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It gives me an immense pleasure in presenting this book—Living Science Physics for Class X 
written strictly in accordance with the latest syllabus prescribed by the Council for the Indian 
School Certificate Examinations, New Delhi.

 My aim and effort while writing this book was to help young readers understand, enjoy and 
appreciate the fascinating subject of Physics by making the process of learning enjoyable and 
stimulating. I have attempted to present the subject matter covering the entire prescribed syllabus 
in a simple language and interesting style with a large number of illustrative examples and practice 
problems to master the fundamental principles of Physics.

 I have presented the various scientific concepts as vital, compelling and meaningful which might 
otherwise seem dull. Each part of the book has been carefully planned to make it student friendly 
and present Physics in an interesting, understandable and enjoyable manner. I have tried to stress 
the applications of what you are learning so that you can relate the facts to the living world.

Salient features of the book are as follows

 1. A Structured Programme Learning Approach (SPLA) has been followed in which each chapter is 
divided into sub-topics followed by exhaustive exercises to test knowledge, understanding and 
application of concepts learnt in that sub-topic. Adequate number of questions from the previous 
Board Examinations have been added to give students an idea of the level of the examination.

 2. A large number of solved numerical problems as examples are given to familiarise the students 
with the procedure required for solving the numericals.

 3. The text has been supplemented with a large number of well-labelled accurate diagrams, 
tables and graphs. The tables and graphs used in the text are capable of standing on their own 
(self-explanatory).

 4. At the end of each sub-topic, Multiple-Choice Questions (MCQs) have been given. These are 
very important tools for Competitive Examinations. Going through them will be equivalent to 
the revision of the whole sub-topic.

 5. Laws, definitions and important facts to be understood are given in bold type.

 6. At the end of each chapter, a brief summary is provided to highlight the key concepts. The 
summary is excellent for revision or to gain or overview of the topics covered in the chapter. 
Important formulae and SI units are also given at the end of each chapter for quick revision.

Preface



 7. Additional questions and numerical problems strictly framed in accordance with the ICSE  
Examination pattern have been included at the end of each chapter to give students an ample 
practice in order to gain confidence and face all kinds of questions.

 8. Additional numericals have been included at the end of the chapters (wherever possible) to 
help students master their calculation abilities.

I sincerely hope that this book will serve its intended purpose and be received enthusiastically by 
both the students and the teachers. Constructive criticism and valuable suggestions from both 
teachers and learners are welcome for the improvement of the book.

With warm regards

Delhi     Dhiren M Doshi
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CHAPTER 1 Turning Forces

SYLLABUS

Turning forces concept; moment of a force; forces in equilibrium; centre of gravity; (discussions using simple 
examples and simple direct problems).
uniform circular motion
Elementary introduction of translation and rotation; moment (turning effect) of a force, also called torque and its 
CGS and SI units; common examples – door, steering wheel, bicycle pedal, etc.; clockwise and anticlockwise moments; 
conditions for a body to be in equilibrium (translational and rotational); principle of moment and its verification 
using a metre rule suspended by two spring balances with slotted weights hanging from it; simple numerical 
problems; centre of gravity (qualitative only) with examples of some regular bodies and irregular lamina (Students 
should be encouraged to try it out).
As example of constant speed, though acceleration (force) is present. Differences between centrifugal and 
centripetal force.

All of us are familiar with the concept of force from our 
common experiences. For example, while opening a 
door, kicking a football, beating a drum, lifting a bucket, 
etc. we have to act in different ways. A table in a room 
does not move from one place to another on its own. 
To move it, we must either push it or pull it. The effort 
needed to do so is generally called force.

Now, if an effort is made to move a standing tree or 
a fixed wall, the effort will not be effective. The force 
fails to deliver the desired result in these cases. Hence, 
force is a push or a pull which changes or tends to 
change the state of rest or of uniform motion, the 
direction of motion or the shape and the size of a 
body.

MOMENT OF A FORCE AND 
EQUILIBRIUM

Translational and rotational motions

A force applied to a body produces motion in it. When 
a force acts on a rigid body which is free to move, the 
body starts moving in a straight line in the direction of 
the applied force. This is called translational motion. 

For example, the motion of a car travelling along a 
straight road is translational (Fig. 1.1). A rigid body 
executes translational motion when each particle 
of the body has the same displacement in the same 
time interval. The particles of the body move along 
parallel lines.

