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

=10 sin (3—5‘} =10 sin [mg) =-10sin [gj =-10 O®

2
Acceleration a = — w’x = —(%J x (=10) = 10.9 ~ 0.11 cr@.

87r+7c}

Given that, at a particular instant, 3 *
X =2cm =0.02m ?\

V =1 m/sec Q‘

A =10 msec™ \\

We know that a = @?x

NEREN

= .= =.,]—— =500 =

97X " Vo002 /K

2 2n = 2x 3'% 0.28 seconds.
1045 10x2.23

Again, amplitude r is given by v = w(\/rz —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?

-

T:_Tt
(O]

10

- y2 = y2 = 2y2 =r= y= —= 5\/5 cm form the mean position.

N

Vmax = 10 cm/sec.

=ro=10
2 _ 100
O = —— ...(1
> (1)
Amax = o’r = 50 cm/sec
—er=20 -0 (2
y r

121



Chapter 12

100 50
L T — =r=2cm.
r r

o= ‘/@ = 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-Y
= 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 ST=an2xM =40
k k T2
= 10° dyne/cm = 100 N/m. [because o = % =100 se@
b) Att=0 O

X = 2cm sin (%j =2 x (1/2) = 1 cm. from the mean [@Jon.

*

We know that x = A sin (ot + ¢) 3
v = A cos (ot + ¢) Qy~
=2 x 100 cos (0 + n/6) = 200 x ﬁ ,%0 V3 sec™ = 1.73m/s
c)a=—w’x=100%x1=100 m/s®
x =5 sin (20t + n/3)
a) Max. displacement from t an position = Amplitude of the particle.
At the extreme position, elocity becomes ‘0.
- x =5 = Amplitude.
. 5="5sin (20t + n/3)
sin (20t + ©/3) = 1 = sin (n/2)
= 20t + /3 = 1/2
=t =n/120 sec., So at n/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 =n/30 sec.
a) x = 2.0 cos (50nt + tan™" 0.75) = 2.0 cos (50xt + 0.643)
V= c:i_)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 = c:j—\t/ =—100xn x 50 © cos (50xnt + 0.643)

For maximum acceleration cos (50nt + 0.643) = — 1 cos © (max) (so a is max)
=t=1.6x 10" sec.
c) When the particle comes to rest for second time,
50nt + 0.643 = 2t
=t=36x10"s.

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

Now, y1 =r sin ot,
t

DL =rsin oty = sin oty = 1:>oat =z Dﬁxt N T
2 1 TRTT T T T e T 12
Again, y, = r sin ot,
=>r=rsinot, =>sinob=1= oL =1/2 = (%}tz= g:t2= %
o=t t ot
4 12 6
k=0.1 N/m
T= 2”\/% = 2 sec [Time period of pendulum of a clock = 2
m
So, 4n”* | | =4
*
k 01 3
.m= 279 =0.01kg ~ 10 gm. <?~
Time period of simple pendulum = 2r l\\
} . o m

Time period of spring is 2n J;«Q
T, = Ts [Frequency is same%

1 \/F 1T m
= —_ = —_ = — = —

g k g k

mg F _ . e

= 1= K- X. (Because, restoring force = weight = F =mg)
= 1 =x(proved)
x=r=01m
T=0.314 sec
m = 0.5 kg.

Total force exerted on the block = weight of the block + spring force.
T=2r M = 0314= 2&% — 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 = 25N
m = 2kg.

T =4 sec.

T=2n m34=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.

Again, T=2z |0 = 1 _on
k 5 160
a) From the free body diagram,
- R+ meo’ - mg=0 ...(1)
Resultant force mo?x = mg — R

2 mkx
= moX=m = X=
M+m M+m

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

k
M+m

b) R=mg-me’=mg-m

For R to be smallest, mo’x should be m
The particle should be at the high point.

c) We have R =mg — mo’x

mg=m

o°X
mg _ mg(M+m) &
ma? mk @

So, the maximum amplitude i

:O’
X =

a) At the equilibrium condition,
kx = (mq+ m,) g sin 0
(m;+my)gsin®
k

= X=

b) x4 = %(m1 + m,) g sin 0 (Given)

X =mg—

<= g(M+m)

mkx

M m=0.16 kg.

