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Chapter

System of Particles and
Rotational Motion

Topic-1: Centre of Mass, Centre of Gravity & Principle of Moments
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Consider regular polygons with number of sides n =3, 4,
5.... as shown in the figure. The center of mass of all the
polygons is at height h from the ground. They roll on a
harizontal surface about the leading vertex without slipping
and sliding as depicted. The maximum increase in height
of the locus of the center of mass for each polygon is A.
Then A depends on n and h as [Adv. 2017]
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Look at the drawing given in the figure which has been
drawn with ink of uniform line-thickness. The mass ofink
used to draw each of the two inner circles, and each of the
two line segments is m. The mass of the ink used to draw
the outer circle is 6 m.

The coordinates of the centres of the different parts are:
outer circle (0, 0), left inner circle (— g, a), right inner circle
(a, a), vertical line (0, 0) and horizontal line (0, — a). The
y-coordinate of the centre of mass of the ink in this drawing
is [2009]
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Two particles 4 and B initially at rest, move towards each
other under mutual force of attraction. At the instant when
the speed of 4 is I and the speed of B is 2V, the speed of
the centre of mass of the system is (1982 - 3 Marks)
@ 3V ® V

{e) 1S5V (d) zero

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 4 . The normal reaction
on A is...and on Bis..... [1997 - 2 Marks]

5 True / False

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 ofapproach becomes
3 m/s, the velocity of the centre of mass is 0.75 m/s.
[1989 - 2 Marks]

6 MCQs with One or More than One Correct Answer

A block of mass M has a circular cut with a frictionless
surface as shown. The block rests on the horizontal
frictionless surface of a fixed table. Initially the right edge
ofthe block is at x = 0, in a co-ordinate system fixed to the
table. A point mass m is released from rest at the topmost
point of the path as shown and it slides down.
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When the mass loses contact with the block, its position
is x and the velocity is v. At that instant, which of the

following options is/are correct? [Adv. 2017]
4—-R—r
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(a) The position of the point mass m is: S
2gR
(b) The velocity of the point mass m is: v=4{; . ™
M
(c) The x component of displacement of the center of

mass of the block M is: —
M+m

m
(d) The velocity of the block M is: V = —El—\f'ZgR

When a bicycle is in motion, the force of friction exerted

by the ground on the two wheels is such that it acts
[1990 - 2 Marks]

(a) in the backward direction on the front wheel and in

the forward direction on the rear wheel.

(b) in the forward direction on the front wheel and in the

backward direction on the rear wheel.

(c) in the backward direction on both the front and the

rear wheels,

(d) in the forward direction on both the front the rear wheels.
STATEMENT-1: If there is no external torque on a body

about its center of mass, then the velocity of the center of

mass remains constant.

STATEMENT-2: The linear momentum of an isolated system

remains constant. [2007]

(a) Statement-1 is True, Statement-2 is True; Statement-
2 is a correct explanation for Statement-1

(b) Statement-1 is True, Statement-2 is True;

Statement-2 is NOT a correct explanation for

Statement-1

Statement-1 is True, Statement-2 is False

Statement-1 is False, Statement-2 is True

()
(d)

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

10.

11.

12.

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.
Y

[1996 - 3 Marks]

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 1= 0 causes the lower end to slip on the smooth surface
along the positive x-axis, and the rod starts falling.
[1993-1+5 Marks]
(i) What is the path followed by the centre of mass of
the rod during its fall?
(i) 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?
A block of mass M with a semicircular of radius R, rests on
a horizontal frictionless surface. A uniform cylinder of
radius rand mass m is released from rest at the top point 4
(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 ? [1983 - 7 Marks]

\ :
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, [1980]

42c
S6em

Topic-2: Angular Displacement, Velocity and Acceleration

Two identical discs of same radius R are rotating about
their axes in opposite directions with the same constant
angular speed . The discs are in the same horizontal plane,
At time 1 = 0, the points P and Q are facing each other as

shown in the figure. The relative speed between the two

points Pand Qs v,. In one time period (7) of rotation of

the discs, v, as a function of time is best represented by
[2012]
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Consider a disc rotating in the horizontal plane with a
constant angular speed o about its centre O. The disc has
a shaded region on one side of the diameter and an
unshaded region on the other side as shown in the figure.
When the disc is in the orientation as shown, two pebbles
Pand Q are simultaneously projected at an angle towards
R. The velocity of projection is in the y-z plane and is same
for both pebbles with respect to the disc. Assume that (i)
they land back on the disc before the disc has completed
1/8 rotation, (ii) their range is less than halfthe disc radius,
and (iii) o remains constant throughout. Then  [201 2]

(2) Plands in the shaded region and Q in the unshaded
region.
(b) Plands in the unshaded region and Q in the shaded
region.
(¢) Both Pand Q land in the unshaded region.
(d) Both Pand Q land in the shaded region.
: (O S W S R T
JEREE RS S
A disc of mass M and radius R is free to rotate about its
vertical axis as shown in the figure. A battery operated
motor of negligible mass is fixed to this disc at a point on
its circumference. Another disc of the same mass M and

radius i is fixed to the motor s thin shaft. Initially, both

the discs are at rest. The motor is switched on so that the
smaller disc rotates at a uniform angular speed . If the

angular speed at which the large disc rotates is 2 then
n

[Adv. 2024

the value of n is , .
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4.  Spotlight S rotates in a horizontal plane with constant
angular velocity of 0.1 radian/second. The spot of light P
moves along the wall at a distance of 3 m. The velocity of
the spot Pwhen @ =45° (see fig.)is .......coovrveer. /S

[1987 - 2 Marks]
S

457

3m

(f@:\f <) Py 1
Passage

A frame of reference that is accelerated with respect to an inertial
frame of reference is called a non-inertial frame of reference. A
coordinate system fixed on a circular disc rotating about a fixed
axis with a constant angular velocity c is an example of non-
inertial frame of reference. The relationship between the force

Fror experienced by a particle of mass m moving on the rotating

disc and the force F;, experienced by the particle in an inertial

frame of reference is
f'r(:t = f:in + 2m(§rm * (:).)-i- m(ESx ;) ® a
where v, is the velocity of the particle in the rotating frame of

reference and 7 is the position vector of the particle with

respect to the centre of the disc.

Now consider a smooth slot along a diameter of a disc of radius
R rotating counter-clockwise with a constant angular speed &
about its vertical axis through its center. We assign a coordinate
system with the origin at the center of the disc, the x-axis along
the slot, the y-axis

perpendicular to the slot and the z-axis along the rotation axis

(O—J = fc) . A small block of mass m is gently placed in the slot at

?(R /2)i att=0andis constrained to move only along the slot.
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5, The distance r of the block at time t is [Adv.2016] 6. Thenetreactionofthe disc on the block is

(a) E(e"" +e‘°”)

L (ezm Lt )3+ mgk
2 2

(b) R osot @
- 1
2 ot _~—ot)? L
() —mo'Rie” -e j+mgk
© _R_(e2mt+e—20)t) ) B—cns?.mt 2 ( )
" : ©

(d) ma’ Rsins @t 3— mgf(

~mm*R cosmt 3— mgf(

Topic-3: Torque, Couple and Angular Momentum

B N N SO Wl S Oy
o = . a _—_=—V1= e =
A bar of mass M= 1.00 kg and length L=0.20 m is lying on I 16 3 I 16 3
a horizontal frictionless surface. One end of the bar is
; h 3 83 h 33 . 16v3
pivoted at a point about which it is free to rotate. A small (c) F7 —;{s—g—,f = —;{—_N @ 7 = T\g,f = TN

mass m = 0.10 kg is moving on the same horizontal surface

with 5.00 m s! speed on a path perpendicular to the bar. 4.
It hits the bar at a distance L/2 from the pivoted end and
returns back on the same path with speed v. After this
elastic collision, the bar rotates with an angular velocity o.
Which of the following statement is correct? [Adv. 2023]

() ®=698rads'andv=430ms"

(b) ®=3.75rads!andv=430ms"'

(©) ®w=375rads!andv=10.0ms™"

(d o=680rads'andv=4.10ms!

A small mass m is attached to a
massless string whose other end is
fixed at P as shown in the figure, The
mass is undergoing circular motion
in the x-y plane with centre at O and Az
constant angular speed o. If the
angular momentum of the system,
calculated about O and P are denoted

by L, and Lp respectively, then oo
[2012] "

2. A flat surface of a thin uniform disk 4 of radius R is glued () L and Lp donot vary with time
toa horizontal table. Another thin uniform disk B of mass ) i o i hile. | 3 it
M and with the same radius R rolls without slipping on the (b) L varies withtime while [, remains constan
circumference of A, as shown (¢) L remains constant while [, varies with time

in the figure. A flat surface of
B also lies on the plane of the
table. The center of mass of B
has fixed angular speed @
about the vertical axis passing
through the center of 4. The
angular momentum of B is
nMmR? with respect to the
center of 4. Which of the
following is the value of n?
[Adv. 2022]

o (d) L, and L, both vary with time

5. Anparticle isconfined to rotate in a circular path decreasing
linear speed, then which ofthe following is correct? [2005S]
(a) [ (angular momentum) is conserved about the centre
(b) onlydirection of angular momentum [ is conserved
(c) It spirals towards the centre
(d) its acceleration is towards the centre.

6. A block of mass m is at rest under the action of force F
against a wall as shown in figure. Which of the following
statement is incorrect? . [2005S]
(a) f=mg [ffriction force]
(b) F=N[Nnormal force]
(¢) F will not produce torque

(d) N will not produce torque

7 9
@2 MErvne o4 @5

3. A uniform wooden stick of mass 1.6 kg and length [ rests
in an inclined manner on a smooth, vertical wall ofheight

Get More Learning Materials Here : &

h(< ) such that a small portion of the stick extends beyond 7.

the wall, The reaction force of the wall on the stick is
perpendicular to the stick. The stick makes an angle of 30°
with the wall and the bottom of the stick is on a rough
floor. The reaction of the wall on the stick is equal in
magnitude to the reaction of the floor on the stick. The
ratio h/l and the frictional force f at the bottom of the stick
are (g=10ms>2) [Adv. 2016)

A horizontal circular plate is rotating about a vertical axis
passing through its centre with an angular velocity o . 4

man sitting at the centre having two blocks in his hands
stretches out his hands so that the moment of inertia of
the system doubles. If the kinetic energy of the system is
K initially, its final kinetic energy will be [2004S]

(@ 2K (b) K/2 (c) K (d K/4
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A particle undergoes uniform circular motion. About which
point on the plane of the circle, will the angular momentum
of the particle remain conserved? [2003S]

(a) centre of the circle

(b) on the circumference of the circle.

(c) insidethe circle

(d) outside the circle.

Consider a body, shown in figure, consisting of two
identical balls, each of mass M connected by a light rigid
rod. If an impulse J=MV is imparted to the body at one of
its ends, what would be its angular velocity?  [20038]

(a) VIL
(b) 2V/L Me- oM
{c) V3L

(d) VAL I <t

A circular platform is free to rotate in a horizontal plane
about a vertical axis passing through its centre. A tortoise
is sitting at the edge of the platform. Now, the platform is
given an angular velocity ;. When the tortoise move
along a chord of the platform with a constant velocity
(with respect to the platform), the angular velocity of the

-—— L

platform w(z) will vary with time ¢ as [2002S]
o)} e
(@) vof————— (b))
. . : : —
wft) oft)
(@ “avpndv £4 Zt o " (o)

t t
An equilateral triangle ABC formed from a uniform wire
has two small identical beads initially located at 4. The
triangle is set rotating about the vertical axis AO. Then the
beads are released from rest simultaneously and allowed
to slide 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 [2000S]
(a) angular velocity and total
energy (kinetic and potential) \A l
(b) Total angular momentum and g
total energy
(c) angular velocity and moment
of inertia about the axis of 5 c
rotation (@)

(d) total angular momentum and

moment of inertia about the

axis of rotation
A disc of mass M and radius R is rolling with angular
speed @ on a horizontal plane as shown in Figure. The
magnitude of angular momentum of the disc about the
origin Ois [1999S -2 Marks]

13.

14.

15.

16.
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@ (12)MR*w =
(b) MR’e N
© (32)MR*® MQ
(d) 2MR*0 —> ¥

0

A mass M moving with a constant velocity parallel to the

X-axis. Its angular momentum with respect to the origin
[1985 - 2 Marks]

(a) iszero (b) remains constant

(c) goeson increasing  (d) goes on decreasing

A thin circular ring of mass ‘M and radius » is rotating

about its axis with a constant angular velocity @, Two

objects, each of mass m, are attached gently to the

opposite ends of a diameter of the ring. The wheel now

rotates with an angular velocity [1983 - 1 Mark]

oM o (M —-2m)
@ W+m) ® "1+ 2m)

o M o (M +2m)
© (M +2m) @ iy,

~ B : ==

A particle of mass 1 kg is subjected to a force which
depends on the position as F= ~k(xf + y;] kg ms™ with
k=1 kg 572 At time ¢ = 0, the particle's position

- | A
r=|—i++2 ] m : :
[ 5 J | ™M and its velocity

4 e SO NS
v={—\@+~f§} +;k]ms ' Let v, and v, denote the

x and the y components of the particle's velocity,
respectively. Ignore gravity. When z= 0.5 m, the value of
Ov,~yv)is mis~L. [Adv. 2022]
A thin rod of mass M and length « is free to rotate in
horizontal plane about a fixed vertical axis passing through
point O. A thin circular disc of mass M and of radius a/4 is
pivoted on this rod with its center at a distance a/4 from
the free end so that it can rotate freely about its vertical
axis, as shown in the figure. Assume that both the rod and
the disc have uniform density and they remain horizontal
during the motion. An outside stationary observer finds
the rod rotating with an angular velocity Q and the disc
rotating about its vertical axis with angular velocity 4€2.
The total angular momentum of the system about the point

Ma*Q
Ois| ~4g |n . The value of n is

b, 4

0 M

[Adv. 2021]

40

.

ald
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17.  Ahorizontal circular platform of
radius 0.5 m and mass 045 kg is
free to rotate about its axis. Two
massless spring toy-guns, each

o 50

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~! after the balls leave the platform is

[Adv. 2014]

18. 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 s71) of the system is [Adv. 2013]

19. A binary star consists of two stars A (mass 2.2M,) and B
(mass 11M), where M_ 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 [2010]

€%

20. Put a uniform meter scale horizontally on your extended
index fingers with the left one at 0.00 cm and the right one
at 90.00 em. When you attempt to move both the fingers
slowly towards the center, initially only the left finger slips
with respect to the scale and the right finger does not.
After some distance, the left finger stops and the right one
starts slipping. Then the right finger stops at a distance x R
from the center (50.00 cm) of the scale and the left one
starts slipping again. This happens because of the
difference in the frictional forces on the two fingers, Ifthe
coefficients of static and dynamic friction between the
fingers and the scale are 0.40 and 0.32, respectively, the
value of xR (in cm) is [Adv. 2020]

ORI AR 3575

- Fohas k\<

21. A stone of mass m, tmd 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 4 is a constant, r is the
instantaneous radius of the circle and n = .....

