SOLUTIONS TO CONCEPTS

CHAPTER 12

Given, r = 10cm.
Att=0,x=5cm.
T =6 sec.
SO,W= E = E: Esec_1

T 6 3
At,t=0,x=5cm.
So,5=10sin (w x 0+ ¢) =10 sin ¢ [y =rsin wt]

Sin¢=1/2:¢=%

.. Equation of displacement x = (10cm) sin [g)

(i) At t = 4 second

x =10 sin {Ex4+ﬁ} =10 sin {
3 6

=10sin [2F) =10sin [n+ %] =-10sin [ ] =-10
2 2 2

2
Acceleration a = — w’x = —[%j x (-=10) =10.9 ~ 0.11 cm/sec.

87t+rc}

Given that, at a particular instant,
X =2cm =0.02m

V =1 m/sec

A =10 msec™

We know that a = @?x

Sa= |2 = 119 = 500 =105
x V0.2
2

2n _ 2x3.14
10\/5 10x2.236

Again, amplitude r is given by v = m(\/r2 —xz)

=V = o}(rF = %%

1 =500 (r* - 0.0004)

= r=0.0489 ~ 0.049 m

S r=4.9cm.

r=10cm

Because, K.E. = P.E.

So (1/2) m o? (- y?) = (1/2) m w?y?

= (0.28 seconds.

T:_Tt
(O]

r— y2 = y2 = 2y2 == y= % = % =54/2 cm form the mean position.
Vmax = 10 cm/sec.
=ro=10
o' = @ (1)
r
Amax = o’r = 50 cm/sec
So2= 202950
y r
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Chapter 12

100 50
L T — =r=2cm.
r r

0= ,/@ = 5 sec?
r

Again, to find out the positions where the speed is 8m/sec,
2_ 2,2
Vi = 0? (P - y?)
=64=25(4-Yy)
= 4-y= g—g = y*=1.44 = y= J1.44 = y=+1.2 cm from mean position.

x = (2.0cm)sin [(1003_1) t + (n/6)]

m = 10g.
a) Amplitude = 2cm.
o =100 sec”’
T= 2n _ sec = 0.063 sec.
100 50
2
We know that T = 2z \/E NS L RN e
k k T2
=10° dyne/cm = 100 N/m. [because o = % =100 sec‘1]
b)Att=0

X = 2cm sin (gj =2 x (1/2) = 1 cm. from the mean position.

We know that x = A sin (ot + ¢)
v =Acos (ot + ¢)
V3

=2 x 100 cos (0 + n/6) = 200 % - =100 3 sec™' = 1.73m/s

c)a=—w’x=100%x1=100 m/s®
x =5 sin (20t + n/3)
a) Max. displacement from the mean position = Amplitude of the particle.
At the extreme position, the velocity becomes ‘0’.
- x =5 = Amplitude.
. 5="5sin (20t + n/3)
sin (20t + /3) = 1 = sin (w/2)
= 20t + /3 = 1/2
=t =n/120 sec., So at /120 sec it first comes to rest.
b) a = 0’x = ©” [5 sin (20t + n/3)]
Fora =0, 5sin (20t + ©/3) = 0 = sin (20t + 1/3) = sin (n)
=20t=n-n/3 =2n/3
=t =n/30 sec.
c)v=A o cos (ot +1/3) = 20 x 5 cos (20t + n/3)
when, v is maximum i.e. cos (20t + n/3) = -1 =cos n
= 20t=n-n/3 =2n/3
= t = /30 sec.
a) x = 2.0 cos (50nt + tan™" 0.75) = 2.0 cos (50xt + 0.643)
V= Z—)t( =-100 sin (50xt + 0.643)
= sin (50xt + 0.643) =0
As the particle comes to rest for the 1% time
= 50nt+0.643 =~
=t=1.6x 107 sec.
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10.

1.

12.

b) Acceleration a = Z—\tl =—100xn x 50 n cos (50xnt + 0.643)

For maximum acceleration cos (50nt + 0.643) = — 1 cos © (max) (so a is max)
=t=1.6x 107 sec.
c) When the particle comes to rest for second time,
50xnt + 0.643 = 2
=t=36x10"s.

Yy = % , = r (for the two given position)

Now, y1 =r sin ot,
t

:L=rsinmtzsinmt=1:>(ot=£:ﬁ><t=£:>t:_
2 ! T T T T e T 12
Again, y, = r sin ot,
:>r=rsinmt2:>sinwt2=1:>mt2=n/2:>(%)tfg:tz:%
Sot,_ti=t_t ot

4 12 6
k=0.1 N/m

T= 27r\/E = 2 sec [Time period of pendulum of a clock = 2 sec]

k 01
— -

~m= 2 49 =0.01kg ~ 10 gm.

