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PHYSICS |

PHYSICAL QUANTITIES

The quantities like length, mass, time, temperature, area,
volume and density, etc. which can be measured, are known
as physical quantities. Physical quantities are speed and
velocity, acceleration, pressure, energy, work, power,
electric current, luminous intensity, amount of substance,
force, momentum, etc.

Aphysical quantity is represented by a number, followed
bya unit. The ‘number plus unit’ is known as the ‘magnitude’
ofthe physical quantity:

PHYSICAL QUANTITIES ARE OFTWO TYPES:

(i) Basic physical quantities, and

(i) Derived physical quantities.

BASIC PHYSICAL QUANTITIES:

There are a total of 7 basic physical quantities. Length, mass,

time, electric current, temperature, luminous intensity and

amount of substance.All other quantities of physics can be

expressed in terms of these physical quantities.

DERIVED PHYSICAL QUANTITIES

A physical quantity obtained by multiplying or dividing one

basic physical quantity with another basic physical quantity,

is known as a derived quantity.

The basic quantities are also known as base quantities. Basic

quantities are fundamental quantities.

A unit is a quantity of dimension used as a standard of

measurement.

(1) There should be a standard unit of measurement,

() A comparison should be made between the
standard unit of measurement and the quantity to
be measured.

INTERNATIONALSYSTEM OF UNITS ( SI UNITS)

The international system of units is called STunits in short.

Actually, SI units is the short form of the French name

‘Systeme International d’Units’ which means ‘International

System of Units’,

THE SEVEN BASE UNITS OF THE INTERNAT-
IONAL SYSTEM OF MEASUREMENT:

Basic quantity Name of the | Symbol of
base ST unit | SI unit
1 Length metre m
2. Mass kilogram kg
3.Time second S
4. Electric current ampere A
5. Temperature kelvin K
6. Luminous intensity candela cd
7. Amount of substance mole mol

The speed of light in vacuum is 299 792 458 m/s.
METRE

Metre is the SI unit of length. A metre is the length of
path travelled by light in vacuum during a time interval of

1/299 792 458 of a second.
1 kilometre = 1000 metres

; 1
| centimetre = —metre
100

1 millimetre = metre

2. KILOGRAM

Kilogram is the SI unit of mass.

1 quintal =100 kg

| tonne = 1000 kg

Kilogram is denoted by the symbol kg, gram by g and
milligram by mg,



X _qg,g‘h‘p

Socord is the STunito frime.

a0 seconds = | minute

o0 minutes = | hour

24 hours = 1 day

4, AMPERE
Ampere is the S1unit of electric current. The ampere isthe

constant current which, if maintained in two straight parallel
conductors of infinite length and of negligible circular cross-
section placed | metre apart in vacuum, would produce
between them a force of 2x 10”7 newtons per metre of
length.
5. KELVIN
Kelvin is the STunit of temperature. The triple point of water
is temperature at which all the three phases of water (ice,
liquid and water vapour) co-exist in dynamic equilibrium.
The triple point of water has been assigned a temperature
of 273.16 kelvin. The Kelvin is 1/273.16 of the
thermodynamic temperature of the triple Point of water.
6. MOLE
Mole is the S unit of the amount of substance. A mole is
the amount of substance which contains as many elementary
particles (atoms, molecules or ions) as there are in 12 grams
of carbon-12.
7.CANDELA
Candela is the Sl unit of luminous intensity (luminous intensity
means brightness of light).

Value prefix m
10'® exa- B

10" peta- _—___—-F'“‘
10" tera- =

10° giga- s
10° mega- W
10° kilo- N
10 hecto- ___T"'
10! deca- T
10° deci- &
102 centi- B |
10° milli- ‘m
10 micro- " i
10° nano- n
1012 pico- p
1013 femto- f
10-18 atto- a

DERIVED UNITS (OR DERIVED SI UNITS)

A unit obtained by multiplying or dividing one base unitby
another base unit is called a derived unit.

The derived physical quantities like area, volume, density,
pressure, force, energy, speed, velocity, acceleration, power,
momentum etc, all are derived SI units which have bzen
derived (obtained) from the base SI units.

The base Sl unit of distance (which is a length) is metre ()
and that of time is second (s). So

Unitof specd= unitof distance(or length) =ﬂ.,,f5arms'I
unitof time

Thus, the ST unit of speed is metre per second Which®

writt=n as m/s or ms".




YE ITS:
Name of the Name of the Symbol of the
derived quantity | derived SI unit | derived SI unit
Area Squaremetre | m’
Volurme cubic metre m’
Density kilogramper | kg/m’ or kg-m?
cubic metre
Speed (and velocity)| metres per m/s or ms™
second
Acceleration metre per m/s* or ms*?
second square
kilogram- kg.m/s orkg. ms™
metre per
second
Force (and weight) | newton N
Work (and energy) joule J
[Power walt W
[Pressure pascal Pa

r!MOTION, DISTANCE AND DISP'LACEMENT-II

A body is said to be in motion (or moving) when its

position changes continuously with respect to a stationary
object taken as a reference point.

The distance travelled by a body is the actual length of the
path covered by amoving body irrespective of the direction
in which the body travels.

When a body moves from one point to another, the distance
travelled refers to the actual length of the indirect path
whereas displacement refers to the straight line path between
the initial and the final positions. So, whatever be the actual
length of the path followed by a moving body, displacement
of the body is always represented by the shortest distance
between the initial and final positions ofthe body. Thus,
when a body moves from one position to another, the
shortest (straight line) distance between the initial position
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and final position of the body, along with direction, is

known as its displacement.
A

B b C

When a body travels from A to B and thento C
the distance travelled=p+b
and displacement=h
Distance is a scalar quantity (because it has magnitude
only) but displacement is a vector quantity because it has
magnitude as well as a direction.

UNIFORM MOTION

A body has a uniform motion if it travels equal distances
in equal intervals of time, no matter how small these time
intervals may be. The distanace-time graph for uniform
motion is a straight line.

'\J’
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0 Time= X

NON - UNIFORM MOTION

A body has a non-uniform motion if it travéls unequal
distances in equal intervals of time.

The motion of a freely falling body is an example of non
uniform motion. The distance-time graph for a body having
non-uniform motion is a curved line.
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(f1he distance - time graph is a curved line, the motion will
be non-uniform. Itshould be noted that non=uniform motion
i alzo called accelerated motion.

PEED, VELOCITY ANDACCELERATION

The motion of a body can be described by three terms:
speed, velocity and acceleration,

SPEED
Speed of a body is the distance travelled by it per unit time.

Distance travelled

Time taken
I1a body travels a distance 's' in time 't', then its speed 'v' is

Speed =

given by: .
ve=
Where
v = speed
5 = distance travelled
t = time taken (to travel that distance)

The Stunit of distance is metre (m) and that of time is second
(s), therefore, the S1 unit of speed is metres per second
which is writien as m/s or ms',

Speed has magnitude only, it has no specified direction,
therefore, speed is a scalar quantity,

AVERAGE SPEED

The average speed of a body is the total distance travelled
divided by the total time taken to cover this distance,

Averagespeed = T‘“'“! distance travelled
l'otal time wken

R CONSTANT SPEg,

A body has a uniform speed il it travels equa distanceg
equal intervals of time, no matter how smaj these 1
intervals may be, For example, a car is said to haye Wnifory
speed of say, 60 km per hour, if it travels 30 kms eVeryhaye
hour, 1 5 kms every quarter of an hour, | km eVeTY minyge
and 1/60 km every second.

VELOCITY
Velocity of a body is the distance travelled by jt Per unit
time in a given direction. Velocity ofa body is its speedn
specified direction.

Velocity = Distance travelled in a given direction/Time taken

v=s5lt

v = velocity ofthe body

s = distance travelled (in the given direction)
t = time taken (to travel that distance)

The unit of velocity is the same as that of speed, namely,
metres per second (m/s or ms™)

Speed has only magnitude. So speed is a scalar quantity
but velocity has magnitude as well as direction. Velocity isa
vector quantity.

v=s/t
s=yxt

Distance travelled = average velocity * time
UNIFORM VELOCITY (OR_CONSTANT
YELOCITY)

A body has a uniform velocity ifit travels in a straight lin¢
and moves over equal distances in equal intervals of time,
no matter how small these time intervals may be.

THE VELOCITY OFA BODY CAN BE CHANGED

INTWO WAYS:

() by changing the speed of the body, and

@ bykeepingthe speed constant but by changing ¢
direction,

CELERATION

Acceleration of a body is defined as the rate of chang® of
its velocity with time.




Acceleration = change in velocity/ time taken for change
Change in velocity = final velocity - initial velocity

final velocity — initial velocity
time taken

Acceleration =

V-u

ad=—
t
a=Acceleration of the body

v=Final velocity of the body
u = Initial velocity of the body
t=Time taken for the change in velocity
The S.I unitof acceleration is 'meters per second per second'
or 'metres per second square' which is written as m/s? or
ms*.
Acceleration is a vector quantity and when a body is moving
with uniform velocity, its acceleration will be zero.
UNIFORM ACCELERATION
A body is said to be accelerated ifit travels in a straight line
and its velocity increases by equal amounts in equal intervals
oftime. A body has a uniform acceleration if its velocity

Acceleration,

changes at a uniform rate.

Here are some examples of the uniformly accelerated
motion.
(i) The motion of a freely falling body is an example of
uniformly accelerated motion.

(i1) The motion ofa bicycle going down the slope ofa
road when the rider is not pedalling and wind
resistance is negligible, is also an example of
uniformly accelerated motion.

(ix) The motion of a ball rolling down an inclined plane

is an example of uniformly accelerated motion.
NON - UNIFORM ACCELERATION
A body has a non-uniform acceleration if its velocity
increases by unequal amounts in equal intervals of time. In
other words, a body has non-uniform acceleration ifits
velocity changes at a non-uniform rate.

RETARDATION (OR DEACCELERATION OR
NEGATIVE ACCELERATION)

A body is said to be retarded ifiits velocity is decreasing.
Retardation is measured in the same way as acceleration,
that is, retardation is equal to change in velocity / time taken
and has the same unit of ‘meters per second’ (m/s? or ms?).
Retardation in actually acceleration with the negative sign.

Retardation is measured in the same way as acceleration
that is, retardation is equal to change of velocity/time taken
and has the same unit of 'metres per second per second’
(m/s* or m s*). Retardation is actually acceleration with the
negative sign.

Average velocity = ) )
. (initial velocity + final velocity)

Average velocity = 3
EQUATIONS OF UNIFORMLY ACCELERAT
MOTION
There are three equations for the motion of those bodies
which travel with a uniform acceleration. These equations
give relationship between jnitial velocity, final velocity, ime
taken, acceleration and distance travelled by the bodies.

1. FIRST EQUATION OF MOTION
The first equation of motion is : v = u + at. It gives the
velocity acquired by a body in time 't',
Consider a body having initial velocity ‘u’. Suppose itis
subjected to a uniform acceleration “a’ so that after time*t’
its final velocity becomes *v’. Now, from the definition of
acceleration we know that:
Acceleration=change in velocity/ time taken

final velocity — initial velocity
time taken

Acceleratobn =

v=-u

v= ﬁnlal velocity of the body
u = initial velocity of the body
a= acceleration

t=time taken
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e distance travelled by a body in lime Y.

; (initial velocity + final velocity)
Average velogity = .
s=ut+Yzaf =
where s = distance travelled by the body in time '
u = initial velocity of the body
a = acceleration

3. THIRD EQUATION OF MOTION
The third equation of motion is:
v =u'+2as
where v=Final velocity
u= nitial velocity
a=Acceleration
s = Distance travelled

CIRCULAR MOTION

When a body moves in a circular path with uniform speed
{comstant speed), its motion is called uniform circular motion.
Circular motion is accelerated even though the speed of the
body remains constant. The motion in a circle wath constant
speed is an example of accelerated motion. Though the
speed may not change, the direction of motion changes
continuously. We, therefore. conclude that when a satellite
(iika the moon) goes round the earth with constant speed,
its velocity is not uniform because the direction of motion of
the satellite changes continuously. Thus, the motion ofa
satellite is accelerated.

In uniform linear motion, the direction of motion is fixed.
So, uniform linear motion is not accelerated. In uniform
crroular motion, the direction of motion changss continuously.
So, uniform circular motion is accelerated.

RADIAN

An angle in radians is equalto the length of the arc (which
subtends the angle) divided by the radius of the circle,

Angle in radians = length of the arc of the circle/radius of

the circle

a
circle.

LINEAR SPEED AND ANGULAR YELL: 1y

[istance travelled]
Lineat speeld = —— ——=——=
3 I rene 1uken

“The angular velocity of a body is the stgoiba i e,
-

per unit time. Angular disglacerment
Angular vdocity = — St
LAT BETWE SEAK SEEED Ay,

ANGULAR VELOCITY
e SN e
Angular velocity = Timme taken o

b

= —
!
where o = Angular velocity,
v = linear speed,
and 1 = Time taken

or

Linear speed

= Angular velocity » Fadius of the circular g,
v=mar
where v = linear speed,
w = angular velocty |
and r=radius of thecircular path

FORCE|

A force can produce three effects ;
(1) A force can change the speed of a body, It canmaks

a stationary body move from rest or increase of

decrease the speed of a moving body,
(2) A force can change the direction of motion of a body
(3) Aforce can change the shape of a body.

Hence
A force is an influence which tends 1o set a stationary bods
into motion or which tends to change the speed and direction
of amoving body or which tends to change the shape 0/
body.

EWTON'SFI TION _

A body at rest will remain at rest, and a body inmotion !

