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1. Aforce of (2i—4j+2k) N acts at a point (3i+2j —4k) metre 9. A cubical block of side L rests on a rough horizontal sur-
from the origin. The magnitude of torque is ......... N-m face with coefficient of friction . A horizontal force F'is
(A) 0 (B) 24.4 applied on the block as shown. If the coefficient of friction

) is sufficiently high so that the block does not slide before
(C) 0.244 (D) 2.444 toppling, the minimum force required to topple the block

2. When a force of 6.0 N is exerted at 30° to a wrench at a is
distance of 8 e from the nut, it is just able to loosen the
nut. What force F would be sufficient to loosen it, if it acts F T
perpendicularly to the wrench at 16 cm from the nut ....... L
N

«— 8 cm—2%— 8 cm—> l
T, B e A e
C. _'Bﬂy l (A) Infinitesimal (B) mg/4
&N F (C) mg/2 (D) mg(1 — p)
10. Let F be the force acting on a particle having position vec-
(A) 3 (B) 6 tor 7 and T be the torque of this force about the origin.
(C) 4 (D) 15 Then .. o B o

3. The moment of inertia of a rod (length , mass m) about (A) 7"~7: =0Oand fi?: =0 (B) F.Z“ =0and FT #£0
an axis perpendicular to the length of the rod and passing (C) "T#0and F.T =0 (D) #T #0and F.T # 0
through a point equidistant from its mid point and one end 41 1y giscs of the same material and thickness have radii
IS 0.2 m and 0.6 m. Their moments of inertia about their axes
A) mi? (B) 2 will be in the ratio

12 48 (A) 1: 81 (B) 1:27
(© omr? (D) Jomi® ©1:9 () 1:3

4. The moment of inertia of a solid sphere of density p and 12. The planes of two rigid discs are perpendicular to each
radius R about its diameter is other. They are rotating about their axes. If their angu-
(A) Wops, (B) 105 e lar velocities are 3rad/sec and 4rad/sec respectively, then

%;g %;g the resultant angular velocity of the system would be ........
Q) Rp (D) R%p rad/sec
105 105

5. If I is the moment of inertia of a thin rod about an axis (A) 1 (B) 7
perpendicular to its length and passing through its centre Q) 5 (D) V12
of mass, and I, is the moment of inertia of the ring formed -
by bending the rod, then 13. Let A be a unit vec_'EW along the axis of rotation of a purely
(A) L:I,=1:1 (B) I : Ib=7%:3 rotatirjg body and B be a unit vector anng the velocity of
© L:b=n:4 (D) I,:,=3:5 ipaithe P of the body away from the axis. The value of

6. From a uniform wire, two circular loops are made (i) P of A-B s
radius r and (ii) Q of radius nr. If the moment of inertia (A) 1 (B) -1
of Q abou.t an axis passiﬁng through its centre an.d perpen- (© o (D) None of these
dicular to its plane is 8 times that of P about a similar axis, . . I . . . .
the value of r is (diameter of the wire is very much smaller 14. A particle B is moving in a C|rcle'of radius a Wlth a uniform

' speed u. C is the centre of the circle and AB is diameter.
than 7 or nr) The angular velocity of B about A and C are in the ratio
(A) 8 (B) 6 (A) 1:1 (B) 1:2
(Q) 4 (D) 2 (€ 2:1 (D) 4:1

7. The moment of inertia I of a solid sphere having fixed vol- 15 The wheel of a car is rotating at the rate of 1200 revolutions
ume depends upon its volume V' as per minute. On pressing the accelerator for 10 sec it starts
(A) TxV (B) I xV?/3 rotating at 4500 revolutions per minute. The angular accel-
(C) o V52 (D) I x V3?2 eration of the wheel is

. 2 2

8. Let [ be the moment of inertia of an uniform square plate (A) 30 radians/sec (B) 180 degrees/sec
about an axis AB that passes through its centre and is (C) 40 radians/sec? (D) 1980 degrees/sec?
parallel to two of its sides. C'D is a line in the plane of 16. A strap is passing over a wheel of radius 30 ¢m. During
the plate that passes through the centre of the plate and the time the wheel moving with initial constant velocity of
makes an angle § with AB. The moment of inertia of the 2rev/sec. comes to rest the strap covers a distance of 25m.
plate about the axis C'D is then equa.I t2° The deceleration of the wheel in rad/s® is
(A) 1 (B) Isin 99 (A) 0.94 (B) 1.2

2
(C) 1 cos?s (D) 1 00525 (C) 2.0 (D) 25
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17.

18.

19.

20.

For a system to be in equilibrium, the torques acting on
it must balance. This is true only if the torques are taken
about

(A) The centre of the system (B) The centre of mass of
the system

(D) Any point on the system
or outside it

Two loops P and @ are made from a uniform wire. The
radii of P and @ are 1 and r;, respectively, and their mo-

(C) Any point on the system

ments of inertia are I; and I, respectively. If % =4 then :—j
equals

(A) 42/3 (B) 41/3

(C) 472/3 (D) 471/3

Two men are carrying a uniform bar of length L, on their
shoulders. The bar is held horizontally such that younger
man gets (1/4)*" load. Suppose the younger man is at the
end of the bar, what is the distance of the other man from
the end
(A) L/3 (B) L/2
(Q) 2L/3 (D) 3L/4
Three point masses m1, m2, ms are located at the vertices
of an equilateral triangle of length ‘a’. The moment of in-
ertia of the system about an axis along the altitude of the
triangle passing through m; is

2

(A) (m2 +m3)az

(© (mr+ma) %

(B) (m1 +mao + m3)(l2

(D) (m2 +ms3)a?

27.

28.

29.

The angular velocity of seconds hand of a watch will be
™ s
(A) & rad/ sec (B) 0 rad/sec
(C) 607 rad/sec (D) 307 rad/sec
As a part of a maintenance inspection the compressor
of a jet engine is made to spin according to the graph as
shown. The number of revolutions made by the compres-
sor during the test is

- 3000
E 2500
=
g 2000
21 1500
E 1000
500 -
D 1 1 1 1 1 1
1 2 3 4 5
_
£ {in min)
(A) 9000 (B) 16570
(C) 12750 (D) 11250

A car is moving at a speed of 72 km/hr. the diameter of its
wheels is 0.5 m. If the wheels are stopped in 20 rotations by
applying brakes, then angular retardation produced by the
brakes is

(A) —25.5 wrad/sec?

(C) —33.5mrad/sec?

