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Rotational Mechanics

ROTATIONAL MECHANICS

A rod of length 50cm is pivoted at one end. It
is raised such that if makes an angle of 30°
from the horizontal as shown and released from
rest. Its angular speed when it passes through
the horizontal (in rad s™) will be

(g = 10ms™2)

30°

(1) V30 m@ DRl

An L-shaped object, made of thin rods of
uniform mass density, is suspended with a
string as shown in figure. If AB =BC, and the
angle made by AB with downward vertical is
0, then :

(1) tan6=i (2) tanezl
NE) 3

(4) tan6= 1

(3) tanO = l
2 23

A rigid massless rod of length 3/ has two
masses attached at each end as shown in the
figure. The rod is pivoted at point P on the
horizontal axis (see figure). When released
from initial horizontal position, its

instantaneous angular acceleration will be :

+— [ —> «—2]—>

5M, P 2M,
HE 9L 3L @i
21 3l 131 31

Two identical spherical balls of mass M and
radius R each are stuck on two ends of a rod
of length 2R and mass M (see figure). The
moment of inertia of the system about the axis
passing perpendicularly through the centre of

the rod is :
2R
—t
™ ™
) 1
N
152 2 17 s
—MR —MR
(1) 15 ) 15
137 ) 209 2
—MR —MR
3) 5 “4) 15

To mop-clean a floor, a cleaning machine
presses a circular mop of radius R vertically
down with a total force F and rotates it with a
constant angular speed about its axis. If the
force F is distributed uniformly over the mop
and if coefficient of friction between the mop
and the floor is p, the torque, applied by the
machine on the mop is :

) % WFR (2) UFR/3

(3) UFR/2 (4) uFR/6
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A homogeneous solid cylindrical roller of
radius R and mass M is pulled on a cricket
pitch by a horizontal force. Assuming rolling

without slipping, angular acceleration of the

cylinder is :

(D 2mR 2 3mR
2F

3) 3mRr @ 2mR

A string is wound around a hollow cylinder of
mass 5 kg and radius 0.5 m. If the string is
now pulled with a horizontal force of 40 N,
and the cylinder is rolling without slipping on
a horizontal surface (see figure), then the
angular acceleration of the cylinder will be

(Neglect the mass and thickness of the string):-

7%1071\7]7

(1) 12 rad/s? (2) 16 rad/s?

(3) 10 rad/s? (4) 20 rad/s?

The magnitude of torque on a particle of mass
lkg is 2.5 Nm about the origin. If the force
acting on it is 1 N, and the distance of the
particle from the origin is 5m, the angle

between the force and the position vector is

(in radians) :-

)= 2=
(1) 3 2) ¢
0= o=
3) 7 4) 3

10.

A circular disc D, of mass M and radius R has
two identical discs D, and D, of the same mass
M and radius R attached rigidly at its opposite
ends (see figure). The moment of inertia of the
system about the axis OO', passing through
the centre of D,, as shown in the figure, will
be:-

N
L
D,
2
(1) 3MR? (2) 3 MR?
4
(3) MR? 4 g MR?

An equilateral triangle ABC is cut from a thin
solid sheet of wood. (see figure) D, E and F
are the mid-points of its sides as shown and G
is the centre of the triangle. The moment of
inertia of the triangle about an axis passing
through G and perpendicular to the plane of
the triangle is I,. It the smaller triangle DEF is
removed from ABC, the moment of inertia of
the remaining figure about the same axis is I.
Then:

A
D E
B F C
9 3
(1) 1=, @ 1=
| 15
3 1=7 @ 1=11,
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11.

12.

A slob is subjected to two forces F, and F,
of same magnitude F as shown in the figure.

Force F, is in XY-plane while force F, acts

along z-axis at the point (2T+33). The

moment of these forces about point O will
be :

(4) (31-2j+3k)F

A particle of mass 20 g is released with an
initial velocity 5 m/s along the curve from the
point A, as shown in the figure. The point A
is at height h from point B. The particle slides
along the frictionless surface. When the particle
reaches point B, its angular momentum about
O will be : (Take g= 10 m/s?)

(1) 8kg-m?/s (2) 6kg-m?/s

(3) 3kg-m?/s (4) 2kg-m?/s

13.

14.

15.

