Chapter 10. Oscillations

A spring of force constant & 1s cut into lengths
of ratio 1 : 2 : 3. They are connected 1 series
and the new force constant i1s &°. Then they
are connected n parallel and force constant

1s k., Then " : k" 1s
(a) 1:9 (by 1:11
(c) 1:14 (d)y 1:6

(NEET 2017)

A particle executes hinear simple harmonic
motion with an amplhitude of 3 em. When the
particle 1s at 2 cm lrom the mean position,
the magnitude of 1ts velocity 15 equal to that

of 1ts acceleration. Then its time pertod n |

seconds 1s

J5

o
(a) g (D) ﬁ
2 &

(c) NG (d) —
WEET 2017)

A body of mass m is.attachéd 1o the lower end
of'a spring whose uppeeendis fixed. The spring
has negligible mass. Wheén the mass m 1s
shghtly pulled dewin and'released. 1t oscillates
with a time period of 3 s. When the mass m is
increased by 1 kg. the time period of
oscillations Begomes 5 s. The value of m n kg

15

—

3 l 4
(a) 1 (b} 3
16 Y
(c) 9 (d) 16

(NEET-IT 2016)

A particle 1s executing a simple harmonic
motion. Its maximum acceleration 18 of and
maximum velocity is 3. Then, its time period
of vibration will be
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A particle 18 executing SHM along a straight
line. Its velocities al distances x, and x, from
the mean position are I']' and I, respectively.

(2015)

Its time period 15

['V’ W Vo
- —= om, | —=2-
() ’U 11"'“*1- Xy (b) .1',3 = x%
T 2 = x2

" Xi T+ Xa 2 |
g 2m |AT% dy 2m|S—=
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(2015 Cancelled)

When two displacements represented by

v = a sin(wr) and v, = b cos(wr) are

|
superimposed the motion 18

(a) simple harmonie with amplitude /2 | 52
(a+D)
2

(b) simple harmonic with amplitude

(¢) not a simple harmonic

il
(d) simple harmonie with amphtude b
(2015 Cancelled)

The oscillation of a body on a smooth
horizontal surface 1s represented by the
equation,
X =/ cos(mr)
where X" = displacement at time /
w = frequency of oscillation
Which one of the following graphs shows
correctly the variation a with 7
Here a = acceleration al tume (
I'= time period

T.
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(2014)

A particle of mass m oscillates along x-axis
according to equation x = asinm/. The nature of
the graph between momentum and displacement
of the particle 1s
(a) Circle
(b) Hyperbola
(¢) Ellipse
(d) Straight line passing through origin

(Karnataka NEET 2013)

Out of the following functions representing
motion of a particle which represeiits SHIM

(1) y=smmt— cosmt

(2) y=sin‘m!

(3) y= Sms( 1—“ — ok ]

(4) y=1+wmt+w

(a) Only (1}

(b) Only (#) dees not represent SHM
(¢) Only{l) and (3)

(d) Ouly(Iyand (2) (2011)

Two patticles are oscillating along two close
parallel straight hines side by side, with the same
frequency and amplitudes. They pass each other,
moving in opposite directions when their
displacement 1s half of the amphitude. The mean
positions of the two particles lic on a straight
line perpendicular to the paths of the two
particles, The phase diflerence 18

(a) g— (b) 0
(¢) 2—;: (d) m (Mains 2011)

11.

12.

13.

14.

16.
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The displacement of a particle along the
x-axis 1s given by x = gsinwt, The motion of
the particle corresponds to
(a) simple harmonic motion of [requency m/m
(b) simple harmonic motion of frequency 3w/27
(¢) non sumple harmonie motion
(d) smmple harmonic motion of frequency /21
(20110)
The period of oscillation of a mass M
suspended from a spring of neghgible mass 13
T. If along with 1t another mass M 1s also
suspended, the period of eseillation will now

be

T
(. T b) TZ'
(¢) 2T d) 21

2010)
A simple pendulum performs simple harmonic
motionabout x =0 with an amphtude @ and time
period 7" The speed of the pendulum at x = a/2
will be

Tt In

3 3

©) ma3 (d) a3
T 2T

(2009)