[1993 - 1 Mark]

22. 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=4
cos ( w?). There is no slipping between the cylinder and
piatfm-m The maximum torque acting on the cylinder during
itsmotion is .. ey [1988 - 2 Marks)
23. A smooth umform 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 wy 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]
1
k=,
L | =
===
fe— Ll L
Pasim S o
®g

24. A thin uniform c;rcular dIS(.‘ of mass M and radlus Ris
rotating in a horizontal plane about an axis passing through
its centre and perpendicular to its plane with an angular
velocity m . 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 /5 .
[1986 - 3 Marks]

&] o NG
25; A pamcle of mass M = 0. 2 kg is mmally at rest in the
Xy-plane at a point (x = -/, y=—h), where [ = 10 m and
h=1m. The particle is accelerated at time t=0 with a constant
acceleration a = 10 m/s® along the positive x-direction. Its
angular momentum and torque with respect to the origin, in

SI units, are represented by 7 and 7, respectively. ;,}
and k are unit vectors along the positive x, y and
z-directions, respectively. If t = | x 3 then which of the

following statement(s) is(are) correct ? [Adv. 2021]
(a) The particle arrives at the point (x= [, y = —h) at time

t=2s.

(b) T =2k when the particle passes through the point
(x=1y=-h)

(c) L =4k when the particle passes through the point
x=lLy=-h)

(d) T = k& when the particle passes through the point
(x=0,y=-h)

26. Arod of mass /m and length L, pivoted at one of its ends, is
hanging vertically. A bullet of the same mass moving at
speed v strikes the rod horizontally at a distance x from its
pivoted end and gets embedded in it. The combined
system now rotates with angular speed @ about the pivot.

@’g www.studentbro.in
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The maximum angular speed w,,is achieved for x = x;.

Then [Adv. 2020]
Olg——-%
X
L
o |
—-—_-ﬂ
3
i fetieee
e 3vx b) 0= 12vx
®C P B ) O 12
L Vv
Xng—r—= =—a1/3
© ™M= @ oy =53

Consider a body of mass 1.0 kg at rest at the origin at time
t=0.A force F = (at i +fj) isapplied on the body, where
a=1.0 Ns~! and p = 1.0 V. The torque acting on the body
about the origin at time = 1.0 sis T . Which of the following
statements is (are) true? [Ady. 2018]

—
(a) ] T *I ENm
(b) Thetorque 7 isin thedirection ofthe unit vector + k

N
(c) Thevelocityofthebodyatr-—-lslsv:5(1 +2])ms :

1
(d) Themagnitude of displacement ofthebodyat 1= 1sis gm

The potential energy of a particle of mass m at a distance
rfrom a fixed point O is given by V{r)= kr?/2, where kisa
positive constant of appropriate dimensions. This particle
is moving in a circular orbit of radius R about the point O.
If v is the speed of the particle and L is the magnitude of
its angular momentum about O, which of the following

statements is (are) true? [Adv. 2018]
k
o )
(®) v 1,! =

k
= J—R
@ v ﬁ e

mk
© L= mkR? @ L= |5k
A wheel of radius R and mass M is placed at the bottom of
a fixed step of height R as shown in the figure. A constant
force is continuously applied on the surface of the wheel
so that it just climbs the step without slipping. Consider
the torque T about an axis normal to the plane of the paper
passing through the point Q. Which of the following
options is/are correct? [Adv.2017]

S

5 : Q_

L
N\

//

7

30.

31.

32.

A37

(a) If the force is applied at point P tangentially then
decreases continuously as the wheel climbs

(b) Ifthe force is applied normal to the circumference at
point X then 7 is constant

(c) Ifthe force is applied normal to the circumference at
point P then 1is zero

(d) Ifthe force is applied tangentially at point S then T+
0 but the wheel never climbs the step

A rigid uniform bar AB of length L is slipping from its

vertical position on a frictionless floor (as shown in the

figure).

At some instant of time, the angle made by the bar with the

vertical is 8. Which of the following statements about its

motion is/are correct? [Adv. 2017)
@ ™
SSRL
i L O
i ..___::_\9
]T h“"ﬁ\
i \'::'::\.
g B

(@) Themidpoint of the bar will fall vertically downward
(b) The trajectory of the point A is a parabola
(¢) Instantaneous torque about the point in contact with
the floor is proportional to sin®
(d) When the bar makes an angle 6 with the vertical, the
displacement of its midpoint from the initial position
is proportional to (1 — cosB)
The position vector 7 of a particle of mass m is given by
the following equation
= at’i+pt?],
where .= 10/3ms =, B=5ms2andm=0.1 kg. Att=1s,
which of the following statement(s) is(are) true about the
particle? [Adv. 2016]
(a) The velocity v is givenby v = ( 10i+10j) ms!
(b) Theangular momentum | with respect to the origin
isgivenby L =—5/3) k Nms
() The force Eisgiven by f = G+ 2}',) N
(d) The torque 7 with respect to the origin is given by
7 =—(20/3) k Nm
Two thin circular discs of mass m and 4m, having radii of
aand 2a, respectively, are rigidly fixed by a massless, rigid
rod of length [ = J24a through their centres. This
assembly is laid on a firm and flat surface, and set rolling
without slipping on the surface so that the angular speed
about the axis of the rod is o, The angular momentum of the
entire assembly about the point ‘O’ is L (see the figure). Which
of the following statement(s) is (are) true? [Adv. 2016]

@g www.studentbro.in
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33.

34.

The centre of mass of the assembly rotates about

the z-axis with an angular speed of ®/5

The magnitude of angular momentum of center of

mass of the assembly about the point O is 81 maZm

(¢) The magnitude of angular momentum of the
assembly about its center of mass is 17 ma?e/2.

(d) Themagnitude of the z-component of T, is 55 maZ.
A ring of mass M and radius R is rotating with angular
speed o about a fixed vertical axis passing through its

@)
(b)

M
centre O with two point masses each of mass S atrest at

0. These masses can move radially outwards along two
massless rods fixed on the ring as shown in the figure, At

8
— m and

some instant the angular speed of the system is 5

3
one of the masses is at a distance of E R from O. At this

instant the distance of the other mass from O is

[Adv. 2015)
2
(@) ;R o
1
(b) gR
3 _r
4
@ 3R

In the figure, a ladder of mass m is shown leaning against
a wall. It is in static equilibrium making an angle 6 with the
horizontal floor. The coefficient of friction between the
wall and the ladder is p, and that between the floor and
the ladder is p,. The normal reaction of the wall on the
ladder is N, and that of the floor is N,. If the ladder is

about to slip, then i | Adv. 2014]
1

35,

36.

37.

mg
(@ py=0,up #0 and N, tan = =
mg
(®) w #0,py =0and Ny tanf=—%
N, =
() p; #0,up #0and Y2 L+
m
(d) p; =0,u, =0 and Ny tan 0 = -?2—
Ifthe resultant of all the external forces acting on a system
of particles is zero, then from an inertial frame, one can
surely say that [2009]
(a) linear momentum of the system does not change in
time
(b) kinetic energy of the system does not change in
time
(c) angular momentum of the system does not change in
time
(d) potential energy of the system does not change in
time

The torque T on a body about a given point is found to be
equal to A x L where A is a constant vector, and L is the
angular momentum of the body about that point. From
this it follows that [1998S - 2 Marks]

is perpendicular to L at all instants of time.

dt
the component of L in the direction of A does not
change with time.

(c) the magnitude of L does not change with time,

(d) L does not change with time

A particle of mass m is projected with a velocity v making

an angle of45° with the horizontal. The magnitude ofthe

angular momentum of the projectile about the point of

projection when the particle is at its maximum height  is
[1990 - 2 Marks]

(a)
(b)

3 3
@ zro () ™ © 22 (@ my2eh’
428 V2g %

A particle is projected at time #= 0 from a point P on the
ground with a speed v, at an angle of45° to the horizontal.
Find the magnitude and direction of the angular momentum

it of the particle about P at time t = v/g
[1984- 6 Marks]
@ Topic-4: Moment of Inertia and Rotational K.E.
8) 1 MOQs with One Correct Answer \
== 2 2
1.  Asolid sphere of mass M and radius R having moment of @ r=,-—R ) = N R
inertia I about its diameter is recast into a solid disc of radius 13
rand thickness ¢. The moment of inertia of the disc about an
axis passing the edge and perpendicular to the plane remains © r= 2 R (d r= _‘@ R
I. Then R and r are related as [2006 - 3M, —1] 15 15
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2.
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From a circular disc of radius R and mass 9M, a small disc
of radius R/3 is removed from the disc. The m oment of
inertia of the remaining disc about an axis perpendicular to
the plane of the disc and passing through O is [2005S]

(a) 4MR?

gl
(b) %MRI 3 2R3
(c) 10 MR? R
3
— MR-~
(d) 9

One quarter sector is cut from a uniform circular disc of
radius R. This sector has mass M. It is made to rotate
about a line perpendicular to its plane and passing through
the center of the original disc. Its moment of inertia about

the axis of rotation is \D [20018S]
1 1
— MR* — MR?

(a) > (b) 4

© %MRZ @ +2 MR

A thin wire of length L and uniform linear mass density p
is bent into a circular loop with centre at O as shown. The
moment of inertia of the loop about the axis XX is [2000S]

3 3

pL pL X 2!
e i
€). gpen ) 353
spl? 3pL’
c dy ==
@ Lo DR

Let I be the moment of inertia of a uniform square plate
about an axis 48 that passes through its centre and is
parallel totwo of its sides. CD is a line in the plane of the
plate that passes through the centre of the plate and makes
an angle 6 with AB. The moment of inertia of the plate
about the axis CD is then equal to  [1998S -2 Marks]

(@ I ) 1Isin?0

(c) Icos’® (d) 1cos?(6/2)
o & : 2l
~OB i e 2 4'_1':'

A thin uniform rod of length L and certain mass is kept o

a frictionless horizontal table with a massless string of
length L fixed to one end (top view is shown in the figure).
The other end of the string is pivoted to a point O. If a
horizontal impulse P is imparted to the rod at a distance

x= B from the mid-point of the rod (see figure), then the

n . 3

rod and string revolve together around the point 0, with
the rod remaining aligned with the string. In such a case,
the value of n is [Ady. 2024]

If’/:—.?_ﬁ;f . C. yrEry
*Eg’j 6 TN

11.

o

10.

A39

The densities of two solid spheres 4 and B of the same
radii R vary with radial distance r as p,(r) = k[i] and

5
, respectively, where & is a constant. The

>
- )
Pa(r) ®
moments of inertia of the individual spheres about axes
passing through their centres are [ and /p, respectively. If
n" B n

‘a = 10 the value of n is

A lamina is made by removing a

[Adv. 2015]

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 Pis I, and I, respectively. Both these axes
are perpendicular to the plane of the lamina. The ratio 7,/ I,
to the nearest integer is [2012]

Four solid spheres each of diameter /5 cm and mass 0.5kg
are placed with their centers at the corners of a square of side
4 ¢m. The moment of inertia of the system about the diagonal

of thesquare is N x 10~*kg— m?, then N is. [2011]

Aty

5.

R

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 Ma?.

The moment of inertia of the lamina about the tangent A8
in the plane ofthe lamina is.... 1997 - 2 Marks]

o

The moment ofinertia of a thin square plate ABCD, Fig., of
uniform thickness about an axis passing through the centre
O and perpendicular to the plane of the plate is

[1992 - 2 Marks]|
@@ 5L+ 2 A 2!
(b) I;+14
(C} Il +1‘3 :
(d] ]1+.{2+I3+14 D <

2
where /;,/,.lyand I, are respectively the moments of
inllertial about axis 1, 2, 3 and 4 which are in the plane of the
plate.
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Topic-5: Rolling Motion

A small roller of diameter 20 cm has an axle of diameter 10

(a) upthe incline while ascending and down the incline
descending :

1 (b) up the incline while ascending as well as descending
cm (see figure below on the left). It is on a horizontal floor (© d‘;l‘f"i“ t;w mcgpe while ascending and up the incline
and a meter scale is positioned horizontally on its axle with @ ;lvc)\l: thzsifl i:?jn?\ihﬂe ascenidifi ss il Ak discboding
e s of e sc?aie o toy of e e (e giic o the 5. A cubical block of side L rests on a rough horizontal surface
right). The scale is now pushed slowly on the axle so that with coefficient of fiction . A horizontal force Fis applied
it moves without slipping on the axle, and the roller starts o et o Sk T f‘the Sttt of Siction is
rollmg}\_nthoul slippig, {\fcer thg sllechas moves o0 b sufficiently high so that the block does not slide before
the position of the scale will look like (figures are schematic toppling, the minimum force required to topple the block s
and not drawn to scale) [Adv. 2020] [20008]

(a) infinitesimal e P
(b) mg4
(c) mg2 =
(d) mgl-p)
o1 - —
6. Two identical uniform discs roll without slipping on two
different surfaces 4B and CD (see figure) starting at 4 and
C with linear speeds v, and v,, respectively, and always
remain in contact with the surfaces. If they reach B and D
with the same linear speed and v, = 3 m/s then v, in m/s is
(g=10m/s?) [Adv. 2015)
!

2. A small object of uniform density rolls up a curved surface

with an initial velocity v. It reaches up toa maximum height 3

2
of %‘L with respect to the initial position. The object is

g

[2007]
'i

- a7 7. A boy is pushing a ring of

rin solid sphere Stick
®) g ®) ? i3 mass 2 kg and radius 0.5 m
(c) hollow sphere (d) disc with a stick as shown in the

3.  Adiscis rolling without slipping with angular velocity . figure. The stick applies a
P and Q are two points equidistant from the centre C. The force of 2N on the ring and
order of magnitude of velocity is [2004S] rolls it without slipping with
(@) Vo> Ve > vp an acceleration of 0.3 m/s?. _—
®) vp>ve>vy The coefficient of friction between the ground and the
© Vp=verVp=Vd2 ring is large enough that rolling always occurs and the

< coefficient of friction between the stick and thering is (P/10).
@ vp<ve>vy _ The value of P is [2011]
4.  Acylinderrolls up an inclined plane, reaches some height, o

and then rolls down (without slipping throughout these

@ 3 T

motions). The directions of the frictional force actingon g™ A¢ time 1 =0 a dlsk ")-f raciiﬁé 1. Iml ét?xrts to roll wzth;;s;
the cylinder are [20025] slipping on a horizontal plane with an angular acceleration
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of a= % rads™. A small stone is stuck to the disk. At

=0, it is at the contact point of the disk and the plane.

