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SYLLABUS : Rotational Motion-2 : Moment of inertia, radius of gyration,
(values of moments of inertia simple geometrical objects)

Max. Marks : 120

Time : 60 min.

GENERAL INSTRUCTIONS
The Daily Practice Problem Sheet contains 30 MCQ's. For each question only one option is correct. Darken the correct

circle/ bubble in the Response Grid provided on each page.

You have to evaluate your Response Grids yourself with the help of solution booklet.

Each correct answer will get you 4 marks and 1 mark shall be deduced for each incorrect answer. No mark will be given/
deducted if no bubble is filled. Keep a timer in front of you and stop immediately at the end of 60 min.

The sheet follows a particular syllabus. Do not attempt the sheet before you have completed your preparation for that
syllabus. Refer syllabus sheet in the starting of the book for the syllabus of all the DPP sheets.

After completing the sheet check your answers with the solution booklet and complete the Result Grid. Finally spend time
to analyse your performance and revise the areas which emerge out as weak in your evaluation.

DIRECTIONS (Q.1-Q.21) : There are 21 multiple choice
questions. Each question has 4 choices (a), (b), (c) and (d), out
of which ONLY ONE choice is correct.

Q.1

Q.2

Q.3

Five particles of mass 2 kg are attached to the rim of a
circular disc of radius 0.1 m & negligible mass. Moment
of inertia of the system about an axis passing through the
centre of the disc & perpendicular to its plane is

(a) lkg-m? (b)0.1kg-m? (c) 2 kg-m? (d) 0.2kg-m?
Two discs of the same material and thickness have radii 0.2
m and 0.6 m. Their moments of inertia about their axes will
be in the ratio of

(a) 1:81 (b) 1:27 (¢) 1:9 (d 1:3

A cylinder of 500 g and radius 10 cm has moment of inertia
(about its natural axis)

(b) 2 x 1073 kg—m?
(d) 3.5 x 1073 kg-m?

(@) 2.5x 1073 kg—m?
(¢) 5x1073 kg-m?

4 A constant torque of 31.4 N—m is exerted on a pivoted

Q.5

wheel. If angular acceleration of wheel is 4z rad/sec?, then
the moment of inertia of the wheel is

(a) 2.5kg-m? (b) 2.5kg—m?

(c) 4.5kg-m? (d) 5.5kg—m?

From a uniform wire, two circular loops are made (i) P of
radius r and (ii) Q of radius nr. If the moment of inertia of
loop Q about an axis passing through its centre and
perpendicular to its plane is 8 times that of P about a similar
axis, the value of #n is (diameter of the wire is very much
smaller than r or nr)
(a) 8

(c) 4

(b) 6
@) 2
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Q.6 The moment of inertia of a sphere of mass M and radius R

about an axispassing through itscentreis %MR2 . The radius

of gyration of the sphere about a parallel axis to the above

and tangent to the sphere is
7 3 7 3
@ sk B R (@ J;R (d) J;

Q.7 Four particles each of mass m are placed at the corners of
a square of side length ¢. The radius of gyration of the
system about an axis perpendicular to the square and
passing through its centre is

@75 O35 © @

Q.8 The radius of gyration of a disc of mass 50 g and radius 2.5
cm, about an axis passing through its centre of gravity and
perpendicular to the plane is
(a) 052 cm (b) 1.76 cm (¢) 3.54 cm (d) 6.54 cm

Q.9 Moment of inertia of a ring of mass m = 3 gm and radius
r=1 cmabout an axis passing through its edge and parallel
to its natural axis is
(@) 10 gm—cm? (b) 100 gm—cm?

(c) 6 gm—cm? (d) 1gm-cm?

