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7. SYSTEM OF PARTICLES AND ROTATIONAL MOTION

3.

Single Correct Answer Type

A small sphere of mass m, moving with a constant velocity v, hits another stationary sphere of same
mass. If e be the coefficient of restitution, then ratio of velocities v; and v, of two spheres after
collision will be
1—e 1+e e+1 e—1
a)

b) c) d)
1+e 1-e e—1 et+1

Two blocks m; and m, (m, > m,) are connected with a spring of force constant k and are inclined at

a angel 6 with horizontal. If the system is released from rest, which one of the following statements

is/are correct?

Maximum Maximum
compression in the There will be no If m; is smooth and

compression or m, is rough there

elongation in the

spring spring is
a)  (my+my)gsin @ i b) elongationinthe c¢) will be d) (m,-m,)gsine i all
k spring if there is no compression in the

there is no friction the surfaces are

friction any where spring
anywhere smooth
When a meteorite burns in the atmosphere, then
a) Themomentum b)  The energy of c¢) Theconservation d) The momentum of
conservation meteorite remains principle of meteorite remains
principle is constant momentum is constant
applicable to the applicable to a

meteorite system

system consisting

of meteorites,

earth and air

molecules
A constant torque acting on a uniform circular wheel changes its angular momentum form A, to 4 4,
in 4s. The magnitude of this torque is

34
a) TO b) A o) 44, d) 124,
The moment of inertia of a flywheel having kinetic energy 360 ] and angular speed of 20 rads™? is
a) 18kgm? b) 1.8kgm? c) 2.5kgm? d) 9kgm?

If the angular momentum of a rotating body about a fixed axis is increased by 10%. Its kinetic energy
will be increased by
a) 10% b) 20% ) 21% d 5%
Two discs have same mass and thickness. Their materials have densities d; and d,. The ratio of their
moments of inertia about central axis will be

a) dg:d, b) dydy:1 c) 1l:dq:d, d d,:d;

al

%' J
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If the moment of inertia of a disc about an axis tangential and parallel to its surface be I, then what

will be the moment of inertia about the axis tangential but perpendicular to the surface?
5

6 3 3

a) EI b) ZI C) El d) ZI
Two bodies of 6 kg and 4 kg masses have their velocity 51 -2j+10k and 101 -2j+5Kk respectively. Then
the velocity of their centre of mass is

a) 5i+2j-8k b) 7i+2j-8k ¢ 7i-2j+8k d) 5i-2j+8k
Two particles of equal mass have velocities v; =4 i and v,=4j ms™'. First particle has an acceleration
a;= (51 + 5j) ms2, while the acceleration of the other particle is zero. The centre of mass of the two
particles moves in a path of
a)  Straightline b)  Parabola c) Circle d) Ellipse
In which case application of angular velocity is useful
a) Whenabodyis b) Whenvelocityof c¢) Whenaccelerationd) None of these

rotating body isina of body is in a
straight line straight line

A small block of mass M moves with velocity 5 ms~! towards n another block of same mass M placed
at a distance of 2 m on a rough horizontal surface. Coefficient of friction between the block and
ground is 0.25. Collision between the two blocks is elastic, the separation between the blocks, when
both of them come to rest, is (g=10 ms™2)
a) 3m b) 4m ) 2m d) 15m
Two rigid bodies A and B rotate with rotational kinetic energies E, and E respectively. The
moments of inertia of A and B about the axis of rotation are I, and I respectively. If I = Iz /4 and
E, = 100 Ejp the ratio of angular momentum (L,4) of A to the angular momentum (Lg) of B is
a) 25 b) 5/4 ¢ 5 d 1/4
In a two block system an initial velocity v(with respect to the ground) is given to block A. Choose the
correct statement.

Y Rough
s )
Smooth

The increase in
momentum of B is

The momentum of The momentum of

) equal to the All of the above
a) block A isnot b) system of blocks A ¢) ] d)
) decrease in three statements.
conserved. and B is conserved.

momentum of

block A
A solid sphere of mass m rolls down an inclined plane without slipping, starting from rest at the top
of an inclined plane. The linear speed of the sphere at the bottom of the inclined plane is v. The
kinetic energy of the sphere at the bottom is

a) %mvz b) émv2 c) gmv2 d) %mv2
The moment of inertia of a solid sphere of mass M and radius R about the tangent on its surface is
7 g2 42 2 n2 1 n2
a) EMR b) gMR C) EMR d) EMR
Torque applied on a particle is zero, then its angular momentum will be
a) Equalindirection b) Equalin c) Both (a) and (b) d) Neither (a) nor (b)
magnitude
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Moment of inertia of a circular loop of radius R about the axis of rotation parallel to horizontal
diameter at a distance R/2 from it is

1 3
a) MR? b) EMRZ c) 2MR? d) ZMR2

When a uniform solid sphere and a disc of the same mass and of the same radius rolls down an
inclined smooth plane from rest to the same distance, then the ratio of the time taken by them is

a) 15:14 b) 15%:142 c) +14:15 d 14:15
A body of mass M at rest explodes into three pieces, two of which of mass M /4 each are thrown off in
mutually perpendicular directions with speeds of 3ms ~! and 4ms™! respectively. Then the third
piece will be thrown off with a speed of

a) 1.5ms™! b) 2ms™?! c) 25ms7?! d) 3.0ms™?!
The moment of inertia of a circular ring of mass 1 kg about an axis passing through its centre and
perpendicular to its plane is 4 kg-m?. The diameter of the ring is
a) 2m b) 4m c) 5m d) 6m
A solid disc rolls clockwise without slipping over a horizontal path with a constant speed v. Then the
magnitude of the velocities of points 4, B and C (see figure) with respect to a standing observer are

respectively
A

a) wv,vandv b) 2v,v2vandzero c¢) 2v,2vandzero d) 2v,v2vand+2v
What remains constant in the field of central force
a) Potential energy b)  Kinetic energy c)  Angular d) Linear momentum
momentum

A 2 kg mass is rotating on a circular path of radius 0.8 m with angular velocity of 44 rad/sec. If
radius of path becomes 1 m. Then the value of angular velocity will be

a) 28.16rad/sec b) 35.16 rad/sec c) 19.28rad/sec d) 8.12rad/sec
A set of n identical cubical blocks lies at rest parallel to each other along a line on a smooth
horizontal surface. The separation between the near surfaces of any two adjacent blocks is L. The
block at one end is given a speed v towards the next one at time t = 0. All collision are completely
elastic. Then

k
my (—ARGR—| M1 |—>F

A B
TGP oK The last block The centre of mass The centre of m.ass
a) Startsmovingat ) starts moving at ¢) ofthesystemwill d) Ef the Sg_/steim w11(;
timet = (n— 1) time t = &=L have a final speed v aveafinaispee
v 2v v/n

A body of mass 3kg is moving with a velocity of 4ms~?! towards right, collides head on with a body of
mass 4 kg moving in opposite direction with a velocity of 3ms™1. After collision the two bodies stick
together and move with a common velocity, which is

12 ms~! towards 12ms~! towards 1—72 ms~?! towards

left ) d)
@

a) Zero b) right g
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. . . . . . . ML?
Moment of inertia of a thin rod of mass M and length L about an axis passing through its centre is -

Its moment of inertia about a parallel axis at a distance of% from this axis is given by
2) MIL? MIL3 MIL? 7TML?

) Y 5 ) RT:
A particle of mass m = 5 units is moving with a uniform speed v = 3 +/2 m in the XOY plane along
thelineY = X + 4. The magnitude of the angular momentum about origin is

a) Zero b) 60 unit c) 7.5unit d) 40v?2 unit
A torque of 30 N-m is applied on a 5 kg wheel whose moment of inertia is 2kg — m? for 10 sec. The
angle covered by the wheel in 10 sec will be

a) 750rad. b) 1500 rad. c) 3000 rad. d) 6000rad.
The moment of inertia of a uniform circular disc of radius R and mass M about an axis touching the
disc at its diameter and normal to the disc is

a) MR? b) gMR2 C) ;MR2 d) %MR2
Two masses of 200 g and 300 g are attached to the 20 cm and 70 cm marks of a light metre rod

respectively. The moment of inertia of the system about an axis passing through 50 cm mark is

a) 0.15kgm? b) 0.03 kg m? c) 0.3kgm? d) Zero
A ladder rests against a frictionless vertical wall, with its upper end 6m above the ground and the
lower end 4m away from the wall. The weight of the ladder is 500 N and its C.G. at 1/3rd distance
from the lower end. Wall’s reaction will be, (in newton)
a) 111 b) 333 c) 222 d 129
A circular disk of moment of inertia I; is rotating in a horizontal plane, about its symmetry axis, with
a constant angular speed w;. Another disk of moment of inertia I, is dropped coaxially onto the

rotating disk. Initially the second disk has zero angular speed. Eventually both the disks rotate with a
constant angular speed w;. The energy lost by the initially rotating disc to friction is
1 Ll . 1 I? 1 12 Iy — 1
a _ W b __b .2 C R S ——— W — W;
) 2+ 1) ) 2(1t+1b)wl ) 2(It+1b)w‘ I+ 1)
Three masses of 2 kg, 4 kg and 4 kg are placed at the three points (1,0,0),(1,1,0) and (0, 1, 0)
respectively. The position vector of its centre of mass is

2

2 d)

3.4 2 4 1 4
a) -i+-=j b 3i+7] ) —=i+-=j d -=-i+-=j
) ite) ) Bi+])) ) gitg] ) gltg]
A thin wire of mass M and length L is bent to form a circular ring. The moment of inertia about its
axis is
1 2 172 1 2 1 2
a) WML b) EML C) QML d) FML

Two bodies of masses 2 kg and 4 kg are moving with velocities 20 ms™! and 10 ms~?! towards each
other due to mutual gravitation attraction. What is the velocity of their centre of mass?

a) 5ms™! b) 6ms™! c) 8ms! d) Zero
A body is rotating with angular velocity 30 rads 1. If its kinetic energy is 360 ], then its moment of
inertia is

a) 0.8kgm? b) 0.4 kgm? c) 1kgm? d) 1.2kgm?
A round disc of moment of inertia I, about its axis perpendicular to its plane and passing through its
centre is placed over another disc of moment of inertia /; rotating with an angular velocity w about
the same axis. The final angular velocity of the combination of discs is

b) 0 =2

I, +1,

Lw

(hi+h)w
a) I+,

Iy

d)
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A solid sphere is rotating about a diameter at an angular velocity w. If it cools so that its radius

1 .. - : .
reduces to - of its original value, its angular velocity becomes
= b)
Q) — —
n n?
Two particles of masses m, and m, in projectile motion have velocities V; and V, respectively at time

) nw d) nw

t = 0. They collide at time t = 0. their velocities become V; and V, at time 2t,, while still moving in
air. The value of
|(myVy + myVy) — (Mg Vg + myVy)| is

1
a) Zero b) (my +my)gt, ) 2(my+mylgty d) 5 (my + m3)gto

A thin wire of length [ and mass m is bent in the form of semicircle. I[ts moment of inertia about an
axis joining its free ends will be

_______ .i 0
P
a) ml? b) Zero ) ml?/n? d) None of these
A round uniform body of radius R, mass M and moment of inertia I , rolls down (without slipping )
an inclined plane making an angle 0 with the horizontal. Then its acceleration is
gsin@ gsin@ gsin@ gsin@
1+ 1/MR? 1+ MRZ/I ) 1T-ImMR? 1— MR%/I
The moment of inertia of a circular disc about an axis passing through the circumference
perpendicular to the plane of the disc is
3 & 4
a)  MR? b) > MR? o MR d) = MR?
2 2 3
A particle is projected with 200 ms ™1, at an angle of 60°. At the highest point it explodes into three

a)

particles of equal masses. One goes vertically upward with velocity 100 ms™1, the second particle
goes vertically downward with the same velocity as the first. Then what is the velocity of the third
particle?

2) 120 ms~! with 60° b 200 ms~! with 30° . 50ms ™! vertically d 300 ms™?!

angle angle upwards horizontally

Two point objects of masses 1.5 g and 2.5 g respectively are at a distance of 16 cm apart, the centre
of gravity is at a distance x from the object of mass 1.5 g where x is

a) 10cm b) 6cm c) 13cm d 3cm
The centre of mass of a system cannot change its state of motion, unless there is external force acting
on it. Yet the internal force of the brakes can bring a car to rest. Then

a) Thebrakesstop b)  The friction c¢) The carisstoppedd) The caris stopped
the wheels between the brake by the road by the driver
pads and the pressing the pedal

wheel stop the car

What is moment of inertia in terms of angular momentum (L) and kinetic energy (K)?
L? L? L L
J ¥ b 3% ) e 4 %

A body A of mass M while falling vertically downwards under gravity breaks into two parts; a body B
of mass % M and a body Cof mass % M . The centre of mass of bodies B and C taken together shifts

compared to that of body A towards
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Depends on height
of breaking
A man turns on a rotating table with an angular speed w. He is holding two equal masses at arm’s
length. Without moving his arms, he just drops the two masses. How will his angular speed change
May be less than,
greater than or
d) equaltow
depending on the
quantity of masses
A string is wound round the rim of a mounted fly wheel of mass 20 kg and radius 20 cm. A steady
pull of 25 N is applied on the cord. Neglecting friction and mass of the string, the angular acceleration
of the wheel is
a) 50s72 b) 25s72 c) 12.5s72 d) 6.25s572
A horizontal force F is applied such that the block remains stationary then which of the following
statement is false

b) Does not shift c¢) BodyC d) BodyB

It will be less than It will be more than It will remain equal

a) b) c)

w w tow

<2
: I"
----- b F
2) f = mg [where f is F = N [where N is . F will not produce d) N will not produce
the friction force] the normal force] torque torque

A solid cylinder is rolling down on an inclined plane of angle 6. The coefficient of static friction
between the plane and cylinder is ug. The condition for the cylinder not to slip is

a) tané > 3y b) tanf > 3y, c) tanf < 3y d) tanf <3y
A mass of 10 kg connected at the end of a rod of negligible mass is rotating in a circle of radius 30 cm
with an angular velocity of 10 rad /sec. If this mass is brought to rest in 10 sec by a brake, what is the
magnitude of the torque applied

a) O09N-m b) 1.2N-m c) 23N-m d) 05N-m
Two bodies having masses m, and m, and velocities U, and U, collide and form a composite system
of myv; + m,v, = 0(m,; # m,). The velocity of the composite system is
u; + U,

2

A non-uniform thin rod of length L is placed along X-axis as such its one of ends is at the origin. The

linear mass density of rod is | = [yx. The distance of centre of mass of rod from the origin is

L 2L L L
Z b) == - ) =
2 2 ) 3 2 4 ) 5

Two negatively charges particles having charges e; and e, and masses m; and m, respectively are
projected one after another into a region with equal initial velocity. The electric field E is along the y-
axis, while the direction of projection makes an angle a with the y-axis. If the ranges of the two
particles along the x-axis are equal then one can conclude that

a) Zero b) U, +1u, ) U —1U, d)

a) e =e,andm;=1b) e =e,only c) my =m,only d emy =em,

‘-:I

A 4
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A bomb is kept stationary at a point. It suddenly explodes into two fragments of masses 1g and 3g.
The total KE of the fragments is 6.4x 10* ]. what is the KE of the smaller fragment?

a) 2.5x10%] b) 3.5x10%] c) 4.8x10%] d) 5.2x10%]
The radius of gyration of a body about an axis at a distance 6 cm from its centre of mass is 10 cm.
Then its radius of gyration about a parallel axis through its centre of mass will be
a) 80cm b) 8cm c) 08cm d) 80cm
A uniform rod of mass m and length [ is suspended by means of two light inextensible strings as
shown in figure. Tension in one string immediately after the other string is cut is

mg mg
a) — b) mg c) 2mg d) 7

ABC is a triangular plate of uniform thickness. The sides are in the ratio shown in the figure.
Lyg, Igc, Ic4 are the moments of inertia of the plate about AB, BC, CA respectively. Which one of the
following relations is correct

a) Igypismaximum  b) Iup > I ) Igc >l d) ILp+lgc=Ica
A bullet of mass 0.01 kg and travelling at a speed of 500ms™! strikes a block of mass 2 kg, which is
suspended by a string of length 5m. The centre of gravity of the block is found to rise a vertical
distance of 0.1 m. What is the speed of the bullet after it emerges from the block?

a) 580ms™! b) 220ms™! ¢) 14ms™?! d) 7.8ms™?!

A rigid body of mass m rotates with the angular velocity w about an axis at a distance 'a’ from the
centre of mass G. The radius of gyration about G is K. Then kinetic energy of rotation of the body

about new parallel axis is
1 1 1 1

a) EmKZa)z b) Emazw2 C) Em(a2 + KHw? d) Em(a + K?)w?
Point masses 1, 2, 3 and 4 kg are lying at the point (0, 0, 0), (2, 0, 0), (0, 3,0) and (-2, -2, 0)
respectively. The moment of inertia of this system about x-axis will be

a) 43 kg-m? b) 34 kg-m? ¢) 27 kg-m? d) 72 kg-m?
A particle is moving in the x-y plane with a constant velocity along a line parallel to x-axis away from
the origin. The magnitude of its angular momentum about the origin
a) Iszero b)  Remains constant c) Goes on increasingd)  Goes on decreasing
A thin horizontal circular disc is rotating about a vertical axis passing through its centre. An insect is
at rest at a point near the rim of the disc. The insect now moves along a diameter of the disc to reach
other end. During the journey of the insect, the angular speed of the disc
a) Remains b)  Continuously c) Continuously d) Firstincreases and

unchanged decreases increases then decreases

A cord is wound round the circumference of wheel of radius r. The axis of the wheel is horizontal and
moment of inertia about it is I. A weight mg is attached to the end of the cord and falls from the rest.

After falling through a distance h, the angular velocity of the wheel will be

‘-:I

h) J
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1/2 1/2

2gh 2mgh 2mgh
a) b) [_] 0) _] d) J2gh
I +mr [+ mr? [+ 2mr? g

A disc is of mass M and radius r. The moment of inertia of it about an axis tangential to its edge and
in plane of the disc or parallel to its diameter is
Mr? 3 Mr?

5
a) —Mr? b) — C —Mr? d —
) 4Mr ) 2 ) ZMr ) >

A coin is of mass 4.8 kg and radius one metre rolling on a horizontal surface without sliding with
angular velocity 600 rotation/min. What is total kinetic energy of the coin ?
a) 360] b) 1440m?] c) 4000m?] d) 600m?]
An automobile engine develops 100 kW when rotating at a speed of 1800 rev/min. What torque
does it deliver
a) 350N-m b) 440N-m c) 531N-m d) 628N-m
A solid sphere (mass 2 M) and a thin hollow spherical shell (mass M) both of the same size, roll
down an inclined plane, then
a)  Solid spherewill b)  Hollow spherical ¢) Bothwillreachat d) None of these
reach the bottom shell will reach the the same time
first bottom first
A cricket bat is cut at the location of its centre of mass as shown. Then

wh | e |

a)  Thetwo pieces willb)  The bottom piece ¢)  The handle piece d) Mass of handle

have the same will have larger will have larger piece is double the
mass mass mass mass of bottom
piece

A gas molecule of mass m strikes the wall of the container with a speed v at an angle 6 with the
normal to the wall at the point of collision. The impulse of the gas molecule has a magnitude

a) 3mv b) 2mvcosH c) mv d) Zero
Four spheres of diameter 2a and mass M are placed with their centres on the four corners of a
square of side b. Then the moment of inertia of the system about an axis along one of the sides of the
square is

4 8 8 4

a) gMa2 +2Mb?  b) gMa2 +2Mb? ¢ gMa2 d) gMa2 + 4Mb?
A sphere and a hollow cylinder roll without slipping down two separate inclined planes and travel
the same distance in the same time. If the angle of the plane down which the sphere rolls is 30°. The
angle of the other plane is

a) 60° b) 53° c) 37° d) 45°
A spherical shell has mass M and radius R. Moment of inertia about its diameter will be
2 2 1
a) gMR2 b) §MR2 c) EMR2 d) MR?

The radius of gyration of a disc of mass 50 g and radius 2.5 cm, about an axis passing through its
centre of gravity and perpendicular to the plane, is

a) 052cm b) 1.76cm c) 354cm d) 6.54cm
When two blocks A and B coupled by a spring on a frictionless table are stretched and the released,

then
KE of B _ massofB

Kinetic energy of Kinetic energy of KEofA — massof A’ Both (b) and (c) is
a) bodyatanyinstantb) body atanyinstantc) hen spring is correct
after releasing is may or may not be massless
Page|8
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inversely inversely
proportional to proportional to
their masses their masses

Two spheres of equal masses, one of which is a thin spherical shell and the other a solid, have the
same moment of inertia about their respective diameters. The ratio of their radii will be

a) 5:7 b) 3:5 ) +/3:45 d) V3:47
A man is standing at the edge of a circular plate which is rotating with a constant angular speed
about a perpendicular axis passing through the centre. If the man walks towards the axis along the
radius, its angular velocity
a)  Decreases b)  Remains constant c) Increases d) Information is

incomplete

The moment of inertia of a circular ring about an axis passing through its centre and normal to its
plane is 200 g X cm?. Then its moment of inertia about a diameter is

a) 400 g X cm? b) 300 g x cm? c) 200g Xcm? d) 100 g X cm?
A constant torque of 1000 N-m, turns a wheel of moment of inertia 200 kg-m? about an axis through
the centre. Angular velocity of the wheel after 3 s will be

a) 15rad/s b) 10rad/s c) bSrad/s d) 1rad/s
Two particles of masses 1 kg and 2 kg are located at x; = 0,y; = 0 and x, = 1,y, = 0 respectively.

The centre of mass of the system is at

1 2 2
a) x=1y=2 b) x=2y=1 ) x=3y=3 ) x=zy=0

Two wheels 4 and B are mounted on the same axle. Moment of inertia of 4 is 6 kgm? and it is
rotating at 600 rpm when B is at rest. What is moment of inertia of B, if their combined speed is 400
rpm?
a) 8kgm? b) 4kgm? c) 3kgm? d) 5kgm?
Three identical rods, each of length x, are joined to form a rigid equilateral triangle. Its radius of
gyration about an axis passing through a corner and perpendicular to the triangle is
X
3 X

- X
a) V3 b) 0 [ix d 3

A body of mass m slides down an incline and reaches the bottom with a velocity v. If the same mass
were in the form of a ring which rolls down this incline, the velocity of the ring at bottom would have
been

1
a) v b) V2v ) Nk d) \/gv

An isolated particle of mass m is moving in a horizontal plane (x — y), along the x-axis, at a certain
height above the ground. It suddenly explodes into two fragments of masses m/4 and 3m/4. An
instant later, the smaller fragment is at y = +15 cm. The larger fragment at the instant is at

a) y=-5cm b) y=+20m c) y=+5cm d y=-20cm
Two practical A and B initially at rest, move towards each other, under mutual force of attraction. At
an instance when the speed of A is v and speed B is 2v, the speed of centre of mass (CM) is

a) Zero b) v c) 2.5v d 4v
When a mass is rotating in a plane about a fixed point, its angular momentum is directed along
Aline

The line making an
b) angle of45°tothe c) The radius d)
plane of rotation

‘-:I

h) J

perpendicular to
the plane of
rotation

The tangent to the
orbit

a)
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A pulley of radius 2m is rotated about its axis by a force F = (20t — 5t2) newton (where t is
measured in seconds) applied tangentially. If the moment of inertia of the pulley about its axis of
rotation is 10kg m?, the number of rotations made by the pulley before its direction of motion if
reversed, is

a) Lessthan3 b) Morethan3but ¢) More than 6 but d)  More than 9
less than 6 less than 9

A couple produces

a) No motion b)  Linear and c)  Purelyrotational d)  Purely linear
rotational motion motion motion

A wheel of moment of inertia 5 x 10~ 3kg — m?

stop itin 10 sec is

a) 2nx102N—-m b) 2rx10°N-m «¢) 4nx102N—-m d) 4nx10°N-m
A ring starts to roll down the inclined plane of height h without slipping. The velocity with it reaches
the ground is

a) (L0gh b)\/‘gh o [teh d) Jgh

is making 20 revolutions/sec. The torque required to

7

In the above question, find the angular speed at the bottom
a) 68rad/sec b) 8.5rad/sec c¢) 17rad/sec d) 34rad/sec
A body rolls down an inclined plane. If its kinetic energy of rotation is 40% of its kinetic energy of
translation, then the body is
a)  Solid cylinder b)  Solid sphere c) Disc d) Ring
A thin hollow cylinder open at both ends:
(i) Sliding without rolling
(ii) Rolls without slipping, with the same speed
The ratio of kinetic energy in the two cases is
a) 11 b) 4:1 ) 1:2 d 2:1
The maximum and minimum distances of a comet from the sun are 1.4 X 10?2m and 6 x 10 m
respectively. If its velocity nearest to the sun is 7 X 10*ms~1, what is the velocity in the farthest
position? Assume the paths of comet in both instantaneous positions are circular
a) 3x103ms™?! b) 5x103ms~! ) 7x10%ms?! d) 7x10°ms™?
In rotational motion of a rigid body, all particles move with
a)  Same linear & b) Samelinearand <¢)  With different d)  With different

angular velocity different angular linear velocities linear velocities
velocity and same angular and different
velocities angular velocities

A small part of the rim of a fly wheel breaks off while it is rotating at a constant angular speed. Then

its radius of gyration will

a) Increase b)  Decrease c¢) Remainunchangedd) Nothing definite
can be said

The moment of inertia of a uniform circular ring, having a mass M and a radius R, about an axis

tangential to the ring and perpendicular to its plane, is
3 1
a) 2MR? b) EMRZ C) EMRZ d) MR?
A particle of mass m collides with another stationary particle of mass M. If the particle m stops just
after collision, the coefficient of restitution of collision is equal to
m M—-m m

a) 1 b ) S i

‘-:I

h) J
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A spherical solid ball of 1 kg mass and radius 3 cm is rotating about an axis passing through its
centre with an angular velocity of 50 radian/s. The kinetic energy of rotation is

a) 4500) b) 90J ¢ 910J d) 29—0]

A thin circular ring of mass M and radius R rotates about an axis through its centre and
perpendicular to its plane, with a constant angular velocity w. Four small spheres each of mass m
(negligible radius) are kept gently to the opposite ends of two mutually perpendicular diameters of
the. The new angular velocity of the ring will be

Q) 4o b) o 9 (57)e D (am)
An athlete throws a discus from rest to a final angular velocity of 15 rads~! in 0.270 s before
releasing it. During acceleration, discus moves a circular arc of radius 0.810 m Acceleration of discus
before it is released is .... ms ™2
a) 45 b) 182 c) 187 d) 192
A ballet dancer, dancing on a smooth floor is spinning about a vertical axis with her arms folded with

an angular velocity of 20 rad/s. When she stretches her arms fully, the spinning speed decrease in
10 rad/s. If I is the initial moment of inertia of the dancer, the new moment of inertia is

a) 21 b) 31 c) 1I/2 d 1I/3
Four point masses P, Q, R and S with respective masses 1 kg, 1 kg, 2 kg form the corners of a square
of side a. The center of mass of the system will be farthest from

a) P only b) Rand$S c) Ronly d) PandQ
A thin uniform circular disc of mass m and radius R is rotating in a horizontal plane about an axis
passing through its centre and perpendicular to the plane with an angular velocity w. Another disc of

same dimensions but of mass %m is placed gently on the first disc co-axially. The angular velocity of

the system is

4 3 1
b) - > 4 =
a) V2w ) @ c) 2% ) 3@

A solid cylinder 30 ¢cm in diameter at the top of an inclined plane 2.0 m high is released and rolls
down the incline without loss of energy due to friction. Its linear speed at the bottom is

a) 5.29m/sec b) 4.1x103m/sec c¢) 51m/sec d) 51cm/sec
A metre stick is held vertically with one end on the floor and is then allowed to fall. If the end
touching the floor is not allowed to slip, the other end will hit the ground with a velocity of (g =
9.8 m/s?)

7

a) 32m/s b) 5.4m/s c) 7.6m/s d) 92m/s
The centre of mass of a body
a)  Liesalways b)  May lie within, c) Lies always inside d) Lies always on the
outside the body outside on the the body surface of the body
surface of the body

Two bodies of identical mass m are moving with constant velocity v but in the opposite directions
and stick to each other, the velocity of the compound body after collision is

a) v b) 2v c) Zero d)

‘-:I
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A solid sphere of mass 1 kg, radius 10 cm rolls down an inclined plane of height 7 m. the velocity of
its centre as it reaches the ground level is

a) 7m/s b) 10m/s ) 15m/s d) 20m/s

Consider a two particle system with particles having masses m; and m,. If the first particles is
pushed towards the centre of mass through a distance d, by what distance should the second particle

be moved, so as to keep the centre of mass at the same position?
m; my my
a) —d b) ———(———— 0 —d d d

my m; +m, m,
The graph between the angular momentum L and angular velocity w will be

a) Ll b) Ll 0) L[ d) LI

A ring of radius r and mass m rotates about an axis passing through its centre and perpendicular to
its plane with angular velocity w. Its kinetic energy is
mr?w?

2
A bullet of mass m hits a target of mass M hanging by a string and gets embedded in it. If the block

rises to a height h as a result of this collision, the velocity of the bullet before collision is

a) v=.2gh b) v=@(1+%)c) v:<1+g)\/@d) v=@(1—%)

The instantaneous angular-position of a point on a rotating wheel is given by the equation 6(t) =
2t3 — 6t2. The torque on the wheel becomes zero at

a) t=2s b) t=1s c) t=02s d t=025s
A wheel is rolling along the ground with a speed of 2 ms~?. The magnitude of the velocity of the
points at the extremities of the horizontal diameter of the wheel is equal to

a) 2vV1i0ms™! b) 2vV3ms™?! ) 2V2ms™?! d 2ms™?!
Aforce F = 4i — 5f + 3k is acting a point 7, = § + 2j + 3k. The torque acting about a point 7%, = 31 —
2j — 3kis

a) Zero b) 421—-30j4+6k ) 42i+30j+6k d) 42i+30j—6k
A thin rod of length 'L’ lying along the x-axis with its ends at x = 0 and x = L. Its linear density

a) mrw? b) mrw?/2 ) mriw? d)

n
(mass/length) varies with x as k (%) , where n can be zero or any positive number. If the position

Xcm Of the centre of mass of the rod is plotted against 'n’, which of the following graphs best
approximates the dependence of x.,;,, on n

The moment of inertia of two spheres of equal masses about their diameters are equal. If one of them
is solid and other is hollow, the ratio of their radii is

a) V3:V5 b) 3:5 ) V53 d 5:3
A circular disc X of radius R is made from an iron plate of thickness t, and another disc Y of radius
4R is made from an iron plate of thickness t/4. Then the relation between the moment of inertia
Iy and Iy is

a) Iy= 321I b) Iy= 161 0 Iy=I d Iy= 641
The moment of inertia of a body does not depend upon

‘-:I

h) J
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a)  Theangular b) Themassofthe ¢)  Thedistributionofd) The axis of
velocity of the body mass in the body rotation of the
body body

The centre of mass of three particles of masses 1 kg, 2kg and 3kg is at (2, 2, 2). The position of the
fourth mass of 4 kg to be places in the system as that the new centre of mass is at (0, 0, 0) is

a)  (-3-3-3) b) (-3,3,-3) o (23-3) d) (2,-23)

A solid sphere is rolling on a frictionless surface, shown in figure with a transnational velocity v m/s.
If sphere climbs up to height h then value of v should be

e /]
@ — . ]

10
Q> ggh b) > 29k o 2gh ) —gh

Aloded spring gun of mass M fires a shot of mass m with a velocity v at an angle of elevation 6. The
gun was initially at rest on a horizontal frictionless surface. After firing, the centre of mass of gun-
shot system

Moves with a Moves with
. , , . (M-m)v .
Moves with a velocity ™ _in _ velocity Mom
locity ™ b) Mo c) Remain atrest d) (M+m)
velocty — the horizontal the horizontal
direction direction

A solid sphere of mass M and radius R spins about an axis passing through its centre making 600
rpm. Its KE of rotation is

2
a) 2/5m2MR b) m MR’ ¢) 80m2MR? d) 80mR

A metre stick of mass 400 g is pivoted at one end and displaced through an angle 60°. The increase in
its potential energy is

a) 2] b) 3J c) 0] d 1]
A small mass attached to a string rotates on a frictionless table top as shown. If the tension on the
string is increased by pulling the string causing the radius of the circular motion to decrease by a
factor of 2, the kinetic energy of the mass will

a) Increasebya b)  Decrease by a c) Remain constant d) Increase bya
factor of 4 factor of 2 factor of 2

Two observers are situated in different inertial reference frames. Then
a) The momentum of b)  The momentum of ¢)  The kinetic energy d)  None of the above

a body by both a body measured measured by both
observers may be by both observers observers must be
same must be same same

A bullet of mass m leaves a gun of mass M kept on a smooth horizontal surface. If the speed of the

bullet relative to the gun is v, the recoil speed of the gun will be
m m m M

a gV D wEm? VY Mrm? -

‘-:I
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A rod of mass m and length [ is made to stand at an angle of 60° with the vertical potential energy of
the rod in this position is

mgl mgl mgl
a) mgl b) — ) — d —
) mg ) = ) S ) =
The ratio of rotational and translatory kinetic energies of a sphere is
2 2 2 7
Z by = Z d) =
2) 9 ) 7 2 5 ) 2

In the absence of external torque for a body revolving about any axis, the quantity that remains

constant is

a)  Kinetic energy b) Potential energy «c¢) Linear momentum d)  Angular
momentum

A uniform disk of mass M and radius R is mounted on a fixed horizontal axis. A block of mass m

hangs from a mass less string that is wrapped around the rim of the disk. The magnitude of the

acceleration of the falling block (m) is
2M 2m M +2m 2M +m

V' arzm? R TR D =Y
A straight rod of length L has one of its ends at the origin and the other at x = L. If the mass per unit
length of the rod is given by Ax where A is constant, where is its mass centre?

a) L/3 b) L/2 c) 2L/3 d) 3L/4
A particle performs uniform circular motion with an angular momentum L, if the frequency of
particles motion is doubled and its KE is halved, the angular momentum becomes

a) 4L b) 0.5L c) 2L d) 0.25L

The moment of momentum is called

a) Couple b)  Torque c) Impulse d) Angular
momentum

The radius of gyration of a uniform rod of length L about on axis passing through its centre of mass
and perpendicular to its length is

a) L/V12 b) 1%/12 ) L3 d) L/2
A rupee coin starting from rest rolls down a distance of 1 m on an inclined plane at angle of 30° with
the horizontal. Assuming that g = 9.81 ms™1, time taken is
a) 0.68s b) 0.6s c) 05s d) 07s
A solid sphere of mass M, radius R and having moment of inertia about an axis passing through the
centre of mass as I, is recast into a disc of thickness t, whose moment of inertia about an axis passing
through its edge and perpendicular to its plane remains I. Then, radius of the disc will be

= o |2 a” o "
) i ) R N ) 3

Four point masses, each of value m, are placed at the corners of a square ABCD of side [. The moment
of inertia of this system about an axis passing through A and parallel to BD is

a) 2ml? b) 3 mi? ) 3ml? d) mi?
In an elastic collision
a) OnlyKEifsystem b)  Only momentum isc) Both KE and d) Neither KE nor
is conserved conserved momentum are momentum is
conserved conserved

Two bodies A and B of definite shape (dimensions of bodies are not ignored). 4 is moving with speed
of 10 ms~! and B is in rest, collide elastically. The
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Body A comes to

They may move
rest and B moves y may

They must move
b) erpendicularto ¢) Aand B may come d) erpendicular to
u u
with speed of PErp to rest perp

10ms-1 each other each other
The moment of inertia of a thin uniform rod length L and mass M about an axis passing through a
point at a distance of 1/3 from one of its ends and perpendicular to the rod is
2) ML? ML? 7ML? MIL?

— b = 0 Q) ——
12 9 48 48

A solid sphere, disc and solid cylinder all of the same mass and made up of same material are allowed

to roll down (from rest) on inclined plane, then

a)

a)  Solid sphere b)  Solid sphere c) Discwillreach the d)  All of them reach
reaches the reaches the bottom first the bottom at the
bottom first bottom late same time

A system of three particles having masses m; = 1 kg and m; = 4 kg respectively is connected by two
light springs. The acceleration of the three particles at any instant are 1ms~2,2ms ™2 and 0.5 ms ™2
respectively directed as shown in the figure. The net external force acting on the system is

a) 1IN b) 7N c) 3N d)  None of these

A bullet of mass 50 g is fired from a gun of mass 2 kg. If the total kinetic energy produced is 2050 ],
the kinetic energy of the bullet and the gun respectively are

a) 200],5] b) 2000]J,50] c) 5]J,200] d) 50],2000]

The radius of gyration of a solid sphere of radius r about a certain axis is . The distance of this axis
from the centre of the sphere is

a) r b) 05r ) Joer d) 04r
The flywheel is so constructed that the entire mass of it is concentrated at its rim, because
a) Itincreasesthe b) Itincreasesthe ) Itincreasesthe d) Itsavesthe
power speed moment of inertia flywheel fan from
breakage
In the figure (i) half of the meter scale is made of wood while the other half, of steel. The wooden part
is pivoted at 0. A force F is applied at the end of steel part. In figure (ii) the steel part is pivoted at O
and the same force is applied at the wooden end
Wood Steel Steel Wood
0 0

Fl ..
(i) (i)
a)  More acceleration b)  More acceleration c) Same acceleration d)  Information is

will be produced will be produced will be produced incomplete
in (i) in (ii) in both conditions

In a metallic triangular sheet ABC,AB = BC = 1.If M is its moment of inertia about AC.
A B

MI? MI? MI? MI?
4 12 6 18

Page]15

A 4



152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

SENJEE (Skylimit Education for NEET & JEE)
Madhyamgram, Kolkata-700132

Moment of inertia of a ring of mass m = 3 gm and radius r = 1 cm about an axis passing through its
edge and parallel to its natural axis is
a) 10 g-cm? b) 100 g-cm? c) 6g-cm? d) 1g-cm?

A parallel undergoes uniform circular motion. About which point on the plane of the circle, will the

angular momentum of the particle remain conserved

a)  Centre of the circleb)  Onthe c) Inside the circle d)  Outside the circle
circumference of
the circle

A wheel of mass 8 kg and radius 40 cm is rolling on a horizontal road with angular velocity of

15 rad s~1. The moment of inertia of the wheel about its axis is 0.64 kg m~2. Total KE of wheel is

a) 288] b) 216] ¢ 72] d) 144]
Moment of inertia of a hollow cylinder of mass M and radius r about its own axis is
2 2 1
a) §Mr2 b) EMr2 c) §Mr2 d) Mr?