Later, at time ¢ = /x5, the stone detaches itself and flies
offtangentially from the disk. The maximum height (in )

reached by the stone measured from the plane is % + 10
The value of x is .[Take g=10ms2.] [Adv.2022]

9. Asolid sphere of mass 1 kg and radius 1 m rolls without
slipping on a fixed inclined plane with an angle of
inclination © = 30° from the horizontal. Two forces of
magnitude 1 N each, parallel to the incline, act on the
sphere, both at distance » = 0.5 m from the center of the
sphere, as shown in the figure. The acceleration of the

sphere down the plane is ms . (Take g = 10 ms2.)
[Adv. 2022
0

10. A ring and a disc are initially at rest, side by side, at the
top of an inclined plane which makes an angle 60° with
the horizontal. They start to roll without slipping at the
same instant of time along the shortest path. If the time
difference between their reaching the ground is
2- \ﬁ) /10 s, then the height of the top of the inclined
plane, in metres, is . Takeg=10ms2,

[Adv. 2018]

s e = ST

1. Amn

i S i e =
g 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.
[1989 - 2 Marks]
&N o ,

12. Anannular disk of mass M, inner radius @ and outer radius
b is placed on a horizontal surface with coefficient of
friction 11, as shown in the figure. At some time, an impulse
jox is applied ata height h above the center of the disk.

Ifh =h_ then the disk rolls without slipping along the x-
axis. Which of the following statement(s) is(are) correct?

A3

14.

A41

(a) Forp#Oanda—0,h =b/2.
(b) Forp#0anda—0,h =b.
() For h =h  the initial angular velocity does not
depend on the inner radius a.
(d) Forp=0andh =0, the wheel always slides without
rolling,
A horizontal force F is applied at the center of mass of a
cylindrical object of mass m and radius R, perpendicular to
its axis as shown in the figure. The coefficient of friction
between the object and the ground is m. The center of
mass of the object has an acceleration a. The acceleration
due to gravity is g. Given that the object rolls without
slipping, which of the following statement(s) is(are)
correct? [Adv. 2021]

[Adv. 2023

(a) For the same F, the value of a does not depend on
whether the cylinder is solid or hollow

(b) For asolid cylinder, the maximum possible value of a
is2ug

(c) The magnitude of the frictional force on the object
due to the ground is always umg

F
(d) For athin-walled hollow cylinder, a= B

A wheel of radius R and mass M is placed at the bottom of
a fixed step of height R as shown in the figure. A constant
force is continuously applied on the surface of the wheel
so that it just climbs the step without slipping. Consider
the torque 1 about an axis normal to the plane of the paper
passing through the point Q. Which of the following
options is/are correct? [Adv. 2017]

A
\x\

(a) If the force is applied at point P tangentially then
decreases continuously as the wheel climbs

(b) Ifthe force is applied normal to the circumference at
point X then 7 is constant

(c) Ifthe force is applied normal to the circumference at
point P then 1 is zero

(d) If the force is applied tangentially at point S then
t # 0 but the wheel never climbs the step

The figure shows a system consisting of (i) a ring of

outer radius 3R rolling clockwise without slipping on a

horizontal surface with angular speed @ and (ii) an inner

disc of radius 2R rotating anti-clockwise with angular
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speed /2. The ring and disc are separated by frictionless
ball bearings. The point P on the inner disc is at a distance
R from the origin, where OP makes an angle of 30° with
the horizontal. Then with respect to the horizontal
surface, [2012]

(a) the point O has linear velocity 3 Roi

NG

e e -
(b) the point £ has linear velocity —‘L—Rmz + = Rok .

NE

13 . » 3 -
(c) thepoint P has linear velocity IRM e Rk
(d) thepoint P has linear velocity
[3——‘@) Roi +}—Rmfc
4 4

16. A sphere isrolling without slipping on a fixed horizontal
plane surface. In the figure, A is the point of contact, B is
the centre of the sphere and C is its topmost point. Then,

[2009]
(B.) V,C—‘?A =2(‘?B'—‘-7c) & '—\
® Vo-Vg=Vz-V,

© [Ve-Val=2|Vs-Vc|

TR, = A

@ (Ve -Va|=4[Vg]

17. A solid cylinder is rolling down a rough inclined plane of
inclination 6. Then {2006 - 5M, -1}

=3

(a) The friction force is dissipative
(b) The friction force is necessarily changing
(¢) The friction force will aid rotation but hinder

translation
(d) The friction force is reduced if © is reduced

18. STATEMENT-1 : Two cylinders, one hollow (metal) and
the other solid (wood) with the same mass and identical
dimensions are simultaneously allowed to roll without
slipping down an inclined plane from the same height. The
hollow cylinder will reach the bottom of the inclined plane first.
STATEMENT-2 : By the principle of conservation of
energy, the total kinetic energies of both the cylinders are
identical when they reach the bottom of the incline. [2008]
(a) Statement-1 is True, Statement-2 is True; Statement-
2 is a correct explanation for Statement-1

(b) Statement-1 is True, Statement-2 is True; Statement-
21is NOT a correct explanation for Statement-1

(c) Statement -1 is True, Statement-2 is False

(d) Statement-1 is False, Statement-2 is True

i 2 [

Z5 Tige TP

19. A man pushes a cylinder of mass m,with the help of a
plank of mass m, as shown in Figure. There in no slipping
at any contact. The horizontal component of the force
applied by the man is F. [1999 - 10 Marks]
Find |

&1 o (S

F—>I 1,

M,

(a) theaccelerations ofthe plank and the center of mass
of the cylinder, and

(b) the magnitudes and directions of frictional forces at
contact points.

Topic-6: Miscellaneous (Mixed Concepts) Problems

1. A football of radius R is kept on a hole of radius r ( < R)
made on a plank kept horizontally. One end of the plank is
now lifted so that it gets tilted making an angle 8 from the
horizontal as shown in the figure below. The maximum
value of 0 so that the football does not start rolling down
the plank satisfies (figure is schematic and not drawn to
scale) [Adv. 2020]

Get More Learning Materials Here : &

o= -
(a) sin ~ (b) tan® =
(c) sin8=5% (d) cosl=
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2,

3.

5.

Get More Learning Materials Here : &

A thin uniform rod, pivoted at O, is rotating in the horizontal
plane with constant angular speed o, as shown in the figure.
Attime =0, a small insect starts from O and moves with
constant speed v, with respect to the rod towards the other
end. It reaches the end of the rod at ¢ = T"and stops. The
angular speed of the system remains ® throughout. The

magnitude of the torque (|z]) about O, as a function of
time is best represented by which plot? [2012]
Z

\_1

il Il ,
(© (d) :
t t
T O T
A long horizontal rod has a bead which can slide along its
length and initially placed at a distance L from one end 4
of the rod. The rod is set in angular motion about 4 with
constant angular acceleration o . If the coefficient of
friction between the rod and the bead is 1, and gravity is
neglected, then the time after which the bead starts slipping
is [20008]
ox
=%
o

1
@ Ju/oa O p/Aa © o (d) infinitesimal

A cubical block of side a is moving with velocity ¥ on a
horizontal smooth plane as shown in Figure. It hits a ridge
at point O. The angular speed of the block after it hits O'is

[1999S - 2 Marks]

(a) 3V/(4a) =

(b) 3VI(Q2a) 2] .

© ﬁf(‘b_ﬂ) mmm
d) zero 0

A smooth sphere A is moving on a frictionless horizontal
plane with angular speed @ and centre of mass velocity v.
It collides elastically and head on with an identical sphere
B at rest. Neglect friction everywhere. After the collision,
their angular speeds are w, and g, respectively. Then
[1999S - 2 Marks]
@ <oy (b) o=
) w,=o (d oy~o
Two point masses of 0.3 kg and 0.7 kg are fixed at the ends
of a rod oflength 1.4 m and of negligible mass. Therod is set
rotating about an axis perpendicular to its length with auniform
angular speed. The point on the rod through which the axis

A43

should pass in order that the work required for rotation ofthe
rod is minimum, is located at a distance of [1995S]
(@) 0.42m frommass of0.3 kg
(b) 0.70 m from mass 0of 0.7 kg
(c) 0.98 m from mass 0f0.3 kg
(d) 0.98 m from mass of 0.7 kg
7. Acaris moving ina circular horizontal track ofradius 10 m
with a constant speed of 10 m/s. A pendulum bob is
suspended from the roof of the car by a light rigid rod of
length 1.00 m. The angle made by the rod with track is
[1992 - 2 Mark]
(@) zero (b) 30° (c), 45%, o (@) 6
8. A tube of length L is filled completely with an
incomressible liquid of mass M and closed at both the
ends. The tube is then rotated in a horizontal plane about
one of its ends with a uniform angular velocity . The
force exerted by the liquid at the other end is
{1992 - 2 Marks]

Ma’L
(@) ‘;’ b Mo’L
Mo’L Mo?L?
c) d
o) o e g S i 2
€5 BN W R R

9. 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=0.5N L5
are applied simultaneously along the
three sides of an equilateral triangle
XYZ with its vertices on the perimeter .

iy

of the disc (see figure). Z

F
One second after applying the forces, the angular speed of
[Adv.2014]

the disc in rad s is

';g)‘ 3 | Numeri

Stem for Q. No. 10-11
A pendulum consists of a bob of mass m = 0.1 kg and a massless
inextensible string of length L = 1.0 m. It is suspended from a
fixed point at height = 0.9 m above a frictionless horizontal
floor. Initially, the bob of the pendulum is lying on the floor at
rest vertically below the point of suspension. A horizontal impulse
P=0.2 kg-m/s is imparted to the bob at some instant. After the
bob slides for some distance, the string becomes taut and the
bob lifts off the floor. The magnitude of the angular momentum
of the pendulum about the point of suspension just before the
bob lifts off is ./ kg-m?/s, The kinetic energy of the pendulum
just after the lift-offis K Joules.
10. ThevalueofJis .
11. ThevalueofKis .

&) o W the Bl _
12. 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

[Adv. 2021]
[Adv. 2021]
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Ad4

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|

13. 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 4, (b) passing through
B, by the application of

the same force, F, at C (midpoint of 4B) as shown in the
figure. The angular acceleration in both the cases will be
the same. [1985 - 3 Marks]

Y o B —_—

14. A thin and uniform rod of mass M and length L is held
vertical on a floor with large friction. Therod is released
from rest so that it falls by rotating about its contact-
point with the floor without slipping. Which of the
following statement(s) is/are correct, when the rod makes

C B

Tt K MRS

an angle 60° with vertical ? [Adv. 2019]
[g is the acceleration due to gravity]
(a) Theangular speed of the rod will be 2L
(b) Theradical acceleration of the rod’s center of mass
3
will be -45
(c) Thenormal reaction force from the floor on the rod
il be 2.
: A
il ant T

2
(d) Theangular acceleration of the rod will be —L‘g

15. Two solid cylinders P and Q of same mass and same radius
start rolling down a fixed inclined plane from the same
height at the same time. Cylinder P has most of its mass
concentrated near its surface, while O has most of its mass
concentrated near the axis. Which statement(s) is(are)

correct? [2012]
(a) Both cylinders P and Q reach the ground at the same
time.

(b) Cylinders P has larger linear acceleration than cylinder

(c) Both cylinders reach the ground with same
translational kinetic energy.
(d) Cylinder Q reaches the ground with larger angular
speed.
16. A thinring of mass 2 kg and radius 0.5 m is rolling without

on a horizontal plane with velocity 1 m/s. A small ball of .

mass 0.1 kg, moving with velocity 20 m/s in the opposite
direction hits the ring at a height of 0.75 m and goes
vertically up with velocity 10 m/s. Immediately after the
collision [2011)

Eerirrras z
(a) the ring has pure rotation about its stationary CM.
(b) the ring comes to a complete stop.
(¢) friction between the ring and the ground is to the left.
(d) thereis no friction between the ring and the ground.
17. A uniform bar of length 6a and mass 8 lies on a smooth
horizontal table. Two point masses m and 2m moving in
the same horizontal plane with speed 2v and v, respectively,
strike the bar [as shown in the fig.] and stick to the bar
after collision. Denoting angular velocity (about the centre
of mass), total energy and centre of mass velocity by @, E
and v, respectively, we have after collision [1991 -2 Mark]

(@) ¥.=0
2m
T
S5a Cd———Ea———P
v
0 o=— =
(©) 5

i~ R

18. In the Column-I below, four different paths of a particle
are given as functions of time. In these functions, o and p
are positive constants of appropriate dimensions and o #
B In each case, the force acting on the particle is either
zero or conservative. In Column-I1, five physical quantities
ofthe particle are mentioned P is the linear momentum, Lis
the angular momentum about the origin, K is the kinetic
energy, U is the potential energy and E is the total energy.
Match each path in List-I with those quantities in List-II,

which are conserved for that path.
[Adv. 2018]
Column—1 Column-11
P i(t)=ati+Bt] i, P
Q. T1(t)=acosot i+PBsin ot ] i
R T(t)=a(cosot i+sinot j) K
s. T(M)=at i+%t2 j g
SR

(@ P—>1,2,3,45Q-25R>23,458->5
) P—>1,2,3,45Q-35R—>273,458->25
(©) P—>2,3,40Q0->5R—>1,2,4,8S>25

d P—>1,235Q325R>273458-25
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System of Particles and Rotational Motion A45

19. Column-1I 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 II. [2009]

Column-I Column IT
(A) The force exerted by X on Y hasa (p) ¥
magnitude Mg. e X
P
Block Y of mass M left on a fixed inclined plane X, slides on it with a
constant velocity. P

(B) The gravitational potential energy of (q)
X is continuously increasing.
Two ring magnets Y and Z. each of mass M, arekeptin ‘]
frictionless vertical plastic stand so that they repel each 2
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 (r) ApulleyY of mass myis fixed to a table through
X +Y is continuously decreasing. aclamp X. A block of mass M hangs from a string
that goes over the pulley and is fixed at point P

¥
P of the table. The whole system is kept in a lift that 3 l
is going down with a constant velocity. X

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

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.
(t) AsphereY ofmass M is falling with its terminal

velocity in a viscous liquid X kept in a

container.

@ 8 (}om;_mhmmon}}mglqueabons :

Passage 1
One twirls a circular ring (of mass M and radius R) near the tip of
one's finger as shown in Figure 1. In the process the finger never
loses contact with the inner rim of the ring. The finger traces out
the surface of a cone, shown by the dotted line. The radius of the Figure 2
path traced out by the point where the ring and the fingerisin  20. The total kinetic energy of the ring is
contact is r. The finger rotates with an angular velocity . The 1 > 5
rotating ring rolls without slipping on the outside of 2 smaller (a) M(t}%R2 (®) 'Z'Mm(] (R-1)
circle described by the point where the ring and the finger isin :
contact (Figure 2). The coefficient of friction between thering and (c) Mmf, (R-1)? & = Mm%‘(R -r)?
the finger is p and the acceleration due to gravity is g. ' 2

[Adv.2017]
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21. The minimum value of @ below which the ring will drop

down is
g 2g
®  \uR-n ® u®-1)
| J8 - |l
©  \2u®-1) @ \2u®-1)
Passage 2

The general motion of a rigid body can be considered to be a
combination of (i) a motion of its centre of mass about an axis,
and (if) its motion about an instantaneous axis passing through
the centre of mass.

