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Oscillation

SOLUTIONS

Exercise-I (Conceptual Questions) 14. — (1)
1.  Force constant (2):0
K = mw?
K = m(2nn)2 Particle (1) start its motion from mean
K = m4n2n2 position so phase angle is 0.
5 Ex_ _[ij Particle (2) move in -ve x direction at mean
dt* m position the phase angle becomes © so phase
3. d’x -_ difference between the two particleist-0=x
dt® 15. x=Asinot
2
I . . X__
compare this given equation with —- = -w?x ? A=Asin ( Zn; 3)
";sz 0):& £=sin[6—nJ
o _Jk T= 2% 2 T
T Vi T 6mn
4.  Maximum value of tan is —=—,T=18seconds
5 ©=20 3 T
21 20 T 2t T 16. Time required between mean to half of
—_— =—=—8
T 20 10 . a S |
amplitude > position in t; is 12
6. Atx=+A0= g
o Time required between (Ej to a position is
7. ®=3000> n=— 2
27 T
8. acceleration is always towards equilibrium t,=—
position (mean position) where as displacement 6
is away from mean position. T
9.  Four times of amplitude t, 12 1
10. At extreme position displacement is t, T 2
maximum and phase 0 :g 6
t=0
11. Vpax=Aw =10(20) =200 m/s 17. > T
- Mean position 4
12.  Phase constant = 3 = 60° Maximum displacement (amplitude position)
t=0 T( 7 18. Required time from mean to half of amplitude
13. —_—e—o t :—(—Anglej T 6 1
x=0 x=A 4\2 positionis =—=—=—
. 12 12 2
e phase will develop when particle move from A
B . s 21. vo=An, X=—
mean position towards amplitude position. It 2
mean particle move in +x direction I
x=as%n0)t V= A2_x> V=0 A
x=asin@ \j 4
x=asin£=asin30°=3 3 B _«/5
6 2 v=0m,/—A —An=—VvV,
4 2
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22.

23.

24,

25.

26.

27.

28.
29.

B

V= - (Velocity at mean position)

B

V=—am
= v=mva® —x>
= ?aw: ova? —x*

3
= x’=a?z-—a?

2 2 a
= X'=—= X=—
2

a= ®2x (magnitude)

Rad
20=02(5) = ol=d= w=2—0

S
V=mJA®-—x*
2 2
=%\/52 -3 =—n\/ﬁ= 8 cm/sec.
i
OR
, . . 3
x=A51nmt:>3:551ncot:>smmt:§

4

cos ot = T .V =Ao cos ot

SO V=5><2—n><é
T

Vinax = Ao = 100 (1)
amax = Aw? =157 -(2)
Divided (1) by (2)
1 100
o 157
1:@ T:2><3.14><100:4
2n 157 157
x=1cm a=1cm/s?2
V=1cm/s
a=ox=>wl=l =Do=1 T=2n

Length of SHM path (2A) is 4cm
2A=4 So ampA=2cm
V=Aw = 12=2(2rnn)
12 3
n=—=—Hz
4w
The velocity at mean position is non zero.
a=-0k,
So graph is straight line with negative slope

30.

31.

32.

33.
34.

35.

36.

37.

38.

Vmax =An=A [Z—th =0.40 (Z—ﬂ:)
T 0.05

= 16nm/s

V=A% —x° Vimax = 100 = Aw
50 = 10/100—x? 100 = 100

25=100-x2 o=10
x2=75=5cm
OR

100 =50 cos ot

1
coswt = E sinot =

so x=Asin ot
X = 5\/§ cm
Time period T = 0.04 sec
1 1
So frequency n =—=——=25Hz
T 0.04
Vinax ¢ A
At extreme position V is zero. But
acceleration (a) is maximum
At mean position V is maximum but
acceleration (a) is zero.
The force and acceleration of particle is zero
at mean position.
In SHM the velocity is maximum at central
(mean) position.
x = 5.0 cos(2nt + n) = -5.0 cos2nt

Velocity = % =10nsin2nt

2
d’x _ 207” cos 2nt

Acceleration = =
t2

Att=1.5sec,
x=-5.0cos3n=-5.0(-1)=5

Velocity = % =10mn(zero) =0
2

Acceleration = j X 20m%(~1) = 207
t

7=

Y=3sin(100t+g)

Y=Asin(ot+¢)

