Rotational Motion

Fill Ups
Q.1. A uniform cube of side a 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 3a/4 above the base. The minimum
value of F for which the cube begins to tip about the edge is .... (Assume that the
cube does not slide). (1984 - 2 Marks)
Ans. 2/3
Solution.

KEY CONCEPT

When the cube begins to tip about the edge the normal reaction will pass through the
edge about which rotation takes place. The torque due to N and f will be zero.

Taking moment of force about D

Q.2. A smooth uniform rod of length L and mass M has two identical beads of
negligible size, each of mass m, which can slide freely along the rod. Initially the
two beads are at the centre of the rod and the system is rotating with an
angular velocity w0 about an axis perpenducular to the rod and passing
through the midpoint of the rod (see figure). There are no external forces.
When the beads reach the ends of the rod, the angular velocity of the system is
......... (1988 - 2 Marks)
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Mmo
M +6m

AnS.

Solution. Note : Since no external force and hence no torque is applied, the
angular momentum remains constant -~ liwi = low»

MI?
oA ]
O}=Ilm1= 12 0 _ M(l}n
L 2 e M+6m
1 +2m

Q-3- A cylinder of mass M and radius R is resting on a horizontal platform (which is parallel to the x—y plane) with
its axis fixed along the y-axis and free to rotate about its axis. The platform is given a motion in the x-direction given
by x = A cos (w t). There is no slipping between the cylinder and platform. The maximum torque acting on the
cylinder during its motion is ..................

1
= MRA®?
3

Ans.
Solution. Considering the motion of the platform

X = A cos ot

dx dzx

= —=-—-Adosineaf — —=—Am2msmr
dt d‘fj

The magnitude of the maximum acceleration of the platform is
~ | Max acceleration | = Aw?

When platform moves a torque acts on the cylinder and the cylinder rotates about
its axis.
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. . a) =
Acceleration of cylinder, = m

Totque ¢ =fFfR . I = fR
o = £= 2
I MR
_2 L
or, @ = 3p o Ra=

~ Equivalent linear acceleration (Ra=ay)

-~ Total linear acceleration,

£L203f

max AER = M M

MAwn?
3

3
or, Am? = E‘r or, f=

Thus, maximum torque,

_ M4a’R

1
= ~MARa®
3 3

T = f=R

mar

Q.4. A stone of mass m, tied to the end of a string, is whirled around in a
horizontal circle. (Neglect the force due to gravity). The length of the string is
reduced gradually keeping the angular momentum of the stone about the centre
of the circle constant. Then, the tension in the string is given by T = Ar" where
A is a constant, r is the instantaneous radius of the circleand n = .....

Ans. -3

Solution. Let at any instant of time t, the radius of the horizontal surface ber.

T=mra’ D)
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Where m is the mass of stone and w is the angular velocity at that instant of time t.

Also, L=Io .. (i)

From (i) and (i1)

2 2
I° I° (12
T=_mr2 =—m2 TXT T=LL— =
T (mr-Y m
= Ar 3

LZ
where — = 4 15 constant
m

Thus, n=-3

Q-5- A rod of weight w is supported by two parallel knife edges A and B and is in equilibrium in a horizontal
position. The knives are at a distance d from each other. The centre of mass of the rod is at distance x from A . The
normal reaction on Ais... and on B is.....

g
[ X)W W
Ans. v d d

Solution.
Ra+t+RB=W
-'oRA =W - RB
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Q.6. A symmetric lamina of mass M consists of a square shape with a
semicircular section over of the edge of the square as shown in Fig. P-10. The
side of the square is 2a.

The moment of inertia of the lamina about an axis through its centre of mass
and perpendicular to the plane is 1.6 Ma2. The moment of inertia of the lamina
about the tangent AB in the plane of the lamina is....

A B
2a
0

Ans. 4.8 Ma?

Solution. Assuming symmetric lamina to be in xy plane, we will have Ix = Iy (Since the mass distribution is same about
x-axis and y-axis)

IX + Iy = IZ (perpendicular-axis theorem)

It is given that I,= 1.6 Ma?.

Hence
'Y
A B
7~ |la
i
G" / X
_ oy _ 2tz _ 2
I=I=-"=08Ma

Now, according to parallel-axis theorem, we get

lag = Iy + M(2a)2
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= 0.8 Ma? + 4Ma?

= 4.8 Ma?
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True / False

Q.1. A triangular plate of uniform thickness and density is made to rotate about
an axis perpendicular to the plane of the paper and (a) passing through A, (b)
passing through B, by the application of the same force, F, at C (midpoint of
AB) as shown in the figure. The angular acceleration in both the cases will be
the same. (1985 - 3 Marks)

Ans.f

b= | A

. =1
Solution.

1= Force x perpendicular distance. Torque is same in both the cases. But since, I will
be different due to different mass distribution about the axis,

~ a will be different.

Q.2.

A thin uniform circular disc of mass M and radius R is rotating in a horizontal plane
about an axis passing through its centre and perpendicular to its plane with an
angular velocity o.Another disc of the same dimensions but of mass M/4 is placed
gently on the first disc coaxially. The angular velocity of the system now is 2® / V5.

Ans. F
] E=d— Since, T=10
Solution. dt
E=cnnsta.11t
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MW1= M
1 1 M 4+1 5
L=-MRY+==— 2=[—]Mt2=—M1112
2”2 2 4 8 8
w2="?
MR?
o *oog 4
© L TS T2x5075°
2 MR? .

Q.3. Aring of mass 0.3 kg and radius 0.1 m and a solid cylinder of mass 0.4 kg
and of the same radius are given the same kinetic energy and released
simultaneously on a flat horizontal surface such that they begin to roll as soon
as released towards a wall which is at the same distance from the ring and the
cylinder. The rolling friction in both cases is negligible. The cylinder will reach

the wall first.
Ans. F

Solution. Total energy of the ring

= (K-E-)Rotation + (K-E-)Translational
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= mr2w?

Total kinetic energy of the cylinder

=(KE) (KE)

+ (K.E. .
Rotation Translational

1 1
= I'a?+-Mv?
2 2

Equating (i) and (ii)

m:zo:z=EMr2o:-'2
4
_ % _4m_4 03
ol 3M 3 04
>50'=0

Both will reach at the same time.

Q.4. Two particles of mass 1 kg and 3 kg move towards each other under their
mutual force of attraction. No other force acts on them. When the relative
velocity of approach of the two particles is 2 m/s, their centre of mass has a
velocity of 0.5 m/s. When the relative velocity of approach becomes 3 m/s, the
velocity of the centre of mass is 0.75 m/s

Ans. f

Solution. Since no external force is acting on the two particle system

“aem=0

= Vc.m = Constant.