Consider a body, shown in figure, consisting of two identical balls, each of mass M connected by a
light rigid rod. If an impulse ] = MV is imparted to the body at one of its ends, what would be its

angular velocity
[ L |

" @

a) V/L b) 2V/L c) V/3L d V/4L
A flywheel rotates with a uniform angular acceleration. Its angular velocity increases from
20mrads™! to 40 mrads ™! in 10 s. how many rotations did it make in this period?
a) 80 b) 100 c) 120 d) 150
Three identical sphere lie at rest along a line on a smooth horizontal surface. The separation between
any two adjacent spheres is L. The first sphere is moved with a velocity u towards the second sphere
at time t = 0. The coefficient of restitution for collision between any two blocks is 1/3. Then choose
the correct statement

The third sphere The third sphere The centre of mass The centre of mass
i1l . . . of the system will .
a) Wwill start moving atp)) will start moving at <) _ d) of the system will
5L 4L have a final speed g
t=— t=— have a final speed u
2u u u/3

The moment of inertia of a body about a given axis is 2.4 kg — m?2. To produce a rotational kinetic
energy of 750 J, an angular acceleration of 5 rad /s? must be applied about that axis for

a) 6sec b) 5sec c) 4sec d) 3sec
Two bodies with moment of inertia I; and I, (such that I; > I,) have equal angular velocity. If their
kinetic energy of rotation are E; and E, then

a) E;=E, b) E;>E, c) E;<E, d E, =E,
Two bodies of moment of inertia I; and I, (I; > I,) have equal angular momenta. If E;, E, are their
kinetic energies of rotation, then

a) E{>E, b) E,=E, c) E <E, d) Cannot be said
2 bodies of different masses of 2 kg and 4 kg are moving with velocities 20 m/s and 10 m/s towards
each other due to mutual gravitational attraction. What is the velocity of their centre of mass

a) 5m/s b) 6m/s c) 8m/s d) Zero
Two bodies of mass m and 4m are moving with equal linear momentum. The ratio their kinetic
energies is
a) 1:4 by 4:1 c) 1:1 d 1:12

‘-:I

h) J
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A person standing on a rotating platform has his hands lowered. He suddenly outstretch his arms.
The angular momentum
a) Becomes zero b) Increases c)  Decreases d) Remains the same
A body is rolling down an inclined plane. Its translational and rotational kinetic energies are equal.
The body is a
a)  Solid sphere b)  Hollow sphere c) Solid cylinder d) Hollow cylinder
Four particles of masses m, 2m, 3m and 4m are arranged at the corners of a parallelogram with each
inside equal to a and one of the angle between two adjacent sides is 60°. The parallelogram lies in the
x-y plane with mass m at the origin and 4m on the x-axis. The centre of mass of the arrangement will
be located at
a) (? a, 0.95a> b) (0.95(1, ? a) c) (34—(1,%> d) (%,%1)
The angular momentum of a system of particles is conserved
a) Whennoexternal b) Whenno external ¢)  Whenno external d)  When axis of
force acts upon the torque acts on the impulse acts upon rotation remains
system system the system same
A wheel of moment of inertia 2.5 Kg-m? has an initial angular velocity of 40 rads ~1. A constant
torque of 10 Nm acts on the wheel. The time during which the wheel is accelerated to 60 rads ™! is
a) 4s b) 6s c) 5s d) 25s

A boy and a man carry a uniform rod of length L, horizontally in such a way that boy gets % th load. If

the boy is at one end of the rod, the distance of the man from the other end is
L L 2L 3L

a) 3 b) Py C) 3 d) ”
A body is rolling down an inclined plane. If K.E. of rotation is 40% of K.E. in translatory state, then the
body is a
a) Ring b)  Cylinder c) Hollow ball d)  Solid ball
The ration of moments of inertia of circular ring and a circular disc having the same mass and radii
about an axis passing through the centre and perpendicular to its plane is
a) 1:1 b) 2:1 ) 1:2 d 41
Moment of inertia of rod of mass M and length L about an axis passing through a point midway
between centre and end is

a) M_LZ b) M_L2 c) 7ML d) ML

6 12 24 48

From a circular disc of radius R and mass 9 M, a small disc of mass M and radius g is removed

concentrically. The moment of inertia of the remaining disc about an axis perpendicular to the plane

of the disc and passing through its centre is

40 4
a) ?MRZ b) MR? c) 4 MR? d) 5MR2

The moment of inertia of a uniform ring of mass M and radius r about a tangent lying in its own
plane is

a) 2Mr? b) 3/2Mr? ) Mr? d) 1/2 Mr?
A flywheel is in the form of solid circular wheel of mass 72 kg and radius of 0.5m and it takes
70 r.p.m, then the energy of revolution is

a) 24] b) 240] c) 24] d) 24007
Three bricks each of length L and mass M are arranged as shown from the wall. The distance of the
centre of mass of the system from the wall is

‘-:I

h) J
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Wall
[ l L/4
e /2
L f
a) L/4 b) L/2 c) ((3/2)L d (11/12)L
177. The distance between the carbon atom and the oxygen atom in a carbon monoxide molecule is 1.1 A.

Given, mass of carbon atom is 12 a. m.u. and mass of oxygen atom is 16 a. m. u., calculate the position
of the centre of mass of the carbon monoxide molecule

2) 6.3 A from the b 1 A from the c 0.63 A from the d 0.12 A from the
carbon atom oxygen atom carbon atom oxygen atom
178. A T shaped object with dimension shown in the figure, is lying on a smooth floor. A force F is applied

at the point P parallel to AB, such that the object has only the translational motion without rotation.
Find the location of P with respect to C.

<« [ ——m»
Al 1B

Al

F—» | |2/

C
2 3 4
a) -— b) = c) =1 d I
) 5l ) S ) )
179. The moment of inertia of semicircular ring about an axis which is perpendicular to the plane of the
ring and passes through the centre
2 2
a) MR? b) M§ c) Mf d) None of these
180. A system consisting of two masses connected by a massless rod lies along the x-axis. A 0.4 kg mass is
at a distance x = 2m while a 0.6 kg mass is at a distance x = 7m. The x- coordinate of the centre of
mass is
a) 5m b) 3.5m c) 45m d) 4m
181. A man weighing 80 kg is standing in a trolley weighing 320 kg. The trolley is resting on frictionless

horizontal rails. If the man starts walking on the trolley with a speed of 1 m/s, then after 4 sec his
displacement relative to the ground will be
a) 5m b) 48m c) 32m d 30m
182. In the given figure four identical spheres of equal mass m are suspended by wires of equal length [,
so that all spheres are almost touching to each other. If the sphere 1 is released from the horizontal
position and all collisions are elastic, the velocity of sphere 4 just after collision is

| 3 i o i i i) il sl R ] b il |
 —— ; 2 l|7 Y | I‘ |
1 2 3 4

a) 28l b) /38l c) \/% d) \/gzz

183. A solid cylinder has mass M, length L and radius R. The moment of inertia of this cylinder about a

generator is
‘ il
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L* R? MIL? 1 3
M[l=—+— 2 2
a) <12+ 4> b) 2 C) 2MR d) 2MR

A sphere rolls down on an inclined plane of inclination 6. What is the acceleration as the sphere
reaches bottom

5 3 2 2
a) 7gsin9 b) ggsine c) 7gsin9 d) ggsinH
Centre of mass of 3 particles 10 kg, 20 kg and 30 kg is at (0, 0, 0). Where should a particle of mass
40kg be placed so that the combination centre of mass will be at (3, 3, 3)
a) (0,00 b) (7.5,7.5,7.5) o (1,2,3) d 444
Moment of inertia of a disc about its own axis is I. [ts moment of inertia about a tangential axis in its
plane is

5
a) 3 I b) 31 o =1 d 21
Turning effect is produced by
a)  Tangential b) Radial component ¢)  Transverse d) None of these
component of of force component of
force force

A uniform cylinder has a radius R and length L. If the moment of inertia of this cylinder about an axis
passing through its centre and normal to its circular face is equal to the moment of inertia of the
same cylinder about an axis passing through its centre and perpendicular to its length, then

R ’ 3
a) L=R b) L=+v3R ) L=— d L= |-R
) ) ) 73 ) >
Very thin ring of radius R is rotated about its centre. It's radius will
a) Increase b)  Decrease c) Change depends d)  None of these

on the material
A mass is revolving in a circle which is in the plane of paper. The direction of angular acceleration is
a)  Upward the radius b)  Towards the c¢) Tangential d) Atright angle to
radius angular velocity
The speed of a homogeneous solid sphere after rolling down an inclined plane of vertical height h,
form rest without sliding, is

10 6 4

The moment of inertia of a circular disc of mass M and radius R about an axis passing through the
center of mass is I. The moment of inertia of another circular disc of same mass and thickness but
half the density about the same axis is

Iy Iy
a) — b) — c) 8I d) 2I
) 3 ) 3 ) 8l ) 2o
The curve between log, L and log, P is (L is the angular momentum and P is the linear momentum)
a) b) c) d)
E B E 8
log P log P log P log P

A ball of mass m moving with a velocity u collides head on with another ball of mass m initially at
rest. If the coefficient of restitution be e then the ratio of the final and initial velocities of the first ball
is
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1—e 1+e 1+e 1—e
2) l1+e b) 1-e 2 2 D 2
The motion of planets in the solar system is an example of conservation of
a) Mass b) Momentum c¢) Angular d) Kinetic energy
momentum

Three identical spheres of mass M each are placed at the corners of an equilateral triangle of side 2m.
Taking one of the corner as the origin, the position vector of the centre of mass is

a) V3@ b) =+ 0 lgﬂ By 1+l
Two thin discs each of mass M and radius R are placed at either end of a rod of mass m, length [ and
radius r. Moment of inertia of the system about an axis passing through the centre of rod and
perpendicular to its length is

Axis of rotation

R m ; R
fe— L ——]
mE L g ML Lng2 o L wR?
12 4 1z 2™ 2 2 12
a) b) <) 2 d)
+ ! ML? + =mL? ML + ! MI?
— _m —
4 T2 2

If a cycle wheel of radius 4 m completes one revolution in two second, the acceleration of the cycle in
_2 .
ms~“ is

a) 4 b) 4mn? c) 2m? d) m?
In a rectangle ABCD (BC = 2 AB). The moment of inertia along which axes will be minimum
F
B t C
E+ 1G
A Fil D
a) BC b) BD c) HF d) EG

A wheel having moment of inertia 2 kg — m? about its vertical axis, rotates at the rate of 60 rpm

about this axis. The torque which can stop the wheel’s rotation in one minute would be

21 T s s
a) EN—m b) EN—m ) EN—m d) EN—m
Three identical balls 4, B and C are lying on a horizontal frictionless table as shown in figure. If ball
A is imparted a velocity v towards B and C and the collisions are perfectly elastic, then finally

Ball A comes to

rest and balls B Ball Aand B are a All the thr'ee balls All the three balls
a) ... b) restandball C roll c) roll out with speed d)

and C roll out with out with speed v v/3 each come to rest

sped v/2 each P

Moment of inertia of a solid cylinder of length L and diameter D about an axis passing through its
centre of gravity and perpendicular to its geometric axis is

D? I? L[> D? D? I? L? D?

‘-:I
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The M.I. of a body about the given axis is 1.2 kg X m? initially the body is at rest. In order to produce
a rotational kinetic energy of 1500 J, an angular acceleration of 25 rad/sec? must be applied about
that axis for duration of

a) 4sec b) 2sec c) 8sec d) 10sec
A circular disc is to be made by using iron and aluminium, so that it acquires maximum moment of
inertia about its geometrical axis. It is possible with

a) Ironand b)  Aluminium at c) Ironatinterior andd) Either (a) or (c)
aluminium layers interior and iron aluminium
in alternate order surrounding it surrounding it

The distance between the centres of carbon and oxygen atoms in the carbon monoxide molecule is
1.130 A. Locate the centre of mass of the molecule relative to the carbon atom.

a) 54284 b) 1.1304 c) 0.6457 A d) 0.32604
Two particles of masses m; and m, initially at rest start moving towards each other under their
mutual force of attraction. The speed of the centre of mass at any time ¢, when they are at a distance
r apart, is

a)  Zero b) (6752 .i)t o (6752 .i) e @ (6T L

r my r m, r m; +my,

A sphere of mass 0.5 kg and diameter 1m rolls without sliding with a constant velocity of 5m/s,

calculate what is the ratio of the rotational K. E. to the total kinetic energy of the sphere
7 5 2 1
a)

b) - A 5 d -
The moment of inertia of a uniform horizontal cylinder of mass M about an axis passing through its

10 7 7 2
edge and perpendicular to the axis of the cylinder when its length is 6 times its radius R is

39 39 49 49
a —_ 2 b J— C — d _ - 2
) 2 MR ) 2 MR ) 7 MR ) 2 MR

A 1m long rod has a mass of 0.12 kg. What is the moment of inertia about an axis passing through the
centre and perpendicular to the length of rod
a) 0.01kg-m? b) 0.001kg-m? c) 1kg-m? d) 10kg-m?
About which axis in the following figure the moment of inertia of the rectangular lamina is
maximum?
21 3
|

(4
|

a) 1 b) 2 ¢ 3 d 4
A ring starts to roll down the inclined plane of height h without slipping. The velocity with which it
reaches the ground is

10gh 4gh

D= b= 9 |5 D Voh

The angular momentum of particle
a) Isperpendiculartob)  Along the plane of c) Inclined at any d) Has no particular

the plane of the motion angle with the direction
surface in which it plane
moves

Four balls each of radius 10 cm and mass 1 kg, 2kg, 3 kg and 4 kg are attached to the periphery of
massless plate of radius 1 m. What is moment of inertia of the system about the centre of plate?
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e 5} — 48
3kg
a) 12.04 kg-m? b) 10.04 kg-m? c) 11.50 kg-m? d) 5.04 kg-m?

A constant torque of 1000 N-m turns a wheel of moment of inertia 200kg-m? about an axis through
its centre. Its angular velocity after 3 sec is

a) 1rad/sec b) 5rad/sec c¢) 10rad/sec d) 15rad/sec
A circular disc of radius R is removed from a bigger circular disc of radius 2R, such that the
circumference of the discs coincide. The center of mass of the new disc is % from the center of the

bigger disc the value of « is

1 1 1 1
Z b) = — d -
) 3 ) 3 ) < ) 4

If solid sphere and solid cylinder of same radius and density rotate about their own axis, the moment
of inertia will be greater for (L = R)

a)  Solid sphere b)  Solid cylinder c) Both d) Equal both

The moment of inertia of a thin rod of mass M and length L, about an axis perpendicular to the rod at

a distance % from one end is
2) MIL? ML? TML? TML?

6 Y T ) o T
The moments of inertia of two freely rotating bodies A and B are I, and I respectively. I, > Iz and
their angular momenta are equal. If K4 and K5 are their Kinetic energies, then

a) Ky=Kp b) K, >Kp ) K4<Kp d) Ky=2Kg
The radius of gyration of a thin uniform circular disc (of radius R) about an axis passing through its
centre and lying in its plane is

R

a) R b) ﬁ ) g d) ;
The position of a particle is given by r=i + 2j - k and its linear momentum is given by p =31+ 4 - 2
+k then its angular momentum, about the origin is perpendicular to

a) yz-plane b) z-axis c) y-axis d) x-axis
Moment of inertia of a uniform circular disc about a diameter is /. Its moment of inertia about an axis
1 to its plane and passing through a point on its will be

a) 5I b) 3I c) 6] d 41
The angular velocity of a wheel increases from 100 rps to 300rps in 10 s. The number of revolutions
made during that time is
a) 600 b) 1500 c) 1000 d) 2000
If linear density of a rod of length 3 m varies as A=2+x, then the position of the centre of gravity of

the rod is
7 12 10 9
Z b) = - d 2
a) 3m ) 7 m ) 7 m ) 7m

A wheel of mass 10 kg has a moment of inertia of 160 kg-m? about its own axis, the radius of
gyration will be
a) 10m b) 8m c) 6m d 4m
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Five particles of mass 2 kg are attached to the rim of a circular disc of radius 0.1 m & negligible
mass. Moment of inertia of the system about the axis passing through the centre of the disc &
perpendicular to its plane is

a) 1kg-m? b) 0.1 kg-m? ) 2kg-m? d) 0.2 kg-m?
If the external torque acting on a system 7 = 0, then
a) w=0 b) a=0 c) /=0 d F=0

A dancer is standing on a stool rotating about the vertical axis passing through its centre. She pulls
her arms towards the body reducing her moment of inertia by factor of n. The new angular speed of
turn table is proportional to

a) n b) n7t c) nd d) n?
Two spherical bodies of the same mass M are moving with velocities v; and v,. These collide
perfectly inelastically

1 1 1
a) EM(U1 - 1,)? b) EM(vlz — v5)? <) ZM(% —1,)? d) 2M@f -v3)

A mass m is moving with a constant velocity along a line parallel to x-axis. Its angular momentum

with respect to origin an z-axis is

a) Zero b) Remains constant c) Goes on increasingd)  Goes on decreasing

A swimmer while jumping into water from a height easily forms a loop in the air, if

a) Hepullshisarms b) He spreads his c) Hekeepshimself d) None of the above
and legs in arms and legs straight

A pulley fixed to the ceiling carries a string with blocks of masses m and 3m attached to its ends. The

masses of string and pulley are negligible. When the system is released, the acceleration of center of

mass will be

g 8 g
a) Zero b) 2 ) > d) >

One solid sphere A and another hollow sphere B are of same mass and same outer radius. Their

moments of inertia about their diameters are respectively I, and Igsuch that

Iy da
a) IA: IB b) IA> IB C) IA< IB d) — =

I dg

A uniform rod of length 2L is placed with one end in contact with the horizontal and is then inclined
at an angle a to the horizontal and allowed to fall without slipping at contact point. When it becomes

horizontal, its angular velocity will be

, i ’ 2L , ' ’ 2L
Q) o= 3gsina b) o= : ) o= 6gsina d) w= :
2L 3gsina 2L gsina

A solid cylinder (SC) a hollow cylinder (HC) and a solid sphere (S) of the same mass and radius are
released simultaneously from the same height of incline. The order in which these bodies reach the
bottom of the incline is

a) SCHCS b) SC, S, HC c) S,SCHC d) HCSCS

Masses 8,2, 4,2 kg are placed at the corners 4, B, C, D respectively of a square ABCD of diagonal

80 cm. The distance of centre of mass from 4 will be
a) 20cm b) 30cm c) 40cm d) 60cm

The moment of inertia of a solid sphere about an axis passing through centre of gravity is EMRZ ,

then its radius of gyration about a parallel axis at a distance 2R from first axis is

22 5 12
a 5R b R C — R d R
) ) 5 ) 2 ) 5
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A small disc of radius 2 cm is cut from a disc of radius 6 cm. If the distance between their centres is
3.2 cm, what is the shift in the centre of mass of the disc

a) 04cm b) 24cm c) 18cm d 12cm
A solid cylinder of mass M and radius R rolls without slipping down an inclined plane of length L and
height h. What is the speed of its centre of mass when the cylinder reaches its bottom

3 4

a) Zgh b) §gh c) +/4gh d) .2gh
Which is a vector quantity
a) Work b)  Power c¢) Torque d) Gravitational

constant
What is the moment of inertia of solid sphere of density p and radius R about its diameter?
105 105 176 176
a) —R® b) —R? ) —R° d) —R?
) T7eRP ) 176fP ) TosRP ) TosfP

A fly wheel of moment of inertia 3 X 10? kg m? is rotating with uniform angular speed of 4.6 rad s .

Ifa torque of 6.9 X 102N m retards the wheel, then the time in which the wheel comes to rest is

a) 15s b) 2s c) 05s d 1s
The moment of inertia of a circular disc of radius 2 m and mass 1 kg about an axis passing through
the centre of mass but perpendicular to the plane of the disc is 2 kg m?. Its moment of inertia about

an axis parallel to this axis but passing through the edge of the disc is ............ (see the given figure)
X X |X
Y Yy |
a) 8kgm? b) 4 kgm? c) 10 kgm? d) 6kgm?

Four particles each of mass m are lying symmetrically on the rim of a disc of mass M and radius R.
Moment of inertia of this system about an axis passing through one of the particles and

perpendicular to plane of disc is
2 2

a) 16 mR? b) (3M + 16m) R7 ) (3M +12m) R7 d) Zero
A solid sphere of mass 500 g and radius 10 cm rolls without slipping with the velocity 20 cm/s. The
total kinetic energy of the sphere will be

a) 0.014) b) 0.028] c) 280J d) 140)
A thin uniform square lamina of side a is placed in the xy-plane with its sides parallel to x and y-axis
and with its centre coinciding with origin. [ts moment of inertia about an axis passing through a point
on the y-axis at a distance y = 2a and parallel to x-axis is equal to its moment of inertia about an axis
passing through a point on the x-axis at a distance x = d and perpendicular to xy-plane. Then value
ofd is

a) %a b) ga c) ga d) /%a

In the given figure, two bodies of mass m; and m, are connected by massless spring of force constant
k and are placed on a smooth surface (shown in figure), then

Kk

a)  The acceleration ofb)  The acceleration ofc)  The system alwaysd)  None of the above
centre of mass centre of mass remains in rest
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must be zero at may be zero at

every instant every instant
A horizontal platform is rotating with uniform angular velocity around the vertical axis passing
through its centre. At some instant of time a viscous fluid of mass ‘m’ is dropped at the centre and is
allowed to spread out and finally fall. The angular velocity during this period

a)  Decreases b)  Decreases initially c) Remains unalteredd)  Increases
continuously and increases continuously
again

Out of the given bodies (of same mass) for which the moment of inertia will be maximum about the
axis passing through its centre of gravity and perpendicular to its plane

Square lamina of d) Four rods of length
side 2a 2a making a square
The rectangular block shown in the figure is rotated in turn about x — x, y — y and z — z axes passing
through its centre of mass 0. Its moment of inertia is

a) Discofradiusa b) Ringofradiusa c)

Same about all the Maximum about Equal about x — x Maximum about
a) b) C) d

A uniform rod of length L and mass 1.8 kg is made to rest on two measuring scale at its two ends. A
uniform block of mass 2.7 kg is placed on the rod at a distance L/4 from the left end. The force
experienced by the measuring scale on the right end is

three axes z — z axis and y — y axes y — y axis

a) 18N b) 27N c) 29N d) 45N
The moment of inertia of a flywheel having kinetic energy 360 J and angular speed of 20 rad/s is
a) 18kgm? b) 1.8kgm? c) 2.5kgm? d) 9kgm?

The angular momentum of a wheel changes from 2L to 5L in 3 seconds. What is the magnitude of the
torque acting on it

a) L b) L/2 c) L/3 d L/5
When the angle of inclination of an inclined plane is 8, an object slides down with uniform velocity. If
the same object is pushed up with a initial velocity u on the same inclined plane; it goes up the plane
and stops at a certain distance on the plane. Thereafter the body

_ Slides down the Slides down the
Slides down the Y L
. inclined plane and inclined plane and Stays at rest on the
inclined plane and e

a) reaches the groundc) reaches the groundd) inclined plane and

reaches the ground , _ , , _ ,

: ) with velocity less with velocity will not slide down.
with velocity u.

than u. greater than u.

Moment of inertia of ring about its diameter is I. Then, moment of inertia about an axis passing

through centre perpendicular to its plane is

I 3
21 b) = = d) I
a) ) 3 0 5 )

Three identical metal balls each of radius r are placed touching each other on a horizontal surface
such that an equilateral triangle is formed, when centres of three balls are joined. The centre of the
mass of system is located at

a)  Horizontal surface b)  Centre of one of ) Line jointing d) Pointof
the balls centres of any two intersection of the
balls medians
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Two bodies have their moments of inertia I and 2/ respectively about their axis of rotation. If their
kinetic energies of rotation are equal, their angular momentum will be in the ratio

a) 1:2 b) V2:1 0 2:1 d 1:+2
A wheel rotates with a constant angular velocity of 300 rpm. The angle through which the wheel
rotatesin 1 sis

a) mrad b) 5Smrad c¢) 10mrad d) 20mrad
Identify the increasing order of the angular velocities of the following :
1.Earth rotating about its own axis
2.Hour’s hand of a clock
3.Second’s hand of a clock
4. Flywheel of radius 2 m making 300 rpm
a) 1,2,3,4 b) 2,341 ¢ 3,412 d 41,23
A ball strikes a horizontal floor at an angle 8 = 45°. The coefficient of restitution between the ball
and the floor is e = 1/2. The fraction of its kinetic energy lost in collision in

a) 5/8 b) 3/8 c) 3/4 d 1/4
A force of 200 N acts tangentially on the rim of a wheel 25 cm in radius. Find the torque
a) 50Nm b) 150 Nm c) 75Nm d) 39Nm

Moment of inertia of a sphere of mass M and radius R is I. Keeping M constant if a graph is plotted
between I and R, then its form would be

a) ' by 1t 9y d
R R R R

Four bodies of equal mass start moving with same speed are shown in the figure. In which of the

following combination the centre of mass will remain at origin?
Y

d c

a) «cd b) ab c) ac d) bd
A solid sphere of radius R has moment of inertia I about its geometrical axis. If it is melted into a disc
of radius r and thickness t. If its moment of inertia about the tangential axis (which is perpendicular
to plane of the disc), is also equal to I, then the value of r is equal to

2 b 2R 3 g o B3
D 75 ) & ) T ) R

One circular ring and one circular disc, both are having the same mass and radius. The ratio of their
moments of inertia about the axes passing through their centres and perpendicular to their planes,

will be
‘ 1]
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a) 1:1 by 2:1 c) 1:2 d 4:1
Moment of inertia of ring of mass M and radius R about an axis passing through the centre and

perpendicular to the plane is I . What is the moment of inertia about its diameter?

a) I b) I 0) L d) I+ MR?
2 V2

A uniform cylinder has a radius R and length L. If the moment of inertia of this cylinder about an axis
passing through its centre and normal to its circular face is equal to the moment of inertia of the
same cylinder about an axis passing through its centre and perpendicular to its length, then

R
a) L=R b) L =+3R 9) L:ﬁ d) Lz\ER

A ball falls freely from a height of 45m. When the ball is at a height of 25 m, it explodes into two equal
pieces. One of them moves horizontally with a speed of 10 ms™?. The distance between the two
pieces when both strike the ground is

a) 10m b) 20m c) 15m d) 30m

A body comes running and sits on a rotating platform. What is conserved

a) Linear momentum b)  Kinetic energy c) Angular d)  None of the above
momentum

According to the theorem of parallel axes I = I, + Mx?, the graph between I and x will be

a) ,[\ b) ,l ) ‘ / ' d) /i
o X 0o X 0 X 0 x

A uniform rod AB of length [ and mass m is free to rotate about point A. The rod is released from rest
. . . . . . . ml? N
in horizontal position. Given that the moment of inertia of the rod about 4 is mT the initial angular

acceleration of the rod will be

N
|
-

a) i—‘? b) mg% c) ;gl d) 5;—‘?
A small disc of radius 2 cm is cut from a disc of radius 6 cm. If the distance between their centres is
3.2 cm, what is the shift in the centre of mass of the disc?
a) 04cm b) 24cm c) 1.8 cm d) 12cm
Two spheres of masses 2M and M are initially at rest at a distance R apart. Due to mutual force of
attraction, they approach each other. When they are at separation R /2, the acceleration of the centre
of mass of spheres would be

a) 0m/s? b) gm/s? c) 3gm/s? d) 12gm/s?
A ring of radius 0.5 m and mass 10 kg is rotating about its diameter with angular velocity of
20 rad/s. Its kinetic energy is

a) 10J b) 100J c) 500J d) 250)
A body of moment of inertia of 3 kg-m? rotating with an angular velocity of 2 rad/sec has the same
kinetic energy as a mass of 12 kg moving a velocity of

a) 8m/s b) 0.5m/s c) 2m/s d 1m/s
Before jumping in water from above a swimmer bends his body to

‘-:I
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a) Increase moment b) Decrease moment c) Decrease the d) Reduce the
of inertia of inertia angular angular velocity
momentum

A cart of mass M is tied by one end of a massless rope of length 10 m. The other end of the rope is in

the hands of a man of mass M. The entire system is on a smooth horizontal surface. The man is at x =

0 and the cart at x = 10m. If the man pulls the cart by the rope, the man and the cart will meet at the

point

a) x=0 b) x=5m c) x=10m d) They will never
meet

Four thin rods of same mass M and same length [, form a square as shown in figure. Moment of

inertia of this system about an axis through centre O and perpendicular to its plane is
/

Qe

/

4 MI? MI? 2
a) — M2 b) — ) — d) = MI[?
) 3 ) =S ) = ) 3

Three identical spheres of mass M each are placed at the corners of an equilateral triangle of side 2
m. Taking one of the corners as the origin, the position vector of the centre of mass is

a) V3(i-j) b) +j o) i+j/3 d) i+j/3

i
V3

When a disc is rotating with angular velocity w, a particle situated at a distance of 4 cm just begins to

slip. If the angular velocity is doubled, at what distance will the particle start to slip?

a) 1lcm b) 2cm c) 3cm d) 4cm

A solid sphere and a hollow sphere of the same material and of a same size can be distinguished

without weighing

a) Bydetermining b) Byrollingthem «¢) By rotatingthem d) By applying equal
their moments of simultaneously on about a common torque on them
inertia about their an inclined plane axis of rotation

coaxial axes
As disc like reel with massless thread unrolls itself while falling vertically downwards the
acceleration of its fall is
g 2

a) g b) 3 c) Zero d) (§>g

Two stars of mass m,; and m, are part of a binary star system. The radii of their orbits are r; and r,,
respectively, measured from the C.M. of the system. The magnitude of acceleration of m; is

2) mym,G b) myG 0 m,G 4 (my + my)

(ry +1)2 (ry +12)2 (ry +1,)? (ry +13)?

Two thin uniform circular rings each of radius 10 cm and mass 0.1 kg are arranged such that they
have a common centre and their planes are perpendicular to each other. The moment of inertia of
this system about an axis passing through their common centre and perpendicular to the plane of
one of the rings in kgm™2is

a) 15x1073 b) 5x1073 c) 15x1073 d 18x10™*
A solid sphere, disc and solid cylinder all of the same mass are made of the same material are allowed
to roll down (from rest) on an inclined plane, then

‘-:I
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a)  Solid sphere b)  Solid sphere c) Disc will reach the d)  All reach the
reaches the reaches the bottom first bottom at the same
bottom first bottom last time

Two discs of the same material and thickness have radii 0.2 m and 0.6 m. Their moments of inertia
about their axes will be in the ratio
a) 1:81 b) 1:27 c) 1:9 d 1:3
The centre of mass of a system of two particles divides the distance them
a) Ininverseratioof b) Indirectratioof c¢) Ininverseratioof d) Indirectratio of

square of masses square of masses masses of particles masses of particles
of particles of particles
Angular momentum is conserved
a) Always b) Never c)  When external d)  When external
force is absent torque is absent

A straight rod of length L has one of its ends at the origin and the other at x = L. If the mass per unit
length of the rod is given by Ax is constant, where is its mass centre?

a) L/3 b) L/2 c) 2L/3 d) 3L/4
A bag of mass M hangs by a long thread and a bullet (mass m) comes horizontally with velocity v and
gets caught in the bag. For the combined system of bag and bullet, the correct option is

Momentum is Kinetic energy is Kinetic energy is
a) mMv b) L 2 c) Momentumismv d) 1 m%?
(m+M) 1 v 2 (M+m)

From a disc of radius R, a concentric circular portion of radius r is cut out so as to leave an annular
disc of mass M. The moment of inertia of this annular disc about the axis perpendicular to its plane
and passing through its centre of gravity is

1 1 1 1
a) > M (R? +712) b) EM(R2 ) c) EM(R‘* +7%) d) EM’(R“ -
The moment of inertia of a rod about an axis through its centre and perpendicular to it is %ML2

(where M is the mass and L is the length of the rod). The rod is bent in the middle so that the two
halves makes an angular of 60°. The same axis would be
1 1 1 ML
a) 4_8ML b) EML c) ﬁML d) %
If the angular momentum of a rotating body about a fixed axis is increased by 10%. Its kinetic energy
will be increased by
a) 10% b) 20% ) 21% d 5%
From an inclined plane a sphere, a disc, a ring and a spherical shell are rolled without slipping. The
order of their reaching at the base will be
a)  Ring, shell,disc, b)  Shell, sphere, disc, c) Sphere, disc, shell, d)  Ring, sphere, disc,
sphere ring ring shell
A cylinder rolls down an inclined plane of inclination 30°, the acceleration of cylinder is
a) g/3 b) g o g/2 d) 2g/3
A disc is rolling on the inclined plane, what is the ration of its rotational KE to the total KE?
a) 1:3 b) 3:1 c) 1:2 d 2:1
Angular momentum L of body with mass moment of inertia I and angular velocity w rad/sec is equal
to

a) — b) Iw? ) lw d) None of these
w

If a force acts on a body at a point away from the centre of mass, then

‘-:I
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a)  Linear accelerationb)  Angular c) Both change d) None of these
changes acceleration
changes

The speed of a homogenous solid sphere after rolling down an inclined plane of vertical height h
from rest without sliding is

10 4 6gh
) |—gh b [Zgh 0 gh D 2=

A solid cylinder is rolling down on an inclined plane of angle 6. The coefficient of static fraction
between the plane and cylinder is pg. Then condition for the cylinder not to slip is

a) tanB > 3y, b) tan® > 3y, c) tanB = 3y, d) tanf < 3y
Two blocks of masses m; and m, are connected by a massless spring and placed at smooth surface.
The spring initially stretched and released. then
a) The momentum of b)  The magnitude of ¢)  The mechanical d) Both (b) and (c)

each particle momentum of both energy of system are correct.
remains constant bodies are same to remains constant
separately each other

A particle performs uniform circular motion with an angular momentum L. If the frequency of

particle’s motion is doubled and its KE is halved, the angular momentum becomes

L L
= b) 2L 4L d -
) s ) ) ) 7

A circular platform is free to rotate in a horizontal plane about a vertical axis passing through its
centre. A tortoise is sitting at the edge of the platform. Now the platform is given an angular velocity
wgo. When the tortoise moves along a chord of the platform with a constant velocity (w.r.t. the
platform), the angular velocity of the platform will vary with the time t as

(1) (1) (f) (1)
T o) p—m—m—m—m—m—— @) T @( ()
a) b) T c) d) T
|4V = — —

— —1

Particles of masses m, 2m, 3m, ... ... ,nm grams are placed on the same line at distances
[,21,31,.......,nl cm from a fixed point. The distance of centre of mass of the particles from the fixed
point in centimeters is

2 2n + 1)1 l n(n? + 1)l 21

3 b) n+1 2 2 D n(n? + 1)
A small object of mass m is attached to a light string which passes through a hollow tube. The tube is
hold by one hand and the string by the other. The object is set into rotation in a circle of radius R and
velocity v. The string is then pulled down, shortening the radius of path of r. What is conserved
a)  Angular b)  Linear momentum c) Kinetic energy d) None of the above
momentum

Two rods each of mass m and length [ are joined at the centre to form a cross. The moment of inertia
of this cross about an axis passing through the common centre of the rods and perpendicular to the
plane formed by them, is

a) ml?/12 b) ml?/6 c) ml?/3 d) mi?/2
The vector product of the force (F) and distance (r) from the centre of action represents
a) KE b) PE c) Work d) Torque

Arod of length [ is hinged at one end and kept horizontal. It is allowed to fall. The velocity of the
other end of the rod is
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a) /3gl b) /2gl c) 2MI? d) None of these
A solid cylinder rolls down an inclined plane of height 3 m and reaches the bottom of plane with
angular velocity of 2v2 rad. s~*. The radius of cylinder must be [Take g = 10ms~2]

a) 5cm b) 0.5cm c) V10cm d) V5m
When two bodies collide elastically, the force of interaction between them is
a)  Conservative b)  Non-conservative c) Either d) Zero

conservative or
non-conservative

A disc of moment of inertia % kg m? is rotating of 600 rpm. If the frequency of rotation changes from
[

600 rpm to 300 rpm, then what is the work done

a) 1467] b) 1452] c) 1567] d) 1632]
The distance of the centre of mass of the T-shaped plate from O is
= 8m >
m e E_O___________l
I D
e— | N —
£
II
a) 7m b) 2.7m ) 4m d) 1m
The moment of inertia of a circular ring of radius r and mass M about diameter is
a) Mr? b) %Mr2 c) % Mr? d) % Mr?