These axes need not be stationary. Consider, for example, a thin
uniform disc welded (rigidly fixed) horizontally at its rim to a
massless, stick, as shown in the figure. When the disc-stick

system is rotated about the origin on a horizontal frictionless

plane with angular speed o, the motion at any instant can be
taken as a combination of (i) a rotation of the centre of mass of
the disc about the z-axis and (i1) a rotation of the disc through
an instantaneous vertical axis passing through its centre of mass
(as is seen from the changed orientation of points P and Q).
Both these motions have the same angular speed @ in this case

: [2012]

Now consider two sin:ilar systems as shown in the figure: Case
() the disc with its face vertical and parallel to x-z plane; Case
(b) the disc with its face making an angle of 45° with x-y plane
and its horizontal diameter parallel to x-axis. In both the cases,

the disc is welded at point P, and the systems are rotated with

constant angular speed o about the z-axis.

z Q
T m O
/ P il
Case (a)

-4
x
Z
T : )
L
S
x Case (b)

22. Which of the following statements about the
instantaneous axis (passing through the centre of mass)
is correct?

(a) It is vertical for both the cases (a) and (b)

(b) Itis vertical for case (a); and is at 45° to the x-z plane
and lies in the plane of the disc for case (b).

(c) Itishorizontal for case(a); and is at 45° to the x-z plane
and is normal to the plane of the disc for case (b).

(d) It is vertical for case (a); and is 45° to the x-z plane
and is normal to the plane of the disc for case (b).

23. 'Which of the following statements regarding the angular
speed about the instantaneous axis (passing through the
centre of mass) is correct?

(a) Itis J2@ for both the cases

(b) Itis o for case (a); and o/ V2 for case (b)
(c) Itis o for case (a); and /2 for case (b)
(d) It is o for both the cases.

Passage 3

A uniform thin cylindrical disk of
mass M and radius R is attachedto ¥
two identical massless springs of
spring constant k which are fixed

to the wall as shown in the figure.
The springs are attached to the axle

of the disk symmetrically on either
side at a distance d from its centre.
The axle is massless and both the
springs and the axle are in d

horizontal plane. . Vo

The unstretched length of each spring is L. The disk is initially
at its equilibrium position with its centre of mass (CM) at a
distance L from the wall, The disk rolls without slipping with

velocity Vj = Vi . The coefficient of frictionisp.  [2008]

24. The net external force acting on the disk when its centre of
mass is at displacement x with respect to its equilibrium

position is
(@ -kx ) -2kx () —2kx3 (d) —4kx3

25. The centre of mass of the disk undergoes simple harmonic
motion with angular frequency w equal to—

K 2k 2K ak
o i O o @

26. The maximum value of V,, for which the disk will roll

without slipping is —
M M M M
(@) ugJ: (b) ug\/; (c) u&f . @ ug" x
Passage 4

Two discs 4 and B are mounted coaxially on a vertical axle. The
discs have moments of inertia [ and 2 7 respectively about the
common axis. Disc 4 is imparted an initial angular velocity 2 @
using the entire potential energy ofa spring compressed by a
distance x; Disc B is imparted an angular velocity o by a spring
having the same spring constant and compressed by a distance
x, .Both the discs rotate in the clockwise direction.

27. Theloss of kinetic energy in the above process is [2007]
1 2 , Z I 2 2
O O R L O

28. When disc B is brought in contact with disc A, they acquire

4 6
acommon angular velocity in time ¢ . The average frictional
torque on one disc by the other during this period is

[2007)
2l 9/ @ 91 @ 3w
— By e i
@5 O =0 0= O
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Cju

31.

32.

33.
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stem of Particles and Rotational Motion

The ratio x/x, is [2007]
1 1
2 b = N2 0] —
(a) b) 2 (©) ) 5

A rectangular plate of
mass M and dimension
a* bisheld in horizontal
position by striking n
small balls (each of mass /.
m) per unit area per [

second.
The balls are striking in the shaded halfregion of the plate.
The collision of the balls with the plate is elastic. What is v?

[2006 - 6M]
(Givenn=100, M=3kg,m=001kg; b=2m;a=1m;
g=10m/s?).
Twoidentical ladders, each of mass -
M and length L are resting on the
rough horizontal surface as shown / 1\
in the figure. A block of mass m / é
hangs from P. ‘
Ifthe system is in equilibrium, find the magmtudc and the
direction of frictional force at4 and B.  [2005 - 4 Marks]
A wooden log of mass M and length L is hinged by a
frictionless nail at Q. A bullet of mass m strikes with velocity
v and sticks to it. Find angular velocity of the system
immediately after thg collision about O. [2005 - 2 Marks]

ot 6
M
1o 5
S -

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 4 so that it can move without friction about
the vertical axis through A4 (see figure). The body is set into
rotational motion on the table about 4 with a constant angular
velocity o. [2002 - 5 Marks]

B< : — C
(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

34.

35.

36.

A47

the x-component and the y-component of the force

exerted by the hinge on the body, lmrnedlately after

time 7.
Two heavy metallic
plates are joined
together at 90° to each
other. A laminar sheet
of mass 30 kg is hinged
at the line 4B joining
the two heavy metallic
plates. The hinges are
frictionless.  The
moment of inertia of

the laminar sheet about an axis parallel to A8 and passing
through its center of mass is 1.2 kg-m?2. Two rubber
obstacles P and Q are fixed, one on each metallic plate ata
distance 0.5 m from the line 4B, This distance is chosen so
that the reaction due to the hinges on the laminar sheet is
zero during the impact, [2001-10 Marks]
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 ofthe center of mass of the laminar
sheet from 4B. _ i
(b) Atwhatangular velocity does the laminar sheet come
back after the first impact?
(c) After how many impacts, does the laminar sheet come
to rest?
A uniform circular
disc has radius R and
mass m. A particle also
of mass m. is fixed ata
point 4 on the edge of
the disc as shown in
Figure. The disc can 7
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 4 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. [1998 - 8 Marks]
A wedge of mass m and triangular cross-section (48 =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. Az, during which the sphere exerts a constant
force F on the wedge. [1998 - 8 Marks]

A
¥4
F s
/; v
W
B {4
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37,

38.

39
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(a) Find the force F and also the normal force N exerted
by the table on the wedge during the time At.

Let i denote the perpendicular 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

(b)

interval At,
Two thin circular
disks of mass 2 kg and _ﬂzi:ia s
radius 10 cm eachare (s S % : '5
joined by a rigid e 0 ]
massless rod of e .:;.:f
length 20 cm. R e

The axis ofthe rod is along the perpendlcula.r 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 zaxis

as the vertically upwards direction. If the truck has an

acceleration of 9 m/s%.

Calculate:

(i) The force of friction on each disk,

(i) 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 7, j and k inthex, y, and z
directions.

A rectangular rigid fixed block

has a long horizontal edge. A

solid homogeneous cylinder of

radius R is placed horizontally

atrest its length parallel to the

edge such that the axis of the

[1997 - 5 Marks]

cylinder and the edge ofthe 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: [1995 - 10 Marks]

(a) theangle 6 through which the cylinder rotates hefore
it leaves contact with the edge,

the speed of the centre of mass of the cylinder before
leaving contact with the edge, and

the ratio of the translational to rotational kinetic
energies of the cylinder when its centre of mass is in
horizontal line with the edge.
Twouniform thin rods 4 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 A
as shown in fig. Such that it can freelyrotate
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.

(b)
(c)

40.

41.

42.

43.

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

[1994 - 6 Marks]|

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 ¥ 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.

[1994 - 6 Marks]
Y

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

At a certain instant of time the
magnitude of the angular
velocity of ¥ is 10 rad s~
calculate the distance travelled £
by X from that instant of time until

it comes to rest

A homogeneous rod 4B of length L = 1.8 m and mass M s
pivoted at the centre O in such a way that it can rotate
freely in the vertical plane (Fig). Therod 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 . [1992 - 8 Marks]

(@) Determine the angular velocity o in terms of F'and L.

(b) If the insect reaches the end B when the rod has
turned through an angle 0f 90°, determine V.

(1)

8
LT
b "
(= =1
A [Z] € B
L E L
—_————— e — —>
2 4 4
A thin uniform bar lies on a frictionless
horizontal surface and is free tomovein 10ms A |
any way on the surface. Its mass is 0.16
kg and length V3 meters. Two particles, - B

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 4 and the other at point B. Points 4 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.
[1989 - 8 Marks]
A small sphere rolls down without slipping from the top of
a track in a vertical plane. The track has an elevated section
anda horizontal part, The horizontal partis 1.0 metreabove
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
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System of Particles and Rotational Motion

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. [1987 - 7 Marks]

B
o
o

L 1.0m
y
44. 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.

? Answer Key

45,

A49

The length of string from the mass m to the top of the tube
is /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? [1978]
A 40 kg mass, hanging at the end of a rope of length 7,
oscillates in a vertical plane with an angular amplitude 8,
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? [1978]

Topic-1 : Centre of Mass, Centre of Gravity & Prlnclplé of Moments

1. b 2. (@ 3. (d)

5, (False) 6. (b, ¢) 7. (a,¢) 8. (d
Topic-2 : Angular Displacement, Velocity and Aceleration

1. @ 200 3 (12) = 5 (@) 6 ®

Topic-3 : Torque, Couple and Angular Momentum

1. (a) 2. (b) 3. (@ 4. (c)
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24. False 25. (a,b,c)26.
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. (©) 7. {c) 8. (a) 9. (2) 10. (0.18)
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Hints & Solutions

5] Topic-1: Centre of Mass, Centre of Gravity &
=) Principle of Moments

(b) When the polygon rolls without slipping about the
point 'P', The point O reaches the maximum height (Point O'
in the figure) by moving in a circle of radius 'r' about the
point 'P',

o

So, maximum increase in height of centre of mass 'O’ is
h

.Tc.
COS| —
n

given by A=r—h=

1
=S A=hj———x~1

=8

2. (a) The drawing given in the figure is made up of five
bodies i.e., three circles and two straight line of uniform
mass distribution or we can assume the system to be made
up of five point masses where the mass of each is
considered at its geometrical centre.

m
(0, -a)

The y-coordinate of the centre of mass is
m v + My Vo + M3 y3 +MgVy + msys

S my + s + My + my + ms
_bmx0+mx0+mxa+mxa+m(-a)
FYem = 6m+m+m+m+m
B, RS
“10m 10

3. (d) Mutual force of attraction with which two particles A
and B move towards each other is a internal force. There
are no external forces acting on the system.

We know F = Mag

a., =0 = v, =constant.
Since, initially v, =0
Final V=0

4, Let R, = Normal reaction at A
Ry, = Normal reaction at B

Get More Learning Materials Here : &

For the rod to be in equilibrium in horizontal position, the

moment of all the forces & Ry
about A or about B should P4 _x (d-x) :\
be zero
~. Moment of forces about 4, 4 —tc B
xW=Ryd (W= weight of rod) W

xW
or RB = ‘E' (1)

Again, moment of forces about B,

(d-x)W=Rd or RA=[d;I]W

.. (i)

Normal reactionon 4 = [g—dj) W andon B = x—:?—

False. There is no external force is acting on the two particle
system

So, a,, =0 and hence V= Constant.

(b, ¢) Let the block of mass M moves by distance x
towards left.

Mx=m(R—x)
557 mR 45 et mR

X = : R

% il i towards le A

If v is the velocity of mass 'm' as it leaves the block and V
is the velocity of block at that instant then according to
conservation of linear momentum

mv =MV
By energy conservation

1
mgR = ~’—nw2 +-_'i—f1’f!"r2

Solving we get, v=

(a, ) When pedalling stop but the cycle is in motion the
wheels move in the direction such that the centre of mass
of the wheel move forward. Rolling friction will act in the
opposite direction to the relative motion of the centre of
mass of the body with respect to ground. Hence the rolling
friction will act in backward direction in both the wheels.
During pedalling sliding friction will act in the forward
direction of rear wheel.

(d) There is no external torque on a body about its centre of
mass, s0 no Ven is constant. For velocity of centre of mass to
remain constant the net force acting on a body must be zero.

The linear momentum of an isolated systern remains constant,

Thin line of sphere represents initial state, dotted line of
sphere represents final state.
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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 ¢.m. will not change.
[xc.rn.]iniﬁal= [xcm.lfmal
M]II +M2Iz % Ml-‘-"]"‘ MZI.Z

M|+M2 M}'\‘-Mz
4mxL+mx(SR+L) 4mxL'+mx(L'-5R)
dm+m dm+m
= S5L+5R=5L-5R
= SL+10R=5L' = L+2R=1"

As the individual center of mass of the two spheres
has a y co-ordinate zero in its initial state and its final state so, the

y~coordinate of ¢.m. of the two sphere system will remain zero,
Hence, the coordinate of centre of mass of bigger sphere

(L + 2R, 0).

10. (i) The rod stands vertical along they yr axis. 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. Hence the center of

mass moves vertically downwards. Thus the path of the 12.

center of mass of the rod is a straight line.
(ii) Consider an arbitrary point P on the rod located at
(x, y) and at a distance r from the end B. The rod makes an

angle 8 with the horizontal at this position.
4

InABNP, sin0=2 ..()
r

x+ BN _ x+rcosH

e L a0 =
S e
x —x—>

ol .. (i)
L
——~r
2

- sin®@+cos20=1
bR

2

Hence shape of the path of this point is an ellipse. 1.

11.  Case (i) centre of mass of the system of two bodies in
x-coordinate

Mx0+mxl mxy
M+m

x =
& M+m
+Y

Get More Learning Materials Here : &
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Case (ii) centre of mass of the system in x-coordinate
M % xy +mx x;
K meee—— = m

M+m
X=X (+ Fexternal = 0 in x-direction)
i % L m(R-r)
2 M+m M+m
i.e., the block more Xy = —m when
M+m

The cylinder reaches the bottom point § of the track
Applying conservation of linear momentum, P, = P
0=MV—-mv :

MV

y=—

m
Applying conservation of energy,

1 I
= mg@R-r)= EMVZ +5mv2

252 MV
= 2mg(R-r)=Mi2+ mM v [iEp=—="]
m m
= mg(R-r)=Mp2+ MV
Hl
2mg (R~r) =MV [l+£]=MV2[m+M:l
m m
2 — 2¢g(R -
00 AR 1) g i ol s | SEARTT)
M (m+M) M(m+M)

Let o be the mass per unit area of uniform plate.
Mass of the whole disc = o x 1 R?
Mass of the portion removed = ¢ x 1 /2
R=28cm;r=21cm; OP=7cm
Position of centre of mass
_ X —myxy
my —ny
% cfx1:}?2(0]'—-cr><7-;;-:l K
2

crch—cmr
L SEIPRY | 2neaixp e
T @82-@12 T1x49

.e., cenire of mass lies at a distance of 9 cm from the origin
towards left.