'B.

is maximum.

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

k
my +m,

where o =
When the blocks lose contact, P =0
Som,gsind = m2x2w2 =My Xp (

(m;+m,)gsin®

= X2 = k

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

|

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

(M1 +my)g

mag

\r
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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,)
16. 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—‘l_
~P.E. +KE. = 1/2 k82 + 1/2 MV F

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

c) Time period = 2n\/:— ,/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 +
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&2 + = 2.5]
So, 50(x+01)-25+10x C
. 50 x* + 0.5 + 10x = 2.5 + 10x
By J I S SN 2
50 100
e) Potential Energy at the left extreme is g| emby,
P.E. = (1/2) k (x +8)? = (1/2) x 100 2)*=50 x 0.09 = 4.5J
f) Potential Energy at the right extre iven by,

P.E.=(1/2) k (x +8) — F(2x) = distance between two extremes]
=4.5-10(0.4)=0.5J /\

The different values in (b) (| d (f) do not violate law of conservation of energy as the work is done by
the external force 10N.

17. a) Equivalent spring constant k = k4 + k, (parallel)

T=2n J: =
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 dlsplacement =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.

19.

20.

21.

a)WehaveF=kx:x=E

Acceleration = —

F
m
Time period T = 2n ‘/—dlsplacem.ent = 2n1/—F/k =2n \/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 kx due to spring A and B.

V2

2 2
.. Total Resultant force = kx + [k_xj +[k_xj = kx + kx = 2kx.
\E \E B S 90°

Acceleration = 2% X 45° y
m
Time period T = 2xn \/dlsplacem.ent =2n ’ X _ _op /M @
Acceleration % V 2k O

[Cause:- When the body pushed against C the spring (uks to pull the block towards

XL. At that moment the spring A and B tries I “the block with force k—and

V2

% respectively towards xy and xz respe CS\%O the total force on the block is due to the spring force

‘C’ as well as the component of two s@fcrce Aand B.]

In this case, if the particle ‘m’ is pus ainst 'C’ a by distance x'.
Total resultant force actlng on is given by,

B
F=kx+ X kx 3kx | X
2
m
[Because net force A& B = kX +2 kx ) kx cos120° = kx C o A
2 2 2 7120
X
F _ 3kx kx
Las —= —
m 2m 12
a _ 3k _ f kx 120°
:> _— e, —=
X m ™
- Time period T= — ‘/ V2
K, and K3 are in series.
Let equivalent spring constant be K, ks
2 2 % %% % %
S U1 KerKg o KoK N
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 = ky + k4 = 1
2 +Kj Ky +Kkg

nT=2n \/E=2n Mz +ks)
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22.

23.

24,

M(k; +ks3)
c) Amplitude x = F. Flkp +ks)
K kikp +Koks +Kiks

K4, ko, ks are in series,

b) frequency = % = zi\/
T

1 1 1 1 kKoK
- = —4+—+— =k= 2 ,
k ki ky ki kiky +koks +kiks }
1
Time period T = 2n M - o m(kky +Koks +kiks) _ 21 |m i+i+i
k kKoK ki ky, kg
k
Now, Force = weight = mg. ’
. mg
.. Atkq spring, x4 = —
1 8pring, X4 i, “
Similarly x, = mg and x3 = mg
k2 K3

2 2 2
~PEqy= (112) ki X = ~k [MQJ =%k1mg =Mm9

2.2 2.2
MY and PE;= M 9 O
2k, 2Kkg
When only ‘m’ is hanging, let the extension in the springee A’
So T =ki=mg. .
When a force F is applied, let the further extensi
= Kk(x +f)
Drlvmg force = T2 Ty =k(x+£)—kt=

Similarly PE, =

..Acceleration = —

/dlsplaceme nt \/7
Acceleration

Let us solve the problem by ‘energy method’.
Initial extension of the sprig in the mean position,
mg
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,
dv. 1 dv dv
Y kx— =

d=

—+—=V— =0
dt r? dt dt
:>am+L = kx (.'.x=d—xanda d—X)
r2 dt dt
m+I
2
=32. kI =0’=>T=2n r
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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.