Time period of simple pendulum = 27r\/I
g

Time period of spring is Zn\/%

T, = Ts[Frequency is same]

1 \/F 1 m
= —_ = —_ = — = —

g k g k

mg F _ . e

= 1= K- X. (Because, restoring force = weight = F =mg)
= 1 =x(proved)
x=r=0.1m
T=0.314 sec
m = 0.5 kg.
Total force exerted on the block = weight of the block + spring force.

T=2n % 30.314=2n,/% — k = 200 N/m

.. Force exerted by the spring on the block is
F =kx=201.1 x 0.1 = 20N

.. Maximum force = F + weight = 20 + 5 = 256N
m = 2kg.

T =4 sec.

T=2n m:4=27t\/z:>2=7t\/z
k K K
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13.

14.

15.

But, we know that F = mg = kx

mg_ 2x10 _

4
k 5

= X=

..Potential Energy = (1/2) k X2 = (1/2) x5 x16=5x 8 =40J

x =25cm = 0.25m

E=5J
f=5
So, T = 1/5sec.

Now P.E. = (1/2) kx®

=(1/2) kx®* =5 = (1/2) k (0.25)° =5 = k = 160 N/m.

M = m=0.16 kg.
160

m 1

Again, T=2n,]— = — =2n

5

a) From the free body diagram,

R+mm2x—mg=0

(1)

Resultant force mw?x = mg — R

= moX=m
(M+m}

[ @ = yk/(M+m) for spring mass system]

b) R=mg—mm2x=mg-m

M+m
For R to be smallest, mo?x should be max. i.e. x is maximum.

_ mkx
M+m

The particle should be at the high point.

c) We have R =mg — mo’x

X =mg—

mkx
M+m

The tow blocks may oscillates together in such a way that R is greater than 0. At limiting condition, R

=0, mg = mo’X
mg _ mg(M+m)

ma? mk

X =

So, the maximum amplitude i

a) At the equilibrium condition,

kx = (mq+ m,) g sin 0
(m;+my)gsin®
k

= X=

k

b) x; = %(m1 + m,) g sin 6 (Given)

when the system is released, it will start to make SHM

k
my +m,

where o =

When the blocks lose contact, P =0

So ngsin6=m2x2m2= mj X (

(m;+m,)gsin®

= X2 = k

So the blocks will lose contact with each other when the springs attain its natural length.

<= g(M+m)

|

(M1 +my)g

mag

\r
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16.

17.

c) Letthe common speed attained by both the blocks be v.
112 (Mg + my) V2 = 0 = 1/2 k(X1 + X2)° = (M4 + My) g sin 6 (X + X1)
[ x + x4 = total compression]
= (1/2) (m4 + m2) = [(1/2) k (3/k) (m4 + my) g sin 6 —(m4 + my) g sin 0] (X + X4)
= (1/2) (m4 + my) vi= =(1/2) (m4 + my) g sin 6 x (3/k) (m4 + my) g sin 6

_ 3 .
=>v= [————gsino.
k(m;+m,)

Given, k =100 N/m, M=1kgand F=10N
a) In the equilibrium position, M

compression 8 = F/k =10/100=0.1m =10 cm K
b) The blow imparts a speed of 2m/s to the block towards left. w/vw—‘:—

~PE.+KE. = 1/2k8 + 12 MV F

= (1/2) x 100 x (0AY + (1/2) x 1 x 4= 05+ 2= 25

c) Time period = 2n \/: = 1/10 = —sec

d) Let the amplitude be ‘X’ which means the distance between the mean position and the extreme

position.

So, in the extreme position, compression of the spring is (x + d).

Since, in SHM, the total energy remains constant.

(1/2) k (x + 8)* = (1/2) k& + (1/2) mV® + Fx = 2.5 + 10x

[because (1/2) k&% + (1/2) mv® = 2.5]
So, 50(x + 0.1)> = 2.5 + 10x
5 50 x* + 0.5+ 10x = 2.5 + 10x
250%% =2 = X 222 . i:x= im=200m.
50 100 10

e) Potential Energy at the left extreme is given by,

P.E. = (1/2) k (x +8)* = (1/2) x 100 (0.1 +0.2)> =50 x 0.09 = 4.5J
f) Potential Energy at the right extreme is given by,

P.E.=(1/2) k (x +6)2 — F(2x) [2x = distance between two extremes]

=4.5-10(0.4)=0.5J
The different values in (b) (e) and (f) do not violate law of conservation of energy as the work is done by
the external force 10N.

a) Equivalent spring constant k = k; + k; (parallel)

