Rigid Body Dynamics

A4

TOPIC : RIGID BODY DYNAMICS
EXERCISE # 1

SECTION (A)
do

1. dt =15+ 4t
w =9.5rad/s

2. wi = wi + at
60 =0+ a(b)
a=12

1

1
8= 2 a2= 2 x 12 x (5)2 =150 rad

3. Linear speed V = rw
V depends on radius

1
4. f=wt+ 2 at?=10rad

5. wo = 3000 rad/min
3000

wo= 80 radssec = (50 rad/sec)
t=10 sec
wi=0
wf= wo + at
0=50-a(10)
a = 5 rad/sec?

1
O=wot+ 2 a+2

1

0 = (50) (10) + 2 (-10) (10)?
500 — 250 = 250 rad

6. V=wR
V=10 x 0.2 = 2m /sec.

7. Sphere is rotating about a diameter
So, a=aR but, R is zero for particles on the diameter.

SECTION (B)
1. | = mR? = 4 kgm?

2. M.I of both spheres about common tangent
2mR? mR2 =14
_- L5 5

lo=2

lo=71

mR?2

3. Ix + |y =1l
Z axes is perpendicular to plane of body.

MR? Z{EMRﬂ T MR?
8. 1= 2 4+ L2 =2
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J.dm R? = MR?
| =

11
12 | = lem + Md?
2 2
M, M['—]
| = 12 2
ML?
1= 3
ML® ML _ 2mL?
3. 1= 3 3 3
2
2
14. [=m
3ma?
| = 4
I
l J3a
H-L—
ML2 [ L ]2 M
15, = 12 \6) 9
L_mRi_m 4_2
16 12 m1R§ m2 1 1
m 1
my, _ 2
2 2
ML M L = EML2
12 2
17. =4
2 2
2y [RY42m (R +M(2R)?
5 2 5
18. | =
21
1= 9 MR?
T MR?
19. Moment of inertia of a disc about its diameter is Is = 4
Now, according to perpendicular axis theorem moment of inertia of disc about a tangent passing through
rim and in the plane of disc is
L
@ |
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TMR? SMR?
I=la+MR?= 4 +MR2= 4
5
20. 1= 4 MR?
s 6
=2 MR2= 9|
7 7 !
21. 1=5MR2 = MK2= SMR2 = K= V5R
22. =4 xm V2 =2mL2
mK2 = 2 mL2
K=2L
]ring _ MR2
Ioiss  MR?
23. 2 =2
MR?
24. 1= 2
R
K= V2 =3.54cm
25. Moment of inertia of solid sphere about an axis passing through its centre of gravity.
2
r= 5 mr2 Where m = mass of sphere R = radius of sphere
From theorem of parallel axis, moment of inertia about its tangential axis
2 7
I=T+mR2 =% MR2+ MR? = 5 MR?
26. The moment of inertia in rotational motion is equivalent to mass as in linear motion.
1
27. For disc, | = 2 ma? For ring, | = ma?
M 2
For square of side 2a = 12 [(2a)2+ (2a)2] = 3 Ma2
For square of rod of length 2a
(23)2 2
=4 = 3 Ma? Hence, moment of inertia is maximum for square of four rods.
28. The moment of inertial of the given system that contains 5 particles each of mass 2 kg on the rim of
circular disc of radius 0.1 m and of negligible mass is given by = Ml of disc + Ml of particles
Since, the mass of the disc is negligible therefore, Ml of the system = MI of particles
=5x2x(0.1)2=0.1 kg m?
29. Moment of inertia of disc about a tangent and parallel to its plane,
2
ﬁJr MR2
1= 4 ..(0)
2
MR . MR? = 2MR?
Moment of inertia of disc about a tangent and perpendicular to its plane = 2 2
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5 R2
I ) ZMR 5
Iperpo;mdicular g MR2 6 E I
2 Iperpendicular = 5
f\’\
30.
2
- J'dmR
Idm
| = R2 = R2M = MR2
31. Iz = Ia + Md?2
Thenlg > Ia
m m
2 2
t2 /2
32.
2 2
{ i
(m/2)(§} (m/2)(§} (m/ﬂz)
lo=l1+12 = lo = 3 + 3 = 12
33. Ix + |y =1l
2= Iz I =2 x 200 = 400 gm cm?.
34. Perpendicular axis theorem
mr?
from symmetry Ix=1y = Ix= 4 Perallel axis theorem
mr? é
loo =Ix+mr2= 4 +mr2= 4 mr2
3 mr*
35.  I=h+h+ls = h=l=2m? = la= 2
0“'0
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7

I=li+l2+Iz3= 2 mr

Moment of inertia = 3mk? where k is radius of gyration.

7 Zr

3mk2:§mr2 = k= 6

5| Page

L 4



Rigid Body Dynamics

o
v —

37. Moment of inertia depends on distribution of mass about axis of rotation. Density of iron is more than that
of aluminium, therefore for moment of inertia to be maximum, the iron should be far away from the axis.
Thus, aluminium should beat interior and iron surrounds it.

