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Ceantre of Mass

he centre of mass of @ svatem of three particles of masses
T 2w and 3 g ds taken as the origin of a coontinate system,
The position vevtor of & tourth particle of mass -+ g such that
wtee of mas ot the fonr particle svatem lies at the point
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20 A it red of length 10 metre is bent at its midpeint to
male W angle: The distance of the centre of mass from the
antre of the rod is
\&\ al
() 177 e

(b) 232 ¢em
(d) Zero

3 AN of muass 2.0 kg makes an elastic collision with another
Dy at rest and continues to move in the original direction
but with ene-tourth of its original spead v What is the mass
of other body and the spead of the centre of mass of two
Doddies?
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40 Two masses 2y = Lkgand 2ty = 2 kg
are connvtad by a light inextensible
string and  suspendad by means
of a weightless pulley as shown in
the figure, Assuming  that both the
masses start from rest, the distance
travellad by the centre of mass in two

sevonds is (Take g = 10ms) 20
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'nu (x, ») coordinates of the centre of mass of a uniform
L-shaped lamina of mass 3 kg is
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6. Two particles of equal mass have velocities
D) e U v 23 =1 o i
w=2imy and vy, =2jms . Finst  particle has  an

;) ms " while the acceleration of the
other particle is zera. The centre of mass of the two particles
moves in a path of
(@) straight line (b) parabola
(c) circle (d) ellipse

Relation between Linear Velocity and Angular Velocity

AXB and D=BxA. Whatis the angle between

acceleration G, = (3i+

7. Given C=
Cand ?
(a) 30° (b) 60° () 90° (d) 180°

8. dand & are two vectors and 0 is the angle between them, if
|AxB| = V3(A-B). the value of 0 is
(a) 45° (b) 30° (¢) %0° (d) e0°

9. A body is rotating with angular velocity 6)-(\? -&;‘+i)
The lmc.\r velocity of a point h.mm, position  vector

F=(81-6)+6k) is
(@) 6i+2)-3k () 18§ +3)-2k

(©) -18i-13)+2k (d) 6i-2j+8k
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10. 1f;\+f3+(—3=0,thenz_\><1_3 is

(b) CxB

(a) BxC
A (d) None of these

(c) AxC

11. What is the value of linear velocity, if F=3i\+4f+6£' and
B=-5t+37+5k?
(a) - 2i+45] - 29% (b) 20-45]+29k
() 3t-29j+45k (d) 5 -6j+4k

12. Two cars A and B move along a concentric circular path of
radius r and ry with velocity v and vz maintaining constant
distance, then v /vg =
(a) rg/ry () ri/ry (c) rgxry (d) 2(r4/rp)

13. The direction of the angular velocity vector is along the
(a) tangent to the circular path
(b) inward radius
(¢) outward radius
(d) axis of rotation

14. A disc rotating about its axis with angular speed @ is placed
lightly (without any translational push) on a perfectly
frictionless table. The radius of the disc is R. Let v4, vp and
ve be the magnitudes of linear velocities of the points A, B
and C on the disc as shown. Then
(a) vy>vp>ve
(b) vy<vg<ve
(C) vA=Vg<V¥¢
(d) vy = vg > e

Torque and Angular Momentum

15. Which of the following statements is correct?
(a) For a general translation motion, momentum
p and velocity 7 need not parallel. ~
(b) For a general rotational motion, angular momentum L
and angular velocity @ always be parallel.
(¢) For a general translation motion, acceleration a and
velocity 7 are always parallel. _
(d) For a general rotational motion, angular momentum L
and angular velocity ® need not be parallel.

16. A small mass attached to a string rotates on a frictionless
table top as shown. If the tension in the string is increased by
pulling the string causing the radius of the circular motion to
decrease by a factor of 2, the Kinetic energy of the mass will
(a) decrease by a factor of 2
(b) remain constant
(¢) increase by a factor of 2
(d) increase by a factor of 4

17. The total torque about pivot A provided by the forces shown
in the figure, for L = 3.0 m, is

70N,
ONX SN '\{cz
A° 30° 50N
& »—»
A 0 UHoN B
M— L —> 4— 1L —
(a) 210N m (b) 140N m
(¢c) 95N m (d) 75N m

18. Consider a body shown in figure consisting two identical
balls, each of mass M connected by a light rigid rod. If an
impulse J = My is imparted to the body at one of its ends,
what would be its angular velocity ?
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19. The angular speed of a
1200 rpm to 3120 rpm In
tion of the motor wheel is

-2
= z;tt :':113 2—2 (d) 8mrads -2
i hed to a massless string whose other

is attac
20. A small mass 15 a . :
end is fixed at P as shown in figure. The

Vv v

© 3 @ 2z
motor wheel is increased from
16 seconds. The angular accelera-

(b) 4mrad g2

mass is undergoing circular motion 1n Ji-y p
plane with centre O and constant ang}:l ar

speed . If the angular momentun; o;t end /"“O -\
system, calculated about O‘ an N and {_0'
denoted by Ly and Lp respectively, then 1 2

(a) LyandLp donotvary with time.

