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18. 12 3

MI

[ (—>

4x107° %1072 T
| 2

19. 1.7 10* 103 ( 2

16 x107%°

10 —— 2

103 = 13.6
4

=17 10

271 21
= ? = 2 rad/sec.

_ZKE__
4 = 2

KE*lIZ:I
.E. 20)

21.

MI is more when mass is for away

o o W A A W AR
I, = [dm (202 =M da?
I, = [dma® = Ma®

22.

From perpendicular axis theorem

(R AR
i T
R N

M /2

24
MZ M2
24 12

M2
12

=l =

LI+I=

.. MI of two rods = 2

23. 1=x2-2x+99

MI about axis pass through centre of mass will be

minimum when (U000 0000700000 00C DO O

Q0O OIOONOroiodoDniOoy

dI
— =0=>2x-2=0 = x=1
dx

24 . Plane of disc is (X - Z)

AL =141 =40=30+1 - 1= 10

25.

26.

27.

28.

29.

30.

31.

720 x2m

= 60 = 247
0=24n-a 8= a=3n
24
t=lo =— 3n =72
T

Rod rotates about its one end in a horizontal plane

QUIMUOOhiUDOrtro oo

el Ms B MU .58
ST Otﬂz 6 3 oa = 4L

. Book does not rotate so for rotational
equilibrium the net torque becomes zero.

(ORIt OIonOmonoooroorrdnao
NIRRT )

Tweight + %man = O

an = - T weight

= _ [W X g anticlockwise}

For angular acceleration OO0 OOy = 1a
=20 02=02 o =0=20 rad/sec?
Lo=o tat=0+20 5 =100 rad/sec

- Density of steel > Density of wood

(Uoloiroid-ioononnooa
.. MI about O > MI about O
[in fig(a)] [in fig(b)]
T o, I
L= T =
I o' I
Angular acceleration (LI [0II)a = %

t=(10+9 03-12 0.05=5100 a
cooo = 107 rad/sec?

Centre of mass of the rod (JU.ON0I000IOI)
1

@

2
.. CM. = 3 L from O

Moment of inertia about O is

(o1 ML )

= CM. from 'O' = [ pxdx)x

L
0

1= [dl = [dmr®= jg(xoxdx)x%"f
Q
<

.. Angular acceleration (D UD:UDD[DDDU)

xOsz 2
Tweight _( 2 gx g L

I AL!
4

_4g
3L
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K? K? 2
ijT2a~L=timeT; — ==
R R 5

_ gsin©
- 2

= For solid sphere which is minimum in all of them.
So a is maximum and time to reach bottom is

minimum. ((00O00O0O0OIO000O0 C0I00I0000D 00

IO0DODDMMODOENIULoDDDNDODImood
OI0OID00I000000T)
As given (KE), = (KE) . = %I(;f: %MV2

2

1 1 K
=3 MchoZ:EMRZmZ; R = 1 = Hence ring
1 1 MR? v
h = Mv?+—
meR T TV Ty Ty R?
2v? + v?
4 4

=gh =

2

2
Y |1+=|2 -
:2[ 5 gh =v

Angular velocity of rod in vertical position

(i

N

N2
AN
1ML* , Mgl 3g

® ;=
2 3 2 L
upper part of rod rotates through an angle 0 its

L
centre of mass will rise Z(l — cos0)

OOIOIOoNIr Ol 0t OO0 O oo0mIOn

0001 £ 1 - cos
From energy conservation (0T 00000 0oy

2
1(MY(L/2)" [ [3g) 1 1
= 2(2] 3 2 +ZMQL_ZM9L cosB

=0=60°
v v —X—> T
" e z Vl* _______ @2 * 2
X ! -x S +—l-x—>
v/l
SvlEux tux o x =
v+ v,

EXERCISE -II

M2 {Mﬁ ) LOM /2
[=2 4| —4+ M/ [= —/————
{ 3 3 = 3

When ball moves towards ends of the tube MI
increases (UUIUOIOOTO0IONIOIOMIDIOI D00 Om?

Qoo

(.. For system Zfext & X1, are zero)

. Angular momentum & linear momentum
remains constant

Qoo CoIoibortoonooQ

Slo =Lo,=>L >0 = o0, <o

pxl o o PO P
5~ loor o= e

6P
21 a
X
12

m(

2

06 = 1 nm/
SO t=—=—X—m =
o 2 6P/mf¢ 12P

The prism will be topple when the torque due to F
becomes greater than the torque of weight about
the front corner of the prism.