38. By perpendicular axis theorem moment of inertia about any axis passing through centre and in the plane
of plate will be | (by symmetry)
MR?
39. We know that M.I. of a circular wire of mass M and radius R about its diameteris 2
40. If a body has mass M and radius of gyration is K, then | = MK?
Moment of inertia of a disc and circular ring about a tangential axis in their planes are respectively.
|
EMC,RZ gMrR2 —
lu= 4 = = 2 but 1= MK?2 = K= M
Ke [I; M, Iy [(5/4MR? M, \F
— = — K — —_—= —2)( —_ = J—
- P=
41. Moment of inertia of the system about AX is given by
X 4
| I C
I ¢
305
A m [ B

MI = mar2a + mar2s + mcric
mf? 5

MI = m(0)2 + m(¢)2 + m(¢ sin30°)2=me2+ 4 = 4me2

Alternative : Moment of inertia of a system about a line OC perpendicular to AB, in the plane of ABC is

X :
mi C

2 2
13 13 mi2 me?2 me?
- 2 2 . 4 a4 T2
lco=mx0 +mx +m x -

Ico =
According to parallel-axis theorem
Iax = lco + Mx2where x = distance of AX from CO, M = total mass of system

2 2
ﬂ+3mx[£J m? m? 5
lax = 2 2 = lax= 2 4 4
42. We should use parallel axis theorem
A .C
O i
B ip
Moment of inertia of disc passing through its centre of gravity and perpendicular to its plane is
TvRr?
lag = 2 Using theorem of parallel axes, we have,
Tvr2 +MR2 3MR2
lcp = Iag + MR2= 2 =2

&—
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Note : The role of moment of inertia in the study of rotational motion is analogous to that of mass in study
of linear motion.

45, Let same mass and same outer radii of solid sphere and hollow sphere are M and R respectively.
The moment the moment of inertia of hollow sphere (spherical shell) B about its diameter
2
h=S5MRZ @)
Similarly the moment of inertia of hollow sphere (spherical shell) B about its diameter
2
k= SMRZ (ii)
It is clear from eqgs. (i) and (ii), Ia< I8
46. The mass of complete (circular) disc is
M+ M=2M
2Mr?
The moment of inertia of discis 1= 2
e
Let the moment of inertia of semicircular disc is Ix.
The disc may be assumed as combination of two semicircular parts.
1_mr
Thus, lL=1—1 h=2 2
47.  1=2m (UN2)2 + m(v2L)y2 = 3me2 |
2
APMEZ ) g2 Me?
2| 6 5 P
48. lac = = 12 , lEF = 12 , lac = Ier .
49. la=lm+m \/5
Tm ;
D
ma’  ma? 2
= 6 + 2 = 3 maZ
SECTION (C)
2%)
2. a=T
a = 0.25 rad/s?
4. t=la
314
I= 41 =25 kgm?2
5. ¢=3kgm? t=6Nm,t=20 sec. Fromt= la
_x_8
Angular accleration I3 =2 rad/sec? ~ Angular displacement
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1 .5 1
wpt+—at -
= 2 =0x20+ 2 (2)(20)2= 400 radian
- c e - i e d . ~ - - ~ ~ ~ ~
6. F=4i-10ls r =(-5i -3y > t=T xF=(=5i —3yx @i —10))=50k + 12k =62k
— a T oA
7. F =2i +3J_k atpoint (2,-3,1) torque about point (0, 0, 2)
p_(@=siek) ok L 2l R @i-si-kx(@i+3i-K)
-
- ~ T
T - (61 +12k) _ (6v5)
8. Torque of a couple always remains constant about any point
9. T=la
30=2xa= a=15rad/sec?
From equation of angular motion
103[2 1
O=woit+ 2 =0+ 2 x15x10x 10=750rad
- = — =
10. t=rxF implies that r, F and t all are mutually perpendicular to each other. - wr=0 F1=0
SECTION (D)
1. Torque about O
Fx40+F x 80— (F x 20 + F x 60)
In clockwise direction = F x 40
—>
FFo.. . .
2. 1 =2i+3j+4k
N
Fa = _oi_3j—ak
— —
M =3i+3j+4k 2 =i
d — —> ~ ~ ~ ~ ~ ~
Ty = F— (Bi+3j+4k) o (2i+3]+4k)
- n ~ n ~ n ~
7y - 9k—=12j-6j+12i +8j—12i
e a ~
Ty - —4j+3k
- = “ R - - -
[ PR F, - (i) x (_2'_3J_4k):_3k +a]
(qﬂz =—4i+3|i—3}2+4]=0j
body in rotation equilibrium
3. ta=0
LN
AT T
A
D |
. 3L/4 X
L ) |_ 1
LL
Tix 4 —mg2=0 (1)
2mg
Ti1= 3
Ti+T2=mg we(2)
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mg Ti_2
T,= 3 = T, 1 Ans
N, N
4 ‘W’T‘W"‘W’T‘w
4 £
For rotational equilibrium N1 x 4 =Nz x 6 = Ni:N2=4:3
f=mg
L F
N
5. mg

From equilibrium,
friction = mg N=F
about centre of mass
=0 = mg a = torque due to normal
Normal will produce torque since F passes through centre its torque is zero.

6. For pure translatory motion, net torque about centre of mass should be zero. Thus F is applied at centre
of mass of system.
Oxf+020 20° 2
p= [{+21 3 - 3

£
[ |

+|(0. 20)
(z 2, EJ AL
C PC = 3 =3
SECTION (E)
COMy”
N<1—o e |
«—> /
1 2
)
N = 2
2. Initial velocity of each point onthe rod is zero so angular velocity of rod is zero.
Torque about O
T=la
me? 20 (1.6)°
—0o —
209 (0.8)= 3 = 20g (0.8) = 3
<«—0.8m—>
© ! 39
20g = 32 —g= angular acceleration
3. For the circular motion of com :
(6]
com
mglH| 1
L2
|
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L

mg=m 2 w2 = @=L
Note : Since the reaction at the end is zero, the gravitational force will have to provide the required

centripetal force.