T=2n \/: =
k1+k2

b) Let us, displace the block m towards left through displacement X’
Resultant force F = F; + F, = (k; + ky)x

(kq +Kky)x
m

parallel

Acceleration (F/m) =

i X
Time period T = 2n dlsplacem.ent =on |—X -9 m K, |X | ke
Acceleration m(k, +k5) ky+k, AAAN

m f

i . - - 1

The equivalent spring constant k = k4 + ky
c) In series conn equivalent spring constant be k.
so, L=y Moketks o ki
k ki ky Kiks ki+k,
k
=2 Moy mitahe) NN
k k k2 ¥ i - iR iR -
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18. a) We have F =kx = x =

19.

20.

21.

x|

Acceleration = E

m
Time period T = 2 |disPlacement _, [Pk o, \/E
Acceleration F/m k

Amplitude = max displacement = F/k

b) The energy stored in the spring when the block passes through the equilibrium position
(1/2) kx® = (1/2) k (F/K)* = (1/2) k (F?/K?) = (1/2) (F?/k)

c) At the mean position, P.E. is 0. K.E. is (1/2) kx? = (1/2) (F2/x)

Suppose the particle is pushed slightly against the spring ‘C’ through displacement x’.
Total resultant force on the particle is kx due to spring C and % due to spring A and B.

kx ¥ (k) -
.. Total Resultant force = kx + (—Xj +£—Xj = kx + kx = 2kx.

V2 V2 B S 90
Acceleration = 2% X 450 y

m
Time period T = 2x \/ displacement _, | x__,. |m
Acceleration \/ 2kx 2k
m

[Cause:- When the body pushed against ‘C’ the spring C, tries to pull the block towards
XL. At that moment the spring A and B tries to pull the block with force k—Xand

V2
kx

72 respectively towards xy and xz respectively. So the total force on the block is due to the spring force

‘C’ as well as the component of two spring force A and B.]
In this case, if the particle ‘m’ is pushed against 'C’ a by distance ‘x'.
Total resultant force acting on man ‘m’ is given by,

B
F=kx+ X2 3KX i X
2 2
kx ° (kx)? kx ) kx kx "
[Because netforce A&B = .|| —| +| —| +2| — | = |cos120° = — C Tra0e 1, A
2 2 2 \ 2 2 X
F _ 3kx kx
La=s —= — 2
m 2m
a _ 3k _ 2 _ |3k kx 120°
> —=—=0" Do=,[—
X m 2m
kx
. Time period T = 2 2n 2m V2
® 3k
K, and K3 are in series.
Let equivalent spring constant be K, ks
2 2 % %% % %
Lo T KKy o KoK o ks M —>
Ky Ky Ks KoKy K, +Kj A AAAN AN F

Now K, and K; are in parallel.
KyoK4 . koks +kiky +Kkiks

So equivalent spring constant k = k; + ks =
a pring T K, Ky +K;

nT=2n \/M=2n Mz +ks)

12.6
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22.

23.

24,

b) frequency = AR SRl SPRASLE
c) Amplitude x = F. Flkp +ks)
K Ky +Kokg +KiKs

k1, ko, ks are in series,
1= 1+i 1 k= kikoks

JR— +_
ki ky kg
Time period T = 2x \/E =2n m(kik, +koks +kiks) _ 21 |m i+i 1
kikoks

Now, Force = weight = mg.

- At k4 spring, x4 = %
1

Similarly x, = mg and X3 =m9
ko Ks
2 2.2 2.2
ZPEy=(12) ke xi2 =k M9| = 1y M9" _ Mg
2 k4 2 k12 2k,
2.2 2.2
Similarly PE, = M9~ and pE,= M 9
2k, 2k
When only ‘m’ is hanging, let the extension in the spring be ‘¥’
So T4 = kf =mg.
When a force F is applied, let the further extension be ‘X’

S Ta = k(x +)
.~.Driving force = T, =T = k(x + £) — kf = kx

..Acceleration = Q
m

T=21 dlsplacem.ent —op | X —pp /M
\' Acceleration kx k

m
Let us solve the problem by ‘energy method’.
Initial extension of the sprig in the mean position,
5= M9

k
During oscillation, at any position ‘X’ below the equilibrium position, let the velocity of ‘m’ be v and
angular velocity of the pulley be ‘w’. If r is the radius of the pulley, then v = ro.
At any instant, Total Energy = constant (for SHM)
s (112) mv® + (1/2) T o® + (1/2) K[(x +8)? - §°] — mgx = Cosntant
= (1/2) mv® + (1/2) 1 ©° + (1/2) kx* — kx5 - mgx = Cosntant
= (1/2) mV® + (1/2) 1 (vV’/r*) + (1/2) kx* = Constant (8 = mg/k)
Taking derivative of both sides eith respect to ‘1,

——V— =0
dt r? dt dt
:>am+L = kx ( x=d—xanda d—X)
r2 dt dt
m+I
2
=2 kI =0’ =>T=2n r
X

12.7
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25.

