Multiple Choice Questions
Single Correct Answer Type
Q1. The displacement of a particle is represented by the equation

y=3 cos(% — 2(0:}.

. The motion of the particle is
(a) simple harmonic with period 2KUO
(b) simple hannonic with period nia)
(c) periodic but not simple harmonic
(d) non-periodic
Sol: (b)
Key concept:
o Acceleration is always directed towards the mean position and so is

always opposite to displacement, i.e. aoc —yora = —wzy

~

—

d’y
| dt*
of this differential equation is y = a cos( @t + @)

e The differential equation of S.H.M is + a)z}'r =( and the solution

Method 1: The displacement of the particle y =3 cos(-{r— — 2(0:)
Velocity of the particle 4

V= -@-— = i[il cos(f— - 2&):}1] = 6w sin[z - 2(0!)
dt dt 4 4

Acceleration a= é)- = i[6{,0 sin(£ - 2mtﬂ
dt dt 4

= —120* cos(% - th] = -4’ [3 cos(% - Za)r]]



Hence a = 4w’y =-Qo)’ y -
It means acceleration, a < —y, the motion i1s SHM.
Hence angular frequency of SHM, o =2®

27 , 2T W
- T'="""=
20 fo

o =20=

’

It means the motion is SHM with period -a—)- :

Method 2: Given the equation of displacement of the particle

(

y=3cos r_ Zwt]
\ 4 _

T
v =3 cos —(Ewt ——H
’ i 4

We know cos(—0) = cos @

Hence v=3 cos(2cot - g) ..(1)

Comparing with y = a cos(a¥ + @)
Hence (i) represents simple harmonic motion with angular frequency 2.

2n 7w
Hence its time perlod T=—-=—,
20 o

Q2. The displacement of a particle is represented by the equation y= sin® wtThe motion is

(a) non-periodic

(b) periodic but not simple harmonic

(c) simple harmonic with period 2n/w

(d) simple harmonic with period /w

Sol: (b)

Key concept: There are certain motions that are repeated at equal intervals of time. Let the the interval of
time in which motion is repeated. Then x(t) =x(t + T), where T is the minimum change in time. The function
that repeats itself is known as a periodic function.



Given the equation of displacement of the particle, y = sin® o
We know sin 30 =3 sin 6— 4 sin’ 0

(3 sin @f — 4 sin 3w¢)

Hence Y= 4
= 4% = 3w cos @t — 4 X [3w cos 3wr]
2 »
— 4XF=_3Q2 sin wf + 12 sin 3w?
4
d’y  30’sin ot + 120" sin 3ot
= ——f I e
dt* 4
d’y . ; .
= — 1s not proportional to y.

Hence, motion is not SHM.
As the expression is involving sine function, hence it will be periodic.
Also sin® wr = (sin wr)®
= [sin(axr + 2m)]° = [sin &t + 20 )]’
Hence, y = sin’ ox represents a periodic motion with period 27/ .

Q3. The relation between acceleration and displacement of four particles are given below:
(a) ay = +2x (b) ay = +2x2 (c) ay =-2x2 (d) ax =-2x
Which one of the particle is exempting simple harmonic motion?

Sol: (d)
Key Concept: In case of simple harmonic motion, the acceleration is always directed towards the mean

2y

position and so is always opposite to displacement, i.e.aa=-xora =-w
In option (d) ay = -2x or a a -x, the acceleration of the particle is proportional to negative of displacement.

Hence it represents S.H.M.

Q4. Motion of an oscillating liquid column in a U-tube is
(a) periodic but not simple harmonic
(b) non-periodic



(c) simple harmonic and time period is independent of the density of the liquid
(d) simple harmonic and time period is directly proportional to the density of the liquid

Sol: (c)

Key Concept: If the liquid in U-tube is filled to a height h and cross-section of the tube is uniform and the
liquid is incompressible and non- viscous. Initially the level of liquid in the two limbs will be at the same
height equal to h. If the liquid is-pressed by y in one limb, it will rise by y along the length of the tube in the
other limb, so the restoring force will be developed by hydrostatic pressure difference

Restoring force F = Weight of liquid column of height 2y

= F=-(AX2yxp)xg=-24pgy = -
=  Fe—y Z},I:;{IK::::::_.
Motion 1s SHM with force constant o i * 1y
k=2Apg
= Timeperiod T = ZEJ%
AX2h
_ X2h X p —op h
24pg g

which is independent of the density of the liquid.

