2 (d 1:16
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’#> where k is a constant. “The power
delivered to the particles by the force acting on it is:

(1994 - 1 Mark)

@ 2n mk2r2 ¢t (b) mk*r*t

4 2
(©) (mk r7t7) ) (d) zero

A spring of force-constant & 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 (1999S - 2 Marks)
@ @3k (b) G2k () 3k d 6%

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 proportional to (20005 )
@ v (b) v © v @ +v*

A particle, which is constrained to move along the x-axis,
is subjected to a force in the same direction which
varies with the distance x of the particle from the origin as
F(x) = —kx + ax’. Here k and q are positive constants. For
x> 0, the functional form of the potential energy U(x) of
the particle is (20028 )

U(x) Ux)
(@ ‘ x (b A) X

U(x) Ux)
© AT) x (@ X
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An ideal spring with spring-constant £ is hung from the
ceiling and a block of mass M is attached to its lower end.
The mass is released with the spring initially unstretched.

Then the maximum extension in the spring is (20028 )
4Mg 2Mg Mg Mg
@ — ® == © & @

If W,, 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 W, W, and W,
(2003S)

@ W W>W,

©) W=W,=W,

© W<W,<W,

@ W W,>W, A

A particle is acted by a force F' = kx, where k is a +ve
constant. Its potential energy at x = 0 is zero. Which curve
correctly represents the variation of potential energy of
the block with respect to x (2004S)

\NU

(@) \ >x ®)

-
. NG

© > @

A block (B) is attached to two unstretched springs S, and
S, with spring constants & and 4k, respectively (see fig. I).
The other ends are attached to identical supports M, and
M, not attached to the walls. The springs and supports
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have negligible mass. There is no friction anywhere. The
block B is displaced towards wall 1 by a small distance x
(figure II) 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 y/x is — (2008)

(@ 4

(b) 2
Two small particles of equal masses start moving in opposite
directions from a point 4 in a horizontal circular orbit. Their
tangential velocities are v and 2v, respectively, as shown in
the figure. Between collisions, the particles move with
constant speeds. After making how many elastic collisions,
other than that at 4, these two particles will again reach the

© 12 @) 1/4

point 4? (2009)

v A 2v

@@ 4 (b) 3 (© 2 @ 1

A piece of wire is bent in the shape of a parabola y = kx?
(y-axis vertical) with a bead of mass m on it. The bead can
slide on the wire without friction. It stays at the lowest point
of the parabola when the wire is at rest. The wire is now
accelerated parallel to the x-axis with a constant acceleration
a. The distance of the new equilibrium position of the bead,
where the bead can stay at rest with respect to the wire,
from the y-axis is (2009)

a a
(@ gk (b) 2gk (© gk @ Agk

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

seconds is (2010)
F(1) o
(@ 4.50]
4N
(b) 7.50J \
455
(c) 5.06] 9 3N z'
d 14.06] '

14.

15.

The work done on a particle of mass m by a force,

X 2 y 4

K{(xz ) I+ 212" J
(K being a constant of appropriate dimensions), when the
particle is taken from the point (g, 0) to the point (0, a) along
a circular path of radius @ about the origin in the x — y plane
is (JEE Ady. 2013)

@~ ®  © 5 @O0

A tennis ball is dropped on a horizontal smooth surface. It
bounces back to its original position after hitting the surface.
The force on the ball during the collision is proportional to
the length of compression of the ball. Which one of the
following sketches describes the variation of its kinetic
energy K with time ¢ most appropriately? The figure are only
illustrative and not to the scale. (JEE Adv. 2014)

K K

@ ) /U\
© A @

J t J t
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I ) I MICQs with One or More than One Correct

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 (1984- 2 Marks)

@ 1" (b £ © @ 7

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. If g is acceleration due to gravity,

the work required to pull the hanging part on to the table is
(1985 - 2 Marks)

(@ MgL (b) MgL/3 (c) MgL/9 (d) MgL/18

A particle is acted upon by a force of constant magnitude

which is always perpendicular to the velocity of the particle.

