Important Questions for Class 11 Physics Chapter 13: Chapter 13 of Class 11 Physics, titled
"Oscillations," introduces the concept of periodic motion, focusing on simple harmonic motion
(SHM). Key topics include the conditions for SHM, displacement, velocity, and acceleration
equations in SHM, along with concepts like amplitude, frequency, period, and phase. The
chapter also explores the energy in oscillations, including potential and kinetic energy, and the
concept of simple pendulums and springs in oscillatory motion.

Important formulas such as the angular frequency and the time period of a simple pendulum
and mass-spring system are essential. Understanding damping and resonance is also covered,
providing a comprehensive overview of oscillatory systems.

Important Questions for Class 11 Physics Chapter 13
Overview

Chapter 13 of Class 11 Physics, "Oscillations," is crucial for understanding the behavior of
systems in periodic motion, a foundational concept in mechanics. Key questions typically cover
simple harmonic motion (SHM), the mathematical formulation of SHM, and applications like
pendulums and springs.

Understanding energy conservation in oscillations, the relationship between displacement,
velocity, and acceleration, and concepts like resonance and damping are important for both
theoretical and practical purposes. These questions help develop a strong grasp of oscillatory
motion, which is essential for higher-level physics concepts, engineering applications, and
various real-world systems involving vibrations and waves.

Important Questions for Class 11 Physics Chapter 13
Oscillations

Below is the Important Questions for Class 11 Physics Chapter 13 Oscillations -
1. The girl sitting on a swing stands up. What will be the effect on periodic time of swing?

Ans: The time period T is directly proportional to the square root of effective length of pendulum
(1). If the girl stands up, the effective length of swing (i.e., pendulum) decreases, thus the time
period (T) also decreases.



2. At what distance from the mean position, is the kinetic energy in a simple harmonic oscillatol
equal to potential energy?
Ans: Consider the displacement of particle executing S HM to be Y,
Amplitude of particle executing S H.M to be a,
Mass of particle to be m,
Angular velocity to be w.
N . 1 2/ 2 2
The Kkinetic energy will be 5 MW (a —. 3f )

1
Potential energy = Eﬂuugyg_

Now, Kinetic energy = Potential energy
= %mwﬁ (az — yQ) = %:‘wr?,:;-..’zg;‘2

e .
= g% = 2

= a= x/iy
=y = % which is the required distance from mean position.

3. The soldiers marching on a suspended bridge are advised to go out of steps. Why?

Ans: When the soldiers are marching on a suspended bridge, they are advised to go out of
steps. This is because in this case the frequency of marching steps matches with the natural
frequency of the suspended bridge. This results in resonance. Thus, amplitude of oscillation
increases extensively which may lead to the collapsing of bridges.

4. Is the motion of a simple pendulum strictly simple harmonic?
Ans: The motion of a simple pendulum isn’t strictly harmonic because we make the assumption that
sinf = 6, which is nearly valid only if 8 is very small.

5. Can a simple pendulum experiment be done inside a satellite?
Ans: Time period of a simple pendulum is given by T' = 21rr.|I / é .
Inside a satellite, the effective value of 'g'is 0. When g = 0,

T — oo. Thus, the pendulum does not oscillate at all inside the satellite. Hence, the experiment cannot be
performed inside a satellite.

6. Give some practical examples of S. H. M?
Ans: Some practical examples of S. H. M. are as follows:

1. Motion of piston in a gas —filled cylinder.
2. Atoms vibrating in a crystal lattice.
3. Motion of helical spring.

7. What is the relation between uniform circular motion and S.H.M?



Ans: Uniform circular motion can be treated as two simple harmonic motions operating at right
angles to each other.

8. What is the minimum condition for a system to execute S.H.M?

Ans: The minimum condition for a body to execute S.H.M to have elasticity and inertia.

9. The piston in the cylinder head of a locomotive has a stroke (twice the amplitude) of 1.0 m. If the
piston moves with simple harmonic motion with an angular frequency of 200 rad/min, what is its
maximum speed?

Ans: In the above question it is given that:

Angular frequency of the piston is w = 200 rad/ min.

Stroke is 1.0 m.
1.0
Amplitude is A = e 0.5
The maximum speed (Uma_x:l of the piston is given by the relation:
Vmax — Aw
=200 x 0.5 = 100m/ min.

2 Marks Questions

1. A simple harmonic oscillator is represented by the equation: Y = 0.40 sin [:44Dt - {l.ﬁl). Y ig
in metres t is in seconds. Find the values of 1) Amplitude 2) Angular frequency 3) Frequency o
oscillation 4) Time period of oscillation, 5) Initial phase.

