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Precise Physics XII, Vol. I is intended for every Maharashtra State Board aspirant of Std. XII, Science. 
The scope, sequence, and level of the book are designed to match the new textbook of Maharashtra State 
board. 
 
We believe that the study of Physics needs driving desire to learn and willingness to work hard. The 
earnestness to dive into the subject eventuates naturally when students are presented with meaningful 
content that is easy to read and understand rather than being mired down with facts and information. 
Students do much better when they grasp the nub of the subject.  
While beginning with a chapter in Physics, students should study to understand the content and not 
merely read point blankly. They can go slowly, knowing Physics can't be read like a novel, choosing their 
own pace. But it is essential for students to comprehend the concepts involved, ruminate and reproduce 
their own versions of the same.            
                                                                        
To quote Albert Einstein, “If you can't explain it simply, you don't understand it yourself.” 
 
Students should then attempt theoretical questions based on these concepts to gauge the level of 
understanding achieved. 
 
Next advance after gaining command over theory would be numericals. Though Physics is communicated 
in English, it is expressed in Mathematics. Hence, it is essential to befriend formulae and derivations. 
These should be learnt and memorized. Once physical mathematics of concept is ingrained, solved 
numericals should be studied, starting from simple problems to difficult by escalating level of complexity 
gradually.  Students are required to practise numericals and ascertain their command on problem solving. 
Calculations at this stage must be done using log table keeping in mind that calculators are not allowed in 
Board Exams.  When it comes to problems in Physics nothing makes students perfect like practice! 
 
Amongst building concepts, advancing into numbers and equations, it is essential to ponder underlying 
implications of subject. Students should read from references, visit authentic websites and watch relevant 
fascinating links. 
 
Such a holistic preparation of subject is the key to succeed in the board examination.  
 
After all, “Success is no accident. It is hard work, perseverance, learning, studying, sacrifice and 
most of all, love of what you are doing or learning to do,”  as said by legendary football player Pele and 
students should bear it in mind! 
 
Our Precise Physics adheres to our vision and achieves several goals: building concepts, developing 
competence to solve numericals, recapitulation and self-study —all while encouraging students toward 
cognitive thinking. 
 
Features of the book presented below will explicate more about the same! 

PREFACE 

Client correction updated_29-05-2020

Sam
ple

 C
on

ten
t



 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                    

 
 

We hope the book benefits the learner as we have envisioned. 

The journey to create a complete book is strewn with triumphs, failures and near misses. If you think we’ve 
nearly missed something or want to applaud us for our triumphs, we’d love to hear from you. 
Please write to us on: mail@targetpublications.org  

A book affects eternity; one can never tell where its influence stops. 

Best of luck to all the aspirants! 
From,  
Publisher 

Edition: First 

This reference book is transformative work based on textbook Physics; First edition: 2020 published by the Maharashtra State Bureau of Textbook 
Production and Curriculum Research, Pune. We the publishers are making this reference book which constitutes as fair use of textual contents which 
are transformed by adding and elaborating, with a view to simplify the same to enable the students to understand, memorize and reproduce the same in 
examinations. 
 
This work is purely inspired upon the course work as prescribed by the Maharashtra State Bureau of Textbook Production and Curriculum Research, Pune. 
Every care has been taken in the publication of this reference book by the Authors while creating the contents. The Authors and the Publishers shall not be 
responsible for any loss or damages caused to any person on account of errors or omissions which might have crept in or disagreement of any third party on 
the point of view expressed in the reference book.  
 
© reserved with the Publisher for all the contents created by our Authors.  
No copyright is claimed in the textual contents which are presented as part of fair dealing with a view to provide best supplementary study material for 
the benefit of students.  

Disclaimer 
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FEATURES 

   Reading between the lines 

Reading between the lines provides  
elaboration or missing fragments of 
concept essential for complete 
understanding of the concept. 
This is our attempt to explain the 
concept without deforming the length of 
expected answer. 

*Q.3. Write ideal gas equation for a mass of 7 g of 
nitrogen gas. 

Ans: Ideal gas equation for 7 g of nitrogen gas is,  

 PV = RT
4

. 

 Ideal gas equation, PV = nRT 

 Here, n = 
0

m
M

 

 m = 7 g, 0 N2
M = 28 g/mol 

 n = 7 1
28 4

 

 PV = 1 RT× RT =
4 4

 

Reading between the lines 

QR code provides access to a video in 
order to boost understanding of a 
concept or activity. 
This is our attempt to facilitate learning 
with visual aids. 

      QR  Code 

[Note: Students can scan the adjacent 
QR code to get conceptual clarity 
about  Superposition of waves with 
the aid of a linked video.] 

*Q.97. State and explain the principle of conservation of 
angular momentum. Use a suitable illustration. 
Do we use it in our daily life? When? 

Ans: Principle: Angular momentum of an isolated system 
is conserved in the absence of an external 
unbalanced torque. 

 Proof: 
i. Angular momentum or the moment of linear 

momentum of a system is given by, 

 L r p  

 where r  is the position vector from the axis of 

rotation and p  is the linear momentum. 
ii. Differentiating with respect to time, we get, 

 dL d d p d rr p r p
dt dt dt dt

 

   Sub-topic wise Segregation 

Every chapter is segregated sub-topic 
wise. A subtopic encompasses textual 
content in the format of Question-
Answers.  Textual Exercise questions are 
placed aptly amongst various additional 
questions in accordance with the flow of 
subtopic. 
This is our attempt to enable easy 
assimilation of concept and lay strong 
foundation for understanding as well as 
writing answers in exam.  