Topic-2: Angular Displacement,
Velocity and Acceleration

T
@ Atr=0,1= 5 and ¢ = T the relative velocity will be zero,

Y 3
Att = ¥ and = TT, the relative velocity will be maximum
in magnitude
Hence graph (a) correctly depicts v, versus ¢ graph,
2

(c) At t=lxi=l

8 o 4do
X — coordinate of P = {,)R(i) = EE_{, > R cos 45°

40 4

Therefore, both particles P and Q land in unshaded region.
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System of Particles and Rotational Motion Al45
3.  (12) Using conservation of angular momentum of the i »
system (bigger + smaller disc) about the symmetric axis of m r? i i= F +2mV, o)[ ]+ mo’ri
large disc. 2
1 (R)? MR? 0
Il = I P A : i)
Z.M( 2] o-M(oR)R ke Fo =iV, o0 D
— R
// -~ MR But = __[eml i c—ml]
M.Rfi< \ 4 S
W 7
(7). Is ) P A Lt B0 J
\\ T&/ “JJ \ ,Il dt il
“—h\\ LA /f From (i) and (ii)
\\‘H /// ‘P’. =2m50_3(ewz_e—on)m}
i in 4
' =5 1 A
B D E..=me e —e )]
g 2 12 2
Hence, the value ofn =12 B (0] (e‘“" e )J+ i ﬁ
4. g
A Cﬁ'} Topic-3: Torque, Couple and Angular
=) Momentum
1. (a) About the hinge applying angular momentum
h il conservation
2
B l mv%+0=—mv%—+£§”—m (1)
< > M,L
5 = Q After elastic collision, u:::.ﬁ:)
The velocity (v) of spot = dx/dt ¥ Tl
d¢ w E+ Vv 1. j‘m
and the angular speed () of spot light = v e=1 s =u= 035'*‘ v ol
From A SOP, Putting, m=0.1 Kg, M = 1 Kg, L =0.20 m and solving
tand>=£:=-x=htan¢ eq (1) & (ii) we get
i h @~ 698 rad s and v=4.30 ms!
x

i L @ 1T 2
= hsec ¢dr or, v=(hsec’ p)

y=3sec? 45° % 0.1
y=3x2x0.1=06m/s

[ 6+¢=90°]

5. (a) Force on the block along slot = m ro? = ma=m v%—r

I
[ ; R? dr
_f\fdv= Io)zrdr = V=er2-——4 s

T T

J.___gr_’_sj.(})dt

R, la_ R

4

1} t T+, —R—l-' Eem

On solving we ge \ 2 >
2 3 R i
or 1'2—&-=B—-em+ P-2r—e 1'=‘P:(e"“+ﬁ_m)
4 4 2 4

>

6. (b) Frm=I:“:n+2m[vmt§]xmﬁ+m(mer’i‘)xmk

Get More Learning Materials Here:
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2. (M Wehave V=(2R)w
As B is rolling on circumference of A.
So, V=a'R
= 2Ro=o0R
= o=20

So, (L)w,m COMof A
=(lo'+ m(ZR)V)f‘

=5MR2 0 k

=[%MR2(2m)+m(zR)(2Rm))f<

So,n=5
3. (d) By vertical equilibrium, Nsm 309
N Qn

Ncos 307+

N+Nsin30°=1.6¢g
32
::»N=——g—

: @
By horizontal ethbnum /
f= Ncos 30°

V3. 1643 /
=— N=——

2 3
Torque about A
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mass (Angular momentum), — (Angular momentum),
1.6g x AB=Nxx fi :
=Mvx—=[-0 . (1)
{ o DA NN ) e
1.6gx 2 s 3 A o - (@) Here o is the angular velocity of the rod.
5 h Moment of Inertia of the system about its axis of rotation
But cos 30°= — ;oX= e i) [centre of mass of the system]
x cos30°

8.

Get More Learning Materials Here : &

From eq. (i) and (ii)
h—30 . h
£

cos30° 8
(¢) For all locations of m

33
16

the angular momentum of the
mass m about O i.e., L, is mr’o
and is directed toward +z
direction. The angular
momentum of mass m about P
ie., L is mvl and is directed
for the given location of m as
shown in the figure. For
different location of m, the

direction of EP remains

changing.

(b) As particle is rotating in circular path and linear speed
V is decreasing, L is not conserved in magnitude. Since
the particle has two accelerations a_ and a, therefore the
net acceleration is not towards the centre.

The direction of L remains same even when the speed
decreases.

(d) The block is in equilibrium.
For translational equilibrium
SF =0= F=N
IF,=0= f=mg
For rotational equilibrium
Zt, =0
Torque created by frictional N
force (/) about C=fx a in
clockwise direction.
There is another torque which should counter this forque.
The normal reaction N on the block will create a torque
N x b in the anticlockwise direction.
Such that fxa=Nxb
Hence N will produce torque.

L2
®) EE)wina= 3r;

Here , L = constant
(K.E.) otational © 4 = constant,

Hence when / is doubled, K.E. o, becomes half.

(a) The net force acting on a particle undergoing uniform
circular motion is centripetal force cowards cenire of the
circle. The torque due to this force about the centre is zero,
therefore, angular momentum L about centre is conserved.

(a) Applying change in angular momentum of the system
= angular impulse given to the system about the centre of

10.

11.

12,

13.

14.

2 2 2 2
IC=M(£} +M(£] _2ML° ML
2 2 4 2

mvL [ mi?) y
- fe= o1 ¢

(b) There is no external torque,

angular momentum remains

conserved. As moment of inertia

initially when the tortoise moves

from A to B decreases and then A
increases when tortoise moves

from B to C, so o will increase

initially and then decreases. So the

variation of a m is nonlinear.

(b) Due to increase in perpendicular distance of the bead
with the axis of rotation M.I. about the axis of rotation is
not constant. So / increases.

There is no external torque is acting

dL
= — = [ =constant = J®= constant

Texl df
But, [ increases so o decreases.
(¢) When a disc rolls, it has two types of motion i.e.,
translational and rotational. Therefore there are two types
of angular momentum and the total angular momentum is
the vector sum of these two.
L=Lr+Lg
L= angular momentum
due to translational motion.
L = angular momentum
due to rotational motion
about C.M.
L=MV*R+I_o o =

1., = M.I about centre of mass C and V= Ro

3
2

|
=M@Ro)R+ EMR2m= MR*®

(b) Angular momentum
L=rixp
L=Mvxy __..“—o——-—yM ]
According to question, M, v and 4
» constant hence its angular ;
momentum w.r.t. origin remains 0 X
constant,
(¢) Since the two objects are placed gently to the ring,
therefore no external torque is acting on the system. Hence
angular momentum remains constant.

0y 12 0y
bl sl

2 2
[=Mr +mr
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System of Particles and Rotational Motion

Loy =5,
= M?xo= M2+ 2mP) o, (o =0)
¥ Mo
©2 M+2m
15. (3) Here, F=-Kf. So force passes through origin.
So, Lot 0 = angular momentum about origin will be
conserved
L B
SO, 2 0l= 0.5
—‘7; _J" X ¥ :
SRR L
Al s /i
= k[—ﬁx 2 —{—\/5] X ﬁ] = k[xv}, — Y"x)

=>XVy —yVy =3
16. (49) Angular momentum of the system, Ly = L4 + Liise
H¥ rod.m'f“’cii':y:{’)"“F xP
Ma® Ma’o 3a_3a
o+ +—x—xMxo®
12 a2 16

2 2
Me x4Q+Ma x4Q+2}-x3—ExMx4ﬂ
12 32 16 4

2
a
2 2 M(“‘J 4Q
. Q+M[—3-a—) g . ol
2 2

49

or Ls=:‘§-Ma2Q n=49

17. (4) From conservation of angular momentum
2 (mvr)=lo
2x%005%9x025= = 0.45% (0.5 %

o=4rads™!
18. (8) From conservation of angular momentum

o, =10, 1
~MR?
et a Y

%MR2 +2[2mr?]

Given: M =350kg, R=0.4m, o, = 10 rod/s
m=625kgandr=02m

%x50x0.4x0.4x10

>3 =——=8rad/s

1 50%0.4x0.4+2[2x6.25x02x0.2] ~ 4+1

2
19. (6) Let the center of mass of the binary star system be at
the origin. '0'. Distance between 40 = x and OB =

(d-x)
A 0 B
e——— X —Se—d-x—>*
22 M, c.m 11 M,
Qrigin

<« d =
_22M(-x)+11M (d - %)
. 22M, +11M,

0

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

20.

21.

22.

cnrene €

Al147

For a binary star system, angular speed © about the centre
of mass. 'O’ is same for both the stars.

2 2
Z.ZMJKE] m+11M5(d—] X

, l’fnfaf = 6 6 =6
Lo =
X 1M, [53 X ®
(25.60) N, e~ X, Ng
r. I h
L 50 1 e—40 cm—-ﬂ _]
<
1 : b
— %0 cm 1 FHE—A
mg 10 cm
Initially 46 AM
N. +N, = Mg N = — = ———g
s L7989
Torque about centre T, = 0
50 5Mg
- = Ng =—Mg=——
- Ny(50)=N,40) Ng =c-Meg=—7
5N, =4N,
flK = Ny flL = pgNp.
£, =032N,  f, =04N,
£, 032N, £ =04N

If X, = distance of left finger from centre when right finger
starts moving

{tu i O)abam centre NLX i Nk(m)

fo =%, = 0.32N, =0.40N,
4N, = 5N,

4N
Nix, =—=(40)=X =32

5
Now x, = distance when right finger stops and left finger
starts moving

NLXL =Ngp(xg)  [Torque about centre, Tl =]
£,k = 0.4N, =0.32N,

4N, =4Np

M3 (32)= NgXr
SXR = . 25.6 cm

Let at any instant of time ¢, the radius of the horizontal
surface = r.
2
v .
=" = mre? ()

o
Where m is the mass of stone
and o is the angular velocity
at that instant of time t.

T
Also, L =In = W=—1-
Putting this value of w is eq.(i)

mrl? mi* £ =3
S T A e W
I (mr®) m

5 .
[f’—- =A constant}

D

o, T = 472 “ n=-3

m
Considering the motion of the platform
x=A cos ot (given)
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23.

24,

25,
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2

= ﬁ=—An:z}sirn:m' i —x—=—Aw
dt dt*

. Magnitude of the maximum acceleration of the platform
~. | Max acceleration | = Aw?

When platform moves a torque acts on the cylinder and
the cylinder rotates about its axis.

2 cos wf

Acceleration of cylinder, @ = b
m

Torque t© = fR=Ia
= = E= £
e
2 2
or, a = _,12};7 or Ro.= —A}}:(=a2)
. Total or max linear acceleration,
L 23]
am=al+a2=—E+M M
3 2
or, Ao’ =§f =>f= M;m
Thus, maximum torque,
2
i
R = fo:ﬂM;ﬂ =‘§MARU)2

There is no external force and hence no torque is applied,
the angular momentum remains constant i.e.; [;= /,

fyoy = 5o, iﬂ‘_zx
Ry S _ Moy
T 2 2 M +6m
- L +2mx[L)
12 2
False
lio, = Lo, ("> I =constant)
Il = EMR
~ Ll pm2 1M e [4+1]MR2 > MR?
2 24 8 8
_m;u}zz‘?
IMR2 b
Jhe ool TV
I, gmmz T2x5 5
(a, b, ¢) Particle is initially at rest in the xy-plane at a point

x=—f,y=—hwhere {=10mand i=1m.

1 2
20=—x10xt¢
2

1
Froms= ur+5at2 =%

t=12 sec
¥

a=10m/s

(=10,-1)

26.

27,

Torque, T=7 x F and here FB:IOf—

F=mia=02x10i =2i T=(10i - j)x (27) =2k

Angular momentum, £ = Fg X P= g X my

From v = u +dt = 10i x 2 = 20i

L=02[00i - j)x 200 | = 4k

Atpoint 4 (0,- 1)

Torque ©=7, xF=(-))x2i =2k [ Fy =—j]
(a, c, d) From angular momentum conservation about the
pivoted point.

Pivoted point
mvx =| —+mx”* |m
3 X

[As the combined system
rotates with angular speed ,, @y Bullet
w about the pivot]
. mvx 3vx
e S A

mL 2 Lo+3x

——+mx

3
. 3vx
% +3x°

Hence option (a) is correct.

‘ . do
For maximum angular velocity, o =0

2 2
i[L—+3x]=(} = L-+E'u-—-l1|::> x=£
dx

X X’ V3
L
i X = —_—
"3
So option (c) is correct.
L
3vx 3vﬁ

Hence option (d) is correct.
(a,¢) Given F=afi +Bj or F=ti+]
(v a=INS'andB=IN)
. mdv
dt
sdv=tdti+dt] [+ m=1)

=ti+]

At 1 =1s, v:%?+}=—;-(;+2})ms-]

I o N L

Also, v = D iy r-—z— tit+idtj
T et

or, F=| —dti+ It £ F:-—r'+—
Io 02 J 6 2°
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System of Particles and Rotational Motion A149

i gk 1 - 1 - A
T=?"<F=(EI+EJ)>‘U+J) (atz=1s) r=mgx%sinﬁ
01'?3—1:{' y ’ﬂ:lN L
’ RARET T Now x=55m9, y = Lsin(90°—0) = Lcos®
28. (b, ¢) Given : potential energy, V(r) = Kr’/2 2wV (y 2 42 ot
i e g AR [TJ +(E) i
PRIIE WIS el @ah. Thus path of A is an ellipse not parabola.
Forr =R, F= kR 31. (a,b,d) Given: 7 = ar’i + Bt}
Also F=2 (- Particle is moving in circular orbit) - 10 7 +5t%m
2
mv k
wem e =""“\E"R i?=£:=i0tzf+10gfms"l
And angular momentum, L=miR= FR R=\lmR® e =ﬂ 18 20ff+10}ms‘2

m
29. (c¢) If the force (F) is applied at P tangential than the
remains constant and t=F x 2R.
If force is applied normal to X, then as the wheels climbs,
then the perpendicular distance of force from Q will go
on changing initially the perpendicular is QM, later it
becomes QM'.

2 10, _»
Att=1s Fo) =—3—t+5;m :
%, =10f +10j ms™ and G, =20i +10] ms™?