Q5. A particle is acted simultaneously by mutually perpendicular simple harmonic motion x = a cos wt
and y = a sin wt. The trajectory of motion of the particle will be

(a) an ellipse (b) a parabola (c) a circle (d) a straight line

Sol: (c)

Key concept: If two S.H.M's act in perpendicular directions, then their resultant motion is in the form of a
straight line or a circle or a parabola etc. depending on the frequency ratio of the two S.H.Ms and initial
phase difference. These figures are called Lissajous figures.

Let the equations of two mutually perpendicular S.H.M’s of same frequency be



x=a,sinaw and y=a,sin(a¥+ @)

Then the general equation of Lissajou’s figure can

x? ot 2xy

be obtained as

b cos ¢ =sin’ ¢
4 a 4%

2
For ¢ =0°: x2 4

2
L2y 202,[_&_1) 0 |

-

i
x a F
=> 2= = y= 2 x i
a & a4
& § b st : .. . . a
This is a straight line which passes through origin and its slope is —=.
4y

®
Lissajou’s figures in other conditions [with Z}L = IJ
2



Phase diff.(¢) Equation Figure
Oblique ellipse
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Straight line

a;

- ws v

e

We have to find resultant-displacement by adding x and y-components.
According to variation of x and y, trajectory will be predicted.

; T ;
Given, x =a cos ! :asm(mr +E] cuitl)

And y=asin ¥ ...(11)

' T
Here a, =a, =a and ¢=E

The trajectory of motion of the particle will be a circle of radius a.

Q6. The displacement of a particle varies with time according to the relation
y = asint + b cost

(a) The motion is oscillatory but not SHM

(b) The motion is SHM with amplitude a + b

(c) The motion is SHM with amplitude aZ + b2

(d) The motion is SHM with amplitude Va? + b2



Sol. (d)
Key concept: The sum of two S.H.Ms of same frequencies is a S.H.M.

According to the question, the displacement
y=asin ¢+ b cos ax

Given x=asinaX+bcosaw¥ (1)
Let a=Acos ¢ .. (1)
and b=Asin ¢ ...(111)

Squaring and adding (ii) and (ii1), we get
a*+b*= A% cos’ ¢ + A*sin’ ¢ = 4

= A= A=+Ja*+ b

y = Asin ¢ -sin @f + A cos ¢ - cos Wt

= A sin(wt + @)

% = Aw cos(wt + @)
dzy By
——=—Aw* sin{wt + @)
dr’ ¢

=—Ayw’ = (-Aw?)y
d*vy
= =—6c (—3))
dr’

Hence, it is an equation of SHM with amplitude

A=a*+ b

Q7. Four pendulums A, B, C and D are suspended from the same elastic support as shown in figure. A and C are of the same length, while B is
smaller than A and D is larger than A. If A is given a transverse displacement,

(a) D will vibrate with maximum amplitude

(b) C will vibrate with maximum amplitude

(c) B will vibrate with maximum amplitude

(d) All the four will oscillate with equal amplitude



B
. ) é
D C A

Sol: (b) Here A is given a transverse displacement. Through the elastic support the disturbance is transferred to all the pendulums.
Aand C are having same length, hence they will be in resonance, because of their time period of oscillation. Since length of pendulums A and C
is same and T =2 TL/g, hence their time period is same and they will have

frequency of vibration. Due to it, a resonance will take place and the pendulum C will vibrate with maximum amplitude.

Q8. Figure shows the circular motion of a particle. The radius of the circle, the period, sense of revolution
and the initial position are indicated on the figure. The simple harmonic motion of the x-projection of the
radius vector of the rotating particle P is

y

(a) x(¢)= Bsin (%’;—IJ

(b) x(1)=B Cos(%)

. (mt &
(¢) x(¢)=Bsin [E + 5)
(d) x(©)=B cos(-:g- + —f—]

Sol: (a)
Key concept: Suppose a particle P is moving uniformly on a circle of radius A with angular speed. Q and R
are the two feets of the perpendicular drawn from P on two diameters one along .Y-axis and the other along



Y-axis.