Get More Learning Materials Here : &

@E www.studentbro.in



Subjective Questions

Q.1. A 40 kg mass, hanging at the end of a rope of length I, oscillates in a
vertical plane with an angular amplitude 6°.What is the tension in the rope
when it makes an engle 0 with the vertical? If the breaking strength of the rope
is 80 kg, what is the maximum amplitude with which the mass can oscillate
without the rope breaking?

T =mg[3cos6—2cos6y], 6,=30°
Ans.

v
T—mgcosh = e

Solution.

mE
T= T+ mgcos8 (@)

In AOPM, cos g, = 2L
¢

= OM= fcosfy
OM'— OM= {(cosB —cosBy)
Loss in potential energy = Gain in kinetic energy (ActivityP to P)

1
= mgi(cosB—cosbp)= Em‘vz

= = Jgf{cosl —cosbp) .. (1)

From (i) and (ii)
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T= %x 2g f(cos® —cosBy)+ mgcosh

T=3mgcosf—2mgcosfy

From equation (i) it is clear that the tension is maximum when cos 6 =1 i.e., 6 = 0°

~T=mg
mZ
Hence. T, = ~ tmg - (1)
From eqn. (ii)

v2=2g (1 - cosy) ... (iv)
From (iii) and (iv)

T = ?[25[{1—:059g)]+mg

max
80 =3 x40—-2 x40 cosHy
1
= 80 cosBp=40 = m590=5 = Bp=30°

Q.2. A large mass M and a small mass m hang at two ends of a string that
passes over a smooth tube as shown in the figure. The mass m moves around a
circular path which lies in a horizontal plane. The length of string from the
mass m to the top of the tube is 1 and 0 is the ‘angle’ this length makes with the
vertical. What should be the frequency of rotation of mass m, so that the mass
M remains stationary?

o
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Ans. 2m N fm

Solution.

Suppose mass m moves around a circular path of radius r.

Let the string makes an angle q with the vertical. Resolving tension T, we get and,

T sin 0 = mro? ... (i)

Tcos® =mg .. (i)

F
From diagram, sin 6 =*
= r=i{snb
2

ran 8 = (5B
g

2 tanBg

@ = v|:.:a=,||i
feinf fcosB

_ 1] e
" 2n\ feos8

=V

From (i1), T cosf = mg.
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For M to remain stationary, T = Mg
~ Mg cos 0 =mg

= - i
cos@ = I ()

1 [eM
From (iii) and (iv),n =2 Vf ™

Q.3. A circular plate of uniform thickness has a diameter of 56 cm.
A circular portion of diameter 42 cm is removed from one edge of the plate as

shown in figure. Find the position of the centre of mass of the remaining
portion.

42¢
56mm

Ans. 9 cm from the origin towards left
Solution.

Let s be the mass per unit area.

Then the mass of the whole disc = ¢ x TR
Mass of the portion removed = ¢ xnr?
R=28cm;r=21cm; OP =7cm
Taking O as the origin

The position of c.m.
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I o e S
1) — iy

X

GX']IRZ{I}]—D'X'IETZ w7
N 2

m‘tR2 —OoTr

- k7 21x21x7

T EeP-en? Tx49

cm

This means that the c.m. lies at a distance of 9 cm from the origin towards left.

Q.4. A block of mass M with a semicircular of radius R, rests on a horizontal
frictionless surface. A uniform cylinder of radius r and mass m is released from
rest at the top point A (see Fig).

The cylinder slips on the semicircular frictionless track.
How far has the block moved when the cylinder reaches the bottom (point

B) of the track ? How fast is the block moving when the cylinder reaches the
bottom of the track ?

m(R-r) - 2g(R-r)
Ans. M+m \JM(m+M)

Solution. C.M. of the system of two bodies in situation (i) in x-coordinate
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M = 0+mx ]
Xqp= =
c M+m M+m

?  Sitaation (2)
C.M. of the system in situation (ii) in x-coordinate is

_Mxx+mxx

x = = x3 - (i
c M+m - (&)

Since no external force is in x-direction
Te=x¢

o _m(R-r)
2 M+m M+m

Applying conservation of linear momentum, Initial Momentum = Final Momentum

0=MV -mv

MU
¥=

... (i)

m

Applying the concept of conservation of energy, we get Loss in P.E. of mass m =

Gain in K.E. of m

1 1
= mg(R-r)= EM’E’E +Em-'|.-2
M4

= 2mg(R—-r)=MI"+ m [from (iii)]

m

2:02
= 2mg(R-r)=M12+ M7
m

Img (R—r)=MI2 {1+%]= M2 {m;M]
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m’g(R-r) 2 . |2&R-7)
= wmaan LT UMMMy

Q.5. A particle is projected at time t= 0 from a point P on the ground with a
speed v0, at an angle of 45° to the horizontal.

Find the magnitude and direction of the angular momentum of the particle
about P at time t = vo/g

3
m Vo

242g’ . . ..
Ans. V2e perpendicular to the plane of motion and is directed away from the
reader..

Solution. The angular momentum is given by L = xpy — yYpx = mM[Xvy — yVy]
(x, y) are the coordinates of the particle after time t = vo,g and
Vy, Vy are the components of velocities at that time.

For vy and vy

o

Nl

-
=vpcosdd =
'I-'x W]

% Yy

(The horizontal velocity does not change with time) Applying v = u + at in the vertical direction to find Vy

vy = (msin45°}—g[m] . I "’_ﬂ_vn

LN A RN

For x and y In horizontal direction X = vyt
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In vertical direction applying

1 3
S=uf+ —at
T

v 2 72
_Y M 1g‘fu Vg Y
s 0 2.0 _* 0
T2 g 2 g? J2g 21g

Putting the values in the above equation

-VE (vz vz\lv
L=m|_.\||'g_g x[%—vn]—té—i ng:|

Note : The direction of L is perpendicular to the plane of motion and is directed
away from the reader.

-
;7%

Q.6. A small sphere rolls down without slipping from the top of a track in a
vertical plane. The track has an elevated section and a horizontal part, The
horizontal part is 1.0 metre above the ground level and the top of the track is
2.4 metres above the ground. Find the distance on the ground with respect to
the point B (which is vertically below the end of the track as shown in fig.)
where the sphere lands. During its flight as a projectile, does the sphere
continue to rotate about its centre of mass? Explain.
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24m

Ans. 2m, yes

Solution. KEY CONCEPT : Applying law of conservation of energy at point D and
point AP.E.atD=P.E. at Q + (K.E.)T + (K.E.)r where (K.E.)t = Translational K.E.

and (K.E.)r = Rotational K.E.

1 1
=N mg(2.4]=mg{1]+5m2+517m2 ()

D
14dm P443mis
1m|
A B [

2 3
Also, I= E mr

Putting in equation (i)

2
mg(24-1) =%.='n"1-'2 + %[%mrzj }?

2

7
o, g:u:l.4=L = v=443ms
10
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After point Q, the body takes a parabolic path.