1.10 Conservation of Angular Momentum 
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Solved Examples offer complete 
solution to numerical including log 
(as seemed required). 
This is our attempt to prepare students 
with the numerical aspect of Physics 
and  promote problem solving abilities 
in students. 

Solved Examples 

Q.105. A steel ball with radius 0.3 mm is falling with 
velocity of 2 m/s at a time t, through a tube filled 
with glycerin, having coefficient of viscosity  
0.833 Ns/m2. Determine viscous force acting on the 
steel ball at that time.     

Solution: 
Given:  r = 0.3 mm = 0.3 × 10 3 m, v = 2 m/s, 
    = 0.833 Ns/m2. 
To find:  Viscous force (F) 
Formula:  F = 6 rv    
Calculation:  From formula, 
   F = 6  3.142  0.833  0.3  10 3  2 
    = 3.6  3.142  0.833  10 3 
    = antilog {log (3.6) + log (3.142)  

+ log (0.833)}  10 3 
    = antilog {0.5563 + 0.4972 + 1.9206 }  10 3 
    = antilog {0.9741}  10 3 
  F = 9.421  10 3 N    
 Ans: Viscous force acting on the steel is 9.421  10 3 N 

Solved Examples 

1. Restoring force: f = kx = m 2x    
2. Differential equation of a linear S.H.M:  

 
2

2

d x
dt

 + 2x = 0 
 
3. Displacement in S.H.M: 
i. General equation: x = A sin ( t + ) 
ii. x = A sin t (from mean position) 
iii. x = A cos t (from extreme position) 

Important  Formulae 

Important Formulae includes all of the 
key formulae in the chapter.
This is our attempt to offer students tools 
of formulae handy while solving 
problems and last minute revision at a 
glance. 

  Important Formulae 

Quick review includes tables/ flow chart 
to summarize the key points in chapter. 
This is our attempt to help students to 
reinforce key concepts. 

Quick Review 

Quick Review 

Thermodynamic process

Reversible 

The changes can be retraced 
in reverse direction 

Irreversible 

The changes cannot be
retraced in reverse direction. 

p 

V 

A 

B 

p 

V 

A 

B 
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Chapter No. Chapter Name Page No. 

1 Rotational Dynamics 1 

2 Mechanical Properties of Fluids 40 

3 Kinetic Theory of Gases and Radiation 82 

4 Thermodynamics 110 

5 Oscillations 145 

6 Superposition of Waves 178 

7 Wave Optics 212 
       

CONTENTS 

Note: 1. * mark represents Textual question. 

 2. # mark represents Intext question. 

 3. + mark represents Textual examples. 

 4.   symbol represents textual questions that need external reference for an 

answer. 

Exercise 

7.1 Introduction 
 
1. State laws of Reflection. 
Ans: Refer Q.1  
2. State laws of Refraction. 
Ans: Refer Q. 1  
7.2 Nature of Light 
 
3. State postulates of Newton’s corpuscular theory. 
Ans: Refer Q.3 

Exercise includes subtopic-wise 
additional questions and problems. 
This is our attempt to provide 
additional practice to students to 
gauge their preparation. 

Exercise

2. If the maximum velocity and acceleration of a 
particle executing S.H.M are equal in magnitude, 
the time period will be 

 (A) 1.57 s (B) 3.14 s 
 (C) 6.28 s (D) 12.56 s 

Multiple Choice Questions     Multiple Choice Questions 

Multiple Choice Question includes 
textual as well as additional MCQs.  
This is our attempt to give students 
practice of MCQs which form vital 
part of curriculum. 
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Q.1. Can you recall? (Textbook page no. 109) 
What is meant by harmonic motion? 

Ans: An oscillatory motion obeying harmonic 
functions is called harmonic motion. 

Q.2. Define the term periodic motion. State its 
examples. 

Ans: Any motion which repeats itself after a definite 
interval of time is called periodic motion.  
Examples: 

i. Motion of the moon around the earth and the 
motion of other planets around the sun. 

ii. Motion of electrons around the nucleus. 

Q.3. Define vibratory motion. 
Ans: Periodic motion in which a particle repeatedly 

moves to and fro along the same path is the 
oscillatory or vibratory motion. 

Q.4. Every oscillatory motion is periodic but every 
periodic motion need not be oscillatory. 
Explain with an example. 

Ans:  
i. In case of oscillatory motion, the object 

performs set of oscillations and comes back to 
its original position. Hence, every oscillatory 
motion is periodic motion.  

ii. On the other hand, circular motion is periodic as it 
repeats the same set of movements after definite 
interval of time but it is not oscillatory as the 
motion is not to and fro about a mean position. 

Hence, every oscillatory motion is periodic but every 
periodic motion need not be oscillatory. 
 
Q.5. Define the Simple harmonic motion. When 

can it be said to be 
i. Linear simple harmonic motion 
ii. Angular simple harmonic motion 
Ans: Definition: The oscillatory periodic motion in 

which every particle of the oscillating body 
moves to and fro, about its mean position, along 
a certain fixed path is called the simple 
harmonic motion.  

i. If the path followed by particles in simple 
harmonic motion is a straight line, the motion is 
said to be linear simple harmonic motion.  

ii. If the path followed by particles in simple 
harmonic motion is an arc of a circle, it is said to 
be angular simple harmonic motion. 

5.1 Introduction 
5.2 Explanation of Periodic Motion 
5.3 Linear Simple Harmonic Motion (S.H.M.) 
5.4 Differential Equation of S.H.M. 
5.5 Acceleration (a), Velocity (v) and 

Displacement (x) of S.H.M. 
5.6 Amplitude(A), Period(T) and Frequency (n) 

of S.H.M. 
5.7 Reference Circle Method 
5.8 Phase in S.H.M. 