Ans: A simple harmonic oscillator is represented by the equation:

Y = 0.40 Sin (440t + 0.61)

On comparing with equationof SHM: Y = asin {wt + c,ﬁg} we get:

1) Amplitude = 0.40m.

2) Angular frequency = w = 440Hz.

3) Frequency of oscillation, v = &£ = % — T0Hz.

v =7
5) Initial phase (¢) = 0.61rad.

4) Time period of oscillation, T' = = =

2. The springs of spring factor k, 2k, k respectively are connected in parallel to a mass m. If the
mass = 0.08kg m and k = 2N/m, then find the new time period?



Ans: Consider the figure given in the guestion.
Therefore, total spring constant is given by:

K?:K1+Kg + K3

= K+ 2K + &K

— 4K

— 4 % 2k =2 N/m)
=8N /m

Time period is given by:

=2
ﬂdﬂu

m
T =2
”¢4K

0.08

=51 ==
™W1x2

= 0.628s

3. The bob of a vibrating simple pendulum is made of ice. How will the period of swing
will change when the ice starts melting?

Ans: The period of swing of simple pendulum will remain unchanged till the location of centre of
gravity of the bob left after melting of the ice remains at the fixed position from the point of
suspension. When centre of gravity of ice bob after melting is shifted upwards, the effective
length of pendulum decreases and thus the time period of swing decreases. Similarly, if centre
of gravity shifts downward, time period increases.



4. An 8 kg body performs S5.H.M. of amplitude 30 cm. The restoring force is 60N, when the
displacement is 30cm. Find: - a) Time period b) the acceleration c) potential and kinetic energy when
the displacementis 12cm?

Ans: In the above question it is given that:

m =8 kg
a = 30cm = 0.30m
a)f = 60N,

Y = displacement = 0.30m
K = spring constant

Since,
F = Ky
_F _ 60 _
K = 3 = g3 — 200N/m
As_Angular velocity w = Ur—i — % — Earad/s
: ; _ 2m _ 2x22 _
Time period, T' = R 1.256s.

b)Y = displacement = 0.12m
Acceleration, A = Wy
A= (5)%(0.12) = 3m/s%.

1
P.E. = Potential energy = Ekyz =

Potential energy = 1.44J

(200) (0.12)*

bo| =

1
Kinetic energy = K.E =§k (a® — )

:KE:%@mnmsl—auﬂ
K.E =7.56]

5. A particle executing SH.M has a maximum displacement of 4 cm and its acceleration at a distancs
of 1 cm from its mean position is 3 cm/32. What will be its velocity when it is at a distance of 2cn
from its mean position?

Ans: In the above question it is given that:

Acceleration, A = 3 em/s”

Y =1lem
The acceleration of a particle executing S H.M is given by:
A=uw?Y
3=wi{l)

w = +/3rad/s

The velocity of a particle executing S H.M is given by:
v= w\/w

v=1+/3/4 - 22

v=14+/3x 12 = bem/s



6. What is the ratio of frequencies of the vertical oscillations when two springs of spring constant b
are connected in series and then in parallel?

Ans: When two spring of spring constant K are connected in parallel, then effective resistance in

Parallel is given by:

Kp=K+ K=2K

Let f, = frequency in parallel combination.

I Kp
h=uNr M

In Series combination, effective spring constant for 2 springs of spring constant K is given by:

A

Ks K K

KA.

K: K

Ks=X

Let f, = frequency in series combination

f =21 /%

s 2 M
-~

E=tal i

s 2 M

i

-

Dividing equation (2) by (1)

g _ =
oo o1 %
FE M
fo_ 1 [E o [M
5,  2x\2M 7



7. The Kinetic energy of a particle executing S.H.M. is 16J when it is in its mean position. If th
amplitude of oscillations is 25cm and the mass of the particle is 5.12kg. Calculate the time period ¢
oscillations?

Ans: In the above question it is given that:

K. E. = Kineticenergy = 16J.

Now, m = Mass = 5.12kg

w = Angular frequency

a = amplitude = 25c¢m or 0.25m

The Maximum value of K. E. is at mean position is given by:

1
K.E =§mw2a2
16==1mw?a®
32=mw’a>
32— (5.12) w?(0.25)*
9 32
e
5.12 x (0.25)
w? = 100
= w = 10rad/s
27 2 ™
Now, T' = Time Period = — = — = —s.
ow, ime Peri - 10 53

8. The time period of a body suspended by a spring is T. What will be the new time period if the
spring is cut into two equal parts and

1) the body is suspended by one part?

