7.

1. Centre of Mass

1.

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™ and
the 3 kg body has the velocity of 2 ms™. The velocity of the
centre of mass at that instant is

(a) 5ms™! (b) 1ms!

(c) O (d) None of these

The distance between the carbon atom and the oxygen atom
in acarbon 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 center of mass of the
carbon monoxide molecule

(a) 6.3 A from the carbon atom
(b) 1 A from the oxygen atom
-(c) 0.63 A from the carbon atom
(d) 0.12 A from the oxygen atom

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 the balls

(c) Line jointing centres of any two balls

(d) Point of intersection of the medians

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 t, when
they are at a distance r apart, is

(b) (G mlg’? : LJ;
1

r m

(a) Zero

© (Gml_g’z.mi} « [GM 1 ).s
r 2 r.

my +m,
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

(b) 2.3 m
(d) 0.75 m

(a)3.0m

(c) Zero

Rotational Motion — Multiple Choice Questions

6. Three masses are placed on the x —axs : 300 g at origin, 500 g

(a) —2f +2k

10.

11.

at x=40cm and 400g at x=70cm. The distance of the
centre of mass from the origin is
(a) 40cm (b) 45¢cm

(c) 50cm (d) 30cm

Two bodies of mass 1 kg and 3 kg have position vectors
i+2j +k and -3i- 2j +k , respectively. The centre of
mass of this system has a position vector

(b) —2i —j+k

(c) 2 —j—k (d) —i+j+k

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 center of mass is

(a) %f#g} (b) (3 +))
@ 2i+3) (d %h'%}

For which of the following does the centre of mass lie outside
the body

(a) A pencil
(c) A dice

(b) A shotput
(d) A bangle

Which of the following points is the likely position of the centre
of mass of the system shown in figure

Hollow sphere

e
Ty

Sand
(b) B
(d) D

(@) A
(c) C

Four particle of masses m, 2m, 3m and 4m are arranged at
the corners of a parallelogram with each side 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

(b) [ 0.95q, if—a]

a 3a
() [E' —J]

(a) [—Jga, 0.95aJ

3a a
fe) [74" E)
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12. The centre of mass of a system of three particles of masses 1g,

13.

14.

15.

16.

17.

18.

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 ali +2j+ 3!2), where a is a constant. The value of
a is

(a) 10/3
c) 1/2

(b) 5/2
(d) 2/5

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

(b) x = bm

(d) They will never meet

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
(c) 10.1m

(b) 9.9m
(d) 10m
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) L2
(¢) 2L/3 (d) 3L/4
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

(@) 0.4 cm (b) 2.4 cm
(c) 1.8 cm (d) 1.2 cm
The density of a non-uniform rod of length 1m is given by

plx)=a(l+ bxz) where, a and b are constants and
0 < x <1. The centre of mass of the rod will be at

3(2+b) 4(2 + b)
@ 26+b) ®) 2375
3(3+b) 4(3+b)
© 2675 @ 32+h)

A spherical cavity of radius r is carved out of a uniform solid
sphere of radius R as shown in the figure. The distance of the
center of mass of the resulting body from that of the solid
sphere is given by

R-r
(a) 5
(b) O

19. Two masses m; and m, are connected by a massless spring

20.

21.

22.

of spring constant k and unstretched length I. The masses are
placed on a frictionless straight channel which we consider our
x — axis. They are initially at rest at x=0 and x=I,
respectively. At t =0, a velocity of vy is suddenly imparted

to the first particle. At a later time ¢, the centre of mass of the

two masses is at.

... (b) x =

_ myl N myu,t
m; +my

my+my  my+m,

s mol L _MaVot myl N myugt

m; +my m +mg
Two uniform plates of the same thickness and area but of
different materials. One shaped like an isosceles triangle and
the other shaped. Like a rectangle are joined together to form
a composite body as shown in the figure. If the centre of mass
of the composite body is located at the midpoint of their
common side, the ratio between masses of the triangle to that
of the rectangle is

(@) 1:1
(c) 3:4

(b) 4:3
(dy 2:1

The distance between the vertex and the center of mass of a
uniform solid planar circular segment of angular size 8 and
radius R is given by

4 pan(0/2)
(a) 3R 5

(c) % R cos(g]

A smaller cube with side b (depicted by dashed lines) is
excised from a bigger uniform cube with side a as shown
below such that both cubes have a common vertex P . Let
X =a/b. If the centre of mass of the remaining solid is at the
vertex O of smaller cube then X satisfies

(b) Rsin(6/2)
e

2
(d) 3 R cos(8)

(a) X} -X?-X-1=0
(b) X2-X-1=0 b
(o) XE X219 i

(d) X*-X?-X+1=0
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Angular Displacement, Velocity and
Acceleration

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

(@) 5 m (b) 10 m
(c)25m (d) 5(,/(;:2 +4))m

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) =25.5 rad/s®
(c) —=33.5 rad/s?

(b) -29.5 rad/s*
(d) —45.5 rad/s

The rotor’s velocity of a helicopter engine changes from 330
rev/min to 110 rev/min in 2 minutes. How long does the rotor

blades take to stop?
(a) 2 min (b) 4 min

(c) 5 min (d) 6 min

A wheel turning with angular speed of 30rev/s is brought to
rest with a constant acceleration. It tums 60rev before it stops.
The time that elapses before it stops is

(a) 2s (b) 4s

(c) 5s (d) 65

When a disc rotates with uniform angular velocity, which of
the following is not true

(a) The sense of rotation remains same
(b) The orientation of the axis of rotation remains same
(c) The speed of rotation is non-zero and remains same

(d) The angular acceleration is non-zero and remains same

A particle moves along a circle of radius 20 m with constant
T

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) 640 7 m/s?
(c) 40 7 m/s?

(b) 160 7 m/s?
(d) 40 m/s?

A wheel has a speed of 1200 revolutions per minute and is
made to slow down at a rate of 4 radians/second?. The

of a maintenance inspection the compressor of ajet

8. As ?nzairst made to spin according to the graph as shown, The
(rg\.l:?nber of revolutions made by the compressor during the test
is

—~ 3000 ' [
g 2500 - N T ‘:
5 4 2000 | ; N
< 1000 /7 - N1
4 gitng s
t (in min) —
(a) 9000 (b) 16570
(c) 12750 (d) 11250
9. What is the value of linear velocity, if &@=3i —4j+k ang
F =51 —6j+6k
(a) 61 —2j + 3k (b) 6i —2j +8k
(c) 4i —13] + 6k (d) —18i —13j + 2k
10. The linear velocity of a rotating body is given by :!:;)x;,
where @ is the angular velocity and r is the radius vector. The
angular velocity of a body is o=i —2}+21; and the radius
vector r =4j -3k, then |E| is
(a) V29 units (b) V31 units
(c) /37 units (d) V41 units
11. Figure below shows a body of mass M moving with the
uniform speed on a circular path of radius, R. What is the
change in acceleration in going from P, to P,
(a) Zero P,
v
(b) v?/2R
2 2
(c) 2v°/R —R—|
@ Lz
e
12. When a ce!lin‘g fan is switched off its angular velocity reduces
t°_ 59% while it makes 36 rotations. How many more rotation
will it make before coming to rest (Assume uniform angular
retardation)?
(a) 18 (b) 12
(c) 36 (d) 48
3. Moment of Inertia
1.