5.9 Graphical Representation of S.H.M. 
5.10 Composition of two S.H.M.s having same 

period and along the same path 
5.11 Energy of a Particle Performing S.H.M. 
5.12 Simple Pendulum 
5.13 Angular S.H.M. and its Differential 

Equation 
5.14 Damped Oscillations 
5.15 Free Oscillations, Forced Oscillations and 

Resonance 

Contents and Concepts 

5 Oscillations

5.2 Explanation of Periodic Motion 

For oscillatory motion, the displacement, 
velocity and acceleration are represented using 
sine and cosine functions and these functions 
are part of harmonic functions. 

Reading between the lines 

5.1 Introduction 
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Q.6. Define the following terms: 
i. Period of periodic motion. 
ii. Frequency of periodic motion. 
Ans:  
i. The smallest interval of time after which the to 

and fro motion is repeated is called its period 
(T) of periodic motion. 

ii. The number of oscillations completed per unit 
time is called the frequency (n) of the periodic 
motion. 

Q.7. Can you recall? (Textbook page no. 109) 
What do you know about restoring force? 

Ans: The force acting on a particle to bring it back to 
the original position is known as restoring 
force. 

Q.8. Explain the concept of restoring force in 
spring mass oscillator. 

Ans:  
i. Consider a rectangular block placed on a smooth 

frictionless horizontal surface. One end of a 
spring is attached to a rigid wall and the other 
end to the block. The block of mass m is pulled 
towards the right and released.  

ii. The block will begin its to and fro motion on 
either side of its equilibrium position. This 
motion is linear simple harmonic motion. 

iii. Figure (b) shows the equilibrium position in 
which the spring exerts no force on the block.  

iv. If the block is displaced towards the right from 
its equilibrium position, the force exerted by the 
spring on the block is directed towards the left as 
shown in figure (a). 

v. If the block is displaced towards left from its 
equilibrium position, the force exerted by the 
spring on the block is directed towards the right 
as shown in figure (c). 

vi. On account of its elastic properties, the spring 
tends to regain its original shape and size and 
therefore it exerts a restoring force on the 
block.  

vii. This is responsible to bring it back to the 
original position. This force is proportional to 
the displacement but its direction is opposite to 
that of the displacement.  

viii. If x is the displacement, then restoring force ‘f’ 
is given by, 

 f = –kx 
 where, k is a constant that depends upon the 

elastic properties of the spring. It is called the 
force constant.  

ix. The negative sign indicates that the force and 
displacement are oppositely directed. 

 
Q.9. Explain linear simple harmonic oscillator 

with the help of spring mass oscillator. 
Ans: For diagram: Refer Q.8.  
i. Consider a rectangular block placed on a smooth 

frictionless horizontal surface. One end of a 
spring is attached to a rigid wall and the other 
end to the block. The block of mass m is pulled 
towards the right and released.  

ii. If the block is released from the rightmost 
position, the restoring force exerted by the 
spring accelerates it towards its equilibrium 
position.  

iii. The acceleration (a) of the block is given by, 

 a = f k x
m m

 ….(  f = –kx) 

iv. This shows that the acceleration is also 
proportional to the displacement and its 
direction is opposite to that of the displacement, 
i.e., the force and acceleration are both directed 
towards the mean or equilibrium position.  

v. As the block moves towards the mean position, 
its speed starts increasing due to its acceleration, 
but its displacement from the mean position goes 
on decreasing.  

vi. When the block returns to its mean position, 
the displacement, force and acceleration are 
zero.  

vii. The speed of the block at the mean position 
becomes maximum and hence its kinetic energy 
attains its maximum value.  

viii. Thus, the block does not stop at the mean 
position, but continues to move beyond the 
mean position towards the left. During this 
process, the spring is compressed and it exerts a 
restoring force on the block towards right.  

ix. Once again, the force and displacement are 
oppositely directed. This opposing force retards 
the motion of the block, so that the speed goes 
on reducing and finally it becomes zero.  

5.3 Linear Simple Harmonic Motion (S.H.M.) 

m 

m 

m 

f = –kx 

Block 

Frictionless 
surface 

f = 0 Block 

Frictionless 
surface 

Frictionless 
surface 

Block 

x 

(a) Stretched 

(b) Relaxed 

(c) Compressed f = –kx 

–x +x 

x 

Spring mass oscillator 
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x. In this position, the displacement from the 
mean position and restoring force are 
maximum.  

xi. This force now accelerates the block towards the 
right, towards the equilibrium position. The 
process goes on repeating that causes the block 
to oscillate on either side of its equilibrium 
(mean) position.  

xii. Such oscillatory motion along a straight path 
is called linear simple harmonic motion 
(S.H.M.). 

*Q.10. Define linear simple harmonic motion. 
Ans: Linear S.H.M. is defined as the linear periodic 

motion of a body, in which force (or 
acceleration) is always directed towards the 
mean position and its magnitude is 
proportional to the displacement from the mean 
position. 

Q.11. What do you mean by complete oscillation? 
Ans: A complete oscillation is when the object goes 

from one extreme to other and back to the initial 
position. 

Q.12. State the conditions required for simple 
harmonic motion. 

Ans: Conditions for simple harmonic motion: 
i. Oscillation of the particle is always about a fixed 

point. 
ii. The net force or acceleration is always directed 

towards the fixed point. 
iii. The particle comes back to the fixed point due to 

restoring force. 