(i
OIoiiOmoromooodoooma

\/ga _ a mg

2 ™ 27Tl

. F

As rod does not slip on the disc, so the kinetic energy

of the rod is (LILI00I0O0NOIONITIO00O0TIIIDIN
OooInoman

2
Lo L[ ME L vR? o
2 2 12

[ — MI of rod about axis passing through centre of
disc & perpendicular to the plane.

(- I0DOIDODIr oo Imon T
RNy

(vsin45)? B v?

2g 4g

Max height (JO00IO0O0) H =

v vcosd4b
H
a5 L 4

Angular momentum (i ninin)

3
mv

H =

4+/2g

2
= mv cos45 v
4g

SE
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Sphere is on verge of toppling when line of action
of weight passes through edge. (JUIUZII OIIOIOE
0L O A M R R MRy I

R-h
cosG=T = h=R-R cosb

b z 3 b N, Y

. For purely rolling (J.OIIIIOIONON)

So at point 'P' the resultant velocity makes 45
with horizontal 'x' axis and it is also the angle

between 'v' and ‘a'. (UOIIOIOCPIOO OXOONOCT OO0 O]
IO IO 00000Mas O00mOrooooooo
VIl 0 10000 omdmmiomod

For motion from A to B from energy considerations

@0BIIONINOIO0OONO0ODIOm
mgh 1 2gh

1
2 1+_) 2=
2 2 ( 2) "V T3

Now, for motion from B to C

OUBIOIcOHINIIONOD

thus remaining translational KE

(R i )
m_gh _ 5mgh
6 6
hence required ratio (DDDU DUDIDUDDD:D)

KE, 5mgh N 6

t =

KE, 6

KE=mgh -

=5
mgh

24.

25.

26.

27.

29.

30.

1
ystem E

mv?(1+1 +l V=IO =2y
syste: v ( ) 2 m
2m v
1
(m+2m)2v? +§m(2v)2 = 6mv? @v

v=ro
As we displace to the right, lower point of rod is

KE =

having tendency to move towards left. So friction
is in direction right so center of mass will move
right.

CUioOIONIoIooIdnIomritidiomong
(0oo0iomoDNoooItin oo OiorOwoorbo
OO orOnI oo oNC oD oD
Hininnin)

Frictional force always acts in such a way to prevent

the sliding or slipping.(I/L1] DOI0OI0OII Ol OO0 0L
[dio0oOmoooiomy

(. JOOoooononod

As the disc comes to rest,

\Y%

So O0=v-ugt =t=—_
0~H3 ug
®
Also 0=, -at =>t= —
o
Vo _® Yo _HS
Thus Lxg o :030 o
Vo _pgmr ot 1 m?/2 1
2r(;)o a mr’ amr® mr® " 2 2

Angular momentum OII0I0000= ¥ rxp

As v increases when falls down thenp also and so

angular momentum is also increases. As particle
falls down the length of position vector decrease
so MI about 'O' also decreases.

(OOIO00OI0N000N O I00000MI00 » 000000
JOIooIDIonooDIolioonm oot
IOormOIiinorIiommOoonmn
OoioOmnom

0000w = + = =t

r

[
|

Force diagram of plank and sphere
A )

m,

P |
g.g T *m s @
F f

Ff=ma
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(A) When insects move from A to B moment of
inertia increases and when if move from B to
C moment of inertia decreases

A

C

QO aNEOID OO OO0
] 00 = 0
[o0moQ

(B) No torque acts on a particle angular
momentum of the particle remain constant

O A
QionooooNooonoomy
Io = constant (UDDD)

.. o first decreases & then increases

(. o D0OMOOIOMOIOIO000No4
(C) Remain constant (DDDD 0aom DD

(D) KI = —

ol . first decreases & then increases

(OUIIoOImoooomoa

For translatory motion (DD[UD][DU[DD [oan DDUDD)
F-f =ma_..(3)
For rotatory motion HOoioo oI doiooo
FR +{R = la...(ii)
By solving equation (i) and (ii)

OFR? S 2F[ 1
ItmR? =% T | K?

T ge

2
(A) For Fminimum a_, is maximum in sphere

([DDDDDE—E UI00I0R,_ DOidiomomomea

2
F
(B) For —5 =1 =>a_=—thatisf =0
R cm m r

(O F —K2 ——2 = *—6F that is f = —F
or —; =3 a °m at is f 5
o RZ 2 Bam 3m

Comprehension # 1

1. Case | Case Il
Ith=mv1 -0 _[th=mv2
R R
ZIth:Iml—O Edet:lm2

as @, > O = KE2 > I/(E1

2. Point of percussion at which (f = 0)

(f = ol00IOIIO0ONIIO)

I
= WD ho— 0.4R

For h > ho friction act in forward direction

(h > h, 0000000 QOO0 ool toonod

Comprehension # 2
1. f =pmgR) =la=(0.15 10 1

2
= gMRzoc = a = 2.5 rad/sec?