Which one of the following equations of
motion represents simple harmonic motion?
(a) Acceleration = -k (x + a)
(b) Acceleration =k (x + a)
(¢) Acceleration = kx
(d) Acceleration = —kx + kx*
where £, k,. k, and « are all positive.
(2009)

. Two simple harmoniec motions of angular

frequency 100 and 1000 rad s have the same
displacement amplitude. The ratio of their
maximum acceleration 1s

(a) 1:10° (by 1:10°

(¢c) 1:10 (d) 1:10°  (2008)

A particle executes simple harmonic oscillation
with an amplitude a. The period of oscillation
1s 1" The mimimum time taken by the particle to
travel half of the amphtude from the equilibrium
position 18
(a) /8

(e) 172

(b) 7712

(d) 7/4. (2007)
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15.

19.

20).

21,

A mass of 2.0 kg 15 put on a
flat pan attached to a vertical
spring hixed on the ground as
shown in the figure. The mass

m

of the spring and the pan 1s
negligible.

When pressed shghtly and
released the mass executes a
simple harmonmie motion. The
spring constant 1s 200 N/m. What should be
the mimmum amphtude of the motion so that
the gets from the pan
(take g = 10 m/s™).

(a) 10.0cm

(b) anv value less than 12.0 cm
(¢) 4.0¢em

(d) 8.0cm.

Mass detached

(2007)

The particle executing simple harmonic motion
has a kinetic energy Kcos*ws. The maximum
values ol the potential energy and the total
energy are respectively
(a) K2 and K,

(¢) Ky and K

(b) K, and 2K,
{'L”' ﬂ i:lﬂlj ZJ‘I\:{a.'
(20O 7)

The phase between the
istantancous velocity and aceeleration of a
particle executing simple harmonie motion 1s
(a) m b)) 0,707
(¢) zero (| 0.5m.

difference

2007)

A rectangular blaek of'mass m and area of
cross-section#d floats'in a liquid of density p.
[f 1t 15 grvema-small vertical displacement from
equilibifum it undergoes with a time period 7,
then

(@) Toipe (b) Teyp
m

(¢c) Te< ] (d) T = L1 200
7 p et

The circular motion of a particle with constant

speed 1s

(a) periodic but not simple harmonic

(b) simple harmonic but not periodic

(¢) pertod and simple harmonic

(d) neither periodic not simple harmonic.
(2005)

a2

23.

24.

25.

26.

27,

A particle executing sumple harmonic motion
of amphtude 5 ¢m has maximum speed of
31.4 cm/s. The Irequency ol its oscillation 18
(a) 4 Iz (by 3 Iz
(¢} 2 Hz (dy 1 Hz.

Two springs of spring constants &, and k, are
jomned in series, The elfective spring constant
of the combmnation 1s given by

(@) fkks (b) (ki + k5)/2

(€) Ky + ks (d) Miko/(k, + ky)
(2004)

(2004)

Which one of the following statements 1s true

or the speed v and the acceleration a ol a

particle executing simple harmonic motion ?

(a) Whefiwismaximuin, « 158 maximuim.

(b) Value of @ is zero, whatever may be the
valug.of v.

(¢) When v 1s zero, a 1s zero.

(2003)

The potential energy of a simple harmonic
oscillator when the particle 1s hall way to its
end pomt 1s

(d) When v is maximum, a 1s zero.

9
(a) FE (b) %E
(c) % (d) %E (2003)

where F 1s the total energy

A particle of mass m oscillates with simple
harmonic motion between points X, and X, the
equilibrium position being . Its potential
energy 1s plotted. It will be as given below n
the graph

T 7 N W0 v
(c) .{,/}i\_/x‘. (d) .'L',' /\Q/ "\
(2003)

The time penod of mass suspended from a spring
18 7" If the spring 1s cut mto four equal parts and
the same mass 1s suspended from one of the
parts, then the new time period will be

(a) 1'/4 (b) T

(¢) 712 (d) 27 (2003)
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28.

29,

30.

31.

32.

33.