Y4
. R -.—.f.i_._ .
: ” % E
= ot
ol x Q X
(a) (b)

Suppose the particle P is on the X-axis at t = 0. Radius OP makes an angle with the X-axis at time t, then

x =A coswtandy = A sinwt

Here, x and v are the displacements of Q and R from the origin at time t, which are the displacement
equations of SHM. It implies that although P is under uniform circular motion, Q and R are performing SHM
about O with the same angular speed as that of P

Let angular velocity of the particle Y 4
executing circular motion is @ and when
it 1s at P makes an angle @ as shown in the
diagram.

As sin@ =

e BN
OP B’
Clearly, ® = w¢

x=Bsin 0 =B(sinwt)=B sin(%]

x= B Sin(z—nt)
30

Q9. The equation of motion of a particle is x = a cos(cct)?. The motion
(a) periodic but not oscillatory

(b) periodic and oscillatory

(c) oscillatory but not periodic




(d) neither periodic nor oscillatory

Sol: (c) The equation of motion of a particle is

x = a cos(ot)?

is a cosine function and x varies between -a and +a, the motion is oscillatory. Now checking for periodic
motion, putting t+T in place of t. T is supposed as period of the function w(t).

x(t+7T)=acos[ot + T)]2

= a cos[ol1* + o T* + 2001T] # x(¢)
Hence, it 1s not periodic.

Q10. A particle executing SHM has a maximum speed of 30 cm/s and a maximum acceleration of 60
cm/s?. The period of oscillation is

Sol. (a)
Key concept: Let' cquation of an SHM is represented by y = a sin ax¢

dy
V=—=qa@ cOS Wt
dt

Hence (V). =a® | -.(1)

2

e

i oF .
Acceleration (4) = ? =—a@®” sin @t

Hence 4, = wta ...(i1)
Maximum speed, v, = W4 ...(1)

. . Fid o
Maximum acceleration, a,,, = @4 ...(11)

Divide egn. (i1) by eqn. (1), we get



a w* A 3 Quax 2T

nmax. __ w 3 —

Vmax wA vmax T
T = 2| —mex

amax

Here, v, .. =30 cms ', @y, = 60 cms :
-1

30 cms
T=2r -5 | =S

60 cms

Q11. When a mass in is connected individually to two springs S and S, the oscillation frequencies are V;
and V. If the same mass is attached to the two springs as shown in figure, the oscillation frequency

would be

(a) v, +v (b) v +v2 | .

© (Lol @ =3

Vi V)

m




Sol. (b) When the mass is connected to the two springs individually,

U [k,

‘.’|=—2;' _r; (l)
N 1 (i)
2"\ m

Now the block is connected with two springs
considered as parallel.

Here equivalent spring constant, k., = k; + k;
Time period of oscillation of the spring block-system is

I'=2n —n3~=2?rﬂ ®

Hence frequency, ‘

1 1 fk,+k2
Pi—a X
T 2r m
172
2nim  m

2 9 3 k
From Eq. (1) i} =4r~v; and from Eq. (11), L =4x°v;
m m

12
. . [41:2\;12 +4Jr"‘v§} 2r

2 24172
= =—|v, + V5] "
27 ] | 211:[] 2}

=5 v=\/v|2+v22

More Than One Correct Answer Type

Q12. The rotation of earth about its axis is
(a) periodic motion

(b) simple harmonic motion

(c) periodic but not simple harmonic motion
(d) non-periodic motion

m

..(iii)

Sol: (a, c) Rotation of earth about its axis repeats its motion after a fixed interval of lime, so its motion is



periodic.

The rotation of earth is obviously not a to and fro type of motion about a fixed point, hence its motion is not
an oscillation. Also this motion does not follow S.H.M equation, a « -x.

Hence, this motion is not a S.H.M.

Q13. Motion of a ball bearing inside a smooth curved bowl, when released from a point slightly above the
lower point is
(a) simple harmonic motion
(b) non-periodic motion
(c) periodic motion
(d) periodic but not SHM
Sol: (a, c) For small angular displacement, the situation is shown in the figure. Only one restoring force
creates .
motion in ball inside bowl.
Only one restoring force creates

motion in ball inside bowl.
F=—-mgsin 0
As @1s small, sin 6= @

So, ma=-m L3
gR

or, a= —(—‘—g-)x = ao<—x
R

So, motion of the ball is S.H.M and periodic.