Il

0:::1‘;&;!1 'rstlw:g_lc“hich is subtended at the centre of  continue to remain in motion in a straight lin with a unifort
_ an arc having a length equal to the radius of the  speed, unless it is compelled by an extemnal force 10 change

its state of rest or of uniform motion.




Inertia is that property of a body due to which it resists
a change in its state of rest or of uniform motion. Greater
the inertia of a body, greater will be the force required to
bring a change in its state of rest or of uniform motion, In
fact, mass is ameasure of the inertia of a body. If a body
has more mass, it has more inertia. When a bus starts
suddenly, the passengers fall backward. This is due to the
fact that because of their inertia, the passengers tend to
remain in their state of rest (or stationary state) even when
the bus has started moving.

When a running car or bus stops suddenly, the
passengers are jerked forward because due to inertia the
passengers tend to remain in their state of moving (which
they possessed in a moving car or bus) even though the car
or bus has come to rest.

It is dangerous to jump out of moving bus because the
jumping man, who is moving with the high speed from the
bus, would tend to remain in motion (due to inertia) even
on falling to the ground and get hurt due to the resistance
offered by ground. Thus, Newton'’s first law of motion is
the law of inertia of matter. Neuton's first law of motion
says that a force is something which changes or tends to
change the state of rest or of uniform motion of a body.

N N'S SECOND LAW OF MOTION
The force acting on a body is directly proportional to the
product of the 'mass' of the body and the 'acceleration’
produced in the body by the action ofthe force, and itacts
in the direction of the acceleration.

Force = mass x acceleration

F=m xa

So a=F/m
The acceleration produced in a body is directly proportional
to the force acting on it and inversely proportional to the
mass of the body.

UNITS OF FORCE
The §.1. unit of force is newton which is denoted by N.
A Newton is that force which when acting on a body of
mass lkg produces an acceleration of 1mv/s? in it.
F=mxa
The first law of motion is, in fact, a special case of the second
law, because when the applied force F is zero, then the
acceleration ‘a’ is also zero and the body remains in its
state of rest or of uniform motion. It is obvious that Newton’s
second law gives us a relationship between the force applied
to a body and the acceleration produced in the body.
SOME APPLICATIONS OF NE 'SS
LAW OF MOTION
We have all seen that a cricket player lowers his hands
while catching a ball to stop it. He never stops a cricket ball
suddenly keeping his hands stationary. This observation can
be explained on the basis of Newton's second law of motion
as follows:
Ifa cricket player stops fast moving cricket ball suddenly,
then the change in the velocity of the ball from high value to
zero value will be in a very short time. Due to the very short
time taken to stop the ball, the acceleration (or rather
retardation) of the ball will be very large. And due to large
acceleration of the ball, the player will have to apply a large
force to stop it (because force = mass x acceleration). Since
the ball also exerts an equal force on the hand of the player,
the player’s hand may get hurt when he stops the fast ball
suddenly.
When the cricket player stops the same ball gradually by
lowering his hands alongwith ball, he takes a longer time to
stop the ball. The same change in velocity of the ball is now
brought about in a longer time and the acceleration (or rather
retardation) of the ball becomes comparatively small. And
because of smaller acceleration, the player will have to apply
smaller force to stop the ball gradually. It is also a known
fact that when a man falls from a height to a congrete floor,
he receives greater injuries than one who falls on a sandy
floor from the same height. This is also due to the same
reason.

ND




MOMENTUM

The momentum of a body is defined as the product of its

mass and velocity.
Momentum = mass X velocity

P=mxvy
where P =momentum

m = mass of the body

v = velocity (or speed) of the body
If a body is at rest, its velocity is zero and hence its
momentum is also zero. Thus, the total momentum is a vector
quantity and takes place in the direction of velocity. The
S.I. unitof momentum is kilogram metres per second' which
is written as kg.m/s or kg.ms™,
A karate player can break a pile oftiles or a slab of ice with
a single blow of his hand. This is because a karate player
strikes the pile of tiles or the slab of ice with his hand very,
very fast. In doing so, the entire momertum of the fast moving
hand is reduced to zero in a very, very short time. This
exerts a very large force on the pile of tiles or the ice slab
which is sufficient to break them apart. A cricket ball is not
very heavy but when it is thrown with a high speed (or high
velocity), it acquires a very large momentum and sometimes
hurts the batsmar. This is why a batsman often ducks toa
bouncer. On the other hand, a car or bus may not be running
ata high speed (or high velocity) but because of its high
mass, it has a very high momentum which may hurt the person
coming In Its way.
Relationship between force and momentum:

Force =mass x acceleration

or F=mxa
Acceleration = Change in velocity / Time taken
v=u
A=
1
F=m(ULu)
i
= my=Imu
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.uhere (mv—mu) s the change in momentum ofthe body
intime 't',

_ Farce = change in momentum / time taken
ie Force = rate of change of momentum

This gives us another definition of Newton’s

motion which can now be stated as:

The force applied to a body is directly PrOportiong]

rate of change of momentum which is produceg it the

Newtons's third law of motion b“*l?

According to Newton’s third law of motion: whene

body exerts a force on another body there is 2 equal

: ang
opposite force on the first body. In other words to eye
action there is an equal and opposite reaction. Actjgy mﬂ
reaction act on two different bodies, byt they ¢
simultaneously.

SOME__EXAMPLES TO ILL LUSTRATE

NEWTON’STHIRD LAW OFMOTION

1. HOW DO WE WALK : when we walk on the
ground, then our foot pushes the ground backwarg
and, in return, the ground pushes our foot forwarq.
The forward reaction exerted by the ground on oy
foot makes us walk forward. On the slippery ground
or ice, the friction is much less, and we cannot exerta
backward action force on slippery ground or ice which
would produce a forward reaction forceonus.

2. WHY THE GUN RECOILS : when a bullet is fired
from a gun, the force sending the bullet forward is
equal to the force sending the gun backward. But due
to high mass ofthe gun, it moves only a little distance
backward and gives a backward jerk or kicktothe
shoulder of the gunman. The gun is said to have
recoiled.

3. THE CASE OF JET AEROPLANES AND
ROCKETS: Jet aeroplanes utilize the principle of
action and reaction. In the modem jet aircraft, the ot
gases obtained by the rapid burning of fuel rushoutof
a jet at the rear end of the aircraft at a greal SP‘-’?d'
The equal and opposite reaction of backward goirs
gases pushes the aircraft forward at a great speed.
The rockets also work on the principle of action and
reaction. In a rocket, the hot gases produced %Y e
rapid burning of fuel rush out of a jet at the buﬁﬁgi‘:’:
the I'G:Bket ata very high speed. The egua] and Dpﬂs L
reaction force ofthe downward going 2asesP
the rocket upward with a great speed.

second lay of
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6.

OF AT AND THE SHIP
During the rowing of a boat, the boatman pushes the
water backwards with the oars. The water exerts an

equal and opposite push on the boat which makes the
boat move forward. In fact, harder the boatman pushes
back the water with oars, greater is the reaction force
exerted by water and faster the boat moves forward.
When a man jumps out of a boat to the bank of the
river, the boat moves backwards, away from him. This
is due to the fact that 1o step out of the boat, the man
presses the boat with his foot in the backward
direction. The push of the man on the boat is the action.
The boat exerts an equal force on the man in the
forward direction which enables him to move forward.
This force exerted by the boat on the man is reaction.
Since the boat is floating on water and not fixed, it
moves backward due to the action force exerted by
man.
THE CASE OF HOSE PIPE: When firemen are
directing a powerful stream of water on fire froma
hose pipe. they have to hold the hose pipe strongly
because of its tendency to go backward. The
backward movernent of the hose pipe is due to the
backward reaction of water rushing through it in the
forward direction at a great speed.
THE CASE OF HORSE PULLING A CART:
Accordhtgmﬂrmh-dlawofmotim,tt:horse:xms
some force on the cart, and the cart exerts an equal
and opposite force on the horse. So, at first glance it
seems that the force being equal and opposite cancel
out and hence the cart would not move. But it should
be noted that it is only the force on the cart which
determines whether the cart will move or not. and the
force exerted by the cart on the horse affects the horse
alone. Thus, if the horse is able to apply enough force
to overcome the frictional forces present, the cart will
move. So, to make the cant move the horse bends
forward and pushes the ground with its feet. When the
forward reaction 1o the backward push of the horse is

greater than the opposing frictional force of the wheels,
the cart moves.

T LAW OF
MOMENTUM
When two bodies act upon one another, their total
momentum remains constant provided no external forces
are acting. The law of conservation of momentum means
that whenever one body gains momentum, then some
other body must lose an equal amount of momentum.
This law can also be stated as: momentum is neither
created nor destroyed. The law of conservation of
momentum is also known as the principle of
conservation of momentum. The principle of
conservation of morentum is in accord with Newton’s
third law of motion which says that action and reaction
are equal and opposite.

The total momentum of the bodies before and after the
collision is the same. This means that the momentum of
the two bodies remains constant.
APPLICATIONS OF THE LAW OF
CONSERVATION OF MOMENTUM

The working of rockets and jet aeroplanes is based on
law of conservation of momentum.

The chemicals inside the rocket burn and produce high
velocity blast of hot gases. These gases pass out through
the tail nozzle of the rocket in the downward direction
with tremendous speed or velocity, and the rocket
moves up to balance the momentum of the gasses.
Although the mass of gases emitted is comparatively
small, but they have a very high velocity and hence a
very large momentum. An equal momentum is imparted
to the rocket in the opposite direction, so that, inspite
ofits lange mass, the rocket goes up with a high velocity.
In jet aeroplanes, a large volume of gases produced by
the combustion of fuel is allowed to escape through a
jetinmebackuarddirecﬁmmmﬂwvwhighspeed
or velocity, the backward rushing gases have a large
momentum. They impart an equal and oppositc
momentum to the jet acroplane due to which the jet
aeroplane moves forward with a great speed. Thus,
the rockets and jet aeroplanes work on the principle of
conservation of momentum.

,ERVATION OF




The momentum is also conserved whena bullet is fired
from a gun. [nitially, before a bullet is fired from a gun,
both, the bullet and the gun, are at rest. So, beforea
bullet is fired, the initial momentum of the bullet and the
gun is zero.

Now, when a bullet is fired froma gun, then the bullet
has the momentum given by: mass of bullet and velocity
of bullet, The bullet imparts an equal and opposite
momentum to the gun due to which the gun jerks
backwards. The gun is said to recoil. The momentum
acquired by the gun is : mass of gun x recoil velocity of
gun. According to the law of conservation of momentum.
Mass of bullet x Velocity of bullet

= Mass of gun x Recoil velocity of gun

Since mass of gun is large the recoil velocity is less.
FRICTION

When we push an object with only a small amount of
force, it does not move at all. It means that the surface
on which the object is resting, exerts some force on the
object and this force must be acting in a direction
opposite to the force of our push. In other words, some
force is acting on the stationary object which opposes
its motion. This opposing force is friction. A ball moving
on the ground also slows down or stops due to the
friction between the ball and the ground. Thus, we
conclude that: the force which always opposes the
motion of one body over another body in contact with
it is called the force of friction or just friction.
CAUSE OF FRICTION
Every object has a rough surface, though the surface
may appear to be smooth to the naked eye. When we
see through a microscope, it is found that the surfaces
ofall the bodies are rough —some are rough and others
are less. Some of the particles on the surface are in the
flarm ?f tiny hills and the others form grooves. These
tiny TU”S and grooves get entangled with one another.
Theinterlocking of the two surfaces opposes the motion
of one body over another and givesrise to frictional
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force. We can say that: friction is due to e o

of surfaces.

Friction is of three types: Static friction, ;
friction and Rolling friction. Static friction i s k:m
as limiting friction whereas dynamic ﬁicﬁmﬁa]mh\z:
as sliding friction or kinetic friction,

STATIC FRICTION AND QX‘H&-M!.Q

FRICTION
The static friction is the friction betweep, any twg

bodies when one of the bodies just tends to moy, or
slip over the surface of another body. There isng actual
movement of the body in static friction. If, howeyg
one body moves slowly or slides over another b;)d_\rn:
then the frictional force is called dynamic friction,

The maximum frictional force present when a body
just tends to slip over the surface of another body s
called static friction or limiting friction.

The force required to keep the block sliding, once
it has started sliding, is less than the static friction or
limiting friction. In other words, when a body starts
sliding the friction is less.

LAWS OF FRICTION
The four important laws of friction are given below:

1. Friction opposes the motion.

2. Friction depends on the nature of the two surfaces
in contact. In other words, friction depends onthe
kind of materials; smoothness; and degree of
lubrication.

3. Friction is independent of the area of contact
between the two surfaces.

4. Frictional force is directly proportional tothe Weigh
ofthe body which tends to move. This is WhY i
difficult to move heavier objects.

ROLLING FRICTION

When a body (like a roller or wheel) rolls 0V¢f Ehe

surface of another body, the friction is called /1"

friction.

The rolling friction is due to two reasons:

Ughneg,




0] The rolling body deforms the surface a little
bit on which it rolls, and

(i) The rolling body itself gets deformed at its
points of contact with the surface.
As the wheels of the car roll along continuously, the

various parts of the tyres and the road are successively
deformed, and cause rolling friction, and some force
has to be applied by the car engine to overcome this
rolling friction. It is obvious that if the wheel is hard and
the road is also hard, then the deformations will be less
and hence the rolling friction will also be less. So, we
should have sufficient air pressure in the car tyres to
reduce the rolling friction.

The rolling friction can never be zero. Rolling friction
ismuch less than sliding friction. Since the rolling friction
ismuch less than the sliding friction, therefore, it is easier
toroll a heavy drum than to drag it.

