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1. From a solid sphere of mass M and radius R, a cube of 4.  From a uniform wire, two circular loops are made (i) P of

maximum possible volume is cut. Moment of inertia of cube
about an axis passing through its center and perpendicular
to one of its faces is :

4MR?2 4MR?2 MR 2 MR 2

radius r and (ii) Q of radius nr. If the moment of inertia of Q
about an axis passing through its centre and perpendicular
toits 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)

b d (@ 8 (b) 6 (c) 4 d 2
@) 93 () 331 © 3227 (d) 16321 5.  Abilliard ball of mass m and radius r, when hit in a horizontal
A hollow sphere is held suspended. Sand direction by a cue at a height / above its centre, acquired a
is now poured into it in stages. hnegr velocity v,,. The angular velocity w, acquired by the
. ball is
The centre of mass of the sphere with ) vyl S
the sand (a) Sver (b) Yo ©) 2vyh (d) 0
(a) rises continuously 2h 5h 512 2r?
(b) remains unchanged in the process 6.  Threebricks each oflength Land | Wall
(c) first rises and then falls to the mass M are arranged as shown
original position from the wall. The distance ofthe
(d) first falls and then rises to the centre of mass of the system from L/4
original position the wall is I V)
A body 4 of mass M while falling vertically downwards (a) L4 (b) L2 (© G2L @ 11/12)L
1 7.  Four point masses, each of value m, are placed at the corners
under gravity breaks into two parts; a body B of mass 3 M of a square ABCD of side /. The moment of inertia of this
dabodv Cof 2 MTh . fbodi system about an axis passing through A4 and parallel to BD is
and a body C of mass " e centre of mass of bodies @ 2 ® G © 3w @ e
B and C taken together shifts compared to that of body 4 8, A loop of radius r and mass m rotating with an angular velocity

towards

(@) does not shift

(b) depends on height of breaking

(c) body B (d) body C

®, 1s placed on a rough horizontal surface. The initial velocity
on the centre of the hoop is zero. What will be the velocity of
the centre of the hoop when it ceases to slip?
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Two masses m, and m, are connected by a massless spring
of spring constant £ and unstretched length ¢. The masses
are placed on a frictionless straight channel, which are
consider our x-axis. They are initially at x = 0 and x = ¢
respectively. At £= 0, a velocity v is suddenly imparted to
the first particle. At a later time ¢, the centre of mass of the
two masses is at :

(a) x= ml + m2 ml EZ
[ SROIIT |

m my Vol % =

(b) x = + | x=1
m + ny m + ny x=0
7’}12[ 7’}12\/01 me ml\/ot

(C) x= + (d) x= +

my +m1 my +m2 my +my my +my

A body of mass 1.5 kg rotating about an axis with angular
velocity of 0.3 rad s~! has the angular momentum of 1.8 kg
m?2s~!. The radius of gyration of the body about an axis is

(@ 2m (b) 12m (¢) 02m (d) 1l.6m

If Fis the force acting on a particle having position

vector T and T be the torque of this force about the origin,
then:

.T<0

5]

@ T.7t>0 and

.1=0

=5

(b) T.7=0 and
(¢ 7.7=0and F.T20

(d F.720and F.T=0
A thin uniform rod of length / and mass m is swinging freely
about a horizontal axis passing through its end. Its maximum
angular speed is . Its centre of mass rises to a maximum
height of

lio 1 Po? 1 P’ . 1 Po?
@ 55 ® 3@ ¢ @ g
A wheel is rolling straight on ground
without slipping. If the axis of the P
wheel has speed v, the instantenous
velocity of a point P on the rim, defined
by angle 6, relative to the ground will
be

@ V cos[% Oj (b) 2v cos[% 9]
(¢) v(l+sin0) (d) v(l+cosB)

A solid sphere having mass m and radius r rolls down an
inclined plane. Then its kinetic energy is

5 2
(@) El rotational and Fl translational

15.

16.

17.

18.

19.

20.

