Answers

Module 1 System of Particles

A.7.1.1 (C)

mm
——2—is less than both m, and m
me+mp p

A.7.1.2 (D)

SA4E
)
MS+ME

/,t<me<mp= u<MS,/,z<ME

p<m < m = (ML +ML), which is the harmonic mean between MS and ME.
E N

A.7.1.3 (C)

Motion of the centre of mass is affected only by an external unbalanced force.

A7.1.4 (D)

Let the length of each side of the square hole be x .

2 2 2
X 4+ x = a
24
Or, X ==
Let 0 = ==

area

.. . 2
. Mass of original lamina = ta o
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~ Mass of the remaining lamina

2
= (naz - aT)c = (11 - %)azo
The required distance d will be given by:

1 2 a a
(11 — 7)(1 od = —o0o—

2 © 2
. _ a
-d= 4n—2
A.7.1.5 (O)
A
F
G
l/ I/ \\ \\
L= 3\ N~
B D C

Fig. A.7.1.1

The triangular lamina is cut into multiple infinitesimally thin rectangular strips, each parallel to the base, BC.
The centre of mass of each such strip lies on the respective mid-point. So the centre of mass of the triangular
lamina which is a combination of such strips lies on the join of the mid-points. So it lies on the median AD. If a
similar exercise is done with strips parallel to AC, it will be found that the centre of mass. will be on the median

BF. So, the centre of mass will be located at the point of intersection of the medians, that is the centroid.
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A.7.1.6 (B) Referto Fig.A.7.1.2

Y
The coordinates of the centre of mass are (0, a)
x5
_ fxdm
X = y (-a, 0) (a,0) .
Jdm X Kerd)c
_ [ydm
y= )
fdnl (0,-a)
Fig. A.7.1.2

where dm is the mass of the elementary strip contained between x and x + dx about the point (x,y)

on the circle. If o is the mass per unit area of the circular lamina, then dm = oydx.

The integrals extend between the limits of the coordinates of the endpoints of the quadrant.

[xydxo [xydx I

=1
I
I
I
|

I
[ydxo [ydx 2

0
where11=fxyd_x:fx’\/a2 —x* dx
a
0
And Izzfydef\/a2 —x* dx
a

x = a cosf, dx = —a sinfdo

2 2 2 2 2 2.2
“ad —X =a —acos = asin@
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Y| a2 — x2 = a sinf
When, x =0, cos60=0,0= %

X =a, cos0=1,0=0
/2

« 1 = [ (acosf)(a sinf)(— a sinB)do

32
= —a [ sin“0cosfde

o
Letsin @ =u, so, + cos 8d6 = du

When6=0,u =0

0= %,u=1

n/2

0
I,=f~a"—x" dx= [ (asin0) (—asinddo)
a

o

/2
/ 2.

-—d fsin20d0=—a7
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Jyoy dx [y*dx J
1

;: = = —

fydxo [ydx ]2

0
Where ]1=fy2d_x=f\/a2 —x* dx
a

And]2 = fydx=12 = —az%
_ T2 2\ dy = 2 a’
J, = —{(a —x)dx= —(a.a ——)
_ __ 2a
B 3
- /4 _ _ZTaa __ 8a
y_r_ ~ 2z 3g
4
So, the coordinates of C.M. are (:—a, By,
'’ 3m
A.7.1.7 (B)
le1 +m2V2 =0
—)' ml—) 1 A _1 _1
-'-V2 = -V =——-24ABms = 1ms along BA

A.7.1.8 (D)

K=K ++Mv'=15+>(1 +2).2° =15+ 6 = 217
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AT.1.9 (A)

The original path of the bomb is parabolic. Since there is no external force due to the explosion, the centre of

mass will continue to follow the original path of the projectile.

A7.1.10 (C)

r _ m1r1+m2r2 _ m1+m2
cm m +m, » H m +m,
Let m; >> m2

m2

- _ T1+Tl T'Z _ mZ

em g™ H= T4z
m m

m
Asm >m, ——-0
1 2 m

S b e
r _-or and u m,

*-o-¢

Module 2 : Kinematics of Rotational Motion

Ans 7.2.1 (D)
2T -1 2T -1 2T -1
w, =% rad s W, = %60 rad s W, = T7%60%60 rad s

LW, w, = 720:12:1
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Ans 7.2.2 (C) The minute hand rotates with a uniform angular speed equal to 602X—“60 rads ' about an axis

perpendicular to the plane of the wrist watch and passing through its centre. Every point on the minute hand has

the same angular velocity.