Q.13. Explain the following terms: 
i. Harmonic oscillation 
ii. Non-harmonic oscillation 
Ans:  
i. Harmonic oscillation is that oscillation which 

can be expressed in terms of a single harmonic 
function, such as x = a sin t or x = a cos t. 

ii. Non-harmonic oscillation is that oscillation 
which cannot be expressed in terms of single 
harmonic function. It may be a combination of 
two or more harmonic oscillations such as  
x = a sinωt + b sin2ωt.

 
  
Q.14. Obtain the differential equation of linear 

simple harmonic motion. 
Ans:  
i. In a linear S.H.M., the force is directed towards 

the mean position and its magnitude is directly 
proportional to the displacement of the body 
from mean position.  

 f  –x  
 f = –kx ….(1) 

 where, k is force constant and x is displacement 
from the mean position. 

ii. According to Newton’s second law of motion, 
 f = ma  ….(2) 
 From equations (1) and (2), 
 ma = –kx ….(3) 
iii. The velocity of the particle is given by, 

 v = dx
dt

, 

 Acceleration, a = 
2

2

dv d x
dt dt

 ….(4) 

iv. Substituting equation (4) in equation (3), 

 m
2

2

d x
dt

 = –kx 

 
2

2

d x
dt

 + k
m

x = 0 

v. Substituting k
m

= 2, where ω is the angular 

frequency,  

 
2

2

d x
dt

 + 2x = 0 

 This is the differential equation of linear S.H.M.  
 
   

+Q.15.A body of mass 0.2 kg performs linear S.H.M. 
It experiences a restoring force of  
0.2 N when its displacement from the mean 
position is 4 cm. Determine  

i. force constant  
ii. period of S.H.M. and  
iii. acceleration of the body when its 

displacement from the mean position is 1 cm. 
Solution: 
Given:  m = 0.2 kg,F  = 0.2 N, 
   1x = 4 cm = 0.04 m, 2x = 1 cm = 0.01 m 
To find:  i.    Force constant (k) 
   ii.    Time period of SHM (T) 
   iii.   Acceleration (a)    

Formulae:  i.  k = F
x

 ii. T = 2  

   iii.  = k
m

 iv. a = 2x 

5.4 Differential Equation of S.H.M.

 As per convention, the displacement is 
always measure from the mean position. 

 As the entire motion is along a straight 
line, vector notations are not used. (Only  
± signs are enough). 

Reading between the lines 

Solved Examples 
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Calculation:  From formula (i), 

  k = 0.2
0.04

 = 5 N/m 

  From formula (ii), 

  T = 2
5

 = 0.4  s 

  From formula (iii), 

   = 5
0.2

 = 25  = 5 rad/s 

  From formula (iv), for 2x = 0.01 m, 

  a =  52  0.01 =  0.25 m s 2 
Ans: 
i. The force constant is 5 N/m. 
ii. The time period of SHM is 0.4  s. 
iii. Acceleration at x = 1 cm is  0.25 m s 2. 

[Note: The solution is modified to get it conceptually 
correct with respect to given values in the question.] 

*Q.16. In SI units, the differential equation of an 

S.H.M. is 
2

2

d x
dt

 =  36x. Find its frequency and 

period. 
Solution:  

Given: 
2

2

d x
dt

 = 36 x 

 
2

2

d x
dt

+ 36 x = 0 

Comparing with differential equation,  
2

2

d x
dt

 + 2x = 0 

 2 = 36  
  = 6 rad/s 

i.  For frequency, 
 = 2 n 

 n = ω
2π

 = 6
2π

  

  = 3
3.142

   0.955 Hz 

ii.  For period,  

 = 2π
T

 

 T = 2π
ω

 = 2π
6

  

   = 3.142
3

  1.05 s  

Alternate method: 

Period (T) = 1
n

= 1
0.955

 1.05 s 

Ans: The frequency and period of SHM are 0.955 Hz 
and 1.05 s respectively. 

 
   

*Q.17. Using differential equation of linear S.H.M, 
obtain the expression for velocity in S.H.M.  
and acceleration in S.H.M. 

Ans:   
i. Expression for acceleration in linear S.H.M: 
 a. From differential equation, 

  
2

2

d x
dt

 + 2x = 0 

  
2

2

d x
dt

 = 2x  ….(1) 

 b. But, linear acceleration is given by,  

  
2

2

d x
dt

 = a    ….(2) 

  From equations (1) and (2), 
  a = 2 x             ….(3) 
  Equation (3) gives acceleration in linear S.H.M.  
ii. Expression for velocity in linear S.H.M: 
 a. From differential equation of linear S.H.M, 

  
2

2

d x
dt

= 2x 

  d
dt

dx
dt

= 2x 

  dv
dt

 = 2x    …. dx v
dt
dx vdx
dt

v
dt

 

  dv
dx

dx
dt

 = 2x 

  v dv 
dx

= 2x  …. dx v
dt
dx vdx
dt

v
dt

 

  v dv = 2xdx  .…(4) 
 b. Integrating both sides of equation (4),  
  v dv = 2xdx 

  
2 2 2v x =  + C

2 2
  .…(5) 

  where, C is the constant of integration. 
 c. At extreme position, x =  A and v = 0.  
  Substituting these values in equation (5),  

  0 = 
2 2A 
2

+ C   

  C =  
2 2A
2

  .…(6) 

 d. Substituting equation (6) in equation (5), 

  
2

2
v

= 
2 2x
2

 + 
2 2A
2

 

  v2 = 2A2 2x2 
  v2 = 2(A2  x2) 
  v = ± 2 2A  x  
 This is the required expression for velocity in 

linear S.H.M. 

