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TOPICS : ROTATION MOTION (SOLUTION)

v2
T—mgcos@ = e 0

mv2
T= T+ mgcosO (i)

In AOPM, cos 9, = _O_ji k-

Reference
level for P.E. o

= OM= £cos
oM’

In AOP'M',cos9 =

= OM'= {cosB
OM' — OM= £(cos8—cos8)

Loss in potential energy = Gain in kinetic energy
(ActivityP to P')

= mgl(cos®—cosO;) = %mv2

= v2= ZgI(COSe—COSO()) (ll)
From (i) and (ii)
T= —r;—l x 2g £(cosO —cosBgy)+mg cosO
T=3mg cos 0 — 2 mg cos O

= T=mg(3cosg —2cosy)
From equation (i) it is clear that the tension is maximum
when cos@ =11i.e., §=0°

ST = mg
mv2

Hence, T, = wE +mg ... (iif)
From eqn. (ii)

V2= 2gl(i-cosBy) . (iv)
From (iii) and (iv)

T = %[2g€(l —c0s8y)] + mg

T . =3mg—2mgcosb

80 =3 x40-2 x40 cos8,

1
= 80 cosBy=40 = cosBy= 5 B By =30°
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Suppose mass m moves around a circular path of radius 7.
Let the string makes an angle 6 with the vertical. Resolving

tension 7, we get
and, Tsin@=mre? ... ()
Tcos@=mg ..(ii)
ro?
tang=——
g

,
From diagram, sin @ = 7 "

= r=/sin0

2
tan g = £5in0>—

2 _tanf.g _ ’ g
£sin® £cosO
1 g
= V= 2m\ecos s i)

From (ii), T'cos = mg.
For M to remain stationary, 7= Mg

Mg cos =mg
m :
= cosf = o . (V)
From (iii) and (i _ 1 |gM
'rom(m)an @iv),v= g e

Let o be the mass per unit area.
Then the mass of the whole disc = ¢ x 1 R?
Mass of the portion removed = & x 172
R=28cm;r=21cm; OP=7cm
Taking O as the origin
The position of c.m.

mXx; —mpXxy

m —my

_oxnR*(0)-oxnrix7
B 2

cnR*-conr

-21)*x7 21x21x7
= 3 > == =-9cm
(28)% - (21) 7% 49
This means that the c.m. lies at a distance of 9 cm from the
origin towards left.
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4. C.M. of the system of two bodies in situation (i) in

x-coordinate

M x0+mx mx;

Xc=

M+m  M+m <@
+Y

0

For xandy
In horizontal direction x = v, x ¢

2
Yo Yo _ %

XA
=R-r)

R-r

: Z < /\{, 777 =
Situati g2

: )y Situation (1) % Situation (2)

'

C.M. of the system in situation (ii) in x-coordinate is
Mxx,+mxx, -
xC=W—=x2 ... (1)
Since no external force is in x-direction
Xc=Xc
_my _mR-r)

—
2 M+m M+m

Applying conservation of linear momentum,
Initial Momentum = Final Momentum

0=MV-mv
- MY
P ... (1)

Applying the concept of conservation of energy, we get

Loss in P.E. of mass m= Gain in K.E. of mass M and Gain in

K.E. of mass m

1 1
= mgR-r= EMVZ +5mv2

122
=3

m

= 2mg(R-r)=MV2+ [from (i)}

21,2
2mg(R—r)=MV2+ MV

m

2mg (R—r)=MV? [1+£}: My? {—-—"’J'M}
m m

U

2m’g(R=r) _ 2 _ [|2&R-r)
M (m+M) =V = Ve M M)

The angular momentum is given by L= Xp, =Py
=mlxv, ]

: ; , v,

(x, y) are the coordinates of the particle after time ¢ = - and
g

vy, v, are the components of velocities at that time.

For v, andv, A gy

Yo
v, = vy cosd5’ = —=

V2 45°

2 X
Vo

N2 :
(The horizontal velocity does not change with time)

Applying v=u + at in the vertical direction to find v,

. o Vo v v Vo
v, =|vysin45 —g[—)=_i_ o 20, Ol
y ( ) g \/5 g g (2 0
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1
In vertical direction applying S=ut+ —2-at2

. Mo w1 . V(% vy Vg
\/— g 2 g \/_ 2g 2g
Putting the values in the above equation
L -Voz X(Vo ) ( Vo V(Zu\
=m|— —_—
Vg \\/ 2g 2gJ V2

v(3) vg vg v3 }

_'"_VS[ ! __1_] L= 2™
32 2
NOW,Z=;><;

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

?;
F

6. KEY CONCEPT : Applying law of conservation of energy
at point D and point 4
P.E.atD=P.E.atQ+(K.E);+(K.E.), where
(K.E.);=Translational K.E. and (K.E.), = Rotational K.E.