Q.10 A disc is of mass M and radius r. The moment of inertia of
it about an axis tangential to its edge and in plane of the
disc or parallel to its diameter is

R

Mr? ) Mr?
(b) M- @ M

Q.11 Two spheres each of mass M and radius R/2 are connected
with a massless rod of length 2R as shown in the figure.
M

M

[e———2R——>|

(a) mr? () M

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

(a) %Mr2

2 5 5
(b) IM? (0) M (d) oM
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Q.12 Three point masses m,, m,, m; are located at the vertices
of an equilateral triangle of length 'a'. The moment of
inertia of the system about an axis along the altitude of the
triangle passing through m, is

a2 2
(@) (m,+mjy) ” (b) (m;+m,+my)a
2
(c) (m; +m,) % (d) (m,+my)a’

Q.13 Three rods each of length L and mass M are placed along
X, Y and Z axis in such a way that one end of each of the
rod is at the origin. The moment of inertia of this system

about Z axis is
2 2 2 2

@ - 0T © N @ 5
Q.14 ABC is a triangular plate of uniform

thickness. The sides are in the ratio A

shown in the figure. I, 5, Ig, I are T/\

the moments of inertia of the plate

about AB, BC, CA respectively. For 4 5

this arrangement which one of the

following relation is correct?

B

[je——3—|C

(@) I, is maximum (b) Igc>Ip
() Tpc>Iap (d) Iyp*Ipc=Ica

Q.15 A Imlong rod has a mass of 0.12 kg. The moment of inertia
about an axis passin through the centre and perpendicular
to the length of rod will be
(a) 0.01kg-m? (b) 0.001 kg-m?

(¢) 1kg-m?2 (d) 10 kg-m?

Q.16 Two rings of the same radius and mass are placed such that
their centres are at a common point and their planes are
perpendicular to each other. The moment of inertia of the
system about an axis passing through the centre and
perpendicular to the plane of one of the rings is (mass of
the ring = m and radius =r)

(a) zm?

(b) mr?

() Sm?

(d) 2 mr?
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Q.17 One quarter sector is cut from a uniform
circular disc of radius R. This sector has
mass M. It is made to rotate about a line
perpendicular to its plane and passing
through the centre of the original disc.
Its moment of inertia about the axis of
rotation is

(@ MR (b)) JME (0 M (d) Jaum?
Q.18 A thin wire of length L and uniform linear mass density p is

bent into a circular loop with centre at O as shown in figure.

The moment of inertia of the loop about the axis XX’ is

(a) %
Y5 .
(b) 12? X X
spL’?
(©) 1o
3pL?
@ o5

Q.19 Two disc of same thickness but of different radii are made
of two different materials such that their masses are same.
The densities of the materials are in the ratio 1 : 3. The
ratio of the moments of inertia of these discs about the
respective axes passing through their centres and
perpendicular to their planes will be in

@@ 1:3  (b)3:1 (c) 1:9 (d) 9:1

Q.20 A circular disc of radius R and thickness g has moment

of inertia I about an axis passing through its centre and
perpendicular to its plane. It is melted and recasted into a
solid sphere. The moment of inertia of the sphere about
one of its diameter as an axis of rotation will be

I I

21
(@) 1 ® 3 ©c @
Q.21 Three rings each of mass M and radius R are

arranged as shown in the figure. The moment
of inertia of the system about YY' will be

131
(a) 3 MR? Y
352
(b) > MR
(c) 5MR?
7
(d) EMR2 v

DIRECTIONS (Q.22-Q.24) : In the following questions,
more than one of the answers given are correct. Select
the correct answers and mark it according to the following
codes:

Codes :

(a) 1,2 and 3 are correct (b) 1 and 2 are correct

(¢) 2 and 4 are correct (d) 1 and 3 are correct

Q.22 The density of a rod AB increases linearly from A to B. Its
midpoint is O and its centre of mass is at C. Four axes pass
through A, B, O and C, all perpendicular to the length of
the rod. The moments of inertia of the rod about these
axesarel ,, I, I and I, respectively then:.
(1) I,>1Ig (2) I,<Iy
(3) Ip>Ic 4) Ig<Ic

Q.23 The moment of inertia of a thin square plate ABCD of
uniform thickness about an axis passing through the centre
O and perpendicular to the plane of the plate is

4
(1) Il+12 A ‘11
(2) L+l AP B
3) I+ b d
4 L+L+L+], 4 >3
where 1;, I,, I, and I, are 0 .
respectively moments of . d .
inertia about axes 1, 2,3 and DL ~JC
4 which are in the plane of the g ay)
plate.

