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Do your work with devotion and it becomes a source of joy. Life becomes what we  make it
like. We cannot change the circumstances in which we are placed, but we can certainly

change our attitude towards them. And that makes all the difference.

A temple was being built in a
place of pilgrimage. Three men sitting
by the road side near the half-built
temple, were busy breaking and
cutting large boulders into pieces. It
was a hot scorching day and the three
sweated heavily. A passer-by, on
seeing them, out of curiosity went to
the first one, and asked, “what are
you doing ?’’ “Don’t you see what I
am doing ? Breaking stones and what
else’’ said he. There was annoyance
and irritation in his voice, and stress
and strain and sadness on his face.
Breaking stones could not certainly
be a source of joy.

The passer-by went silently to
the second man and repeated his
question, “What are you doing my
friend ?”, and the reply was, “Earn-
ing my livelihood.” He had simply
stated a fact. He was not sad, he was
not angry at his plight, but he was
not happy either. It was perhaps an
involuntary submission to a situa-
tion. There was a sense of utter
helplessness in his words. How could
earning livelihood  be a thing of joy ?

The traveller silently moved
ahead. He went to the third man and
once again asked him the same ques-
tion. “And what are you doing my
worthy  friend ?” The man took a few
seconds to answer as he had not
heard the question, why ? Because he
was completely engrossed in his work
and was also humming a joyous song
while hammering and chipping the
stone. The question was then repea-
ted to which he answered with a
sparkle in his eyes, “Oh, don’t you
know’, ‘I am building a temple, a
temple for my Lord.” While uttering
the words, perhaps he was already
seeing his Lord in the sanctum sanc-
torum.

The work was the same, the
working conditions were the same,

the situation similar, and yet what a
difference in the reaction to the same
work ?

One was carrying the burden of
his existence, somehow perhaps even
cursing it. To the second one, the
work he was doing was simply a
drudgery. Had no alternative and he
had to do it, whether he liked it or
not. But the third one was different
from the other two. For him the work
was as sacred as the work is God.
Every moment, every hour, every
day, spent in the work was an
offering to the Lord, as it inspired in
him a sense of sanctity towards what
he was doing, the work he was
assigned with.  He did it as a pen in
the hand of God or he did the whole
work on behalf of and for God. As
Lord Shri Krishna said to Arjun ‘Be
only the counter cause. The real
cause is inside you, and that is I’ who
bids and whispers to you to do all
that you do in life—

‘Therefore, thou rise and get up,
earn name and fame. Be the outer
cause%fufe®ek(a Ho# lO; lkfpuΩ`‰

·xhrk 11/33‚
And this attitude, this approach,

towards his work and life was a
significant thing and attribute that
gave a sacred meaning to his work,
transformed existence into a vibrant
life–a life of joy and happiness, a life
with a noble purpose, a life with a
lofty mission. The great monkey
worshipper of Sri Ram, Hanuman ji,
did all things in his Master’s name,
Sri Ram ji, and he was quite at peace
even when he was arrested and
produced before the demon king–
Ravana. He said only one thing. I am
not worried or ashamed on being
arrested I want to do my Master’s
work.”

Human life is not a burden but a
great opportunity and it leads one to

the realm where there is Peace and
Happiness. This life affords an oppor-
tunity  to serve and worship God and
through Him serve mankind and
humanity. As a saintly person has
said “As freely we have received His
blessings, so freely let us give the best
of ourselves to our fellowmen.”

It is true that we cannot change
our destinies, the circumstances in
which we are born, but what we can
do is to make the best out of life that
has been given to us, to make the best
of the situation with which we have
been surrounded. If we do the work
given to us, with a sense of duty and
devotion, then it would become a
source of joy and happiness. When
we do a thing for the sake of a higher
purpose, it becomes a source of joy.
Life is exactly as one wants it to be,
as one beholds it and moulds one’s
life according to one’s own vision of
it, according to the attitude one has
towards it.

If handled and tackled properly
life may turn into great opportunities
and may ultimately prove blessings
in disguise. Moment of turmoil have
often proved to be moments of great
achievements,  when   responded   to
with hope, courage and with a posi-
tive bent of mind. It is the right
perspective and the right attitude
that makes all the difference. It
depends on us whether we respond to
a situation as a curse or a blessing or
only  react and keep cursing.