5.5 Acceleration (a), Velocity (v) and 
Displacement (x) of S.H.M. 
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Quick Review 

Oscillations 

Differential  
equation 

Differential equation 
for linear S.H.M. 

2

2

d x
d t

+ 2x = 0 

2

2

d x k x
d t m

= 0 

Linear S.H.M.

In a linear S.H.M., 
the force is directed 
towards the mean 
position and its 
magnitude is directly 
proportional to the 
displacement of the 
body from mean 
position. 

Displacement, x = A sin t

Velocity, v = 2 2A x  

Acceleration, a = 2x 

Equations of S.H.M. Simple pendulum

T = 2
L
g

 
When springs are  
connected in series, 

s 1 2 n

1 1 1 1...
k k k k

 

When springs are  
Connected in parallel,
kp = k1 + k2 + …. + kn 

Spring constant

Free Oscillations: 
If an object is allowed to 
oscillate or vibrate on its own, 
it does so with its natural 
frequency (or with one of its 
natural frequencies). 
Forced oscillations: 
Oscillations in which a body
oscillates under influence of an
external periodic force.  

Free and forced vibrations 

1
2

kA2 
E 

T.E. = constant 

P.E. P.E. 

K.E. K.E. 
x =  A  x = A  

x x = 0  
Displacement 

 P.E = 1
2

kx2 = 1
2

m 2x2 

 K.E = 1
2

k (A2  x2)  

  T.E = 1
2

kA2 = 1
2

m 2A2  

  = Constant 
Graphical representation  
of energy (E): 

Energy of S.H.M. 

Graphical representation of S.H.M. 

Phase difference between: 

Velocity and displacement: 
2

 

Velocity and acceleration: 
2

 

Displacement and acceleration:  

Particles starts from mean position 
Particles starts from extreme position 

D
is

pl
ac

em
en

t 

O 

A 

A 
/2 

3 /2 

2  
t 

A
cc

el
er

at
io

n 2A 

2A 

O  /2 3 /2 2  
t 

V
el

oc
ity

 A 

A 
/2 

3 /2 
2  

t O  

Angular S.H.M.

Angular acceleration is 
directly proportional to 
the angular displacement 
and directed opposite to 
the angular displacement. 
α  

Period of vibrations 
of the magnet,  

T = 2  

 T = 2 I
B

 

Magnet performing 
angular S.H.M 

Differential equation 

m
2

2

d x dxb kx
d t d t

= 0 

Angular frequency 

 = 
2k b

m 2m
 

Period of oscillation 

T = 2 = 
2

2

k b
m 2m

 

Damped S.H.M. 
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1. Restoring force: f = kx = m 2x    
2. Differential equation of a linear S.H.M:  

 
2

2

d x
dt

 + 2x = 0 
 
3. Displacement in S.H.M: 
i. General equation: x = A sin ( t + ) 
ii. x = A sin t (from mean position) 
iii. x = A cos t (from extreme position)  
4. Velocity in linear S.H.M: v = ± 2 2A x   
5. Acceleration in linear S.H.M: a = 2x  
6. Period in S.H.M: T = 2  = 2 m

k   
7. Frequency in S.H.M: n = 1

T
 =

2
 = 1 k

2 m
 

 
8. Energy in S.H.M: 
i. Potential energy: 

 P.E = 1
2

kx2 = 1
2

m 2x2 

ii. Kinetic energy: 

 K.E = 1
2

k (A2  x2) = 1
2

m 2 (A2  x2) 

iii. Total energy: 

 T.E = 1
2

kA2 = 1
2

m 2A2 = 2m 2n2A2 
 
9. Composition of S.H.M’s: 
i. Resultant equation of two S.H.M’s:  
 x = R sin ( t + ) 
ii. Resultant amplitude: 
 R = 2 2

1 2 1 2 1 2A A 2A A cos  

iii. Phase:  = tan 1 1 1 2 2

1 1 2 2

A sin A sin
A cos A cos

  
10. Oscillating spring: 
i. Force, F = mg = kx  

ii. Period, T = 2 m
k

 

iii. When connected in series, 

 
s 1 2 3

1 1 1 1 ....
k k k k

 

iv. When connected in parallel, 
 kp = k1 + k2 + k3 + ….  
11. Simple pendulum: Period, T = 2 L

g
 

 
12. Magnet vibrating in uniform magnetic field:  

i. Time period, T = 2 I
B

 

ii. Angular acceleration,  = B
I

 
 
13. Damped force: Fd = bv (In magnitude)  
14. Equation of damped S.H.M: 

 m
2

2

d x
dt

 + b dx
dt

+ kx = 0 
 
15. Amplitude of damped oscillation: Ad = Ae bt/2m 
 
16. Angular frequency of damped oscillation: 

  = 
2k b

m 2m
 

 
17. Time period of damped oscillation: 

 T = 
2

2

k b
m 2m

 

 
 
  
5.2 Explanation of Periodic Motion  
1. Give reason: Every oscillatory motion is periodic 

but every periodic motion need not be oscillatory.  
Ans: Refer Q.4  
5.3 Linear Simple Harmonic Motion (S.H.M.)   
2. What is the concept of restoring force in spring 

mass oscillator? 
Ans: Refer Q.8  
5.4 Differential Equation of S.H.M.   
3. Derive the differential equation of linear simple 

harmonic motion. 
Ans: Refer Q.14  
4. The differential equation for linear S.H.M of a 

particle of mass 2 g is 2

2

dt
xd

 + 16x = 0. Find the 

force constant. 
Ans: 32 dyne/cm  
5. The differential equation for linear S.H.M is 

given by 
2

2

d x
dt

 = –4x.  If the amplitude is 0.5 m 

and initial phase is 
6

 radian, obtain the 

displacement equation of S.H.M and find the 
velocity at  x = 0.3 m for the particle in S.H.M.    