The vertical motion parameters of parabolic motion will be

By
ay

0 5,=1m
0.8 m/s? £,="

S=ut+—ar’ = 1=498
=u 2Iﬂ' = 1=4 fy

1
= ———=045zec

t
Yo\49

Applying this time in horizontal motion of parabolic path, BC = 4.43 x 0.45 = 2m
Note : During its flight as a projectile, the sphere continues

Q.7. A thin uniform bar lies on a frictionless horizontal surface and is free to
move in any way on the surface. Its mass is 0.16 kg and length V3 meters. Two
particles, each of mass 0.08 kg, are moving on the same surface and towards the
bar in a direction perpendicular to the bar, one with a velocity of 10 m/s, and
other with 6 m/s as shown in fig. The first particle strikes the bar at point A and
the other at point B. Points A and B are at a distance of 0.5m from the centre of
the bar. The particles strike the bar at the same instant of time and stick to the
bar on collision. Calculate the loss of the kinetic energy of the system in the
above collision process.

Ans. 2.72 ]
Solution. Initial Kinetic Energy

mlvlz +%m2v§ + %wz

1
2
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1 1
= 008 10 +EU.UE><62 +0=5441 @)

A
10ms
Hz'_-h -------- I r=05m
I r=05m
mA—#- - -

Applying law of conservation of linear momentum during collision

My X E X, =(MEm tmy)

1 1 2

where V. is the velocity of centre of mass of the bar and particles sticked on it after
collision 0.08 x 10 + 0.08 x 6 = (0.16 + 0.08 + 0.08) V.

= V. =4mfs
*» Translational kinetic energy after collision

1 72 _ 3
=5 (Mrmrm)le =256 ~®  Applying conservation of angular

momentum of the bar and two particle system about the centre of the bar.

Since external torque is zero, the initial angular momentum is equal to final angular
momentum.

Initial angular momentum

= MpVi X X — MaVaX

= 0.08x10x0.5-0.08%x6x0.5
=0.4-0.24=0.16 kg m?s!

(In clockwise direction) Final angular momentum = Io

Get More Learning Materials Here : & m &N www.studentbro.in



2
- [% +0.08% (0.5 +(0.08)(0.9)° |o

=008
0.08 =0.16 = o=2rad/s (i)

The rotational kinetic energy

1 1
= EI&:E = %008 22 0167 _(iw)

The final kinetic energy

= Translational K.E. + Rotational K.E.
=256+0.16=2.721

The change in K.E. = Initial K.E. — Final K.E.

=544 -2.72=2.721

Q.8. A homogeneous rod AB of length L = 1.8 m and mass M is pivoted at the
centre O in such a way that it can rotate freely in the vertical plane (Fig). The
rod is initially in the horizontal position. An insect S of the same mass M falls
vertically with speed V on the point C, midway between the points O and B.
Immediately after falling, the insect moves towards the end B such that the rod
rotates with a constant angular velocity o .

(a) Determine the angular velocity o in terms of V and L. (b) If the insect
reaches the end B when the rod has turned through an angle of 90°, determine

V.

5

oF

W

[ )
"l L “ I = L ‘L 1_2_}’. 35 ~1
3 i e T (3)7L(b)-m5
AnNs

Solution.
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(a) Let us consider the system of homogeneous rod and insect and apply
conservation of angular momentum during collision about the point O.

My

v

. |
A o B
L2

Angular momentum of the system before collision = angular momentum of the
system after collision.

L
My —=Im
Y

Where 1 is the moment of inertia of the system just after collision and w is the
angular velocity just after collision.

(b) Note : Initially the torque due to mass OB of the rod (acting in clockwise
direction) was balanced by the torque due to mass OA of the rod (acting in
anticlockwise direction).

But after collision there is an extra mass M of the insect which creates a torque in
the clockwise direction, which tends to create angular acceleration in the rod. But
the same is compensated by the movement of insect towards B due to which moment
of inertia | of the system increases.

Let at any instant of time t the insect be at a distance x from the centre of the rod and
the rod has turned through an angle q (= ot) w.r.t its original position.
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Instantaneous torque,

dL_d
ar dr
dl

dt

(Te)

d
b
A}\\
~ Y
\\\ “~

This torque is balanced by the torque due to weight of insect.
1= Force % Perpendicular distance of force with axis of
rotation = Mg x (OM)

= Mg (x cosh) ... (i1)

From (i) and (ii)

d
Eme?-:=Mg (xcosB) = dx= {%] cosot dr

On integration, taking limits

Lf2 _ £ i 2w

j dx = cosmf dt
Li4 2@~ 0
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when x=—,0f=0
4
Li2 . "2
[x];,4 =53 lsinot];

H L ; T

= —,mf=—
when X 2 2

L L
- [___}=Lf- E_mu}

2 4 252l

L 2
= —=f_ = 5= F

4 2q? L

= y= %d2x19x1.3=3_5m3—1

Q.9. A uniform thin rod of mass M and length L is standing vertically along the
y-axis on a smooth horizontal surface, with its lower end at the origin (0, 0). A
slight disturbance at t = 0 causes the lower end to slip on the smooth surface
along the positive x-axis, and the rod starts falling.

(i) What is the path followed by the centre of mass of the rod during its fall? (ii)
Find the equation to the trajectory of a point on the rod located at a distance r
from the lower end. What is the shape of the path of this point?

-r

x P (y)?
(i) Straight line, (ﬁ){ 7 ] +(7) =1 Ellipse
2

Ans.
Solution. (i) Initially, the rod stands vertical. A straight disturbance makes the rod
to rotate. While rotating, the force acting on the rod are its weight and normal
reaction. These forces are vertical forces and cannot create a horizontal motion.
Therefore the centre of mass of the rod does not move horizontally. The center of
mass moves vertically downwards. Thus the path of the center of mass is a straight
line.

(if) Trajectory of an arbitrary point of the rod Consider an arbitrary point P on the
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rod located at (x, y) and at a distance r from the end B. Let g be the angle of
inclination of the rod with the horizontal at this position.

In ABNP, sinf =2 _(i)
r

This is equation of an ellipse.

Q.10. A block X of mass 0.5 kg is held by a long massless string on a frictionless
inclined plane of inclination 30° to the horizontal. The string is wound on a
uniform solid cylindrical drum Y of mass 2 kg and of radius 0.2 m as shown in
Figure.

The drum is given an initial angular velocity such that the block X starts
moving up the plane.

(i) Find the tension in the string during the motion.

(ii) At a certain instant of time the magnitude of the angular velocity of Y is 10
rad s—Icalculate the distance travelled by X from that instant of time until it
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comes to rest

Ans. (i) 1.63N (ii) 1.22 m

Solution. (i) The drum is given an initial velocity such that the block X starts
moving up the plane.