(B) —29.5 wrad/sec?
(D) —45.5 wrad/sec?
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21. The angular speed of a fly-wheel making 30. A wheel of mass 10 kg has a moment of inertia of 160 kg —
120 revolution/minute is m? about its own axis, the radius of gyration will be ....... m
(A) 7rad/sec (B) 2 wrad/sec (A) 10 (B) 8
(C) 47 rad/sec (D) 4 7% rad/sec (C) 6 (D) 4
22. 1f the position vector of a &article is v = (3i + 45) meter 31. What is the torque of the force F = (2i — 3j + 4k)N acting
and its angular velocity is w = (J + 2k) rad/sec then its at the pt. 7 = (3i + 2 + 3k) m about the origin
linear velocity is (inm/s) - (A) —17i + 6] + 13k (B) —6i+6j — 12k
(A) (8 — 65 +3k) (B) (3¢ +65 +8k) (C) 17i — 6j — 13k (D) 6i — 6) + 12k
(C) —(3¢+ 65 + 6k) (D) (61+8j + 3k) 32. In a rectangle ABCD (BC = 2AB). The moment of inertia
23. A flywheel gains a speed of 540 r.p.m. in 6 sec. Its angular along which axis will be minimum
acceleration will be E
(A) 3 7rad/sec? (B) 9 wrad/sec? A J B
(C) 18 7r7"ad/sec2 (D) 54 ﬂrad/sec2
24. Four masses are joined to a light circular frame as shown H+t +F
in the figure. The radius of gyration of this system about
an axis passing through the centre of the circular frame
and perpendicular to its plane would be D Gi c
A
A (A) BC (B) BD
3m (C) HF (D) EG
33. Athinrod of length L and mass M is bent at the middle
Fm 5 5 point O at an angle of 60° as shown in figure. The moment
o e of inertia of the rod about an axis passing through O and
perpendicular to the plane of the rod will be
m O
A | /R
L/2 — L2
(A) a/v2 (B) a/2 / 60
Q) a (D) 2a i,
25. On account of melting of ice at the north pole the moment %
of inertia of spinning earth MIZ2 M2
(A) Increases (B) Decreases (A) 5 (B) D
(C) Remains unchanged (D) Depends on the time (©) ML? (D) ML?
26. Two discs of same thickness but of different radii are made o2 _ 3 ;
of two different materials such that their masses are same. 34. Five particles of mass = 2 kg are attached to the rim of a
The densities of the materials are in the ratio 1 : 3. The mo- circular disc of radius 0.1 m and negligible mass. Moment
ments of inertia of these discs about the respective axes of inertia of the system about the axis passing through the
passing through their centres and perpendicular to their centre of the disc and perpendicular to its plane is ........
planes will be in the ratio kgm?
(A) 1:3 (B) 3:1 (A) 1 (B) 0.1
(C)1:9 (D) 9:1 (C) 2 (D) 0.2
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35. The resultant of the system in the figure is a force of 8V 42. A person supports a book between his finger and thumb as
parallel to the given force through R. The value of PR shown (the point of grip is assumed to be at the corner of
equals to the book). If the book has a weight of 17 then the person

is producing a torque on the book of
R
P [ ] [ Q . [
=
5N 3N A— ‘I’
a
(A) 1/4 RQ (B) 3/8 RQ (A) W%anticlockwise (B) w? anticlockwise
(C) 3/5 RQ (D) 2/5 RQ 2

36. Weights of 1g,2g.....,100 g are suspended from the (C) Wa anticlockwise (D) Wa clockwise
lem,2cem, ... 100 em, marks respectively of a light metre
scale. Where should it be supported for the system to be in  43. Three rods each of length L and mass M are placed along
equilibrium ...... c¢m mark. X,Y and Z - axes in such a way that one end of each of
(A) 55 (B) 60 the rod is at the origin. The moment of inertia of this sys-
() 66 (D) 72 tem abou2t Z axis is i

37. One quarter sector is cut from a uniform circular disc of ra- (A) 2ML (B) AML
dius R. This sector has mass M. It is made to rotate about 3 3
a line perpendicular to its plane and passing through the 5 M L2 M2
centre of the original disc. Its moment of inertia about the (Q) 3 (D) 3
axis of rotation is

44. Three identical thin rods each of length i and mass M are

CiE joined together to form a letter H. What is the moment of

! inertia of the system about one of the sides of H

|

! MU MU

| A) —/—— B) /=

: (A = (B) =

| 2 2

i 2M1 4M1

C D

| (© = (D) 5

! 45. A wheel initially at rest, is rotated with a uniform angular

1 5 1 2 acceleration. The wheel rotates through an angle 6, in first
(A) SMR (B) ZMR one second and through an additional angle 6, in the next

2

(C) ;MR (D) V2MR one second. The ratio 2—2 is

38. When a ceiling fan is switched on, it makes 10 rotations in 1
the first (A) 4 (B) 2
3 sec. How many rotations will it make in the next 3 sec (As-
sume uniform angular acceleration) (€ 3 (D) 1
(A) 10 (B) 20 46. A circular disc A of radius r is made from an iron plate of
(C) 30 (D) 40 thickness ¢ and another circular disc B of radius 4r is made

) ) ) ) R from an iron plate of thickness ¢/4. The relation between

39. Acircular disc of radius R and thickness — has moment the moments of inertia T4 and I is
of inertia I about an axis passing through its centre and _
perpendicular to its plane. It is melted and recasted into a (A) 14> Ip (B) 1a =1Ir
solid sphere. The moment of inertia of the sphere about its (C) Ia<In (D) Depends on the actual
diameter as axis of rotation is values of ¢ and r
(A) 1 ) 2L

7 % 47. In rotational motion of a rigid body, all particle move with
@ z (D) —
5 0 i i

40. The moment of inertia of a meter scale of mass 0.6 kg (A) Same linear and angular velocity
about an axis perpendicular to the scale and located at the (B) Same linear and different angular velocity
20 cm position on the scale in kgm? is (Breadth of the scale
is negligible (Q) With different linear velocities and same angular veloci-
(A) 0.074 (B) 0.104 ties
(C) 0.148 (D) 0.208 (D) with different linear velocities and different angular

41. Two identical rods each of mass M. and length [ are joined velocities
in crossed position as shown in figure. The moment of in- 48, A rigid body is rotating with variable angular velocity (a—bt)
ertia of this system about a bisector would be at any instant of time ¢. The total angle subtended by it

before coming to rest will be (a and b are constants)
Bs ] B (a—b 2
~ .52 p) @—ba a
(A) —; (B) 5
o Pk a — b2 a? — b2
- - (@ D
A | @ —5 (0) —_
A1 1. 49. A horizontal heavy uniform bar of weight W is supported
J,’ s at its ends by two men. At the instant, one of the men lets
R u go off his end of the rod, the other feels the force on his
’ hand changed to
w
M2 M2 (A) W (B) -
(A) =5 (B) 45 o ;/
M M 2 s
(M o X @ = (®) 5
" - Page No : 3
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50.

51.

52.

53.

54.

55.

The adjoining figure shows a disc of mass M and radius R
lying in the X — Y plane with its centre on X — axis at a dis-
tance a from the origin. Then the moment of inertia of the
disc about the X — axis is

v
0 X
e — — a.-———:p'
(A) M (R; 8) M (R;
() M (R;Jﬂf () M (%2+a2)

The moment of inertia of HC1 molecule about an axis pass-
ing through its centre of mass and perpendicular to the
line joining the H™ and CI~ ions will be, if the interatomic
distance is 1

(A) 0.61 x 107%7 kg. m?

. x 10~ g.m
(C) 0.061 x 107*7 kg. m?

(B) 1.61 x 107%7 kg. m?
(D) o

The moment of inertia of a sphere (mass M and radius R )
about it's diameter is I. Four such spheres are arranged as
shown in the figure. The moment of inertia of the system
about axis X X’ will be

(A) 31 (B) 51

Q) 71 (D) 91

A particle starts rotating from rest. Its angular displace-
ment is expressed by the following equation § = 0.025t> —
0.1t where 6 is in radian and ¢ is in seconds. The angular
acceleration of the particle is

(A) 0.57ad/sec? at the end of (B) 0.3rad/sec® at the end of

10 sec 2 sec
(C) 0.057ad/sec*at the end (D) Constant 0.05, rad/sec?
of 1sec

A thin wire of length L and uniform linear mass density r
is bent into a circular loop with centre at O as shown. The
moment of inertia of the loop about the axis X X" is

X M
90!
|
0]
pL’ pL?
O} ®) {52
(c) 5oL (D) 2L
1

672 872
Three particles are situated on a light and rigid rod along
Yaxis as shown in the figure. If the system is rotating with
an angular velocity of 2rad/ secabout Xaxis, then the total

56.

57.

58.

59.

60.