5. Beam is not at rotational equilibrium, so force exerted by the rod (beam) decrease
N
la
T mg
6.
There is no slipping between pulley and thread.
So, @=ar) 0]
For point mass :
mg-T=ma ... (i)
Equation of torque for disc
Tr=lLa
mr?
—.Q
Tr= 2
mro. (ﬂ]
7= 2 =\2) . (iii)
mg 3mg 29
mg- 2 =ma = mg= 2 = a= 3.
SECTION (F)
1
2. KE= 2 |u2
1500 = (1.2) w?
[3000
w=V 1.2
wi—wi=ot
/3000
1.2 =25t
t=2s
L 1 L 1ML? 2
3. mg 2 sina= 2 w2 = mg 2 sina=2 3
L .
= Sina
o 2
. l393|na
L
1 1 1 | 2mgh
4. mgh= 2 mV2+ 2 |02 = mgh= 2 mr2w? + 2 |w? = w= VI+mr?
6. Givenaa=2a =5 m/s? = a=5/2 rad/s? = as = 1.(a) =5/2 m/s?
7. Immediately after string connected to end B is cut, the rod has tendency to rotate about point A.
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Torque on rod AB about axis passing through A and normal to plane of paper is
2
me L 3
3 a = mg 2 = o= 2.€
Aliter : Applying Newton’s law on center of mass
mg-T =ma ... 0]
Writing T = Ia about center of mass
L am{z/.w
I
TA :
o2 :
A—= 5B
b mg
{ me?
- —a
T 2= 12 ...(ii)
L] 39
Alsoa= 2 a ...(iil)  From (i), (i) and (i) a = 2¢
60 x 21
8. Given : 1 = 2kg - m?2, wo = 60 rad/s,
w=0,t=60s
The torque required to stop the wheel's rotation is
((000)] 2x21x60 ¢
t=la=1 t = t= 60x60 15 N-m
10. mg—-T=ma
N
YF a/lR
m
T
mg
T
l a
[m] mg
mR%a. mRa  ma ma 3ma 29
TR= 2 = T= 2 =2 5 mg- 2 =ma> 2 =mg = a= 3 Ans.
11. Since the work done is independent of the information about which point the rod is rotating, by
work-energy theorem the kinetic energy will also be independent of the same. Hence (2)
12. From conservation of angular momentum (lw = constant), angular velocity will remain half.
1
As, K = 2 |w?the rotational kinetic energy will become half. Hence, the correct option is (2).
SECTION (G)
1 [ o2
Ea 22" L& g
—_— = L
Eg 1150)% I, L5 LiA
2 = B =5
4. la wa = | wB
Ia> Ig therefore wa< ws
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1 2
Kg EIB ©B g
Kn 17 2 on
A Iy ® A
oA ©A
AL 2
7. t= At 5 =04 N-m
8. Direction of Angular momentum is along the direction of angular velocity, which is an axial vector.
13. MR?w = (MR? + 2mR?)w'
oM
w' = M+2m
15. lw = cosntant
16. External torque = 0
L = constant.
19. | = mVd (constant)
YA
>\
d
» X
1 1
21. KE= 2 w2 = 360 = 2 |(30)?
| = 0.8 kg m?
22. L=lw
L=(mr?) w
|_2
3
Fc=mrw2= mr
23. L': r_’>< F”
24. The angular momentum of a particle of mass m moving with velocity v about origin is
J=mu xd=mu d = constant
25. From law of conservation of angumar momentum, if no external toruque is acting upon a body rotating
about an aixs, then the angular momentum of the body remains constant that is
J=lw
2MR?
Also, |I= 5 for a solid sphere.
2
2 (R
E E gM[F] X (g
Given, Ri=RRzx= N .. 5 MR2w; = = w2 = N2w1 = M2w
26. Angular momentum
L=lw
Kinetic energy
1 1 2K
—lo? =—La —
K= 2 2 ffrom Eq. (i)} - L= ©
/2]
2 L
Now L'= 20 = L'=4

12 | Page
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1
—lw?
27.  KEr= 2
L=lw
L2
KEr = 21
dl  4A, - A, (3‘\0]
L =
28. T = dt = 4 -\ 4
X

29.
= L = (mvx) = cont: because v = cont and x = cont.

30. L=lw = w'=2w
1 [llmz) 1 Io?

2 \2 =212 > 2 =y 42

I ] I Io

- = = L
s L Usrw=Ba- 4 - A

31. External torque Text = Q
liw1 = l2w2 when he folds his arms | reduces. So, 11 > I2then (w1 < w2). So, (L = constant)

32. The direction of L is perpendicular to the line joining the bob to point C. Since this line keeps changing
its orientation in space, direction of L keeps changing however as w is constant, magnitude of L remain
constant.

Aliter : The torque about point is perpendicular to the angular momentum vector about point C. Hence it
can only change the direction of L, and not its magnitude.

33. The angular momentum about axis CO is the component of angular momentum about point C along the
line CO. This is constant both in direction and magnitude.

Aliter : Torque about axis CO is zero hence L about CO is constant in both direction and magnitude.

35. In uniform circular motion the only force acting on the particle is centripetal (towards center). Torque of
this force about the center is zero. Hence angular momentum about center remain conserved.

37. Conservation of angular momentum about C.O.M. of m of loop of mass m gives

R)? RY?
mVR {m R? +m(E} + m[gj ® v
2 - V=3 wR = w= 3R Ans. (B)
SECTION (H)
2
llwz _1(2“,1 ZJ[XJ LR 1mV2 +llw2 _ T mv? 2
1. KE=? 215 R > KErow= 2 5 4 Ratio=7
2
1 1 1 1 [VJ
3. KE= 2 mv2+ 2 192= 2 mv2+ 2 mr2 \R/ 5 KE = mV2 = 4 Joule
1 1 1
4. KEi= 2 mV2 = KE = 2 |p2= 2
1 5) (VY 1 KE rotaton 1/4 mV? 1
>MR R/ 4 KE Total 3/4 mvZ 3
\2 R 4 my?2 m