Py =1+ kgms™

g AdvE
L=fxp=|2 5 ¢ =i§[£—5]=——k kgms™'
> F 3
1 1. O
F=ma=(2i+))N
gtk
e y ;s S -1 10 -20 -~
If the force (F) is applied normal to the circumference at T=FxF=|l— § 0|=k{—-10{=——kNm
point P then t is zero. 3 3 3
If the force (F) is applied tangentially at point S then gl e
1= Fx R and the wheel climbs. 32. (a, c) Position of CM on the axis of rod.
30. (a, c,d) Force actingon comF =0, . a, = (). Therefore
the fo’rcc acting in vertical direction will move the mid point XoM = M = a
or com of the bar fall vertically downwards. m+4m 5 A
A ;:;0, Ly 2_) r, i A 4
S ) m 2 AT o
N . [
R | %/.:‘1
0f Y
1 J24a 24

cosB= = e
\{12—+ a> \[;2 +24a® 5
[ 1=~24a given] :

04= \J(21)? + (2a)* =\/96a> + 4a> =10a
b Lino—> 3 Let complete system rotates about z-axis with a constant
When the bar makes an angle © the height of its com angular velocity ®'

o' 2n(2a ®
=£cosﬁ S (2a) s s

2 e T o 2n(10q) 5
" Displacement of its mid point from the initial position Magnitude of angular momentum of the system about its

L center of mass
%-%mﬁ: 5 (1-cos) :
Instantaneous torque about the point of contact P
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33.

34,

35.

36.
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2 2
4
Loy =Iopy®= [:f’_;_+_ﬂ%‘i}n = lzzmazo)

Magnitude of angular momentum of CM of system about
point Q.

: 9o 9a Slmola 81v24moa’
L'=mx—x—= =
5 -5 9 5
Magnitude of z-component of angular momentum of
system about point 0.
L, =L"cosB — Lgy sinb

_81«./534'1'1(::102 XJ—ZZ_E 2

ma oxX—
5 5
) (1944 1?]
=M ==
25 10

(d) Applying conservation of angular mumentum about
the axis

MR?><m=MRZx5"i+~"li ARt Mg e
9 8 25 9 8 9
Solving we get
4R
= oh

(¢, d) When i, # O and p, = 0

Horizontal equilibrium, N, = u,N,

Vertical equilibrium, mg =N, + pyN,

Solving the above equations we get
mg

) =
1+ ppy Ny
When p; = 0; Torque about P /

mg x%cosﬁ =N, xIsin® P L=mN

= Nltangz%g

(a) Given Z ?;,_w =

. dfy
ystem =
ZF‘““ = __—_dt =0 = Pgsystem = constant

i.e., Linear momentum of the system does not change in

time.

Due to internal forces acting in the system, the kinetic and

potential energy may change with time.

Also zero external force may create a torque. Thus the torque

will change the angular momentum of the system in time.
L ghSe ar b Lo At

. = CEAor '.' T _ —
(a,b,c) Given 1= AxL = o AxL L er

dL, . :
From cross-product rule, = S perpendicular to both

A and L.
From dot product rule, [T=7
Differentiating with respect to time

I R ~ dL dL
L-——+L-§£=2Lé = 2L-9E=2L—
dt dt dt dt dt
Since, EJ.£
dt

37.

38.

—IaE

dL
— =0 = L =constant
dt

iR gl
dt

Thus, the magnitude of L always remains constant.
As A is a constant vector and it is always perpendicular
10 %
Also, I is perpendicular to A
< LA " LA=D
Hence, it can be concluded that component of L along
A is zero i.e., constant.
(b, d) Angular momentum L =rl XP
Angular momentum about point O

(D)

... (i)

From eq. (i) and (ii)

L= —%(2\@) h=m2gh

1-'2 mv3

my
AMsag ==X —F 7
J2 4g a2g

: Vi .
Let, After time t = L (x, v) are the coordinates of the
particle and v,, v, are the components of velocities at that
time. i
Here, velocity in horizontal direction

y
Vo b W,
vy cosd5’ = — = :
|I'2 N2
4 )

Y

FIE—
x

\Z.
Applying v = u + at in the vertical direction

. 0 Vo V, v, V)
“'v=("’05m45 ]“g[-]=———0 X8 =Ly
i g N2 K g \/5 B
2
: P—— Yo % Y
In horizontal direction x=v Xt = —=%X—=
N2 & 2g

1
In vertical direction applying S= uf + - at®

_w,w 18 %
’ \E g 2 g2 \Eg 2g
Angular momentum, L = m|[ Vy x—V.y

2 (2 2
Yo Vip vy Vo Vo
o, L=m ———x[———v]- el 2
ng—. "\ ng@}
L:m ic'__-v_a-_ﬁ.s;__l___ﬁ_
26 J2g 228 2V2g
L_f’_"g_{_l__L}_ﬂ
g [2V2 2] 22¢

Again, L=rxp
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System of Particles and Rotational Motion A151

Hence, the direction of L is perpendicular to the plane of

motion and is directed away from the reader. And angular impulse I vdt = A angular mornentum
= Topic-4: :lom‘ent i:‘sllr;_ertia and [ rxEdt=AL=> rx[Fdt = (- 0) Herel=moment of
: E-iﬂ{b) plakenaiae inertia about axis of rotation.
(L+%+x} xP =(Icm +md2)to
M B (
3 ml? ( )
o +m| L+ Jm
- ) £ ( )
) 2
—+
[ : x| P=ml le )m
: L : 3L, 2(7
For solid sphere moment of inertia about diameter 2 P=mL .. (i)
1= %MRZ s Dividing equation (11) by (i)
For solid disc L(E)
[ )___L 3L -L[ﬁ)
Ly~ +Mr———Mr + Mr? =5Mr g (3) By BTG
P IAB. (given) 2
3, ams S oies 2 S
S e R S =—=—1 . x=— 5 n=18
ol SMre = r= g3 = 18
2. (a) Y
3. (a) Mass of disc = 4M 7. (6) For solid sphere 4, density

1
1disc = EMR:"' s
Moment of inertia of one quarter of disc P, (r)= k(}t—)
| S
4M)R — MR
- A[senrt -3

5
>
e
4. (d) About the diameter of the circular loop (ring) 5 =K R

R 2
1= MR Consider a spherical shell of radius x and thickness dx.
Using parallel axis theorem Mass of the shell, dm = density x volume
Moment of inertia of the loop about XX' axis !
2 - (k—-J Anx? dx
L= 2+ MR _3ur? &) )
2 2 . So, moment of inertia of shell about its diameter,
Here mass M = Lp and radius R = ——; =_2_ 2_3[ j) 2 2 =[S___) wdx
g 21 dl 3 (dm)x® = 3 k R (4 x“dx)x 3 R
& .3_( )[_é.) = §__E R
b3 ke 2n 8 . Moment of inertia of the sphere 4, 1, = IdI
5. (a) Fromsymmetrylz=/Igpandfop= !CD. 0

AB 1 ABand C' D' L CD . R 6 1R
From theorem of C\I a 3 s_mﬁijdx= 8mk| x_
perpendicular axes, : 3 3R| 6 9
P e bl (e U
= =
4B Gh Similarly, for sphere B
L=l =T
4B~ 'CD L D' " -Eﬁfxg .—(_SEE.) X
6.  (18) Linear impulse, Ith = A momentum =m (V ,—0) B IR’ 4 3R] 10 A
L 8nk o
o, P=ml(or )=m0)(L+—2"j R =—33-R5 (ii)

o, P= mm(:s) (i)
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8.

10.

11.
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From eqns. (i) and (ii)
g WUR TR L
Ly 3040101 .

(3) Let o be the surface mass density.’
Moment of inertia of the lamina about axes passing
through 'O’

I = 5Ol 1< QR -
B(cnﬂz)z +o(nR?) xﬂ’z}

= 1—3~'rtcnfi‘4
2

Moment of inertia of the lamina about axes passing through P’
I, = 8moR*+omn(2R)?x(2R)?

B o (mR*)R? + o(nR?) (\/(m)z +R? ﬂ

= 24noR*-550nR*=185ncR*

Ip _185m0R* 37

=3
Ip 1Bz P48

(9) Let the four spheres be A, B, C, & D

my=mp=me-=my=05kg % g

Moment of inertia of the 3 A
system about the diagonal of DX, {D '
the square R

ey =1 +lg+la+1;=21,+2I,

2[ MR? + Ma? ] [EMRz}
5 5 "
=4x125~MR2+2M02 =M[§R2+2(a)2]

2
0.5 %{%J +2x8|x107*

0.5[2+16]x10™ =9x107* =N x 104 kgm? . N=9
= ]‘:

Assuming symmetric lamina to be in xy plane, /|

By symmetry
1+ 1 = I_(perpendicular-axis theorem)

—r =L o 08Ma?
¥ 2

1= 1.6 Ma® (given) 2
Now, from to parallel-axes 4 8
theorem, - ata=Za
Ly =I.+MQay - _
> §
= 0 8 Ma? + 4Ma* c
=48 Ma>
(a,b,¢) Since, ABCD is a square lamina hence by

symmetryl, =L, and I, = I,
From perpendicular axes theorem,

Moment of inertia about an axis perpendicular to square
plate and passing from centre, O

I 1 +1 —]3+.ir

‘A 1
or 10—212 sh=hLo s
f == L=F
Therefore, I, can be
obtained by adding any two —{ Ly
ie, I, =L +L=I+1, $
1' +I —1 +I

sh+i=L+l, 3

2
CEW:] Topic-5: Rolling Motion

1.

EJ

(b) According to question, roller is maved 50 cm i.e.,
V..  .t=50cm

cenler

Radius ofroller, R =2_0 =10cmand ofaxle,r = ? = S5cm
For no slipping at the ground

V center = OR . Velocity of scale = (V
- Distance moved by scale = (V ...

\% r V
= [Vcemer +____ce£1er ] t( ®= E]

3V,

= center t

2

center + {II)
+ r)t

=Ex50=?5 cm
2

(d) Applying energy conservation principle of
(342)

lmv2 +iIm2 =mg o1

2 2 4gJ

1q0oh wipoipiedl 3 i

+ S =—mv [
2 2 R~ 4

1 v S R T S [ 1

—I—=—mv" —=mv" =—mv =—

2 R%. 4 2 e
This is the moment of inertia of the disc hence the object is
disc.

(a) In pure rolling, the point of contact is the
instantaneous centre of rotation of all the particles of the
disc. On applying v = r@
We find @ is same for all the particles then v o r.
br >r =V >p{>vP

(b) C%lmder to be mowng on a frictionless surface. In
both the cases roll up roll down the acceleration of the
centre of mass of the cylinder is g sin §. Also no torque
about the centre of cylinder is acting on the cylinder since
we assumed the surface to be frictionless and the forces
acting on the cylinder is mg and N which
pass through the centre of =
cylinder. Therefore the net
movement of the point of
contact in both the cases is
in the downward direction
and hence the frictional
force always acts in the mesin®
upward direction.

;v = Ro]
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System of Particles and Rotational Motion Al53
(¢) Here, due to applied —s
force normal reaction shifts F | ; JL
to one corner. At this G N
situation, the cubical block e
starts topping about point O.
About point O torque RS ’T s
L mg ng
Fx L=mgx Py SR
Hence minimum force required to topple the block,
_mg S0, V=\/VZ +(0R)* +2 (0R) (V) c0s120°
2 =V v Vo= 6R v
(7)  K.Ep,, of arolling disc K.E, ..+ KE,, L Vase
2 _Nr
1 1 _affv = m/s 0
=-2‘mv2+51m2=5mv2+5 EMR :{2" 3 Jg
; 5 N
3 A (®R)sin120 8- 2 5 \E
KEp = vaz Vo + (©R)cos120 1_1
For surface AR So. 8 = 60° %
k.E; + loss in gravitational potential energy = K.E ' -z, e 2
3 3 - DR %3 an 3
Zm{3)2+mg(30}= i VE () . _u®sin’ 0 - 3 4 0 ST
k e T 2x10 20 60
For surface CD R
s T
3 g e s X Height from ground —R(I—CG"*—}L'&T} =gt
P + —— i
Z MmOy +mg )= Tmvp (i) g
» Vg ="Vp. .. from eq. (i) and (ii) =5 '(5:5 10 E]

Get More Learning Materials Here : &

3 3
Zm(3)2+mg’< 30= Im(v2)2+mg>< 27

" Vy=Tmis
(4) The stick applies (2N) force so, point of contact O of
the ring with ground tends to slide. But the frictional force /5
does not allow this and creates a torque about 'c' which
starts rolling the ring. Between the ring & the stick a friction
force £, also acts.

F—f,=ma
2-£=2%03 ., f,=14N
Applying 1 = lo about C

(fy—f)R=Ia=1% [

R a=Ru)
0.3

2ty [l.4-px2]x0.5=2x(o.5)2x0—3: [+ I=MRY
=04= 8! EE
BA% 1o 10 retel:

(0.52) The angle rotated by disc int = w/r:r‘r sec is

2 =1x-2-(\/£)2 = Erad
2ans 3

Angular velocity at the end oft = Jr sec is

1
O=mpt+—oat
cog-rza

2
m=®0+ag=3~ 7 rad / sec

- 2
and, as it is pure rolling so V, = 0R =3V x1m/s

So, at the moment of detachment we get the following
situation

10.

So, X =% =0.52
(2.86) We know that for a rolling body, point of contact
is instantaneous axis of rotation.

So, > Tpoint of contact — la
= 1x05+(mgsin30°)R-1.5x1=Ia N
= +05+5R-15=Tq

= SR—lzngEa

=5 4=1a
5

2
o u=70rad/sec2

S0, 8, aa_%xln%m 2 286 m/s?

(0.75) The time taken to reach the ground or descend

2

Forring #=— i - %:1
sin 60 R

2h 4h Kog 1

sm60° R2 2

ZJ_J-J_——

For disc =
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11.

12

13.
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0.232
= (7 @2-1732)=1732-15 > Vh=—"= 2 14.

0.268
. h ~0.75 m (Height of the top of the in clined plane)

False. Total Kinetic energy of the ring
E‘l = (K.E. }Rutalion +(KE. )Translaﬁonai

Tota! kinetic energy of the cylinder
E2 i (K‘E')Rotatinn ® ("CE')Tmnslntiona]

e e B ) il
= 51 ® +5Mvc = E[;Mrz)m 2+5M(J’(D')2

335212
Ez=ZMrm 15.
Equating E| = E,
|2
3 2l 5 @ 4dm 4 03
LTS INIE 4 SR e S PN
mror e @2 S0 = 0=0

Hence both ring and cylinder will reach at the same time.
(a,b,c,d) Impulse] = AP so

Jp=mv 1)
Joh=lo

16.

1 _ b
@ Ifa=0,I= - mb?&R=b ~hy =7

®) Ifa=bI.=mb?&R=b.. h =b i
I vV J ;
=—=100=—=——
cre m R mR
(d) As force is acting on centre of mass so no rotation

for 1= 0and h = 0, the wheel always slides without
rolling.

