System of Particles and Rotational Motion

Questionl

Four particles each of mass 1kg are placed at four corners of a square of
side 2m. Moment of inertia of system about an axis perpendicular to its

plane and passing through one of its vertex is kgm?2.

[27-Jan-2024 Shift 1]

Answer: 16
Solution:

I=ma’+ma + 111{"'#23)2

y
= 4mna

=4x1x(2)=16

Question?2

A ring and a solid sphere roll down the same inclined plane without
slipping. They start from rest. The radii of both bodies are identical and
the ratio of their kinetic energies is 7/x where x is

[27-Jan-2024 Shift 2]

Answer: 7

Solution:

In pure rolling work done by friction is zero. Hence potential energy is converted into kinetic energy. Since initially the
ring and the sphere have same potential energy, finally they will have same kinetic energy too.

.. Ratio of kinetic energies = 1
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Question3

A body of mass 5kg moving with a uniform speed 3v2ms~1in X - Y
plane along the line y = x + 4. The angular momentum of the particle

about the origin will be kgm? s

[29-]Jan-2024 Shift 2]

Answer: 60
Solution:

y—x—4=0

d , is perpendicular distance of given line from origin.

—4

= 2V2
Vi12+12 o

d1=‘

So,
— —_
L =mvd =5%3V2x2V2kgm™/ s
1

=60kg m>/ s

_1.

Question4

Consider a Disc of mass 5kg, radius 2m, rotating with angular velocity
of 10rad/ s about an axis perpendicular to the plane of rotation. An
identical disc is kept gently over the rotating disc along the same axis.
The energy dissipated so that both the discs continue to rotate together

without slipping is J.

] ®= 10 rad/sec

Mass = 5kg

[—2m

[30-Jan-2024 Shift 1]

Get More Learning Materials Here : & m

@ www.studentbro.in



Answer: 250

Solution:

AE =250]

Questionb

Two discs of moment of inertia I; = 4kgm? and I, = 2kgm? about their

central axes & normal to their planes, rotating with angular speeds
10rad/ s & 4rad/ s respectively are brought into contact face to face with
their axe of rotation coincident. The loss in kinetic energy of the system
in the process is J.

[30-Jan-2024 Shift 2]

Answer: 24

Solution:

Lo, + Lo, =(1,+1)e, (C.O.AM.)
gives @, = 8rad/ 5

1 2, 1 2
Ey= EIlml + Elzm?- =216]

1 1
E,= E(Il_'_]?_)mﬂ =1927]

~ AE=24]

Question6
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Two identical spheres each of mass 2kg and radius 50cm are fixed at the
ends of a light rod so that the separation between the centers is 150cm.
Then, moment of inertia of the system about an axis perpendicular to

the rod and passing through its middle point is x/20 kg m?2, where the
value of x is

[31-Jan-2024 Shift 2]

Answer: 53

Solution:

Question7

A cylinder is rolling down on an inclined plane of inclination 60°. It's

—Il
acceleration during rolling down will be V3 ‘where x = (use g =

10m/ s2).
[29-Jan-2024 Shift 1]

Solution:
For rolling motion, a= —&5" i
By —
MR~
_ gsinf
1+ 1
2
V&)
2x10x —
_ = = 2
3
1
V3

Therefore x= 10
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Questiond

A body of mass ' m ' is projected with a speed ' u ' making an angle of
45° with the ground. The angular momentum of the body about the

'\/:-_11"1113

point of projection, at the highest point is expressed as X2 The value

of ' X'is

[31-Jan-2024 Shift 2]

Options:

Answer: 8

Solution:

2 & 2
u Sirt

lg

L=mucos#

3 1
4‘\Eg

= mu =x=28

Question9

A ball of mass 0.5kg is attached to a string of length 50cm. The ball is
rotated on a horizontal circular path about its vertical axis. The
maximum tension that the string can bear is 400N. The maximum
possible value of angular velocity of the ball in rad/ s is,:

[1-Feb-2024 Shift 1]

Options:
A.

1600

40

1000
D.
20

Answer: B
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Solution:

T= mmzf
400 = 0.50° x 0.5

w =40rad/ s.

Questionl0

A disc of radius R and mass M is rolling horizontally without slipping
with speed v. It then moves up an inclined smooth surface as shown in
figure. The maximum height that the disc can go up the incline is :

—— h

® / v

[1-Feb-2024 Shift 2]
Options:

A.

jos; -

I
oo |

O

oe |

b2 | =

o

W | 1D
09 | <o

Answer: C

Solution:

Only the translational kinetic energy of disc changes into gravitational potential energy. And rotational KE remains
unchanged as there is no friction.

Get More Learning Materials Here : & m @&\ www.studentbro.in



Questionll

Solid sphere A is rotating about an axis PQ. If the radius of the sphere is
5 cm then its radius of gyration about PQ will be vx cm. The value of x

1S

l)

A

|
[€—— 10cm —>§

Q
[24-Jan-2023 Shift 1]

Answer: 110

Solution:

Ipg = Iy + md*
_ 2 2 2

IPQ = ng + m(10cm)
For radius of gyration

Ipg = mk?

K2 = %RZ + (10 cm)?

= 252

= 5(5) + 100

=10+100 =110
k=v110cm
x =110

Questionl?2

A uniform solid cylinder with radius R and length L has moment of
inertia I,, about the axis of cylinder. A concentric solid cylinder of
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radius R = £ and length L = } is caned out of the original cylinder. If I,

is the moment of inertia of the carved out portion ot the cylinder then
I

1

1 —

[24-Jan-2023 Shift 2]

Answer: 32

Solution:

Solution:

Questionl3

A car is moving with a constant speed of 20 m / s in a circular
horizontal track of radius 40 m. A bob is suspended from the roof of the
car by a massless string. The angle made by the string with the vertical

will be : (Take g = 10 m / s?)
[25-Jan-2023 Shift 1]

Options:
A %
B. 7
c. I
D. 3

Answer: C

Solution:
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Tcos6 = mg

2
. _ mv
Tsin 6 = R

Questionl4

An object of mass 8 kg is hanging from one end of a uniform rod CD of
mass 2 kg and length 1m pivoted at its end C on a vertical wall as shown
in figure. It is supported by a cable AB such that the system is in
equilibrium. The tension in the cable is :

(Take g = 10m / s?)

-
: 30°( N\ B
C1 : D
3 —Joo- :
60 cm 40 cm
Walk
3 |8 kg

[25;Jan-2023 Shift 1]
Options:

A. 240N

B. 90N

C. 300N

D. 30N

Answer: C

Solution:
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Tsin30

«— 60cm —s
o) ] ®
<« S0cm ——-31

Taking torque about point C
%x60=20x50+80x100
- 3T = 100 + 800
- = 300N

Y
mg=20 8xg=8()

Questionl5

Iy is moment of inertia of a circular disc about an axis (CM) passing
through its center and perpendicular to the plane of disc. 1,5 is it's

moment of inertia about an axis AB perpendicular to plane and parallel
to axis CM at a distance 2 / 3R from center. Where R is the radius of the

disc. The ratio of 1 AB and | P isx: 9. The value of x is

[25-Jan-2023 Shift 1]

Solution:

_ mR*
Icm_ 2

_ mR? 2R\2 _ 17 2
IAB_ 5 +m( ?) = EmR
I
IA—B = %:x= 17
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Questionl6

If a solid sphere of mass 5 kg and a disc of mass 4 kg have the same
radius. Then the ratio of moment of inertia of the disc about a tangent
in its plane to the moment of inertia of the sphere about its tangent will

be 2. The value of x is

7

[25-Jan-2023 Shift 2]

D01ULLIOUIL;

Solution:

m, =5kg
Radius=R <>

Sohd
sphere

I,= 2mR*+mR

1,=mR(Z)

5
I, =7R’
m, =4 kg Disc
Radius =R <>

Questionl?

A car is moving on a horizontal curved road with radius 50m. The
approximate maximum speed of car will be, if friction between tyres and

road is 0.34. [. Take g = 10ms 2]
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[29-Jan-2023 Shift 1]
Options:

A. 3.4ms™!

B. 22.4ms™!

C. 13ms™"

D. 17ms™ !

Answer: C

Solution:

Solution:
2
f = mv_
r
For maximum speed in safe turning,
fy = f.max = pmg

v (for safe turning = vuug

max

=v0.34 x50 x 10 = 13m/ s

Questionl8

A solid sphere of mass 2 kg is making pure rolling on a horizontal
surface with kinetic energy 2240]. The velocity of centre of mass of the

sphere will be ms~ 1.
[29-Jan-2023 Shift 1]

OUVULULLIVUIL,

1 2 1. 2
> ve+ 2Iw

_ 2 12 2 [V 2
2240 = 22(v)+ 2 22)R (ﬁ)
2 2

2240 =v° + EV

=>v=40m/ s

KE =

8

v N

Question19

An object moves at a constant speed along a circular path in a
horizontal plane with centre at the origin. When the object is at

x = +2m, its velocity is —4 im/ s. The object's velocity (v) and
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acceleration (a) at x = —2m will be
[29-]Jan-2023 Shift 2]

Options:

A.V=4Qm/ s,a=83m/ s?
B.V=43\1’Il/ s,a=8li\m/ s?
C.v=—43m/ s,a=8€m/ s?

A A 2
D.v=—-4im/ s,a=-8im/ s
Answer: B

Solution:

Solution:

Question20

A car is moving on a circular path of radius 600m such that the
magnitudes of the tangential acceleration and centripetal acceleration
are equal. The time taken by the car to complete first quarter of
revolution, if it is moving with an initial speed of 54 km / hr is

t(1 — e ™/?) s. The value of t is
[29-Jan-2023 Shift 2]

Answer: 40

Solution:

Solution:
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=
=

Question21

A thin uniform rod of length 2m. cross sectional area ' A ' and density ' d
' is rotated about an axis passing through the centre and perpendicular
to its length with angular velocity w. If value of w in terms of its

rotational kinetic energy E is

[30-Jan-2023 Shift 1]

Answer: 3

Solution:

Solution:

(KE) Liv?=E

Rotational — 2
1mf o

2 12
ldAlSwz

2 12
dz;(jﬁwz

E =

E=

E =
3E
dA

o =3 Ans.

=w

< then the value of a is

Question22

A uniform disc of mass 0.5 kg and radius r is projected with velocity
18m / s at t = 0 s on a rough horizontal surface. It starts off with a
purely sliding motion at t = 0 s. After 2 s it acquires a purely rolling
motion (see figure). The total kinetic energy of the disc after 2 s will be

J.

(given, coefficient of friction is 0.3 and g = 10m / s?)
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18m/s

t=0 f=9g
[30-Jan-2023 Shift 2]

Solution:

a=-mg=-3
V=18-3x2

V=17m/ s
2

N

2, lmr v
i 2 mv- + 5 2 -
KE = %mv2
KE = 3 x 18 = 54]
Question23

Two discs of same mass and different radii are made of different
materials such that their thicknesses are 1 cm and 0.5 cm respectively.
The densities of materials are in the ratio 3:5. The moment of inertia of
these discs respectively about their diameters will be in the ratio of —-.

The value of x is
[31-Jan-2023 Shift 2]

Answer: 5

Solution:

Solution:
m=pr[R2t
o) R2= &
pmt

I = mRZ_ m
T4 7 4pmt

I, pt, 505
o= o 31"
Sox=5

2

(o)l [&)]

Question24
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Moment of inertia of a dise of mass M and radius ' R ' about any of its
diameter is M4R . The moment of inertia of this disc about an axis normal

to the disc and passing through a point on its edge will be, %MRZ. The

value of x is .
[1-Feb-2023 Shift 2]

Answer: 3

Solution:

Solution:

1=1_ +Md’

= + MR?

Question25

A solid cylinder is released from rest from the top of an inclined plane

of inclination 30° and length 60 cm. If the cylinder rolls without

slipping, its speed upon reaching the bottom of the inclined plane is
ms~ 1, (Given g = 10ms 2 )

N 1

[1-Feb-2023 Shift 1]

Answer: 2

Solution:
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v 2gh

k2
L+ o
Where h = 60sin 30° = 30cm
» R
K= o
v =2ms !
o
Question26

Two identical solid spheres each of mass 2 kg and radii 10 cm are fixed
at the ends of a light rod. The separation between the centres of the
spheres is 40 cm. The moment of inertia of the system about an axis
perpendicular to the rod passing through its middle point is

x1073 kg — m?

[6-Apr-2023 shift 1]

Answer: 176

Solution:

Solution:
Using parallel axix theorem,

I vs = (%mr2+md2) X 2

S

=1 = §x2><0.01+2><0.04 x 2 =(0.008 +0.08) x 2 =0.088 x2 =176 x 1073

Question27

A ring and a solid sphere rotating about an axis passing trough their
centers have same radii of gyration. The axis of rotation is
perpendicular to plane of ring. The ratio of radius of ring to that of

sphere is \/ 2. The value of x is

[6-Apr-2023 shift 2]

Solution:

Solution:
Given radius of gyration is same for ring and solid sphere
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KS
/
R

or = \/%
X

S

Kp =
Rp =

SS
therefore

Question238

The moment of inertia of a semicircular ring about an axis, passing
through the center and perpendicular to the plane of ring, is %M R?,

where R is the radius and M is the mass of the semicircular ring. The

value of x will be
[8-Apr-2023 shift 1]

Solution:

Solution:

axis
I = [dmR? = R?*[dm = MR?
I = MR?

1

Given 1= -M M2

x=1

Question29

A force of —Pk acts on the origin of the coordinate system. The torque

about the point (2, —3) is P( Al + bj), The ratio of ; is 7. The value of x is

[10-Apr-2023 shift 2]

Answer: 3
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T=TxF
(0,0)  origin
3 r F
&
?= head - tail
=(0—-2)i +(0(=3))j
=—2i + 3]
= (=27 +37) x (=pk]
= -2p - 3pi
- _ Tio%)as 3 X -
= p(3p1+23)b 5 2x 3
Question30

A solid sphere of mass 500g and radius 5 cm is rotated about one of its
diameter with angular speed of 10rad s~ 1. If the moment of inertia of
the sphere about its tangent is x X 10”2 times its angular momentum

about the diameter. Then the value of x will be

[11-Apr-2023 shift 1]

Solution:
2 2
Il = ng
I, = ZmR?+ mR? = ImR?

oment about diameter is

-

L, =ILw= 2mR*w

Cco 5
Now,
7 2
L _ 5™ 7,
L com %msz 2
Leom 2x10 20
Now % =xx 1072
-
X = 50 x 100
x = 35
Ans.
Question31
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A circular plate is rotating horizontal plane, about an axis passing
through its center perpendicular to the plate, with an angular velocity
w. A person sits at the center having two dumbbells in his hands. When
he stretches out his hands, the moment of inertia of the system
becomes triple. If E be the initial Kinetic energy of the system, then

final Kinetic energy will be

[11-Apr-2023 shift 2]

Answer: 3

Solution:

Solution:
Lw, = Lw,
Iw = 3lw,

—. The value of x is

Question32

For a rolling spherical shell, the ratio of rotational kinetic energy and

total kinetic energy is

X
5

[12-Apr-2023 shift 1]

Answer: 2
Solution:
Solution:
1
KE, Emv2
_l(2ppe) 2o Lyp2 Voo 1
KE, = 2(5mR)w 3m -3
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N
5
<

el
N
(@)]
>
2

Question33

A solid sphere is rolling on a horizontal plane without slipping. If the
ratio of angular momentum about axis of rotation of the sphere to the
total energy of moving sphere is 1 : 22 the, the value of its angular

speed will be rad / s.
[13-Apr-2023 shift 1]

Answer: 4

Solution:

Solution:
Angular momentum,
L=Tw
L= 2MR%
5
Energy = Lvv2 4 lI(Jo
2 2
1 1

2

E= iM@R) + & %MRZ)QF

2 2

7 22
1OM(;)R
4 _ 1

7w 22
_ 88 _ 88 _
= on = 22—4rad/s
7><7

€ mie

Question34

A light rope is wound around a hollow cylinder of mass 5 kg and radius
70 cm. The rope is pulled with a force of 52.5N. The angular

acceleration of the cylinder will be
[13-Apr-2023 shift 2]

Solution:
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T = la
FR = mR%«a
F 52.5

x = = = 15rads ™2

mR 5% 0.7

Question35

A solid sphere and a solid cylinder of same mass and radius are rolling
on a horizontal surface without slipping. The ratio of their radius of

gyrations respectively (k
[15-Apr-2023 shift 1]

Solution:

2 2 2
ISphere = EMR = Mk

2
kon= | 2R
_ MR?
cylinder 2
R
kcyl = \/_E
Kopn _ 2
kesyl v5
X =05

I = Mk?

Question36

K., is 2 : vx. The value of x is

A metre scale is balanced on a knife edge at its centre. When two coins,
each of mass 10g are put one on the top of the other at the 10.0cm
mark the scale is found to be balanced at 40.0 cm mark. The mass of the

metre scale is found to be x x 10 % kg. The value of x is__

[24-Jun-2022-Shift-1]

Answer: 6

Qnlntinn.

H

ZX

<40 cm

SO cm
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If A is the mass per unit length of the scale then
0.02x(30) x 10+ 240 x20x%x 10 =260 x30x 10
0.006 = A10

or 100A = 0.06kg

=6 x 107 %kg
=X =0

Question37

A fly wheel is accelerated uniformly from rest and rotates through 5 rad
in the first second. The angle rotated by the fly wheel in the next
second, will be:

[24-Jun-2022-Shift-2]

Options:
A. 7.5rad
B. 15rad
C. 20rad
D. 30rad

Answer: B

Solution:

Solution:
6, = 2(2x 1 1) =5rad
=a = 10rad / sec?

S00,= Lxa@2x2-1)=15rad

Question38

If force F = 3i + 4i — 2k acts on a particle position vector 2i + ] + 2k then,
the torque about the origin will be :
[25-Jun-2022-Shift-1]

Options:
A. 31 +4j — 2k

B. —10i + 10] + 5k
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C. 10i 4+ 5] — 10k

A A A
D. 10i +j — 5k
Answer: B

Solution:

Solution:
- - -
T=rXxF

A A I\) (/\ A A
=12i+j+2k/ x 3i +4j -2k
A A A
= —10i + 10j + 5k

Question39

Moment of Inertia (M.1.) of four bodies having same mass 'M' and

radius ' 2R are as follows:
I, = M.I of solid sphere about its diameter

I, = M.I of solid cylinder about its axis

I, = M.I of solid circular disc about its diameter
I, = M.I of thin circular ring about its diameter
If2(I,+13)+1,=x.1I,, then the value of x will be
[25-Jun-2022-Shift-2]

D01ULLIOUIL:

Solution:
1,1 2, 1 2_,2 2
2( 5+ Z) x M (2R)” + M (2R)" = x =M (2R)

1 1 2
=1+ 5 + 5= X X 3
=2x =25
Question40

A thin circular ring of mass M and radius R is rotating with a constant

angular velocity 2 rads ~! in a horizontal plane about an axis vertical to
its plane and passing through the center of the ring. If two objects each
of mass m be attached gently to the opposite ends of a diameter of ring,

the ring will then rotate with an angular velocity (in rads ~!).
[26-Jun-2022-Shift-1]
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Options:

A. ﬁ

p. {M+2m)
C. ﬁ
D. 2(M1\;I|- 2m)

Answer: C

Solution:

Solution:

Lo =T,w,

M R’w, = (MR* + 2mR%)w,
e ey

2 M +2m/ 1

‘*’Zzz( MI-\G-/IZm)

Question41l

A solid spherical ball is rolling on a frictionless horizontal plane surface
about its axis of symmetry. The ratio of rotational kinetic energy of the

ball to its total kinetic energy is

[26-Jun-2022-Shift-2]
Options:

A.

ullN

B.