13| Page
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2 2
1 1 1 1 MR (!J
6. mgh= 2 mV2+ 2 |0 = mgh= 2 mv2 +2 2 \R
1 1 /igh
= mgh= 2 mv2+ 4 mv2 = v= 13
7. The total energy of a body rolling without slipping
1 1 1
Kiotal = Krot + Kirans = 21 w? + 2 Mu? but Idisc = 2 Mr2 andv=rw
1 (1Mr2j 1 1 1 3 3
o Kiotal = 2 2 w2+ ZM (rw)2= 4Mr2 w2+ 2 Mr2 w? = 4MrR w2 = 4 Muy?
8. The velocity of solid sphere on the bottom of inclined plane is
2gh
(1+1 /IVIRZ)
u= where, I = M.I of sphere,
M = mass of sphere and R = radius of sphere
The moment of inertia so solid sphere about its diameter
2gh
: (25 oo
1= 5 MR? u= R N h= 109
9. The kinetic energy of sphere while rolling on an inclined plane is given by
1 1
5 a2
Eq = Translational kinetic energy + Rotational kinetic energy = 2 mv2 + 2 ley
2
1 12 (E}
Ex=2 x2x(052+ 2 x 3 x2x(0.1)2x *%1) =025+0.17=042
10. In pure rolling, mechannical energy remains conserved. Therefore, when heights of inclines are equal,
speed of sphere will be same in both the cases. But as acceleration down the plane, a « sin 6 therefore,
acceleration and time of descent will be different.
11. Friction force is zero and impulas is pases through centre so external torque is zero and angular
momentum and linear momentum remains const. so
= (wa = w) but due to collision linear velocity inter change.
o - . . VL =V 4V, v,
12. For a body rolling without slipping, the velocity of any point P on the body is P "¢™ = "RtM where "Ptm
= Rw in direction perpendicular to line joining centre and point P.
Velocity of point Ais,
VA = Vem + Rw = Vem + Vem ~ (Vem = Rw) = 2Vem
velocity of point B is,
VB =Vem— Rw =vem—Vem =0
Thus, the velocity of point a is 2vem and velocity of point B is zero.
13. When the wheel rolls on the ground without slipping and completes half rotation, point P takes new
position as P' as shown in figure. Horizontal displacement, x = nR
P
i2R
«—— R—>
Vertical displacement, y= 2R
Thus, displacement of the point P when wheel completes half rotation,
2 2 2 2 22 2 2 r4\2 2 2
o= VY L VRO +(2RY | JPRZ 4 4R? g = 1m (given) s V2OV HAOP _ r2ea
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14. Linear kinetic energy
1 2 1 2 2 _
K = 2 = 2

Rotational kinetic energy K, = 2

lIco?' +ll(:)

Total kinetic energy K = K, + Ky = 2
K, 1

K 2

2

=l

2

L 4
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16. Moment of inertia of sphere
2
[ =9 MR2 (1)
and for pure rollingu =R w ...(2)
1
2 1 2MR%?
Rotati I KE 2 2.9
otationa 2
Translational KE Jm? T MRZ? 5
=2 from (1) and (2) 2 =5
17. Since the inclined plane is frictionless, then there will be no rolling and the mass will only slide down
Hence acceleration a = g sin@ is same for solid sphere, hollow sphere and ring.
_gsind
K2
(1 + =2 }
18. In case of pure rolling bottommost point is the instantaneous centre of zero velocity.
ey
Velocity of any point on the disc, v = rw, where r is the distance of point from O.
rQ>rc>rp VQ > Ve > Vp
Therefore, the correct option is (1).
_>(1')
ﬁv
vV
oR
19. oR A \V
Va =V(i)+oR(-i). Vg = Vi . Vg = Vi+oRi
Ve -V, = 20Ri
Vg -V [=2 [ V(i)-V(i)-eR(i -
, Ve~ Ve|=2 [ V()-vih) M _ uriy
Hence VEf Vﬂ, = ~2AVa TVC )’
so Il/c _XA | — 12(Vg - V)l
Vo Ve = yR(1)
Vo Vi = wr(l)
VC - VB = VB - VA
Hence V? _V’} - Q?R(i)’ _
Hence VC - VA = 2(VB)

20.
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vo+(oRY _ (Vo\@)

For pure rolling wR = vo, u =

21. Since the two bodies have same mass and collide head-on elastically, the linear momentum gets
interchanged.
Hence just after the collision 'B' will move with velocity 'vo' and 'A' becomes stationary but continues to
®)
rotate at the same initial angular velocity R . Hence, after collision.
2
1, 1 Y2Zmr2) (Yo (K E) _3
_5™Mvo _7@ _2l3 R (K. E)y 2
(K.E.)s = and (K.E.)a = = > Hence (4).
Note : Sphere 'B' will not rotate, because there is no torque on 'B' during the collision as the collision is
head-on.
gsin0
k2
22. a= R*J For solid sphere = lem = Smk2 = ks = 5
2
- 2
r
For hollow sphere = 3 mR2 = mk2 > kn = A
So, ks < kn then as > an (so speed of solid sphere is greater then hollow sphere )
gsin®
2
1+ k—2
23. a='" R
2
il R [2
For solid sphere = lem = S mk2 > ks = /5
2
= 2
r
For hollow sphere = 3 mR2 = mk? > kn = /3
So, ks <kn then as > an (so speed of solid sphere is greater then hollow sphere)
24,
mg sin 6 — f = ma
mg sin 6-f
a= m . ais equal for each body so all the object will reach at same time.
25. Let velocity of c.m. of sphere be v. The velocity of the plank = 2v.
1
Kinetic energy of plank = 2 x m x (2v)2 = 2mv?2
1 1 [1mR2(ﬂ2] 1rT'l\l'2 (1+1} E'lmvz
Kinetic energy of cylinder=2 mv2+ 2 + 2 oy 2)_2'2
2mv?
KE. of plank 3 , 8
e s . —mv -
KE. of sphere = 4 -3
S
26. The horizontal shift of end x will be double the shift of centre of spool. Hence centre travels by 2 .