Fig. 1.1 Translational motion – a car moving  
along a straight line

Displacement XX′ = Displacement YY′
XX′ || YY′Y Y′

X X′

But if a body is fixed at a point, then a force applied 
to that body will be unable to move it in a straight line 
in its direction of application. This force will rotate the 
body about the fixed point. This is called rotational 
motion. Let us consider the following example. When 
we apply a force at the handle of a door to open it, 
this force produces rotational motion in the door  
(Fig. 1.2a). A rigid body executes rotational motion 
when each particle of the body (except those on 
the axis of rotation) moves in a circular path. In 
rotational motion, the particles of the body move along 
circles in parallel planes (Fig. 1.2b).
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Fig. 1.2  

a. rotational motion – 
opening of a door

b. Demonstration of 
rotational motion about 

the axis of rotation

hinge

A

A′

B

B ′

c

c′

axis of 
rotation

movement of 
a particle in a 
circular path

rigid 
body

door

Moment of a force or torque

Let us consider a body which is fixed at a point ‘M’.  
A force F is applied to the body at point ‘A’. This force 
F  is unable to move the body in its direction because 
the body is fixed and not free to move. But this force 
rotates the body about the axis passing through the 
point M. This is the turning force (Fig. 1.3).

point of action 
of force

line of action 
of force

F

Y

X

PAM
o

Fig. 1.3  

 1. Point of action of force: The point on a rigid body, 
where a force acts is called the point of action of 
force. In our case, ‘A’ is the point of action of force.

 2. Line of action of force: An imaginary line passing 
through the point of action of force and drawn in 
the same direction in which the force acts is called 
the line of action of force. In the figure, XY is the 
line of action of force.

 3. Moment arm: The perpendicular distance from the 
axis of rotation to the line of action of force is called 
the moment arm of the force.

  There are many instances in our daily life where 
we observe many things turning around an axis. 
What makes things turn? It is the same turning 

force. If a force is applied to an object like a door 
which is fixed at the hinge (fulcrum), the force 
turns the door around the hinge. Similarly force 
applied on a spanner to tighten a nut etc., are all 
examples of turning force. Torque is the measure 
of the capacity of a force to turn a body. In other 
words, the turning effect of a force acting on a 
body about an axis is called the torque about the 
axis.

Factors affecting the torque

Let us again consider a simple example in which a force 
produces rotational motion. When we open the door, 
we apply a force (a push or a pull) at the handle. The 
door is fixed at the hinge H (Fig. 1.4). 

Fig. 1.4 Pulling the door open

H

A B

c

It is found that
 1. If we apply a force at the handle (point A) which is 

far from the hinge H, the door turns very easily.
 2. If we make an attempt to open the door by 

applying the force in the middle of the door 
(say at point B or C), we find it very difficult 
to open the door if the same force is applied. In 
other words, the turning effect is reduced. We 
need to apply greater force to open the door.

 3. If we now make an attempt to open the door by 
applying the force near the hinge H, then it is 
impossible to open the door even when a large force 
is applied. This shows that besides the magnitude 
of the force, the point of application of the force 
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also plays an important role in rotating a body.
So we can say, the turning of a body by a force 

depends on the following two factors:
 1. The magnitude of the force applied: A greater 

force produces a greater turning effect and vice 
versa.

 2. The perpendicular distance from the axis of 
rotation to the line of action of force (moment 
arm): Greater the moment arm, greater is the 
turning effect produced and vice versa.
The turning of the body depends on the product 

of both the factors mentioned above. This product is 
called moment of a force or torque.

Thus, torque or moment of force may be defined 
as follows:

The torque produced by a force about an axis is 
equal to the product of the magnitude of the force 
and the perpendicular distance of the line of action 
of force from the axis of rotation. It is denoted by the 
Greek letter τ (tau).

Torque, τ = Force × Perpendicular distance of 
  the line of force from axis 
  of rotation
 τ = F × d

Units of moment of force or torque

Unit of moment of force 
= unit of force × unit of distance 

 The SI unit of force is newton (N) and that of 
distance is metre (m). Therefore, the SI unit of torque 
is N m (newton metre). In work and energy, N m is 
written as joule. Remember, torque is not work or 
energy and it should be expressed in N m and not 
joule.

The CGS unit of torque is dyne cm (dyne 
centimetre).

The gravitational unit of torque in SI system is 
kgf m. In CGS system, the gravitational unit of torque 
is gf cm.

Relationship between SI unit and CGS unit of 
torque:
  1 N m = 105 dyne × 102 cm
  1 N m = 107 dyne cm

Relationship between SI unit of torque and 
gravitational unit in SI system:

We know that the SI unit of torque is N m whereas 
the SI unit of torque if force is measured in terms 
of force due to gravity (gravitational unit) is kgf m.
	 1 kgf m = 9.8 N m
Similarly,
 1 gf cm = 980 dyne cm

Torque (moment of force) is a vector quantity.