In case of a forced vibration, the resonance
peak becomes very sharp when the
(a) damping force 1s small

(b) restoring force 1s small

(c) apphed periodic foree 1s small
(d) quality factor 1s small

Displacement between maximum potential
energy position and maximum kinetic energy
postion for a particle executing simple harmonic
motion 18
(a) + a/2
(¢) T a

(2003)

(b) +a

(d) -1, 2002)

When an oscillator completes 100 oscillations
: _ b s
its amplhitude reduced to 3 of mtial value. What

will be 1ts amplitude, when 1t completes 200
oscillations?

l 2
(a) g (h) 3

| e 6]
(c) 6 (d) 9 (2002)

A mass 15 suspended separately by twe
different springs in successive order thén lime
periods is 7 and ¢, respectively. If it Is
connected by both spring as shown n figure
then time period 1s ¢, the correet relation is

b) & =17 +1
(dy to=1 +1.

(@) 1 =4 46

(©) fo =4

(2002)
The total energy of particle performing SHM
depend on
(a) k. a m (b) k. a
(c) k. a x (d) k. x 2001)

Two masses M, and M, are hung from two strings
ol length /, and [/, respectively. They are
executing SHM with frequency relation /| = 2f,,
then relation

(@) |/ =Tf, does not depend on mass

(b) 1, = 4/, does not depend on mass

34.

36.

37.

38.

39.
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(¢) ;= 2lz and M, = 2Mp

My

(dy I, =%B and M | =

(2000)

The bob of simple pendulum having length /.
is displaced from mean position to an angular
position q with respect to vertical. Il 1t 18
released, then velocity ol bob al equilibrium
position

(a) \;‘Ega’[l - cos0) (b) .JZgI'{] + cosB)

(¢) 28lcos0 y 28l

Time period of a simplespendulum is 2 sec. If
its length is increased by 4 times. then its
period becomes
(a) 8 secs
(c) 16 see

(2000)

(by 12 sec

(d) 4 sec (1999)

A particle, with restoring force proportional
ta  displacement and resisting force
properional to velocity 1s subjected to a force
E sin wt. If the amplitude of the particle 1s
maximum for @ = o, and the energy of the
particle maximum lor @ = .. then

(a) m; # oy and w-, = wy

(b) w; = my and w, = wy,

(¢) m; = m,and > # Wy

(d) w # wy and - # o (1989, 1998)

Two simple pendulums of length 5 m and 20 m
respectively are given small hinear displacement
in one direction at the same time. They will again
be n the phase when the pendulum of shorter

length has completed oscillations.
(a) 2 (b) 1
(c) 5 (d)y 3 (1998)

A mass m 1s vertically suspended from a spring
ol negligible mass. the system oscillates with a
requency n. What will be the frequency of the
system. 1f a mass 4 m 1s suspended from the same

spring’
n
et b) 4
(a) 5 (b) 4n
n
(c) 2 (d) 2n (1998)

Il the length of a simple pendulum 1s increased
by 2%, then the time period

(a) ncreases by 1%

(b) decreases by 1%

(c) 1increases by 2%

(d) decreases by 2%. (1997)
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40.

41.

42.

43.

44.

Two SHM’s with same amplitude and time
period, when acting together in perpendicular
directions with a phase difference of n/2, give
rse o

(a) straight motion
(¢) circular motion

(b} elhptical motion
(d) none ol these.
(1997)
A particle starts with S.H.M. from the mean
position as shown in the figure. Its amplitude
18 A and 1ts time period 1s 7. At one time, 1ts
speed 1s half that of the maximum speed. What
is this displacement”
24

J3

3A

2

(a)

;
vy o 1'mu.l.

(b)

(e)

(d) (1996)

A lmear harmome oscillator of force constant

2 % 10° N/m and amplitude 0.01 m has g total

mechanical energy of 160 . Its

(a) PE.1s 160 ] (b) PL. 158 zowme

(¢) PE. 1s 100 J (d) PE. is {20 1L
(1996)

A simple pendulum with a bob of mass m
oscillates from A to 7 and back to A such that
PB s H. If the acceleration due to gravity 1s g,
then the velocity of the bob as it passes
through £ 1s

(a) mghl A P

C
(b) §f2eH \ f/
(c) zero B
(d) 2gH, (1995)

In a simple harmonic motion, when the
displacement 1s one-hall’ the amplitude, what
fraction ol the total energy 1s Kinetic?