26.

27.

28.

The centre of mass of the system should not change during the motion. So, if the block ‘m’ on the left
moves towards right a distance ‘X', the block on the right moves towards left a distance x’. So, total
compression of the spring is 2x.

1
2
Taking derivative of both sides with respect to ‘1. K

mx2vd—v+2kx2xd_x= W_NWV\_F'
dt dt i g

1

By energy method, %k (2x)2 +— mv’ + 2 mv’ = C = mv? + 2kx’ = C.

I Te—x —
.ma+2kx=0 [because v = dx/dt and a = dv/df] X
a _ 2k _ 2= _ 2k
S=_2 - = |22
X m m

= Time period T = 2x 1/2
2k

Here we have to consider oscillation of centre of mass
Driving force F = mg sin 6

Acceleration = a = F. g sin 6.
m
For small angle 0, sin 6 = 0.

La=g6= g(%j [where g and L are constant]

Soaoc X,
So the motion is simple Harmonic
Time period T = 2z \/—D'Sp'acem_e”t =on | X =2p |-
Acceleration ( gx ] g
L

Amplitude = 0.1m
Total mass = 3 + 1 = 4kg (when both the blocks are moving together)

S T=2n \/M=2n Ji = Esec.
k 100 5 3kg

.. Frequency = zi Hz.
T

100N/m

Again at the mean position, let 1kg block has velocity v. S A

KE. = (1/2) mv? = (1/2) mx* where x— Amplitude = 0.1m.
5 (172) x(1 x v?) = (1/2) x 100 (0.1)
= v =1m/sec ..(1)

After the 3kg block is gently placed on the 1kg, then let, 1kg +3kg = 4kg block and the spring be one
system. For this mass spring system, there is so external force. (when oscillation takes place). The
momentum should be conserved. Let, 4kg block has velocity v'.

.. Initial momentum = Final momentum

LIxv=4xv = Vv =14m/s (As v = 1m/s from equation (1))

Now the two blocks have velocity 1/4 m/s at its mean poison.

KEmass = (1/2) m'v’ = (1/2) 4 x (1/4)* = (1/2) x (1/4).

When the blocks are going to the extreme position, there will be only potential energy.

- PE=(1/2) k&% = (1/2) x (1/4) where 6 — new amplitude.

~1/4=10082 =5 = 1/i = 0.05m = 5cm.
400

So Amplitude = 5¢cm.

When the block A moves with velocity V' and collides with the block B, it transfers all energy to the
block B. (Because it is a elastic collision). The block A will move a distance ‘X’ against the spring, again
the block B will return to the original point and completes half of the oscillation.
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Chapter 12

m
2m, [—
. . . k _ |m
So, the time period of B is =n N
A%
The block B collides with the block A and comes to rest at that point. A AB B
The block A again moves a further distance ‘L’ to return to its original
position. m m
.. Time taken by the block to move fromM — N and N -»> M l I
L L L M m <+—X —»R
is —+— =2 — < L >
vV Vv \Y
. . - L L m
.. So time period of the periodic motion is 2 v +n "
29. Let the time taken to travel AB and BC be t; and t, respectively
Fro part AB, a; =g sin45°. s, = L =2m
sin45°
Let, v = velocity at B A
V2 - U2 =2a; S, c
= V% =2 x g sin 45° x 01 _,
sin45° 10cm
=vVv= \/5 m/s 45° 60°
B
=YY = —\/5_0 =2 -2 _02sec
ay 9 10
V2
Again for part BC, a, = —g sin 60°, u =J§, v=0
b= 042 _2V2 _ 2x(1414) _ a6 00
J3 \/§g (1.732)x10
— g [
2
So, time period = 2 (t; + ;) = 2(0.2 + 0.155) = 0.71sec
30. Let the amplitude of oscillation of ‘m’ and ‘M’ be x4 and x, respectively.
a) From law of conservation of momentum,
mx4 = Mxy ...(1) [because only internal forces are present]
Again, (1/2) kx> = (1/2) Kk (X1 + X,)°
o X = Xq X0 (2)
[Block and mass oscillates in opposite direction. But x — stretched part] 41,

From equation (1) and (2) |_N\/k\Am |_|
r

X0=X1+mX1=[M+ij1 | |

M M O M O
Mx,
"M+m
S0, Xp = Xg— X1 = Xg | 1- M | MXo respectively.
M+m M+m

b) At any position, let the velocities be v4 and v, respectively.
Here, v4 = velocity of ‘m’ with respect to M.
By energy method
Total Energy = Constant
(1/2) MV? + (1/2) m(vy =v,)? + (1/2) k(x4 +X2)? = Constant ...(i)
[v4 — v = Absolute velocity of mass ‘m’ as seen from the road.]
Again, from law of conservation of momentum,
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31.