Q14. Displacement versus time curve for a particle executing SHM is shown in figure. Choose the correct
statements.

(a) Phase of the oscillator is same att=0sandt=2s

(b) Phase of the oscillator is same att=2sandt=6s

(c) Phase of the oscillator is same att=1sandt=7s

(d) Phase of the oscillator is same att=1sandt=5s



displacement

1%

Sol: (b,d)

Key concept:

Phase: The physical quantity which represents the state of motion of particle (e.g. its position and direction
of motion at any instant).

The time varying quantity (t +) is called the phase of the motion, and the constant is called the phase
constant (or phase angle). Phase determines the status of the particle att = 0.

Suppose we choose t= 0, at an instant when the particle is passing through its mean position and is going
towards the positive direction. The phase (t + )becomes zero.

=>=0and x= Asint and v = Acost

If we choose t = 0, at an instant when the particle is at its position extreme position, then is /2 at that
instant.

Thust+=m/2att=0==1/2,0r x=Asin (t+1/2) — A cost

A 34
of A (say 3 -E-,J or the time interval is an odd multiple of (T'/ 2).

Phase difference: If two particles performs S.H.M and their.equation are
| ¥, = a sin(ax¥ + ¢,) and y, = a sin(ax + ¢,)
then phase difference Ag = (ax + ¢,) — (¥ + ¢,) = ¢, — @,



In option (a) att =0 sand t = 2 s, the displacements are in opposite directions, hence phase of the oscillator
is not same which makes option incorrect.

In option (b) it is clear from the curve that points correspondingtot =2 s and t = 6 s are separated by a
distance belonging to one time period. Hence, these points must be in same phase.

In option (c) t = 1 s and t — 7 s though the displacement is zero but the particle moves in opposite
directions, downwards att = 1 s and upwards att — 7 s. Hence phase of the oscillator is not same which
makes option incorrect.

In option (d) points belongtot=1sandt=5s are at separation of one time period, hence must be in
phase.

Q15. Which of the following statements is/are true for a simple hannonic oscillator?

(a) Force acting is directly proportional to displacement from the mean position and opposite to it

(b) Motion is periodic

(c) Acceleration of the oscillator is constant

(d) The velocity is periodic

Sol: (3, b, d)

Key concept: The simple harmonic motion is a type of periodic motion or oscillation motion where the
restoring force is directly proportional to the displacement and acts in the direction opposite to that of
displacement. When the system is displaced from its equilibrium position, a restoring force that obeys
Hooke's law tends to restore the system to equilibrium. As a result, it accelerates and starts going back to
the equilibrium position. An oscillation follows simple harmonic motion if it fulfils the following two rules:
1. Acceleration is always in the opposite direction to the displacement from the equilibrium position.



2. Acceleration is proportional to the displacement from the equilibrium position.

Let us write the equation for the SHM x = a sin(ax + ¢)
Clearly, it is a periodic motion as it involves sine function.

Letusfindvelocityoftheparticle, v = -3; = %(a sin(wt + ¢)) = aw cos(wt + @)

Velocity is also periodic because it is a cosine function,

. dv  d*x .
Now let us find acceleration, A=—= > = —aw? sin(wf + ¢)
dt  dt
The acceleration is a sine function, hence cannot be constant.
= A =—(aa) sin(wt + ¢) = —'x

Force, = mass X acceleration
)
=mA=—-mwx

Hence, force acting is directly proportional to displacement from the mean
position and opposite to it.

Q16. The displacement-time graph of a particle executing SHM is shown in figure. Which of the following
statement is/are true?



} i -
r/4\/, T/4 T 5T/4 time (s)

(a) The force is zero at r = 341

displacement

(b) The acceleration is maximum at ¢ = ig;

(c) The velocity is maximum at ¢ =—£—
(d) The PE is equal to KE of oscillation at ¢ :-g-

Sol. (a, b, ¢) Displacement of the particle at any time ¢,
2r
V= A4,cos wt = 4, cosTt
3 2 2 2r
And acceleration A=-w"y = 0" 4, cos—T—r ;

In option (a) Force F = ma’y.