L jes with ti ile L ins constant.
(b) Lo varies with time while Lp remain

i ile jies with time.
(c) Lo remains constant while Lp varies

(d) LoandLp bothvary with time.

21. Figure shows a lamina in X-y z %
plane. Two axes Z and Z pass E
perpendicular  to its pla.ne.

A force Factsin the plane oflamina
at point P as shown. Which of the
following statements is incorrect? '
(The point P is closer to Z-axis than the z-axis). _
(a) Torque T caused by F about z axis is along k.
(b) Torque 7 caused by F about Z axis is along —k.
(c) Torque caused by F about z axis is greater in magnitude
than that about 2’ axis.
(d) Total torque is given by T, =T+7..
A AN
22. The position of a particle is given by F=i+2j-k and its
N TPLIEN .
linear momentum is given by p=3i+4j-2k. Then its
angular momentum about the origin is perpendicular to
(@) x-axis  (b) y-axis (c) z-axis (d) yz-plane
23.When a ceiling fan is switched off, its angular velocity
reduces to half its initial value after it completes 36 rotations.
The number of rotations it will make further before coming
to rest is (assume angular retardation to be uniform)
(a) 10 (b) 20 (c) 18 (d) 12
Equilibrium of a Rigid Body

24. A horizontal beam is pivoted at O as shown in the figure.

Find the mass m to make the scale straight.
2 -1 0 1 2

—® —
0]
o 5
2kg
(a) 2kg (b) 1kg (c) 4kg (d) 2.5kg

25. Two point objects of masses 1.5 g and 2.5 g respectively are at

adistance of 16 cm apart, the centre of gravity is at a distance x
from the object of mass 1.5 where x is

(@) 10cm (b) 6cm (c) 13cm (d) 3cm
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40.

41.

42.

A ring starts to roll down the inclined plane of height h without
slipping. The velocity with which it reaches the ground is
(b)

dgh 4gh
= Jzh
Y 7 Y7 @) Je

il‘);{h agn 4zh
A solid sphere of mass m rolls down an inclined plane without
slipping, starting from rest at the top of an inclined plane.
The linear speed of the sphere at the bottom of the inclined
plane is v. The kinetic energy of the sphere at the bottom is

(a) (c)

| ? 5 2 7
(a) ;mv‘ (b) val (c) gmv2 (d) Emv2

-~

If a sphere is rolling, the ratio of its rotational energy to the
total kinetic energy is given by

45.

(b) the speed will be same but time of descend will be
different.

(c) the speed will be different but time of descend will be
same.

(d) speed and time of descend both are different.

. When a solid sphere rolls without slipping down an indined

plane making an angle 8 with the horizontal, the 2cceleration
of its centre of mass is a. If the szme sphere slides without
friction, its acceleration @’ will be

-

@Za ®m2a ©Ii. @2
2 7 5 2
A body is rolling down an inclined plane. If kinetic energy of

(@) 7:10 (b) 2:5 (c) 10:7 (d)2:7 rotation is 40% of kinetic energy in translatory state, then the
43. A solid sphere rolls down two different inclined planes of the body.ls s b ﬁd
same heights but different angles of inclination. In both cases (a) ring ) & SN
(a) the speed and time of descend will be same. (c) hollow ball (d) solid ball
EXAM SECTION : :

46. Two rotating bodies A and B of masses m and 2m with

47.

moments of inertia I, and Iy (I > I,) have equal kinetic
energy of rotation. If L, and Ly be their angular momenta
respectively, then

L
(a) Ly==F (b) Ly=2Lg
(C) I.” > LJ (d) LA > LB
(NEET Phase 11 2016)

A light rod of length [ has two masses m, and m, attached to
its two ends. The moment of inertia of the system about an
axis perpendicular to the rod and passing through the centre
of mass is

(a) my i, 12 (b) my +m, 12
my +m, myny
(c) (my +my)P (d) mlz
(NEET Phase I1 2016)

48. A solid sphere of mass m and radius R is rotating about its

diameter. A solid cylinder of the same mass and same radius

49.

50.

is also rotating about its geometrical axis with an angular
speed twice that of the sphere. The ratio of their kinetic
energies of rotation (Eqpere / Eqizmer) will be
(@) 2:3 (b)) 1:5 (c) 1:4 (d) 3:1

(NEET Phase I1 2016)

From a disc of radius R and mass M, a circular hole of
diameter R, whose rim passes through the centre is cut. What
is the moment of inertia of the remaining part of the disc
about a perpendicular axis, passing through the centre?
(a) 11 MR?/32 (b) 9 MR*/32
(c) 15 MR?/32 (d) 13 MR?/32

(NEET Phase I 2016)

A disc and a sphere of same radius but different masses roll
off on two inclined planes of the same altitude and length.
Which one of the two objects gets to the bottom of the plane
first?