:>R1=

a
= =
X

.. Time period = 2xn L
\/ 2rg

M
MXo = MXq =>X1 = — X (1)
m

M
mvy, = m(V1 —Vz) = (V1 —Vz) = E Vo (2)
Putting the above values in equation (1), we get
1 1 M? 1

2
M2+ = m v+ — kx? 1+ M) < constant
2 2 m? 2 m

2
M (1 +M) Vo + k [1 +M) x22 = Constant.
m m

= mv22 + k(1 +Mj x22 = constant
m

Taking derivative of both sides,

M x 2v, da k—(|\/|+m)—ex22 X =0
dt dt
:>ma2+k[M+mjx2=0[because, v2=ddit2]
Xo Mm
o= k(M+m)
Mm
So, Time period, T = 2x ﬂ
k(M +m)

l )4 l
Ry =——Ryx=mg = —-Ryx+mgx—-R; —
= 12 1 92 1 g 12

4

>Ry L +Ry -~ =mg (X+g)

2 2

AN 2x+(
=Ry |=+=|=mg
(3v)me (%)

= R1 {= w
2

mg(2x + ¢

Now F4 = uRq = M
2¢
Similarly F, =uR, = 2M9(/=2X)
20

Since, Fy > F,. = F; —F, =ma = 2},1;’]9 «

@ = 032 => 0= ﬂ

¢ ¢

Let ‘X’ be the displacement of the plank towards left. Now the centre of gravity is also displaced through ‘X’
In displaced position

R1 + R2 = mg.

Taking moment about G, we get

R1(#/2 — x) = Ry(#/2 + x) = (mg — Ry)(#/2 + x) ...(1)\
So, Ry (/12 —x) = (mg — Ry)(¥/2 + x)

12.10
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32.

33.

34.

35.

36.

T = 2sec.
T=2n \/Z
g
m2=2n |- = L= p=tem (nn?~10)
10 10 2
From the equation,

0 = sin [ sec” {]
o = sec ' (comparing with the equation of SHM)

:E=n:>T=2sec.

WeknowthatT=2n\/Z :>2=2\/Z 1= |t
9 g 9

.. Length of the pendulum is 1m.
The pendulum of the clock has time period 2.04sec.

Now, No. or oscillation in 1 day = w =43200

=1

But, in each oscillation it is slower by (2.04 — 2.00) = 0.04sec.

So, in one day it is slower by,
=43200 x (0.04) = 12 sec = 28.8 min
So, the clock runs 28.8 minutes slower in one day.

For the pendulum, L /92
T, 91

Given that, T4 = 2sec, g, = 9.8m/s?

__ 24x3600  _., 3600
27 [24%3600 - 24 3599
2
2
NOW,g—=[LJ
(o] T,
3599\
gy =(9.8) | =22 | =9.795m/s?
g = ( >[3600j ms

a)T= 2n\/§ =2140.5 = 27(0.7)

. In 27(0.7)sec, the body completes 1 oscillation,

In 1 second, the body will complete 1
27(0.7)

1 10 0.70 .
= = times

27t(0 7) 14rn b
b) When it is taken to the moon

T=2n i, where g'— Acceleration in the moon.
9
=2n S
1.67

1 1.67 1 .
=== —/—=—(0.577 times.
T 2n\/ 5 = 5, 057N 2n 3

oscillation

1m.
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37.

38.

39.

40.

The tension in the pendulum is maximum at the mean position and minimum on the extreme position.
Here (1/2) mv® — 0 = mg {(1 — cos 60)

v = 2g8(1 - cosb)

Now, Tnax = mg + 2 mg (1 — cos 6) [T=mg +(mv2/£)]
Again, T, = mg coso.

According to question, Tmax= 2Tmin

= mg + 2mg — 2mg cos6= 2mg cos6

= 3mg = 4mg cosb

= cos 0 = 3/4

= 0=cos™ (3/4)

Given that, R = radius.

Let N = normal reaction.

Driving force F = mg sin®.

Acceleration =a = g sin 6 R

As, sin 0 is very small, sin6 — 0

..Acceleration a = go N/ (o
Let ‘X’ be the displacement from the mean position of the body, \
L 0=xR

=a=g0 =g(x/R) = (alx) = (g/R)
So the body makes S.H.M.