) 37 [27: 3?)
At t—_..._’ — .........._x._...._.
= y=A,cos =

= Aﬂcos(ig) =0

Hence F = 0,which makes option correct.



In option (b) acceleration 4 =— wz_y = a)zAO cos%@t.

AT 2 |
At tzv-z-,yz Aﬁcos(—f—x T)= Aycos 2 =+ A4,

.. a= @' Ay, which is maximum value of a.
Hence option (b) is correct.

In option (c) The velocity v= w\/Ag —_—
Atr=T/4

2 T '
y= AOCDSL—T?EXZ)z AOCOS(%]—_J.}’:O

Hence, v = w4, which is maximum value of velocity.
Hence option (¢) is correct.
In option (d) At 7= T77/2,

2 T

= doeos g )=

Displacement is maximum, i.e corresponds to extreme position, it means PE is maximum and KE is zero.

Q17. A body is performing SHM, then its

(a) average total energy per cycle is equal to its maximum kinetic energy

(b) average kinetic energy per cycle is equal to half of its maximum kinetic

energy

(c) mean velocity over a complete cycle is equal to 2/mt times of its maximumvelocity

(d) root mean square velocity is 1/2 times of its maximum velocity



Sol. (a, b, d) In case of S.H.M, average total energy per cycle
= Maximum kinetic energy (K
= Maximum potential energy (U,)
0+K, K,
2

Let us write the equation for the SHM x = a4 sin .
Clearly, it 1s a periodic motion as it involves sine function.

Average KE per cycle =

Let us find velocity of the particle, v = % ='d£(a sin @Wf) = aw cos wt
4

Mean velocity over a complete cycle,

P 4
_[ wa cos 6d6 '
0 walsin G];"
- Vmean = = = 0
2m 2
2
So, Vimean ¥ ; Vmax

Root mean square speed,

2

2 , 2
v - vm;'n+ 1’max — 0+ vmax

ms 2 2

1
Vi ===V

ms ﬁ

Q18. A particle is in linear simple harmonic motion between two points A and B, 10 cm apart (figure). Take
the direction from A to B as the positive direction and choose the correct statements. _ _

AO=0B=5cm

BC=8cm

max



- ————— -9

B O C A4

(a) The sign of velocity, acceleration and force on the particle when it is 3 cm away from A going towards
B are positive

(b) The sign of velocity of the particle at C going towards B is negative

(c) The sign of velocity, acceleration and force on the particle when it is 4 cm away from B going towards
A are negative

(d) The sign of acceleration and force on the particle when it is at point B is negative

Sol. (a, ¢, d) _
le—— 4 cm —> le— 3 cm —>

B P v Py C A
& - ‘a_‘;-‘ - -8

— (]
e S0 >t 5 cm ———>

@ Positive direction from A to B

ra

Q1P<

?t O

In option (a): When the particle is 3 cm away from A going towards B. So, velocity is towards AB, i.e.
positive. In SHM, acceleration is always towards mean position (0) it means both force and acceleration act
towards O, have positive sign.

Hence option (a) is correct.

In option (b): When the particle is at C, velocity is towards B hence positive. Hence option (b) is not correct.
In option (c): When the particle is 4 cm away from B going towards A velocity is negative and acceleration is
towards mean position (0), hence negative. Hence option (c) is correct.

In option (d): Acceleration is always towards mean position (O). When the particle is at B, acceleration and
force are towards BA that is negative. Hence option (d) is correct.

Very Short Answer Type Questions

Q19. Displacement versus time curve for a particle executing SHM is shown in figure. Identify the points
marked at which (i) velocity of the oscillator is zero, (ii) speed of the oscillator is maximum.

Sol: Key concept: In displacement-time graph of SHM, zero displacement values correspond to mean
position; where velocity of the oscillator is maximum. Whereas the crest and troughs represent amplitude
positions, where displacement is maximum and velocity of the oscillator is zero.

(i) The points A, C, E, G lie at extreme positions (maximum displacement, y = A). Hence the velocity of the
oscillator is zero.