1 1
= mg24)=mg(l)+ Emv2 + Elmz 6

Since the case is of rolling without slipping

V=rm

v @ i
®= — where r is the radius of the sphere
r

D
2 2
Also, I= ‘5'mr 24m 04.43 m/s
1m ;
Putting in equation (i) A B o

2
mg2a-)=Lm? e 1(Z2) 2
2 2\5 4§

[
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2
or, gx1.4=—7-1% = v=443m/s

After point Q, the body takes a parabolic path.
The vertical motion parameters of parabolic motion will be
u,=0 S§,=1m
= 2 o
a,=9.8m/s =7

1
S=utoa = 1=494

.

t = L =0.45sec

Y J49

Applying this time in horizontal motion of parabolic path,
BC=443%x0.45=2m

Note : During its flight as a projectile, the sphere continues
to rotate because of conservation of angular momentum.

"Initial Kinetic Energy

1 2 1 s 1 2
= +—myv) +—MV
mv 52Ty

0.08 x10? +%0.08 x62+0=544] (i)

M

" ix =0.5m

ix =0.5m

Applying law of conservation of linear momentum during
collision
my X vy +my < vy =M+m +my)V,
where V, is the velocity of centre of mass of the bar and
particles sticked on it after collision
0.08x10+0.08 x 6=(0.16+0.08 +0.08) V_
= V., =4m/s
Translational kinetic energy after collision

= —;—(M +my+my)V2 =2.56] ...(i)

Applying conservation of angular momentum of the bar
and two particle system about the centre of the bar.

Since external torque is zero, the initial angular momentum
is equal to final angular momentum.
Initial angular momentum
=mv) X x=m,vyx
=0.08 x10x0.5-0.08 x 6 x 0.5
=0.4-0.24=0.16kgm?s™! (In clockwise direction)
Final angular momentum = Io»

Mr? 3 5
= +mx” +myx” |®

12

0163
- 12

+0.08 % (0.5)% +(0.08)(0.5)2 :'co
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=0.08 ®

0.08=0.16 = ®w=2rad/s .. (iif)
Therotational kinetic energy

1 1 :

= 5]0)2 = x0.08x 22=0.16] ... (iv)
The final kinetic energy

= Translational K.E. + Rotational K.E.

=256+0.16=2.72]
The change in K.E. = Initial K.E. — Final K.E.

=5.44-272=272]

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

My
\4
: ]
A 9] B
PRy

—L2—>»

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

L
Myvx —=Iw
e

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

2
= mvi- M(éj s Lm? o
4 4) 12

L M1 1 MI?[3+4
= Myx—=—r|—¢-|og=—| —
4 4 |4 3 4 | 12

_MP 7 _12v
+ BT Ter

() Note : Initially the torque due to mass OB of the rod
(acting in clockwise direction) was balanced by the torque
duetomass OA of therod (acting in anticlockwise direction).
But after collision there is an extra mass M of the insect
which creates a torque in the clockwise direction, which
tends to create angular acceleration in the rod. But the same
is compensated by the movement of insect towards B due
to which moment of inertia / of the system increases.

Let at any instant of time ¢ the insect be at a distance x from
the centre of the rod and the rod has turned through a=

angle 9 (= w) wr.tits original position.

Instantaneous torque, A}S .
dL d SN
t=—£=—‘5(1w) DA a7
B
d[ x\\\‘iﬁ}
=n— £
dt \\\ §
N
= mil:LMLz +Mx2} B
de| 12 Mo
dx .
= = ) .
2Mox 7 @)

This torque is balanced by the torque due to weight of
insect.
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7 =TForce x Perpendicular distance of force with axis of
rotation = Mg x (OM)
= Mg (x cos0) 3 .. (i)

From (i) and (ii)

: &)

—= = | ——|coswtdt

2M o x a Mg (xcosb) = dx s
On integration, taking limits
L2 g (" /20

I dx = coswt dt
L/4 2070

L
when x=z,wt=0

L/2 g

[]L/4— 2[ n('Ot]()
N o B
when x—2, =3
= (£—£j=i[sin——sin0i|

2 4 20)2
- L g 2g

S o SIS

4 202 L

12 v 2g

== — == =—4/2gL

Bl BNy S gy g =7 gy

= y= %VZXIOX1.8=3.5 ms™!