A=3, ®=100

maximum velocity
Vmax = Ao =3 x 100 =300
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39. vi=Ao — 44=7x10%0 — o= 44700 50. x=Acosot (l:isplacement - time)
oT= 14n0 =0.01 second t
40. In one complete oscillation the displacement | 51. dx =—-Awsin ot Y
is zero, so average velocity is also zero. dt ) t
. s V=-Ao sin ot
41. If particle starts oscillation from extreme .
. 52. V=-Aosinot
position then x = Acoswt
dv
T T — =-Aw?cos ot a
— = Acosot = cosot=co0s — = ot=— dt t
3 a=-An?cos ot
2n T T 1 1
—t=g = t=— 53. KE=-mv’=-mo’A’sin’* ot
3 6 2 2
42. In one complete oscillation the displacement KE
is zero so total work done is also zero. .
43. a=-02xX = M = constant
displacement
44. Y=2cos(nt+n/6) 54. pEzlkXZ =1kA2 cos? ot
2n 2 2
hereon=n= —=n = T=2second
T PE
45. x=Asinot t
‘ \_ / 55. E= 1 kA®
2
1 , AP
46. = =A®m cos ot 56. T.E.= E mmw2A2 = 271 mF
‘ 1
57. E= — mw?2A2
2
KE. = 1 mo?(A? - x2) X = A
47. == mv2 == m(ozAZCOSZ(ot 2 2
1, ( A j
=—m A ——
4
1 E
(KE)= [— m’A® j = 38
2 4
OR
48. = — Kx2 = KAZSlnzcot 1 3
sinot=— .. cosot =—
PE 2
KE = Ey cos? ot
t
58. E= lmo)ZA2 X:é
2 2
= —(?2 = —n2 i 2
49. a=-0X = a=-0?(Asinot) PE — 1 M2 = 1 e A" E
a 2 4
OR
t 1
sin ot = > U=E, sin’ ot
www.allen.in [3]
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59.

60.

61.

62.

63.

64.

65.

66.

67.

Length of SHM is 8 cm

So2A=8

Amp of SHM A =4 cm

K.E.=P.E

% m2(A2 - x2) = l Mao2x2

AZ —-x2=x2

2X2:A2 = X:i:izz\/icm
2 2

1 1 Zj 1
PE. = — P.E. max = _Ka = — Kaz.
(PEJav = 2 (PE) (2 4

N | =

TE. = %mmZAZ.

Does not depend on time & displacement.

Ans. is (1) option
(KE)max = % KA?

5= %K (10 x 10-2)2
K= 10
(10x107%)°
Fz—d—U:_—d(SXZ) = —16x
dx dx
(F)=-16(-2) = 32 Dyne.

0
-a<€ > +a

(pr.)

=1000 N/m

- (K.E.)max (P.E.)max

Mean position

displacement is *a

E
U=E, sin’ ot =—>
4

. 1
sinot =—
2

. a
Xx=asinot=—
2

1.2
EKA _ A 4

2
Trear—xy) a2 A
2 4

w |

Ans. is (3) option

% Kx2 = 1 K(Az-x2)

X
= X' =— = —
2 A

1
NG

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

In this conservative field total energy remains
constant.

<E>=<V>

U=%Kx2 = Uxx®

E:le2

2
E_&x/2) 1 _ p_E
E X 4 4
LR LN g

2t \m

Both springs are in parallel.