2 5
(b) Fl rotational and Fl translational

2 3
@) 3 rotational and 3 translational

1 1
(d) 3 rotational and 3 translational

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

Mm

@) —m(MA; 2m) 2R () Grem ®2R2
© (A}fz )°°2R2 @ G 2
m

Acertain bicycle can go up a
gentle incline with constant speed
when the frictional force of
ground pushing the rear wheel is
F,=4N. With what force F| must
the chain pull on the sprocket
wheel if R;=5 cm and R, =30 cm?

@ 4N (b)) 24N (o)

Horizontal

35
140N (d) vy N
A wooden cube is placed on a rough horizontal table, a
force is applied to the cube. Gradually the force is increased.
Whether the cube slides before toppling or topples before
sliding is independent of :
(a) the position of point of application of the force
(b) the length of the edge of the cube
(c) mass of the cube
(d) Coefficient of friction between the cube and the table
From a circular ring of mass M and radius R, an arc
corresponding to a 90° sector is removed. The moment of
inertia of the ramaining part of the ring about an axis passing
through the centre of the ring and perpendicular to the plane
of the ring is k times MR2. Then the value of k is

(@ 34 (b) 7/8 (c) 1/4 d 1

A mass m moves in a circle on a ;0

passes through a smooth hole in / /
the plane as shown. |

smooth horizontal plane with
The tension in the string is increased gradually and finally

velocity v, at a radius R;. The
mass is attached to string which

R
m moves in a circle of radius 70. The final value of the
kinetic energy is

| 5 | 5
@ 7™ O 2mvd © ;™0 @ mvd
A rod PQ of length L revolves in a horizontal plane about the
axis YY'. The angular velocity of the rod is . If A is the area
of cross-section of the rod and p be its density, its rotational

kinetic energy is
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1 1
(a) E AL? po 2. (b) EAL3pm2

1 1
© AL’ @ TgALPe’

A solid sphere of mass 2 kg rolls on a smooth horizontal
surface at 10 m/s. It then rolls up a smooth inclined plane of
inclination 30° with the horizontal. The height attained by
the sphere before it stops is

(@ 700cm (b) 70lcm (¢) 7.Im (d) 70m

A hollow smooth uniform sphere 4 of mass m rolls without
sliding on a smooth horizontal surface. It collides head on
elastically with another stationary smooth solid sphere B of
the same mass m and same radius. The ratio of kinetic energy
of B to that of 4 just after the collision is

@ 1:1 4 B

(b) 2:3

o O

(d 4:3 [ 1

Two discs 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 of 1 : 3. The
moments of inertia of these discs about the respective axes
passing through their centres and perpendicular to their
planes will be in the ratio of

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

A pulley fixed to the ceiling carries a string with blocks of
mass m and 3 m attached to its ends. The masses of string
and pulley are negligible. When the system is released, its
centre of mass moves with what acceleration ?

@ 0 (b) -g4 (0 g2 (d -g2

A ring of mass m and radius R has

four particles each of mass m -
attached to the ring as shown in / \
figure. The centre of ring has a speed m o m
v,- The kinetic energy of the system W

is

@ m3 ) 3mi © 5mi @ emj
Consider a uniform square plate of side ‘a’ and mass “M’.
The moment of inertia of this plate about an axis
perpendicular to its plane and passing through one of its
corners is

5002 1, 2 702 2.2
(@) p Ma” (b) T Ma* (c) T Ma* (d) 3 Ma
A dancer is standing on a stool rotating about the vertical
axis passing through its centre. She pulls her arms towards
the body reducing her moment of inertia by a factor of n.
The new angular speed of turn table is proportional to
@ n (b) n! (¢ n° (d) n?

28.

29.

30.

31.

32.

33.

34.

A uniform square plate has a small piece Q of an irregular
shape removed and glued to the centre of the plate
leaving a hole behind. Then the moment of inertia about

the z-axis 4 4
(a) increases Q° ............. =p Hole
(b) decreases px | > X

(c) remainssame
(d) changed in unpredicted manner.

A circular turn table has a block of ice placed at its centre.
The system rotates with an angular speed ® about an axis
passing through the centre of the table. If the ice melts on
its own without any evaporation, the speed of rotation of
the system

(a) becomes zero

(b) remains constant at the same value ®

(c) increases to a value greater than

(d) decreases to a value less than ®

Seven identical coins are rigidly arranged on a flat table in
the pattern shown below so that each coin touches it
neighbors. Each coin is a thin disc of mass m and radius 7.
The moment of inertia of the system of seven coins about
an axis that passes through point P and perpendicular to
the plane of the coin is :

2 1 5
(c) Tmr (d) S55mr?