9. (i) [Initially, the rod stands vertical. 4 straight disturbance
makes the rod to rotate. While rotating, the force acting on
therod are its weight and normal reaction. These forces are
vertical forces and cannot create a horizontal motion.
Therefore the centre of mass of the rod does not move
horizontally. The center of mass moves vertically
downwards. Thus the path of the center of mass is a straight
line.

(ii) Trajectory of an arbitrary point of the rod

Consider an arbitrary point P on the rod located at (x, y) and
at a distance r from the end B. Let 6§ be the angle of
inclination of the rod with the horizontal at this position.

In ABNP, sin® =2 ... ()
r

_X+BN _x+rcosb

0s0 =
L/2 L/2
X i
= cosb= T - (if)
=)
2

From (i) and (ii) sinZ @ + cos? 0 = 1

CREATING SCHOLARS
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This is equation of an ellipse.

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

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

mgsin®—-T = ma - (@)

The linear retardation of the block and the angular
acceleration of the drum (o) are related as
a=Ra .. (1)
where R is the radius of the drum.
The retarding torque of the drum is due to tension 7 in the

string.
t=TxR
But © =/Jo.. where /= M.I. of drum about its axis of rotation.
1l =5 .
T><R=5MR o L) | 1=5MR
1 sa 2T
i =—MR"— =—
From (ii), 7R > R =a ;

Substituting this value in (i)

in@—7 3 2 = in@ [1+2 )
1 —_— = —_— = ot
mgs m mg si 1

_ (mgsin®)xM  0.5x9.8x5in30°x 2
 M+2m 2+2x05
(ii) The total kinetic energy of the drum and the block at
the instant when the drum is having angular velocity
10 rads™! gets converted into the potential energy of the
block.

=1.63N
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11.

[(K’E ')Rotationalldrum + {(KE ) )Tmnslational]block = mgh

lIo)erlmv
2 2

2 = mgSsin®

%Imz +%m(Ro))2 =mgSsin® [-v=Ro]

1 1
= EMRsz +EmR20)2 = mgS sin®

1 R20*(M +m)
> ——————=§

2  mgsin®
L oo 1,02x02x10x102+08) _ )
2 05x9.8xsin30° ™

During ceflision, the torque of the system about P will be
zero becauge the only force acting on the system is through
P (namelyweight of rods/mass m/reaction at P)
“4=0.6m b
m,=0.01kg
mp=0.02 kg
m=0.05kg

Given: '3

my |4

: qn 21
Since, 7= —andt=0

dt B

= L is constant. v

o—»Y

m

Angular momentum before collision=mvx 2/ ... (i)
Angular momentum after collision = Ie .. (i)
Where /is the moment of inertia of the system after collision
about P and o is the angular velocity of the system.

M1 about P: I, = M.I. of mass m

L=M.I ofrodm,

I;=M.I of rod my

I=L+L+1,

oo )50

(2 ) (2 o92)
:[4mz2+mALE+TJ+mBkE+—4—J}

1
= {4m€2 +§mAZ2 +%m3e2} =0.09kg m*
From (i) and (ii)
Io=mvx2/
_ myx2¢ 0.05xvx2x0.6
e 0.09

= =0.67v
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Applying conservation of mechanical energy after collision.
(Using the concept of mass)
Loss of K.E.=Gain in P.E.

S To? (e] (%j
—Io° = 20)+ —lg+ —
3 o =mg2l)+my, > g+mgg 5

= % x 0.09 x (0.67v)>

= [0.05 x 2+0.01x%+0.02 x%}x9.8 x0.6

= v=63m/s

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

v
R

Where Nis the normal reaction
and m is mass of cylinder.
The condition for the cylinder
leaving the edge is N=0

2 V2

e 5 cosf= R—cg ..(0)

mgcos® —N=

mg cos =

Applying energy conservation from O to O'.
Loss of potential energy of cylinder
= Gain in translational K.E. + Gain in rotational K.E.

From (ii), (iii) and (iv), we get

2
1 o, 1 1 5, v
=—=mV, +—x—mR" x—=
mgh= 5" 372 R
1, 1, 3, 5 4gh
=5 gh= EVC+ZVC=ZVC :>VC=T
In AO'MP, cosOr—-RTTh
= h=R(1-cosB)
V2 =ig—R(l—cos9) (V)

3
From (i) and (v), we get

cos6 = _‘1’5”_(1 —cos0)
3Rg

4
=>3cos0=4—-4cos® = cosb= 7
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13.