The moment of inertia of a solid sphere, about
an axis parallel to its diameter and at a distance
of x from it, is I(x)". Which one of the graphs
represents the variation of I(x) with x

correctlv?
I(x) “I )
(L (2)
0] X O ——Xx
1) I(x)
(3) 4)
O ——Xx (0] X

Let the moment of inertia of a hollow cylinder
of length 30 cm (inner radius 10 cm and outer
radius 20 cm), about its axis be 1. The radius
of a thin cylinder of the same mass such that
its moment of inertia about its axis is also I, is:
(1) 12 cm (2) 18 cm

(3) 16 cm (4) 14 cm

A solid sphere and solid cylinder of identical
radii approach an incline with the same linear
velocity (see figure). Both roll without slipping
all throughout. The two climb maximum
heights h_; and h_, on the incline. The ratio

h h
s,
L, Is given by :-

cyl

b1 24
O @ 3

2
3)1 O=
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A rectangular solid box of length 0.3 m is held
horizontally, with one of its sides on the edge
of a platform of height Sm. When released, it
slips off the tablein avery short time t=0.01s,
remaining essentially horizontal. The angle by
which it would rotate when it hits the ground
will be (in radians) close to :-

v
HI1TTTTTTT7777777777777

(1)0.02 (2)0.28 (3)0.5 4)0.3
A thin circular plate of mass M and radius R
has its density varying as p(r) = p,r with p, as
constant and r is the distance from its centre.
The moment of Inertia of the circular plate about
an axis perpendicular to the plate and passing
through its edge is I = aMR?. The value of the
coefficient a is :

3 1 3 8
Hy @5 @7 @y
Moment of inertia of a body about a given axis
is 1.5 kg m?. Initially the body is at rest. In
order to produce a rotational kinetic energy of
1200 J, the angular accleration of 20 rad/s?
must be applied about the axis for a
duration of :-

() 2s (2) 5s 3)25s (4)3s
A thin smooth rod of length L. and mass M is
rotating freely with angular speed o, about an
axis perpendicular to the rod and passing through
its center. Two beads of mass m and negligible
size are at the center of the rod initially. The
beads are free to slide along the rod. The angular
speed of the system, when the beads reach the
opposite ends of the rod, will be :-

1 Mo, ) Mo,
@ M +3m ) M+m
3 Mo, 4 Mo,
3) M+2m ) M +6m

20.

21.

22,

The following bodies are made to roll up
(without slipping) the same inclined plane from
a horizontal plane. : (i) a ring of radius R, (i1)

R
a solid cylinder of radius B3 and (iii) a solid

R
sphere of radius 7 If in each case, the speed

of the centre of mass at the bottom of the incline
is same, the ratio of the maximum heights they

climb is :
(1) 4:3:2 2)14 :15:20
3)10:15:7 “4)2:3:4

A stationary horizontal disc is free to rotate
about its axis. When a torque is applied on it,
its kinetic energy as a function of 0, where 0
is the angle by which it has rotated, is given as
k6. If its moment of inertia is I then the angular
acceleration of the disc is :

k k k 2k
)50 @70 (3,0 @0
A metal coin of mass 5 g and radius 1 cm is
fixed to a thin stick AB of negligible mass as
shown in the figure. The system is initially at
rest. The constant torque, that will make the
system rotate about AB at 25 rotations per
second in 5 s, is close to :

A

S

B

(1) 4.0 x 10° Nm
(2) 2.0 x 105 Nm
3) 1.6 x 10° Nm
(4) 7.9 x 10 Nm
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23. The time dependence of the position of a | 27. A particle of mass m is moving along a
particle of mass m = 2 is given by trajectory given by
F()=2ti-3t?j. Its angular momentum, with X =X, + a cosm,t
respect to the origin, at time t = 2 is : y =Y, + b sino,t
(1) 36k (2) 34(k-1) The torque, acting on the particle about the
. . origin, at t=01s :
(3) 48(i+)) (4) 48k e
) m (=x,b + y,a) o’k
24. A solid sphere of mass M and radius R is (D)m (2 + o) o]
divided into two unequal parts. The first part (2) +my,ae’k
™ . . A
has a mass of ry and is converted into a (3) —m(x,bo? —y,am’ )k
uniform disc of radius 2R. The second part is (4) Zero
converted into a u‘nlfor'm solid sphere. L et.I 11 28. A circular disc of radius b has a hole of radius
be the moment of inertia of the disc about its . . .
. . . a at its centre (see figure). If the mass per unit
axis and I, be the moment of inertia of the new
h bout its axis. The ratio I,/L, is gi c
]S;I; ‘ere about 1is axis © ratio L/ 15 given area of the disc varies as [Toj , then the radius
(1) 185 (2) 65 (3) 285 (4) 140 of gyration of the disc about its axis passing
25. A thin disc of mass M and radius R has mass through the centre is :
per unit area o(r) = kr? where r is the distance
from its centre. Its moment of inertia about an
axis going through its centre of mass and
perpendicular to its plane is :
MR’ MR’
1 2
(1) = @ =
a+b a+b
2MR’ MR’ 1 2
3 2
26. Two coaxial discs, having moments of inertia 3) /32 +b% +ab @ [a> +b% +ab
I 2 3
I, and =, are rotating with respective angular
2 29. A person of mass M is, sitting on a swing of