Most of the suitcases these days are fitted with small
wheel due to which it becomes very convenient to pull
them from one place to another.
FRICTION EXERTED BY LIQUIDS AND
GASES

The liquids and gases, however, exert much less
friction as compared to solid surfaces. The friction due
to air is still smaller. This can further be reduced by
giving a streamlined shape to the body. The special shape
ofa body (or object) around which a fluid (air or water)
can flow past easily, is called streamlined shape. The
shape of boats and ships are made ‘streamlined’ so

that they experience the minimum friction while moving
in water. Even the shapes of fishes and other marine
animals are such that they face the minimum friction
while in water.

Airexerts the force of friction on all the bodies which
move through it and opposes their motion.
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The most interesting example of the friction of air is the
case of a meteor (or shooting star). Meteors are the
stone like objects which enter into the earth’s
atmosphere from the outer space and are at a very,
very high speed. When the meteors fall through the
earth's atmosphere, their motion is opposed by the
friction of air. Due to the very high speed of meteors
through air, the heat is produced by the friction of air.
Due to the very high speed of meteors through air, the
heat is seen by us as shooting stars coming down the
sky during night. Most of the meteors falling from the
sky are small and burn up completely before reaching
the surface of earth. Only the very large meteors bum
partially and reach the earth’s surface. The meteors
which land on earth’s surface are called meteorites.
Friction is a necessary evil.

WHERE FRICTION IS USEFUL

We are able to walk because friction prevents us
from slipping. Walking on slippery ground is difficult
because the friction force is not great enough to prevent
slipping.

Without friction, belts could not drive machines and
the brakes could not be applied. Without friction, nails
and screws cannot be used to hold things together und
knots cannot be tied.

Friction also enables us to write on paper. The
lighting of a match stick is another useful application of
friction. The surface ofthe head of a match-stick and
the sides of the match — box are deliberately made rough
to increase the friction.

The tyre surfaces are made corrugated and rough
so that the friction between the tyres and road increases.
Due to greater friction, the tyre:s get a better grip on the
road which prevents skidding of the vehicle.

It is because of very small friction exerted by water
on the ship that it requires much more time and force to
stop a moving ship in water.

Spikes are provided in the shoes of players and

athletesto increase friction and prevent slipping.



Friction reduces the ¢

(N fliciency of machines.

i . |

(i) Friction prodluces heat which could damage the
machine.

@i  Frictionwearsoul the rubbing machine parts

pradually.

METHODS OF REDUCHING FRICTION

Friction is due to the roughness of surfiices. Any process
which makes the two surfaces smooth, will reduce the
fict
The Important methods of reducing friction are:

1. Bypolishing.

2. Byapplying lubricants (oil or grease) to surfaces.

3. Byusing ball-bearings:
The ball - bearing reduces friction by converting
sliding fiction into rolling friction.

4. Byusing rollers and wheels.

5. Bystreamlining.

THRUSTAND PRESSURE
Pressure is the force acting on a unit arca of the
object. The effect a force depends on the area of
the object on which it acts.
The pressure depends on two factors:

1. Force applied, and

2. Areaover which force acts,

The same force can produce different pressures
depending on the area over which it acts. For example,
when a force acts over a large area of an object, it produces
a small pressure, but if the same acts over a small area of
the object, it produces a large pressure.

We can now define pressure as follows: Pressure is the
force acting perpendicularly on a unit area o fthe object.
Pressure = force / area

The Sl unit of measuring pressure is ‘mewtons per square
metre” which is also called pascal,
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Pressure can also be delined in teryy OF i)
ealled “thrust'. The foree neting onn bedy Petren ¥ ey,
it surfince I8 enlled thrust, Theust g e totil fipge
the surfiee of'n body, So we can deline Pressurg

Thrust per unitarea is called pressure,

|!|l ||t|_-” hl
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Pressure = thrust / preg

The STunitof thrust is newton(N),
EXPLANATION OF SOMF HMM&:[
OBSERVATIONS ONTIHE i
I, Whyschool bags have wide straps;
A school bag has wide strap made of thigy clo
so that the weight of bag may fall over a larg, are)
of the shoulder of the child producing less presy e
on the shoulder, ifthe school bag has a strap my4,

of thin string, then the weight of school bag will b
over a small arca of the shoulder. This will produce
a large pressure on the shoulder of the child and i
will become very painful to carry the heavy school
bag.

Why a sharp knife cuts better than a blunl
knife:

A sharp knife cuts objects better due to its very
thinedge. :

Po—
A

L.e IfLesser is the area then high is the pressure,
Why the pressure on ground is more when?
man is walking than when he is standing:
When a man is walking, then at onetime only o™
ofhis feet is on the ground. Due to this, the foree
weight of man falls on a smaller area of the B“’“"d
and produces more pressure on the ground:
The tractors have wide tyres so that there s Ie.ss'
pressure on the ground and the tyres do not it
into comparatively soft ground in the fields. Woodd?




sleepers are kept below the raillway line into the ground
for the same reason.

It 15 easier to v alk on soft ground if we have flat
shoes rather than shoes with pointed heels. This is
hecause a flat shoe has greater area in contact with the
soft sand due 1o which there is less pressure on the soft
ground. Due to this the flat shoes do not sink much in

soft sand and it 15 easy 1o walk on it.

ARCHIMEDES' PRINCIPLE

When a object 15 placed in a liquid, the liquid exerts an
upward force on it 1f we lift a stone lying at the bottom of a
pond, it appears 10 be light as long as it is being lified inside
water. But as soon as the stone is lifted out of water into air,

the same stone féels to be much heavier.

We conclude that the objects appear to be less heavy
when submerged in water than when they are in air. The
objects appear 1o be less heavy in water because the water
exerts an upward force on them. In fact, every hiquid exerts
an upward force on the objects immersed in it. When an
object is immersed in a liquid, it experiences an upward
force. This upward force 15 called buayant force. Thus, the
upward force action on an object immersed in a liquid is
called buoyant force or “upthrust’,

The tendency of a liquid to exert an upward force on
an object placed in it is called buoyancy.

The pressure exerted by a liquid increases with depth and
acts in all directions (including upwards).

The maximum loss in weight of an object takes place
when it is fully immersed in a liquid. As mor¢ and more
volume of the object is immersed in a liquid, the upward
buoyant force acting on it increases.

FACTORS AFFECTING BUOYANT FORCE

1. Thebuoyant force exerted by a liquid depends on
the volume of the solid object immersed in the liquid-
The magnitude of buoyant force acting on a solid
object does not depend on the nature of the solid
object.
The buoyant force exerted by a liquid depends on
the density of the liquid in which the object is
immersed. As the density of liquid increases, the

[

buoyant force exerted by it also increases.
Archimedes’ principle states that when an object is
wholly or partially immersed in a liquid, it experiences a
buoyant force which is equal to the weight of liquid displaced
by the object. .
Buoyant force acting on an object
= weight of liquid displaced by that object
The magnitude of buoyant force is equal to the
weight of liquid displaced by the immersed object.
APPLICATIONS OF ARCHIMEDES PRINCIPLE
|. The hydrometers used for determining the density
of liquids arc based on Archimedes principle.
2. The lactometers used for determining the purity of
milk are based on Archimedes principle.
3. Archimedes principle is used in designing ships and
submarines.
DENSITY
Some substances appear to be heavy whereas others
are light. The density of a substance is defined as mass of
the substance per unit volume.

massof the substance
volumeof the substance

Density =

The SI unit of density is ‘kilograms per cubic metre’.
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DENSITIES OF SOME COMMON SUBSTANC ES
5 Density can also

Substance Density .
be writlen as

1] tee a0kgm'  [0.92 x 10" kg/m’
2 | Water 1000 kg/m’ 10 x 100 kgm’
3 | Glass 2500 kg/m’ 25 » 10" kg/m’
4 | Atminium | 2700 kg/m’ 27 * 10" kgm’
5| Iron 7800 kg/m’ 7.8 « 107kg/m’
6 | Mercury | 13600 kg/m’ 13.6 » 107 kg/m’
7 | Gold 19300 kg/m’  [19.3 « 10 kg/m’

RELATIVE DENSITY
The relative density of a substance is the ratio of its density

1o that of water,

Relative density = density of the substance / density ofwater
relative density of a substance = weight of the substance /
weight of an equal volume of water.
The relative density of a substance is the ratio of the weight
of any volume of the substance to the weight of an equal
volume of water.

GRAVITATION

According to Newton's law of gravitation (or universal law
of gravitation), every body in the universe attracts every
other body with a force which is directly proportional to
the product of their masses and inversely proportional to
the square of the distance between them.

Gravitational force
F{;M;-
R 2

Where G = gravitational Constant
NOTE: If we double the distance between two bodies,
the gravitational force becomes one-fourth and if we halve
the distance between two bodies, then the gravitational force
become four times,

Value of gravitational constant (G) = 6.67 x 10"''Nm*/kg>.
Unit of gravitational constant = Nm? kg 2

Jtisthe gm»t:::.cr'm foren Pamumen o .

- T .

P e,

which keeps the arth in tniform Sircuioe meg .

BT
sum. -
NEWTON'S THIRD LAW OF MOTi10y -
GRAVITATION R

Newton’s third law of motion says thar fan o

a ﬁ}rcf on E'{.“ﬂ"‘"‘-b eCi, then the LG S

eqluj md UF?('SI’, t;'. g E_L"-‘ ::_"3: \.1"‘?_-.'.";.: .‘-' ~ "-. T

third law of mation also holds sood

gravitation. Thismeans & that when earth exerz 3 £-n-

=

'-:'1:‘ ST 210 A e e,

attraction on an object then th S
force on the earth, in the opposite direction. Thes s
falling object attracts the earth towards itsel

The mass of a stone 15 v
gravitational force produces a lange acceleretion iz D
to large acceleration of stone. wecansee U he stone Bl

towards the earth. The mass of earth 15, however ven

very large. Due to the very large mass of the carsy, B
same gravitational force produces very, ven s

acceleration in the earth.

FALLING OBJECTS

Earlier it was though that the lighter objecs Rl slow’y =
the heavier objects fall more rapidly. This was later funs

J."‘ ry g Myt Py vk
fL 2.;...“1. L =

to be wrong by Galileo. Galileo dropped two stons of

different masses from the top of the leaning towes 07T
and found that they hit the ground at the sama tme. 777
this Galileo concluded that the acceleration ofan oo
falling freely towards the earth does not de'va_x 2 JE
of the object. It was suggestad by Galileo thar &2 5
speed of feather, while falling. is due to the fact that's .»1:".-‘:
area is very large as compared to its mass, 50 0w
experiences much more resistance fromair : s
slowed down. In vacuum, all the objects fall 310 =77

. 'r

ACCELERATION DUE TO GRAVITY

The uniform acceleration produced in a freely A7
due to the gravitational pull of the carth is knowe #
acceleration due to gravity and it is denoted t"‘ the W b_' 2
The value of'g’ changes slightly from place 108 '
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most of the purposes it is taken as 9.8m/s*. Thus. the
acceleration due to gravity, g=9.8m/s®.

The value of acceleration due to gravity'g' is maximum on
the surface of the earth. It decreases on going above the
surface of earth or on going inside the surface of the earth.
Since the acceleration due to gravity does not depend on
the mass of the body, all the bodies (whether heavy or light)
fall with the same acceleration towards the surface of the
earth.
APPLICATIONS OF NEWTON'S LAW OF
GRAVITATION o
Newton's law of gravitation helps as-
1. todetermine the mass ofthe earth accurately.
2. todetermine the masses ofthe sun, the moon and the
planets.
to estimate the masses of the double stars (A double
star is a pair of stars revolving around their common
centre of mass). The two stars of a double star system
which revolve around each other are held together by
the gravitational force between them.

In discovering new stars and planets.

[ ]
"

A large number of stars show a regular motion against
the background of more remote stars. An irregularity (or
unsteadiness) in the motion of a star indicates that it might
have another star close to it, which is very faint and not
visible, but exerts a large gravitational pull and makes the
motion of original star irregular (or unsteady). The irregularity
in the motion of a star is called -wobbling’. And the star
itselfis said to *wobble’.

The wobbling in the motion of stars indicates the
presence of another star near it (whose eravitational pull

causes the wobbling.)

General equations Equations of motion for]
of motion freely falling bodies

() v=u-at changesto v=utgl

(i) s=ut+1/2a changesto h=ut+ 12gt*
(i) v'=u + 2as change to vi=u?+2gh

(a)

(b)

(c)

(d)

when a body is falling vertically downwards, the
acceleration due to gravity, g, is taken as positive .
That is, acceleration due to gravity = 9.8 m/s?

when a body is thrown vertically upward, its velocity
decreases, so the acceleration due to gravity, g, is
taken as negative.
Thatis, acceleration due to gravity for abody thrown
upwards =-9.8 m/s*
when a body is dropped freely from 2 height, its initial
velocity “u” becomes zero.
When a body is thrown vertically upwards, its final
velocity *v’ becomes zero.
MASS
The mass of a body is the quantity of matter (or material)
contained in it. Mass is a scalar quantity and it is
measured by an ordinary equal arm balance. The umt
of mass is kilogram. The mass of a body is constant
and does not change from place to place.
(If earth attracts two objects with equal force, they have
equal masses)
WEIGHT
The earth attracts every body towards its centre with a
certain force which depends on the mass of the body
and the acceleration due to gravity at that place. The
weight of a body is the force with which it is attracted
toward the centre of the earth.
Force =mass x acceleration
The downward force acting on a body of mass ‘m’ is
givenby:
Force = mass x acceleration due to gravity
The SIunit of force and hence that of weight is Newton.
Another unit of weight is kilogram - weight
1 kg.w1=9.8 Newton
Weight is a vector quantity and it can be measured with
a spring balance.
The weight of a body is given by W =m x g and since
the value of'g’ changes from place to place, therefore,
the weight of a body also changes from place to place.
Thus, the weight of a body is not constant.