It is precisely the tragedy of most
of us who just carry the burden of
existence. A real life is a life in which
every moment brings a new hope, a
new inspiration and a new beginn-
ing. This is perhaps the state when
life itself is a manifestation of God’s
work, worship it.

●●●
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Mechanics, Sound
and Properties of

Matter

Dimensional Analysis

1. Fundamental and Derived
Units

In mechanics, there are three
physical quantities namely mass,
length and time which are called
fundamental physical quantities and
the units of these physical quantities
are called fundamental units. These
units are called fundamental because
they are all independent of each other.
But while discussing other branches
of Physics, we come across other
physical quantities like temperature
luminous intensity, electric current
and the amount of substance which
are also called fundamental physical
quantities and their units kelvin (K),
candela   (Cd),   ampere   (A),  mole
(mol)  respectively  are  called funda-
mental units. In addition, there are
two supplementary fundamental units
—radian for plane angle and steradian
for solid angle. The units which are
not independent of each other and are
obtained from the fundamental units,
are called the derived units. For
example, the units of area velocity,
acceleration, volume, force etc. are
the derived units.

2. S.I.   Units  or  International
System of Units

In this system, there are seven
fundamental units and two supple-
mentary units. Seven fundamental
units   are—(i)   metre   (for   length),
(ii) kilogram (for mass), (iii) second
(for time), (iv) kelvin (for tempera-
ture), (v) ampere (for current), (vi)
candela (for luminous intensity, (vii)
mole (for amount of substance). Two
supplementary  units  are— (i)  radian
(for plane angle) and (ii) steradian
(for solid angle).

3. Dimensions

The dimensions of a physical
quantity are the powers to which the
fundamental units are raised in order
to  obtain  the  units  of  that quantity.
The fundamental quantities mass,
length, time, temperature, luminous
intensity and current are respectively
represented as M, L, T, θ, cd and A.
If the dimensions of a physical
quantity are a in length, b in mass, c
in time and d in temperature, then the
dimensions of that physical quantity
shall be written in the following
manner :

[LaMbTcθd]

This is the dimensional formula
of that quantity.

Facts at a Glance

Some Important Units

Physical quantity Unit (S.I.) Symbol

Distance metre m
Mass kilogram kg
Time second s
Current ampere A
Temperature kelvin K
Luminous intensity candela Cd
Angle radian rad
Solid angle steradian Sr
Force newton N
Energy joule J
Speed metre/second ms–1

Angular velocity radian/second rad s–1

Frequency hertz Hz
Moment of inertia kilogram metre square kg m2

Momentum kilogram metre/second kg ms–1

Angular momentum kilogram metre square/second kg m2s–1

Pressure pascal Pa
Power watt W
Surface tension newton per metre Nm–1

Viscosity newton second per metre square Nsm–2

Thermal conductivity watt per metre per degree celcius Wm–1 °C–1

Specific heat joule per kilogram per kelvin Jkg–1K–1

Electric charge coulomb C
Potential volt V
Capacitance farad F
Electrical resistance ohm Ω
Inductance henry Η
Magnetic flux weber Wb
Luminous flux lumen lm
Illuminance lux lx
Optical wavelength angstrom Å
Impulse newton second Ns

4. Important Dimensional For-
mulae
Density [ML–3], velocity [LT–1],

angular velocity [T–1], acceleration
[LT–2],   angular   acceleration   [T–2],
impulse  [MLT–1],   torque [ML2T–2],
force   [MLT–2],   moment  of  inertia
[ML2],     work     [ML2T–2],     power
[ML2T–3],  pressure [ML–1T–2], stress
[ML–1T–2],    strain   (dimensionless),
modulus    of    elasticity   [ML–1T–2],
surface  tension [MT–2], gravitational
constant   [M–1L3T–2],  coefficient  of
viscosity [ML–1T–1].

5. Important Conversions
(i) Light year—Distance tra-

velled by light in vacuum in one year
= 9·46 × 1015 m.
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(ii) Astronomical unit—The
average distance between the earth
and the sun = 1·496 × 1011 m.

(iii) Parsec (Parallactic second)
—The distance at which an arc of
length equal to one astronomical unit
subtends an angle of one second at a
point = 3·1 × 1016 m.

