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If x, v and a denote the displacement, the velocity and the
acceleration of a particle executing simple harmonic motion
of time period 7, then, which of the following does not change
with time?

(@ allx (b) aT+2mv

(c) aTlv (d) @272+ 4n2y?

A mass is suspended separately by two different springs in
successive order, then time periods is t; and t, respectively.
It is connected by both springs as shown in fig. then time
period is t,. The correct relation is

@ t2=t}+t3

=
e

b) to? =72 +t5°
0 =ty

1

© to' =t;l+t5! m
d to=t;+t;

Arod oflength ¢ is in motion such that its ends A and B are
moving along x-axis and y-axis respectively. It is given that

de
m =2 rad/sec always. P is a fixed point on the rod. Let M

be the projection of P on x-axis. For the time interval in
which 6 changes from 0 to I , the correct statement is

(@) Theacceleration of M is always directed towards right
(b) M executes SHM

(c) M moves with constant speed

(d) M moves with constant acceleration

A particle of mass m executes simple harmonic motion with
amplitude a and frequency v. The average kinetic energy
during its motion from the position of equilibrium to the end
is

(@) 2m’ma*V?

(b) mPma*?

I 22
—ma V
(© 4

(d) 4n’ma*v?

A mass M attached to a spring oscillates with a period of 2s.
If the mass is increased by 2 kg, then the period increases
by 2s. Find the initial mass M assuming that Hooke's law is
obeyed.

@ Sk B ;ke © ke @ lke
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11.

12.

13.
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The amplitude of a damped oscillator becomes (5) in 2

. . N
seconds. If its amplitude after 6 seconds is — times the
original amplitude, the value of n is i

(@) 32 (b) 33 © B @ 2
Assume the earth to be perfect sphere of uniform density. If
abody is dropped at one end of a tunnel dug along a diameter
of the earth (remember that inside the tunnel the force on
the body is — k times the displacement from the centre, k
being a constant), it (body) will
(a) reach the earth’s centre and stay there
(b) go through the tunnel and comes out at the other end
(c) oscillate simple harmonically in the tunnel
(d) stay somewhere between the earth’s centre and one of
the ends of tunnel.

A particle undergoes simple harmonic motion having time
period T. The time taken in 3/8th oscillation is

7

3 5
@ T T © 5T @ T

A particle is executing simple harmonic motion with amplitude
A. When the ratio of its kinetic energy to the potential energy

1
is 1 its displacement from its mean position is

2 B 3 1

—A X2 Z -
@ FA O A @ A @ A
The length of a simple pendulum executing simple harmonic
motion is increased by 21%. The percentage increase in the
time period of the pendulum of increased length is
@ 11% (b) 21% (© 2% (d) 10%
The time period of a mass suspended from a spring is 7. If
the spring is cut into four equal parts and the same mass is
suspended from one of the parts, then the new time period
will be

T T
@2o ©F ©2 @

Two simple harmonic motions act on a particle. These
harmonic motions are x = A4 cos (wf + 3 ), y = A4 cos (ot + o)

when § =a +§ , the resulting motion is

(a) acircle and the actual motion is clockwise

(b) an ellipse and the actual motion is counterclockwise
(c) anelllipse and the actual motion is clockwise

(d) acircle and the actual motion is counter clockwise

A point mass oscillates along the x-axis according to the law
x = x, cos(wt — 1/4). If the acceleration of the particle is
written as a = 4 cos(wz — J), then

@) A=xy0,8=3m/4 (b) A=x,,06=-n/4

(©) A=x 0% 8=m/4 (d) A=x,0* 8=-1/4

14.

15.

16.

17.

18.

19.

20.