(ii) The points B, D, F, H lie at mean position (zero displacement, y = 0). We know the speed is maximum at



mean position.

N

displacement

C G

Q20. Two identical springs of spring constant k are attached to a block of mass m and to fixed supports

as shown in figure. When the mass is displaced from equilibrium position by a distance x towards right,
find the restoring force.

| o g |
L L A A

When mass is displaced from equilibrium position by a distance x towards right, the right spring gets

compressed by x developing a restoring force kx towards left on the block. The left spring is stretched by an
amount x developing a restoring force kx left on the block.

developing a restoring force kx towards

left on the block. J—D‘—m _-4—"“—
F, = —kx (for left spring) and - s f
F, = —kx (for right spring) | K k

Restoring force, F = F, + F, = -2kx
F = 2kx towards left.

Q21. What are the two basic characteristics of a simple harmonic motion?
Sol: The two basic characteristics of a simple harmonic motion
(i) Acceleration is directly proportional to displacement.

(i) The direction of acceleration is always towards the mean position, that is opposite to displacement.



Q22. When will the motion of a simple pendulum be simplehannonic?
Sol: Simple pendulum perform angular S.H.M. Consider the bob of simple pendulum is displaced through
an angle 6 shown. Q

The restoring torque about the fixed point O is

T=mgl sinB

If 8 is small angle in radians, then sin 8 = 0
=>mgl6

In vector form T« 6

Hence, motion of a simple pendulum is SHM for small angle of oscillations.

()

Q23. What is the ratio of maximum acceleration to the maximum velocity of a simple harmonic oscillator?



Sol. Let us write the displacement equation for the SHM x = g sin{@r + ).
We have to find velocity by differentiating the equation representing

displacement and acceleration by differentiating the equation relating velocity
and time.

: : dx
The velocity of the particle, v = = = %( a sin(wt + ¢)) = aw cos(wt + @)

Maximum velocity |v|,,, = a®

Now let us find acceleration, A= P ;;— =—aw’ sin(wr + ¢)
t

Maximum acceleration |4| ., = «&’a
WViax = @a 1 a

= — max_ _
| A w-a Cw = v “
max max

Q24. What is the ratio between the distance travelled by the oscillator in one time period and amplitude?
Sol: In the diagram shown a particle is executing SHM between P and Q. The particle starts from mean
position ‘O’ moves to amplitude position ‘P, then particle turn back and moves from ‘P’ to iQ\ Finally the
particle turns back again and return to mean position ‘O". In this way the particle completes one oscillation

in one time period.

0
A Mean Position 4

Total distance travelled while it goes fromO —-P - 0 - Q — O
= 0P + PO + 0Q+Q0 = A+A+A+A=4A

Amplitude = OP = A

Hence, ratio of distance and amplitude = 4A/A =4

Q25. In figure, what will be the sign of the velocity of the point P, which is the projection of the velocity of
the reference particle P. P is moving in a circle of radius R in anti-clockwise direction.



VA
Aw

P
e
| ) AFI

Sol. As the particle on reference circle moves in anti-clockwise direction. The projection will move from P’ to
O towards left, i.e. from right to left, hence sign is negative.

YA
Aw

! 1—;, Abx




Q26. Show that for a particle executing SHM, velocity and displacement have a phase difference of /2 .
Sol. Let the displacement equation of SHM
X =4qa cos

: dx i .
velocity v = e aw(—sin @t) = —aw sin Wt
t

= V=am cos(g—+a)t)

Now, phase of displacement ¢, = ax
T

Phase of velocity ¢, = 5 + wt

.. Difference in phase of velocity to that of phase of displacement

A¢=¢2_¢l=[%+wfj_(mt)=%

Q27. Draw a graph to show the variation of PE, KE and total energy of a simple harmonic oscillator with
displacement.
Sol. The potential energy (PE) of a simple harmonic oscillator is
1 1 :
PE = = kx? = — mew?*x* ..(0)
2 2

When, PE is plotted against displacement x, we will obtain a parabola.
When x =0, PE = 0.
When x = +4, PE = maximum
= L mw* A*
2

L. : : , 1
The kinetic energy (KE) of a simple harmonic oscillator KE = Emv2

But velocity of oscillator v = w\/ A2~

=5 KE =%m[w\/A2-—x2 &

or KE:%mwz(Az-hxz) " ...(i)



This is also parabola, if we plot KE against displacement x.
1.e., KE =0 at x =+A4

and KE=%ma)2A2arx=0

Now, total energy of the simple harmonic oscillator = PE + KE
[using Egs. (i) and (ii)]
= -1—1*1'16029:2 + lmcoz(A2 - xz)
2 2

— —rna)?‘x2 + ——mszz ——mm-Xx
2 2 2
kg
TE = -2—mw A° = constant
which is a constant and independent of x.