55 b 127
(@) 5 mr~ (b) 5 mr
In a two-particle system with particle masses m; and m,, the
first particle is pushed towards the centre of mass through
a distance d, the distance through which second particle
must be moved to keep the centre of mass at the same
position is

myd m;d md
@ T ®d © (my +my) CURIS

A uniform bar of mass M and length L is horizontally
suspended from the ceiling by two vertical light cables as
shown. Cable A is connected 1/4th distance from

the left end of the bar. Cable =~ YSNNINNNINNNNNNN

B is attached at the far right _Cable A Cable B
end of the bar. What is the ;L <=
tension in cable A? Iﬁ

(@ 1/4Mg (b) 1/3Mg (¢) 2/3Mg (d) 3/4Mg

A couple produces

(@) purelylinear motion

(b) purelyrotational motion

(c) linear and rotational motion

(d) nomotion

Point masses 1, 2, 3 and 4 kg are lying at the point (0, 0, 0),
(2,0,0), (0,3, 0)and (-2,-2, 0) respectively. The moment of
inertia of this system about x-axis will be

(@) 43kgm? (b) 34kgm? (c) 27kgm? (d) 72kgm?
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A solid sphere of mass M and
radius R is pulled horizontally on
a sufficiently rough surface as
shown in the figure. -
Choose the correct alternative. Ro oh
(@) The acceleration of the centre of mass is F/M

2 F
(b) The acceleration of the centre of mass is IM

(c) The friction force on the sphere acts forward

(d) The magnitude of the friction force is F/3

The moment of inertia of a body about a given axis is
1.2kg m?. Initially, the body is at rest. In order to produce a
rotational kinetic energy of 1500 joule, an angular
acceleration of 25 radian/sec? must be applied about that
axis for a duration of

(@ 4sec (b) 2sec (c) 8sec (d) 10sec

A gymnast takes turns with her arms and legs stretched.
When she pulls her arms and legs in

(a) the angular velocity decreases

(b) the moment of inertia decreases

(c) the angular velocity stays constant

(d) the angular momentum increases

An equilateral triangle ABC formed from 4
a uniform wire has two small identical /Y 1
beads initially located at A. The triangle is g

set rotating about the vertical axis AO.

Then the beads are released from rest

simultaneously and allowed to slide B 0

down, one along 4B and the other along AC as shown.

Neglecting frictional effects, the quantities that are conserved

as the beads slide down, are

(a) angular velocity and total energy (kinetic and potential)

(b) total angular momentum and total energy

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

(d) total angular momentum and moment of inertia about
the axis of rotation

The moment of inertia of a uniform semicircular wire of mass

m and radius r, about an axis passing through its centre of

C

k
mass and perpendicular to its plane is mr? (1 ——] . Find

TCZ
the value of k.
(@ 2 (b) 3 © 4 d 3
Initial angular velocity of a circular disc of mass M'is @ .
Then two small spheres of mass m are attached gently to
diametrically opposite points on the edge of the disc. What
is the final angular velocity of the disc?

41.

42.

43.

44.

o (5o o (e

o gl 0 (G5

Two identical discs of mass m and radius r are
arranged as shown in the figure. If a is the
angular acceleration of the lower discand a_,
1s acceleration of centre of mass of the lower

disc, then relation between a_,
oandris
(@ a,,=or (b) a, =2ar

(© a,=ar (d) None of these
Five masses are placed in a plane as shown in figure. The
coordinates of the centre of mass are nearest to

(@ 12,14 M3kg Tkg

(b) 1.3,1.1 1 Ske

() LL13

(d) 1.0,1.0 04lke 1 kgl x
0

Three particles, each of mass m gram, are situated at the
vertices of an equilateral triangle ABC of side ¢ cm (as shown
in the figure). The moment of inertia of the system about a
line AX gerpendicular to AB and in the plane of ABC, in
gram-cm- units will be

3 X
@ Sme’ m nC
() Sm /' N\
() 2m/?
A B
) %mﬁz m / m

When a ceiling fan is switched on, it makes 10 rotations in
the first 3 seconds. Assuming a uniform angular
acceleration, how many rotation it will make in the next 3
seconds?