17 | Page
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27.
When A point travels ¢ distance then B point 2/ so, 2/ length of string passes through the hand of the boy
SECTION (I)
1 1 3
1. Total KE= 2 MV2+ 2 jp2= 4 MV2
3 9
AKE= 4 M(4V2-V2) = 4 MV2
g sind
" m \E R 3 _15
2. a= R = K (solid sphere) = 5 R = K (solid cylinder) = V2 = 8 14
3. Both spheres reach the ground due to vertical component of velocity. As initial component of velocity of
both spheres is zero, therefore both will reach the earth silmultaneously. The time taken being given by:
2h
1 1 =
_gt? _gt? 3
h=ut+ 2 =0+ 2 = t=
4, There is no relative motion between sphere and plank so friction force is zero then no any change in
motion of sphere and plank.
5. Due to linear velocity body will more forword before pure rolling.

NG

Friction will act in forward direction so body will always move in forward direction.
7. Disc in pure rolling and external force zero after smooth surface pure rolling continue.

8. mg sin 8 component is always down the plane whether it is rolling up or rolling down. Therefore, for no
slipping, sense of angular acceleration should also be same in both the cases. Therefore, force of friction
f always act upwards.

X\%
a
9.

Torque about COM

mR2 {mRZ _ R] (f_ ma]
5 =<
fR=1-a (@=aR) > FR= 2 a= > 2
10. As the disc is in combined rotation and translation, each point has a tangential velocity and a linear
velocity in the forward direction.
v
From flgure Vnet (for lowest point) = v — Rw = v —v = 0 and Acceleration = +0=R

VRw

(Since linear speed is constant). Hence (4).

L 4
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11. When a body rolls down without soliiping along an inclined plane of inclination 8, it rotates about a
horizontal axis through its centre of mass and also its centre of mass moves. Therefore, rolling motion
may be regarded as a rotational motion about an axis through its centre of mass plus a translational
motion of the centre of mass. As it rolls down, it suffers lossin gravitational potential energy provided
translational energy due to frictional force is converted into rotational energy.

Note : In fact, friction is needed to cause the body to roll. However the rolling friction is so small that we
can use conservation of mechanical energy.

2

mv
2. ma= "7 L (M
........ (i)
F_ma R A_R
and 2 Maz _ mMR3e? F, R,
13. mgsine—f=maecm ... (@)
fR=l& L (i)
acu=Ra (iii)
On solving (i), (ii) & (iii)
s
mg sin B
gsin6
1+ ! 5
acm= MR%
14. a = (g tan 6) so net force along the indined plane is zero so it will continue in pure rolling with constant
angular velocity.
SECTION (J)
1. As the inclined plane is smooth, the sphere can never roll rather it will just slip down.
Hence, the angular momentum remains conserved about any point on a line parallel to the inclined plane
and passing through the centre of the ball.
1
2. KE= 2 mv2(1+1)=mv2=0.4x0.12=4 x 103,
AT
| | 5kg
3. v
50-T = 5a 1)
TR = lx = la/R (2
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la=TR?

1 a x 10 x 10 l
Now. 5 = 2 soa= 10 =0.1 m/sec?
So0,50-T=05
So, T=50-0.5=495

49.5
So,1x0.1= 10 x 10
So, | =4.95 kg m?2 None of the answer given.
4. From the theorem —
Y
V=Ro
0l (a) X
.o - =
Lo =beom +M (rxV) )
We may write
Angular momentum about O = Angular momentum about COM + Angular momentum of COM about
origin
1
Lo=ls+ MRV = 2 MR2w + MR(Rw)
Y
(5
ol () X
3
= 2 MR2w
- - —
Note that in this case both the terms in equation (1) i.e. Lcom and M (r=V) have the same direction ®.
That is why we have used Lo = lo+ MRV. We will use Lo = | w ~ MRV if they are in opposite directions
shown in figure (2).
5. As the inclined plane is smooth, the sphere can never roll rather it will just slip down.
Hence, the angular momentum remains conserved about any point on a line parallel to the inclined plane
and passing through the centre of the ball.
SECTION (K)
F
l 3al4
mg
1. xx'
For topling about edge xx’
3a & 2mg
Frmin. 4 = mg 2 = Frmin. = 3
2. At the critical condition, normal reaction N will pass through point P. In this condition
w=0=T1x (About P)
the block will topple when
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<

TF > Tmg

S

or FL > (mg) F>mg/2

EXERCISE # 2

1.
by parellel axis theorem | = Icm + md?
S =)
2
Mr2=lcu+ M\ ™ = lem = Mr2 n
RM
cm
‘4Rf3n
2. )
2
1, 5 4R 1 16
MR 3n 2 9
lo=Icm+ Md?2 = 2 =lem+ M = lcm = MR2 T
3. Mass of the ring M = pL
L
Let R be the radius of the ring. ThenL=2nR orR = 2
1
Moment of inertia about an axis passing through O, and parallel to XX’ will be lo = 2 MR?2
Therefore, moment of inertia about XX’ (from parallel axis theorem) will be given by :
2
3 {L_J 3pl®
—_ 2 —2
Ixx = 2 (pL) 4n = 8n
w W,
d M
<+ D-X A X »
4, M i
weight of object =w
Wl =X)=WiX e 0]
If weight is kept in another pan then :
W2(l = X) = WX e, (i)
By (i) & (ii)
ﬂ Wy
W2 = w > W2 = w1 W2 => w= YWiW2
5. key Idea : The net moment about point of contact between ground and ladder should ge zero. Let (as
shown in figure) AB be a ladder and F be the horizontal force to keep it from slipping. w is the weight of
man. Suppose N1 and N2 be normal reactions of ground and wall respectively.
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In horizontal equlibrium,