Q.24 Moment of inertia doesn’t depend on
(1) distribution of particles
(2) mass
(3) position of axis of rotation
(4) None of these
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DIRECTIONS (Q.25-Q.27) : Read the passage given below
and answer the questions that follows :

Four identical spheres having mass M and
radius R are fixed tightly within a massless ring
such that the centres of all spheres lie in the
plane of ring. The ring is kept on a rough
horizontal table as shown. The string is wrapped
around the ring can roll without slipping.

The other end of the string is passed over a massless frictionless
pulley to a block of mass M. A force F is applied horizontally on
the ring, at the same level as the centre, so that the system is in
equilibrium.

Q.25 The moment of inertia of the combined ring system about

the centre of ring will be

(a) %MRZ >
48 F
(b) Sur ‘5’
24 v ‘
() <
(@) Fur
Q.26 The magnitude of F is
(a) Mg (b) 2Mg
(c) % (d) None of these

Q.271If the masses of the spheres were doubled keeping their
dimensions same, the force of friction between the ring
and the horizontal surface would

DPP/ P (16)

(a) be doubled

(b) increase but be less than double
(c¢) remain the same

(d) decrease

DIRECTIONS (Q. 28-Q.30) : Each of these questions contains
two statements: Statement-1 (Assertion) and Statement-2
(Reason). Each of these questions has four alternative choices,
only one of which is the correct answer. You have to select the
correct choice.

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

(b) Statement-1 is True, Statement-2 is True; Statement-2 is
NOT a correct explanation for Statement-1.

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

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

Q.28 Statement-1 : Radius of gyration of a body is a constant
quantity.

Statement-2 : The radius of gyration of a body about an
axis of rotation may be defined as the root mean square
distance of the particles of the body from the axis of rotation.

Q.29 Statement-1 : Moment of inertia of a particle is same,
whatever be the axis of rotation.

Statement-2 : Moment of inertia depends on mass and
perpendicular distance of the particle from its axis of
rotation.

Q.30 Statement-1 : If earth shrink (without change in mass) to
half of its present size, length of the day would become 6
hours.

Statement-2 : When the size of the earth will change, its
moment of inertia will also change.
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PHYSICS 1 6
SOLUTIONS
(1) (b) Asthemass ofdiscisnegligible therefore only moment 1 R 25
of inertia of five particles will be considered. ®) (b) EMRZ =MK?>= K= E = E =1.76cm

I=> mr? =5mr?=5x2x(0.1)>= 0.1 kg-m?

@ () I=%MR2=%X(RR2txp)xR2

(As tand p are same)

(RO oyt
ea -G -

1

1 _
3 (@ 1:—MR2:E><O.5><(O.1)2:2.5><10 Skg—m?®

2
T 314
@ @ [=_="—= 2 5kg m*

(5) (d) Letthemassofloop P (radius=r)=m
So the mass of loop Q (radius = nr) =nm

Moment of inertia of loop P, I, = mr?

Moment of inertia of loop Q. IQ =nm (nr)? = n3 mr?

(6) (c¢) Moment of inertia of sphere about its tangent

%MRz =MK>= K= /%R

(7) (a) Moment of inertia of system about point P

e
b ) 5
m m
i 2
= 4m [3) =2ml* and 4mK2 = 2ml2
[
L K=—
V2

Get More Learning Materials Here: &

(9) (¢) 1=2MR%Z=2x3x(1)?2=6 gm-cm?

(10) (a) I=%Mr2

1) (a)

R/2J/=

le N|
| 2R |

Moment of inertia of the system about yy’

I, = Moment of inertia of sphere P about yy’
+ Moment of inertia of sphere Q about yy’
Moment of inertia of sphere P about yy’

2 (RY
= gM (5) +M ()C)2 [Parallel axis theorem]

2 2
_ ZEM(EJ +MQR? = MR | 4yr?
5712 10

o 2, (RY
Moment of inertia of sphere Q aboutyy’ is EM 5

MR? , 2 (RV 21 .,
I,y =——+4MR“+—M|— | =—MR
Now Ty =5 5 (2) 5
(12) (a) M.L of system about the axis which passing through
m
1

m,

— a/2 —e— a/2 —

2 2
Ly ™ 0 O (2] (2]

2
a
Isystem = (m2 +m3 )T
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(13) (@

(14 (o)

15) (a
(16) ()

a7 (

(18) (d@)
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2
M.L of rod (1) about Z — axis I, = %

A

2
. Mi
M.IL ofrod (2) about Z-axis, I, = TI
M.IL of rod (3) about Z — axis, I, =0
Because this rod lies on Z-axis
2M1?
I =L+L+1L=

system

Distribution of mass about BC axis is more than that
about AB axis i.e. radius of gyration about BC axis is
more than that about AB axis.
Le. Ky >Kyp o [>Ty > 1ep

M2 0.12x1?

