Rotational Motion

Questionl

The angular momentum of a rotating body is ' L '. When the
frequency of rotating body is tripled and its Kinetic energy is made
one-third, the new angular momentum becomes
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Options:

w O~ .>

o=
=

a

D.
9L

Answer: A

Solution:

Given:
¢ Angular momentum of a rotating body initially = L.
e Frequency of rotation is tripled (f — 3f).
¢ Kinetic energy becomes one-third of its initial value.

We want: new angular momentum in terms of L.
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Step 1: General relations
e Angular velocity: w = 27f.
e Rotational KE: K = £ Iw?.
e Angular momentum: L = Jw.
Step 2: Initial conditions
e Initial angular momentum: L = Jw.
e Initial KE: K = %Iwz.
Step 3: After changes

New angular velocity: w’' = 3w.

Now required KE is one third the original:
I _lp _ 1 .17,2

But also,

K'=3I'(w)? = $1'(3w)? = T'w”.

Equating,

I = + - 11w

Cancel £ w?:

9I' =

o

I,
r I
I' = 5.
So, the moment of inertia must reduce.
Step 4: New angular momentum

L'=Tw = (£)(Bw) = £.

But fw = L.
So,

_ L
L' = 5

Final Answer

1
oL

Correct Option: A
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Question2

The moment of inertia of a thin uniform rod of mass ' M ' and
length ' L', about an axis perpendicular to length of the rod and at a
distance ' L/4 ' from one end is
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Options:

A.

ML?
6

B.

ML?2
12

C.

TML?
24

D.

TML?
48

Answer: D

Solution:

The moment of inertia of the rod about an axis passing through the centre and perpendicular to its length is
given by,

2
IO ML

- 12

A point at a distance % from its end will also be at a distance % from the centre.

Hence by parallel axis theorem,

2
L ML2 ML2 7ML?
I:IO+M(T) =Tt =

Question3
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A same torque is applied to a disc and a ring of equal mass and radii
then
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Options:

A. the ring will rotate with greater angular frequency.
B. both will rotate with same angular frequency.

C. the disc will rotate with greater angular frequency.
D. both will rotate with same angular velocity.

Answer: C

Solution:

MR?

Moment of inertia of disc tq = =5

Moment of inertia of ring I, = MR?
I.>1,
Angular acceleration a = T

As torque is same, o o T

agqg > a,

Disc will rotate with greater angular frequency

Question4

A solid sphere at rests rolls down an inclined plane of vertical height
h without sliding. Its speed on reaching the bottom of plane is (g =
acceleration due to gravity)
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Options:

Answer: B

Solution:

Step 1: Energy conservation

At the top, the sphere has potential energy:

E, =mgh

At the bottom, the energy is entirely kinetic (translational + rotational):

1 2 17,2
Epottom = 5mv® + 5-[&)

Step 2: Moment of inertia of a solid sphere
For a solid sphere about its diameter:
I= %mR2

Also, rolling without slipping condition:

v

v=wR = w=x

Step 3: Substitute

_ 1 2 1,2 2 v\ 2
Epotiom = 3m0* + 5 (mR?) (%)
_ i .92 1 .92 _ 7. 9
= 3mv° + mv® = {zmu
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Step 4: Equating to initial energy
mgh = 1—70mv2

Cancel m:

Final Answer:

The speed of the sphere at the bottom is:

10gh \ ¥/
7

So the correct option is B.

Question5

A man standing on a turn-table is rotating at a certain angular
frequency with his arms outstretched. He suddenly folds his arms. If
his moment of inertia with folded arms is 75% of that with
outstretched arms, then his rotational Kinetic energy will
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Options:
A.

increase by 33.3%

B.

decrease by 33.3%

C.

increase by 25.0%
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D.
decrease by 25.0%

Answer: A

Solution:

Conservation of Angular Momentum

When the man folds his arms, his total spin (angular momentum) does not change because no outside force
acts on him.

Iwi = Ihws

Mathematicall
ACMAtCALY\We know: I, = 75% of I; = %Il

SO,Ilwl = %Il(JJQ

Divide both sides by I:w; = 3w,

So,wg = %wl
Rotational Kinetic Energy

When his arms are outstretched: K. E; = %I 1w%
When his arms are folded: K. Ey = %Iﬂu%
Substitute I = 311 and wy = qw1:K. B> = 3 (21I1)(Fw1)?

4\2 16 . 1 3 16 2
NOW, (3) =79 SO.K.E2 =3 X ZII X 5 Wi

Simplify: K. By = 3 L1w} x 3 x &

Multiply the fractions: 3 x 2 = 3_2 — %

So,K.E, = 3 K. E;
Percentage Increase in Kinetic Energy

Change in energy:Increase = K. E, — K. Ey = 4K.E; — K. E, = + K. E,

Percentage increase:Percentage = % x 100 = 33.3%

Final Answer

When the man folds his arms, his rotational kinetic energy increases by 33.3%.

Question6
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A rigid body rotates about a fixed axis with variable angular velocity
(a — pt) at time t, where o and 3 are constants. The angle through
which it rotates before it comes to rest is
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Options:

A.

™[R

B.

/R,

Q
)

C.

[\
=

D. %
Answer: C

Solution:

Angular velocity of rigid body
w(t) =a— Pt

when body is at rest

w=a—pt=0
= 2
B

Angle rotated is the integral of angualr velocity.

af af
6— dt — ~ By
/0 a(t)t//o (a — Bt)dt
al/B
HZ{at—ﬁ—tQ}
2

0
2 2

=75

012
"=
Question7
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Moment of inertia of a solid sphere about its diameter is 'I'. It is
then casted into 27 small spheres of same diameter. The moment of
inertia of each small sphere about its diameter is
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Options:

1
A4

B. -L
C. L

1

Answer: D

Solution:

I=ZMR?
For smaller spheres mass M’ = M7

Radius of each smaller sphere = R’ = %

Question8

Moment of inertia of the rod about an axis passing through the
centre and perpendicular to its length is ' 71 '. The same rod is bent
into a ring and its moment of inertia about the diameter is ' I '.
Then I, /15 is
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Options:
A 372

2r*
B. Z

D. £
Answer: B

Solution:

Step 1: Moment of inertia of the straight rod

The moment of inertia for a rod of mass M and length L, about its center and perpendicular to its length, is
given by:

_ MI?
I = 12

Step 2: Bending the rod into a ring

When you bend the rod into a circle (a ring), the length of the rod becomes the circumference of the ring.
L =27nr

This means the radius r of the ring is:

Step 3: Moment of inertia of the ring about its diameter

The moment of inertia of a ring of mass M and radius r about its diameter is:

Mr?
I, = 5

Now, substitute the value of r from above:

IZ_M(L)2_M L2 ML?

— 2 \27x) T 2 "4 T Tsx?

Step 4: Ratio of the two moments of inertia

To find %, divide the two results:

ML 2 2 2 2
5L _ T _ ML « 8n? _ 8n? _ 2w
L, — M2 — 12 ML?2 — 12 — 3

872
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Question9

A bob of mass ' m ' is tied by a massless string whose other end is
wound on a flywheel (disc) of radius ' R ' and mass ' m '. When
released from the rest, the bob starts falling vertically downwards. If
the bob has covered a vertical distance ' i ', then angular speed of
wheel will be (There is no slipping between string and wheel, g -
acceleration due to gravity)
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Options:

o [gh
A-ﬁ\/%

Answer: A

Solution:

According to law of conservation of energy,
PE = KEE

1 1
. mgh = EIIIV2 + EICL)2

1 1 2

IIlI‘2
v =, 1=
(o)

. mgh=3 m?r2

. gh:% 2,2

_ . /4gh _ 2 gh
- 3r2 Tt 3
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Questionl10

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

(g = acceleration due gravity)
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Options:

L2w?
A L

B lw

L2w?
D. L

Answer: D

Solution:
Step 1: Concept

e The rod swings like a physical pendulum about one end.

e When its angular speed is maximum, it must be passing through the lowest vertical position (since at
the lowest position, kinetic energy is max and potential energy min).

e At the highest point, angular speed becomes zero (purely potential energy).
Thus, energy conservation applies:
Maximum rotational KE = Gain in gravitational PE of CM.

Step 2: Energy expressions

e For arod of mass M, length L, pivot at one end:

Moment of inertia about one end is
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I= %M L2,
e Rotational KE when angular speed = w:
K= 3Iw? =1  $ ML%W? = + ML2W?.
¢ Rise in potential energy of centre of mass:
e CM is initially below pivot by distance L /2.
o Ifitrises a vertical height h, gravitational potential energy increases by:
AU = Mgh.
Step 3: Apply conservation of energy
%M L?w? = Mgh.

_ L2w?
h= L

Step 4: Final Answer

L2w?
6g

That corresponds to Option D.

Questionll

Using Bohr's quantisation condition, what is the rotational energy in
the second orbit for a diatomic molecule?

( I = moment of inertia of diatomic molecule and h = Planck's
constant)
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Options:

A, L

2172

B.

2172

C. -

21272
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D. -4

2127

Answer: B

Solution:

Step 1: Recall the quantisation condition
Bohr's quantisation condition for angular momentum:
L=nl, n=123,...

Step 2: Express the rotational energy
Rotational kinetic energy is:

p-4

Substitute L = n -

B = 37 (ng)”
E, =2

Step 3: For the second orbit (n=2)

T 8w I T 8wl T 2Ixw?

By = (2)2h? 4h2 R?

Final Answer:

2
Option B:

In?

Question12

The moment of inertia of a solid sphere of mass ' m ' and radius ' R’
about its diametric axis is ' 7 '. Its moment of inertia about a tangent

in the plane is
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A.251
B.3.01
C.351
D. 41

Answer: C

Solution:

M.I. of sphere about the diameter = %MR2

2MR? =Tor MR® = 31

According to theorem of parallel axes, M.I. about the tangent

=I+3I=73I=35I

Question13

Two discs of moment of inertia ' I; ' and ' I, ' and angular speeds '
w1 'and ' wsy ' are rotating along the collinear axes passing through
their centre of mass and perpendicular to their plane. If the two
discs are made to rotate together along the same axis. The rotational
kinetic energy of the system will be
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Options:

Liwi+Tws
) 2(I1+I2)2

B (Ilwl_IQUJZ)Z
2(Il+Iz)

C (Ilw1+12w2)2
(1))

D (I1W1—|—IQCU2)2
2(Il—|—12)
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Answer: D

Solution:
Step 1: Conservation principle

When the two discs are suddenly coupled (say by clamping them together along the same axis),
e Angular momentum is conserved (because external torque about the axis is zero).

¢ Kinetic energy is not necessarily conserved (some energy may be lost as heat/friction during
coupling).

Step 2: Total angular momentum before coupling
For disc 1:

L, =I1uw

For disc 2:

Lo = Isws

So, total angular momentum:

L = w1 + Tows

Step 3: Common angular velocity after coupling

When they rotate together: Let the final angular velocity = w.
Moment of inertia = I7 + Is.

From conservation of angular momentum:

(I1 + ) w = w1 + Thws

I1w1+I2w2
Li+1

w =
Step 4: Final rotational Kinetic energy
K= +(I1 + L) w?

Substitute w from above:

K= 1 bi I Liwi+Dws 2
= 3 (L + L) 2555

_ (Liwi+1Tw,)?
K= 2(I+1,)

Final Answer:

(Iywy + Tows)?
2(I; + I)
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That corresponds to Option D.

Question14

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

A.

b |

L
B'\/E
C. 2L

D.

|

Answer: B

Solution:

Step 1: Recall definition of radius of gyration

Radius of gyration is defined by:

_ ] I
k - M total

where I = moment of inertia of the system about the given axis, and M., is the total mass.

Step 2: Distance of each mass from axis

The axis is perpendicular to the square and passes through its centre.
So, the distance of each mass (corner of square) from centre = half of the diagonal =

V2 L
T‘:TLZE

Step 3: Moment of inertia
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Each mass contributes M2 where r = L/v/2.

So,

2
I—4-M(L) =am- & —2m1?

Step 4: Total mass

M total — aM

Step 5: Radius of gyration

ke — T _\/2ML2_‘/L_2_L
- M M N

Final Answer:

L
N

That corresponds to Option B.

Questionl5

What is the linear velocity if angular velocity & = 37 — 4 + k and
radius 7 = (57 — 65 + 6k) ?
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Options:

A. (—30i — 13j — 38k)
B. (8i — 10 + 7k)

C. (—18i—13j+ 2k)
D. (—2i — 2j — 5k)
Answer: C

Solution:
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i § k
V=WX7rF=|3 —4 1

5 —6 6
—7(—24 4+ 6) — (18 — 5) + k(—18 + 20)
b= —18i — 13] + 2k

Questionl6

A thin metal wire of length ' L' and mass ' M ' is bent to form
semicircular ring as shown. The moment of inertia about XX/ is

Vi
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Options:

ML?2
A. =

2M L2
B. 24

ML
C. 5z

D ML?2

w2

Answer: C
Solution:

Both the semi-circular arc of a ring and the complete ring have the same moment of inertia because the mass
in both cases is distributed at the same radial distance R from the central axis. Thus, the moment of inertia is
determined solely by the distance R and the total mass M , not by the shape of the distribution along the ring.

M.I. of ring about diameter I = MTR2 R 6))

L=7sR=R=L/n
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ML?

From equation (1), I = T+

Question17

A solid cylinder of mass ' M ' and radius ' R ' is rotating about its
geometrical axis. A solid sphere of same mass and same radius is also
rotating about its diameter with an angular speed half that of the
cylinder. The ratio of the kinetic energy of rotation of the sphere to
that of the cylinder will be
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Options:

A.2:3

B.3:2

C.1:5

D.5:1

Answer: C

Solution:

Step 1: Recall the moments of inertia
¢ Solid cylinder about its symmetry axis:

Iy = 3MR?

