HC VERMA Solutions for Class 11 Physics Chapter 10
Rotational Mechanics

Question 1

A wheel is making revolutions about its axis with uniform angular acceleration. Starting from rest, it
reaches 100 rev/sec in 4 seconds. Find the angular acceleration. Find the angle rotated during these
four seconds.

Solution 1
@0 =05 =4 sec;

w=100 === =100x21755°¢
Usi _tp + at
sing, W=

rad

% =50ms=c® or
rad
& =05 ssct
B =wet +-at?
Using, 2 =4001T rad

Question 2
A wheel rotating with uniform angular acceleration covers 50 revolutions in the first five seconds
after the start. Find the angular acceleration and the angular velocity at the end of five seconds.

Solution 2
-ad
— 0 6 = 50 rev = 100w —
wo = 03 =y sec; sec
1,
. B = wat+-ats
Using, 2
rad rev
T=gmsec® or F=4mr s
Using, w= “? +at
rod rev

w=401r #€¢ or w=20 ==¢

Question 3

A wheel starting from rest is uniformly accelerated at 4rad/*~ for 10 seconds. It is allowed
to rotated uniformly for the next 10 seconds and is finally brought to rest in the next 10 seconds. Find
the total angle rotated by the wheel.

Solution 3



1 o 0 o o &

Angular displacement=Area under curve
_2(30+10)(40)

©=800 rad.
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Question 4

A body rotates about a fixed axis with an angular acceleration of one radian/second/second.
Through what angle does it rotate during the time in which its angular velocity increases from 5 rad/s
to 15 rad/s.

Solution 4

wy = Srad/s; w=15 rad/sec; %=1 rad/sec”

Substituﬂting values in,
w? = wj + 2af
6 =100 rad

Question 5

Find the angular velocity of a body rotating with an acceleration of 2 rev/®~ as it completes the
5" revolution after the start.

Solution 5
rew e
ml]l: ﬂ_g=25_s:2x2ﬂ:4'ﬂ = .

0=5 rev=5x21 rad=101 rad
Substitu:ting values in,
w® = wj + 2ad

w=41V ° rad/sec
w=2" 2 revisec

Question 6
A disc of radius 10cm is rotating about its axis at an angular speed of 20 rad/s. Find the linear speed
of

(a) a point on the rim.
(b) the middle point of a radius.

Solution 6
(a)v=rw= (0.1) (20)



v=2m/s

o1y
— {20
(b) v= rw=(3 ) 20)
v=1m/s

Question 7

A disc rotates about its axis with a constant angular acceleration of 4 rad/* . Find the radial and
tangential accelerations of a particular at a distance of 1 cm from the axis end of the first second
after the disc starts rotating.

Solution 7

Wo = {]; =4 rad/®": t=1 sec
w="049¢
w=4 rad/sec

-

Radial acceleration=R“"
= (0.01) 4"

=0.16 ™/5”

- qg cM/S”

Tangential acceleration
ar=ra

= (0.01)(4)

= 0.04 ™/5’

— 4 cm/s*

Question 8

A block hangs from a string wrapped on a disc of radius 20 cm free to rotate about its axis which is
fixed in a horizontal position. If the angular speed of the disc is 10 rad/s at some instant, with what
speed is the block going down at the instant?

Solution 8

N

A"

Block speed=Rim speed of the disc
v=Rw = (0.2)(10)
v=2m/s



Question 9
Three particles, each of mass 200 g, are kept at the corners of an equilateral triangle of side 10cm.
Find the moment of inertia of the system about an axis

(a) joining two of the particles and
(b) passing through one of the particles and perpendicular to the plane of the particles.

Solution 9

(@) Ine_ m{::_a a)®+ m(0)*+ m(0)*

02 {:2—3 % 0.1)?
: . :

=15%10 Kg-™M

(b) Lig'_m(0)* +mia)®+m(0)?

=2x 0.2 (0-1)°
=4% 1077 Kg-mj

Question 10

Particles of masses 19,29,3¢g, . ...... , 100 g are kept atthe marks 1cm,2cm,3cm, ....... ,
100 cm respectively on a metrescale. Find the moment of inertia of the system of particles about a
perpendicular bisector of the metre scale.

Solution 10
The perpendicular bisector passes from 50cm mark. So, there will be 49 particles on LHS and 50
particles on RHS.

feen o Lem
—r 3
g 1ym Liggm Sogm ?igw.n. oL ‘:I:_yw-__:nuam
{10} (2,8 =348 1“‘;.“! -[‘:Eu,u! (51,0} (a9, ) Uunlu\
=[49 (D)2 +51 (1)2]+ [48 (2)% + 52 (2)?] ...... ... +[1(49) 2 + 99 (49) 2] + 100(50)?
= (100) [1* + 2%+ e £ 507

50X (50413 2=50+1) .
— (100) [ & ] gm_Cﬂ‘l_




I~ 0.43 kg/t™"
_ nintl)(Zntl)

[ Sum of square of n natural numbers, - & |

Question 11
Find the moment of inertia of a pair of spheres, each having a mass m and radius r, kept in contact
about the tangent passing through the point of contact.

Solution 11

[
I

gt
By parallel axis theorem,
.irﬂ_rig. = .irfﬂlld + ']‘]'1']":

Iya' = l[:; mrZ+mr?)2
14
lgqt = —mr-

Question 12
m?

The moment of inertia of a uniform rod of mass 0.50 kg and length 1 m is 0.10 kg-
perpendicular to the rod. Find the distance of this line from the middle point of the rod.

Solution 12

about a line

By parallel axis theorem,
.irﬂ_rig. = .irfﬂlld + T]‘lx:

mL? =
lwis = - Tmx”

(os)(1? 5
—— +({0.5)x"
0.1= 12 (05)

X=0.34 m

Question 13
Find the radius of gyration of a circular ring of radius r about a line perpendicular to the plane of the
ring passing through one of its particles.

Solution 13



'irﬁ.t‘ii.ﬂ' = 'Fl'__l.':h"-'f +ﬂ‘1x:

Iigy = mr?+mr?
Iiq = 2mr?

mk< = 2mr=<
k=Y 2T
Question 14

The radius of gyration of a uniform disc about a line perpendicular to the disc equals its radius. Find
the distance of the line from the centre.

Solution 14

.irﬁ_ﬂ'_g. = 'Ffl.':l;'r:l' + ﬂ‘ld:

5 mrt 4
mk==—+ md-

5 mrt 4
mr-=——+md-
= &

L
l-ﬂl *

=d=

Question 15
Find the moment of inertia of a uniform square plate of mass m and edge a about one of its
diagonals.