Five particles of m

; ass 2 kg are attached to the rim of a circular
disc of radiys 0.1

m and negligible mass. Moment of inertia of

the i i
number of revolutions it makes before coming to rest is discsys:jem about. the axis passing through the centre of the
and perpendicular to its plane is
T (b) 272 (a) 1 kg-m? (b) 0.1 kg-m?
il (d) 722 (c) 2 kg-m? (d) 0.2 kg-m?
/— ' on 1
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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) Iron and aluminium layers in alternate order
(b) Aluminium at interior and iron surrounding it

(c) Iron at interior and aluminium surrounding it
(d) Either (a) or (c)

Radius of gyration of a body depends on
(a) Mass and size of body"

(b) Mass distribution and axis of rotation
(c) Size of body

(d) Mass of body

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
(a) %m! @
(b) 2mi?

(c) %mr2

(d) %mfz

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
(c) 0.148

(b) 0.104

(d) 0.208

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) 10 m (b) 8 m

(c)6m (d)d4m

The moment of inertia of a sphere of mass M and radius R
about an axis passing through its centre is 2/5MR?. The radius

of gyration of the sphere about a parallel axis to the above
and tangent to the sphere is

7 3
(a) gR (b) gR

Bk el

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) 10gcm? (b) 100gem?

(c) 6gem? (d) 1gem?

9.

10.

11.

12,

13.

14.

Radius of gyration of uniform thin rod of length L about an
axis passing normally through its centre of mass is

L L
(a) i (b) 12
(c) V12L (d) 12L

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

1

3 2 = 2
(@) SMR (b) 5 MR
(c) MR? (d) %M R?

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)\@:l
(€) V3 : V2

(b) V2 : 43
d1:4J2

(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 entire 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 moment of inertia of a uniform circular disc is maximum
about an axis perpendicular to the disc and passing through

(a) B
(b) C
(c) D

(d) A

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

(@) m? /12 (b) ml?/6

(c) m?/3 (d) mi?/2
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15.

16.

17.

18.

19.

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

(a) 3mL (b) 3ml‘..
2 4 4 4
= A=

(c}SmL ()SmL

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 I,. lts moment of inertia about

an axis passing through one of its ends and perpendicular to
its length is

2

(@) I +ML2 (b) Iy + %—
ML? P

(c) J'04'—4' (d) Iy +2MIL°

A uniform square plate has a small piece Q of an irregular

shape removed and glued to the centre of the plate leaving a

hole behind in figure. The moment of inertia about the z-
axis is then,

(4 AY
QO T o> hole
x |- — x

(a) Increases
{(b) Decreased
(c) The same

(d) Changed in unpredicted manner

Four thin rods of same mass M and same length I, 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

4. 2
—Mi
(a) 3

MI?
(b) =

2
(© %’”

2 ppi
—Mi
(d) 3

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

20. Four particles each of mass m are placed at the comerg o L

21.

22.

23.

24.

25.

.(a)—!—
J2

square of side length I. The radius of gyration of the Py
about an axis perpendicular to the square and Passing
through its centre is

|
(b) 2
Y (d) (/2)1

Moment of inertia of a disc about its own axis is I. Its Moment
of inertia about a tangential axis in its plane is

o 31
25 (b)
(a) 2
3
27 (d) 21
(c) 5
ABC is a triangular plate of uniform thickness. The sides are

in the ratio shown in the figure. I4g,/pc,Ics are the moments

of inertia of the plate about AB, BC, CA respectively. Which
one of the following relations is correct?

N

Ble——3 ——C

(a) Igy is maximum
(b) Lug>Ipc

(c) Ige>1pg

(d) Tag+Igc=Ics

The moment of inertia of a uniform thin rod of length L and
mass M about an axis passing through a point at a distance of

% from one of its ends and perpendicular to the rod is

2 2

(a) 71:‘2' by ML
Mi? ML?

(c) ETE (d) .

A rod of length L is composed of a uniform length %L of

wood whose mass is m,, and a uniform length %L of brass
whose mass is m;,. The moment of inertia I of the rod about

an axis perpendicular to the rod and through its centre is equal
to

L2 LZ
(a) (m, + mb)'l'E (b) (m, + mb)?

i* 2
(c) (m, + mb)? (d) (m, +mb}%

In a rectangle ABCD (BC = 2 AB). The moment of inertia

‘along which axes will be minimum

2, . : F c
its plane is 8 times that of P about a similar axis, the value of (a) BC B
n is (diameter of the wire is very much smaller than r or nr) (b) BD %
E
(a) 8 (b) 6 (c) HF
(c) 4 (d) 2 (d) EG A - -
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26.

27.

28.

29.

30.

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

(@) 2:3
(©) V5 : 6

(b) 2:1
d 1:v2

From a circular disc of radius R and mass 9 M, a small disc
of mass M and radius % 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

(a) 5 MR? (b) MR?

(c) AMR? (d) %MRZ

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

2]

(a) I (b) 3
I I

(c) 3 (d) 0

The moment of inertia of a solid disc made of thin metal of
radius R and mass M about one of its diameters is given by
MR?

. What will be the moment of inertia about this axis if

the disc is folded in half about this diameter?

MR? MR?
T Wi T
(a) 3 (b) 2
2
R (@) MR?
4
Seven identical coins are rigidly arranged on a flat table in the

pattern shown below so that each coin touches its neighbours.
Each coin is a thin disc of mass m and radius r.

Note that the moment of inertia of an
individual coin about an axis passing
through center and perpendicular to the

2
plane of the coin is _n%_ - The moment of

inertia of the system of seven coins about an axis that passes
through the point P (the centre of the coin positioned directly
to the right of the central coin) and perpendicular to the plane
of the coins is

55 2 1_21 2
(a) —é-mr (b) 5 mr
g 2L e (d) 55mr?

2

31.

32.

The moments of inertial of a non — uniform circular disc (of
mass M and radius R) about four mutually perpendicular
tangents AB,BC CD,DA are I},I;,I; and I, respectively
(the square ABCD circumscribes the circle). The distance of

the centre of mass of the disc from its geometrical centre is
given by

(a) I;aﬁ s —1Z +(, —1,)°

1
(b) leMR \/(13 —13)2 +(I, _14)2

(©) 3—}\14},!;\/(11 “LP -,

ol

@ 2r

VU + 130 + (I +1,

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

h

!

(a)

- R
(c) i (d
R

(b

/
)l—
R
)
R

4.

Torque and Couple

1.

2,

A tap can be operated easily using two fingers because

(a) The force available for the operation will be more

(b) This helps application of angular forces

(c) The rotational effect is caused by the couple formed

(d) The force by one finger overcomes friction and other
finger provides the force for the Operation

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) 98 N-m (b) 19.6 N-m
(c) 196 N-m (d) 9.8 N-m

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-s2 is
produced in it due to the torque. Then, moment of inertia of
the wheel is (g = 10ms2)

(a) 2kg —m?
(b) 1kg —m?
(c) 4kg —m?
(d) 8kg —m? 4kg
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10.

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

(a) 1 rad/sec
(c) 10 rad/sec

(b) 5 rad/sec
(d) 15 rad/sec

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) 750 rad.

(c) 3000 rad.

(b) 1500 rad.
(d) 6000 rad

Aforce F=2.0N acts on a particle P in the xz-plane. The force

F is parallel to x-axis. The particle P (as shown in the figure) is at
a distance 3 m and the line joining P with the origin makes angle
30° with the x-axis. The magnitude of torque on P with respect
to origin O (in N-m) is

(a) 2
(b)3

(c) 4

(d) 5

A cord is wound over the rim of a flywheel of mass 20 kg and
radius 25 cm. A mass 2.5 kg attached to the cord is allowed
to fall under gravity. Calculate the angular acceleration of the
flywheel

(a) 25rad / s? (b) 20rad /s?