Sof'oc \2K o \2f

f oc \/f ,

both springs are in parallel so K' = K; + K>
1 |K

v=—,[—
2t \'m

oL L_z[LJK]_g
2 \V4m 2\ 2x \m 2

In series combination

1 1 1 K. K
—=—+—>=K( = 12
K, K, K, K, +K,
=27 M
K, +K,
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m l
78. T=2n\/: 91. T=2n\/:06\/?
K g
2=2n\/% T' oc /4L oc 2/C oc 2T (Double)
92. T=2sec
m+ 2 4 m
2+1=2n K = 9 m+2 One extreme to other extreme is
4m+8=9m  5m=8 m=16kg T2 e
79. Time period of spring pendulum does not 2 2
d d 'g". l
ependson g 93. T=2rn,|—,T=2secondsso {~1m
80. Time period will remain same g
81. Inform of P.E. 94. In artificial satellite time period becomes oo.
82.  Spring watch (independent of g) 95. Dueto frictional forces the mechanical energy
83. veciK of oscillator converts in heat energy and
Now K'= 2K So vi_NZK_ L =vi=2v finally oscillation stops.
vk (( R
84. Ui=U; 96. T=2m|—| ——|,if/=RethenT=59.8
) ) g2 P2 g\ (+R;
—Kx=-Kx: = =2 :
2 2 2K, 2K, 97. Ifrislarge (+R; ~/(
2
F—lzﬁ F—1= K, then t = 84.6 min zll hour
F/ K, E, \K, 2
85. Length of one part is 3 times of other 98. W =0, as tension force is always
0, =3, perpendicular to displacement.
L
£:£:€1+€2 :ﬁ 99. WhenliftisatrestT = \/:Zn
K ¢ 0, 3 g
K, = g K When lift is ascending
14 1 0
1 TZZT[ =2TE S_ZQ[ZR\/:\]ZQT
86. Ko Ve+s V4g 2 g) 2
Vi £
=L - K'=nK 100. T =2x |- (4T
n g
87. Toc/m for spring oscillation 101. If velocity is same then acceleration will be
T m' 40 zero and there will be no variation in time
—=,—=,—=2 = T'=2T
T m 10 period.
88. T of simple pendulum does not depend on Exercise-II (Previous Year Questions)
mass of bob 1 Disol A "
89. V... =Ao . isp acemend, x = Acos(ot)
X
Velocity, v=—=-Awsin(mt)
90. T=2r £=2n/ 39'22=2n /%=2nx3 dt
g 9.8xm T n dv ,
Acceleration, a =— =—-A®" cos(mt)
=4 dt
www.allen.in [5]
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2. Y=yl+y2

m
= asinot + bcosot 6. T= Zn\/;
=+a’ +b’? {Lsinmt+Lcoswt} 3-2 ’m (1)
- =4, |—
Ja® +b’ Ja® +b? k
= \a® +b? [cos ¢ sin wt +sin $ cos ot ] 5=2ﬂ:,’ml:1 -(2)
Let coscl):L (1)’ - i: m o=
Ja® +b? (2)° 25 m+l1 16
b
sing =—— ) vl
[ + 1?2 7. Length of the spring segments = 53’2
Y =+a’ +b” sin(ot +¢) As we know K « %
3. v=oyA*-x so spring constants for spring segments will
v oA X sviz= o2(A2-x2) (1) be
Ki = 6K, K2 =3K, K3 =2K
v, =0\A’ =X, = V2 = 02[A? - x7] so in parallel combination
V12 = V22 = 02[A? - X12 - A2 + X2 Ko=Kivie+ K= 1K
. in series combination
g V; _Vi K' = K (As it will become original spring)
7% soK':K"=1:11
o V22 _ 2n Vv’ 8. evr;llplitude .Al= 3 cm ,
% T % en particleisatx = 2 cm,
its |velocity| = |acceleration|
T2n [R5 A?—x*
—an Vv ie, oVA’—x* =X = o=——
X
4. Case-A: When stretched by same amount 21 2 47
T=—=2n| — |=—
1o o \5) 5
W, 7% K _
_P=1 =_P>1 9. |a|—(,02X
W EI(Q.x2 Ko = 20 =0?5
=>w2=4
Wp > WQ _, 2 _
Case-B: When stretched by same force - 0= = T
%zFZ/ZKp:K_Q<1 = T=ns
W, FZ/ZKQ K, 10. y=Ao+Asinot+Bcos ot
Wp < Wy y = Ao +JA? +B? sin (ot + ¢)
5. oa=ow?A Ao is mean position, and v/A® +B* is amplitude
B=0A 11. Displacement = zero in one complete
o o 2r 2np oscillation
B e Displacement
B pT o = Average velocity = pf =0
[6] www.allen.in
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12. 18. F = kX
10 =k(5 x 10-2)
k= 10 =2x102=200N/m
5x10°*
Now T = Zn\/: T, ’
200
23. x=Asin (ot)
ZZ:E %=V=Acocos(oat)
P - dt
or y-projection,
y = A cos ot d_V:a:—ongsin(cot)
nt
= y=3 cos(—) 2
2 __[2m x1sin 2_7tx 2
13. Distance in one oscillation = 4A a= 8 S 8
2h 1 2
14. Time of flight = /— o — —a=-—"xsin| X
g s 16 2
Time period of pendulum = 2xn, [— la= -’ m /s>
\/_ 16
Ratio of time of flight & time perlod of -
pendulum is independent of g. Hence t' = 2T' | 24. x=5sin(nt+ 3 )
15. Displacement (x) equation of SHM _ _ _
<= A sin ((Dt+(|)) - comparing with x = A sin (ot + ¢)
wegetA=Smandow=m=
d—X = Ao cos (oat+¢) 21 21
dt = T=2-T_2sec.
. dZX (O] 7T
acceleration (a) = — 7
t 25. T= 271'\/:
a=-’Asin(ot+9) &
— 27 qi A (/2
a=o Asm(cot+¢+n) -(2) =2n |[=—=2x |-LZ
from (1) & (2), phase difference between 5 J
displacement and acceleration is =. T = T _ X7
16. Option (3) is a combination of SHM of same ® 2 2
anc% sa.me a%is ?o its resultant is also a SHM —x=42
which is periodic. 26. PE=KE
17. Displacement equation of SHM of frequency 1 1
n' EkXZZEk(AZ—Xz) = X= +T
x = Asin(wt) = Asin(2nnt) . .
Now Exercise-III (Analytical Questions)
Potential energy 1. x=3sin4nt + 4cos 4nt
~ L —Lkaz sin? (2mnt) tan 6= & 4 Anet=5
2 2 3
UzlkAz[l—cos(Zn(Zn)t)} 0=53° 5
2 2 x = 5sin (4nt + 53°) 3
So frequency of potential energy = 2n (SHM)
www.allen.in [7]
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2.  Theory
3.
t=0 o
—_ ¢=O
° x=Asin ot
M.P.
=0 $=90°
} . x=Asin (0t+90°)
M.P. A x=Acos ot
t=0
<« ¢=n
. x=Asin (ot+m)
M.p x=-Asin ot
t=0 ¢=3m/2
° } x=Asin (ot+31/2)
A M.P. x=-Acos ot
releasing
4., Nl position
4 40cm 5cm
2 a0 L L L L
M.P. E.P.
S 45cm >l