Also 1 parsec = 3·26 light years.
(iv) 1 micron = 10–16 m
(v) 1 milli micron = 10–9 m
(vi) 1 Angstrom = 10–10 m
(vii) 1 Fermi = 10–15 m

Facts at a Glance

Important Prefixes to Units
tera (T) 1012 centi (c) 10–2

giga (G) 109 milli (m) 10–3

mega (M) 106 micro (µ) 10–6

kilo (k) 103 nano (n) 10–9

hecto (h) 102 pico (p) 10–12

deka (da) 10 femto (f) 10–15

deci (d) 10–1 atto (a) 10–18

Motion Along a
Straight Line Path

1. Distance and Displacement
The length of path traversed by

an object in a certain time is called the
distance travelled by that object. It is
a scalar quantity. Its S. I. unit is metre
(m) and its dimensional formula is
[M0L1T0]. Displacement is the mini-
mum distance between the initial and
final positions of an object. It is a
vector quantity. Its unit and dimen-
sional formula are same as those of
distance.

2. Speed and Velocity
The   distance   traversed   by  an

object in 1 sec is called its speed. It is
a scalar quantity. Velocity is the dis-
tance travelled by an object in a
specified direction in unit time. It is a
vector quantity. The unit of both
speed and velocity is m/sec.

3. Acceleration
The rate of change of velocity of

an object with time is called its accele-
ration. It is a vector quantity. Its unit
is m/sec2. Negative acceleration is
called retardation.

Caution—Decreasing accelera-
tion is NOT retardation.

In case of increasing acceleration
the slope of velocity time graph is

increasing as we go further from
origin [Fig. (i)]

Time

V
el

oc
ity

Fig. (i)

In case of decreasing acceleration
the slope of velocity time graph is
decreasing   as   we  go  further  from
origin [Fig. (ii)].

Time

V
el
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ity

Fig. (ii)

4. Galileo’s Equations for Uni-
formly Accelerated Motions
If the initial velocity of an object

is u, such that on moving distance x in
t seconds its final velocity becomes v,
then—

(i) v = u + at

(ii) x = ut + 
1
2
 at2 and

(iii) v2 = u2 + 2ax
These are called equations of

motion. The distance travelled by an
object in tth second is

xt = u + 
1
2
 a (2t – 1)

5. Relative Velocity
The relative velocity of an object

B relative to a stationary or moving
object A is equal to the time rate of
change of position of object B with
respect to object A.

(i) If two objects A and B are
moving with velocities u and v res-
pectively in the same direction then
the velocity of A relative to B will be
(u – v) and the velocity of B relative
to A will be (v – u ).

(ii) If A and B are moving in
opposite directions then the velocity
of A relative to B will be (u + v).

6. Scalar Quantities
The physical quantities which are

expressed only by their magnitude
and have no direction are called scalar

quantities.    Mass,    distance,    time,
volume,     density,    pressure,    work,
power, temperature, charge, potential,
current,    amplitude,    specific   heat,
latent heat etc. are scalar quantities.

7. Vector Quantities

The physical quantities which
have both magnitude and direction are
called vector quantities. Velocity,
acceleration, force, weight,  momen-
tum, displacement, impulse, momen-
tum, torque,  magnetic  field, electric
field,    gravitational    field,    current
density, temperature gradient etc. are
vector quantities.

Circular Motion

When a particle moves with a
constant speed in a horizontal circular
path about an axis or a definite point
assumed to be a centre, its motion is
called the uniform circular motion.

1. Angular Velocity
In rotational motion, the angle

turned by a particle in a unit time is
called its angular velocity. If in time t
seconds the particle rotates through an
angle θ radian then

Angular velocity ω = 
θ
t
 radian/sec.

If the particle completes one
revolution in T seconds and it com-
pletes n revolutions in one second,
then

ω =
2π
T

 and n = 
1
T

∴ ω = 2πn

Here T is the time period and n is
the frequency of rotation of particle.

Angular acceleration of the

particle α =
∆ ω
∆ t

2. Linear Velocity
Linear velocity

= Angular velocity × Radius

v = ω × r

Angular acceleration

α =
a
r

where a is the linear acceleration of
the particle.

3. Centripetal Acceleration
A particle moving with a uniform

speed v  in a circle experiences an
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acceleration 
v2

r
 directed towards the

centre. This acceleration is called
centripetal acceleration. The magni-
tude of centripetal acceleration always
remains   constant   but   its  direction
continuously changes. It is always
directed towards the centre at every
point of motion.