NN

C.

Ul =

7
D'E

Answer: B

Solution:
Solution:
KE, = 1w

R 2
1.2, .2 2
= 2><5><ou X (mR”?)

1.7 2 2

KE j = Exgme X W
. KEg _ 2
" KE -7
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Question42

Choose the correct answer from the options given below :

(A) | Moment of inertia of solid sphere of radius R about any tangent. ()] gMRz
(B) | Moment of inertia of hollow sphere of radius (R) about any tangent. | () %MR2
(C) | Moment of inertia of circular ring of radius (R) about its diameter. (1) iMR2
(D) | Moment of inertia of circular disc of radius (R) about any diameter. | (IV) %MR2

[28-Jun-2022-Shift-1]
Options:
A.A-II,B-1,C-1V, D -1III
B.A-I,B-II,C-1V,D-1III
C.A-I,B-I,C-III, D-1IV
D.A-I,B-II,C-1III, D-1V

Answer: A

Solution:

Solution:

(A) Moment of inertia of solid sphere of radius R about a tangent = %M R+ MR?= %M R%=A —(11)

(B) Moment of inertia of hollow sphere of radius R about a tangent = %M R*+ MR’ = %M R*=B - (1)
N . : . L (MR?

(C) Moment of inertia of circular ring of radius (R) about its diameter = ———— =C — (IV)

(D) Moment of inertia of circular disc of radius ( R ) about any diameter
_ MR?*/2 _ MR?

- 2 T4

=D — (III)

Question43

A V34m long ladder weighing 10 kg leans on a frictionless wall. Its feet
rest on the floor 3m away from the wall as shown in the figure. If E; and

F,, are the reaction forces of the floor and the wall, then ratio of F ,/ F,
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will be :
(Use g =10m / s2.)

@&"‘

v

«— 3m—>r
[28-Jun-2022-Shift-2]

Options:

¥

A.

<
—_
JEN
o

B.

<
iy
—_
w

w

C- ————
V109

D.
V10

©

Answer: C

Solution:

Solution:

LY
s

mg

T
3

Taking torque from B

N

Y

3
F,xb= 5mg

SF = 1—30><10x10
= 30N

N =mg = 100N
andf . =F _, = 30N

soF, = {N®+f*=v10900 = 10v109N
F 3

SO

W
F, V109

Question44
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A uniform disc with mass M = 4kg and radius R = 10 cm is mounted on
a fixed horizontal axle as shown in figure. A block with mass m = 2kg
hangs from a massless cord that is wrapped around the rim of the disc.
During the fall of the block, the cord does not slip and there is no
friction at the axle. The tension in the cordis ___ N.

(. Take .g = 10ms~?)

[28-Jun-2022-Shift-2]

Answer: 10

Solution:
Solution:
o 1
A ISOMRY g
=0.02
V la = aR
T
20N
20—T = 2a
B _0.02a

and 0.1 x T = 0.02a = 01
T = 2a
=a =5m/ sec’
SoT = 10N
Question45

A spherical shell of 1 kg mass and radius R is rolling with angular speed
w on horizontal plane (as shown in figure). The magnitude of angular
momentum of the shell about the origin 0 is %sz. The value of a will

be:
y
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[29-Jun-2022-Shift-1]
Options:

A. 2

B. 3

C.5

D. 4

Answer: C

Solution:

Solution:
L, = angular momentum of shell about O.

As shell is rolling

so V . =wR
Ly=mV_R+Iw
—1xwRxR+ %sz
= ngw

soa=>5

Question46

The moment of inertia of a uniform thin rod about a perpendicular axis
passing through one end is I ,. The same rod is bent into a ring and its

2
moment of inertia about a diameterisI,. If i—l is *3-, then the value of x
2

will be
[29-Jun-2022-Shift-2]

Solution:
M L2
= == (1)
2
I, M2R and 2nR =L
o = &(L_Z)
5 R Wl R
11 81‘[2
= — = —
I, 3
=X =8
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Question47

A solid cylinder and a solid sphere, having same mass M and radius R

roll down the same inclined plane from top without slipping. They start
from rest. The ratio of velocity of the solid cylinder to that of the solid
sphere, with which they reach the ground, will be :
[25-Jul-2022-Shift-1]

Options:

NE
B. { 2
'

14
D. | 1
Answer: D

Solution:

Solution:
qa = _gsinb

Question438

A disc of mass 1 kg and radius R is free to rotate about a horizontal axis
passing through its centre and perpendicular to the plane of disc. A
body of same mass as that of disc is fixed at the highest point of the
disc. Now the system is released, when the body comes to the lowest
1

position, its angular speed will be 4 \/ %rad s ~ where x =

(g = 10ms™?)
[26-Jul-2022-Shift-1]
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Answer: 5

Solution:

Solution:

Loss in P.E. = Gain in K.E.
171

2mgR = = ~mR® + mR® ]w2

212
_ 1,3 po
2mgR = 2><2mRW

Question49

The radius of gyration of a cylindrical rod about an axis of rotation
perpendicular to its length and passing through the center will be

m.

Given, the length of the rod is 10v3m.

[26-]Jul-2022-Shift-2]

Solution:

Question50

A pulley of radius 1.5m is rotated about its axis by a force
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F = (12t — 3t°>)N applied tangentially (while t is measured in seconds).
If moment of inertia of the pulley about its axis of rotation is 4.5 kgm,

the number of rotations made by the pulley before its direction of
motion is reversed, will be £. The value of K is

[27-Jul-2022-Shift-1]

Answer: 18

Solution:

Solution:

T=Ia= (12t — 3t)1.5 = 4.5

so = 4t — t°

=>d—°’=4t—t2=w=}(4t—t2)dt
dt 0

s =2t —t° /3

Questionb51

As shown in the figure, a metallic rod of linear density 0.45 kg m™~!is

lying horizontally on a smooth inclined plane which makes an angle of
45° with the horizontal. The minimum current flowing in the rod
required to keep it stationary, when 0.15T magnetic field is acting on it
in the vertical upward direction, will be :

{.Use .g = 10m/sz}

BT

45° 'l
[28-Jul-2022-Shift-1]

Options:
A. 30A
B. 15A
C. 10A
D. 3A

Answer: A

Solution:
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0.45x 10
- 0.1x5 = 304
Question52

The torque of a force 51 + 3i — 7k about the origin is t. If the force acts
on a particle whose position vector is 2i + 2j + k, then the value of T will

be
[29-Jul-2022-Shift-2]

Options:

A. 111+ 19 — 4k
B. —11i + 9j — 16k
C. —171 +19] — 4k

D.17i + 9j + 16k

Answer: C

Solution:
Solution:
A A A
R i j k
T = 22 1
53 =7

A A A
= i(=14 - 3) + j(5 + 14) + k(6 — 10)
= —17i + 19] — 4k

Question53

Four identical solid spheres each of mass m and radius a are placed
with their centres on the four corners of a square of side b. The moment
of inertia of the system about one side of square, where the axis of

rotation is parallel to the plane of the square is

[26 Feb 2021 Shift 1]

Options:

A. %ma2 + 2mb?

B. %ma2 + mb?
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C. gma2 + 2mb?

4 2
D. sma
Answer: C
Solution:
Solution:
Given, mass of solid sphere = m

Radius of solid sphere = a
Side of square =Db

LetI ., be the net moment of inertia of system.
Moment of inertia of sphere, I = %ma2
Axis of rotation is BC.
b .
A -
'._. U '\ ':_: f

. Moment of inertia of any body at distance,
d =md?=mb?

K =4( %maz) + 2(mb?)

ne

Yot = 4( %maz) + 2(mb2)

=1 . = %ma2+2mb2
Question54

A uniform thin bar of mass 6kg and length 2.4m is bent to make an
equilateral hexagon. The moment of inertia about an axis passing
through the centre of mass and perpendicular to the plane of hexagon is
eeneennns X 107 kg — m2.

[24 Feb 2021 Shift 2]

Answer: 8

Solution:

Solution:
Given, mass of uniform bar, m = 6kg
Length of bar, I =2.4m
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2.

N

Side of hexagon, a = = 0.4m

|

Mass of each side, m = 6 /6 = 1kg
and OP = ya’—a’/4 =av3 /2
= 0.2V3m
Now, by using parallel axes theorem,
‘2 &Y 2
_ ma [ v3a )
Lop = EVE +m( -

2 2 2 2
=a_+3a=10a=5i

= IOP = =%x04x%x04

and I (net moment of inertia at O )

net

=6x%x0.4x0.4=8x10_1kg—m2

: D

Questionb5

Two masses A and B, each of mass M are fixed together by a massless
spring. A force acts on the mass B as shown in figure. If the mass A
starts moving away from mass B with acceleration a, then the
acceleration of mass B will be

. . TOOOTI0 o
F B A

[26 Feb 2021 Shift 2]
Options:

Ma-F
AT

MF

B. F +Ma

F +Ma
C. M

F —-Ma
D. M
Answer: D
Solution:
Solution:
Let a.,,; be the acceleration of centre of mass of system and F be the applied force on spring.
. F my,a, + Mgag
c8eM T i m, .  m,+m

A B A B
F Ma,+Mag

=>aCM = m: % (.mA=mB=M)
ha = E~Ma, F-Ma

B M M
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Question56

A circular hole of radius ( % ) is cut out of a circular disc of radius a as

shown in figure The centroid of the remaining circular portion with

respect to point O will be
Y-axis

[24 Feb 2021 Shift 2]
Options:

1
A. ga
B. ma

5
C. ga

2
D. §a
Answer: C
Solution:
Solution:

Given, radius of hole, r = a/ 2 and radius of disc, R = a
Let x.,, be the centre of mass of system,

m,, X, be the mass and centre of mass of disc
m,, X, be the mass and centre of mass of circular hole.

m
m2 = _11-[1’2

nR?
mr’ ma/2)® m,
= m2 = R2 = a2 = T
m,;x; + m,x,
and XCM = W
= m,a — (m, /4)(3a/2)
. oM ™ ml - (ml /4)
o = mla(1—3/8)ﬁx _ 5a
M 3m,/4 M 6
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Questionb7

A cord is wound round the circumference of wheel of radius r. The axis
of the wheel is horizontal and the moment of inertia aboutitisI. A
weight mg is attached to the cord at the end. The weight falls from rest.
After falling through a distance h, the square of angular velocity of
wheel will be

[26 Feb 2021 Shift 2]

Options:

A 2mgh
"1+ 2mr?

B 2mgh
" 1+ mr?

C. 2gh

2gh
" 14+ mr?

Answer: B

Solution:

Solution:
Moment of inertia of wheel, I = mR?

7
N

mq
Let v be the velocity andv=rw = ¢
Let v be the velocityandv=ro=>w=v/r
By using law of conservation of energy,
1/2(I + mrz)w2 = mgh

w2 = 2mgh
I +mr?
Question58

A sphere of radius a and mass m rolls along a horizontal plane with
constant speed v,,. It encounters an inclined plane at angle 0 and climbs

upwards. Assuming that it rolls without slipping, how far up the sphere
will travel?
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.\a o 4

[25 Feb 2021 Shift 2]

Options:

7V02
A - Yv
* 10gsin B

2
0

5gsin®

\%

B.

2
1 OVo

C. 7gsin®

V2

2 0
D. 5 gsin®

Answer: A

Solution:

Solution:

Given, radius of sphere is a, mass of sphere is m, horizontal speed of sphere is v,,.

Moment of inertia of solid sphere, I =2/ 5ma*

Let, h be the height of incline‘cFiP E)\Iane and / be the length of inclined plane.

)

Vo sin 6
By using law of conservation of energy,
Total energy at 1 = Total energy at 2
~ PE,+KE,=PE,+KE,
= 0+1/2mvy’+1/2/w’=mgh. .. (i)

Vo
As, vp=aw=>w= —
a
2
1oz, 102 2| Y% _
5™V + 5| gma ) o2 mgh
= %mv02(1+2/5)=mgh
7v02 h 3
= 10 =gh ... (ii)
As, sin6=h/1
= h=1sin6
Put this value in Eq. (ii), we get
7 2ol sino ol = 20
= 100 TYSIME=L = 1050
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Questionb9

Moment of inertia (M.I.) of four bodies, having same mass and radius,

are reported as;

I,

= M.I. of thin circular ring about its diameter,

I, = M.IL. of circular disc about an axis perpendicular to the disc and

2
going through the centre,

3
about its diameter. Then :
[24feb2021shiftl]

Options:
AT, +I,<I,+1,

5
2la

B.1,+1,=1,+
C.l,=1,=1,>1I,
D.I,=1,=1,<I,

Answer: C

Solution:

Solution:
Moment of inertia of ring about its diameter, I, =

M R?
2

2

Moment of inertia of disc, 12 =

M R?
2

Moment of inertia of solid cylinder, I3 =

M R?

I, = M.L of solid cylinder about its axisand I ,

Moment of inertia of solid sphere, I, = %M R* .1 =1,=1,>1,

Question60

M.I. of solid sphere

A thin circular ring of mass M and radius r is rotating about its axis
with an angular speed [J. Two particles having mass m each are now
attached at diametrically opposite points.
The angular speed of the ring will become

[18 Mar 2021 Shift 1]

Options:

M
A'(JOM+rn

M +2m

M
C'(’L)M+2m
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M —-2m
D'wM + 2m

Answer: C

Solution:

Solution:

Angular momentum, L =Tw

The moment of inertia of the circular ring, I = M r*

When masses are attached at diametrically opposite ends, the moment of inertia, I = M r? + 2mr”
The new angular speed = w

So, the new angular momentum, L =1 @

Using the law of conservation of angular momentum

lw=Iw

> Mrlw = (M r? + 2mr2)w'

=>(A),=

M +2m">

Question61

The disc of mass M with uniform surface mass density o is shown in the
figure. The centre of mass of the quarter disc (the shaded area) is at the

position ; 7, 35, where x is ............ (Round off to the nearest integer) ( a

is an area as shown in the figure)
Y

[17 Mar 2021 Shift 2]

Solution:

As we know the centre of mass of the quarter disc,

- (4R 4R
3o’ 3o
Since R =a
. The centre of mass of the quarter disc is ﬂ, da ) .
3o 3mo

Hence, the value of x is 4 .
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Question62

A mass M hangs on a massless rod of length / which rotates at a
constant angular frequency. The mass M moves with steady speed in a
circular path of constant radius. Assume that the system is in steady
circular motion with constant angular velocity w. The angular
momentum of M about point A is L, which lies in the positive z-

direction and the angular momentum of M about B is L;. The correct

statement for this system is

Z W

[17 Mar 2021 Shift 1]
Options:

A. L, and Ly are both constant in magnitude and direction
B. L is constant in direction with varying magnitude

C. L is constant, both in magnitude and direction

D. L, is constant, both in magnitude and direction
Answer: D

Solution:

Solution:

It is given that the system is assumed to be in steady circular motion with constant angular velocity w.

We know that L = m(r x v)

where,

L = angular momentum,

v = velocity of the particle,

m = mass of the particle

and r = radius of the circular path traced by the particle.

Since, L, is the angular momentum of M about point A which lies in positive z-direction. Therefore, with respect to point

A, we will get the direction of L along positive Z -axis and of constant magnitude of mvr.

Since, L is the angular momentum of M about point B, so with respect to point B, we will get the constant magnitude of

L but its direction will be continuously changing. Hence, option (d) is correct.

Question63
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A triangular plate is shown below. A force F = 4i — 3j is applied at point

P. The torque at point P with respect to point O and Q are
Y

0 10 cm o X
[17 Mar 2021 Shift 1]

Options:

A. -15-20V3, 15— 20v3
B. 15 +20V3, 15— 20V3
C.15-20v3, 15+ 20vV3

D. =15+ 20v3, 15 + 20vV3

Answer: A

Solution:

Solution:

A A
Given, F =4i — 3j
Resolving the components of position vector in horizontal and vertical direction.
- Horizontal component, r, = rcos©

= 10cos60° ['.'00560" = %]

=10x % = 5 units

Vertical component, r, = rsin6

3 e [ e V3
= lOs1n6_0 [.51n60 = 7]
=10x ‘/73 = 5v3 units

A —A
= Position vector w.r.t. O, r, = 5i + 5V3j
and position vector w.r.t. Q,

A —

ro = —5i +5v3j
Torque at point P w.r.t. O,

(51 +5v3]) x (ai - 3])
To=ToXF = 15i +5V3j/ x (4i — 3]

— A — A
= (15— 20v3)k = (15 + 20v3) (k)
Torque at point P w.r.t. Q,

(4i - 3]) x (=51 + 5v3])
To =T X F = 14i -3j) x =51 + 5V3j

— A — A
= (~15+20v3)k = (15 — 20v3) (k)

Question64

A sphere of mass 2kg and radius 0.5m is rolling with an initial speed of
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1ms™! goes up an inclined plane which makes an angle of 30° with the
horizontal plane, without slipping. How long will the sphere take to
return to the starting point A ?

30°

A
[17 Mar 2021 Shift 2]

Options:
A. 0.60s
B. 0.52s
C. 0.57s
D. 0.80s

Answer: C

Solution:

Solution:
As we know the moment of inertia of the solid sphere, I = 2/5mR?

Acceleration of sphere on inclined plane, a = _gsin®
1+ L
mR
Substituting the values in the above equation, we get
Q= gsin30° _ 10+1/2 _ 5%5
%mRz (1 +2/5) 7
1+ >
mR

a = 3.5m/s’

At the top of incline,

v=u+at=>0=1-3.5t

t=1/3.5s

.. Total time = time of ascent + time of decent

As, time of ascent = time of decent

= Total time = 2 (time of ascent)

Total time = 2(1/3.5)s

Total time = 0.57s

Hence, the total time taken to sphere to return the starting point A is 0.57s.

Question65

The following bodies,
1. a ring
2. a disc
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3. a solid cylinder

4. a solid sphere

of same mass m and radius R are allowed t roll down without slipping
simultaneously from the top of the inclined plane. The boo which will
reach first at the bottom of the inclined plane is .......... .

(Mark the body as per their respective numbering given in the question)

0

4

[17 Mar 2021 Shift 1]

Answer: 4

Solution:

Solution:

For rolling without slipping on an inclined plane, we can write
Rmgsin6 = (mK2 + mRz)on

= Rmgsin0 = m(K2 + Rz)(x

- o= Rgsinb _, a_ gsin@

2 2 R 2
K+ R 1+%

= a LsinKez [a=% (i)
R

Time period, t = % ...(ii)

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

_ 2s k_z)
t \/gsine 1+ R2

For least time acceleration a should be maximum and K should be minimum and we know that K is least for solid
sphere. So, time will be least for sphere.
It means the body which will reach first at the bottom of the inclined plane is 4 , i.e. solid sphere.

Question66

The angular speed of truck wheel is increased from 900 rpm to 2460rpm
in 26s. The number of revolutions by the truck engine during this time
iS ceeeeeens

(Assuming the acceleration to be uniform).