CT=2n \/Dlsplacem.ent =on X _ —op R
Acceleration gx/R g

Let the angular velocity of the system about the point os suspension at any time be ‘o’
So,ve = (R-no
Again v, = ro, [where, o4 = rotational velocity of the sphere]

0)1=VTC=[R-:_rJOJ ()

mg cos 0 mg sin 6 mg

mg

By Energy method, Total energy in SHM is constant.
So, mg(R — r)(1 — cos) + (1/2) mvZ+(1/2) los® = constant ,
R-r
- mg(R—r) (1= cosb) +(1/2) m(R —r)’ o +(1/2) m*| ) o’ = constant

= g(R-r)1-cosb) +(R- r)2 o’ [%+%} = constant

Taking derivative, g(R —r) sin 0 %:% (R- r)22w

do B
dt

7
in6=2x —(R-
= gsin x 10( ro R-1)

=gsind = % (R-n)a (R-r)cos 6

o= 5gsin® _ 596

7R-r) 7(R-r)
PRI

0 7(R-r)

So the motion is S.H.M. Again ® = ® 5 _ q=p; (fRZD)
7(R-r) 59

Length of the pendulum = 40cm = 0.4m.
Let acceleration due to gravity be g at the depth of 1600km.

mg

= constant

~gd=g(1-d/R) =98 [1-1890) _g g (1-1 =98 x 3 =7.35mss?
6400 4 4
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. Time period T' = 2% L
gd

= ZnJ% =21 4/0.054 =21 x0.23 =2 x 3.14 x 0.23 = 1.465 ~ 1.47sec.

41. Let M be the total mass of the earth.
At any position x,

4 PA
" px[gjnxﬁ T H JoR
™M a2y . p3 T o3 m
M px(4ij3 R R 0
I
So force on the particle is given by, : / R
u \L
~Fx= G'V'zm = G'V'3mx (1) i
X R | M
So, acceleration of the mass ‘M’ at that position is given by, QT
p= M B 2 GM_g g CM
* R? X R® R Y R?

So, T=2n /E = Time period of oscillation.
g
a) Now, using velocity — displacement equation.

V =0o (A% -R?) [Where, A = amplitude]
Givenwhen,y=R,v= JgR,» = \/g

= \/g_R = \/g \/(A2 —R2) [because o = \/g]

S>R*=A’-R’= A= 42R

[Now, the phase of the particle at the point P is greater than =/2 but less than = and at Q is greater
than & but less than 37/2. Let the times taken by the particle to reach the positions P and Q be t; & t,
respectively, then using displacement time equation]

y = rsin ot
We have, R = \/5 R sin ot; = oty = 3n/4
&-R = /2 Rsin ot, = oty = 5n/4
So, o —t) =2 > th—t = =

20 2.J(R/g)

T

m sec

b) When the body is dropped from a height R, then applying conservation of energy, change in P.E. =

Time taken by the particle to travel from Pto Qis t; —t; =

gain in K.E.

GMm GMm 1 5

- - = _—_m = R
= = R 5 \% =V=.g

Since, the velocity is same at P, as in part (a) the body will take same time to travel PQ.

c) When the body is projected vertically upward from P with a velocitng_R, its velocity will be Zero at
the highest point.
The velocity of the body, when reaches P, again will be v =\/giR, hence, the body will take same

time _r to travel PQ.

2JR/g)
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42.

43.

M = 4/3 nR%p.

M' = 4/3 nx°p
M

l\/l'I = [R3 jx13

a) F = Gravitational force exerted by the earth on the particle of mass ‘X’ is,

_ GM'm _ GMm x,° _ GMm _ _ GMm R?
Fe s s = X+
X4 R®  x, R R 4
b)F, = F cos 6 = SMmxy X _ GMmx
R X4 R3
F.=Fsing= GMmx; R _ GMm

R® 2x; 2R?

c)Fy= (;'YITT [since Normal force exerted by the wall N = F,]

d) Resultant force = GMan
R
e) Acceleration = Driving force _ Gl\/:!mx _ Gl\gx
mass R3m R

So, a a x (The body makes SHM)

3
'.E=W2=— = GM DT 2 R
X V \Gm

Here driving force F=m(g+ap)sin6 (1)

Acceleration a = F_ (g +ao) sin 0 = w
m C

(Because when 0 is small sin 6 — 6 = x/f)
(9+ag)x

l
.. acceleration is proportional to displacement.
So, the motion is SHM.