Solution 15



- et
xxﬁ
¢ ¥
If we squeeze rod along XX and L4 4 the square becomes rod of side 'a'
So, i
Iy =lyy' = =

12
By perpendicular axis theorem,
Izt = Izxt + Iyy! = Ipp' +1gg'
ma®  ma”

1z T 12 Lep' +1gg'

IP-P“ — TR jl' .
12 [ EBE

=1 , .
22" As square is symmetric]

Question 16

The surface density (mass/area) of a circular disc of radius a depends on the distance from

the centre as p(r)=A+Br. Find its moment of inertia about the line perpendicular to the plane of the
disc through its centre.

Solution 16

Surface density of disc is varying radially so considering an element of thickness 'dr' at a distance 'r'
from center of disc.

dm
0=A+Br=24
dm=(A+Br)(21Trdr)
[alzz = [ dm(r)?



a* Ea®
IZZ" = 21T[AT+ T]

Question 17
A particle of mass m is projected with the speed u at an angle 6 with the horizontal. Find the torque
of the weight of the particle about the point of projection when the particle is at the highest point.

Solution 17
T=Fxd,

Range
=mg( * )

u?gin 28
=mg(_ * )
T =mu-sin & cosd

Torque acts perpendicular to plane of the motion.

Question 18

A simple pendulum of length | is pulled aside to make an angle 8 with the vertical. Find the
magnitude of the torque of the weight w of the bob about the point of suspension. When is the torque
zero?

Solution 18

Ysins
_____._--——'5

Torque= F xd,;
T=wlsind

Torque will be zero at the lowest point of suspension as 6 will be zero.

Question 19

When a force of 6.0 N is exerted at 30 to a wrench at a distance of 8cm from the nut, it is just able
to loosen the nut. What force F would be sufficient to loosen it if it acts perpendicularly to the wrench
at 16cm from the nut?



F Bem + 8em 4
Y
T J
60N ¥
F
Solution 19
Torque in both the cases will be equal
Ty = T2

(65030 g)=(F)(16)
F=16 N

Question 20
Calculate the total torque acting on the body shown in figure about the point O.

15N

Solution 20

Torque= Fxd,
Consider anticlockwise torque as negative and clockwise torque as positive.
Ty =Tip+ Tys 75 + T3

= (10) (4)_(15) (65111 3?)+5(0)_20(4C055ﬂ=)
Tyer = —0.54

1=0.54 N-m (anticlockwise direction)

Question 21
A cubical block of mass m and edge a slides down a rough inclined plane of inclination 6 with a
uniform speed. Find the torque of the normal force acting on the block about its centre.

Solution 21



Since,
acceleration=0

ff=m gsin ]

The normal contact will shift as block is not toppling.
So Tnormal = Trf

sin & {E]
:mg a

Question 22

A rod of mass m and length L, lying horizontally , is free to rotate about a vertical axis through

its centre. A horizontal force of constant magnitude F acts on the rod at a distance of L/4 from

the centre. The force is always perpendicular to the rod. Find the angle rotated by the rod during the
time t after the motion starts.

Solution 22

Fu

.-1"'.

Torqije=f X
=F{:1} sin 90

FL

T

loc #
mi* FL
=
12 4
aF

oc=mi

Now, 0 = 0;time=1¢

1 -
ot +- o t2

aFe?
f==2mL

Question 23



A square plate of mass 120g and edge 5.0 cm rotates about one of the edges. If it has a uniform
angular acceleration of 0.2 rad/®~, what torque acts on the plate?

Solution 23

o

5

¢
Squeeze rod along axis A‘q so it will behave as rod

ma”~

= 3

T=1
(o.120)(0.05)*%

= 3

T=2x1075

(0.2)

Question 24
Calculate the torque on the square plate of the previous problem if it rotates about a diagonal with
the same angular acceleration.

Solution 24
M.1. of square plate about its diagonal

ma”~

|= 12

T=1e
(.12)(0.05)%
= 12

=0.5x107°N.m

Question 25
m?

A flywheel of moment of inertia 5.0 kg-""* is rotated at a speed of 60 rad/s. Because of the friction at
the axle, it comes to rest in 5.0 minutes. Find (a) the average torque of the friction, (b) the total work
done by the friction and (c) the angular momentum of the wheel 1 minute before its stops rotating.

Solution 25
g = lﬁﬂ%i s w=0:t=5min = 300 sec

(0.2)

_tg +at
w=
1 2
—= rad/sec*
a= =

(a)TZ T



1
=5(%)

=-1 N-m
(b)H@f=AKE
H'fff=;|w:

1o s
_; (5)(60)"
=9 KJ _

g = 60 rad it =4 min=240sec; @ = _—lﬂ

(C) s8¢0 5 ==

= g +at
w = 12 rad [sec
Angular momentum
L=1%
=5(12) ]

Kg—-m=
=pQ =er

Question 26

Because of the friction between the water in oceans with the earth's surface, the rotational kinetic

energy of the earth is continuously decreasing. If the earth's angular speed decreases by 0.0016

rad/day in 100 years, find the average torque of the friction on the earth. Radius of the earth is 6400
24

km and its mass is 6.0x10 kg.

Solution 26

A
o =—
E

0.001&
—(B6400= 100365 x86400)

T=1x

_CMR?)a

2, san g 2 0.016
=5'[.5 x 107%)(6400 x 1000) ﬂ:semu}!xmaxaas

)
T=58 x 10\,

Chapter 10 - Rotational Mechanics Exercise 197

Question 27

A wheel rotating at a speed of 600 rpm (revolutions per minute) about its axis is brought to rest by
applying a constant torque for 10 seconds. Find the angular deceleration and the angular velocity 5
seconds after the application of the torque.

Solution 27
&00 rew
twp = 600 rpm = P a—
g = lﬂﬂ; w=0;t=105ec
Fec

w = wq +at

a = —1 rev/sec?



For t=5sec,
w = wp +at

=10+(-1)(5)
tw = Srev/sec

Question 28

A wheel of mass 10 kg and radius 20cm is rotating at an angular speed of 100 rev/min when the
motor is turned off. Neglecting the friction at the axle, calculate the force that must be applied
tangentially to the wheel to bring it to rest in 10 revolutions.