(,0=(,00—0Lt E
0=40 (25 t=1t=16 sec

Comprehension # 3

1. By applying conservation of angular momentum
about O.

ol0NIODINoloidomoy

v

ASUURUUNNNNNNNNNY

2 2 mR2y"
MvR+ = mR?o=mv'R+ 3% +MVR

(@]
(o]

AN ONNNNNNNNNNNN

2 7 2
“mR’0=—mvR= v = =
5 5 =2 7 oR

2. By applying angular momentum conservation law
(N )

_ va’R2 V= Sv
5 R 7

A%

mvR

ASSSSNNNNNNY

Change in angular momentum gives angular
impulse

O] M A )
5v 2

2
RJ.th =lo=0 =ng2 (7—R) = 7mVR
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Comprehension # 8 &
1,2 For translatory equilibrium E
dmoroooOIoondroany f
F-1f =ma ...[( r
For rotatorry mo(;ion()
(IuoioCrooy =
f R = lIo....(ii)
For plank (IR ) f = ma, ...(i)

By solving equation (i) (i) and (iii)

o o, (F0)_(20) L
m m m

E
:>f=£;a=—
r 4 p 4m

Comprehension # 9

1.

Normal of the cube shift towards the point 'A' to
balance torque of friction.

(IOmrrmroCiod IO OO
[D0IalCIOONOoIToomToO

For toppling before translation torque of F and f

about centre of mass.(DD[DUDDUDDD giooQoooon DDDd
OIoUOoooooOionzy O ¢ (00000

(3)+(3)
T = §+r§ = p_mga = 0.2mga

and torque of normal about centre of mass

R A A N )
mg a/2 = 0.5 mga

Torque of normal > Torque of mg and fr

OIOOOIo0Omo>mg DIMs 1000

.. Body will translate before toppling

O T
Torque of f and F is (frDDDUmFDD]UDDUmD:)
= pumga = 0.6 mga
Torque of normal (QIMO000 DOm0
mga

= = 0.5 mg;

. body will topple before translate
(N )

Comprehension # 10

1.

Torque needed to lift the block = mgR
(0 )

Torque due to wrench on = FL as L increases, force
decreases

(IOIDI0NI DO =Ful 000 000D OED0m o0
I

By applying work energy theorem
(O0000000000)  AKE - w,+w,

0 - _mg(l) + erench = erench = mg
work done and power will remain same

(i )

L

Comprehension # 11

After some time both block and disc move with
same velocity due to momentum conservation. As
given in question 50% of total kinetic energy of
system is lost.

8 A A U
QiOIroonror OIoooooinIioomo
000I00I0Ts0%U00I0I0NIOD

m,r

O)wo

[ m |

l[lxlmrzw%] = mv? +l><lmr2032 ...(i)
2\2 2 2 2

By impulse equation due to friction.

(IIODIordbodoidooi,

1 1
EerCOO —Eer(D = umgrAt . (i)

Block will achive velocity v in time At

O A A A A
so At = A ....(ii)
ug

So by solving equation (i), (ii),(iii)

_ 0,
4
By eq” (i) Time = —°
4pg

o)
By equation (i) & (i) w,r—or =2v=>0 = 70

So change in angular momentum

29
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(i) In this problem we will write K for the angular
momentum because L has been used for length of

the rod. (I000000I0INOIONIOI DO0I O RIIOOT
[I0LI00Ioroooma

M
e
\ 4V,
i o
- R
A O C B A O\\c B
o /2 —>jel /i1 /o]
Just before cdlision Just after cdllision

Angular momentum of the system (rod + insect)
about the centre of the rod O will remain conserved
just before collision and after collision i.e., K = K.

QoI0IDRlol Ol 0O I0DIDI L Orol oo
QO00DImyotOIOiioioiootrdnmomo
OIOOooOmk = k0

L ML2 LY’
:MVZZI(})=|: +M(Zj :|(D

12

L_7 . 12 v
= MVZ = EMLZ(D ie., = 7E
Since the weight of the insect will exert a torque the
angular momentum of the system will not be
conserved. Let at any time t, the insect be at a
distance x from o on the rod and by then the rod
has rotated through on angle '6'. Then angular
momentum of the system will be

(IR
Oo0DIOUonodooo o nOiomime
o U000 oO s OO onOm:
IR i)