Plotting under the above guidelines KE, PE and TE versus displacement
x-graph as follows:

A
>
[=1)]
gg Total energy = 1‘; maoyra?
i3
yig E
/ KE = % ma? a? cos? ax
/ "« PE= % m@? a® sin® ¢
0 T !

Time

Important point: From the graph we note that potential energy or kinetic energy completes two vibrations in
a time during which S.H.M. completes one vibration. Thus the frequency of potential energy or kinetic
energy is double than that of S.H.M.

Q28. The length of a second’s pendulum on the surface of earth is 1 m. What will be the length of a
second’s pendulum on the moon?



Sol.

Key concept: A second’s pendulum means a simple pendulum having time
period T=2s.

The time period of a simple pendulum, 7 =27 L

where, /= length of the pendulum and g

g = acceleration due to gravity on surface of the earth.

ThUS, / Moon _ .. lEarth
EMoon & Earth
| l
or lMoonz(lEarth)_g"M(m‘:(l m)(—]f——m
EEarth 6 6

Short Answer Type Questions

Q29. Find the time period of mass M when displaced from its equilibrium position and then released for

the system as shown in figure.

Inextensible
string  —-

Pulley




Sol: Key concept: For observing oscillation, we have to displace the block slightly beyond equilibrium
position and find the acceleration due to the restoring force.

Let in the equilibrium position, the spring has extended by an amount xg.

Tension in the spring = kxg

For equilibrium of the mass M, Mg = 2kxg

2kxg

2hex,

g

Let the mass be pulled through a distance y and then released. But, string is inextensible, hence the spring
alone will contribute the total extension y +y = 2y, to lower the mass down by y from initial equilibrium
mean position Xg. So, net extension in the spring (xg + 2y). From F.B.D of the block,

2k(x0+2y)—Mg= Ma k(xo+2}’) k(.l'o+2}’) 2k(x0+2y)
2k, + 4ky — Mg = Ma = Ma = 4ky T
o M ||a
(465 M ]
K and M being constant. (xe + 2) A}g

. a =< —x. Hence, motion 1s SHM.
Comparing the above acceleration expression with standard SHM equation
= -a)2x, we get

) 4k 4k
w=—0=,[—
M M

Q30.Show that the motion of a particle represented by y = sin ax — cos cot is simple harmonic with a
period of 2r/w



Sol: The given equation is in the form of combination of two harmonic functions. We can write this equation

in the form of a single harmonic (sine or cosine) function.

We have displacement function: y = sin wt — cos wt
We have displacement function: y = sin wf — cos ¥

(1 1 )
y:J_ -8in W — —= - COS Wt
V2 V2
=2 cos(z] - sin Wt — sin(ﬁ) - COS Wt
| \4 4 ]
=2 sin(mt - 1) = ﬁ[sin(mr - f-r—)-’
i 4 Fd)
= P \/Esm( I*E)

Comparing with standard equation of S.H.M,

y = a sin(ax¢ + ¢) we get angular frequency of SHM, @ = 2—;— =T = Ll
w

Hence the function represents SHM with a period T = 21/ w

Q31. Find the displacement of a simple harmonic oscillator at which its PE is half of the maximum energy

of the oscillator.
Sol: Let us assume that the required displacement where PE is half of the maximum energy of the oscillator

be x.



The potential energy of the oscillator at this position,

PE =L = L2 (1)
2 2

Maximum energy of the oscillator = Maximum potential energy = Total
energy

TE = %ma}?‘Az ..(if)
where, 4 = amplitude of motion

We are given, PE = %TE

— lm 2,;2—1[1,”@3,42]
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