We know that the value of acceleration dug to gravity,
o' decreases as we go down inside the earth and
becomes zero at the centre of the earth. So, whate v.er
be the weight ofabody on the surface of the earth, Its
weight becomes zero when it is taken to the centre of
the earth.

WEIGHT OF AN OBJECT ON THE MOON
The gravitational pull of the moon is about one-sixth of
that of the carth, therefore, the weight ofan object on
the moon will be about one-sixth of what it is on the

earth.

CENTRE OF MASS

The centre of mass of a body is that point where the
whole mass of the body can be thought to be
concentrated.

All the bodies are attracted towards the centre of the
earth by a force which is directly proportional to their
mass. This force is called the weight of the body. The
whole weight of a body can be supposed to act ata
point called the centre of gravity.

The centre of gravity ofa regularly shaped body lies at
the geometrical centre of the body.

The centre of gravity of a body can be inside the material
ofthe body or outside it. Ifthe body is solid throughout,
then its centre of gravity lies inside the material of the
body. Ifthe boady is hollow, then its centre of gravity lies
outside the material of the body.
WEIGHTLESSNESS

The weight of a body is the force with which the earth
attracts it, An object is said to be ‘weightless' when it is
falling freely under the action of gravity.
WEIGHTLESSNESS IN SPACE

Anastronaut in a space—ship orbit the earth about 1000
kilometres above its surface. At that distance from the
carth, the force of gravity of earth is still quite strong,
Since the acceleration due to gravity, 'g' is not zero,
ﬂwre-ﬁ:sn:, the weight of astronauts in the space-ship
ccn;:unly cannot be zero. But still we say that he is
‘weightless'. It is because when the astronaut in the
space-ship is orbiting the earth, then both, the astronaut

and the space-ship, a:rt': ina cnminuingsmtc Ol frea g,
toward the earth with the same acce leration 5* fa
gravity. Since the downward accele tation U‘:_-c it
astronaut is the same as that of the space. ship, he dthre
not exert any force on the sides ofthe astronay 0es
space-ship and appears to be floating "weightlesg),
Thus, the astronaut is weightless with TES]}&QH-D lip
space-ship and appears to be floating. A weigh fig
machine kept in the space vehicle will show b Weighy
to be zero. Though the free fall of a body prndu:c; 8
feeling of weightlessness but a true weightlossnag e
be experienced by a space-ship in a region of gy,
space where the acceleration due to gravity 'g'is zer,
PROJECTILES
A falling object having a horizontal velocity , is calleq
projectile and it moves in a curved path called paraboly
In other words, an object having uniform horizonty|
motion and a uniform vertical acceleratiop
simultaneously, is called a projectile.
Thus, a projectile possesses two motions simultangous}y
(i) It possesses a horizontal motion with a constant
velocity, and
(1) It possesses a vertical motion downwards witha
constant acceleration.
Two coins,one dropped vertically and the other thrown
herizontally from the same height, take same amount of
time to travel the vertical distance from the table to the
ground. This means that the horizontal velocity ofthe
projectile has no effect on its vertical acceleration. In
any given time interval, the vertical distance travelled
by an object thrown paralle] to the surface of earths
the same as that travelled by an object dropped directh
from the same height.
Thus, the vertical motion a projectile is independent
its horizontal motion. The vertical distance h'trav¢/i®
bya projectile thrown horizontal parallel to the ET“““"J‘
intime ' is give by 1/2 g, which is the same as thil for
an object dropped vertica Ily downwards from the sanie
position. |
The vertical distance travelled by a projectile 4% w
depend on the speed with which it is thrown horizont !

“{’[h:
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The horizontal distance travelled by a projectile depends
on the speed with which it is thrown horizontally. It has
been found that larger the initial speed with which it is
thrown horizontally, greater will be the horizontal distance
travelled by it.

PLANETSANDSATELLITES ARE ASORT OF
PROJECTILES

It is the gravitational attraction ofthe sun which keeps
the planets revolving round it in their orbits, and it is the
gravitational attraction of the earth which makes the
moon (orartificial satellite) go round the earth repeatedly.

WORK, ENERGY AND POWER|

Work is done when a force produces motion. The work
done by a force on a body depends on two factors:

I. Magnitude of'the force, and

2. Distance through which the body moves.

Work is said to be done when the point ofapplication
ofa force moves. Work done in moving a body is equal
to the product of force exerted on the body and the
distance moved by the body in the direction of force.
W =Fx8

UNIT OF WORK

The unit of work is Newton metre' which is writtena

as Nm.

1 joule= 1 Newton x | metre

The S1unit of work is joule.

WORK DONE AGAINST GRAVITY
Whenever work is done against gravity, the amount of
work done is equal to the product of weight of the body
and the vertical distance through which the body is lifted.
FORMULA FOR WORK DONE WHEN A
BODY MOVES AT AN ANGLE TO THE
DIRECTION OF FORCE

W=FCosgxS

where W = work done, F = force applied, S = distance
movedand 0= angle between the direction of motion
ofbody and the direction of force applied.

17

WHEN THE FORCE _ACTS AT RIGHT

ANGLES TO THE DIRECTION OF MOTION
Cos90"=0

W=Fx0x §=0

This means that when the displacement of the body 15
perpendicular to the direction of force, no work is done.
Thus, the work done in the case of earth moving round
the sun is zero, and the work done in the case of a
satellite moving round the earth is also zero.

POWER

Power is defined as the rate of doing work.

Power = work done / time taken

Being a fraction of two scalar quantities, work and time,
power is a scalar quantity.

UNIT OF POWER

The unit of power is “joules per second”. The ST unit of
power is watt and it is the rate of doing work at 1 joule
per second.

ENERGY

Energy is the ability to do work. The amount of energy
possessed by a body is equal to the amount of work it
can do when its energy is released. The S.L unit of
energy is joule. Energy is a scalar quantity.

KINETIC ENERGY

The energy of a body due to its motion is called kinetic

energy.
Kinetic energy = F % S and also

Kinetic energy ='2mv?

From this formula, it is clear that:

() Thekinetic energy ofabody is directly proportional
to the mass of the body, and

(i) Thekinetic energy ofabody is directly proportional
to the square of velocity of the body (or square
of the speed of the body).

Since the kinetic energy of a body is directly

proportional 10 Its mass, therefore, if the mass of abody

is doubled, its kinetic energy also gets doubled and if

the mass of a body is halved, its kinetic energy also gets



(i)

(i)

halved. Again, since the kinetic encigy olo I“ﬁ}_ is
directly proportional to the square of its ‘f"l"l.“'"?'-
herefore. ifthe velocity of a body is doubled, itskinetic
energy becomes four times, and it fhe velocity of d body
is halved, then its kinetic enerpy becomes pne-foulh.
POTENTIAL ENERGY |
The energy of a body due o its position or change
shape is known as potential energy.
P.E=mgh

Where, m = mass of the body

g = acceleration due to gravity

h = height of the body above a reference point
The sum of the potential and kinetic energies nf'a body
is called its mechanical energy.
TRANSFORMATION OF ENERGY

The change of one form ol energy into another form of

energy is known as transformation ol encry, Whena
body is released from a height then the polential energy
of the body is gradually transformed into kinetic energy.

When a body is thrown upwards, the kinetic energy ol

body is gradually transformed into potential energy.
ENERGY FR D )
ENERGY)

Allthe energy comes or has come from the sun.,

Transformation of sun's energy into wind energy:
The sun’s heat causes uneven heating of land and
produces different air pressures at dilferent places.
These different air pressures produce wind having
kinetic energy.
Transformation of sun’s energy into electricnl
energy: The sun’s heat evaporates the water [fom scay
and lifis the water vapour high into the sky (and pives i
potential energy). When this water falls back to the
eanthinthe form of rain, then some of it is stored behing
1‘1@1 dams, When this water js allowed to fall from dam,
its potential energy is converted into kinetic ehergy.,
The kinetic energy of flowing water turms the turbies
which drive the generators to produce electrical ey gy,
This is done at a hydroelectric power plani,
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HEAT|

Heat i a form of enerpy. Heat Is peisured by the
temperature effect which it produces. When livat B
piven 1o sabstnnee ity lemperatne paes,
Temperature Iy the degree of hotmess of a sl
Temperature s mensured i e il of deprees Cebin
or Kelvin (k).

There are two temperatune senle which me conm
used in the measurement of tempersre e oy
Theseare;

() Celvivuy seale of temperature, and

() Kelvinscale of temperature,

The Kelvin temperature geale s il cil
lemperaitre nenle,
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CELSIUS SCALE OF TEMPERATUE

On Celsius scale of temperature, the melting point of
ice is given value of 0° {:«-:m degree), and the temperature
ofbailing water is given the value of 100° Thus the lower
fixed point is 0°¢ and the upper fixed point is 100

There are 100-0= 100 equal divisions or 100 degrees
between the two fixed temperatures.

KELVINSCALE OF TEMPERATURE

It has been found that the lowest temperature which
can be attained in a laboratory is minus 273°¢. This
lowest possible temperature is called ‘absolute zero®.
The Kelvin scale has its ‘zero” at ‘absolute zero’, Thus:

the temperature of -273°c is taken as the 0 of the Kelvin
scale.

The lower fixed point on the Kelvin scale is also the
‘temperature of pure melting ice under standard
1 atmospheric pressure and its value is -273k.

The upper fixed point on the Kelvin scale is also the
temperature of boiling water under standard atmospheric
pressure and its value is 373k.

RELATION BETWEEN CELSIUS SCALEAND
KELVINSCALE

Temp. on Kelvin scale =temp. on Celsius scale + 273

K=C+273

MESUREMENT OF TEMPERATURE

The temperature of a body is measured by an instrument
called thermometer.

GALILEQ'S GAS THERMOMETER (OR AIR

THERMOMETER)

Galileo used air as the gas in his thermometer, 5o it was
called an air thermometer.

LABORATORY THERMOMETER

It is a mercury thermometer. A comman laboratory
thermometer can measure temperatures from -10°C
to 110°C.

CLINICAL THERMOMETER

The normal temperature of a human body is 37°C. When
a person gets fever, his body temperature rises. The
thermometer used for measuring the temperature of
human body is called clinical thermometer.

1. A clinical thermometer has a very short range of
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temperature from 35° to 42°¢. This is dueto the fact

that the temperature of a human body never goes
beyond these temperatures.

A clinical thermometer has a constriction in its glass
tube just above the bulb containing mercury. This
constriction is to prevent the back flow of mercury into
the thermometer bulb when the thermometer is removed
from the mouth of the patient.
THERMAL EQUILIBRIUM
When two bodies are in contact with each other but no
heat flows from one body to another, they are said to
be in a state of thermal equilibrium.
UNITS OF HEAT
The S.1 unit of energy is joule, therefore, the S.1. unit
ofheat is joule which is denoted by the letter J. The old
unit of measuring heat is, however, calorie.
| calorie = 4.18 joules.
THE QUANTITY OF HEAT ABSORBED (OR
GIVEN OUT) BY ABODY
The quantity of heat required to heat a substance
depends on three factors:
(i) Mass of the substance
(i) Specific heat of substance
(iif) Riseintemperature of substance
) =mst
SPECIFIC HEAT
The specific heat of a substance is the amount ofheat
which is required to raise the temperature of a unit mass
ofthe substance by 1 degree C.
The S.1. unit of specific heat is “joules per kilogram per
degree Celsius”.
THERMAL EXPANSION
One of the important effects of heat is the thermal
expansion. thermal expansion’ means ‘increase in size
on heating'.
EXPANSION OF SOLIDS
A solid substance can undergo three types of expansion:
expansion in length; expansion in area and expansion
in volume. Expansion in length is known as linear




expansion; expansion in arca 1s known as superficial
expansion whereas expansion in volume is called
cubical expansion,

LINFAR EXPANSION OFSOLIDS

The increase in length ofa solid, on heating, 1s directly

proportional to:

(1) Rise in temperature, and

(i) The nature of'the matenial of the rod.
Coetlicient of lincar expansion

increasein lenght
origmal lenght

X Fis¢ in temperature

SUPERFICIAL EXPANSION OFSOLID

The increase in area of a solid, on heating, is directly
proportional to;

(1) Original area of the solid, and

(1) Rise in temperature

The coeflicient of superficial expansion of asolid is given
by the following formula:

Coeflicient of superficial expansion

_increaseinaren

-t x risein lemperature
originalaren

Coefl. of superficial expansion
=2 x coefT. of linear expantion.

ie P=2a
CUBICAL EXPANSION OFSOLIDS
The increase in volume of a solid, on heating, is directly
proportional to:
(i) Original volume of the solid, and
(11) Rise in temperature
Coeflicient of cubical expansion

increase in volume

= Al *® " -
original volume - 1is¢ I temperature
Coeflicient of cubical expansion

=3 coefl. of linear expansion
e ¥=3a

]
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CONSEQUENCES OFTHE EXPANSION
OF SOLIDS
Gaps are left between the rail joimts o allow fi,r

expanston. if the gaps are not left between the gy
the rails (which are made of steel) expand in summe
and get distorted because there will be no spacerr,,
accommadate the increase in length of the raile
Loops are provided in metal pipelines to allow for
expansion

Telephone wires sag more in summer due 1o
expansion.