(a) 172 (b) 3/4

(¢) zero (dy 14, (1995)

. A body of mass 5 kg hangs Irom a spring and

oscillates with a time period of 27 seconds, If
the ball 1s removed, the length of the spring
will decrease by

46.

47.

48.

49.

S1.

(b) klg metres
(d) g metres. (1994)

(a) g/k metres
(¢} 21 metres

A particle executes S HM, along x-axis, The
force acting on 1t 1s given by
(a) A cos (kx) (b) Ae™™
(¢) Akx (d) — Akx,
(1994, 1988)

A seconds pendulum 1s mounted 1n a rocket,
Its period of oscillation will decrease when
rocket 1s
(a) moving down with uniform acceleration
(b) mowving around the earth im geostationary
orbit
moving up with uniform velocity
moving up with umform acceleration.
(1994)
A loaded vertical spring executes S.H.M. with
a time perfod of 4 sec. The difference between
the Kinefie energy and potential energy of
this system varies with a period of
(a) 2 sec (b) 1 sec
(@ 8 sec (d) 4 sec

(c)
(d)

(1994)

A body executes stmple harmonic motion with
an amphtude 4. At what displacement from
the mean position 1s the potential energy of
the body 1s one fourth of its total energy
(a) A4 (b) A/2

(¢) 34/4

(d) Some other [raction of A (1993)

. A simple harmonie oseillator has an amphtude

A and time period 7' The time required by 1t to
travel from X' =4 toAd=A4/21s
(a) T/6 (b)y 774

(¢) T/3 (d)y 772 (1992)

If a simple harmonic oscillator has got a
displacement of 0.02 m and acceleration equal
to 0,02 m/s” at any time, the angular frequency
ol the oscillator 1s equal to

(a) 10 rad/s (hy 0.1 rad/s

(¢} 100 rad/s (d)y | rad/s (1992)

. A simple pendulum is suspended from the roof

ol a trolley which moves in a horizontal
direction with an acceleration a, then the time

pertod 1s given by 7=2m/(//g) . where g 18
equal to
(a) g

(¢c) g ta

(by g —a

(d) \/{g2 ta')
(1991)




Oscillations

53.

35,

A body 1s executing simple harmonic motion,
When the displacements from the mean position
1s 4 em and 5 em, the corresponding velocities
of the body 1s 10 cm/sec and 8 em/sec. Then the
time period of the body 15
(a) 27 sec (b) ®/2 sec
(¢) T sec (d) 3m/2 sec

(1991)

. The angular veloeity and the amplitude ol a

simple pendulum 15 w and @ respectively. At a
displacement x [rom the mean position 1f 1ts
kinetic energy 1s 1"and potential energy 1s 1, then
the ratio of ' to 718

(a’ - xX*oh) Yo’
— b T BT
(a) o g (D) (@* — X0%)
{.{73 - .rz} X’
(c) e (d) (@ —x°)
(199])

The composition of two simple harmonic
motions of equal periods at right angle to each

119

other and with a phase dillerence of 7 results
in the displacment of the particle along
(a) circle

(b) figure of eight

(¢) straight hine

(d) ellipse (199())

. A mass m 15 suspended [rom the two coupled

springs connected n series. The force constant
for springs are & and &> The time period of
the suspended mass will be

(a) T=2m |2

11.
21.
31.
41.
51.

{ Answer Key }

by 2. (b 3. (d) 4. (b)) § (d)
(¢) 12, (d) 13. (¢ 14. (*) 15 (d)
(a) 22. (d) 23. (d) 24. (d) 25. (¢
(b) 32. (b) 33. (a) 34. (a) 35 (d)
(d)y 42. (¢) 43. (b) 44. (b) 45 (d)
(a) S§2. (d) §3. (¢) 54. (¢) 5§5. (¢)

6.

16.
26.
36.
46.
56.