Ni1=F
In vertical equilibrium,.
Ni=w
Taking moments about A;
o8
Clockwise torque = Anticlockwise torque N1 x CD = N2 x OB but in AAOB, sin 60° = AB
co
In AAOB, cos 60°= BC = CD=BC cos 60°
Substitutingh in Eq.(i), we have N1 x BC cos 60° = N2 x AB sin 60°
N,«——— B
D
0
1 V3
= wxBCx 2 =FxABx 2 . Given:w =150 pouns, AB = 20 ndr., BC = 4 mft.
1 J3 150 x 4x+/3
150 x4x 2 =Fx20x 2 = F= 20x3 =173 pound
6. Net external torque on the system is zero. Therefore, angular momentum is conserved.

Forces acting on the system are only conservative. Therefore, total mechanical energy of the system is
also conserved.

PR
7. TxL then T || L so may increase
: g
8. Here, u=Vo,wo= 2R AtpurerolingV=Vo— """t
v ﬁ{F_fj t RR
& R R AMRJ+ (npureroling V= Rw) (a= 1= mR?)
Vo Vo Vo
= Vo-V=V+ 2 = 2v= 2 = v= 4 Ans.
d
al etV cd,
M " M

9. 0 ~ 0

Net torque about O is zero.

Therefore, angular momentum (L) about point O will be conserved,

or Li =Lt

2 2
2) s npe L O 2 _ 3 Mma2 _ 4a
MV —|0w—(|com+Mr)w— =YMa?w = w=
F

10. The linear acceleration of centre of mass will be a = M wherever the force is applied. hence, the

acceleration will bes ame whatever the value of h may be
11. The situation is shown in the figure.

&——
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0

Potential energy of cylinder at the top will be converted into rotational kinetic energy and translational
kinetic energy. So, energy conservation gives,

2.2 (.. MR?
1mv2 +11(02 lmvz +1EV_2 [ Icylinder = 2} 1MV2 +1mv2
Mgh:2 2 :2 2 2 R So, Mgh:2 4
4 |4
gMw2 —gh ggh
or Mgh = 4 or v2= 3 or V=
12. Mass of disc (X), mx = nR2tp
Where p = density of material of disc
1 1
IX= 2 mXR2 = 2 R2tpR2
1
IX=2rpR4 ... () Again mass of disc (Y)
t 1 1
my= n=(4R)2 4p=4nR2tp andlY = 2 mY (4R2) = 2 4nR2 tp.16R2
ly _ 32ntpR*
Ix 1TrptR4
= lY = 32ntpR4 ... (i) - 2 =64 lY = 64 Ix

13. Mass of the whole disc =4 M
1

Moment of inertia of the disc about the given axis = 2 (4M)R2 = 2MR?2
1 1

- Moment of inertia of quarter section of the disc = 4 (2MR2) = 2 MR?2

These type of questions are often asked in objective. Students generally err in taking mass of the whole
disc. They take it M instead of 4 M.

14. lo =11 — I2 where 11 = (M.I. of full disc about O)
l2 (M.1. of small removed disc about O) since mass o area

R2
mass of cut disc g7 1
mass of total _ R? -9 mass of cut disc = m

(Om)R? 2 13
lo= 2 -m (by theorem of parallel axis.)
9mR? [i+ 4 } 9mR> mR?  8mR’
= 2 _mre=U18 90 2 - 2 - 2 umre
15. 2/5 MR? = 1/2 Mr? + Mr? .. 2/5 MR? = 3/2 Mr?
4 2R

r2=ER2 = r=\/E

&—
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16.
17.

18.

19.

20.

21.

22.

23.

If torque external = 0, then angular momentum = constant = lw

The acceleration of centre of mass of either cylinder
gsind
2
1+ K2
a= R® where Kis radius of gyration.
So acceleration of centre of hollow cylinder

is less than that of solid cylinder.
Hence time taken by hollow cylinder will be more.
So statement-1 is wrong. Ans. (4)

(1) Since there in no resultant external force, linear momentum of the system remains constant.

(2) Kinetic energy of the system may change.

(3) Angular momentum of the system may change as in case of couple, net force is zero but torque is not

zero. Hence angular momentum of the system is not constant.
(4) Potential energy may also change.

By conservation of angular momentum

QO

[MRZ +Mﬁ+M_dzJ 8o (2OOR2 +OR? + 25d2}
MR2 o = 8 25 8 _ 8x25
225 R?2-209 R?2 =25 d?
16R? 4R
d= 25 = d= 5
Moment of Inertia about the shortest side BC is greater than the other two sides

Isc > laB
Conserving the angular momentum :

©|

9 = R2=

2 2
M +Emaz ® g E
12 4 5 a
mua = = w= Ans.
By conservation of angular momentum about hinge O.
L=lw
Md? 4y mvd [md?> md?
—+m | = ® = + ®
= 12 2 2 2 4
mv 2 = =
de = Emdzm gl =
2 4 - 3d
L=Pr solog=IlogP +logr
y =X + logr
so (b) ans.
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volg 3
Vot mgvet  dL mgv, J' t dt _MYo
X=VocosdE°xt= V2 st=mgx= V2 = dt = L= V2 0 =22 g
25. In rolling without slippping, total energy of ball is the sum of its translational and rotational energy.
Kinetic energy of rotation is
2
1oz k2 A
Kot= 2 =2 R® where K is radius of gyration.
1MV2

Kinetic energy of translation is Kians. = 2

1 v o1 Tz K] 1w
—MK2—+—MV2 E v ?Jr —R—(K2+R2)

Thus, total energy E = Krot. + Kirans. = 2 R? 2 = 2 R2
1MK2 ﬁ
Krot‘ _ 2 R2 _ Kz
Ktrans. 1 M\';z (KZ RZ) KZ + RZ
Hence, 2
26. As no external torque is applied to the system, the angular momentum of the system remains conserved.