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

2_4_85[ _i)z_“gR ]
¢ 3 7 7 € 7

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

0= cos™! f;- =55.15°

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

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

1 1
mgR = —lo” +5m(v’c)2

2
2
11 ([ag)" 1
mgR = EXE’"RZ x k %) +Em(v'c)2
_ Ve _ |4gR/T
®T R R
mgR . 6mgR
= mgR- - =Translational K.E. = -
1 R
Also, Rotational K.E. = 3 Io? = Ln_g_
Translational K.E.
Rotational K .E.

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

When small sphere M changes its position to other extreme
position, there is no external force in the horizontal direction.
Therefore the x-coordinate of c.m. will not change.

= [xc.m]fmal

[ o Jiniat ™

i
9] { 0 &
K—L’-SR-&{&@ €0 ] X
:%MR_, )
\\ ’I
< L

(AL L
Thin line of sphere represents initial state, dotted line of
sphere represents final state.
From (i)
(xc.m)iniﬁal = (xc.m)fmal
M,xl +M2X2 - MI.X'1+M2X'2

M1+M2 M1+M2
4mxL+mx(SR+L) 4mxL'+mx(L'-5R)
dm+m dm+m
= SL+5R=5L-5R
= SL+10R=S5L = L+2R=L

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

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

14. (i) The observer, let us suppose, is on the accelerated

frame. Therefore a pseudo force ma is applied individually
on each disc on the centre of mass. The frictional force is
acting in the + X direction which is producing an angular
acceleration a.
The torque acting on the
disc is

t=Ila=fxR

Io

= R @)
Let o' is the acceleration of
c.m. of the disc as seen by
the observer. Since the
case is of pure rolling and
from the perspective of the
observer
a'=oR
= From (i) and (ii)

Ia'

¥

Applying Newton's law for motion in X-direction
ma—f=ma'

=dad= (a—i) .. (iv)

m

... (i)

Also moment of inertia

1
I= E”’Rz )

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

ol
r- %iﬂi&i—@)— = 2f=maf

= 3f=ma :>f=ﬂ3‘-z—=2;9

=6N (In +Xdirection)
f=@®6)N

(ii) The position vector of point M, taking O as the origin
7, = —0.17 - 0.1k and position vector of point N
ry =0.17-0.1k
The torque due to friction on disc 1 about O
T =y % f = (0.1 —0.1k) x (67)
=0.6(k-j)N-m

The torque due to friction on disc 2 about O
T, =ry % f=(+0.17-0.1k)x (67)
=06(-j-k)N-m

The magnitude of torque on each disc
|11 1=]75 |=0.6/2N—m
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15. @

Resolving the force F acting on the wedge

F,=Fcos30°; Fo= = F'sin 30°
Note : The collision is elastic and since the sphere is fixed,
the wedge will return back with the same velocity
(in magnitude).
The force responsible to change the velocity of the wedge
in X-direction is F.

F x At=mv—(-mv)
(Impulse) = (Change in momentum)

2my 2my 4my
= Fcos30°= = F=—F7=—
Y = Fcos A \/gAt

In vector terms

F R+ By = Feos30°i+ Fsin30°(h

N

1 ~
=Fx —i+Fx—(-k
2 i x2( )

- Aa _ﬂ g 5
sl F=?(ﬁl—k)—ﬁm(\/§l k)

Taking equilibrium of force in Z-direction (acting on wedge)

we get
F+mg=N
F
= N=—+m,
2m R
N=( +mg | k
NEYY: g

(b) Taking torques on wedge about the c.m. of the wedge.

Fx h—TorqueduetoN+mgx0=0

4myv
= Torquedueto N=Fx h= \/SAtXh

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

~o Kvl} -
''''' " Reference
level for PE

Applying energy conservation
Total energy initially = total energy finally

R
mg(2R+2T) +mg[R+zTR) =ng+%Im2

CREATING SCHOLARS
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17.

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

10R 6R 1. 5 1. 5
X — +mg— =mgR+—I0° = 3mgR=—=Io
ngE = HE— =g 3 mgR =~

= o= ,/E"'Ig—R ()

(Dpo=Uise)pp * Unas)pp
BN

1
[+ M.I of disc about diameter = ZMR2 ]

_ mR[4+1+25] 15mR* .
= 16 P ... (1)
From (i) and (ii)
6mgRx8
15mR?