()]
.. 1 .
velocities ®, and R about their common

axis. They are brought in contact with each
other and thereafter they rotate with a common
angular velocity. If E, and E, are the final and
initial total energies, then (E; - E)) is :

[ 3
) ==+ @ ghor

Il(’ﬁ Il(’ﬁ

i e B 4) L
® - ) 22

length L and swinging with an angular
amplitude 0,. If the person stands up when the
swing passes through its lowest point, the work
done by him, assuming that his centre of mass
moves by a distance / (/ < <L), is close to :
(1) Mg¢

(2) Mgt (1 + 6,

(3) Mgt (1 - 6,)

0,
(4) Mg/ [ng
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SOLUTION 3 o
- . mgL
Ans. (1) = EmgLsme =—5—cos 0
. .. =tan0 =l
initial position 3
Ans. (3)
T —_ >
524 N— .
. SMS——8F 2m,
final position o

Work done by gravity from initial to final

position is,
.
W= ngsm 30

_mg/
4
According to work energy theorem

W:llco2
2

1mf® , mgl
2

3 4
N2r \N2x0.5
3

®=+/30rad /sec

.. correct answer is (1)
Ans. (2)

Let mass of one rod is m.

Balancing torque about hinge point.

mg (C,P) = mg (C,N)

mg(%sin 9) = mg(%cose —Lsin 9)

Applying torque equation about point P.
2M, 2) -5 M, gl = 1o
I =2M, (21)2 + 5M,, 12 = 13 M, 12d
L

13M,° — “T 13y

g . .
o=
137 anticlockwise

Ans. (3)
For Ball
using paralle] axis theorem.

2
I = 5 MR + M(2R)?

ball

_QMRZ
5

44
2 Balls so ?MR2

2 2
Irod = for rod MER) = M;R
system = Ball + Irod

44 MR?
= —MR?+

5 3
EREL
T 15
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S.

Ans. (1)

dx

Consider a strip of radius x & thickness dx,

Torque due to friction on this strip.

R

IdT:Iquandx

° 7R’
2uF R’
T= 3 «—_
R* 3
2
= nFR
3

.. correct answer is (1)

Ans. (3)
F
3 2
FR = —MR o
2
_ 2F
4= 3MR
Ans. (2)
40

40 — f = mRa
From (i) and (ii)
_ 40 _

a= 16
mR

10.

11.

12.

Ans. (2)
25=1x5sin0
. 1
sin 8 = 0.5 = >
Y
0= 6
Ans. (1)
2 2
= MR +2[MR +MR2j
2
2 2
_ MR + MR +2MR?
2 2
= 3 MR?
Ans. (4)

Suppose M is mass and a is side of larger

M a
triangle, then T and > will be mass and side

length of smaller triangle.

G
Iremoved — 4 2

Ioriginal M (a)Z
I
I =L
removed 16
1, 18]
S0 1=h =16~ 6
Ans. (4)

Torque for F, force
- F[ o B3 -
ki =5(‘1)+T(‘J)
i =0i+6]

%Fl =1 X Fl = 3Fk
Torque for F, force

A

=Fk

o

T, =2i+3]

T, =ixF = 3Fi+2F(-])
T =Ty + T

= 3Fi+2F(—})+3F(£)

Ans. (2)
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13. Ans. (2) 17. Ans.(4)
R 3
= %mR2 +mx’ Sol. M= J.por(2nrdr) = w
0
14. Ans. (3) .
5

15. Ans.(1) I, = [por(2mdr)xr = @
Sol. for solid sphere (MO about COM) 0

1 12 V2 by parallel axis theorem

Emv2 +E.§mR2.? =mgh_, I=1,+MR?

. . 5 3
for solid cylinder _PoX2nR7 Py x27R7 o2 0,27R’ 3
| , 5 3 15
—mv’ +—.— 2V—=mgh
. 2 cyl.
2 R Y — MR2 x §
5
N how _7/5 14 18. Ans.(1)
h, 3/2 15 : S )
y Sol. Given moment of inertia 'T'= 1.5 kgm

16. Ans.(3)

Sol. Angular impulse = change in angular

momentum
T At=AL

m/?

b4
ngX.OI = (0]

- 3gx0.01
20

B 3x10x.01
T 2x03

= 1 =0.5rad/s
2

time taken by rod to hit the ground

(= |20 _ ’2><5 =1sec.
g 10

in this time angle rotate by rod
0 =owt=0.5x1=0.5radian

19.