¢ Solid sphere about its diameter:
Ighere = 2MR?
Step 2: Rotational KE formula
Rotational KE = 5 Jw?
Step 3: Compute KEs

e Cylinder (angular speed = w):
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K = % . %MR2 cw? = %Msz2
e Sphere (angular speed = 5 ):

1 2 2 w 2
Ksphere = 3" EMR : (7)

_1.2R?. % — 1 0[R2,
=1.2yR?. & = LMR%

Step 4: Ratio

i
K sphere — 20 MR w 1

_ 1
Koy 5

.4
1

%MRZW2 20

So the ratio=1 : 5.
Final Answer:

OptionC:1:5

Question18

A solid sphere of mass ' m ' and radius ' R ' is rotating about its
diameter. A solid cylinder of the same mass and same radius is also
rotating about its geometrical axis with angular speed twice that of
sphere. The ratio of kinetic energy of sphere to kinetic energy of
cylinder will be

MHT CET 2025 22nd April Morning Shift
Options:

A.2:3

B.1:5

C.3:1

D.1:4

Answer: B

Solution:
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— _ 2 2
Isphere - Is - ng

Let w; be angular speed of sphere,

1
Esphere - EIswg
1/2
Similarly,
Icylinder =1I.= %mR2

Let w. be the angular speed of cylinder, Then it is given

We = 2Wg

Ecylinder = EIcwi
= %(-mW (2ws)? ... (i)

Esphere . % (%mRz)wg . )

Ecylinder B %(%mRQ) (4&)?) s [ From (i) and (ii) ]

1
~ 5
Question19

A solid sphere and thin walled hollow sphere have same mass and
same material. Which of them have greater moment of inertia about
their diameter?

[ I, = moment of inertia of hollow sphere about an axis coinciding
with its diameter, I; = moment of inertia of solid sphere about an
axis coinciding with its diameter]

MHT CET 2025 22nd April Morning Shift
Options:

Al > 1

B. Iy >1;

C. Iy >1I
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D. I, =1,
Answer: C

Solution:

. Iy = 2MR* I, = 2MR?

L _ ($MRY) _ 3
LT ) T s S

I
K<1=>Ih>IS

Question2(

If force F' = —3i + 7+ 5k acts along ¥ = 71 + 37 + k then the torque

acting at that point is
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Options:

A. (14i — 38j + 16k)
B. (—147 + 345 — 16k)
C. (211 + 4j + 4k)

D. (4i + 4j + 6k)

Answer: A
Solution:
i 7k
T=rxF=|7 3 1
-3 1 5

—i(15 — 1) — j(35 + 3) + k(7 + 9)
— (147 — 385 + 16k)N —m
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Question21

The moment of inertia of a ring about an axis passing through its
centre and perpendicular to its plane is L. It is rotating with angular
velocity w. Another identical ring is gently placed on it so that their
centres coincide. If both the rings are rotating about the same axis
then loss in Kinetic energy is

MHT CET 2025 21st April Evening Shift
Options:

L?
A. 75

B, 1
C. L

D. -
Answer: C

Solution:

Step 1: Initial Kinetic energy

Only first ring is rotating:

KEiiia = 3lw?

Step 2: Conservation of angular momentum
System is isolated (no external torque about axis).

Let final angular velocity = wy.

Initial angular momentum:

Lisitia = Iw

Final total moment of inertia=1 4 I = 21.

So,

Ly = (21) wf
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By conservation:

lw=2Iwy = wf:%

Step 3: Final kinetic energy

2
KBi = $e0(3) =15 =

Step 4: Loss in Kinetic energy

AKE = KEinitial - KEﬁnal — %Iw2 - %Iwz = %I&ﬂ

Final Answer:

Iw?
4

That corresponds to Option C.

Question22

A body is rotating about its own axis. Its rotational Kinetic energy is
'x ' and its angular momentum is ' y '. Hence its moment of inertia
about its own axis is
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Options:

A =

B. -
C. o=

D. L~
Answer: B

Solution:

We are asked about rotational kinetic energy x, angular momentum y, and the moment of inertia I.
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Step 1: Recall formulas
e Rotational kinetic energy:
_ 17,2

K = 5[ w

e Angular momentum:

L=1Iw
Here:
K=z, L=y

Step 2: Eliminate w

From angular momentum:

_ L _y
W=T=T7

Substitute into the kinetic energy:

_ l7(y)\2
3”—2](1)
2
— 17, ¥
t=5I-p
2
_ 1y
T=397

Step 3: Solve for

=L

2x

Final Answer:

The moment of inertia is

2z

v This corresponds to Option B.

Question23

Moment of inertia of a thin uniform rod rotating about the

perpendicular axis passing through its centre is ' [ '. If the same rod
is bent in the form of ring, its moment of inertia about the diameter
is 'I; '. If I; = xI, then the value of ' x ' is
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Options:

A 2z
B.
C. 3
D. 2%,
Answer: B

Solution:

Step 1: Moment of inertia of thin uniform rod about perpendicular axis through its centre
e Length of rod = L, mass = M.
e For a thin rod about a perpendicular axis through its centre (i.e., an axis normal to rod at centre):
I=+ML?
Step 2: Bend the same rod into the shape of a ring
e Now the rod of length L is bent into a ring (circle).
e Radius of the ring:
2rR=L = R=%
e Mass =M.
Step 3: Moment of inertia of ring about its diameter
e For a thin ring of mass M, radius R:
e About axis through center and perpendicular to plane: M R2.
e About diameter of ring (axis in plane, through centre): %M R2.
I, = s MR?
Step 4: Express [; in terms of given [
e From Step 1: I = 11—2ML2.
e From Step 2: R = %
e So:

L= AM(R) = M -

2 4m2 8m2
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Step 5: Ratio

ML?
A o 87{2 o 12 _ 3
T = "1 .70 872 — op2
5 ML
Final Answer:

Correct option: Option B

Question24

A disc of mass 25 kg and radius 0.2 m is rotating at 240 r.p.m. A
retarding torque brings it to rest in 20 second. If the torque is due to
a force applied tangentially on the rim of the disc then the
magnitude of the force is

MHT CET 2025 21st April Morning Shift
Options:

A IN

B.27w N

C.nmN

D. 4n N

Answer: C

Solution:

Given:

e Mass of disc, m = 25kg

Radius, R = 0.2m

Initial angular speed, n = 240 r.p.m (revolutions per minute)

Time to stop, t = 20 sec

Final angular speed, w2 = 0
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e Tangential force F' (to be found)
Step 1: Convert r.p.m. to angular velocity in rad/s
w1 = 27n/60
Substituting values:
wy = 27 x 240/60 = 27 x 4 = 8w rad/s
Step 2: Find angular deceleration (o)
Using equation:
wy = wq +at
We have ws = 0, so:
0=8r+ax20 = a:—g—g :—%rad/sz
Step 3: Moment of inertia of a disc about its axis
I= %mR2
Substitute:
I=1x25%(02)2=1 x25%0.04=125x0.04=0.5kgm’
Step 4: Calculate retarding torque (7)
T=1-«
T=05xZ =05x2% =ZNm
(Negative sign is for direction; magnitude only.)
Step 5: Relate torque to force
Torque produced by force applied at rim:

T=FxR —= F=5

I
5

_ T 1 _ 7 _
Final Answer:
Option C
7N

Question25
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Two circular loops P and Q of radii ' r ' and ' nr ' are made
respectively from a uniform wire. Moment of inertia of loop Q about

its axis is 4 times that of loop P about its axis. The value of n is
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Options:
A.(2)7%3
B. (2)%/3
C. V2

D. 2!/3
Answer: B

Solution:

Let the mass of wire used to make loop P be m p and for loop @ be m.

Since both loops are made from uniform wire of the same length, let's first find the relationship between
their masses and radii.

Step 1: Equate lengths of wires

Length of wire in P = 27r

Length of wire in @ = 2w (nr)

Since the wires are of equal length:

2nrp = 21rg = rp=r"Q

But here, the loops are of radii » and nr, so the length of the wire for P is 277, and for @ it is 27nr.
Let mass per unit length = \.

So,

mp = \-27r

mqg = A - 2mnr
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Step 2: Write the moments of inertia

The moment of inertia of a thin ring (loop) about its axis:

I =mr?

So,
Ip =mpr?=(\-27r)-r2=271\r3

2 3

Ig = mg(nr)? = (A 2mnr) - (n?r?) = 27Anr - n?r? = 27An’r

Step 3: Use the condition Iy = 4Ip

From above,
Ig = 2mAn3r?
Ip = 273
Given,
Io=4Ip

So,

2rAn3rd = 4. 2 )r®
nd =14
n— 413 — (22)1/3 — 92/3

Final Answer:

(2"

So, the correct option is Option B.

Question26

Three spheres, each of mass ' m ' and radius ' 7 ' are placed as
shown in figure. Consider an axis YY’, which is touching two
spheres and passing through the diameter of third sphere. The
moment of inertia of the system consisting of these three spheres
about YY' axis is
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Y

MHT CET 2025 21st April Morning Shift

Options:
A. %mr2

2 2
B. 3mr

C. mr2

2

mr

D. 5
Answer: C

Solution:

Moment of inertia of a solid sphere = %mr2

Moment of inertia of the upper sphere = £ mr?

For each lower sphere M.I. = 2mr? + mr?

_ 7.2
= pmr
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Total moment of inertia I = %mr2 + 2 x %mr2

= Tmr

Question27

A solid sphere rolling without friction on a horizontal surface with a
constant speed of 2 m /s, rolls up on an inclined ramp which is
inclined at 30°. The maximum distance travelled by the sphere on
the inclined ramp is (acceleration due to gravity

g =10m/s?,sin30° = )

MHT CET 2025 20th April Evening Shift
Options:
A. 56 cm
B.25cm
C.47 cm
D. 30 cm

Answer: A

Solution:

Sphere's Kinetic Energy = Translational energy + Rotational energy

1 1

= Emv2 + gmv2
7

= —mv?

10
At maximum height h,

Total K.E. = Potential energy

—mv? = mgh

10
Tv2 7 x 22

h= - —0.28
10g 1010 m
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Distance along the incline

_ h _ 028 __ _
d= 7 = sm(0) 0.56 m = 56 cm

Question28

A disc of mass ' m ' and radius ' 7 ' rolls down an inclined plane of
height ' i '. When it reaches the bottom of the plane, its rotational
kinetic energy is ( g = acceleration due to gravity)

MHT CET 2025 20th April Evening Shift

Options:

mgh
A,

mgh
B. gt

mgh
c. zeh

mgh
D, Zgb

Answer: A

Solution:

Total K.E. = %mv2 + %Iw2

1 1/1 2
= —mv® + = (—mRZ) 2

2 2\ 2 R2
1 1 3
= Em'u2 + Zm’u2 = va2

At foot of the plane, total K.E. = P.E.

3 2 _
smv® = mgh

2

4
= mv” = 3mgh

But, rotational K.E. = %mfu2 = ngh
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Question29

Two discs A and B of same material and thickness have radii R and
3R respectively. Their moments of inertia about their axis will be in
the ratio

MHT CET 2025 20th April Morning Shift

Options:
A.3:1
B.1:9
C.1:81
D.1:27

Answer: C

Solution:

Let the thickness of both discs be ¢, and their material has density p.
Let disc A have radius R.

Let disc B have radius 3R.

Step 1: Find Mass of Each Disc

Volume of a disc = Area x Thickness

For disc of radius 7 and thickness ¢:
Volume = 72t

So, mass M of a disc:

M = (Volume) x (Density) = 7r2tp
For disc A:

My = wR?*tp

For disc B (radius 3R):

Mp = 7(3R)%*p = m- 9R*tp = 97 R%*tp

Step 2: Moment of Inertia of a Uniform Disc about Its Axis
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Formula:

I= %Mr2

For A:

Ia= 3 MaR? = L(nR%*p)R? = ntpR*

For B:

Ip = $Mg(3R)* = 1 (97R*tp) x (9R?)

Igp =1 -97R%p-9R? = % - 8l7tpR* = S rtpR*
Step 3: Ratio of Moments of Inertia

Ly _ 3R 1
Iy — Eaprt 81

So,
I,:Ig=1:81
Answer:

Option C (1 : 81) is correct.

Question30

An inclined plane makes an angle 30° with the horizontal. A solid
sphere rolling down an inclined plane from rest without slipping has
linear acceleration ( g = acceleration due gravity) (sin 30° = 0.5)

MHT CET 2025 20th April Morning Shift

Options:
°g
A ==

58
B. 3;

2g
C. =
g
D.g

Answer: B
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Solution:

For a solid sphere rolling down an inclined plane without slipping:
Let the angle of inclination be § = 30°

Let the linear acceleration be a.

Let the radius of the sphere be R and its mass be m.

Step 1: Forces Acting on Sphere
1. Down the incline: mg sin 8 (component of weight)
2. Up the incline: Friction

Step 2: Equations of Motion

Translational motion (along incline):

mgsinf — f = ma

Where f is the frictional force.

Rotational motion (about the centre of mass):

fR= I«

Where I is the moment of inertia about its centre, and « is the angular acceleration.

For a solid sphere,

I = %mR2

Step 3: Rolling Condition

Since the sphere rolls without slipping, velocity relation:

a = Ra

So,

fR=Ia=1(%)=2mR* - &£ = ZmRa

Or,

f= %ma

Step 4: Substitute f in the Translational Equation

Recall:

mgsinf — f = ma

Plug in f:

mgsinf — %ma = ma
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So,

mgsinf = ma + %mazma(l%—%) = ma -

(SN

Step 5: Solve for a
mgsinf = %ma
a= %gsin@

Step 6: Plug in sin 30° = 0.5

59

_ 5 —
a=+9gx05=s

Final Answer

Option B is correct.