The motion of the particle takes place in a plane. It follows

that : (1987 - 2 Marks)

(a) its velocity is constant

(b) its acceleration is constant

(c) its kinetic energy is constant.

(d) itmovesina circular path.

132

Aforce F= — K (yi + xj) (where K isa positive constant) acts
on a particle moving in the xy plane. Starting from the origin,
the particle is taken along the positive x axis to the point (a, 0),
and then parallel to the y axis to the point (a, a), The total work
done by the force F on the particle is (1998S - 2 Marks)
(@ —-2Ka? (b)2Ka*> (¢) —Ka? (d) Ka?
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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 its lowest position,
and has a speed u. The magnitude of the change in its
veloc1ty as itreaches a position where the string is horizontal

(1998S - 2 Marks)
@ Ju?-2gL

® 2eL
© \ul-gL @ 20> -glL)

A small ball starts moving from 4 over a fixed track as shown
in the figure. Surface AB has friction. From 4 to B the ball rolls
without slipping. Surface BC is frictionless. K ,, K and K -
are kinetic energies of the ball at 4, B and C, respectively.
Then (2006 - 5M, 1)

&

A
| 5
}f

B
(a) hA>hC;KB >KC
(© hy=hc; Kp=Kc

Subjective Problems

(b) hA>hC;KC>KA
(d) hA <hC;KB>KC

Abullet is fired from arifle. Ifthe rifle recoils freely, determine
whether the kinetic energy of the rifle is greater than, equal

or less than that of the bullet. (1978)
A spring of force constant & is cut into three equal parts.
What is force constant of each part? (1978)

A 20 gm bullet pierces through a plate of mass M, = 1 kg and
then comes to rest inside a second plate of mass M, =2.98
kg. as shown. It is found that the two plates initially at rest now
move with equal velocities. Find the

percentage loss in the initial velocity

of the bullet when it is between M| __ | | .. __. >
and M,. Neglect any loss of material

of the plates due to the action of the

bullet. (1979) M, M,

When a ball is thrown up, the magnitude of its momentum
decreases and then increases. Does this violate the

conservation of momentum principle? (1979)
A D
G
B E F
@ © (b)

In the figures (a) and (b) AC, DG and GF are fixed inclined
planes, BC= EF =xand AB = DE =y. A small block of mass
M s released from the point 4. It slides down AC and reaches
Cwith a speed V. The same block is released from rest from
the point D. It slides down DGF and reaches the point F
with speed V. The coefficients of kinetic frictions between
the block and both the surface AC and DGF are pn. (1980)
Calculate V-and V.

®
Two blocks 4 and B are
connected to each other by a —_
string and a spring ; the string B
passes over a frictionless pulley
as shown in the figure. Block B
slides over the horizontal top e
surface of a stationary block C " l
and the block 4 slides along the

vertical side of C, both with the

same uniform speed.

The coefficient of friction between the surfaces of blocks is
0.2. Force constant of the spring is 1960 newtons/m. If mass
of block 4 is 2 Kg., calculate the mass of block B and the
energy stored in the spring. (1982 - 5 Marks)
A 0.5 kgblock slides from the point 4 (see Fig) on ahorizontal
track with an initial speed of 3 m/s towards a weightless
horizontal spring of length 1 m and force constant 2 Newton/
m. The part AB of the track is frictionless and the part BC
has the coefficients of static and kinetic friction as 0.22 and
0 2 respectively. If the distances AB and BD are2 mand 2.14
m respectively, find the total distance through which the
block moves before it comes to rest completely.

(Take g=10m/s?) (1983 - 7 Marks)

B D C

A string, with one end fixed on arigid wall, passing over a
fixed frictionless pulley at a distance of 2m from the wall,
has a point mass M =2kg attached to it at a distance of Im
from the wall. A mass m = 0.5 kg attached at the free end is
held at rest so that the
string is horizontal between the wall M
and the pulley and vertical beyond
the pulley. What will be the speed with
which the mass M will hit the wall
when the mass m is released ?