(ML2

I=1712

and T = Mgx cosB = Mgx cosmt

AU d
+MX2J®:>_:2MX X
dt dt

[0 = wt]

d g
So Mgx coswt = 2MX_X o =dx = (_J cosmt dt
dt 20

According to given condition i.e. for

N

L/At=0andforx = =, t= 2 fas of =
x=L/4,t=0 and for x = PR [as ® —2],
the above equation becomes (DDD:DDD | D)

L g T
LZ dx = — J.OZ“’ cos ot dt

= 2m
4

L/2 g /26 L g 2g
Z[X] in ot = —=_5 i.e.
L/4 o’ (sin wt) 1 ie

12v

Substituting this value in (UIJIOLIOIOD) o T

2g 12v

L 7L

7
ie. =17 J2x10x1.8 =3.5 m/s.

System is free to rotate but not free to translate.
During collision, net torque on the system (rod A +
rod B + mass m) about point P is zero.
Therefore, angular momentum of system before
collision= Angular momentum of system just after

collision. (About P). (JUDIIIIOIOIIO0ONING
N O R AL
pIONIONINODN00 AUUBDIOOOOMIo
(MOoTNoonDoioroOri0iOneodnroao
Qioonoimdroomotte OoOeoo

Let ® be the angular velocity of system just after

collision, then

O A
L=L=mv2/)=lo

Here, I = moment of inertia of system about P

UO=lPI0IR 0D IoomoroD

(e Y
=m (202 + m,(f2/3) + m, EJF[EMJ

¢ = 0.6m, m = 0.05kg
m, = 0.01 kg and m, = 0.02 kg
Substituting the values, we get (U0IIOLIOL)
[=0.09 kg-m?
Therefore, from Equation (i) QU D0 @l Oy

Given :

_ 2mv/  (2)(0.05)(v)(0.6)
[ 0.09
Now, after collision, mechanical energy will be

conserved. (JOIDIONIOIMIIIIIDOIOOTOIIO0OD

=0 = o = 0.67 v...(ii)

31
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Given mass of disc m = 2kg and radius R =0.1 m
(00D ODIOD00000Im = 2kg UITTO00TR=0.1m)
(i) FBD of any one disc is (DUD:DD:DDDUDD]UFED)

Frictional force on the disc should be in forward
direction. Let a, be the linear acceleration of COM
of disc and a the angular acceleration about its

COM. Then, (UOUIOOIIONOOIOOIOIOOMOI00T]
DD, 00000 D00 mamoIoromnoile
(o0mIDOtodmoUonooon0mT,

£
m

o=

% fR 2t 2t =10f __(ii)

%mRz _E_ZXO.l

Since, there is no slipping between disc and truck.
Therefore. Acceleration of point P = Acceleration

of point Q (LIUIIID NI DHTNIIOIIOOUD
NI RN L SR m )

f
L a+Ra=-a :[EJ +(0.1) (10 = a

2a 2x9.0
=>f=—=
3 3

Since, this force is acting in positive x - direction.

O O Ay
Therefore, in vector from f = (6{)]\1

(W)

—f= N. f=
= 2 a f=6N

— 20cr=0.2m—

(i) T=7x f Here, f= (6{)N (for both the discs)

%, =t =-0.1j-0.1kand %, =%, =0.1j-0.1k
Therefore, frictional torque on disk 1 about point

O (centre of mass). (LUIIJol0IL OO0 T
OO Qoo

T, =% xf=(-0.1j-0.1k) x (6)N —m
=(0.6k—0.6) =7, =0.6(k—j)N-m

and [7,]=+(0.6)* +(0.6)* = 0.85 N-m

Similarly, 7, =7, x f =0.6(—j—k)

and %] =[%,|= 0.85 N-m

10.

11.

12.

13.

~t=loand T = |;><15| = rf sinB
for maximum torque the angle between r and f
must be 90 i.e. perpendicular to the heavy door.

D00 oo OnOee DMUMD
OOIooodmon;mon

Moment of inertia about an axis passing through

intersection point (DDDDDUDJDU Qioioo0oooo o
IR )

2
— 2 4 — 2 [lj 4 71
mr 2

Zkg

1/% £F:1'2\/3_
.( : 2

Zkg Zkg 1
Torque of force about this point = 12 §=6

(000I0IOIIOoTO ooy
- Angular acceleration (LJJ0I0II0I

T
(X:T:6 2 = 12rad/s?