Clockwise and anticlockwise moments

If the force has a tendency to turn or rotate the body 
in clockwise direction, the moment of force is called 
clockwise moment. By convention, the clockwise 
moment is taken as negative (Fig. 1.5a).

If the force has a tendency to turn or rotate the 
body in anticlockwise direction, the moment of force 
is called anticlockwise moment. By convention, the 
anticlockwise moment is taken as positive (Fig. 1.5b).

Fig. 1.5 clockwise and anticlockwise moments

o
o

n

W ′W

M

a. Force W produces a 
clockwise moment 

(negative)

b. Force W ′ produces an 
anticlockwise moment 

(positive)

Applications of moment of force

 1. It is easier to open a door by applying the force at 
the handle provided near the free end of the door. 
It is because if the force is applied at the free end, 
i.e. at the handle, the moment of force (Force × 
Moment arm) is large, i.e. a small force can produce 
a large turning effect. But if we apply the force near 
the hinge, we will not be able to open the door 
howsoever large force is applied.

 2. The hand flour grinder is provided with a handle 
near its rim to increase the moment arm so that 
even a small force applied can produce a large 
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turning effect. It can be easily rotated by applying 
a small force (Fig. 1.6).

 3. A long spanner is used to loosen a tight nut. This 
is because by increasing the length of the spanner, 
the moment arm (distance of the line of action of 
the force from the axis of rotation) gets increased 
and even a small force can produce a large turning 
effect (Fig. 1.7).

Fig. 1.7 A long spanner is used to loosen a tight nut.

force

nut

 4. For turning a steering wheel, the left and the right 
hands apply equal and opposite forces on the wheel. 
The turning effect or torque is maximum, when a 
force is applied tangentially on the rim of the wheel. 
The sense of rotation of the wheel is changed by 
changing the point of application of the force. In 
Figure 1.8a, when force F is applied at the point A 
of the wheel, the wheel rotates anticlockwise.

  In Figure 1.8b, when force F is applied at the 
point B of the wheel, the wheel rotates clockwise.

Fig. 1.6 A hand flour grinder

Fig. 1.8 Turning of a steering wheel

a. Anticlockwise rotation b. clockwise rotation

A

B

Force

Force

 5. In a bicycle there are two foot pedals, one on each 
side of the toothed wheel. The foot pedal is at a 
large distance from the axle (Fig. 1.9). To turn the 
wheel of the bicycle, a small force is applied on the 
foot pedal of the toothed wheel which is lesser than 
the force applied to the chain to move the bicycle.

Equilibrium of bodies

We have learnt that a force acting on a body produces 
a change in its state of rest or of uniform motion. But, 
when a large number of external forces act on a body 
and when they produce no change in its state of rest 
or of uniform motion, then the body is said to be in 
equilibrium.
 1. When the body remains in the state of rest under 

the influence of various external forces, it is said 

Fig. 1.9 Turning of toothed wheel of a bicycle

Axle

Foot pedal

Toothed wheel

small force applied 
to the foot pedal

Anticlockwise 
motion

Fig. 1.10 static equilibrium

a. A book is in static equilibrium (no motion)

b. A beam balance is in static equilibrium (no motion).

o

R

W
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to be in static equilibrium. For example, when 
a book is placed on a table, the weight W of 
the book exerts a force on the table which acts 
vertically downwards. This is balanced by an 
equal and opposite normal reaction R exerted by 
the table on the book acting vertically upwards. 
Hence, the book will remain at rest and is said to 
be in static equilibrium (Fig. 1.10a). Another 
example of static equilibrium is the beam 
balance when there is no rotational motion in it  
(Fig. 1.10b).

 2. When a body remains in the state of uniform 
motion (translational or rotational), it is said to 
be in dynamic equilibrium. For example, a car 
moving with a uniform velocity on a straight road 
is in dynamic equilibrium because the force due to 
the weight of the car acting vertically downwards 
is balanced by an equal reaction exerted on the car 
by the road acting vertically upwards (Fig. 1.11a). 
Earth moving around the sun is also in a state of 
dynamic equilibrium (Fig. 1.11b).

Fig. 1.11 Dynamic equilibrium

a. A car in motion is in the 
state of dynamic equilibrium.

b. earth is in the state of 
dynamic equilibrium.

W

R

sun

earth

Principle of moments

According to the principle of moments, if a body 
under the action of a number of coplanar forces is 
in rotational equilibrium, then the algebraic sum of 
the moments of all forces about a given axis is zero.