(1985 - 6 Marks) m
A simple pendulum is suspended from a peg on a vertical
wall. The pendulum is pulled away from the wall to a
horizontal position (see fig.) and released. The ball hits the

wall, the coefficient of restitution being 2

=

(1987 - 7 Marks)

What is the minimum number of collisions after which the
amplitude of oscillations becomes less than 60 degrees ?
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Two blocks of mass 2 kg and M are at rest on an inclined
plane and are separated by a distance of 6.0 m as shown in
Figure. The coefficient of friction between each of the blocks
and the inclined plane is 0.25. The 2 kg block is given a
velocity of 10.0 m/s up the inclined plane. It collides with A,
comes back and has a velocity of 1.0 m/s when it reaches its
initial position. The other block M after the collision moves
0.5 m up and comes to rest. Calculate the coefficient of
restitution between the blocks and the mass of the block M.

[Take sin® ~ tan®=0.05and g = 10m/s>.]
(1999 - 10 Marks)

A spherical ball of mass m is kept at the highest point in the
space between two fixed, concentric spheres 4 and B (see
figure). The smaller sphere 4 has a radius R and the space
between the two spheres has a width d. The ball has a
diameter very slightly less than d. All surfaces are

frictionless. The ball is given a gentle push (towards the
right in the figure). The angle made by the radius vector of
the ball with the upward vertical is denoted by 6 (shown in
the figure). (2002 - 5 Marks)

Sphere B

d

Sphere 4

(a) Express the total normal reaction force exerted by the
sphere on the ball as a function of angle 0.

(b) Let N,and N, denote the magnitudes of the normal
reaction forces on the ball exerted by the sphere 4 and
B, respectively. Sketch the variations of N, and Ny as
functions of cos 0 in the range (0 <0 < by drawing
two separate graphs in your answer book, taking cos
0 on the horizontal axes.

Match the Following

DIRECTIONS (Q. No. 1) : Each question 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-1I are
labelled p, q, r and s. Any given statement in Column-I can have correct matching with ONE OR MORE
statement(s) in Column-1I. The appropriate bubbles corresponding to the answers to these questions

have to be darkened as illustrated in the following example :

If'the correct matches are A-p, s and t; B-q and r; C-p and q; and D-s then the correct darkening of

bubbles will look like the given.

1.

P qr s t

0000
®0O0G®®
Q0OG®
OI0G]: 10,

cCaow>»

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 (a and U, constants). Match the potential energies in column

I'to the corresponding statement(s) in column II.

Column I Column I1

UO X 2 ’

B) U= l—(;) ®
UO X 2

B U,w= 7(;) @
U 2 xY

© U= 7"@ e"p[‘(z) } ®
Uy |x_I(x 3

O U= 14"3\a ®)

The force acting on the particle is zero at x=a

The force acting on the particle is zeroat x=0

The force acting on the particle is zero atx =—a

The particle experiences an attractive force towards x = 0 in the region x| <a

U
(t)  The particle with total energy TO can oscillate about the pointx =—a
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G Comprehension Based Questions

PASSAGE-1
A small block of mass M moves on a frictionless surface of an
inclined plane, as shown in figure. The angle of the incline suddenly
changes from 60° to 30° at point B. The block is initially at rest at
A. Assume that collisions between the block and the incline are
totally inelastic (g = 10 m/s?). (2008)

A

1. Thespeed of the block at point B immediately after it strikes
the second incline is —

(@ 60 m/s (b) Ja5 m/s
(© 30 m/s (d) 15 m/s

2.  The speed of the block at point C, immediately before it
leaves the second incline is

@@ 120 m/s (b) 105 m/s
(© 90 m/s @ 75 m/s

3.  Ifcollision between the block and the incline is completely
elastic, then the vertical (upward) component of the velocity
of the block at point B, immediately after it strikes the second

incline is —

@ 30 m/s (b) V15 m/s

© 0 @ 15 m/s
PASSAGE-2

A small block of mass 1 kg 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 frictional force acts
on it in the direction opposite to the instantaneous velocity. The
work done in overcoming the friction up to the point Q, as shown

in the figure below, is 150J.
(Take the acceleration due to gravity, g = 10 ms2)

Ay
(JEE Ady. 2013)
R P
30°%-
X R
X
o >
4.  The magnitude of the normal reaction that acts on the block
at the point Q is
@ 75N (b) 86N
(c) 115N (d 225N
S.  The speed of the block when it reaches the point Q is
(@ Sms’! (b) 10ms!
(© 104/3ms™! (d 20ms™!