(c) 10rad / s2 (d) 5Srad /s?

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

2r T

il b) — N-
(a) - N-m (b) 75 DY

T n

B N
(c) 15 N-m (d) 18 m

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 string is wound round the rim of a mounted flywheel of mass
20 kg and radius 20 cm. A steady pull of 25 N is applied on the

11.

12.

13.

14.

15.

The instantaneous angular position of a point on a rotating
wheel is given by the equation 6(t) = 25 6t The e
on the wheel becomes zero at
(a) t=2s (b) t=1s
(c) t=0.2s (d) t=0.25s

ABC is an equilateral triangle with O as its centre. F,, F, and

E, represent three forces acting along the sides AB, BC ang
AC respectively. If the total torque about O is zero then the

magnitude of F, is

@) F+E; (b) E-F
© 5;—5 (d) 2(F+F,)

The total torque about pivot A provided by the forces shown
in the figure, for L =3.0m, is

(a) 210Nm

70N
(b) 140N m 90 /N/ 80N, @

Ao 30° SON
95N 3 B
(c) m A 90\\601\{ B
A

(d) 75Nm k_éL__H_%L__,{

Asolid cylinder of mass 50 kg and radius 0.5 m is free to rotate
about the horizontal axis. A massless string is wound round the
cylinder with one end attached to it and other hanging freely.
Tension in the string required to produce an angular
acceleration of 2 revolutions s is
(a) 785N (b) 157N
(c)25N (d) 50N
A wheel of radius R with an axle of radius R/2 is shown
in the figure and is free to rotate about a frictionless axis
through its centre and perpendicular to the page. Three
forces (F, F, 2F) are exerted tangentially to the respectivé

rims as shown in the figure. The magnitude of the net torqué
acting on the system is nearly

cord. Neglecting friction and mass of the string, the angular

acceleration of the wheel is

(a) 50 52 (b) 25 s (a) 3.5FR (b) 3.2FR
) 125 &2 (d) 6.25 s (c) 3.5FR (d) 1.5FR
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16. Consider two masses with m; >m, connected by a light

inextensible string that passes over a pulley of radius R and
moment of inertia [ about its axis of rotation. The string does
not slip on the pulley and the pulley turns without friction. The
two masses are released from rest separated by a vertical
distance 2h. When the two masses pass each other, the speed
of the masses is proportional to

(b) (m; +my,)(m; —m,)

I
my+my +—
RZ

| =

(d) . RE

m; +m,

Angular Momentum

A uniform heavy disc is rotating at constant angular velocity
o 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

(@) @ (b) @and L both

{c) L only (d) Neither @ nor L

The principle of conservation of angular momentum, states
that angular momentum

(a) Always remains conserved

(b) Is the product of moment of inertia and velocity

(c) Remains conserved until the torque acting on it remains
constant

(d) None of these

When a man stands on a turn-table stretching with two equal
loads in hand and rotates. Then he folds his arm. Which of
the following statement is correct?

(a) Linear momentum is conserved
(b) Kinetic energy increases
(c) Angular momentum increases

(d) Angular velocity increases

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

5.

10.

A round disc of moment of inertia Iz about its axis
perpendicular to its plane and passing, through its centre is
placed over another disc of moment of inertia I1 rotating with
an angular velocity @ about the same axis. The final angular
velocity of the combination of discs is

Izw

b

(@) T %l bf @
o g Tt lple

(c) el (d) 3

A particle of mass m is moving in yz-plane with a uniform
velocity v with its trajectory running parallel to +ve y-axis
and intersecting z-axis at z =a in figure. The change in its
angular momentum about the origin as it bounces elastically
from a wall at y = constant is

z

s ¥

(a) mua e, (b) 2mua e,

(c) ymw é, (d) 2ymuve,

A merry-go-round, made of a ring-like platform of radius R
and mass M, is revolving with angular speed . A person of

mass M is standing on it. At one instant, the person jumps
off the round, radially away from the centre of the round (as
seen from the round). The speed of the round of afterwards is

(@) 2w (b) @

@
(c) 5 (d) 0

The angular speed of a body changes from @) to @z without
applying a torque but due to change in its moment of inertia.
The ratio of radii of gyration in the two cases is

(a) Yoo 1oy (o) oo, 2\,

(c) Wy 0, (d) @y 1 @,

If the radius of the earth is suddenly contracts to half of its
present value, then the duration of day will be of

(a) 6 hours (b) 12 hours
(c) 18 hours (d) 24 hours

A circular platform is mounted on a frictionless vertical axle. Its
radius R=2m and its moment of inertia about the axle is
200kgm? . It is initially at rest. A 50 kg man stands on the edge
of the platform and begins to walk along the edge at the speed
of Ims™ relative to the ground. Time taken by the man to

N r. complete one revolution is
(o) 8 (b)%’fs
(a) Increase by a factor of 4 (b) Decrease by a factor of 2
F(s
(c) Remain constant (d) Increase by a factor of 2 (c) 27s (d) 5"
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11. A bar of length ¢ carrying a small mass m at one of its ends

12,

rotates with a uniform angular speed @ in a vertical plane
about the mid-point of the bar. During the rotation, at some
instant of time when the bar is horizontal, the mass is detached
from the bar but the bar continues to rotate with same @. The
mass moves vertically up, comes back and reaches the bar at
the same point. At that place, the acceleration due to gravity
isg

2
(a) This is possible if the quantity ;’—ﬁ is an integer
g

(b) The total time of flight of the mass is proportional to ?

(c) The total distance travelled by the mass in air is
proportional to @2

(d) The total distance travelled by the mass in air and its total
time of flight are both independent on its mass

A horizontal disk of moment of inertia 4.25kg —m? with

respect to its axis of symmetry is spinning counter clockwise at
15 revolutions per second about its axis, as viewed from

above. A second disk of moment of inertia 1.80kg — m? with

respect to its axis of symmetry is spinning clockwise at 25
revolutions per second as viewed from above about the same

. axis and is dropped on top of the first disk. The two disks stick

together and rotate as one about their axis of symmetry. The

new angular velocity of the system as viewed from above is
close to

(a) 18 revolutions/second and clockwise
(b) 18 revolutions/second and counter clockwise
(c) 3 revolutions/second and clockwise

(d) 3 revolutions/second and counter clockwise

Work, Energy and Power

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?* K2
eI b} 5
& R? =l K? +R?
R? K?+R?
vy O TR

A solid spherical ball rolls on an inclined plane without
slipping. The ratio of rotational energy and total energy is

(@) 2/5 (b) 2/7
(c) 3/5 (d) 3/7

The M.I. of a body about the given axis is 1.2 kg xm? initially
the body is at rest. In order to produce a rotational kinetic
energy of 1500 J, an angular acceleration of 25 rad /sec 2
must be applied about that axis for duration of

(b) 2 sec

(d) 10 sec

(a) 4 sec

(c) 8 sec

10.

11.

An automobile engine develops 100 kW when rotatin
speed of 1800 rev/min. What torque does it delivey?

(a) 350 N-m (b) 440 N-m
(c) 531 N-m (d) 628 N-m

g at 5

Two bodies have their moments of inertia I and 2/ regpey;
about their axis of rotation. If their kinetic energies of 10
are equal, their angular momentum will be in the ratjq

(b) V2:1
d1:v2

A body is rolling without slipping on a horizontal surface apg
its rotational kinetic energy is equal to the translationa] kinetic
energy. The body is

(a) Disc
(c) Cylinder

Vely
tation

(a)1:2

(c)2:1

(b) Sphere
(d) Ring

The total kinetic energy of rolling solid sphere having
translational velocity v is

1

(a) %mvz (b) mv?
10

(©) %mvz (@ = mo?