A solid sphere of mass 1kg, radius 10cm rolls down an inclined plane of height 7m. The velocity of its
centre as it reaches the ground level is

a) 7m/s b) 10m/s c) 15m/s d) 20m/s
Two discs have same mass and thickness. Their materials are of densities p; and p,. The ratio of their
moment of inertia about central axis will be

a)  p1ip2 b)  pips:1 ) lipip, d) p2ips
A flywheel rotating about a fixed axis has a kinetic energy of 360 joule when its angular speed is
30 rad/sec. The moment of inertia of the wheel about the axis of rotation is

a) 0.6kgxm? b) 0.15 kg x m? c) 0.8kgxm? d) 0.75kg x m?
A particle of mass m moving with a velocity (31 + 2j)ms™? collides with a stationary body mass M
and finally moves with a velocity (—21 + j)ms 1. If % = 1—13, then

The impulse

The velocity of the The coefficient of All the above are
a) received by each is b) I U C) N 11
. Mis—=(51+7) restitutions — correct
,m(51+7) 13 7
The principle of conservation of angular momentum, states that angular momentum
a) Alwaysremains b) Isthe productof «c) Remains d) None of these
conserved moment of inertia conserved until
and velocity the torque acting

on it remains
constant
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Two rings of the same radius and mass are placed such that their centres are at a common point and
their planes are perpendicular to each other. The moment of inertia of the system about an axis
passing through the centre and perpendicular to the plane of one of the rings is (mass of the ring =
m and radius = r)

1 3
a) Emr2 b) mr? c) Emrz d) 2mr?
When a torque acting upon a system is zero, then which of the following will be constant
a) Force b)  Linear momentum c)  Angular d) Linear impulse
momentum

The instantaneous velocity of a point B of the given rod of length 0.5 m is 3 ms™!

direction. The angular velocity of the rod for minimum velocity of end A is

in the represented

30°

0 )

A B

a) 1.5rads™?! b) 5.2rads™! c¢) 2.5rads™?! d) None of these
A solid sphere rolls down two different inclined planes of same length, but of different inclinations. In
both cases
a) Speedandtime of b)  Speed will be c)  Speed will be d) Speed and time of

descent will be same, but time of different, but time descent both are
same descent will be of descent will be different
different same

The blocks A4 and B, each of mass m, are connected by massless spring of natural length L and spring
constant k. The blocks are initially resting on a smooth horizontal floor with the spring at its natural
length, as shown in figure. A third identical block C, also of mass m, moves on the floor with a speed v
along the line joining A and B, and collides with A. Then

] [hewr(s)

The KEothe A — B The KE of the A —

st B system, at The maxir.num The maxir.num

8 maxim g b) maximum 0 compression of the d) compression of the
compression of the compression of the spring is v\/% spring is v\/g
spring, is zero spring is %mv2

A reel of thread unrolls itself falling down under gravity. Neglecting mass of the thread, the
acceleration of the reel is

a) g b) g/2 ) 29/3 d) 4g/3
A ‘T’ shaped object with dimensions shown in the figure, is lying on a smooth floor. A force ‘Fis
applied at the point P parallel to AB, such that the object has only the translational motion without

rotation. Find the location of P with respect to C
e— I —
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4 2 3
a) §l b) C) §l d) El
If the external forces acting on a system have zero resultant, the center of mass
a) Maymovebutnot b) May Accelerate  c¢) Must not move d) None of the above
accelerate
A bomb at rest explodes in air into two equal fragments. If one of the fragments is moving vertically
upwards with velocity v,, then the other fragment will move
In arbitrary
c) direction with d)
velocity v,

Horizontally with
velocity v,

Vertically up with
velocity v,

Vertically down
with velocity v,

a) b)
A body is rolling down an inclined plane. Its translational and rotational kinetic energies are equal.
The body is a

a)  Solid sphere b)  Hollow sphere c)  Solid cylinder d) Hollow cylinder

A drum of radius R and mass M, rolls down without slipping along an inclined plane of angle 6. The
frictional force

a)  Converts b)  Dissipates energy c¢)  Decreases the d) Decreases the
translational as heat rotational motion rotational and
energy to translational
rotational energy motions

A solid sphere of mass 2 kg rolls on a smooth horizontal surface at 10 ms~1. It then rolls up a smooth
inclined plane of inclination 30° with the horizontal. The height attained by the sphere before it stops
is
a) 700 cm b) 701cm c) 7.1m d) None of these
Two bodies are projected from roof with same speed in different directions. If air resistance is not
taken into account then
a) Theyreach at b)  Theyreach at c) Theyreachat d) Both (a) and (c)
ground with same ground with same ground with same are correct
magnitude of kinetic energy speed
momenta if bodies
have same masses
A cylinder rolls down an inclined plane of inclination 30°, the acceleration of cylinder is
g 9 29

a3 b) g o 5 )

A ball moving with a certain velocity hits another identical ball at rest. If the plane is frictionless and
collision is elastic, the angle between the directions in which the balls move after collision, will be

a) 30° b) 60° c) 90° d) 120°
A ring of radius R is first rotated with an angular velocity w, and then carefully placed on a rough
horizontal surface. The coefficient of friction between the surface and the ring is p. Time after which

its angular speed if reduced to halfis

) woUR 2woR woR W8
a

b — d 54
2g ) ng % 2ug ) 2pR

A small object of uniform density roll up a curved surface with an initial velocity v. If reaches up to a

2
maximum height ofiig with respect to the initial position. The object is
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a) Ring b)  Solid sphere c)  Hollow sphere d) Disc
A cylinder of 500 g and radius 10 cm has moment of inertia (about its natural axis)

a) 25x1073kg-m? b) 2x103kg-m? «¢) 5x103kg-m? d) 3.5x1073kg-m?
Two objects of masses 200g and 500g possess velocities 10i m/s and 37 + 5f m/s respectively. The
velocity of their centre of mass inm/s is

. . 5 25 5
a) 5i—25j b) 51— 25] c) 5i+—] d) 251 -]
The moment of inertia of a sphere of mass M and radius R about an axis passing through its centre is

EMRZ. The radius of gyration of the sphere about a parallel axis to the above and tangent to the

sphere is
7R b 3 7 R d : R
23 ) 3R D\ 5 NE

A thin uniform rod of length [ and mass m is swinging freely about a horizontal axis passing through
its end. Its maximum angular speed is w. Its centre of mass rises to maximum height of

1 Pw? 1 lw 1 1202 1 2w?
) ;— b) = — 9 — d) - —
3 8 6 g 2 g 6 g
A circular disc rolls down an inclined plane. The ration of rotational kinetic energy to total kinetic
energy is
1 1 2 3
a) = b) = ) = d -
) 2 ) 3 ) 3 ) 4

Two particles of masses m; and m, in projectile motion have velocities v, and V, respectively at time
t = 0. They collide at time t,. Their velocities become V'; and V', at time 2t, while still moving in air.
The value of

[(myV'y + myV'y) — (Mg Vg — myV,)] s

1
a) ZeI‘O b) (ml + mz)gto C) Z(ml + mz)gto d) E (ml + mZ)gtO

In case of explosion of a bomb, which of the following changes?

a)  Kinetic energy b)  Mechanical energyc)  Chemical energy d)  Energy

There are two identical balls of same material, one being solid and the other being hollow. How will

you distinguish them without weighing?

a) Byspinningthem b) Bydetermining ¢) By rollingthem d) By any one of
using equal their moment of down an inclined these methods
torques inertia plane

Two blocks A and B are connected by a massless string (shown in figure). A force of 30 N is applied

on block B. The distance travelled by centre of mass in 2 s starting from rest is

B
A

10 kg 20 kg F=30N

Smooth
a) 1m b) 2m c) 3m d) None of these

‘-:I

h) J
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Calculate the angular momentum of a body whose rotational energy is 10 Joule. If the angular
momentum vector coincides with the axis of rotation and its moment of inertia about this axis is 8 X
1077 kg m?

a) 4x103kgm?/s b) 2x103kgm?/s ¢) 6x103kgm?/s d) None of these
The acceleration of the centre of mass of a uniform solid disc rolling down an inclined plane of angle
ais

a) gsina b) 2/3gsin a c) 1/2gsina d) 1/3gsina
(1) Centre of gravity (C. G.) of a body is the point at which the weight of the body acts
(2) Centre of mass coincides with the centre of gravity if the earth is assumed to have infinitely large
radius
(3) To evaluate the gravitational field intensity due to any body at an external point, the centre mass
of the body can be considered to be concentrated at its C.G.
(4) The radius of gyration of any body rotating about an axis is the length of the perpendicular
dropped from the C.G. of the body to the axis
Which one of the following pairs of statements is correct
a) (4)and (1) b) (1)and (2) c) (2)and(3) d) (3)and (4)
The ratio of the radii of gyration of a circular disc to that of a circular ring, each of same mass and
radius, around their respective axes is

a) V2:1 b) V2:43 ) V3:42 d 1:+2
The centre of mass of a system of two particles divides. The distance between them is
a) Ininverseratioof b) Indirectrationof c¢) Ininverserationofd) Indirectration of

square of masses square of masses masses of particles masses of particles
of particles of particles

If the earth is a point mass of 6 x 10%* kg revolving around the sun at a distance of 1.5 x 108 km and
in time T = 3.14 X 107s, then the angular momentum of the earth around the sun is

a) 12x10¥8kgm?/sb) 1.8x10%2°kgm?/sc) 1.5x103" kgm?/sd) 2.7 x10*° kgm?/s
Three stationary particles 4, B, C of masses my,, mg and m. are under the action of same constant
force for the same time. If my > mg > m, the variation of momentum of particles with time for each
will be correctly shown as

A A,B,C
p
B p
a) b) o | d)
C
o) o

—t

Three point masses each of mass m are placed at the corners of an equilateral triangle of side ‘a’.
Then the moment of inertia of this system about an axis passing along one side of the triangle is

a) ma? b) 3 ma? c) 3/4ma? d) 2/3ma?
From a circular ring of mass M and R, an arc corresponding to a 90° sector is removed. The moment
of inertia of the remaining part of the ring about an axis passing through the ring and perpendicular

to the plane of ring is k times MR?. Then the value of k is
3 7 1
a) - b) = ) - d 1
) 3 ) 3 ) 3 )
Radius of gyration of uniform thin rod of length L about an axis passing normally through its centre
of mass is

L L

a) Nevi 5 ) Vi12L d) 12L
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The moment of inertia of a dumb-bell, consisting of point masses m; = 2.0 kg and m, = 1.0 kg, fixed
to the ends of a rigid massless rod of length L = 0.6 m, about an axis passing through the centre of
mass and perpendicular to its length, is

a) 0.72kgm? b) 0.36 kg m? c) 0.27kgm? d) 0.24 kg m?
Two solid spheres (A and B) are made of metals of different densities p4 and pg respectively. If their
masses are equal, the ratio of their moments of inertia (I5/1,) about their respective diameters is

2/3 2/3 p p
(%) b (24 o )
Pa Ps Ps Pa
A solid sphere is given a kinetic energy E. What fraction of kinetic energy is associated with rotation?
a) 3/7 b) 5/7 c 1/2 d 2/7

The moment of inertia of a rectangular lamina about an axis perpendicular to the plane and passing
through its centre of mass is

D @)W @) 9 o L"),

— d
12 ) 12

Moment of inertia of big drop in /. If 8 droplets are formed from big drop, then moment of inertia of

small droplet is
I I I I

A binary star consists of two stars A (mass 2.2 M) and B (mass 11 M), where M; is the mass of the
sun. They are separated by distance d and are rotating about their centre of mass, which is
stationary. The ratio of the total angular momentum of the binary star to the angular momentum of
star B about the centre of mass is
a) 7 b) 6 0 9 d 10
Three rods each of length L and mass M are placed along X, Y and Z axes in such a way that one end
of each rod is at the origin. The moment of inertia of the system about Z-axis is
2) M2 b) 2ML? 0 3ML? Q) 2ML?
3 3 2 12

The total kinetic energy of a body of mass 10 kg and radius 0.5 m moving with a velocity of 2 m/s
without slipping is 32.8 joule. The radius of gyration of the body is

a) 025m b) 02m c) 05m d 04m
A body having moment of inertia about its axis of rotation equal to 3 kg — m? is rotating with
angular velocity equal to 3 rad/s. Kinetic energy of this rotating body is the same as that of body of
mass 27 kg moving with a speed of

a) 1.0m/s b) 05m/s c) 15m/s d 2.0m/s
A bullet of mass 5g moving with a velocity 10 ms™?! strikes a stationary body of mass 955g and enters
it. The percentage loss of kinetic energy of the bullet is
a) 85 b) 0.05 c) 99.5 d) None of the above
A diatomic molecule is formed by two atoms which may be treated as mass points m; and m, , joined
by a massless rod of length r. Then the moment of inertia of the molecule about an axis passing
through the centre of mass and perpendicular to rod is

a)  zero b) (ml + mZ)TZ 9) (M) r2 d) (M) r2

mim, mqit+tm,

A disc starting from rest acquires in 10 sec an angular velocity of 240 revolutions/minute. Its angular
acceleration (assuming constant) is

a) 1.52rad/s b) 2.51rad/s c) 311rad/s d) 3.76rad/s
A flywheel gains a speed of 540 r.p.m. in 6 sec. Its angular acceleration will be
a) 3mrad/sec? b) 9mrad/sec? c) 18mrad/sec? d) 54mrad/sec?
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Two spheres each of mass M and radius R/2 are connected with a massless rod of length 2R as
shown in the figure. What will b be the moment of inertia of the system about an axis passing
through the centre of one of the sphere and perpendicular to the rod

M M
2R
21 2 5 5
i VEY) b) ZMmR2 2 yn2 d) 2 MpR2
a) —MR ) MR ) S MR ) 57 MR

Two rings have their moments of inertia in the ratio 2:1 and their diameters are in the ratio 2:1. The
ratio of their masses will be
a) 2:1 b) 1:2 ) 1:4 d 1:1
The moment of inertia of a straight thin rod of mass M and length [ about an axis perpendicular to its
length and passing through its one end, is
a) MI?/12 b) MI?/3 ) Mi?/2 d) MIi?
The position of a particle is given by: # = (i + 2j — k) and momentum P= (3% + 4] — 2k). The
angular momentum is perpendicular to
Line at equal
a) X-axis b) Y-axis c) Z-axis d) angles to all the
three axes
A sphere of mass m and radius r rolls on a horizontal plane without slipping with the speed u. Now if
it rolls up vertically, the maximum height it would attain will be
a) 3u?/4g b) 5u?/2g c) 7u?/10g d) u?/2g
A 10 kg body hangs at rest from a rope wrapped around a cylinder 0.2 m in diameter. The torque
applied about the horizontal axis of the cylinder is
a) 98N-m b) 19.6 N-m c) 196 N-m d) 9.8N-m
The moment of inertia of a circular disc about one of its diameter is /. What will be its moment of
inertia about a tangent parallel to the diameter?

3
a) 4l b) 21 o Sl d) 3I

A thin metal disc of radius of 0.25 m and mass 2 kg starts from rest and rolls down on an inclined
plane. If its rotational kinetic energy is 4 ] at the foot of inclined plane, then the linear velocity at the
same point, is in ms™2.

a) 2 b) 22 ) 2vV3 d) 3v2
A ball rests upon a flat piece of paper on a table top. The paper is pulled horizontally but quickly

towards right as shown. Relative to its initial position with respect to the table, the ball

Q_,

(1) Remains stationary if there is no friction between the paper and the ball

(2) Moves to the left and starts rolling backwards, i. e., to the left it there is a friction between the
paper and the ball

(3) Moves forward, i. e., in the direction in ‘which the paper is pulled.

Here, the correct statement/s is/are

a) Both(1)and(2) b) Only(3) c) Only (1) d) Only(2)

A rectangular block has a square base measuring a X a, and its height is h. [ts moves on a horizontal
surface in a direction perpendicular to one of its edges. The coefficient of friction is . It will topple if

‘-:I

h) J
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a) u>h/a b) u>a/h 0 u>27a d) ”>zih
Centre of mass is a point
a)  Whichis geometricb)  From which c)  Where the whole d)  Which is the origin
centre of a body distance of mass of the body is of reference frame
particles are same supposed to
concentrated

When a ceiling fan is switched on, it makes 10 revolutions in the first 3 seconds. Assuming a uniform
angular acceleration, how many rotation it will make in the next 3 seconds
a) 10 b) 20 c) 30 d 40
A thin rod of length L is lying along the x-axis with itsendsatx = 0and x = L. Its linear density
n
(mass\length) varies with x as k(%) , when n can be zero or any positive number. If the position x¢y

of the centre of mass of the rod is plotted against n, which of the following graphs best approximates
the dependence of x¢y on n?

A 2 kg body and a 3 kg body are moving along the x-axis. At a particular instant the 2 kg body has a
velocity of 3 ms~1and the 3 kg body has the velocity of 2 ms ™. The velocity of the centre of mass at
that instant is

a) 5ms7! b) 1ms™! c) 0 d) None of these
Consider a uniform square plate of side ‘a’ and mass ‘m’. The moment of inertia of this plate about an

axis perpendicular to its plane and passing through one of its corners is
1 7 2 5
a 2 b 2 C _ 2 d _ 2
) ; Mma ) ; ma ) 3 ma ) ¢ ma

: . , : R , . . . ,
A circular disc of radius R and thickness . has moment of inertia I about an axis passing through its

centre and perpendicular to its plane. It is melted and recasted into a solid sphere. The moment of

inertia of the sphere about its diameter as axis of rotation is
21 I 1

a) I b) ? C) E d) E
A solid cylinder on moving with constant speed v, reaches the bottom of an incline of 30°. A hollow
cylinder of same mass and radius moving with the same constant speed v, reaches the bottom of a
different incline of 6. There is no slipping and both of them go through the same distance in the same
time ; 0 is then equal to

a) 37° b) 30° c) 42° d) 45°
The centre of mass of triangle shown in figure has coordinates

y

= —>
>

le——p—
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h b b h b h h b
a = — = — b = — = — C = — = — d = — = —
) x=37=3 ) x=3=3 ) x=3.7=3 ) x=3.7=3
A body of mass M moving with a speed u has a head-on collision with a body of mass m originally at

rest. If M >> m, the speed of the body of mass m after collision will be nearly

um uM u
a) W b) F C) E d) 2u
A smooth steel ball strikes a fixed smooth steel plate at an angle 6 with the vertical. If the coefficient

of restitution is e, the angle at which the rebounce will take place is

a) 0 b) tan™?! [tane] c) etanb d) tan‘l[ ¢ ]

e tan 9
If the earth shrinks such that its mass does not change but radius decreases to one quarter of its
original value then one complete day will take
a) 96h b) 48h c) 6h d) 15h
A circular turn table has a block of ice placed at its centre. The system rotates with an angular speed
w about an axis passing through the centre of the table. If the ice melts on its own without any
evaporation, the speed of rotation of the system
Remains constant Increases to a value Decreases to a
at the same value a)c greater than w value less than w
Two blocks of masses 10 kg and 4 kg connected by a spring of negligible mass and placed on a
frictionless horizontal surface. An impulse gives a velocity of 14 ms™! to the heavier block in the
direction of the lighter block. The velocity of the centre of mass is

a) 30ms™?! b) 20ms™! c) 10ms™?! d) 5ms™?
A spherical hollow is made in a lead sphere of radius R such that its surface touches the outside
surface of lead sphere and passes through the centre. What is the shift in the centre of lead sphere as
a result of this hollowing?

) — d R

R
— b) —
2) 7 ) 14 2

If the earth is treated as a sphere of radius R and mass M; its angular momentum about axis of
rotation with period T is
2) TMR3 MR?m 2mMR3 4TMR?

b) c) d)
Two masses m; and m,(m,; > m,) are connected by massless flexible and inextensible string passed

a) Becomes zero b)

R R

T T 5T 5T

over massless and frictionless pulley. The acceleration of centre of mass is
my; — my\2 my; —m; m; +m;
a) (—) g o

b) L+ m, c) m g d) Zero

m; +m,
A man of mass M stands at one end of a plank of length which is at rest on a frictionless horizontal
surface. The man walks to he other end of the plank. If mass of the plank is M /3, the distance that the
man moves relative to ground is
a) L b) L/4 c) 3L/4 d L/3
Two discs of same thickness but of different radii are made of two different materials such that their
masses are same. The densities of the materials are in the ratio 1:3. The moments of inertia of these

discs about the respective axes passing through their centres and perpendicular to their planes will

‘-:I
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a) 1:3 by 3:1 c) 1:9 d 9:1
A bullet of mass M hits a block of mass M'. The transfer to energy is maximum, when
a) M =M b) M'=2M ) M<<M d M>>M

Which relation is not correct of the following
Liner momentum

Torque= Moment Torque=Dipole Moment of inertia
, , = Moment of
a) ofinertia X angularb) moment X c¢) =Torque/angular d) _
, . , _ inertia Xangular
acceleration magnetic induction acceleration _
velocity

If a ball is dropped from rest, its bounces from the floor. The coefficient of restitution is 0.5 and the
speed just before the first bounce is 5ms~1. The total time taken by the ball to come to rest is

a) 2s b) 1s c) 05s d) 0.25s

Angular momentum of a system of particles changes when

a) Forceactsona b) Torqueactsona c¢)  Direction of d) None of these
body body velocity changes

The moment of inertia of meter scale of mass 0.6 kg about an axis perpendicular to the scale and
located at the 20 cm position on the scale in kg - m? is (Breadth o the scale is negligible)

a) 0.078 b) 0.104 c) 0.148 d) 0.208

A particle moves in the x-y plane under the action of a force F such that the value of its linear

momentum P at any time t is py = 2 cos t,py2sint

The angel 6 between FandPata given time t will be

a) 90° b) 0° c) 180° d) 30°
The moment of inertia of a circular ring of mass 1 kg about an axis passing through centre and
perpendicular to its plane is 4kg-m?. The diameter of the ring is

a) 2m b) 4m c) 5m d 6m
A particle of mass 1 kg is projected with an initial velocity 10 ms~! at an angle of projection 45° with
the horizontal. The average torque acting on the projectile, between the time at which it is projected
and the time at which it strikes the ground, about the point of projection in newton-metre is
a) 25 b) 50 ¢ 75 d) 100
Four spheres of diameter 2 a and mass M are placed with their centres on the four corners of a
square of side b. Then the moment of inertia of the system about an axis along one of the sides of the
square is

4 8 8 4
a) EMa2+2Mb2 b) gMa2+2Mb2 c) EMa2 d) gMa2+Mb2

A wheel has angular acceleration of 3.0 rad/sec? and an initial angular speed of 2.00 rad/sec. In a
time of 2 sec it has rotated through an angle (In radian) of

a) 6 b) 10 c) 12 d 4

When a sphere of moment of inertia I about its centre of gravity and mass 'm’ rolls from rest down

an inclined plane without slipping, its kinetic energy is

1 1 1 1
a) Ela)z b) Emv2 0 Iw+mv d) 51w2+§mv2

A thin uniform circular ring is rolling down an inclined plane of inclination 30° without slipping. Its
linear acceleration along the inclined plane will be

a) g/2 b) g/3 o g/4 d) 2g/3
A circular disc of radius R rolls without slipping along the horizontal surface with constant velocity
vy. We consider a point A on the surface of the disc. Then the acceleration of the point 4 is
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a) Constantin b) Constantin c) Constantin d) Constant
magnitude as well direction magnitude
as direction
A torque of 50 Nm acting on a wheel at rest rotates it through 200 radians in 5 sec. Calculate the
angular acceleration produced
a) 8radsec™? b) 4radsec™? ¢) 16radsec™? d) 12rad sec™?
A round uniform body of radius R, mass M and moment of inertia I, rolls down (without slipping) an
inclined plane making an angle 8 with the horizontal. Then its acceleration is

gsin6 gsin@ gsin@ gsinf
2 2
a) 1+ b) LS 2 1-— 4 1- 2
A tap can be operated easily using two fingers because
a)  The force availableb)  This helps c)  Therotational d)  The force by one
for the operation application of effect is caused by finger overcomes
will be more angular forces the couple formed friction and other

finger provides the
force for the

operation
The angular momentum of a system of particles is not conserved
a) Whenanet b) Whenanet c)  Whenanet d) None of these
external force acts external torque is external impulse is
upon the system acting upon the acting upon the
system system

Two discs of moment of inertia I; and I, and angular speeds w; and w, are rotating along collinear
axes passing through their centre of mass and perpendicular to their plane. If the two are made to
rotate combindly along the same axis the rotational KE of system will be

Lo, + Lo 2 Lw, + Lw,)?
a) 1t g b) (L + L) (w; + @,) C) M d) None of these
2(I; + 1) 2 2(I; + 1)
A uniform rod of length ‘2L’ has mass per unit length ‘m’. The moment of inertia of the rod about an
axis passing through its centre and perpendicular to its length is

2 1 2 4
—mlL? b) =-mlL? —-mlL3 d -mlL3
a) 3m ) 3m c) 3m ) 3m

A wheel of radius 0.4 m can rotate freely about its axis as shown in the figure. A string is wrapped
over its rim and a mass of 4 kg is hung. An angular acceleration of 8 rad-s~2 is produced in it due to
the torque. Then, moment of inertia of the wheel is (g = 10 ms™2)

QD)
7\

!

v
4 kg

a) 2kg-—m? b) 1kg-—m? c) 4kg-—m? d) 8kg—m?
Three particles, each of mass m gram, are situated at the vertices of an equilateral triangle ABC of

side [ cm (as shown in the figure). The moment of inertia of the system about a line AX
perpendicular to AB and in the plane of ABC, in gram-cm? units will be
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3 5 3
a) Lmi? b) 2ml? Q) Zml® d) Zmi?

Four particles each of mass m are placed at the corners of a square of side length [. The radius of
gyration of the system about an axis perpendicular to the square and passing through its centre is

l
) 5 b) é ) I d) (V2)

Aladder is leaned against a smooth wall and it is allowed to slip on a frictionless floor. Which figure
represents trace of its centre of mass

SIS

«—Time «Time «—Time <« Time
A ball rolls without slipping. The radius of gyration of the ball about an axis passing through its
centre of mass is K. If radius of the ball be R, then the fraction of total energy associated with its

rotational energy will be
K? K? R? K%+ R?
a) -

— ) — 0 — d)
R? K% + R? K? + R? R?

A cylinder rolls up an inclined plane, reaches some height, and then rolls down (without slipping

throughout these motions). The directions of the frictional force acting on the cylinder are

a)  Uptheincline b)  Up theincline c) Down the incline d) Down the incline
while ascending while ascending as while ascending while ascending as
and down the well as descending and up the incline well as descending
incline while while descending
descending

If the angular momentum of any rotating body increases by 200%, then the increase in its kinetic

energy

a) 400% b) 800% c) 200% d) 100%

Three point masses m,, m,, m5 are located at the vertices of an equilateral triangle of length ‘a’. The
moment of inertia of the system about an axis along the altitude of the triangle passing through m; is
2 2
) (mAm)T D) (mAmetm)at) (mtm) D (np+my)a?
Two point objects of mass 1.5 g and 2.5 g respectively are at a distance of 16 cm apart, the centre of
gravity is at a distance x from the object of mass 1.5g, where x is
a) 10 cm b) 6cm c) 13 cm d) 3cm
A thin uniform rod mass m and length [ is hinged at the lower end to a level floor and stands
vertically. It is now allowed to fall, then its upper end will strike the floor with a velocity given by
SN b) 3l o |54l O mgl
A solid sphere is rotating in free space. If the radius of the sphere is increased keeping mass same
which one of the following will not be affected?
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a) Momentofinertia b)  Angular c¢) Angularvelocity d) Rotational kinetic
momentum energy
A circular disc rolls down an inclined plane. The ratio of rotational kinetic energy to total kinetic
energy is
1 1 2 3
a) = b) = c) = d -
) 2 ) 3 ) 3 ) 4

A car is moving at a speed of 72 km/hr. The radius of its wheels is 0.25 m. If the wheels are stopped
in 20 rotations by applying brakes, then angular retardation produced by the brakes is

a) —25.5rad/s? b) —29.5rad/s? ¢) —33.5rad/s? d) —455rad/s?
A bomb dropped from an aeroplane explodes in air. Its total
a) Momentum b) Kineticincreases c)  Kinetic energy d) Kinetic energy

decreases increases decreases

A disc is rolling (without slipping) on a horizontal surface C is its centre and Q and P are two points
equidistant from C. Let vp, v, and v be the magnitude of velocities of pints P, Q and C respectively,
then

1
a) Vo >vc>Up b) v <ve<Uvp c) Vg = Vp,Uc =S Vp d) ve<vc>vp
Two balls each of mass m are placed on the vertices A and B of an equilateral triangle ABC of side

1m. A ball of mass 2m is placed at vertex C. The centre of mass of this system from vertex A (located
at origin) is

Cm
1 m 1m
774— 1 m 'llgn
a) (%m,%m) b) (%m,\/gm) c) <%m,§m> d) (?m,?m)

A uniform heavy disc is rotating at constant angular velocity w about a vertical axis through its
centre and perpendicular to the plane of the disc. Let L be its angular momentum. A lump of
plasticine is dropped vertically on the disc and sticks to it. Which will be constant

a) w b) wand L both c) Lonly d) Neither w nor L
If a bullet is fired from a gun, then
a) Themechanical b) Themechanical «¢) Themechanical d) Thenon-

energy of bullet- energy is energy may be mechanical energy
gun system converted into conserved is converted into
remains constant non-mechanical mechanical energy
energy
A diver in a swimming pool bends his head before diving, because it
a)  Decreases his b)  Decreases his c) Increases his d) Increases his
moment of inertia angular velocity moment of inertia linear velocity

Moment of inertia of a thin circular disc of mass M and radius R about any diameter is

‘-:I
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2 2

2) MR b) MR
4 2

Two balls of masses 2g and 6g are moving with KE in the ratio of 3:1. What is the ratio of their liner

momenta?

c) MR? d) 2MR?

a) 1:1 b) 2:1 ) 1:2 d) None of these

If the torque of the rotational motion be zero, then the constant quantity will be

a)  Angular b) Linear momentum c)  Angular d) Centripetal
momentum acceleration acceleration

A door 1.6 m wide requires a force of 1 N to be applied at the free end to open or close it. The force
that is required at a point 0.4 m distance from the hinges for opening or closing the door is
a) 12N b) 3.6N c) 24N d 4N
A hemispherical bowl or radius R is kept on a horizontal table. A small sphere of radius r(r < R) is
placed at the highest point at the inside of the bowl and let go. The sphere rolls without slipping. Its
velocity at the lowest point is

a) /5gR/7 b) /3gR/2 c) +/4gR/3 d) /10gR/7
What is the magnitude of torque acting on a particle moving is the xy-plane about the origin if its
angular momentum is 4.0v/t kg — m?s~1?

a) 8t3/? b) 4.0/t ) 20/+t d) 3/2+t
Particle of mass 4 m which is at rest explodes into three fragments. Two of the fragments each of
mass m are found to move with a speed v each in mutually perpendicular directions. Calculate the

energy released in the process of explosion.
3 5

a) %mvz b) 5 mv? c) Emv2 d) 3mv?
If linear velocity is constant then angular velocity is proportional to
a) 1/r b) 1/r? o 1/r3 d 1/r°

Four identical spheres each of mass M and radius 10 cm each are placed on a horizontal surface
touching one another so that their centres are located at the corners of a square of side 20 cm. What
is the distance of their centre of mass from centre of any sphere?

a) 5cm b) 10cm c) 20cm d) 10v2cm
The moment of inertia of a thin uniform rod of mass M and length L about an axis passing through its
midpoint and perpendicular to its length is /. [ts moment of inertia about an axis passing through
one of its ends and perpendicular to its length is

a) Iy+ MIL? b) I, + — Q) I+ - d) I,+2MIL?

If the polar ice caps melt suddenly
a) Thelengthofday b) Thelengthofthe c¢) Thelengthofthe d) The length of the
will be more than day will less than day will remain day will become
24 hours 24 hours same as 24 hours more than 24
hours initially and
then becomes
equal to 24 hours
If all of a sudden the radius of the earth decreases, then

a)  The angular b)  Theangular speed ¢)  The periodic time d) The energy and
momentum of the of the earth will of the earth will angular
earth will become increase increase momentum will
greater than that remain constant
of the sun
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The moments of inertia of two freely rotating bodies A and B are I, and I respectively. [, > Iz and
their angular momenta are equal. If K, and K are their kinetic energies, then

a) KA = KB b) KA * KB C) KA < KB d) KA = ZKB
A body in equilibrium may not have
a) Momentum b)  Velocity c)  Acceleration d) Kinetic energy

A hollow sphere of diameter 0.2 m and mass 2 kg is rolling on an inclined plane with velocity v =
0.5m/s. The kinetic energy of the sphere is

a) 017 b) 03] c) 057 d) 042)
A motor is rotating at a constant angular velocity of 600 rpm. The angular displacement per second is
3 3n 25T 50m
a) S0 rad b) =0 rad C) = rad d) =5 rad

A pulley of radius 2 m is rotating about its axis by a force F =(20t - 5t2) N (where t is measured in

seconds) applied tangentially. If the moment of inertia of the pulley about its axis rotation is 10

kgm?, the number of rotations made by the pulley before its direction of motion if reserved, is

a) Morethan3but b) Morethan6but ) More than 9 d) Lessthan3
less than 6 less than 9

The moment of inertia about an axis of a body which is rotating with angular velocity 1 rads™

numerically equal to

1is

a)  One-fourth ofits b)  Half of the c) Rotational kinetic d)  Twice the
rotational kinetic rotational kinetic energy rotational kinetic
energy energy energy

A solid sphere rolls down without slipping on an inclined plane at angle 60° over a distance of 10 m.
the acceleration (in ms™2) is

a) 4 b) 5 c) 6 d 7

An example of inelastic collision is

Scattering of - . ) Collision of two Collision of a bullet
_ Collision of ideal _ _
a) particle from a b) steel balls lyingon d) with a wooden
gas molecules . .
nucleus a frictionless table block

In an orbital motion, the angular momentum vector is

a) Alongtheradius b)  Parallel to the c) In the orbital planed)  Perpendicular to
vector linear momentum the orbital plane

A ring of mass 10 kg and diameter 0.4 m is rotated about its axis. If it makes 2100 revolutions per

minute, then its angular momentum will be

a) 44kg xm?/s b) 88kg xm?/s c) 44kg xm?/s d) 04kg xm?/s

A marble and a cube have the same mass starting from rest, the marble rolls and the cube slides

down a frictionless ramp. When they arrive at the bottom, the ratio of speed of the cube to the centre

of mass and speed of the marble is

a) 7:5 b) V7:/5 0 V2:1 d 5:2
Two solid discs of radii r and 27 roll from the top of an inclined plane without slipping. Then
a) Thebiggerdisc b) Thesmallerdisc c¢) Thetime d)  Both the discs will
will reach the will reach the difference of reach at the same
horizontal level horizontal level reaching of the time
first first discs at the

horizontal level
will depend on the
inclination of the
plane
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A thin horizontal circular disc is rotating about a vertical axis passing through its centre. An insect is
at rest at a point near the rim of the disc. The insect now moves along a diameter of the disc to reach
its other end. During the journey of the insect, the angular speed of the disc

a)  Continuously b)  Continuously c¢) firstincreasesand d) Remains
decreases increases then decreases unchanged
If there is change of angular momentum from J to 5 J in 5 s, then the torque is
3 4 5
a) —] b) —] c) —] d) None of these

5 5 4
Two boys of masses 10 kg and 8 kg are moving along a vertical rope, the former climbing up with

acceleration of 2 ms~1. 2 while later coming down with uniform velocity of 2 ms~1. Then tension in
rope at fixed support will be(Take g = 10ms~?)

a) 200N b) 120N c) 180N d) 160N

Angular momentum of the particle rotating with a central force is constant due to

a)  Constant force b) Constantlinear ¢)  Zero torque d) Constant torque
momentum

The mass of the earth is increasing at the rate of 1 partin 5 X 10° per day by the attraction of
meteors falling normally on the earth’s surface. Assuming that the density of earth is uniform, the
rate of change o the period of rotation of the earth is

a) 20x10720 b) 2.66x 10717 c) 433x10718 d) 5.66x10717
In a one dimensional collision between two identical particles A and B, B is stationary and A has
momentum p before impact. During impact B gives an impulse J to A. Then coefficient of restitution
between the two is

a) %—1 b) %]+1 0 %+1 d) %—1

An annular ring with inner and outer radii R; and R, is rolling without slipping with a uniform
angular speed. The ratio of the forces experienced by the two particles situated on the inner and

outer parts of the ring,% is
2
R, R\? R4
a) = b (—) C 1 d =
) 7 ) (& ) ) B
A thin circular ring of mass M and radius r is rotating about its axis with a constant angular velocity
w. Four objects each of mass m, are kept gently to the opposite ends of two perpendicular diameters
of the ring. The angular velocity of the ring will be
Mw M+ 4 M —4m)w Mw
a) —— b) M +4m)w o) M —dm)w o =2
M+ 4m M M+ 4m 4m
Consider a uniform square of this plate of side a and mass m. The moment of inertia of this plate

about an axis perpendicular to its plane and passing through one of its corners is

a) 5/6ma? b) 1/12 ma? c) 7/12ma? d) 2/3ma?
The radius of a rotating disc is suddenly reduced to half without any change in its mass. Then its
angular velocity will be
a)  Fourtimes b)  Double c¢) Half d)  Unchanged
Look at the drawing given in the figure, which has been drawn with ink of uniform line-thickness.
The mass of ink used to draw each of the two inner circles, and each of the two line segments is m.
The mass of ink used to draw the outer circle is 6m. The coordinates of the centres of the different
parts are : outer circle (0, 0) left inner circle (-a, a), right inner circle (a, a) vertical line (0, 0) and
horizontal line (0, -a). The y- coordinate of the centre of mass of the ink in the drawing is
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b a a d a
3 1 ) 3 9 1 ) 3
ABC is an equilateral triangle with O as its centre. ﬁl, ﬁz and ﬁ3 represent three forces acting along

the sides AB, BC and AC respectively. If the total torque about O is zero then the magnitude of ﬁ3 is

A
7
°0
e
Fy
a) F+F, b) F, —F, 0 QZB d) 2(F +F)

A ball of mass m moving with velocity v collides with another ball of mass 2m and sticks to it. The
velocity v collides with of the final system is

a) v/3 b) wv/2 c) 2v d 3v
A disc of moment of inertia 5 kg- m? is acted upon by a constant torque of 40 Nm. Starting from rest
the time taken by it to acquire an angular velocity of 24 rads ™! is
a) 3s b) 4s c) 25s d 120s
A circular disc of mass 0.41 kg and radius 10 m rolls without slipping with a velocity of 2 m/s. The
total kinetic energy of disc is

a) 041] b) 1.23] c) 082] d 24]
If rotational kinetic energy is 50% of translational kinetic energy, then the body is
a) Ring b)  Cylinder c)  Hollow sphere d)  Solid sphere

When a ceiling fan is switched off, its angular velocity falls to half while it makes 36 rotations. How
many rotations will it make before coming to rest?
a) 24 b) 36 c) 18 d 12
Two solid cylinders P and Q of same mass and same radius start rolling down a fixed inclined plane
from the same height at the same time. Cylinder P has most of its mass concentrated near its surface,
while Q has most of its mass concentrated near the axis. Which statement (s) is (are) correct
Both cylinder P
and Q reaches the
c) ground with same d)
translational

Both cylinders P Cylinder P has
and Q reach the b) larger linear
ground at the same acceleration than
time cylinder Q

Cylinder Q reaches
the ground with
larger angular

speed
kinetic energy P

Two carts on horizontal straight rails are pushed apart by an explosion of a powder charge Q placed
between the carts. Suppose the coefficient of friction between carts and rails are identical. If the 200
kg cart travels a distance of 36 m and stops, the distance covered by the cart weighing 300 kg is

a) 32m b) 24m c) 16 m d 1Z2m

The moment of inertia of thin circular disc about an axis passing through its centre and
perpendicular to its plane is I. Then, the moment of inertia of the disc about an axis parallel to its
diameter and touching the edge of the rim is
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3 5
a) I b) 2] c) =I d =1
) ) ) 3 ) S

A sphere of mass 50 g and diameter 20 cm rolls without slipping with a velocity of 5cm/sec. Its total
kinetic energy is

a) 625erg b) 250erg c) 875erg d) 875 joule
Two persons of masses 55 kg and 65 kg respectively, are at the opposite ends of a boat. The length
of the boat is 3.0 m and weighs 100 kg. The 55 kg man walks up to the 65 kg man and sits with him.
If the boat is in still water the centre of mass of the system shifts by

a) 3.0m b) 23m c) Zero d 0.75m
Two particles of masses m; and m, are connected by a rigid massless rod of length r to constitute a
dumb-bell which is free to move in the plane. The moment of inertia of the dumb-bell about an axis
perpendicular to the plane passing through the centre of mass is

2 2
a) IE b) (mtmrt Q) d)  (my —my)r?
my +m, m; —m,
Three identical thin rods each of length [ and mass M are joined together to form a letter H. What is
the moment of inertia of the system about one of the sides of H?
12 12 MIi? MI?

a) M- b) M c) 2 = d) 4—-
A circular thin disc of mass 2 kg has a diameter 0.2 m. Calculate its moment of inertia about an axis
passing through the edge and perpendicular to the plane of the disc (in kg — m?)
a) 0.01 b) 0.03 c) 0.02 d 3
Two bodies of mass 1 kg and 3 kg have position vectors i + 2] + k and —31 — 2j + k, respectively.
The centre of mass of this system has a position vector

a) -—2i+2k b) —2i-j+k ) 20—-j—k d —i+j4+k
A circular disc of mass 0.41 kg and radius 10 m rolls without slippling with a velocity of 2ms™2. The
total kinetic energy of disc is
a) 041] b) 1.23] c) 082] d 245]
Two bodies A and B have masses M and m respectively, where M > m and they are at a distance d
apart. Equal force is applied to them so that they approach each other. The position where they hit
each other s
At equal distance

N B N A '
a) earer to b) earer to c) from A and B d) Cannot be decided
The moment of inertia of a sphere of radius R and mass M about a tangent to the sphere is
2 12 7
a) MR? b) gMR2 c) ?MRZ d) gMR2

A cockroach is moving with velocity v in anticlockwise direction on the rim of a disc of radius R of
mass m. The moment of inertia of the disc about the axis is I and it is rotating in clockwise direction
with an angular velocity w. If the cockroach stops, the angular velocity of the disc will be

2) lw b) Iw + mvR 0 Iw — mvR d) Iw — mvR

I + mR? I + mR? [ + mR? I

Moment of inertia of a ring of mass M and radius R about an axis passing through the centre and
perpendicular to the plane is /. What is the moment of inertia about its diameter

a) |1 b) é 0) % d) I+ MR?
A thin metal disc of radius 0.25 m and mass 2 kg starts from rest and rolls down an inclined plane. If
its rotational kinetic energy is 4 | at the foot of the inclined plane, then its linear velocity at the same
pointis

a) 12ms™?! b) 2vV2ms? ¢) 20ms™?! d) 2ms™?

cH

h) J
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A hoop of mass M and radius R is suspended to a peg in a wall. Its moment of inertia about the peg is
MR? 3
> d) EMRZ
In the HCI molecule, the separation between the nuclei of the two atoms is about 1.27 A (1A =
1071%m). The approximate location of the centre of mass of the molecule, assuming the chlorine
atom to be about 35.5 times massive as hydrogen is

a) 14 b) 254 ) 1244 d 154
A sphere of mass m and radius r rolls on a horizontal plane without slipping with the speed u. Now, if
it rolls up vertically, the maximum height it would attain will be

3u? 5u? Tu? u?
a)

& Y 2 ? Tog V7
If a hollow cylinder and a solid cylinder are allowed to roll down an inclined plane, which will take
more time to reach the bottom

a) Hollowcylinder b)  Solid cylinder c) Same for both d) One whose density

a) 2MR? b) MR? 9

is more
Analogue of mass in rotational motion is
a) Momentofinertia b)  Angular c¢) Torque d) None of these
momentum
Moment of inertia of an object does not depend upon
a)  Mass of object b)  Massdistribution ¢)  Angularvelocity d)  Axis of rotation

A uniform disc of mass 2 kg and radius 15 cm is revolving around the central axis by 4 rads™*. The
linear momentum of disc will be

a) 1.2kg—ms™? b) 1.0kg—ms™! c) 0.6kg—ms™! d) None of these
A particle of mass m moves along line PC with velocity v as shown. What is the angular momentum
of the particle about O

!
O/

a) mul b) muvl c) mvr d) Zero
A sphere of mass 10kg and radius 0.5m rotates about a tangent. The moment of inertia of the solid
sphere is

a) 5kg-m? b) 2.7 kg-m? c) 3.5kg-m? d) 4.5kg-m?
The angular momentum of a particle describing uniform circular motion in L. If its kinetic energy is

halved and angular velocity doubled, its new angular momentum is

L L
4L b) - = d) 2L
a) ) 7 9 3 )

Three identical blocks 4, B and C are placed on horizontal frictionless surface. The blocks 4 and C are
at rest. But 4 is approaching towards B with a speed 10 ms™. The coefficient of restitution for all
collisions is 0.5. The speed of the block C just after collision is

(4}~ (5 c
a) 5.6ms ! b) 6ms! c) 8ms?! d 10ms™?!
A bomb of mass 9 kg explodes into two pieces of masses 3 kg and 6 kg. The velocity of mass 3 kgis 16

ms~1. The kinetic energy of mass 6 kg in joule is
a) 96 b) 384 c) 192 d) 768

‘-:I
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A ring solid sphere and a disc are rolling down from the top of the same height, then the sequence to
reach on surface is

a) Ring disc, sphere b)  Sphere, disc,ring c¢)  Disc, ring, sphere d)  Sphere, ring, disc
A thick uniform bar lies on a frictionless horizontal surface and is free to move in any way on the
surface. It mass is 0.16 kg and length is 1.7 m. Two particles each of mass 0.08 kg are moving on the
same surface and towards the bar in the direction perpendicular to the bar, one with a velocity of 10
ms~! and other with velocity 6ms™1. If collision between particles and bar is completely inelastic, both
particles strike with the bar simultaneously. The velocity of centre of mass after collision is

a) 2ms7?! b) 4ms~?! c) 10ms™?! d) 167ms™?!
If the radius of the earth contracts to half of its present day value without change in mass, then the
length of the day will be
a) 24h b) 48h c) 6h d) 12h

A body of mass M moving with velocity v ms ™! suddenly breaks into two pieces. One part having
mass M /4 remains stationary. The velocity of the other part will be

a) v b) 2v C) 3_17 d) ﬂ

4 3
A non-zero external force acts on a systems of particles. The velocity and acceleration of the centre of

mass are found to be v, and a, at an instant ¢t. It is possible that
a) vg=0,a,=0 b) vy=0,a0#0 c) vy#*0,a,=0 d) vy#0,a,=0
A rod of length L and mass M is bent to form a semi-circular ring as shown in figure. The moment of

inertia about XY is
X

y
g M MI? ML 2M1?