Ans: x = 0.5 sin m
6

t2 , 0.8 m/s 
 
5.5 Acceleration (a), Velocity (v) and 

Displacement (x) of S.H.M.  
 
6. Using differential equation of linear S.H.M, 

derive an expression for (i) acceleration in 
S.H.M., (ii) velocity in S.H.M. 

Ans: Refer Q.17 

Important  Formulae 

Exercise 
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7. Obtain an expression of displacement of a 
particle performing linear S.H.M. 

Ans: Refer Q.18  
8. State an expression for the maximum and 

minimum values of displacement, velocity and 
acceleration of a particle performing S.H.M. 

Ans: Refer Q.21  
9. A needle of a sewing machine moves in a path of 

amplitude 2 cm and has a frequency of 10 Hz in 

S.H.M. Find its acceleration  1
40

 second after it has 

crossed the mean position. 
Ans:  78.88 m/s2 
 
10. The maximum velocity of a particle performing 

S.H.M.is 6.28 cm/s. If the length of its path is   
8 cm, calculate its period. 

Ans: 4 s  
11. A particle performs S.H.M of amplitude 10 cm, 

its maximum velocity during oscillations is  
100 cm/s. What is its displacement, when the 
velocity is 60 cm/s2? 

Ans: 8 cm  
5.6 Amplitude (A), Period (T) and Frequency (n) 

of S.H.M.   
12. Define the following terms: 
i. Amplitude of S.H.M. 
ii. Period of S.H.M. 
iii. Frequency of S.H.M. 
Ans: Refer Q.32(Only definitions)  
13. Write short note on series combination of springs. 
Ans: Refer Q.33  
14. Write short note on parallel combination of springs. 
Ans: Refer Q.34  
15. A S.H.M. is given by the equation  

x = 8 sin (4 t) + 6 cos (4 t) m. Find its              
i. amplitude  ii.  initial phase  

 iii.  period  iv. frequency. 
Ans: i. 8 2 m ii. 0 radian 
 iii. 0.5 sec iv. 2 Hz  
5.7 Reference Circle Method  
16. Prove that a linear S.H.M. is the projection of a 

U.C.M. along any of its diameter.  
Ans: Refer Q.37  
5.8 Phase in S.H.M.   
17. What does the following phase angle indicates? 
i.  = 0    ii.  = 180  
Ans: Refer Q.40 (only i and ii)  
5.9 Graphical Representation of S.H.M.   
18. Give graphical representation of displacement, 

velocity and acceleration against phase angle, for a 
particle performing linear S.H.M. from (a) the 
mean position (b) the positive extreme position.  

Ans: Refer Q.43 

5.10 Composition of two S.H.M.s having same 
period and along the same path 

 
19. Derive expression for resultant displacement of 

two S.H.M.s having same period and parallel to 
each other. Find the expression for resultant 
amplitude and resultant phase. Also, obtain the 
resultant amplitude when phase difference is  

i. 0 rad   ii. π
2

  iii.   

Ans: Refer Q.44  
5.11 Energy of a Particle Performing S.H.M.  
 
20. Obtain the expression for total energy of a 

particle performing S.H.M and show that the 
total energy is conserved.  

Ans: Refer Q.47  
21. State the expression of kinetic energy and 

potential energy at 
i. mean position     ii. extreme position  
Ans: Refer Q.48(a and b)  
22. Graphically represent the variation of K.E., P.E., 

and T.E. with displacement. 
Ans: Refer Q.51  
23. A particle of mass 0.2 kg performs S.H.M of 

amplitude 0.1 m and period 3.14 second. Find 
its kinetic energy and potential energy when it 
is at a distance of 0.03 m from mean position. 

Ans: 3.64  10–3 J, 3.6  10 4 J  
24. The total energy of a particle of mass 200 g 

performing S.H.M is 10–3 joule. Find the 
maximum velocity and the period if amplitude 
is 4 cm.  

Ans: 0.1 m/s, 0.8  s  
5.12 Simple Pendulum 
 
25. Derive an expression for period of simple 

pendulum.  
Ans: Refer Q.60(i-viii)  
26. Mention the laws of simple pendulum.  
Ans: Refer Q.63  
27. Difference between conical pendulum and 

simple pendulum. 
Ans: Refer Q.65  
28. The bob of a simple pendulum of length 1 metre 

performs linear S.H.M of amplitude 2 cm. If 
mass of the bob is 100 gram and its total energy 
is 3  10 5 J, find the periodic time of S.H.M.  

Ans: 1.57 s   
29. A simple pendulum of length 1 m has a mass of 

10 g and oscillates freely with amplitude 2 cm. 
Find its potential energy at extreme point.  
[g = 980 cm /s2]   

Ans: 196 erg 
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30. A simple pendulum of length 1 m performs 
S.H.M with amplitude 2 cm. Find the angular 
displacement of the bob from the mean position 
when the potential energy and kinetic energy of 
the bob becomes equal.  

Ans: 1.414 10 2 rad  
31. When the length of a simple pendulum is 

increased by 22 cm, the period changes by      
20 %. Find the original length of simple 
pendulum. [g = 9.8 m/s2] 

Ans: 0.5 m  
32. Determine the length of a second’s pendulum at 

a place, where the acceleration due to gravity is 
9.77 m/s2.   