2) suspended by both parts in parallel?

Ans: The time period of oscillation of a body of mass ‘'m’ suspended from a spring with force constant 'K’ is
given by:

1) On cutting the spring in two equal parts, the length of one part is halved and the force constant of each
part will be doubled (2k). Therefore, the new time period will be:

Ty = 2, /% ______ 2)

From (1) and (2),
S i

T = 7

2) If the body is suspended from both parts in parallel, then

the effective force constant of parallel combination = 2k + 2k = 4k.

Therefore, time period will be:

m
=2, | — 3
T m 1K (3)

From (1) and (3),
T2 — %



9. A simple pendulum is executing Simple harmonic motion with a time T. If the length of the
pendulum is increased by 21 %. Find the increase in its time period?

Ans: The time period of simple pendulum with

Il = length of stmple pendulum

g = acceleration due to gravity
l

Isgivenby: T = 2, | —
g

Consider

Ty = Final timne period
Ty = Initial time period

Therefare,
[
Ty =2m, |~
g
l
T =2m, [ =
g
Hence,
T Vi
T/
ifly =
li—b + b (&)
= [ = 1.211
3 T B v1.211
T V1
15
= —=11
Ty



10. A particle is executing S H M of amplitude 4 cm and T = 4 sec. find the time taken by it to moy
from positive extreme position to half of its amplitude?

Ans: Consider

Y = displacement

t = time

a = amplitude

w = Angular frequency

Now Y = acoswt

a
GivenY = —
2
a
= § = acoswt

= coswt = —

Now, T' = Time Period

— 2=
W=

27
= cos—1 =
T

| o]

2
= cos—1 =
4

Let W4 is work done by spring A& kg = Spring Constant and
Wp is work done by spring B & kg = Spring Constant.

Wa ka1
Wpg kg 3
Wyp:Wp=1:3

3 Marks Questions



1. A mass = m suspended separately from two springs of spring constant kyand ks gives time
period t1 and t2 respectively. If the same mass is connected to both the springs as shown in figure
Calculate the time period of the combined system?

LA L

Ans: If

T = Time Period of simple pendulum
m = Mass

k = Spring constant

Then, T = 2m, f%

And k = 4rm
And k = 4z
Thus,
For 1 spring: ky = 4™
Ty
2
For 2™ spring: kg = AT SiC
Ts

When springs is connected in parallel, effective spring constant is given by:
k=Fk + ks
4r?m _ 4n'm 5, 4rim

=T T
1 2
2 Lo— L + % where T is the time period of the combined system.
2




2. Show that the total energy of a body executing SHM is independent of time.
Ans: Let

y = displacement at any timet
a = amplitude
w = Angular frequency
v = velocity,
y = asinwt
Therefore,

_ dy
T

__ d(asinwt)
V=—g—
V = awcoswt

1 2

Now, kinetic energy = K. E = 7MY

1
== Emazwgcosgwt R &

1
Potential energy = Ekyz

P.E.= %kazsénﬂwt ...... (2)
Adding (1) and (2),

1 1
total energy = K. E+ P. E = Eﬂmzwgcoszwt + Ekazsénzwt

_ k
Now,w—\/ﬁ

k= uw?m
1., 2 1.5 .9
total energy = Eka cos wt + Eka sin“wt
i ;
total energy = Ekag (Szngwt + coszwt)
1, 5
total energy = Eka
1
Thus, total mechanical energy is always constant is equal to Ekaz. The total energy is independent of time.
1
The potential energy oscillates with time and has a maximum value of Eka2_

1
Similarly, K. E. oscillates with time and has a maximum value of Ekaz_ At any instant total energy is

1
constant i.er. Ekaz_



3. A particles moves such that its acceleration ‘a’ is given by a = -b x where x = displacement from
equilibrium position and b is a constant. Find the period of oscillation.

Ans: In the above question itis giventhata = — b x.
Since a oC x and is directed opposite to x, the particle moves in S.H. M.
If we consider only magnitudea = bx
B - E
Or 2 —d Ez
isplacement 1
s, rdiion 5. (1)

1 . ispl
Time period, T' = 27 / Hisplaccment
acceleration
Therefore, T' = 2, / %

4. A particle is 5.H.M. is described by the displacement function:
z = Acos(wt + ¢),w =2
If the initial (t=0) position of the particle is 1cm and its initial velocity is, ﬁcm/s, What are its
amplitude and phase angle?