H Assertion & Reason Type Questions

1. 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. (2007)

(a) Statement—1 is True, Statement—2 is True; Statement—
2 is a correct explanation for Statement-1

(b) Statement—1 is True, Statement—2 is True; Statement—
21is NOT a correct explanation for Statement—1

(¢c) Statement-1 is True, Statement-2 is False

(d) Statement-1 is False, Statement—2 is True

i | Integer Value Correct Type

1. A light inextensible string that goes over a
smooth fixed pulley as shown in the figure
connects two blocks of masses 0.36 kg and
0.72 kg. Taking g = 10 m/s?, find the work
done (in joules) by the string on the block
of mass 0.36 kg during the first second after
the system is released from rest.  (2009)
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Three objects 4, B and C are kept in a straight line on a
frictionless horizontal surface. These have masses m, 2m
and m, respectively. The object 4 moves towards B with a
speed 9 m/s and makes an elastic collision with it. There
after, B makes completely inelastic collision with C. All
motions occur on the same straight line. Find the final speed

(in m/s) of the object C. (2009)
m —» 2m [ m
A B C

A block of mass 0.18 kg is attached to a spring of force-
constant 2 N/m. The coefficient of friction between the block
and the floor is 0.1. Initially the block is at rest and the
spring is un-stretched. An impulse is given to the block as
shown in the figure. The block slides a distance of 0.06 m
and comes to rest for the first time. The initial velocity of the

Section-B

[2003]

A. Linear momentum of a system of particles is zero

Consider the following two statements :

B Kinetic energy of a system of particles is zero.
Then
(a) A doesnot imply B and B does not imply 4
(b) A implies B but B does not imply 4
(c) A does not imply B but B implies 4
(d) A implies B and B implies 4
A wire suspended vertically from one of its ends is stretched

by attaching a weight of 200N to the lower end. The weight
stretches the wire by 1 mm. Then the elastic energy stored

in the wire is [2003]
(@ 02J (b) 10]
() 20J d 01J

A spring of spring constant 5 x 103 N/m is stretched initially
by Scm from the unstretched position. Then the work

required to stretch it further by another 5 cm is [2003]
(@) 1250 N-m (b) 1875 N-m
() 2500 N-m (d 625 N-m

JEE Main / GIEEE

4.

7.

blockin m/s is V=N/10. Then N is (2011)

S —

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 5 sis (JEE Adv. 2013)
Consider an elliptical shaped rail PQ in the vertical plane
with OP=3 m and OQ =4 m. A block of mass 1 kg is pulled
along the rail from P to Q with a force of 18 N, which is
always parallel to line PQ (see the figure given). Assuming
no frictionless losses, the kinetic energy of the block when it
reaches Q'is (n x 10) joules. The value of r is (take acceleration
due to gravity = 10 ms2) (JEE Ady. 2014)

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

body in time ‘¢’ is proportional to 12003]
@ ®) 32
© 4 @ 1

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 12004]
@ x (b) €
() x? (d) log,x

A uniform chain of length 2 m is kept on a table such that a
length of 60 cm hangs freely from the edge of the table. The
total mass of the chain is 4 kg. What is the work done in

pulling the entire chain on the table ? 12004]
(@ 127 (b) 3.6J
() 721 (d) 1200]

A force F = (5 +3j+2k)N is applied over a particle
which displaces it from its origin to the point 7 = (27 — j)m.
The work done on the particle in joules is 12004]
(@ +10 (b) +7

© -7 d) +3
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8.

10.

11.

12.

13.