2m? b) 2 2 412 D m?
In a bicycle the radius of rear wheel is twice the radius of front wheel. If 7z and 7, are the radius, vp
and v,, are speeds of top most points of wheel, then
a) v.=2vp b) vg=2v, ) Vg =7, d) vp>v,
Consider a body, shown in figure, consisting of two identical balls, each of mass M connected by a

light rigid rod. If an impulse/ = Mv is impared to the body at one of its ends, what would be its

angular velocity?
= L >
Mo oM
J=Mv
a) v/L b) 2v/L c) v/3L d) v/4L

A drum of radius R and mass M, rolls down without slipping along an inclined plane of angle 6. The
frictional force

a)  Converts b)  Dissipates energy c) Decreases the d) Decreases the
translational as heat rotational motion rotational and
energy to translational
rotational energy motion
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A disc of mass 2 kg and radius 0.2 m is rotating with angular velocity 30 rads~! . What is angular
velocity, if a mass of 0.25 kg is put on periphery of the disc?

a) 24rads™?! b) 36rads™! c¢) 15rads™?! d) 26rads™?!
A uniform rod of length 8a and mass 6m lies on a smooth horizontal surface. Two point masses m
and 2m moving in the same plane with speed 2v and v respectively strike the rod perpendicular at
distances a and 2a form the mid point of the rod in the opposite directions and stick to the rod. The

angular velocity of the system immediately after the collision is
6v 6v 6v 6v
a)

s b) o ) o d)
32a 33a 40a 41a
The angle turned by a body undergoing circular motion depends on time as 8 = 8, + 0,t + 6,t2.
Then the angular acceleration of the body is

a) 0 b) 6, c) 20, d 26,
Consider a system of two particles having masses m; and m,. If the particle of mass m; is pushed
towards the centre of mass of particles through a distance d, by what distance would be particle of
mass m, move so as to keep the centre of mass of particles at the original position

m m m
a) : —d 0 d d) —d

b)
m, my

A solid sphere rolls down without slipping on an inclined plane at angle 60° over a distance of 10 m.
The acceleration (in ms™2) is
a) 4 b) 5 c) 6 d 7
The centre of mass of a system of three particles of masses 1g,2g and 3g is taken as the origin of a
coordinate system. The position vector of a fourth particle of mass 4g such that the centre of mass of
the four particle system lies at the point (1, 2, 3) is a(i + 2] + 3k), where a is a constant. The value of

ais
a3 b 2 9 5 )z

Circular hole of radius 1 cm is cut off from a disc of radius 6 cm. The centre of hole is 3 m from the
centre of the disc. The position of centre of mass of the remaining disc from the centre of disc is

a) _:_Scm b) zcm 9) %cm d) None of these

A ball of mass m, is a moving with velocity v. It collides head on elastically with a stationary ball of

my +m,

10 5 1 2

mass m,. The velocity of ball becomes v/3 after collision. Then the value of the ratio % is
1

a) 1 b) 2 ¢ 3 d 4

A circular platform is free to rotate in a horizontal plane about a vertical axis passing through its
centre. A tortoise is sitting at the edge of the platform. Now, the platform is given an angular velocity
wo. When the tortoise moves along a chord of the platform with a constant velocity (with respect to
the platform), the angular velocity of the platform w(t) will vary with time ¢ as

b d
a) at) ) aft) © a(t) ) o(t)
wo @o o @o
1 t t t

The rotational kinetic energy of a body is E and its moment of inertia is I. The angular momentum is

a) EI b) 2vVEI c) ~2EI d E/I

Two spherical bodies of masses M and 5M in free space with initial separation between their centres

equal to 12R. If they attract each other due to gravitational force only, then the distance covered by
the smaller body just before collision is
a) 25R b) 4.5R c) 75R d 15R

‘-:I

h) J
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Two bodies of mass M and m are moving with same kinetic energy. If they are stopped by same
retarding force, then

If M > m, the ti
m, the e Ifm > M, then

Both bodies cover taken to come to
i body of mass m has
same distance rest for body of
a) ) b) ] c) moremomentum d) All of the above
before coming to mass M is more
than that of mass
rest than that of body of M
mass m
Moment of inertia depends on
a)  Distribution of b)  Mass c) Position of axis of d)  All of these
particles rotation

From a uniform wire, two circular loops are made (i) P of radius r and (ii) Q of radius nr. If the
moment of inertia of Q about an axis passing through its centre and perpendicular to its plane is 8
times that of P about a similar axis, the value of n is (diameter of the wire is very much smaller than r
or nr)
a) 8 b) 6 c) 4 d 2
Two perfectly elastic objects A and B of identical mass are moving with velocities 15 ms~! and 10
ms~? respectively, collide along the direction of line joining them. Their velocities after collision are
respectively

a) 10ms1,15ms™ b) 20ms 1,5ms™ ¢) Oms™,25ms™* d) 5ms%20ms™?
A wheel has a speed of 1200 revolutions per minute and is made to slow down at a rate of
4 radians/s?. The number of revolutions it makes before coming to rest is
a) 143 b) 272 c) 314 d 722
Three rods each of length L and mass M are placed along X, Y and Z axes in such a way that one end
of each of the rod is at the origin. The moment of inertia of this system about Z axis is

a) 2M12 b) 4ML? 0 S5ML? d) M_L2

3 3 3 3
The diameter of a flywheel is increased by 1%. Increase in its moment of inertia about the central
axis is
a) 1% b) 0.5% o 2% d 4%
Consider the following two statements
[. Linear momentum of a system of particles is zero.
[1. Kinetic energy of a system of particles is zero. Then
a) limpliesllandIl b) Idoesnotimplyll c) [implies[Ibutll d) [doesnotimplylIl
implies [ and II does not does not imply | but Il implies [
imply I

A thin uniform rod, pivoted at O, is rotating in the horizontal plane with constant angular speed w, as
shown in the figure. At time, t = 0, a small insect starts from O and moves with constant speed v with
respect to the rod towards the other end. It reaches the end of the rod att = T and stops. The
angular speed of the system remains w throughout. The magnitude of the torque (|7| on the system
about 0, as a function of time is best represented by which plot
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0 t ¢

A cylinder of mass M, length L and radius R. If its moment of inertia about an axis passing through its
centre and perpendicular to its axis is minimum, the ratio L/R must be equal to

a) 3/2 b) 2/3 o +/2/3 d) /3/2
By keeping moment of inertia of a body constant, if we double the time period, then angular
momentum of body
a) Remains constant b)  Becomes half c) Doubles d) quadruples
A wheel is rotating at 900 r. p. m. about its axis. When the power is cut-off, it comes to restin 1
minute. The angular retardation in radian/s? is

a) m/2 b) wn/4 c) m/6 d m/8
A solid sphere is rotating in free space. If the radius of sphere is increased keeping mass same which
one of the following will not be affected?
a)  Angularvelocity b)  Angular c) Momentofinertia d) Rotational Kinetic

momentum energy

The motion of the centre of mass is the result of
a)  Internal forces b)  External forces c)  Attractive forces d)  Repulsive forces
A particle of mass M is moving in a horizontal circle of radius R with uniform speed v. When it moves
from one point to a diametrically opposite point, its

2) Momentum does Momentum

b KE ch by Mv?d) N fthe ab
not change ) changes by 2Mv 9 changes by Mv=d) one ot the above

A stone of mass m tied to string of length [ is rotating along a circular path with constant speed v.

The torque on the stone is

mv 2

a) mlv b) C) mlv d) Zero

A child is standing with folded hands at the centre of a platform rotating about its central axis. The
kinetic energy of the system is K. The child stretches his arms so that the moment of inertia of the
system doubles. The kinetic energy of the system now is

K K
2K b) — — d) 4K
a) ) 5 9 7 )
The total kinetic energy of rolling solid sphere having translational velocity v is
7 1 2 10
L2 b)  Zmup? L2 ) —mp2
a) = mv ) > mv c) z mv ) 7 mv

A system consists of 3 particles each of mass m located at point (1, 1), (2, 2) and (3, 3). The
coordinates of the center of mass are

a) (6,6) b) (33) o @ d (22
Find the velocity of centre of the system shown in the figure.

y

, Lkg 2 ms!
X X M "o
2 kg
’ S&E
2 ms!
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2+42v3\, 2 2-2v3\. 1
2) -2 b)) 4 9) ————)i—=7 d) None of these
3 3) 3 3

A boy stands over the centre of a horizontal platform which is rotating freely with a speed of
2 revolutions/sec about a vertical axis through the centre of the platform and straight up through
the boy. He holds 2 kg masses in each of his hands close to his body. The combined moment of
inertia of the system is 1 kg x metre?. The boy now stretches his arms so as to hold the masses of
inertia of the system increases to 2 kg X metre?. The kinetic energy of the system in the latter case
as compared with that in the previous case will
a) Remains b)  Decrease c) Increase d) Remains uncertain
unchanged

The moment of inertia of a metre scale of mass 0.6 kg about an axis perpendicular to the scale and
located at the 20 cm position on the scale in kg m? is (Breadth of the scale is negligible)
a) 0.074 b) 0.104 c) 0.148 d) 0.208
A wheel of moment of inertia 5 X 10™3kg — m? is making 20 revolutions per second. It is stopped in
20 seconds, then the angular retardation is

a) mradian/sec? b) 2mradian/sec? c¢) 4mradian/sec? d) 8mradian/sec?
Two uniform thin rods each of mass M and length [ are placed along X and Y axis with one end of

each at the origin. Moment of inertia of the system about Z-axis is

3 2
a) EMIZ b) §Ml2 c) 2MI? d) None of these

A body is dropped and observed to bounce a height greater than the dropping height. Then
a)  Thecollisionis b)  Thereis additionalc)  Itisnotpossible d)  This type of
elastic source of energy phenomenon does
during collision not occur in nature
The masses of five balls at rest and lying at equal distances in a straight line are in geometrical
progression with ratio 2 and their coefficients of restitution are each 2/3. If the first ball be started

towards the second with velocity u, then the velocity communicated to 5th ball is
g 2 by (3) o (3 o (3
9" (5) « (5) « 5)
A body moves with constant velocity v in a straight line parallel to x- axis. The angular momentum

with respect to origin is
a) Zero b)  Constant c) Continuously d) Continuously
increases decrease
A radioactive nucleus of mass number 4, initially at rest, emits on a-particle with a speed v. What
will be the recoil speed of the daughter nucleus?
2v 2v 4v 4v
gy b are 9 @-o Ty
Two identical masses A and B are hanging stationary by a light pulley (shown in the figure). A shell C
moving upwards with velocity v collides with the block B and gets stick to it. Then
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.

] e

°l
, , The momentum The string becomes
First string conservation taut only when
becomes slack and . y Both (a) and (b)
a) _ ) principle is c¢) down displacementd)
after some time _ _ are correct
becomes taut applicable to B and of combined mass
C B and C is occurred
550. A bomb travelling in a parabolic path under gravity, explodes in mid air. The centre of mass of
fragments will move
a)  Vertically upwardsb)  Vertically c¢) Inanirregular d) Inthe parabolic
and then downwards path path as the
downwards unexploded bomb
would have
travelled
551. Three identical spheres, each of mass 1 kg are kept as shown in figure below, touching each other,

with their centers on a straight line. If their centres are marked P, Q, R respectively, the distance of

centre of mass of the system from P is
Y

IV TN
P

PQ + PR+ QR PQ + PR PQ + QR PR + QR
aj ————— b)) ———— A —5 d ———
3 3 3 3
552. Radius of gyration of a body depends upon
a) Massandsizeof b)  Mass distribution c) Size of body d) Mass of body
body and axis of
rotation
553. A machine gun fires a steady stream of bullets at the rate of n per minute into a stationary target in

which the bullets get beaded. If each bullet has a mass ma and arrive at the target with a velocity v,
the average force on the target is

60 b 60v mnv q mv
a) mnv ) pro C) 0 ) con
554. An angular ring with inner and outer radii R; and R, is roiling without slipping with a uniform

angular speed. The ratio of the forces experienced by the two particles situated on the inner and
outer parts of the ring. F; /F, is

) Ri/R, b 1 0 (5)2 Q =
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Three rings each of mass M and radius R are arranged as shown in the figure. The moment of inertia
of the system about YY' will be

Y
YI
2 3 2 7
a) 3 MR b) EMR2 c) 5MR d) EMR2

A shell is fired from a cannon with a velocity v at an angle 6 with the horizontal direction. At the
highest point in its path, it explodes into two pieces, one retraces its path to the cannon and the
speed of the other piece immediately after the explosion is

3 3
a) 3vcosH b) 2vcosB C) <§> vcosO d) (g) vcosH

Two homogeneous spheres A and B of masses m and 2m having radii 2a and a respectively are
placed in touch. The distance of centre of mass from first sphere is

a) a b) 2a c) 3a d) None of these
A solid homogeneous sphere is moving on a rough horizontal surface partly rolling and partly sliding.
During this kind of motion of the sphere

a)  Total kinetic b)  The angular c)  Only the rotationald)  Angular
energy is momentum of the kinetic energy momentum about
conserved sphere about the about the centre of the centre of mass
point of contact mass is conserved is conserved
with the plane is
conserved

. . . . R , . . . .
A circular disc of radius R and thickness . has moment of inertia I about an axis passing through its

centre and perpendicular to its plane. It is melted and recasted into a solid sphere. The moment of

inertia of the sphere about its diameter as axis of rotation is

21 I I
I by = z )
a) ) 3 9 3 T

Two circular iron discs are of the same thickness. The diameter of A is twice that of B. The moment of
inertia of A as compared to that of B is

a)  Twice as large b)  Four times as largec) 8timesaslarge d) 16 times as large
For the given uniform square lamina ABCD, whose centre is O

D : —C
/’+”
L : B
a) \/Z—IAC = Igr b) Ipp = 4lgp ) lac = Igr d) Iy = \/EIEF

A ring of mass m and radius r is melted and then moulded into a sphere. The moment of inertia of the
sphere will be
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a) Morethanthatof b) Lessthanthatof «c) Equal to that of thed) = None of the above
the ring the ring ring

Three rods of the same mass are placed as shown in figure. What will be the coordinates of centre of

mass of the system?

(0,2)

0 (a, 0)
aa a a aa

) |53 v [53 ) [V2a,2a] 9 [33]
A solid sphere is rolling without slipping on a horizontal surface. The ratio of its rotational kinetic
energy to its translational kinetic energy is
a) 2/9 b) 2/7 ¢ 2/5 d 7/2
A wheel rotates with a constant acceleration of 2.0 radian/sec?. If the wheel starts from rest the
number of revolutions it makes in the first ten seconds will be approximately
a) 8 b) 16 c) 24 d 32
A nucleus reptures into two nuclear parts which have their velocity ratio equal to 2:1. What will be
the ratio of their nuclear size?

a) 2131 b) 1:21/3 c 3Y2:1 d) 1:31/2
A symmetrical body is rotating about its axis of symmetry, its moment of inertia about the axis of
rotation being 4 kg-m? and its rate of rotation 2 rev/s. The angular momentum is

a) 1.257kgm?s™t b) 1257kgm?s™t ¢) 1357kgm?s™! d) 20kgm?s7!
Identify the correct statement for the rotational motion of a rigid body.

a)  Individual b) Thecentre of massc)  The centre of massd) Individual
particles of the of the body of the body moves particles and
body do not remains uniformly in a centre of mass the
undergo unchanged. circular path. body undergo an
accelerated accelerated
motion. motion.

Of the two eggs which have identical sizes, shapes and weights, one is raw, and other is half boiled.
The ratio between the moment of inertia of the raw to the half boiled egg bout central axis is

a) One b)  Greater thanone ¢) Less than one d) Notcomparable

A bullet of mass m is fired with a velocity of 50 ms~! at an angle 0 with the horizontal. At the highest
point of its trajectory, it collides had on with a bob of massless string of length [ = 10/3m and gets
embedded in the bob. After the collision, the string moves to an angle of 120°. What is the angle 6?

P

R
- \
120°
= % m ///
50 ms™ _//’
/( \

a) cos™t (g) b) cos™! (Z) ¢) sin™! (g) @ sin™? G)

If the torque is zero, what will be the value of angular momentum?

\
)
|
1

!
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a) Constantin b)  Changingin c) Constantonboth d) Zero
magnitude but magnitude but magnitude and
changing is constant in direction
direction direction

As a part of a maintenance inspection the compressor of a jet engine is made to spin according to the

graph as shown. The number of revolutions made by the compressor during the test is
3000
2500
2000
1500

1000
500
0

o(in rev per min)
—

1 2 3 4 5
t (in min) —

a) 9000 b) 16570 c) 12750 d) 11250
If a force 101 4+15j+25k acts on a system and gives an acceleration 2i+3j-5k to the centre of mass of
the system, the mass of the system is
a) 5units b) /38 units ¢) 538 units d) fligpriatais not
correct
Four similar point masses (i each) are symmetrically placed on the circumference of a disc of mass
M and radius R. Moment of inertia of the system about an axis passing through centre O and

perpendicular to the plane of the disc will be
2

8
a) MR? + 4mR> b) MR? + ngZ ¢) mR%+4MR? d) + 4mR?

A point P on the rim of wheel is initially at rest and in contact with the ground. Find the displacement
of the point P if the radius of the wheel is 5 m and the wheel rolls forward through half a revolution

a) 5m b) 10m c) 25m d) 5H/(m2+4))m
The moment of inertia of a solid cylinder of mass M and radius R about a line parallel to the axis of
the cylinder and lying on the surface of the cylinder is

2 2 3 ip2 3 in2 5 ip2

a) EMR b) gMR ) EMR d) EMR
One quarter of the disc of mass m is removed. If r be the radius of the disc, the new moment of inertia
is

mr? 3

a) Emr2 b) y 4 c) gmrz d) None of these
A uniform disc of mass M and radius R is mounted on a fixed horizontal axis. A block of mass m
hangs from a massless string that is wrapped around the rim of the disc. The magnitude of the

acceleration of the falling block (m) is
2M 2m M+2m 2M+m
) iizm b) azm 8 ) Zu D =u
If'I' is the moment of inertia of a body and 'w’ is its angular velocity, then its rotational kinetic
energy is

a) %xla) b) %xlzw c) %x[wz d) %xlza)z
A disc is rotating with an angular speed of w. If a child sits on it, which of the following is conserved
a)  Kinetic energy b)  Potential energy c¢) Linear momentum d)  Angular
momentum

From a circular disc of radius R and mass 9 M, a small disc of radius R/3 is removed from the disc.
The moment of inertia of the remaining disc about an axis perpendicular to the plane of the disc and

passing through O is
‘ il

h) J
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R/3 r

2R/3

40 37
a) 4MR? b) ?MRZ c) 10MR? d) ?MRZ

AT joint is formed by two identical rods A and B each of mass m and length L in the XY plane as
shown. Its moment of inertia about axis coinciding with A4 is

A
B
a) 2mk* b) mL 2 C) ml * d) None of these
3 12 6
Where will be the centre of mass on combining two masses m and (M > m)
a) Towardsm b) Towards M c) BetweenmandM d) Anywhere
Identify the correct statement for the rotational motion of a rigid body
a)  Individual b) Thecentre of massc)  The centre of massd) Individual
particles of the of the body of the body moves particles and
body do not remains uniformly in a centre of mass of
undergo unchanged circular path the body undergo
accelerated motion an accelerated

motion
Two blocks of masses 10 kg and 4 kg are connected by a spring of negligible mass and placed on
frictionless horizontal surface. An impulsive force gives a velocity of 14ms™?! to the heavier block in
the direction of the lighter block. The velocity of centre of mass of the system at that very moment is

14 ms~!
—_

10 kg 4 kg

a) 30ms?! b) 20ms™! c) 10ms™?! d) 5ms™?
A T shape with dimensions shown in Figure is lying on a smooth floor. A force Fis applied at the
point P parallel to AB, such that the object has only the translation motion without rotation. Find the
location of P with respect to C

Dd

4 3 2
l b) = — d -—
a) ) 31 c) 2l ) 3l

A meter stick is hold vertically with one end on the floor and is then allowed to fall. Assuming that
the end on the floor the stick does not slip, the velocity of the other end when it hits the floor, will be
a) 10.8ms™! b) 5.4ms™! c) 25ms7?! d) None of these
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A spacecraft of mass M is moving with velocity v in free space when it explodes and breaks in two.
After the explosion, a mass m of the spacecraft is left stationary. What is the velocity of other part?
) Mv mv mv (M +m)v
a >~

M—m) ) W+ m) ) WM-m O

. . .20 . . . .
A particle moves along a circle of radius —m with constant tangential acceleration. If the velocity of

the particle is 80 m/s at the end of the second revolution after motion has begin, the tangential
acceleration is

a) 640mm/s? b) 160w m/s? c) 40mm/s? d) 40m/s?
A thin rod of length L and mass M is bent at the middle point O at an angle of 60°. The moment of

inertia of the rod about an axis passing through O and perpendicular to the plane of the rod will be
(0]

L/2/ 60°\ L/2

a) M—LZ b) M_LZ C) M_L2 d) M—LZ
6 12 24 3
Four point masses, each of value m, are placed at the corners of a square ABCD of side [. The moment
of inertia of this system about an axis passing through A and parallel to BD is
a) V3ml? b) 3mli? c) mi? d) 2ml?
There is a uniform circular disc of radius R and a concentric disc of radius r (where r < R) is cut off

from it. The distance of the new position of centre of mass of hollow disc from the centre of disc is
R—r1
a) 5 b) R-r c) Zero d) /R2-—1r2
A particle of mass m moves in the XY plane with a velocity v along the straight line AB. If the angular
momentum of the particle with respect to origin O is L, when itis at A and Ly when it is at B, then

YA
/B/
—~T1 4
(0) X
The relationship
bet L dL
a) LA > LB b) LA - LB C) etween A an B d) LA < LB

depends upon the
slope of the line AB
A particle of mass m = 5 units is moving with a uniform speed v = 3v2 units in the X0Y plane along
the straight line Y = X + 4. The magnitude of the angular momentum about origin is

a) Zero b) 60 units c) 75 units d) 40v2 units
If the radius r of earth suddenly changes to x times the present values, the new period of rotation
would be

dT/dt dT /dt 4T /dt ; dT/ldt
— (T/r)(dr/db) — T/ © =@y Y =(§T/r) (dr/dt)

Four particles of mass 1 kg, 2 kg, 3 kg and 4 kg are placed at the corners 4, B, C and D respectively of
a square ABCD of edge X-axis and edge AD is taken along Y-axis, the co-ordinates of centre of mass

in Sl is
‘ 1]

A 4

a) b)
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a) (1,1 b) (57) c) (0.5,0.7) d) None of these
The moment of inertia of a circular disc of radius 2 m and mass 2 kg, about an axis passing through
its centre of mass is 2 kg - m?. Its moment of inertia about an axis parallel to this axis and passing
through its edge (in KM -m?) is
a) 10 b) 8 c) 6 d 4
A constant torque of 31.4 N — m is exerted on a pivoted wheel. If angular acceleration of wheel is
4w rad/sec?, then the moment of inertia of the wheel is

a) 25kg—m? b) 3.5kg—m? c) 45kg—m? d) 55kg—m?
Moment of inertia of a disc about an axis which is tangent and parallel to its plane is I. Then the

moment of inertia of disc about a tangent, but perpendicular to its plane will be
2) 31 51 31 6!

b) — c) d —
4 6 2 5

The moment of inertia of uniform rectangular plate about an axis passing through its centre and

parallel to its length [ is (b = breadth of rectangular plate)

2 U b M2 o M @ 4
4 6 12 12

In an elastic head on collision between two particles

a)  Velocity of b)  Velocity of the c¢)  The maximum d) Maximum transfer
separation is equal target is always velocity of the of kinetic energy
to the velocity of more than the target is double to occurs when
approach velocity of the that of the masses of both

projectile projectile projectile and

target are equal
A neutron travelling with velocity u and kinetic energy K collides head on elastically with the nucleus
of an atom of mass number A at rest. The fraction of its kinetic energy retained by the neutron even
after the collision is
(ﬂ)z b) (ﬂ)z 5 (E)Z d) (ﬂ)z
A+1 A-1 A A
The ratio of angular speeds of minute hand and hour hand of a watch is

a) 1:12 b) 6:1 ) 12:1 d 16
A spring pong ball of mass m is floating in air by a jet of water emerging out of a nozzle. If the water
strikes the ping pong ball with a speed v and just after collision water falls dead, the rate of flow of
water in the nozzle is equal to
m m 2m
a) 2mg 8

v R ) D g
The moment of inertia of a uniform rod about a perpendicular axis passing through one end is /;. The

same rod is bent into a ring and its moment of inertia about a diameter is I,. Then 1—1 is
2

2 2m? 42 812
a —_4 b - C - d =
) 3 ) 3 ) 3 ) 3

An inclined plane makes an angle of 30° with the horizontal. A solid sphere rolling down this inclined
plane from rest without slipping has a linear acceleration equal to
g 29 59 59
a) = b) — ) — d —
) 3 ) 3 ) 7 ) 14
A force of- F k acts on O, the origin of the coordinate system. The torque about the point (1, -1) is
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X
a) F@l-17) b) —F@{+ ) ) F@A+J) d —F@G-1)
Angular momentum of a body is defined as the product of
a) Massandangular b) Centripetal force c) Linear velocity andd)  Moment of inertia
velocity and radius angular velocity and angular
velocity
A disc is rolling (without slipping) on a horizontal surface. C is its centre and Q and P are two points
equidistant from C. Let vp, vy and v be the magnitude of velocities of points P, Q and C respectively,
then

%
a) Vo >vc>Up b) v <vc<Uvp C) vQ=vp,vC=7P d) ve<vc>vp

A particle with position vector r has a linear momentum p. Which of the following statements is true
in respect of its angular momentum L about the origin

L is maximum L is maximum
a) Lactsalongp b) Lactsalongr c) whenpandrare d) whenpis
parallel perpendicular to r
The direction of the angular velocity vector is along
a) Thetangenttothe b)  Theinward radius c¢)  The outward d) The axis of
circular path radius rotation

A solid sphere, a hollow sphere and a ring are released from top of an inclined plane (frictionless) so
that they slide down the plane. Then maximum acceleration down the plane is for (no rolling)

a)  Solid sphere b)  Hollow sphere c) Ring d) Allsame

A solid sphere rolls down two different inclined planes of same height, but of different inclinations. In
both cases,

a) Speedandtimeof b)  Speed will be c) Speed will be d) Speed and time of

descent will be same, but time of different, but time descent both are
same descent will be of descent will be different
different same

The ratio of the radii of gyration of a circular disc about a tangential axis in the plane of the disc and
of a circular ring of the same radius about a tangential axis in the plane of the ring is

a) V3:45 b) V12:v3 ) 143 d) V5:v6
Four holes of radius R are cut from a thin square plate of side 4 R and mass M. The moment of inertia
of the remaining portion about z-axis is
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B

m 4 4 8 10m

2" W (55w G-g)mm O (5-7g)ue
2) ) 3 4 MR 2 3 6 MR ) 3 16
A machine gun fires 120 shoots per minute. If the mass of each bullet is 10 g and the muzzle velocity

is 800 ms™1, the average recoil force on the machine gun is
a) 120N b) 8N C) 16 N d 12N
A man of 50 kg mass is standing in a gravity free space at a height of 10m above the floor. He throws
a stone of 0.5 kg mass downwards with a speed of 2m/s. When the stone reaches the floor, the
distance of the man above the floor will be

a) 20m b) 99m c) 10.1m d) 10m
A particle of mass m is rotating in a plane in circular path of radius . Its angular momentum is L. The
central force acting on the particle is

a) L?*/mr b) L*m/r c) L?>/m?r? d) L?>/mr3
The wheel of a car is rotating at the rate of 1200 revolutions per minute. On pressing the accelerator
for 10 seconds. It starts rotating at 4500 revolutions per minute. The angular acceleration of the
wheel is

30 radians 1880 degrees 40 radians 1980 degrees

a) /second? /second? 2 /second? 4 /second?
For spheres each of mass M and radius R are placed with their centers on the four corners
A, B, C and D of a square of side b. The spheres A and B are hollow and € and D are solids. The
moment of inertia of the system about side AD of square is

a) IMR?+2Mb* b) ZMR®+ 2Mb? <) —MR®+2Mb? d) 32MR®+ 4Mb?
If momentum of a body remains constant, then mass-speed graph of body is
a)  Circle b)  Straightline c) Rectangular d) Parabola

hyperbola

Two circular rings have their masses in the ratio of 1:2 and their diameters in the ratio of 2:1. The
ratio of their moment of inertia is

a) 1:4 b) 2:1 ) 4:1 d V2:1
A particle is projected with a speed v at 45° with the horizontal. The magnitude of angular
momentum of the projectille about the point of projection when the particle is at its maximum height
his

mvh? mv?h mv2h

NG ) 5 Dz

Let F be the force acting on a particle having position vector r and t be the torque of this force about
the origin. Then
rt=0andF.t rt#0andF.t rt#0andF.t rt=0andF.t
2) +0>) —09 209 =0

If kinetic energy of a body remains constant, then momentum-mass graph is

a) Zero b)
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N )
a P by ? Qo P d P

Moment of inertia of a disc about a diameter is /. Find the moment of inertia of disc about an axis
perpendicular to its plane and passing through its rim?

a) 61 b) 41 c) 21 d 8I
The moment of inertia of wheel about the axis of rotation is 3.0 MKS units. Its kinetic energy will be
600 ] if period of rotation is
a) 0.05s b) 0.314s c) 3.18s d 20s
A tennis ball bounces down flight of stairs striking each step in turn and rebounding to the height of
the step above. The coefficient of restitution has a value

a) 1/2 b) 1 o 12 d) 1/2v2
A body is rolling without slipping on a horizontal surface and its rotational kinetic energy is equal to
the translational kinetic energy. The body is
a) Disc b)  Sphere c¢)  Cylinder d) Ring
Two rings of radius R and nR made up of same material have the ratio of moment of inertia about an
axis passing through centre is 1 : 8. The value of n is

a) 2 b) 242 c) 4 d) >

A homogeneous disc of mass 2 kg and radius 15 cm is rotating about its axis (which is fixed) with an
angular velocity of 4 radian/s. The linear momentum of the disc is

a) 12kg-m/s b) 1.0kg-m/s c) 06kg-m/s d) None of the above
The center of mass of three particles of masses 1 kg, 2 kg and 3 kg at (3, 3, 3) with reference to a
fixed coordinate system. Where should a fourth particle of mass 4 kg should be placed, so that the
center of mass of the system of all particles shifts to a point (1, 1, 1)?

a) (-1,-1,-1) b) (-2,-2,-2) o (2,22 d (1,11
Moment of inertia along the diameter of a ring is
3 1
a) EMR2 b) EMR2 c) MR? d) 2MR?

What constant force, tangential to the equator should be applied to the earth to stop its rotation in
one day

a) 1.3x10%N b) 8.26x 1028 N ) 13x10%3N d) None of these
When the distance between earth and sun is halved, the duration of year will become
a) More b) Less c) Can’t be d) None of the above
determined

A thin circular ring of mass m and radius R is rotating about its axis with a constant angular velocity
w. Two objects each of mass M are attached gently to the opposite ends of a diameter of the ring the

ring. The ring now rotates with an angular velocity »'is equal to
w(m+2M) w(m-2M) wm wm
a) m b) (m+2M) C) (m+M) d) (m+2M)

Three point masses, each of mass m are placed at the corners of an equilateral triangle of side [.

Moment of inertia of this system about an axis along one side of triangle is

3 3
a) 3ml? b) Eml2 c) mil? d) Zml2

‘-:I

h) J
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The two bodies of mass m; and m,(m; > m,) respectively are tied to the ends of a massless string,
which passes over a light and frictionless pulley. The masses are initially at rest and the released.
Then acceleration of the centre of mass of the system is

m; —my)? m; —my)?
a) —] b) [—] ) g d) zero
m; +m, m; +m,
A particle is moving in a circular path. The correct statement out of the following is
a)  Angular b)  Angular c) Linear momentum d)  Both will not be
momentum will be momentum will will be conserved conserved
conserved but not be conserved
linear momentum
will not be
conserved

A mass m hangs with the help of a string wrapped around a pulley on a frictionless bearing. The
pulley has mass m and radius R. Assuming pulley to be a perfect uniform circular disc, the
acceleration of the mass m, if the string does not slip on the pulley, is

2 g b) g o % » g
Ratio of total kinetic energy and rotational kinetic energy in the motion of a disc is
a) 11 b) 2.7 ) 1:2 d 3:1
What remains constant when the earth revolves around the sun
a)  Angular b) Linear momentum c)  Angular kinetic d)  Linear kinetic
momentum energy energy

A system consists of three particles, each of mass m and located at (1, 1) (2, 2) and (3, 3). The
coordinates of the centre of mass are

a) (LD b) (2,2) o B3 d (66)
Choose the correct statement about the centre of mass (CM) of a system of two particles
The CM lies on the The CM lies on the The CM is on the
line joining them at line joining them at line joining them at
The CM lies on the a point whose a point whose a point whose
2) line joining the two b) distance from each c distance from each d) distance from each
particles midway particle is inversely particle is particle is
between them proportional to the proportional to the proportional to the
mass of that square of the mass mass of that
particle of that particle particle

An inclined plane makes an angle of 30° with the horizontal. A solid sphere rolling down the inclined
plane from rest without slipping has a linear acceleration equal to

a) 5g/l4 b) 5g/4 ) 2g/3 d g/3

‘-:I

A 4
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A uniform rod AB of length [ and mass m is free to rotate about point A. The rod is released from rest
. . . . . . , mi? e
in the horizontal position. Given that the moment of inertia of the rod about A ISmT, the initial

angular acceleration of the rod will be

|———
4K | B

2 21
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Session: 2025-26 Total Questions: 683

PHYSICS
7. SYSTEM OF PARTICLES AND ROTATIONAL MOTION

: ANSWERKEY :

1) a 2) b 3) c 4) a
5) b 6) c 7) d 8) a
9) c 10) a 11) a 12) a
13) ¢ 14) d 15) a 16) a
17) ¢ 18) d 19) ¢ 20) c
21) b 22) b 23) c 24) a
25) d 26) a 27) d 28) b
29) a 30) c 31) b 32) a
33) a 34) a 35) a 36) d
37) a 38) ¢ 39) d 40) ¢
41) d 42) a 43) b 44) d
45) a 46) ¢ 47) b 48) b
49) b 50) ¢ 51) d 52) ¢
53) a 54) a 55) b 56) a
57) ¢ 58) b 59) d 60) c
61) b 62) ¢ 63) a 64) b
65) d 66) b 67) a 68) b
69) c 70) a 71) b 72) b
73) b 74) d 75) b 76) b
77) ¢ 78) ¢ 79) ¢ 80) d
81) a 82) d 83) ¢ 84) a
85) ¢ 86) a 87) a 88) a
89) b 90) < 91) a 92) d
93) d 94) b 95) ¢ 96) a
97) ¢ 98) b 99) a 100) b
101) d 102) d 103) a 104) a
105) d 106) b 107) a 108) b
109) b 110) c 111) b 112) c
113) a 114) d 115) c 116) b
117) c 118) d 119) d 120) c
121) d 122) a 123) a 124) b
125) c 126) c 127) d 128) a
129) a 130) b 131) d 132) c
133) d 134) b 135) ¢ 136) d
137) d 138) a 139) d 140) a
141) c 142) c 143) b 144) b
145) a 146) c 147) b 148) d
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150)
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306)
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326)
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151)
155)
159)
163)
167)
171)
175)
179)
183)
187)
191)
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203)
207)
211)
215)
219)
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227)
231)
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239)
243)
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251)
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259)
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267)
271)
275)
279)
283)
287)
291)
295)
299)
303)
307)
311)
315)
319)
323)
327)
331)
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152)
156)
160)
164)
168)
172)
176)
180)
184)
188)
192)
196)
200)
204)
208)
212)
216)
220)
224)
228)
232)
236)
240)
244)
248)
252)
256)
260)
264)
268)
272)
276)
280)
284)
288)
292)
296)
300)
304)
308)
312)
316)
320)
324)
328)
332)
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Session: 2025-26 Total Questions: 683

PHYSICS
7. SYSTEM OF PARTICLES AND ROTATIONAL MOTION

: HINTS AND SOLUTIONS :

Single Correct Answer Type

1

(a)
Asin Q.6 — v, = g(l —e)
Similarly it is found that v, = g(l +e)

Hence, 22 = &=9)
"v,  (1+e)
(b)

If the surface is smooth, then relative acceleration between blocks is zero. So, no compression or
elongation takes place in spring. Hence, spring force on blocks is zero.