4. Centripetal Force

When a particle or a body moves
with a uniform speed v on a circular
path of radius r, then it is acted upon

by a force 
mv2

r
 which is always

directed towards the centre of the
circle. This force is called centripetal

force. The magnitude F = 
mv2

r
 of this

force remains constant but since this
force is always directed towards the
centre its direction continuously
changes.

Mechanics

1. Newton’s Laws of Motion

First law—Every body continues
in its state of rest or of uniform
motion in a straight line unless acted
upon by some external force to
change that state.

Second law—The time rate of
change of linear momentum of a body
is directly proportional to the applied
force and the change takes place in
the direction of the applied force.

F =
∆

→
p

∆t
 = 

m ∆
→
v

∆t
 = m

→
a

Third   law—To   every   action,
there is an equal and opposite reac-
tion.

Action and reaction never act on
the same body. If they act on the same
body, the resultant force on the body
will be zero, i.e., the body will be in
equilibrium.

2. Unit of Force
The unit of force is newton and

it is the force which when acts on an
object of mass 1 kg produces an
acceleration of 1 m/s2 on it in the
direction of application of force.

1 newton = 1 kg × 1 m/s2

The C. G. S. unit of force is dyne

1 newton = 105 dyne

3. Momentum
The product of the mass and the

velocity   of   a   body   is   called   its
momentum. It is a vector quantity. Its
unit is kg m/s or newton-sec

→
p = m × 

→
v

4. Impulse
When a force F acts on a body

for a small time-interval ∆t, then the
product of the force and the time-
interval is called the impulse of the
force, i.e.,

Impulse = F × ∆t
Impulse is a vector quantity. Its

unit is newton second or kg m/sec.

→
F =

∆
→
p

∆t
 = 

m ∆
→
v

∆t

or
→
F  × ∆t = m × ∆

→
v

Impulse = Change in momentum

5. Law    of    Conservation   of
Momentum
If no external force acts upon a

system of two or more bodies then
the total momentum of the system
remains constant.

6. Relation between Momen-
tum and Kinetic Energy
Kinetic energy

E =
1
2
 mv2

=
1
2
 
m2v2

m
 = 

p2

2m

or p = √⎯⎯⎯2mE

7. Friction
The force acting between the two

surfaces in contact which acts tangen-
tial to the surface in contact and
opposes the relative motion between
them, is called force of friction. The
maximum value of static friction
which comes into play when a body
is just going to slide over the surface
of another body is called limiting
friction. When a body has actual
relative motion with respect to the
second body, then this dynamic
friction is less than the static friction.

Coefficient of friction—The
ratio of the force of limiting friction
F and normal reaction R between the
two surfaces in contact is called the
coefficient of friction µ, i.e.,

µ =
F
R

Angle of friction—It is the angle
between the normal reaction R and
the resultant of limiting friction F and
the normal reaction. From the fig. it is
clear that—

tan λ =
F
R

 = µ

R

PF

λ

Work, Energy and
Machines

1. Work
If on applying a force on a body,

the body is displaced, then work is
said to be done. This work is equal to
the product of force and displacement
of the body in the direction of force.
Work = Force × Displacement in

direction of force
Work is a scalar quantity. Its unit

is joule
1 joule = 1 newton × 1 metre

or joule = newton-metre
If the displacement (d) of the

body is at an angle (θ ) with the
direction of force (F), then work done
= F.d cos θ.

In the force-displacement graph,
the area enclosed by the force-dis-
placement curve represents the work
done by a variable force.

2. Power
The rate of doing work by a body

is called its power.
The unit of power is joule/second

or watt.
1 watt = 1 joule/second

1 Horse power (H. P.)
= 746 watt

Also, Power =
F.d
t

= Force × Velocity
P = F × v

3. Energy
The total capacity of doing work

by a body is called its energy. It is a
scalar quantity. Its unit is joule.

1 watt hour = 3600 joule
1 kilowatt hour

= 3600 × 1000 joule
= 3·6 × 106 joule
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4. Kinetic Energy
The energy possessed by a body

by virtue of its motion is called its
kinetic energy.