Ans:Att =0z = lom, w = mem/sand v = mem/s

A particle is S H.N. is described by the displacement function:

z = Acos(wt + ¢)= 1= Acos¢

__ dx
L]
__ d{Acos(wt-¢))
T dt
v = —Awsin(wt + ¢)
= —Awsing
—1=Asin¢ ... (2)

Squaring (10 and (2) and adding,

Alcos®p + AZsin’p = 2

A =3

A= \/icm, which is the required amplitude.
Dividing (1) by (2) we get,

Asing \ 1
(Acosqﬁ)__

tang = —1
3

O = =8 which is the required phase angle.



5. Determine the time period of a simple pendulum of length = | when mass of bob = m kg.

Ans: A simple pendulum consists of a heavy point mass body suspended by a weightless inextensible and
perfectly flexible string from a rigid support which is free to oscillate.

The distance between the point of suspension and the point of oscillation is the effective length of the
pendulum.

M = Mass of Bob

x = Displacement = OB

I = length of simple pendulum

£ in @ o \‘ 005 8
mg sin
g mg ma @,

Let the bob is displaced through a small angle 8 the forces acting on it:-
1) weight = Mg acting vertically dounwards.

2) Tension = T acting upwards.

Dividing Mg into its components mgcos 6 & mgsin 6

T = mgcos 0

F = mgsin

- ve sign shows force is divested towards the ocean positions. If & is Small,
ArcOB _ =z

sinf ~ 0 = 7 ;

F=—-mg3
. : mgz
In . H.M restoring force, —mgsinf = —mgf = ———

When, k = springconstant

= —kzx
..
k=2
TZQTI'\/%
T =2x g—*g

6. Which of the following examples represent periodic motion?



a) A swimmer completing one (return) trip from one bank of a river to the other and back.

Ans: As motion of the swimmer between the banks of the river is to and fro, it does not have a
definite period. The time taken by the swimmer during his back-and-forth journey may not be the
same. Hence, the swimmer's motion is not periodic.

b) A freely suspended bar magnet displaced from its N-S direction and released.

Ans: If a magnet is displaced from its N-S direction and released, then the motion of the
freely-suspended magnet is periodic. This is because the magnet oscillates about its position
with a definite period of time.

c) A hydrogen molecule rotating about its centre of mass.

Ans: If we consider a hydrogen molecule rotating about its centre of mass, it is observed that it
comes to the same position after an equal interval of time. This type of motion is periodic
motion.

d) An arrow released from a bow.

Ans: When an arrow is released from a bow, it moves only in the forward direction. There is no
motion repeated in equal intervals of time. Therefore, this motion is not periodic.

7. Which of the following examples represent (nearly) simple harmonic motion and which
represent periodic but not simple harmonic motion?

a) The rotation of earth about its axis.

Ans: When the earth rotates about its axis, it comes to the same position in fixed intervals of
time. Hence, it is a periodic motion. However, earth does not have a to and fro motion about its
axis. Hence, it is not a simple harmonic.

b) Motion of an oscillating mercury column in a U-tube.

Ans: In an oscillating mercury column in a U-tube, mercury moves to and from on the same
path, about the fixed position, with a certain period of time. Hence, it is a simple harmonic
motion.

¢) Motion of a ball bearing inside a smooth curved bowl, when released from a point
slightly above the lowermost point.

Ans: When a ball is released from a point slightly above the lowermost point, it moves to and
from about the lowermost point of the bowl. Also, the ball comes back to its initial position in the
fixed interval of time, again and again. Thus, this motion is periodic as well as simple harmonic.

d) General vibrations of a polyatomic molecule about its equilibrium position.



Ans: A polyatomic molecule possesses many natural frequencies of oscillation. Its vibration is
the superposition of individual simple harmonic motions of a number of different molecules.
Thus, it is not simple harmonic, but periodic.

Benefits of Using Important Questions for Class 11
Physics Chapter 13

Using Important Questions for Class 11 Physics Chapter 13 "Oscillations" offers several
benefits:

Concept Reinforcement: These questions help reinforce key concepts like simple harmonic
motion, energy in oscillations, and oscillatory systems.

Exam Preparation: Practicing these questions prepares you for exams by covering important
topics and ensuring you understand the core principles.

Problem-Solving Skills: It enhances your problem-solving skills by providing varied and
challenging questions.

Time Management: Helps you practice under exam-like conditions, improving time
management for the actual test.

Confidence Building: Regular practice boosts confidence and reduces exam anxiety, ensuring
you approach the subject with a clear understanding.



