SOLUTIONS
OSCILLATIONS (SHM)

Force constant
K = me?
K = m(2nn)?

K = m4dn®n?

x_ (k)
d2  |m
a+ 1612 =0

- 032:16n2:>T:2—n=2—n=0.58
o 4n

S.H.M. is periodic function of unique frequency and
finite amplitude.

t

T
P e = Z(%Angle}

% phase will develop when particle move from

mean position towards amplitude position. It mean
particle move in + x direction

X = a sin ot
X = a sin 0
s a
x = asin— = asin30° = —
6 2
Time required between mean to half of amplitude

a . Y T
5 ) Dposition in t, is = -

2 12
. . a e i
Time required between (5) to a position is t, = 5
T
t, 12 1
L-te=---1.2
t, T 2
6
x = Asinot

. 2n
If t = 1 second then x = Asmel
X, = Asin— = —
or 1 8 \/’
but in two second it will reach to extreme position,
so distance travelled in next second

2 A
2

A 2-1A
:A——:—
Xy \/5 \/E
A/\2 1

ratio of distance 2 _1DA/V2 - J2-1

10.

11.

12.
13.

14.

t

&
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. & t=0
-A -A/2 O A

Total length in one cycle = 4A

5 5A
So,  3-(4A)=2~

= Particle travels from 0 to P = A$ = 210°

., 7T
360° x 210° = ﬁ

For first particle x = A/2 = 6, = 30°

For second particle
x=-A/2 =6, =2n-30°
Ap = 6, -6, = 300 °or 60°

(as phase difference of ¢ or 2n — ¢ is same)

t:

1
=m =5 = 0—1)4 = 25 Hz
v =o0A=04
A =A=10cm
So, o = 4 rad/sec
and T = il - Zsecond
® 2

V_. = Ao

In one complete oscillation the displacement is zero,

so average velocity is also zero.

x = Asin(wt+4¢)
Att=1second x=0

0 = Asin(ox1+¢) So ¢ = -o

Now V = Awcos(wt+¢)

1
At t=2second V= Zm/s

1
So 1 =A X cos (o X2 — )
1
1° Awcoso
by putting values
%:Ax%cos% So A :Em



OSCILLATIONS (SHM)

15. y; = 0.1sin(100xt + n/3) 23. Amplitude A = 3 cm
{00 When particle is at x = 2 cm |
= ¥y =10.1%100x COS( § +§] its | velocity| = lacceleration |
and y, = 0.1cos100mnt "
) -X
= V,=-0.1 x100 = sin100xt e, oJAZ-x? = oX =0 = T
or V, =10 sin (100xnt +
2 (100nt + 2n 3) 3=n
T T T= — =2n Z :?
Now ¢ro= by — o = 100nt+§+§ —[100nt+n] [0)
1
_ = Pad 24. PE = Z(TE)
16. Amplitude = same lkxz ) l[lkAzj . +A
Ad = const = T = same 2 ~4l9 = [X=15
So, v _ = oA = same
17. 30?1l = 20 = o?5) 25. U_ - %kxz
So, o = 2 rad/s.
18. x=1aom a =1 cm/s? Je= lk(0_2)2 = k=50
2
V=1cm/s
a = oX = =1 = T=2=x and T=2“%3T=2“%=2n5\/§sec
19. a=-o%,
So graph is straight line with negative slope 2. F-- du _ -d (8x%) = _16x
20. x=5.0 cos(2nt + m) = -5.0 cos2nt dx
F) = -16(-2) = 32 Dyne.
Velocity = % =10nsin2nt F) =2) J
27' Kmax = lKAZ
) 2
Acceleration = d—;( = 20n? cos 2t
dt (KE), ==K__ = =K(A? -x?)
Att = 1.5 sec,
A
= _5. = — . —1 = = = = 2
X 0cos3n=-50(-1)=5 = X \/§ore 45
Velocity = %—10n(zero) =0 T
GOy = T4t B So, time = x 45° = T/8
360°
&2 28. TE. =mgh+ (KE)
Acceleration = dT;(:ZOﬁZ(—l) = -20n° Qe=#B™t K.E)
(KE) _ =4J This is KE at mean position
21. a_ =-o’A
A © _ (00 1 29. KE :%KAZ cos” ot
S0 g Tl@f  (5000¢ 100
_ 2
22. o=0A PEmaX=TE=%KA2=KO
o o 2n 2
_ v e R L i
B = oA B 0= 57T = " 1
30. <E>=<V> = ZKAZ




OSCILLATIONS (SHM)

31.

32.

33.

34.

35.

36.

37.

Energy at rest position is 3J this is potential energy
due to height, mgh = 3J.

Mean KE. =4 J
So Maximum K.E. = 2(Mean K.E)) = 8J

TE. =mgh + (KE) _,=3+8=11J
R 846

= T=2n
f

T =2n d
Qs
'=2n ! —ﬁT
g+g/3 2

A=a = x=3a/2=0=30°

a'/2 a

_ m/3a
T

When pendulum is observed from vehicle frame

L
g = geosa = T =2m [
T [144
Tevt = T 1§
= T=12T = T =72 sec
1.21

T,=2n

1
= T2 :27T —_
] g

= T, =11T, or 10T, = 11 T,
This means 10 oscillation of larger pendulum will

take same time as 11 oscillation of samller
pendulum and after that they will be in plane.

OR
They will be in same phase when long pendulum

completes N and short pendulum completes (N +1)
oscillation.

38.

39.

40.

41.

42.

43.

So Nyfligng =(N+1)y/lgn

=  NV1.21 =JN+11
= 11IN=N+1 = N=10

lal = o°x
= 16 = 0?4 So?=4
:>03—2:>&=2 = T=nxs
T
K/2
f —_— —
! 2n m { eq K/2)
1 2K/3 2K-K 2K
lc2 ~o_ Keq
2n m 29K +K 3
fi_V3
f, 2
Vmaxl = ﬁ .Al max2 kz
m
Since vmaxl = vmaxz i _2
o ky
o |
k,
ty = 271(
t=2n / =k, +k,}
t= 1 2
Solving /tl Y
In series combination
111 KK
Ks K, K, K, +K,

Both springs are connected in parallel
so Kq = 2k + k = 3k

3k
frequency n = —,|—
2n



OSCILLATIONS (SHM)

44. Effective value of g is zero in artificial satellite. | 49+ 2, = ©"A = g {when N = 0}
= .9 _ 10 Im
K and V__ = oA =314 m/s
- 2
3:271\/% N 50. Ty = Kt
2
> y—%=2K=2m/sZ
5=2m | T @
k So, g4y=9g+a =12 m/s
W9 w189 n
22 25 m+2 "16 T, =2 (=2“
46. In 20 seconds the amplitude becomes 1/3
[ [( T2 12 6
T, = 2 |— =27n,|— So, L. =====
So in 40 seconds the amplitude = %x% :% of & Qeff 12 T, 10 5
initial.
47. Amplitude of vibrations remain constant in case of
free, maintained & forced vibrations.
R.
48. T, = 2m g = 846 min
R,
T = 2m g = 846 min

R, IR, _
T, = 2n 9o 2n = 84.6 min