(1990)
(a) 7. (¢) 8 (¢) 9. (¢) 10. (o
(by 17. (a) 18. (¢) 19. (d) 20. (¢)
(a) 27. (¢) 28. (a) 29. (c¢) 30. (d)
(by 37. (a) 38. (a) 39. (a) 40. ()
(d) 47. (d) 48. (a) 49. (b)) 50. (a)
(d)
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1. (b) : Let us assume, the length of spring be /.
When we cut the spring into ratio of length 1: 2 3, we
[ 21 3l

get three springs of lengths 6 and E with force

constant,

When connected 1n series,
| | | |

=
W=k
When connected 1n parallel,
K =6k +3k+2k=11k
. %
1k 11
2. (B):Given.4A=3cem.x=2cm
The veloeity of a particle mn simple harmonic motion

5 et o S

6k TR TR 6k &

1S g1ven as

TR m-..,’ AE — _‘_z

and magnitude of 1ts acceleration 1s
a=mx
Given |v| = |a|

2 ] A
VAT —x" -7 x

mx=yYA" - x
[:13:‘42* i _-4_5
© S
B
= -i—
2
Time period, Tz-z—ﬂz_?n —1:-{1:55

(1) ! \E

3. (d): Time penod of spring - block system.

TZZ‘II‘/E
k

For given spring. T oc \/m
T
e s

"

e
F—1

Here, T =3s,m =m, I ,=5s,m=m+1,m="7

3 | m = 9 m
5 Vm+1l 25 m+1
Ws5m=9m+9 = 16m=9
0
~ m=—Kk
6 =

4. (b) : If 4 and ® be amphtude and angular
[requency of vibration, then

o= m=4 . “]

and B=wmA (1)
Dividing eqn. (1) by equ (1), we get
o > A =
B mA
Time period of vibration is
y 2

ol 2 i3

() - (oL /D) - oL
8. (d):Tn SHM, velocities of a particle at distances
v andx, from mean position are given by

V,E =m>(a” —,rlz} k1)

Vf =w*(a” - .1'31} s )

From equations (1) and (1), we get

2 A 3
Ilffl.‘ = sz = [!}-[IE - .1'1“]

22— xh
T =2 [—f—ts
W -V;

6. (a): Here. y, = asmwt

; T
vy =bcosmf = bsm[ i + E ]

ha
A“l =lag? + b?

Ll

Hence, resultant motion 1s SHM with amplitude
1.{'1#2 +b%,

7. (c): Here, X = Acosmr

. dX d 1
Velocity, v = = m(.ﬂh:mmr}

= — dmsimint
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d
Aceceleration., g = — =—(—Amsin (0t
ar - ar )

= —Aw" coswi
Hence the varnation of @ with 7 1s correctly shown
by graph (c¢)

, x , .
8. (c):x=asmfor S = s1nnf L 1
_ dx
Velocity, v= p = amcoswt
I"‘ A
e COSM! )

Squaring and adding (1) and (11), we gel

;) r
-'1#- 1".- 5 2 ]
T+ —— = s + cos ot
a-  am
2 3
1I
e = |

a  aw

It 1s an equation of ellipse.

Hence, the graph between velocity and displacement
1s an ellipse.

Momentum of the particle = mv

5. The nature of graph of the momentum and
displacement is same as that ol veloeity and
displacement.

9. (c):y= smwi — coswf

1 . 1
="J§|iE sin mf —EfGSUJf:| :ﬁﬁin[[ut-—g)
2n

It represents a SHM with time penod;, T =—.
o

Y= sin“of = %[3 sin wt —sindw |
[t represents a periodic mation with time period

T= 2 but not SHM,

0
4 _
iy =5cos ES-E-‘ EmtJ
4
( 3n
= Beas| 3wf - T] [ cos(—8) = cosf]
%

It represents a SHM with time period, T = 2
3w

y=1+wt+wf
It represents a non-perniodic motion, Also 1t 1s not
physically acceptable as the y — = as t — oo,
10, (¢): e

i
Il
|
i
I
s
T
=
S
3
I
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The time taken by the particle to travel from
v =10 to r=2 5L
) V2T

The time taken by the particle to travel from

A
x=Alo X=-18

2

- . T
['ime difference = E 0

on|=3 S|

s
2

Phase difference, ¢ = ?T_ﬂ x Timedifference

2m

il
11. (¢) : x = asin’wf

« L _ 2%
3 3

1-cos2wt "
=4 > (v E0s20=1-2sin0)
_a acos2mt
2 2

Velocity, U=!m. o RGBT masm2mi

dr 2
Accéleration, a = dT:‘ = 2w’ acos 201

t

For the given displacement x = asin’wt,

@ == — X 18 not satisfied.
Hence, the motion of the particle 1s non simple
harmonic motion.