[17 Mar 2021 Shift 1]

Get More Learning Materials Here : & m @&\ www.studentbro.in



Answer: 728

Solution:

Solution:

Initial angular speed, w, = 900rpm = 900 x é—g = 30mrad /s
Final angular speed, w = 2460rpm

= 2460 x é—g = 41 x 21 = 82mrad /s

We know that,
w=m0+at=>w—w0=oct
= 82n — 30m = a X 26 = 520 = 26
= o = 2mnrad /s>
Also we know that,

_ 1 .2
0= (J)Ot + E(Xt
= 2mn = 30m x 26 + %xan(ZG)z

2

—2n =30 x 26 + (26)> = n = w

= M=13x56=728

Question67

A solid disc of radius a and mass m rolls down without slipping on an
inclined plane making an angle 0 with the horizontal. The acceleration

of the disc will be Zgsin®, where b is

(Round off to the nearest integer)
( g = acceleration due to gravity)
(theta = angle as shown in figure)

P

¢

[16 Mar 2021 Shift 2]

ouvlLuLiIvliL,

We know that, on an inclined plane,

Acceleration, a = Lnle
1+ 5
mR
. 2
Soa= 98INO o dise 1 = MR
1+ 1 2
2
2 .
= a= §gsm9 ..... (i)
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As per question, acceleration of the disc will be %g sin 6.

Comparing it with Eq. (i), we get
b=3

Question68

Consider a 20kg uniform circular disc of radius 0.2m. It is pin
supported at its centre and is at rest initially. The disc is acted upon by
a constant force F = 20N through a massless string wrapped around its

periphery as shown in the figure.

Vo
C

F=20N

Suppose the disc makes n number of revolutions to attain an angular
speed of 50rad s~ 1. The value of n to the nearest integer, is .......... .

(Given, in one complete revolution, the disc
[16 Mar 2021 Shift 1]

Given, M = 20kg, R = 0.2m,
F = 20N, w = 50rad s™*
0 = 6.28rad (for one revolution).
We know that,
Toment of inertia x Angular acceleration

R
_TtT_FxR_ 2F ... _ 1 5
=== MR MR[-T—F xRandIdiSC—iMR
2
. 2x20 _ 2
= q= —20><(0.2) = 10rad /s

In angular terms, third equation of motion,

w’ =w,+20A0

= (50> =(0)>+2%x10x A0

_ 2500
= A0 = 0
= A0 =12b5rad
) . _ A0 _ 125 _
.. Number of revolution = 5 = 628 20
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Question69

A force F = 4i + 3] + 4k is applied on an intersection point of x = 2 plane
and X -axis. The magnitude of torque of this force about a point (2, 3, 4)

1S .......

(Round off to the nearest integer)

[16 Mar 2021 Shift 2]

Solution:

Given,

A A A
Force, F = 4i + 3j + 4k
We know that
Torque, tT=rXF
where, r is the perpendicular distance.

(A) (/\ A A A A
r=12il = {2i +3j +4k/ = -3j — 4k
A A A
i j k
= 1=rXF = 0 =3 -4
4 3 4

A A A
= T=i(—12+12) = j(0 + 16) + k(0 + 12)
- T=-16] + 12k
. Magnitude of torque
Il = V(16)? + (12)?

= V256 + 144 = V400
- |t| =20

Question70

Consider a uniform wire of mass M and length L. It is bent into a
semicircle. Its moment of inertia about a line perpendicular to the plane
of the wire passing through the centre is

[18 Mar 2021 Shift 2]

Options:
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M 1.2

HZ

D.

N|+—

Answer: C

Solution:

Solution:

The uniform wire whose mass is M and length is L and bent into a semicircle of radius r.
The length of the semicircle wire, L. = ir

L
=2 TIr= —
II

The moment of inertia,

[ =Mr?

=>I=M(%)2=>I=

Question71

Four equal masses, m each are placed at the corners of a square of

length (I ) as shown in the figure

D ! O
m L\ JJ m
/ W !

3
m “am

A———| —— B

[16 Mar 2021 Shift 1]

Options:

A. The moment of inertia of the system about an axis passing through A and parallel to DB

would be
B. 1ml1?
C.2ml?
D. 3ml ?
E.v3ml?
Answer: C

Solution:

Solution:

The given situation can be represented as follows
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n m
X JI.-'E\"2_.I.
N

450

e im
A N45° B

S
X!

In the above figure, XX be the axis which passes through A and is parallel to DB.
~.Moment of inertia of the system
= Mass x (Perpendicular distance from axis )?
I = m(AC)* + m(E D)* + m(F B)?
= m(0)? + m(I v2)? +m( L)2+rr1( i)2
V2 V2

= 3ml 2

Question72

A solid disc of radius 20cm and mass 10kg is rotating with an angular
velocity of 600 rpm, about an axis normal to its circular plane and
passing through its centre of mass. The retarding torque required to
bring the disc at rest in 10s is nx 107N m.

[25 Jul 2021 Shift 2]

Answer: 4

Solution:

Solution:
c= AL _ Lo — o)

At At

2

mR 10 - ]

T = 2
At

_10x(20x107%)? 600 xm

2 30 x 10
= 0.4m = 4 x 1072

Question73

A body of mass 2 kg moving with a speed of 4 m/s. makes an elastic
collision with another body at rest and continues to move in the original
direction but with one fourth of its initial speed.

The speed of the two body centre of mass is ;;m / s . Then the value of x
is
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[25 Jul 2021 Shift 1]

Solution:

Solution:
b; = Ps
2xX4=2%X1+m,XVv,
m,v, =6 ....... (i)

by coefficient of restitution
1=22"

by (i)
m,X5=6

m, = 1.2kg
m,v; + m,v,
= mm,
_2x1+12x5 _ 8 _ 25

=v,=0m/s

\%

Question74

A particle of mass 'm' is moving in time 't' on a trajectory given by

T = 10at?®i + 5B(t — 5)]

Where a and B are dimensional constants.
The angular momentum of the particle becomes the same as it was for t

=0 at time t =

[25 Jul 2021 Shift 1]

Answer: 10

N\

1L — 1uwuL 1 Tup(t—S)J
V =20ai + 5B

L=mlTx7

seconds.

= ml100t?T +5p(t = 5)] ) x[20at? + 587 ]

- 2/\ 9 A
T = m|50apt’k — 100aB(t? — 5t)k |
ﬁ

ﬁ
Att=0,L =0

500Bt* — 100aB(t* — 5t) = 0

t—2(t=5)=0
t = 10sec
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Question75

The position of the centre of mass of a uniform semi-circular wire of
radius 'R' placed in x — y plane with its centre at the origin and the line

joining its ends as x-axis is given by ( 0, & ) .

Then, the value of |x| is
[22 Jul 2021 Shift 2]

Answer: 2
Solution:

Solution:

COM of semi-circular ring is at %{

’
ZRI COM

—
Centre
Distance from centre = x = 2

Question76

A rod of mass M and length L is lying on a horizontal frictionless
surface. A particle of mass 'm' travelling along the surface hits at one
end of the rod with a velocity 'u' in a direction perpendicular to the rod.
The collision is completely elastic. After collision, particle comes to rest.
The ratio of masses ( . ) is 1. The value of ' x ' will be

[20 Jul 2021 Shift 1]
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M.L rest

Just before collision

I'(?SIQ

; O &
7 )
e

Just after collision

From momentum conservation,
0 _

P =P

mu=Myv....... (i)

<
+

§z|§
+

w

‘5

c
I
c

= 2|8 z‘
I |
e <

LR

Question77

List-l List-ll

@) Moment of Inertia(MI) of the rod (length L, Mass M, about an axis 1 to the rod passing (i)

through the midpoint) 8ML/3

Moment of Inertia(MI) of the rod (length L, Mass 2M, about an axis 1 to the rod passing

through one of its end) (i) | ML*/3

Moment of Inertia(MI) of the rod (length 2L, Mass M, about an axis 1 to the rod passing

©) through its midpoint) (i) | Mr°/12

Moment of Inertia(MI) of the rod (Length 2L, Mass 2M, about an axis L to the rod passing

through one of its end) (iv) | 2mL°/3

Choose the correct answer from the options given below :
[27 Jul 2021 Shift 1]

Options:
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A. (a)-(ii), (b)-(iii), (c)- (1), (d)-(iv)
B. (a)-(ii), (b)-(1), (¢)- (iii), (d)-(iv)
C. (a)-(iii), (b)-(iv), (c)- (i), (d)-(1)
D. (a)-(iii), (b)-(iv), (c)- (1), (d)-(i)

Answer: C
Solution:
1
1
y mL
' mL’
(a) . 1=
- 12
1
1
]
' (1)
. 2m,L (2m)
(b) 1=
3
]
]
]
]
[}
m,2L» m(2L) L
(©) | : Loy ( ) =
T 12 3
:
1
I -
' 2m 2L 2m(2L) 8§ .,
= ==ml’
(d) | 3 3‘m
1
Question78

The figure shows two solid discs with radius R and r respectively. If
mass per unit area is same for both, what is the ratio of MI of bigger
disc around axis AB (Which is L to the plane of the disc and passing
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through its centre) of MI of smaller disc around one of its diameters
lying on its plane?

Given 'M' is the mass of the larger disc. (MI stands for moment of
inertia)

M

‘B

[27 Jul 2021 Shift 1]

Options:
A.R*: 1
B.2r* : R*
C.2R*: 1’
D.2R*: r*

Answer: D

Solution:
V8%
InuuIv ui ||loment Of |nert|a - 1
Zmrz
_ 20nR’R? _ 2R?
O'I'II’ZI‘2 1"4
Question79

Given below are two statements: one is labelled as Assertion A and the
other is labelled as Reason R.

Assertion A: Moment of inertia of a circular disc of mass ' M ' and
radius 'R' about X, Y axes (passing through its plane) and Z-axis which
is perpendicular to its plane were found tobe I, I v and I , respectively.

The respective radii of gyration about all the three axes will be the
same.

Reason R : A rigid body making rotational motion has fixed mass and
shape. In the light of the above statements, choose the most appropriate
answer from the options given below:

[25 Jul 2021 Shift 1]

Options:
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A. Both A and R are correct but R is NOT the correct explanation of A.
B. A is not correct but R is correct.

C. A is correct but R is not correct.

D. Both A and R are correct and R is the correct explanation of A.

Answer: B

Solution:

Solution:
I,=1_+ Iy (using perpendicular axis theorem)
&I = mk*(K : radius of gyration )
2 _ 2 2
somK “=mK_ “+ me
K/ =K +K/
so radius of gyration about axes x, y & z won't be same hense asseration A is not correct reason R is correct statement
(property of a rigid body)

Question80

In the given figure, two wheels P and Q are connected by a belt B. The
radius of P is three times as that of Q. In case of same rotational kinetic

energy, the ratio of rotational inertias ( 1—1 ) will be x : 1. The value of x
2

[27 Jul 2021 Shift 2]

Solution:
21 (0)? = 21 (w,)?
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Lsg) =n(g)
Li_o

I, 1
Question81

The centre of a wheel rolling on a plane surface moves with a speed v,,.

A particle on the rim of the wheel at the same level as the centre will be
moving at a speed vxv,. Then the value of x is

[22 Jul 2021 Shift 2]

Answer: 2

Solution:

Solution:
mR

For no slipping v, = wR
Now v, = v = |V, + (wR)’
= \/§V0

=X =2

Question82

Consider a situation in which a ring, a solid cylinder and a solid sphere
roll down on the same inclined plane without slipping. Assume that they
start rolling from rest and having identical diameter.

The correct statement for this situation is:-

[22 Jul 2021 Shift 2]

Options:

A. The sphere has the greatest and the ring has the least velocity of the centre of mass at the
bottom of the inclined plane.

B. The ring has the greatest and the cylinder has the least velocity of the centre of mass at the
bottom of the inclined plane.

C. All of them will have same velocity.

D. The cylinder has the greatest and the sphere has the least velocity of the centre of mass at
the bottom of the inclined plane.
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Answer: A

Solution:

Solution:

a=gsin91+I—

mR?
I > 1

ring solid cylinder >1 solid sphere

=>aring < asol'1d cylinder < asolid sphere

=>Vring < Vsolid cylinder < Vsolid sphere

Question83

A body rolls down an inclined plane without slipping. The kinetic energy
of rotation is 50% of its translational kinetic energy. The body is :
[20 Jul 2021 Shift 2]

Options:

A. Solid sphere

B. Solid cylinder
C. Hollow cylinder
D. Ring

Answer: B

Solution:

Solution:
1. 2 1 1 >
ilw =5 X 2rnv
I = %mRZ

Body is solid cylinder

Question84

A circular disc reaches from top to bottom of an inclined plane of length
' L'. When it slips down the plane, it takes time ' t,". When it rolls down

the plane, it takes time t,. The value of E—Z is \/ g The value of x will be

[20 Jul 2021 Shift 1]
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Solution:

If disk slips on inclined plane, then it's acceleration

a, =gsin
_1 2
L= ialtl
sto= ¢/ 2L
a;
If disk rolls on inclined plane, its acceleration,
a, = gsmle
1+ 5
mR
a, = gsmG2
mR
1+
2mR?
_2
a, = §gsm9

N0WL=%a2.t2

a;
ou = 3213
=X = ;
Question85

Two bodies, a ring and a solid cylinder of same material are rolling
down without slipping an inclined plane. The radii of the bodies are
same. The ratio of velocity of the centre of mass at the bottom of the

inclined plane of the ring to that of the cylinder is ‘/2—" Then, the value of
X is .
[20 Jul 2021 Shift 2]

Answer: 3

Solution:

Solution:
I in both cases is about point of contact
Ring
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mgh = %I w?

2
v
mgh = %(ZmRZ)%

Vg = Vgh
Solid cylinder
mgh = %I w?
2
_1(3 2\ Ve

VR

4gh

o [
V3
2

Ve

Question86

A body rotating with an angular speed of 600 rpm is uniformly
accelerated to 1800 rpm in 10 sec. The number of rotations made in the

process is__ .

[20 Jul 2021 Shift 2]

Options:
Answer: 32

Solution:

Solution:

Given, initial angular speed,

w, = 600rpm = 10rps
Final angular speed,
wg = 1800rpm = 30rps
Time, t = 10s
" We know that
W = w, +at
= 30=10+ax 10
30-10 _ o
10

_ 20 _ 2
= o= 10 2rps

Angular displacement is calculated by the rotational equation of motion as

1 .2
0=ow,t+ Eoct

where, 0 is the angular displacement.
-0 =10x 10+ %><2><(10)2

=0 =100+ 100

=0 = 200rad
Number of rotations
0 _ 200 _ 4 4.
= 5-= 5o =31.8 = 32
[ ]
Question87

Angular momentum of a single particle moving with constant speed

along circular path
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[31 Aug 2021 Shift 1]

Options:

A. changes in magnitude but remains same in the direction
B. remains same in magnitude and direction

C. remains same in magnitude but changes in the direction
D. is zero

Answer: B

Solution:

Solution:

As we know that,

Angular momentum, L =r X p = mvrsin6

where, m = mass,v = velocity,r = radius,

0 = angle between v and r = 90° (for circular motion) Since, m, v, r
- L will always remain same in magnitude and direction.

Question88

A system consists of two identical spheres each of mass 1.5 kg and
radius 50 cm at the end of light rod. The distance between the centres of
the two spheres is 5m. What will be the moment of inertia of the system
about an axis perpendicular to the rod passing through its mid-point?

[31 Aug 2021 Shift 2]
Options:

A. 18.75kgm*

B. 1.905 x 10°kgm?

C. 19.05kgm*

D. 1.875 x 10°kgm?

Answer: C
Solution:
Solution:

Given, mass of each sphere, M= 1.5 kg
Radius of each sphere, R = 50cm = 50 X 10™%m

Distance between centre of spheres, | =5 m
Lt
M x i é S M
W o e e e 1——— -H

By using parallel axis theorem, moment of inertia of system is
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M_F]
4

_ 252 ﬁ]
I = ZM[ER + 1
Substituting the values, we get

I=2[%MR2+

I=2x1.5[%x(50x10‘2)2+%
= 19.05kg — m?
Questiond9

Moment of inertia of a square plate of side / about the axis passing
through one of the corner and perpendicular to the plane of square
plate is given by

[27 Aug 2021 Shift 1]

Options:

2
A ME

B. MI?
C. ==
2 2
D. §MI
Answer: D

Solution:

Solution:
Let the length of side of square plate is I.
The diagram of square plate having an axis passing from centre as X — X" and an axis passing through one of the corner
and perpendicular to plane of square plate Z — Z" is shown below.
2

X

¥

The distance between the centre of square plate and the corner of square plate is

-3+ (3) -

We know that, moment of inertia of square plate about centre,
Mr?

Iy = —F—
6
By parallel axis theorem, moment of inertia of square plate about axis Z — Z’ will be
I, =Ly + M( )
77 \/

MI?  MI?
lzz="g * 73

21 1
= MI [6 E]
2MI?
lzz =73~
Thus, the moment of inertia about an axis passing through corner of square plate and perpendicular to plane of plate is
M
3
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Question90

The solid cylinder of length 80 cm and mass M has a radius of 20 cm.
Calculate the density of the material used, if the moment of inertia of
the cylinder about an axis CD parallel to AB as shown in figure is

2.7 kgmz.

nlm__‘_‘__

.:-'—'_'_'_.__‘_‘_‘_‘—h_
¥ E—r—eQ8 =3 D

[26 Aug 2021 Shift 2]

Options:
A.14.9kg / m?

B. 7.5 x 10°kg / m®
C.7.5x 10%*kg / m®
D. 1.49 x 10°kg / m®
Answer: D

Solution:

Solution:

Given, the length of cylinder,

L=80cm=0.8m

The radius of cylinder,r=20cm =0.2 m

The moment of inertia about CD, I, = 2.7kg — m?

Now, the moment of inertia of cylinder about its axis AB is

1., 2
IAB = EMF

By parallel axis theorem, the moment of inertia of cylinder about CD will be calculated as

ICD=IAB+M(%)2

2
=2.7 = MTr + ML%4

=2.7=M [ % + (0.8)24]

=M = 15kg
Density of cylinder is given as
p=M_M
VoL
=15  _1492kgm™
1(0.2)7(0.8)

=1.49 x 10°kgm™>
Thus, the density of cylinder is 1.49 x 10*kgm™>.
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Question91

Consider a badminton racket with length scales as shown in the figure.

\iJ

If the mass of the linear and circular portions of the badminton racket
are same (M) and the mass of the threads are negligible, the moment of
inertia of the racket about an axis perpendicular to the handle and in

the plane of the ring at, ; distance from the end A of the

handle will be ........ Mr?.
[26 Aug 2021 Shift 1]

Solution:

Solution:
The given situation is shown in the following figure

i
N

P
5/2 /\
—
. a

L I
i 2
2

&

The moment of inertia of the racket about an axis perpendicular to the handle and in the plane of ring at, % distance from

end A of the handle is given by
I= Iduetohandle +1 (|)

=%M(6r)2+M(%)2

due todisc

Idue to handle

M36r2 + 25Mr*
4

Mr? + 24—5Mr2

()

Mr?

=

Il Il
W

I
<

&9

2 13r\?2
Iduetodisc = Mr<2 + M(T)

_ Mr? N 169Mr?
T2 4
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_ 171Mr?

4
. From Eq. (i), we get
I= Idueto handle + Iduezto disc
_ 37,2, 171Mr
= TMI‘ + —4
_ 228Mr2
= 52Mr*

(]

Question9?2

Two discs have moments of inertia I, and I, about their respective axes

perpendicular to the plane and passing through the centre. They are
rotating with angular speeds, w, and w, respectively and are brought

into contact face to face with their axes of rotation co-axial. The loss in
kinetic energy of the system in the process is given by
[27 Aug 2021 Shift 2]

Options:

LI,
(I, +I,)

A. (oo1 - w2)2

(I - I2)2(“1(“2
2(I, + )

I112
"2(I, + 1)

(0 = w,)?