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 with a velocity of

(@) 8 m/s . (b) 0.5 m/s
(c) 2 m/s (d) 1 m/s
The moment of inertia of a body about a given axis is 2.4 ka-

2. To produce a rotational kinetic energy of 750 J, an

m?,
angular acceleration of 5 rad/s? must be applied about that
axis for

(a) 6 sec (b) 5 sec

(c) 4 sec (d) 3 sec

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 energy is conserved

(b) The angular momentum of the sphere about the point of
contact with the plane is conserved

(c) Only the rotational kinetic energy about the centre of
mass is conserved

(d)

Angular momentum about the centre of mass is conserved

Two rigid bodies A and B rotate with rotational kinetic
energies Ea and Fg respectively. The moments of inertia of A
and B about the axis of rotation are I1 and Is respectively. If In
= Ig/4 and Ex = 100 Eg the ratio of angular momentum (La)
of A to the angular momentum (Le) of Bis

(a) 25
(c) 5

(b) 5/4
(d) 1/4

e
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12.

13.

14.

15.

16.

17.

18.

A hollow sphere of diameter 0.2 m and mass 2 kg is rolling on
an inclined plane with velocity v =05 m/s. The kinetic
energy of the sphere is
(a)0.1J

(c)0.5dJ

(b) 0.34J
(d) 0.42 4

If rotational kinetic energy is 50% of translational kinetic
energy, then the body is
(a) Ring

(c) Hollow sphere

(b) Cylinder
(d) Solid sphere

A circular disk of moment of inertia I, is rotating in a

horizontal plane, about its symmetry axis, with a constant
angular speed @, Another disk of moment of inertia | b 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 @; . The energy lost by the

initially rotating disc to friction is

1 L 5 i I,,z "
a) — ; b) =—% .
( 20+ (bl BT
7 (R 5 I, -1
(€ 57—, (d) bt
2(I,+Ib) 1+1,)

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=9.8m/s?)

(@) 3.2mfs
(b) 5.4 m/s
(c) 7.6 m/s
(d) 9.2m/s

Lenedoraelons oy pbonnbessadsgnidensy

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

(@)2d (b)3J

(c)0J (d)1J

A uniform rod of length 2L is placed with one end in contact
with the horizontal and is then inclined at an angle « to the

horizontal and allowed to fall without slipping at contact point
When it becomes horizontal, its angular velocity will be

’3gsina ’ 2L

= |——— b —]

) @ 2L L 3gsin o

i, D2 @ o= L
L gsina

A thin uniform rod mass m and length I 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

(a) J2g'
(c) 5l

(b) 3dl
(d) Jmdl

Rolling on Inclined Plane

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
bottomn?

f3 4
(a) Zgh (b) Egh
(c) y4gh (d) y2gh

The speed of a homogeneous solid sphere after rolling down .
an inclined plane of vertical height h, form rest without sliding,

(a) %h (b) Jah
6 4
(C) —5' Qh (d) g Qh

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) 5.29 m/sec (b) 4.1x10% m/sec

(c) 51 m/sec (d) 51 em/sec

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

(@) 2V10ms™ (6) 2J3ms™
(c) 22 ms™? (d) 2ms™!

A solid disc rolls clockwise without slipping over a horizontal
path with a constant speed ©. Then the magnitude of the
velocities of points A, B and C (see figure) with respect to a
standing observer are respectively

A
(a) vvandv
(b) 2v,+/2vand zero B
(c) 2v,2vandzero
(d) 2v, J2vand V2o c

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
(@) 7m/s (b) 10m/s

(c) 15m/s (d) 20m/s
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. ; having a mass M , radiy
7. Aball rests upon a flat piece of paper on a table top. The paper 12. A solid uniform sphe;e ) ¥ B s and
is pulled horizontally but quickly towards right as shown. Relative moment of inertia of e MR? rolls down a plane inclineq atan
i s _ags sye . th ball "
e angle 6 to the horizontal starting from rest. The coefficient of
static friction between the sphere and the plane is 4, Then
—_— s
(a) The sphere will always roll without slipping
i lide
(b) The sphere will always s!
(1) Remains stationary if there is no friction between L
the paper and the ball. (c) The sphere will roll without slipping only if & < g _2£
(2) Moves to the left and starts rolling backwards, i.e., to . o _ 7
the left if there is a friction between the paper and (d) The sphere will roll without slipping only if 6 < tan! _.2'3
the ball.
; i itti a rough table — top i
(3) Moves forward, i.e., in the direction in ‘which the 13. A cubical box (_)f icER sifting o.n g Op. 'S Pushed
paper is pulled. horizontally with a gradually l_ncreaSI.ng force until the boy
moves. If the force is applied at a height from the table top
Here, the correct statement/s is/are which is greater than a critical height H , the box topples first
(a) Both (1) and (2) (b) Only (3) If it is applied at a height less than H , the box starts sliding
first. Then the coefficient of friction between the box and the
8. A sphere rolls down on an inclined plane of inclination 6. faf 2 (b) 2H
What is the acceleration as the sphere reaches bottom 2H g
5 . a H
(a) ;gsmé’ (b) ggsme (c) 5 (d) .
(©) 2 o (@ Egsin » 14. Abullet of mass m is fired horizontally into a large sphere of
7 5 mass M and radius R resting on a smooth horizontal table.
The bullet hits the sphere at a height h from the table and
9. Asolid sphere rolls down two different inclined planes of same ! i . o . . : ¢ -e a.n
> _ e sticks to its surface. If the sphere starts rolling without slipping
height, but of different inclinations. In both cases immediately on impact, th
n impact, then
(a) Speed and time of descent will be same ‘
(b) Speed will be same, but time of descent will be different
(c) Speed will be different, but time of descent will be same
(d) Speed and time of descent both are different
10. If a hollow cylinder and a solid cylinder are allowed to roll
down an inclined plane, which will take more time to reach (a) h _4m+3M b h m+3M
the bottom i R 2m+ M) (®) R m+2M
(a) Hollow cylinder (c) % - 10m+7M (d) h _4m+3M
(b) Solid cylinder Sim-+ M) R m+M
(c) Same for both 15. A ball is rolling without slipping in a spherical shallow bowl
(d) One whose density is more (radius .R) as -shown in the figure and is executing simple
. harmonic motion. If the radius of the ball is doubled, the
11. A uniform non - deformable cylinder of mass m and radius period of oscillation
R is rolling without slipping on a horizontal rough surface. L
The force of friction is w
(a) #mg, where u is the coefficient of sliding friction
' (a) Increases slightly
{bs) Zexo (b) Is reduced by a factor of 1/2
4h §i
(c) Increases with time (&) T8Biicreneed by S ko istn
(d) Decreases with time (d) Decreases slightly
LB
-—-—-'—-:—.—-__-.——-—._—
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16.

17.

18.

19.

A solid sphere rolls without slipping, first horizontal and
then up to a point X at height h on an inclined plane
before rolling down, as shown. The initial horizontal speed
of the sphere is

10gh
(a)J 7
5gh
k)df?‘

A solid cylinder P rolls without slipping from rest down an
inclined plane attaining a speed V, at the bottom. Another

(d) J2gh

smooth solid cylinder Q of same mass and dimensions slides

without friction from rest down the inclined plane attaining a

speed V, at the bottom. The ratio of the speeds [%J is

B eE
SR

A solid sphere spinning about a horizontal axis with an
angular velocity @ is placed on a horizontal surface.