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

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

mx2v ¥ wokxox & =p [m ]
dt dt : ?

I Te—x —
.ma+2kx=0 [because v = dx/dt and a = dv/df] X
a _ 2k _ 2= _ 2k
= —F—— =0 0= ,|—
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 = % =gsin 6.

For small angle 6, sin 6 = 0.

La=g6= g(%j [where g and L are constant] O®
a X Q

So the motion is simple Harmonic .

Time period T = 2xn \/—Displacement =2n X L

Acceleration @ g
Amplitude = 0.1m

Totalmass=3+1= 4kg (when ot:@locks are moving together)
~T=2n J:— 1/
100 3kg

100N/m

.. Frequency = 2— Hz.

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

= (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

“1xv=4xVv = Vv =1/4m/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=1008= 5 = ,/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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21'5m
k

_ _Im

==
k v

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 ’7

m

So, the time period of B is

position.
.. Time taken by the block to move fromM — N and N -»> M

is £+L = Z(L) < L >

\

.. So time period of the periodic motion is 2[%) + 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

2 .
V° =2 % gsin 45° x =2
- g sin45° 10cm
=v=+2mls O | 45° 60°

Again for part BC, a, = —-g sin 60°, u=

b= 0-v2 _ 242 _ 2x(1.414) _OIQ;

‘Q[JEJ J3g  (1.732)x10

2
.@155) =0.71sec

So, time period =2 (t; +t,) =2
30. Let the amplitude of oscillati Jn’ and ‘M’ be x; and x, respectively.
omentum,

a) From law of conservatio

mx4 = Mx, ) [because only internal forces are present]

Agaln (1/2) kxo® = (1/2) k (X1 + %)

L Xe =Xt . (2)

[Block and mass oscillates in opposite direction. But x — stretched part] 41,

From equation (1) and (2) I—NVK\AW |_|
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 v, 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,

12.9
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31.

Let X’ be the displacement of the plank towa

In displaced position

R1 + R2 = mg.

Taking moment about G, we get

R1(t/2 — x) = Ry(#/2 + x) = (mg — 2 +X) ...
So, Ry (#/2 —x) = (mg R1)([/

=Ry (é+§]=
=R i=
=Ry =
Now Fy = pRy =
Similarly F; =pR, =
Since, F1>F,. = Fy—F,=ma =

a
3_
X

M
MX, = MXq3 =X1 = — Xo (1)
m

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

2
—MV2 + —m—— V2 + — kx,? 1+M = constant
2 2 m? 2 m

2
M (1 +Mj Vo + K [1 + M) X, = Constant.
m m

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

Taking derivative of both sides,

M x2v2 dﬁ+ k—(M+m)—eX22 dﬁ =
dt dt
= ma, +k M+m X, = 0 [because, vz—d—]
m dt
Xo Mm

k(M+m)

n o= R m) C)

So, Time period, T = 2x / 3 ¢
M +m) ?\
N

3R1§—R1x mg—— mgx — R1—

4

=Ry = +Ri — =mg (x+ =)

2 2

2x + Zj
912
mg(2x + /)

2
mg(2x + ¢
—9(% ) @
pmg(? + 2x)

2/
_ bmg(/—2x)
2/
2umg X
)4

¢ ‘

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

>

ow the centre of gravity is also displaced through X’

12.10
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32.

33.

34.

35.

36.

T = 2sec.
T=2n \/Z
g
—o=on |4 o Lot ystem (nxPe10)
10 10 ¢?
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

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.

T_ |9
T, 94

Given that, T, = 2sec, g4 = 9. 8m/s? ;
1o _ 24x3600 _, 3600
27 [24%3600 - 24 3509 :{
2
2 2 0
NOW, g_ = [LJ &

2
3599 2
502=(9.8) | =—/——| =9.795m/
g2 = (08) [ So0 | = 0.705mis

For the pendulum,

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

S

C)
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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 )

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 sin6.