D. —(‘2" 1= o)
(I, + 1)

Answer: C

Solution:

Solution:
Given, moment of inertia of two discsare I, I,.

Their initial angular velocities is w; and w, .

Let final angular velocity is w . By using law of conservation of angular momentum,

Lw, +T,0, =(I,+1I,)w
Iw, +1,w,
I,+1,
. Change in kinetic energy AKE

1 2, 1 2 1 2
= Ell(")l + 512(1)2 - 5(114—12)(*)

w =

Question93

A 2 kg steel rod of length 0.6m is clamped on a table vertically at its
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lower end and is free to rotate in vertical plane. The upper end is
pushed so that the rod falls under gravity. Ignoring the friction due to
clamping at its lower end, the speed of the free end of rod when it

passes through its lowest position is ........... ms

(Take, g = 10ms™?)
[1 Sep 2021 Shift 2]

Answer: 6

Solution:

Solution:

Given, the mass of the steel rod, m = 2 kg

The length of the steel rod, | = 0.6 m

According to question, the diagram can be as shown below

awd] [

By using the energy conservation,

mgl =%lw2
_1 m12 2
mgl _E_X_S X W

As we know the relation between the linear speed and angularspeed,
v =owr = wl = V6gl

Substituting the values in the above equation, we get
v=v6x10x0.6 =6m/s

Hence, the speed of the free end of the rod when it passes throughits lowest position is 6 m/s.

Question94

A rod of length L has non-uniform linear mass density given by

2
p(x) =a+b ( %) , where a and b are constants and 0 = x =< L. The value

of x for the centre of mass of the rod is at:

[9 Jan. 2020 II]

Options:

A. % ( 2aa-|:l—bb )L

B.2(242)L
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( a+b
*3\2a+3b

D.3(ZE2)L

Answer: B

Solution:

Solution:

l

—
dx

Given,

2
Linear mass density, p(x) =a+b ( %)

Lx. —3L(2a+b
oM =4 \3a+b

Question95

The coordinates of centre of mass of a uniform flag shaped lamina (thin
flat plate) of mass 4kg. (The coordinates of the same are shown in

figure) are:

10, 3] 12.3)

2.

i,

{0, m (n, 0y

[8 Jan. 2020 I]
Options:

A. (1.25m, 1.50m)
B. (0.75m, 1.75m)
C. (0.75m, 0.75m)
D. (1m, 1.75m)

Answer: B
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Solution:

(1,3} (2.3)

(0,2

(0. 1)

.
i
T T

»* X

(0, ) (1.0 2.0
For given Lamina
xym, =1,C, = (1.5, 2.5)
m, =3, C, = (0.5, 1.5)

_ X +m)x, _15+15 _

Xon= * 0.75
My, tmyy, _25+45 75
cm m, +m, 4 '

.. Coordinate of centre of mass of flag shaped lamina (0.75,1.75)

Question96

As shown in fig. when a spherical cavity (centred at O ) of radius 1 is cut
out of a uniform sphere of radius R (centred at C ), the centre of mass of
remaining (shaded) part of sphere is at G, i.e on the surface of the
cavity. R can be determined by the equation:

o
=18
"/

[8 Jan. 2020 II]
Options:

A (R*+R+1)2-R)=1
B.(R*—=R-1)2-R)=1
C.(R*=R+1)2-R)=1
D.(R°+R-1)2-R) =1

Answer: A

Solution:
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Mass of sphere = volume of sphere x density of sphere = ér[R3p

Mass of cavity M ;. = %n(1)3p

Mass of remaining
4

3 4 3
(Remaining) gHR p - §H(1) p

Centre of mass of remaining part,
Mir +M,r,

X =_11 22

coM ~ T M M,

[—nR3p]o+ [—n (1)3(=p) | [R = 1]

=—(2—-R) =

ZuRp + Sn(1)*(—p)
>(R-1)R*-1)=2-R
- (R-1) -2-R

(R-1)(R +R+1)
S(RP+R+1)2-R) =1

3

Question97

Three point particles of masses 1.0kg, 1.5kg and 2.5kg are placed at
three corners of a right angle triangle of sides 4.0cm, 3.0cm and 5.0cm
as shown in the figure. The center of mass of the system is at a point:

[7 Jan. 2020 I]

Options:

A. 0.6cm right and 2.0cm above 1kg mass
B. 1.5cm right and 1.2cm above 1kg mass
C. 2.0cm right and 0.9cm above 1kg mass
D. 0.9cm right and 2.0cm above 1kg mass

Answer: D

Solution:

Solution:
1'1'11X1 + m2x2 + 1‘1’13X3
Xom = m, + m, + m,
1x0+15x3+25x%x0 1.5x3
Xom = 1+15+25 =—7p5 -09m
m;y; + myy, + msys
°m T m, +m,+m,
v = 1x0+15x0+25x%x4 =2.5x4=2cm
cm 1+1.5+25 5
Hence, centre of mass of system is at point (0.9,2)

Y
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Question938

A spring mass system (mass m, spring constant k and natural length 1 )
rests in equilibrium on a horizontal disc. The free end of the spring is
fixed at the centre of the disc. If the disc together with spring mass
system, rotates about it's axis with an angular velocity w, (k> > mw?)
the relative change in the length of the spring is best given by the

option:
[9 Jan. 2020 II]

Options:

a3 ()

B. 2mw

CI'IlUJ

2
mw
D. =V

Answer: C

Solution:

Solution:
Free body diagram in the frame of disc

ko 2
—— mm~ (Ag + X)

]

.'.mw2(1 ot x) = kx
ml sz
=X = 5
k —mw
Fork> > mw?

Question99

A particle of mass m is fixed to one end of a light spring having force
constant k and unstretched length 1. The other end is fixed. The system
is given an angular speed omega about the fixed end of the spring such
that it rotates in a circle in gravity free space. Then the stretch in the

spring is:
[8 Jan. 2020 I]
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Options:

ml w?
A. k— wm

B ml w?
"k - mw?

C m1w2
"k + mw?

ml w?
D. k+ mw

Answer: B

Solution:

Solution:
[£)]

m

P )

At elongated position (x)

sz
radial

~kx = m(l + x)w?
(vr=1+xhere)
kx = ml w? + mxw?

ml w?

SX = 5
k —mw

= —— =1mMrw
r

Questionl100

Consider a uniform rod of mass M = 4m and length 1 pivoted about its
centre. A mass m moving with velocity v makingangle 0 = 7 to the rod's

long axis collides with one end of the rod and sticks to it. The angular
speed of the rod-mass system just after the collision is:

[8 Jan. 2020 I]

Options:

D. 4v

Answer: C

Solution:
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o
About point O angular momentum
L = Lfinal

mV _1 _ [4mL?  mL? ]
2g (2Tl Tl xe
0= BY__ 32V

7V2L 7L

initial

Questionl101

Three solid spheres each of mass m and diameter d are stuck together
such that the lines connecting the centres form an equilateral triangle

of side of length d . The ratio ;—0 of moment of inertia I ; of the system

about an axis passing the centroid and about center of any of the
spheres I , and perpendicular to the plane of the triangle is:

[9 Jan. 2020 I]

Options:

—_
w

A.

N
w

—_
9)]

B.

—_
w

N
w

C.

—_
w

—_
w

D.

—_
)]

Answer: A

Solution:

Solution:
Moment of inertia,
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Moment of inertia about' O’

==l en( )

2
=1, = 10Md

And T =2[2M (%)2+Md2] +2M (%)2

=1 —EMdZ

I__i_gMdZ 13

I, 23 — 23
l—on2

Question102

One end of a straight uniform 1m long bar is pivoted on horizontal
table. It is released from rest when it makes an angle 30° from the
horizontal (see figure). Its angular speed when it hits the table is given

as \/ﬁs_l, where n is an integer. The value of n is

o)

[9 Jan. 2020 I]

Solution:
Here, length of bar,1 = 1m
angle, 6 = 30°
APE = AKE or mgh = %1 w?
| o _ 1 ( ml 2 ) 2
(mg)2 sin30° = AN A

=>mg'12><— l(m1 )w2
=w =V15rad /s
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Question103

A uniformly thick wheel with moment of inertia I and radius R is free to
rotate about its centre of mass (see fig). A massless string is wrapped
over its rim and two blocks of masses m;, and m,(m, > m,) are attached

to the ends of the string. The system is released from rest. The angular
speed of the wheel when m, descents by a distance h is:

m,
i,

m,

[9 Jan. 2020 II]

Options:
A [ 2(m1 - mz)gh 172
| (In1 + mZ)R2 +1 ]
B. Z(m1 + rnz)gh 172
| (m1 + rnZ)R2 +1
1/2
C. (m, — 10y) gh
| (m, + m)R*+1 |
. . (m, +m,) 1 /2gh
[ (m, + m)R*+1 |
Answer: A
Solution:
Solution:

Using principal of conservation of energy

(rn1 - mZ)gh = %(m1 + mz)v2 +%I w?

=(m, = m,)gh = 2(m, + m,)(@R)* +11w? (v = wR)
2

=(m, — m,)gh = Z-{(m, + m,)R* +1]

o = \/ 2(m, — rnzz)gh
(m1 + m2)R +1

Question104

As shown in the figure, a bob of mass m is tied by a massless string
whose other end portion is wound on a fly wheel (disc) of radius r and
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mass m. When released from rest the bob starts falling vertically. When
it has covered a distance of h, the angular speed of the wheel will be:

&

Dm
[7 Jan. 2020 I]

Options:

A_l\/@
r 3

3
Br’\/m
1./ 2gh
C'r\/ 3

3
Dr\/m

Answer: A

Solution:

Solution:
When the bob covered a distance'h'
1

: _1 2, 1;: 2
Using mgh = v + 21(»

2
= tm(wr)? + L x BE x 2 (“v = wr no slipping )
2 2 2
2

=>mgh = “mwr

o= |

2

W

E

|

=

I‘2

W

Question105

The radius of gyration of a uniform rod of length 1, about an axis
passing through a point }Z away from the centre of the rod, and

perpendicular to it, is:
[7 Jan. 2020 I]

Options:

A. 71

1
4

B. z1

1
8

c. | &l

Get More Learning Materials Here : & m @&\ www.studentbro.in



D. \/gl

away from the centre of the rod

Answer: C
Solution:
Solution:
Moment inertia of the rod passing through a point {Z
I =Ig+ml 2
_MI1? (ﬁ _7M1?
L= *Mx 115 =43
2
Usingl = MK? = %(K = radius of gyration )
_ |7
Questionl106

Mass per unit area of a circular disc of radius a depends on the distance
r from its centre as o(r) = A + Br. The moment of inertia of the disc
about the axis, perpendicular to the plane and passing through its

centre is:
[7 Jan. 2020 II]

Options:

A. 2ma* ( % + %)
B.2ma* (24 + B)
C. ma* ( % + %

|

D. 2na4(%+

|

Answer: A

Solution:

Solution:
Given,
mass per unit area of circular disc, 0 = A+ Br
Area of thering = 2nrdr
Mass of the ring, d m = o2nrd r
Moment of inertia,
I = fdmr2 = foandr.r2

a 4 5
=] = 2n£(A+Br)r3dr = ZH[ATa+B?a]

=] =2na4[%+%]
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Question107

A uniform sphere of mass 500g rolls without slipping on a plane
horizontal surface with its centre moving at a speed of 5.00cm / s. Its
Kinetic energy is:

[8 Jan. 2020 II]

Options:
A.8.75x 107
B.8.75 x 1073
C. 6.25 x 10%]

D.1.13x10 7]

Answer: A

Solution:

Solution:

K . E of the sphere = translational K . E + rotational K . E
= %mv2 + %I w?

Where, I = moment of inertia,

w = Angular, velocity of rotation

m = mass of the sphere

v = linear velocity of centre of mass of sphere

* Moment of inertia of sphere I = %mR2

. _1 2 1 2 2 2
..K.E—zmv +2x5mR X W

_1 2 1 2 o vi2 (.. _v
=>K.E—§mv +§><§me(§) ("*’_ﬁ)

~KE =%(%mR2+mRz) (%)2

_l R I Y o7 1,25
=>KE—2mR X5XR2_1OX2X104
~KE = % x 10~% joule

=KE = 8.75 x 10* joule

Question108

Consider a uniform cubical box of side a on a rough floor that is to be
moved by applying minimum possible force F at a point b above its
centre of mass (see figure). If the coefficient of friction is p = 0.4, the

maximum possible value of 100 x g for box not to topple before moving

1S .
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[NA 7 Jan. 2020 II]

Solution:

! H
I r o

1 £ T

For the box to be slide
F = pmg = 0.4mg

For no toppling F (% + b) = mg%

=&0.4mg ( % + b) = mg%

=0.2a + 0.4b = 0.5a
b_3

5= < =

a 4
i.e. b = 0.75a but this is not possible.

As the maximum value of b can be equal to 0.5a.

_100b _
a

Question109

The centre of mass of a solid hemisphere of radius 8cm is xcm from the
centre of the flat surface. Then value of x is

[NA Sep. 06, 2020 (ID)]

Answer: 3

Solution:

Centre of mass of solid hemisphere of radius R lies at a distance % above the centre of flat side of hemisphere.

_3R_3x8

“hom =g =73

= 3cm

Questionl110

A square shaped hole of side 1 =

Get More Learning Materials Here : &

e €3

is carved out at a distance d = % from
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the centre ' O ' of a uniform circular disk of radius a. If the distance of
the centre of mass of the remaining portion from O is —, value of X ( to

the nearest integer) is

[NA Sep. 02, 2020 (ID)]

Solution:

Let o be the mass density of circular disc.
Original mass of the disc, m, = ma’c
2

nass, m = %o
' 1

Remaining, mass, m’ = (na -

Questionl1l1l

A bead of mass m stays at point P(a, b) on a wire bent in the shape of a
parabola y = ACx? and rotating with angular speed w (see figure). The

value of w is (neglect friction):

Get More Learning Materials Here : & m
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Pla b)

[Sep. 02, 2020 (D]
Options:
A. 2V2gC

B. 2vgC

c. &L

> 7

Answer: A

Solution:

Solution:

= 2 ﬂ = =
y =4Cx" = Ix tan6 = 8Cx
At P, tan6 = 8Ca

A

1 4
A @ mw acos

N
0
o e
;.-ng"n_‘ .
/ i‘"“-"l.“ﬂ X

mgsint 0 mgcos0

mw a

For steady circular motion
mw?acos6 = mgsin0

. gx8aC _ ., —=
..m—\/—a = 2v2gC

Questionl112

A cylindrical vessel containing a liquid is rotated about its axis so that
the liquid rises at its sides as shown in the figure. The radius of vessel is
5cm and the angular speed of rotation is wrad s~!. The difference in the
height, h (in cm ) of liquid at the centre of vessel and at the side will be

Get More Learning Materials Here : &
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\_5 0

=0 cm=—

[Sep. 02, 2020 (D]
Options:

2w?
A. 259
5w?
250>
C. %55

2w?
D. E
Answer: C

Solution:

Solution:
Here, pd rw’r = pgd h
R R

sw’[rdr=g/dh
0 0

Q_EJ &)}

= gh (Given R = 5cm)

_ w?’R? _ 250>
T 29 29

Questionl113

Four point masses, each of mass m, are fixed at the corners of a square
of side 1. The square is rotating with angular frequency omega, about
an axis passing through one of the corners of the square and parallel to
its diagonal, as shown in the figure. The angular momentum of the
square about this axis is :

Get More Learning Materials Here : & m @&\ www.studentbro.in



[Sep. 06, 2020 (D]
Options:

A.ml%w

B. 4ml %w

C. 3ml *w

D. 2ml *w

Answer: C

Solution:

Solution:
Angular momentum, L=1w

H\E

1/\2

_ 2 1 )2 102
I = m(0) +m(‘/§) x 2 +m(v21)

_ 2ml
-2
Angular momentum L = I w = 3ml *w

+2ml? = 3ml?

Questionl14

A thin rod of mass 0.9kg and length 1m is suspended, at rest, from one
end so that it can freely oscillate in the vertical plane. A particle of
move 0.1kg moving in a straight line with velocity 80m / s hits the rod at
its bottom most point and sticks to it (see figure). The angular speed (in
rad/s) of the rod immediately after the collision will be

[NA Sep. 05, 2020 (ID)]
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Answer: 20

Solution:

Solution:

(M. L)

mo—»yv

Before collision  After collision

Using principal of conservation of angular momentum we have
- -
L=Li=mvL=Iw

M L2

2
3 + mL )w

=>mvL = (

+0.1%x1%|w

Ao
10

2
-0.1x80x1 = (0'9"1

3
=8 = (%+11—0)m=8=

=w = 20rad / sec.

Questionl115

A person of 80kg mass is standing on the rim of a circular platform of
mass 200kg rotating about its axis at 5 revolutions per minute (rpm).
The person now starts moving towards the centre of the platform. What
will be the rotational speed (in rpm) of the platform when the person

reaches its centre .
[NA Sep. 03, 2020 (I)]

Answer: 9

Solution:

Solution:
Here M , = 200kg, m = 80kg
Using conservation of angular momentum, L, = L;

M,
¥

i
Lw, =T,w,

M R? )
I, =(Iy+I,)= + mR

2
I,=2MR®and w, = 5rpm

Get More Learning Materials Here : & m
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5

M R?
O =( 0 +mR2)x

) 2 M0R2
2

= SR% X W = 9rpm

Questionl16

A block of mass m = 1kg slides with velocity v = 6m / s on a frictionless
horizontal surface and collides with a uniform vertical rod and sticks to
it as shown. The rod is pivoted about O and swings as a result of the
collision making angle 0 before momentarily coming to rest. If the rod
has mass M = 2kg, and length 1 = 1m, the value of 0 is approximately:

(take g = 10m / s2)
0

[Sep. 03, 2020 (I)]

Options:

A. 63°

B. 55°

C. 69°

D. 49°

Answer: A

Solution:

Solution:

Using conservation of angular momentum
mvl = (m12+ 21’212 w=mv]l = %mlzw =W = %
or,w=g:?=%rad/s

m

M=2kg

m = 1kg

Now using energy conservation, after collision

lI w? = ngli(l —cos9) +mgl (1 — cos9)

2
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ov?
2512

mv? = 2mgl (1 — cos6)

1(5 ;2 _ _
:§(§ml ) = 2mgl (1 — cos )

=

5x2

3 36 _ . _27 _
Ex2x10_1 cosH =1 50 cos 0

_23 . 4_ @~
or,cosG—SO--e 63

Questionl117

A uniform rod of length '1 ' is pivoted at one of its ends on a vertical
shaft of negligible radius. When the shaft rotates at angular speed w
the rod makes an angle 0 with it (see figure). To find 0 equate the rate
of change of angular momentum (direction going into the paper)

ml? 2

7w sin 0 cos 0 about the centre of mass (CM) to the torque provided by
the horizontal and vertical forces F ; and F,, about the CM. The value of

0 is then such that :
[Sep. 03, 2020 (ID)]

Options:

A.cos® = 29
3lw

B.cos® = -9
21w

C.cos6 =%
lw

D. cos® = 39
2l w

Answer: D

Solution:

Solution:
Vertical force = mg

Horizontal force = Centripetal force = mwﬂz sin©

Torque due to vertical force = mgli sin 6

Torque due to horizontal force = mwzlz sinelzcose

Get More Learning Materials Here : &
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mg
Net Torque = Angular momentum

2
mgli sin@ — mle— sinelzcose = sz sinBcosH

2 12

-39
=c0s0 = 207

Questionl118

Ll Ll

0 25 50 75 100

A B
2m

Shown in the figure is rigid and uniform one meter long rod AB held in
horizontal position by two strings tied to its ends and attached to the
ceiling. The rod is of mass 'm' and has another weight of mass 2m hung
at a distance of 75cm from A. The tension in the string at A is:

[Sep. 02, 2020 (1)]
Options:

A. 0.5mg

B. 2mg

C. 0.75mg

D. 1mg

Answer: D

Solution:

Solution:
Net torque, T, about B is zero at equilibrium

T ,Xx100—-mg x50 -2mg x 25 =0
=T, x 100 = 100mg
=T , = 1lmg (Tension in the string at A )

Get More Learning Materials Here :
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50 cm
e e,

25 cm
A : B
:
mg
v
2 mg
Question119

A uniform cylinder of mass M and radius R is to be pulled over a step of
height a(a < R) by applying a force F at its centre ' O ' perpendicular to
the plane through the axes of the cylinder on the edge of the step (see
figure). The minimum value of F required is :

F

Ia
[Sep. 02, 2020 (I)]

Options:

AMgy1-(nge)

B.Mg\/ (RP—{a)Z_1

C.Mg%

2
D.Mg\/l—%

Answer: A

Solution:

N

7 ]

Forstepup, F xR=Mg xx
x = {R* = (R — a)* from figure
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len=%x ‘/RZ_(R—a)Z =Mg\/1_ (RP—{a
Questionl120

Shown in the figure is a hollow ice cream cone (it is open at the top). If
its mass is M, radius of its top, R and height, H, then its moment of

inertia about its axis is :
i R
o -

[Sep. 06, 2020 (I)]
Options:

M R?