Ifwe put boiling water in a tumbler made of thick
glass walls, itcracks immediately . This is due to the
fact that glass is a poor conductor ofheat. so when
boiling water is put in the glass tumbler, the mside
portion of the glass walls becomes hot and expands
while the outside portion of the glass walls remains
cold and does notexpand quickly: Due to the rapid
expansion of the inside glass wall but slow expansion
of the outside portion, it cracks.
APPLICATIONS OF EXPANSION OF
SOLIDS

Fixing of iron tyre to a cart wheel: the wooden
wheels of ‘tongas’ and bullock carts” have iron

tyres around them. The iron tyre 1s made <!ightly
smaller than the wooden wheel by a blacksmith
Itis heated uniformly when it expands and s size
increases. This hot iron tyre is now easily put around
the wooden wheel and water 15 poured over itto
cool it. On cooling, the iron tyre contracts and fits
tightly to the wheel.

To remove a tight glass stopper from a bottle: the
neck of the bottle is dipped in warm water. The
neck of bottle expands, the stopper becomes loose
and can be removed

Riveting of metal plates: to get a tight joint, metal
plates are riveted with red hotrivets. Whenthe bt
rivets are cooled, they contract and hold the two
plates very tightly.




4. To make thermo-switches: a thermo-switch is a
temperature~controlled switch which switches ;111'
current automatically when an electrical appliance
gets heated to a certain pre-set temperature. It also
switches on the current when the temperature of
the appliance tends to fall too much.
EXPANSION OF LIQUIDS

Like solids, liquids also expand on heatine and
contract on cooling. )
CUBICALEXPANSION OF LIQUIDS (OR
VOLUME EXPANSION OF LIQUIDS)
Coefficient of cubical expansion,

- V, -V,
vV, x(T.-T,)
CoefTicient of cubical expansion =

increase in volume
original volume x Rise in temperature

The coefficient of cubical expansion of a liquid is

the increase in its volume per unit volume of the

liquid when its temperature is raised by 1° C.
NOTE
1. Benzene has a low boiling point of 80°C, so a
benzene thermometer cannot be used to measure
high temperatures. On the other hand, mercury has
boiling point of 357 °C, so a mercury thermometer
can be used to measure high temperature.
Benzene sticks to the glass tube of the thermometer
whereas mercury does not stick to the glass tube.
WHY DO SUBSTANCES EXPAND ON
HEATING
All the substance (solids, liquids and gases) expand on
heating. When a substance is heated, the Kinetic encrgy
of its molecules increases. Due to increase in kinetic
energy, the molecules move more rapidly, the distance
between the molecules of the substance increases and
hence it expands.

2
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CHANGE OF STATE: FUSION AND
VAPORIZATION

The process m which a solid changes into a liquid on

heating is called fusion or melting. A change of state

takes place during melting.

The process in which a solid changes into a liquid on
heating is called vaporization. A change of state takes
place during vaporization. The reverse ofthis is also true.
That is, a vapour changes into a liquid on cooling. This
is known as condensation.

LATENTHEAT

When heat is supplied to change the state of a substance,
there is no rise in temperature of the substance. The
\atent heat of a substance is the amount of heat absorbed
by @ unit mass of the substance to change its state
without change of temperature. The 5.1 unit of latent
heat is joules per kilogram', The latent heat is used up
in overcoming the force of attraction between the
molecules of the substance.

LATENT HEAT OF FUSION (SOLIDTO
LIQUID CHANGE)

The latent heat of fusion of a substance is the amount of
heat required to convert a unit mass of the substance
from the solid state to the liquid state without change of
temperature, Ice at 0°C is more effective in coolinga
substance than water at 0°C. This is due to the fact that
for melting, each kilogram of ice takes in latent heat of
3.34 x 10° joules from the substance and hence cools
the substance more effectively. On the other hand, water
at 0°C cannot take any such latent heat from the
substance.

LATENT HEAT OF VAPORIZATION (OR

The heat required to convert a liquid into the vapour
state is called latent heat of vaporization. The latent heat
of vaporization o [ a substance ts the amount of heat
required to change a unit mass of the substance from
the liquid state to vapour state without change gf
temperature. When water changes into steam, it
absorbs latent heat, but when steam condenses to




fom water, i equal amonnt of latent heat is given oul,
Fhie b cavsed by steam are innch more severe than
thiose consed by boiling water though both of them are
ot the same temperature of 1007 C. This is due to the
fact thit steam contpins more heat, in the form of latent
heat, than boiling water,
EVAPORATION
‘The process ofa liquid changing into its vapour even
below its botling point is called evaporation.
COOLING CAUSED BY EVAPORATION
Duging hot summer days, water is usually kept in
carthern polts to keep it cold, The earthern pot has a
larpe number of extremely small pores in its walls, Some
of the waler continuously keeps seeping through these
pores to the outside of the pot. This water evaporates
continuously and takes the heat required for
vaporization from the earthen pot and the remaining
water. In this way, the remaining water loses heat and
pets cooled.
Perspiration is our body’s method of maintaining a
constant lemperature. When moisture evaporates, it
takes the latent heal of vaporization from our body,

EFFECT OF INCREASED PRESSURE ON Tyip
N Ty,
BOILING POINT OF WATER

An increase in pressure on the surface of waler raisey i

boiling points.
WATER _VAPOUR __IN
ATMOSPHERE): HUMIDITY

The presence of water vapour in the air is known as jig

THE AIR (0ORr

—_—

humidity. The air containing maximum possible amount of

water vapour in it is said to be saturated, Thus, the fonmation
of mist or dew on a glass containing ice-cold water shows
that the air around us contains water vapour.
RELATIVE HUMIDITY

The relative humidity of air at a given temperature 1s the
ratio of mass of water vapour actually present in a certain
volume ofair to the mass of water vapour required to saturate
the same volume of air at the same temperature, multiplied
by 100.

PERIODIC MOTION

This keeps our body cool, A fan increases the rate of

evaporation of moisture from our skin and makes us

. feel cool and comfortable. Similarly, water vaporizing
[rom the leaves of the trees cools the surrounding air.

SATURATED VAPOUR PRESSURE OF A

LIQUID

The saturated vapour pressure is the pressure of the

Motion which repeats itselfafter a fixed interval of time is
known as periodic motion. The periodic motion in whicha
body moves back and forth continuously is called vibratory
motion. In physics, the motion of a simple pendulum is an
example of vibratory motion.

MOTION OF ASIMPLE PENDULUM

vapour above the liquid surface when the vapour is ina
state of dynamic equilibrium with the liguid. The saturated
vapour pressure of a liquid increases with temperature.
BOILING OF A LIQUID

"The boiling point ofa liquid is defined as the temperature
at which its saturated vapour pressure is equal to the
atmospheric pressure acting on the surface of liquid.
Reducing the pressure on the surface of water lowers
its boiling point. The atmospheric pressure on high
altitudes like high mountains is less than the atmospheric
pressureat the sca-level. So, in mountainous places,
water boils at a temperature lower than 100°C.
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A simple pendulum consists of a small metal ball
suspended by a long thread from a rigid support, in
such a way thatthe bob is free to swing back and forth.
A simple pendulum completes every swing in exactly
the same time, provided its length is kept constant.
Whether the amplitude of oscillations a pendulum is large
or small, the time taken for one complete oscillation
remains the same.

Simple harmonic motion is oscillating motion ofan

object in which the acceleration of the object is:




(Y Alwinys i the opposile L|Ht‘i.'lll1rnn1ht:|lu.l|f.u,rnu'n!
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(i proportional to the displacement from, elibrinem

pemetionela smple pendulum isan example of simiple
LU .
WHAL KEEPS THE St

Once the pendutum bob is pulled to one side and

ENDULUM

releasedl, itis therestoring: foree exerted by gravity and
gension in the thread which tends to bring the bob back
o its mean position and Keeps it oscillat ing,

. LENGTHOF PENDULUM

The length ofthread from the point of suspension
to the centre oFbob, is called length of the pendulum,

2 OSCILLATIONS

One complete to-and-fro movement of the
pendulum bob is called oscillation.
L TIME-PERIOD

The time taken by the pendulum bob to make one

complete oscillation is called time-period of the
pendudim
The time-period ofa simple pendulum depends on:
(M
()

The time-period of a sim ple pvndulum does not dL‘F“:“d

Length ofthe pendulum, and

Acceleration due to gravity.

m
() Mass of the bob,
(i) Nature of material of the bob, and
(1)

Amplitude o oscillations

[

L

FORMULA po
SIMPLE PENDUL AiM

e e 2 S

g |
| 2

() “The time-pericad uf 5 sirtiphe periduturn i i
prospertional te the Septare rook of its lerth A e lerien,
oF  pendulum is increased, its time-pericd ziv
Increases
(i) “The time-period of a sirmple pendilrn is ety
proportional to the square reot of the acceleration due
to gravity at that place.
4. AMPLITLDE
As the pendulum swings to and frothe maximum
displacement of the bob from its ceritral pesition on
cither side is called the amplitude of pendulum
5. FREQUENCY OF OSCILLATIONS

‘The number of complete oscillations made by a simple

pendulum in one second is called its frequency. The SI
unit of frequency is hertz,

The number of oscillation made inone second s called
frequency. This means that the frequency of a pendulum
of time-period T will be 1/T. So, we can now say that
the *frequency isthe reciprocal of time-period”
Frequency = 1 /time period

WAVE MOTION

Wave motion is a vibratory disturbance travelling through

o medium in which energy is transferred from one point
(o another withoui there being direct contact belween
(he two points. Only energy is transferred by wave

motion, matter is not transferred from one place o

another by wave motion.



Sound is also an example of wave motion

A wave is a vibratory disturbance in a medium which
carries energy from one point to another without there
being a direct contact between the twao points.

MECHANICAL WAVES (ORE LASTIC WAVES)
Those waves which need a material medium for their

propagation, are called mechan ical waves or elastic
waves. Sound waves and water waves are mechanical
waves or elastic waves.

ELECTROMAGNETIC WAVES

Those waves which do not need a material medium for

their propagation and can travel even through vacuum,

are called electromagnetic waves.
DIFFERENCES BETWEEN ELASTIC WAVES
AND ELECTROMAGNETIC WAVES

DIFFERENCE BETWEEN SOUND WAVES

AND LIGHT WAVES (OR RADIO WAVES

|
[ RADIOWAVES, l

LIGHTWAvES

. Elasticwaves havea
low speed.

ELASTIC WAVES ELECTROMAGNETIC
WAVES
— e
1. Elasticwavesrequirea| |. Electromagnetic waves
material medium like can be transmitted even
solids, Bquidsiorgasss,|  TRCVBhYRCUIN.
for their propagation.

. Elasticwavesaredue | 2 Electromagnetic waves
to the vibrations of the are due to the varying
particles of the medium electric and magnetic

which fields in space.
i i . Allthe electromagnetic

waves have a very high
speed of 3 x 10*m/s.

. Electromagnetic waves

. Elastic waves have very have very high frequency
high frequency and and extremely short
large wavelength. wavelength.

. Elastic waves can be Electromagnetic waves
transverse waves or B rily anSverse

longitudinal waves. e

Sound waves are
longitudinal waves in
which the vibrations are
parallel to the direction
in which the wave
travels.

Sound waves cannat
travel through vacuum
They require a material
medium like solid, liquid
or gas, for their
propagation.

Sound waves have a
small speed in air, which
1s about 330 m/s.

K

(8]

Light

[ransverse Waves ip

WdadVeEs are

which the vibrations are
perpendicular to the!
direction i which the
wave travels

Light wiaves can travel

even through vacuum. |

|
The speed of light waves |
in air is very, very large |
Itis 3 x 10* m/s '
|
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Sound waves are due | 4. Light wave are due o
to the vibrations of the the varying electric and |
particles of the medium magnetic fields.
concerned.

Sound wave have low | 3 Light waves have very
frequency and high high frequencies and
wavelength. small wavelengths,
TRANSVERSE WAVES

A wave in which the particles of the medium
vibrate up and down ‘at right angles’ to the
direction in which the wave is moving, is called a
transverse wave.

EXAMPLES OF TRANSYVERSE WAVES

The water waves formed on the surface of water

in a pond are also transverse waves




CRESTS AND TROUGHS OF A TRANSVERSE

WAVE

The ‘elevation’ or ‘hump’ in a transverse wave is called T

crest. A crest is that part of the wave which is above
the line of zero disturbance of the medium. The
*depression” or *hollow” in a transverse wave is called
trough. A trough is that part of the transverse wave
which is below the line of zero disturbance. A transverse
wave consists of crests and troughs.

j/c';-eﬂ\ Crest
c
| Y
! Dislance =——
B 0 {Irom source)
y Trough Trough
LONGITUDINAL WAVES

A waves which the particles of the medium vibrate
back and forth in the 'same direction' in which the wave
ismoving, is called a longitudinal wave.

EXAMPLE OF LONGITUDINAL WAVES

_ The waves which travel along a spring when it is pushed

and pulled, are longitudinal waves.

_ The sound waves in air are longitudinal waves.
COMPERSSIONS AND RAREFACTIONS
OFA LONGITUDINAL WAVE
A compression is that part ofa longitudinal wave in
which the particles of the medium are closer to one
another then they normally are, and there is a
monementary reduction in volume of the medium.

A rerefaction is the part of a longitudinal wave in which
the particles of the medium are farther apart than normal,
and there is a momentary increase in the volume of the
medium. A longitudinal wave consists of compressions

and rarefactions travelling through amedium. '
'_:Elllpn:ssinn Rarefaction Compression Rarefaction

Greater
denstiy

reater  Less
denstiy dEllSti}’

Less
denstiy

! BETWEEN TRANSVE

WAVES AND LONGITUDINAL WAVES

l PULSE

PERIODIC WAVE 1

1. A pulse is a wave of short
duration,

. A pulse is not repetitive.

. A pulse is set up by a
single disturbance in the
medium.

. When a pulse is formed,
the medium oscillates for
a short while and then
returns to its original
undisturbed position.