Ans: 0.9806 m  
33. The period of a simple pendulum increases by 

10% when its length is increased by 21 cm. Find 
the original length and period of the pendulum. 
[g = 9.8 m/s2]                      

Ans: i. 1 m ii. 2.006 s  
34. The period of simple pendulum is found to 

increase by 50% when the length of the 
pendulum is increased by 0.6 m. Calculate the 
initial length and initial period of oscillation at a 
place where g = 9.8 m/s2.             

Ans: i. 0.48 m ii. 1.318 s  
5.13 Angular S.H.M. and its Differential Equation 
 
35. Derive an expression for the period of a magnet 

vibrating in a uniform magnetic field and 
performing S.H.M. 

Ans: Refer Q.75  
36.  A circular disc of mass 10 kg is suspended by a 

wire attached to its centre. The wire is twisted 
by rotating the disc and released. The period of 
torsional oscillations is found to be 1.5 s. The 
radius of the disc is 15 cm. Determine the 
torsional spring constant of the wire. 

Ans: 2.0 Nm rad-1 
 

37.  A  magnetic needle has magnetic moment  
6.7 × 10–2 Am2 and moment of inertia  
I = 7.5 × 10–6 kg m2. It performs 10 complete 
oscillations in 6.70 s. What is the magnitude of 
the magnetic field? 

Ans: 0.01 T  
5.14 Damped Oscillations 
 
38. Obtain the differential equation of damped 

harmonic oscillations. 
Ans: Refer Q.83  
39. Draw displacement-time graph of damped 

harmonic oscillations. What can be concluded 
from it?  

Ans: Refer Q.85 

5.15 Free Oscillations, Forced Oscillations and 
Resonance 

 
40. With the help of an example, explain the concept 

of free oscillation and forced oscillation. 
Ans: Refer Q.86  
 
   
1. The displacement of a particle performing linear 

harmonic motion in one time period is 
 (A) A  (B) 2A (C) zero (D) 4A  
2. If the maximum velocity and acceleration of a 

particle executing S.H.M are equal in 
magnitude, the time period will be 

 (A) 1.57 s (B) 3.14 s 
 (C) 6.28 s (D) 12.56 s  
3. Which of the following quantities are always 

negative in a simple harmonic motion? 

 (A) F a  (B) v r  

 (C) F r  (D)  None of these  
4. The total work done by a restoring force in 

simple harmonic motion of amplitude A and 
angular speed , in one oscillation is _______. 

 (A) 1
2

mA2 2 (B) zero 

 (C) mA2 2 (D) 1
2

mA  
 
5. Which one of the following is not a 

characteristics of S.H.M? 
 (A) Its acceleration is maximum in the 

extreme position. 
 (B) It is the projection of a uniform circular 

motion on a diameter.  
 (C) Its velocity is maximum at the mean 

position. 
 (D) Its velocity time graph is a straight line.  
6. The linear S.H.M of a particle of mass 4 gram is 

represented by the differential equation  
2

2

d x
dt

 + 25x = 0. The force constant of particle is 

 (A) 0.1 N/m (B) 0.25 N/m 
 (C) 0.5 N/m (D) 0.8 N/m  
7. A simple harmonic oscillator has amplitude ‘A’. 

If the kinetic energy of oscillator is one-fourth of 
the total energy, then the displacement is 

 (A) A/ 2  (B) 3 A/2 
 (C) A/4 (D) A/2  
8. A particle executing S.H.M has acceleration         

12 cm/s2 at 3 cm from its mean position. Time 
period of particle is 

 (A) 3.14 s (B) 2.0 s 
 (C) 1.57 s (D) 1 s 

Multiple Choice Questions 
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9. In simple harmonic motion, acceleration of the 
particle is zero, when its _______.  

 (A) velocity is zero  
 (B) displacement is zero 
 (C) both velocity and displacement are zero 
 (D) both velocity and displacement are 

maximum  
10. The time taken by a particle executing simple 

harmonic motion of period T, to move from the 
mean position to half the maximum 
displacement is 

 (A) T
2

s   (B) T
4

 s  

 (C) T
6

s   (D) T
12

s 
 
11. Two S.H.M’s given by x1 = 10 sin 4 t and       

x2 = 5 sin 4 t
6

 are superimposed. Find the 

resultant amplitude and phase of the resultant 
S.H.M. if the displacements are in metre. 

 (A) 16.65 m, 10  (B) 14.56 m, 9 54  
 (C) 17.8 m, 12 45  (D) 10 m, 30   
12. For the particle performing linear S.H.M. from 

general position, the state of the particle giving 
its position and direction of motion of a time to 
zero (t = 0) is called    

 (A) phase of S.H.M.  
 (B) final phase of S.H.M. 
 (C) angular speed of S.H.M. 
 (D)  epoch of S.H.M.  
13. The maximum velocity and maximum 

acceleration of a body moving in a simple 
harmonic motion are 2 m/s and 4 m/s2. The 
angular velocity of the body is 

 (A) 4 rad/s (B) 3 rad/s 
 (C) 2 rad/s (D) 1 rad/s  
14. The maximum velocity of a particle performing 

linear S.H.M. is 0.32 m/s and its maximum 
acceleration is 2.56 m/s2, the amplitude of 
S.H.M. is _______.        