Clockwise
moments

(negative)

Anticlockwise
moments
(positive)

+ = 00

or
If a body is in rotational equilibrium, then the 

sum of all the clockwise moments about a given axis 
is equal to the sum of all the anticlockwise moments 
about the same axis.

i.e. Sum of all the
clockwise moments




 = Sum of all the anti-
clockwise moments




A common beam balance (or a physical balance) 
is a good example of the application of the principle 
of moments.

Verification of principle of moments

 1. Suspend a metre rule horizontally from a fixed 
support by means of a thread (Fig. 1.12).

Fig. 1.12 Verification of the principle of moments

W2 W1

B
o

A
d2 d1

metre rule

spring balance

anticlockwise 
moment

clockwise 
moment

rigid support

 2. Now suspend two spring balances on either side of 
the thread at different distances.

 3. Hang weights from each spring balance. Adjust the 
slotted weights in such a way that the scale again 
becomes horizontal.

 4. Let the weights suspended from the spring balance 
on the right side of the thread be W1 at a distance 
OA = d1. Let the weights suspended from the 
spring balance on the left side of the thread be W2 
at a distance OB = d2.

 5. The weight W1 tends to turn the scale clockwise, 
i.e. clockwise moment = W1 × d1.

 6. The weight W2 tends to turn the scale anticlockwise, 
i.e. anticlockwise moment = W2 × d2.
In equilibrium, when the scale is horizontal, it is 

found that,

   Sum of the
clockwise moments




 = Sum of the anti-
clockwise moments




i.e.  W1 × d1 = W2 × d2

This verifies the principle of moments.
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Couple

Let us consider a light scale AB pivoted at point O, 
its centre. At the ends A and B, two equal, parallel but 
opposite forces, each of magnitude F, are applied. The 
vector sum of these forces or the resultant sum of these 
forces is zero. Hence, the scale will have no translatory 
motion. It is in translational equilibrium.

Each of the forces exerts a turning effect in the 
same direction, i.e. anticlockwise direction. They do not 
cancel each other. So the body experiences a rotation 
in anticlockwise direction. Hence, the body is not in 
rotational equilibrium.

A B
d1 d2

d

o

F

F

Fig. 1.13  

Let us now consider the moments:
 Moment of force F at the end A = F × d1
 Moment of force F at the end B = F × d2
 Total moment of both the forces = F × d1 + F × d2
  = F × (d1 + d2)
  = F × d

 = Either force × Perpendicular distance 
       between the two forces

 = Force × Couple arm
Thus, here we see that forces acting on the scale 

produce no translational motion but they produce a 
rotational motion. Both the forces have the turning 
effect in the same direction. So they form a couple 
which rotates the scale anticlockwise about the  
point O.

Two equal, opposite and parallel forces whose 
lines of action are not same, acting on a body form a 
couple and produce a rotational effect.

Let us go through some more definitions:
 1. Arm of couple (d ): Perpendicular distance 

between the two equal and opposite parallel forces 
is called the arm of couple.

 2. Moment of couple: The product of one of the 
forces of the couple and arm of the couple is called 
the moment of couple.

  Moment of couple = Force × Arm of couple
   = F × d

If the couple has a tendency to rotate the body in 
anticlockwise direction, its moment is taken positive. 
If the tendency of rotation is clockwise, the moment 
is taken negative.

Fig. 1.14 examples of couple actions in everyday life

b. Turning the key in a locka. Turning the water tap 

d. Turning a steering wheel

c. opening the cap of a bottle

e. Turning of a screwdriver
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Units of couple

In SI system, the units of couple are newton metre  
(N m) and kgf m.

In CGS system, the units of couple are dyne cm 
and gf cm.

Examples of couple action in daily life

A couple produces only rotational motion and can 
be balanced by an equal and opposite couple. The 
following examples of couple action can be seen in 
daily life (Fig. 1.14).
 1. Opening or closing a water tap
 2. Winding a clock with its key
 3. Opening and closing a bottle cap
 4. Steering the wheel of a motor car
 5. Turning of a screwdriver.