Subsequently it rolls without slipping with an angular velocity
of

2w T
(a) ? (b) ?
@ 22 ) o

A uniform ring of radius R is moving on a horizontal surface

with speed v and then climbs up a ramp of inclination 30°

to a height h. There is no slipping in the entire motion. The
h is

(a) 02/2g (b) 02/9
(c) 3v?/2g (d) 2v?/g
8. IIT-JEE/AIEEE
1.

Two particles A and B initially at rest move towards each other
under a mutual force of attraction. At the instant when the
speed of A is v and the speed of B is 2v, the speed of centre

of mass of the system is [1982]
(a) Zero (b)v
(c) 1.5v (d) 3v

2. Abody A of mass M while falling vertically downwards under

gravity breaks into two parts; a body B of mass 1/3M and a
body C of mass 2/3M. The centre of mass of bodies B and C
taken together shifts compared to that of body A
towards [2005]
(a) Body C

(b) Body B

(c) Depends on height of breaking

(d) Does not shift

Two spherical bodies of mass M and 5M and radii R and 2R
respectively are released 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 [2003]
(@) 1.5R (b)25R
(c)45R (d)75R

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 the ink used to draw the outer circle
is 6 m. 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 this drawing

is [2009]
Yo
X
(a) a/10 (b) a/8
(c) a/12 (d) a/3

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 [2006]
gL (o) Mg
() d (d) “2d

m

A 'T shaped object with dimensions 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

toC [2005]
4 [ [ et
(a) §’ AE———-—"1B
(b) 12 L P
= F—
(c) 3 2
3
—1
(d) 2 cu ¥
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7. Anisolated particle of mass m is moving in a horizontal plane 12. One solid sphere A and another hollow sphere B are of same
(X-Y) along the X-axis at a certain height above the ground. It mass and same outer radii. Their moment of inertig aboyt
suddenly explodes into two fragments of masses m/4 and . espectively I,and I such that [2
3m/4. An instant later, the smaller fragment is at y = 15 cm. their diameters are respe Y 14 B [ 004)
The larger fragment at this instant is at [1997]

g gm (a) 1y =I5 (b) I, >Ip
(@)y=-5cm (b)y = +20cm
(C)y=+5cm (d)y=—20cm (C) ’A<IB (d) IA/IB=dA/dB

8. A circular disc of radius R is removed from a bigger circular heir densiti
disc of radius 2R such that the circumferences of the discs where d, and dp are their densities.
coincide. The centre of mass of the new disc is aR from the
centre of the bigger disc. The value of a is [2007] 13. A solid sphere of mass M, radius R and having moment of
(a) 1/3 (b) 1/2 inertia about an axis passing through the centre of mass as |,
(c) 1/6 (d) 1/4 is recast into a disc of thickness t, whose moment of inerti,

9. Distance of the centre of mass of a solid uniform cone form its about an axis passing through its edge and perpendicular to
vertex is zo. If the radius of its base is R and its height is h its plane remains I. Then, radius of the disc willbe  [2006)
the z; is equal to [2015] ’

2R f 2
h? 3h (a) — (b) Ry[—
— 21 15
(@) iR (b) 2 J15
5h 3h? R
(c) = (d) o g 25 (d) =
o o Vi :

10. A thin rod of length 'L' lying along the x-axis with its ends
at x = 0 and x=L. Its linear density (mass/length) varies 14. The moment of inertia of semicircular ring about an axis which
with: & as k( B ] S ya—— is perpendicular to the plane of the ring and passes through

L the centre [2002]
number. If the position x_,, of the centre of mass of the rod "
is plotted against 'n', which of the following graphs best {a) MR? (b) MR
approximates the dependence of x_,, onn [2008]
Xem MRZ
o i (c) 2 (d) None of these
S
$ Xow 15. Consider a uniform square plate of side 'a' and mass 'm'. The
© u; o ) b; B moment of inertia of this plate about an axis perpendicular to
0l " ol " its plane and passing through one of its corners is [2008]
11. A slender uniform rod of mass M and length | is pivoted at 1.5 7
(a) —=ma (b 2
one end so that it can rotate in a vertical plane (see figure). 12 ) Ema
There is negligible friction at the pivot. The free end is held
vertically above the pivot and then released. The angular 2 5 5
acceleration of the rod when it makes an angle @ with the (c) 3ma (d) gmaz
vertical is
: 16. From a solid sphere of mass M and radius R a cube of
maximum possible volume is cut. Moment of inertia of cube
about an axis passing through its centre and perpendicular to
, one of its faces is [2015]
nf 2
[2017) MR MR?
(a) (b)
(a) ECOSG (b) —Eﬂn 8
2
2g 3g (c) AN (d) 4MR?
(c) —j-sini? (d) ECDSB 937 3J3~
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17. One quarter sector is cut from a uniform circular disc of radius 21. From a uniform circular disc of radius R and mass 9M, a
R. This sector has mass M. It is made to rotate about a line
perpendicular to its plane and passing through the centre of
the original disc. Its moment of inertia about the axis of

small disc of radius —g is removed as shown in the figure. The

moment of inertia of the remaining disc about an axis

rotation is 2001
[ ] perpendicular to the plane of the disc and passing through
(a) MR2 centre of disc is
1
b) —MR?
(b) 4
(c) MR2
(d) V2 MR?
«_4pra [2018]
18. A thin wire of length L and uniform linear mass density p is
bent into a. circrﬂar loop with centre at O as shown. The (a) I0OMRZ (b) 37 MR2
moment of inertia of the loop about the axis XX'is  [2000] 9
2 40
(a) iz (c) 4 MR? (d) -9—MR2
3 X X’ 5 : :
(b) AL 5 29 The moment of inertia of a uniform cylinder of length [ and
radius R about its perpendicular bisector is I. What is
50 the ratio I/R such that the moment of inertia is
€ 1672 minimum [2017]
3pL° 3 F
d ) a) — b taaid
@ =2 @) ®) 5
19. Let]be the moment of inertia of a uniform square plate about J3
an axis AB that passes through its centre and is parallel to two (c) i d1
of its sides. CD is a line in the plane of the plate that passes
through the centre of the plate and makes an angle 6 with AB. 23. Let F be the force acting on a particle having position vector
The moment of inertia of the plate about the axis CD is then N .. E i gt
equal to [1998] rand T be the torque of this force about the origin.
Then 2003
(@) I (b) Isin®@ [
ol (a) FT=0and FT=0 (b) F.T=0and FT 20
(c) Icos®6 (d) Teos® 3

(c) FT#0andFT=0 (d) 7T #0and FT 0

20. Seven identical circular planer disks, each of mass M and
radius R are welded symmetrically as shown. The moment
of inertia of the arrahgement about the axis normal to the The torque about the point (1, -1)is [2006]
plane and passing through the point P is HIENEE

24. Aforce of - Fk acts on O, the origin of the coordmate system.

(a) =F(i +]) (mnwn
(c) —F(i—})) (&Hhﬁ

25. An annular ring with inner and outer radu R1 and Rz is rollmg
without slipping with a uniform angular speed The rqtlo of the
forces experlenced by the two particles SItuated on the mner

M3 Hor wiun i

‘ ‘ o “'[‘20:'1%1 o ro and outer parts of thel ring;.! El— sl 1o srisly [2005]
L SEAEERS AR e ORESNEn [E00%] Weyuarie Hnemesy alsi
7, b e ‘ ‘
cood) 7 MR L s @1 (b) Ry /Ry
31 st 10 sansistmurus 9t all
(© 2 MR? O B e S (o) (@ Ry/R, @ (Ru/Bef . -
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26.