(@ 10 (b) 20 (c) 30 (d) 40

A solid sphere spinning about a horizontal axis with an
angular velocity o is placed on a horizontal surface.
Subsequently it rolls without slipping with an angular
velocity of :

20 To 20
@5 ® 5 © 5 @o
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45.BEOOG
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2
1. @ mma=7§R T
M 4 7R3 d
Now, 2 _3 l
M’ a’

“nRr?
oM
3 NE) M =

N

Moment of inertia of the cube about the given axis,
™M (2 )

, 5 —=X|—=R 2
el o

6 - 6 o3

Initially centre of mass is at the centre. When sand is
poured it will fall and again after a limit, centre of mass
will rise.

Does not shift as no external force acts. The centre of
mass of the system continues its original path. It is
only the internal forces which comes into play while
breaking.

Let the mass of loop P (radius=r) =m

So, the mass of loop Q (radius =nr) =nm

2

I
2. @

4. @

Moment of inertia of loop P, I, = mr

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

IIl['2

==n=8=n=2
Ip

When the ball is hit by a cue, the linear impulse imparted
to the ball = change in momentum = mv,,

5. @

W,

Angular momentum = Moment of momentum
Iwy = (mvg)h

5voh

2r?

2
gmrz(no =mvoh or 0y =

PHYSICS
SOLUTIONS

DPP/CP06

6. @
L
L 3
> <+ . |
«—> . |
. |
4 T »
———————l
» X1 "
< X =
L 5L
X =—, Xo =L, X3 =—
1750 %2 377,
A l'anl +m2X2 +1'1'13X3
'XCM=
m1+m2+m3
M><£+M><L+M><&
_ 2 4
M+M+M
11
_aMh
M 12
7. (©

I

nn'

= M.I due to the point mass at B +
M.I due to the point mass at D +
M_I due to the point mass at C.

2
I, =2% m(%j +m(x/20)?

= ml* + 2ml* = 3ml?

@ B

From conservation of angular momentum about any
fix point on the surface,
mrw, = 2mr’o

= 0=w0y/2 = v=% [ v=ro]

my!l
ny+ny

9. (d) Initial position ofcm =

EBD_71
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10. (a)
1. O
12. (c)
13. (M)

is-27]
mlel + mzsz mlvot +0 1 2
Alsox_ = = 14. K.E, tati =—J/o
cm my +my my +my ®) rotational )
12 2 5
. l ¢ = 22 g2 | v Ta ==
final position =M, Tt 75 wrtd ( Solid sphere = 5 mr
m + ny m +I112
Here,L=1.8kgm?s|,M=1.5k 2
(De:re(; 3 rad S—lg s & K Eiranstational = Emv
Angular momentum, L =Iw
L=k2Mao (1= MK2) _KEutiona _ 2
or 1.8=k?x 1.5 x(0.3) " K.Eganslational  J
1.8 Hence option (b) is correct
=K =505 °
.5%0. L _ 2
o k=om 15. (¢) Kinetic energy . ona Kr = ) Iw
S - 1
T=ixF=71.7=0 F.t=0 Kinetic encrgy (translational)KT = EMVZ
Since, © is perpendicular to the plane of T andF, (v=Rw)
. = ML Gitiaty Liing = MR @ i = ©
hence the dot product of T with T and F is zero. e B 5 5
& M'I'(new) \ (system) MR +2mR
NI , _ Mo
\\ \\\ (D(system)_M_,'_zm
AN AN Solving we get loss in K.E.
\
K D N __Mm_ opo
clm AN ~_ Reference (M +2m)
\\\ \\liVel for P.E. 16. () Forno angular acceleration T =0
N = F, x5=F,x30(givenF,=4N) = F, = 24N
L —
— 17. (¢) For toppling MgE =F xh h[ l [L
N 1o
The moment of inertia of the rod about O is Emﬂ . For sliding lUZ
The maximum angular speed of the rod is when the rod uMg=F, Mg
is instantaneously vertical. The energy of the rod in For sliding to occur first
1
this condition is ) I®? where Iis the moment of inertia Fy>F,
mgL
of the rod about O. When the rod is in its extreme or nst >UuMg or L>2uh
portion, its angular velocity is zero momentarily. In this 1. @
. (@@

case, the energy of the rod is mgh where /4 is the
maximum height to which the centre of mass (C.M)
rises