Solution 28
“o = lﬂﬂmin
1w rad

Wp=——""
o 3 sec

0=10 rev= 201T rad
w=0

=100 x =
&0

Using, o."J- = wp + 2af

1
Zx 20

_}2 W

Question 29

A cylinder rotating at an angular speed of 50 rev/s is brought in contact with an identical stationary
cylinder. Because of the kinetic friction, torques act on the two cylinders, accelerating the stationary
one and decelerating the moving one. If the common magnitude of the acceleration and deceleration
be one revolution per second square, how long will it take before the two cylinders have equal
angular speed?

Solution 29

Let after time 't' their angular velocity be 'w’

fs'r . g_]l} = E ﬂ
cylinder :- sec: =-1s¢;
_tug +at

w_

w=50-t (i)
d —p =

1" cylinder - “2 = Y g=1sec
_tog +at

w_

w=t -(ii)

From (i) and (ii)
w=25 rev/sec
t=25 sec

Question 30

A body rotating at 20 rad/s is acted upon by a constant torque providing it a deceleration of 2 rad/* .
At what time will the body have kinetic energy same as the initial value if the torque continues to act?



Solution 30

rad 2rad

wp=20—; a=—""FT;w=0
FaC F°

w=mﬁ+at1

£, = 10 sec

Now, wheel accelerates and when angular velocity becomes 20 rad/sec it will have same KE.
_tug + ats
W= 2

20=0+ 2tz

to = 10 sec

1=ttt

T=20 sec

Question 31

A light rod of length 1 m is pivoted at its centre and two masses of 5 kg ang 2 kg are hung from the

ends as shown in figure. Find the initial angular acceleration of the rod assuming that it was
horizontal in the beginning.

I__Ll A

2kg 5 kg
Solution 31
0-Sm 0-5m
—3
? N — |
Ron 5V

Tyer = 50 % 05 —-20 %05

TJ"-'-Ef' = 15 N_m

T=1Iux
15= [{jz}fjﬂdﬁ]f + 5(0.5) f]a

a=8.57 sec*

Question 32

Suppose the rod in the previous problem has a mass of 1 kg distributed uniformly over its length.
(a) Find the initial angular acceleration of the rod.

(b) Find the tension in the supports to the blocks of mass 2 kg and 5 kg.

Solution 32

)r:Iu

(a
(V?*

(50%0.5-20x0.5) = [(2)(0-9)%45(09)% 12 g




a,=Ra=(05)(8) ¥ 4

I, —2g=~2a,

T, =2(9.8) +2(4)
T, =276

5g — T, = 5a,

T, = 5(9.8) — 5(4)
T, =29
Question 33

Figure shows two blocks of masses m and M connected by a string passing over a pulley. The
horizontal table over which the mass m slides is smooth. The pulley has a radius r and moment if
inertia | about its axis and it can freely rotate about the axis. Find the acceleration of the mass M
assuming that the string does not slip on the pulley.

m
L
Solution 33
2y oC
T >
o
a y 4@
"8

Mg-T2=Ma (i)

Tr—Tr=1a (i)



T, =ma (iii)

a=ra -(iv)

Solving, (i),(ii),(iii) and (iv)
Mg

Mi+tmi=
a= '

Question 34

— 2
A sting is wrapped on a wheel of moment of inertia:[_'I::"E'I::'k':-grn and radius 10cm and goes through
a light pulley to support a ablock of mass 2.0kg as shown in the figure. Find the acceleration of the
block

10 cm
2 kg

Solution 34
Moment of inertia of the pulley. I=0.20kgm?*
From the diagram we get

Using equation (i) ans (ii)

_. I
mg=,m+— |a
\ e




Moment of inertia of the pulley. I=0.20kgm?
From the diagram we get

mg= m-+— &
d | |’"2 ) L
__Mg
a-—7
Mo
_ 2x9.8
N 0.2
0.01
19.6
- —— -0.89ms"
22
Question 35
Suppose the smaller pulley of the previous problem has its radius 5.0cm and moment
z
of inertia 0.1kgm . Find the tension in the part of the string joining the pulleys.

Solution 35






L 4
1~ 2 2
) ry

Substitutingthe value of T, in equation 1
we get

{ Iz Il A
mg- —=+-L a=ma

2 2

| -

Onsubstituting the values
a=0.316ms™~
T, =6.32N

Question 36
The pulleys in figure are identical each having a radius R and moment of inertia |. Find the acceleration

of block M.

M

Solution 36



mg-T,=ma--—-—-—- (i)
(T, -L)n=1x
d=&r

I
|T1—E_|=?For pulley 1-———-— (if)

Iz
|T2—T3|=R_L;For pulley 2— ———— (iii)
For block of mass m
T.—-mg=ma-—--—(iv)

2 .

TTo ===~ (iv)

Adding equation (i) ans (iv)
-mg+Mg+(T, - T,) = Ma ~ ma

Mg-mg=Ma +ma+;;—[z

(M-—m\g
a=—h
Ma+ma+R—Z
Question 37

The descending pulley shown in figure has a radius 20 cm and moment of inertia 0.20 kg-m:. The
fixed pulley is light and the horizontal plane frictionless. Find the acceleration of the block if its mass
is 1.0 kg.



e

Solution 37
'___C_k'__’ -r W
a
W g
iﬂﬂg S" il
- N/
/ W
Ti ri P

Translatory Motion Equation
Tl = l. @ _(I)

mg-("t + 12)=m2 (i)
Rotational Motion Equation
T=In
T:R - TJ_R :Iq
I . a
n-T =—(—
L £ R'[_,.R} (i
For mass m
mR-

I_ 7

= (0.2)7
(0.2) =z
m=10 kg -(iv)

Using, (i),gii),(iii) and (iv)
a=10m/5"

Question 38

The pulley shown in figure has a radius 10 cm and moment of inertia 0.5 kg-""* about its axis.
Assuming the inclined planes to be frictionless, calculate the acceleration of the 4.0 kg block.

me




Solution 38

Here,

1=0.5 kg-""

R=0.1m

Translatory Motion Equation
495111 45 —T, = 4a (i)

T, —2gsin45 = 2a ~(ii)

Rotational Motion Equation
T=Iua

T.R—T,R = f(;)
Using (i),(ii) and (iii)
a=0.25 M/S”

Question 39
Solve the previous problem if the friction coefficient between the 2.0 kg block and the plane below it
is 0.5 and the plane below the 4.0 kg block is frictionless.