()
_dL _ L—Ly _ 4Ag—Ao _ 34g
Tdt T At 4 4
(b)
Rotational kinetic energy of flywheel
K =360]

Angular speed of flywheel (w) = 20 rads™?

Rotational kinetic energy, K = %I w?

. ) 2K
Moment of inertia, I = =

_ 2x360

—W=1.8kg—m2

(9
- J?
Kinetic energy K = T

where J is angular momentum and / the moment of inertia.

10 \2
5o Kl = ﬁ , 2 = —(]+m])
21 21
Ky _ (100)2 _ 100
K, (110)2 121

0 KoK _ K
% change = A 1
121
= — = — 0
00 1=21%
(d)
Asm; =m, - mR?xd, = nR3xd,
R} d,
Ry d

===
I Eng Ry dy
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()

MI of disc about tangent in a plane
2 MR? =]
=32 =

4
. mR?=—]
mee =g

MI of disc about tangent I to plane I’ = =mR?

=360
" T2\

5
()
Given, m; = 6 kg, m, = 4 kg
vy = 51— 2j + 10k, v, = 10i — 2j + 5k
The velocity of centre of mass is
_ Mmyvi+mypvy
- mi+m,
_ 6(5i—2j+10k)+4(10i-2j+5k)
- 6+4
_ 70i-20j+80k N

71— 2§+ 8k
10 ]+
(a)
myvi+myv, VitV
V, = = asmq, =m
o = T N (g, = )

mqia{+moa
and aCM=—11 272

mi+m,
__a;+0 a
T2 T2
The centre of mass of two particles will move with the mean velocity of two particles having common

. a
acceleration >

Hence, path of CM will be a straight line.

(a)

Angular velocity is related to the rotating body

(a)

Retardation due to friction

a = ug = (0.25)(10)

= 2.5ms™2

Collision is elastic, i.e. after collision first block comes to rest and the second block acquires the
velocity of first block. Or we can understand it is this manner that second block is permanently at rest

while only the first block moves. Distance travelled by it will be
. UZ _ (5)2

S=2a° (2)(2.5) =

= Final separation will be (s — 2)=3 m

(9

Rotational kinetic energy E = g—j ~ L =+2EI

L E, I 1
> A A2 [1oo0x==5
Ly |Ep Iy 4

(d)
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Due to presence of contact (frictional) force momenta of blocks A and B separately change but total
sum of momenta of A and B taken together is constant because no net external force is acting on the
system.

()

Total KE at bottom;

1 2[ K2
=-mv‘|l+—=
2 R?

1 2 2l _ 7 2
=_mv [1+5] =15
(a)
Moment of inertia of the solid sphere of mass M and radius R about is tangent
— 2
I =1+ MR

(According to theorem of parallel axis)
— 2yp2 2 (7 —2yp2
=2MR? + MR? (I, =2MR?)

I=IMR?
5
()
7= %, if 7 = 0 then L = constant i. e. L remains constant in magnitude and as well as in direction
(d)
Applying theorem of parallel axes
21 M °_3 2
[ =1+ M(R/2) = EMR + 2 =] ZMR

As there is no external force, hence
P = P1 + P2 + P3 = constant

. - m 5m
= |p3|=|p1+p2|=2\/(3)2+(4)2=T

[since v; and v, are mutually perpendicular]

m 5m
“Ps= U=
5 1
= vy = 5= 2.5ms”
(b)

Moment of inertia of circular ring about an axis passing through its centre of mass and perpendicular
to its plane

I = MR?
Here, ] =4kg—m?,m=1kg

Page]|73

cll

W /




23

24

25

26

27

28

SENJEE (Skylimit Education for NEET & JEE)
Madhyamgram, Kolkata-700132

R*?=%=14
1
or R =2m
Therefore, diameter of ring = 4 m.

(0
In the field central force, Torque = 0 -~ angular momentum remains constant
()

Angular momentum, L = mr?

w = constant

W, (172 0.8\2 rad
—= (—) = (—) =0.64 > w, =44 % 0.64 = 28.16—
w1 ‘o) 1 S
(d)

Time taken by first block to reach second block = %

Since collision is 100% elastic, now first block comes to rest and 2nd block starts moving towards the
3rd block with a velocity v and takes time = %to reach 3rd block and so on

~ Totaltime=t + t+...(n — 1) time = (n — 1)%

Finally only the last nth block is in motion velocity v, hence final velocity of centre of mass

mv v
v, = —_— -
M nm n
(@)
uy = 4m/s uy =3m/s
O—
m; =3 kg my =4 kg

myuq + myu, = (Mg + my)v
3X44+4%x(-3)=@B+4)v v=0
(d)
Apply parallel axis theorem
I =Icy + Mh?
_ ML? h
- +"()
TML?
48
(b)
Angular momentum about origin
L] = |r X myv|
= (4cos45°) x (5) x 3v2

2

y y=x+4

&

\450

a
=—x5x3V2
V2
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IL| = 60 unit
(a)
_1_30_15 4/
a—l—z— rad/s
1 1
':9=amt+§aﬂ::0+EXCB)X(HDZ=7SOHM
(c)

The moment of inertia about an axis passing through centre of mass of disc and perpendicular to its
plane is

Iem =5 MR?
where M is the mass of disc and R its radius. According to theorem of parallel axis, moment of inertia
of circular disc about an axis touching the disc about an axis touching the disc at its diameter and
normal to the disc is

I =1Icy +MR?

= ~MR? + MR?

=2 MR2
2

(b)
I =mr + myr?

200 £30\% 300 /20
~ 1000 (100) +1000(100
(a)

By conservation of angular momentum

I
Itwi=(1t+1b)a)f=>a)f=( : )wi

2
) = 0.03 kg m?

I + 1
Loss in kinetic energy = %Itwiz —%(It + 1) (wf)
1/ Il \
=§<@-+Q)wi
(a)
For centre of mass,
2Xx1+4%x1+4%x0 6 3
Xem = 2+4+4 ~10 5
2X0+4x1+4x%x1 8 4
Yem = 2+4+4 ~10 5

. 3.4,
-~ Coordinate for cm = (E [ })
Where { and J are unit vector along x and y axis
()
Here a thin wire of length L is bent to form
a circular ring.

Then, 2nr =L  (r is the radius of ring)
L

= r=—
2T

Hence, the moment of inertia of the ring about its axis
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[=Mr2= 1=M(§)2:> ] =M

472
(d)
Since net force acting on the system is zero, hence position of centre of mass of the system remains
unchanged ie, velocity of the centre of mass is zero

(a)
Rotational kinetic energy Kz = %Ioo2
~ Its moment of inertia = Z(L)Lf
_ 360
(30)?
= 0.8 kg — m?

(0
The angular momentum of a disc of moment of inertia I; and rotating about its axis with angular
velocity w is

Li=Lw
When a round disc of moment of inertia I, is placed on first disc, then angular momentum of the
combination is

L,=(;+L)w'
In the absence of any external torque, angular momentum remains conserved, ie.,

L1 = L2
Ilw = (11 + 12)(1),
’ Lw
= w =
I1+1,

(d)
On applying law of conservation of angular momentum
Liw, = Lw,
For solid sphere,
2 2 2

[=-mr?=-—-mrifw, =-mrfw
5 5 1 1 5 2 2
2
12 = r _ .2
w = w, = wy, =nlw
n

(©

As is clear from the equation,

|(myVy + myVy) — (Mg Vg + myVy))|

=change in linear momentum of the two particles
=external force on the system Xtime interval

= [(my + my)g] X (2ty)2(my + my)gto

(d)

nr=1 ~r=I1/m

: . . o 1
Moment of inertia of a ring about its diameter = EMTZ

. . .. 1 1\?2 mi?
~ Moment of inertia of semicircle = S|m (E) =—

T om?
()
Assuming that no energy is used up against friction, the loss in potential energy is equal to the total
gain in the kinetic energy.
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Thus, Mgh = %I(UZ/RZ) + %MUZ

or %UZ(M+I/R2)=Mgh
2 _ 2Mgh _ 2gh
M+I/R?2 ~ 1+1/MR?
If s be the distance covered along the plane,

or

h =ssin®
2 _ 2 gssin@
1+1/MR2
Now, v? =2as
2gssin® sin©
2as = =& or =_8
1+1/MR? 1+1/MR?

(d)

At the highest point momentum of particle before explosion p = mv cos 60°
=mxX 200% = 100m horizontally

Now as three is no external force during explosion, hence
P=P1+DP2+DPs
However, since velocities of two fragments, of masses m/3 each, are 100 ms~! downward and
100ms~?! upward.
hence, p; = —p, or p; + P,
P3 = %.v3 =P = 100 m horizontally
v3 = 300ms ™! horizontally
(@)
Taking the moment of forces about centre of gravity G
f—— 16 cm ——f

15¢ @ 25¢
f— X —e—(16-x) —f
(1.5)gx =2.5g(16 — x) = 3x = 80 — 5x
= 8x =80=x=10cm
(0
The car is stopped by the contact force exerted due to road
(b)
Angular momentum of a rigid body about a fixed axis is given by
L=Iw
Where I is moment of inertia and w is angular velocity about that axis.
Kinetic energy of body is given by

K =2 lw?
2

_ 1 2 _ L2
K_Zl(lw) T
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= I = %

(b)

Since, the acceleration of centre of mass in both the cases is same equal to g. So, the centre of mass of
the bodies B and C taken together does not shift compared to that of body A.

(b)

In this process I decreases and w increases
(9

Here, M = 20kg,R = 20cm = im

Moment of inertia of flywheel about its axis is

F=25N

I = 1MR2 -2 X 20kg x (lm)2
2 2 5

= 0.4kgm?

Ast=la

Where « is the angular acceleration

1
T _FR 25X 5Nm
CCTITTT T 04 04kgm?
(d)

As the block remains stationary therefore
For translatory equilibrium

ZFx=0 “F=N

and Y F, =0 ~ f=mg
f

= 12.5572

¢mg

For rotational equilibrium . 7 = 0

By taking the torque of different forces about point 0

T+ T+ Ty + Ty =0

As F and mg passing through point O

ST +TN =0

AsT; # 0 .~ 7Ty # 0and torque by friction and normal reaction will be in opposite direction
(9

i : s sin @
Linear acceleration for rolling a = LA
(1+K2/R?)
. K2 1
For cylinder = = 5
2. .
“ Acylinder = ;9 5IN6  ..(1)

Page |78

cll

W /




53

54

55

56

57

For rotation, the torque fR = Ia = (MR?*a) /2

(where f = force of friction)
ButRa=a ~ f = %a

f
\

9

. M2 'H—M -
..f_2.3gsm —3gsm

us = f/N where N is normal reaction, Mg cos 8

M
_ ;gsm@ _tan®
" Mgcos® 3

Us
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=~ For rolling without slipping of a roller down the inclined plane, tan 6 > 3

()

wq =10 Rad/s, w, = 0,t = 10s

w; —w;  0-10
t 10

Negative sign means retardation

Now I = mr? = 10 x (0.3)?> = 0.9 kg-m?

~Torquet =Ila =09 % (1) =09 N-m

(a)

L= = —1rad/s?

Since net momentum of the composite system is zero, hence resultant velocity of the composite

system should also be zero.

(b)
The mass of considered element is
A

dm
0]

o
o

|
l— X —{ |<—dx

dm = Adx = Ay xdx
fOL xdm fOL x(Agxdx)

- Xem =
Jdm fOL Aoxdx
x3 L L3
. ’1[?]0 _ o _2,
x27L 2 L2
Aol3], o
(a)
Here, effected gravitational acceleration is
, _mg—qE
T om
_ v sin2a
gl

It means, g’ for both particles are same
This is possible when
m; =myande; =e,

()

/
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As the momentum of both fragments are equal therefore
Ey, my 3

E, my 1

E, = 3E,

According to problem

Ei+E, = 6.4 x10%

By solving equation (i) and (ii) we get

E; =4.8x10*]and

E, = 1.6 X 10%]

(b)

From the theorem of parallel axis, the moment of inertia I is equal to
I =Icy + Ma?

where I;;; moment of inertia is about centre of mass and a the distance of axis from centre.

I = MK? + M x (6)?

MK? = MK? + 36M

= K2 =K?*+36
= (10)>=K?+36
= K? =100 —36 = 64
= K =8cm
(d)
When one string is cut off, the rod will rotate about the other point A. Let a be the linear acceleration
of centre of mass of the rod and a be the linear acceleration of centre of mass of the rod and a be the
angular acceleration of the rod about A. As is clear from figure,

TA
A
mg—T =ma ..(I)

_t_ mg(l/2) _3g .
== i (i)

_ _l _lBg_Sg
== =321 4
FromEq.(i),T=mg—ma:mg_:ﬂ:%
(c)

Distribution of mass about BC axis is more than that about AB axis, i. e. radius of gyration about BC
axis is more than that about AB axis

i.e.Kpc > Kyp «Igc > Iyg > Ica

(b)

The speed acquired by block, on account of collision of bullet with it, be v, ms™?. Since the block rise

by 0.1 m, hence
2

Vo
0.1=—
2g

= vZ=2xgx0.1lor vy =+v2ms™?
Now as per conservation of momentum law for collision between bullet and block,

cll

W /

Page| 80




SENJEE (Skylimit Education for NEET & JEE)
Madhyamgram, Kolkata-700132

mu = mu + My,
2kg

x -1
0.01kg V2 ms

M
Sv=u——vy=500—-
m

= (500 — 200v2)ms ™!

=220ms™1!

(9

M.L of body about centre of mass = I,,,, = mK?

M.IL of a body about new parallel axis
I I

Gde

Lyew = Iem + ma? = mK? + ma?
Lyew = m(K? + a?)
1 1
Kp = Elnewa)2 = Em(l’(2 + a?)w?
(@)
Moment of inertia of the whole system
about the axis of rotation will be equal
to the sum of the moments of inertia of all

the particles.
Y

0, 3)
3 kg

»X

(0,0 (2,0
1 kg 2 kg

(-2,2)
3 kg
I=L+L+13+]1,
v L =myrE + myr? + mar? + myrf
I=(1%x0)+(2x0)+ (3x32%)+4(-2)2
I=0+0+27+16 =43kg—m?
(b)
Angular momentum = (Linear momentum) X (perpendicular distance to line of motion
from the axis)

or angular momentum is moment of momentum. Here, the angle goes on decreasing from 90° but the
perpendicular distance to the line of motion remains constant. Therefore, angular momentum is also
constant (linear momentum p = mv is constant).
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From angular momentum conservation about vertical axis passing through centre. When insect is
coming from circumference to centre. Moment of inertia first decrease then increase. So angular
velocity increase then decrease

(b)

2gh v 2gh
Weknowv = 2L == |22
1+k_ r r2+k2

2

r

D= 2mgh | 2Zmgh | 2mgh
CT e mkr T Jmrr 1 (T+me?

(b)

Angular velocity is given by

w =600 rotation/min

600X2TT _ —
= Trads 1 =20mrads™?

Kinetic energy of coin which is due to rotation and translation is

1 1
K== lw? +Emv2

11 2 2,1 2
=sXomriw +2m(wr)
= % x 4.8 x (1)2(20m)2 + % X 4.8 X (207 X 1)2

= 48012 + 96012 = 1440m?]

()
21 X 1800
w=2nn = Y i 3 60 rad/s

P 100 x 103
P=tXw>1=—=—"7"—7—
w 60

()

2
Time of descent t = ; zh (1 + K—)
sinf+| g

=531N-m

. K2 2
For solid sphere — = =
RZ 5

2

For hollow sphere 1<_2 =2
R 3

K? K?
85 (52) oo > (i)
R“/Hollow R%/solid

i.e.solid sphere will take less time so it will reach the bottom first

(b)

Centre of mass is closer to massive part of the body therefore the bottom piece of bat has larger mass
(b)

From adjoining figure the component of momentum along x-axis (parallel to the wall of container)
remains unchanged even after the collision.
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=~ Impulse = change in momentum of gas molecule along y-axis, ie, in a direction normal to the wall =
2mv, = 2mv cos 6
73 (b)

A

B

I = gMa2 = M.L of sphere 1 about AB axis

I, = gMa2 = M.L of sphere 2 about AB axis

I; = gMa2 + Mb? = M.l of sphere 3 about AB axis

I, = gMa2 + Mb? = M.L of sphere 4 about AB axis
M.L. of system about axis AB
Isystem =L+L+L+1,

2 2
=2 <§Ma2) +2 <§Ma2 + sz)
8
= gMa2 + 2Mb?
74 (d)

’21(1 + K?/R?)
t = |[———————=same
gsin 0

21(1+ K2+ R?) 2I(1+K3/R?)
gsin 0 - gsin 0,
For sphere, KZ = ERZ, 8, = 30°,
For hollow cylinder, K7 = R?,0, =?
1 +§ _1+1
sin30° sinB,

5
sinf, = 7= 0.7143

9 = 45°

76 (b)
1MR2 MK? = K R _25 1.76
= = >K=—=—=1.76cm
2 V2 2

77 (c)

When spring is massless then according to momentum conservation principle
ﬁi = I_))f or 0= mlvl + mzvl

LMV = —myvy
S MV = MyV, Or P1 = P2
o
YToamy TP 2m,
. Kl m2 .o
. K_z = m_1 (* p1=0p2)
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()
Let the radii of the thin spherical and the solid sphere are R; and R, respectively.
Then the moment of inertia of the spherical shell about their diameter

I =2 MR? (D)
and the moment of inertia of the solid sphere is given by
I =ZMR} ..(ii)

Given that the masses and moment of inertia for both the bodies are equal, then from Egs. (i) and (ii)

2Rz =2 ypz s RE_3
MR} = TMR = 25 =7
5 %:\E:Rlszzx/?:\/E
2

()

As man walks towards axis of rotation. Moment of inertia of system decreases so that angular velocity
increases

(d)

IL,=1I+]1,

200=1Ip +1Ip =2Ip

~Ip =100g X cm?

_T_1OOO_5Rd )
=71= %00 — ad/sec
Fromw = wo+at =0+5%x3 =15rad/s

(9
Applying the principle of conservation of angular momentum,
(L+L)w=Lw + Lo,

400 600
(6+Iz)ﬁx2n=6xﬁx2n+lzxo
Which gives, I, = 3 kg m?

()

The radius of gyration is the distance from the
axis of rotation at which if whole mass of the
body is supposed to be concentrated.

Here, the whole mass of the equilateral triangle

acts at point O. So the distance OA is the radius of gyration of
this system. Now from triangle ADB
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X

or BD? = x? -
3x2
or BD?= -

Hence, the distance, OB = % X %
X
= OB = \/—5
But, the distances 04, OB and OC are the same.
X
So, 0A = NG
Hence, the radius of gyration of this system is %
(o)

When body of mass m slides down an inclined plane then v = ,/2gh
When it is in the form of ring then,

2gh 1/Zg v
Vpi —
ing = 1 + 1+1

(@)
Since there is no external force acting on the particle,
Hence
miy1+myy,
Yem = T, 0, hence
() x +15)+(32) ) = 0=y, = —5cem
(@)

As initially both the particles were at rest therefore velocity of centre of mass was zero and there is
no external force on the system so speed of centre of mass remains constant ie, it should be equal to
Zero.
()
It’s always in axial direction
(b)
To reverse the direction [ td6 = 0 (work done is zero)
T = (20t — 5t?)2 = 40t — 10t?
T 40t — 10t?

=—=—————=4t—t?
=T 10
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t3
2t2—?=0:>t3=6t2:>t=6sec
6 t3
Hszdtzf <2t2——>dt
0 3
B R Y O
NEREY N 3 2]~ °°M

.36,
No. of revolution S 1s less than 6
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A couple consists of two equal and opposite forces acting at a separation, so that net force becomes

zero. When a couple acts on a body it rotates the body but does not produce any translatory motion.

Hence, only rotational motion is produced.
()
2n(n, —ny) 2m(0 — 20)

= — — _4 2
a : 10 nrad/s
Negative sign means retardation
NowT =Ila=5%X10"3x4mr =2r x 1072N —m
(d)

Foraring K? = r2 then

2gh

p2 = |28
K

14+

v2=@=gh

E‘N
-~

(d)

Angular speed w =
(b)

1Iouz = 40% oflmv2
2 2

v 5.29
E = m =34 T'Cld/S

N
—
g

[N
Il
|4=
1S
~/
|~
S
[\
)
N——

So, the body is solid sphere.
(0

When hollow cylinder slides with out rolling, it possess only translational kinetic energy, K; = %mv

When it rolls without slipping, it possess both types of kinetic energy,

Ky = = mv? 1+K2
N—va RZ

2

K 1 1 . K
w=L= -~ = [For hollow cylinder — = 1]
KN (1+K_> 2 R
RZ

(a)
As areal velocity of comet is constant, therefore,

L%
7'1171 = 7'2172 or 172 -

L)
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6 x 1019 x 7 x 10*
N 1.4 x 1012

=3x%x103ms™!

)

As the body is rigid therefore angular velocity of all particles will be same i. e. w = constant

PR -
- SO
P LIRSS
. O
, COEY
/ B Sk Ny
’ vy

[ ] ‘\
 J ~ \
i AP, Sox
' ]
! '
1
\

From v = rw, v « r (if w = constant)
It means linear velocity of that particle will be more, whose distance from the centre is more, i.e. v, <
vp < V¢ butw, = wp = w¢

(b)

As net horizontal force acting on the system is zero, hence momentum must remain conserved. Hence
mu

mu+0=0+mv, > v, =

As per definition,

mu
ez_(vl—vz)zvz—ozﬁzz:ﬂ
(u—uwy) o—u u u M
(d)
1 1 2
— 27,2 — _ “ 2 2
Ke =510 Zx(SMR)x(SO)
—1><2><1><(003)2><(50)2—9
275 ' =20’
(d)

According to conservation of angular momentum,
Iw =constant

ie, we can write
Lw, = Lw,

or MR?w = (M + 4m)R?*w,

M
2 w2 = (M+4m)w
(a)
w=wy+at
> w=0+at

15 _
= q=——rads?
0.270

Now, a =7, = 0.81 x 2 — 45 ms~2

0.270
()

Angular momentum of system remains constant
1 I, w 20
w L w, 10

(d)

Centre of mass C; of the point masses placed at corners P and S from point P
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P= a >0
1 kg A |1kg
2a/3 2a/3
a
CI"‘ """"""""""""" -4 C2
a/3 a’3
Y R
52 ke 2kg
_ 1x0+2xa _ 2a
o142 3
Therefore, distance of centre of mass C; from point S
2a a
= qQ——=-

3 3
Similarly, centre of mass C, of point masses placed at corners Q and R, from point Q = %a

2a a

Distance of centre of mass C, from pointR = a — Y o

Centre of mass of all four point masses is at the mid point of the line joining C; and C,, which is
farthest from points P and Q.

106 (b)
Using conservation of angular momentum

(3mR*) 0 = GmR? + 3 (F) R*)o'

GmRZ) w = ngzw’

r_ 4
w =-w
107 (a)
2gh 2x10x 2
V= i T— = V26.66 = 5.29m/s approx
1+— 1+-
R? 2
108 (b)
In this process potential energy of the metre stick will be converted into rotational kinetic energy
B
4\
T *| CG.
/2
* L .

L
2
Because its centre of gravity lies at the middle point of the rod

P.E. of meter stick = mg ( )

Rotational kinetic energy E = %Iw2

ml?

I = M.I. of metre stick about point 4 = Y

o = Angular speed of the rod while striking the ground

vg = Velocity of end B of metre stick while striking the ground
By the law of conservation of energy,

l 1 1ml? v \2
N2 =" (ZB
mg(z) 210" =373 (z)
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By solving we get, vp = /39l = V3 x 10 x 1 = 5.4m/s
(b)

Depends on the distribution of mass in the body

(©

mv —mv = (m+m)v

v=20

(b)

When a body of mass m and radius R rolls down on inclined plane of height h and angle of inclination

0, it losses potential energy. However, it acquires both linear and angular speeds.

2gh
K2
1407

Velocity at the lowest point v =

: K2 2
For solid sphere — ==
RZ 5

2X10X7
v= — =10m/s
142

()
To keep the centre of mass at the position, velocity of centre of mass is zero, so
m1V1+m2V2 _
m1+m2 -
where v; and v, are velocities of particles 1 and 2 respectively.
dry dra _
= my; +m, T =0
[ drl d drz]
vwvi=——andvy, = ——
T 27 dt

= mdry + m,dr, = 0 [dry and dr;, represent the change in displacement of particles]
Let 2nd particle has been displaced by distance x.
= my(d) + m,(x) =0

mqd
= x=__1

m;

Negative sign shows that both the particles have to move in opposite directions.
mqd
So,
m
(a)
L=Iw ~Lxw (If] =constant)
So graph between L and w will be straight line with constant slope

is the distance moved by 2nd particle to keep centre of mass at the same position.
2

(d)

K =—1w2=1mr2w2
- 2

(c)

If initial velocity of bullet be v then after collision combined velocity of bullet and target is

p . mv _ﬁ r_
V= e and h = g TV = v 2gh

A
T M4+m) &

> v=(M;m)-@=(1+%>@
(b)

Torque Zero means, @ Zero
2

'd9—0:12t 12=0
e =
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~ t = 1second

(0
v, = velocity due to translator motion
vp = velocity due to rotational motion

Rotatign

Translation
—>

90° Vt =
VN
VR =

vy = |vE+vE = v +v2=V2v=2V2m/s
(d)

Position vector of the point at which force is acting
n=1i+2j+3k

SENJEE (Skylimit Education for NEET & JEE)
Madhyamgram, Kolkata-700132

But we have to calculate the torque about another point. So its position vector about that another

point
H =7 -7 = (14 2]+ 3k) — (31 — 2] — 3k)
= —2i+4f + 6k

Now,Z = 1] X F = (=2 + 4] + 6k) x (4i — 5] + 3k)

~

i j ok Y

T=|—2 4 6|=1(12+30) —j(—6 — 24) + k(10 — 16)
4 -5 3

= (420 +30j — 6k)N —m

(d)

L n
[ xdm foxk(%) dx (n+1)

Xem = yXem = T =
dm L, (x n+2

I fo k (Z) dx

(0

2 2 2 2
Is = 2 MRE, Iy = 3 MR}
As, I = I
2 2
2 EMRS? =§MR,%
, LB
Ry V3
(d)

Mass of disc (X), my = mR?tp
Where, p = density of material of disc
Iy = 3myR? = ZmR2tpR?
Iy = %ﬂptR4 (D)
Mass of disc (Y)
my = 7'[(4R)2£p = 4mR%*tp
and Iy = smy(4R)? =S 4mR?pt. 16R?

= Iy = 32mtpR* ..(ii)
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I 32mtpR*
X - ZTTPE _ 64

Ix %7'1:ptR4

hrz 64IX

(@)
my; = 1kg,m, =2kg,m; =3 kg
Position of centre of mass (2, 2, 2,)

m, = 4kg
New position of centre of mass (0, 0, 0).
For initial position

Xonr = myx,+myx,+msx;
CM = T tmy+ms
2 — m1x1+m2x2+m3x3
14243

mqXxq + myXx, + msx3 = 12
Similarly, myy; + myy, + mgy; = 12
and myzy + myz, + mgzz = 12

For new position,
_ mlxl+m2x2+m3X3+m4X4

Xem = my+my+mg+my,
_ 1244Xx,
1+2+3+4
4x, = —12
X, =-—3

Similarly, y, = =3
Zy =—3

=~ Position of fourth mass (-3, -3, -3)

(b)
As body is moving on a frictionless surface. Its mechanical energy is conserved. When body climbes
up the inclined plane it keeps on rotating with same angular speed, as no friction force is present to

provide retarding torque so
1 1 1
Elw2 +5mv2 > Ela)2 +mgh=>v=>,2gh
()
Since gun-shot system is an isolated closed system, its centre of mass must remain at rest.
()

KE of rotation = %Iwz = % X %MRZ(ZT[TL)Z

1
= — X 4m*n®MR?

5
600\ 2
= 0.8m? (—) MR? = 80m2MR?
60
(d)

Centre of mass of a stick lies at the mid point and when the stick is displaced through an angle 60° it
rises upto height 'h’ from the initial position

/2
1/2 cos 6‘1 ______ ,}{ _______ \l{
p b\ b
f
From the figure h = é — écos 0= é(l —cos )
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Hence the increment in potential energy of the stick = mgh = mg é (1 —cosf)=0.4x10x
%(1——cos60°)::1]
(a)
LZ
KE=—

21
» From angular momentum conservation about centre

L — constant

I = mr?

, L2 , T
K.E.' = m r = E
KE.=4KE.
K.E. is increased by a factor of 4
()

The velocity of a body in different reference frames may be same or different. So, momentum and
kinetic energy of a body may be same or different in different reference frames
(b)
Speed of the bullet relative to ground v, = V + V,., where v, is recoil velocity of gun. Now for gun-
bullet system applying the conservation law of momentum, we get
mv, + MV, = 0or m(V+V,) + Mv, =0

- mv mv

(d)

Height of the mass from ground is, h = (I/2) sin 30°
Potential energy of the rod = mgh

[ . > I 1 mgl

=mXgX= C=mXgX-X-=——7
mX g X sin mXgX5X7 1
(0
. - 1 2K?
Rotational kinetic energy  ;MV" 77 K? 2
Translatory kinetic energy L2 ~RZ 5
2

(d)

In the absence of external torque for a body revolving about any axis, the angular momentum remains

.- . 5 _dL
constant. This is known as law of conservation of angular momentum, 7 = o

drL

AsT=0 n= 0 or L = constant
(b)
Using a = g,
mRZ
__ 4 1
a= [I—EMR]
2mR?2
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_2m
S Mt 2m?
(©
Let the mass of an element of length dx of the rod located at a distance x away from left end is % dx.

The x- coordinate of the centre of mass is given by

(0,0) i X=0 dx X=L

2
Total mass of rod = fL Ax dx = %

Xem =fodm (A},Z)fo (Ax dx)

ALZ[ ] [LZ m

2L
Hence, the centre of mass is at (?, 0, 0)

(d)

From E = %rwz, we find that when frequency (n) is doubled, w = 2mn is doubled, w? becomes 4

times. As E reduces to half, I must have been reduced to % th. From L = Iw, L becomes % X2 = % times

ie,0.25L

(a)

I = MK? _ iz
B 12
_L
V12

(d)

Here, | = 1m,8 = 30°,g = 9.81 ms~2,t =?

211 + K2/R?)
- gsin®

. 1
For a rupee coin, K? = ERZ

_fpxaaryy s
= |To981sin30°  .Jos1 '°°

()
MR2 =2 Mrt = 1 = 22
5 2 V15
(0)

The situation is shown in figure
Iyyr =m X DP? +m x BQ? + m x CA?
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b c
2
=mx2x(@) +m x (V2I)©
= 3ml?

143 (b)
(a) This is only possible when collision is head on elastic.

(b) When collision is oblique elastic, then in this case, both bodies move perpendicular to each other
after collision

() Since, in elastic collision, kinetic energy of system remains constant so, this is not possible.

(d) The same reason as (b).

144

(b)

ML?
Iem = —

12

(about middle point)

0

(

<>
L/3

<>
L/6

ICM

I =Icy + Mx?
ML? L\?
=5+ ()
om
9
145 (a)
2
Because its M.IL. (or value of%) is minimum for sphere

146 (9

F

- eq

m,a, + mya, + msas
acm = =
(my + my + m3)

(my + my + m3)

—

o Foq = myd; + mya, + myay
=1xX14+2%x2+4%x(—-05)=1+4—-2=3N
147 (b)
Since there is no external force acting on rifle bullet system, hence
Kp Mg _ & _ 4

= p, and hence —= -
P = Pg Kg mp 50g 1

_Kp
Or Kg_T
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K, 41
Now total energy Kj, + Ky or +4—g = o5 Kb = 2050

= K, = 205;’:‘“’ = 2000]
And Kg = 2050 — 2000 = 50J.
(d)

2
I = gmrz = mk?

2

k? = grz =k =1r/04
(b)
Ast= I

a X % (T is constant)

MI of figure (ii) is smaller hence acceleration is greater

(b)

Moment of inertia of triangle sheet ABC about AC = % moment of inertia of square ABCD about ABC
4 B

D C

1 1> Ml?

2 =37

(o)

I =2MR? =2x3x (1)®>=6g — cm?
(a)

Force does not produce any torque because it passes through the centre (Point of rotation) and we
know that if T = 0 then L = constant

(b)

Here,m = 8kg,r =40 cm = %m,

w=12rads™1,I = 0.64 kg m?

TthE—112+1 2
otal KE = S [w? + Smv
1 1
=51m2+zmr2m2
2

—1><064><152+1><8><(2> x 152 = 216
20T 2 5 B J
(d)

Moment of inertia of a hollow cylinder of mass M and radius r about its own axis is Mr?

()

Given system of two particles will rotate about its centre of mass

Initial angular momentum = MV (%)

Final angular momentum = 2/w = 2M (g)z W
By the law of conservation of angular momentum
L Ly? 14
mv(5)=2m(z) osw=1
(d)
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Aswy; =w; +at =~ 40mt =20+ ax 10
or o = 2mrads™?
From, w3 — w? = 2a6

12002

(40m)% — (20m)2 = 2 X 210, = 0 = = 300m

Number of rotations completed
_ 6 300
(@)

First sphere will take a time t;, to start motion in second sphere on colliding with it, where t; = -

Now speed of second sphere will be

u 2
v2=5(1+e)=§u

. C 3L

Hence time taken by second sphere to start motion in third sphere t, = by T
: L, 3L 5L
~Totaltimet =t +t, =—-+—=—
u 2u 2u

(b)

1 , 750 %2

Elw =750/ = w* = >4 = 625 = w = 25rad/s
W, — Wy 25-0

azfzS: =t=>5s

(b)

1
E = Ky =§1w2

If angular velocities are equal then E o [
As I, > I, therefore E; > E,

()
w; I
Ila)l = 12(1)2 (D_ = I_
2 1

1
B, ;hol o (12)2 L

Now, = . ;
1 1

E; %Izu)ﬁ I
As I, > 1, ~ E <E,
(d)

my, = 2kg,m, = 4kg,v, = 20m/s,v, = —10m/s
L By tmyd,  2x20—4%10

= = =0
Vem my +m, 2+4 m/s
(b)

i

Ky 2m;, mp 4m

= = —=4:1 (+pqy =
K, 2  my m (' p1=D2)

2m,
(d)

When the hands outstretched, moment of inertia increases and angular velocity decreases so that
angular momentum remains unchanged

(d)

1, 1 (K?\ K?
KT=KR=>Emv =§mv Rz :le
This value of K2 /R? match with hollow cylinder

cll

W /

Page |96




166

168

169

(b)
Letm; = m,m, = 2m,my = 3m,my, = 4m
y
2m 3m
7 e s
a/l © /,
/ 5 /
, ey ,
/ =}
u,'\GO" 9
me > 4m ”
a cos 60°

av3

a
7y =acos6Oi+asin60j:Ei+Tj

w3

3
T3 = (a+acos60)i+asin60j=§ai+71

By substituting above value in the following formula

my7y + myty, + maty + myty

"= m; +my, + mg+my
. V3

So the location of centre of mass [0.95a, . a]

(9

Given, MI = 2.5 kgm ™2

W =40rads™?

T =10Nm
AsT = la

10 = 2.5

a =4rads?
Now, w=wq+at

60=40+4xt

20 = 4t

t=5s

(a)
Weight of the rod=w
Reaction of boy Rz = %

Reaction of man Ry, = 3TW
Ry Ry
A T
|<_L/2—><—x_>'<_y_>
\j
w
As the rod is in rotational equilibrium
xTt=0
RB X % - RM Xx=0
w L 3w
> —X-——Xxx=0
472 4

cll
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= X ==
6

. L
~ Distance from other end, y = ST X
L L_ 2L L

= Y=37s"% 3

170 (d)
1 (k>»_ 1 ., K> 40 2
Emv (ﬁ)—‘l-()/o Emv :..F_m_g
i.e.the body is solid sphere

171 (b)

Moment of inertia the rotational inertia of an object.
Moment of inertia of circular ring about an axis passing through it centre and perpendicular to its
plane is
Iring = MR?
Similarly, for a circular disc about the same axis of rotation
laisc = 3 MR?

Iring _ MR? 2

Hence, Idisc - %MR2 1
172 (d)
I =1Icy + Mx?
ML? 112
12 [Z]
_ M2 M2 7ML
T 12 16 48
Al Alcy
NI A
[ ]
L/4| L/4 '
173 (a)
=1 — 9MR? MR?
R Y 18
3 81MR? — MR? A 40MR?
y 18 9
175 (b)
1 1/1
Kp = E1a)2 = E(EMRZ) (2mn)?