Li= L+ According to given problem,
lwi = (le + lb)ws

I o
(Df =
or (+lo) o)
1ltmi2
Initial energy, Ei= 2~ ... (ii)

l(It +Ib)@f2
Final energy, Erf= 2~ ... (i)

Final energy, Ef =

2" T,
Loss of energy, AE = Ei —Ef = ( tr b) (Using (ii) and (iv))

o[ I |_of[TALL-F] 1 Tl o
_200 () 20 (+l) ) _2(L+1,)

27. Balancing torque about the centre of the rod :
£ £
Ni.4 -N2. 4=0
N;

ALV

= N1 = Na2.

EXERCISE #3
PART -1

3. Mass of the disc = 9M

&—
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Mass of removed portion of disc = M
The moment of inertia of the complete disc about an axis passing through its centre O and perpendicular

gMRZ

to its plane is I1 = 2

2
1M[RJ :iMRz
Now, the moment of inertia of the disc with removed portion |2 = 2 13 L

Therefore, moment of inertia of the remaining portion of disc about O is
MR®> MR?  40MR?
2 18 9

I=li—I2=
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4, When angular acc. (a) is zero than torque on the wheel becomes zero
a(t) = 2t3 - 6t2
o #o
dt = 62— 12t > dt? —12t-12=0 =  t=1Sec.
It's always in axial direction so
at maximum compression the solid cylinder will stop
so loss in K.E. of cylinder = gain in P.E. of spring
2
1 1 1 1 1mR? (VJ e
= 2 mv2+ 2 |w2= 2kx2= 2 m2+ 2 2 \R 2
Srv? =i §x3x(4)2 =200 &
= 4 2 = 4 2
ﬁ = X2
N 100 = Xx=0.6m
8. Fix +F2x = FsX = Fs =F1+F2
9. using angular momentum conservation
Li=0
Li=mvR - lw
mvR = L.w
1
_\2
w =
(v + wR)t =2nR
(1+1x2} =2nx2
2
t = 2mn sec.
10. | = lem + md?2
d is maximum for point B so
Imax about B
3v?
49
Rolling
11.
1 1 3v?
21w2 +0+ 2 mv2=mgx 3v2 49
L (9_1]
2102 = 4mvz— 2 my2= 2 \?
1V m? 1
2 1R’z 4 = I= 2 mR2 Disc
Lyt
K
P I Q
12 L/2
L mL? 3g
mg— —a o=—
| = 2 = lo = 3 = a= 2L
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MR?
[ 5 ](a)
13. (T) x(R) =
T
MR 50x0.5
2 ) 72
T= = (2 x 2m) = 157N
14. Equating torque about center of mass
A B
[ ]
<3
X
vmg
Na X = Ns (d-x)
W(d-x)
Na + N =mg = Solving Na = d
2MR?
15. ldiameter = 3
2MR? + MR2 = 2 MR? 2 MR? +[§MR2J><24IVIR2 12\1R? = amR2
- - 3
ltengential = . SO ltotal = =
1
16. KE.= 2 |w?
I is min. about the centre of mass
So. (m1) (x) = (m2) (L—x)
m,L
x= My+m,
- —
17, r If L =constant then t=0
a 3
—_ 4 —_ —_——=— = —
sorxF=0= should be parallel to T so coefficient should be in same ratio.So 2 -6 -12
Soa =—1Ans (4)
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Coe

18
MR?
h= 2
M\(RY
\AAN2Z) +(MJ(5J2 _ 3MR? MR? 3MR® _13MR’
I, = 2 4 )\ 2 32 L Juz=h-l= 2 32 32 g0, answer s 3.
19. Time does not depend on mass, else
2
- R? is least for sphere and hence least time is taken by sphere
20. The angular speed of disc increases with time, and hence centripetal acceleration
12 2
also aner = VAU T3
v
ac = R
u = tangential speed
R =Radius=0.5m
g2 2
V=2m/s att=2 = ac = 8m/s ; at= Ra = (0.5)(2) = Anet = 8 +1 ~8
21. KEa = KEsg
11;\(0% = _IBU‘)E
2 2 = since Is > la SO ws < wa
1 1
2 L awa= 2 Lews = Ls > La Ans.
l[szz}mz 1
22. KE of sphere = 215 = 5 mR2w?
1{mR2J KEsphere _ 1
> ‘ -
KE of cylinder = (2w)?2 = mR2w 2 So, KEoyinder 5 Ans.
&~ > < 3 —=>
m: Tm;
<— >
23.
2
( m, ET [ m, ET mym, (my +m, ) mym,£?
_ 2 L > e
oM emry Mmoo my ey (my +m) = (my+mg) Ans.
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24,

25.

26.

27.

28.

29.

&—

KE, = T vz
2
1

2
KE, MV

2 j—

1 1( 2 \% 1 =

KErotation = Elcm(“‘2 = E(gMsz(E] = ng2 KEt + KEr %mVZ +%mV2
=

Text = 0, SO Angular momentum will remain conserved.