For translational equilibrium T, + T, = 2mg

()

Tl T2
<4-0.5nTP,

mg
<+— 0.8m —>

For rotatory equilibrium 0
Take torque about extreme left point
QNOTOoIOmooo Onaom

=mg[0.5 + 0.8 =T, 1

T,=mg 13 .. T, = 2mg -T, = 0.7 mg

T, 0.7mg 7

.. Ratio T_z_ 1.3mg 13

Let the mass of sphere be 'm' & the linear

acceleration of sphere be = a

0D OO OO oo a0

IGH

For translatory motion (DDHDHJDHDDU Qiao DUHDD)
F+1f=ma ..(3)
For rotatory motion (for no slipping) = t = la

Orioniordooorooynogg
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21. We have FBD as shown (JI[JI0IFBDI0O0 EXERCISE -IVB

1.(i) As the cylinder rolls without slipping about an axis
passing through C.M, hence mechanical energy of

the cylinder will be conserved i.e. (LI0NI00IIOINT
' 2 T

So cylinder stop at when translatory and rotatory

both stops. So constant acceleration is there IOOMOooOIIoOorronoomm

0 0 ot |

(| R A @
a=gsinb —f—r (&)

m Side view After break of contact

*f =umgcos® = a =g sinb - pug cosd
So we have equation v=utat ( as v=0) ~ (U+KE), =(U+KE),

1 1
4 mgR + 0 = mgR cos0 + — Iw? + — mv?
= 4 = (g sinB-ug cosb) >t =——" 2 2
gsin® —pgcos v 1
but ®= — andI= — mR2.

By = la R 2
R’a
Torque by friction T =f R =fR = = Therefore mgR = mgR cos® + 1 lmR2
r 2 2 2
1 2ugcos6
= umg cos® =— mRo = a:ug— V2 1 V2 4
2 R —+=mv? —5=—g (1 -cosb) ...(J)

We know a= aR
When the cylinder leaves the contact, normal

=gsin® —pgcosO =2ugcos0 (as 6 = 30) - - o
reaction (UUDO0M00OM OO IHIODI0I0,

1
- _ N=0and 6=06 .
= U 3\/§sot g( f\it 1.2 sec an cz 2
Ek 3\/7J Hence mg cos0_ = = E =gcos 0 ...(ii)
22. Rod rotates about the C.M. let the point 'P' at a 4
distance 'x' from C.M. having a zero velocity. (i) & (ii) =§g (1-cosB)=gcos 0,
0 A Wy A A
QOO0 ORI OO0, NP _Cosl(éj
c 7 c 7
So X o P Vo 4
At the time it | h 0 = 0 =—
. For zero velocity (IN0000000100) {j—’Zrn/s (DtDtZDeDtDlruEeulutuueuauvueusmtUDQJEEEE cos) =cos 0, = -
ox-2=0 g (i) On substituting it in equation (i),
ox =G5 Em 4 4) [a
0 97 T - =
) V=J§QR[1‘7]—\/79R
=X = gpm (i) ~ Atthe moment, when the cylinder leaves the contact

(down to the centre of mass) O IO M A

(NN N R

4
= . [—gR
v 79

1
Therefore rotational kinetic energy K, = = Io?

U0IINOmoomay ?

1 2 V2 1 2 1 4 ng
[EmR ) F=va =Zm 79R =KR=T...(111)

1
2
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Initial momentum = Final momentum

. MV -
(i) Velocity of CM (JIDOIIDIOIIIID) =r::v OOm0o=ON0000n)
= 0=mvr -lo = lo=muvr...(i)
-V _myv, My, By energy conservation (LU0
" m;+m,
1, 1 5, 1.,
Velocity of C.M remains constant as the EkX = EmV + EICO ... (i)
QIR R v Value of Moment of inertia about point O is
£ . =0 for system (D000 OO0,
(iii) From the angular momentum conservation 25 (0.6 25 , (0.6) )
COIOOO0OIOND) Lo, = Lo, = 2[§ x5 15 <03 }2[2 x5 +2x(0.3) }
61
Mm/? x V+v Sol= —— . So by equation (i) We have
Lo, (M+m) (¢ 75
T T T T T T 61 11 61 11 15
— 0 —0=—"-xvXx0.15 5 —o="—"7XxvXx—
(M +m) 75 9 75 9 100
_5x11 _ 55
o Vv (L ZC 61ixa © " 2aa”
e 14 o Put this value in equation (ii)
(iv)  Work done by couple (UIOIITOOTOONOI) 1 61 (5 x 11]2 , 1 11
. . o =76.5=—Xx—X Vi+—X—XUV
= change in rotational kinetic energy 2 75 61x4 2
(HHHHHWHHDDDD I HDDD) 1 61 25x121  , 1 11 )
1 1 =76 5b=—X—x————v +—Xx—xv
- 2Ll - =10 2 75 61x61x16 2 9
. / 765w 2L, 11]
_ 1 Mmoo {1——’} - 96 x61 18
2M+m b 2178 + 64416
(By putting I, I, ® & m,) we get the answer — 2 [4_—}
e = 7657V | 7105408
6. (i) To calc.ulate mass M we have to balance torque 765 = o2 66594
about point O. = /0.0 = 105408