K =
1
2
 mv2 joule

5. Potential Energy

It is the energy stored in a body
by virtue of its position of state.
Gravitational potential energy

U = mgh joule

6. Relation between K. E. and
Momentum

E =
1
2
 mv2

=
m2v2

2m
 = 

p2

2m

or p = √⎯⎯⎯2mE

7. Law    of    Conservation   of
Energy
The magnitude of the total energy

of a physical system always remains
constant. Only one form of energy is
transformed into the other form of
energy but it can neither be created
nor destroyed. The total energy of the
universe remains constant.

8. Einstein’s        Mass-Energy
Relation
If   mass   m   is   converted   into

energy, the energy obtained will be

E = mc2

where c is the speed of light.

Universal Gravitation

1. Solar System and Planets

The family of the sun is called
the solar system. It consists of sun
which is stationary at the centre of the
universe, a source of light and energy
and eight planets (pluto has lost its
planet status) which revolve around
the sun in separate orbits. The order
of the planets in the solar system with
their increasing distance from the sun
is—

1. Mercury 2. Venus
3. Earth 4. Mars
5. Jupiter 6. Saturn
7. Uranus 8. Neptune
9. Formerly Pluto
For   more   details   about   them

please refer the chapter on Astro-

nomy. John  Kepler found important
regularities in the motions of the
planets. He gave three laws in this
context called Kepler’s laws of
planetary motion.

2. Kepler’s Laws
(i) All planets move around the

sun in elliptical orbits having the sun
at one focus of the orbit.

(ii) The areal speed of the planet
remains constant.

(iii) The square of the period of
revolution of any planet around the
sun is directly proportional to the
cube of its mean distance from the
sun, i.e.,

T2 ∝ r3.

3. Newton’s  Law  of Universal
Gravitation
The force of attraction between

any two material particles is directly
proportional to the product of the
masses of the particles and inversely
proportional to the square of the
distances between them. It acts along
the line joining the two particles.

F =
Gm1m2

r2

where G is the universal gravitation
constant.   Its  value  is  6·67  ×  10–11

newton-m2/kg2.

4. Acceleration due to Gravity
The acceleration due to gravity

is the rate of increase of velocity of a
body falling freely towards the earth.
Thus,

g =
GMe

Re
2

where Me is the mass of earth, Re is its
radius, the average value of g is found
to be 9·8 m/s2. Its another unit is
newton/kg. It is a vector quantity.

5. Variation in g
(i) On the surface of earth the

value of g is minimum at the equator.
It increases on moving towards the
poles and is maximum a t the poles.
The difference in the value of g at
equator and at the poles is 3·4 cm/s2.
The variation in g due to the rota-
tional motion of earth about its own
axis is—

g ′ = (g – r ω2)
At poles r = 0
∴ g ′ = g. Here g ′ has the maxi-

mum value. At equator r = Re

∴ g ′′ = (g – Reω2).

Here g ′ is minimum.

(ii) The value of g decreases on
moving above or below the surface
of earth. It is zero at the centre of the
earth.

6. Reaction on the Surface of
Lift
If   a  person  of  mass  m  kg  is

standing inside the lift then its weight
mg   will  act  perpendicularly  down-
wards and the reaction force R on the
lift surface will act perpendicularly
upwards. This reaction force R is the
weight of the person. Consider the
following cases—

(i) Lift is stationary or is
moving with a uniform velocity—
In this case R = mg.

(ii) Lift is moving upwards
with a uniform acceleration (αααα)—
In this case an effective force F = m α
will act upwards.

R

mg

α

F = mα

Therefore, R – mg = m α
or R = m (g + α)

This weight m (g + α) is called
the apparent weight. Thus, the
apparent weight of the body increases
if the lift accelerates in the upward
direction.

(iii) Lift is moving down with
an acceleration (αααα)—Now the effec-
tive force F = m α will act in down-
ward direction. So that,

mg – R = m α
or R = m (g – α)

R

mg

α

F = mα

Thus the apparent weight of the
person decreases when the lift moves
downward with acceleration α.

R = mg – m α = mg – F
(iv) Lift is falling freely—If

accidentally the cables of the lift are
cut so that it falls freely with an
acceleration α = g, then the apparent
weight of the person,

R = m (g – α) = m  (g – g) = 0
Thus, the person will be in the

state of weightlessness in this case.
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