I= =
12 12

X, /O x

1
I, = ML of ring about its diameter = EmR2

=0.01kg —m?

I, = MLL of ring about the axis normal to plane and
passing through centre = mR?
Two rings are placed according to figure. Then

1 3
Io=1+1,= EmRz +mR? = 5mR2
Mass of the centre disc would be 4M and its moment

1
of inertia about the given axis would be 5(4M )R .

For the given section the moment of inertia about the

1
same axis would be one quarter of this i.e. EMRZ.

Mass per unit length of the wire = p
Mass of L length, M = pL
and since the wire of length L is bent in a or of circular

L
loop therefore 2nR=L = R = p

(19) (b)

(20) (©)

21 (@

22) (d)
(23) (a)

DPP/ P (16)

3
Moment of inertia of loop about given axis = EMR2

2 3
2 21 871;2

1 M

1.2
isc =—MR* =—M | —
M.I. of disc > 2 (Tttpj

_1m?
2 Tp

M M
[Asp = —zTherefore R? = —j
Rt np

If mass and thickness are same then, J o l
P

e 3
L p 1
According to problem disc is melted and recasted into
a solid sphere so their volume will be same.

2 4 53
Vpise = VSphere = TRpjsel = gnRSphere

Rp, 4 Rp, .
= nR?)isc ( Dise ) = _T[Rg‘phere |:t = D6ZSC ,glVen}

6 3
R —gR3 R _ Rpise
= Rpjsc = Sphere = Sphere — )
Moment of inertia of disc
2 .
Ipise = EMRDisc = I (given)
. 2
~M(Rpis ) =21
. 2, 2
Moment of inertia of sphere I ;.. = gMRSphere
2 (Rpw.) M 2f 1
5 ( 2 ) 1o Boises)™ =753
Moment of inertia of system about YY"
I=1,+1,+1, Y
BLEVICIESVEIERV !
2 2 2
7
- ZMR?
2

As C is the centre of mass, so, I - will be minimum.
Also more mass is towards B so 1, > I5.

Applying the theorem of perpendicular axis,
=L+, =13+,

Because of symmetry, we have I, =1, and I; =1, Hence
[=21 =2, =2;=2lor [, =, =, =1,

i.e. sum of two moment of inertia of square plate about
any axis in a plane (Passing through centre) should be
equal to moment of inertia about the axis passing
through the centre and perpendicular to the plane of
the plate.
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(24) (d) Moment of inertia depends on all the three factors given
in (1), (2) & (3).

25) @) I= 4EMR2+M(R\/§)2}
= 4MR? F+ 2}
5

4MR? x12  48MR?

5 5
(26) (b) Let a be the acceleration of centre of mass
Mg—-T=0 (1)
Fx=T2x ... (ii)

(27) (¢) remainthe same

Get More Learning Materials Here: & m

28 (©

29 ©

(30) (a)

149l

Radius of gyration of a body is not a constant quantity.
Its value changes with the change in location of the
axis of rotation. Radius of gyration of a body about a

2 2

}’12+r2+ ..... +7,

given axisis given as K =
n
The moment of inertia of a particle about an axis of
rotation is given by the product of the mass of the
particle and the square of the perpendicular distance
of the particle from the axis of rotation. For different
axis, distance would be different, therefore moment of
inertia of a particle changes with the change in axis of
rotation.
When earth shrinks, it angular momentum remains

2 2n
constant.i.e. L=10= ngz XT = constant.

T o I o« RZ. Tt means if size of the earth changes

then its moment of inertia changes.
In the problem radius becomes half so time period

1
(Length of the day) will becomes 1 ofthe present value

24
ie. —=06hr.
i.e 7
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