(IO0OmMOMMONODoU oD om0 2= 121.08 = v ~11 m/s

A 25/18kg TR 7.
—->a<B— —r—
2kg 8 zovtl Power
D& C d—L X de
——60cm — dw 1td0 g dL
=—=—= =— o0=2mr’e? o
95 11 dt dt dt dt
So—X30+M><15:2><30 ; M:—Kg dL df
18 9 (" L=mr’o;t1=—=2mro—)
Torque due to rod AB and CD is zero. dt dt
(0BT IeoOmOomOmnmrommD dL dr
E=2mrm ro =2 mriw? [E=V=rm]
(ii) When thread is burnt then energy stored in spring is

= 2.3
distributed in term of velocity of block and to rotate Fower = Smi

the fream. (JULIO00OIITIO0 OO0 OIO0D
OO0 DOOIoOOmo IO omood oo

By angular momentum conservation.

(IR Ry

37



nodeb\E : \Data\2014\Kota\JEE-Advanced \SMP\Phy\Solution\Unit 3 & 4\02-Rotational Mofion.pé5

13.

14.

15.

16.

17.
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Coin will leave the contact if N = 0

so mg = m(w?A) = A gpes

I =1 +1 +1 +1

abt.A due to A due to B due to C due to D
\B/.
<D Cm
2 2 2
Loa =0+ m(lcos 45°) +m (lcos 45°) + (\/21)
2 2
ml®  ml
Lpa =—+ +2ml? = 3ml?
’ 2
F:Ft@

Position vector of O w.r. to given point ¥ =—i+j

(0000000000 O0dmilol miboroo Ooomo
Torque about P (PD OI0000000N 0=+ xF

= (< +3)xF(-K) =F(<j-1) = -F(i+])

Conserving angular momentum, we get

(QIDI000IO0o0Da)

o® Go®

a» @

mR%e = (mR2 +MR? +MR2)0)'

-
>0 = (O]
m +2M

The moment of inertia of a uniform square lamina
about any axis passing through its centre and in the
plane of the lamina is same hence 1,.=I;;

ol o i a
1 o W MR A
NODOMOION, AL,

19.

20.

22.

23.

gS[b 9
)

The force equation (DDUDUDDD:DDD:)
Mgsinb-f=Ma ...(i)

The torque equation (U0 O OOIHIN)
fR=Ia  ..(ii)

for pure rolling motion (JI0I0I0IOICICOCOCIO0)

i; fR:I_a; f:I_a2
R R R

From equations (i) and (iii), we get

o=

I . I
:MgsinG—R—azzMa 3Mgsm9=a{M +R_2}

gsin®

1
MRZ} —as I

1+ 5
MR

A central force cannot apply the torque about the
centre, hence the angular momentum of the body
under the central force will be a constant.

Qo orooooibonoIitmNoIoonoro
OOLNImonOuhonnroriiOIoodroo
[00C00o0mod

2Mgsin9=Ma{1+

m/?

1
51032 =mgh where I=

2 2
®

2lmg2m2—mh = h=
2 3 0 ~ms 69

*» Angular momentum (D:DU:DU O DD)

L=rxp

T i : 1 ,):
where T =ucos6Ot i+ usmet—gg‘[ j
B = m[ucos6i + (usin 6 — gt)j]

L=tfxp= —Emgvot2 cos0 k
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(R,
(00rI0Itibor Oool oo oo O Cm Jmm il A

NI =

0 O W O M MW

i mim o mnro b

OUIDUOOOIIonomOY @, = @ and o = 0.

From the theorem UJO0I 00

A

v—=Ro

Ly = Loy +M(F x9) ..)

We may write :

Angular momentum about O= Angular momentum
about CM + Angular momentum of CM about

Fte; oW (1 N
U OoiDDOoooO oo
0o0)

1 3
s L tle + MR\FEMRZ@ + MR(R(D):EMRZ(D
Note that in this case both the terms in Equation (i)
ie. ]:CM and M(T¥ x v) have the same direction ®.

That is why we have used L, = Io + MRv
We will use L, =1 ® ~ MRv

if they are in opposite direction as shown in figure.