59
14

Question31

Two spheres each of mass M and radius R are connected with a
massless rod of length 4 R . The moment of inertia of the system
about an axis passing through the centre of one of the spheres and
perpendicular to the rod will be

M M
R R

[ 4R )

MHT CET 2025 20th April Morning Shift

Options:
21 2
A. MR

B. & MR?
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42 2
C. ?MR
5 2
D. ﬁMR
Answer: B

Solution:
From parallel axis theorem, I, = I. + Mh? Let the moment of inertia of sphere 1 be
I = 2M(R)? + M(4R)?
and,
Let the moment of inertia of sphere 2 be
I, = £M(R)?
Moment of inertia of the rod I3 = 0
Moment of inertia of the system,
I=0 +1+13
- §M(R)2 + M(4R)? + %M(RV
= %M(R)z + 16MR?
4 80 4

= —MR? + —MR?

— —_MR?2
5 5 5R

Question32

A body slides down a smooth inclined plane of inclination 6 and
reaches the bottom with velocity V . If the same body is a ring which
rolls down the same inclined plane then linear velocity at the bottom
of plane is

MHT CET 2025 19th April Evening Shift
Options:

v
A. 7
B.V
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C.2V

Vv
D. -5
Answer: A

Solution:
Let's solve step by step:
Step 1: Sliding Body (Smooth Incline, No Rotation)
e The body descends a height h, starting from rest.
e By law of conservation of energy:
Potential Energy at Top = Kinetic Energy at Bottom
mgh = %va
e Solving for v:
v=+/2gh
e You are given that this velocity is V.
V= /2gh
Step 2: Rolling Ring (No Slipping, Both Translational and Rotational Kinetic Energy)
e For a rolling ring:
e Mass =m,
¢ Velocity at bottom = v,
e Moment of inertia about centre = I = mR?2,
e Angular velocity = w = .
e Law of conservation of energy:
mgh = %va + %Iaﬂ
mgh = $mv® + %(mRQ)(%)2

1

mgh = 5mv2 + %mv2

mgh = mv?
v? = gh

v=+/gh

Step 3: Relate to V'
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_ - v
V =+v2gh — +/gh= 7

So, for the rolling ring, the linear velocity at the bottom is:

v
V2

Correct Option: (A) %

Question33

If F = (5¢ — 107) and 7 = (4% — 37), then the torque acting on the

object will be

MHT CET 2025 19th April Morning Shift
Options:

A.i—2j

B.2i—]

C. 25k

D. —25k
Answer: D

Solution:

Step 2:

Write vectors in component form:
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7 =4i+ (—3)j+ 0k
F = 5i + (—10)j + Ok
Step 3:

Use the determinant method for cross product:

i 7k
T=14 -3 0

5 0
Step 4:
Expand the determinant:

4 0
5 0

A

-+

~

=1

Sl

_3 0 ~
~10 o 7

4 -3
5 —10

Calculate each minor:

-3 0

| T o= 0 - @10 <0

4 0
L o~ @O -0)6) -0

. ‘51 __130‘ = (4)(—10) — (—=3)(5) = —40 + 15 = —25

So,

T

0i — 0] — 25k

— 925k

,7_‘

Final Answer:

—95k

So, the correct option is Option D.

Question34

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

MHT CET 2025 19th April Morning Shift
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Options:
A. L

B.

M|r'

D. L
Answer: D

Solution:
Let the four particles each of mass M be placed at the corners of a square of side L.
Step 1: Calculate the distance of each particle from the centre

e The centre of the square is equidistant from all corners.

e The distance from the centre to a corner (let’s call it r):

r = half the diagonal of the square = %
Step 2: Calculate the moment of inertia about the given axis
The axis is perpendicular to the square and passes through its centre.

e Moment of inertia for each mass about the axis:

2
Ieach :M’PZZM( ) :MLTZ

L

V2
e For 4 masses:

Lo =4- M= —2M1°

Step 3: Total mass of the system

Mot = 4M

Step 4: Formula for radius of gyration K

The moment of inertia is also given by: I = My K2
So,

Lo = My K? = 2ML?> = 4AMK?
Step 5: Solve for K

AMK? = 2MI?K* = Bl K? = Lk = L

Correct option:
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L
V2

So, the answer is Option D.

Question35

A thin uniform rod of mass ' m ' and length ' L ' is pivoted at one
end so that it can rotate in a vertical plane. The free end is held
vertically above pivot and then released. The angular acceleration of
the rod when it makes an angle ' 6 ' with the vertical is [consider
negligible friction at the pivot] ( g = acceleration due to gravity)

U2 L
(

'Y

MHT CET 2025 19th April Morning Shift

Options:

3gsin 6
A =5—

3gcosf
B. —=—

2gsin 6
C. =57

2gcos
D. =57

Answer: A

Solution:
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Torque at angle 6,

T = Mgsin 9%

Also, we know , 7 = Ia
= Ja =mgsin 9%

For a thin uniform rod, the moment of inertia about an axis perpendicular to its length and passing
2
through its one end is %, the above equation becomes:

ML?

3

N La_ sin 6
2 &3

3 gsinf
o=
2L

L
= ~a:Mgsin<97

=

Question36

Three point masses, each of mass ' m ' are placed at the corners of
an equilateral triangle of side ' L '. The moment of inertia of the
system about an axis passing through one of the vertices and parallel
to the side joining other two vertices will be

MHT CET 2024 16th May Evening Shift
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Options:

A3

B ml.?

c. 22

mL2
D. 2l

Answer: C

Solution:

Consider the mass at vertex A as shown in figure.

Hence, M.I. about the line through A is,

I = 2mh?

From figure,

h:LsinGOozLxg
I—omx S12= 3 mr?
4 2
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Question37

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

MHT CET 2024 16th May Morning Shift

Options:
A.3:5
B. \/§ \/g
C./3: \/7
D.5:7

Answer: B

Solution:

Let the radii of the thin spherical shell and the solid sphere be R, and R, respectively. Then, the moment of
inertia of the shell about its diameter is given by,

Lper = 2MR} ... (D)
And the moment of inertia of the solid sphere is given by,
Isphere = %MR% ...(11)

Given that, the masses and moment of inertia for both the bodies are equal, then from equations (1) and (i1),

2 2
~MR? = gMR%

3

R{ 3
RZ 5
R]_:RQZ\/g:\/g
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Question38

Two loops P and Q of radii R; and Rs are made from uniform metal
wire of same material. I, and I be the moment of inertia of loop P

and Q respectively then ratio R, /R, is ( Given Ip/Ij = 27)

MHT CET 2024 16th May Morning Shift

Options:
A.4:1
B.3:1
C.9:1
D.6:1

Answer: B

Solution:
Two loops made from same material
I=MR? ..(»i)
M = ¢.27R  ...(o is mass per unit length)
Substituting in (i),
I=0.27R? .. (i)

I, o-27R3

= ...[From(ii)]

T — o-27R3

Ip [(Ry)°
IQ_ R2
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Question39

A body of mass m slides down an incline and reaches the bottom
with a velocity V . If the same mass were in the form of a disc which

rolls down this incline, the velocity of the disc at bottom would have
been

MHT CET 2024 15th May Evening Shift

Options:

3
A. V\/Z
3
B. V\/E
C. v\/g
2
D. V\/g

Answer: D

Solution:

When a body of mass m slides down an incline without friction, it converts all its potential energy at the top
into translational kinetic energy at the bottom. The velocity V' at the bottom in this case is given by:

V = 4/2gh
where g is the acceleration due to gravity, and h is the height of the incline.
For a disc that rolls without slipping, the energy at the bottom is distributed between translational kinetic

energy and rotational kinetic energy. The total mechanical energy at the top is the same potential energy, but
at the bottom, it will be divided as:

Translational kinetic energy: %va
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Rotational kinetic energy: 3 Iw?

For a disc, the moment of inertia I is %mr{ and the relationship between linear velocity v and angular

velocity wisw = .
Substituting these into the equations for kinetic energy, the total kinetic energy at the bottom becomes:

b+ (fmr?) (£)° = $ma +

The combined kinetic energy thus equals:
3, .2

zmv

Equating the initial potential energy to the total kinetic energy at the bottom:
mgh = %va
Solving for v, we find:

gh = %v2

v? = %gh

v=1/tgh =/t /oh

Since v/ gh = %, the velocity v of the disc at the bottom becomes:

—_ /i
V=35
Further simplification gives the final expression:

Vv _

= 2
V32 3

v =

Therefore, the correct option is Option D: v %

Question40

The radius of gyration of a circular disc of radius R and mass m
rotating about diameter as axis is

MHT CET 2024 15th May Evening Shift
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Options:
A.RV2
B.R/v/2
C.R/2
D.R

Answer: C

Solution:

To determine the radius of gyration of a circular disc of radius R and mass m rotating about its diameter, use
the formula for the radius of gyration:

where I is the moment of inertia of the disc about the diameter, and m is the mass of the disc.
For a circular disc of mass m and radius R, the moment of inertia I about its diameter is given by:
I=1imR?

Substituting the expression for I into the formula for the radius of gyration:

TmR? 1 R
k=W =y1R =%

Therefore, the radius of gyration of the circular disc about its diameter is

; . R
Option C:

Questiond1

A thin uniform metal rod of mass ' M ' and length ' L ' is swinging
about a horizontal axis passing through its end. Its maximum
angular velocity is ' w '. Its centre of mass rises to a maximum height
of ( g = Acceleration due to gravity)

MHT CET 2024 15th May Morning Shift
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Options:

L2w?
A Le

L2w?
B. o

L2w?2
C.
6g

L2w?
D. Teg

Answer: C
Solution:
By conservation of energy, 3Iw? = Mgh

h=-=h .00

The M.I of a uniform rod about an axis passing through its centre is MI—I;

As the axis passing through the end, using parallel axis theorem,

2 2 2 .
T= M M) =M i)

Putting (ii) into (i),

_ L%W?
h = 59

Question42

Three thin rods, each of mass ' M ' and length ' L ' are placed along
X,Y and Z axes which are mutually perpendicular. One end of each
rod is at origin. M. 1. of the system about Z axis is

MHT CET 2024 15th May Morning Shift
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Options:

3ML?2
A M

2M 2
B. 2

2ML>
C. 3

3ML?
D. S

Answer: C
Solution:

1211+12+13
. _ ML ML2
. I—T+ 3 +0

. _ 2ML?
L I=2E

Question43

If the angular velocity of a body rotating about the given axis
increases by 20%, then its kinetic energy of rotation will increase by

MHT CET 2024 15th May Morning Shift
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Options:
A. 20%
B. 30%
C. 44%
D. 66%

Answer: C

Solution:

120
= —w; =12
w2 100 w1 w1

KE, o %Iwg o wg . (1.2&)1)2 —1.44
KFE, %Iw% w? w? '

KE, = 1.44KE;
(KE2 _ KE, ) 100 — <1.44KE1 ~ KE, ) 100
KE, KE,
= 0.44 x 100 = 44%

Question44

Four thin metal rods each of mass ' M ' and length ' L ', are welded
end to end to form a square. The moment of inertia of the system
about an axis passing through the centre of the square and
perpendicular to its plane is

MHT CET 2024 11th May Evening Shift

Options:

ML?2
A. 3

2
B. 24k
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2
C. 2L

AML?
D. =5

Answer: D

Solution:

— 3!
/210

Moment of inertia of the system about an axis passing through O

L 2
I,=14 [MI of rod+m<7> ]

ML?2 ML?2
=4 +
12 4

4
= —ML?
3

Questiond5s

Moment of inertia of a disc about an axis passing through its centre
and perpendicular to its plane is 'I'. The ratio of moment of inertia
about a parallel axis tangential to its rim to passing through a point
midway between the centre and the rim is

MHT CET 2024 11th May Evening Shift
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Options:
A.2:1
B.3:1
C.4:1
D.6:1

Answer: A

Solution:

2 . . .
I= % = M.IL of disc about an axis passing through centre of mass

By parallel axis theorem,

M.I for axis tangential to rim,
I, = M MR? = 3MR?
M.I for axis passing through a point midway between centre and rim (h = R/2),

MR2 MR2? 3
2 5 T4 4
L zMR 2591
I, 3Mr? 1 7
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Question46

An inclined plane makes an angle 30° with horizontal. A solid sphere
rolls down from the top of the inclined plane from rest without
slipping has a linear acceleration along the plane equal to (where g is
acceleration due to gravity) (given sin 30° = 0.5)

MHT CET 2024 11th May Morning Shift

Options:
og
Al 17
59
B. 4
C. 2
g
D. 3

Answer: A

Solution:

gsinf  gsin30°
- 2
(1+&) @+3)

a—5g>< 1) g
7 o \2) 14

a =

Questiond7

Two bodies A and B have their moments of inertia /; and I,
respectively about their axis of rotation. If their Kinetic energies of
rotation are equal and their angular momenta L; and L-

respectively are in the ratio 1 : \/§, then /> will be
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Options:

A 31,

B. V31

C.2I

D. 31,

Answer: D

Solution:

1

T w? Iow?
5 1w 2Wy
2

w I

=2 = ()
wi Iz

L we 1 ..
T =2=— .. (i)

L, 1 V3
% — % ... [From (i) and (ii)]
IQ == 3]:1
Question48

The moment of inertia of uniform circular disc is maximum about
an axis perpendicular to the disc and passing through point
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Options:

A A

B.B

C.C

D.D

Answer: B

Solution:

Moment of Inertia (I) = Iy + Md?
where d is distance of axis from COM
The Iy and M is same for all the points and only ' d ' is varying

As axis B is having more distance from COM and thus will have more moment of inertia.

Question49
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A ring and a disc roll on horizontal surface without slipping with
same linear velocity. If both have same mass and total Kinetic energy
of the ring is 6 J then total kinetic energy of the disc is

MHT CET 2024 10th May Morning Shift
Options:
A 3]

B. 5 J

oo

C.5J

| ~3

9
D. 217
Answer: D

Solution:

Total (K.E)rpe = Mv? ... (i)
Total (K.E) )gise = SMv? ... (ii)

Dividing equation (ii) by equation (i)
(K E)disc %].\/_[V2

(K'E)ring B 1\/IV2
3 3 9
" (K‘E)disc = (K'E)ring X Z =6 x Z = 5 J

QuestionS(

A solid metallic sphere of radius ' R ' having moment of inertia 'I"
about diameter is melted and recast into a solid disc of radius ' ' of
a uniform thickness. The moment of inertia of a disc about an axis
passing through its edge and perpendicular to its plane is also equal
to 'I'. The ratio  is
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Options:

A.
B.
C.

D.