As the time passes, the velocity of the block decreases. The linear retardation a, of
the block X is given by

mg sin 0 - T=ma ... (i)

The linear retardation of the block and the angular acceleration of the drum () are
related as

a=Rux ... (ii)

where R is the radius of the drum.

The retarding torque of the drum is due to tension T in the string.
t=TxR

But t = Ix. where | = M.I. of drum about its axis of rotation.

Get More Learning Materials Here : & m &N www.studentbro.in



1
TxR= %Mzu .. (Gii) [ =EMRE}

T

1 14
i =—MR — = g=—
From (ii), TR 5 R a i

Substituting this value in (i)

T 2m
mgsin@—T=mx N2 = mgsnf= (1+F}T

_ (mgsm®)xM 05x98xsn30°x2
M+2m 2+2x03

=163N

(1) The total kinetic energy of the drum and the block at the instant when the drum
is having angular velocity 10 rads gets converted into the potential energy of the

block.

F=5|sinf

B mg

[(KE ) eticnatliram + K-t stonalpiock = MR

lIr:;:ll2 + lmv
2 2

2 - mgS sin 8

1 1
EI“Z + Eﬂl{Rﬁ}]E —mgSsin® [+ v=Ro]

1 1
= EMRE{.}Z +EI‘HRZD}I2 = mg5 sin @

1 R2o® (M +m) s
:‘; —————————————————
2 mgsinB
1 02x%02x10x10(2+0.5)
= §=- =122m

2 0.5%9.8 xsin 30°
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Q.11. Two uniform thin rods A and B of

length 0.6 m each and of masses 0.01 kg and 0.02 kg respectively are rigidly
joined end to end. The combination is pivoted at the lighter end, P as shown in
fig. Such that it can freely rotate about point P in a vertical plane. A small
object of mass 0.05 kg, moving horizontally, hits the lower end of the
combination and sticks to it.

What should be the velocity of the object so that the system could just be raised
to the horizontal position.

P
A
B
e
Ans. 6.3 m/s

Solution. During collision, the torque of the system about P will be zero because the
only force acting on the system is through P (namely weight of rods/mass m/reaction
at P)

Given:1=0.6 m
ma = 0.01 kg
mg = 0.02 kg

m = 0.05 kg

P
F

m, A
M

L]

] dL
Since, 1= —andt=0
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= L is constant.
Angular momentum before collision =mv x 21 ... (i)
Angular momentum after collision = o ... (ii)

Where I is the moment of inertia of the system after collision about P and w is the
angular velocity of the system.

M.1. about P : I = M.I. of mass m
I,=M.I. of rod ma
I3=M.Il. of rod mg

=11+ 1+13

= |:4:-r:.t’E +md[%+§] +m3{%+$”

1 7
- [4»:1?3 +§mﬁ.-:2 +Em3£2i| = 0.09kg m°

From (i) and (ii)

To=mv=2[
mv o 2f _ 005xvx2x06
I 0.09

= w= =06Tv

Applying conservation of mechanical energy after collision. (Using the concept of
mass) Loss of K.E. = Gain in P.E.

e (o
—JTa" =meg(2)+m,y|—jg+m S
> g(20)+my 5 )ETmBE|
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1
= 5 x009x (0.67v)°

= [U.ﬂ5x2+{l.ﬂlx%+ﬂ.{]2x g]xg.ﬂxﬂ.ﬁ

=>Vv=6.3m/s

Q.12. A rectangular rigid fixed block has a long horizontal edge. A solid
homogeneous cylinder of radius R is placed horizontally at rest its length
parallel to the edge such that the axis of the cylinder and the edge of the block
are in the same vertical plane as shown in the figure below. There is sufficient
friction present at the edge so that a very small displacement causes the
cylinder to roll off the edge without slipping. Determine:

(a) the angle 0. through which the cylinder rotates before it leaves contact with
the edge, (b) the speed of the centre of mass of the cylinder before leaving
contact with the edge, and (c) the ratio of the translational to rotational kinetic
energies of the cylinder when its centre of mass is in horizontal line with the
edge.

14 4gR

(a) 8 =cos (b) 5 (©) 6

Ans. 7

Solution. (a) Let the original position of centre of mass of the cylinder be O. While
rolling down off the edge, let the cylinder be at such a position that its centre of
mass is at a position O'. LetZNPO be 0. As the cylinder is rolling, the c.m. rotates in
a circular path. The centripetal force required for the circular motion is given by the
equation.

2

My,

R

mgeosh —N=
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Where N is the normal reaction and m is mass of cylinder.

The condition for the cylinder leaving the edge isN =0

mg cosg =

Applying energy conservation from O to O'".

Loss of potential energy of cylinder

= Gain in translational K.E. + Gain in rotational K.E.

1 1
mgh= Easm~u§+?rr,:.2 ()

Where 1 is the moment of inertia of the cylinder about O, its axis of rotation, w is

the angular speed, V. is the velocity of center of mass.

Also for rolling, vc = wR

=

= m= ] .. (mt}
1 )
= EMR (1)

(2=

From (i1), (iii) and (iv), we get
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In AO'MP, cos8 =%

= h=R(l—cosg)

4
vg = TSR('.[ —cos8) W)

From (i) and (v), we get
cnsﬁ=%ﬂ—cnsﬂ}
4
= 3cosf=4—4cos6 = cosB= 7

(b) From (v) speed of C.M. of cylinder before leaving contact with edge.

2 4gR 4 4gR _ |4gR
20 e

(c) Before the cylinder's c.m. reaches the horizontal line of the edge, it leaves
contact with the edge as

8 =cos ! % —55.15°

Therefore the rotational K.E., which the cylinder gains at the time of leaving contact
with the edge remains the same in its further motion. Thereafter the cylinder gains
translational K.E.

Again applying energy conservation from O to the point where c.m. is in horizontal
line with edge

1 1
mgR = 3 I’ +5 m(v'ﬂ.jz
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mgR . GmgR
= mgR-— = Translational K F = N

Also, Rotational K.E.

1
_ 1,2 meR
2 7
Translational K E. _
Rotational K E.

Q.13. A small sphere of radius R is held against the inner surface of a larger
sphere of radius 6R (Fig. P-3).

The masses of large and small spheres are 4M and M, respectively, This
arrangement is placed on a horizontal table. There is no friction between any
surfaces of contact. The small sphere is now released. Find the coordinates of
the centre of the larger sphere when the smaller sphere reaches the other
extreme position

Ans. (L + 2R, 0)

Solution. KEY CONCEPT : The concept of center of mass can be applied in this
problem.

When small sphere M changes its position to other extreme position, there is no
external force in the horizontal direction.

Therefore the x-coordinate of c.m. will not change.