(b, d) For solid cylinder,
3l.£iy [ﬂ) 2F
FxR==mR x| — =
3 R) =9 = F
For hollow cylinder, e
F
FxR=@2mR*)x= = a=—
x (2mR*) x R a= i m

For solid cylinder

f——F_mXE.E—_F_( :3};‘ 3
T w3 Ton 5 RE
A =218

(¢) If the force (F) is applied at P tangential than the 1
remains constant and t = F % 2R,

If force is applied normal
to X, then as the wheels
climbs, then the
perpendicular distance
of force from Q will go
on changing initially the
perpendicular is QM,
later it becomes QM".

If the force (F) is applied
normal to the
circumference at point P
then t is zero.

If the force (F) is applied tangentially at point S then
1= Fx R and the wheel climbs.

(a,b) Velocity at centre 'O .. 7, =3Ro i
%w gmcosw"!;
g-msinm"{—f} R
f,,
,I
W .00
Vp =3Roi —ﬂz”ism 30 +523cos 30°%
[BR{,,;——-—:] J—R‘“k
sl
=— ‘+~—— k
o, Vp 4Rm: 4Rm
(b, ¢)Here, V, =0
z =V
VC=2?U

and |Ve-Val=|VB-Vc|
(¢, d) The sliding friction
facts in the opposite
direction of mg sin 0 to
oppose the relative motion.
Because of frictional force the
cylinder rolls.

Hence frictional force

aids rotation but hinders translational motion.

Applying F,., = ma along the direction of inclined plane,
mgsin@ —f=ma,

where a, = acceleration of centre of mass of the cylinder

f=mgsing —ma, Jaakh)
gsin@ gsinﬁ 2 il §
Buta = g =—gsind
B 1+mR 12113
mR mR®
_ mgsin®
3

Clearly, if 6 is reduced, frictional force is reduced.
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System of Particles and Rotational Motion

18. (d) In case of pure rolling on inclined plane acceleration

of a body
__gsmb
1+—I—2
MR MR2

For hollow cylinder e )
MR? MR?
I SMR? I

For solid cylinder —— = S s

MR2 MR? 2
Hence acceleration of solid cylinder is more than hollow
cylinder and therefore solid cylinder will reach the bottom
of the inclined plane first,
In the case of rolling there will be no work done by friction.
Therefore total mechanical energy remains conserved.
(KE), g = (KE)y 0y = decrease in PE = mgh
19. The man applies a force. Its horizontal component F
pushes the plank, Hence the point of contact of the plank
with the cylinder will tend to move towards right the
frictional force £, will act towards left on the plank.
Let f, = friction between plank and cylinder
f, = friction between cylinder and ground
a, = acceleration of plank
a, = acceleration of centre of mass of cylinder
and o = angular acceleration of cylinder about its CM.

i)

m, —>»a, m
=7

a,
F—>

Since, there is no slipping

a, = 2a, (@)
a,= im_-ﬁ ...(f)

2
a,= Aty .. i)

m

_(i-HR_i-f)R
I 1 mR>
2
2(f1—/2)
» = Ra= 2(—“’1_—'{2—) )
my

(a) Solving egs. (i) to (v), we get

8F
leration of plank, @y =——7—
Acceleration of p 1 Toit :

And Acceleration of centre of mass of cylinder,
a —__—.4—-F'———
8 3my + 8y

(b) Friction between plank and cylinder fj = —————

3??11 +8m2

! i"ﬂlF
icti d R e
Friction between cylinder and ground /3 S

Since, all quantities are positive, they are correctly
shown in figures.
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5'-_:! Topic-6: Miscellaneous (Mixed Concepts)
= Problems

(a) The maximum value of g i.e, qy,,,, the football is about
to roll, then N, = 0 and all the forces (mg and N, ) must pass
through contact point 'P'

r - —
) “OR. R S0 g

o cos(90° -9

|~

() Angular momentum, | L | or L = Je» (about axis of rod)
Moment of in;:rtia of the rod-insect system.

I=1_ +m=1I_.+m?’

rod “rod E
Here, m = mass of insect :

s L=lggm*Po i
dL k]
Now |T|=—
dt

e o
= S

={2mv2tm)'0r | Tlect

i.e. the graph is straight line passing through origin.
After time 7, L = constant

[t]or el
dt J

i.e., when the insect stops moving, L does not change and
therefore T becomes constant.
(a) When we are giving an angular acceleration (a) to
the rod, the bead has instantaneous acceleration crinst
= Lo. The bead has a tendency to move away from the
centre. But due to the friction between the bead and the
rod, this does not happen. If instantaneous angular
velocity is @ then
Here, necessary frictional force is provided by frictional
force
mLe? = p(ma) = mLo? = pmLa = ©F = po
Using o= @, + o,

I
= eo=of ‘P“
2 L S 1
l=pe =\ oy
a 1
¥ M
@ e Nle
0 e
r3=%—or P‘=x{5% By geometry

Net torque about point O is zero.
Hence, angular momentum (L) about O is conserved,
orL;=L;

MV(%] = Ig@ = (I + M)

2 2
0= o +M(—a——\ ® =-2-Ma2a3 iy
6 k s J 3 4a
(¢) As it is headon collision between two identical
spheres, they will exchange their linear velocities. Since
the spheres are smooth there will be no friction (no torque)
and therefore there will be no transfer of angular momentum.
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Thus 4, after collision will remain with its initial angular
momentum. i.e., ® 4 =® and wy =0

6. (o) .

7. (¢) The bob is undergoing a circular motion as the car is
moving in circular horizontal track with a constant speed.
The bob is under the influence of two forces.
(i) Tension, T in the rod
(i) Weight of the bob, mg

T cosf=mg
. mvz . .

T sing = 2 producing

the necessary centripetal force
for circular motion

v> 10x10
tang = —=
rg 10x10
8. (a) The force acting on the mass of liquid dm of length
dx at a distance x from the axis of rotation O.

=1 org=45°

dF = (dm) x &*

i | S
where 5 linear mass density of liquid.

The force acting at the other end is for the whole
liquid in tube.

L L
F=J. E"r--u)z.wfxzﬂmzj‘ xdx
0L L 0

L .
M sl M L2 MLo?
=—0|—| =—0" | —0|=
L 2 L

2
1
9. 3[Fxr><~2—:|=10.

3x0.5x{]‘5xl= %*LSXO.SXO.:SX(I

=o=2rads"
@=aytat=>0=0+2x1=2rads’!
10. (0.18)
11. (0.16) Angular momentum L =Pxr=Px H

09m
P=02

5 0.1kg

or, L=0.2x0.9=0.18 kgm?/s
. J=0.18
There will be no velocity along the string just after
string becomes taut.

= Pcosb L 0.2x0.9 2 S

i
Kinetic energy, K =-;—mvi =5 x01x( 8)2 =0.162J
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12. When the cube begins to tip about the edge the normal
reaction N will pass through the edge D about which
rotation takes place. The moments due to N and frictional

force f'will be zero. N
Taking moment of force B T
F and mg about D " i
3a a 2
Fx —=mgx— . F=~m 3%? I
3 v lia 5 0
B A v 1D
Hence, minimum value of F= 378 ol
T
13. False torque,t=Jo. .. o= 7

© =F Xr.L Torque is same in both the cases. But since, /
will be different due to different mass distribution about
the axis, so a. will be different,

14. (a, b, ¢) The rod is released from rest so that it falls by
rotating about its contact point with the floor without
slipping.

I

Lzt

T Nt

a, cos 60° + g, cos 30°
Gain in kinetic energy = loss in potential energy

=
2

I
Io? = ng{l —cos 60°)

:'?’f_zwz BN Wi g
3 e Gl
Now, t=la

MNig

s 1
mgx —sin60°= ~mPa = a=

2 3 4 |
1 3+3g
Funherat=5u=T
i D3 k3
= —_——= A= = —
Also a 0322 i R

For vertical motion of centre of mass
mg — N =m(a cos 60° + a cos 30°)

33)< 1 +3sfgx£:l

mg—N=m[T E 7
Mg

16
15. (d As we know, acceleration of the center of mass of
cylinder rolling down an inclined plane
in6
e gsin
I
1+ ey a.
MR
In case of P the mass is concen-
trated away from the axis,
So Ip> Ip
; aP*iaQ ivP{VQ:’(”P*"‘“’Q
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System of Particles and Rotational Motion

16. (c¢) The angular impulse created by the frictional force
between the ring and the ball tends to decrease the angular
speed © of the ring about O.

After the collision @ decreases but the ring remains rotating in
the anticlockwise direction. Hence the friction between
the ring and the ground at the point of contact is to the
left.

17. (a, ¢, d) Applying conservation of linear momentum i.e.,
P=PF

i

2m(-v)+m2v)+8mx0=C2m+m+8m)v, = v.=0

+? 2m
v CP 3a

—
[ N ]

Now, applying conservation of angular momentum about
centre of mass ie., L.= L
Zmv % a+m (2v) 2a—jm

|
Here, /= E{Sm} x (6a)? +2m % a® + m * 4a® = 30ma*
2mvia)+m(2v) x 2a = 30ma* x &
=S 0=—

S5a l
After collision energy, E = 7 Io®
2 2
=l><30ma2>c L =3mv
2 254° 5
18. @

19. A-(p,t); B—>(q,st) ; C—>(p.r,t) D> (q,p)
As the velocity is constant
f =mgsin®
But f = pN = umgcos@
pmg cos® = mgsin® = p=tand
The force by X on Y is the resultant of fand N

V2 N2 = (N2 N2 = 2 + 1IN
N

= (w,}tan2 0+1) mgcos6 =secOmg cosB = mg
= weight of 1.
Again, due to the presence of frictional force between Y

and X, the mechanical energy of the system (X +Y)
decreases continously as Y slides down.
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20.

21.

22.

23.
24.

Al157
(q) Lift moves up, X also moves up and therefore the
gravitational energy of X is

continuously increasing. %

T of weight of ¥ about P as the dﬁ
perpendicular distance of the line of \.@? = v
action of force from the point 2 is zero.

Force exerted by X on Y g T
= Mg + Mg = 2mg where Mg is wt. e

of ¥ and Mg is the force on Y due to Z. L——}{—-:'
(r) Mg

o

In this case the force exerted by X on ¥ = force exerted by
Y on X. The force on X due to Y is

R =(Mg)? +(mg + M)g? #Mg
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.
The torque of the weight of ¥ about P# 0
(s) Force on Y by X is = wt. of liquid displaced which
cannot be equal to Mg as the density of ¥ > density of X' (
Y is sinking)
The gravitational potential energy of X increases
continously because as ¥ moves down, the centre of mass
of X moves up.
(t) Sphere Y is moving with terminal velocity V..
". Net force on Yis zero ie. Mg=B+F, S

B+ F, are exerted by X on Y.
The gravitational potential energy of X is
continously increasing because as ¥ moves
down, the centre of mass of X moves up.
The mechanical energy of the system (X + ¥) is contmously
decreasing to overcome the viscous forces.

R-r
(c) Here oy(R-r)=aR a( R ]

Total kinetic energy of the ring = (Kinetic rotational +
kinetic energy translational)

K'E{ﬂra! o %(ZMRE }0)2 S M{DGZ (R- F)Z

L W=

2
@ pMaog,,(R-r)=Mg
RS e
H(R=1)
(a) Axis of rotation is parallel to z-axis. Hence for both
the cases. in stantaneous axis passing through is vertical.

(d) For rigid body ® is same for any point of the body.
(d) 2kx—f=Maand, a= Ra

min —

s LI i
M % e \‘
2kx
= ljRg
— MR
> I
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25.

26.

27.

28.

29.

30.

Get More Learning Materials Here : &

Solving this equation, we get
¢ |Faet| = 2kx £ = ka-%=ﬂ;"—
This is opposite to displacement

/575
dix R
" Fgr = e directed towards the equilibrium

4kx
(ﬂ) Fne{ =4 -{T]x

4k 4k
a=Ti (M50t 5 -

(¢) Mechanical energy is conserved in case of pure rolling
motion

L oa B ottt oabil 5
—Mvy+—| —MR" [| = | =2|—kx" max
2 2 R 2
X SMV
max ~— Al 4z '0
4k
2kx 2k |3M
F = _—__Lm..._=-— —
max = WMg 3 3\ ar 0
M
WY

(b) Loss in kinetic energy = (K.E.); 0 — (K.E g

sobf b tgtiidols sar g Tnd 4.
—[21(2(9) +2(21}w } L(!+21)(3(9} }

2
CL Ty A L

3
(a) When disc B is brought in contact with disc 4
Let o the common velocity. From conservation of angular
momentum for the two disc system.

4
IQw)+2(@=I+2Do = o= ;m
Torque on disc 4

4
AL, =Lf—L‘- y ngm—lxlm 2o

T4
t t t 3t
Here negative sign indicates that the torque creates angular
retardation.
(¢) For disc 4

%kxf =%I(2m)2 = ki =210*

For disc B
1
%kx%:;xﬂwz = kg =la’ o
2 2
k x{ _2o = 205
h‘% Iw? %3

Plate is held in horizontal position (o)
.. Net torque acting on the plate
is zero. a

m

F
3b/4
a
bi2 b2

Mg

31.

32.

g Physics
b 3b

Mg x 5=FX"I B
n number of balls each of mass m striking with velocity v
to the shaded half portion of the plate

dp b
F= HEXA=HX(2mv]Xax 3 (. A=area)
Putting this value of F in eqn. (i)
" b g b 3
— i e x - Pl ol
g 2 nx(2mv)*a Tl
; Ax2
= 3x10=100%2x0.01 xvx ] x ;
v=10m/s P T_.
Since the system is in equilibrium, %
ZF;,=0 mg
Mg+mg+Mg-N-N=0
= Mg+mg+Mg=N+N M e
2M +m e 4
y=2 T iy, A T ;B

2
Let f be the frictional force at A and B. Calculating torques
about P

Mgx PQ+fx PM=NxOP Op------ Qg

= Mg x '—{z'-cesﬂ + f x Lsin®
= NLcos®6

1
I
|
I
I
]
i
1
|
]
]
1

N

NLcosen%cose

Lsin® 4

= f=

=

= Ncot9~¥£cat9

2
- | (F2)e

= f= (M+m)i§— cot®

A bullet of mass m strikes the wooden log of mass M and
length L and sticks to it.

Torque ?=% = Ixdt=dL

When angular impulse (Txdf) is zero, the angular

momentum is constant. In this case for the wooden
log-bullet system, the angular impulse about O is constant.»
[angular momentum of the system], ...
= [angular momentum of the system] .
= mvxL=l*xo - (1)
where [, is the moment of inertia of the wooden log-bullet
system after collision about O

1{) - Iwooden log ¥ llrI:-ulle\
£ %M}L2 + MI? .. (@)
From eq. (i) and (ii)
mv = L i 3my
0= ~
BML2 +mL2:' i
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System of Particles and Rotational Motion Al159
33. (a) Let point 'O' denote the centre of mass (CM) of the 3 D "
W= T .. (il
system ! I,p ' 1.2+30x% )
i T (By geometry) From eq. (ii) and (iii)
3
6=30xx————=-1+1| (- o =1rods)
A(m) T ] [1.2 +30x2 ] ;
I——)x 1=5x [—-—-7:‘ = 12+30x%=5x[+3]=15x
N 1.2+30x
ot 30x2— 15x—1.2=0

Bim) m)
F = centripetal force of F=(3m) re?

or F= {Bm)(:/:) o°

or  F=+3mle* 35.