AR

1

Answer: D

Solution:

M.I. of the solid sphere about a diameter

I=2MR> .. ()

M.I. of the disc about an axis through its edge and perpendicular to its plane is
I=3Mr® .. (i)

2MR? = 3Mr? .. [From (i) and (ii)]

Lor= %R
Question51

A particle of mass ' m ' is rotating in a circular path of radius ' r '.
Its angular momentum is ' L ' The centripetal force acting on it is '
F''. The relation between' F'',' L',"r'and'm'is

MHT CET 2024 9th May Evening Shift

Options:
AF=21
B.L = m?Fr?
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C. L—Ifl — Fr?

D. % — mr?

Answer: C

Solution:

The correct relationship between the centripetal force F', angular momentum L, radius 7, and mass m can be
derived using the concepts of circular motion and angular momentum.

Angular momentum L is given by:
L =mor

where v is the tangential velocity. For an object in circular motion, the centripetal force F' is also defined as:

2

F:m’l)

T

By rearranging the first equation for velocity, we have:

o mE) ™o
Simplifying further:
F= 5

Thus, the correct relationship is:

L: _ 3

o Fr

Therefore, the option that matches this expression is Option C:

2
L~ — 3
m

QuestionS2

Three thin rods, each mass ' 2 M ' and length ' L' are placed along
x,y and z axis which are mutually perpendicular. One end of each
rod is at origin. Moment of inertia of the system about x - axis is
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Options:

4AML?
A T3

ML?2
Bo 12

ML?2
C. 6

2ML2
D. 3

Answer: A
Solution:

Total moment of inertia,
Itotal — IX + Iy + IZ ceee (1)

Moment of inertia of thin rod, when axis is passing through one end and perpendicular to the rod,

ML?
I= =~ ..
LMLt oMr? From (i
y=—3 =3 ... [From (i)]
... (given, My = 2M)
Similarly,
Ip = M2 ML rprom ()]

... (given, M, = 2M)

I =0 ...(. Rod lies along X-axis )
Substituting in (i),

Itotal - 4ML2
3
Questions3

A thin uniform rod of length ' L ' and mass ' M ' is swinging freely
along a horizontal axis passing through its centre. Its maximum
angular speed is ' w '. Its centre of mass rises to a maximum height
of [ g = gravitational acceleration]
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Options:
w? L2
w?L?g

B. S
w?g

C. 12 L?
w2L2

D. 21 g

Answer: D

Solution:

To determine the maximum height to which the center of mass of the swinging rod rises, we need to apply
the principle of conservation of energy.

Initially, the entire energy of the system is kinetic because the rod is swinging with its maximum angular
speed w around its center. The moment of inertia I of a thin uniform rod of length L about an axis through its
center is given by:

1
I= ML

The initial kinetic energy (K;) of the rod is thus:

K; = 11w* = § (FML%)w® = L ML*w?

At the highest point of the swing, all this kinetic energy is converted to potential energy (Uy), assuming no
energy is lost:

Uy = Mgh

where h is the maximum height attained by the center of mass and g is the gravitational acceleration. By
conservation of energy:

K, =Uy;

1

st ML?w? = Mgh
Solving for h, we get:

h = 1 L3%w?

24 g

Thus, the maximum height of the center of mass is:

Option D:
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Ww2L?
24 g

Question54

The moment of inertia of thin square plate PQRS of uniform
thickness, about an axis passing through centre ' O ' and
perpendicular to the plane of the plate is (I;,12,13,14 are
respectively the moments of inertia about axis 1, 2, 3,4 which are in
the plane of the plate as shown in figure)

4
A

» 3

/ Y

MHT CET 2024 9th May Morning Shift
Options:

AT +1I+ 13

B.I, +I3+14

CL+L+I3+14

D.I; + I
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Answer: D

Solution:

Axis of I; and I and that of I3 and 14 are pependicular to each other.
By theorem of perpendicular axis,

I=5Li+I orI=I3+1s .. (1)

As it is a square,

I =LandI3 =1,

From (i),

Iy =1,
Momentof inertia of the plate =1=1; + I3

Questions5

A circular disc of radius ' R ' and thickness % has moment of inertia

'I' about an axis passing through its centre and perpendicular to its
plane. It is melted and recasted into a solid sphere then moment of
inertia of sphere about an axis passing through diameter is

MHT CET 2024 9th May Morning Shift
Options:
AT

21
B. 2

I
c.l

I
D. L

Answer: C
Solution:
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To solve the problem of finding the moment of inertia of a solid sphere formed by recasting a circular disc,
first, consider the moment of inertia of the disc.

The moment of inertia I of a circular disc of radius R and mass m about an axis through its center and
perpendicular to the plane of the disc is given by:

I= %mR2

The volume of the disc is:
3

Viise = TR? - % = %

Assuming the density is uniform, when the disc is melted into a solid sphere, the volume of the sphere is
equal to the volume of the original disc:

wR?
8

— 4.3 _
Vvsphere = gTr =

Solving for the radius r of the sphere:

3 _ xR
mr- = S

SN

Cancelling 7 and solving for r3:

The moment of inertia Igypere  Of @ solid sphere of mass m and radius r about its diameter is:

_ 2 2
I sphere  — gmr

Substitute the radius r = %:

_ 2, (R\2_ 2 R _ mR
Tophere —5m(2) =5M = "1

We earlier established mR? = 2I, where I is the moment of inertia of the disc. Plug mR? = 21I into the
expression:

)
I sphere  — 1o

ot~

Thus, the correct option is:

Option C: é

Questions6

Two solid spheres ( A and B ) are made of metals having densities p 4
and pp respectively. If there masses are equal then ratio of their
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Ip

moments of inertia (K) about their respective diameter is

MHT CET 2024 4th May Evening Shift

Options:

A. (g—j)2/3

5 <%>2/3

C. PA
" pB

PB
D. PA

Answer: B

Solution:

Mass = Volume x Density
Mass of spheres A and B is,
Mja = 37R3pa and Mg = 7R3 pp
If masses are equal,
M, = Mg

%wRipA = %WR?]%IOB

L

=(2)" 0

Moment of inertia of sphere about its diameter is given by, I = %MR2

Iy =2M4R’ and Iy = 2 MR},

Iy _ R}
Iy Ri
2
I 3
I _ <P_A) ... [From (i)]
Iy PB
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Questions57

A thin uniform circular disc of mass ' M ' and radius ' R ' is rotating
with angular velocity ' w ' in a horizontal plane about an axis
passing through its centre and perpendicular to its plane.Another

M

disc of same radius but of mass () is placed gently on the first disc

co-axially. The new angular velocity will be

MHT CET 2024 4th May Evening Shift
Options:
A. %w

B. Sw

oo

C.

SURS

w
5

D. Zw

Answer: B

Solution:

Angular momentum = Iw
By conservation of angular momentum,
Liwy = Iaw,

2 (M+M/3) 2
Here, I, = M2R I = +2 R? = _21\/£)R

I ) B, [ From (3)
wr=Jw=qw ... (w=w)
Questions8

A solid cylinder of mass ' M ' and radius ' R ' rolls down an inclined
plane of height ' h '. When it reaches the foot of the plane, its
rotational Kinetic energy is ( g = acceleration due to gravity)
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Options:

Mgh
A Meh

Mgh
B. M

Mgh
c. Msh

Mgh
D. ==

Answer: A

Solution:

From the law of conservation of energy, we have

Potential energy = Translational kinetic energy + Rotational kinetic energy
or mgh = %mv2 + %Iuﬂ

3 2,22

mr2)w2 = smriw

12 1(1
or mgh = Ssmv°w* + 2(2

4gh
W2 = 8

or 3,2

Now the rotational kinetic energy = %Iuﬂ

Substituting for w? and I, we have,

Rotational kinetic energy = + (+mr?) %‘

Mgh
_ Mb (M =m)

Questions9

A disc and a ring both have same mass and radius. The ratio of
moment of inertia of the disc about its diameter to that of a ring
about a tangent in its plane is
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Options:

A.1:2

B.1:4

C.1:6

D.1:8

Answer: C

Solution:

For ring, by using perpendicular and parallel axis theorem,

Ig = I, + Mx? = MR | MR? = 3MR?
I MR? 2
e e VITE
I _ 1
Ir 6
Question6(

A rotating body has angular momentum ' L '. If its frequency is
doubled and Kinetic energy is halved, its angular momentum will be
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Options:

A.

N

B. &

C. 2L

D. 4L
Answer: A

Solution:

Angular momentum of a particle performing UCM
L=Iw ..(@)
Kinetic energy, k = %Iw2 .. (i)

L =2 [From (i) and (ii)]

L1 k1 Wo
L, k o
L 1 " 2 iven)
ﬂ—; 1 - (given
L
L, = 7
Question61

A solid cylinder of mass M and radius R is rotating about its
geometrical axis. A solid sphere of the same mass and same radius is
also rotating about its diameter with an angular speed half that of
the cylinder. The ratio of the kinetic energy of rotation of the sphere
to that of the cylinder will be

MHT CET 2024 4th May Morning Shift
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Options:
A.l1:4
B.1:5
C.2:3
D.3:2

Answer: B

Solution:

Isphere = IS = %mRZ and Icylinder = Ic = %mR2
Let wg = Angular speed of sphere,
w. = Angular speed of cylinder.

It is given that, ws = ¢

K- Esphere o Iswz o %mR2 X (%)2

K- Ecylinder Icwg %mR2 X CUCZ

K- Esphere . l

K- Ecylinder 5
Question62

The earth is assumed to be a sphere of radius ' R ' and mass ' M '
having period of rotation ' 7' '. The angular momentum of earth
about its axis of rotation is

MHT CET 2024 3rd May Evening Shift
Options:

2rMR?
A. T

A7MR2
B. 5T
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Answer: B

Solution:

The angular momentum of an object rotating about an axis is given by the formula:
L=1Iw

where L is the angular momentum, I is the moment of inertia of the object, and w is the angular velocity.
For a solid sphere, the moment of inertia I about an axis through its center is:
I=2MR?

where M is the mass and R is the radius of the sphere.

The angular velocity w can be expressed in terms of the period of rotation 7" as:
o= %

Plugging these expressions into the angular momentum formula, we have:

L= (3uR) (¥)

Simplifying, we get:

_ 4TMR?
L= 5T

Therefore, the angular momentum of the Earth about its axis of rotation is given by:
Option B:

47MR?>
5T

Question63

Two loops' A'and' B'ofradii' R; 'and ' R, ' are made from
uniform wire. If moment of inertia of ' A'is 'I, 'and that'B'is"'

IB ', then Rg/Rl is [i—g = 27}

MHT CET 2024 3rd May Evening Shift
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Options:

A.1:6
B.1:4
C.1:3
D.1:2
Answer: C
Solution:

The moment of inertia of a loop made from uniform wire about its center is given by:

I =mR?

where m is the mass of the wire, and R is the radius of the loop.

Assuming that the wire is uniform, both loops A and B will have the same linear mass density. This means

the mass of a loop is proportional to its circumference:
m=A\-2nR

where A is the linear mass density.

Therefore, the moments of inertia for loops A and B are:
Is=(\-27R1)RI = \- 27TR§

Ig = (\-2nRy)R5 = \- 2wR}

Given that % = 27, we have:

A2 R}

X2nRE 27

This simplifies to:

R3
R—é =27
Taking the cube root of both sides:

R
£ —
R =3

Thus, the ratio Ry /R is:

By _ 1

R, ~ 3
Hence, the correct option is:

OptionC1:3
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Question64

In case of rotational dynamics, which one of the following statements
is correct?

[0 = angular Velocity,7: linear velocity

— . - .
r = radius vector, o = angular acceleration

— . 7
a = linear acceleration, L = angular momentum

— . =
p = linear momentum, 7 = torque,
%

f = centripetal force]

MHT CET 2024 3rd May Morning Shift

Options:

e U i T M
Av=rxwa=rxaL=rxp,7=fxr
T S e Al T S
B.v=wxria=axr,L=pxr,7=rxf{
e I e L e S e TS
Cv=wxr,a=axr,L=rxp,7r=rxf
I S e i o T NP4
Dv=wxr,a=axr,L=p-r,7=rxf
Answer: C

Solution:

The correct statement in rotational dynamics is:
Option C:

— — - = T o =
V=WwXTr, a L=rxp,

a=aXxr,

€l

Explanation:
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Linear velocity (75:

The linear velocity of a point in rotational motion is given by the cross product of the angular velocity vector
() and the radius vector (?5:

= L=
V=wWXT

This shows the perpendicular relationship between linear velocity and both the radius vector and the angular
velocity.

Angular acceleration (a):

The angular acceleration and its relation to linear acceleration can often be represented with:

a=aXxr

Though, if specified to mean tangential component in a circular path, it directly relates to the tangential
acceleration.

%
Angular momentum (L):

The angular momentum of a particle with respect to a point is defined as:

%
L :?xf>

where p is the linear momentum (mwv) of the particle.

Torque (7):

_>
Torque is defined as the cross product of the radius vector (?3 and the force vector (f):

L =
T=1rxf

This defines the rotational effect of a force applied at a distance from a pivot.

Each component is consistent with the right-hand rule and the classical definitions in rotational dynamics.

Question65

Ratio of radius of gyration of a circular disc to that of circular ring
each of same mass and radius around their respective axes is

MHT CET 2024 3rd May Morning Shift
Options:
AvV2:1
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B. \/5 \/§
C.v/3:v2
D.1:/2

Answer: D

Solution:

The radius of gyration (k) is related to the moment of inertia (/) and the mass (M) of an object by the
formula:

For a circular disc:
Moment of inertia (1. ) about its central axis is given by:
Ijse = 5 MR?