A mass M is suspended from a spring of negligible mass.
The spring is pulled a little and then released so that the
mass executes SHM of time period 7. Ifthe mass is increased

m
by m, the time period becomes % . Then the ratio of ”
is

3, B 6o 5
@< ®5 ©35 @3
A body oscillates with a simple harmonic motion having
amplitude 0.05 m. At a certain instant of time, its displacement

is 0.01 m and acceleration is 1.0 m/s2. The period of
oscillation is

T T
(© 108 (d) k&

The particle executing simple harmonic motion has a kinetic
energy K, cos? of. The maximum values of the potential
energy and the total energy are respectively

(@ Ky2andK, (b) K,and 2K,

(© K,and K, (d) Oand2K,

A simple pendulum attached to the ceiling of a stationary
lift has a time period T. The distance y covered by the lift
moving upwards varies with time t as y = t where y is in
metres and t in seconds. If g = 10 m/s2, the time period of
pendulum will be

4 5 5 6
(a) \/;T (b) \/ET © \/;T (d) \/;T

A particle moves with simple harmonic motion in a straight
line. In first ts, after starting from rest it travels a distance a,
and in next T s it travels 2a, in same direction, then:

(a) amplitude of motion is 3a

(b) time period of oscillations is 8t

(c) amplitude of motion is4a

(d) time period of oscillations is 61

Two simple harmonic motions are represented by the

@ O0.ls (b) 02s

equations y; =0.1 sin [100nt+§j and Y, =0.1cos mt.

The phase difference of the velocity of particle 1 with respect
to the velocity of particle 2 is

Y b —T Y d
@ 3 b — © % @ ==
Masses M, and My hanging from the ends of strings of
lengths L, and L are executing simple harmonic motions. If
their frequencies are f, = 21, then
(@ L,=2LgandM, =M/2
(b) L, =4Lgregardless of masses
(©) L, =Lg/4regardless of masses
(d) L,=2Lgand M, =2M,
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21.

22.

23.

24,

25.

26.

27.

28.

29.
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In damped oscillations, the amplitude of oscillations is
reduced to one-third of its inital value a at the end of 100
oscillations. When the oscillator completes 200 oscillations,
its amplitude must be

(@ ay?2 (b) ay4 (©) ay6 (d) ay/9

The spring constant from the adjoining combination of
springs is
@ K
(b) 2K
(c) 4K
(d) 5K2
A body executes simple harmonic motion. The potential
energy (P.E), the kinetic energy (K.E) and total energy (T.E)
are measured as a function of displacement x. Which ofthe
following statements is true ?

(@) KE.ismaximum whenx=0

(b) T.Eiszerowhen x=0

(¢) KEis maximum when x is maximum

(d) PEismaximumwhen x=0

A simple harmonic wave having an amplitude a and time

period T isrepresented by the equation y = 5Ssinz(¢+4)m .
Then the value of amplitude (a) in (m) and time period (T) in
second are

(@ a=10,T=2 (b) a=5T=1

(c) a=10,T=1 (d a=5T=2

A particle moves such that its acceleration ‘a’ is given by a
=—zx where x is the displacement from equilibrium position
and z is constant. The period of oscillation is

@ 2mz (0 21/Nz© 27/z@ 2Jniz
The displacement of an object attached to a spring and
executing simple harmonic motion is given by x =2 x 102
cos 1t metre.The time at which the maximum speed first
occurs is

(@ 025s (b) 0.5s (¢) 0.75s (d) 0.125s

A tunnel has been dug through the centre of the earth and
aball is released in it. It executes S.H.M. with time period
(a) 42 minutes (b) 1day

(¢) 1hour (d) 84.6 minutes

The displacement equation of a particle is

x=3sin2¢t+4cos2¢ . The amplitude and maximum
velocitywill be respectively

(@ 5,10 (b) 3,2 (c) 42 (d) 3,4

A body of mass 0.01 kg executes simple harmonic motion
about x = 0 under the influence of a force as shown in figure.

30.

31.

32.

33.

34.

35.

Two oscillators are started simultaneously in same phase.
After 50 oscillations of one, they get out of phase by m, that
is half oscillation. The percentage difference of frequencies
of the two oscillators is nearest to

@ 2% (b) 1% (0 05% (d) 025%

The length of a second’s pendulum at the surface of earth is
1 m. The length of second’s pendulum at the surface of
moon where g is 1/6th that at earth’s surface is

(@ 1/6m (b) 6m (¢) 136m (d) 36m

A simple spring has length / and force constant K. It is cut
into two springs of lengths /, and /, such that /;, = n [,
(n = an integer). The force constant of spring of length /; is
@ K({d+n) (b) (K/n)(1+n)

() K (d K/(n+1)

The displacement of a particle from its mean position (in
metre) is given by y=0.2 sin (10mz+ 1.57) cos (10w + 1.5 1)
The motion of particle is

(@) periodic but not SHM

(b) non-periodic

(c) simpleharmonic motion with period 0.1s

(d) simple harmonic motion with period 0.2s.