Sol.

Angular Acc. "a" = 20 Rad/s?

KE = = [o?

1
1200 = 5 1.5 x o

1200x 2
g 1; = 1600

o = 40 rad/s?

W= 0,+ ot

40=0+20t

t = 2sec.

Ans. (4)

Applying angular momentum conservation,

about axis of rotation

L=L,
MI 2 MI 2 LY
®, = +m| — | X2 |®
12 12 2
Mo,
— = .
® M +6m
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20. Ans. (2) 23. Ans. (@)
1 1), Sol. L[ =m[Fx¥]
Sol. 5 m+? v~ =mgh m
if radius of gyration is k, then F=2ti-3t
2 _oan 4 _
[1 + ]I;ZJ V2 k ksolid cylinder 1 Sae ! (At = 2 SeC)
h=l R e =g s F et g1y’
2g Rrjng solid cylinder V= =21—6t] =21_12_]
ksolid sphere — \/z TXV= (41 - 12j)>< (21 - 123)
Rsolid sphere 5 —
1 2 _
h,:h,:hy:(1+1): [HEJ: [ng: :20:15: 14 L=m(x¥V)
Therefor most appropriate option is (2) =
athough which in not in correct sequence 24. Ans.4)

21.

Sol.

22,

Sol.

Ans. (4)
1
Kinetic energy KE = 5 I = kO?

2k6* 2k
o = 0= TG (1)

Differentiate (1) wrt time —

o _._ PE(%)

=Q =
dt I \dt

= o= 22 0 by (1))
I 1
2k

=—20
= o=

Option (4)
Ans. (2)

_ Ao 25x2n
At

S
T [4 ja

= %><5>< 107 x(107%)* x10m

=107 rad/sec’

=1.9625 x 10° Nm
= 2.0x 10 Nm

Sol.

[ Lxalmr? = Imr?
16 4

Lo 2(M)pe_2(MR®_ MR’
2 " 518 )4 80
4R =8[ianj
3 3
R =8R’
R = 2R,
2
—7/&11;’[} =%><80=140
80
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25. Ans. (3) bt %3 9 ___21w2
= BT 4 16) 48
d
' _ _11(912
Sol. Y
27. Ans.(2)
Sol. F=-m (aw; cos o)lti + bw; sin o)ztj)
I = I(dm)r =1 = I(c2nrdr)r I =(x,+acos (olt)i +(y, +bsin (ozt)j
T=7xF= -m(Xx, +acos (x)lt)b(x)g sin mztﬁ
2 . A
Ipise = I(kr 2mdn)r®  Mass of disc +m(y, + bsinw,t)am’ coso,tk
< < = mao,’y, k
I = 2nkIr5dr M= I2nrdr kr? 28. Ans.(4)
6 \R R
d
I, = 2nk(r—J M = 2k r'dr >
‘ 6 Jo 0 Sol. dr
R
6 t
Ipiee = - kS M = 2mk—-
isc 6 4 o
dI = (dm)r?
nkR°® ( nkR* |R*2 R* 4 (fj d ,i)rz
IDisc = 3 2 3 M 27'[1(7
M2R2 = [ﬁ2mdrjr2
IDisc = 3 f
= (0, 2m)ridr
202
I. =—MR 8
Disc 3 1= IdI:IcO2nr2dr
26. Ans.(4) ¢
2 b3 53
Sol. E = lI1 X @ PRIV =0,2n 2
2 22 4 3
Loj(9) 9, ,
S e U (i PSR JPAS m = |dm = | cdA
3] no Jam=]
Lo, 3l ‘
Lo, 4 9 = Go2n.!dr
I
O Lo, =g m = o, 2 (b-a)
4 2 Radius of gyration
5
W= gwl k—\/z (b3—a3)
C 1 ><311 ><25 ) m 3(b-a)
= 5% XD
225 236 a +b3 +ab
= 4—811(,012 =
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¢
29. Ans. (2)
1 2 20
Sol. Angular momentum conservation. =mg/l+ B mVy [fj

MYV, L =MV, (L—/)

L
M= [L_fj

w, + w, = AKE

—-mgl+w, =%m(\/l2 —VOZ)

2
1 ) L
w =mgl/+—mV || — | —1
P T HEETY 0[(L—EJ J
)
=mgl/+—mV, || 1-——| -1
g ) 0{( LJ J

Now, ¢ << L
By, Binomial approximation

— mg/ +%mVO2 ((l+%}—l}

!
W, =mg/€+mv§z

here, V,= maximum velocity
=X A

g
Vo= eo\/g—L

SO, W, =mg/2+m(90\/g7L)2 -

qull RaN

=mg£(l+9§)