27.

28.

29,

30.

31.

A horizontal force F is applied such that the block remains
stationary then which of the following statement is

false [2005]
(a) f = mg [where f is the friction force] *—a"il
(b) F = N [where N is the normal force] : I”

b= = - -‘I - - -(—
(c) F will not produce torque : F

(d) N will not produce torque

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 [2011]
(a) Less than 3

(b) More than 3 but less than 6

(c) More than 6 but less than 9

(d) More than 9

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 [2014]
3 g

(a) 59 (b)
2 s

(c) 39 (d) 3

A particle of mass m moves along line PC with velocity v
as shown. What is the angular momentum of the particle
about O? [2002]

(a) muL
(b) mul
(c) mour
(d) Zero

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 [2004]

(b) Angular momentum

(a) Moment of inertia

(c) Angular velocity (d) Rotational kinetic energy

Angular momentum of the particle rotating with a central force
is constant due to [2007]

- .*(a) Constant Forces

(b) Constan: linear momentum

" (c) Zero Torque.

32.

(d) Constant Torque

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

the particle remain conserved. [2003]
(a) Centre of the circle

(b) On the circumference of the circle

(c) Inside thecircle

33. A thin circular ring of mass M and radius r is rotating about jis

34.

35.

36.

37.

38.

axis with a constant angular velocity @ . Two objects each of
mass m are attached gently to the opposite ends of a diametey
of the ring. The ring will now rotate with an angula

velocity [1983)
(M - 2m) aM
@ “Mizm © Mrem
oM (M + 2m)
() —=o
© Mem M \

A mass m is moving with a constant velocity along a line
parallel to x-axis. lts angular momentum with respect to origin
or z-axis is [1985)

(@) Zero (b) Remains constant

(c) Goes on increasing (d) 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 ' [2011]

(a) Remains unchanged
(b) Continuously decreases
(c) Continuously increases

(d) First increases and then decreases

A thin and circular disc of mass M and radius R is rotating in
a horizontal plane about an axis passing through its centre and
perpendicular to its plane with an angular velocity o. If
another disc of same dimensions but of mass M/4 is placed
gently on the first disc co-axially, then the new angular velocity

of the system is [2002]
5

(a) i (b) —g-w
4 ,

© o (d) %w

A hoop of radius r and mass m rotating with an angular
velocity @, is placed on a rough horizontal surface. The initial
velocity of the centre of the hoop is zero. What will be the
velocity of the centre of the hoop when it ceases to

slip? [2013]
@ (o) "2
(c) % (d) ray

A particle performs uniform circular motion with an angular
momentum L. If the frequency of a particle’s motion 15
doubled and its kinetic energy is halved, the angular

momentum becomes [2003]
(a) 2L (b) 4L
(c) L/2 (d) L/4

G

(d) Outside the circle o
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39. Abob of mass m attached to an inextensible string of length |

40.

41.

is suspended from a vertical support. The bob rotates in a
horizontal circle with a angular speed wrad/s about the

vertical. About the point of suspension [2014]
(a) Angular momentum is conserved
(b) Angular momentum changes in magnitude but not in

direction

(c) Angular momentum changes in direction but not in
magnitude

(d) Angular momentum changes both in direction and
magnitude

Aringof mass M and radius R is rotating with angular speed
@ about a fixed vertical axis passing through its centre O

with two point masses each of mass % at rest at O. These

masses can move radially outwards along two massless rods
fixed on the ring as shown in the figure. At some instant the

angular speed of the system is %a) and one of the masses is

at a distance of %R from O. At this instant the distance of

the other mass from O is [2015]

2
(a) gR

(b) ER

3 \,1
(c) B*R Oi

4
(d) ER

Two thin circular discs of mass m and 4m, having radii of a
and 2a, respectively, are rigidly fixed by a massless, rigid rod

of length | = J24a through their centers. This assembly is laid
on a firm and flat surface, and set rolling without slipping on
the surface so that the angular speed about the axis of the rod
is @. The angular momentum of the entire assembly about

the point 'O’ is L (see the figure). Which of the following
statement(s) is (are) true

A
iz

[2016]
(a) The magnitude of angular momentum of the assembly
about its center of mass is 17 ma®w/ 2,
(b) The magnitude of the z -component of L is 55maZe

(c) The magnitude of angular momentum of center of mass
of the assembly about the point O is 81 msZw

(d) The center of mass of the assembly rotates about the z-
axis with an angular speed of w/5

42,

43.

44.

45,

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

would be its angular velocity [2003]
: 4 |
Jd=MV
(a) VIL (b) 2V/IL
(c) VI3L (d) V/4L

A cubical block of side a is moving with velocity v on a horizontal
smooth plane as shown. It hits a ridge at point O. The angular
speed of the block after it hits O is [1999]

s (] —

(a) 3v/da (b) 3v/2a
iy 238 (A st
2a

A smooth sphere A is moving on a frictionless horizontal plane
with angular speed @ and centre of mass velocity v . It collides
elastically and head-on with an identical sphere B at rest. Neglect
friction everywhere. After the collision, their angular speeds are
@, and wg respectively. Then [1999]

(@) s < wg (b) @y = wp

(c) wy = @ (d) @ = wp

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 ao. 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  (t) will vary

with time t as [2002]
alt) wft)
(a) @0 ool

e 3 4

wl(t) aft) /\

(c)mo \_/

e ———
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46. A thin uniform rod, pivoted at O, is rotating in the horizontal

47.

plane with constant angular speed @, 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 at t =T and stops. The
angular speed of the system remains @ throughout. The

magnitude of the torque (|7 |) on the system about O, as a

function of time is best represented by which plot [2012]

N
N

[ I7]
(a) (b) 5
t 1
o 7 s =
z ¥4

t
- T
A small particle of mass m is projected at an angle 8 with the

x-axis with an initial velocity v, in the x-y plane as shown in

in &
the figure. At a time t < Yo Alte , the angular momentum of
g

the particle is [2010]

Vo

(a) —;—mgvotzcosé?:? (b) —mgugt® cos@ j

(c) mgugt cosOk (d) —%nngvot2 cos 8k

~

where i,j and k are unit vectors along x, y and z-axis

respectively

48.

49.

50.

51.

A small mass m is aftached to a massless string whose other
end is fixed at P as shown in the figure. The mass is
undergoing circular motion in the x—y plane with centre at

O and constant angular speed @. If the angular momentum

of the system, calculated about O and P are denoted by Eo
and L, respectively, then [2012)

P

(a) f.o and I:P do not vary with time
(b) L, varies with time while L, remains constant
(c) Lo remains constant while Lp varies with time

(d) 1—-0 and I:P both vary with time

The moments of inertia of two freely rotating bodies A and B
are I, and I respectively. I, >Ip and their angular

momenta are equal. If K, and Kj are their kinetic energies,

then [2002]
(a) KA=KB (b) KA >KB

(c} Ki <Kpg (d) Ky =2Kg

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 now stretches his arms so that the
moment of inertia of the system doubles. The kinetic energy

of the system now is [2004]
(a) 2K (b) K/2
(c) K/4 (d) 4K

An equilateral triangle ABC formed from a uniform wire has
two small identical beads initially located at A. The triangle is
set rotating about the vertical axis AQ. Then the beads are
released from rest simultaneously and allowed to slide down,
one along AB and the other along AC as shown. Neglecting
frictional effects, the quantities that are conserved as the beads
slide down, are

(@) Angular velocity and total energy (kinetic and potential)
(b) Total angular momentum and total energy

(c) Angular velocity and moment of inertia about the axis of
rotation

(d) Total angular momentum and moment of inertia about the
axis of rotation
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52. A thin uniform rod of length | and mass m is swinging freely

53.