We have two spheres, one of which is hollow and the other
solid. They have identical masses and moment of inertia
about their respective diameters. The ratio of their radius
is given by

(A) 5:7 (B) 3:5
(C) v3:v5 (D) V3:V7

Two particles having mass ‘M’ and 'm’ are moving in cir-
cular paths having radii R and r. If their time periods are
same then the ratio of their angular velocities will

A % B) &

(@1 (0)

Four solids are shown in cross section. The sections have
equal heights and equal maximum widths. They have the

same mass. The one which has the largest rotational in-
ertia about a perpendicular through the centre of mass is

R
T

(A)

A uniform cube of side « and mass m rests on a rough
horizontal table. A horizontal force F' is applied normal to
one of the faces at a point that is directly above the centre
of the face, at a height ??Ta above the base. The minimum

value of F for which the cube begins to tilt about the edge
is (assume that the cube does not slide)

mg 2m,
(A) = (8) =57

3mg m
(C) 0 (D) mg

Figure shows a small wheel fixed coaxially on a bigger one
of double the radius. The system rotates about the com-
mon axis. The strings supporting A and B do not slip on
the wheels. If z and y be the distances travelled by A and
B in the same time interval, then

L
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kinetic energy of the system is ...... J
. (A) z=2y (B) z=y
0,3
g% (0, 3m) (€) y =2z (D) None of these
‘.': > W 61. A body is in pure rotation. The linear speed v of a particle,
> K o (0._2 the distance r of the particle from the axis and angular ve-
g 40 2] locity w of the body are related as w = ; thus
3kg ¢ (0,-4m)
il i (A) w 1 (B) w 7
(A) 92 (B) 184 r
(C) 276 (D) 46 () w =0 (D) wis independent of r
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62. Two point masses of 0.3 kg and 0.7 kg are fixed at the ends
of a rod of length 1.4 m and of negligible mass. The rod is
set rotating about an axis perpendicular to its length with
a uniform angular speed. The point on the rod through
which the axis should pass in order that the work required
for rotation of the rod is minimum is located at a distance

70.

A circular disc is to be made by using iron and aluminium,
so that it acquires maximum moment of inertia about its
geometrical axis. It is possible with

(B) Aluminium at interior
and iron surrounding it

(A) Iron and aluminium lay-
ers in alternate order

f -
0 (C) Iron at interior and alu-
W 0613772 from mass of (6) 032 e from mass of minium surrounding it (D) Either (a) or (c)
O Rg O Rg
71. Acircular disc X of radius R is made from an iron plate of
(© 0'07(% ZZ from mass of (®) 03? Z; from mass of thickness ¢, and another ditsc Y of radius 4R is made from

63. Moment of inertia of a disc about its own axis is I. Its mo- an iron plate of thickness 7. Then the relation between the

ment of inertia about a tangential axis in its plane is moment of inertia I, and I, is

5
(A) 51 (B) 31 (A) I, 641, (8) I, = 321,
©) 31 (D) 21 (C) I, =161, (D) I, =1,

64. Four thin rods of same mass M and same length [, form a 72. Moment of inertia of a sphere of mass M and radius R is I.
square as shown in figure. Moment of inertia of this sys- Keeping M constant if a graph is plotted between I and R,
tem about an axis through centre O and perpendicular to then its form would be
its plane is

!
A 0 B I I
P
(A) (B)
! ‘0 !
D e B B
!
2
A e (8) M I
1\3412 23 i
' D) “MI?
(©) I
65. A couple produces (€) (D)
(A) Purely linear motion (B) Purely rotational motion
(C) Linear and rotational motion
(D) No motion * E

66. If solid sphere and solid cylinder of same radius and den- R
sity rotate about their own axis, the moment of inertia will 73, A wheel is rotating at 900 r.p.m. about its axis. When the
be greater for (L = R) power is cut-off, it comes to rest in 1 minute. The angular
(A) Solid sphere (B) Solid cylinder retardation in radian/s? is
(C) Both (D) Equal both (A) 7/2 (B) w/4

67. A wheel completes 2000 rotations in covering a distance of C D
9.5 km. The diameter of the wheel is () 7/6 (D) /8
(A) 1.5m (B) 1.5cm 74. What is the moment of inertia of a square sheet of side

and mass per unit area p about an axis passing through
(C) 7.5m (D) 7.5¢cm the centre and perpendicular to its plane
68. The moment of inertia of semicircular ring about its centre ) ul? (8) ul?
is ETY e
12 6
A) MR? MR? 4 4
(A) (B) = () “ (D) ME
MR? 12 6
() 222 (D) None of these 75. Moment of inertia of a uniform circular disc about a diam-

69. A uniform meter scale balances at the 40 em mark when eter is I. Its moment of inertia about an axis perpendicular
weights of 10 and 20 g are suspended from the 10 cm and to its plane and passing through a point on its rim will be
20 cm marks. The weight of the metre scale is ...... g (A) 51 (B) 61
(A) 50 (B) 60 (Q) 31 (D) 41
(Q) 70 (D) 80

Page No : 5
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ANSWER KEY

PHYSICS
1-B 2-D 3-B 4-C 5-B 6-D 7-C 8-A 9-C | 10-A
1M1-A|12-C|13-C|14-B|15-D | 16-A | 17-D | 18-B | 19-C | 20-A
21-C | 22-A | 23-A | 24-C | 25-A | 26-B | 27-B | 28-D | 29-A|30-D
31-C|32-D | 33-B|34-B|35-C|36-C|37-A|38-C|39-C| 40-B
41-B | 42-B | 43-A | 44-D | 45-C | 46-C | 47-C | 48-B (49-D | 50-B
51-B | 52-D|53-D|54-D|55-B|56-C|57-C|58-A|59-B|60-C
61-D | 62-B | 63-A|64-A | 65-B|66-A|67-A|68-A|69-C|70-B
71M7-A | 72-D | 73-A|(74-D | 75-B
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1.

SOLUTION

PHYSICS

A force of (2i—4j+2k) N acts at a point (3i+2j —4k) metre

from the origin. The magnitude of torque is ......... N-—-m
(A) 0 (B) v24.4
(C) 0.244 (D) 2.444

Sol: F = (2i —4j + 2k) N and 7

Torque 7 =7 x F =

= (3i + 2 — 4k) meter

ik

3 b
2 -1 2

—12i — 14j — 16kand |7 | =

+(=14)2 + (-16)> =244 N —m

=7 =

V(-12)°

. When a force of 6.0 N is exerted at 30° to a wrench at a

distance of 8 cm from the nut, it is just able to loosen the
nut. What force F would be sufficient to loosen it, if it acts
perpendicularly to the wrench at 16 ¢m from the nut .......
N

*«— § crm—>%— 8§ com—>

(B) 6

(€) 4 (D) v15

Sol : A force 6N acting at angle of 30° is just able to loosen
the wrench at a distance 8cm from it.

therefore total torque acting at A about the point O.
8 x 3
16

— F = =1.5N

. The moment of inertia of a rod (length [, mass m) about

an axis perpendicular to the length of the rod and passing
through a point equidistant from its mid point and one end
is
(A) 7;;2 (B) /%le
© : (D) 2
%’he moment of inertia of the given rod is
ZMiri
= [(dm)z?