Y

Net external torque on the system is zero.
Therefore, angular momentum is conserved. Force
acting on the system are only conservative.
Therefore, total mechanical energy of the system

is also conserved. ((UDIUIOOIDIOI OO
NI A
UIOoOmirormiimohnobrtonn
i)

At the critical condition, normal reaction N will pass

through point P. (U100 OI00 0000000
NIOioploIoouoinrod

A
Q
—r—>

fie T

In this condition ((UZIIIIOCO0 Ty = 0 = 1, (about P)
the block will topple when ((LI0I0OOITNO0)

L mg
> T = FL > (mg) 5 SF> 7

Therefore, the minimum force required to topple

T

the block is F = %

i e )

Mass of the ring (JUUIUIOIO000IM = pL
Let R be the radius of the ring, then

UUINOD0IOITOM0IRINM) L =27R = R = %

Moment of inertia about an axis passing through

O and parallel to XX' will be (XX'ILIILIOOTONIHI
olluNnomnnoImoirIo oMo

L=+ MR?
° 2

Therefore, moment of inertia about XX' (from
parallel axis theorem) will be given by (UL XX L]
I

XX'

L. = lMR2 + MR? = EMR2
2 2
Substituting values of M and R

3 L? 3pL?
Lew = E(pL)[4n2) :W

Mass of the whole disc = 4 M
(N N i)

Moment of inertia of the disc about the given axis

(U0ODIDIIOmoiIuOIor0oooa i,

1
=~ (4MR® = 2MR°

. Moment of inertia of quarter section of the disc

| 0 )

_1 (2MR?) = L g
4 2
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Substituting in Equation (1), we have 1 = 4MR?

2 1 2 3
—MR? = —Mr? + Mr? = —-MR? =— Mr?

5 2 5 2
. 2
Ji5 °
1 1 2 1
—mv2+—l ( ) =mg Lgl] —mR2
2 4g

.. Body is disc.

Condition for no toppling

COoooomoIoIanag,

()l .

— > 2 > < 2
= = = =
et e T
but as the coefficient of friction is greater than 1

block will topple at some angle (U] OIEO
iDdniCimtomomoididonoooooom,

dp
dt
change in momentum is zero

QomIooonIood

(B) Kinetic energy of particle is scaler quantity
therefore. It may change for a system, if external
force is zero

(i
(O0mOromoCOrN MmO,

(C) F_=0 does not indicate that torque is zero
therefore there may be change in angular
momentum.

(¢ =ol00I00nO00NIIOI0 OO0
W i,

(D) Internal force on the system may decrease due

to the polential energy (ULI0IUII OXOMOCOOL
(oo OO omorm4

(A) =F_aF =0=4dp=0,

MCQ -
dL

1. f:AxI__: i.e.—=A><I:
dt

dL
This relation implies that Eis perpendicular to

both A and L . (Q0I000I00C00TOIOM C;—L A 0L
OIooiooomm

Therefore option (a) is correct.

For (B)

Component of L in the direction of A =L-A
(A [OM00M0O0 L Omoa)

ns S(7.A)_p 98 dL o
dt dt dt

The component of L in the direction of A does

not change with time. (A OIMO0molL Conoomoon
OO oo
For (C)

Here, LL=1?

Differentiating w.r.t. time, we get

(R m | )

ﬁdL+dL —ordt 2Ld—L—2Ld—L
dt dt dt dt dt
L L
But since, Ll d— d =0
dt dt
dL
Therefore, from Equation (i) E= 0

or magnitude of L i.e. L does not change

with time. (OO0 L 10T00O0NO00ILIO00IO
Ooooooommonod

2. In case of pure rolling IOl 0N DINI On000O0 Oy

mgsin 0
mR?
|
Therefore, as 0 decreases force of friction will also

decrease. (0o II00NOMIIIIIOO0IIIOOIONM)

f= (upwards) Sfocsin®

1+

3. On smooth part BC, due to zero torque, angular
velocity and hence the rotational kinetic energy
remains constant. While moving from B to C
translational Kkinetic energy converts into
gravitational potential energy.

(000I0U0scilIDIDOMIIOIODMODIoo
i i ielin
Ol OlUImooIoroonomonon oo
NI
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{mRZ (R)Z} (SR)Z 15mR”
= +m|—]| (+m|—| =>[=——
4 4 4 8
From conservation of mechanical energy,

UIDOIDUNO0IO
Decrease in potential energy = Gain in kinetic

energy (II0UIDOTOIOCN=U00IO0ON00DIO)

2
1[15mR ]mz o [l6g
5R

R=—
3mg 5 3

Therefore, linear speed of particle at its lowest point

O A

_ 5R) _5R [16g
V_(4 ®T74 \5R TVTAOeR

We can choose any arbitrary directions of frictional
forces at different contacts.