Numericals

example 1  The perpendicular distance between the 
point of application of force and the fulcrum is  
1.5 m, when a force of 70 N acts on a rigid body. 
Calculate the moment of force.
Solution Here,
 Force (F ) = 70 N
Perpendicular distance, i.e. moment arm (d) = 1.5 m
By using the formula,

 Moment of force (τ) = F × d,   we get,

 τ = 70 N × 1.5 m = 105 N m
∴ Moment of force = 105 N m

example 2  Calculate the force which will produce a 
moment of force of 20 N m when the perpendicular 
distance between the point of application of force and 
the turning point is 20 cm.
Solution Here,
 Moment of force (τ) = 20 N m
Perpendicular distance, i.e. moment arm (d) = 20 cm

   = 20
100  m = 0.2 m

  Force (F ) = ?
By using the formula,

 Moment of force (τ) = F × d,    

 we get, 20 N m = F × 0.2 m

 F = 20 N m
0.2 m

 = 100 N

∴ The force to be applied is 100 N.

example 3  A person using a 30 cm long handled 
spanner can open a nut by applying a 150 N force. 
What should be the length of the handle if he wants 
to open the nut by applying a force of 90 N?
Solution Here, 
   Force (F ) = 150 N
  Moment arm (d) = 30 cm 

   = 30
100 m

   = 0.3 m
By using the formula,

 Moment of force (τ) = F × d,   
we get,		 τ = 150 N × 0.3 m
   = 45 N m
 In the second case,  F = 90 N
  Moment arm (d ) = ?
  Moment of force = 45 N m
 By using the formula:
  Moment of force (τ) = F × d, 
we get,  45 N m = 90 N × d

∴  d = 45 N m
90 N

 

   = 0.5 m
  d = 0.5 × 100 cm
   = 50 cm
 So, a handle of 50 cm is required to open the nut.

example 4  The diagram given below shows a uniform 
metre rule weighing 100 g, pivoted at O. Two weights 
150 gf and 250 gf are hung from the metre rule as 
shown. Calculate:
 1. the total clockwise moment about O.
 2. the total anticlockwise moment about O.
 3. the difference of anticlockwise and clockwise 

moments.
 4. the distance from O where a 100 gf weight should 

be placed to balance the metre rule.
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40 cm 20 cmo

150 gf 250 gf

o

Solution 
 1. For clockwise moment,

 Force (F ) = 250 gf
 Moment arm (d) = 20 cm

∴ 
Total clockwise

moment about O



 = Force × Moment arm

  = 250 gf × 20 cm
  = 5000 gf cm

 2. For anticlockwise moment,
 Force (F) = 150 gf
 Moment arm (d) = 40 cm

	 	∴
Total anticlockwise

moment about O



 = Force × Moment arm

  = 150 gf × 40 cm

  = 6000 gf cm
	 ∴ Anticlockwise moment > Clockwise moment
 3. Difference of anticlockwise moment and clockwise 

moment = 6000 gf cm – 5000 gf cm
                  = 1000 gf cm
 4. To balance the metre rule, a 100 gf weight is 

placed on the right hand side (to ensure clockwise 
moment). So, 
 Moment of force (τ) = 1000 gf cm
 Force (F) = 100 gf
 Moment arm (d) = ?
By using the formula,
 Moment of force (τ) = F × d, 

we get,  1000 gf cm = 100 gf × d

∴ d = 
1000 gf cm

100 gf

  = 10 cm
So, a 100 gf weight should be placed 10 cm on the 

right of O to balance the metre rule.

example 5  A 50 kg boy sits 1.2 m from the fulcrum 
of a see-saw. Where should another boy of 40 kg sit on 
the other side in order to balance it?

Solution 
x 1.2 m

40 kgf 50 kgf

o

50 kg boy sits 1.2 m from the fulcrum. So,
  Total clockwise moment = 50 kgf × 1.2 m
   = 60 kgf m

To balance it, let the other boy of 40 kg sit on the 
left-hand side (to produce anticlockwise moment) at 
a distance x from the fulcrum.
∴  Anticlockwise moment = 40 kgf × x  = 40x kgf 

According to the principle of moments,
  Clockwise moments = Anticlockwise moments
  60 kgf m = 40x kgf 

∴  x = 
60 kgf m

40 kgf  

   = 1.5 m

So, the other boy of 40 kg should sit 1.5 m from 
the fulcrum on the left-hand side to balance the  
see-saw.

example 6  A uniform metre scale is balanced at  
60 cm mark, when weights of 5 gf and 40 gf are 
suspended at 10 cm mark and 80 cm mark respectively. 
Calculate the weight of the metre scale.
Solution As the metre scale is uniform, therefore its 
weight acts at 50 cm mark.

5 gf 40 gf

50 cm 20 cm

10 cm

W

10 50 60 8020 30 40 70

Taking moments about 60 cm mark,

 Moment in clock-
wise direction




 = 40 gf × 20 cm = 800 gf cm

 
     Moment in anti-
clockwise direction




 = (W × 10) + (5 gf × 50) cm

   = 10W + 250 gf cm
According to the principle of moments,

 Clockwise moments = Anticlockwise moments
  10W + 250 = 800
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