Soa=

Now 2 = (9+30)
)4
S T=2n £
g+ag

b) When the elevator is going downwards with acceleration ag
Driving force = F = m (g — ap) sin 6.
(g-apg)x _ 2

Acceleration = (g — ap) sin 6 = - o” X
= E =21 £
® g-3ap

¢) When moving with uniform velocity ag = 0.

For, the simple pendulum, driving force = %

=a-= g—:5=£
)4 a

/d|splaceme nt on v
acceleration g

s

mg

+ag)sin 6
m(g+ap)sin ma.

>

mg

lao

mg

0

mag

m(g+ag)sin 6

12.14
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44. Let the elevator be moving upward accelerating ‘ay’
Here driving force F = m(g + ao) sin 6
Acceleration = (g + ao) sin 6
=(g +ap)o (sin 6 — 0)
= (g+ag)x = o2

g+3ag
Given that, T = n/3 sec, £ = 1ft and g = 32 ft/sec?
T 1

— =2n
3 32+ag

L
9 32+a

=32+a=36 = a=36-32 =4 ftlsec’
45. When the car moving with uniform velocity

T=2Tt\/Z:>4=2TE\/Z (1)
g g

When the car makes accelerated motion, let the acceleration be ag
4

g2 + aOZ

~399=2n |
g” +ag

/
I__4 _ (92+5102)1 ‘
T 3.99 \/5
Solving for ‘ag’ we can get ap = g/10 ms
46. From the freebody diagram,

T=_[(mg)? +[mr—‘2’2]

4 412
\ . 2 Vv
=m ,|g° +— =ma, where a = acceleration = | g% + -
r2 r2 T

The time period of small accellations is given by,

T=2n

Now

-2

47. a)f=3cm =0.03m.

T=2n \/7 1/00 = 0.34 second.

b) When the lady sets on the Merry-go-round the ear rings also experience
centrepetal acceleration

Resultant Acceleration A = /g% +a® = /100 +64 = 12.8 m/s’

Time period T = 2 \/z = 27:1/0 03 = 0.30 second.
A 12.8

mg

L
A Tao
o1 |
O mg l
B mg
map
{
mg mv?/r
mg
| |
mv?/r
vaIr
A
[¢]
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48. a) M.l. about the pt A =1= lc g + Mh?

me? m¢? ° M

T2 M2T g +m(03)'= M(i+0.09 =m (1108 -y (—2'08 N

12 12 12 30cm
B
L T=2rn . 2n W/ﬂ (' = dis. between C.G. and pt. of suspension)
mg/’ mx9.8x0.3
~ 1.52 sec.
b) Moment of in isertia about A A

| = lcg+ mr* =mr? + mr® =2 mr®

2
.. Time period = 27 S 2n 2mr” 2n 2
\/ mg/ mgr g

2ma?
3

2., .2
c) lzz (corner) = m(a ;—a j =

In the AABC, £ + {* = a°

V

~E=

oE

2

2 2
S T=2r ! =2n 2ma =2n 2a =2n @
\ mg/ \I 3mg/ 3gav2 | 3g

d)h=r/2, £=r/2=Dist. Between C.G and suspension point.

2 2 2 4
2 2
- T=2n L =21 m:zn L:zn i
mg/ 4mg/ [ r J 29
49 -
2
49. Let A — suspension of point.
B — Centre of Gravity.
v=12, h =142
Moment of inertia about A is

m¢?2 N m¢? _ m¢?2
12

4 3
,7 2
=>T=2rn ! =2n 2m¢ =2n 20
\/ [/j 3mgl 3g
mg| —
2
Let, the time period ‘T’ is equal to the time period of simple pendulum of length ‘x’.
S T=2n \/%.So 2 _x =X= 2

"33 g 3

.. Length of the simple pendulum = %

2 2
M.I. about A, 1 = Ig. g+ Mh? = ﬂm[ﬁj = mr? [l+lj - %mrz

| =lcg + mh? =

50. Suppose that the point is ‘X’ distance from C.G.
Let m = mass of the disc., Radius =r
Here I = x
M.I. about A = I g + mx® = mr¥/2+mx’ = m(r’/2 + X°)
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51.

52.

R dt? _
For T is minimum — =0
dx
2,2 2052
d e d(4nr , 4n%2x J

"X dx| 2gx 2gx

According to Energy equation,

mgf (1 — cos 0) + (1/2) lo? = const.

mg(0.2) (1 — cosb) + (1/2) lo” = C. )
Again, | = 2/3 m(0.2)* + m(0.2)?