Radius of gyration (kg ) is:

Iy / 1 MR? El
kdisc = % = 2T - 5R

For a circular ring:

Moment of inertia (I, ) about its central axis is given by:
L, =MR?

Radius of gyration (kyng ) is:

Iy MR?
kring - \/ nﬁ - M R

Ratio of the radii of gyration:

The ratio kgise  : Kring 18-

%R:RZQR:R:@:lz :1:1:\/5

L
V2

Therefore, the ratio of the radius of gyration of a circular disc to that of a circular ring, each with the same
mass and radius, is:

Option D: 1 : V2

Question66
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Two circular loops P and Q of radii ' r ' and ' nr ' are made
respectively from a uniform wire. Moment of inertia of loop Q about
its axis is four times that of loop P about its axis. The value of ' n ' is

MHT CET 2024 3rd May Morning Shift
Options:

A. (2)1/3

B. (2)2/3

C. (2)%4

D. (2)'/4

Answer: B

Solution:

The moment of inertia of a circular loop about its axis is given by the formula:

I =mr?

where m is the mass of the loop and r is the radius.

Since the loops are made from the same uniform wire, the mass of the wire is proportional to its length.
Therefore, the mass of each loop is proportional to its circumference:

mp < 27r
mq x 27m(nr)

The ratio of their masses is:

Thus, the mass of loop Q, mg = n - mp.
Using the moment of inertia formula, the moments of inertia for P and () are:
Ip = mpr?
Io =mg(nr)? =n-mp(nr)  =n-mp-n?-r? = n3mpr?
Since it is given that I = 41p:
3

n*mpr? = dmpr?

Cancelling m pr? from both sides, we get:
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nd =4
Taking the cube root of both sides:
n— \3/1 — 22/3

Thus, the value of n is option B: (2)2/3.

Question67

A solid sphere of mass ' m ', radius ' R ', having moment of inertia
about an axis passing through center of mass as 'I' is recast into a
disc of thickness ' ¢ ' whose moment of inertia about an axis passing
through the rim (edge) \& perpendicular to plane remains 'I'. Then
the radius of disc is

MHT CET 2024 2nd May Evening Shift

Options:

Answer: A

Solution:

The moment of inertia of a solid sphere
2 2
= +MR
Moment of inertia of a disc through its rim,
= 1MR? + MR? = 3MR?
2

Since both the moment of inertias are equal, .". EMR2 = %Mr{ where r is the radius of the disc
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Question68

An inclined plane makes an angle of 30° with the horizontal. A solid
sphere rolling down this inclined plane from rest without slipping
has a linear acceleration ( g = acceleration due to gravity,

sin 30° = 0.5)

MHT CET 2024 2nd May Evening Shift
Options:

A%

B. %

C. %

D. %

Answer: B

Solution:

gsinf®  gsin30°
o 2
(1+5)  @+D)

99 99
== ><0.5—14

a =

. a

Question69

An annular ring has mass 10 kg and inner and outer radii are 10 m
and 5 m respectively. Its moment of inertia about an axis passing
through its centre and perpendicular to its plane is
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Options:

A. 525 kgm?

B. 625 kgm?

C. 525 gcm?

D. 625 gcm?

Answer: B

Solution:

The moment of inertia of the annular ring is
1
I=2M(Ri+Rj)

~10(100 + 25)

5 = 625 kgm?

Question70

Four identical uniform solid spheres each of same mass 'M' and
radius 'R' are placed touching each other as shown in figure, with
centres A, B, C, D. I, Ig, I¢ and I are the moment of inertia of
these spheres respectively about an axis passing through centre and
perpendicular to the plane. The difference in I, and Iy is

'R, | o
: : o
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Options:

A.24 MR?

B. 32 MR?

C. 56 MR?

D. 80 MR?

Answer: B

Solution:
Using the parallel axes theorem, the M.I. of the system about the axis passing through the centre of the sphere
Ais
IA=IA"+1g" + 1o + Ip’
2 2 2 2 2 2 2 2 2 02 2
I, = gMR + gMR + 4MR* | + gMR + 16MR~“ | + EM +36MR

I = 57.6MR?
The M.I. about sphere B is,

2 2 2
Ip = 3MR2 + (EMR2 + 4MR?>+(3MR2 + 16MR2>

2
+ (gMR2 + 4MR2>

Iz = 25.6MR?
I, —Ig = 57.6MR? — 25.6MR? = 32MR?

Question71

A solid cylinder and a solid sphere having same mass and same
radius roll down on the same inclined plane. The ratio of the
acceleration of the cylinder 'a.' to that of sphere 'a;' is

MHT CET 2023 14th May Evening Shift
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Options:

11
Al

13
B. i1

15
C. 13

14
D. 15

Answer: D

Solution:

For sphere: M.I. Ig = %MR2

For cylinder: M.I. I¢ = %MR2

. ing
Acceleration: a = 25—

MR2

a.  ltww  MR*+IL MR+ ZIMR?

as 1+ MR*+I. MR?+ iMR?

MR?
a. T 2 14
a, b5 3 15
Question72

A mass 'M"' is moving with constant velocity parallel to X-axis. Its
angular momentum with respect to the origin is

MHT CET 2023 14th May Evening Shift
Options:

A. constant

B. zero

C. decreasing

D. increasing
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Answer: A

Solution:

The angular momentum (13) of a particle with respect to a point (in this case, the origin) is given by the cross
product of the position vector (7) and the linear momentum of the particle (p), which is the product of the
mass M and its velocity v:

—

L=7xp

If a mass M is moving with constant velocity parallel to the X-axis, then its momentum p is also constant
both in magnitude and direction, given by:

p= Mv

where v is the constant velocity vector of the mass parallel to the X-axis.

The position vector 7 is a vector from the origin to the location of the mass M. Since the mass is moving with
a constant velocity and not approaching or moving away from the origin, the perpendicular distance from the

origin to the line of motion (essentially, the "arm" of the moment arm) remains constant.

The cross product of two vectors yields a vector that is perpendicular to the plane formed by the two original
vectors and its magnitude is given by:

|L| = |7[|p| sin 6
where 0 is the angle between 7 and p.

Since the mass is moving parallel to the X-axis, the angle 8 between the position vector from the origin and
the momentum vector is constant, and so is the sine of that angle. Thus, the product |7||p] is also constant.

Therefore, the magnitude of the angular momentum \E| is constant, and because the mass M is not changing
its direction of motion or speed, the direction of the angular momentum vector is also constant.

The correct answer to the question is:
Option A: constant

since the angular momentum does not change with time when the velocity is constant and the direction of
motion is a straight line, and because there are no external forces or torques acting on the mass to change its
state of motion or angular momentum.

Question73

A thin uniform rod of mass 'm' and length 'P"' is suspended from
one end which can oscillate in a vertical plane about the point of
intersection. It is pulled to one side and then released. It passes
through the equilibrium position with angular speed 'w'. The Kinetic
energy while passing through mean position is
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Options:
A. ml%w?

ml2w?
B. 4

ml’w?
C. mbw’

ml?w?
D. D

Answer: C

Solution:

The kinetic energy of the rod while passing through the mean position will be,

1

K.E. = Ew
~1ml? o ml*w?
—273 YT T
Question74

Four identical uniform solid spheres each of same mass M and
radius R are placed touching each other as shown in figure with
centres A, B,C,D. 14,1, Ic,Ip are the moment of inertia of these
spheres respectively about an axis passing through centre and
perpendicular to the plane, then

gl

POUUN SUF S SR S S
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Options:

A Iyp>Ig>1Ic>1Ip

B.Ip>1I¢c>1Ip> 14

C.lp=1Ip>Ip=1I¢

D.Iy=Ip<lIp=I¢

Answer: C

Solution:

The four identical uniform solid spheres are shown below. The radius of each sphere is R.

Lets take centre of the system at O.

¢
o | ¢ E ® : e
A B :’ C D
&y O
R :
V)

Then, distance from the centre forrg = rcandr4 = rp
.. Moment of inertial, MyI = Mr?, for each spheres will be I 4, Iz, I and Ip.

Ipo=IpandIg = I¢
Since, rg=1rc<Tgp=Tp
Therefore, I4=1Ip > Ip=1I¢

Question75
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A thin uniform rod AB of mass m and length [ is hinged at one end
A to the ground level. Initially the rod stands vertically and is
allowed to fall freely to the ground in the vertical plane. The angular
velocity of the rod when its end B strikes the ground is ( g =
acceleration due to gravity)

MHT CET 2023 13th May Evening Shift

Options:

A.ﬁ

mg
B. /2

3
L

mg
D. 3l

Answer: C

Solution:

Let the length of the rod AB be [ and mass of the rod be m.

Moment of inertia of the uniform rod about an axis passing through one of its end V' given as,

MI = 2

Rotational kinetic energy, (KE)rod = 3 lw?

Initially the rod is held, vertical, so potential energy of rod is given by (PE); = mg% ( % = COM)
Initial kinetic energy, (KE); = 0

The rod is allowed to fall, when it just touches the ground its potential energy becomes zero, i.e., (PE); = 0
Let, angular velocity of rod at that instant be w, then kinetic energy at that instant is

(KE); = 3 /w?

From conservation of energy,

(KE); + (PE)i = (KE)s + (PE);
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0+ mgt = 1lw?+0
mgl = lw?

mi® 2

LR

Question76

A rigid body rotates with an angular momentum L. If its rotational
kinetic energy is made four times, its angular momentum will
become

MHT CET 2023 13th May Morning Shift
Options:

A.4L

B.16 L

C.v2L

D.2 L

Answer: D

Solution:

Angular momentum,

L = v2KI
K=4K (given)
L=v2x4KI =2V2KI = 2L

Question77

The rotational Kinetic energy and translational kinetic energy of a
rolling body are same, the body is
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Options:
A. disc

B. sphere
C. cylinder
D. ring
Answer: D

Solution:
Translational kinetic energy of a ring is:
KEtms = %mv2

Rotational kinetic energy of the ring is:

KERolling = 512
= %mRQW2
1
KERolling = 5 mv? ( vV = wR)
Question78

A solid cylinder of mass 3 kg is rolling on a horizontal surface with
velocity 4 m/s. It collides with a horizontal spring whose one end is
fixed to rigid support. The force constant of material of spring is

200 N/m. The maximum compression produced in the spring will be
(assume collision between cylinder & spring be elastic)

MHT CET 2023 13th May Morning Shift

Options:
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A.0.7m
B.0.2m
C.05m
D. 0.6 m

Answer: D

Solution:

At maximum compression, the solid cylinder will stop.

So loss in K.E. of cylinder = Gain in P.E. of spring

[
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Question79

A thin wire of length 'L' and uniform linear mass density 'm' is bent
into a circular coil. The moment of inertia of this coil about
tangential axis and in plane of the coil is

MHT CET 2023 12th May Evening Shift

Options:

3 mL?
A. 572
3 mL3
B S
3 mL?
C- 47r2

3 mL>
D T2
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Answer: B

Solution:

Moment of inertia of thin wire:

M2
= —

2
M=vxmand L =27R

L
R=or
I:L_m<£>2

2 2m
I:mL3

82

Using Parallel axis theorem:

I' =1+ MR?

I= n;f; —I—Lm(—ﬂ_)
3mL3

I= 872

Question8(

In P" second, a particle describes angular displacement of '3’ rad.
If it starts from rest, the angular acceleration is

MHT CET 2023 12th May Evening Shift

Options:
B
A &

B
B. -1

28
C. (2P—1)

(28+1)
D. (2P—1)

Answer: C
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Solution:

The equation for the angular displacement of the particle that starts from rest is given as:
B=0+Fa(2P —1)

The angular acceleration of the particle is a = (2?,—/51)

Question81

I; is the moment of inertia of a circular disc about an axis passing
through its centre and perpendicular to the plane of disc. I is its
moment of inertia about an axis AB perpendicular to plane and
parallel to axis CM at a distance % from centre. The ratio of I; and

I>is x : 17. The value of 'z' is (R = radius of the disc)

CI 1A

> J2R/3

M B
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Options:

A.9
B. 12
C. 15
D. 17

Answer: A

Solution:

Using Parallel axis theorem, Iy = I; + Mh?

Foradisc, I} = %M R? and given that, h = %

1 4R?
I, =—=MR?>+M | —
2 2R—|— (9>

IQZ%MR‘Z <1+§> =1 x 1?7
I, 9
L 17

Question82

A thin uniform circular disc of mass 'M' and radius 'R’ is rotating
with angular velocity 'w', in a horizontal plane about an axis passing
through its centre and perpendicular to its plane. Another disc of

same radius but of mass (%) is placed gently on the first disc co-
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axially. The new angular velocity will be

MHT CET 2023 12th May Morning Shift

Options:
A. 2w
B.
C. %w

D. %w
Answer: A

Solution:

Angular momentum = Iw

By conservation of angular momentum, I;w; = Iswo

2 M+M/2 2
Here, I1 = MZR 2 = M M) 3 /)RQZ—MﬁR

MR®>  3MR?

w2

Question83

Two bodies have their moments of inertia I and 21 respectively about
their axis of rotation. If their Kinetic energies of rotation are equal,

their angular momenta will be in the ratio

MHT CET 2023 11th May Evening Shift
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Options:
A.1:2
B.v2:1
C.2:1

D.1:42

Answer: D

Solution:

The equation for angular momentum is

L=4/2Kgy xI

So,Locx/i

The ratio of angular momentum of the two bodies is

L, _ I
L, — I,
LT; =1/9 --.-(givenIy = 2I)
L _ 1
L, — V2
Question84

From a disc of mass 'M"' and radius 'R', a circular hole of diameter '
R' is cut whose rim passes through the centre. The moment of
inertia of the remaining part of the disc about perpendicular axis
passing through the centre is

MHT CET 2023 11th May Evening Shift

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



Options:

13MR?
A. =35

11MR2
B. 32

9MR?
C. 55

7TMR?
D . 32

Answer: A

Solution:

Moment of inertia of disc is given by

Lgise =Ii +Ihoe ----{Ir = M.L of remaining part }

Ir - Idisc - Ihole ----- (1)

. Mdlsc

. 1\/Ihole = 1

. the surface density is same
I _ | MR | MR’
hole = T35~ T T16 | -+ (i11)

Substituting eq (iii) and eq (ii) in eq (i) we get,
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== 32 16

11 1

_ 2\ - _ - _ -

= MR lz 32 16]
13,
= =M
32 MR

Question85

A particle moves along a circular path with decreasing speed. Hence

MHT CET 2023 11th May Morning Shift

Options:

A. its resultant acceleration is towards the centre.

B. it moves in a spiral path with decreasing radius.

C. the direction of angular momentum remains constant.
D. its angular momentum remains constant

Answer: C

Solution:

The direction of angular moment remains constant as the angular momentum is a vector quantity, and its
direction is perpendicular to the plane of motion. As the speed decreases, the linear momentum decreases, but
the angular momentum remains constant due to the conservation of angular momentum.