~| o

Measured diameter of ball = Main scale reading + Circular scale reading x least count
=5 mm + (25) x (0.01 mm) =5.25 mm
Actual diameter = measured diameter — zero error = (5.25 mm) — (- 0.04 mm) = 5.29 mm

3x2—nrad/sec =T
10

wo =3 rpm =
w2=we? +2x06
2
0* =(%] +2(0)(2ni 2) a=—$rad/sac2
=
2
: (2)[4]
|- mR%__\100) _ 16 T=|a=[1€:]x(— 1 }:—2x10‘6N.m
2 2 104 - 10 800
work done = AKE
1 1 3 3 3
i= 2102+ 2mv2= 4 mv2= 4x 100 x (20 x 102)2 = 4 x 100 x 400 x 104=3J

2
1 (1 + K2 J
By energy conservation 2 mv?2 R =mgx = mg/ sin®

(4)2x[1+%J
vi(1+K2/R?) —2 o]
. X X —
So /¢ ZQSIHG =3 L= = 2.4 meter
PART -1l

222
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From angular momentum conservation about vertical axis passing through centre. When insect is coming
from circumference to center. Moment of inertia first decrease then increase. So angular velocity
inecrease then decrease.

td0=0
3. To reverse the direction -[ (work done is zero)
T=(20t—5t?) 2 =40t — 10t2
1042 ; 3
E=M=4t7t2 .[adt L
o= | 10 = w= 0 = 2t2 - 3
£3
wiszeroat2tz— 3 =0
13 = 612 = t=6 sec.
3 44
° 2t - Lot {i_t_} [2 1}
o dt J - 3 12 2 5
e:-[ = Jo 3 - 0 =216 13 2)=36rad.
36
No of revolution 27 Less than 6
T
T
a
It
4.
..... Q)
g
..... (2) = 2 - a
5.
Angular r_n’omentum of the pendulum about the suspension point 'O' is
L=m (rxv)
Then can be resolved into two components, radial component rradq, and axial component raxia. Due to
rrad, L will be axial and due to raxia, L will be radially outwards as shown.
So net angular momentum will be as shown in figure whoose value will be constant (|L| = mv/). But its
direction will change as shown in the figure.
Short Solution
0]
Angular momentum of the pendulum about the suspension point 'O' will have a constant magnitude : (L)
= mv (op) but its direction will change as shown in the figure.
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6. AB = 2R
a‘/g =2R
N
T\ M e 2M
Mass of cube = 3 _ 47R® 33 _ 3n
A
B

ma? 2M 4R? 1 4MR?

Moment of inertia of cube about given axisis= 8 = V3r 3 6 _ 93n
7. FromCto D

_) ~
Lo _m\{iﬁl} k

‘/_ fromBto C
e e
Lo=mv|—+ k

\/_ fromDto A
- mv -
Lo =—=R(- k

‘E ( ) from Ato B

- mv
- TR(-

At distance xo fromO v =wR
distance less than Xo v > wR

Initially, there is pure rolling at both the contacts. As the cone moves forward slipping at AB will start in
forward direction as radius at left contact decreases.

&—
A 4
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Thus the cone will start turning towards left. As it moves further slipping at CD will start in backward
direction which will also turn the cone towards left.

At distance xo from O v =wR

Distance less than Xo v > wR

2
M, MR?
9. 12 4
C
Q OfR
ME M M M _ge
124 pnf] N M=@mR2)p = PH
2
dL_ My M1 0__M_
de 12 4pn\ L N 6 4pnf
M3 e F_3 o_f
2pm 2pm = R? 2 N R V2
(IDZ)sine
i
o
Initially T _
IkH'ItEB : at any t!met
tle ij
10.
mgsineg=ﬂa 3—gsin6=0t
2 3 = 2(]
(MR? : )
MZR +6[M2R +M(2R)Zb 181 R?
11. Ip = lo + 7TM(3R)2 = +7M(3R)2= 2
oM M
| 2R/3
* ®
12.
[Using negative mass concept]
R 2
IMR? M[E] 2RY
== M 9 1 4
MR?| = —— = = 4AMR?
- 2 18 9
13. From Dimension analysis lo = kMa?
Now for small lamina
M[ET _ Kia® I
r=k4\2 [N =16
151,
So moment of inertia of remaining part | — I' = 16
14. Lets considered mass of each rod is m for equilibrium the torque about point O should be zero.
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15.

16.

17.

&—

R

Torque balance about O

a (Ecose—asinej
mg 2 sine = mg
1
tant = 3 =

dx

Net torque = Z Torque on ring

d h F 2 d
= X X. Xax
J.‘c .(.;u x 21

nR?

fR=la= 2

for pure rolling
a=oaR

from (1)(2) and (3)
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F_MRe R
2
EmRa i
= F=2 = a= 3MR

18. 5Mog? — 4Mog/ = [2Mo (2£)? + 5Mo (£2)]a
Mog/ = (13Mof?)a

_[i]
1300
19.  lo=(M.l. of A &B) + (M.l. of C)

(MRZ +MR2J 2 MR® g2 . MR?
o= 4 2 .72 2 =3MR?
20. Taking torque about the point of contact

40 x [1] = [mr2 + mr2]a
1 1

40=2mx 4aq = 40=2x5x 4q.
U U u .
21. T=rxF = T =rF sing =
(2|+3J)xF( )+6Jx +i(
T, Bl B 2
22 o =hxF+hxr
_ 2F(-j)+ 3F(i)+ 3F(k) + 0 _(3i 2] +3k)F
23. Applying conservation of energy
.O
1mV2 71mV1
Vs = \j29r+V12 _ V2x10x10+25
V2=15m/s
Lo=mVer=20x 103 x 20 x 15
Lo = 6 kgm?/s
24. Ix = lem + Mx?
2
Ix= 2 mR2 + mx2 = Parabola opening upward

o = 16 rad/s?

25=5x1 xsind

J

6 =30°
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25. !
m(202 +10?) K — [400+100
2 = mk2 = 2 K =+250
K =510 ¢y
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