12. (d) : A mass M 1s suspended from a

Note : The given motion 1s a periodic motion with a
massless spring of spring constant k as
shown in figure (a). Then.

time period
k
Time pertod ol oscillation 1s :
M

21:_11:
M
T =21 |— (a)
m/k (1)

T=—=—
When a another mass A 1s also
% k
M
M

2m m
suspended with 1t as shown n figure (b).
(b)

Then.

Time period of oscillation 1s

;A MM (EM
e - =2n .

=,E{2;;J%] =J2T (Using (1))

13. (¢) : For simple harmonic motion,

¥ il
v=mva® —x>. When ,1'=5.
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2] r.'
When 1.——, ":“}1’“ —— um,J

TE‘\;!_ 3a

As -:r.l-— 1'=—~——ﬂ = V=
T T 2 T
14. (*) : Simple harmonic motion 15 defined as
follows
d’y
i
dr*

The negative sign 1s very important in simple harmonic
motion. Acceleration 1s mdependent of any mitial
displacement of equilibrium position.
Then acceleration = — wx |
* Option not given
I5. (d): w, = 100 rad s, w, = 1000 rad s
Maximum aceeleration of (1) = - *1
Maximum acceleration of (2) = —m,*1
accln (1) o] (100" 1
aceln (2) 7 (1000)° 100
all):a2)y=1:100
16. (b): x(1) = asinoi (from the equilibrivim position)
Al x(1) = a/2

a
= gsin(r)
sin(E.] =sin(wr) or r. [ m..-z_“
N 6) "8 L T
or t=17/12.
A = 4’
t - 'rll . A
; g ()= W 3
17. {ﬂ}: ! E ¢ v 0"
v g g
(ot (b} (c)

The spring has a length /. Whem m 1s placed over
it. the eguilibrivm position becomes O
If it 1s pressed from O (the equilibrium position)
to O, OO {s the amplitude.

me  2x10

o) = = =().10 m.
k 200

mg = kx;,.
[ the restoring force mAw® > mg. then the mass will
move up with acceleration, detached from the pan.
g 20

je. A>— = A> — > 0.10m.
Im 200

The amphitude > 10 ¢m.

i.e. the mmimum is just greater than 10 cm

(The actual compression will include x; also. But
when talking ol amphtude, 1t 1s always from the

equilibrium position with respect to which the
mass 1s oscillating.
18. (¢) : Kinetic energy + potential energy = total energy
When kinetic energy 1s maximum, potential energy
15 zero and vice versa.
Maximum potential energy =
0 + K, =K,
(K.E. + PE.

total energyv.

= fotal energy).

19. (d) : Let y = Asinwf
Iy
i—"— Amcosmr = A[I)Hll'l( I+EJ
et 2

Acceleration = —Am*simm/

The phase difference belween acceleration and
velocity 1s /2

20. (c) : Let I'be the length of block immersed in
liquid as shown 4n the figure. When the block is
foating,

—_— e = —
I ———————
—

o mg=Alpm
I the block 1s given vertical displacement y then the

| effective restoring lorce 1s

F =4+ vipg — mg) =AU + vipg — Alpg]
= _ _,Hpgp

Restoring force = —|dlpgly. As this / 1s directed
towards 1ts equilibrium position of block, so 1f the
block 1s left free, 1t will execute simple harmonie
motion,
Here nertia factor =
Spring factor = Apg

mass of block = m

Time period = T =2 2
8
Ie T:::_._l._.
21. (a)
22. (d) : a =5 em, vy = 31.4 cm/s
Vpax = @ = 3l4=2nv x 3

= 314=10x3 14 xv I Hz.