A point particle of mass 0.1 kg is executing S.H.M. of
amplitude 0.1 m. When the particle passes through the mean
position, its kinetic energy is 8 x 1073 joule. Obtain the
equation of motion of this particle, if the initial phase of
oscillation is 45°.

(@) y:O.lsin(i4t+§) (b) y:0-28in(i4t+§)

() Y= 0.1sin [iZt +§) (d) y=02sin (J_th +§j

For a simple pendulum, a graph is plotted between its kinetic
energy (KE) and potential energy (PE) against its
displacement d. Which one of the following represents these
correctly? (graphs are schematic and not drawn to scale)

The time period of SHM is F(N)

@ 105s “

(b) 0.52s 02 \(m)

© 0255 02 ’\

) 0.03s s

Al 5000 OO0
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36. The equation of a simple harmonic wave is given by

y= 3sing(50t—x)

Where x and y are in meters and ¢ is in seconds. The ratio of

maximum particle velocity to the wave velocity is

3 2
(@ 2n b 57 (9 3n @ 3=

37. Ifthe mass shown in figure is slightly displaced and then let
g0, then the system shall oscillate with a time period of

m

3k

3m
(b) 271\/%
© w2
(d) 2n\/£
m

(a) 21

38. A hollow sphere is filled with water. It is hung by a long
thread. As the water flows out of a hole at the bottom, the

period of oscillation will

(a) first increase and then decrease
(b) first decrease and then increase
(c) goon increasing

(d) go on decreasing

39. The figure shows a position time graph of a particle
executing SHM. If the time period of SHM is 2 sec, then the

equation of SHM is
(@) x=10cosnt X

(b) x=5sin (m+§j 5

(¢) x=10sin (nt +§] 101\‘/ __________

(d x=10sin [Ttt+£j

40. A coinis placed on a horizontal platform which undergoes
vertical simple harmonic motion of angular frequency ®. The
amplitude of oscillation is gradually increased. The coin will

leave contact with the platform for the first time
(a) atthe mean position of the platform

: =
(b) for an amplitude of 2

2
. g
(c) for an amplitude of ?

(d) at the highest position of the platform
The bob of a simple pendulum executes simple harmonic
motion in water with a period t, while the period of oscillation
of the bob is ¢, in air. Neglecting frictional force of water and
given that the density of the bob is (4/3) x 1000 kg/m>. The
relationship between ¢ and ¢, is
(@ t=2t, (b) t=t/2 (¢) t=t, (d) t=4,
Starting from the origin a body oscillates simple harmonically
with a period of 2 s. After what time will its kinetic energy be
75% of the total energy?
1 1 1 1
—s — =S —
@ ¢ O35 © 3 @
A body executes simple harmonic motion under the action

4
of'a force F, with a time period 35 s. If the force is changed

3
to F,, it executes S.H.M. with time period 3 s. If both the

forces F| and F, act simultaneously in the same direction
on the body, its time period in second is

12 b 7 24 1 5
@ 5 ®) 3 © 53 -
Ablock connected to a spring oscillates vertically. A damping
force F;, acts on the block by the surrounding medium. Given
as F/,=-bV, b is a positive constant which depends on :
(a) viscosity of the medium
(b) size of the block
(c) shape of the block
(d) All of these
If a simple pendulum of length / has maximum angular
displacement 0, then the maximum K.E. of bob of mass m is

(b) mg/2/
(d) mglsin 6/2

() %ml/g
(c) mgl/(1—cosB)

RESPONSE
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DAILY PRACTICE
PROBLEMS