[xcm.]initial = [xr_m.]ﬁnal
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Thin line of sphere represents initial state, dotted line of sphere represents final state.
From (i)

(II:II:I.J:iJ].'iﬁl] = {xc.m.}ﬁnal
M]_Il + M212 _ Mlx'1+ szlz

M; + M, My + M,

dmxL+mx(3R+L) dmxL+m=(L'-3R)

dm+m dm+m

5L+ 5R=3I"-5R
5SL+10R=35L = L+2R=L

=

>
Since, the individual center of mass of the two spheres has a y co-ordinate zero in its
initial state and its final state therefore the y-coordinate of c.m. of the two sphere
system will remain zero.

Therefore the coordinate of c.m. of bigger sphere is (L + 2R, 0).

Q.14.Two thin circular disks of mass 2 kg and radius 10 cm each are joined by
a rigid massless rod of length 20 cm. The axis of the rod is along the
perpendicular to the planes of the disk through their centres. This object is kept
on a truck in such a way that the axis of the object is horizontal and
perpendicular to the direction of the motion of the truck. Its friction with the
floor of the truck is large enough so that the object can roll on the truck
without slipping. Take x axis as the direction of motion of the truck and z axis
as the vertically upwards direction. If the truck has an acceleration of 9 m/s2.

Calculate:
(i) The force of friction on each disk, (ii) The magnitude and the direction of the
frictional torque acting on each disk about the centre of mass O of the object.

Express the torque in the vector form in terms

of unit vectors FJ and k in the x, y, and z directions.
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Ans. ® 6i G 0.6(k—j), 0.6(-j-k)

Solution. (i) The observer, let us suppose, is on the accelerated frame. Therefore a
pseudo force ma is applied individually on each disc on the centre of mass. The
frictional force is acting in the + X direction which is producing an angular
acceleration «.

The torque acting on the

disc is

t=lx=fxR

I

= =% -0

a=9ms’ £

Let a' is the acceleration of c.m. of the disc as seen by the observer. Since the case is
of pure rolling and from the perspective of the observer

a' =R ... (ii)

= From (i) and (ii)

~= (i)
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Applying Newton's law for motion in X-direction ma —f = ma

= a=(a-Z]

Also moment of inertia

1
1= SmR? @)

From (iii), (iv) and (v)

2%9
= 3f=ma:>f=?= ; — 6N (In +X direction)

f=@6nN

(i1) The position vector of point M, taking O as the origin

By =— 0.1j —0.1k and position vector of point N

v =0.17-01k
The torque due to friction on disc 1 about O

1 =g % f=(=0.1j—0.1k) x (67)
= 06(k— )N —m

The torque due to friction on disc 2 about O

Ty = ry % f = (+0.17 - 0.1k) x (61)

= 06(-j-k)N-m
The magnitude of torque on each disc

171 =112 |=0.6§2N-m
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Q.15. A wedge of mass m and triangular cross-section (AB =BC = CA=2R) is
moving with a constant velocity -vi” towards a sphere of radius R fixed on a
smooth horizontal table as shown in Figure. The wedge makes an elastic
collision with the fixed sphere and returns along the same path without any
rotation. Neglect all friction and suppose that the wedge remains in contact
with the sphere for a very short time. At, during which the sphere exerts a
constant force F on the wedge.

z /15 R
L —
B C

x

(a) Find the force F and also the normal force N exerted by the table on the
wedge during the time At.

(b) Let h denote the perpen dicular distance between the centre of mass of the
wedge and the line of action of F. Find the magnitude of the torque due to the
normal force N about the centre of the wedge, during the interval At.

2my - A 2mv -
(a) =—(3i k), [——+ mg) k
Ans Vaa: v3ks
Solution.

Resolving the force F acting on the wedge
Fx = F cos 30°; Fy=F sin 30°

Note : The collision is elastic and since the sphere is fixed, the wedge will return
back with the same velocity (in magnitude).

The force responsible to change the velocity of the wedge in X-direction is Fx.

Fx xAt =mv — (— mv) (Impulse) = (Change in momentum)

Get More Learning Materials Here : & m &N www.studentbro.in



Fp= 2™ Feos300= 2 o p=
X At cos At J3 At

In vector terms

F= FIE+ Fy(—EJ = Fcos30% + Fsin 30°(—k)

3

- 1 -
=Fx i+ Fx—(-k
> KE{ )

Taking equilibrium of force in Z-direction (acting on wedge) we get
Fy+mg=N

:::N—F+ 2m’v+
= t+mg=-—+mg
2 J3At

(b) Taking torques on wedge about the c.m. of the wedge.
Fxh-TorqueduetoN+mgx0=0

Amv
= Torgue dueto N=F=h= ﬁmx-il

Q.16. A uniform circular disc has radius R and mass m. A particle also of mass
m, is fixed at a point A on the edge of the disc as shown in Figure. The disc can
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rotate freely about a fixed horizontal chord PQ that is at a distance R/4 from
the centre C of the disc.The line AC is perpendicular to PQ.

Initially, the disc is held vertical with the point A at its highest position. It is
then allowed to fall so that it starts rotating about PQ. Find the linear speed of
the particle as it reaches its lowest position.

4

S .

R4
P \/Q I
Ans ‘/ﬁ

Solution. KEY CONCEPT : During the fall, the disc-mass system gains rotational
Kinetic energy. This is at the expense of potential energy.

Feference
lewel for FE

Applying energy conservation Total energy initially = total energy finally
2R 2R 1
mg(2R+T} +mg[R+T] = ng+£Im2

Where | = M.I. of disc-mass system about PQ

10R 6R 1 3 12
mg* —+mg—=meR +—ITw~ = 3mgR=-Io
g N g 1 E- 5 E- 2
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Dpg=Tgiec)po ™ Taned o
mR> Ry’ SR’
=[T+M[ﬂ ]*’"(I)
[~ M.I of disc about diameter = %MRE ]

_ mR[4+1+25] _15mR’
B 16 8

.. (i)

From (i) and (i1)
6mgRx8 |l6g
“"N 15mp? VSR

Let v be the velocity of mass m at the lowest point of rotation

R l6g 3R
= =| - v=,—F=x—=45gR
v o:{R+ :J v 3R 8 4 &

Q.17. A man pushes a cylinder of mass m: with the help of a plank of mass
m2 as shown in Figure. There in no slipping at any contact. The horizontal
component of the force applied by the man is F.

Find

(a) the accelerations of the plank and the center of mass of the cylinder, and (b)
the magnitudes and directions of frictional forces at contact points.

F—2% m,

oN
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SF AF 3FM, FM,
Ans. (@) 30, +8m, " 3M, +8m, ®) 30, +8m,  3M; +8m, Solution.

The man applies a force F in the horizontal direction on the plank as shown.
Therefore the point of contact of the plank with the cylinder will try to move
towards right. Therefore the friction force F will act towards left on the plank. To
each and every action there is equal and opposite reaction. Therefore a frictional
force f will act on the top of the cylinder towards right.