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

R 16g SR
= = —2 x"—=,/5gR
v m(R+4) SR X 4 g

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

|

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

Y i .
Q= M_l acting towards right.

At the same time, the force fis trying to rotate the cylinder
about its centre of mass.

fXR=Ixqa
R % ; ; .
= a= f* leR o S in clockwise direction.
I M R2 MIR
2
S 2f i
o, toR= E M—lR xR = —E, i.e., towards left.
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Therefore, the point of contact of the 5y1inder with the
ground move towards left. Hence friction force acts towards
right on the cylinder.
Note : You can assume any direction of friction at the point
of contact and solve the problem. If the value of friction
comes out to be positive, our assumed direction is correct
otherwise the direction of friction is opposite. The above
activity is done so that if only the direction of friction is
asked, an approach may be developed.
Applying Newton's law on plank, we get

F —f=m,a, .. (@)
Also, a, =2a, .. (i)
Because a, is the acceleration of topmost point of cylinder
and there is no slipping.
Applying Newton's law on cylinder

Ma, =f+f ... (iii)

The torque equation for the cylinder is

1 a
fXR-f'xR:[a: EM]RZ X(;}J

[1I= % R and Ra=a,]
(f-fHR= %MlRal =>f+f= %Mﬂl ..(4
Solving equation (iii) and (iv), we get
= %M 191 .5
and f'= %Mlal (6)

From (i) and (iii)

3
F-f=2mya, = F- ZMlal =2mya,

___4F Lo 8F
T 3M v 8my, T 3M, +8m,
From (v) and (vi)
7= 3y« 4F __3PM,
4 3M1 +8m2 3M1 +8m2

1
Andf'= M xa =

18. 1 =1.2kg-m?

AVIRAL CLASSES
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19.

A. The centripetal force

o

Let y be the distance of c.m. from line 4B.
Applying parallel axis theorem of M.I. we get
M.I of laminar sheet about 4B

IAB=I' ery2
[,=13% 30 ()

The angular velocity of the laminar sheet will change after
every impact because of impulse.
Impulse = Change in linear momentum
6=30 V=)
6=30xy(0~w) .. (i)
Also, change in angular momentum = Moment of Impulse
1, 5O 1,0, =Impulse x distance
L (0~ ©)=6x0.5=3

+o ) +(=1 (iii)
0= j = = i
T oLt 124307 <

Note : Minus sign with @, because the direction of laminar
plate towards the obstacle is taken as — ve (assumption).
From (ii) and (iii)

6=30xy| ————1+1
1.2+30y

3
1=5y| ———
y[l.2+30y2:|

1.2+30y2=5y [+3]=15y

30p2-15y-1.2=0
On solving, we get y=0.1 or 0.4

o= 1rad/sifwe puty=0.1 ih eq. (ii)
And o.=0.5rad/s ifweputy=0.4in eq. (ii)

(Not valid as per sign convention)

Now, since the lamina sheet comes back with same angular
speed as that of incident angular speed, the sheet will swing
in between P and Q infinitely.

(@) Themass Bis moving
in a circular path centred at

(m £ @?) required for this
circular motion is provided by
F'. Therefore a force F' acts
on A (the hinge) which is
equal to m £ @?. The same is
the case for mass C.
Therefore the net force on the
hinge is

F, = F?+ F24+2F'F'cos60°

i J2F'2+2F'2x% = 3F'= 3 mla’
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20. . dL
We know that T=—
() The force F actmg on B will provide a torque o the dt

system. This torque is = Ixdt=dL

3

When angular impulse (Txdf) is zero, the angular

e 2 — momentum is constant. In this case for the wooden
\/_ log-bullet system, the angular impulse about O is constant.
Fx 3¢ - 22) Therefore,
2 [angular momentum of the system], ...
. = [angular momentum of the system]ﬁ“al
V3 (F = mvxL=Ixa®
= a= Y X 7 where [ is the moment of inertia of the wooden log-bullet
m F system after collision about O
The t;;tal(forc)e acting on the system along x-direction = Iy =1, o0dentog * Toullet
1
This force is respon51b1e for giving an acceleration a_wo the = EMLZ +MI? .. (ii)
Bystem. From (i) and (i)
Therefore,
Ft+(Foe),=3m@a)
" v BF L _F myx L
™ am L & 4 m 3 4) 0=F 1.5 )
ML +mL
3F _F 13
Y - Fes =
my 3mvy
= Y/ = 0= = =
(F¢p), remains the same as before = V3 mio? ML . L} (M +3m)L
AVIRAL CLASSES . .
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