1. (@ For an SHM, the acceleration a = —w%x where ®? is a

2.
3. O
4. O

a . . .
constant. Therefore, — is a constant. The time period
X

al
T is also constant. Therefore, — 1is a constant.
X

2 2

m 4n°m 4n°m
t; =2n —ort12: or k| = 5
k] kl tl

2 2

o 4 4
Similarly, k, == and (k; +k) =~
4n’m  4n’m  4n’m 1 1 1
= or —=—5+—
t2 t? t3 t2 ¢
y

do
dt
LetBP=a, .. x=0OM=asin0=asin (2t)
Hence M executes SHM within the given time period
and its acceleration is opposite to x that means towards
left.
The kinetic energy of a particle executing S.H.M. is
given by

2 ..0=2t

1 .
K= 5 ma? w? sin’ot
where, m =mass of particle
a=amplitude
o = angular frequency
t=time

1 .
Now, average K.E.=<K>= <5 mo? a* sin® ot >

1 )
=3 mw?a® <sin? ot >

- 22| = o<sin“0>=—
2m(oa 5 >

1
=—mo a2: ZmaZ (271:\/)2 ( CO=27IV)

or, <K>-= 2 ma®v?

PHYSICS
SOLUTIONS

DPP/CP13

/M
5. (@ Weknow that T= 2mn o

6.

7.

From first case, 2 = 2x /% ........ @)

In second case, 4 =2mn Ml: 2 2

Fromeq. (1) and eq. (2)

4 [M+2 2
== —d4=1+=
2 M M

2 2
—=3=>M=—kg
M 3

() Amplitude of a damped oscillator at any instant # is given

b
Z‘ = Aoe—bt/Zm
where A, is the original amplitude
From question,

Ag
Whent=2s, A= —

3
. Ao 2b72
E
or, 5 =ebm ()
’ 3

Ag
Whent=6s, A= —
n
Ag
. =A e—6b/2m
n 0
1 3b/1 b/m\3
or, o =M= (eg7¥m)

-
or, — =|—
n 3

~n=33

(Using eq. (1))

(c¢) Acceleration due to gravity at a depth ‘d’ is given by,

d R-d) g
=gl ]l—o— |=g| —— |=2
e-s(1-5 o120 -Ey

R-d=y
or acceleration oc displacement

which is the condition for SHM. So, body will oscillate
simple harmonically in tunnel.



Is-58}
8 ©
9. ()
10. (@)
11. @

12. @

T
Time to complete 1/4th oscillation is 7 s. Time to

1
complete gth vibration from extreme position is

obtained from

a acos ot acosznt t=—s
Y75 T 6

So time to complete 3/8th oscillation
T T 5T
= — 4 — = —
4 6 12
. . _ 1 2 2 2
As we know, kinetic energy = Emw (A" —x7)

1
Potential energy = ) mo’x?

I 2.2 2
SmOTAT=XT) A2 2
122 4 X
2
A2 _4x2=x2 = x> =—AZ X=—A.

T:ZTE\/Z and 7'=2n ﬂ
g g
(o 0'=0+21% of 1)

'

x100

% increase =

V1210 =7
=Tx100=(m—\ﬁ)><100

=(1.1-1)x100 =10%

T:2Tt\/Z
k

When a spring is cut into n parts
Spring constant for each part = nk
Here,n=4

=o)L
a2

x = Acos(wf+9)

y=A4 cos(wt+0a) (D)

When 8:a+§

x=4 cos(%+mt+aj

x=—Asin(ot+a) —(2)

Squaring (1) and (2) and then adding

x% + 3% = A% [cos? (ot + o) + sin? (ot + )]

or x> + y2 = 42, which is the equation of a circle. The
present motion is anticlockwise.

DPP/ CP13

13. (@ Here,

x=Xx,cos (0t~ m/4)
. Velocity, v = ﬂ =—Xo® sin(mt —EJ
dt 4

Acceleration,
dv 2 b
a=—=—Xy0 COoS| Of——
dt 4

2 T
= XO(,O COS|:TE+((DI——]:|
4

= X, (,02 COS(CO[+3—7T]
= X 1 (1)

Acceleration, a =4 cos (ot +9) ...(2)
Comparing the two equations, we get

A=x,0*and § :%.