=1

Direction of ' : A force f is acting on the cylinder. This force is trying to move the
point of contact P towards right by an acceleration

acting towards right.
At the same time, the force f is trying to rotate the cylinder about its centre of mass.
fxR=1Ixa

= m=f“R=1f>‘R — 2/ in clockwise direction.
I EMIRE MR

2
agroR= L=l xR=— L ie towardsten
M; MR M,

Therefore, the point of contact of the cylinder with the ground move towards left.
Hence friction force acts towards right on the cylinder.

Note : You can assume any direction of friction at the point of contact and solve the
problem. If the value of friction comes out to be positive, our assumed direction is
correct otherwise the direction of friction is opposite. The above activity is done so
that if only the direction of friction is asked, an approach may be developed.

Applying Newton's law on plank, we get
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F —f=m,a, (1)
Also, a,=2a, . (it}

Because ay is the acceleration of topmost point of cylinder and there is no slipping.

Applying Newton's law on cylinder
Miay =f+ ' ... (iii)

The torque equation for the cylinder is
f*R—f'%R=Iu= %MIRZ x[a—l}

R.

1 2
[I= EMIR and Ro=ay]

(F=MER= %Mlﬂﬂl =frf= %Mm e
Solving equation (iii) and (iv), we get

3
=M -0)

1
and f*= EMI‘H - (6)
From (i) and (iii)
3
F—f=2mua, = F- 1M1a1=2m2a1

_ 4F _ gF
M +8my 2 3M;+8m,

a

From (v) and (vi)

4F 3FM,
f=7 M x =
4 3M1 +BH‘I2 3M1 + Elﬂz
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FM,
3M1 + EME

1
Andf'= ZMI xay =

Q.18. Two h eavy met all ic plates are joined together at 90° to each other. A
laminar sheet of mass 30 kg is hinged at the line AB joining the two heavy
metallic plates. The hinges are frictionless. The moment of inertia of the
laminar sheet about an axis parallel to AB and passing through its center of
mass is 1.2 kgm2. Two rubber obstacles P and Q are fixed, one on each metallic
plate at a distance 0.5 m from the line AB. This distance is chosen so that the
reaction due to the hinges on the laminar sheet is zero during the impact.

Initially the laminar sheet hits one of the obstacles with an angular velocity 1
rad/s and turns back. If the impulse on the sheet due to each obstacle is 6 N-s,
(a) Find the location of the center of mass of the laminar sheet from AB. (b) At
what angular velocity does the laminar sheet come back after the first impact?
(c) After how many impacts, does the laminar sheet come to rest?

Ans. (a) 0.1 m (b) 1 radian/sec. (c) infinite

Solution. Ic= 1.2 kg -m?

A
i
o °Q
wft'- N C.Im
p. B

m = 3lkg

Let y be the distance of c.m. from line AB.
Applying parallel axis theorem of M.I. we get
M.1. of laminar sheet about AB

lag = lem. + my?

lag = 12 + 30y2 ... (i)

The angular velocity of the laminar sheet will change after every impact because of
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impulse.

Impulse = Change in linear momentum

6 =30 (Vi— Vi)

6 =30 x y (of — i) ... (ii)

Also, change in angular momentum = Moment of Impulse
~ lagwi— lagwi = Impulse x distance

Iag (WF —wi) = 6 X0.5 = 3

ey +(=1) ...(iif)

—— @y = 3
ITyp 1.2+30y

Note : Minus sign with wi because the direction of laminar plate towards the
obstacle is taken as — ve (assumption).

From (i) and (iii)

3
6=30=y 5141
1.2+30y

3
1=735y 3
1.2+30y

12+30)2 =35y [+3]=15y
32 -15y-12=0

On solving, we gety = 0.1 or 0.4

o= 1 tad/s if we puty=0.1 in eq. (i)
And 6,=0.35rad/s ifwe put y=0.4 in eq. (ii)

(Not valid as per sign convention) Now, since the lamina sheet comes back with
same angular speed as that of incident angular speed, the sheet will swing in
between P and Q infinitely.

Get More Learning Materials Here : & m &N www.studentbro.in



Q.19. Three particles A, B and C, each of mass m, are connected to each other
by three massless rigid rods to form a rigid, equilateral triangular body of side |
. This body is placed on a horizontal frictioness table (x-y plane) and is hinged
to it at the point A so that it can move without friction about the vertical axis
through A (see figure). The body is set into rotational motion on the table about
A with a constant angular velocity .

Ya

(a) Find the magnitude of the horizontal force exerted by the hinge on the body.

(b) At time T, when the side BC is parallel to the x-axis, a force F is applied on
B along BC (as shown). Obtain the x-component and the y-component of the
force exerted by the hinge on the body, immediately after time T.

Ans. 3mlw? (b) (Fnet)x =-/4  (F netyy="3mlw?

Solution. (a) The mass B is moving

in a circular path centred atA. The centripetal force (m 1 ®?) required for this
circular motion is provided by F . Therefore a force F ' acts on A (the hinge) which

is equal to m 1 w2 The same is the case for mass C. Therefore the net force on the
hinge is

F, = \F2+ F2+ 2F Fcos 60°
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1
Fou= ||2F"2+2F'2x5 =3F'= Bmtw®

(b) The force F acting on B will provide a torque to the system. This torque is

3

Fr —=TIua
2
34
Fx 3 =(2mi)a
2
o)
= a=—x{—
4 mE

The total force acting on the system along x-direction is F + (Fnet)x
This force is responsible for giving an acceleration ax to the system.
Therefore,

F + (Fret)x = 3m (ax) cm.

F ol cwoBF ¢ _F

=Imo, % Aml 34l
iF F
7 FEe Ty

(Fret)y remains the same as before = V3mlo?.
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Q.20. A wooden log of mass M and length L is hinged by a frictionless nail at O.
A bullet of mass m strikes with velocity v and sticks to it. Find angular velocity
of the system immediately after the collision about O.

]
M H

AnNs.

= >

m
R —
P

oo — TV
T (M+3m)L

YISt

1
Solution. We know that
— Txdi=dL

When angular impulse

(Fxd) s zero, the angular momentum is constant. In this case for the wooden log-
bullet system, the angular impulse about O is constant.

Therefore,

[angular momentum of the system]initial
= [angular momentum of the system]final
>mvxL=lgxw..()

where lp is the moment of inertia of the wooden log-bullet system after collision
about O

1
= §M2+ML2 (i)

From (i) and (ii)
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Q.21. A cylinder of mass m and radius R rolls down an inclined plane of
inclination 0. Calculate the linear acceleration of the axis of cylinder.