A.

2 2
B.M(R +H?)

C.

D.

Answer: D

Solution:

Solution:

Hollow ice-cream cone can be assume as several parts of discs having different radius, so

I =[dI =[dm(?) .....(0)
H |T

i
LV

A

H

From diagram,
r _ _ B _ B .
H—tane—H orr Hh ...... (ii)

Mass of element, d m = p(nr?)d h ......(iii)
From eq. (i), (ii) and (iii),

dh
cos 6
2M htand h

RYR?*+ H?%cosO

Area of element, d A = 2nrd1 = 2nr

Mass of element, dm =

(here,r =htano)
H H R 2
I=/dl = [dm@?) = [prd)dh( . n)
0 0 H

Get More Learning Materials Here : &
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=I§p(n Hﬁ.h)4)dh

M R?
2

Solving we get, I =

Questionl121

The linear mass density of a thin rod AB of length L varies from A to B

as A(x) = 2, ( 1+ % ) , Where x is the distance from A. If M is the mass of

the rod then its moment of inertia about an axis passing through A and

perpendicular to the rod is:
[Sep. 06, 2020 (I1)]

Options:
A 2ML’
B. =M L?
C.ZM L’
D.2ML?
Answer: B

Solution:

Mass of the small element of the rod
dm=2A.dx
Moment of inertia of small element,

dl =dm.x* =2, (1+%) dx
Moment of inertia of the complete rod can be obtained by integration

L, %3
I =A (X +—)dx
of T

3 4 L 3 3
L x| o, Y L_]
=X|Ftac|, “Pl3 T2
72,3 _
=] = 13 (i)

Mass of the thin rod,

L L 32,L
_ _ X _ 33
M—{Adx—{h0(1+L)dx— .
L, _2M
..AO_—SL
b _ 7 (2M \ 3t L Toagr2
o _—12(—3L JL? =1 s

Get More Learning Materials Here : & m

@ www.studentbro.in



Questionl122

A wheel is rotating freely with an angular speed w on a shaft. The
moment of inertia of the wheel is I and the moment of inertia of the
shaft is negligible. Another wheel of moment of inertia 31 initially at
rest is suddenly coupled to the same shaft. The resultant fractional loss
in the kinetic energy of the system is :

[Sep. 05, 2020 (I)]

Options:

A.

ol

B.

=

C.0

D.

W

Answer: D

Solution:

Solution:
By angular momentum conservation, L, = L,

Wl +3I x0=4lw =>w =2

CB,-.M !
G_}m /

(KE), = 210’
1

(KE); = (31 +1 w2

. ; : _AKE _ _3
.~ Fractional loss inK .E . = XE - =T

Questionl123

ABC is a plane lamina of the shape of an equilateral triangle. D, E are
mid points of AB, AC and G is the centroid of the lamina. Moment of
inertia of the lamina about an axis passing through G and perpendicular
to the plane ABC is I, . If part ADE is removed, the moment of inertia of

L] . . . NI . .
the remaining part about the same axis is - where N is an integer.

Value of N is
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[NA Sep. 04, 2020 (I)]

Solution:

Let mass of triangular lamina = m, and length of side =1, then moment of inertia of lamina about an axis passing

'oid G perpendicular to the plane.

I,=kml"
A

B
Let moment of inertia of DEF =1, about G

I

So, 1, (%)(%)Za%orh:%
A

Let I pg =Ippr =Igrc =1,

. Io 51,

--312+Il=IO=>312+E=IO=>12=ﬁ

Hence, moment of inertia of DE CB i.e., after removal part ADE
510) IO) _ 111, NI,

16 16/ ~ 16 ~ 16

Therefore value of N =11

=2l,+1,=2

Questionl124

A circular disc of mass M and radius R is rotating about its axis with
angular speed w, . If another stationary dischaving radius % and same

mass M is dropped co-axially on to the rotating disc. Gradually both
discs attain constant angular speed w, . The energy lost in the process

is p% of the initial energy. Value of p is

[NA Sep. 04, 2020 (I)]
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Answer: 20

Solution:

. . 1
v moment of inertia disc, IdiSC =35

yrom yom [0

M M R (M)

R=R i B

Using angular momentum conservation
[Lw +1,w,=(,+1,) %X w,

M R? B (MR2 MRZ) 4

5 Xw+0= 5 + ) W =W, goo
. 1. 2 1 MRZ) » _ MR’w?
Initial K.E.,Ki—ilw =35 5 w 4

. _1(MR2 MR*\16 » _ MR*w’
Final K.E., K, = 5 ) + ) 2500 = 5

Percentage loss in kinetic energy \% loss
MR’w’ M R’w’
=4 5 100 =20%="P%
MRw
4
Hence, value of P = 20.

Ry(!

\)

Question125

Consider two uniform discs of the same thickness and different radii
R, = R and R, = aR made of the same material. If the ratio of their

moments of inertia I, and I ,, respectively, about their axes is
I,:I,=1:16 then the value of a is :

[Sep. 04, 2020 (I1)]
Options:

A 2V2

B.V2

C.2

D. 4

Answer: C

Solution:

Solution:

Let p be the density of the discs and t is the thickness of discs.

Moment of inertia of disc is given by
[ - MR’ _ [p(mR)R?
o2 2

Get More Learning Materials Here : &
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Questionl126

For a uniform rectangular sheet shown in the figure, the ratio of
moments of inertia about the axes perpendicular to the sheet and
passing through O (the centre of mass) and O' (corner point) is :
[Sep. 04, 2020 (ID)]

Options:
A.2/3
B.1/4
C.1/8
D. 1/2

Answer: B

Solution:

Solution:

Moment of inertia of rectangular sheet about an axis passing through O,
M 2, 20 _ M 2 2

Io= 12(a + b7) 12[(80) + (60)°]

From the parallel axis theorem, moment of inertia about O’

I, =1,+M/(50)*

M 2 2
12(80 + 60°)

To _ _1

I, M 2 2 2 4
Y E(SO + 60%) + M (50)

Questionl127

Moment of inertia of a cylinder of mass M, length L and radius R about
an axis passing through its centre and perpendicular to the axis of the

cylinder isI = M ( Rzz + % ) . If such a cylinder is to be made for a given

mass of a material, the ratio L / R for it to have minimum possible I is:
[Sep. 03, 2020 (I)]

Options:

A.

wiN

B.

N|w
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N
D. 2

Answer: C

Solution:

Solution:

Let there be a cylinder of mass m length L. and radius R. Now, take elementary disc of radius R and thickness dx at a

distance of x from axis OO" then moment of inertia about OO’ of this element.

0

I

d‘l‘ :(}!
2
a1 =988 4 gy
2 n=-L/2
ST = [dr = (3mRE LTI M g g
4 n=L/2 L
_MR?*, ML?
Given: 1 = a o
M _V  ML* MV K ML’
Sl=T Xt Tt 2
dI _ mV , M x2L _
L= a2t 1z 0
=V =2HL3=>HR2L—2HL3
3 3
L_ .3
I_{_\/Z
(]
Question128

An massless equilateral triangle E F G of side ' a ' (As shown in figure)
has three particles of mass m situated at its vertices. The moment of
inertia of the system about the line E X perpendicular to E G in the

plane of EF G is 3,

X _
!..

E a G

[Sep. 03, 2020 (ID)]

Answer: 25

Solution:
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Moment of inertia of the system about axis XE .

X ;
< rp >,

a a
6{)'_"1
E a G
€ Fe >
[ =Ip+Ip+1,4
=] = m(rE )2 + m(rF)2 + m(rG)2
_ 2 a)? 2 _5 2 _25 o
=] mx0 +m(2) + ma 4ma 20ma
N =25
o
Question129

Two uniform circular discs are rotating independently in the same
direction around their common axis passing through their centres. The

moment of inertia and angular velocity of the first disc are 0.1kg — m?
and 10rad s~ ! respectively while those for the second one are 0.2kg — m?

and 5rads™*! respectively. At some instant they get stuck together and
start rotating as a single system about their common axis with some
angular speed. The kinetic energy of the combined system is:

[Sep. 02,2020 (II)]

Options:

A L0

B. 295

Solution:

Solution:
Initial angular momentum =1,w; +1,w,

Let w be angular speed of the combined system.
Final angular momentum =1 ,w+1,w

According to conservation of angular momentum
(I,+I)o=1,0; +I,0,
Liw +1,0, 0.1x10+02x5 _ 20

I,+1, 0.1+0.2 3
Final rotational kinetic energy
_1 2,1 2 _ 1 202
K; = 21,0% + 21,0% = 2(0.1+0.2) X (?)
20
:Kf = ?J

=20W =
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Question130

A long cylindrical vessel is half filled with a liquid. When the vessel is
rotated about its own vertical axis, the liquid rises up near the wall. If
the radius of vessel is 5cm and its rotational speed is 2 rotations per
second, then the difference in the heights between the centre and the
sides, in cm, will be :

[12 Jan. 2019 II]

Options:
A.2.0
B. 0.1
C.04
D.1.2

Answer: A

Solution:

Solution:
Using v = u® 4+ 2gy [.u = Oat (0, 0)]
v =2gy [.v=wx] )

(0,0) :

2,2 2 2
_ wx® _ (2 x2m)” x(0.05)°
2y = 2g = 20 =2cm

Questionl131

A particle of mass 20g is released with an initial velocity 5m / s along
the curve from the point A, as shown in the figure. The point A is at
height h from point B. The particle slides along the frictionless surface.
When the particle reaches point B, its angular momentum about O will
be :(Take (? = 10m / sz)

+

a=10m

v .

R

>|D

[12 Jan. 2019 II]

Options:
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A.2kg—m?/s

B.8kg—m2/s
C.6kg—m2/s
D.3kg—m2/s

Answer: C

Solution:

According to work-energy theorem
1 2 1 2
p nVB - imVA

2gh = VB2 — VA2
2%x10x 10 =v,*—5°
=v,=15m/s

Angular momentum about O,
L, =mvr

=20x%x107°x 20

L, = 6kg. m* /s

Question132

The position vector of the centre of massr_  of an asymmetric uniform
bar of negligible area of cross section as shown in figure is:

E 2L 3L
[12 Jan. 2019 I]

Options:

A. Tecm = 318 + 215
8 8

B. Tcm = 218 + 131
8 8

C.Tcm = oLy + 13
8 8

D. Tcm = U158 + 313
8 8

Answer: A

Solution:
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x-coordinate of centre of mass is

2mL + 2mL + 22k

_ 2__13
Xem = 4m =L
y-coordinate of centre of mass is

Y =2me+mx (%)+mx0 _ 5L

cm 4m 8

Question133

A slab is subjected to two forces Fl and Ez of same magnitude F as

shown in the figure. Force 1?2 is in XY-plane while force F ; acts along z -

axis at the point( 27 + 3?) . The moment of these forces about point O

will be :

£ —»
iy &
ol % i v
l

300
4m

6m

[11 Jan. 2019 I]

Options:
A. (37 =27 + 3kIF
B. (37 - 27 - 3k)F
c. (37 +27 - 3k)F
D. (37 +27 + 3k)F
Answer: A

Solution:
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Torque due to F | force
T, =T, xF,=6] x(%(—?)+¥(—j\)) = 3F (k|

Torque due to F ,, force

T—) (21+3J)XFk—3F1+2F( _])
F.

~l

- -

T, + 1y =3F1+2F[-])+3F (k)

net F

= (37 =25 +3k)F

Questionl134

The magnitude of torque on a particle of mass 1kg is 2.5 Nm about the
origin. If the force acting on it is 1N, and the distance of the particle
from the origin is 5m, the angle between the force and the position

vector is (in radians):
[11 Jan. 2019 II]

Options:

i
A‘E

II
B.3

II
C.3

I
D'Z

Answer: A

Solution:

Solution:

-

L. - d
Torque about the origin = 1t =1 X F

=71F sin0=2.5=1 X 5sin6
in6=05=4L
51n€)—0.5—2

=0 =

I
6

Question135

To mop-clean a floor, a cleaning machine presses a circular mop of
radius R vertically down with a total force F and rotates it with a
constant angular speed about its axis. If the force F is distributed
uniformly over the mop and if coefficient of friction between the mop
and the floor is p, the torque, applied by the machine on the mop is:

[10 Jan. 2019 I]

Options:
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A.pFR/3
B.uFR/6
C.uFR/2

2
D. gpF R
Answer: D

Solution:

Solution:

©

Consider a strip of radius x and thickness d x,

Torque due to friction on this strip
Net torque =3 Torque on ring

fdt= Ipr .2nxd x
nR’

Questionl136

A rigid massless rod of length 31 has two masses attached at each end
as shown in the figure. The rod is pivoted at point P on the horizontal
axis (see figure). When released from initial horizontal position, its

instantaneous angular acceleration will be:

I 2
[ ) . @

SM, P 2M,
[10 Jan. 2019 II]

Options:
A 5

B. £

c. 5

D. 28
Answer: A

Solution:
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Applying torque equation about point P
T=Tla=[2M,(21)*+5M | °]«

=5M gl —4M gl =[2M ,(21)* + 5M 1 ]«
=M gl = (13M gl )«

g 9
~ = T3]

Questionl137

An L-shaped object, made of thin rods of uniform mass density, is
suspended with a string as shown in figure. If AB = BC, and the angle
made by AB with downward vertical is theta, then:

[9 Jan. 2019 I]

Options:
A.tanf = %
B.tan0 = %
C.tan0 = %
D.tan6 = 1

3

Answer: D

Solution:

Solution:
Given that, the rod is of uniform mass density and AB = BC
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" mg
Let mass of one rod is m.
Balancing torque about hinge point.
mg(C,P) = mg(C,N)

mg(%sine) = mg(%cose—LSine)

=%mgL sin@ = ngL cos 0

sin _ 1 _1
:cose =3 or, tan© 3

Question138

Let the moment of inertia of a hollow cylinder of length 30 cm (inner
radius 10cm and outer radius 20cm ), about its axis be 1 . The radius of
a thin cylinder of the same mass such that its moment of inertia about
its axis is also I, is:

[12 Jan. 2019 I]

Options:
A. 12cm
B. 16cm
C. 14cm
D. 18cm

Answer: B

Solution:

Solution:

Hint: Apply the formula for the moment of inertia of the hollow cylinder with inner and outer radius and find out the
value of the moment of inertia of the hollow cylinder and then find out the moment of inertia of a thin cylinder with some
assumed radius and equate the both of the moment of inertia to find the value of the assumed radius.

We know that the moment of inertia of a hollow cylinder with inner and outer radius about its axis can be written as

I =m( LZZROZ)

Where I is the moment of inertia of the cylinder.
The mass of the cylinder denotedby m
And the inner and outer radius are denoted by R, and R,
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Now we are given the inner radius of the cylinder as 10cm
The outer radius of the cylinder as 20cm
The moment of inertia of the hollow cylinder isgiven as |
So we can find the moment of inertia of the cylinder about its axis as
( 10% + 20 )
I =m —
Now we have found the moment of inertia of the hollow cylinder and let us know to find the moment of inertia of a thin
cylinderwith no inner and outer radius.
We know the moment of inertia of thin cylinderas : 1 = mk?
Where k is the radius of the cylinder and I is the moment of inertia of hollow cylinder
Now we are given that the moment of inertia of the two cylinders are equal and hence we can obtain an equation as

2 2
I=m(—10 ;20 ) = mk?

Using the above equation we can get the value of the assumed radius of the hollow cylinder as
_ 102 + 202
K=y 102

k = 5V10 = 16 approx
Hence we have found the value of the radius of the cylinder as: 16cm

below :

Question139

The moment of inertia of a solid sphere, about an axis parallel to its
diameter and at a distance of x from it, is 'I (x) '. Which one of the
graphs represents the variation of I (x) with x correctly?

[12 Jan. 2019 II]

Options:
A.
I(x)
O—>=x

B.
I(x)

O X
C.
I(x)

O X
D.
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lix)

O—x
Answer: D

Solution:

Solution:
According to parallel axes theorem
I = %mR2 + mx*

Hence graph (d) correctly depicts | vs x.