14. (c) TZZRJ%

15. @

16. (c)

=9 /M+m :E
k 3
2n\;M+m :§><27t‘/M
k 3 k
2

5
M+m=?><M

m 25 m 25 16

l+—="2 5 222 1=

=
M 9 M 9 9

A=0.05m,y=0.01m
Aoccderation, a=1.0m/s?

We have, a= —(Dzy or | a |: Q)zy

=1.0=w%x0.01

rot =22 100=w=10
0.01
2 2
Now, time period, T=2-E % e,
o 10 5

Wehave, U+ K=FE

where, U = potential energy, K = Kinetic energy, £ =
Total energy.

Also, we know that, in S.H.M., when potential energyis

maximum, K.E. is zero and vice-versa.
S Upax T0=E =Up=E
Further,

1
K.E = Emo)za2 cos” ot

But by question, K.E. = K, cos? ot

S Ky = Emcozaz

1
Hence, total energy, £ = Emcozaz =K,

U :Ko&E:Ko.

©t Y max

EBD_71
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17. () Distance covered by lift is given by

y=t
.. Acceleration of lift upwards
_d’y _d
b A L @v=2m/s’
d 2
4
NOW, T= 2TE\/:
g
T'=2n £ . =2 = %T.
+ =
&7
18. (d) Insimple harmonic motion, starting from rest,
Att=0,x=4
x=Acosot L. (1)
Whent=r,x=4-a
Whent=27,x=4-3a
From equation (i)
A—-a=Acosor L. (i1)
A—-3a=Acos2ot ..(1i1)
As cos207 =2 cos?mr— 1 - (iv)

From equation (ii), (iii) and (iv)

2
A-3a ZZ(A—a) 1

A A
A-3a 24% +24% —44a- A
= =
A 42
= A?-3ad=A%+24*—44a
= 2d’=ad
= A=2a
a_ 1
= 42
Now, A —a= A cosmt
A—a
=  CcoSMT=
21tT
COSMT = — —T=—
= or T 3
= T=67
dy, T
19. 0 v = =0.1x1007 cos 100nt+§
Vs :&: —0.1nsinmt =0.1TCCOS(TCZ‘+E)
dt 2
n m 27—-3m T
S Phasediff. =¢; —pr=———= = —
asedifl. = =0 =3 =5 = 6

1 / g f 1 / g
20. (¢) Ip= o L, and fpg 27\ Ly

R — = 4= R
fA/z “on LA LA

regardless of mass
21. @)

22.

23.

24,

25.
26.

27.

28.

29.

30.

(¢) Hereall the three springs are connected in parallel to
mass m. Hence equivalent spring constant
k=K+K+2K=4K.

@ KE.= %m(oz(a2 —x2)

Whenx =0, K.E is maximum and is equal to 1 mo’a®.
2

d) y =>5sin(xt+4r), comparing it with standard equation
. . (2mt
y=asin(ot+¢) = asm(%+¢j
a=5m and%:m:T:Zsec,

® T=2n /dlsplacement _on /i — o/
acceleration zx

() Here,x=2x102cosn ¢

Speed is given by
d

v=2 22x102 nsinns
dt

For the first time, the speed to be maximum,

. . . T
singt=1 or, s1nnt:sm5

T l
= nt—— or,t= —OSsec
0 T_2 64><1()6 22 8x10°
o |2
@ ™ og Tx~2
7x/5><22><8><1000

min = 84.6 min
49 x 60

(@ x=23sin2¢+4cos2t . From given equation

ay =3, ay =4, andg=—

.'.a:\/a12+a% :\/32+42 =5

= Vpax = a0 =5x2=10

80
(d) SlopeofF-xcurve=-k= Y = k=400 N/m,

Time period, T = 211\/; =0.0314 sec.

() Phase change min 50 oscillations.
Phase change 2w in 100 oscillations.
So frequency different ~ 1 in 100.