=m [—0'?308 + 0.04}

(0.1208
=m

From equation
Differenting and putting the value of  and 1 is

d 10.1208 P d
— 0.2)(1- 0)+———— =—(C
dt{mg( )(1—cos )+2 3 mm} dt( )

=0

= mg (0.2) sin6 @+ 1(0.1208 m2md—(D
dt 2 3 dt

— 2N = 0.1208

o [because, g = 10m/s?]

For simple pendulum T = 2x % = 0.86sec.

% more = % =0.3.
. Itis about 0.3% larger than the calculated value.

(For a compound pendulum)

a)T=2n /—I =2n L
mg/ mgr

The MI of the circular wire about the point of suspension is given by
o I=mr? + mr? = 2 mr? is Moment of inertia about A.

Jm. Where | - Moment of Inertia about the pt of suspension A

@ X
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2
0=7 2mr“mgr - o 2r
g
:gzlzzr=i2=0.5n=50cm.(Ans)
g =n 2n

b) (1/2) ®*> — 0 = mgr (1 — cos0)
= (1/2) 2mr® — ©° = mgr (1 — cos 2°)
= w’=g/r (1 - cos 2°)
= o = 0.11 rad/sec [putting the values of g and r]
=vVv=0X%2r=11cm/sec.
c) Acceleration at the end position will be centripetal.
=a, = o’ (2r) = (0.11)* x 100 = 1.2 cm/s?
The direction of ‘a,’ is towards the point of suspension.
d) At the extreme position the centrepetal acceleration will be zero. But, the particle will still have
acceleration due to the SHM.
Because, T = 2 sec.

Angular frequency o = ZT (n=3.14)

So, angular acceleration at the extreme position,

3
o= 0’0 = n? x 2n _ 2n [1°= —rad|ous]
180 180 180

3
So, tangential acceleration = o (2r) = 12;50

x 100 = 34 cm/s®.

53. M.L. of the centre of the disc. = mr®/2

T= Zn\/7 ‘,mr [whereK Torsional constant]

T2 = 412 ﬂ = 272 K N\
2K
2 2
2P mP=KT? =K-= 2mr2n ©
T
2 2
.. Torsional constant K = 2mr2n
T
54. The M.I of the two ball system
| =2m (L/2)* = m L%?2 —
At any position 6 during the oscillation, [fig-2]

Torque = kb
So, work done during the displacement 0 to 6y,
9 O———=0

W = Ikede= K 06%/2

By work energy method,
(1/2) lo® = 0 = Work done = k 8,%/2
o2 = KOo® _ KOp®
2l mL2
Now, from the freebody diagram of the rod,

T, = y(mw?L)? +(mg)?

2 ) 20 4
= \/[m k902 xL] +m?g®> = k0 +m?g?
mL’
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55. The particle is subjected to two SHMs of same time period in the same direction/
Given, ry = 3cm, r = 4cm and ¢ = phase difference.

Resultant amplitude = R = \/r12 + r22 +2ryr, cos ¢
a) When ¢ = 0°,
R= (32 +42+2x3x4c0s0° =7 cm
b) When ¢ = 60°
R= (32 +42 +2x3x4c0s60° = 6.1 cm
c) When ¢ =90°
R= /(32 +42 +2x3x4c0s90° =5 cm

56. Three SHMs of equal amplitudes ‘A’ and equal time periods in the same dirction combine.
The vectors representing the three SHMs are shown it the figure.
Using vector method,

Resultant amplitude = Vector sum of the three vectors
=A+Acos60°+Acso60°=A+A2+A2=2A
So the amplitude of the resultant motion is 2A.

57. x1=2sin 100 =t
X2 = w sin (120xt + n/3)
So, resultant displacement is given by,
X = X1 + X2 = 2 [sin (100xt) + sin (120xnt + 7/3)]
a) Att=0.0125s,
x =2 [sin (1007 x 0.0125) + sin (120% x0.0125 + 7/3)]
= 2 [sin 57t/4 + sin (31/2 + 7/3)]
=2[(-0.707) + (-0.5)] = - 2.41cm.
b) Att=0.025s.
x =2 [sin (100% x 0.025) + sin (120% x0.025 + ©/3)]
= 2 [sin 51/2 + sin (3n + 7/3)]
=2[1+(-0.8666)] = 0.27 cm.
58. The particle is subjected to two simple harmonic motions represented by,
X = Xg Sin wt
S =g sin wt
and, angle between two motions = 6 = 45°
..Resultant motion will be given by,

R = /(x? + 52 + 2xsC0S 45°)

= \/{xo2 sin? wt + 5,2 sin® Wt + 2X,S, sin? wix(1/~/2)}
= [xo2 +soz= \/E xoso]”2 sin wt

.. Resultant amplitude = [xo2 +302= 2 xoso]”2

L XX X X
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