= [P iOda)z

3L/4 2
=/ L/4 dzx

7L3

= )\K
M TL?
BT
7

= —ML?
48

. The moment of inertia of a solid sphere of density p and

radius R about its diameter is

105 - 105
(A) TP (B) —1;81%2
() vips, (D) 2

105

05
Sol : Moment of inertia of sphere about it diameter
I= g1\41?,2: % (%ﬂR3p) R [AsM=Vp= %ﬂ'Rgp)]
_ 87 8 x 22 176

5 “Ogs,
5P 5t P = 105 P

. If I is the moment of inertia of a thin rod about an axis

perpendicular to its length and passing through its centre
of mass, and I, is the moment of inertia of the ring formed
by bending the rod, then
(A L:Ib=1:1

(CQ) I Lh=n:4

(B) v I1:Ih=n":3
(D) I : I, =3:5

Mi?
12
= I, =MR?
=1=27R
l

M1?
472
Q_MFX 4m®
L, 12 " M2 3
ﬁ[1:12:7r2:3

SOI:Ili

=1=

Hence, the answeris I : [ = 7% : 3

. From a uniform wire, two circular loops are made (i) P of

radius r and (i) Q of radius nr. If the moment of inertia
of @ about an axis passing through its centre and perpen-
dicular 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

Sol : Mass « length

mp = m, mq = nm

Ig _ (nm) (nr)? _3

Ip mr?

nP=8=n=2

P Q

. The moment of inertia I of a solid sphere having fixed vol-

ume depends upon its volume V' as
(A) TxV (B) I xV?/3
(C) VI Vo3 (D) I o V32

Sol : Volume of solid sphere, V = %wR?

Radius of Sphere = R
VaR?
1
v3aR
Mass of sphere is, M = density x Volume = pV'
Moment of inertia of sphere about its axis, I = %MR2 =
2
“(pV)R?
5(PY)
IaV R?

1 2
IaV <v3)

5
IaV3
5
Moment of inertia, Iav3
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8. Let [ be the moment of inertia of an uniform square plate
about an axis AB that passes through its centre and is
parallel to two of its sides. C'D is a line in the plane of
the plate that passes through the centre of the plate and
makes an angle # with AB. The moment of inertia of the
plate about the axis C'D is then equal to

Sol : Torque is an axial vector i.e., its direction is always
perpendicular to the plane containing vectors 7 and F
T=FxF

Torque is perpendicular to both 7 and

7 T=0andF-T=0

(A) vi (B) Isin26 11. Two discs of the same material and thickness have radii
P) 0.2 m and 0.6 m. Their moments of inertia about their axes
(C) 1 cos?6 (D) I cos?~ will be in the ratio
2 . .
Sol : Let Iz is the moment of inertia of square plate about (A) v1: 81 (B) 1:27
the axis which is passing through the centre and perpen- (@ 1:9 (D) 1:3
dicular to the plane. .Sol : The moment of inertia of a disc about its central axis
is
Iz = Iap + Iarp = Icp + Icrpr [By the theorem of perpen- 1
dicular axis] I=omR
Iz = 2Iap = 2Larp = 2lcp = 2Icrpy [As AB, A'B' and CD, L R
C’ D' are symmetric axis] 71 = %
Hence Icp = Iup =1 2 §m2R§
Ap oC _ mBitP x B}
/ T - Tngtp X R%
P .
¢ o L_ R
Y I, R:
5ot i X y
A’ A e ' :(0.4) _ (01 _ 1
& = ~HB (0.6)* 0.3 81
i . 12. The planes of two rigid discs are perpendicular to each
. D other. They are rotating about their axes. If their angu-
D . /B lar velocities are 3rad/sec and 4 rad/sec respectively, then
the resultant angular velocity of the system would be ........
9. A cubical block of side L rests on a rough horizontal sur- rad/sec
face with coefficient of friction u. A horizontal force F'is (A) 1 (B) 7
applied on the block as shown. If the coefficient of friction (C) v5 (D) V12
is sufficiently high so that the block does not slide before - . . .
toppling, the minimum force required to topple the block 13. Let A be a unit vecjor along the axis of rotation of a purely
is rotating body and B be a unit vector along the velocity of
# a particle P of the body away from the axis. The value of
- =
T A .Bis
¥ (A) 1 (8) -1
J' (C) vo (D) None of these
Sol : The directions of A and B will be perpendicular to
/ each other.
Hence A.B =|A|-|B|-cos90° =0
(A) Infinitesimal (B) mg/4 14. A particle B is moving in a circle of radius a with a uniform
(C) vmg/2 (D) mg(1 — ) speed u. C is the centre of the circle and AB is diameter.
. -, -, . . The angular velocity of B about A and C are in the ratio
Sol : At the critical condition, normal reaction N will pass _ 5 _
through point P. In this (A) 1:1 (B) v1:2
ndition 7y = 0 = 7/, (about P) the block will topple when (© 2:1 (D) 4:1
5_2 >'T'739 gy =0 =y iabou € block will topple whe Sol : Angular velocity of P about A
L waz= Y
FL> (mg)5 47 2
mg Angular velocity of P about C
L E> 5 v
we = —
Therefore, the minimum force required to topple the block w a
is A1
_mg wc
F= ) -
N _.""*r T h"-h
S
[ |7 , ; g
[ ; ! C
[ | A B
o L IIL l" a -
L,/ Y e
z " .
" | ‘' )
1 o an
g
10. Let F' be the force acting on a particle having position vec-  15. The wheel of a car is rotating at the rate of 1200 revolutions
tor #and T be the torque of this force about the origin. per minute. On pressing the accelerator for 10 sec it starts
Then .. rotating at 4500 revolutions per minute. The angular accel-
= — L= o eration of the wheel is
(A) VT = Oand T = 0 (B) 7T =0and LT #0 (A) 30 radians/sec? (B) 180 degrees/sec?
(Q) P #* Oand F.T =0 (D) P # 0and FT #0 (C) 40 radians/sec? (D) v'1980 degrees/sec?
Page No: 8
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16.

17.

Sol : Angular acceleration (a) = rate of change of angular
speed

4500 — 1200)

27
o 271'(%2—%1)7 ( 60 2
= ; = 0 rad/sec
27r3300

60 360 degree 5

= — =1 ce/sec”.
0 % 9r sec? 980 degree/sec

A strap is passing over a wheel of radius 30 ¢m. During

the time the wheel moving with initial constant velocity of

2rev/sec. comes to rest the strap covers a distance of 25 m.

The deceleration of the wheel in rad/s? is

(A) v0.94 (B) 1.2
(C) 2.0 (D) 2.5
Sol : r = radius of the wheel = 30cm = 0.30m

C = circumference of the wheel = distance traveled by
wheel in one revolution = 277

D = total distance traveled by strap = 25m

N = total number of revolutions by wheel

total number of revolutions by wheel is given as
N =D/C = 25/(2Mr)

6 = angular displacement = 25/(2nr) = (25/(27r))(27) rad
= 25/r = 25/0.30 = 83.33rad

w, = initial angular velocity of wheel = 2 rev/s = 2(2r)
rad/s = 12.56 rad/s

w = final angular velocity after wheel stops = 0 rad/s

a = angular acceleration

Using the equation

w? = w?o + 2ab

0% = 12.56” + 2a(83.33)

a = —0.94rad /s?

For a system to be in equilibrium, the torques acting on
it must balance. This is true only if the torques are taken
about

(A) The centre of the system (B) The centre of mass of
the system

20.

Sol : For the balance of forces, y + w/4 = w, therefore
y=3w/4

Further for a balance of torque about CG we get,
W/4 x L/2 =3W/4 x x therefore x =1/6

Thus distance from the left end of the rod
=L/2+L/6 =4L/6 = 2L/3

A W/4 2y

C.G.

e A

L2 YW

Three point masses m1, msz, ms are located at the vertices
of an equilateral triangle of length ‘a’. The moment of in-
ertia of the system about an axis along the altitude of the
triangle passing through m; is
2
(A) v (m2+m3) %
112
(C) (ml + WQ)E

Sol : moment of inertia is the product of mass and square
of separation between particle and axis of rotation.