1. 5 1(1 2) 2
. — =—|—ml” |
. mgh 21(1) 13

_ o’

6g

= h

1 \%
0
;r/

VR Z\/V2+V2+2V20059 :\/2V2(1+cose)

= 2vcosE
2

2
‘>s. q
(1) (i1)

Moment of inertia of a ring about a given axis is
I=MR?

*

3M
Mass of the remaining portion of the ring = e

Moment of inertia of the remaining portion of the ring
about a given axis is

I =3 MR2
4
Given I’=kMR?

k=3/4.
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19. (b) Applying angular momentum conservation 1
If mass and thickness are same then, [ o< —
V, p
m
L _py _ 3
| L p 1
24. (c)
X Ry When the system is released,
mVORO:(m)(V ) 2 heavier mass move downward
vli= 2V0 and the lighter one upward.
1 s Thus, centre of mass will move
Therefore,new KE= - 'm (2V)?= 2mv; towards the heavier mass with
20. (c) Ifrotation axis is passing through its middle point & is acceleration
1 toits plane, then moment of inertia about YY" is 3m—m g
a= = =
o Y L N 3m+m £ 2
Pl [Q 25. (¢) K= Kring + Kparticles
v 1 1 1 1
MI2 = [—mvg +—Im2}+{—m(\/§v0)2 +—m(2vo)2 +
I= TS where M = volume x density = (LxXA)xp 2 2 2 2
3 1 2
so I:LAp Em(ﬁvo) +O}
12
. 1.5 L’ Apoo2 12
sorotational K.E = —I0w* = ——— = = mR2
> 24 Also ® R JI=mR
21. (c¢) If a body rolls on a horizontal surface, it possesses K = 5>
both translational and rotational kinetic energies. The 0
net kinetic energy is given by B 2
6. @ 1. =M@ +a)=Y"
2 K2 nn 12 6
Knet =—mv 1+F ’ h n m
(m)K" 6 =30° l
where K is the radius of gyration. A’ C A
So from law of conservation of energy, D
2
lmV2 1+K—2 =mgh,
R
where h is the height attained by the sphere. (0)
i, lex(lO)z(ng =2x9.8xh.
2 5
B
ie., l><100>< 7 =9.8h C
2 5
or h=%=7.lm n' m
22. (c) Aftercollision velocity of COM of 4 becomes zero and Also, DO= DB = @ =L
that of B becomes equal to initial velocity of COM of 4. 2 2 V2
But angular velocity of 4 remains unchanged as the According to parallel axis theorem
two spheres are smooth. 5 5 5
Ma® Ma
1, 1 (M) 1M =1 ,+M(ij B
icoe=— MR  =—M| — |=——— mm nn
23. () M.Lofdisc=> 5 (mp] > 2 6 2

Asp = Mz Therefore R? = M
TRt TP
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27.

28.
29.

30.

31.

32.

33.

@

b)
@

©

@

)