[
@ T=2ﬂ\/: ; ZZZRJZ:2R
g g (g/6)

Time period will remain constant if on moon,
0'=10/6=1/6m

() Letk be the force constant of spring of length /,. Since
[, =nl,, where nis an integer, so the spring is made of
(n+1) equal parts in length each of length /,.
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1 (n+]) v 75t 3m
== ork=(mn+1)K then —Pmax _ 2% _ 2%
Kk . . TV TS50 2
Th? spring of length l (f n ;) will be .equlvalent ton 37, () Theequivalentsituation is a series combination of two
springs connected in series where spring constant springs of spring constants k and 2k.
W k DK/ Ifk' is the equivalent spring constant, then
" (n+1)K/n & spring constant of length ¢, is o (2K 2k
K(n+1). T3k 3
33. (c¢) Given

34. (@)

35. @

36. ()

y=0.2 sin (107t +1.57) cos (10mt +1.57)
We know that 2 sinA cos A = sin2A, we get

y=0.1sin2 (10nt+1.57) =0.1 sin (207t +37)

On comparing with wave equation
y=asin (ot + ¢) we get

o=20T1
21 27
=—=——=—sec. =0.1sec.
[0 20 10

The displacement of a particle in S.H.M. is given by
y=asin (ot + ¢)

. dy
velocity = & a cos (ot + ¢)

The velocity is maximum when the particle passes
through the mean position i.e.,

( dy)
N =ma
dt max

The kinetic energy at this instant is given by

2

1 (d 1

Em (?}t])max =3 mo? aZ =8 x 103 joule
1

or X (0.1) 2% (0.1)2=8x 1073

Solving we get w==+4

Substituting the values of a, ® and ¢ in the equation of
S.H.M., we get

y=0.1 sin (=4t + w/4) metre.

1
KE= Ek(A2 —d?)

1
andP.E.= Ekdz

At mean position d= 0. At extrement positions d = A

y= 3sin%(50t —X)

. s ) )
y= 351n(25m —Exj on comparing with the
standard wave equation
y=a sin (ot — kx)
25w

Wave velocity v = D _ 22T _ 50 m/sec.
k m/2

The velocity of particle
oy s
vy = i =757 cos(25m —Exj
75n

vp max

—T= 2n,/3—m
2k

38. (@ Timeperiod of simple pendulum 7 =2n ( j o/l

A
39. @ Att=0,x=5=—

40.

41.

)

@

L

g
where / is effective length.
[i.e distance between centre of suspension and centre
of gravity of bob]
Initially, centre of gravity is at the centre of sphere. When
water leaks the centre of gravity goes down until it is
half filled; then it begins to go up and finally it again
goes at the centre. That is effective length first increases

and then decreases. As Tocyl , so time period first
increases and then decreases.

2

— Tnitial phase, §=30° = %

= x=Asin (ot+¢)
= 10sin [2—””5) —10sin (m+£)
T 6 6

For block A to move in S.H.M.
N
A

7 Z
| |
\ 1

‘L XJ, mean
- position

mg—N=mae?x

where x is the distance from mean position
For block to leave contact N =0

:>rng:m(x)2x:>x:i2
®
! l
t=2n1 |—; tO:2n\/:
geff g
Buoyant
force 1000 Vg
g x1000 Vg
Weight

EBD_71
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4 1000
Net force =(§—1j><1000 Vg == Ve
1000Vg g
Seff =4 4
3><§><1000V
St=27 L
g/4
1‘221‘0

42. (@ K.E.ofabodyundergoing SHM is given by,

1
K.E. = Emazm2 0052 ot

1
TE.= —ma2m2
2

GivenK.E.=0.75TE.
=0.75= 0052 ol = 0f = %

T X2 1
=1 = =1 = =>t=—1y7
6x® 6x21 6

43. (a) Under the action of first force, F| = mmlzy

44.

45.
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Under the action of second force,

Fy = mo3y

Under the action of resultant force,

F+F = mmzy

= mo)zy = mo)lzy+ mco%y

3(2_71)2 :(2n\2 (2n)
T

() (%)

F=—bV, bdepends on all the three i.e, shape and size
of he block and viscosity of the medium.

When the bob moves from maximum angular
displacement 0 to mean position, then the loss of
gravitational potential energy is mgh

where 4 =/(1 —cos 0)
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