2

—1<1x72x(052)x4 Zx(70> = 240
—2\2 5) mex\go) =40

176 (d)

Wall
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From figure, x; zg,xz =§+§= L
_L+L+L_5L
BE2TaT2T

mqx; + myx, + maxs

~ X =
e m; + my; + my
Mx§+MxL+Mx% %ML 11L

M+M+M 3M 12

177 (c)

my =12,m, =16

7, = 00+ 0f, 1, = 1.1 + 0f
my7y + myt,

7=
my +m,
L 16x1.1, .. P
r = { =0.637i.e.0.36A from carbon atom

178 (c)
For translator motion the force should be applied on the centre of mass of the body so we have to
calculate the location of centre of mass of T shaped object.
Let mass of rod AB is m so the mass of rod CD will be 2m.
Let y; is the centre of mass of rod AB and y, is the centre of mass of rod CD. We can consider that
whole mass of the rod is placed at their respective centre of mass ie, mass m is placed at y; and mass
2m is placed at y,.
Taking point c at the origin position vector of points y; and y, can be written as

= ZIi, r, = li
and m; =mandm, =2m
Position vector of centre of mass of the system
r __ myry+myr, - m2lj+2mlj 4»llj W 4_1]
M — m+m, T m+2m ~ 3m 3
180 (@)
myx; +myx, 04x24+0.6%x7
Xem = = =5m
m; +m, 0.4+0.6
181 (c)

Displacement of the man with respect to trolley in 4 sec
Xmr = 4M = Xppp = Xy + X7 = X7 =4 — Xy
Position of centre of mass remain constant

16
=>(4—xm)320=xm><80:>xm=?=3.2m

A Im/s
; 5
,’:‘f;\

Alternatively: If the man starts walking on the trolley in the forward direction then whole system will
move in backward direction with same momentum.
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Momentum of man in forward direction = Momentum of system (man + trolley) in backward
direction

=280x1=(80+320)xv=>v=02m/s

So the velocity of man w.r.t. ground 1.0 — 0.2 = 0.8 m/s

=~ Displacement of man w.r.t. ground = 0.8 X 4 = 3.2m

(a)

When the sphere 1 is released from horizontal position, then from energy conservation, potential

energy at height [, = kinetic energy at bottom

Or mgl, = %mv2

Or v = ,/2gl,

Since, all collisions are elastic, so velocity of sphere 1 is transferred to sphere 2, then from 2 to 3 and
finally from 3 to 4. Hence, just after collision, the sphere 4 attains a velocity equal to /2gl,
(d)

Generator axis of a cylinder is a line lying on it’s surface and parallel to axis of cylinder

By parallel axis theorem
[ MR?
2

(a)
gsing gsinf 5
= = =7gsm9

3
+ MR? = EMR2

a =
K2 2
1+ T+

(b)

mqyxy + MyXxy + maxz + myx,

m; +m; + mg +my
_0+40x, 40 x,

=
100 100

300 -,

40 T

Similarly y, = 7.5and z, = 7.5

(a)

1

EMRZ =]= MR?=2I

Moment of inertia of disc about a tangent in a plane

5

=1
2

X4

—SMRZ—S(ZI)—
=2 =2@D=

(9

y _

Ve
Ve
Ve
Ve

Z=#XxF=rFsing ~7=rFsing
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F sin ¢ = transverse component of force
F cos ¢ = radial component of force
188 (b)

2
M.IL of a cylinder about its centre and parallel to its length = g

2 2

M.L about its centre and perpendicular to its length = M (% + RT)
2 2 2

According to problem, MI7 | MRT_ MR

12 4 2

By solving we get L = +/3R
189 (a)

Due to centrifugal force
190 (a)

Angular acceleration is a axial vector
191 (a)

2gh 2gh 10
v:\/1+K—2:\/1+3:\’7gh
R? 5

192 (d)

For circular disc 1

Mass = M, radius Ry = R

Moment of inertia I; = I,

For circular disc 2, of same thickness t, mass = M
But density = % X density of circular disc 1

Let radius = R,
Then Rt X & = nRit x p = M = R} = 2R}
R, = V2R, = V2R
» The given axis passes through the centre of mass
- Moment of inertia I « (Radius)?
=) == ()
S—==|=—) >2-—=|—=) =2,=2I
I; \Rp I, V2R 2 °
193 (a)
L=rP>=log,L =1log,P+log,r
If graph is drawn between log, L and log, P then it will be straight line which will not pass through

the origin
194 (d)
Herem; =m, =m,u; =uandu, =0
_(my —emy) (I+e)m; u(l-—e)
ST M e my) T P my) 2
vy (1 - e)
= — =
u 2
195 (o)

From Kepler’s second law of motion, a line joining any planet to the sun sweeps out equal areas in
equal intervals of time. Let any instant ¢, the planet is in position A. Then area swept out by SA is
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dA = area of the curved triangle SAB
= Z(AB x SA) = 2 (rd6 x 1) = 2r2df

The instantaneous areal speed is
dA 1 ,do 1
— = r2—==c-rlp
at 2 dt 2
Let J be angular momentum, / the moment of inertia and m the mass, then

] =lw=mr’w

dA
44 — L —constant
dt 2m

Hence, angular momentum of the planet is conserved.

(b)

The x coordinate of centre of mass is

xm;

_ mx0+mx1+mx2

1

m+m+m

S _ XMy

Y xmy
__ mX0+m(2sin60°)+mx0
- m+m+m

_ _3m _ 1
“3m V3

Position vector of centre of mass is (i + Ls)

V3
(a)
ML?

Moment of inertia of rod about the given axis = TS

Moment of inertia of each disc about its diameter
MR?

T4

Using theorem of parallel axes, moment of inertia of each disc about the given axis
MR? L\*> MR? MI?

= tM (E) ~Tr TTr

=~ For theorem of parallel axes, moment of inertia about the given axis is

mlL?> (MR?> MI?
1212+<4 * 4)
mI? MR? MI?
I=4+—% 173

(b)

Here, r =4m,T = 2s,a =?
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4
ke 412 X = 41%ms ™2

5 <2n)2 4y
a=row°=r|l—]| =
T
(d)
About EG, the maximum distance from the axis is the least i. e. distribution of mass is minimum
()

60
L 2m(ny —n1) _ 2 (O B 5) _Tm_ _—T[rad/secz
n 60 60 30
2XTm o m N
30 15 m

ct=la=

(b)

When two identical balls collide head on elastically, they exchange their velocities. Hence when A
collides with B, A transfers its whole velocity to B. When B collides with C, B transfers its whole
velocity to C. Hence finally A and B will be at rest and only C will be moving forward with speed v

()

> r? 1> D?
’:M<E+Z>:M<E E)
(b)

Rotational kinetic energy = %Ia)2 = 1500

1
:>§><1.2><w2=1500

, 3000
> w =ﬁ=>w=50rad/s

Initially the body was at rest and after t sec its angular velocity becomes 50 rad/s
Ww=wygt+at=>50=0+25xt=>t=2s

(b)

By doing so the distribution of mass can be made away from the axis of rotation

(9

_ mix1+myx,
XCM - mq+m,
C CM 2
O ——o------- > X
12 -— Xqop—> 16
Xey = (12X0)+(16X113) _ y cacf

12+16
(a)

As initially both the particles were at rest therefore velocity of centre of mass was zero and there is
no external force on the system so speed of centre of mass remains constant i. e. it should be equal to

Zero

(o)

K K?/R? 2/5

_R_ / = / =2/7
Ky 1+K2/RZ 1+2/5

(d)

Moment of inertia of cylinder about an axis through the centre and perpendicular to its axis is

R* 12
I,=M(—+—
‘ <4+12>

Using theorem of parallel axes, moment of inertia of the cylinder about an axis through its edge would
be
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L\? R? 1?2 [I?

I=I.+M(=) =M|—+—=+—

et (2) <4+12+4>
R? I?
=M({—+—

WhenL =6R, I ——MR2

(a)

_ML2_0.12><12_ 5
I = = 17 =0.0lkg —m
(c)
The moment of inertia is maximum about axis 3, because rms distance of mass is maximum for this
axis
(d)
b 2gh

- 2

1+

Where k is the radius of gyration
. k?
For ring, = 1

Zgh

_ Jo
(b)

Moment of inertia of the system about the centre of plane is given by

1= Ex 1x(0.1)%+1x (1)2] + [Ex 2x(0.1)%>+2x (1)2]

2
+[ex3x 2 +3x 2]+ [ x4 (01)% + 4 x (17|
= 1.004 + 2.008 + 3.012 + 4.016
= 10.04 kg — m?
(d)
T
a)=a)0+at:a)=0+(7)t [Ast = Ia]

1000
w=0+ 200 X 3 =15rad/s
()

In this question distance of centre of mass
of new disc from the centre of mass of
remaining disc is aR.

Mass of remaining disc
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216 (a)
2 2 2 (4 3 2
Isphere _ 5 MiR _E(E”R P)R _ 16

ICylinder B %MZRZ - %(TL’RZL,D)RZ 15

ISphere > ICylinder

217 (d)
L 2
I = Iem + M (%)
A C
CM ¢ i
1/4 i
€ /4~ [ /4]
B )
_ M2 M1z 7mL?
12 16 48
218 (¢)

S L?
Kinetic energy E = Y

If angular momenta are equal then E « %

Kinetic energy E = K [Given in the problem]
Ifl, > Iz then K, < Kj

220 (d)
i j k
L=rxP=|1 2 -1
3 4 =2

L=1(—4+4)-j(-2+3)+ k(4 -6)=—j—2k

L has components along - y axis and - z axis.

The angular momentum is in y — z plane ie., perpendicular to x-axis.
221 (o)

Moment of inertia of uniform circular disc about diameter = |

According to theorem of perpendicular axes,

. . . . . 1
Moment of inertia of disc about its axis = 21 (= Emrz)

Applying theorem of parallel axes
Moment of inertia of disc about the given axis
=2[+mr? =2]+4l =6l
222 (d)
Angular displacement during time
0= (w, —w)t

= (2nn, — 2mwnq)t

= (600 — 200m) x 10

= 4000 7 rad
Therefore, number of revolutions made during this time

— 40001 — 2000
21

223 (b)
Let rod is placed along x-axis. Mass of element PQ of length dx situated at x = x is

cll

W /
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225

226

227

228

229

P Q
[ ]
x=0 | dx = x=3
dm=21dx =2+ x)dx
The CM of the element has coordinates (x, 0, 0).
Therefore, x-coordinates of CM of the rod will be
2 xam

0
X =
M f03 dm

_ f03x(2+x)dx
- f03(2+x)dx
_ f03(2x+x2)dx
- f03(2+x)dx
Bt :
_L2 3l

= —3
[2x+x—]
2 1o

_ [(3)2+¥] 949

[2><3+¥] 6+9/2

_18x2 _ 12
21 7
(d)
I—MK2—160=>K2—@—@—16=>K—4metre
- - M 10 Q
(b)

SENJEE (Skylimit Education for NEET & JEE)
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As the mass of disc is negligible therefore only moment of inertia of five particles will be considered

1= Z:mr2 =5mr? =5x2x(0.1)? = 0.1kg — m?

(b)

T = la, if T = 0 then @ = 0 because moment of inertia of any body cannot be zero

()

Since, no external torque is acting the angular (J) is conserved.

] = lw =constant

Where I(= mr?) is moment of inertia and w the angular velocity.

. I
Given, I, = 1,1, = W =W
] =hLw, =Lw,
I
lw=-w
o W2

= Wy = Nw

Hence, angular velocity increases by a factor of n.

(9

Loss of kinetic energy = %mmli:l;z (v, — v)?
1 MxM

“2(M+ M)
M-M

" 2em

(v — )2

(v, — Vz)z
= 7 (v1 — v,)?

(b)

Angular moment of particle w.r.t., origin

cll
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=linear momentumXperpendicular distance of line of action of linear momentum from origin

yA
v
@
a
10) »X
= mv X a = mva =constant
(a)

He decreases his Moment of inertia by this act and therefore increases his angular velocity

(o)

Let T be the tension in the string carrying
The masses m and 3m

Let a be the acceleration, then

T —mg=ma (1)
3mg—T = 3ma ..(ii)
Adding Egs. (i) and (ii), we het
2mg + 4ma
= a=t

2

3mg

(0

Let same mass and same outer radii of solid sphere and hollow sphere are M and R respectively. The

moment of inertia of solid sphere A about its diameter

(D)

Iy = ZMR?

Similarly, the moment of inertia of hollow sphere (spherical shell) B about its diameter

Iy = ZMR?

It is clear from Egs. (i) and (ii), we get
Iy <lIg

(a)

By the conservation of energy

P.E.of rod = Rotational K. E.

Wi
/a\ \
Lo L dml
ngSII’lCZ—Z w ngSIIla—Z 3 w
A
= gsina

l
But in the problem length of the rod 2L is given

cll
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3gsina
2L

S w=

()

Time taken in reaching bottom of incline is

. 21(1 + K?/R?)
B gsin 0

For solid cylinder (SC), K? = R?/2
For hollow cylinder (HC), K? = R?
For solid sphere (S), K2 = ERZ

(b)

According to figure let A is the origin and co-ordinates of centre of mass be (x, y) then,

mqyx, + MyXxy + Mmaxz + myx,

m; +m,; +mg+my
0+2x24+4x2 40
_ > >+t0 30

V2 V2 _>Y
16 2
Similarly y = %so, r=4x?+y2=30cm
y
2kg 4kg
D Q--===mmmmmmmmme o C
o),
)
/ E 2k
8kg c/,;/f 1 2Kg .
A 8
(b)

I = MK? =Y mR?
where M is the total mass of the body.
This means that

1
K= G)
According to thermo of parallel axis

I = ICG + M(ZR)Z

R

where, I-; is moment of inertia about an axis through centre of gravity.

[ = EMRZ + 4MR? = %MRZ
or  MK?= %MK2

cll
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The situation can be shown as: Let radius of complete disc is a and that of small disc is b, also let

centre of mass now shifts to 0, at a distance x, from original centre

The position of new centre of mass is given by

X —o wh?%.x,
M ™ 5 a? — o. b2
Here,a = 6cm,b = 2cm x; = 3.2cm

—oxm(2)?%3.2

Hence, X¢cp = OXTTX(6)2—0XTTX(2)?
_ 1280 _ .
“ 3w
(b)
2gh 2gh 4
v = K2 = 1 1 §gh
1+F +E
(9
2 2 /4 8 22
[ ==MR? =_<— R3 )RZ =-——X—R®
z s\3™ P 1577 P
176
~To5" P
(b)

Here, Moment of inertia, I = 3 X 10%2kg m?
Torque, T = 6.9 X 10>Nm

Initial angular speed, wy = 4.6 rad s~
Final angular speed, w = Orad s™1
Asw =wy + at

w—wy 0-4.6 4.6

= ——rads™?
t t t

Negative sign is for deceleration Torque, T = I

1

a =

4.6
6.9><102=3><102><T

3x10%x4.6
= eoxi0z S
(d)
Here, mass of the disc, M = 1 kg
Radius of the disc, R = 2m
Moment of inertia of the circular disc about XY is

cll
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2
Iyy = % = 2kg m? [Given]

According to theorem of parallel axes the moment of inertia of the circular disc about X;Y; is
2

IX1Y1=IXy+MR2= +MR2

3

3
= EMRZ =X (1kg) x (2m)? = 6kgm?

243 (b)
According to the theorem of || axes, Moment of inertia of disc about an axis passing through K and 1
to plane of disc,

1 3
=5 MR + MR* = 2 MR?

Total moment of inertia of the system
3 2 2
= S MR? + m(2R)? + m(V2R)" +m(V2R)
RZ
=3(M + 16m)—
( m) 17

244 (a)
Lo (145 —1(05)(02)2(1+2)—0014
va 7z ) =30 . z)=0 ]
245 (b)
ma’ 2y o ma’ 2
?+m(4a)— . +md
2 _ 47a?
or dc = 5
47
d= Ea
246 (a)

The resultant force on the system is zero. So, the centre of mass of system has no acceleration

247 (b)
According to law of conservation of momentum
lw = constant
When viscous fluid of mass m is dropped and start spreading out then its moment of inertia increases
and angular velocity decreases. But when it falls from the platform moment of inertia decreases so
angular velocity increases again

248 (d)

. 1
For disc, I = Ema2

For ring, I = ma?
For square of side 2a = iw—z [(2a)? + (2a)?] = §Ma2

For square of rod of length 2a

(2a)? | 16
I—4[M v + Ma —?Ma
Hence, moment of inertia is maximum for square of four rods
249 (b)
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M. of block about x axis, I, = % (b% +t?)
M.L of block about y axis, I, = % (12 +t?)
M. of block about z axis, I, = % (I + b?)
ASI>b>t oly>1 >

250 (a)
Mass of arod, m = 1.8kg

- Weight ofarod, W = mg = 1.8kg x 10ms~2 = 18 N
L

k 5
L/2
f———
L/4
f—
e L/2 e L2 N
A I B
27N 18N F

As the rod is uniform, therefore weight of the rod is acting at its midpoint
Taking moments about 4,

27 L+18 L FXL
X = X==FX
4 2

63

63L

251 (b)
Given : kinetic energy K = 360/
Angular speed w = 20 rad/s

S|~

1
~ K ==lw?
Za)
Where I = moment of inertia
| 2K 2x360 18Ak 5
>/ =—= = 1.
w2 20x20 gm
252 (a)
_dL_LZ—Ll_SL—ZL_BL_L
YYwe T a3 3°
254 (a)

By the theorem of perpendicular axes, the moment of inertia about the central axis I, will be equal to
the sum of its moments of inertia about two mutually perpendicular diameters lying in its plane.

Thus, Iy =1=5MR?

IC:I+[
=1MR2 + MR
_2MR +2MR
256 (d)
_ Li_ JA_ [L_1
L—\/ZIE.IfEareequalthean—\/1—2—\/;—\/5

Page|111

cll

W /




SENJEE (Skylimit Education for NEET & JEE)
Madhyamgram, Kolkata-700132

257 (o)
Frequency of wheel, v = % = 5 rps. Angle described by wheel in one rotation=2r rad

Therefore, angle described by wheel in 1s

= 2m X 5rad
= 10m rad.
258 (a)
(1)Angular velocity of earth
21 21
(‘)1 = ——
T ~ 24x60x60
_2m ds-1
~ 86400 0%
(2)Angular velocity of hour’s hand of a clock
— 2
Wy =7
_ 2
~ 12%x 60 % 60
_2m ds-1
~ 23200 0
(3)Angular velocity of seconds hand of a clock
=2
w3 = T
_2m  2m ds-1
TIx60 60
(4)Angular velocity of flywheel
wy = 21N
P 300
~ 760

= 2w X 5rads™?!
259 (b)
Let ball strikes at a speed u the K; = %mu2
Due to collision tangential component of velocity remains unchanged at u sin 45°, but the normal
component of velocity change to u sin45° = %u cos 45°

=~ Final velocity of ball after collision

2

1
v= J(u sin 45°)2 + (Eu cos 45°)

- |+ = e

. — 1 5
Hence final kinetic energy K, = Emv2 = Emuz.

~ Fractional loss in KE

260 (@)
Clearly, the question refers to the torque about an axis
through the centre of wheel. Then, since the radius to
the point application of the force is the lever or momentum

arm.
‘ ail
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we have
200 N

7 =0.25x% 200 = 50 Nm

(d)

2
I= gMR2 ~ 1 o R?
This relation shows that graph between I and R will be parabola symmetric to I-axis
(a)
SMR? =~ Mr? + Mr?
or 2 MR? =3 Mr?

5 2

2

r= \/?R
(b)
Ip;: MR?
210 =2:1
Ipisc 1/2MR?
(b)

According to the theorem of perpendicular axes.
Lg + Icp = MR?
lg+1;=1
(+ Iap = Icp = 1a)

where, [; =moment of inertia about diameter of the ring, | =moment of inertia about axes passing
through to the ring.

(b)
MR?

(D) Moment of inertia of a cylinder about its centre and parallel to its length = -~

R

: T oy
M
——!
s

) (I

2 2
(I1) Moment of inertia about its centre and perpendicular to its length = M (L— + R—)

12 4
‘ ail
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ML? MR? _ MR?

12 + 4 2
OrL =+/3R
(b)

Let at the time explosion velocity of one piece of mass m/2 is (101). If velocity of other be V,, then
from conservation law of momentum (since there is no force in horizontal direction), horizontal
component of V,, must be —10 1.

=~ Relative velocity of two parts in horizontal direction = 20ms™
Time taken by ball to fall through 45m,

=20= \/%h = /% = 3s and time taken by ball to fall through first 20m, t" = /Z?h' = ’2>1<§o = 2s.

Hence time taken by ball pieces to fall from 25 m height to ground=t —t' =3 — 2 = 1s.

-~ Horizontal distance between the two pieces at the time of striking on ground

=20x%x1=20m

(9

Graph should be parabola symmetric to /-axis, but it should not pass from origin because there is a
constant value I, is present for x = 0

1

(d)
Weight of the rod will produce the torque
B I ml?
T—Iazmgxz—Txa
Rame ! x
( . D
12—
{

mg
Angular acceleration

Let radius of complete disc is a and that of small disc is b. Also let centre of mass now shifts to 0, ata
distance x, from original centre.

The position of new centre of mass is given by
—omb?x
Xemy = ———=
M oma2—omnb?
Here,a = 6 cm,b = 2 cm,x; = 3.2 cm
—oXm(2)?%3.2
oxmX(6)2—oxmx(2)?

12.8m
321

Hence, Xcm =

=—0.4cm
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(@)
Initial acceleration of the system is zero. So it will always remain zero because there is no external
force on the system

(d)

: o 1 1
Rotational kinetic energy = Elwz =3 (% MRZ) X w?

= %(% x 10 x (0.5)2) x (20)? = 2507

(d)

1 1 1 1
Elwzzsz23§X3X(2)2:EX 12 x v?
=>v=1m/s

(b)

In doing so moment of inertia is decreased and hence angular velocity is increased

(b)
In the absence external force, position of centre of mass remain same therefore they will meet at their
centre of mass

()
2
Moment of inertia of rod AB about point P and perpendicular to the plane = %
Af——I—iB
P

.

o

2 2
M.IL. of rod AB about point ‘0’ = % +M (—) =—
(By using parallel axis theorem)
2
But the system consists of four rods of similar type so by but the symmetry Isystem = 4 (%)
()
X mix;
Xem = xm;
_M><0+M><1+M><2_
y M+M+M B

, Refer to figure

2m 2m

o
le— 1 m—s|

_ Xy
Yem Zml
_ M x0+M(2sin60°)+M x0
B M+M+M
_BM 1
T 3M 3

. o (e, 14

= Position vector of centre of mass is (1 + \/_§])

()

Angular velocity = w
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Centripetal force F = mrw?

1
or 7"0(—2
w
no_ v
w2
4 4w?
or =
75 w
or n=1cm
(b)

Time of descent will be less for solid sphere i. e. solid sphere will reach first at the bottom of inclined
plane

(d)

Let a be acceleration of fall of the thread, then net force acting downwards, balances the force due to
tension (T) in the thread.

la
mg

mg—T =ma
= mg—ma=T (1)

T

Also torque (also known as moment or couple acts on the system).
T = force X perpendicular distance axis of rotation
T=TXR
From Eq. (i),
T=m(g—a)XR ..(ii)
Let I is moment of inertia of reel and a the angular acceleration, then torque is
T=la ...(iii)
a

where, I = MR%,a = &
2 R

T=-MR?x %=1 (i)
2 R 2
Equating Egs. (ii) and (iv), we get
T=m(g—a)R = mTRa
a
= g—a= E

= a=
(o)
Force of attraction between two stars
Gmym,
C(y +1y)?

. F Gm
Acceleration = — = 2
my  (r+713)
()

Here,m; = m, = 0.1 kg
rn=71,=10cm=0.1m

wiN

g

I=1+ 1, =myrf +Em2r22 = §m17”12
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3
=5x0.1(0.1)* = 15 x 10~ kg m?
(a)

2

. K?
For solid sphere, — ==
R2 5

2
For disc and solid cylinder, % = %

K2 . . . .. . ..
As = for solid sphere is smallest, it takes minimum time to reach the bottom of the incline

(@)

1 1
I:EMRZ =E><(7IR2t><p)><R2
= | « R* (Astand p are same)

L (R1)4 B (0.2)4 1
"I, \R,/ \oe6/ 81

(c)

mr; = mpn;
nom, 1
—=—= Lroe—
B, m m
(d)

According to law of conservation of angular momentum, if there is no torque on the system, then the
angular momentum remains constant.

(b)
Let the mass of an element of length dx of rod located at a distance x away from left end is % dx. The
x-coordinate of the centre of mass is given by

XCM:%Ide

o i | 0

] -
(9

As F‘)ext = (0, hence momentum remains conserved and final momentum = initial momentum = mv
()

The moment of inertia of this annular disc about the axis perpendicular to its plane will be %M(R2 +
r2).

(b)

Since, rod is bent at the middle, so each part of it will have same length (g) and mass (%) as shown.
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Moment of inertia of each part through its one end
=16
T 3\2/\2
Hence, net moment of inertia through its middle point O is
1 (M (L\? |, 1 (M [(L\?
1=:()G) +:()6)
2 2 2
S LU R
3l s 8 12

292 (c)
1> K, I} K, (100\* 100
21 K, 13 K 110 121
199 _ 190 K, =121 =100+ 21
25— = = =
K2 ~ 1217 7
Increase in kinetic energy = 21%
293 (c)

ISphere < IDisc < IShell < IRing
We know that body possessing minimum moment of inertia will reach the bottom first and the body
possessing maximum moment of inertia will reach the bottom at last

294 (a)
Let a plane be inclined at an angle 8 and a cylinder rolls down then the acceleration of the cylinder of
mass m, radius R, and |

I as moment of inertia is given by
gsin®

" ()

2
Moment of inertia (I) of a cylinder =%

LU 2gsm30°
mR2 3
<1+ﬁ>
= a=2
3
295 (a)

The rotational kinetic energy of the disc is

Krot =3 10? =3 (3 MR?) w? = 2 MR?w?

2 2\2 4
The translational kinetic energy is
1 2

Kirans = 3 Mvgy
where vy is the linear velocity of its centre of mass.
Now, vem = Rw
Therefore, Kirans = %MRZ(I)Z
Thus, Kiota = 3 MR?w? + 5 MR?w? = 2 MR?w?

1MR2 2
4

Krot _ -1
Kiotal %MRZw2 3
296 (c)
L=1w
297 (c)

Since force is not acting on centre of mass, it will produced torque hence linear and angular
acceleration both will change
298 (a)
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1,1 5
mgh=§Iu) +§mv

1,2 7
= E<§mr2) w? + Emv2 = ﬁmv2
|10 "
SV = 7 g
(©
For the rolling a solid cylinder acceleration a = %sin 0
R ﬁ?
Ma E
19 g cost
mg
9
=~ The condition for the cylinder to remain in equilibrium
Ma < psR
= %MgsinGSMgcose.uS
or Us = gtan 0
or tan® < 3 pg
(d)
Since, no external force is present on the system so, conservation principle of momentum is
applicable

“Pi=Pr=D1+D:
“ P1=—P2 (+Pi=0)

~ |P1l = |-P2l

* P1 =D

From this point of view, it is clear that momenta of both particles are equal in magnitude but opposite
in direction

Also, friction is absent. So total mechanical energy of system remains conserved

(d)

The angular momentum is measure for the amount of torque that has been applied over time the
object. For a particle with a fixed mass that is rotating about a fixed symmetry axis, the angular
momentum is expressed as

L=Iw (1)
Where [ is moment of inertia of particle and w the angular velocity.
Also, K= %Ia)z ..(ii)

Where K is kinetic energy of rotation.
From Egs. (i) and (ii), we get

2K 2K
L=wo=3
po= 2K/ 1 (g) _L
T 20 4 \w/ 4
Note In a closed system angular momentum is constant.

()
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As there is no external torque, angular momentum will remain constant. When the tortoise moves
from A to C, figure, moment of inertia of the platform and tortoise decreases. Therefore, angular
velocity of the system increases. When the tortoise moves from C to B, moment of inertia increases.

Therefore, angular velocity decreases

If, M=mass of platform

R =radius of platform

m =mass of tortoise moving along the chord AB
a =perpendicular distance of O from AB

e MR?
Initial angular momentum, I; = mR? + -

At any time ¢, let the tortoise reach D moving with velocity v
~ AD = vt

AC = /R? — g2
As DC = AC —AD = (WRZ = aZ — vt)

OD=r=a%+ [\/RZ — a? —vt]z
Angular momentum at time ¢
MR?
2
As angular momentum is conserved
. Lwg = Lw(t)
This shows that variation of w(t) with time is nonlinear. Choice (c) is correct

()

Xem =

I, =mr?+

m1x1 + m2 + x2 + te

my +my +
_ml+2m.2l+3m.31+-~-
 m+42m+3m+ -

In(n+1)(2n+1)
- ml(1+4+9+-) — o  l(2n+1)
a m(1+2+3+-) - n(n+1) - 3
2
()
In the absence of external torque angular momentum remains constant
(b)

When [ is length of rod and its mass, then

the moment of inertia of its axis passing
through its centre of gravity and perpendicular
to its length is given by

cll
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0]
ot
12
For two rods as shown,
~mi2 mi?2 _ mi?
=t =%

306 (d)
Torque is a measure of how much a force acting on an object causes that object to rotate. The object
rotates about an axis (0). The distance from O is r,
where forces acts, hence torque T = F X r. [t is a vector quantity and points from axis of rotation to

the point where the force acts.
F

307 (a)

Velocity of other end of the rod

v=lw=\/3’_g

308 (d)
2gh 2x10x%x3 2xX10x%x3
t i 1+2><mr2 2
SV=Trw
v V40 |40
=2>27r=—=—-= —=\/§m
w 22 8
309 (a)
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When non-conservative force acts on a body, then mechanical energy is converted into non-
mechanical energy and vice — versa.

310 (a)
Work done = Change in rotational kinetic energy

1 1
==Ix (w?—w3) = El X 4% (n? —n3)

2
1 98
=§x—2><4n2(102—52) =98x2x75=1470]
s
311 (b)
Co-ordinate of CM is given by
X — mixX1+myXx,
™ mi+m,
| 8m |
(0]
A}{ml £2m
= 3m 3m
B
“1 5l |
e
2m

Taking parts A and B as two bodies of same system
m=IXbXoc=8X2X0=160
m,=IXbXoc=6X2X0=120

Choosing O as origin,

x=1mx,=2+3=5m
__ 160X14+120X5 _ 19

Xem = —ooiiz0 7
= 2.7 m from O
312 (b)
Moment of inertia of a circular ring about a diameter
I =2 Mr?
313 (b)

The kinetic energy of a rolling body is

L1 K
va R2

According to law of conservation of energy, we get
1 k?
Emv 1+ ﬁ ~ mgh

Where h is the height of the inclined plane

2gh
LU=
k2
1+

. k2 _ 2
For a solid sphere T

Substituting the given values, we get
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2x10x7 2X10Xx7x%x5 1
v = ~ = 7 =10ms
(1+2)

(d)

2
M.I of disc] = =MR? =M (l) 1M
2 2 mpt 2mnpt
(A _ Mass M theref RZ—M>
5P = Volume  mR2t CoOTERT = T pt
aloct [If M and t are constant) = L_p
p L p1
(c)
11 2 _ 360 o 2x360 2x360 0.8ka X m?
oy = =1 = = = 0.
2" (30)2 30 x 30 gsm
(d)

(a) Impulsive received by m
J =m@ —v)
=m(=21+j—-31-12y)
= m(=51-1)
And impulse received by M
= —J = m(5i +1)
(b) mv = m(51+17)
—Mcia) = (514
Or v—M(51+])—13(51+])
(c) e = (relative velocity of separation/relative velocity of approach) in the direction of —T =11/17

(d)

Remains conserved until the torque acting on it remain zero

(©
40

x' ‘\ X

I; = M.IL of ring about its diameter = %mr2

I, = M.L of ring about the axis normal to plane and passing through centre = mr?
Two rings are placed according to figure. Then

1 2_3 2
Ixx,=11+12=§mr + mR =§mr

()
dL
T=—,
dt
(b)
If rod is rotated about end 4, then vertical component of velocity v, of end A will be zero.
_ vcos60° _ V3v
Y]
V3x3

= = 5.2rads™!
2%0.5

if T = 0 then L = constant

(b)

In pure rolling, mechanical energy remains conserved. Therefore, when heights of inclines are equal,
speed of sphere will be same in both the cases. But as acceleration down the incline, a < sin 8
therefore, acceleration and time of descent will be different
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(d)
The compression of spring is maximum when velocities of both blocks A and B is same. Let it be v,
then from conservation law of momentum

v
mv = mvy + mvy = 2mvy = v, =3
=~ kinetic energy of A — B system at that stage
1 (m 4 m) (v)z mv?
= — X |—= =
2 TG 4

Further loss in KE> = gain in elastic potential energy

.1 1 1 1
ie, ~mv? —-mv? =-mv? =-kx?
2 4 4 2

N _ ’m
X =V ok

(9

p <

[m] Le

2
a = —2 [For solid cylinder = = ]
1+R_Z R 2
. g _2
ta= 141 B Bg
2
(@)

For translatory motion the force should be applied on the centre of the mass of the body. So we have
to calculate the location of centre of mass of ‘T’ shaped object.
Let mass of rod AB is m so the mass of the rod CD will be 2m
Let y; is the centre of mass of rod AB and y, is the centre of mass of rod CD. We can consider that
whole mass of the rod is placed at their respective centre of mass i. e., mass m is placed at y; and
mass 2m is placed at y,

Ay

Taking point ‘C’ at the origin position vector of point y; and y, can be written as 7, = 21,75 = [j and
m; =mandm, = 2m
Position vector of centre of mass of the system

. mity + myr, m2lj +2mlj  4mlj 4
Tem = = =

=17
my; +m, m+2m 3m 3

Hence the distance of centre of mass from C = - [

()

According to the equation of motion of the centre of mass

cll

W /

w s

Page| 124




327

328

329

SENJEE (Skylimit Education for NEET & JEE)
Madhyamgram, Kolkata-700132

M acy = Fext
[fFeyt = 0,acy =0
~ Vem = constant
ie, if no external force acts on a system the velocity of its centre of mass remains constant. Thus, the
centre of mass may move but not accelerate.
(d)
When a body rolls down an inclined plane, it is accompanied by rotational and translational Kinetic
energies.

Rotational kinetic energy = %I(u2 = Ky

Where I is moment of inertia and w the angular velocity.
Translational kinetic energy

= %mvz =K, = %m(m))2
where m is mass, v the velocity and w the angular velocity.
Given,

Translational KE=rotational KE
%mvz = %I w?
Since, V=Tw
%m(rzwz) = %Ia)2
= [ = mr?
We know that mr? is the moment of inertia of hollow cylinder about its axis is where m is mass of
hollow cylinderical body and r the radius of cylinder.
(a)
When a body rolls down without slipping along an inclined plane of inclination 6, it rotates about a
horizontal axis through its centre of mass and also its centre of mass moves. Therefore, rolling motion
may be regarded as a rotational motion about an axis through its centre of mass plus a translational
motion of the centre of mass. As it rolls down, it suffers loss in gravitational potential energy provided
translational energy due to frictional force is converted into rotational energy.
(©
Given that,
Mass of solid sphere, m = 2 kg
Velocity, v = 10 ms™!
v=0

A
Let the sphere attained a height h.
When the sphere is at point 4, it possesses kinetic energy and rotational kinetic energy, and when it is
at point B it possesses only potential energy.

So, from law of conservation of energy

%mvz +%1w2 = mgh

2
or +mv?+:mKk?x 2 =mgh
2 2 R
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1 K2

or Emvz [1 + F] = mgh
1 2 2] _
or  x(10)?[1+2=98xh
2
(for solid sphere, % = %)

or  -x100XZ=98xh
or h=71m
(d)
In the case of projectile motion, if bodies are projected with same speed, they reached at ground with

same speeds. So, if bodies have same mass, then momentum of bodies or magnitude of momenta must
be same

()
gsind gsin30° g/2 g
a = = = = —
K2 1 3/2 3
1+ 1+ /

(9
This is an example of elastic oblique collision. When a moving body collides obliquely with another
identical body in rest, then during elastic collision, the angle of divergence will be 90°

()

i T mgRr
Angular retardation, a = - = HmgR _ ug

1~ mrz R

As, w = wy —at

. Wy — W wWyg—wy/2 woR

o ng/R 2ug

(d)
12 1 (v) _ 3v?
v = ZI(R) - mg(4g)

I =2 mR?

2

. Body is disc.
(a)

1 1
I = EMR2 =3 0.5% (0.1)2 =2.5x%x10"3kg — m?
(c)
R myv; + myv, 200 x 10i + 500 x (31 + 5§)
vcm = b

my; +m, 200 + 500
4 ~ 25 "

Ve = 5T+ 7]

(o)

Given, | = %MR2

Using the theorem of parallel axes, moment of inertia of the sphere about a parallel axis tangential to
the sphere is

2 7
I'=1+MR? = gMR2 + MR? = gMR2

cr=mk2=2mrz, k= |)r
S 5 RWE
(d)

TE; = TE,
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The ratio of rotational kinetic energy to total kinetic energy is

1
KEp 10’
KET %Iw2+% Mv?

The moment of inertia of a ring

=-~MR?
kEr _ 3 GMR)IE]
KEr — 2xMR2[Z| +2 mv2
_ 3G
%(%Mv2)+ Mv?
KEp _ 1
KEr 3
(<)

From t; = 0 to t, = 2t the external force acting on the combined system is m;g + m,g

=~ Total change in momentum of system
=Ft= (ml + mz)gzto
(a)

In explosion of a bomb, only kinetic energy, changes as initial kinetic energy is zero

(d)

Solid and hollow balls can be distinguished by any of the three methods. I}, > I;. When torques are
equal, angular acceleration a of hollow must be smaller than « of solid. Similarly, on rolling, solid ball

will reach the bottom before the hollow ball

(b)

The acceleration of centre of mass is

(a)
L=v2El =/2x10x8x 107 = 4 X 10 3kg m?/s
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(b)

The acceleration of the body which is rolling down an inclined plane of angle « is

o

__gsina

1472
where K =radius of gyration,
R =radius of body.
Now, here the body is a uniform solid disc.

K? 1
SO, F = E
gsina
14t
2
sina
or a=5
3/2
2gsina
3
(d)

: . : . R
Radius of gyration of circular disc k4;5. = 7%
Radius of gyration of circular ring kg = R

. Kai 1
Ratio = ~4&¢ = —

kring \/E
(©

There is a point in the system, where if whole mass of the system is supposed to be concentrated, the
nature of the motion executed by the system remains unaltered when the force acting on the system
are applied directly at this point.

The position of centre of mass of system for n particles is expressed as

X mr;
Rey = 2L
M = oo
or Y. m;r; = constant

Hence, for a system having particles, we have

mir = mph

T- m
= h_Mm

T2 my
ie, the centre of mass of a system of two particle divides the distance between them in inverse ratio of
masses of particles.
(d)

2 2m 2

Angular momentum, L = mvr = mwr* =m X —Xr

T
_ 2x3.14x6x10% x (1.5 x 10'")?