23. (d) : When the spring jomed n senies the total
extension in spring 1s
-F F

= }rl + \r’z _— e —w——
b ks

= ¥ = _F l+l
.I.i'] A’g

= =

=B
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Thus spring constant in this case becomes

=k = kiky
.£:| + k;,g
24. (d) : In sumple harmonic motion velocity

= Awsim(w + m/2)
V i
_\ /-'mu
T
1N

al o1
P

: > 1
|

acceleration = Aw?sin(ws + m) from this we can
easily find out that when v 1s maximum, then « 1s

Zero.
25. (e¢) : Potential energy of simple harmonic
oscillator = %.n'i'm1 }12
for v= % P.E.= %Mﬂ:ﬂ2 fil-

I 1 b G-~ z)_ E
= P.E. = 4(5111{51 a 7 |
26. (a) : Potential energv of particle perfornmng

SHM varies parabolically in such a way that atunean
position 1t becomes zero and maximum at extrene
position.

27. (c) : Let & be the force constant of spring. A" 1s

the force constant of each part. then

I |
7 9y #m =

=7 k= ak.
. Time period = 211:.,1 .

28. (a): Smaller dmnpmgggn-e&. a taller and narrower
resonance peak.

29. (¢) : For asunple harmonic motion between .
and B, with agthe mean position, maximum kinetic
energy of the particle executing SHM will be at O
and maximum potential energy will be at A and B.

max. PE. max. K.E. max. P.E.

A\ | B
+— - i —»

i is the umpfi{ude of SHM
. Displacement between maximum potential energy
and maximum Kinetic energy 1s + a.
30. (d) : This 1s a case ol damped vibration as the
amplitude of vibration 1s decreasing with time.
Amplitude of vibrations at any mstant 7 15 given

by a = aye™™, where a; is the nitial amplitude of
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vibrations and b 1s the damping constant
Now, when = 1007, a = ay/3 | T 15 ume period|
Let the amplitude be a” at 1 = 2007"

i.e. alter completing 200 oscillations.

a=ay3 = aye 1907 5id3)
el y
and o = aye200Th (1)

| —100Th

From (1), 3=¢€ e~200Th = 1 /9

; - | ()
From (1), a' = g X -=—-
(11) 0%5=7

. The amplitude will be reducedito 1/9 of mitial
value.

31. (b) : The time period of a spring

mass system as shown m [igure | 15

given by 7= 2n/m & . Where kis the ;

spring constant.
= 2nmik, (1) =

: N Figure |
and 1,= -'Zm-}m-ﬁ'z 1)

"[".-.-r - 'EL + ‘{':

I m

(a) (b)
figure 2

Now, when they are connected mn parallel as shown in
figure 2(a), the system can be replaced by a single
spring of spring constant, kg =k + ks,

[Since mg = kyx + kox = kx|

th= 2m fm/ Kepr = 270fm (k) + k) ~{1m)
; L _ 1 Kk L}
From (1), ﬁz = 12 X pr V)
From (1) L.} KkE (V)
X 111 4t m
PR (S R il ;
From (111), 3 "411:3}{ = (V1)
(av) + (v) = lg+ lq - 11 (k) Jfl"z'-'=L
h 1" 4nm .
ht=n2+1"2
o -7 SO I
32. (b): Energy = E”Hﬂ a —Eﬁ.u

33. (a): [1=2f5

I _ |
o E\/_ 2}{21'[\/_ oL |, KIH

L4 = 4 which does not depend on mass.
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34. (a) : In AOAC, cosB = A/l
or, 04 =] cosB
AR =1(] = cos@) = h
At poimnt, C the velocity
ol bob = 0.
The vertical acceleration = g
v- = 2¢h B
or. v=42gl(l-cosb)

35. (d): Time period of a simple pendulum 1s given

by T Eﬂfz,'mef

J; \[—* or, T5=2T, =4 sec.

36. {h} : The amplitude and velocily resonance
occurs al the same [requency,

Al resonance, i.e.. 0, = wy and 0~ = o) the amphtude
and energy of the particle would be maximum.

37. (a): Frequency of the pendulum v,_s = E!T_L' _g.
s R
Ve = 3520
Yios 20

— ey 4 2 — 1} o 21_}
I=5 {=2)
LET 3

As shorter length pendulum has [requeney dowble
the larger length pendulum. Therefore shorter
pendulum should complete 2 oscillations Before they
will be again in phase.