(B)

(m1 4+ ma + mg)a2

(D) (m2 +ms)a?

e.g. M.I = mr?
here, we see, separation of mass m1 and altitude NN'is0.

alteration between mass m2 and NN’ is (%) also for ms
. . a
separation is (5)

moment of inertia about altitude passing through m; =
I+ 1L+ 1

where I, I, and I3 are M.Iofm.,m2> and mg respectively.

M =m0+ ma (9 +ms (2)°

(L2

- 4><(m2+m3)

. ) 21. The angular speed of a fly-wheel making
(C) Any point on the system (D) v'Any point on the Sys- 120 revolution/minute is
tem or outside it (A) mrad/sec (B) 2 7rad/sec
18. Two loops P and @ are made from a uniform wire. The A o ) 2
radii of P and Q are 1 and r» respectively, and their mo- (C) van md/s“.(" (D) 4 n* rad/sec
) . ) Iy ro Sol : 120rev / min = 120 x 27 /60rad/sec = 47rad/sec
ments of inertia are I; and I, respectively. If = =4 then —= N .
h 1 22. If the position vector of a particleis » = (3¢ + 4j) meter
equals ) Lo N - .
23 " and its angular velocity is w = (5 + 2k) rad/sec then its
(A) 4 (B) v4 linear velocity is (in m/s)
(€) 4723 (D) 471/3 (A) v (8i — 65 + 3k) (B) (3i+6j + 8k)
so: L1 Ii_ M R? (C) —(3i+67 + 6k) (D) (6i + 85 + 3k)
"L 4 I, MR? Sol: v/ =W x7

g(27r7“1)7"f _ l 4 4 > an > i j k 4 A 7
g(2rra) () 4 (3i+4) +0k) x (0i+j+2k) ¥ = % 10]= 8 — 65 + 3k

3
n_1 23. A flywheel gains a speed of 540 r.p.m. in 6 sec. Its angular
rs 4 acceleration will be
(r2)3 4 (A) v37wrad/sec? (B) 9 mrad/sec?

Lt (C) 18 wrad/sec? (D) 54 wrad/sec?
T2 _ 418 540
] L 9%V _ _
- Sol:n= 60 = 9r.p.s.,w = 27n = 18wrad/s

19. Two men are carrying a uniform bar of length L, on their Angular acceleration
shoulders. The bar is held horizontally such that younger Gain in anaular velocit 187
man gets (1/4)"" load. Suppose the younger man is at the = tg Y _ 5 = 3rrads ™2
end of the bar, what is the distance of the other man from ime ) )
the end 24. Four masses are joined to a light circular frame as shown
in the figure. The radius of gyration of this system about
(A) L/3 (B) L/2 an axis passing through the centre of the circular frame
(C) v2L/3 (D) 3L/4 and perpendicular to its plane would be
Page No: 9
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A (A) 9000 (B) 16570
“H-ﬂ'é (C) 12750 (D) v11250
e Sol : Number of revolution = Area between the graph and
time axis = Area of trapezium
a
2m s £l Zm = %x (2.5 4+ 5) x 3000 = 11250 revolution.
29. A car is moving at a speed of 72 km/hr. the diameter of its
m wheels is 0.5m. If the wheels are stopped in 20 rotations by
applying brakes, then angular retardation produced by the
Al brakes is
(A) a/\/§ (8) a2 (A) v—25.5 W’V'(l(]/b’;,(52 (B) —29.5 7r7'ad/secz
(C) —33.5wrad/sec (D) —45.5 7 rad/sec
(©) va (D) 2a 72 x 1000
Sol : Since the circular frame is massless so we will con- Sol : Here, u = 72km/h = ——————m/s = 20m/s
sider moment of inertia of four masses only. 60 x 60
I = ma® + 2ma® + 3ma® + 2ma® = 8ma? ...(i) r=05/2m = 0.25m
_ _ i 9
Now from the definition of radius of gyration I = 8mk? wz = 0,0 =20 x 2rradian, o =1
..... (if) comparing (i) and (ii) radius of gyration k = a. w == 20 _ 80rad/s
25. On account of melting of ice at the north pole the moment re 025
of inertia of spinning earth From w3 — w} = 206
(A) vIncreases (B) Decreases 0 — (80)% = 2a(20 x 21)
(C) Remains unchanged (D) Depends on the time ]0 % 80 )
26. Two discs of same thickness but of different radii are made =20 = —25.5rad /s
of two different materials such that their masses are same. i . .
The densities of the materials are in the ratio 1 : 3. The mo-  30. A wheel of mass 10 kg has a moment of inertia of 160 kg —
ments of inertia of these discs about the respective axes m? about its own axis, the radius of gyration will be ....... m
passing through their centres and perpendicular to their (A) 10 (B) 8
planes will be in the ratio (©) 6 (D) v4
(A) 1:3 (B) v3:1 Sol : mass = 10k
(€ 1:9 (D) 9:1 : — Ok .
Sol : Given : thickness = t; = t» M1 = 160kg.m* about axis
masses = m; = mp radius of gyration =?
density (p1/p2) = (1/3) I = MK?
I =Ml of disc = [(MR?) /2] K is radius of gyration
also p = [( mass )/ (volume) ] K? = [(160)/(10)] = 16
=[( mass )/(area x thickness) ] K =4m R
= [m/ (7R%t)] 31. What is the torque of the force F = (2i — 35 + 4k)N acting
R? = [m/(ntp)] at the pt ro= (3’L'A+ 27 +3k)m about}he engm )
from (1) (A) —17i + 65 + 13k (B) —61+65 — 12k
= (M/2)R? (C) v17i— 65 — 13k (D) 6i — 6 + 12k
= (M/2) Sol : Torque of a Force F acting on a point with position
= (M/2) - [M/(ntp)] vector 7 is given by:
= [M?/(2rTp)] F=ix P
given: thickness & masses same. To, we can find Torque by finding the cross product of 7
hence I « (1/p) and F
(11/12) = (p2/p1) a@s t1 = tam1 = ma We have A
(lh/l2) = (3/1) 7= 30+ 2]+ 3km
27. The aTrnguIar velocity of seconds handrof a watch will be F=2i—3j+4kN
(A) 0 rad/ sec (B) ‘/@ rad/sec So, torque will be:
(C) 607 rad/sec (D) 307 rad/sec c
Sol : We know that second's hand completes its revolution 7= § 5 3
(2p) in 60 sec 2 =3 4
0 27 7 = _ 5 _(— _; _ : 2 _3) _
=2 _Td = 7 =1i((2)(4) = (=3)(3)) = i((3)(4) = (2)(3)) + k((3)(=3)
W =y~ 6o s0red/ee (2)(2)
28. As a part of a maintenance inspection the compressor o ) .
of a jet engine is made to spin according to the graph as = 7=18+9)—j(12-6) + k(-9 —4)
shown. The number of revolutions made by the compres- = [¥ = 17i — 6j — 13k, Nm]
sor during the test is . . -
This is the torque of the force acting about Origin.
— 3000 32. In a rectangle ABCD (BC = 2AB). The moment of inertia
E 2500 along which axis will be minimum
5 E
. 2000 A " E
z 1500
£ 1000 Ht +1F
500 _
1 2 3 4 5 o t C
B G
£ {in min) (A) BC (B) BD
(C) HF (D) VEG
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Sol : The moment of inertia will be minimum about that
axis, which is passing through the center of mass.

P MB?
EG — 12

M(2B)?> MB?
Irg = =—

12 6

M.I. of the rectangular plate about its diagonal Igp =
MB®L* _ MB?x 4B _ 2, ., MB®
6(B2+L?)  6(B2+4B2?) 15 75

M.I. about EG is minimum.
OR

By observation, distribution of mass is the nearest about
axis EG.