=2.7%x10*%g —m?/s

3.14 x 107
(d)
Change in momentum = F t and does not depend on mass of the bodies.
(9
From the triangle BCD

CD? = BC? — BD? = a® — (%)2
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(\)—J

Die—a/2 5ip

Moment of inertia of system along the side AB
Isystem = 11 + I + I3 = m x (0)* + m X (x)* + m x (0)?

o, \/§a2_3ma2
=mx?=m|— =

352 (a)
The moment of inertia of ring = MR?

The moment of inertia of removed sector = %MR2

The moment of inertia of remaining part = MR? — iMR2

=2 MR?
According to question, the moment of inertia of the remaining part = kMR?
then, k= Z
353 (a)
ML? MK? = K L
—_— = = = —
12 V12
354 (o)
I =myrf + myrf = 2(0.3)% + 1(0.3)%2 = 0.27 kg m?
355 (a)
As two solid spheres are equal in masses, so
my = mpg
4 _p3 4 p3
= STRzpa = TRpPp
Ra _ (p5)Y/3
~ Rp - (pA)
The moment of inertia of sphere about diameter
I =2mR?
I Rp\?
= ﬁ = (i) (as my = mp)
Ia_ (eB 2/3
= Ip 2 (pA)

356 (d)

. N 1
Linear kinetic energy = Emv2

. N 1
Rotational kinetic energy = —Ia)2
1 (2 ) v?
T2\s mr r2
= Zmp?
5
1 1
Total KE = Emv2 + Emv2

cll
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1 2
Required fraction = §mv >
Em'l]
110 2
577 7
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Moment of inertia of big drop is I = E MR?2. When small droplets are formed from big drop volume of

liquid remain same

4 4
n-nr3 =-nR3
3 3

= n/3r =R

as n=28
R

= r==

2
Mass of each small droplet = %

= Moment of inertia of each small droplet

=BT

-1 [EMRZ] L
3215 32
(b)
Ltowl _ Ua*IB)® (55 ) will be same in both cases)
Lp Ip.w
VNS
IB mBrB
= :—A +1 (as myry = mgrg)
B
11 1
= +1 (as r o ;)
=6
~. The correct answer is 6.
(b)

. . ML?
Moment of inertia of a rod about one end = -

AS, I=11+12+I3
ML2+ML2_2ML2
3 3 3

 I=0+

(d)
2

Total kinetic energy = %mv2 (1 + %) = 32.8]

2

1
:Exlox(2)2<1+

()

Kinetic energy of rotating body = %Iwz

G 5)2> =328=K=04m

1
=5x3x(3)?=135]

Kinetic energy of translating body = %mv2

As both are equal according to problem i. e.

1 1
-mv?=135> 5 X 27 xv2=135> v =1m/s
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363 (d)
According to conservation of momentum
5x10= (955 +5)v

50 1 K;—K.
=—=— Y =1 2 = 0,
V== 50 % KE lost ra %X 100 = 95.5%
364 (d)
Total moment of inertia will be equal to the sum of moment of inertia due to individual masses.
Axis
a " p] °
ny G ny
"7}"—>
=%

where, I; = myr, I, = myri.
Given, r =1 + 1,
mir = mpn;
myry = my(r —ry)

= miry + mypr;, = myr
= ri(my + my) = myr
mypr

= n=——

(my+my)
Also, r,=r—n

_ myor _ mgpr
TZ =71 —

(m1 +m2)2 - mq+m,

[=1; +1, =mrf + myr?

I=m mir” +m mir”
L (my+m,)? 2 (my+m,)?
_ omymyr? _ mymy 2

T (mytmy)  (mgtmy)’

365 (b)
240
_wy—w;  2n(np—ng) g [R_O]
a = = =
t t 10
~a=251rad/s
366 (a)
540
w 2mn 21 (5)
a=—= = = 3w rad/s?
t t 6
367 (a)
y
a
<«— 2R v

Moment of inertia of the system about yy’

1,,,» =Moment of inertia of sphere P about

yy' + Moment of inertia of sphere Q about yy’

Moment of inertia of sphere P about yy"’
2

—2M<R) + M(x)?
—57\2 X
Page]131
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374

_Z M (R)Z + M(2R)?
5 \2
= MR® + 4MR?

10

2
Moment of inertia of sphere Q about yy'' is %M (g)

_ MR? 2, 2. (R\? _ 21, -
Now, I, = -+ 4MR? + 2M (3)" =2 MR

(b)

2
I:mRzzm(D—):Iocszormoci
4 D2
m; I (DZ)Z 2(1>2 2 1
S =—X|=) === ==—==

m, I, \D, 1\2 4 2

(@)

S i j k -

L=Fxp=|1 2 —-1|=-j—2k
3 4 =2

and the X — axis is given by i + 0] + 0k

SENJEE (Skylimit Education for NEET & JEE)
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Dot product of these two vectors is zero i. e. angular momentum is perpendicular to X — axis

(9

The rolling sphere has rotational as well as translational kinetic energy

o 1 1
» Kinetic energy = ~mu?® + - lw?

1, 12 N, 1 o mur 7
=§mu +§(§mr )a) =5mu + z =Emu
Potential energy = kinetic energy
. 7 7u?
--mghzﬁmu =>h=@

(d)

T=rXF
=rXxT
=rxXxmxg
=0.1x10x9.8
=98 N-m

S

10k

(d)

The moment of inertia of a circular disc

1
| = —MR?
2

According to theorem of parallel axes
1 3

I'= EMR2 +MR?* = EMR2 =3I

(b)

Rotational kinetic energy = %Ia)z

2
Rotational KE = = [lmrz] =
212 r

2

(where I = %mrz)
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2
O
= v? =8
v=2V2ms™?!
376 (b)
As shown in figure normal reaction R = mg. Frictional force F = pR = pmg. To topple, clockwise

. : . h
moment must be more than the anticlockwise moment ie, pmg X 5 > mgX %mg X % oru>a/h

R =mg
A
G .
» mMotion
T a/2
h 2 le—
- Y
F=umg
Y
mg
378 (c)

Angle turned in three second, 05, = 2 X 10 = 20w rad
From 6 = wqyt +%at2 =20m=0 +%a x (3)?

40m )
Sa= Trad/s
Now angle turned in 6 sec from the starting

1 1 /40m
O6s = wot +Eat2 =0 +§>< (T) x (6)? = 80w rad

-~ angle turned betweent = 3stot = 6s
Olast 3s = Ogs — 035 = 80m — 20 = 601

. 607
Number of revolution = - = 30 rev

379 (a)
_ [xam
Xcm = T am
x=0 x=1L

t— x—»| dX lt——
If n=0

Then xcm =§
As n increases, the centre of mass shift away from x = %which only option (a) is satisfying.

Alternately, you can use basic concept.

fol“k(%)nxxdx
XM =~ o
fOLk(z) dx
n+1
= L[]
380 (d)
. _mibimgd, _2x3+3x2_12_
Vem = m;+m, 2+3 5 Am/s
381 (0

M.L of the plate about an axis perpendicular to its plane and passing through its centre
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o |
an2 l
A
- ma?
=g
By parallel axes theorem
— ay_2 .,
Iy =1, +m(ﬁ) = §ma
382 (o)
Moment of inertia of a disc
I =2 MR?

Disc is melted and recasted into a solid sphere.
=~ Volume of sphere=Volume of disc

4 R
gananzxg
fR3=R_3
371 6
R3 R

RB==— = R, =-
173 175

~ Moment of inertia of sphere

I'=2MR} = %M(g)z _ ZMRE L (iympz) =1
383 (o)

2
For solid cylinder, ® = 30°, K2 = ~R?

For hollow cylinder, 6 =?,K? = R?
Using we find,
1
(1 + 5) _1+1
sin 30° sin 0
2
. sin@ = 3 = 0.6667

0 = 42°
384 (c)
We can assume that three particles of equal mass m are placed at the corners of triangle
7, = 00 + 0j,75, = bl + 0
and 73 = 0i + hj
_ myTy + Myt + maty

T 5 a4 5

R
oo Tcm

my; +m, +mg

1%

(0,h)
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i.e. coordinates of centre of mass is (g, g)

385 (d)
When a heavy body with velocity u collides with a lighter body at rest, then the heavier body remains
moving in the same direction with almost same velocity. The lighter body moves in the same
direction with a nearly velocity of 2u

386 (b)
Since, no force is present along the surface of plane so, momentum conservation principle for ball is
applicable along the surface of plate.

Vi
N
N % A b
8
v Plate
my sine] = mv; sin(a2

mvsin6; = mv; sin0,
Or vsin®; = v;sin06,
v, c0s0, v;c0s0,

v cos 0, vcosB
. v, €0S0, = evcosH

vysinB,  vsin®  tanH
v,cos0, evcos® e
tan ©
tan@ =
e
_,(tan®
%~ B, =tan ( )
e
387 (d)

We know that angular momentum of spin = [w
By the conservation of angular momentum

2
2MR2ZE =M (3) .5
5) T 5 4 T
T'=L- =2 =15h
16 16

388 (d)
Melting of ice produces water which will spread over larger distance away from the axis of rotation.
This increases the moment of inertia so angular velocity decreases
389 ()
Hence, m; = 10 kg,m, = 4kg
v, = 14ms™ Y, v, =0
myv, + myv,

vem = my; +m,
_10x14+4x0
VeM =0 x2 ™S
390 (b)

Let centre of mass of lead sphere after hollowing be at point O0,, where 00, = x
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. (E)'M
Mass of spherical hollow m = 3(4 2R3) =3 and
-
=00, = R
x =00, =7
R
M\ R MR
x:MXO—(E)XEZEZ_E
M — M ™ 14
8 8
» shift = =
14
(d)

Angular momentum is given by

J=10= ().

2MR? 5 2F _ 4TTMR?

5 T 5T

(@)

Acceleration of each mass = a = (_ml‘mZ)
mq+m,

Now acceleration of centre of mass of the system

—— —
mya, + ma,

SENJEE (Skylimit Education for NEET & JEE)
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A =
am my +m,
As both masses move with same acceleration but in opposite direction so a; = —a, = a (let)
N,

VA
almf) ot
m;a—mya

~A =
cm m; +m,

m; —m m; —m m; — mo,\2
=< 1 2)><< 1 2>><g=< 1 2) X g
my +m, my; +m, my +m,

If speed of man relative to plank be v, then it can be shown easily that speed of man relative to

(9
ground
M 3
Vg = Vr—"x ==V
" T
3

=~ Distance covered by man relative to ground
Vmg L3 3L
=]—=—p=—
v v4 v 4
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394 (b)
2
M.L of disc = ~MR? =+ M (i) 1M
2 2 tp 2mtp
(A = There fore R? = — )
sp= v ere fore R* = ——
If mass and thickness are same then, [ « %
P23
L pp 1
395 (a)

If M = M’ then bullet will transfer whole of its velocity (and consequently 100% of its KE) to block
and will itself come to rest as per theory of collision.

397 (c)
Acceleration a = %

Or a = =2
t
__ vy
Or g= ,
v=20
Speed before first bounce
vy = —5ms™!
) g 10 10 .
399 (a)
m = 0.6 kg
X
m E my
4 5 C
je—>«— 30 —
20cm ! o
VY

Mass per unit length = % kgcm™1

Mass of part AB, m; = % x 20 = % kg

Mass of part BC,m, = % X 80

, . 0.6X4 _ 24
Moment of inertia = — kg

F=my () 4 ma (%)
= % X (22—0 X 10‘2)2 + % X (? X 10‘2)2
= % x 1072 +% x (4 x 10~1)2

=%x 1072 +%x 16 X 102
— (0.6+38.4—

) x 1072
= 7.8 X 1072kg-m? = 0.078 kg-m?
400 (a)

P= [p+p;
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=./(2cost)? + (2sint)? = 2
If m be the mass of the body, then kinetic energy
p> (2?2
“2m 2m m
Since kinetic energy does not change with time, both work done and power are zero
Now Power = Fvcos0 =0
AsF +0,v+#0
~ cosB =0
Or 6 =90°
As direction of B is same that ¥(~* B = m¥) hence angle between F and P is equal to 90°
(b)
Moment of inertia of a ring about an axis passing through the centre = MR? =1 X R? = 4,as M =
1lkg
~ R =2m,Diameter D = 2R = 4m
(b)
T= % = m(u? cos?6) = (1)(10)% cos? 45° = 50 Nm
(b)

We calculate moment of inertia of the system about AD

a

Moment of inertia of each of the sphere A and D about
2
AD == Ma?
Moment of inertia of each of the sphere B and C about AD

2
= <§ Ma2 ar sz)
Using theorem of parallel axes

~. Total moment of inertia

2 2
[ = (—Maz) x 2+ (—Ma2 + Mb2> X 2

5 5
8
= §M a? + 2Mb?
(b)
1 1 2

0 =w0t+zat =2X2+EX3X(2) = 10rad
(d)
Sphere possesses both translational and rotational kinetic energy
(9

gsing gsin30° g
a = = = —

KZ

1+ = 1+1 4

()

The circular disc of radius R rolls without slipping. Its centre of mass is € and P is point where body is
in contact with the surface at any instant. At this instant, each particle of the body moving at right
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angles to the line which joins the particle with point P with velocity proportional to distance. In other
words, the combined translational and rotational motion is equal to

ce—
P
pure rotation and body moves constant in magnitude as well as direction.
(©
L 1 2 2
0 = wot +Eat = 200 = Ea(S) = a = 16rad/s
(a)
Mgsinf — f = Ma
fR=1 a gsinf
=]/]— > 4 =-—
R L
(1 + MRZ)
N /
Ma
o M
(b)
Since net external torque is equal to the rate of change of angular momentum
(©

Conservation of angular momentum
110)1 + 12(1)2 = (11 + 12)0)
11w1+120)2

Angular velocity of system w =
I+,

= Rotational kinetic energy = %(11 + 1) w?

1 Lw, + Lw, (Liwy + Lwy)?
== +1) ( ) =
2 L +1, 2 + 1)
(o)
I_ML2 _ (mx2L)x(2L)> mx2Lx4L*> 2ml?
12 12 4 12 3
(a)
Given,r = 0.4m,a = 8 rad s~2
m = 4kg,l =?

Torque, 7 =Ila =mgr >4 x10x04=1x%X8
16

=>I=E=2kg—m2

(9

Moment of inertia of the system about axis AX,
=L +Izg+1
= my(1)? + mg(rp)? + me(re)?
=m(0)? + m(1)? + m(l cos 60)?
ml?  5ml?

= l2+—=
meTTy 4
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(@)
Moment of inertia of system about point P
I \2
=4m (—) = 2ml?
V2

and 4mK? = 2ml?

(@)
R1
Rz
mg

Due to net force in downward direction and towards left centre of mass will follow the path as shown

in figure
(b)
1 K2
Rotational KE Smv? (ﬁ) _ K?
Total KE 1. 2 K\ K2 + R?
Smv (1 + R2)
(b)
When the cylinder rolls up the incline, its angular velocity w is clockwise and decreasing
[04
~v7 a
A ‘e
s v~ F

This require an anticlockwise angular acceleration a, which is provided by the force of friction (F)
acting up the incline

When the cylinder rolls down the incline, its angular velocity w is anticlockwise and increasing. This
requires an anticlockwise angular acceleration «, which is provided by the force of friction (F) acting
up the incline

(b)
L? E, (Ly\?
E=— ~FE L2=>—=(—>
20 P E TR T
E, L+ 200%ofL Ly + 2L,7?
_22[1 0 1]=[1 1] — (3)? > E, = 9E,
Ey Ly Ly
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Increment in kinetic energy AE = E, — E; = 9E; — E;

AE =8E; - 2—E = 8 or percentage increase = 800%
1

()

M.L. of system about the axis which passing through m,

(ma2 E ms
l— a/2 —>E<— a/2 —i

Isystem =my (0)2 T m, (%)2 tms (;)2
2

Isystem = (m, + m3)7

(@)
fe————16cm—————»

! °
e I

15¢g G 25¢g

[y |
j= |

e—— x— >« 6-x om——3
Taking the moment of forces about centre of gravity G is
(1.5)gx = 2.5g(16 — x)

= 3x =80 —5x
or 8x =80 or x =10cm
(b)

Initially rod stand vertically its potential energy = mg é
B

T o|C.G.

/2

1

A Vs

When it strikes the floor, its potential energy will convert into rotational kinetic energy

@)=
mg 2 —2 w
m

2
[Where, I = Tl = M.L of rod about point 4]

2 2
ma(5) =375 ) (7)== V5
(b)
In free space neither acceleration due to gravity nor external torque act on the rotating solid space.
Therefore, taking the same mass of sphere if radius is increased then moment of inertia, rotational
kinetic energy and angular velocity will change but according to law of conservation of momentum,
angular momentum will not change.
(b)

. N 1
Rotational kinetic energy Kz = Eloo2
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K 1 MR? 5 1M 5 R
= —X X = — A =
R =3 > w® =2Mv [+ v w]

Translational kinetic energy K = %M v?

Total kinetic energy = Kr + Ky

1 1 3
= EMTJZ +ZMU2 = ZMUZ

. - 11,2
Rotational kinetic energy 7 Mv 1

Total kinetic energy 3z 3
4
()
_v_72x5/18_
Do == ggs - o0rad/s

w=0,0=2nn=2nx20=40mrad
Substituting these value in equation
w? = w} + 2ab
w? 80 x 80
>0 = — = —
2x0 2 X 407w

(@

= —25.5rad/s?
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In case of pure rolling bottommost point is the instantaneous centre of zero velocity.

O'J @

Velocity of any point on the disc, v = rw,
where r is distance of point from 0.
TQ>Tc>Tp

Vo > V¢ > Up

(0

The centre of mass is given by
c(i E)
om 22
Im Im
m m
4(0,0) Im B(1,0)
7= MmqXq+MyXy+msxy
T my+mptmg
1
_ mxo+mx1+2mx(3)
X =
m+m+2m
_ 2m 1
X=-—=-m
4m 2
y = m;y1+mpy,+msys
m1+m2+m3
— _ mx0+mx0+2mxv/3/2
y= m+m+2m

/
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V3
=-—m
4

. (1 3
-~ Centre of mass is (5 m, g m).
430 (c)
Angular momentum L = [w constant
~ I increases and w decreases

434 (a)
2 2 2 2
K = Lmpz = Lymmv) )7 w)” o P7
2 2 2 m 2m 2m
. ﬁ: p% inzz Or E:&xg
K,  2my 5] 1 p, 2
~pripe =11
435 (a)
dL
As torque T = o
If T = 0, then L =constant.
436 (d)

Here, torquet = 1.6 X 1 = 1.6 Nm

So,whend = 0.4 m,
T 16
F = iyl 4N
437 (d)
As is clear from figure,

On reaching the bottom of the bowl, loss in PE=mgR, and

Gain in KE= %mv2 + %Ico2

1 1 2
=—mv?+-X (—mrz) w?

2 2 \5
1 1 7
e T2 4 m1y2 = apy2
= va + va 10mv
As again in KE =loss in PE
. 7 2 _ R
- 1Omv =mg
_ |10gR
v
438 (c)

The angular momentum of a moving particle /] = 4/t kg m?s™!

Torque acting on a moving particle

d d d\t _
=Y ol (4yT) = 4D = g (2 /)

T= %t‘l/ZNm = % Nm
439 (b)
Here initial momentum p = 0. Since no external force exists, hence momentum must remain
conserved ie,p; +p, +p3 =0
As two fragments of mass mass m each are moving with speed v each at right angles,
By + P2l = myv2 + v2 = VZm
~ B3l = IPy + P2l = 2mw.
_ Page| 143
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The mass of third fragment is 2 m.
=~ Kinetic energies of three fragments are

2 2
P1 1 D2 1
1=y = gm K =g =gyt
_ . p5 1 5
And K; = 2am = 2™

Total kinetic energy released during explosion

3 2
=K1+K2+K3=Emv

440 (@)
v 1
W=—>=>w X —
r r

441 (d)

As shown in figure,
MxX0+Mx20+Mx20+Mx0
XcM = M =10 cm

Similarly ycy = 10 cm
Hence, distance of centre of mass from centre of any one sphere,

Sayr = /(10 — 0)2 + (10 — 0)2 = 10v2 cm

442 (9
I = Iy + Mh? (Parallel axis theorem)
444 (b)

If radius of earth decreases then its M.I. decreases
AsL=Iw + wx % [L = constant]

i. e. angular velocity of the earth will increase
445 ()

N L?
Kinetic energy E = 2

1
If angular momenta are equal, then E o« "

Kinetic energy E = K (given in problem)
Ifl, > Ig then K; < Kp.

446 (c)
When a body is in equilibrium, net force is zero. Hence, acceleration is zero
447 (d)
K Lo K2+1 . 2 % (0.5)? (2+1> 0.42
= — — ==X X . X | = = .
NE M R2 2 (0573 /
448 (d)
0=owt= 200x2m 50—ﬂrad
60 3
449 (@)
F = 20t — 5t2
a =" =4t —t?
= g2
dt

w _ t 2
= Jy dw = [ (4t —t*)dt
t3
3
When direction is reversed,

= w = 2t%—
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w=0,ie,t =0,6s
Now, dO=wdt

fedezf6(2t2—f)dt
= 9_[£__

= 0 =144 — 108 = 36 rad

. Number of rotations,
6
n=>=3cg
2T 2T
(d)
Rotational kinetic energy,
KE = - [w?

Here, w = 1 rads™?
KE = %1 x I

or I =2KE

ie, moment of inertia about an axis of a body is twice the rotational kinetic energy.

(c)

Here, 6 = 60° 1 =10m,a =?
gsin 0

1+ K?/R?

For solid sphere, K? = %RZ

9.8sin60° 5 V3
a="—""——=-%X98x— = 6.06 ms 2
1+:2 7 2

a =

(d)

Perpendicular to the orbital plane and along the axis of rotation
(b)

I =mr?=10x (0.2)2 = 0.4kg — m?

2100
0 rad/s

0.4 X 2 X 210
wL=Ilw=————/#—=88kg—m?/s

6
(b)
If h is height of the ramp, then in rolling of marble, speed
2gh
1+ K?/R?

w=2nn=2n X

v =

The speed of the cube to the centre of mass

= ,/2gh

!

—=./1+K?/R?

For marble sphere, K2 =

e

()

cll
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. .1
Moment of inertia = > MR? + mx?

Where m =mass of insect,
and x =distance of insect from centre.
Clearly, as the insect moves along the diameter of the disc, MI first decreases, then increases.
By conservation of angular momentum, angular speed first increases, then decreases.
458 (b)
We know that rate of change of angular momentum (J) of a body is equal to the external torque (7)

acting upon the body.
: 4 _
ie. ol

Given, J; =], J, =5]
: A=],—/1i=5]—-]=4
Hence, T= % Ji
459 (b)
Since, m, moves with constant velocity

a=2ms" my =kg, my = 8kg,

v=2ms"
S /2
m g myg
s fo =mag

f> =8x10 = 80N
Since, boy of mass m; moves with acceleration a = 2ms~2 in upward direction

N

f1 S2
s fi=mg=mya
~fi=mig=ma
=10x10+10x=120N
460 (c)
According to the principle of conservation of angular momentum, in the absence of external torque,
the total angular momentum of the system is constant.
461 (a)
As angular momentum is conserved in the absence of a torque, therefore

lowg =l

(EMRZ) (2_7T) = FMRZ +E—MR2 ]Z_T[
3 Ty 5 55x10Y9 | T
T 1

TRV TIT
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T -
T, =~ 5x1019

T—-T AT
2=2x107"2 or — =2 x 10720
0 0
()
Let p; and p, be the momenta of A and B after collision.

JJ P, P
AV»P (B A< > B AV (B)—>

=2x107%0

Before collision After collision

Then applying impulse = change in linear momentum for the two particles

For B:] =p, (1)
For A:]J=p—p,
Or p,=p—]J .. (i)
Coefficient of restitution e = %
_p—ptJ
p
_J-ptl_Ad_
p p
(d)

Since w is constant, v would also be constant. So, no net force or torque is acting on ring. The force
experienced by any particle is only along radical direction, or we can say the centripetal force.

The force experienced by inner part, F; = mw?R; and the force experienced by outer part, F, =
mw?R,
A_R
F, Ry
()
Initial angular momentum of ring, L = Iw = Mr?w
Final angular momentum of ring and four particles system
L=Mr?+4mr?)o’
As there is no torque on the system therefore angular momentum remains constant
Mriw = (Mr? +4mr®)w’ = w' = Mo
M+ 4m

(d)
2
Moment of inertia of square plate about XY is %

Moment of inertia about ZZ' can be computed using
parallel axis theorem
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-~

X

a

Izz0 =Ixy +m (\/—5)2

__ma? | ma®’ _ 2ma

6 2 3

2

466 (a)
L= %MRZa) = constant - w & R—12 [If m = constant]

If radius is reduced to half then angular velocity will be four times

467 (a)
_ Ma1Y1+MyYo+M3y3+MyYs+Msys
yCM m1+m2+m3+m4+m5
_ (em)(0)+m(a)+m(a)+m(0)+m(-a) _ a
- 6m+m+m+m+m 10
468 (a)
Fix + F,x = F3x
F3 = Fl + FZ
470 (a)
Torque is defined as rate of change of angular momentum
_ 4] _ d(lw)
Tat - at

Given, 7 = 40 Nm,I = 5 kgm?, o = 24 rads™?!

dt = d(w) _ 5x24 _ 3
T 40

471 (b)

K _ L 1+K2 —1><041>< sz(g)—123
N—va 7Z) =3 . (2) 2—.]

472 (b)
Kr = 50%, K1
1 (K*\ 50 1 K* 1
Emv <F> =WXETHU = ﬁ=§
i.e.body will be solid cylinder

473 (d)

From third equation of angular motion,

w? = w} = 2a (Here,w = %,9 =36 x 2m)
2

2 () = wi—2ax36 x 21

2
2

or 4><367m=a)(2)—%
2
or 4Xx36na= 34&
__ @
or a=_—— (1)
According to question again applying the third equation of angular motion
w? = w3 —2ab (Here, w = 0)
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2 2
_ (@) _ w50
0_(2) 2x16><121T
or 0 =241 or 0=12 %27
But 2m =1 cycle

So, 0 = 12 cycle

(d)
Ip >y
gsinb
ap = ————
Ip + mR?
gsin@

Y=, mR?

1
ap>aQ:V=u+at=>tocE
tp >t
VZ=u?+2as=>vaa=Vy <V,
Translational K. E.= ~mV? = TR KEp < TR KE,

2
V=wR=>wxV=>wp<wg

(9
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Consider the two cart system as a single system. Due to explosion of power charge total momentum of

. . — —
system remains unchanged ie, p; + P, = or myv; = m,v,,

Hence
v My
U, My

As coefficient of friction between carts and rails are identical, hence a; = a, and at the time of

stopping final velocity of cart is zero. Using equation v? — u? = 2as,

We have

2 2 2 2
S _ vi _ mj _sym7 _ 36%(200)°
S___Z__Z:SZ_ 5 = 5 = 16m
2 vy mf m3 (300)
(d)

Moment of inertia of a circular disc about an axis passing through centre of gravity and perpendicular

to its plane

I == MR?
2
From Eq.(i)
MR? =21

Then, moment of inertia of disc about tangent in a plane

_Syp2_3 _5
= >MR*=2(2I) =21

()

1 K? 1 5 2
KN=Emv (1+ﬁ>=§x50x(5) x(1+§)
= 875erg
(@)

xl + xZ =7r (1)
mix, = MyX;

cll

h)
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From Egs. (i) and (ii)
m,r

my; +m,
mr

X1

and x, = p—

. Lp = myx? + myxs
mymyr?
T my +m,
480 (d)
Moment of inertia of the system about rod x, figure

X z

MI>  MI? y
I=Ix+1y+1z:0+ E'i'T + Ml

4
= —MI?

3

481 (b)
3

3
SMR? == x 2% (0.1)* = 0.03kg —m?

482 (b)
L, mr+myr,  1(0+2f+k)+3(=31-2]+k)
Tem = m;+m, 1+3
= Py = —20—f + k

483 (b)

1, k?
K=§mv 1+ﬁ

—1><041><(2)2><<3>
20T 2

=1.23]
484 (b)
As net external force on the system is zero therefore position of their centre of mass remains
unaffected i.e. they will hit each other at the point of centre of mass.
The centre of mass of the system lies nearer to A because my > mg

486 (c)
Ly =1L,
Iw—mvR = +mR»)w' = w' = I — mvR
(I + mR?)

487 (b)
Moment of inertia of a ring of mass M and radius R about an axis passing through the centre and
perpendicular to the plane
I =MR? ..(>I)
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Moment of inertia of a ring about its diameter

MR? | . .
liigmeter = > 3 [Using ()]

(b)
Here,r = 0.5 m,m = 2 kg

. 1 1. (1
Rotational KE= 51(1)2 =-X (5 mrz) w?

1 1
4:— 2:—)(22

4mv 2 v
v=+v8=2V2ms™?!

()

Ahoop is a circular ring. Applying theorem of parallel axes,
I =1I,+MR? = MR? + MR? = 2MR?

(9

mq = 1,m2 = 35.5,?1 = 0, FZ = 1.27i

my7y + myt,

!
Il

my +m,
35.5x1.27

1+355

355 x 1.271 = 1.241
36.5 . L= 1. A

[y
H <

_ o X
m;

ma

=
Il

=
Il

1.274 —5|

(o)
The rolling sphere has rotational as well as translational kinetic energy.
Kinetic energy = %mu2 + %Icu2
1

— 2 1(2 2) 2
-_— = -_— ‘r‘
—Zmu +2 Sm w

1 1 7
=-mu® + -mu? = —mu? (v u=rw)
2 5 10

From conservation of energy
. 7 2
ie, mgh = —mu

10

7 2
or h="——

10g
()
Hollow cylinder will take more time to reach the bottom because it possess larger moment of inertia
(9

Moment of inertia I = MR?

M = mass of object,

R = distance of centre of mass from axis of rotation.

Hence, moment of inertia does not depend upon angular velocity.

(d)

Since, in the given cause vy is zero, so its linear momentum will also be zero.

(b)

Angular momentum = linear momentum X Perpendicular distance of line of action of linear
momentum from the axis of rotation = mv x [

cll
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(©
7 7
I = gMR2 =< x 10 x (0.5)? = 3.5kg — m?
(b)
We know
L=lw (1)
L? = 2KI
From Eq. (i)
12 = 2K~
w
L=%
w
po2G) e
2w 4
(a)

For collision between blocks A and B,
UVp—Vqg Vp—Vg VUp—Vy
us—ug 10—0 10
~vg—1,=10e=10%x05=5 ...(0)
from principle of momentum conservation,
myluy + mgug = Myv, + Mg

Ormx 10+ 0 = mv, + mvg

e =

. vA + VB = 10 . (11)
Adding Egs. (i) and (ii), we get
vg = 7.5ms™! ... (iii)

Similarly for collision between B and C
ve—vg =75e=75%x05=3.75

s Ve —vg =3.75ms™ ! ...(iv)
Adding Egs. (iii) and (iv) we get
2v, = 11.25
11.25
. Vo =——=5.6ms™!
2
(<)

Momentum of 6 kg piece p, = momentum of 3 kg piece

P =muv = 3xX16 = 48kgms_1

D5 4X48
2m,  2X8

Kinetic energy of 6 kg piece K, = =192].

(b)
2
Time of descent « %
2
Order of value ofI;—z, sphere < Disc < Ring

(0.4) (0.5 (1.0
It means sphere will reach the ground first and at last ring will reach the bottom

(b)
Here,m = 0.08 kg
my = 0.16 kg

According to conservation principle of momentum
mv; + mv, = (2m + my)vem

cll
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mo

V2
m —

. _mv; +mv,
* Vem = 2m +mg
0.08 x 16 _ 1.28

T016+0.16 132
128

T 32
503 (c)
From law of conservation of angular momentum,
] = lw =constant
Lwi = Lw,
where I is moment of inertia and w the angular velocity.
Moment of inertia of earth assuming it be a sphere of radius

R =2 MR?
5

= 4ms~!

2T
Also w=—
T

- (GMR) (5)

Il
/N
[ )
<
X
NN
N—
/N
318
N—

N RE _RE

T, T,

RE _ (R)? 1
= Z_(z) ><T2
= T2=6h

504 (d)
M 3
Mv=zv1 +1Mv2
3
MUZZMUZ (-'-171:0)
_4v
v, = 3
505 (b)

; . F,
If external force is non-zero then acceleration of centre of mass must be non-zero (ao = ;’I‘t * 0).

However, at a particular instant of time velocity of centre of mass may be zero or non-zero. Hence
option (b) is correct.

506 (a)
M.L of ring about diameter [ =

wL=mR ~R=L/m

2
From equation (i), ] = il

2m?
507 (o)
The velocity of the top point of the wheel is twice that of centre of mass and the speed of centre of
mass is same for both the wheels (Angular speeds are different)
508 (a)
Let w be the angular velocity of the rod. Applying,

cll
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Angular impulse = change in angular momentum about centre of mass of the system

(a)

When a body rolls down without slipping along an inclined plane of inclination 6, it rotates about a
horizontal axis through its centre of mass and also its centre of mass moves. Therefore, rolling motion
may be regarded as a rotational motion about an axis through its centre of mass plus a translational
motion of the centre of mass. As it rolls down, it suffers loss in gravitational potential energy provided
translational energy due to frictional force is converted into rotational energy.

()

If no external torque acts on a system of particle then angular momentum of the system remains
constant, that is,

7T=0
dL
= P 0
= L = Iw =constant
= 110)1 = 120)2
%Mrzwl = %(M + 2m)riw, (i)

Here, M = 2kg, m =0.25 kg, r =0.2m.
w; = 30 rads™?!

Hence, we get after putting the given values in Eq. (i)

~x 2% (0.2)2x30 =% (2 +2 % 0.25)(0.2)% X w,
= 60 = 2.5w,
w, = 24 rads™!
(d)
Applying conservation of angular
momentum about point O,

i 2v
S ¥
;2 m
m(a)(2v) + 2mQRa)(v) = lw
emav .
or w = . (l)
Now,
[ = e | m(a)? + 2m(2a)?

12
= 32ma? + ma? + 8ma? = 41ma?
Hence, from Eq.(i)
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__ 6mav 6_17
T 41ma2? "~ 4la
512 (d)
Angle turned by the body
0 =0y + 0.t + 0,2
Angular velocity w = Z_‘j
= %(90 + 6;t + 0,1)
= 91 + 292t
Angular acceleration a = 2—‘:
d
= 20,
513 (b)
iti iti _ myxgtmyx; ;
Initial position of centre of mass 1,,,, = BT (1)

[€c—i<—>1

X2

If the particles of mass m, is pushed towards the centre of mass of the system through distance d and
to keep the centre of mass at the original position let second particle be displaced through distance d’
away from the centre of mass

_ my(xg+d)+my(x+d’)

Now r,, = p— ..(ii)

Equating (i) and (ii)
myx; + myx;,  mi( +d) +my(x; +d')
my+m, my +m,

. P _my
By solving d’ = mzd

Negative sign shows that particle m, should be displaced towards the centre of mass of the system

514 (c)
Here ® = 60°,l = 10 m,a =?
__ gsinb
" 1+K2/R2

For solid sphere K? = ng

__9.8sin60° _ 5

IS

%x9.8x Y2 = 6,00 ms2

> -
=4 7 2
1+5

515 (b)
The (x, y, z) coordinates of masses 1g,2g, 3g and 4g are
(x1=0,y1=0,2,=0),(x, =0,y, =0,2, = 0),
(x3=0,y3 =0,23 =0),
(x4 = a,y, = 2a,2z, = 3a)
myxy + MyXy +M3X3 + MyXy

- Xem =
my+m, +mg+my
_1XO+2X0+3XO+4Xa
= 1+2+3+4
4 5
l=—ora=-
10 2

The value of @ can also be calculated by Y, and Z), as shown below
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_1x0+2x0+3x0+4X2a

Yo, =
oM 1+2+3+4
8a 20 5
2=—ora=—==-
10 8 2
_1X042x0+43x0+4x3a
o 1+2+3+4
12a 30 5
3=—ora=—=-
10 12 2
516 (a)

For the calculation of the position of centre of mass, cut off mass is taken as negative. The mass of disc
is

— 2
my = r{c

()

=n(6)%0 = 36m0
Where ¢ is surface mass density
The mass of cutting portion is
m, = n(1)?0 =no
_ MyXy —MyX;
Xcm = —m1 “m,
Taking origin at the centre of disc,
x;1 =0,x =3 cm

36mo X0 —mo X3 —3mo 3

36mo — o " 35m0 - —ﬁcm

XeM =
517 (b)
myv = (my; + my)v/3
3myv = myv + myv
3mv —myv = myv

518 (b)
Since there is no external torque, angular momentum will remain conserved. The moment of inertia
will first decrease till the tortoise moves from A to € and then increase as it moves from C to D.
Therefore w will initially increase and then decrease

Let R be the radius of platform m the mass of tortoise and M is the mass of platform

Moment of inertia when the tortoise is at 4
2

2
and moment of inertia when the tortoise is at B
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MR?
2
2
Herer? = a? + [\/R2 —a? — vt]

From conservation of angular momentum wyl; = w1,

L, =mr?+

Substituting the values we can found that the variation of w ) is non linear

()

LZ
E=Z:>L:\/m
()

Distance between the centre of spheres = 12R

~ Distance between their surfaces =12R — (2R + R) = 9R

Since there is no external force, hence centre of mass must remain unchanged and hence
= myr, =myr, = Mx =5M(9R — x) = x = 7.5R

(d)

Work done by retarding force = change in kinetic energy

_0 1 2
fs= va
. _1 2
~fs= va

Since, retarding force f and kinetic energy of both bodies are same so, stopping distance will be same.
Hence, (a) is correct.

a==—
m

~ v? =u?-2as
Or0 = u? — 2as

2s
~u?=2as = s/
m
1
LUK —
V3
[t means more is the mass, less is the initial speed
~v=u-—at
Or0=u-—at
. u u um
“a Lf
m
tXm
Hence, more is the mass, less is the time of stopping. Hence, (b) is correct
2
¢ KE=K=2—
2m
p2 xXm

It means more is the mass, more is the momentum
Hence, (c) is correct.

(d)

Let the mass of loop P (radius = r)=m

So the mass of loop Q (radius = nr) = nm
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527

528

v e

P
Q

Moment of inertia of loop P, I, = mr?
Moment of inertia of loop @, I, = nm(nr)? = n3mr?