. A pulse is formed in a
small part of the medium.
s0, in the formation of 2
pulse, only a part of the
medium is displaced from
its original undisturbed

position.

l. A periodic wave is 2
continuous wave of long
duration.

2.A periodic wave is
repetitive. A periodic
wave has a basic pattern
which repeats itself after
a fixed interval.

3. A periodic wave is set up

by a continuous
disturbance the
medium.

. When a periodic wave is
formed, the medium
oscillates for a long time
after it is disturbed.

. A periodic wave stretches
over the entire length of
the medium. So, in the
formation of a periodic
wave, every point of the
medium is displaced.

ULSES AND PERIODIC WAVES

PULSES AND PERIODIC WAYE>

1. The waves set up by a single disturbance in the

medium are called pulses.

(i) The formation of water waves on the surface of

water when a stone

of wave pulses.

is dropped into itis an example

(i) Thesound waves produced by the clapping of

hands is also an example of wave pulses.
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particles of the medium
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¢ T e ._ .
the direction ofwane direction ofwave

Transverse waves consist | Longitudinal waves

oferests and trovaghs COnSIST AL compressions

and raretactions
Transverse waves can be

e ]

Longitudinal waves can

propagatad onhy through
a solid or over the surface
of a hiquid. but not in a

be propagated through

solids, hquids as well as

LASeS
£as
4. Transverse wavescanbe| 4 Longitudinal waves
polarized. cannot be polarnzed.
PHASE

Allthe points on a wave which are in the same state of
vibration are said to be in the same phase with respect
to one another. Those points on a wave which are in
different states of vibration are said to be out of phase

WAVFLENGTH

The distance between two nearest poInts in a wave
whichare in the same phase of vibration is called the
wavelength. The distance between two consecutive
crests ofa transverse wave is called the wavelength,
The distance between two consecutive troughs of a
transverse wave is also called the wavelen gth. The

distance between a crest and an adjacent trough is
equal to halfthe wavelength.
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4.

LOAMPLITUDE

Fhe masimum displacement of the particles of the
mednum from thew onginal undisturbsed positions, when
awave passes through the medium, is called amiphitude
ol the wave

FINE-PERIOD

The tme required o produce one complete wave 15

called time-penod of the wave. The tme taken 1o
caoinplete one vibration is called tme-period
FREQUENCY

Lhe number of complete waves produced in one

second s called frequency ot the wave. The number
otvibrations per second s called frequency ol the
wave The number ot vibrations per second is called
reguengy

VELOCITY OF WAVE

he distance travelled by a wave inone second is called

velocity of the wave The S.1 unit for measuring the
velocity ofawave is meties per second

Velocity of awave = frequency wave length

SOUND|

Sound s a form of energy. Sound is that torm of energy
which makes us hear

HOW SOUND IS PRODUCED

Sound is produced when an object vibrates
PROPAGATION OF SOUND

(OR TRANSMISSION OF SOUND)

When an object vibrates, then the air layers around it

also start vibrating in exactly the same way and carry
sound waves from the sound producing object to our
cars. In the transmission of sound through air, there 1s
no actual movement of air from the sound-producing
body to our ear. The air layers only vibrate back and
forth, and transfer the sound energy from one layer to
the next layertill it reaches our ear.
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amatenial medium i :

gound needs ard. S ike solid, liquid Or gas

I,-trd‘\f'“"'j be heard. Sound cannot traye

T-hruugh
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IJ!E—Q&E OF MOONAND OUTER SPACE
Sound cannd! be heard on the surface of moon b:‘t:_ux
there is o air N the moon to carry the sound way es.
The astronauts who land on moon talk to one another
throug wire-less sets using radio way es. This is

hecause radio waves can travel even through vaceym

ihough sound waves cannat travel through vacuum).
THESPEED OF SOUND

The speed of sound depends on

| Thenature of matenial through which it travels,

2. Thetemperature. (The speed of sound in air will
be more on a hot day than on a cold day. )

The humudity of air. (The speed of sound is less in
dry air but more in humid air Sound travels about
< times taster in water than in air. Sound travels
about 15 times faster in ron than in air.)

L

THE RACE BETWEEN SOUNDAND LIGHT

Ona rainy day season, the flash of lightning is seen
firstand the sound thunder is heard a little later. Itis
dueto the very high speed of light that we see the flash
oflightning first and it is due to comparatively low speed
ofsound that the thunder is heard a lintle later.

Inthe game of cricket, the ball is seen to hit the bat
first and the sound of hitting is heard 2 litle later.

Ifa gun is fired from a distance, we see the flash of gun

firstand the sound of gun shot is heard a little later.

REFLECTION OF SOUND

e bouncing back of sound when it strikes hard
*rtace is called reflection of sound. The reflection of
“nd is uilized in the working of three devices:
"gaphone, sound boards and ear trumpet. The
"Nection of sound causes echoes.

(1)

ECHOES

The repetition of sound caused by the reflection of

Sound waves s call .
reflected soung. edanecho. Anechois simplya

THE FREQUEN

The range of frequency from 20 Hz 10 20,000Hz is
known as the frequency range ofhearing in humans.
Itis the audible range of frequencies for human ears.
The sound of frequencies lower than 20 Hz are
known as infrasonic sounds. The earthquakes.
volcanic eruptions, simple pendulum and some
animals like whales and elephants produce
nfrasonic sounds. Infrasonic sound cannot be heard
by human beings

CY RANGE OF HEARING

(i) The sounds of frequencies higher than 20.000 herz

are known as ultrasonic sounds. Both sonic and
ultra sonig sound are inaudile

Dogs can hear ultrasonic sounds of frequency upto
50.000Hz. This is the reason why dogs are used
for detective work by the police. Monkeys, deer,
cats, porpoises and leopard can also hear ultrasonic
sounds. Bats can hear ultrasonic sounds having
frequencies upto 1.20.000Hz In fact. bats canalso
produce ulrasonic sounds while screaming. We
cannot hear the screams of a bat because its screams
consists of ultrasonic sound having a frequency
much higher than 20.000Hz. The ultrasonic sounds
produced by bats are reflected back by other
obiects intheir path. and the echoes thus formed
are detected by bats. Itis due to this “echolocation’
of objects around them that bats can fly at night
without colliding with other objects.
ULTRASOLUND

The sound having too high frequency which cannot
be heard by human beings are called ultrasonic
sound orulrasound.

SONAR o
m -SONAR stands for '5¢:-unq n?.\'lganon
and raging . Sonar is an apparatus whichis usedtm
find the depth ofaseaor mllc-ca[e‘ i_lfe ur;de[:: r:jr
things like shoals of fish. shipwrechs. and enem

submarines.
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STRUCTURE DFATDEJI

An atom consists of asmall positively charged heavy nucleus
(containing protons and neutrons), with negatively charged
light electrons revolving round the nucleus n circular paths
called orbits. Thus, an atom is made up of three fundamental
particles-protons, neutrons and electrons. Protons are
positively charged. Neutrons have no charge whereas
electrons are neganvelv charped. Out of these three particles.
Protons and neutrons are inside the nucleus whereas
electrons are outside the nucleus. The particles present in
the nucleus (protons and neutrons) taken together are called
nucleons.

- Blactron
__—Proton
MNeutTon
r N'Eu -
PROTON e

Proton is a positively charged particle having an absolute
chargeof + 1.6 « 10'* coulombs. Since this is the smallest
positive charge camed by a particle, so this is taken as the
unit of positive charge and we say that the relative charge
of a proton 1s —1. The mass of a proton is about 1836
electrons. The relative mass ofa proton is | am.u. (1 atomic
mass unit) which is the same as that of a hydrogen atom,
the atom of lowest mass.
ELECTRON
Electron is a negatively charged particle having an absolute
chargeof -1.6 « 107"° Coulombs. Since that is the smallest
negative charge carried by a particle, so that is taken as the
unit of negative charge, and we say that the relative charge
ofanelectronis -1. The charge of an electron is equal in
magnitude but opposite in sign to the charge of a proton. A
normal atom has an equal number of protons and electrons
and since a proton and an electron have equal and opposite
ot ! e
= atomic particles. The mass of an

electron is about 1 / 1836 of the mass of a hydroger, atom
(which is the atom of lowest mass). Since the mass 0f 4
hydrogen atom 1s | amu, we can say that the relative Mass
of an electron is 1 / 1836 amu. The absolute mass of 4,
electron is, however 9 » 107" gram.
NEUTRON
Neutron is an uncharged particle or neutral particle which
is present in the nucleus of an atom. The mass of a neutron,
is the same as that of a proton i.e.1 amu. The relative charge
ofa neutron is zero.
ATOMIC NUMBER
The number of protons present in the nucleus of an atom of
an element is called its atomic number. Forexample, if an
element has 2 protons in the nucleus of its atom, then is
atomic number will be 2.
MASS NUMBER The total number of protons and
neutrons present in the nucleus of one atom of an element is
called its mass number. That is:

mass number = no. of protons — no. of neutrons
For example . If an element has 2 protons and 2 neutrons
then mass number = 2+-2=4
ISOTOPES
All the atoms of an element contain the same number of
protons but they may have different number of neutrons.
For example, all the uranium atoms contain 92 protons and
92 elecrons each, but all the uranium atoms do not contain
the same number of neutrons. The atoms of an element
having the same atomic number but different mass numbers
are called isotopes and the isotopes of an element differ in
the number of neutrons in their nuclei.
RADIOACTIVITY
The heavy elements like uranium, thorium, radium and
polonium emit some invisible rays which affect a photographic
plate just like ordinary light rays. These substances which
emit such invisible rays are called radioactive elements and
the property of emitting the invisible radiations is called
radioactivity. The spontaneous and uncontrollable
disintegration of certain heavy atoms with the emission of
alpha or beta particles and gamma rays is called radioactivity.
Example - A uranium -238 atom disintegrates on its own
and forms a new element thorium -234 by emitting an alpha
particle, and energy in the form of gamma radiations.
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This is an example of natural radioactiviry
some Particles are emited in Radioactivity. They are given

below.

SN.| Name of Particle| Charged Symbol
|.| Alpha positive | He'or o
2.| Bea negative pe ‘

3.| Gammarays nocharge | v

CHEMICAL REACTIONS

In chemical reactions, only the outermost electrons of the
atoms take part, the nuclei of the atoms remain unaffected
For example, when charcoal is burned in the oxygen of arr,
achemical reaction takes place to form carbon dioxide gas,
and a lot of heat is released in this chemical reaction.
NUCLEAR REACTIONS
In nuclear reactions, the nucleus of an atom undergoes a
change forming new atoms and releasing a tremendous
amount of energy. New atoms can be produced in a nuclear
reaction. which is not possible in the case of a chemical
reaction.
The first ever nuclear reaction in which one element was
chaniged into another element was carried out by Rutherford
mn 1919.
Rutherford showed by his experiments that it is possible to
change one element into another element by artificial methods
also.This process is called a nuclear reaction or
transmutatior.. Thus the changing of a stable element
artificially by changing the number of protons in its nucleus
is called transmutation of element.
Artificial transmutation is brought about by bombarding the
nuclei of stable elements with particles such as alpha
particles, protons, neutrons and deuterons. Though the
number of protons changes during artificial ransmutation
there may or may not bea change in the number of neutrons
during the artificial transmutation of elements. The new
element produced by artificial transmutation can either be
stable (non-radioactive) or unstable (radioactive).
The particles which are used to bombard the nuclei of atoms
for causing nuclear reactions are called projectiles.

A iy s e
1 the durvery of ate feez para e ©a ot st X
Neutrons are the best pre, v eg b taer v 7 02 e
reactuns becane ey o= redral tan g o derine g
Smcethenoutron man clecirca ; rerrd g ce “eekre
it can penetrate he nuclen of an e s ) »ist Swry
much repuizion. Inth s way reirr . cnbr g avat T
nuclear reactions e by ‘wtror ot Gt cerpes
can cause di{Terenit rnChear reacs o
TRANSURANIC FLEMESTS
The elements upto uransam (2o ks Yo, rave teen
found in nature They have been o ol are oo 2887
The elemerts having aomic mamber bagher “zr Y2 % s
occur I nature The slermerts havng 20rs MEmies = e
than that of uranagm ar= called Tandres SEmeTs
FORCES WHICH OPERATE 1%SIDE THE

NLCLELS

It has been found that the nuc’= of wmall 20ms &= gass
stable but the nucle: of ng #ors are Quate SEiE0e vOa
forces operate mside the nucien” of 2n 20 whers we s
positive protons and neutral neusrons

There are two types of forces operating Faide Ke Ducas
of an atom. These are elecarostatic force and rclea force
1. ELECTROSTATIC FORCE

The force which a charged pariicie exers on anoo=
charged particle is called electrosiatic forze The
electrostatic force may cause anNrachion of FEDLUNLEE
depending upon the nature of chargss on e parc = 1
the two particles have opposis charpes then e slecrsizc
force will cause arraction between them bt if e parcies
have similar charges then the elecirostatc force w22
repulsive and will cause repulsion berween e ST L=
charged particles.