Ans. a =2/3 gsin0

Solution. Applying Fnet = ma in X-direction mg sin — f=ma ... (i)
The torque about O will be t=f % R

=1la .. (i)

As the case is of rolling

~a=aR

. i Iﬂ
From (ii) and (iif), /= F

Substituting this value in (i), we get

i In
mgsnd — — =ma

Get More Learning Materials Here : & m &N www.studentbro.in



1
[ I= Em}i‘zforsn]jdcy]iﬂdﬂ}

Q.22. Two identical ladders, each of mass M and length L are resting on the
rough horizontal surface as shown in the figure. A block of mass m hangs from
P. If the system is in equilibrium, find the magnitude and the direction of
frictional force at A and B.

AR, [(M + m)g]cote, along AB.

Solution.
The various forces acting on the ladders are shown in the figure.
Since the system is in equilibrium, therefore ) Fy =0

=>Mg+mg+Mg=N+N

_ (2M +m) g
2

= N (@)

Considering the rotational equilibrium of one ladder as shown in figure. Calculating
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torques about P

SR

*-.“
=

Mg x PQ+fxPM=N x OP

L
= Mg= Emsﬂ+_f'x Lsin® = NLcosB

NL cos8 — MgL cosf@

= f= - =Ncﬂfﬂ—ﬁcmﬁ
Lsin® 2

- (5]

= f= [(M+ m]%]cntﬁ

Q.23. A rectangular plate of mass M and dimension a x b is held in horizontal
position by striking n small balls (each of mass m) per unit area per second. The
balls are striking in the shaded half region of the plate. The collision of the balls
with the plate is elastic. What is v?

(Givenn =100, M =3 kg, m=0.01kg; b=2m; a=1m;g=10 m/s?).Ans.

Ans.10 m/s
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Solution. KEY CONCEPT Since the plate is held horizontal therefore net torque
acting on the plate is zero.

m
F
354 KL
oz >
a
B2 v
' Mg
A b 7 3b
= =0 K— -
g% 3 1 @
dp b §
F=HE[Area}=nK(2m}xax 3 (1)

From (i) and (ii)

b 3b
M= —= x[!m'l W — W ——
gr 37 )xa 2 4

J3u2
= 3x10=100=2=00l=vxlx

= v=10m's
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Match the Following

DIRECTIONS (Q. No. 1) : Each question contains statements given in two
columns, which have to be matched. The statements in Column-I are labelled A,
B, C and D, while the statements in Column-I1 are labelled p, g, r and s. Any
given statement in Column-I can have correct matching with ONE OR MORE
statement(s) in Column-I11. The appropriate bubbles corresponding to the
answers to these questions have to be darkened as illustrated in the following
example :

Par s t

A900000
BPQOO®
OGO
DP@OWO®

If the correct matches are A-p, s and t; B-q and r; C-p and g; and D-s then the
correct darkening of bubbles will look like the given.

Q.1. Column-11 shows five systems in which two objects are labelled as X and
Y. Also in each case a point P is shown. Column-I gives some statements about
X and/or Y. Match these statements to the appropriate system(s) from Column
.

Column-I Column Il

(P)

(A) The force exerted by X on Y has a

magnitude Mg. P "~ Block Y of mass
M left on a fixed inclined plane X, slides
on it with a constant velocity.

(B) The gravitational potential energy of X | (Q)
is continuously increasing.
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| =]

i Y T

X

Two ring magnets Y and Z, each of
mass M, are kept in frictionless
vertical plastic stand so that they repel
each other.

Y rests on the base X and Z hangs in
air in equilibrium. P is the topmost
point of the stand on the common axis
of the two rings. The whole system is
in a lift that is going up with a
constant velocity.

(C) Mechanical energy of the system X +Y
is
continuously decreasing.

(R)

: A pulley Y of mass mo is
flxed to a table through a clamp X. A block
of mass M hangs from a string that goes
over the pulley and is fixed at point P of
the table. The whole system is kept in a lift
that is going down with a constant velocity.

(D) The torque of the weight of Y about
point P is zero.

(S)

REPE

:Zﬁﬁlﬁj;:

p* - A sphere Y of mass M is put
in a non-viscous liquid X kept in a
container at rest. The sphere is released and
it moves down in the liquid.
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P A sphere Y of mass M is
falling with its terminal velocity in a
viscous liquid X kept in a container.

Ans. (A) —p,t;(B) = q,s,(C) = p, 1, t; (D) —>q,p
N,

Solution.

As the velocity is constant

But f = uN = umg cosf ..... (11)
From (i) and (ii)
pmg cos = mg sin@ = m = tanf

The force by X on Y is the resultant of f and N and is equal to

SN = W22 n? - W2 s

= |:'w‘||ta:|:.2 B8+1) mgeosh =secBmgeos B =mg
=weight of I

Therefore statement (a) is correct.

Now, due to the presence of frictional force between Y and X, the mechanical
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energy of the system ( X +Y) decreases continously as Y slides down.
Therefore statement (c) is correct.
(g) As the lift moves up, X also

moves up and therefore the gravitational energy of X is continously increasing.
option (b) is correct.

The torque of the weight of Y about P is zero as the perpendicular distance of the
line of action of force from the point P is zero.Option (d) is correct.The force
exerted by X on Y will be equal to Mg + Mg= 2mg where Mg is wt. of Y and Mg is
the force on Y due to Z.

Option (a) is incorrect.

P
z
v
Al
v | Mg
X

(r) In this case the force exerted by X on Y is same as the force exerted by Y on X.
The force on X dueto Y is

R =+/(Mg)? + (mo + M)gT? = Mg

Mg
; }mua'
R

Mg
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Therefore, option (a) is incorrect.

The mechanical energy of the system (X + Y) is continously decreasing as the
system is coming down and its potential energy is decreasing, the kinetic energy
remaining the same.

Therefore, option (c) is correct and (b) is incorrect.

The torque of the weight of Y about P is not zero.

(s) The force on Y by X is equal to the wt. of liquid displaced which cannot be equal
to Mg as the density of Y is greater than density of X (As Y is sinking) Therefore,

option (a) is in correct.

The gravitational potential energy of X increases continously because as Y moves
down, the centre of mass of X moves up.

Therfore option (b) is correct.

(t) Sphere Y is moving with terminal velocity. Therefore, the net force on Y is zero
e

Mg = B+F,

B F

v

Mg

where B = buoyant force and Fy = viscous force.
B + Fy are exerted by X on Y.
Therefore, option (a) is correct.

The gravitational potential energy of X is continously increasing because as Y
moves down, the centre of mass of X moves up.
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Option [b] is correct.

The mechanical energy of the system (X + Y) is continously decreasing to overcome
the viscous forces.

Option (c) is correct.Q.2.