54.

55.

56.

about a horizontal axis passing through its end. Its maximum
angular speed is @ . lts centre of mass rises to a maximum

height of [2009]
1 I20? 1lw
o8 L B =i
(a) 3 g (b) 54
1 Ic. 2
© 5 @ = 11e?
g g

A disc is rolling (without slipping) on a horizontal surface. C
is its centerand Q and P are two points equidistant from C

. Let vp,vg and v, be the magnitude of velocities of points

P,Q and C respectively, then [2004]

(a) UQ >UC >UP

(b) Ug <U¢ <U,

v

(d) UQ <U¢c >Up

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) [2002]

(b) Hollow sphere
(d) All same

(a) Solid sphere
(c) Ring
A round uniform body of radius R, mass M and moment of

inertia I, rolls down (without slipping) an inclined plane
making an angle @ with the horizontal. Then its acceleration

is [2007]
gsin @ p) _gsinéd
{3)14-—] o 1+MR2
MR? 1
gsin @ gsiné
MR? I

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 [2012])

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

(c) Both cylinder P and Q reaches the ground with same
translational kinetic energy

(d) Cylinder Q reaches the ground with larger angular speed

57.

58.

59.

A small object of uniform density rolls up a curved surface with
an initial velocity v. It reaches up to a maximum height of

2
—3-&0— with respect to the initial position. The object is [2007]
g

(a) Ring (b) Solid sphere

(c) Hollow sphére (d) Disc

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

[2002]

(a) Up the incline while ascending and down the incline
while descending

(b) Up the incline while ascending as well as descending

(c) Down the incline while ascending and up the incline
while descending

(d) Down the incline while ascenc!ing as well as descendiﬁg

A roller is made by joining together two cones at their vertices
O. It is kept on two rails AB and CD whlch are placed
asymmetrically {see figure), with its axis perpendlcular to CD

and its centre O at the centre of line joining AB and CD

(see figure). It is given a light push so that it starts rolling with
its centre O moving parallel to CD in the direction shown. As
it moves, the roller will tend to [2016]

{a) Turn right
(b) Go straight

(c) Turn left and right alternately

(d) Turn left

9. NEET/AIPMT

1. Two spherical bodies of mass M and 5M and radii R and
2R released 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 before collision is [2015]
(a)45R (b) 7.5R
(c)15R (d)25R

2. A rope is wound around a hollow cylinder of mass 3 kg and

radius 40 cm. What is the angular acceleration of the cylinder

if the rope is pulled with a force of 30N [2017]
(a) 25m/s? (b) 0.25rad /s®
(c) 25rad /s (d) 5m/s?
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i iform rod AB of length | and mass m is free to rotate about
3. Three identical spherical shells, each of mass . and. rad{us r = ADL::; ,qujl‘he rod is released from rest in horizontal position_
are placed as shown in figure. Consider an axis XX' which is p ' i
touching to two shells and passing through diameter of third Given that the moment of inertia of the rod about A is M
shell. Moment of inertia of the system consisting of these three ) )
spherical shells about XX' axis is (2015] the initial angular acceleration of the rod will be (2013)
2 X
(a) Smr ! i |
16 - l e R A e T 5]
(b) il A
(c) 4mr? A ]
! 2 —
(d) U2 Y (a) 2 (b}, g 2
5 ' 3’
3 I (d) Eg_
4. From a disc of radius R and mass M, a circular hole of (c) 'é'g 21
diameter R, whose rim passes through the centre is cut. What
’ ; ; d of -1
is the moment of inertia of the remaining part of the disc about 9. An automobile moves or? a road with a speed o 54kmh 3
a perpendicular axis, passing through the centre?  [2016] The radius of its wheels is 0.45 m and m01'2nent of 1ner?1a of
(a) 15MR? /32 (b) 13MR? /32 ' the wheel about its axis of rotation is 3kg m*. If the vehicle is
brought to rest in 15s, the magnitude of average torque
(0) 11MR? /32 (d) 9MR? /32 transmitted by its brakes to the wheel is [2015]
) ) 2 -2
5. Asolid sphere is rotating freely about its symmetry axis in free (a) 8.58kgm*s™ (b) 10.86kg m’s
space. The radius of the sphere is increased keeping its mass (c) 2.86kgm®s™? (d) 6.66kgm?s™?
same. Which of the following physical quantities would )
. remain constant for the sphere [2018] 10. A road of weight W is supported by two parallel kr}tfe edges
(a) Angular velocity (b) Moment of inertia A and B and is in equilibrium in a horizontal position. The
L. ional kineti knives are at a distance d from each other. The centre of mass
(c) Rotational kinetic energy (d) Angular momentum ' it e at i e Seove i b mpial reasliomar
6. Point masses m; and m, are placed at the opposite ends of Als g [2015]
a rigid of length L, and negligible mass. The rod is to be set (a) Wd (b) W(d - x)
rotating about an axis perpendicular to it. The position of X X
point P on this rod through which the axis should pass so that (© Wi(d - x) (d) Wx
the work required to set the rod rotating with angular velocity d d
0y painimn, Egiven’by 11. Which of the following statements are correct
v (A) Centre of mass of a body always coincides with the centre
: of gravity of the body
; (B) Centre of mass of a body is the point at which the total
; gravitational torque on the body is zero
m [_. p m, (C) A couple on a body produce both translational and
. : g rotational motion in a body
3 :, (L~ x) (D) Mechanical advantage greater then one means that small
: effort can be used to lift a large load
: (a) (B) and (D) (b) (A) and (B)
: [2015] (c) (B) and (C) (d) (C) and (D)
(@) x=—LL (b) x = ﬂ[_ 12. A.mass m moves in a circle on a smooth horizontal plane
my, m with velocity v, ataradius R,. The mass is attached to string
. . which passes through a smooth hole in the plane as shown
(c) x=—H2 (d) x=—"2—
m +m, my +my
7. Alight rod of length | has two masses m, and m, attached
to its two ends. The moment of inertia of the system about an
axis perpendicular to the rod and passing through the centre
of mass is
2 mm; 2
(a) W (b) m, +m, : (a) %mug
AT (d) (my +my)/? L
(C) mymy ' ‘ (c) §mvo (d) mvg
P
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13.

14.

15.

16.

Two rotating bodies A and B of masses m and 2m with

moments of inertia I, and Iz (I5 <I,) have equal kinetic

energy of rotation. If L, and L be their angular momenta

respectively, then [2016]
(@) Ly > Ly () Ly =12
(C) LA = ZLB (d) LB > LA

Three objects, A : (a solid sphere), B : (a thin circular disk) and
C = (acircular ring), each have the same mass M and radius
R . They all spin with the same angular speed @ about their
own symmetry axes. The amounts of work (W) required to

bring them to rest, would satisfy the relation [2018]
(a) WC >WB >WA (b) WA >WB>WC

(C) WB >WA )Wc (d) WA>WC >WB
A solid sphere is in rolling motion. In rolling motion a body
possesses translational kinetic energy (K,) as well as

rotational kinetic energy (K,) simultaneously. The ratio

K, : (K, +K,) for the sphere is [2018]
(a) 7:10 (b) 5:7
(c) 10:7 (d) 2:5

A disk and a sphere of same radius but different masses roll off
on two inclined planes of the same altitude and length. Which
one of the two objects gets to the bottom of the plane

first? [2016]
(a) Disk

(b) Sphere

(c) Both reach at the same time

(d) Depends on their masses

10.