Question86

Radius of gyration of a thin uniform circular disc about the axis
passing through its centre and perpendicular to its plane is K.
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Radius of gyration of the same disc about a diameter of the disc is
K ;. Theratio K. : K is

MHT CET 2023 11th May Morning Shift
Options:

AV2:1

B.1:v2

C.2:1

D.1:4

Answer: A

Solution:

Let the radius of the disc be R

K _Vi_A\2
Ka % 1
Question87

A disc has mass M and radius R. How much tangential force should
be applied to the rim of the disc, so as to rotate with angular velocity
'w'in time t ?
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Options:

MRw
A. it

MRw
B. 5

MRw
c. M

D. MRwt

Answer: B

Solution:

o _ MR? w
Torque: 7 = Ia = 55 x £

_ MRw
T= "%

Butt=R x F

_ 1 _ MRw
F_R_2t

Question88

What is the moment of inertia of the electron moving in second Bohr
orbit of hydrogen atom? [ h = Planck's constant, m = mass of
electron, g = permittivity of free space, e = charge on electron]

MHT CET 2023 10th May Evening Shift

Options:

4¢2pt
A. 2 . 4

mTeme

8melht

mlet

B.

162h*
mimet

C.
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214
egh
1672me?

D.
Answer: C

Solution:
Moment of Inertia I = MR?2

Radius of the n™ Bohr orbit is,

2
o h’n?
mme?

r, =

Forn = 2,

4eqy h?

Iy = mme?

Moment of inertia of the electron in the 274

4€0h2 2
mme? ]
16e3ht
m2m2et
16e2h

m2me?

M.I zmx{

=m X

orbit is

Question89

Two spheres each of mass 'M' and radius <

R

are connected at the

ends of massless rod of length '2R'. What will be the moment of
inertia of the system about an axis passing through centre of one of
the spheres and perpendicular to the rod?

MHT CET 2023 10th May Evening Shift

Options:
A. MR’

B. 2MR?
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5 2
C. ﬁMR
21 2
D. ?MR
Answer: D

Solution:

From parallel axis theorem,
I, = I + Mh?

Let the moment of inertia of sphere 1 be
I = 2M(2)? + M(2R)?
and,

Let the moment of inertia of sphere 2 be
2 R 2

I = $M(5)

Moment of inertia of the rod I3 = 0

Moment of inertia of the system,

I:II+IQ+I3

2[R\’ , 2[R\’
I=SM(=) +M(2 M=
(3 ) e S (3)

2
= iM<5> + 4AMR?2
50\ 2
1
= £ MR? 4 4MR”
21

= Z_MR?
5

Question90

The moment of inertia of a uniform square plate about an axis

perpendicular to its plane and passing through the centre is M6a2 )

where 'M' is the mass and 'a’ is the side of square plate. Moment of
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inertia of this plate about an axis perpendicular to its plane and
passing through one of its corners is

MHT CET 2023 10th May Evening Shift

Options:
Ma?
Ac 6
2Ma?
B. 3
Ma?
C 5
2Ma?
D. -
Answer: B
Solution:
Ma?2
I~ —
0 6
AB = v/2a2 = /23
AO= "2 _q
V2
I, =1, + Mh?
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B 81\142&‘ - %Maz
Question91

If 'I' is moment of inertia of a thin circular disc about an axis
passing through the tangent of the disc and in the plane of disc. The
moment of inertia of same circular disc about an axis perpendicular
to plane and passing through its centre is

MHT CET 2023 10th May Morning Shift

Options:
A AL

B. 2L
C. 4
D. 2L

Answer: B

Solution:
M. of thin circular disc through the tangent in the plane of the disc is I = %MR2
= MR’ = £1I
M.I. of thin circular disc about an axis perpendicular to plane and passing through its
MR _ () _ 2

centre = T — 5 — ?
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Question92

Seven identical discs each of mass M and radius R are arranged in a
hexagonal plane pattern so as to touch each neighbour disc as shown
in the figure. The moment of inertia of the system of seven discs
about an axis passing through the centre of central disc and normal

to the plane of all discs is

MHT CET 2023 10th May Morning Shift

(X X

Options:

A. I MR’
B. L MR’
C. 2 MR’
D. ¥ MR’

Answer: D
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Solution:

. . 2
M.I of a circular disc = %

Using parallel axis theorem, M.I. about origin I = Iy, + 61
where, I.n = M. I of the central disc
I' = M. I of the each disc about the given axis.

MR2

I= + 6 (Lwm + MD?)

MR?

MR2

_ +6<
o

+ 4MR2) ...(-D=2R)

MR? + SMR? )

55MR2
2

Question93

A particle of mass 'm' is rotating along a circular path of radius 'r'
having angular momentum 'L'. The centripetal force acting on the
particle is given by

MHT CET 2023 10th May Morning Shift
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C ml.?

D. L2

Answer: D

Solution:

Centripetal force = m?r

w:§:nﬁ‘2 ----('.‘L:Iw)
< L >2 mL2r L2
F=m|— ) r= =
mr? m2r4 mr3
Question94

A disc of radius R and thickness % has moment of inertia I about an

axis passing through its centre and perpendicular to its plane. Dise is
melted and recast into a solid sphere. The moment of inertia of a
sphere about its diameter is

MHT CET 2023 9th May Evening Shift

Options:

A.

o~

B.

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



Answer: A

Solution:

M.L of disc, I = 1+ MR ..... (i)

M.L of sphere, Ippere = 3 MR2 . (11)
volume of disc = volume of sphere

. wR2 ( d) = 3nR?

. R} =8R}
. Rs =T ... (iii)

Substitute equation (iii) in equation (ii)

Rq 2 1
Isphere = 3M< 5 ) = E ZMRd
1
5

1/1
= _| —-MR2) =
5(2 Rd)

Question95

... [from (1)]

A square lamina of side '0' has same mass as a disc of radius 'R' the
moment of inertia of the two objects about an axis perpendicular to
the plane and passing through the centre is equal. The ratio % is

MHT CET 2023 9th May Morning Shift

Options:
A.l:1
B.v3:1
C.v/6:1
D.1:+/3

Answer: B
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Solution:

I Mb?
lamina -
6

Idisc = MR2

2
Mb?  MR?
6 2

Given

b2
e
V3

-1

b
R

Question96

A solid sphere rolls without slipping on an inclined plane at an angle
6. The ratio of total kinetic energy to its rotational kinetic energy is

MHT CET 2023 9th May Morning Shift

Options:

A.

|~y

B.

o |

C.

w|~3

D.

NS

Answer: A

Solution:

Moment of Inertia of a solid sphere, I = %MR2

Since there is no slipping,
v = Rw

.. Rotational kinetic energy
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Total kinetic energy

1 1
Eyx = —Tw? + —MV?
K™ 79 2

MV? N MV?
5 2

Dividing (ii) by (i), we get,

By _ (( ”ﬁYz)) _ 1
E.oe Mv2 2

5

Question97

Two discs of same mass and same thickness (t) are made from two
different materials of densities 'd;' and 'd>' respectively. The ratio of
the moment of inertia I, to I, of two discs about an axis passing
through the centre and perpendicular to the plane of disc is

MHT CET 2023 9th May Morning Shift

Options:
A.d; :dy
B.ds : d;
C.1:did>
D.1:d%d,

Answer: B
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Solution:

The ratio of moments of inertia of two discs of the same mass and same thickness but of different densities is

givenby% = g_i - Z_?
Question98

The moment of inertia of a thin uniform rod of mass 'M' and length
'L' about an axis passing through a point at a distance % from one
of its ends and perpendicular to the length of the rod is

MHT CET 2021 24th September Evening Shift

Options:

ML?
A. 48

7ML
B. 18

5ML>
C. 15

9ML2
Do 48

Answer: B
Solution:

The moment of inertia of the rod about an axis passing through the centre and perpendicular to its length is
given by

_ ML?
I = 12

A point at a distance % from its end will also be at a distance % from the centre.

Hence by parallel axis theorem,

L2 ML?2 ML?2 7ML2
I=Tp+M(7) =5 + 15 = 5
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Question99

Two identical particles each of mass 'm' are separated by a distance
'd'. The axis of rotation passes through the midpoint of 'd' and is
perpendicular to the length d. If 'K" is the average rotational kinetic
energy of the system, then the angular frequency is

MHT CET 2021 24th September Morning Shift

Options:

A2d/E
4 [x
B.? E
> K
C'_d\/E

D.4\/F

Answer: C

Solution:

. . 2 2
Moment of inertia I = 2 m(%) — mg

Kinetic energy k = %Iw2

2k 2 4k
W' = I =2k md? - md?
2 [k
=3V m
Question100

A body of mass 'm' and radius of gyration 'K' has an angular
momentum L. Its angular velocity is
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Options:

A K

2
mL

B.mK? L

mK?
c. =K

D. L

mK?

Answer: D

Solution:

L = Iw = mk’w
L

mk?2

SowW =

Question101

The moment of inertia of a body about the given axis, rotating with
angular velocity 1 rad/s is numerically equal to 'P' times its
rotational Kinetic energy. The value of 'P' is

MHT CET 2021 23rd September Evening Shift

Options:
1
Al g
1
B. 3
C.2

D. 1
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Answer: C

Solution:

The angular velocity

w=1rad/s
I=P. (%Iaﬂ)
1 —p. L.
2
P=2
Question102

Two circular loops P and Q are made from a uniform wire. The radii

of P and Q are R; and R respectively. The momentsw of inertia

about their own axis are Ip and I respectively. If %—g = % then PR{—f is

MHT CET 2021 23rd September Evening Shift

Options:
A. 4

B.3

C.2

D.5
Answer: C

Solution:

To solve this problem, let's start by understanding how the moment of inertia works for a circular loop. For a
circular loop made from a uniform wire of radius R and mass M, the moment of inertia about its own axis
can be given by:

I=MR?

Given two loops P and Q with radii R; and R, respectively, and their moments of inertia Ip and I, we have
the following relationship:
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8

et | =
&

Using the formula for the moment of inertia, we can write:
Ip = M, R?
Io = MyR2

Since the loops are made of the same uniform wire, the mass (which is proportional to the length of the wire
used) will be different for different radii. The mass of a loop is proportional to the circumference so:

M; x 27R,

Ms x 27 R>

We can express the masses in terms of a common unit length mass A:
M, = X\(27R;)

My = X\(27R»)

Substitute these into the moments of inertia:

Ip = A(2nR1)R? = 2mAR?

Io = AM(2mR3)R; = 2TAR}

Using the given ratio:

Ip _ 2mAR} R}

Ip, — 2m\R} ~ R}

Given that:
R _ 1
RS — B

We take the cube root of both sides:

R _ 31
Ry 8

Simplify the cube root:

R _ 1
Ry — 2
Therefore:
Ry _

®, = 2

So the correct answer is Option C: 2.

Question103

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



A metre scale is supported on a wedge at its centre of gravity. A body
of weight 'w'. is suspended from the 20 cm mark and another weight
of 25 gram is suspended from 74 cm mark balance it and the metre
scale remains perfectly horizontal. Neglecting the weight of the
metre scale, the weight of the body is

MHT CET 2021 23rd September Evening Shift
Options:

A. 20 gram-wt

B. 15 gram-wt

C. 33 gram-wt

D. 30 gram-wt

Answer: A

Solution:

2 em 3 em » 24 cm

Taking moments about the centre of the scale we get

W x 30 = 25 x 24
25 %24

30

=20g—wt

Question104

A body of mass 'm' and radius of gyration 'K' has an angular
momentum 'L'. Then its angular velocity is
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Options:

A, L

B mK?

K2
C. 1

D. mK? L

Answer: A

Solution:

To determine the angular velocity of a body with a given mass 'm', radius of gyration 'K', and angular
momentum 'L', we need to use the relationship between these quantities. The moment of inertia 'T' of the body
is given by:

I=mK?

Angular momentum 'L' is also related to the moment of inertia 'I' and angular velocity 'o' by the following
equation:

L=1Iw
Substituting the expression for 'I' into the equation for 'L' gives:
L=(mK*w

To solve for the angular velocity '®', we can rearrange this equation:

L

w:sz

Therefore, the correct option for the angular velocity is:

Option A

L
mK?