Question140

An equilateral triangle ABC is cut from a thin solid sheet of wood. (See
figure) D, E and F are the mid-points of its sides as shown and G is the
centre of the triangle. The moment of inertia of the triangle about an
axis passing through G and perpendicular to the plane of the triangle is
I,. If the smaller triangle DEF is removed from ABC, the moment of

inertia of the remaining figure about the same axis is I. Then:
A

Options:
15
Al EI 0
_ 3
B.I = ZI 0
=9
C.I= 1GI 0
— I0
D.I = 1
Answer: A
Solution:
Solution:

Let mass of the larger triangle = M
Side of larger triangle =1
Moment of inertia of larger triangle = ma?
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Mass of smaller triangle = %

N

Length of smaller triangle =

2
Moment of inertia of removed triangle = % ( %)

Mo(a)
i

2
I original ( a)

. Iremoved =

I removed 16

So. I =1,-76=—1¢5"
Questionl41

a string is wound around a hollow cylinder of mass 5kg and radius 0.5m.
If the string is now pulled with a horizontal force of 40N, and the
cylinder is rolling without slipping on a horizontal surface (see figure),
then the angular acceleration of the cylinder will be (Neglect the mass

and thickness of the string)

Z-‘iﬂ N

[11 Jan. 2019 II]
Options:

A. 20rad /s?

B. 16rad /s*

C. 12rad / s?

D. 10rad / s?

Answer: B

Solution:

40
3—)& =Ra
P

From newton's second law
40 + f = m(Ra) ....... (i)
Taking torque about 0 we get
40xR—-fxR=1«
40 x R —f x R = mR%«

40 - f = mRa ....... (ii)
Solving equation (i) and (ii)

- 40 _ 2
oc—mR 16rad /s
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Question142

A circular disc D, of mass M and radius R has two identical discs D, and
D, of the same mass M and radius R attached rigidly at its opposite

ends (see figure). The moment of inertia of the system about the axis
00', passing through the centre of D,, as shown in the figure, will be :

s

D []

D

[11 Jan. 2019 II]

Options:
2

A. MR

2
B. 3M R
C. IMR?

5
D. 2M R?
3
Answer: B
Solution:
Solution:
— . , M R?

Moment of inertia of disc D, about 00" =1, = —
M.O.I of D, about OO’
B _1(MN) > _ MR? 2
—12—2 5 + MR = + MR
M.O.I of D, about OO
B _1(MW) » _ MR? 2
=I;=5|— ) +MR’ ==~ +MR
so, resultant M.O.l about OO’ isT =1, +1,+ I,

2 2
ﬁl=%ﬁ+2“ﬁK+MW)

=MW+MW

2 _ 2
5 5 +2MR*=3MR

Question143

Two identical spherical balls of mass M and radius R each are stuck on

two ends of a rod of length 2R and mass M (see figure). The moment of
inertia of the system about the axis passing perpendicularly through the
centre of the rod is:
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[10 Jan. 2019 II]
Options:
137 2
A. FM R
17 2
B. EM R
209 2
C. FM R
152 2
D. FM R
Answer: A

Solution:

Solution:
For Ball

using parallel axes theorem, for ball moment of inertaia,

Lou = SMR® + M (2R) = Z2M R’

5
22 2
Fortwo ballsI, ;. =2 x ==MR" = and,

5
_M@2R?_MR?

rod — 12 3

Isystem = Iballs + Irod
_ 44,2, MR* 137, >
= 5MR + 3 = 15MR

Questionl44

Two masses m and 7 are connected at the two ends of a massless rigid

rod of length 1. The rod is suspended by a thin wire of torsional
constant k at the centre of mass of the rod-mass system (see figure).
Because of torsional constant k, the restoring toruque is t = kO for
angular displacement 0. If the rod is rotated by 0, and released, the

tension in it when it passes through its mean position will be:

e

"r m

m/2

[9 Jan. 2019 I]

Options:
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3k0,>
A- 1

B. 2k0,’]

k6,
C. 3

k6,
D . 21

Answer: C

Solution:

Solution: _
As we know, w = \/i—{
_ 3k [.. _1 .2
w = \/—mIZ[-Irod—gml ]
m 2, ! 5 M

C,

25 cM /3
B il

P -~
= .

Tension when it passes through the mean position,

2
2621 _m3k621 _keo

=M@ 3= ml2°3 1

Questionl145

A rod of length 50cm is pivoted at one end. It is raised such that if
makes an angle of 30° from the horizontal as shown and released from

rest. Its angular speed when it passes through the horizontal (in rads -1

) will be (g = 10ms2)

[9 Jan. 2019 II]

Options:
30
JNYEC
B. V30
20
c. {2

R

Answer: D
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Solution:

Solution:

=50cm

Final position
By the low of conservation of energy,

P.E. of rod = Rotational K . E.
lqin_1; 2
mg> Sin6 = 21 w

1ml? ,

=>mg1§ Sin30° = -—F—w =>mg1§ X

2 3
For complete length of rod,

w=v3g/2(2) = %rods_l

Initial position

Question146

A homogeneous solid cylindrical roller of radius R and mass M is pulled
on a cricket pitch by a horizontal force. Assuming rolling without

slipping, angular acceleration of the cylinder is:

[10 Jan. 2019 I]
Options:

3F
A. 2mR

F
B. 3mR

F
C. 2mR

2F
D. 3mR

Answer: D

Solution:
Solution:
—_
.
Fr

for pure rolling
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from (1)(2) and (3)
F — mRa

T=m(xR

F = %mRa
_ 2F

«= 3mR

Question147

A smooth wire of length 2mr is bent into a circle and kept in a vertical
plane. A bead can slide smoothly on the wire. When the circle is rotating
with angular speed w about the vertical diameter AB, as shown in
figure, the bead is at rest with respect to the circular ring at position P

as shown. Then the value of w” is equal to :

[12 Apr. 2019 II]

Options:

B. 2g/ (rv3)
C.(gV3)/r
D.2g/r

Answer: B

Solution:

Solution:
N sin® = mw(r/2) ...... (i)
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rw? = 2L

rv3

Question148

A particle of mass m is moving along a trajectory given by

X =Xy+acosw,t
y=Yyo,+bcosw,t

The torque, acting on the particle about the origin, at t = 0 is:

[10 Apr. 2019 I]
Options:

A. m(—x,b + yoa)wlzllz
B. +my0aw12’1;

C. zero

D. —m(xobw22 - yoawlz)/l;
Answer: B

Solution:

Solution:
Given that, x = x,+ acosw, t

y=Y,+bsinw,t

dx _
at - Vx

- i dy _, —
=V, = —aw, sin(w,t), and A= w= bw, cos(w,t)
dv, 2 (t)dvy——bz'(t)
q7 = & = —aw,"cos(wgt), =% = a, = —bw,”sin(w,
Att=0,x=%x,+ta,y=yY,
a, = —aw,’, a,=0

- -
Now, T =T xF =m(T x a)
= [(x0+a)i +YolJ ] xm(—amlzi) = +my0aw12k

Question149

The time dependence of the position of a particle of mass m = 2 is given
by 7(t) = 2ti — 3t%]. Its angular momentum, with respect to the origin, at

timet=2is:
[10 Apr. 2019 II]

Options:

A 48(7 +7)
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B. 36k

c. 34k =17)
D. —48k
Answer: D

Solution:

Solution:

We have given T = 2ti — 3t%]

Platt=2)=47-12]
5 _dT ~ ~

Velocity, v = Fra 2i -6t

Vlatt=2)=27-12]
Z=mvrsinﬁﬁ =m(?><?/))
=243 —12j)x(21 —12j)=—48k

Question150

A metal coin of mass 5g and radius 1cm is fixed to a thin stick AB of
negligible mass as shown in the figure The system is initially at rest.
The constant torque, that will make the system rotate about AB at 25
rotations per second in 5s, is close to :

A

EE%?)

%
B

[10 Apr. 2019 II]

Options:
A.4.0x10"°Nm
B.1.6 x 10"°Nm
C.7.9%x 10" °Nm
D.2.0 x 10"°Nm
Answer: D

Solution:

Solution:

Angular acceleration,

W—wW, 25x2m—0
t 5

=1«

o= = 10mrad / s?
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ot = (ngz)a N (%) (5 x 1073)(1074)10m
=2.0x10"°Nm

Question151

A rectangular solid box of length 0.3m is held horizontally, with one of
its sides on the edge of a platform of height 5m. When released, it slips
off the table in a very short time t = 0.01s, remaining essentially
horizontal. The angle by which it would rotate when it hits the ground

will be (in radians) close to :

—ri’—c-

— RO

r 9

P T
[8 Apr. 2019 II]

Options:
A. 0.5

B. 0.3

C. 0.02
D. 0.28

Answer: A

Solution:

Solution:
Angular impulse = change in angular momentum
TAt=AL
! _ m
mg 5 x .01 = 3w
3g x 0.01
21
_ 3x10x.01
2x0.3
= % = 0.5rad /s
time taken by rod to hit the ground
_ 2h _ 2Xx5
t= \/ g 10
in this time angle rotate by rod
0 = wt = 0.5 x 1 = 0.5radian

w =

= lsec

Question152

A circular disc of radius b has a hole of radius a at its centre (see
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figure). If the mass per unit area of the disc varies as ( o ) , then the
radius of gyration of the disc about its axis passing through the centre

Options:

A \/a2+b2+ab

2

Answer: C

Solution:

Solution:
b

I =[(dm)r?
a

bfgo 2no
2 3 b
=£ ?Ox2r[rdr)r =T°|r I,

2110
= To(b3 -ad
Mass of the disc,

bg

m= ITO x 2mrd r = 2n0,(b — a)
a

Radiusif gyration,

1<=\/IB

_ \/ (21_100/3)(b3 -a’) _ \/ a’+b?+ab
- 2n00(b —a) - 3

Questionl153

o (] o L] (3 I o (3
Two coaxial discs, having moments of inertia I, and -, are rotating with

. ] . w ] .
respective angular velocities w, and -, about their common axis. They

are brought in contact with each other and thereafter they rotate with a
common angular velocity. If E ;. and E, are the final and initial total

energies, then (E; — E ) is:

Get More Learning Materials Here : & m @&\ www.studentbro.in



[10 Apr. 2019 I]

Options:

Answer: D
Solution:
Solution:

As no external torque is acting so angular momentum should be conserved
(I,+I,)w=1,w; +I,w,[w,=.common angular velocity of the system, whendiscs are in contact]

174 (5 2
We = I, 1%3)o
I+
Sw,
W, = —&—
6
Ei—E =2, + Lo - 11,0, -21,0,°
Sw
Put12=11/2andwc=715w1/6
We get :
I1(")12
Er—Ei=-—2
(]
Questionl154

A thin disc of mass M and radius R has mass per unit area o(r) = kr’
where r is the distance from its centre. Its moment of inertia about an
axis going through its centre of mass and perpendicular to its plane is:
[10 Apr. 2019 I]

Options:

2
A.MR

B.

C.

D.

Answer: B
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Solution:

Solution:
As from the quest|on density (o) = kr 2
4 4
Mass of disc M = f(kr )2nrd r = 2kl = TR
sk=2M )
nR

.. Moment of inertia about the axis of the disc.
1 =[dl = f(dm)r2 = [od Ar?
[ (kr?)(2nrd r)r?

kRG ( 22 ) xR°
I HR = 2MR? [putting value of k from eqgn ....... (1) ]

kr®
rdr 3

Il
o‘ﬁ:u

Question155

A solid sphere of mass M and radius R is divided into two unequal parts.
The first part has a mass of 2 and is converted into a uniform disc of

radius 2R. The second part is converted into a uniform solid sphere. Let
I, be the moment of inertia of the new sphere about its axis. The ratio

I,/1, is given by:
[10 Apr. 2019 II]

Options:
A. 185
B. 140
C. 285
D. 65

Answer: B

Solution:
Solution:
Sphere {Disk) 2R Sphere
. | I
r=der (V)
3 ry
_ (7™M 21 _ [ 7 2 14 2
= (8t erl = (L xa)mMr? = Bur
_2(M)\ 2
12—5(?)1'
-2 ) -
27518 41~ 80
4 30 =14 g3 =R
[3nrp 83HR Xp=r 2]
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14 x 80

—-

—

= 140

Questionl156

A stationary horizontal disc is free to rotate about its axis. When a
torque is applied on it, its kinetic energy as a function of 0, where 0 is
the angle by which it has rotated, is given as k02 If its moment of
inertia is I then the angular acceleration of the disc is:

[9 April 2019 I]

Options:
k
A. HG
k
B. I—G
k
C. ﬁe
D. 259
Answer: D

Solution:

Solution:

Questionl157

Moment of inertia of a body about a given axis is 1.5kg m?”. Initially the
body is at rest. In order to produce a rotational kinetic energy of 1200] ,

the angular acceleration of 20rad / s must be applied about the axis for

a duration of:
[9 Apr. 2019 II]

Options:
A. 2.5s
B. 2s

C. 5s
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D. 3s

Answer: B

Solution:

Solution:

w = ot = 20t

Given, %1 w? = 1200

or% x 1.5 x (20t)2 = 1200

ort=2s

Question158

A thin smooth rod of length L and mass M is rotating freely with
angular speed w, about an axis perpendicular to the rod and passing

through its center. Two beads of mass m and negligible size are at the
center of the rod initially. The beads are free to slide along the rod. The
angular speed of the system, when the beads reach the opposite ends of
the rod, will be:

[9 Apr. 2019 II]

Options:

M w,

A'M+m

M w,

B'M+3m

M w,

C‘M + 6m

M w,

D'M + 2m

Answer: C

Solution:

Solution:
Lo, =T

M 12 M L2 L)2
M5 oo = (M3 +om(k)
. ( M w, )
"9 T AM ¥ 6m

or

Question159

A thin circular plate of mass M and radius R has its density varying as
p(r) = p,r with p, as constant and r is the distance from its center. The
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moment of Inertia of the circular plate about an axis perpendicular to

the plate and passing through its edge is I = aM R%. The value of the
coefficient a is:
[8 April 2019 I]

Options:
A.1/2
B.3/5
C.8/5
D.3/2

Answer: C

Solution:

Solution:
Taking a circular ring of radius r and thickness d r as a mass element, so total mass,

21'[p0R3
3

R
M = [p,r X 2nrdr =
0

R 2mp R’
I.=[p,rx2mrdr xr* = F;O
0

Using parallel axis theorem
16mp,R®
15

T = 2 _ s(1, 1Y) _

812 molme o Byre
= 8[Znpr? |R? = SMR

Questionl160

A solid sphere and solid cylinder of identical radii approach an incline
with the same linear velocity (see figure). Both roll without slipping all
throughout. The two climb maximum heights h, ; and h , on the

o (3 o h L] o
incline. The ratio = is given by:
1

hCy
[8 Apr. 2019 II]

Options:

2

V5

B.1
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Answer: C

Solution:

Solution:
For sphere,
1 1

2 2_1
Smv +Iw —2mgh

12, 1(2 o2\v2 _ OV
orimv +§(§mR )P—mghorh——log

For cylinder

Questionl161

The following bodies are made to roll up (without slipping) the same
inclined plane from a horizontal plane:

(i) a ring of radius R(ii) a solid cylinder of radius %and (iii) a solid

sphere of radius %. If, in each case, thespeed of the center of mass at
the bottom of the incline is same, the ratio of the maximum heights they

climb is:
[9 April 2019 I]

Options:

A 4:3:2

B. 10:15: 7
C. 20:15: 14
D.2:3:4
Answer: C

Solution:

Solution:

mgh = %mvcm2 + %I @

1 2, 1 \4 2
= S+ 31 Y2

1 I
=§(m+ g?)vcmz
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o _1
For ring .mgh—i(m+?

v 2

~h = i_
g
2
For solid cylinder, mgh = % ( m + I;PP:Z )ch2
2
_ 3V,
4g
2
For sphere, mgh = % ( m + %n;{—% )ch2
2
_ A
10g
: ; 3.7 15 .
Ratio of heights 1 : 110" 20:15:14
(]
Questionl162

Three particles of masses 50g, 100g and 150g are placed at the vertices
of an equilateral triangle of side 1m (as shown in the figure). The (x, y)
coordinates of the centre of mass will be :

A
] m,=150¢g
I
50g=m | A 60° | m, = 100 g
—r X
0 05m 1.0m

[12 Apr. 2019 II]

Options:

V3 5 )
A‘(4m'12m

Solution:

Solution:
_50%x0+100x1+150x%0.5
cm 50 + 100 + 150

—_
[\.)|\]

X
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(0, 0 (10
V3
50 x 04100 x 0+150 x 2
Yem = 50 + 100 + 150 ="
]
Question163

Four particles A, B, C and D with masses m, = m, mg = 2m, m; = 3m
and m, = 4m are at the corners of a square. They have accelerations of
equal magnitude with directions as shown. The acceleration of the

centre of mass of the particles is :

-

TEI 4Y

B - —»
C a

x_;‘\ D

i

a

[8 April 2019 I]
Options:

A2 -7)

B.a

C. Zero

D.

Answer: A

Solution:

Solution:

Acceleration of centre of mass (a_, right) is given by .'.gcm

_ (2m)alj\+3mxa/i\+ma(—,i\) +4mxa(—3'\)
- 2m+3m+4m+m

(T -7)

2ai —2aj _a
10 5
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Questionl164

A uniform rectangular thin sheet ABCD of mass M has length a and
breadth b, as shown in the figure. If the shaded portion HBGO is cut-off,
the coordinates of the centre of mass of the remaining portion will be :

(0, b) {a. b)
A 5
®
) ") "‘
I -k)
'
D L
(0, 0) F (a. 0)

[8 Apr. 2019 II]

Options:

NEE

B. (Sa’

c. (%2

">‘|tr

"°|cr

°°|cr

b [

Nlcr

Answer: D

Solution:

Solution:

With respect to point 6, the CM of the cut-off portion (

Using, Xy, = MI\EI( _—Irnnx
M a
_M X 0 TXZ=_1
M 12
M-7
b

andy.y = 13
So CM coordinates one

Cad i

o

x =2_3a_b5a
02 12 12
Questionl1l65

A uniform rod of length 1 is being rotated in a horizontal plane with a
constant angular speed about an axis passing through one of its ends. If
the tension generated in the rod due to rotation is T (x) at a distance x
from the axis, then which of the following graphs depicts it most

closely?
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[12 Apr. 2019 II]
Options:
A.

Tix)

s 7

Iix)

..__
- W

i)

-

)

-

Answer: D

Solution:

Solution:

T X

J(=dT) = [(dm)w’x
0 1

S

% |

X ) —

-T =?(lmdx)w2x

2
orT =¥(12—x2)
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It is a parabola between T and x.

Question166

A force of 40N acts on a point B at the end of an L -shaped object, as
shown in the figure. The angle 0 that will produce maximum moment of

the force about point A is given by:
A

i B
l4——m —»

[Online April 15, 2018]

Options:
1
A.tan0 = i
B. tan6 = 2
_1
C.tan0 = 5
D.tan9 =4
Answer: C
Solution:
Solution:

To produce maximum moment of force line of action of force must be perpendicular to line AB.
A

4 m

2m B

Il
b
I

[

~tan @

Questionl167

A particle is moving with a uniform speed in a circular orbit of radius R

in a central force inversely proportional to the n® power of R. If the
period of rotation of the particle is T, then:
[2018]

Options:

A.T « R3/2 for any n.
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B.T OcRn/2+1
C.T « RP*P/2
D.T « R*/?

Answer: C

Solution:
Solution:
2
mw’R = Force cxi( Force = m_v)
n R
2 1 1
=>wW" « W =W x ——]
R 2
Time period T = 201
w
n+1

Time period, T « R 2

Question168

A uniform rod AB is suspended from a point X, at a variable distance
from x from A, as shown. To make the rod horizontal, a mass m is
suspended from its end A. A set of (m, x) values is recorded. The
appropriate variable that give a straight line, when plotted, are:

[Online April 15, 2018]

Options:

A. m,l
X

B.m,i2
X

C.m,x
D. m, x°

Answer: A

Solution:

Solution:
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i

X (/2-X

!

Mg

@Ill

Balancing torque w.r.t. point of suspension
1
mgx =Mg ( 5~ x)

:mx=M1§—Mx

m = (M%)%—M

y = (x% — C Straight line equation.

Question169

A thin uniform bar of length L. and mass 8m lies on a smooth horizontal
table. Two point masses m and 2m moving in the same horizontal plane
from opposite sides of the bar with speeds 2v and v respectively. The

masses stick to the bar after collision at a distance % and % respectively

from the centre of the bar. If the bar starts rotating about its center of

mass as a result of collision, the angular speed of the bar will be:

L'6 L3 2v
—

T o

[Online April 15, 2018]

Options:

\4
A. 5

oV
B. 58

3v
C. e

\4
D. =

Answer: A

Solution:

Solution:

Questionl170

Seven identical circular planar disks, each of mass M and radius R are
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welded symmetrically as shown. The moment of inertia of the
arrangement about the axis normal to the plane and passing through

the point P is:

[2018]

Options:
A. PMR’
B. 2M R
C. 2MR?
D. BIM R
Answer: D

Solution:

Solution:

Using parallel axes theorem, moment of inertia about ' O

I,=1,,+md?

_ 55MR*

- 2

Again, moment of inertia about point P, I,=1,+ md 2

2
= 208 4 7mery? = Blmr?

=7M R?2 + 6(M x (2R)?)