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=9gx/R) = (a/x) = (g/R) mg obg 0 .

So the body makes S.H.M. @ M mg sin 0 mg

T=2x \/Dlsplacement =2ﬂ\/ X —on R
9

Acceleration gx/R - O

Let the angular velocity of the system about the poi osCJpension at any time be ‘@’
So, Vo = (R-ro ¢
Again v, = ro4 [where, o, = rotational velocity of t?&p

0 = VTc= [Rt—rjw (1)

By Energy method, Total energy in S@ constant.
So, mg(R —r)(1 — cos®) + (1/2) m@ los® = constant )
R-r
. mg(R—r) (1 - cosB) +(1/2pm(R,— r)2 o’ +(1/2) mrz( r ) o’ = constant

ere]

= 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-r)a (R-r)cos 6

o= 5gsin® _ 596
7R-r) 7(R-r)

L8 o 58
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

=2n 1/7034 =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 P A
M px(gjnxx3 B X3 " MX3 —:—- \/g—R
A=) T T Rp3 m
M p X (4]n xR3 R R 'Jf
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
a_%x:ax —Wz_%:g g—%
X R2 X R3 R . - R2

a) Now, using velocity — displacement equation.

V =0 /(A2 =R?) [Where, A = amplitude] ( )
>
Givenwhen,y=R,v= ,/gR, ®» = \/7 3

- R = 2 W) [beoug“(]
Qf—\

So, T= 2n\/§ = Time period of oscillation. @

SR’=A’-R’= A=2R
[Now, the phase of the parti
than = but less than 3x/2.

e point P is greater than n/2 but less than = and at Q is greater
he times taken by the particle to reach the positions P and Q be t; & t,

respectively, then using@isplacement time equation]
y = rsin ot
We have, R = \/5 R sin oty = oty = 3n/4
&-R =2 Rsin ot, = ot, = 5n/4
SO, @(tz—t1)= /2 =>tbh-t = l = T

20 2y(R/g)

Time taken by the particle to travel from Pto Qis t; —t; = L sec
2\(R/9)

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

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. M =4/3 1R%.
M' = 4/3 nx°p

M1 = (RN:LJX13

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

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

R®  2x4 2R?

c)Fy= (;’YIT? [since Normal force exerted by the wall N = F,]

d) Resultant force = GM;nx
R
e) Acceleration = Driving force _ GI\/?Ime _ Gl\gx
mass R®m R

So,a ax (The body makes SHM)

N /GM T=2r ‘/Ra (}
X

43. Here driving force F=m(g +ap) sin 6 ?\
Acceleration a = F. (g+ag)sinb = %
m
(Because when 6 is small sin 6 — 6=
s a= (9+ao)x 0

l

", acceleration is proportlor%%splacement

So the motion is SHM

Now 2 = (9+30)

l
g+ag

S T=2n

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

Acceleration = (g — ap) sin 6 = Y o X
= E =21 £
® g9-3p

¢) 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

m(g+ao)sin 6 ma.

>

mg

lao

mg

0

mao

m(g+ag)sin 6
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44,

45.

46.

47.

Let the elevator be moving upward accelerating ‘ao’
Here driving force F = m(g + ao) sin 6

Acceleration = (g + ao) sin 6

=(g +ap)0 (sin6 — 6)

= (g+ag)x = o2

g+a, O mg l
Given that, T = n/3 sec, £ = 1ft and g = 32 ft/sec’ ma

T =on 1
3 32+ag

L
9 32+a

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

T=275\/Z:>4=2n\/Z (1)
g g

When the car makes accelerated motion, let the acceleration b@

T=2n 26 5 O
g”+ag

~399=21 |—*
9% +a,” ?\
\1/4
Nowl— 4 =(g +a°) Q~

T 3.99 Jo
Solving for ‘ay’ we can get ap = g/10. [

From the freebody diagram, mg
2
_ 2 mv &
T=_|(mg) +[ r,2 ] % mg
4 412
2 vV . 2 Vv
=m 1’g +— =ma, where a = acceleration = [g +—2] T
r r

The time period of small accellations is given by,
T=2xn \/Z =
g

a){=3cm = 0.03m.