Question105

A molecule consists of two atoms each of mass 'm' and separated by
a distance 'd'. At room temperature, if the average rotational kinetic
energy is 'E' then the angular frequency is
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Options:

2 |/ E
d m

B.4VE

Ed
Covfm

A.

m
D. m

Answer: A

Solution:

To determine the angular frequency of a molecule consisting of two atoms, we need to use the concept of
rotational kinetic energy. The average rotational kinetic energy of a diatomic molecule at room temperature is
given by:

E = ;Iu’

Here, E is the average rotational kinetic energy, I is the moment of inertia, and w is the angular frequency.
The moment of inertia for the system can be calculated using the formula:

I = pd?

where p is the reduced mass of the two-atom system and d is the separation distance. For two atoms of mass
m, the reduced mass p is given by:

H m-+m 2m 2

Thus, the moment of inertia becomes:
_ m g2

I=%24d

Substituting I back into the rotational kinetic energy equation, we get:
_ 1 2\, 2

E=3(5d)w

Simplifying this, we obtain:

_ md?
E= 4

To solve for the angular frequency w, we rearrange the equation:

2 _ 4E
md?

w
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Taking the square root of both sides, we find:

4F
md?

w =

Which simplifies to:

_2 [E
W=y m

Thus, the correct answer is:

Option A: ldw / %

Question106

Three solid spheres each of mass 'M' and radius 'R' are arranged as
shown in the figure. The moment of inertia of the system about YY'

will be
Y

Y’

MHT CET 2021 23th September Morning Shift

Options:
16 2
A. MR

B. 2L MR?
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C. MR’
11 2
D. ?MR
Answer: A
Solution:

Moment of inertia of the upper sphere = %MR2
For each lower sphere M.I. = %MR2 +MR? = %MR2

.". Total moment of inertia I = %MR2 + 2 x %MR2 - ITGMRQ

Question107

Q R

Figure shows triangular lamina which can rotate about different
axes moment of inertia is maximum, about the axis

MHT CET 2021 23th September Morning Shift
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Options:
A.PR

B. QS
C.QR

D. PQ
Answer: C

Solution:

The moment of inertia is given by
I=% mr?

If the distance of particles from the axis of rotation is larger, then the moment of inertia will be larger. For
axis QR, the particles will be situated at greater distances and hence the moment of inertia will be greater.

Question108

%
A particle with position Vector?has a linear momentum P. Which

one of the following statements is true in respect of its angular
momentum 'L' about the origin?

MHT CET 2021 22th September Evening Shift
Options:

— —
A. L acts along P.

. . . : —

B. L is maximum when P is perpendicular to r.

%
C. L acts along?

: : =
D. L is maximum when P and r are parallel.

Answer: B
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Solution:

e P
The angular momentum of the particle is given by L = r' x p

Its magnitude is L = rp sin 6

L will be maximum when 6 = 90°.

Question109

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

MHT CET 2021 22th September Evening Shift

Options:

K
A K

B.2K
C.4K

K
D. v
Answer: A

Solution:

To answer this question, we need to understand the relationship between moment of inertia, angular
momentum, and kinetic energy in the context of rotational motion. The conservation of angular momentum
plays a crucial role in this problem.

First, we know that the angular momentum (L) is conserved when there is no external torque acting on the
system. Angular momentum can be defined as the product of the moment of inertia (I) and the angular
velocity (o), given by the formula:

L=1w

Given in the question, when the child stretches his arms out, the moment of inertia of the system becomes
double. If we let the initial moment of inertia be I, then the final moment of inertia after the child stretches
his arms becomes 21.
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Since angular momentum is conserved and initially, the system had a certain angular momentum L = Iw,
after the change, it still maintains the same angular momentum, now with the new moment of inertia, leading
to a new angular velocity w’ such that:

L=1w=2IJ

From this equation, we solve for w' to find that:
!/ W

w =3

This indicates that the angular velocity is halved when the moment of inertia is doubled.

The kinetic energy (K) of a rotating body is given by:

Initially, the kinetic energy is:
K = 3Iu*

After the moment of inertia is doubled and the angular velocity is halved:

K'=§(2D)(%)°

1 w?
K'=1.21.%
1 1
K’:51w2-5
_ 1
K'=1K

Therefore, the kinetic energy of the system after the child stretches his arms out, resulting in the moment of
inertia becoming double, is &-.

The correct answer is Option A %

Question110

Two rings of radius 'R' and 'nR' made of same material have the
ratio of moment of inertia about an axis passing through its centre
and perpendicular to the plane is 1 : 8. The value of 'n' is (mass per
unit length = )\)

MHT CET 2021 22th September Evening Shift
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Options:

A.2
B. 4

C.1
D.3

Answer: A

Solution:

To find the value of n given the two rings of radius 'R' and 'nR' and knowing that the ratio of their moments
of inertia is 1 : 8, we first establish the formula for the moment of inertia of a ring about an axis passing
through its centre and perpendicular to the plane of the ring.

The moment of inertia (/) of a ring about an axis passing through its centre and perpendicular to the plane of
the ring is given by the formula:

I =mR?

where m is the mass of the ring and R is its radius.

Given the mass per unit length A, the mass of the first ring with radius R can be expressed as:
mi = A 27R

The moment of inertia of the first ring, therefore, is:

I, = (\-27R) - R? = 2nAR3

The second ring has a radius of nR. Therefore, its mass my is:
my = A - 2m(nR)

And the moment of inertia of the second ring is:

I, = (\-27(nR)) - (nR)? = 2rAn3R3

It's given that the ratio of their moments of inertia is 1 : 8, so:

L1

I, — 3
Substituting the expressions for I; and I, we get:

2TAR? 1

2mAnPRS 8

Simplifying this expression, we see that m, A, and R? cancel out, leaving us with:
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Solving for n, we find:

nd=8

Taking the cube root of both sides gives us:
n =2

Therefore, the value of n is 2, which corresponds to Option A.

Question111

Two rotating bodies P and () of masses 'm' and '2 m' with moment
of inertia Ip and I (I > Ip) have equal Kinetic energy of rotation.
If Lp and Lg be their angular momenta respectively then

MHT CET 2021 22th September Morning Shift

Options:
A.Lqg=0
B.Lg =Lp
C.Lg <Lp
D.Lg > Lp

Answer: D

Solution:

Here's a step-by-step explanation to determine the relationship between the angular momenta of the two
rotating bodies:

Understanding the Concepts

e Rotational Kinetic Energy: The kinetic energy of a rotating body is given by:

K.E.= 3Iu?
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where:

e [ is the moment of inertia

e w is the angular velocity

e Angular Momentum: The angular momentum of a rotating body is given by:
L=1Iw
Analyzing the Problem

1. Equal Kinetic Energy: The problem states that the kinetic energies of the two bodies are equal:

o=

2 _ 1 2
I pw P= EI QwQ
1. Moment of Inertia Relationship: We are given that I > Ip.

2. Solving for Angular Velocities: From the equal kinetic energy equation, we can see that:

2 _ Ip, 2
wo = ToWp

Since I > Ip, this implies wy, < w}, and therefore wg < wp.
1. Comparing Angular Momenta: Now let's compare the angular momenta:
o Lp=1Ipwp
e Lg=Igwq

Since Iy > Ip and wg < wp, the overall effect is that Ly > Lp.

Conclusion

Therefore, the correct answer is Option D: Ly > Lp.

Question112

A solid sphere of mass 'M"' and radius 'R’ is rotating about its
diameter. A solid cylinder of same mass and same radius is also
rotating about its geometrical axis with an angular speet twice that
of the sphere. The ratio of the kinetic energy of rotation of the
sphere to that of the cylinder is

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



MHT CET 2021 22th September Morning Shift

Options:
A.2:3
B.1:5
C.1:4
D.3:1
Answer: B
Solution:

To find the ratio of the kinetic energy of rotation of the sphere to that of the cylinder, we need to use the
formulas for the rotational kinetic energy and the moments of inertia for both shapes.

The kinetic energy of rotation is given by:

KE = 1w

where [ is the moment of inertia and w is the angular speed.

For a solid sphere rotating about its diameter, the moment of inertia is:

Igphee = 2 MR?

For a solid cylinder rotating about its geometrical axis, the moment of inertia is:
Iyinge = v MR?

Given that the angular speed of the cylinder is twice that of the sphere, if we let the angular speed of the
sphere be wphere = w, then the angular speed of the cylinder will be weyjinger = 2w.

Now, we can write the rotational kinetic energies:
For the sphere:
KBy = e o = 3 (AMRY)o? = L MR

For the cylinder:

KEcylinder = %Icylinder (2(4))2 = %(%MR2) (2(.0)2 = %(%MR2)4U)2 = MR2w2
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So, the ratio of the kinetic energy of rotation of the sphere to that of the cylinder is:

o %MRQOJ2 1
cylinder - MR2w2 — 5

E sphere

) K
Ratio = &%

Therefore, the correct answer is:

OptionB:1:5

Question113

A particle performs rotational motion with an angular momentum
'L'. If frequency of rotation is doubled and its kinetic energy
becomes one fourth, the angular momentum becomes.

MHT CET 2021 21th September Evening Shift

Options:
A.L

B.

|

L
c.L

D.

|

Answer: C

Solution:

Kinetic energy k = %I w

. K2 . Igwg . 1 . ]:2 4 . IQ . 1
'K, Lo T4 T L 16
Lz Iza)2 1 1
Ll Ilwl 16 8
L
S Lo = ?1
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Question114

Y I

\%

vl

Three rings each of mass 'M' and radius 'R' are arranged as shown
in the figure. The moment of inertia of system about axis YY' will be

MHT CET 2021 21th September Evening Shift

Options:
A. 5 MR?
B. £ MR?

C. 2 MR?

rojoo

D. 3 MR?

Answer: B
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Solution:

The moment of inertia of the upper ring about its diameter is given by

_ MR?
I, = 5

The moment of inertia of the two lower rings about a tangent in their plane is given by
I, = I3 = $MR?
Total moment of inertia

=L+L+1I3

= ME | 3MR? + $MR? = IMR?

Question115

The moment of inertia of a circular disc of radius 2 m and mass 1 kg
about an axis XY passing through its centre of mass and

perpendicular to the plane of the disc is 2 kg m”. The moment of
inertia about an axis parallel to the axis XY and passing through the
edge of the disc is

MHT CET 2021 21th September Morning Shift

Options:

A. 6 kg m°
B. 4 kg m?
C.10 kg m”

D.8 kg m®

Answer: A

Solution:
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Step 1: Use the parallel axis theorem

The parallel axis theorem states that the moment of inertia about any axis (I) is the
moment of inertia about a parallel axis through the center of mass (I,) plus the
product of the mass (M) and the square of the distance between the two axes {llz:l.
The distance between the center of the disc and its edge is the radius (R).

I=1I,,+Md =1, +MR’
Step 2: Substitute the given values

The given values are:
e I, =2kgm’

« M=1kg

* R=2m

Substitute these values into the equation:
I=2kgm”+ (1kg)2m)
I=2kgm?+ (1kg)4m?)
I=2kgm?+4kgm’
I=6kgm’

Answer:

(A) 6 kg m?

Question116

The moment of inertia of a body about a given axis is 1.2 kg/m?.
Initially the body is at rest. In order to produce rotational Kinetic
energy of 1500 J, an angular acceleration of 25rad /s must be
applied about an axis for a time duration of

MHT CET 2021 21th September Morning Shift

Options:
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A.8s
B.2s
C.4s
D.1s

Answer: B

Solution:

I=12kg—m? K.E. =1500J,a = 25rad/s?

1 2
KE. = -1
2 w

1 2
.. 1500 = 3 X 1.2 X w

L2 2x 1500
T 1.2
w=wy+ at
S.50=0+25t =25t ..t=2s

= 2500 .. w = >50rad/s

Question117

A disc of radius 0.4 metre and mass 1 kg rotates about an axis
passing through its centre and perpendicular to its plane. The
angular acceleration is 10 rad s 2. The tangential force applied to

the rim of the disc is

MHT CET 2021 20th September Evening Shift

Options:
A.2N
B. 3N
C.4N
D. 5N

Answer: A
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Solution:

R=04m,M = 1kg,a =10rad/s?

[=2 - DO 08 kg m?

Torque, 7 = I = 0.08 X 10 = 0.8 N —m
Also, 7= FR

_ 7 _ 038 _
OI'F—E—M =2N

Question118

The ratio of radii of gyration of a circular ring and circular disc of
the same mass and radius, about an axis passing through their
centres and perpendicular to their planes is

MHT CET 2021 20th September Evening Shift

Options:
A1:+/2
B.2:1
C.vV2:1
D.3:2

Answer: C

Solution:
I = MK?
Foraring, MR?>=MK? - K,=R

. 2
Foradisec, XX =MK3 . K;=-2Z

R
LAY,
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Question119

A solid sphere of mass M, radius R has moment of inertia 'I' about

its diameter. It is recast into a disc of thickness 't' whose moment of
inertia about an axis passing through its edge and perpendicular to
its plane remains 'I'. Radius of the disc will be

MHT CET 2021 20th September Morning Shift

Options:

AR
A-m

3R
B.

2R
C.\/E

2R
D. 2
Answer: C
Solution:

Moment of inertia of the solid sphere I = 2MR?

Moment of inertia of the disc about an axis passing through its edge and perpendicular to the plane is given

by
/ MR/2 12 3 12
I = +MR? = EMR
3 2
I/ :I . _M 2 — _M 2
g R - R
4 2
R =—R? R =——R
15 V15
Question120

Two bodies rotate with Kinetic energies 'E;' and 'E,'. Moments of

inertia about their axis of rotation are 'I;' and 'l'. If I; = %2 and E;
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=27 E,, then the ratio of angular momenta 'L' to 'Ly' is

MHT CET 2021 20th September Morning Shift
Options:

A.1:3

B.3:1

C.1:1

D.2:1

Answer: B

Solution:

1
—Lw3 = 5 30 cwi [0 I = 3L

Question121

A disc of radius 0.4 m and mass one kg rotates about an axis passing
through its centre and perpendicular to its plane. The angular
acceleration of the disc is 10 rad/s2. The tangential force applied to
the rim of the disc is
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Options:
A.4N
B.1N
C.2N
D.8N
Answer: C

Solution:

R=0.4m,M = 1kg,a = 10rad/s?