Solution 39

(iif)

Here, 1=0.5 Kg-M" ; R=0.1 m ; ft=F"1 = (0:5)(2g cos45)

Translatory Motion Equation

T, —2gsind5 — ff =2a ~(ii)

Rotational Motion Equation
T=Ia

T.R—T,R = IG)
Using (i)(ii) and (i)
a=0.125 /%"
Question 40

(iii)



A uniform metre stick of mass 200 g is suspended from the ceiling through two vertical strings of
equal lengths fixed at the ends. A small object of mass 20 g is placed on the stick at a distance of 70
cm from the left end. Find the tensions in the two strings.

Solution 40

FRE A Pt o E b p

\

N 1
i ToCm .
[ml

® < T | U

S-::-c:ml L

(0-29) (0-029)

Translatory Equilibrium Equation
T, + T» = (0.2g) +(0.02g)

Rotational Equilibrium Equation at point A
clockwise Torque= anticlockwise Torque

(O-29)+(0-5)+(0.029)(0,7)=T2(1)

T, =112 N

From (i) 1t = 104

Question 41

A uniform ladder of length 10.0 m and mass 16.0 kg is resting against a vertical wall making an

angle of 37 with it. The vertical wall is frictionless but the ground is rough. An electrician weighing
60.0 kg climbs up the ladder. If he stays on the ladder at a point 8.00 m from the lower end, what will
be the normal force and the force of friction on the ladder by the ground? What should be the
minimum coefficient of friction for the electrician to work safely?

Solution 41



Translatory Equilibrium Equation

N2 = FF (Horizontal direction)

Ny = 60g + 189 (v/ertical direction)
Ny =T76g =745 N

Rotational Equilibrium at bottom of ladder
Clockwise Torque =Anticlockwise Torque
N,(10cos37°) = 16g(5sin 53) + 60g(8sin 53)

Solving N, =412 N
ff =Ny =412 = puN,
412=H#(76g)

i = 0,553
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Question 42

Suppose the friction coefficient between the ground and the ladder of the previous problem is 0.540.
Find the maximum weight of a mechanic who could go up and do the work from the same position of
the ladder.

Solution 42



u =054

Here ,
Translatory Equilibrium
Ny, =mg + 16g (i)

No=ff=puN; _ (ii)
Rotational Equilibrium about point 'O
N,(10sin53°) = mg(8cos53) + 16g cos53°

Solving (i),(ii) and (iii)
m=44 kg

Question 43

A 6.5 m long ladder rests against a vertical wall reaching a height of 6.0 m. A 60 kg man stands half
way up the ladder. (a) Find the torque of the force exerted by the man on the ladder about the upper
end of the ladder. (b)Assuming the weight of the ladder to be negligible as compared to the man and
assuming the wall to be smooth, find the force exerted by the ground on the ladder.

Solution 43

(iif)



By Pythagoras theorem,
(6.5)2=(6)%+ B*®
B=2.5m
(a) T= F X d_

Esin a
1=609 ( *

65 28

:609( 2 6.5)
T=740 \_py
(b) N, = b0g
Ny, =590 N

Rotational Equilibrium at O
N,(6.5cos6) = Eﬂg(%sin 8)

(Vertical Translatory Equation)

N, =30g tan@
N, =309 (%)
N, =120 N
Question 44

The door of an almirah is 6 ft high, 1.5 ft wide and weighs 8 kg. The door is supported by two hinges
situated at a distance of 1 ft from the ends. If the magnitudes of the force exerted by the hinges on
the door are equal, find this magnitude.

Solution 44



: D_f_'f“a

L %_8

Magnitude of forces by hinges are equal.
VNZ+ I = [N+

N +Ni=N;+Ng )

Rotational Equilibrium at point O

N4(4) = 8g(=)

By translational Equilibrium
Nﬂ = Nq_ = 1.59 _(”)
Solving (i), (ii),(iii)

Nl = N: = 4‘3

W2 p2
Magnitude of force=" Ny + Ny

_V(4g)* + (1.5g)°
=43 N

Question 45

A uniform rod of length L sets against a smooth roller as shown in figure. Find the friction coefficient
between the ground and the lower end if the minimum angle that the rod can make with the
horizontal is 6.




Solution 45

Translatory equilibrium
Ny cos8 + No =mg (i)

Ny sin@ = ff (i)

Rotational Equilibrium about bottom
i )

Ny (m) = mg{_;msﬂ} -(i

i)
ff =N ~(iv)
Solving (i),(ii),(iii) and (iv)
= L cosdsin *@

Zh—Lcoe *Bzin 28

Question 46

A uniform rod of mass 300 g and length 50 cm rotates at a uniform angular speed of 2 rad/s about
an axis perpendicular to the rod through an end. Calculate (a) the angular momentum of the rod
about the axis of the rotation, (b) the speed of the centre of the rod and (c) its kinetic energy.

Solution 46

Lo
o~

J
e

(a) L=lw
mL* .
)
(o.3)(0s)®
) 03 ;DE {2}

=0.05 kg- <
(b) v=Rw
=(0.25)(2)
v=0.5 m/s



1 o

(C)KE=2
1 .mi*
:‘[T}{ w?)
1 (03M0sE)E .,

5. @)

KE=0.05J

Question 47

A uniform square plate of mass 2.0 kg and edge 10 cm rotates about one of its diagonals under the
action of a constant torque of 0.10 N-m. Calculate the angular momentum and kinetic energy of the
plate at the end of the fifth second after the start.

Solution 47
T=Ia

0.1= l;' { }}
(2)(0.1)2

0.1= 12 e @

o = 60 rad/sec

wy=0,t =5sec

w=22 T ¥ _ 1=30 rad/sec

Angular momentum , L= la

"'}Iltil} {300}

=0. 5 kg-=e¢
- Im-
KE=2

2 300)°

KE=75J

Question 48
Calculate the ratio of the angular momentum of the earth about its axis due to its spinning motion to
that about the sun due to its orbital motion. Radius of the earth=6400 km and radius of the orbit of

the earth about the sun=1.5><mB km.
Solution 48

Lspi:lz:'zi:lzg zl(ﬂ

MR =
a3 =

2z o 2m
(E X M, X 5400) {'24.‘:{6[&}(6[&} -(i)

Lm'bit‘n! :|(.L)
{:MaRﬁ}{ﬁf}
_(M, x1.5x 10%)? (—= )

365X 24x60X60° _(jj)
D|V|de (i) by (ii)



jﬁ = 2.65 % 107

‘0

Question 49

Two particles of masses "1 and ™2 are joined by a light rigid rod of length r. The system rotates at
an angular speed w about an axis through the centre of mass of the system and perpendicular to the

_prle

rod. Show that the angular momentum of the system is L where ¥ is the reduced mass of the

system defined as
My M

mytme

Solution 49

—f —

m, M,

coM
(3,@!?—:'0
' 5

MaT

"n="—"-
Distance of COM from ™ will be (matma)
My
T =—r
Distance of COM from ™2 willbe =~  (ma+mz)
L=lw
L=(MTT + M212)w
) - . TMyT 2
L=[1r111{_|:m__+m=}} +1r11:{_|:m__+m=}]' ]

Mo

L:HT: w where K mytma

Question 50

A dumb-bell consists of two identical small balls of mass 2 kg each connected to the two ends of a
50 cm long light rod. The dumb-bell is rotating about a fixed axis through the centre of the rod and

perpendicular to it at an angular speed of 10 rad/s. An impulsive force of average magnitude 5.0 N
acts on one of the masses in the direction of its velocity for 0.10 s. Find the new angular velocity of
the system.