elongation in spring =5 cm
amplitude =5 cm

Vmax =Am = 5 50—0 (D:\/E
\ 1 m

505 cm /s
5. (a) Liftisatrest a=0
(b) lift is moving downward with constant
speed
= constantvelocity = a=0
in both casesa=0s0ger=g

T=275\/z
g

(c) In this case lift is moving with increasing

speed so acceleration is downward.
Beff= g — a.
1 2 1 272
6. EnergyE-= EKA = Em(oA

Vmax = A® = A 5
\lm

T=2n m
K

(P.E)max = 1 KA2
2
(i) Mass is doubled
= Time period become J2 times.
(ii) Amplitude = double
Energy = 4 times
Vmax = 2 times
(P.E)max = 4 times
(iii) K= double
Energy = double
Vimax = V2 times

1 .
T = —=times

Np

(P.E.)max = 2 times

(iv) Angular frequency (m = \/E j is halfed
m

means k becomes 1/4 times so
maximum speed is halfed.

T/6
T/12 T

M.P. A/2 A \/E \/§A A
T T__ 2
==

6 2
T/6
11. a=-0%x
_bt
A=A ™
A= Fy

14.

E e K(x+x0)+pLVg
Xo
M IX
----- SN SR M
Mg

v Mg

(1) pLVg+Kxo=Mg

[8]
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(2) Fr=-[K(x +x0) + p.Vg - Mg]
= -[Kx + Kxo + pLVg - Mg]
= -Kx

3 azF—R:—& = oaz\/E:>T=2n\/E
M M M K

15. Itis a periodic oscillatory and since released
from small height it is SHM

16. x:2+3M:2+§—§c052wt
2 2 2

7 3
= ———cos2ot = X—Z =§c052mt
2 2 2 2

xy Aof f f 1

z A0’ o 2rnf 2n

7 constant and dimension less.

18. Atthe mean position if Ug < 0, then Kmax > Etotal

19. T= ZTc\/E
k

l
22. HereT:Z—n:Z—n:ZR - :>£:iButg
® T g g =«

17.

= n2therefore /=1m

23. [Itisduetoresonance i.e. bridge may collapse.
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