Ans7.2.3 (C)

The axis is fixed, so the direction of angular velocity does not change but its magnitude may change. Hence

(C) is correct.

Ans 7.2.4 (B)

=a Lo = toat Hence (q) is correct.

Again, angle described = (Average angular velocity) X time

.8 = °t,-'-£=w+w
t ]

[\

w = TB - which is (p)

Ans 7.2.5 (A)

Angle subtended by an arc at any point on the circumference of a circle is half the angle subtended at the centre.

Ans 7.2.6 (A)

The required angle = @ .10 + 3-0.10° = @ 9 + +a9'= w_+ (100 — 81) = w_+ (9.5)a

Ans 7.2.7 (D)

w.2 +—a2’ = 8n
o
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©.6++a6 =30m
o

1.€. W 4+ o =4n

w0+ 3a = 57
20 =T
-
Y >
Ans 7.2.8 (C)
_ mo_ I
w = T — > =

. Angle described in 10 seconds

=35m +25m =601

Number of revolutions = 6207;’ = 30

Ans 7.2.9 (B)

Angle described = (Average angular velocity) time

w tw

L 60T = —5 ~10s

. _ — I
..121T—w0+w1— > +oo1

. _ _ Jm _ A7m
.-w1—12T[ = =85
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Ans 7.2.10 (B)

7
8
6 =45
o x|=a ’r
Fig. A.7.2.1
46 __1 dfy
dt 14 y; dt ( a )
_ A 1 dy
©W=Trea
a _u
T d+de T
o0
Module 3 : Dynamics of Rotational Motion
Ans 7.3.1 (A)

Fig. A.7.3.1
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Let O be the point about which the moment of the couple (F, F) is being considered (Fig. A.7.3.1).

Moment about O is equal to

rlx(—F)+r2><(F)=(_"2_r1)xF=ABXF'

that is independent of the choice of origin O.

Ans 7.3.2 (C)

F
p 0 a Q
/)
asmf
F
Fig. A.7.3.2
A = Fasin@

B = Fasin(90o — 0) = Facos®f
“AP+ B =Fd0 +0)

» A+ B' = (Fa)’

or, Fa = ’\/AZ + B2

Ans 7.3.3 (B)
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Moment of inertia about each diameter is the same on account of symmetry. Let us take two perpendicular

diameters, and let the corresponding MIs be [ ) and [ 5

Then,

1 2
= TMR
Ans 7.3.4 (C)
Torque FR 2F
« MI Lyr ~ MR

Ans 7.3.5 (B)

MI of the child and the seat about the axis of rotation = (m ,Tm 2)R2

FR _ 2F
1 2 2
TMR +(m1+m2)R

© (M+2m +2m )R

Ans 7.3.6 (O)
in 6
a4 = gSlIII(Z
1+—
R
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wlw

R

Ans 7.3.7 (D)

The numerator is the same for all.

For a hollow cylinder, a solid cylinder, a hollow sphere, a solid sphere, the value of 1kz are

1+5
.

— (= 0.5),= (= 0.67), =~ (= 0.6),— (= 0.71) respectively.
" v4>v2>v3>v1

Ans7.3.8 (D)

Ans 7.3.9 (A)

mg sin 0 mg mg cos
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Fig. A.7.3.3

The restoring torque = mg sin 6 [
For a displacement, d 6, the work done = mgl sin 6d6

. Work done for angular displacement 30°to 60°

30°

= [ mglsin6df =— mgl|cos 6 |zgo=— mgl(cos 30° — cos 60%) = ‘—’;’L’\/m =— (0.366) mgl
60

Ans7.3.10 (C)

Ilwl_lzwz
2 1
2

I =061

2 1

w,= 60 rev/min = 1 rev/s =21 rad/s

I X2m 101
2 0.61 3

rad/s
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