Q.2. A binary star consists of two stars A (mass 2.2M;s) and B (mass 11Ms),
where Ms is the mass of the sun. They are separated by distance d and are
rotating about their centre of mass, which is stationary. The ratio of the total
angular momentum of the binary star to the angular momentum of star B
about the centre of mass is

Ans. 6

Solution. Let the center of mass of the binary star system be at the origin. Then

B
X L

= dx —
c.m 1104,
origin

. .
[ F e

2.3 M,

_ 2.2M,(—x) +11M, (d - x)
22M, +11M,

5d
=0=22M, (-x)+ 1M, (d-x) > x="

For a binary star system, angular speed w about the centre of mass is same for both
the stars.

2 X
I.IMi(de m+11M:(dJ W@
tal _ [ [ -6
3

o —
o 11M5{6] X6

Q.3. A boy is pushing a ring of mass 2 kg and radius 0.5 m with a stick as shown
in the figure. The stick applies a force of 2N on the ring and rolls it without
slipping with an acceleration of 0.3 m/s?. The coefficient of friction between the
ground and the ring is large enough that rolling always occurs and the
coefficient of friction between the stick and the ring is (P/10). The value of P is
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Stick

Ans. 4

Solution. Under the influence of the force of stick (2N), the point of contact O of the
ring with ground tends to slide. But the frictional force f2 does not allow this and
creates a torque which starts rolling th e ring. A friction force f1 also acts between
the ring & the stick.

Applying Fnet = ma in the horizontal direction. We get

2-f,=2%03 . fi=14N
Applying t = Ia about C we get
{E—fﬂR=Ia= I% [-- Forrolling a= R

03
S [14-—px2]=x05=2%(035) = o5 L[+ I=MRY
~p=04

Q.4. Four solid spheres each of diameter V5 cm and mass 0.5 kg are placed with
their centers at the corners of a square of side 4 cm. The moment of inertia of
the system about the diagonal of the square is N~ 10~ kg— m?, then N is

Ans. 9
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Solution. Let the four spheres be A, B, C, & D

Ixy=li+lg+lc+Ilp=21Ia+2ls

- E[E_J‘.ﬂi‘z + Ma® ] +2|:%MR2]
b ]

2

2
=:s,>c§1|.¢m2 +2Ma® =M [532 +2|:a:|2:|

2
- n_j[gx[ﬁ] +2xs]>¢m“‘

= 0.5[2+16]x107* =9x107*
N=9

Q.5. A lamina is made by removing a small disc of diameter 2R from a bigger
disc of uniform mass density and radius 2R, as shown in the figure. The
moment of inertia of this lamina about axes passing though O and P is 1o and

Ir respectively. Both these axes are perpendicular to the plane of the lamina.
The ratio Ip / lo to the nearest integer is

EE P

Ans. 3

Solution. Let 6 be the surface mass density. Then
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oln(2R)* 1% (2R)” -

P |

Ia=

B{MRE]F +ﬁ{nR2]xR21

Ip= 8no R+ on(2R)! x 2R)?
1 2
[E o (iR2)R? +o(aR?) (,f(ZR]F +R? ) ]

= MacR*-55caR*=1851cR?

Ip 185moR* 37
Ip 13_o14 13
2

ok

Q.6. A uniform circular disc of mass 50 kg and radius 0.4 m is rotating with an
angular velocity of 10 rad s~* about its own axis, which is vertical. Two uniform
circular rings, each of mass 6.25 kg and radius 0.2 m, are gently placed
symmetrically on the disc in such a manner that they are touching each other
along the axis of the disc and are horizontal. Assume that the friction is large
enough such that the rings are at rest relative to the disc and the system rotates
about the original axis. The new angular velocity (in rad s™) of the system is

Ans. 8
Solution. Applying conservation of angular momentum

Loy =Ty

lhlﬂlzxml
_ Lo _ 2

b {; MR + E[Emrz]}
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lxiﬂxﬂ.dx 0.4x10
- 2 _ 40

; x50%0.4%04+2[2x625%x02x02] 4+1

=8rad/s

Q.7. A horizontal circular platform of radius 0.5 m and mass 0.45 kg is free to
rotate about its axis. Two massless spring toyguns, each carrying a steel ball of
mass 0.05 kg are attached to the platform at a distance 0.25 m from the centre

on its either sides along its diameter (see figure). Each gun simultaneously fires
the balls horizontally and perpendicular to the diameter in opposite

directions. After leaving the platform, the balls have horizontal speed of

9 ms~! with respect to the ground. The rotational speed of the platform in rad s-
L after the balls leave the platform is

Ans. 4
Solution. By conservation of angular momentum

2(mvr) = lo

1
2x0.05%9%025= %045 x (052> @

- @=4rads]

Q.8. A uniform circular disc of mass 1.5 kg and radius 0.5 m is initially at rest
on a horizontal frictionless surface. Three forces of equal magnitude F=0.5 N
are applied simultaneously along the three sides of an equilateral triangle XYZ
with its vertices on the perimeter of the disc (see figure). One second after
applying the forces, the angular speed of the disc in rad s is

Ans. 2
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3 Fxrx%}=1u
Solution.

3xﬂjxﬂjxé==%x1jxﬂjxﬂjxu

= a=2rad s
o=aptat=o=0+2x 1=2rads™!

Q.9. Two identical uniform discs roll without slipping on two different surfaces
AB and CD (see figure) starting at A and C with linear speeds vi and vz,
respectively, and always remain in contact with the surfaces. If they reach B
and D with the same linear speed and vi = 3 m/s then vz in m/s is (g = 10 m/sz)

3 55585180
£555555555555535%5
TRTriIiiiiiiiiiiiiion

SEESEEIESE5 8L ET155519515459%
SESSEIESESEIESI8555T995555F
s

EXFFERIsS
£z !ii!i!
EE‘ ssssssss:ss 3m

=]

RO e R kT b h T )

FREEEF IR FRRE RN IR

B ]

TESES

Egsgesavasssy
Efssfsssasisinais
EfS5555555555554"
555 £ :

EESsEsssssis
Esssss:sssss

Ans. 7

Solution. Total kinetic energy of a rolling disc

1 1
= — +_
=3 mv? 2 Ia?

k.Ei + loss in gravitational potential energy = K.Es
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3 3 2
o (33 + me(30)= VB D)
For surface AB

3 ) 3 2 -
LM emg2n)= T mij @)

Given Vg = Vp. Therefore from (i) and (ii)
3 3
Em{3}2+mg’<30= Eml:v2}2+mg3<2?

S Ty=1

Q.10. The densities of two solid spheres A and B of the same radii R vary with

as py(r)= k[%} and pp(r) =
radial distance r

3
%)
R
respectively, where k is a constant. The momentsof inertia of the individual
spheres about axes passing through their centres are Iaand Ig, respectively. If
B_n

I, 10°

the value of n'is

Ans. 6
R
1= [ (dm)r?
Solution. 0
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R
41r=_[pu:u:ﬁl-1rn"2 dr x ¥t
1]

R
I=4'.r|:_[pr4 dr
L]

R R
I_i=4n’[k—xr4dr=ﬁj-r5dr
R
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