Solution 50
G ¢
.:4—'—‘—* o -
\ ™M
™m \
=lw

Exp=tmr?+ mr?)a

1
5(0.25) = 2(5)'[_'3-5} ‘o



a =20 rad/s’
twp = 10 rad/sec
1=0.1

m=mﬁ+fxT

w =12 radfsec
Question 51

A wheel of moment of inertia 0.500 kg-""* and radius 20.0 cm is rotating about its axis at an angular
speed of 20.0 rad/s. It picks up a stationary particle of mass 200 g at its edge. Find the new angular
speed of the wheel.

Solution 51

Since , Tewe =0
' Li = Ljr

fz'l‘.’rl.]z' = ffﬁ-l.]f

m?

(0.5)(20)=[0.5+(0.2)(05) 7
ws =197 =2

FaC

Question 52
m?

A driver having a moment of inertia of 6.0 kg-""* about an axis through its centre of mass rotates at
an angular speed of 2 rad/s about the axis. If he folds his hands and feet to decrease the moment of

inertia to 5.0 kg-""", what will be the new angular speed?

Solution 52

Since, T&¥t T 0

6(2)=5“"
=24

©r rad/sec

Question 53

A boy is seated in a revolving chair revolving at an angular speed of 120 revolutions per minute. Two

heavy balls form part of the revolving system and the boy can pull the balls closer to himself or may

push them apart If by pulling the balls closer, the boy decreases the moment of inertia of the system

by 6 kg-"” to 2 kg- m? , what will be the new angular speed?

Solution 53

Since, Text = p
a Lf = L_f

6(120) = (2) (7

= 360
“r rev/sec
Question 54

A boy is standing on a platform which is free to rotate about its axis. The boy holds an open umbrella
coincides with that of the platform. The moment of inertia of " the platform plus the boy system" is 3.0



-3 2 -3 2
X 107 1 (5™ and that of the umbrella is 2.0% 107" kg™ The boy starts spinning the umbrella
about the axis at an angular speed of 2.0 rev/s with respect to himself. Find the angular velocity
imparted to the platform.

Solution 54
Since, Tt = 0

o Lf = L_f
0+0=Lbo}'—fz':lm! + Lumb—fi:lm! -(I)

So, Angular speed of umbrella with respect to boy will be in the opposite direction.
Let angular speed of boy be w

Now Wymb—dize — Wumb — Waisc
_2=mumb — w

Wymp = W — 2

In equation (i),

0=3x107%)(w) + (2 x 107%)(w — 2)

w =08 o\ /sec

Question 55
m?

A wheel of moment of inertia 0.10 kg-""* is rotating about a shaft at an angular speed of 160
rev/minute. A second wheel is set into rotation at 300 rev/minute and is coupled to the same shaft so
that both the wheels finally rotate with a common angular speed of 200 rev/minute. Find the moment
of inertia of the second wheel.

Solution 55
Taking wheels as a system
Towr = 0
Li = L_f

hw) =Lw,= () +1,)w

(0.1)(160)+ 12(300)=(0.1+2)(200)
I, =0.04 kg-m:

Question 56

A kid of mass M stands at the edge of a platform of radius R which can be freely rotated about its
axis. The moment of inertia of the platform is I. The system is at rest when a friend throws a ball of
mass m and the kid catches it. If the velocity of the ball is v horizontally along the tangent to the
edge of the platform when it was caught by the kid, find the angular speed of the platform after the
event.

Solution 56



' —R (m M)

———

i |
|

] f
| I m ‘
’ |

Considering ball, boy and platform as system
Li = Lf

mvR=[1+(M+m)R w

mvR
w=I+I:M+m}R=

Question 57

Suppose the platform of the previous problem is brought to rest with the ball in hand of the kid
standing on the rim. The kid throws the ball horizontally to his friend in a direction tangential to the
rim with a speed v as seen by friend. Find the angular velocity with which the platform will start
rotating.

Solution 57

l', % (Mem) AW
i 11 N m
1l r 1
|

{*5&15&3

Considering ball, boy and platform as system
Li = Lf

0+0+0=mvR+(-w)*+(ME " )(- w)

muvR
(I+MRZ)

w=

Question 58

Suppose the platform with the kid in the previous problem is rotating in anticlockwise direction at an
angular speed w. The kid starts walking along the rim with the speed v relative to the platform also in
the anticlockwise direction. Find the new angular speed of the platform.

Solution 58
Let angular velocity of platform after kid start running g)'

So, angular velocity of kid with respect to earth=( w'+g)
T =0



- 7 MR2(w’ + =

(I+MR?) | s (w'+2)
MuvR

w': w- I+MR2
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Question 59

A uniform rod of mass m and length | is struck at an end by a force F perpendicular to the rod for
short time interval t. Calculate

(a) the speed of the centre of mass, (b) the angular speed of the rod about the centre of mass, (c)
the kinetic energy of the rod and (d) the angular momentum of the rod about the centre of mass after
the force has stopped to act. Assume that t is so small that the rod does not appreciably change its
direction while the force acts.

Solution 59
(a) F=ma

acceleration, a=™ ; u=0; t
v=u+at
F
—t
V:i':ﬂ
(b) T=la
. MI?

L
Fe)= 2.a

=ML - we =0 s =t

15, 1. 5
-mv-+-Iw”

(c) KE=2 ]
1 Ft., o 1 MI=. &Ft. -
om0

A
2R3

= 2m

(d) L=1*
ML~ 6Ft

—( 12 }{-E
E

L:Em

)

Question 60

A uniform rod of length L lies on a smooth horizontal table. A particle moving on a table strikes the
rod perpendicularly at an end and stops. Find the distance travelled by the centre of the rod by the
time it turns through a right angle. Show that if the mass of the rod is four times that of the particle,
the collision is elastic.