Questionl71

From a uniform circular disc of radius R and mass 9M, asmall disc of
radius %‘ is removed as shown in the figure. The moment of inertia of the

remaining disc about an axis perpendicular to the plane of the disc and

passing, through centre of disc is :

a0
NP,

[2018]
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Options:
A. 4AMR?
B. 2’M R
C. 10M R?
D. MR
Answer: A

Solution:

Solution:
Let o be the mass per unit area.

The total mass of the disc = ¢ x mR* = 9M
. . R\2 nR?
The mass of the circular disc cut = o x 3] =0 e M
Let us consider the above system as a complete disc of mass 9M and a negative mass M super imposed on it.
Moment of inertia (I ,) of the complete disc = %9M R? about an axis passing through O and perpendicular to the plane of
the disc.

2
M .I. of the cut out portion about an axis passing through O" and perpendicular to the plane of disc = % XM x (%)

2
~ M.I. (I,) of the cut out portion about an axis passing through O and perpendicular to the plane of disc = % XM x (%)

~ M.I. (I,) of the cut out portion about an axis passing through O and perpendicular to the plane of disc
= [l XM X (B)Z +M x (@ ) ’ ] [Using perpendicular axis theorem]
2 3 3

.. The total M . 1. of the system about an axis passing through O and perpendicular to the plane of the disc is

I=1,+1,
=%9MR2—[%><M><(%)2+M><(%R)2]
=91\/12R _91\ng =(9—12)MR MR
Questionl172

A thin circular disk is in the xy plane as shown in the figure. The ratio of
its moment of inertia about z and z' axes will be

[Online April 16, 2018]
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Options:
A 1:2
B.1:4
C.1:3
D.1:5

Answer: C

Solution:

Solution:
As we know, moment of inertia of a disc about an axis passing through C.G. and perpendicular to its plane,
[ = mR?
z-
Moment of inertia of a disc about a tangential axis perpendicular to its own plane,

IZ=%mR2

, _ mR*>  3mR’
1,/1, =" /"5—=1/3
Questionl73

A thin rod M N, free to rotate in the vertical plane about the fixed end
N, is held horizontal. When the end M is released the speed of this end,
when the rod makes an angle a with the horizontal, will be proportional
to: (see figure)

[Online April 15, 2018]
Options:

A. Vcosa

B. cosa

C.sina

D. Vsina

Answer: A

Solution:

Solution:
When the rod makes an angle a

Displacement of centre of mass = 1Ecos o
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mgli cosa = IEI w?

2
mglz cosa = %wz( " M.I. of thin uniform rod about an axis passing through its centre of mass and perpendicular to the
_ml?
rodl = 3 )
e = \/ 3gclosoc
Speed of end = w X1 =V3gcosal

i.e., Speed of end, w « Vcosa

Questionl74

In a physical balance working on the principle of moments, when 5mg
weight is placed on the left pan, the beam becomes horizontal. Both the
empty pans of the balance are of equal mass. Which of the following
statements is correct?

[Online April 8, 2017]

Options:

A. Left arm is longer than the right arm

B. Both the arms are of same length

C. Left arm is shorter than the right arm

D. Every object that is weighed using this balance appears lighter than its actual weight.

Answer: C

Solution:

Solution:

According to principle of moments when a system is stable or balance, the anti-clockwise moment is equal to clockwise
moment.

i.e., load x load arm = effort x effort arm

When S5mg weight is placed, load arm shifts to left side, hence left arm becomes shorter than right arm.

Questionl75

The machine as shown has 2 rods of length 1m connected by a pivot at
the top. The end of one rod is connected to the floor by a stationary
pivot and the end of the other rod has a roller that rolls along the floor
in a slot.

As the roller goes back and forth, a 2kg weight moves up and down. If
the roller is moving towards right at a constant speed, the weight moves
up with a :
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Fixed pivot

[Online April 9, 2017]
Options:

A. constant speed

B. decreasing speed

C. increasing speed
D. speed which is % th of that of the roller when the weight is 0.4m above the ground

Answer: B

Solution:

Solution:
decreasing speed

Questionl76

A slender uniform rod of mass M and length ell is pivoted at one end so
that it can rotate in a vertical plane (see figure). There is negligible
friction at the pivot. The free end is held vertically above the pivot and
then released. The angular acceleration of the rod when it makes an
angle 0 with the vertical is

?.i
%/

[2017]

Options:

3g
A. o cos O

2g9
B. 3 cos©O

E .
C. o1 sin O

2_g .
D. 5 sin O

Answer: C
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Solution:

Solution:

wr i

M.

lEng

Torque at angle 6
T=Mgsin. 15

Alsot=1a
la =Mgsinb=
M1? .| M1?
3 (x=Mgsm6§ Iog= 3
_la _ sin® _ 3gsin®
3 2 21
Questionl77

The moment of inertia of a uniform cylinder of length 1 and radius R
about its perpendicular bisector is 1. What is the ratiol / R such that
the moment of inertia is minimum?

[2017]

Options:
A1l

B. S
V2

c. y

V3
D. %2

N|w]

Answer: C

Solution:

Solution:
As we know, moment of inertia of a solid cylinder about an axis which is perpendicular bisector

400

mR? ml?
I="7"*73
I=Q[R2+£]
4 3
=2[1 ﬁ] ﬂ=m[i £]=
sl 3l ar =2l gz t3] =0
v _2] _2m?
mZ 3 VT3
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fa—
N

2ml 3

=
Il

-

Wl

nR?l =

w
R
Il
Njw
o
=

Questionl78

Moment of inertia of an equilateral triangular lamina ABC, about the
axis passing through its centre O and perpendicular to its plane is I, as

shown in the figure. A cavity DEF is cut out from the lamina, where
D, E, F are the mid points of the sides. Moment of inertia of the
remaining part of lamina about the same axis is:

[Online April 8, 2017]
Options:
ALl
15
B. 1ol

31,
C.5

311,

D. =5

Answer: B

Solution:

Solution:
According to theorem of perpendicular axes, moment of inertia of triangle (ABC)
I,=kml*.... (i)
BC=1
Moment of inertia of a cavity DEF

_.m(l})2
Ipep = KZ(E)
-k 2
= 16ml
From equation (i),

Iy

Iper = 16
Moment of inertia of remaining part
I I, 151,

=1,-

remain 16 16
Questionl179
A circular hole of radius % is made in a thin uniform disc having mass M
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and radius R, as shown in figure. The moment of inertia of the
remaining portion of the disc about an axis passing through the point O
and perpendicular to the plane of the disc is :

[Online April 9, 2017]
Options:

219M R?
A 256

237M R?
B 512

19M R?

C. 512

197M R?
D. 256

Answer: B

Solution:

Solution:
Moment of Inertia of complete disc about 'O' point
M R?

I total 2

Radius of removed disc = R/ 4
.. Mass of removed disc =M /16
[AsM « R?]
M.l of removed disc about its own axis (O’)
-1M (R)?_M R’
2164 512
M.l of removed disc about O

Iremoved disc = Icm + mx2
_MR* M 3_R)2 _ 19MR?
512 16\ 4 512
M.l of remaining disc
I _MR?*_ 19 _
remaining 2 512 512

Question180

In the figure shown ABC is a uniform wire. If centre of mass of wire lies
vertically below point A, then % is close to :
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60°
B C
[Online April 10, 2016]

Options:
A.1.85
B. 1.5
C.1.37
D.3

Answer: C

Solution:

Solution:

1
X(px)()Z_()i +py'/?
Centre of massx_, = =

, 2 p(x +y)

1,y_Y

:>2 + X X2
A
X
.

B (0.0) y :
.Bcy _1+V3 _
ABE =73 = 1.37
Question181

Concrete mixture is made by mixing cement, stone and sand in a
rotating cylindrical drum. If the drum rotates too fast, the ingredients
remain stuck to the wall of the drum and proper mixing of ingredients
does not take place. The maximum rotational speed of the drum in
revolutions per minute (rpm) to ensure proper mixing is close to :
(Take the radius of the drum to be 1.25m and its axle to be horizontal):
[Online April 10, 2016]

Options:
A.27.0
B.0.4
C.1.3
D. 8.0
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Answer: A

Solution:

Solution:

For just complete rotation

v = VRg at top point

The rotational speed of the drum

_v_ Jg_ 10
SOER \/R 1.25

The maximum rotational speed of the drum in revolutions per minute

_ 60 10 =27

w(rpm) =27V 735 =

Question182

A cubical block of side 30cm is moving with velocity 2ms~ ! on a smooth
horizontal surface. The surface has a bump at a point O as shown in
figure. The angular velocity (in rad / s ) of the block immediately after it

hits the bump, is:

a=30cm
/
Y/ ndN
0
[Online April 9, 2016]

Options:
A.13.3
B. 5.0
C.94
D. 6.7

Answer: B
Solution:
Solution:

Angular momentum, mvr = I w
Moment of Inertia (I) of cubical block is given by

EEAT -

I =m €+ — LW = > 5
" m[ 5+ (5)]

=>w=128R=2x30'3 =12—0=5rad/s

Question183

A particle of mass m is moving along the side of a square of side ‘a’,
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with a uniform speed v in the x — y plane as shown in the figure:

Y

agy Vha

0

Which of the following statements is false for the angular momentum L

about the origin?
[2016]

Options:
AL =mv [ % + a ] k when the particle is moving from B to C
B.L= ?—%’Rﬁ when the particle is moving from D to A.

C.L= —%’Rﬁ when the particle is moving from A to B.

D.L= mv[ R _a ] k when the particle is moving from C to D.

V2

Answer: A

Solution:

Solution:
We know that |L| = mvr
-\.'
T D Vv C
a V, a
l a asgy
a
L \TE A v B
!
0, > B . X
R
o
In none of the cases, the perpendicular distancer, is (% + a)
(]
Question1384

A roller is made by joining together two cones at their vertices O. It is
kept on two rails AB and CD, which are placed asymmetrically (see
figure), with its axis perpendicular 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:
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[2016]

Options:

A. go straight.

B. turn left and right alternately.
C. turn left.

D. turn right.

Answer: C
Solution:
Solution:

As shown in the diagram, the normal reaction of AB on roller will shift towards O.
This will lead to tending of the system of cones to turn left.

Question185

Distance of the centre of mass of a solid uniform cone from its vertex is
z,. If the radius of its base is R and its height is h then z; is equal to :

[2015]
Options:

5h
A. 5

3h?
B. 8R

h2
C. IR

4
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Answer: D

Solution:

Solution:
Let density of cone = p.

_Jydm
Centre of mass, ycm Tdm

h h

[ynrfdyp [riydy

0 0 .
= =1, e (i)

-1 2 - 2
3Hth 3Rh

Question186

A uniform thin rod AB of length L has linear mass density p(x) = a + b—LX,
where x is measured from A. If the CM of the rod lies at a distance of

( L ) L from A, then a and b are related as :

[Online April 11, 2015]

Options:
A.a=2b
B.2a=b
C.a=b
D.3a=2b

Answer: B

Solution:

Solution:

Centre of mass of the rod is given by:

Z(ax+bsz)dx

cm

[ o422 ax
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On solving we get, b = 2a

Question187

A particle of mass 2kg is on a smooth horizontal table and moves in a
circular path of radius 0.6m. The height of the table from the ground is

0.8m. If the angular speed of the particle is 12rad s~1, the magnitude of
its angular momentum about a point on the ground right under the
centre of the circle is:

[Online April 11, 2015]

Options:

A. 14.4kgm?s™!
B. 8.64kgm?s™!
C. 20.16kgm?s™!
D. 11.52kgm?s™*

Answer: A

Solution:

Solution:

Angular momentum,

L, = mvrsin90°
=2x06x12x1x1
[AsV =rw, Sin90° = 1]
So, L, = 14.4kgm® / s

Question188

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 center and perpendicular to one of its faces is:

[2015]
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Options:

2
A. 4M_R
9v3m

4M R?
B. ===
3vV3m

2
c. MR
32V2m

M R?

D. =
16vV2n

Answer: A

Solution:

Solution:

—a—>

Moment of inertia of the cube about the given axis,

_ M ‘a*
G
2M 2 )2
— x | =R
_ V3m (\/3 ) _ 4MR’®
6 9v3m

I

Question189

Consider a thin uniform square sheet made of a rigid material. If its
side is ' a ' mass m and moment of inertia I about one of its diagonals,

then :
[Online April 10, 2015]

Options:

2
ma
A1 >W

2 2

ma ma
B.W<I <W

_ ma’
c.1="1¢
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2
__ ma
D.1 =5%

Answer: D

Solution:

Solution:
For a thin uniform square sheet
ma’

I,=1,=1,="5

Question190

A uniform solid cylindrical roller of mass ' m ' is being pulled on a
horizontal surface with force F parallel to the surface and applied at its
centre. If the acceleration of the cylinder is 'a’' and it is rolling without

slipping then the value of 'F' is:

[Online April 10, 2015]
Options:

A. ma

5
B. gma

3
C. Sma
D. 2ma
Answer: C
Solution:
Solution:

From figure,
ma=F —f ... (i)

And, torquet =1«
mR?

5 a=fR
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R%a _ .o a
2 R fR[ "*TR
ma2 =f ... (i)
Put this value in equation (i),
- _ma — 3ma
ma=F 5 orF 5

Question191

A thin bar of length L has a mass per unit length lambda, that increases
linearly with distance from one end. If its total mass is M and its mass
per unit length at the lighter end is A , then the distance of the centre

of mass from the lighter end is:
[Online April 11, 2014]
Options:

AL

A 5= M

Sl

AL’
8M

=
Wl

+

AL
4M

+

O
i

D &_xolﬁ
"3 7 6M

Answer: C

Solution:

Solution:

Question192

A bob of mass m attached to an inextensible string of length 1 is
suspended from a vertical support. The bob rotates in a horizontal circle
with an angular speed w rad/s about the vertical. About the point of
suspension:

[2014]

Options:

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.
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Answer: C

Solution:

Solution:
Torque working on the bob of mass m is, T = mg x 1 sin@. (Direction parallel to plane of rotation of particle)

—_
As T is perpendicular to L, direction of L changes but magnitude remains same.

Question193

A ball of mass 160 g is thrown up at an angle of 60° to the horizontal at
a speed of 10 ms™'. The angular momentum of the ball at the highest
point of the trajectory with respect to the point from which the ball is

thrown is nearly (g = 10 ms2)
[Online April 19, 2014]

Options:

A. 1.73 kg m?/s
B. 3.0 kg m%/s
C. 3.46 kg m?/s

D. 6.0 kg m?%/s

Answer: B

Solution:

Solution:

The initial components of velocity are,

V = 5i+5 x 3%

At the highest point, only the horizontal component will remain.
Hence, v = 5i

The vector corresponding to the highest point is given by,

T = 2usin® _ 305

y=7.5-3.75=3.75

Hence, the angular momentum is given by the cross product of the radius vector with the velocity vector.
L=m(fxV

=3

Question194
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A particle is moving in a circular path of radius a, with a constant
velocity v as shown in the figure. The centre of circle is marked by ‘C’.
The angular momentum from the origin O can be written as:

¥
a

[Online April 12, 2014]

Options:

A.va (1 + cos 20)
B.va (1 + cos 9)
C. va cos 20

D. va

Answer: A

Solution:

Solution:

Question195

A cylinder of mass M _ and sphere of mass M _ are placed at points A and

B of two inclines, respectively (See Figure). If they roll on the incline
without slipping such that their accelerations are the same, then the

. Sin0_ .
ratio 1S:

sin @,

[Online April 9, 2014]

Options:

NG
B. {1

8
C.z
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—_
9]

D.

—_
S

Answer: D

Solution:

Solution:
As we know,
mg sin 0

m+ L
r

M_.g.sin6, =Mc.g.sin6C

Acceleration, a =

For cylinder, a_, =

1M R M R?
Mc+§ R2 Mc+ IR2
2 .
or,a_ = gg sin 6
For sphere,
a =Msgsin9S _ M gsin 6
s I 2M R?
Ms+r—25 M +505

or,a = %g sin O

given,a_ = a
2

3gsinGC = ggsinﬁS

i.e.,

)
. sin6_ B 79 _ 15
“Sme. " 2. 14
S §g
Question196

A boy of mass 20 kg is standing on a 80 kg free to move long cart. There
is negligible friction between cart and ground. Initially, the boy is
standing 25 m from a wall. If he walks 10 m on the cart towards the
wall, then the final distance of the boy from the wall will be

[Online April 23, 2013]

Options:
A.15m
B.12.5m
C.15.5m
D.17m

Answer: D

Solution:

Solution:
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Question197

A particle of mass 2kg is moving such that at time t, its position, in

meter, is given by 7(t) = 5i — 2t%. The angular momentum of the

particle at t = 2s about the origin in kgm2s™ ! is :

[Online April 23, 2013]
Options:

A. —80k

B. (107 - 16]

C. —40k

D. 40k

Answer: A

Solution:

Solution:
Angular momentum L = m(v X r)

- 2kg(% xr) = 2kgl4yj x 51 - 2¢2] |

= 2kgl—20tk) = 2kgx — 20 x2m~2%s" 1k
= —80k

Question198

A bullet of mass 10 g and speed 500 m/s is fired into a door and gets
embedded exactly at the centre of the door. The door is 1.0 m wide and
weighs 12 kg. It is hinged at one end and rotates about a vertical axis
practically without friction.

The angular speed of the door just after the bullet embeds into it will be

iOnline April 9, 2013]
Options:

A. 6.25 rad/sec

B. 0.625 rad/sec

C. 3.35 rad/sec

D. 0.335 rad/sec

Answer: B

Solution:
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Solution:

Question199

A ring of mass M and radius R is rotating about its axis with angular
velocity w. Two identical bodies each of mass m are now gently attached
at the two ends of a diameter of the ring. Because of this, the kinetic
energy loss will be:

[Online April 25, 2013]

Options:

A. m(MN}i- Zm)wZRz

M m 2p2
B. ™ +m)w R

M m 2R2
C- ot +2m® R

M +mM 252
D &+ 2m @R

Answer: C

Solution:

Solution:

2

Kinetic energy otational ) Kr = 51 @

I N =

%M v2 (v = Rw)

initial — @

= M R? + 2mR?

Kinetic energy (translational)KT
— 2,

M.1. Gnitian I ring = MR @

M.1. I

’(system)
, _ Mw

w (system ) — M +2m

Solving we get loss inK . E .
_ _Mm 22

=™ +2m® R

(new)

Question200

A loop of radius r and mass m rotating with an angular velocity w, 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]

Options:

A 22

B. =2
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D. rw,
Answer: C

Solution:

Solution:

& @

From conservation of angular momentum about any fix point on the surface,
rnrzwo = 2mrw

w,T
S0 =w,/2=>v= T['-'V = rw]

Question201

A tennis ball (treated as hollow spherical shell) starting from O rolls
down a hill. At point A the ball becomes air borne leaving at an angle of
30° with the horizontal. The ball strikes the ground at B. What is the
value of the distance AB?
(Moment of inertia of a spherical shell of mass m and radius R about its
diameter = %mR2 )

0

|

20m

L 02mlN A B
[Online April 22, 2013]

Options:
A.1.87m
B. 2.08m
C.1.57m
D.1.77m

Answer: B

Solution:

Solution:
Velocity of the tennis ball on the surface of the earth or ground
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v = 29h2 ( where k = radius of gyration of spherical shell = \/
1+ %
2 .
Horizontal range AB = V'sin28

(\/szgzthz) sin(2 x 30°)

g

= 2.08m

Question202

Two point masses of mass m, =fM and m, = (1 -f)M(f <1) are in

outer space (far from gravitational influence of other objects) at a
distance R from each other. They move in circular orbits about their
centre of mass with angular velocities w; for m; and w, for m,. In that

case
[Online May 19, 2012]

Options:

A(l-fo, =fw

B. w; = w, and independent of f
C.fw,=(1-1)w,

D. w; = w, and depend on f
Answer: B

Solution:

Solution:

Angular velocity is the angular displacement per unit time i.e., w = AL

Here w, = w, and independent of f.