(b) Let a be the angular acceleration of system about
point A

Ty ami? 4ml
Now, acceleration of CM aiong x-axis is

Let F_be the force applied by the hinge along X-axis.
o B +F=(Qma,

E 3
or F}+F=(3m)(r] or F.x*‘F:EF
m

or F =-§
Let F. be the force applied by the hinge along Y-axis
F = centripetal force

or F,= V3mle?
34. Let x be the distance of centre of mass from line 4B.
M.I. of laminar sheet about AB
{ =1, +mx?> (From parallel axes theorem)
=172+ 30x2 (@)

Because of impulse the angular velocity of the laminar
sheet will change after every impact.
Impulse = change in lincar momentum

6=30(V:~F) J 36.
6=30x x (w ;) . (i)

Also, change in angulax momentum = moment of nnpulse
’ Aﬂmf 1z, = Impulse x distance

Ly (0~ ) =6%0.5=3
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Solving, we getx=10.1 or 0.4

But at x = 0.4 m ®,comes out 1o be negative (- 0.5 rod/s)

which is not acceptable. Therefore,

(a) x=distance of CM from line AB=0.1 m

(b) Substituting x=0.1 m in eq. (ii) we get &= 1 rod/s the
angular velocity with which sheet comes back after
the first impact is 1 rad/s.

(c) As the sheet returns with same angular velocity of
1 rad/s, the sheet will never come to rest.

Initially the disc is held A4 m

vertical with the point 4 at its

highest position. It starts

rotating when allowed to fall.

Hence its potential energy

changes to rotational kinetic,

energy.

Applying energy conservation
Enitial energy = Final energy

2 2 1
mg(2R+j§) +mg(_R+—§] =ng+EIm2
Where [ = M.I. of disc-mass system about PQ
10R 6R

1
mg m +mg—4—=ng+é—Im2 :>3ng=—2—Im2
6mgR
SP— f ()

Dpo = Usis)pg * Umass)pg
2 2 2
Y e
4 4
[+ M. of disc about diameter = ~ MR" ]

4
b mR2[4+1+25] 15mR2

Putting this value of I in eq. (1)

rﬁng x8 ’16
15mR>
The linear speed of the partlcle as it reaches its lowest
position

16 5R
v=co[R+§-J Loy= gx-——“\f

(a) The collision is elastic and the sphere is fixed, hence
the wedge will return back with the same velocity
(in magnitude).
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37.
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The force responsible to change the velocity of the wedge
in X-direction is F.
F % At=mv—(-mv)
(Impulse) = (Change in momentum)
_2mv o 2mv
e = Fcos 30 n:
F,=Fcos 30° and F, = F sin 30°
In vector terms

F= F,i+F,(~k)= F cos30% + Fsin 30°(~k)

= 4mvy
:} =
Bar

A 1 =
=Fx %l'!‘FX'E(—k)

L ) Tom L Amy g
= =E(J§:_k)——£m(\51 k)

Equilibrium of force in Z-direction (acting on wedge)
F,+mg=N

F 2my
= N= E+mg=——-+mg

NEYY:

( 2mv ] A
N=|—F=+mglk
VAt
This is the normal force exerted by the table on the wedge
during the time A t.
(b) Torques on wedge about the centre of mass of the
wedge

Fx h-Torquedueto N+ mg x0=10
Here h is the perpendicular distance between the centre of
mass of the wedge and the line of action of F

4mv B

At

The disc-rod system can roll on the truck without slipping

as the friction of the disc-rod system with the floor of the

moving truck is large.

Given : Mass of each disc m =2 kg

Radius of each disc =R=10cm=0.1 m

Length ofrod =20 cm =02 m

Acceleration of truck along x-axis = 9 m/s?

The axis of dise-rod object is horizontal and perpendicular

to the direction of the motion of truck. z-axis is the vertically

upward direction.

(i) Let g, = linear acceleration of centre of mass of disc
o = angular acceleration about its centre of mass

Torque dueto N= F x h=

LOR -
TS awlll)
g R SR
Also a*}__mRz,"Z _mR_Zx(].l_lOf
a=10f . (11)

38.

Since there is no slipping between disc and truck,
acceleration of P = acceleration of QO

a,tRo=a
or (L] + 01107 tromi)
2 X
or %:a or f=?a or f=2 9'0=6N

This force of friction f, is acting in positive x-direction. i
is unit vector along x-axis.

In vector form, f =(6{) newton ... (iii)
(i) Frictional torque, T=rxf
At P, F=-0.1]-0.1k
At O B=01j-01F ' & f=Axf
or %=(-0.1j- 0.1;2) x(6f)N-m
or % =0.6k-06]
or % =0.6(k—j)N-m e (iV)

1% |=1(0.6)> +(0.6)> =2 x 0.6 =1.414x0.6

=0.85N-m

Similarly, T, =7 % f or 1 =0.6(-}-£)Nm

%5 |=1/(0.6)2 +(0.6)> = /2 x 0.6 = 0.85 N-m

Ifl |=| fg |= 0.85N-m
(a) The cylinder of radius R mass 'm' rolls off the edge of
the rectangular block without slipping. The rotation of the
cylinder is about the point of contact so energy of the
cylinder is conserved.

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 0.
Let ZNPO be 0. As the cylinder is rolling, the c.m. rotates
in a circular path. The centripetal force required for the
circular motion.

mgcos@ —N=

The condition for the
cylinder leaving the edge,
N=0
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System of Particles and Rotational Motion al61
: 5 Translational K.E. 6
v eI o e
mg cos O = E%‘. = cos0 = ;;E 8 Rotational K .E.

: : A
Applying energy conservation from O to O'. , dL 3 ™4
Loss of potential energy of cylinder 39. Since,t= ‘Eand t=0 .. Lis constant,

= gain in translational K.E. + gain in rotational K.E. 2
{ Onfp - ol Angular momentum before collision = mv x 2 {
mgh = 7MY + 5 Io .. (i) Angular momentum afier collision = Jo Mg
-— ¥
Where [ is the moment of inertia of the cylinder about O', 1=+ I+l 3_(:@ 05 k)

=lmR2, o is the angular speed, ¥, is the velocity of

center of mass.

¥
Also for rolling, v, = @R = &= —é

Putting value of I and o in eqn. (ii)

R-h

In AO'MP, cosB:T = h=R(l1 —cos08)

4
V2 = —353(1 ~ cos6) ... (iii)

From eq. (i) and (iii), we get

cosB= £ it L con)
3R

4
4
= 3cosf=4-4cos® = cosB= 7
(b) Speed of C.M. of cylinder before leaving contact with
edge.
5  4gR 4) 4gR 5 i‘gﬁ
2= 281 2) 2R e (B fromi

(c) Before the centre of mass of the cylinder reaches the
horizontal line of the edge, it leaves contact with the edge
14
0 =cos 1? =55.15°

Hence the rotational X.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 centre of mass is in horizontal line with edge

1 I ok
ng: EI{DZ"'EB’(V C)z

2
i il ob et Sl o
ng: EX—Z'H?R XL 'ﬁ) +Em(v(_.)

R 6
= mgR~ r_n_i,r_ E _n%g__: translational K.E.
1 mgR
Also, rotational K.E. = —2-1 o’ = —;i-
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(12) 2 figa 2
(G5 o ()5
={4mt* +m (f—+— +mg| —+—
- "le 4) Ble '3

1
B [4m€2 +§mA£2 +%m332]= 0.09kg m”

Io=my =21
- ‘mvx23_0.05xvx2x0.6_067
i 0.09 2 g

Applying conservation of mechanical energy after collision.
Loss of K.E, = gain in P.E.
3/

1
—%-Iwz =mg(20)+m (—3 g+ mgg(—z—)
= —%009x (0.67v)?

= [0.05x2+0.01><%+0.02x-;—]><9.8x0.6

= v=63m/s
40. (i) According to question, the
drum is given an initial angular
velocity such that the block X
starts moving up the plane.
As the time passes and block X rises up the velocity of the
block decreases. Let a be the linear retardation of the block .X.
mgsinQ-T = ma ey}
The linear retardation of the block a and the angular
acceleration of the drum (a) are related as

R a s
= = =—
a o R

where R is the radius of the drum.
The retarding torque of the drum is due to tension 7" in the
string.

t=TxR=lo(-:t=1a)

1
TxR= %MR‘Z& [ I=EJ‘JR2}
| 2@ 2F
= —MR" — = —
= TR 3 R =g i;

Substituting this value of a in eq. (i)
; 7 27 = (1 5 Zm] v
—_T= ® —— = _—
mg sin @ m = mg sin M

- (mgsinB)x M 0.5x9.8xsin30°x2
T Miim 2+42x0.5

=1.63N
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(i) Distance travelled by x

2T 2x1.63
g=—=

=1.63 m/s®
M

using ¥=Ro = V=02x10=2m/s
(*+ R=02mand ®= 10 rod/s given)
Distance travelled by block x
S_Ei_ 2x2
%a 52%1.63
Distance travelled by x = 1.22 m
41. (a) Angular momentum of the system (rod + insect) about
the centre of mass '0" before collision = angular momentum
of the system after collision.

QJas=v:-u? =

M3y
L
—=lo
My % 4 ¢ 4
Where [ is the moment Ii . J
of inertia of the system A 0 B
just after collision and ® L4

is the angular velocity
just after collision.

2
= Mv£= M[E-) +—1-ML2 ®
4 4 12

L ML2[1 1} ML2[3+4:1
= iMyx=—=—|l—t=L@= ——| =

PIRET T e 4 | 12
M T % 12 v

= w— D n=—-
40 7L

(b) 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 ¢ the insect be at a distance x
from the centre of the rod and the rod has turned through

an angle @ (= of) w.rt its original position

dL d g
=—=—(lw) A?\:\
df df \\\\\\\
o M
_m‘_ﬂ_ e T s i
@ . i
ARy NN
dr|12 \-sr o
B
dx
=2Mox— Mg
dt
This torque is balanced by the torque due to weight of
insect.

= £
bz - | =~ |coswtdt
2Mox 5t Mg (x cos) = dx o
On integration, taking limits
J- dx=—"— cos i dt
L4 2w° 0

L
when x=—,0t=0
4

42.

Li2 g /20
[ ]LI4F2(0_2[Slnmr]U
when —imt—E
T yens g
g
= [——£)= g sin——sin(
2 4 2(92 2
Eio 8 g
=5 P = 0= 47
12 v 12 v ?g-'. 7
e ——— —_—— = — = — L
But ® ?L:)‘?L L_—.>v ]22g

= y= %QZXIOXI.S =35ms!
Before collision, Kinetic energy of the system

1 1 1
K"E“i= —m]v]?‘ +EMEV% +—‘W2

2 2
1 1
= Ea.osncﬁ +20.08x 62+0=544] ..()
M=0.16kg
10 m/s
e A
=080 kg) IF 0.5m
¢
x=0.5m
e, soai O £
© 6mis
(=0.80 kg)

Applying law of conservation of linear momentum during

collision

m % v, +m, xv2:(M+m, +m,y) V,

where ¥, 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, =4m/s
K.E. trans after collision

... (i)

Applying conservation of angular momentum of the bar
and two particle system about the centre of the bar.
Tegernar = 0 -+ L = constant
L;=mv X X —myvX
=0.08%x10%0.5-0.08%6%0.5
—0.4-024=0.16kgm?s (In clockwise direction)

L)r = Io

2
£
— l'_—ATZ = .‘?I|X.2 +m2leﬂ)

£ [Q%\@;+ 0.08 % (0.5)% +(0.08)(0.5)° }m

1
- E(M+m,ﬂurfzz)r«f =2.56]

=008 @

0.08 ®=0.16 = ©=2rad/s ... (iii)
Eop—1 2 ;

K‘E'Rm= EICO =EK0,03X2 =6l Gy
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43,

44.
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= r=/sinf

K.E.,= Translational K.E. + Rotational K.E.
=2.56+0.16=2.72]
AK.E.=KE.,-Final KE,
=544-272=2.721]

PE.atD=PE. at O +(KE)p,, t(KE)p,

From energy conservation principle

Lol o
= mg4)=mg(l)+ Emv +51m

x 2
L% 1[2 Z]V
mg(24-1)=— +—| = —
g ) va > Smr =
( I=gmr2&m=-‘—,J
5 r

2
or, gx1‘4=% = v=443m/s

After point O, the path of the D
body parabolic.

h:%—gtz = 1:4_9{)2; 24m 0443 m/s
: 0.45sec
fm e )
= Jas 4 «

Distances BC=JV'xt,=4.43 x 045 =2m

During its flight as'a projectile, the sphere continues to

rotate because of conservation of angular momentum.

Let small mass m moves around a circular path of radius r.

Let the string makes an angle 0 with the vertical and T be

the tension
TcosB=mg
T'sin § = mra’

r’(!.)z

faint =niw =
£

- ()
... (i)

From figure, sin@ =

=™

2
tanf = fsme‘(ﬂ_

5 tanf.g ‘ g
m = w=
50 Zsind {cosB
1 g
=S v= 5=\ fo0if o=2ny ... (ii1)

For M to remain stationary, T = Mg
and T'cos O =mg

45,

A163

Mg cos© = mg
=> f= i
cos Iv;
Putting this value of cos 0 is eq (iii), we get

L 1gM

" 2Nt m

In AOPM, cos g, = 21

= OM = fcosby

In AOPM, cos @ = %"’:’_

r Reforcnce  mgsin® P\
= OM = fcosB level for PE.

OM ~ OM = £(cos®—cos8p)
Loss in potential energy = Gain in kinetic ener
" (ActivityP togi'

2

)
= mgl(cosb—cosOy) = %mv

= 2= 2gfl(cos®~cosby) (i)
mv?
T—mgcos@ = = i
2
my
= = ——+mgcos@ .- (if)
From eg. (i) and (ii)

- —}3 % 2g £ (cosB —cosB;) +mgcosO

T'=3mg cosf — 2 mg cos By
= T=mg(3cosh —2cosB)
From equation (ii) it is clear that the tension is maximum
when cosg =11ie.,9=0°

2

Hence, T, = %}3 +mg <. (i)
From eqn. (i)
v2=2g/l(1-cosBy) e (1Y)

From (iii) and (iv)
m
T ?[Zgi’ (1-cosBy)]+mg

T ux = 3mg —2mg cos B
80 =3 x40-2 x40 cosf

1
= 80 00560=40:3 COSBO—-E — 60 = 3(°
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