T=2n \/7 1/ 0.03 = 0.34 second. vr

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

mv?/r

mv?/r

mg

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
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48. a) M.l. about the pt A =1= lc g + Mh?

m/? m/? ° M

"z ™27 i +m (3= M[i+0.09 =m (1108 (—2'08 N

12 12 12 30cm
B
S T=2n . 2n Wfﬂ (' = 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

A=

oE

2

2 2
S T=2r f ! =2n 2ma =2n 2a =2n @
mg/ 3mg/ 3gaﬁ 3t

d)h=r/2, £=r/2=Dist. Between C.G and suspension pei
2 2
M.I. about A, | = Ig g+ Mh? = ﬂm(ﬁj = mr? l% - %mrz

2

2

2
AT=2m | = [3M op on |20
mg/ 4mg/ 29

g

B — Centre of Gravity.
=12, h=1{/2
Moment of inertia about A i

2 me2  me? m¢?
| = IC.G. + mh” = + =

12 4 3
[7 2
=>T=2rn ! =2n 2m¢ =2n 20
\/ [ / ] 3mgl 3g
mg| —
2
Let, the time period ‘T’ is equal to the time period of simple pendulum of length ‘x’.

S T=2n \/Z.So,%=§:x=£
g 3g ¢ 3

.. Length of the simple pendulum = %

2
49. Let A — suspension of point. QQ

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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2

For T is minimum dL =0
dx

d »_ d[4n’? 4n?2x2
— T - 4
2gx 2gx

R T odx

Var2 o Wer
=on |X£
gr g
51. According to Energy equation, @
mgf (1 — cos 0) + (1/2) lo? = const. A
mg(0.2) (1 — cosh) + (1/2) lo” = C. ) O
Again, | = 2/3 m(0.2)* + m(0.2)? ( ) A
- [0 .04 X
0.1208 . 2cm .
= m[ - )m. Where | - Moment of m about the pt of suspension A
(Y

From equation Q
Differenting and putting the value of 1is

d 1012 d
[ - (©)

mg(0.2)(1-cos0)+—

—_— [0) =

dt 2 %

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

0.1208

=0

=2sin0=

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

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

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

52. (For a compound pendulum)

A
a)T=2r | =2n [ .
mg/ mgr 7
The MI of the circular wire about the point of suspension is given by @
- 1'=mr? + mr® = 2 mr? is Moment of inertia about A. B
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2
. 2=2n m:zn %

1 g
= —=—=r=—> =0.51=50cm. (Ans
g 212 ( )

b) (1/2) ®* — 0 = mgr (1 — cos6)
= (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]
= Vv=0mx%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
0= 020 =nx 2" =2L[’I°——rad|ous] O®

180 180 180

So, tangential acceleration = o (2r) = x 100 3 /s,

53. M.L of the centre of the disc. = mr?/
T= 27c ‘, [where K= Torswi@;ﬂ

= 2’ mr22=K KT? %&QQ ©

T2
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 = J.k9d6= K 06%/2

.. Torsional constant K =

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. x4 =2sin 100 ~«t @
X2 = w sin (120xt + =/3) O

So, resultant displacement is given by,
X = X1 + X2 = 2 [sin (100xt) + sin (120xnt + 7/3)] C)
a) Att=0.0125s, N

x =2 [sin (100w x 0.0125) + sin (1207 x0.012 ]

= 2 [sin 5m/4 + sin (3n/2 + 1/3)]
= 2 [(~0.707) + (=0.5)] = — 2.41cm. Q‘
b) At t = 0.025s. \\

x = 2 [sin (1007 x 0.025) + sin ( 025 + 1/3)]

=2 [sin 51t/2 + sin (31 + 7/3)]

=2[1+(~0.8666)] = 0.27 cwgH
58. The particle is subjected to%si ple 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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