2. NUCLEAR FORCE

The force with which two protons, two neutrons OF 2 proion
and 2 neutron attract one another in the nuc ‘eus is calisd
nuclear force (or strong force)

One important characteristic of nuciear forceistha 255
effective onty when the particles lixe profons and neutrons
are very, very close together. If the muc lear partcies ( roexs
and neutrons) are separated ¥ comparatvely 2Ze
distances then the nuclear force of aracton berween Dem
becomes very weak. And then the muclear paricies camdt
attract one another very much
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" isotopes uranium-235 and uranium-238 Both these
isotopes of uranium have the same number of protons [92_
cach) in their nuclel but they contain different number of
neutrons in their nuclei. The uranium-238 isotope 15 more
abundant in nature. Thus most of the uranium cccurring in
nature is in the form of uranium-238 isotope and a small
percentage of uranium-235 isotope occurs in nature
ASPECIAL PROPERTY OF L-235 ISOTOPE
A special property of uranium-235 1sotope i that its nucleus
18 very unstable due to which it can be fissioned (broken)
very easily. So even when a slow moving neutron (having
low energy) collides with a uranium-23 5 nucleus the nucleus
gets ruptured (breaks) to form smaller nuclei with the
emission of neutrons and an enormous amount of energy,
NUCLEAR FISSION
The nucleus of uranium-235 atom is highly unstable. So
when a neutron from outside is made to collide with a
uranium-235 nucleus then this nucleus breaks up or gets
fissioned to form smaller atoms with the liberation of a large

amount of energy. This spl*ting up of the nucleus is called
nuclear fission, The process in which an unstable nucleus of
a heavy atom (like uranium-235) splits up into two medium
weight nucler with the libertion of an enormous amount of
energy is called nuclear fission. The low energy (slow
moving) neutrons which can produce nuclear fission are
called thermal neutrons. The importance ofa nuclear fission
process is that it is accompanied by the release of an
enormous amount of energy. The controlled fission of
uranium-235 was first carried out by Fermi in 1942 In a
nuclear fission reaction neutrons are used up as well as
produced. For example, in the nuclear fission of uranium-
235 described above on:. neutron is consumed and three
neutrons are produced in each fission process. These
neutrons lead to further fission. The nuclear fission process
also emits radiations or rays of very short wavelength which
Is called gamma radiation or gamma rays. Uranium-235 5
i ey e

& _ - element the nucleus
of whqsc atom is unstable and which can fissign easily is
plutonium-239 (or pu-239). Plutonium-239 is an artificial
element which does not exist In nature jt

is however a

radicactive element. Plutonium-239 reguireg T
fission can e I"F‘..adﬁ art ﬂc:&:l} :-_'-l:q"j Lran; J?'-:_:j: F.
by a seTies of nuclear reactions and can be fissione:
it is bombarded with neutrons having excerey,.
speeds or exceptionally highenergy (acondeion g oy o =
10 achieve ). The easily fissionable material (4.
fissioned even with slow moving newtrons or 1, e
neutrons) are called fissile. Thus fiss
fissionable _ B
TYPES OF FISSION REACTIONS
1} Spontaneous fission
2) Prompt ﬁssitr:n and
3) Delayed fission.

When a nucleus undergoes fission on its own (w, 2
being hit by a projectile like neuron) & 5 called spompare .

When a nucleus splits up into smaller nucle
instantancously as soon as it 1s bombarded with 2 prosecis
(like neutrons) it is called prompt fission.

When a projectile like neutron enters 2 nucleus 24
causes an instability which leads to the fission ofthe nucles
after a short while, ntis called delaved fission
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ENERGY

Energy is the ability to do work. The amount of enery

possessed by a body 1s equal to the amount of work 1 2

do when its energy is released * (see page no. 17 for
work and power)

Types of energy

Mechanical energy

Heat energy

Chemical energy

Electrical energy

leearenergy

Solar :

There are vaniouns ways in which man controlled and made
use of energy to make his work easier and life better, more
Ccmfmlableand PIC&SBI'IL

I. ENERGY OF THE MUSCLES

The E€Nergy present in the muscles of man came from 1€
chemical eneTgy of the food which he cats.

h b B e
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USE ﬂf SlMPLE MACHINES
IHL—-*WIEW i1s a device or instrument which 15 used to

work more conveniently and more quickly. The si
nachines used by the man for making his work easf;? aI:'Le
e lever, the pulley. the inclined plane, the screw and the

geat The use of a simple machine for doing work has th

aivantages
(i) lrreduces the efﬁ:_-rt neade-fj todoa particular job.
(i) lransfers the point at which effort is needed 10 a
more convenient point, and
(i) It can change the direction of effort applied to a
more convenient direction.
A simple machine is called lever. A man’ s burden of work
was reduced 1o some extent by the use of simple machines
» ENERGY OF WIND '
Moving air is called wind. Wind possesses kinetic energy
and it is this kinetic energy of wind that s tilised for doing
work. The energy of wind was utilised by man in two
WaYS!
(i) Insail boats for ransport purpose.
(i) In wind-mills to pump out water from earth, and grind
grain to get flour.
Limitations of wind energy
An important limitation of wind energy (or wind power) is
that it 15 not available all the time, and at the place where we
need it to do various types of work. Despite these limitations,
an important advantage of using wind energy is that its use
does not cause any pollution and it is available free of cost.
3. ENERGY OF FLOWING WATER
The flowing water (or moving water) possesses kinetic
energy. The kinetic energy of moving water has been used
for doing various types of work. The device commonly used
for obtaining energy from flowing water is called water-
wheel. The moving water rotates the water - wheel, and
this rotating water-wheel can be made to tuma machine
that works for us. _
The energy of naturally flowing water in high rivers is stored
behind dams as potential energy and then used to produce
electricity. The electricity generated by using the energy ©
flowing water is called hydro-electric power.
Limitations of water energy ,
Animportant imitation of water-energy is that flowing Weler
or falling water is not available in plenty everywhere to turm
the water-wheels and run the machines. An important
avantage of water-energy is that its use does not cause
:F pollution. And like wind energy, it is also available free
Cost.

(or work) is mnli'e :?gmm SRS, A o e

T :1: into herat- Thus, ul'hcn we rub our

heat energy a.'nd L h:n !;teﬂhamcal energy is convgned into

! s become wanm. No special device

:f needed for converting mechanical energy or work into

;:é;;:;?' Heat energy can also be converted into

al energy or work. But the conversion

of heat energy into mechanical energy or work is a

complicated process and requires special device like a heat

engine.

HEAT ENGINES

A device by which the heat energy is converted into

mechanical energy is called a heat engine. Steam engine,

petrol engine and diesel engine, are all examples of heat

engines. Heat engines are of two types:

1. External combustion engine, and

2. Internal combustion engine.

Steam engine is an external combustion engine whereas

petrol engine and diesel engine are internal combustion

engines. Steam engine is called an external combustion engine

because the combustion of fuel (coal) takes place outside

the cylinder of the steam engine. On the other hand, a petrol

engine is called an intemnal combustion engine because the

combustion of fuel (petrol) takes place inside the cylinder

of the petrol engine.

The utility of steam engine in industry and transport was so

great that the invention of steam engine led to a historic

revolution called industrial revolution.

Limitations of a steam engine

() Asteam engine ishuge and heavy.

(ii) A steam engine does not start at once.

(iii) A steam engine is unsafe to use.

(iv) Asteam engine has low efficiency.

(v) Theburning of coal in the steam engine causes
pollution of air.

f TRANSFORMATION OF ENERGY

The changing of one form of energy i_nro another form { or
forms) of energy is called transformation of energy. During
the free fall of a body, the potential energy 1 L:onvtned into
kinetic energy, and then into heat energy. This heat energy
escapes into the ground but it is not destroyed. At a
hydmcle':ll‘ic power house, the potential energy of water 1s

transformed into electrical energy. At a thermal power
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station, the chemical energy of coal is changed into elecrical
energy. A steam engine converts the heat energy of steam
into mechanical energy,
A molor converts electrical energy into mechanical energy
and a cell or batery converts chemical energy into electrical
energy. A lamp converts electrical energy into light energy
and a heater converts electrical energy into heat encrgy. A
car engine converts the chemical energy of petrol into heat
energy and then into mechanical energy. A photoelectric
cell converts light energy into electrical energy. A transmitter
converts sound energy into electrical energy and a radio set
convert electrical energy into sound energy.
PRINCIPLE OF CONSERVATION OF ENERGY
Whenever one form of energy is converted into another
form, the total amount of energy remains constant. Energy
can neither be created nor destroyed, it can only be changed
in form or transferred from one body to another.
THE CASE OF AWATER-FALL
The water at the bottom of a water-fall is slightly warmer
than at the top. This can be explained as follows on the
basis of interconversion of nergy. At the top of the water-
fall, the water possesses potential energy. When this water
falls down, this potential energy gets converted into kinetic
energy. And when this fallir g water hits the ground, a part
ofthis kinetic energy is converted 1o heat energy.
EFFICIENCY OF HEAT ENGINES

beat converted mtn work
total hear taken i

Thermal cfliciency of an engi e =

The efficiency of a heat engine can be 100% only ifall the

heat energy gets converted into work (or mechanical

energy). The impossibility of converting heat energy
completely into mechanical energy, limits the efficiency of
heat engines.

Note :

I~ Mechanical energy can be completely converted into
heat energy.

2. Heat energy can not be completely converted into
Mechanical energy because a part of heat remains
unsused and does not get converted 1o mechanical
energy,

—

Ls;omn ENERGY |
=

The sun is source of all energy. The sun Provides uy heyy
and light energy free of cost! The energy obtaig e S ;he
sun is called solar energy. About one-thirg POMN of the
sunlight consists of infra-red rays.

DEVICES BASED ON SOLAR ENERGY

1. SOLARCOOKER:

A solar cooker is a device which is used to conk food by
utilizing the energy radiated by the sun. A solay (_;._*mk;
consists of an insulated metal box which is painted 4| Black
from inside. There is a thick glass sheet as a cover oyer,
box and a plane mirror reflector is also attached to the 1,
The food to be cooker is placed in a metal container and
the container is kept in the box and covered with glass sheet
The food container is painted black from outside to mae i1
a good absorber of heat. In order to cook the food, the
solar cooker is kept in the sunlight and its reflector 15
adjusted in such a way that a strong beam of sunlight fal|s
over the cooker top.

2. SOLARHEATER:

A solar heater is a device used to heat water by utilizing the
energy radiated by the sun. In a solar water heater. sunlight
i1s reflected on to black pipes containing wzter, by means of
plane reflectors. These water pipes are arranged in a box
similar to that of a solar cooker having a glass cover The
heat energy of the sun is absorbed by black water pipes
due to which water gets heated. This hot water is then
supplied into big buildings like hotels through pipes

3. SOLAR POWER PLANTS:

Solar energy can be used to produce electricity on large
scale as follow. the sunlight is reflected by concave reflecior
to black pipes containing water. The sun’s heat converts
the water into steam. The steam thus produced runs 2
turbine. The turbine drives a generator and produces
electricity.

4. SOLAR FURNACF:

In a solar furnace, thousands of small plane mirrors arc
amanged in a curve form to make a very big concave
reflector. Now, if a furnace is placed at the focus of such 2
big concave reflector, then the heat energy of the sun 15
Ereat enough to melt steel. A temperature of upto 3000
can be produced in a solar furnace.
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ARCELLS:
golar cells are de\-_'ice which convert th
directly into clctftnr.:al ENETgy or electricity. Solar cel Is are
qade from semi-conductor like silicon ang germanium
golarcells are usmf:[ o generate electricity needeqd in ma.n:
made space-satellites, and to provide electricity in far-off

© sunlight energy

places.
USES OF SOLﬂ_tR E?RGY
Jar energy 1su or cookin -

" -.Sl,suing solar cookers. & food. This s done by
Solar energy is used for heatin
buildings like hotels. This is d
heaters.
Solar encrgy.isused for producing electricity needed in
space satellites, and to run watches and calculators
This is done by using solar cells, '
Snlu_cgerg)f is used for the production of large scale
electricity in solar power plants.
Solar energy is used to melt and forge metals in solar
fumaces.
ADVANTAGES OF SOLAR ENERGY
Animportant advantage of solar energy is that it does not
cause any pollution. Moreover, it is available in abundance
in a hot country like ours and free of cost.
HARNESSING SOLAR ENERGY
The known reserves of the fossil fuels like coal, petroleum
and natural gas are very limited which will get exhausted in
afew decades time. This will create a energy crisis on the
earth. So, in order to overcome the impending energy crisis,
the man has accelerated the search for renewable sources
of energy. The sun is one of the major sources of renewable
energy. The sun is the most abundant and everlasting source
ofenergy on the earth. The energy given by the sun (in the
form of sunshine) is called solar energy.

LIMITATIONS OF SOLAR ENERGY

The important limitations of solar energy (or sun’s energy)

areas follows: _

() The first limitation of solar energy is that it reaches the
earth in a very diffused form. Every square metre are
of the upper atmosphere of earth receives 1.36 kilojoule
of solar energy per second. But only 47 per cent ofthis
solar energy (that is only about 0.64 kilojoule of solar
energy) reaches every square metre area of the earth’s
surface in one second. This intensity of solar energy 15
100 small for doing useful work.

2 g Water supply in big

one by using solar water

4,

5.

(1) Another limitation of solar
uniformly all the time ang
of solar energy keq:s on
at one place the solar
whole day. Moreover,
more at some places

_ other places.

(1) The 5'?1“' €nergy is not available during the night.

(1v) If during the day time, the sky is covered with clouds,
even then the solar energy is not available 1o us.
TRADITIONAL USES OF SOLAR ENERGY
Since the solar energy is available on the earth in a
very diffused form and non-uniformly. Therefore,
traditionally the solar energy has been put to very limited
uses, :

SOME OF THE TRADITIONAL USES OF
SOLAR ENERGY ARE GIVEN BELOW

(1) Solarenergy has been used for drying clothes.

() Solar energy has been used for obtaining salt from sea-
water,

(i) Solar energy has been used for reducing the moisture
content in food grains after harvesting the crops.