Solution 60



— A

a%”?

M e !
e (went)

( sent)

-

i

Momentum conservation
P:' = Pf

mu+0=m(0)+M(v)
mu

v=2M

Angular Momentum conservation
L:' = L_f

L MI?

0+mu(?)=( 12 )w+0
Gmu

w= ML

Time to rotate by 90
g
wr
Lmf2)
(EmE
t=|‘ L)
aML

t=12mu

distance travelled by rod

distance=speedxtime
U - ML }

_(5) %

i

“12mu

g=12
Now, if _M=4m then
KE;= ému:

KE = = Mv? + = Io?

2 am) () + 2 e

Am g

1 5
KE;= S mus
Hence proved.

Question 61

Suppose the particle of the previous problem has a mass m and speed v before the collision and
sticks to the rod after the collision. The rod has a mass M. (a) Find the velocity of the centre of mass
C of the system constituting "the rod plus the particle". (b) Find the velocity of the particle with
respect to C before the collision. (c) Find the velocity of the rod with respect to C before the collision.



(d) Find the angular momentum of the particle and of the rod about the centre of mass C before the
collision. (e) Find the moment of inertia of the system about the vertical axis through the centre of

mass C after the collision. (f) Find the velocity of the centre of mass C and the angular velocity of the
system about the centre of mass after the collision.

Solution 61
L]
|
M | M
|
L]
[
|
NN [
>\ 1 m
i
(a) Foer =10
Pf - Pf
mv=(M+m)v'
muw
V'=I:M+m]
(b) velocity of the particle with respect to COM
Vey.y'
muw
=V_I:M+m]
My
—(Mtv)

—mwv

(c) velocity of the rod wrt the centre of mass= (M+m!
(d) Distance of COM from the particle

Mx%ﬂnxl} ML

= — =
XE?J"I M+m XC?H

2iM+m)
Angular momentum of body about COM=mvr
My o ML
=m (M+m) 2(M+tm)
mMZulL
=2({M+m)*
Angular momentum of rod about COM

Mv 1 ML

x_ il

=M (M+m) 2(M+m)]
Mm2ulL
=2 M+m)*

(e) M.L. about com="1 + 12
ML ., MI* ML 4,
|=m[EI:M+m}] + 1z ! [EI:M+m}]
M{M+4m)L?
|= 12iM+m)

(f) About COM




_ mw
- (M+m)

Vieat

emy
~ lw=mvr = w=M++miL
Question 62

Two small balls A and B, each of mass m, are joined rigidly by a light horizontal rod of length L. The
rod is clamped at the centre in such a way that it can rotate freely about a vertical axis through its
centre. The system is rotated with an angular speed w about the axis. A particle P of mass m kept at
rest sticks to the ball A as the ball collides with it. Find the new angular speed of the rod.

Solution 62

Texwe =0

L - L - L -
[M{_:El + 111'[_:}I ]w=[3m{'3} W

w'=3

Question 63
Two small balls A and B, each of mass m, are joined rigidly by a light horizontal rod of length L. The

system translates on a frictionless horizontal surface with a velocity Y2 in a direction perpendicular to
the rod. A particle P of mass m kept at rest on the surface sticks to the ball A as the ball collides with
it. Find

(a) the linear speeds of the balls A and B after the collision, (b) the velocity of the centre of mass C
of the system A+B+P and (c) the system about C after the collision.

B —%
!
|

[Hint: The light rod will exert a force on the ball B only along its length.]

Solution 63

(a) The light rod will exert a force on the ball B only along its length. So collision will not effect its
velocity.

Ug = Vp

Momentum conservation for ball A

mY0=pmva

vy =2

®)



-\‘iﬂ
Vo
™ I|| J.L-["?J
|
| et Wefa
T
Aw ' ! R

— My +MmMols
LJCJ"’I =
my +ms;
:lm:a+2m|:b;—ﬂ}

= m+Im

] 2rp

Vepr =
oM = 3

2vp rg _ vg

(c) velocity of A with respect to centre of mass= 3 z

2rg v
Vg — =—
velocity of B with respect to centre of mass= ° 3

3
. 7 =1 o

Apoplvin ,mLEOMT coM

ppyrg ]

rg [ v 21

x 2yl B h2pmE)e
(2m & I (m 3 3)=[2m 3 37
w ==

Question 64

Suppose the rod with the balls A and B of the previous problem is clamped at the centre in such a
way that it can rotate freely about a horizontal axis through the clamp. The system is kept at rest in
the horizontal position. A particle P of the same mass m is dropped from a height h on the ball B.

The particle collides with B and sticks to it. (a) Find the angular momentum and the angular speed of

the system just after the collision. (b) What should be the minimum value of h so that the system
makes a full rotation after the collision.

Solution 64
© A mo.
= ? & TN |'~ @ l ; i
® 1 T =
r — '
™ € = =Y | Y R

(a) If we consider two bodies P and B as system
then Fexr =10 and Text = 0

PE = Pf
—

m(¥ 29 h)=2mv'
[an



m(¥ I @)=lw
|IE 2ml* mi?
\ 2 T

mLY = =( ¢ *Jw
[Bgh

w= 3L

(b) When the mass 2m and m are at the top most position and at the lowest point respectively, they
will automatically rotate.
ChanLQe in Iioteftial Energy=Change in kinetic Energy

Question 65

Two blocks of masses 400 g and 200 g are connected through a light string going over a pulley
—4 Ly — 2

which is free to rotate about its axis. The pulley has a moment of inertia 1.6 107" kg —m and a

radius 2.0 cm. Find (a) the kinetic energy of the system as the 400 g block falls through 50 cm, (b)

the speed of the blocks at this instant.

Solution 65

i d £

~

Ta

G'lﬂ

Translatory Motion Equation
0.4g-T1=0.4a (i)

T2_0.29=0.2a (i)

Rotational Motion Equation, © =

T



TR —ToR = (16 X 1074 (D)

Solving (i),(ii) and (iii)
a=g/5

(iii)

Speed of block=Y 2 X 4¢€-X height

—
l2x2x:

N s T2

=14 m/s

Total kinetic energy of system

_é my v+ éﬂ'l: ve+ é Tw?