(a) Both reach at the same time

(b) Depends on their masses

(c) Disc

(d) Sphere (NEET Phase I 2016)
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20. A non-undform bar of welght W
andd length 11 suspended by
two strings of neglipible welght
as shown I figure, ‘The angles
made by the strings with the
vertical are Op and 0, respectively,
the distance o of the centre of
gravity ot the bar from its left end

I8
tanl, +tan0,
N0+t J ) l,(~ tan0,
tant), tan0; +tan0,

(¢) l( _tanl, v ] W) 1 !_-l!l()l Ftan0),
tant), #l.m()“ tan),

(a) I’

27.A car weighs 1800 kg. ‘The distance between its front and
back axles is LY m. Its centre of gravity is I m behind the
front axle. ‘The force exerted by the level ground on each
front wheeland each back wheel respectively is
(Take g~ 10ms?)

{(a) 4000 N and 5000 N (b) 5000 N and 4000 N
(¢) 4500 Nand 4500 N (d) 3000 N and 6000 N

Moment of Inertia

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

(b) 3:2 (¢) 2:1 (d) Vv2:1

29,1t 1, is the moment of inertia of a thin rod about an axis
perpendicular to its length and passing through its centre of
mass, and [y is the moment of inertia of the ring about an axis
perpendicular to plane of ring and passing through its centre
formed by bending the rod, then I/1; is

(@) 1 2

2 2 )
e BMe e d) &
3 n- n° 2
JO. The moment of inertia of a circular disc of mass M and
radius R about an axis passing through the centre of mass
is Iy, The moment of inertia of another circular disc of same
mass and thickness but half the density about the same axis

IS

@ & (d) 21,

)

(b) % (©) 81,

31. From a circular disc of radius R and mass 9M, a small disc
of radius -I; is removed as shown in figure. The moment of
inertia of the remaining disc about an axis perpendicular to
the plane of the disc and passing through O is
(a) 4 MR?

3y

(b) %—OMR‘ &

(¢) 40 MR?

() ZMR?
9

32, Which of the follawing, has the largest smoment of inertiz
when caclv of them has the same mass and the same radius?
(0) A ring about any of its diameter,
(b) A disc about any of its diameter,
(¢) A hollow sphere about any of it diameter,
(d) A solid sphere about any of its diameter,

33, A chilld I standing with his two arms outstretched 2t the
centre of a turn table that is rotating about its central zxis
with an angular speed 0y, Now, the child folds his hands back
so that moment of inertia becomes % times the initial value.
‘The new angular speed is
(a) 3my (b) e

6

34. A circular disc of moment of inertia J, is rotating in 2
horizontal plane, about its symmetry axis, with 2 constant
angular speed o Another disc of moment of inertia [ is
dropped coaxially onto the rotating disc. Initizlly the second
disk has zero angular speed. Eventually both the discs rotate
with a constant angular speed 0y The energy lost by the
initially rotating disc to friction is

(c) Gy (dy %o

] Iz 2 ) 1!2 2
(a) ——Lt—o (b) ———u;
2{L+5) " 2(1,+1,)
I, -1
(C) #(,)f d) l__l.bl‘__(”’,z
(I, +1,) 2 (L +1;)

35. A string is wound round the rim of a mounted flywheel of
mass 20 kg and radius 20 cm. A steady pull of 25 N is 2pplied
on the cord. Neglecting friction and mass of the string, the
angular acceleration (in rad s7) of the wheel is

(a) 50 (b) 25 (c) 125 (d) 6.25

36.The moment of inertia of a circular disc of radius
2 mand mass 1 kg about an axis perpendicular to the disc and
passing through its centre of mass is 2 kg m?. Its moment of
inertia about an axis parallel to this axis and passing through
its edge in kg m? is
(a) 10 (b) 8 (c) 6 (d) 4

37. A hollow cylinder of mass M and radius R is rotating about
its axis of symmetry and a solid sphere of same mass and
radius is rotating about an axis passing through its centre.
If torques of equal magnitude are applied to them, then the
ratio of angular accelerations produced is

@ 2

2 5 5
(8l 5 el 5 © 5 :

38. The instantaneous angular position of a point on a rotating
wheel is given by the equation 8(f) = 2> - 6¢2. The torque on
the wheel becomes zero at
(@) t=1s (b) t=05s
(c) t=0.25s (d) t=2s

Rolling Motion

39. A uniform disc of mass M and radius R, is resting on a table
on its rim. The coefficient of friction between disc and table
is P Now the disc is pulled with a force F as shown in the
figure. What is the maximum value of F for which the disc

rolls without slipping?
e

(a) pMg
(b) 2uMg
(c) 3uMg
(d) 4uMg
DPS/P/3
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