is-29]
From law of conservation of angular momentum, y
I(D — I’(JJ’
Given I' =I/n (0,3,0)
o'=nw or ' n
. . . . (0,0,0
Melting of ice produces water which will spread over 34, (a) < < X
larger distance away from the axis of rotation. This
. L . (2,0,0)
increases the moment of inertia so angular velocity
decreases
2 2 7 2 (—2>‘2’0°
ol P w2 |+ et m2r)?
Ip ) 2 2 v
- y/
2 ] 2 I, =1, =0, because these particles are placed on x-axis
mr 2 mr 2 1= L=0, p p
'{ 2 @7 2{ 2 +m(23r) 1 The MLL. of system about x-axis, =1, + 1, + 1, +1,
- =0+0+3x(3P+4x(272=27+16=43kg—m?
35. &
1 36. () I=12kgm%E =1500],
=—mr o=25rad/sec?, m,=0,t =?
2E
0= MEXD)FmaXy AsE =11‘”2’ ® =\/ "= \/2X1500 =50 rad /sec
m; +m, r2 I 1.2
m;x; =m,x, From w, = o, + ot
x—d x,-d’ 50=0+25t, t =2 seconds
d <> ¢ 37. (b) Since no external torque act on gymnast, so angular
m, 0 m, momentum (L=1 @ ) is conserved. After pulling her arms
& legs, the angular velocity increases but moment of
Now, 0 = 4 (x) —d)+my(x; —d) inertia of gymnast, decreases in such a way that angular
m; +m, momentum remains constant.
0=m, (d—x,)+m, (x,-d) 38. () The M.I about the axis of rotation is not constant as
1 1 2\%2 . . . .
= 0=m;d—mx, +m,x, -m,d’ the perpendicular distance of the bead with the axis of
m rotation increases.
. d'= —L4q Also since no external torque is acting.
my
dL
This is a torque problem. While the fulcrum can be ST T u = L =constant = J® = constant
placed anywhere, placing it at the far right end of the Since. I increases. o decreases.
bar eliminated cable B from the calculation. There are ’ ’
now only two forces acting on the bar ; the weight that ’
produces a counterclockwise rotation and the tension
in cable A that produces a clockwise rotation. Since / \m
the bar is in equilibrium, these two torques must sum 39. (©) /_ _\

to zero.

/ 2 S
Cable 4 L
[ |
Afulcrum

11 =
W=mg 2

2t=T,(3/4L)-Mg(1/2L)=0

Therefore

T, =(MgL/2)/(3L/4) = (MgL/2)(4/3L) = 2Mg/3

Couple produces purely rotational motion.

_____ £.....; o\

«—r—>

Moment of inertia about z-axis, I, = mr?

(about centre of mass)
Applying parallel axes theorem,

[ =1_+mk?

2 2
2 > mdrt 5 4
Icm_Iz_m(Er] =mr- — -2 =mr 1_7-5_2

ie, k=4
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40. (c) Whentwo small spheres of massm are attached gently, 43. @) I, 4= m(AB)? +m(0OC)2 =m/2 +m (£ cos 60°)2
the external torque, about the axis of rotation, is zero =m/2 +me2/4 = 5/4 m¢?
and therefore the angular momentum about the axis of
rotation is constant. X
Iy
S 110‘)1 = 12(,02 = ('02 _E(’Ol (@] "—— ---(;m
. 00/
Here [ =5MR o i\
d Iy = - MR? + 2mR? 5
an 2= 5 60° E
Am F; Bm
1, 52
~MR v , B B
Lo, = 2 X0 = . o, 44. (c¢) Angleturned in three seconds, 05 =21 > 10 =20nrad.
2 2 +4m
5 MR” +2mR From 9:(1)0t+%oct2 :20n:0+%oc><(3)2
mr? on .,
41. (b) Tr =TOL1 ....... (1) =40 =Trad/s
2 . .
Now angle turned in 6 sec from the startin,
Tr= mrTa ....... @) Wwangletumedt ne
1 1 (40
=0 . 3) O, = 00! + 0 = 0+5><(T”j % (6)? == 80mrad
T
.. Angle turned between ¢ = 3s to £ = 6s
~a 0, 1= 0. — 0, = 80m—20m=60m
1 @ b last 3s 6s 3s
@ p . 601
Number of revolutions = —— =30,
T e 2n
Acceleration of point b = acceleration of point a _f
ro =a, ~rot e ) 45. (0 a=°""=Ug v
Hence, 2roo=a, L ﬁ umgR 5 g f
Ix0+2Xx2+3%x0+4%x2+5x%1 ) "2 R
X — and “mR2
2. © “em 142434445 5™
4+8+5 17 L1 Nowv=0+at
1515 and o = — o
v
YCM=1><0+2><0+3><2+4><2+5><1 Also o =
' 1+2+3+4+5 R
20
_ 6+8+5 _13

15

After solving above equations, we get ®’ = 3
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