B

,
LY
-

—— e = o

le— L =2B —>

33. Athin rod of length L and mass M is bent at the middle
point O at an angle of 60° as shown in figure. The moment

of inertia of the rod about an axis passing through O and ~ 34. Five particles of mass = 2 kg are attached to the rim of a
perpendicular to the plane of the rod will be circular disc of radius 0.1 m and negligible mass. Moment
of inertia of the system about the axis passing through the
O centre of the disc and perpendicular to its plane is ........
7R kg’
L2 A L/2 (A) 1 (B) v 0.1

/ y 60° Q@ \ () 2 (D) 0.2
i % Sol : We will not consider the moment of inertia of disc be-
cause it doesn't have any mass so moment of inertia of five
particle system I = 5mr? =5 x 2 x (0.1)> = 0.1 kg—m?.

35. The resultant of the system in the figure is a force of 8N

2 ATT2
(A) ML (B) v M‘L parallel to the given force through R. The value of PR
6 12 equals to
ML? ML? R
© =5 (0) =5 p — D o

Sol : since rod is bent at the middle, so each part of it will
have the same length (g) and mass (%) as shown

3N 3N
Moment of inertia of each part through its one end (A) 1/4 RQ (B) 3/8 RQ
1/ M\ /I\?2 (CQ) v3/5 RQ (D) 2/5 RQ
=3 (E) (5) Sol : By taking moment of forces about point R, 5x PR—
3XRQ=0
Hence, net moment of inertia of complete structure PR — §R
through its middle point O is. - 5 @

36. Weights of 1g,2g.....,100 g are suspended from the

1/ M\ (IN? 1/M\ [L\? lem,2em,......100 ecm, marks respectively of a light metre
I'= 3 (?) (E) 3 (7) (5) scale. Where should it be supported for the system to be in
equilibrium ...... cm mark.
1[ML* ML?*] MIL? (A) 55 (B) 60
_§[ g 8]_ 12 (C) v66 (D) 72
Page No : 11
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37.

38.

39.

Sol : - Weights are 1g,2g,3g,....... 100g

- Weights are suspended at a distance =
lem, 2cm, 3em, .. ... .. 100cm

respectively to the masses.

For the system to be in equilibrium the point must lie in
the center of mass.

So center of mass of the system can be calculated as
(1% +2% 4+ 3%...100%)

COM = (I+2+3...+100)
(100) (101) (201)
_ 6
COM = (100) (101)
2

COM = % = 67cm

Hence at 67cm from the origin or 66cm from the first par-
ticle, at that point system will be supported to get equilib-
rium.

One quarter sector is cut from a uniform circular disc of ra-

dius 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

i

(A) v inRz (B) 1MmR?
2 4

(Q) éMRZ (D) V2 MR?

Sol : For complete disc with mass ‘4M’, M.I. about given
axis = (4M) (R?/2) = 2M R?

Hence, by symmetry, for the given quarter of the disc

M.I. =2MR?/4 = %MR2

When a ceiling fan is switched on, it makes 10 rotations in
the first
3 sec. How many rotations will it make in the next 3 sec (As-

sume uniform angular acceleration)
(A) 10 (B) 20
(C) v30 (D) 40
Sol : In first three seconds, angle rotated 6 = 27 x 10rad

. 1
Using, 6 = wot + §at2

,'.27r><10:0+%a><32:ga...(i)

For the rotation of fan in next three second, the total time
of revolutions

=3+3 =6s
Let total number of revolutions = N
Then angle of revolutions, ¢’ = 27N rad

.2rN =0+ %a x 6% =18a ...(i1)

Dividing (i¢) by (i), we get

N =40

No. of revolutions in last three seconds
=40 — 10 = 30 revolutions

A circular disc of radius R and thickness i has moment

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

(A) 1

o
~

(B)
(D)

| e

(@ vz

M
[«=)

40.

41.

42.

Sol : given radius of the disc = R
thickness of the disc = %

3
volume of the disc Vi = 7R%*t = 7rR2% = w%

let the radius of the sphere be R’
volume of the sphere V» = %ﬁRE’

since volume remains same
R® 4 :
T = gﬁR?’ — R*=8(R')’ = R=2R

2
let I; be the M.O.l of disc = MR

2 2 2 (R\?
let I> be M.O.1 of the sphere = gM (R = gM 3

The moment of inertia of a meter scale of mass 0.6 kg

about an axis perpendicular to the scale and located at the
20 cm position on the scale in kgm? is (Breadth of the scale
is negligible
(A) 0.074 (B) v0.104

(C) 0.148 (D) 0.208

Two identical rods each of mass M. and length [ are joined
in crossed position as shown in figure. The moment of in-
ertia of this system about a bisector would be

! LBz
| - ]
f” “'\
MI? MI?
= B
(A) 6 (B) v B
MI? Mi?
(©) = (D) .

Sol : Moment of inertia of system about an axes which is
perpendicular to plane of rods and passing through the
common centre of rods
LM M M

T 12 12 6
Again from perpendicular axes theorem I, = I, + Ip,=

Wik
213122132=T [ASIBIZIB2]

M?

127
A person supports a book between his finger and thumb as
shown (the point of grip is assumed to be at the corner of

the book). If the book has a weight of W then the person
is producing a torque on the book of

d

(A) W% anticlockwise

Ip, =Ip, =

(B) \/Wg anticlockwise

(C) Wa anticlockwise (D) Wa clockwise
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Sol : Moment = force x perpendicular distance 46. A circular disc A of radius r is made from an iron plate of
a thickness ¢ and another circular disc B of radius 4r is made
Moment = w x 5 from an iron plate of thickness ¢/4. The relation between
the moments of inertia I, and I is
N . (A) Ia>1Ip (B) Ia=1Ip
= (C) vIa<Igp (D) Depends on the actual
. values of t and r
' b MR?
_l Sol : Moment Of Inertia = I = 5
L 1
Mass = DensityxVolume
Let d be the density of both the iron plate
43. Three rods each of length L and mass M are placed along Usi he ab .
X,Y and Z - axes in such a way that one end of each of sing the above equations,
the rod is at the origin. The moment of inertia of this sys- B o, 72 Tdtr*
tem about Z axis is , La=(d) xMrito = —
2ML 4ML 2
(B V= () I =d x m(r? LU gy,
5ML? ML? 4 2
(©) N‘]% . . (D) . Therefore, I < Ip
Sol : Moment of inertia of the system about = - axis can be 47, In rotational motion of a rigid body, all particle move with
find out by calculating the moment of inertia of individual i | loci
rod about z - axis (A) Same linear and angular velocity
ML? o (B) Same linear and different angular velocity
L =1, = because 2z - axis is the edge of rod 1 and 2 . . . o
o ] (C) v'with different linear velocities and same angular ve-
and I3 = 0 because rod in lying on z - axis locities
ML?  ML? 2ML? (D) With different linear velocities and different angular
L IS.VStern =h+1x+ 3= 3 + 3 +0= 3 X .Velocitie.s . . . .
4 48. Arigid body is rotating with variable angular velocity (a—bt)
Z 4 at any instant of time ¢. The total angle subtended by it
before coming to rest will be (a and b are constants)
3 (a—b)a a
(A) —"— (B) v
a® —2b2 aZQB b2
€ —5 (D) —_
e X Sol:w=a—-bt=0
2 4 1 t=a/b
4 0= [wdt=[)(a—bt)dt
Y g’.-. B (at_ ﬁ)a/b
44. Three identical thin rods each of length [ and mass M are 2/,
joined together to form a letter H. What is the moment of a 6a2
inertia of the system about one of the sides of H =a-7— 575
2 2 b 2b
Ml Ml
(A) =5 (B) =~ —a?/2
(©) 2M1? (D) ‘/4Mlz 49. A horizontal heavy uniform bar of weight W is supported
To'n B at its ends by two men. At the instant, one of the men lets
Sol : The three rods form H, So let H = I1(AB) + I(EF) + go off his end of the rod, the other feels the force on his
I3(CD) hand changed to
Here we will find about left vertical axis i.e. I; AB (A) w (B) w
Moment of inertia of rod AB about the axis is 0 3IW 2W
Moment of inertia of rod C D(parallel axis theorem) about (SC)I LT h f the rod '(D]\)4 ‘/T
the axis is ML? o'. et the mass of the rod is
Moment of inertia of rod EF (perpendicualr axis theorem) W?"ght (W) = Mg o
about the axis is lMLZ Initially for the equilibrium F+ F = Mg
3 F=Mg/2
So, Moment of inertia of the rod about the axis is When one man withdraws, the torque on the rod
1
_ 2 4 2
=0+ ML +3ML T:Ia:]V[gé
4
= _ML? 2
3 ME My L [As T = MI?/3]
45. A wheel initially at rest, is rotated with a uniform angular 3 2 .
acceleration. The wheel rotates through an angle 6; in first Angular acceleration a = 392nd linear acceleration
one second and through an additional angle 6 in the next ! 39 21
one second. The ratio %is a=3> =7
1
(A) 4 (B) 2 Now if the new normal force at A is F’ then Mg — F' = Ma
Q) v3 . . (D) 1 F' = Mg— Ma = _3Mg_Mg_ K
Sol : Angular displacement in first one second §; = 4 4 4
loz(l)2 =2 ...6) [Fromo =uwit+ 1at?]
2 2 2 £ F
Now again we will consider motion from the rest and angu-
lar displacement in total two seconds T T
) A T B
61+ 62 = 7 2?*=2a . (#9) I
A
Solving (i) and (ii), we get 6; = %and 02 = 37(1 Z—Z: 3. 4
1
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50.