 (A) 0.02 m (B) 0.03 m 
 (C) 0.04 m (D) 0.05 m  
15. Time period of S.H.M is 16 s. It starts from 

mean position. If its velocity after 2 s is             
0.314 m/s, the amplitude is 

 (A) 3.14 m (B) 1.13 m 
 (C) 1.57 m (D) 0.57 m  
16. The acceleration of a particle performing a 

linear S.H.M is 16 cm/s2, when it is at a distance 
of 4 cm from the mean position. The period of 
S.H.M is  

 (A) 6.28 s (B) 1.57 s 
 (C) 5 s (D) 3.14 s 

17. What is the displacement of a particle executing 

S.H.M of period 3 s, at 1
2

s after it crosses the 

mean position? 

 (A) 1
2

amplitude (B) 
1
4

 amplitude 

 (C) 3
2

amplitude (D) 
2
3

 amplitude 
 
18. The average displacement over a period of 

S.H.M. is _______.   
 (A = amplitude of S.H.M.) 
 (A) 0 (B) A (C) 2A (D) 4A  
19. A S.H.M has time period of 10 s. If the mass of 

the particle is 10 3 kg and its K.E. at a 
displacement of 0.1 m is 10 5 joule, then  its 
amplitude is 

 (A) 0.15 m (B) 0.25 m 
 (C) 0.45 m (D) 0.35 m  
20. The equation of S.H.M is given as  
 x = 3 sin 20 t + 4 cos 20 t, where x is in cm 

and t is in second. The amplitude is 
 (A) 5 cm (B) 4 cm 
 (C) 3 cm (D) 7 cm  
21. The maximum speed of a particle executing 

S.H.M. is 1 m/s and its maximum acceleration is 
1.57 m/s2. Then the time period of the particle 
will be  

 (A) 1/1.57 s (B) 1.57 s 
 (C) 2 s (D) 4 s  

*22.  A particle performs linear S.H.M. starting from 
the mean position. Its amplitude is A and time 
period is T. At the instance when its speed is 
half the maximum speed, its displacement x is 

 (A) 3 A
2

 (B) 
2 A
3

 

 (C) 
A
2

 (D) 
1 A
2

 
 

*23. A body of mass 1 kg is performing linear 
S.H.M. Its displacement x (cm) at t (second) is 
given by x = 6 sin (100t + π/4). Maximum 
kinetic energy of the body is 

 (A)  36 J  (B)  9 J 
 (C)  27 J  (D)  18 J  

*24. The length of second’s pendulum on the surface 
of earth is nearly 1 m. Its length on the surface 
of moon should be [Given: acceleration due to 
gravity (g) on moon is 1/6th of that on the 
earth’s surface] 

 (A)  1/6 m  (B)  6 m 

 (C)  1/36 m  (D) 
1 m
6
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*25. Two identical springs of constant k are 
connected, first in series and then in parallel. A 
metal block of mass m is suspended from their 
combination. The ratio of their frequencies of 
vertical oscillations will be in a ratio 
(A)  1 : 4  (B)  1 : 2 
(C)  2 : 1  (D)  4 : 1 

*26. The graph shows variation of displacement of a 
particle performing S.H.M. with time t. Which 
of the following statements is correct from the 
graph? 
 

(A)  The acceleration is maximum at time T. 
(B)  The force is maximum at time 3T/4. 
(C)  The velocity is zero at time T/2. 
(D) The kinetic energy is equal to total energy 

at time T/4. 

1. (C) 2. (C) 3. (D) 4. (B) 
5. (D) 6. (A) 7. (B) 8. (A) 
9. (B) 10. (D) 11. (B) 12. (D) 
13. (C) 14. (C) 15. (B) 16. (D) 
17. (C) 18. (A) 19. (B) 20. (A) 
21. (D) 22. (A) 23. (D) 24. (A) 
25. (B) 26. (B)     

7. K.E. = 1
4

 T.E. 

2 2 21 1 1k A x kA
2 4 2

 

A2  x2 = 
2A

4
 

 x2 = A2
2A

4
 

x2 = 
23A

4
 

 x = 3A
2

 

9. a = 2ω x  
When x = 0, a = 0 

11. Resultant amplitude  
R  = 2 2

1 2 1 2A A 2A A cos  

 = 2 210 5 2 50 cos( / 6)  = 14.56 m 

 Resultant phase  

  = tan 1 1 1 2 2

1 1 2 2

A sin A sin
A cos A cos

 

 Here 1 = 0, 2 = /6 

 =  tan 1 10(sin 0) 5(sin / 6)
10(cos0) 5(cos / 6)

 

  = tan 1 2.5
10 2.5 3

 

   9 54   
22. v = 2 2A x  

 Given, v = maxv A
2 2

 

 2 2A A x
2

 

 2 2A A x
2

 

 
2

2 2A A x
4

 

 x2 = A2 – 
2A

4
 = 

23A
4

 

 x = 3 A
2

 
 

23. K.E. = 21 kA
2

 = 2 21 m A
2

 

    = 1
2

 1  (100)2  (6  10–2)2 

    = 18 J  
24. Since, L =  2

g  

 m

e

L
L

= m

e

g
g

 

 Lm = 1
6

Le …. e
m

gg
6
gegg eg
6mg
6

  

   = 1
6

 1 = 1
6

m 
 
25. In series, ks = k

2
 

 In parallel, kp = 2k 
 Frequency, 

 n = 
1 k

2 m
 

 n  k  

 s

p

n
n

= s

p

k
k

 = k 1
2 2k

 = 
1
2

 

T/4 T/2 

3T/4 
T 

0 

x 

t 

Answers to Multiple Choice Questions 

Hints to Multiple Choice Questions 
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