2(0.4)(1.4) +2(0.2)(14)2 + - (1.6 X 107%)(
=0.98 J

Question 66

The pulley shown in figure has a radius of 20 cm and moment of inertia 0.2 kg-""* . The string going
over it is attached at one end to a vertical spring of spring constant 50 N/m fixed from below, and
supports a 1 kg mass at the other end. The system is released from rest with the spring at its natural

- L4
‘0.02

}f

m?

length. Find the speed of the block when it has descended through 10 cm. Take g=10 m/5 ",

Solution 66
By energy conservation
%THL’: +%.ﬁ:x3 +%fm3
mgh== : 2 ]
X 9x 0 = (D@2 +3 00D+ (02) 57

v=0.5 m/s

Question 67

A metric stick is held vertically with one end on a rough horizontal floor. It is gently allowed to fall on
the floor. Assuming that the end at the floor does not slip, find the angular speed of the rod when it
hits the floor.

Solution 67



. ¥

By energy conservation

w=5.42 rad/sec

Question 68

A metre stick weighing 240 g is pivoted at its upper end in such a way that it can freely rotate in a
vertical plane through the end. A particle of mass 100 g is attached to the upper end of the stick
through a light string of length | m. Initially, the rod is kept vertical and the string horizontal when the

system is released from rest. The particle collides with the lower end of the stick there. Find the
maximum angle through which the stick will rise.

==y
m o
i
&
-,
p
_r.'{

Solution 68

l R ) SR

wey O b St \ A w
Yritol Atoge - e Co\lislon
' Juxt befo
Velocity of ball just before the collision:-
%muz = mgh
—
u:\" Egh
u=~.,“2 ® 10 x 1

—
u=Y20 mysec
Now, Torque about hinge is zero



LE:Lf

mul+0=lw ]
ML?
mi-+—

v, (B24(1)?

{(1)=+
(01"“*_2““)[<01)']1 5w

vl

w="10)(0.18)

Now By energy conservation
—fm- =mg(1l—cosf) + Mg (1—cos8)

'[CI (1) + (02 4} L ][(1&;‘-::513}]_ =01 x gx1(1— cosd) +w [1—cosé]
g =41
Question 69

A uniform rod pivoted at its upper end hangs vertically. It is displaced through an angle of 60 and
then released. Find the magnitude of the force acting on a particle of mass dm at the tip of the rod

when the rod makes an angle of 37 with the vertical.

Solution 69

By energy conservation

i1T|:JJ:=1rn‘g.~.i’?,
% %) m—:«,-ng {::053? —cos607)
] 2 _3%

T

So, centrifugal force
Fr = (dm)lw?®

: 382
='[_dmﬁ'[_1m}
F- =09g(dm)

Let angular acceleration of the rod be a when it makes an angle of 37 with the vertical.
1=la )

—sin 37" {:ﬁ a)
mg(* =3



g
a=0.9(!)
So, tangential force
F, = (dm){a,)
_(dm)(la)
F. = 09g(dm)
So,

[ -
'F:"u'- = ‘ﬁll Ff'- + lFl'_:
Fy = 0.9,/2g(dm)

Question 70
A cylinder rolls on a horizontal plane surface. If the speed of the centre is 25 m/s, what is the speed
of the highest point?

Solution 70

For pure rolling

Ve = Rw

Speed at highest point=v+ F¢
=2v

=2(25)

=50 m/s
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Question 71
A sphere of mass m rolls on a plane surface. Find its kinetic energy at an instant when its centre
moves with speed v.

Solution 71
v=Rw (Pure rolling)

1, 5 71 5
—lw* +-mv-
K.E=2 z

142 2 1 o
—(—mR-)(R—) +-muv*
=z \5 z p:

7 -
—muv
K E=10

Question 72
A string is wrapped over the edge of a uniform disc and the free end is fixed with the ceiling. The
disc moves down, unwinding the string. Find the downward acceleration of the disc.

Solution 72



L

5

a | e

™8

mg-T=ma -(i)
1=la
T-R =

mR® .a
5 {-E} (i)
Frop (i) and (ii)

a=?3

Question 73

A small spherical ball is released from a point at a height h on a rough track shown in figure.
Assuming that it does not slip anywhere, find its linear speed when it rolls on the horizontal part of
the track.

L

Solution 73
By energy conservation,

= 1 5
=lw* +-mv-
mgh== 2

4 sy o ;

: (:mR:) (;—) + I mp?
mgh:f 5 & 2

100

= |—

¥ 7

b=y

Question 74
A small disc is set rolling with a speed v on the horizontal part of the track of the previous problem
from right to left. To what height will it climb up the curved part?

Solution 74
By energy conservation,

O SO
—lw* +-mv- =mgh



1 5 1/mgr"
:mrs-+;( -

3=

g

Question 75
A sphere starts rolling down an incline of inclination 6. Find the speed of its centre when it has
covered a distance I.

Solution 75

¥ ()

By energy consiervationi
mg(lsinf) = = lw* + -mv?

, 12 AYLa 1 4
mglsing = :(E TIIR‘) G—J) + -muv~

mw ., .
v = \‘Il?gi sind

Question 76

A hollow sphere is released from the top of an inclined plane of inclination 6. (a) What should be the
minimum coefficient of friction between the sphere and the plane to prevent sliding? (b) Find the
kinetic energy of the ball as it moves a length | on the incline if the friction coefficient is half the value
calculated in part (a).

Solution 76
o, | Pt

™ ;




(@) mgsind — ff = ma (i)
ff =uN =pumgcos8 (i)
r=la

FFR=CmRYQ)
Solving (i),(ii) and (iii)

U= Etan&
__tan#
OREEE
ff'=uN = %{ﬁrng sin &)
¢ _ mgeinf
ff=mE

Translatory Motion Equation
mgsind — ff' =ma

. mygsind
mgsin g — — =ma
__4gsind
T 0B

u=0,s=1
v? =u? + 2as

v? = 2250

_ s =ut+ é at?
Time to travel , :

t2 ==

a
Rotational Motion Equation
T=1o
ffR=(GmRY)a

mygeind 2 -
= EmR-a

1/2  _o\+ .~ 1 . Bgsindl
= (EmR-) (at)2 + :m{ﬂ}

7
-mglsind
K.E=8 g

Question 77

A solid sphere of mass m is released from rest from the rim of a hemispherical cup so that it rolls
along the surface. If the rim of the hemisphere is kept horizontal, find the normal force exerted by the
cup on the ball when the ball reaches the bottom of the cup.