O O TR
O Y

my, —>,
F—————
<+——f,

In the final answer the negative values will show the
opposite directions.

QIoonuoIOomoOoIooiormoomomd

4o
Let
f1 = friction between plank and cylinder

(0O0mMmOOIDoooo0omo

f = friction between cylinder and ground

Odio0oooOioooomoo,

a = acceleration of plank (UUOIOIIOOD)
a, = acceleration of centre of mass of cylinder

(N R )

and
o = angular acceleration of cylinder about its CM.

i )

Directions of fl and f2 are as shown here

(i)
f;
aZ

f

Since, there is no slipping anywhere
Q0

Soap s 2a2 ...(i)

(Acceleration of plank = acceleration of top point

of eylinder (JO0ILI OO0 UIOMITIO0IOIONN

F-f

a = m, ...(ii)
f, +1

a, = m, ... (iii)
(f, -f,)R

o=
[

(I = moment of inertia of cylinder above CM)

(TR A

a2

...(iv)

_ (-H)R

1

Emle

21
m;R

2(f, - 1,)
a = Ra =

2 ml

...(v)

(Acceleration of bottom most point of cylinder =0)
{00 A
(a) Solving Equation (i), (i), (iii) and (v),

B 8F
4F Ro a,

- 3m; +8m,

we get &1

and ay

3m,F
b) f, _L; fz - m,F

" 3m, +8m, 3m, +8m,

Since all quantities are positive.

(i) Let just after collision, velocity of CM of rod is v
and angular velocity about CM is .

OroooooommoobiohoootoMIm

Qoooioiool oo Ononmie Oy
Applying following three laws :

v, me
L 0]
2
D)
*CM CVM$—»Vv  —»X
L
2

Before cdllision  After cdllision
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Solving Equation (i) and (ii) for r,
weget r=04mandr=0.1m
But at r = 0.4m, ® comes out to be negative

(-0.5 rad/s) which is not acceptable.

(UIH00=0.4 m, 0=—0.5 rad/s]J0I0IOOIOIO
(i) r = distance of CM from AB = 0.1 m
(

ii) Substituting r = 0.1m in Equation (i), we get w=1
rad/s i.e., the angular velocity with which sheet
comes back after the first impact is 1 rad/s.

(r = 0.1m 0000 @)]UI00OWICE =1 rad/s OO0
Oi0TOIDIOIoOo0Odooon rad OO0
OO

(ii) Since, the sheet returns with same angular
velocity of 1 rad/s, the sheet will never come

to rest. (UILIUO00INIONOT OO L0I00D00
rad/s|JI 0N OIIO000OI0TOO0MIoo0an
Qoo

(i) The distance of centre of mass (CM) of the

r=—

system about point A will be: \/g
O o

Therefore, the magnitude of horizontal force
exerted by the hinge on the body is ((O/UOIOI0
CoOooiomIOmiotirmoinDiOnO0o,

F = centripetal force = F = (3m) rm?

/
= F = (3m)(ﬁ]w2 = F = 3 ml?

(ii) Angular acceleration of system about point A

S 07N A )

_r_A_F(\/zggj _\/§F

I, 2m/? ~ 4m/

Now, acceleration of CM along x-axis is

(U0x-00I0IDomiroonnIDmDoeom,

e () e

Now, let FX be the force applied by the hinge
along x—axis. Then, (DDU[X—DDH:DDDD:DD:DDDD

OO0 OmnndE [0

F
F +F=(@ma = F +F= (3m)(4m)

F+F=SFoF --o
=F aF=F 2

Now, let F be the force applied by the hinge
along y—ax1s {loly-00roioomon Uit dm

OII0000000IDE DO
Then, ’

= i = 2
Fy centripetal force = Fy J3 mlo

Angular momentum of the system about point O will

remain conserved. (LJLJOI0IIDIZI0OIDIOTOTID

Qoooooooiooonaa
Li = L
2 3mv
Somul = lo = {mL : m

For rolling without sllppmg, we have

(DO0TODOINIRIOIOn

a=Ro
Mgsin6—f _( fR )  Mgsin0—f 2f
- =RlT M M
e
2
Mgsin 6
3

Therefore, linear acceleration of cylinder,
QOI00MoO0IC0n0000y

_ Mgsin6-f _2 sin0
a —M SQ

by angular momentum conservation

W (0]

T

initially finally

Idisc ®, = (Idisc +2Iring)m

50(0.4)
=
2

x10 = {50((2"4)2 +2(2x6.25 ><(0.2)2):|0)

= ® = 8 rad/sec.
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