1 k_ o

"l'_._-— —_—

21

38. (a):
~on =n2

39. (a) : /- = 1.024: Wifle period (7) = 2wx |— e fl

Therefore -?-?"‘-* = B Mozt

b !
4 iy !
Thus time period increased by 1%.

=1.01.

40, (¢) : x = a sinm!
v = asin{nt + 1/2) = a coswt

X sinmi X X

or, =S ——=tlanml or S=————7
5 g 2 7 '1 ¥

or, y"=a =X o, x Tty =a.

It 1s an equation of a circle.

41. (d) : Maximum velocity, v, = A

_ . V Am -
According to question, ';“ = 5 = /A" -y’
A* ; . A J3A
—=A1—y" — PPl g

4 ' 4 ) 2

42. (¢) : Force constant (k) = 2 »x 10° N/m; Amphtude
(x) = 0.01 m and total mechanical energy = 160 I.

| | 2
Polential energy = Ek xt = Ex(?xlﬂﬁ)b{ (ﬂ.ﬂ'l)

= 100 I,

43. (b): Potential energy at.A4 (or (') = Kinetic energy

|
at B. Thus 5 mv*=mgH orv, = 1/2gH .

a
44. (b) : Displacement (x) = =

l 3 2 o
[otal energy =§mﬂ1 a” and Kinefic =nergy when
displacement 15 (x)

I 2 2 2
= — M (ﬂ -X )
Z

| ir , [a *} 3(1 12
= — N i - - == — N0 o
2 4 41 2 '

Therefofé Faction of the total energy at

) ( L moa’ ]
e 4| 2 ::i.
%.”H{ﬂzﬂl -
45. (d) : Mass (m) = 5 kg and time period (7))
1 =27 sec.

m 5
Therefore time period 7'= 27 \/; = \/; = ]

or k=35 N/m According to Hooke's Law, #=— &l

F Sg

Therefore decrease in length (/) = _? = —-?

= — g metres
a

46. (d) : For simple harmonic motion. % o =X
f
Therelore force acting on the particle = — Akx.

47. (d) : Period of oscillation 7= 2n ‘/I Therefore
&

T"will decrease when acceleration (g) increases. And
g will mcrease when the rocket moves up with a
untform acceleration

48. (a) : Tume period = 4 sec. In one simple harmonic
oscillation, the same kmetic and potential energies are
repeated two times. So the difference will be 2
seconds.

49. (b) : PE= %M[ﬂz.rz :%E:%(%Mmzﬂl)
L 12 0 A
where total energy E _EM WA . K=
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50. (a) : For SHLM., x=Asin ('—;tf)

whenx=4. A= Asin(z?nr)

or 5i11%=:~:in(2—;,trf) or t=(T112)

Now. time taken to travel from x = A to
x=A2=T4=-T/N12=T/6

51. (a) : Acceleration = —m- displacement

o acceleration _ 2.0
displacement  0.02

m* = 100 or w = 10 rad/s
52. (d) : The effective value of acceleration due to
gravity 1s \/{ﬁl +g%)

53. (¢) : For simple harmonic motion veloeily

v=wva’ —x° at displacement x,
10 = anfa* - 16 (1)
8 =mnja® - 25 (1)
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( 3
LJ—}f]:ﬂ' =16 (1)
64

-_=a - 25 L
= (1)

T 36
Equation (1) — (1v) gives {-ﬂ-;:g}

= w=2rad/s

or =— == 5eC

54. (¢): PE. V =%mm3.r1

and KE. T = %Hﬂﬂz{ﬂ: - .t'ﬁ
T a -x°

V £
55. (¢) : x = @sinme

and y = bsin(om #)= —bsin,

b if B
Of —==—=—0r y=——x
a 7] ' a

It is an equﬁtmu of a straight line

§6. (@) : The effective spring constant of two springs

| _— k k.
wrsernesi1s k = _l_ﬂ:! = kl
. B m '”I(kl + kE]
I'nme period, T = ZﬂJ; = EE\/ k|k1
ES
@
@
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