1
nl=p3=8on=2

Ip
()
15m + 10m = mv; + mv,
25 =7 + U,
And 2—1=1
Ui—Uuy
UV =V
=1
15-10

= v, —v; =5
Solving Egs. (i) and (ii), we have
v, = 15ms™1,v; = 10ms™!
(0
w? = wi —2a6 = 0 = 47%n? — 2a0
12002
i (55)

— — 2
0 = < 4 200m“rad

~ 2mn = 200m? = n = 1007 = 314 revolution
(a)

. Mi?
M.I. of rod (1) about Z — axis, I; = -

2

M.I. of rod (2) about Z — axis, I, = %

M.L of rod (3) about Z — axis, I3 = 0
Because this rod lies on Z-axis

2M1?
Isystem =L+L+13= 3
z
3
x
S
2 1

y
4
(o)

I =MR? - logl =logM + 2logR

Differentiating, we get # =0+2 %R
. 100 =2 (dR) x 100
T - "\R

1
=2X——x100 = 29

100 %
(@)
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Linear momentum p and Kkinetic energy K are interrelated as
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2
K= ;—m or p = +/2mK, hence zero momentum implies zero kinetic energy and vice versa.

529 (b)
Angular momentum about rotational axis
L; = [I + m(vt)?|w

dL
d_tt = 2mvitw;
Torque T = 2mv2w)t
N
C1— |
—’x \%
X =vt
530  (d)

Moment of inertia of the cylinder about an axis perpendicular to the axis of the cylinder and passing

through the centre is
2 2

I=M(E+2) .0
If p is volume density of the cylinder, then
M = (mR?L)p =constant ...(ii)

M

"~ mR2p
Putin Eq. (i),

R? M?
I=M(—+———
< 4 + 12n2R4p4>

. ol
For I to be minimum, — = 0

aR
ol y R M?* )\ 0
OR  \2 3m2?R5)
R M? 6 2M?
—=-———>5= or R°=
2 3m?p?R> 3m2p?
. i 6 _ 2m2R*1?p?
USll’lg Eq (11), R° = W
2
or RZ=212 or = =2
3 RZ ™ 2
L
or —= V3/2
531 (b)
Angular of the body is given by
L=lw
or L=Ix2ZorL«=
T T
= L_T
L, Ty
Lo_2T
L, T
(As, T, = 2T)
So,  Lp=3

Thus, on doubling the time period, angular momentum of body becomes half.
532 (a)
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200 2 30 d 0,t =60

= —X = = =
w4 0 8 T rad/s, ws , s

o tat - _wp—wy 0-30m  mw 4/s?
wr=wstat ~a= n =0 - 3@ /s
(b)
A solid sphere is rotating in free space, so there is no external torque.
ie, 7=0
But the rate of change of angular momentum is equal to the torque.

dj _

then o= 0
or dj=0
or J =constant

But /] = Jw, if we increase the radius of the sphere then its moment of inertia (1 = g MRZ) increases.

From J = lw, its angular velocity decreases.
Also we know that the rotational energy

_

K = 21
Hence, K, decreases as [ is increases.
(b)
The motion of the centre of mass is the result of external forces.
(d)
Torque acting on a body in circular motion is zero.
(b)
From conservation of angular momentum (/w= constant), angular velocity will remain half. As,

K =>lw?
The rotational kinetic energy will become half.
(a)
Ky = 2mv? 1+K2 . 2(1+2)— -
N =5my Rz) =MV £ =10™
(d)
If n masses are equal
ml :mz :m3 :=mn

Then position vector of centre of mass.

The coordinate of the centre of mass
M1X1+MyX+M3X3 M1Y1+MyY,+M3Y3
) = )

mqy+my+ms ! my+my+mg
__ (m+2m+3m m+2m+3m
- ( 3m ’ 3m )
__(6m 6m
= (55
=(2,2)

(a)

Here,m; = 1kg, v, = 21

m, = 2Kkg, vV, = 2cos 301 — 2sin30j
m;vy + myv,

VoM = m; +m,
_ 1Xx2i+2(2cos30°1 — 2sin30%)
B 1+2
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a

2,
1 3]

_2142V3i-2]  (242V3
h 3 3
541 (b)

L? . . o . -
E = Y If boy stretches his arm then moment of inertia increases and accordingly kinetic energy of

1
the system decreases because L = constant and E « -

542 (b)
/ lem
NP
(- R ]
0 20 40 60 80 100
le— X ——>

2 2
_ zzﬂ 2 _ (1) 2
I =1, +mx 2 +mx*=m =T + (0.3)

1
=0.6 (— + 0.09) =0.104 kg — m?

12
543 (b)
n, = 20rev/s,n, =0,t = 20s
_2m(ny—ng)  2mx20 )
a= . = 50 = 2nrad/s
544 (b)

According to theorem of parallel axes, moment of inertia of a rod about one if its ends

_MF+MF_MF

12 4 3

~ Moment of inertia of two rods about Z-axis=Moment of inertia of 2 rods placed along X and Y-axis
2M1?

3
546 (d)
We know that velocity of 2nd ball after collision is given by

u (1+e)my (my —mye)

= < = - U, ———
(my + my) 2 (my +my)

In present problem u, = 0,m, = 2m, and e = 2/3, hence
_u (1 + %) m; 5
- (my +2my) 9u
As four exactly similar type of collisions are taking place successively, hence velocity communicated

Uy

VU,

to fifth ball
5\ 4
ve= () o
548 (c)
As per conservation law of momentum 0 = 4v + (4 — 4)v,
. 14
. Recoil speed v, = )

549 (d)
When C collides with B then due to impulsive force, combined mass (B + () starts to move upward.
Consequently the string becomes slack

550 (d)
As there is no net external force, hence motion of centre of mass of fragments should have been as
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(b)
T1:0,T2:PQ,T3:PR

Distance of centre of mass from P is
Ti+7,4715 _ 0+PQ+PR _ PQ+PR

T: =
3 3 3

(9
_Ap  Am  nm
A Uar Ve
F—vml—m—vn
7760 60
(@)

Since w is constant, v would also be constant, so, no net force or torque is acting on ring. The force
experienced by any particle is only along radial direction, or we can say the centripetal force

Dd

The force experienced by inner part F; = mw?R; and the force experienced by outer part, F, =
mw?R,

B mR;w? Ry

"F, mRw? R,

(d)
Moment of inertia of system about YY’
I == 11 + 12 + 13
= 1MR2 + 3MR2 +3MR2
S 2 2 2
7
= =MR?
2
Y
1
2 3
YI
(@)

As we know that at the highest point, the shell has only the horizontal component of velocity which is

v cos 0. If u be he velocity of second exploded piece, then applying conservation of linear momentum

along x-axis

s 2mvcos® = —mvcos 0 + mu

Or u = 3vcos0

(b)

We assume that origin is situated at the 0,

~x; =0,m; —m,

X, =3a,m, =2m

) _ MyXy + MyX;

M S T S,
mx0+2m X 3a

m+ 2m

_6ma_2
T 3m @

(b)
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Kinetic energy will not be conserved because friction force is acting at the point of contact with the
plane. But torque of this force about point of contact will be zero. So angular momentum of the sphere
about point of contact will be conserved

- dz . 7
T=— if T = 0 then L = constant

()

According to problem disc is melted and recasted into a solid sphere so their volume will be same
— 2 _ 4 s

Vbisc = VSphere = T[RDisct - _nRSphere

3
Rpj 4 Rn:
= TRBjoe () = 7RG phere [t = 2, given|

RDisc
2
Moment of inertia of disc Ipjs. = %MR%iSC = I [Given]

 M(Rpisc)? = 21

3 _ 3 _
= RDisc - 8RSphere = RSphere -

R 2
Moment of inertia of sphere Isphere = EMRgphere
2 (Rpisc\> M 21 1
=Sm(22) = S (Rpwd® = 1=
57\ 2 10 Roise)” =15 =3
(d)

M.L. of disc = %mR2 = %(nth)pR2 = %nR‘*tp [p = density, t = thickness]

If discs are made of same material and same thickness then I «< R* « (Diameter)*

L D\t 2\t 16

) =6 =T

(b)

Let the each side of square lamina is d.

So, Igr =gy (due to symmetry)

And Iy =Igp (due to symmetry)
Now, according to theorem of perpendicular axis,

D :F P C
_________

G A5 H

A< B B
e—————>]

Lyc +1gp = Iy

= ZIAC = IO (1)

and IEF+IGH :IO

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

Lyc = Igr
md?

Iap = Ipp + =~
_ md? | md?

12 4

__ md?
as lgr = =5
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dZ
SO, IAD =mT=4‘IEF
563 (d)
As shown in figure, centre of mass of respective rods are at their respective mid points. Hence centre

of mass of the system has coordinates (X.p, Ycu)- then
(0,2)

a (a, 0)
(39

a a
mx;+m><5+mx0

P _a
M= 3m "3
mx0+mxX % +mx0 g4
Y = = —
M 3m 3
564 (o)
The kinetic energy of the solid sphere,
K = Mv? ()
The rotational kinetic energy,
1
K, == lw?
But I = %MR2 for solid sphere and w = %
12 v?
then, KrZEXEMRZXF
K, =< Mv? ..(ii)

On dividing Eq. (ii) by Eq. (i), we have
Ky _ 1/5Mv?

K~ 1/2 My?
Ky 2
or K s
565 (b)

1
0 = wyt +Eat2 = 0 = 100rad

= Number of revolution = % = 16 (approx.)
566 (b)
From conservation law of momentum

4 .3
vy 2 my, TP <r2)3

= 4
v; 1 my Jrip 1

> 2= (2131
n
Or r:r, = 1:(2)1/3
567 (b)
Given, ] = 1 kg —m? n = 2rps
w = 21n = 2w X 2 = 4mwrads~?!
L=Iw=1(4m) = 12.57 kg — m?s™1
568 (o)
In rotational motion of a rigid body, the centre of mass of the body moves uniformly in a circular path.
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(b)
A raw egg behaves like a spherical shell and a half boiled egg behaves like a solid sphere
I, 2/3mr?* 5
S _23mrt S
I, 2/5mr? 3
()
Velocity of bullet at highest point of its trajectory = 50 cos 0 in horizontal direction.
As bullet of mass m collides with pendulum bob of mass 3m and two stick together, their common

velocity
, m;50cos@ 25 1
=—————=—cosOms
m+3n 2

As now under this velocity v pendulum bob goes up to an angel 120°, hence
2

1;—g:h=l(1—c05120°)=?[1—(}”—%)]=5

= 12=2%x10x5=1000rv’' =10

Comparing two answer of v', we get

22050 =10 = cosO = 2 or0 = cos™! (3)
2 5 5

(9

From law of conservation of angular momentum we have, if no external torque is acting on a body
(T = 0), then the angula momentum (J = [w) or in other words the moment of momentum of a body
remains constant.

(d)

No of revolution = Area of trapezium
1

=3 X (2.5+4+5) x 3000 = 11250rev

(d)

External force acting on the system is given as
Fext = Macy
ie, acy lies in the direction of Fey.
Here, Feye = 5(21 + 3§ — Si()
acy = 2i+3j-5k
Since, Foyr and acy are not lying in the same direction, given data is incorrect.
(d)

Total moment of inertia of the system = %MR2 + 4mR?

(d)

. ‘
A .
¥ ”R 1

Displacement of point P after half revolution

PP' = J(rR)? + (2R)2 = Rym2 + 4 = 5/m2 + 4

()

Moment of inertia of whole disc about an axis through centre of disc and perpendicular to its plane is
2

1
I =-mr
2

As one quarter of disc is removed, new mass,
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, 3
m' = m
1/3 3
I'= E(zm)rz = gmr2

(b)

When pulley has a finite mass M and radius R,
then tension in two segments of string are
different.

Here, ma =mg—T
m 2m

a= m+%g = Zmim®
()
Iremaining = Iwhole — Iremoved
1 1 (R\%2  1_ (2R\? .
oM R\?2
Here, m=mXT[(§) =M
Substituting in Eq. (i), we have
I = 4MR?

()

mL?  mL?> mL?
I=htly=T0+0=%
(b)
Centre of mass always lies towards heavier mass
()

At the time of applying the impulsive force block of 10 kg pushes the spring forward but 4 kg mass is
atrest.

Hence,
mvy +myv, 10X 14+4x0 140 10ms-1
= = = = m
e m; +m, 10 + 4 14 S
(b)

The object will have translation motion without rotation, when force F is applied at the centre of
mass of system. If m is mass per unit length, the mass of AB, m; = ml at O and mass of 0C, m, =
m(2l) at D, where CD =1

Dd

LetDP = x

As P is the centre of mass, therefore

ml(l — x) = 2mlx

3x=Lx=1/3

l
#CP=CD+DP=l+5z=-
(b)

From law of conservation of energy, we have the potential energy of rod when it is vertical is
converted to kinetic energy of rotation.
‘ 11
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Stick

[J
~

/

(]
o M B
Mol =21 102
2gl—zlw

Moment of inertia of a thin rod is

=Mz
3
M . 1MI2
29l=375¢
= w= %
Given,l =1m,w = ,/3g
Also, V=rw
= v=1%x+v/3x98=54ms"!
(@)
From conservation of momentum
M 0+ (M —mw' = v =—2¥
= X f— = e —
v=m m)v v M —m)
(d)
_v_380 =4 =0,0 =2n(n) =4n(dsn =2
r 20/ m,wy=0,0 =2n(n) =4n(4sn = 2)

w?—wj  16m*
20 2x4m

Tangential acceleration a; = ra = % X 2w = 40m/s?
(b)
12

Moment of inertia of a uniform rod about one end= -

w? = wi +2a0 > a = 2

= Moment of inertia of the system
M\ (L/2)? MIL?
=2x(?)(/):

3 12
(b)

rn=1r=0A =éandr3 =12

Moment of inertia of the system about given axis
I:I]_+[2+I3+I4
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— | ———

=1 =0+m(r)?+m@s3)? + m(r)*
N 2 Ly?
=>1= m(E) + m(l\/z) + m(ﬁ> ~ 1 =3mi?
592 (c)

There is no shift in position of centre of mass, as clear from the figure

G

593 (b)
From the definition of angular momentum,
YA
B
e
P
r
d
) > X

L=r X p = rmvsin (—k)
Therefore, the magnitude of L is

L = mvrsin® = mvd
where d = r sin @ is the distance of closest approach of the particle to the origin. As d is same for both
the particles, hence L, = L.

594 (b)
y ) 07:;:
]
4
|

mv

A
AN
d
C .45
//I(— 4 —>
);=x+4

Form the triangle OAC

1
d=0Csin45° =4 x—=22
V2

Angular momentum = Linear momentum x Perpendicular distance of line of action of linear
momentum from the point of rotation
‘ 11
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L=pxd=mvd=5x3V2 X 2V2 = 60 units
(b)
As no torque is being applied, angular momentum

L = lw =constant

2 2
(— Mrz) % —constant
5 T

T2
or T =constant

Differentiating w.r.t time (t), we get
d d
T.2rZ 24
dt at _ g
T2 -

dr dT
or 2Tr— =r?—
dt dt

dT _ 2T dr
dat ~ r dt

()

XcMm =

myxy + Mmgxg + Mexe + mpXxp

my + mg +meg + mp
y

D ()
0,1

A
(0, 0) B(1,0)

_1x0+2x1+3x1+4x0

1+2+3+4
=22 _2_05m
10 2

. mavatme D
Similarly, ycy = —AYATBYBTMCYCTMDYD
my+mp+me+mp

_1x0+2x0+3x1+4x1
N 1+2+3+4

=2 =07m
10

()

Moment of inertia about the given axis ie, about YY",

X Y

X' Y’

Iyyr = Iyyxr + MR?
=2+2x(2)*?
=2+8
= 10 kg — m?
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(d)
The moment of inertia of the disc about an axis parallel to its plane is

C
A T 0 B

R

D

I, =1; + MR?
= I = MR? + MR?

= 3MR?
4

or MRz =%

5
Now, moment of inertia about a tangent perpendicular to its plane is

'=3MRz=3x%1=2p
2 2 5 5

Mb?
12

M.I. of plane about O and parallel to length =
(a)

For elastic collision e = 1 and velocity of separation is equal to velocity of approach. The velocity of
the target may be more, equal or less than that of projectile depending on their masses.

The maximum velocity of target is double to that of projectile, when projectile is extremely massive as
compared to the target.

Maximum kinetic energy is transferred from projectile to target when their masses are exactly equal.
(a)

Herem; = u,m, = Au,u; =uandu, =0

(my —my)uy 2myu, (1 — A) 5

V1= (my +my) (m1+m2)= 1+A4

v1_<1—A)
u \1+A4

= () = (50

2

Kinitial
(o)
_ 2mrad
Wmin = EE
d _ _2m rad
and @Whr = 1560 min
Wmin __ 21/60
wpr | 271/12X60
12
1
(o)

. A A A : .
The impact force F = A_z: = v =" where A—T = rate of flow of water in the nozzle and v the velocity of

cll
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Since the ball is in equilibrium F = mg where m = mass of ping pong ball.

Am Am m
= v— = mg or rate of flow of water — = Tg

At At
605 (d)
Let M be the mass and L be the length of given uniform rod
Moment of inertia of the rod about one end is

=M .0
When it is bent into a ring
~ L =2nR
L "
OrR = py ..(ii)
Moment of inertia of a ring about its diameter is

MR? _ ML? . .
I, = 5 ez [Using (ii)]

I, ML* 8m* 8m?
LT3 “MEET 3
606 (d)
_gsinf@ gsind g/2 5g

Kz 2 7/5 14
T+o7 143 /

a

2
Asf = 3O°andK—2=2
R

5
607 (9
Ay

o~
r \\
z A(1,-1)
T=rXF
t=>{-)x(-Fk)
=F[(-ix k) + (j x k)]
= F[1+]j]
608 (d)
L=1Iw
609 (a)
Since disc is rolling (without slipping) about point O
Hence
0Q > 0C > 0P
SV =TW
YV >V > Up

Xa
»
,

Q
/

/

/
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(d)

Angular momentum L is given as
L=7Xp=rpsin6

7 = position vector of the particle w.r. t. origin,
p = its linear momentum

7 X p is maximum when p is perpendicular to r

i.e.0 =90°

(d)

Angular velocity is a axial vector
(d)

As the inclined plane is frictionless therefore all the bodies will side down along the inclined plane
with same acceleration g sin 8

(b)

In pure rolling, mechanical energy remains conserved. Therefore, when heights of inclines are equal,
speed of sphere will be same in both the cases. But as acceleration down the plane, a « sin0
therefore, acceleration and time of descent will be different

(d)

For a disc moment of inertia about a tangential axis in its own plane = ZMRZ
M,K? = 2 M,R?

V5

= Kl == 7 R
Now, for a ring moment of inertia about a tangential axis in its own plane = 5 M,R?

M,K? == M,R?

(d)

~ Moment of inertia of remaining portion

I = Isquare — 4lhole

M mR? 2
= E(16R2 + 16R?) — 4[ 5 +m(V2R) ]
= M X 32R? — 10mR?

12
B 8MR2 1011MR2 B (8 1011) X
3 16 ~\3 16
(c)

Fe Am
Y
-3
Here, 2%t = It = 1201010~ _ 50 % 103 kgs!
At t 60
F=800x20x10"3N=16N
(c)
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Let distance of man from the floor be (10 + x)m. As centre of mass of system remains at 10m above
the floor

So50(x) =0.5(10) > x =0.1m

= distance of the man above the floor = 10 + 0.1

=10.1m
618 (d)
2 2 2
Centripetal force F = LA %# = #
L
[ASL =mvr «v=—
mr
619 (d)
4500-1200
277,'(7’12 - nl) 2n ( 60 ) P
a= t = 10 rad/s
3300
2m—— 360 degree
= 1060 X— ng a = 1980 degree/s?
620 (o)

Moment of inertia of a hollow sphere of
radius R about the diameter passing
through D is

b
A D
b
B C
Iy = MR? (D)
Moment of inertia of solid sphere about diameter
Iy = ZMR? (i)

~ Moment of inertia of whole system about side

AD =IA+ID+IB+IC
_2 2,2 2 2,2 2 2,2 2
= 2MR? + ZMR? + (Mb? + 2MR?) + (Mb? + 2 MR?)
= 22 MR? + 2Mb?

621 (o)
P=mv
p
m==
v
Hence, m — v graph will be rectangular hyperbola
622 (b)
I, M\ (R\2 1 [2\?
_1=(_1)<_1) =_X(_) —2
I, \M,/\R, 2" \1
623 (d)

When a particle is projected with a speed v at 45° with the horizontal then velocity of the projectile at
maximum height.

[ o i

v’ =vcos45° = 7
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Angular momentum of the projectile about the point of projection

=mv'h

= mLp ="

“MEYT R
(d)

T=rXF

T is perpendicular to both r and F, so r. t as well as F. T has to be zero.

(0
p?

2m
p? = 2Km

This is an equation of parabola. Hence, (c) is correct.

()

Moment of inertia of a disc about a diameter is
i MR? =1 (given)
MR? = 41
Now, required moment of inertia = %MR2
=2(4l) =6l
(b)

AsE =§1w2

_ ZE_ 2X6

=0T 7| 3
2T

w=—=20

00
0 =2
2t T
—T— ,T=%=m=0.3145

0

(9

As shown in adjoining figure ball is falling from height 2k and rebounding to a height h only. It means

that velocity of ball jus before collision

u= ’% = \/% and velocity just after collision

2h
v=—|—
g
—v [?h
v 1
. e = = —
u [ V2

g
(d)

1 K? 1, K?
KR—KT:>Emv ﬁ =Emv :ﬁ=1
i.e.the body is ring
()

W /

Page| 174



SENJEE (Skylimit Education for NEET & JEE)
Madhyamgram, Kolkata-700132

&

Iy =2nR
I,=2mnR

Ratio of moment of inertia of the rings
Iy M1\ (Ry)?
2= R)
= () () =G )
AL,J) \R, 2nnR/ \nR

(A1) =linear density of wire=constant

(given)
- b_1_1
L, n3 8

n=8=n=2

631 (d)
Since v = 0 so it’s linear momentum = 0
632 (b)
Centre of Mass of a solid body is given by
Xem = Z%1Ami9fi
Zj=1 AMj
o Amy;
Yem = Zzl?;m\g
Zem = Z?=1Amiz.i
X, AMj
1Xx;+2Xx,+3Xx3=(1+2+3)3 (1)
and X =X, =x3=3
Xcm = Yem = Zem = 1 (given)
1(14+24+3+4) =1x + 2%, + 3x3 + 4x, ..(ii)
Solving Egs. (i) and (ii), we get
4x, =10—-18
Xy =—2

Similarly, y, =-2,z, =-2
The fourth particle must be placed at the point (-2, -2, -2).

634 (a)
w, = 2nrad/day, w, =0andt = 1day
w,—w; 0-27m rad 2 rad
L= = =21 —
t 1 day? (86400)% s?

Torque required to stop the earth t = Ia = FR
la EMR2 Xa 2

SF=g =g TgMRxa
=2 6% 102 x 6400 X 10 X —2F_ — 13 x 102N
5 (86400)2

635 (b)
Let R, be the present distance between earth and sun and T; is duration of year. Let R; and T, be new
values of distance and duration of year. By conservation of angular momentum we have

Lwy = Lw,,
‘ ail

W /
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637

638

639

640

2 2w (2
or (—MRlz)— = (—mR%
5 T, 5
RZ
or TZ = T1 _é
Ry

2
= (365) x L2

=3 -9
4

Hence, duration of year will

(d)

) 21
T;

1

.25 days

become less.
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As no external torque is acting about the axis, angular momentum of system remains conserved.

@
ml
M
m, R
m, R
M

110) = 120)’
= mR?w = (mR? + 2MR?*)w’
= w = (m+2M))w
(d)

Distance of corner mass from opposite side

r=J1Z2=(/2)?% = ?l

3
[ =mr?=-ml?

4
(@)
- I =g _ _ mq—m,
In the pulley arrangement |a;| = |d;| = a = (m1+m2) g
But &, is in downward direction and in the upward direction ie, a, = —a;
=~ Acceleration of centre of mass
R ., m [m1—m2] - m [m1—mz]
S mia; + mya; 1 4m, 8 2 [, +m, ) 8
- my +my, (my +my)
my —my]?
=l 8
m; +m,
(@)

Due to application of centripetal force its linear momentum changes continuously but torque on the

particle is zero so its angular momentum will be conserved

()

For the motion of the block
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643

644

645

646

mg—T =ma ..(D)
For the rotation of the pulley

T=TR =1Ia
= T = %mRa ..(ii)
As string does not slip on the pulley

a=Ra ..(iii)
On solving Egs. (i), (ii) and (iii)
_28

3

(d)

Total kinetic energy

Rotational kinetic energy

12 K_Z) K?
Smv (1+R2 _1+R2 1

1
+5 3/2
= = = = = 3
1 Kz k2 1 1/2
2 w2
(b)
_myxy +mMpxp +mzxs . m(1+2+3) 5
B my + my +my B 3m B
o _ m(1+2+3) _
Similarly, y = - 2

(b)

1
We know m;r; = myr, = m X r = constant .- 1 « —
(@)

gsin 0 gsin30° 5 1 5g
a = = =—

T1+l/mrz 142 7872714
5
(d)
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The moment of inertia of the uniform rod about an axis through one end and perpendicular to its

length is

_ mi?

T3
Where m is mass of rod and [ is length.

Torque (t = Ia) acting on centre of gravity of rod is given by

T=mg~
1
or Ia=mg5
ml? 1
or —a=mg:=
3 2
3
or a==L

Y

cll

W /
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Total Questions: 683

PHYSICS

7. SYSTEM OF PARTICLES AND ROTATIONAL MOTION

Assertion - Reasoning Type

This section contain(s) 0 questions numbered 1 to 0. Each question contains STATEMENT 1(Assertion) and
STATEMENT 2(Reason). Each question has the 4 choices (a), (b), (c) and (d) out of which ONLY ONE is correct.

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

b) Statement 1 is True, Statement 2 is True; Statement 2 is not correct explanation for Statement 1

c) Statement 1 is True, Statement 2 is False

d) Statement 1 is False, Statement 2 is True

1
Statement 1:
Statement 2:
2
Statement 1:
Statement 2:
3
Statement 1:
Statement 2:
4
Statement 1:
Statement 2:
5

Statement 1:

Statement 2:

The angular momentum under a central force is constant.

Inverse square law of force is conservative.

Aladder is more apt to slip, when you are high up on it than when you just begin to climb

At the high up on a ladder, the torque is large and on climbing up the torque is small

A wheel moving down a perfectly frictionless inclined plane will undergo slipping (not
rolling motion)
For perfect rolling motion, work done against friction is zero

When ice on polar caps of earth melts, duration of the day increases

L=Lw= 1.2?“ = constant

If there is no external torque on a body about its center of mass, then the velocity of the
center of mass remains constant
The linear momentum of an isolated system remains constant

@

W)
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11

12

13

14

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:
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Radius of gyration of body is a constant quantity

The radius of gyration of a body about an axis of rotation may be defined as the root
mean square distance of the particle from the axis of rotation

Torque is equal to rate of change of angular momentum

Angular momentum depends on moment of inertia and angular velocity

The position of centre of mass of a body does not depend upon shape and size of the body

Centre of mass of a body lies always at the centre of the body

The total kinetic energy of a rolling solid sphere is the sum of translational and rotational
kinetic energies
For all solid bodies total kinetic energy is always twice the translational kinetic energy

The velocity of a body at the bottom of an inclined plane of given height is more when it
slides down the plane compared to when it rolls down the same plane
In rolling down, a body acquires both, KE of translation and KE of rotation

When a body dropped from a height explodes in mid air, its centre of mass keeps moving
in vertically downward direction
Explosion occur under internal forces only. External force is zero

In rolling, all points of a rigid body have the same linear speed

The rotational motion does not affect the linear velocity of rigid body

[t is harder to open and shut the door if we apply force near the hinge

Torque is maximum at hinge of the door

The speed of whirlwind in a tornado is alarmingly high

If no external torque acts on a body, its angular velocity remains conserved

@

W)
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Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:
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Moment of inertia of circular ring about a given axis is more than moment of inertia of the
circular disc of same mass and same size, about the same axis
The circular ring hollow so its moment of inertia is more than circular disc which is solid

The centre of mass of a body will change with the change in shape and size of the body.

i=n >

2 o &i=1 mil;
- i=n

i=1 M

Torque due to force is maximum when angle between 7 and Fis 90°

The unit of torque is newton-metre

A particle is moving on a straight line with a uniform velocity, its angular momentum is
always zero
The momentum is zero when particle moves with a uniform velocity

Moment of inertia of a particle is same, whatever be the axis of rotation

Moment of inertia depends on mass and distance of the particles

At the centre of earth, a body has centre of mass, but no centre of gravity

Acceleration due to gravity is zero at the centre of earth

The centre of mass of a two particle system lies on the line joining the two particles, being
closer to the heavier particle

This is because product of mass of one particle and its distance from centre of mass in
numerically equal to product of mass of other particle and its distance from centre of
mass

Inertia and moment of inertia are same quantities

Inertia represents the capacity of a body to oppose its state of motion or rest

Torque is time rate of change of a parameter, called angular momentum

@
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Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:
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This is because in linear motion, force represents time rate of change of linear
momentum

The centre of mass of an electron and proton, when released moves faster towards
proton
Proton is heavier than electron

The centre of mass of system of n particles is the weighted average of the position vector
of the n particles making up the system
The position of the centre of mass of a system is independent of coordinate system

The centre of mass of a proton and an electron, released from their respective positions
remains at rest
The centre of mass remain at rest, if no external force is applied

If there is no external torque on a body about is center of mass, then the velocity of the
center of mass remains constant.
The liner momentum of an isolated system remains constant.

The centre of mass of body may lie there is no mass.

Centre of mass of a body is a point, where the whole mass of the body is supposed to be
con centrated

Two Cylinders, one hollow (metal) and the other solid (wood) with the same mass and
identical dimensions are simultaneously allowed to roll without slipping down an
inclined plane from the same height. The hollow cylinder will reach the bottom of the
inclined plane first

By the principle of conservation of energy, the total kinetic energies of both the cylinders
are identical when they reach the bottom of the incline

The centre of mass of an electron and proton, when released moves faster towards
proton
This is because proton is heavier

Ajudo fighter in order to throw his opponent on to the mattries he initially bend his
opponent and then rotate him around his hip

@
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Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:
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As the mass of the opponent is brought closer to the fighter’s hip, the force required to
throw the opponent is reduced

There are two propellers in a helicopter

Angular momentum is conserved

A shell at rest, explodes. The centre of mass of fragments moves along a straight path

In explosion the linear momentum of the system remains always conserved

The centre of mass of a body may lie where there is no mass

The centre of mass has nothing to do with the mass

The centre of mass of a two particle system lies on the line joining the two particles, being
closer to the heavier particle

Product of mass of one particle and its distance from centre of mass is numerically equal
to product of mass of other particle and its distance from centre of mass

The centre of mass of a body may lie where there is no mass

Centre of mass of a body is a point, where the whole mass of the body is supposed to be
concentrated
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Session: 2025-26 Total Questions: 683

PHYSICS
7. SYSTEM OF PARTICLES AND ROTATIONAL MOTION

: ANSWERKEY :

1) b 2) a 3) b 49 a
5 d 6) d 7) b 8) d
9) ¢ 10) b 11) a 12) d
13) ¢ 14) ¢ 15) b 16) a
17) b 18) d 19) d 20) a
21) a 22) d 23) d 24) d
25 b 26) a 27) d 28) a
29) d 30) d 31) a 32) b
33) d 34) b 35) a 36) a
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Session: 2025-26 Total Questions: 683

PHYSICS
7. SYSTEM OF PARTICLES AND ROTATIONAL MOTION

: HINTS AND SOLUTIONS :

1 (b)
The angular momentum under a central force is a constant and inverse square law of force is
conservative.

2 (a)
When a person is high up on the ladder, than a large torque is produced due to his weight about the
point of contact between the ladder and the floor. Whereas when he starts climbing up. The torque is
small. Due to this reason, the ladder is more apt to slip, when one is high up on it

3 (b)
Rolling occurs only on account of friction which is a tangential force capable of providing torque.
When the inclined plane is perfectly smooth, body will simply slip under the effect of its own weight

4 (a)
Both, the assertion and reason are true and latter is a correct explanation of the former. Infact, as ice
on polar caps of earth melts, mass near the polar axis spreads out, I increases. Therefore, T increases
ie, duration of day increases

5 (d)
Velocity of center of mass of a body is constant when no external force acts on the body. If there is no
external torque, it does not mean that no external force acts on it

6 (d)
Radius of gyration of body is not a constant quantity. Its value changes with the change in location of
the axis of rotation. Radius of gyration of a body about a given axis is given as

2 2 2
wtry +etr
K=\/1 2 n

n
7 (b)

T= %and L=Iw
8 (d)

The position of centre of mass of a body depends on shape, size and distribution of mass of the body.
The centre of mass does not lie necessarily at the centre of the body

9 ()
KN = KR + KT
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This equation is correct for any body which is rolling without slipping
For the ring and hollow cylinder only Kz = K¢
i.e. KN = ZKT

(b)
In sliding down, the entire PE is converted only into linear KE. In rolling down, a part of same PE is
converted into KE of rotation. Therefore, velocity acquired is less. Both the statements are true, but

statement-2 is not a correct explanation of statement

(a)
Explosion is due to internal forces. As no external force is involved, the vertical downward motion of
centre of mass is not affected

(d)

In rolling all points of rigid body have the same angular speed but different linear speed

()

Torque = Force X perpendicular distance of line of action of force from the axis of rotation (d)

Hence for a given applied force, torque or true tendency of rotation will be high for large value of d. If
distance d is smaller, then greater force is required to cause the same torque, hence it is harder to
open or shut down the door by applying a force near the hinge

(9

In a whirlwind in a tornado, the air from nearby regions gets concentrated in a small space thereby
decreasing the value of its moment of inertia considerably. Since, Iw = constant, so due to decrease in
moment of inertia of the air, its angular speed increases to a high value

If no external torque acts, then

dL
T=0= 7 N 0 or L = constant = Jw = constant

As in the rotational motion, the moment of inertia of the body can change due to the change in
position of the axis of rotation, the angular speed may not remain conserved

(b)
In the case of circular ring the mass is concentrated on the rim (at maximum distance from the axis)
therefore moment of inertia increases as compared to that in circular disc

(a)
Position vector of centre of mass depends on masses of particles and their location. Therefore, change
in shape/size of body do change the centre of mass

(b)
T=rFsin6.1f0 = 90° then 7,,,4,, = rF

Unit of torque is N — m
(d)
Page| 185

@

W)




19

20

21

22

23

24

26

27

SENJEE (Skylimit Education for NEET & JEE)
Madhyamgram, Kolkata-700132

When particle moves with constant velocity v then its linear momentum has some finite value (ﬁ =
mv)

Angular momentum (L) = Linear momentum (P) X Perpendicular distance of line of action of linear
momentum form the point of rotation (d)

Soifd # 0 then L # 0, butif d = 0 then L may be zero. So we can conclude that angular momentum of
a particle moving with constant velocity is not always zero

(d)

The moment of inertia of a particle about an axis of rotation is given by the product of the mass of the
particle and the square of the perpendicular distance of the particle from the axis of rotation. For
different axis, distance would be different, therefore moment of inertia of a particle changes with the
change in axis of rotation

(a)

At the centre of earth, g = 0. Therefore a body has no weight at the centre of earth and have no centre
of gravity (centre of gravity of a body is the point where the resultant force of attraction or the weight
of the body acts). But centre of mass of a body depends on mass and position of particles and is
independent of weight

()

The assertion is true and reason is correct explanation of the assertion.

(d)

There is a difference between inertia and moment of inertia of a body. The inertia of a body depends
only upon the mass of the body but the moment of inertia of a body about an axis not only depends
upon the mass of the body but also upon the distribution of mass about the axis of rotation

(d)
Angular momentum is rotational analogue of linear momentum, and torque is rotational analogue of
force.

(d)

The position of centre of mass of electron and proton remains at rest. As their motion is due to
internal force of electrostatic attraction, which is conservative force. No external force is acting on the
two particles, therefore centre of mass remain at rest

()

Initially the electron and proton were at rest so their centre of mass will be at rest. When they move
towards each other under mutual attraction then velocity of centre of mass remains unaffected
because external force on the system is zero

(d)
If a force is applied at centre of mass of a rigid body,
its torque about centre of mass will be zero, but acceleration

will be non-zero. Hence, velocity will change.
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(a)

As the concept of centre of mass is only theoretical, therefore in practice no mass may lie at the centre
of mass. For example, centre of mass of a uniform circular ring is at the centre of the ring where there
is no mass.

(d)

Time of descent from inclined plane

1 [2h( K2
"~ sinf | g R?

K? K?
s (5z) <(%)
R“/solid cylinder R“/Hollow cylinder

Therefore solid cylinder will reach the bottom first
i.e., statement 1 is wrong

As they possess equal potential energy initially at the top therefore their kinetic energies will also be
equal at the bottom, i.e., statement 2 is true

(d)
The position of centre of mass of electron and proton remains at rest, at their motion is due to
(internal) forces of electrostatic attraction, which are conservative. No external force, what so ever is

acting on the two particles

()
Through bending weight of opponent is made to pass through the hip of judo fighter to make its
torque zero

(b)

Both, assertion and reason are true but the reason is not a correct explanation of the statement-1.
Infact, if helicopter has only one propeller, the helicopter itself would turn in opposite direction to
conserve the angular momentum

(d)

As the shell is initially at rest and after explosion, according to law of conservation of linear
momentum, the centre of mass remains at rest. While parts of shell move in all direction, such that
total momentum of all parts is equal to zero

(b)
The assertion and reason, both are true. But the reason is not a correct explanation of the assertion.
Infact, the centre of mass is related to the distribution of mass of the body

()
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fe—rn—j«—~n—-;

If centre of mass of system lies at origin then 7..,,, = 0

— —
myry + myr,

N
Tem =
my; +m,

LMyt +mar; = 0
Ormiry = myn,
Itis clear that if my > m4 then

36 (a)
As the concept of centre of mass is only theoretical, therefore in practice no mass may lie at the centre
of mass. For example, centre of mass of a uniform circular ring is at the centre of the ring where there
is no mass

Session: 2025-26 Total Questions: 683

PHYSICS
7. SYSTEM OF PARTICLES AND ROTATIONAL MOTION

Matrix-Match Type

This section contain(s) 0 question(s). Each question contains Statements given in 2 columns which have to be
matched. Statements (A, B, C, D) in columns I have to be matched with Statements (p, g, 1, s) in columns II.

1. Each of the body in column I show the moment of inertia about its diameter in column II. Select the correct
answer (matching list [ with List IT) as per code given below the lists.

Column-I Column- II
(A) Ring 1) %(Rlz + R2)
(B) Disc 2 % MR?
(C) Annular Disc 3) % MR?
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CODES:
A B C D
a) 2 3 1
b) 3 2 1
c) 3 1 2
d) 1 2 3
Session: 2025-26 Total Questions: 683

PHYSICS
7. SYSTEM OF PARTICLES AND ROTATIONAL MOTION

: ANSWERKEY :

1) b
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PHYSICS
7. SYSTEM OF PARTICLES AND ROTATIONAL MOTION

: HINTS AND SOLUTIONS :

1 (b)
The moment of inertia of a ring about its diameter = %MR2
: : . o 1
The moment of inertia of a disc about its diameter = ZMa2

. . . o 1
The moment of inertia of an annular disc about its diameter = ZM(R% + R2%)
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