Question203

AB

A stone of mass m, tied to the end of a string, is whirled around in a
circle on a horizontal frictionless table. The length of the string is
reduced gradually keeping the angular momentum of the stone about
the centre of the circle constant. Then, the tension in the string is given

by T = Ar", where A is a constant, r is the instantaneous radius of the

circle. The value of n is equal to
[Online May 26, 2012]

Options:

A -1

Get More Learning Materials Here : & m

@ www.studentbro.in



B.-2
C.-4
D.-3
Answer: D

Solution:

Solution:

Question204

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

Statement 1: When moment of inertia I of a body rotating about an axis
with angular speed w increases, its angular momentum L is unchanged
but the kinetic energy K increases if there is no torque applied on it.

Statement 2: L = I w, kinetic energy of rotation = %I w?
[Online May 12, 2012]

Options:

A. Statement 1 is true, Statement 2 is true, Statement 2 is not the correct explanation of
Statement 1.

B. Statement 1 is false, Statement 2 is true.

C. Statement 1 is true, Statement 2 is true, Statement 2 is correct explanation of the Statement
1

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

Answer: B

Solution:

Solution:
As L = Iw so L increases with increase in omega. Kinetic energy ,..iiona) d€Pends on an angular velocity ' w ' and

moment of inertia of the body I.

) _1. 2
i.e., K. E . otationan = §I w

Question205

A solid sphere having mass m and radius r rolls down an inclined plane.
Then its kinetic energy is
[Online May 7, 2012]
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Options:

A. % rotational and % translational

B. % rotational and % translational

C. % rotational and % translational

D. % rotational and % translational

Answer: B

Solution:
Solution:
1. 2
K.E rotational EI w
12  2.2].. _2_ 2
= §§wr d 2 Solid sphere gmr )
12
K.E translational Emv
K.E rotational _ 2
K.E translational 5
Hence option (b) is correct
[ ]
Question206

A circular hole of diameter R is cut from a disc of massM and radius R;
the circumference of the cut passes through the centre of the disc. The
moment of inertia of the remaining portion of the disc about an axis
perpendicular to the disc and passing through its centre is

[Online May 7, 2012]

Options:
A (B)mR?
B. (1]MR?
o (g
D. (18)mMR?
Answer: D

Solution:

Solution:
M.l. of complete disc about its centre O.
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1
Total 2

Circular hole of
diameter R (radius = R/2)

Disc mass = M

radius=R

Mass of circular hole (removed)
=%( AsM = nR% .~ M « R?)

M.l. of removed hole about its own axis

M 2
=33 (5) = Hur
M.I. of removed hole about o
_ 2
Iremoved hole — I + mx
_ MR2 M ( )
3 MR2 N MR2 _ 3MR?
- 32 16 ~ 32
M.l. of complete disc can also be written as
ITotal = Iremoved hole +1 remaining disc
_ 3MR~° R? .
I Total — 32 +1 remaining disc ****"** (if)
From eq. (i) and (ii),
1,,52_ 3MR?
EM R" = 32 +1 remaining disc

MR2 3MR2 (

remaining disc

)MR2

Question207

A thick-walled hollow sphere has outside radius R,. It rolls down an
incline without slipping and its speed at the bottom is v,. Now the

incline is waxed, so that it is practically frictionless and the sphere is
observed to slide down (without any rolling). Its speed at the bottom is
observed to be 5v, / 4. The radius of gyration of the hollow sphere about

an axis through its centre is

[Online May 26, 2012]
Options:

A. 3R, /2

B.3R,/4

C.9R,/ 16

D. 3R,

Answer: B

Solution:
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Solution:
When body rolls dawn on inclined plane with velocity V ; at bottom then body has both rotational and translational kinetic

energy.
Therefore, by law of conservation of energy,
P.E.=K.E +K.E

trans rotational

V 2
mv 2+ imr e o[ = mk = L
R Ro

0

When body is sliding down then body has only translatory motion.
“P.E.=K .E

_1 5 12 y

= Em ( ZVO ...... (||)

Dividing (i) by (ii) we get

2
lmv02|:1+K—2
P.E _2 Ryl 25
P.E 1_25 2 16
§x1—6xm\/0

=3
or,K—4R

K? K? 9
1+R02=R02_16

0

Question208

A solid sphere is rolling on a surface as shown in figure, with a
translational velocity vins™'. If it is to climb the inclined surface
continuing to roll without slipping, then minimum velocity for this to
happen is

[Online May 12, 2012]
Options:

A.vV2gh
B. \/ %gh

10
Answer: D

Solution:

Solution:
Minimum velocity for a bodyrolling without slipping
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Question209

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.

[2011]

Options:

A. continuously decreases

B. continuously increases

C. first increases and then decreases
D. remains unchanged

Answer: C

Solution:

Solution:

Angular momentum, L = lw = L = mr'w

As insect moves along a diameter, the effective mass and hence moment of inertia (l) first decreases then increases so
from principle of conservation of angular momentum, angular speed omega first increases then decreases.

Question210

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:

[2011]

Options:

A.g

2
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g
C. 3

3
Answer: B

Solution:

Solution:

For translational motion,

mg—T =ma ...... (i)

For rotational motion, T .R=1«

mg

oT .R= %mRzoc

Also, acceleration, a = Ra
T =1 =1
~T = szon 2ma

Substituting the value of T is equation (1) we get mg -%ma =ma=a-= %g

Question211

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 is reversed, is:
[2011]

Options:

A. more than 3 but less than 6
B. more than 6 but less than 9
C. more than 9

D. less than 3

Answer: A

Solution:

Solution:

Given,

Force, F = (20t — 5t?)
Radius, r = 2m
Torque, T =1f =1«
=2(20t — 5t%) = 10«
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L= 4t — t2

w t
4O _ 425 fdw=[(At-tA)dt
dt 0 0

=
t3
=w=2t2—§( asw=0att=0,6s)

?d6=?(2t2—t—3)dt
0 0 3
36

=20 =36rad =22nn=36=>n=-—<6
211

Question212

A small particle of mass m is projected at an angle 0 with the x -axis
with an initial velocity v, in the x -y plane as shown in the figure. At a

time t < 2 S;ne, the angular momentum of the particle is
- >

[2010]

Options:

A. —mgvot2 cos9j

B. mgv,tcos© k

C. —imgv tzcosell;
. —5mgv,

D lmgv t2 cos 0 i
.3 :

Answer: C

Solution:

Solution:
g - -
L= m( r X v)

Z = m[vocoset,i\ + (vosinet—%gtz)j\] X [vocoseli\ + (v,sin® —gt)/j\]

= rnvocoset[ —%gt] k

= — %mgvot2 cosO k

Question213

A thin uniform rod of length 1 and mass m is swinging freely about a
horizontal axis passing through its end. Its maximum angular speed is

Get More Learning Materials Here : & m @&\ www.studentbro.in



w. Its centre of mass rises to a maximum height of

[2009]
Options:
A. %%‘*’
B. 2! 2;*’2
c. i 2;’2
D. 1! 2;*’2

Answer: C

Solution:

Solution:

¥ I
Y *
-
il *
~
\\ 5

et-Dnei M
I~ = 3
ht —I::_-\.‘_\-g—_ P —
C v ~ '~ Reference
1 * - =
M.~ level for PE,
Y
\\ H-\

B

A

The moment of inertia of the rod about O is %ml 2. The kinetic energy of the rod at position A = %I w?* where I is the

moment of inertia of the rod about O. When the rod is in position B, its angular velocity is zero. In this case, the energy of
the rod is mgh where h is the maximum height to which the centre of mass (C.M) rises
Gain in potential energy = Loss in kinetic energy

~mgh = lI w?= %(%mlz)wz

2 22
=h = 16g
Question214

A thin rod of length ' L ' is lying along the x -axis with its ends at x =0

and x = L. Its linear density (mass/length) varies with x as k( % ) n, where

n can be zero or any positive number. If the position x,, of the centre

of mass of the rod is plotted against ' n, which of the following graphs
best approximates the dependence of x,, onn ?

[2008]
Options:
A.
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o8

Answer: A

Solution:

Solution:
. . x\n X
The linear mass density A = k( f) Here I =1
With increase in the value of n, the centre of mass shift towards the end x = L This is satisfied by only option (a).

L L L n
fxdm [x(adx) fk(ﬁ) xd x
_0 _0 _0 L

Xem =

L L - L x \n
fdm  fadx  [k(X)"ax
0 0 o ‘L

[ (lflx-:-1 ;Ln ] oL L(n+1)

kXIl+1 ] L n+2
(n+ 1)L" 4o
Forn =0, xo =L;n= 1,

2
_2L

XeM 3;n=2'XCM=T' .......
Forn - wox =L
Moment of inertia of a square plate about an axis through its centre and perpendicular to its plane is.

Question215

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
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passing through one of its corners is
[2008]

Options:

A.2M a?
B. 1M a?
C. LM a?
D. 2M a2

Answer: D

Solution:

Solution:

1
Ly = 75M (@ +a%) =

n It

_ DB _ v2a _ a
Also, DO = > =2 ~ 75
By parallel axes the orem, moment of inertia of plate about an axis through one of its corners.
a \? Ma®? Ma?
Lo = Lo #M ()7 = 55+ 75
_Ma’+3Ma’_2

2
6 3Ma

Question216

A circular disc of radius R is removed from a bigger circular disc of
radius 2R such that the circumferences of the discs coincide. The centre
of mass of the new disc is a/R form the centre of the bigger disc. The
value of a is

[2007]

Options:
A. . 1/4
B. 1/3
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C.1/2
D.1/6

Answer: B

Solution:

Solution:
Let o be the mass per unit area of the disc.
Then the mass of the complete disc = o(1(2R)?)

A

The mass of the removed disc = o(aR?) = noR?

Let us consider the above situation to be a complete disc of radius 2R on which a disc of radius R of negative mass is
superimposed. Let O be the origin. Then the above figure can be redrawn keeping in mind the concept of centre of mass
as:

dnoR ————
0 -n6R
« = (6m(2R)’) x 0 + (=6(uR*)R
c.m 4n0R* — noR?
: _ —moR*x R
Tem 3moR?
S S —% =oaR =a = %

Question217

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

Options:

A. constant torque

B. constant force

C. constant linear momentum
D. zero torque

Answer: D

Solution:

Solution:
-

- dL
We know Torque T, = dtC where

—_
L. = Angular momentum about the center of mass of the body. Central forces act along the center of mass.

Therefore torque about center of mass is zero.
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.. _dL _ =
..T—E—O=>Lc—constt.

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

Question218
D E €
Ao
A 5 B
[2007]
Options:

A. IAC =V2I EF
B.v2I,.=1.;
C. IAD = 31 EF
D. IAC = IEF
Answer: D
Solution:
Solution:

By the theorem of perpendicular axes,
I =Tgp +1gy

Here, I is the moment of inertia of square lamina about an axis through O and perpendicular to its plane.

~Igp =1gg( By Symmetry of Figure)
Z

Again, by the same theorem I =1, + 15, =2I,;
(I ,c = I gp by symmetry of the figure)

) I N

Sl e = 5 e (ii)

From (i) and (ii), we get, I =1 5¢

Question219

A round uniform body of radius R, mass M and moment of inertia I
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rolls down (without slipping) an inclined plane making an angle 0 with
the horizontal. Then its acceleration is

[2007]

Options:

gsin®
"1-MR?*/I

gsin®
"141/MR?

gsin®
"1+MR*/I

gsin@
"1-1/MR?

Answer: B

Solution:

Solution:

Acceleration of the body rolling down an inclined plane is given by.

a= gsinIG

1+ 5
MR

Question220

Consider a two particle system with particles having masses m; and m,,.

If the first particle is pushed towards the centre of mass through a
distance d, by what distance should the second particle is moved, so as

to keep the centre of mass at the same position?

[2006]

Options:
A. 224
m,

m,

ml +].’Il2
c. Dig

m,
D.d

Answer: C

Solution:

Solution:
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€« X——X,—>

Initially, m| m,
(origin)
m. (—X,) + m,x
0= m, (7X,) + myX, Sm X, = mX, .... (1)
I’Il1 + m2
Let the particles is displaced through distanced away from centre of mass
xl_ d K:— d !
d “\ -'J.'i " d'
€ = = 3

m f m,
' 0(01‘Iginl 4
"0 = ml(d - xl) + mz(x2 -d’)

m1+m2

=20 = mld —-m X, +myXx, — mzd’
,  m,
=d’ = —d [From(1).]
m

2

Question221

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
now rotates with an angular velocity w' =

[2006]

Options:

A. w(m + 2M)
m

w(m —-2M)
B. (m+2M)

wm
C. (m+M)

wm
D. (m + 2M)

Answer: D

Solution:

Solution:

Applying conservation of angular momentum I'w’ =T w
(mR? + 2M R¥)w’ = mR*w

=(m + 2m)R2w’ = mR%w

=>‘*"=‘*’[m+n[12M]

Question222

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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[2006]

Options:
AFIT-7)
B.-F(1+7)
c.Fli+7)
p.-F(i-7)
Answer: C

Solution:

Solution:

Question223

Four point masses, each of value m, are placed at the corners of a
square ABCD of side 1. The moment of inertia of this system about an
axis passing through A and parallel to BD is

[2006]

Options:
A.2ml?
B. vV3ml?
C. 3ml >
D. ml?

Answer: C

Solution:

Solution:
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I . =M .I due tothe point mass at B+

nn

M .1 due to the point mass at D+
M .1 due to the point mass at C.
I

A
2
+m(\/1—§)
+m(v21)?
:Inn,=2xm(\/l—§)2+m(\/§l)2

=ml?+2ml? = 3ml?

Question224

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 C of mass %M .

The centre of mass of bodies B and C taken together shifts compared to
that of body A towards
[2005]

Options:

A. does not shift

B. depends on height of breaking
C. body B

D. body C

Answer: A
Solution:
Solution:

The centre of mass of bodies B and C taken together does not shift as no external force acts. The centre of mass of the
system continues its original path. It is only the internal forces which comes into play while breaking.

Question225

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 to C.
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A B
P ]

K|

[2005]
Options:
3
A. 51
2
B. gl
C.1
4
D. §1
Answer: D

Solution:

Solution:

Al ) 1 B

(0, 0) l v

C
-

To have translational motion without rotation, the forceF has to be applied at centre of mass. i.e. the point ' P 'has to be

at the centre of mass

Taking point C at the origin position, positions ofy, andy, arer, = 21, r, =1 and ml = m and m, = 2m

_ My My, _mx2l +2mx1 _ 41
m,; +m, 3m 3

Question226

The moment of inertia of a uniform semicircular disc of mass M and

radius r about a line perpendicular to the plane of the disc through the
centre is

[2005]

Options:
2 2
A. EM r.

1
B. ZMI‘
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1 2
C. EMI‘

D. M r?

Answer: C

Solution:

Solution:

The disc may be assumed as combination of two semi circular parts. Therefore, circular disc will have twice the mass of
semicircular disc.

Moment of inertia of disc = %(Zm)r2 =Mr?

Let I be the moment of inertia of the uniform semicircular disc

M r?

=2 =2Mr’=1 = 5

Question227

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]

Options:

A. Angular velocity

B. Angular momentum

C. Moment of inertia

D. Rotational kinetic energy

Answer: B

Solution:

Solution:
Angular momentum will remain the same since no external torque act in free space.

Question228

One solid sphere A and another hollow sphere B are of same mass and
same outer radii. Their moment of inertia about their diameters are
respectively I , and I ; Such that

[2004]
Options:

AT, <l
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B.1,>1,
C.l,=1,

IA_d'A
D-r =g,

Answer: A

Solution:

Solution:
The moment of inertia of solid sphere A about its diameter I, = %M RZ.

The moment of inertia of a hollow sphere B about its diameter I ; = %M R%.
o, <Ig

(]
Question229

Let F be the force acting on a particle having position vector 7, and T be
the torque of this force about the origin. Then
[2003]

Options:

- - -
A.T. T=0andF.T #0
S5 - -
B.tr.T#0andF .T =0
- - -
C.tr. T#0andF.T =#0
5 - -5
D.t.T=0andF.T =0

Answer: D

Solution:

Solution:
- N -
We know that t = r X F

o

- g
Vector T is perpendicular to both T and F . We also know that the dot product of two vectors which have an angle of 90°
between them is zero.

- o - o
~r. T=0andF.T =0
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Question230

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

i. Then the relation between the moment of inertia I X and I I is
[2003]

Options:
AT, =32l
B.I, =16I,
C.I,=1Iy
D.1, =641

Answer: D

Solution:
Solution:

. _ mass(M)_
We know that density (d) = volume(V)

"M =d xV =d x (mR®x t)
The moment of inertia of a disc is given by I = %M R?

A1, =IMxR? = 1(d x nR? x OR?
=%th4

— 1 2 _ 1 2 1 2
I,=2MR?= E[H(4R )(Z)d | xar)
I—X = tXRX4 = t X R4 = L

Iy  R* ix 4Ryt 64
Question231

A particle performing uniform circular motion has angular frequency is
doubled & its kinetic energy halved, then the new angular momentum is
[2003]

Options:

Answer: A
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Solution:

Solution:
Rotational kinetic energy = %I w?,
Angular momentum,L=Iw=1 = %
: =1L 2=1
..K,E,_waw 2Lu)
L= 2K . E
w
When w is doubled and K . E is haled New angular momentum,
2K .E
L2

L= 2w

.1-_L
> .. L = 7

(]

Question232

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

[20?)2]
Options:
A. mvL
B. mvl
C. mvr
D. zero.

Answer: D

Solution:

Solution:

Angular momentum (L)

= (linear momentum) x (perpendicular distance of the line of action of momentum from the axis of rotation)
As the particle moves with velocity V along line PC, the line of motion passes through P.

SJL=mvXr

=mv X0

=0

Question233

Moment of inertia of a circular wire of mass M and radius R about its
diameter is
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[2002]
Options:
A.MR?*/2
B. M R?
C.2MR?

D.MR?/4

Answer: A

Solution:

Solution:
M. I of a circular wire about an axis nn ' passing through the centre of the circle and perpendicular to the plane of the
circle = M R?

circle= MR? .

As shown in the figure, X -axis and Y -axis lie along diameter of the ring. Using perpendicular axis theorem
Iy+I,=1,

Here, Iy and I, are the moment of inertia about the diameter.

=21, *=MR’[ I, =1,(bysymmetry)andl, = MR?]

Ay = IMR?

Question234

Initial angular velocity of a circular disc of mass M is w,. Then two

small spheres of mass m are attached gently to diametrically opposite
points on the edge of the disc. What is the final angular velocity of the
disc?

[2002]

Options:

A'(Ml\j[_m)wl

B. (Mntm)‘*’l

C. (ﬁ)‘*’l

M
D. (M +2m)‘*’1
Answer: C

Solution:
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Moment of inertia of circular disc I, = %M R?
When two small sphere are attached on the edge of the disc, the moment of inertia becomes
1 2 2
I,= EM R+ 2mR
When two small spheres of mass m are attached gently, the external torque, about the axis of rotation, is zero and
therefore the angular momentum about the axis of rotation is constant.
I

) _ _4
--Ilw1—12w2:>w2—zw1
1 2
MR
* LyR? 4 2mR? M +4m
2
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