51.

52.

53.

The adjoining figure shows a disc of mass M and radius R
lying in the X — Y plane with its centre on X — axis at a dis-
tance a from the origin. Then the moment of inertia of the
disc about the X — axis is

Y 3

e g -—

(A) M (R;) (B) v M <E>

-
© M (R;MZ) (D) M (%2+a2)

The moment of inertia of HCI molecule about an axis pass-
ing through its centre of mass and perpendicular to the
line joining the H™ and CI~ ions will be, if the interatomic
distance is 1

(A) 0.61 x 107*" kg. m? (B) v1.61 x 1077 kg. m?
(C) 0.061 x 107*" kg. m? (D) 0

Sol : If r; and r2 are the respective distances of particles
m1 and mq from the centre of mass then

mirt =mary = 1 xx=35.5x (L—x)
x=355(1—ux)
x=0.973 and L — x = 0.027

Moment of inertia of the system about centre of mass
I =mix? + ma(L —x)?

Substituting 1 a.m.u. = 1.67x 1072" kgand 1 =107 m
=162 x 10" *"kgm?

L-x

— >
@{—} C.M. @

Mz

The moment of inertia of a sphere (mass M and radius R )
about it's diameter is I. Four such spheres are arranged as
shown in the figure. The moment of inertia of the system
about axis X X’ will be

(A) 31 (B) 51

() 71 (D) voI

Sol : Given, Moment of inertia (M OI) of sphere about its
diameter = %MR2 =1

Using Parallel axis theorem, I = I.., + Mz? where I, is

MOI about centre of mass z is distance between centre of
mass and axis of rotation.

= MOI of system = 2 x %MR2 +2x (%MR2 +MR2) =
%]WR2 =97

A particle starts rotating from rest. Its angular displace-
ment is expressed by the following equation § = 0.025t> —
0.1t where 6 is in radian and ¢ is in seconds. The angular
acceleration of the particle is

(A) 0.5rad/sec? at the end of (B) 0.3rad/sec® at the end of

54.

55.

56.

dwi@

SOI o= E = a2
a =2x0.025t - 0.1
dt

d*6

o 0.05

A thin wire of length L and uniform linear mass density r
is bent into a circular loop with centre at O as shown. The
moment of inertia of the loop about the axis XX’ is

X X
o0F|
|
i
o
pL® pL’
(A) 8723’ () 1672
5pLF 3pL?
() 1672 () v 82

Sol : The moment of inertia of a thin loop about its diame-
ter is %MR2

2
about xx'| = XX g2 = ;J\lsz
3 L\
I=—- -
QX(ZXp)(2W>
I_3L3><p
T 8x2

Three particles are situated on a light and rigid rod along
Yaxis as shown in the figure. If the system is rotating with
an angular velocity of 2rad/ secabout Xaxis, then the total

kinetic energy of the systemis ...... J

dkge (0, 3m)

I
o X

2kg ¢ (0,—2m)

Ska ¢ (0,-4m)
(A) 92 (B) v184
(C) 276 (D) 46

Sol : Mass of first object, m; = 4.00kg

Mass of second object, m2 = 2.00kg

Mass of third object, ms = 3.00kg

Distance of first object from = —axis, r1 = 3.00m
Distance of second object from z —axis, r» = —2.00m
Distance of third object from x —azis, r3 = —4.00m
Angular velocity, w = 2rad/s

I=3"mmr?

I =mir? + maord + m3r§

I = (4.00kg)(3.00m)?+ (2.00kg) (—2.00m)? 4 (3.00kg) (—4.00m)?
I = 92kg.m?

1
K - Erotational = §Iw2

1
K.FE\otational = 5 (92kg.m2) (2rad/s)? = 184J

We have two spheres, one of which is hollow and the other
solid. They have identical masses and moment of inertia
about their respective diameters. The ratio of their radius
is given by
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10 sec 2 sec
(C) 0.05rad/sec’at theend (D) v Constant (A) 5:7 (B) 3:5
of 1sec 0.05, rad/sec? (C) vv3:v5 (D) V3:V7
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57.

. . 2
Sol : Moment of Inertia of hollow sphere is I; = gmr'f’

Moment of Inertia of solid sphere is I, = %mr%

As moment of inertia is equal:

L =1

2 2
ng%:gmrﬁ
ri_3

r3 5
7‘1:7’2:\/g:\/5

Two particles having mass ‘M’ and 'm’ are moving in cir-
cular paths having radii R and r. If their time periods are
same then the ratio of their angular velocities will