Moment of inertia I = M2R2 = 1X(g'4)2 = 0’—216 = 0.08 kg m?
Torque
7=RF =Ia
I 0.08 x 10
" F=—=—_=2N
o R 0.4
Question122

Three points masses, each of mass m are placed at the corners of an
equilateral triangle of side /. The moment of inertia of the system

about an axis passing through one of the vertices and parallel to the
side joining other two vertices, will be

MHT CET 2020 19th October Evening Shift

Options:
A. %mﬁ
1,02

C. %méQ
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D. %mEQ
Answer: C

Solution:

The given situation is as shown below

- X

m M

— 172 x—I1/2

A

We have to find the moment of inertia about axis X X'.

The distance of line X X' from base of triangle is

12 V3I
d=\/I*—F =5

.". Moment of inertia, due to each mass,

V3 2 V3 2
I:mXO—I—m(TI> +m(7I>

3ml? 3ml?
4 + 4

6ml? B 3ml?
4 2

Question123

A rope is wound around a solid cylinder of mass 1 kg and radius 0.4
m . What is the angular acceleration of cylinder, if the rope is pulled
with a force of 25 N ? (Cylinder is rotating about its own axis.)
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Options:

A. 125 rad/s?
B. 10 rad/s?
C. 1rad/s?
D. 50 rad /s>

Answer: A

Solution:

Consider the free body diagram shown below,

The torque about centre of cylinder,
T=Fxr=25x04=10Nm

The relation between angular acceleration ( ) and torque (7) is given as
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— ]W;Z a ( for solid cylinder, I = ME? )
10 = “(2—0'4)204 =a= 1251‘ad/s2
Question124

Two circular loop A and B of radii R and NV R respectively are made
from a uniform wire. Moment of inertia of B about its axis is 3 times
that of A about its axis. The value of IV is

MHT CET 2020 19th October Evening Shift

Options:

Answer: C

Solution:

Given,ry = Randrg = NR

Mass of wire A,m4 = 27rap = 27Rp

Mass of wire B,mp = 27nrgp = 2rNRp = Nmy4

The moment of inertia of a circular loop is

I =mr?

Here, Ip =3Iy

mBr% =3 x mAri

= Nmy(NR)? = 3m4(R)?
= N323orN:(3)1/3
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Question125

A body slides down a smooth inclined plane having angle 6 and
reaches the bottom with velocity v. If a body is a sphere, then its
linear velocity at the bottom of the plane is

MHT CET 2020 16th October Evening Shift

Options:
9
A. 7’0
5
B. 7’0
C %v
3
D. ?'U
Answer: B
Solution:

The linear velocity of the body, v = \/ ﬂ

The velocity of the sphere about its centre,

2gh v :
VceM = = (1)
Vi g

For uniform solid sphere,

K? _ 2

R 5

Substituting value in Eq. (i), we get

v 5
veM = ———— =4/ v

1+(3)

Question126
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A thin uniform rod has mass M and length L The moment of inertia
about an axis perpendicular to it and passing through the point at a
distance % from one of its ends, will be

MHT CET 2020 16th October Evening Shift

Options:

ML?
AL 53

B. £ ML?

ML?
C. 9

ML?
D. M

Answer: C

Solution:

Consider the figure shown below

| I
| )

g e
i 1
| )
| !
1 I
] 1
l I
1 I
| I
L i I
Fad ral 0
N 3 >l\ d “
i I

A point at a distance % from one end is at a distance of d = % — % = % from the centre of rod.

The moment of inertia of rod about an axis passing through centre and perpendicular to it is

ML?
I = 12

Using parallel axis theorem,

I;=1I.+ Md?
ML2 2 2
_ Y L\* _ ML
12 6 9
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Question127

The ratio of radii of gyration of a ring to a disc (both circular) of
same radii and mass, about a tangential axis perpendicular to the
plane is

MHT CET 2020 16th October Evening Shift

Options:
A.
B.

C.

D.

s S T S

Answer: D

Solution:

The radius of gyration is given by

| 1

Moment of inertia of ring about tangential axis is calculated by parallel axis theorem,
Ling =I.+ MR?>=MR?+ MR? =2MR?

Similarly,

3
Ijye =1I.+MR?= MR2 + MR? = MR2

rmg rmg 2MR2 . 2
KdlSC IdlSC MR2

Question128

If there is a change of angular momentum from 1j-s to 4j-s in 4 s,
then the torque
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Options:
A (3)3
B. (4)7
C.1J

D. (4)3

Answer: B

Solution:

The torque (7) can be found by using the relation between torque and the rate of change of angular
momentum. This relationship is given by:

_ AL
T = At
where

e AL is the change in angular momentum,
e At is the change in time.

In this case, the change in angular momentum (AL) from 1js to 4js is :
AL =4js—1js=3js
And the change in time (At) is 4s.

Therefore, the torque can be calculated as:

_ 3js _ 3
T = —ZJ

Thus, the correct answer is Option B, (%) J.

Question129

A solid cylinder of radius r and mass M rolls down an inclined plane
of height h. When it reaches the bottom of the plane, then its
rotational Kinetic energy is (g = acceleration due to gravity)
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Options:

Mgh
A Mt

Mgh
B. Mgh

C. Mgh

Mgh
D, Mgk

Answer: D

Solution:

When the solid cylinder reaches the bottom of the plane, its rotational kinetic energy is given by

_ 1,2
K,,.—fw

As, I=MEK?andw= V;TM

= K= 30k (3)° = 3 ()

At bottom, velocity, vom =

Also, for solid cylinder, lk%—z = %

. _ 1 2gh 1\ _ 4Mgh _ Mgh
oKy = EM{(H%)] (5) — T4x3 T T3

Question130

A rod [ m long is acted upon by a couple as shown in the figure. The
moment of couple is 7 Nm. If the force at each end of the rod, then
magnitude of each force is

(sin30° = cos 60° = 0.5)
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Options:

2
C.2r

2
D. =
Answer: C

Solution:

Length of rod =1
Moment of couple,

7= Flsin0
T T B

~ Isin®  1sin30° ] x 1

Force, F = 2—;

Question131
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A solid sphere rolls down from top of inclined plane, 7 m high,
without slipping. Its linear speed at the foot of plane is

(9 =10m/s?)
MHT CET 2019 3rd May Morning Shift

Options:

A. /70 m/s

B. /152 m/s

C.y/ &l m/s

D. /100 m/s
Answer: D

Solution:

Given, height of inclined plane, h = 7 m
g=10m/s?

By conservation of energy,

Potential energy lost by the solid sphere in rolling down the inclined plane = Kinetic energy gained by the

sphere.
1, 2
mgh = 3™ + Elw
1 1 2 5 (V)2
=g’ ymB ()
1 1
= Emv2 + gva
mgh = 1—0mv2
2 10
79

10
v—\/—gh \/7><10><7:\/10()m/s

Question132
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Three identical rods each of mass ' M/ ' and length ' L ' are joined to
form a symbol ' H. The moment of inertia of the system about one of

the sides of ' H ' is
MHT CET 2019 2nd May Evening Shift

Options:

Answer: D

Solution:

The given situation can be shown as

< ® ® —<
R;
L L L
A 9
R, R;
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Let us take the moment of inertia of the system about rod R then total moment of inertia is
IT:I1+IQ+I3 (1)
Forrod Ry,I; =0

For rod R, using perpendicular axis theorem,

ML?
I, = =

For rod R3, using parallel axis theorem,
Ig = ICM + I(atL) =0+ ML2 = ML2
Now, putting the values of I, I and I3 in Eq. (i), we get

Ir=0+ M2 4 ML? = [p = ML

Question133

Three point masses each of mass ' m ' are kept at the corners of an
equilateral triangle of side. The system rotates about the center of

the triangle without any change in the separation of masses during
rotation. The period of rotation is directly proportional to

(cos 30° = sin60° = @)

MHT CET 2019 2nd May Evening Shift
Options:

A.VL

B. L3/2

C.L

D. L2

Answer: A

Solution:

The situation can be shown below,
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where, O is the centroid of equivalent triangle.

The length AO can be found by

AO = \/OD? + AD?

¢(§BD)2+ADQ@X(§L)Z§

1 L? L
=4 —=L2+ — = —

12 4 V3
The moment of inertia about O is given by
I=MR?

( L )2 mL? ,

=mx |— | = e (1)
V3 3

According to law of conservation of angular momentum,

Iw = constant

I><27r tant
— = constan
T

= Tl
From Eq. (i), we get

T o L?

Question134
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When a 12000 joule of work is done on a flywheel, its frequency of
rotation increases from 10 Hz to 20 Hz . The moment of inertia of
flywheel about its axis of rotation is (7* = 10)

MHT CET 2019 2nd May Evening Shift

Options:
A.1kgm?

B. 2 kgm?

C. 1.688 kgm®

D.1.5 kgm2

Answer: B

Solution:

Given, work done, W = 12000 J,
Initial frequency, f; = 10 Hz
and final frequency, fo = 20 Hz

Angular velocity for rotational motion is given by

w=27f
wy = 27ty = 27 x 10 = 20nrad/s
and wy = 27fy = 27 x 20 = 407rad/s

According to work-energy theorem,

work done in rotation = change in rotational kinetic energy

1 1 1
= W = Elwg — Elw% KErotational = 5/(.02

1 .
where, I = moment of inertia of the flywheel.

Substituting given values in Eq. (i), we get
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1
12000 = 1 (16007° — 4007°)

= = %l(1200 x10) [ 7® = 10]

~ 12000 x 2

=2kg m’
12000

Question135

A rigid body is rotating with angular velocity ' w ' about an axis of
rotation. Let v ' be the linear velocity of particle which is at
perpendicular distance ' 7 ' from the axis of rotation. Then the
relation v = rw ' implies that

MHT CET 2019 2nd May Evening Shift

Options:

A. w does not depend on r

1

B.woc;

Cwxr
D.w=0
Answer: A

Solution:

Using the given relation,
vV =Tw

If the perpendicular distance r from the axis of rotation is increased or decreased, then the value of linear
velocity v accordingly increases or decreases. Thus, the value of angular velocity w does not depend on 7.

Question136

If radius of the solid sphere is doubled by keeping its mass constant,
the ratio of their moment of inertia about any of its diameter is
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Options:
A.1:8
B.2:5
C.2:3
D.1:4

Answer: D

Solution:

Key Idea Moment of inertia of a solid sphere about its diameter is given as, I = %M R?, where M and R are
the mass and radius of the sphere, respectively.

Moment of inertia of a solid sphere about its diameter is I = %M R? ..()
As the radius of a solid sphere is doubled then the new moment of inertia of the sphere will be
I'=2M(2R)?> = S MR* .. (ii)
From Egs. (i) and (ii), we get
I _ 3MR® _ ;4

— ___14
/I T 8 — — .
I L MR? 4

The ratio of their moment of inertia about any of its diameter is 1 : 4.

Question137

A uniform rod of length ' 6 L' and mass ' 8 m ' is pivoted at its
centre ' C''. Two masses ' m ' and ' 2m’ with speed 2v, v as shown
strikes the rod and stick to the rod. Initially the rod is at rest. Due to
impact, if it rotates with angular velocity ' w ' then ' w ' will be
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2 m

vV < 2L >
C |
e 2V
L C
m
MHT CET 2019 2nd May Morning Shift
Options:
A
B. zero
C. 3%
D. 3¢
Answer: A
Solution:
A rod of length 6L and mass 8 m is given in figure,
2Zm
V
€ 2 L >
L & &
——L—— 7V
C
m

When two masses strike the rod, then angular momentum imparted to rod,

L, + Ly =2mu(L) + m(2v)(2L)
= 6muL

Now, after striking of masses to rod the angular momentum of complete rod about the centre C,
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Ly =10 ...(»1)
where, w = angular velocity of the rod
and I = moment of inertia of the rod.

The moment of inertia of rod

_ MI? _ 8m(6L)%2 2
I= 5 = — 15 = 24mL

o.M =8mand I = 6L (given)

Now, moment of inertia of two masses after the striking to I rod

I, =2m(L)? = 2mL?
and Iy = m(2L)? = 4mL?
.". The net moment of the inertia about the centre of rod,

I =24mL? +2mL? + 4mL?
= J=30mL>

By putting this value in Eq. (i), we get
Lioqa =30MLw

From the law of conservation of angular momentum,

Ll + L2 - Lrod

= 6muL = 30mL3%w
= w = L
5L

Hence, the anguler velocity of the rod is = .

Question138

A thin metal wire of length 'L' and uniform linear mass density 'p' is
bent into a circular coil with 'O' as centre. the moment of inertia of a

coil about the axis XX' is

X
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Options:

3pL?®
A. 82

pL?
B . 471'2

3pL?
C. 472

pL?
82

D.

Answer: A

Solution:

Key Idea Moment of inertia of a thin circular coil about its diameter,

_ MR?
I = 2

Moment of inertia of a thin circular coil,

_ MR?
I= 2

Now, moment of inertia of a ring about axis X X' as in figure below,

X

Inw = ME 4 MR? = 3MR? .. (i)
(Using theorem of parallel axis)

Given, L = length of wire of ring

and p = linear mass density

Then, mass of the ring = linear density x length

=  M=pL ..(ii)

and L =27R
= R=-L . (i)
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Now, putting the value from Egs. (ii) and (iii) in (i), we get

3pL3
82

Ly =3(L)L =

Hence, option a is correct.

Question139

The dimensions of torque are same as that of

MHT CET 2019 2nd May Morning Shift

Options:

A. moment of force
B. pressure.

C. acceleration

D. impulse
Answer: A

Solution:

Torque is expressed as,
T = force (F') x perpendicular distance (r)
So,

[7] = [F] x [r] = [MLT 2] [L]
- [ML2 T’2]

Now, the dimension of moment of force = force x distance = [MLT %] x [L'] = [ML*T 2|

(b) Dimension of pressure = Force x [ Area |2
= [MLT] x [L7%] = [ML~' T
(c) Dimension of acceleration = [M LT 2]

(d) Dimension of impulse = [ Force | x [ time |
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= [MLT?] [T!] = MLT

As, the torque has dimension [ML2 T_2] , which is correctly matched by the dimensions of moment of force.

So, option (a) is correct.
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