AlIMS

A ladder 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 [2005]

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 [2008]
(a) 6 (b) 10
(c) 12 (d) 4

The direction of the angular velocity vector is along [2004]
(a) The tangent to the circular path

(b) The inward radius

(c) The outward radius

(d) The axis of rotation

If the equation for the displacement of a particle moving on a
circular path is given by (6) = 2t* + 0.5 , where ¢ isin radians
and t in seconds, then the angular velocity of the particle after
2 sec from its start is [1998]
(a) 8 rad/sec (b) 12 rad/sec

(c) 24 rad/sec (d) 36 rad/sec

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 [1995]
(@) ma® (b) 3 ma?
(c) 3/4 ma? (d) 2/3 ma®

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

is [2008]
(a) v3 mi2 (b) 3mi2
(c) mi? (d) 2mi?

The moment of inertia of a rod about an axis through its

centre and perpendicular to it is le- ML? (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 make an angle of 60°. The moment of
inertia of the bent rod about the same axis would be [2006]
1 1
—-M[? — ML?
@ % ©) e
1 M1?
(c) =—ML? (d) —
24 8J3

For the given uniform square lamina ABCD, whose centre is
¢

[2008]
(@) V2T ac = I PO - S
(6) Lp =3l ’O
(©) Tac =Igr DL FI c
(d) Tac = V2l gr :

Rotational Motion | 45



9.

10.

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 [2010]
(a) L=R (b) L=v3R

R 3
() L=—1 (d)L=J:R

o3 2

A constant torque of 31.4 N-m is exerted on a pivoted wheel.
If angular acceleration of wheel is 4zrad/sec?, then the

« moment of inertia of the wheel is ' [2001]
(a) 2.5 kg-m? (b) 3.5 kg-m?
(c) 4.5 kg-m? (d) 5.5 kg-m?

11.

12.

13.

14.

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 [2005]

(a) Decreases continuously

(b) Decreases initially and increases again

(c) Remains unaltered

(d) Increases continuously

In an orbital motion, the angular momentum vector

is [2004]
(a) Along the radius vector

(b) Parallel to the linear momentum
(c) In the orbital plane
(d) Perpendicular to the orbital plane

A constant torque acting on a uniform circular wheel changes
its angular momentum from A, to 4A; in 4 seconds. The

magnitude of this torque is [1997]
(@) 2o (b) Ag
(c) 4A, (d) 12A,

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, whenitisatAand Lg

when it is at B, then [2007]
Y
8
A
0 X
(a) La>Lg
(b) La=Lg

(c) The relationship between L, and Lg depends upon the
slope of the line AB

(d) La<Lg

15.

16.

17.

The motion of planets in the solar system is an example of the

conservation of [2003)
(a) Mass

(c) Angular momentum

(b) Linear momentum
(d) Energy
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 [1995]
(a) v () J2v
(c) Lu (d) % v

J2

A solid sphere is rolling on a frictionless surface, shown in
figure with a transnational velocity v mys . If sphere climbs up

[2005]
T
h
1

to height h then value of v should be

7N

(a) z,/%h

(c) 2gh

(b) = 2gh

10
(d) —=gh

1.

Assertion & Reason

Read the assertion and reason carefully to mark the correct option

(a)

(b)

(c)
(d)
(e)

out of the options given below:

If both assertion and reason are true and the reason is the
correct explanation of the assertion.

If both assertion and reason are true but reason is not the
correct explanation of the assertion.

If assertion is true but reason is false.
If the assertion and reason both are false.

If assertion is false but reason is true.

Assertion The centre of mass of a two particle
system lies on the line joining the two
particles, being closer to the heavier
particle.

Reason

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.

e
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Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

The centre of mass of an isolated
system has a constant velocity.

If centre of mass of an isolated

system is already at rest, it remains at
rest.

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.

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

A judo fighter in order to throw his
opponent on to the mattress he
initially bend his opponent and then
rotate him around his hip.

As the mass of the opponent is
brought closer to the fighter’s hip, the
force required to throw the opponent
is reduced.

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.

It is harder to open and shut the door
if we apply force near the hinge.

Torque is maximum at hinge of the
door.

If earth shrink (without change in '

mass) to half its present size, length
of the day would become 6 hours.

As size of the earth changes its
moment of inertia changes.

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.

10.

11.

12,

13.

14.

15.

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

Assertion

Reason

A ladder 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.

The speed of whirlwind in a tornado
is alarmingly high.

If no external torque acts on a body,
its angular wvelocity remains
conserved.

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 is rolling
down the same plane.

In rolling down, a body acquires
both, kinetic energy of translation
and rotation.

A wheel moving down a perfectly
fricionless inclined plane will
undergo slipping (not rolling
motion).

For perfect rolling motion, ‘work
done against friction is zero.

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 rolling
down the same plane.

In rolling down a body acquires
both, kinetic energy of translation
and rotation.

A light body and heavy body have
same momentum. Then they also
have same kinetic energy.

Kinetic energy does not depend on
mass of the body.
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7. Rotational Motion Theory — Answers Keys

1. Centre of Mass

1 d 2 c 3 d 4 a 5 o

6 a 7

b
11 b 12 b 13 b 14 c 15 -c

16 a 17 a 18 d 19 d 20 ¢
21 a 22 a

7. Rolling on Inclined Plane

1 b 2 a

3 a 4 c 5 b

6 b 7 a 8 a 9 b 10 2

11 sibos 12 iy 13 apd 14 ¢ 15 d

16 “3a . 17 b 18 st 19 2B

2. Angular Displacement, Velocity and
Acceleration

8. IIT-JEE/AIEEE

11 ¢d.c 12 0b

3. Moment of Inertia

1 b 2 b 3 b 4 c 5 b
6 d 7 c 8 c a 10 a
11 d 12 a 13 a 14 b 15 ¢
16 ¢ 17 b 18 a 19 d 20 a

21 Zac: 22 Picsr 23 o by 24 .k 95 d
26 ¢ 27 a 28 ¢ 29 ¢ 30 ¢
81 #=a 32 *d

1 a 2 d 3 d 1 a 5 b

16 c 17 a 18 d 19 a 20 .Ji
21 "o 2z Y 28 i 24 LbF 25. b
26 d 27 b 28 ¢ 29 b 30 b
81 . ¢c. 32 ..a- 33 . b 34 b 85 Eod
36 ‘o 837 ¢ 38 “idt 39 e 40 4

41 Jad’ 42 ‘o 43 a 48 el a5 B
46 b 47 d 48 ¢ 49 ¢ 50 b
51 52 d 53 a 54 d 55 a
56 d 57 d 58 b 59 d

4. Torque and Couple

16 a

b 2 c 3 c 4 b 5 d

6 It 7 b 8 dr 9 S g0 N
11, bt 12 b 13 reas 14 5o 15 ok
16 b

5. Angular Momentum

10. AlIMS

1 S 8 wd- 3 bdi 4 1A 5 e
6 b 7 a 8 a 9 g 10 C
11 acd 12 d

1 c 2 : b 3 d

& b 7T bt B Y 9 Tk 10 S5

11 b 12 d 18 a 14 b 15 ¢
16 ¢ 17 b

6. Work, Energy and Power

1 b 2 b 3 b 4 o 5 d
6 d 7 a 8 d 9 b 10 b

11 e 12 d 18 _boi 14 e 15 Gab

1. Assertion and Reason
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