F%
".:La
4

\I/ 0

mg

n) R 60. Figure shows a small wheel fixed coaxially on a bigger one
R (B) - of double the radius. The system rotates about the com-
mon axis. The strings supporting A and B do not slip on
(C) v1 R the wheels. If  and y be the distances travelled by A and
(D) r B in the same time interval, then
. . . s
Sol : Time period of revolution T =—
w
As according to question, Ty = T» ’
2o G
w1 - w2
— wi =ws =1
58. Four solids are shown in cross section. The sections have
equal heights and equal maximum widths. They have the E
same mass. The one which has the largest rotational in-
ertia about a perpendicular through the centre of mass is (A) z =2y (B) 2=y
A) v (C) vy=22 (D) None of these
Sol : Linear displacement (S) = Radius (r) x Angular dis-
placement (q)
(B) .S o r(if6 = constant)
Distance travelled by mass A (x)
Distance travelled by mass B (y)
_ Radius of pulley concerned with mass A(r) _ 1
Radius of pulley concerned with mass B (2r) ~ 2
y = 2x.
61. A body is in pure rotation. The linear speed v of a particle,
the distance r of the particle from the axis and angular ve-
(© (D) locity w of the body are related as w = Y, thus
T
(A) w 1 (B) w xr
T
() w=0 (D) vwisindependent of r
Sol : Explanation = In the given Relation,
59. A uniform cube of side a and mass m rests on a rough w=uv/r
horizontal table. A horizontal force F is applied normal to . . . . .
one of the faces at a point that is directly above the centre w is the Constant of Proportionality, v is the Velocity of the
. 3a o Particles which is directly proportional to the distance of
of the face, at a height T above the base. The minimum the particles from the axis (r).
value of F for which the cube begins to tilt about the edge CuxT
is (assume that the cube does not slide) S =wXT
(A) mg B) v 2mg since,. w is the constant .of Proportionality, its value will be
4 3 remains same for the given values of v and r.
3mg .. Option (d). is correct.
(€ 1 (D) mg 62. Two point masses of 0.3 kg and 0.7 kg are fixed at the ends
) . , . ) of a rod of length 1.4 m and of negligible mass. The rod is
Sol : The minimum force for which cube begins to tilt, the set rotating about an axis perpendicular to its length with
/no,rmal reaction should pass through the tilting edge point a uniform angular speed. The point on the rod through
0" which the axis should pass in order that the work required
Taking moments about point O fc%r rotation of the rod is minimum is located at a distance
’ 0
3a _ a (A) 0.4 m from mass of (B) v0.98 m from mass of
Foxop=mgx3 0.3 kg 0.3 kg
2 (C) 0.70 m from mass of (D) 0.98 m from mass of
= F'=gmg 0.7 kg 0.7 kg
Page No : 15
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Sol : Work — energy theorem, Wi forces = 1]w2 66. If solid sphere and solid cylinder of same radius and den-
2 sity rotate about their own axis, the moment of inertia will
Given: w is constant be greater for (L = R)
So required work done to be minimum implies that I must (A) v Solid sphere (B) Solid cylinder
be minimum.
Let th - nal axi H ho , (C) Both (D) Equal both
etthe rota2t|ona axis passes through O. 1 = 0.3 (2%) + Sol : Moment of inertia of solid cylinder about z -axis pass-
0.7(1.4 — z) ing through its centre and parallel to its height is given by:
1
For I to be minimum, ;LI =0 Ie = §MR2 =0.5MR?
X
= 03x2(x)—07x214—z)=0 Moment of inertia of solid cylinder about an axis passing
through its centre s given by:
=z = 0.98m 5
Is = gMR2 = 04MR?
- W So, Ic > Is
Hence, The moment of inertia of the solid cylinder will be
0.3 kg 0.7 kg greater than that of solid sphere.
- » 67. A wheel completes 2000 rotations in covering a distance of
A rO B 9.5 km. The diameter of the wheel is
(A) v1.5m (B) 1.5cm
X (C) 7.5m (D) 7.5¢m
e Sol : Distance covered by wheel in 1 rotation = 27r = 7D
e = =di
1.4 m (Whtare D= 2r = diameter of wheel) 3
63. Moment of inertia of a disc about its own axis is I. Its mo- . Distance covered in 2000 rotation = 2000 wD= 9.5 x 10°m
ment of inertia about a tangential axis in its plane is (given)
=4
(A) V21 (B) 31 . D = 1.5meter
3 2 68. The moment of inertia of semicircular ring about its centre
(€) 51 (D) 21 is ,
Sol : M.I. of disc about an axis passing through its COM (A) vMR? (B) MR
and perpendicular to the plane 5 2
) (©) MR (D) None of these
is I = ~MR? 4 m
2 Sol : m = —. ROY
M.I. of disc about its diameter is I' = MR I m mh
o T4 2 om = ;89
M.II. of disc ab;)ut its tangential axis 91 — 9m - R
5 m
=L MR?2=Z492I="2J _ Mpo or
5t R 5t 5 I WR Jo o6
64. Four thin rods of same mass M and same length [, form a _ @sz)ﬂ
square as shown in figure. Moment of inertia of this sys- ™ 0
tem Iabou_t an axis through centre O and perpendicular to I = mR2
Its plane is 69. A uniform meter scale balances at the 40 ¢ mark when
! weights of 10 g and 20 g are suspended from the 10c¢m and
A . B 20 cm marks. The weight of the metre scale is ...... g
F (A) 50 (B) 60
| | (C) v7o (D) 80
b 70. A circular disc is to be made by using iron and aluminium,
so that it acquires maximum moment of inertia about its
geometrical axis. It is possible with
D c (A) Iron and aluminium lay- (B) v’ Aluminium at interior
i ers in alternate order and iron surrounding it
A M (C) Iron at interi d alu-
A) v M2 ron at interior and alu )
(A) 3 (B) 3 minium surrounding it (D) Either (a) or (c)
(©) M (D) EMF Sol : A disc is composed of rings and moment of inertia of
6 3 . disk can be found by using integral of moment of inertia of
Sol : Moment of inertia of rod AB about point P = —M{? concentric elemental rings.
12 . . . . .
) Moment of inertia of continuous body is found by using
, M ! SRS I=[Rdm
M.I. of rod AB about point O = T3 +M 5) = ng
by the th ¢ llel axi dth . ¢ For increasing the moment of inertia of a non — uniform
[by the theorem of parallel axis] and the system COI‘\S4IStS 0 disc, it is hence desired that the mass density is more in
4 rods of similar type so by the symmetry Isystem = gMz?. the exterior parts of the disc.
65. A couple produces Thus, B is the correct option.
(A) Purely i ‘i (B) v Purely rotational 71. Acircular disc X of radius R is made from an iron plate of
urely linear motion tiounre y rotational mo- thickness ¢, and another disc Y of radius 4R is made from
an iron plate of thickness E. Then the relation between the
(C) Linear and rotational motion - 4
(D) No motion moment of inertia I, and I, is
Sol : Couple (formed by two equal and opposite forces) (A) VI, = 64L, (B) 1, = 321,
produces purely rotational motion. (Q) 1, =161, (D) I, =L
Page No: 16
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72.

73.

. . 1 1
Sol : Moment of Inertia of disc I = 5MR2 = 5(7r1%£2zt,o)R"’:
%mpr4

[As M =V x p= mR?*tp where t = thickness, r = density]

4
L _ tl(&) [If p = constant]

I,  t;\ R.

Iy _ 1 4 R — — fi
o= L@ =64 [Given R, = 4R, t, = 4]
I, = 641,

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

| I

L 3

> R
E

Sol : sphere: T = (2/5)MR?i.e I o« R*as M is constant
graph should be parabolic symmetrical about I axis.

A wheel is rotating at 900 r.p.m. about its axis. When the
power is cut-off, it comes to rest in 1 minute. The angular
retardation in radian/s® is
(A) vr/2

(C) =/6

(B) m/4
(D) w/8

74.

75.

Sol: As, w = wo + ot

Here, wo = 900rpm = %radsfl,w =0
andt:GOS,O:eraX&)

B 27r><9007E

T 60x60 2

What is the moment of inertia of a square sheet of side [
and mass per unit area p about an axis passing through
the centre and perpendicular to its plane

ul ul
W G ® 5
@ 1 o) 1
Sol : side =1

Mass per unit area = p
Total mass M = pl?

2
Now, the moment of inertia is I = MlI;
By perpendicular axis theorem I = I, + I,
1 =21,
ul? x 12
1=2
SEEND)

pul?
1=

6

4
Hence, the moment of inertia of a square sheet is %

Moment of inertia of a uniform circular disc about a diam-
eter is I. Its moment of inertia about an axis perpendicular

to its plane and passing through a point on its rim will be

(A) 51 (B) v61I

(C)3r1 (D) 41

Sol : Moment of inertia of disc about a diameter =iMR2 =
I (given)

. MR? =41

Now moment of inertia of disc about an axis perpendicular
to its plane and passing through a point on its rim

_3 2 3,0
= SMR? = S(1) = 6.
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