14.

o P-27

A body of mass ‘m’, accelerates uniformly from rest to ‘v,’
in time ‘¢,’. The instantaneous power delivered to the body

as a function of time ‘¢’ is 12004]
mwt? mvit mvit mvit
@ b 2" © 7, @
tl tl 1 t 1

A Particle is acted upon by a force of constant magnitude
which is always perpendicular to the velocity of the particle,
the motion of the particles takes place in a plane. It follows
that [2004]

(@) its kinetic energy is constant
(b) its acceleration is constant
(c) its velocity is constant

(d) it movesin astraight line

The block of mass M moving on the frictionless horizontal
surface collides with the spring of spring constant k£ and
compresses it by length L. The maximum momentum of

the block after collision is 12005]
000000 —
(@) ﬁ (b) Mk L(c) M—L2 (d) zero
2M k

A spherical ball of mass 20 kg is stationary at the top of a hill
of height 100 m. It rolls down a smooth surface to the ground,
then climbs up another hill of height 30 m and finally rolls
down to a horizontal base at a height of 20 m above the

ground. The velocity attained by the ball is |12005]
(@ 20 m/s (b) 40 m/s
(©) 10430 m/s (d 10 mss

A body of mass m is accelerated uniformly from rest to a
speed v in a time 7. The instantaneous power delivered to

the body as a function of time is given by |12005]
mv? 2 b mv? p lmv2 2 d lmv2 ;
@ 72 ()Tz'(c)sz‘ ()2T2'

A particle of mass 100g is thrown vertically upwards with a
speed of 5 m/s. The work done by the force of gravity

during the time the particle goes up is 12006]

(@ -0.5J] (b) -1.25J

(c) 1257 (d 05

The potential energy of a 1 kg particle free to move along
(x* %)

the x-axis is given by V(x) = \T - 7} J.

15.

16.

17.

18.

19.

The total mechanical energy of the particleis 2 J. Then, the
maximum speed (in m/s) is [2006]

3 1
@ F Oz ©F @2
A 2 kg block slides on a horizontal floor with a speed of 4m/s.
It strikes a uncompressed spring, and compresses it till the
block is motionless. The kinetic friction force is 15N and
spring constant is 10,000 N/m. The spring compresses by

(@ 85cm (b) S5.5cm 12007]
(¢) 25cm (d) 11.0cm

An athlete in the olympic games covers a distance of 100 m
in 10 s. His kinetic energy can be estimated to be in the
range [2008]
(@ 200J-500J (b) 2x10°J-3x10°]

(c) 20,000J-50,000] (d) 2,000J-5,0007J

A block of mass 0.50 kg is moving with a speed of 2.00 ms™!
on a smooth surface. It strikes another mass of 1.00 kg and
then they move together as a single body. The energy loss

during the collision is [2008]
(@ 0.16J (b) 1.00J
(c) 067] (d 034]

The potential energy function for the force between two
atoms in a diatomic molecule is approximately given by

Ux)= x% - x%’ where a and b are constants and x is the

distance between the atoms. If the dissociation energy of

the moleculeis D = [U (x=0)=Uy equﬂibﬁum], Dis
[2010]

@ % () 2 © m () r

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 §; than on spring S,.
STATEMENT 1 : If stretched by the same amount work
done on S; Work done on S, is more than S,
STATEMENT 2: k, <k,

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

[2012]

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

(c) Statement 1 is true, Statement 2 is true, Statement 2 is
the correct explanation for Statement 1

(d) Statement 1 is true, Statement 2 is true, Statement 2 is
not the correct explanation for Statement 1
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20. When a rubber-band is stretched by a distance X, it exerts

restoring force of magnitude F = ax + bx2 where a and b are
constants. The work done in stretching the unstretched

rubber-band by L is: [JEE Main 2014|
12 103
@ a1+ (0 (a? +b0)
2 .13
al? bl 1{al® bL
© S5 +5 @ 5[7*7

21.

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 considering the
work done only when the weight is lifted up? Fat supplies
3.8 x 107 J of energy per kg which is converted to mechanical
energy with a 20% efficiencyrate. Take g=9.8 ms™2:

[JEE Main 2016]
(b) 12.89x103kg
d) 645x103kg

@ 9.89x103kg
() 245x103kg
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