Solution 77



(ceat) O

i

By conservation of energy
1, - 1 .
mgR =-Ilw* +-mv-

142 o p= 1 "
mgH == (E mR-) G;) +-muv-

-~ 10
ve =—pghk
)

Normal contac_:t at bottom
mye-

R

N—mg=
m 10
N=mg+ = {_? gR)
17
N= —mg

Question 78

Figure shows a rough track, a portion of which is in the form of a cylinder of radius R. With what
minimum linear speed should a sphere of radius r be set rolling on the horizontal part so that it
completely goes round the circle on the cylindrical part.

a1

Solution 78



For minimlfm u, the ball will just be in contact with surface at top. So, N=0

me~

mg = (R—r)

v:=g(R—r)

Now, by energy conservation

i . 1 ., 1 _ 1 . _
Emu- + 3 lwg = ETIIL" + Efm- +mg.2(R—7)

%mu: + % G mr? ) (":—:) = %mg{:R —-r) + %(Emrf) (gl:i:_r}) +2mg(R —r)
7 . .
u=Zg®-r)

Question 79

Figure shows a small spherical ball of mass m rolling down the loop track. The ball is released on
the linear portion at a vertical height H from the lowest point. The circular part shown has a radius R.
(a) Find the kinetic energy of the ball when it is at a point A where the radius makes an angle 6 with
the horizontal.

(b) Find the radial and the tangential accelerations of the centre when the ball is at A.

(c) Find the normal force and the frictional force acting on the ball if H=60 cm, R=10 cm, 8=0 and
m=70 g.

NG

Solution 79
(a)



Energy conservation
.F'Lr.EE' + P. Ef - .i['l.r.Ef + P.Ef

0+mg(H—R—Rsinf) =K.E,4

. 1, 5,1 4
K.Ey =-lw* +-mv-

(b)
_% Gmrf) (:’—1) +Zmy?
K.E, = i:rnr:-': =mg(H—R —Rsin#)

-

P2 :%E(H—R— Rsing)

(i)
Radial gcceleration
a, == =29 (4 —R—Rsin8g)
R TR

Differentiate equation (ig for tangential acceleration

du —1log d
2v—=—"Rcosf.—
dt 7 dt

=1 R
=—gcosd.— v v=~Rw
v

mg

Horizontal direction
10g (H—R—Rein#f
N=ma,=mx 109 (H-R-R<inf)
7 F:d
70 . 10 0.6—01—-01xsind
(= x10)(—)
— 1000 -7 ol

N=5
Vertical direction
mg — ff =ma.

ff =m{g—a;)



2 (10 -2x 10)
=1000 7

ff=02N

Question 80

A thin spherical shell of radius R lying on a rough horizontal surface is hit sharply and horizontally by
a cue. Where should it be hit so that the shell does not slip on the surface?

Solution 80

Cue hit

ve = Rw (Pure Rolling)

By angular momentum conservation
mveh=lw
. _ E 2 E
mv-h= {_EmR }{_R}
==
3
Question 81

A uniform wheel of radius R is set into rotation about its axis at an angular speed w. This rotating
wheel is now placed on a rough horizontal surface with its axis horizontal. Because of friction at the
contact, the wheel accelerates forward and its rotation decelerates till the wheel starts pure rolling on
the surface. Find the linear speed of the wheel after it starts pure rolling.

Solution 81

¢ 3

—

\1‘!

1

A Puste RollirB

By angular momentum conservation at bottom point since Texe =0
Li = L_f

Iw =mv'R+ lw'

R® Ry
(mﬂ :]m =mv'R+ (2 ){%}

"




Question 82

A thin spherical shell lying on a rough horizontal surface is hit by cue in such a way that the line of
action passes through the centre of the shell. As a result the shell starts moving with the linear
speed v without any initial angular velocity. Find the linear speed of the shell after it starts pure
rolling on the surface.

Solution 82

\ v’

——

—— l A gtm PU-H-E Rb‘lli h'\g

By angular momentum conservation at bottom most point
Li = Lf

mvE=mv'R+Iw'

~ .
muvR = (: mRE) (L—) +mv'R
3 R

Question 83

A hollow sphere of radius R lies on smooth horizontal surface. It is pulled by a horizontal force acting
tangentially from the highest point. Find the distance travelled by the sphere during the time it makes
one full rotation.

Solution 83

T=1a
FR = {; MR?) o
arF
IZMR
Time to complete one rotation
6 = wyt +-at?

=1 (2) 2
2 \ZMR




[anmr

N 2F
For translatory motion
:
=0t = lsnwx;azﬂ
W 2ZF m
1 .
s=ut+_-at-
1_F .  lasMR
= —{— |
s 0+ 2{':&1 }{\‘I 2F }
4R
§=—
3
Question 84

A solid sphere of mass 0.50 kg is kept on a horizontal surface. The coefficient of static friction
between the surfaces in contact is 2/7. What maximum force can be applied at the highest point in
the horizontal direction so that the sphere does not slip on the surface?

Solution 84

____%:.—-—%’P

¥

£ ;
g

F—ff=ma (i)

T=1Ia
(FR+ ff R) = CmR*)(%)

F+ff= ima

>

(i)
ff =pN=-mg i)
Solving (i),(ii) and (iii)
F=3.3N

Question 85

A solid sphere is set into motion on a rough horizontal surface with a linear speed v in the forward
direction and an angular speed v/R in the anticlockwise direction as shown in figure. Find the linear
speed of the sphere (a) when it stops rotating and (b) when slipping finally ceases and pure rolling
starts.



A0

Solution 85
(@)

oI, p
Lp dl f L

\J

i
i
(]
¥
L]
i
\

L, =
Conserving angular momentum about bottom point

=1L
mvR — lw =mv'R
a i E 2 E — ,:Ill
mvR (EmR ){R} mv'R
E*.r:rl vR =mv'R
5
p' =2
5
(b)
]
| ,-’
|
\J‘J ] ¥ V
! (%]
|

Conserving angular momentum
mv'R=mv"R+Iaw"

m (E;L) R=mv"R+ (E?;-;RZ}{%”}

”_31:

7

Question 86

A solid sphere rolling on a rough horizontal surface with a linear speed v collides elastically with a
fixed, smooth, vertical wall. Find the speed of the sphere after it has started pure rolling in the
backward direction.

Solution 86



A%
i = Il:h;
Belove Colision " (shiston

L!:Lf
mvRE—Iw=mv'R+Iw'

—(2me2 V(B = iy 2 pay P
muvR (BmR )(R) =mv R+(5mR }(R}

' Jv
v ==
7

.y

N
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