(iv) Solar energy has been used for the preservation of fruits.
vegetables and fish, etc. by the process of sun-drying.
SOLAR ENERGY IN INDIA
In India, efforts are being made to hamess solar energy
on a large scale to meet its very increasing needs for
energy. Some of the important steps taken in this
direction are as follows:
The use of solar cookers for cooking food is being
encouraged in India. The development of Non-
conventional energy sources (DNES) of the
government of India and similar departments at the states
level are making all out efforts to popularize the use of
solar cookers for cooking food. In fact, in 1962, India
became the first country in the world to start the
production of solar cookers on a commercial scalf_:.
These solar cookers are then made available to the public
at highly subsidised rates. _ o

(i) The use ofsolar water heaters for heating water is being

encouraged in India. The solar water heaters can now

be seen on the roof-tops of hotels, hospitals and
industrial establishments in our country. _

In order to hamness solar energy ona comrnerml:-ﬂ scale,

many solar encrgy parks are being established in India.

energy is that it is not available
at all the places. The available
changing everyday and even
energy keeps on changing the
the availability of solar energy 15
on the earth and much less at

(iif)
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HYDROFLECTRICITY

The energy of water flowing in a river or stored in a dam s
another potential source of enengy.
PRINCIPLE OF GENERATION OF HYDROELE-
CTRICITY
The basic principle of generation of hydroelectrcity 1s given
below. the water tlowang i a nver s collected by constructing
ahugh nse dam. The water stored in the dam is then allowed
to T;IJ! from the top of the dam Now, water turbine is located
near the bottom of the dam and the shaft of water turbine 15
connected o the electric generator. When the fast moving
water coming from the dam falls on the blades of the water-
turbine, then the kinetic energy of the flowing water rotates
the water turbine rapidly. When the water-turbine rotates,
then the armature of the generator also rotates rapidly and
produces electricity
ADVANTAGES OF GENERATING HYDROELE-
CTRICITY
(1) The generation of electricity from water energy does
not produce any environmental pollution.
() Water energy is a renewable source of electric energy
which will never get exhausted.
DISADVANTAGES OF GENERATING HYDROE-
LECTRICITY
The production of electricity power from hydroenergy by
constructing high-rise dams on rivers may giverise toa
number of environmental problems. A vast variety of flora
and fauna as well as human settlements get submerged in
the water of reservoir formed by the dam. Due to this many
plants and trees are destroyed, animals get killed and many
people are rendered homeless. The construction of dam on
a river disturbs the ecological balance in the downstream
area of the river.
THE RFAL SOURCE OF HYDROENERGY
The energy of water is called hydroenergy. The energy of
watcr 15 in fact an indirect source of solar energy. This is
because it is the salar energy which recirculates water in
nature in the form of water-cycle,
ENFRGY FROM THE EANS
The property of high “specific heat capacity” of water
enables the oceans to act as a storehouse of solar heat

energy [ he oceans cover almost 71 percent ofthe surface
of earth with water and they act as a vast collector Fsolar
heat energy but it has also a great storage capacity for the
solar heat energy (because ot its high specific heat) This
the solar heat energy stored in the water of ocegng can
provide us a renewable source of energy.

TIDAL ENERGY IN INDIA

I'he rise of ocean water due to the attraction of Moon j
called *high tide® whereas the fall of ocean water i called
‘Jow tide”. The tidal waves in the ocean build up ang recede
twice a day. The enormous movement of water bery, een
the high tides and low tides provides a very large soyrce of
energy in the coastal areas of the w orld.l _

Three potential sites have been chosen in India to hames;
the energy of tidal waves.

These are:

() GulfofKutch in Gujarat

() Cambay in Gujarat and

(i) Sunderbans along the East Coast in West Benga|
NUCLEAR ENERGY (ORATOMIC ENERGY)
Whenever the nucleus of a big atom is split to form small
atoms, energy is released. And if the nuclei of two small
atoms are combined together to form a bigger atom, even
then energy is released. The energy released by the fission
of a big nucleus of an atom into smaller nuclei: or by the
fusion of smaller nuclei into a bigger nucleus, is called nuclear
energy, because it originate from the nucleus of atom. Sun's
energy comes from the nuclear fusion reactions. Thus.
nuclear energy is by no means new; it is one of the oldes
things of the universe. The nuclear energy 15 also known as
atomic energy because it comes from the atomns.

NUCLEAR FUSION IS THE SOURCE OF SUN'S
ENERGY

The correct explanation of the source of sun's energy was
provided by Hans Bethe in the year 1939, Hans Bethe said
that the nuclear reactions in which the nuclei of hydrogen
atoms fuse to form the nucleus of helium atoms. is the source
of energy given out by the sun. The sun is made up of
h}'dmgm atoms, each hydrogen atom has a tiny nucleus at
IIs centre. Atthe core of the Sun, where the temperature 13
very high, the Hydrogen nuclei are moving at very high
speeds. When two such hydrogen nuclei fuse, they for
the nucleus of a bigger atom called helium . The nuclear fue!

in the sun is hydrogen, and the source ofsun’s energy is the
nucleus th}fdmgm atom.
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ass sunlight through a triang,; 2
i P1?scven1;}{1!01lra. ;icd‘ ( };:-:E‘ :II X jf:la PrISm, we get
nlﬂﬁdﬂ : s i-L. YL||nw,l"m_-¢m_ Blue
ndi2o and ?’ml:::t. This is called visible Spect .
we can see it Wi.lh. oureyes. All the colours of the visible
rum havediflerent wavelengths, with pe colour h;,',_,int:
h‘ ongest wa velength a_nd vrr:;E-:t colour havin i the sk m,_..i;
wavelength. The funﬂatrr..mlof SPECtUM Consisting of seyer
colours shows that the visible part of sunlipght L'fd.:nai'-lx of
ven different colours, j
COMP(]SIT'I'IUN OF SUNLIGHT
The sun-light CONSISts 0 fthree types of waves: ltra-violet
rays, visible light and infra-red rays, all having different range.
gfwavelenglhs. Out of these, ultra-violet rays have lﬂc
shortest wavelengths and the infra-red rays have the longest
wavelengths. We can see only the visible part of the sun-
ightcalled visible light” having the wavelength range from
sbout 4 x 107 metre to 7 x 10 "metre. The ultra-violet rays
and infra-rays and infra-red rays contained in sunlight are
invisible, and cannot be seen with our eyes. Infra-red rays
produce a sensation of heat whereas ultra-violet rays
produce fluorescence in certain substances,
I. INFRA-RED RAYS
The invisible rays whose wavelength is longer than that of
the visible red light, are called infra-red rays. Since the
wavelength of infra-red radiation is longer than that of red
light, its frequency will be lower than that ofred light We
cannot see the infra-red rays with our eyes, but we can
detect its presence because of its heating effect. Thus. an
important property of the infra-red rays is that they can
heat the ubjects on which they fall. Sun is a very good source
of infra-red rays. About one-third of the energy that we
receive from the sun consists of infra-red rays. This is why
we feel hotter in sun-shine than in shade. Infra-red rays arc
emitted by all hot objects
1 VISIBLE LIGHT ‘
The wavelengths of light which we can see ranee Iln_nm
4410 minvioletto 7.« 107 m in red. Our eyes are sensitive

r I hﬂ{,'aua’c

only to the waves whose wavelengths are between that ol

"letand red. The wave having wavelengths in the range
410" metre 10 7« 107 metre which can be seen by our
VS 15 known as visible light. The sun is waves having
"""“'L'|El1gths either less than 4 « 107 metre or more than

* 10" metre. The sun is one the best sources of visible
U The visible part of the sunlight consists of seven different

Wity |
npth cory esponding 1o a different colour. Thus. the

Vible pant of e i
. praart of the unlight consists of seven different colours
e Violet coloyr b

(0.4 16%m or ¢ the shortest wavelength of 0.4 microns
- TOAW ) and the red colour has the longest

Wwavelenph of () Tmicrons (0.7 4 16%m or )

3 Ul:”i.&—\"lf]l.ﬂ'l HAYS

Thenyisible ra

i o Whise wavelength is shonter than that of
€ vis

e violet light, are called ulira-vioka rays. Since the
wavelength of ultra-violet riays 18 shoner than thi of visible
violet light an important propenty of the invisible ultra-violet
Fays 15 that they darken the photographic film just like
ordinary light rays. The sun 15 a source of ultra-violet rays,
but most of these ultra-violet rays are absorbed by the upper
layers of the atmosphere and only a mall part of it reaches
the ground. The exposure of our ' ody to the ultra-violet
rays can produce a change in the colour of our skin. Too
much ultra-violet radiation 1s dangerous to health because
of its ionizing efects and can cause skin cancer.

' FUEL

Any substance which 15 easily available and burms inair at a
moderate rate, producing large amount of heat energy
without leaving behind any undesirable residue is called a
fucl

CALORIFIC VALUE OF FUEL

The amount of heat energy produced on completely burming
one kilogram of fuel in pure oxygen 1s called the calonific
value of fuel.

Thus, a fuel which produces more heat energy per kilogram
is said to have a higher calorific value

The calorific value of the fuels is expressed in kilojoules per
kilogram

CLASSIFICATION OF FUELS

On the basis of physical state of fuel, fuels are classi fied

nto-
Solid fuels:- The fuels which oceur ina sohid state at room
e

(emperature are called solid fuels.

Examples: -Wood, agricultural residues, charcoal, coal,
-okee. parallin wax.
u:]q.a.,,p.lr.:lhl'n Wi e
Liguid fuels:- The fuels which oceur ina liquid state at
i C : '
HNed higquid fuels.

roOm temperature are gl
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Examples:- Liquified hydrogen, pesrol, kerosene &% -

fumace oil, alcohol

Gaseous fuels - The fusls which occur in s Gaseos SEue

al room temperature are called Gassous fush.

Examples:-Water gas, producer gas. cozl g2

compressed natural gas (CNG), gobar gas, hydrogen 25
SOURCES OF ENERGY

The term * fuel” means anmy material which can produce heat
enery on burning. All the fusls available 1o us have solar
encrgy stored in them in form of chemica) energy overa
period of millions of years. Once these fossil fuels g2t
exhausted, it is not possible to regeneraze them. Ths, fossil
fuels are non-renewable sources of energy and are called
conventional sources of energy.

There are alternative sources of energy which are freely
available in nature such as solar energy, energy of flowing
water and wind, Such sources of energy are called
renewable sources of energy.

WOOD AND BIOMASS
Wood has been the most impontant source of energy right
from prehistoric times. Woed, on burning produces heat
energy. The heat energy so generated is put to a number of
uses.

However, with the increase in population, the availability
of wood is decreasing rapidly.

Biomass consists of dried Jeaves, cow dung or any other
non-usable product of animal or vegetable life. The biomass
is converted into combustible gases, such as methane, in
the gobar gas plants.

Biomass consists of dried leaves, cow dung or any other
non-usable product of animal or vegetable life. The biomass
is converted into combustible gases, such as methane, in
the gobar gas plants.

BURNING AND COMBUSTION

A large number of materials burn in oxygen or air with the
release ofheat and light energy. The materials which burn,
are ccfmmunly called supporter of combustion and the
chcmlc*al reaction which takes place with the release of
energy is called combustion.

(a) COMBUSTION
The chemical process, in which a substance bumns in airor

oxygen, with the release of heat and light i
combustion, e

BU.STTBLE SUBSTANCE
that bagms in air oF OXygEn or catches Freeac
Conbustible substance. Comby !

(b} coM

A
is called 2

ﬂm lﬁ:- . =
E‘.oodfl paper, coal, coke, hydrogen, liquified per; Oleyy;

25 (LPG). compressed natural gas (CNG), et
Lerosene, diesel, alcohol, ether, etc. are the Xamples o+

Jhustible suDsIancss.
) SUPPORTER OF COMBUSTION

A substance whichhelpsin the combustion ofa combutis,
cubstznce is called a supportet of combustion.
Examples :- _
Oxveen and air are the supporiers ufcilmbustlcn. [t mus;
be remembered that air contain 21% of oxygen by volume
which is a supporter of combustion. 78% of nitrogen by
volume is neither combustible, nor a supporter of
combustion.
It is for the same reason that combustible substances bun
at a moderate rate in air, but burm at a very fast rate in purs
oxXygen.
(d) IGNITION TEMPERATURE
The minimum temperature (lowest temperature) 1o which
substance must be heated before it catches fire, iscallad
ignition temperature.
(e) INFLAMMABLE SUBSTANCES
The substances which have a low ignition temperature
(generally less than 100°C) are called inflammatl:
substanices. The vapours of these substances in air can ezily
catch fire with aminor spark and, hence. can cause serious
accidents.
CONDITIONS NECESSARY FOR COMBUSTION
1. There must be a combustible substance.
2. There must be a continuous supply of supporter of
combustion.

3. Thetemperature of combustible substance should be
above its ignition temperature.

FOSSIL ENERGY FROM THE FOSSIL FUELS

The fuels which are preserved in Earth's crust as theremains
of plants and animals are called fossil fisels. _

These fuels were formed in prehistoric times. FollowinZ

are the main types of fossi] fuels:
1. Coal

2. Petroleum
3. Nal'um}ga_g

3ton s , b
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oRIGINOF THE FOSSIL FUELS
\{ifizons OF ye&rs ago. due 10 cenain natiry| Calamnies sych
- s, cyclones, storms, floods, et 5 larpe muamber
sjanimals and piants g0t buried bencath the earth. ngey
mid conditions and very high pressure and temperaryre
'r:"): earth and bactenal decomposition in the absence _-f
pi. % gradually decomposed o form coal, petroleum or
_sural gas. depending upon the extemal factors 1o whics
i were sub jected '
AL
E(%:;s formed in prehistoric tmes when huge forest areas
sot buried under the surface of the eanth. Under humid and
not conditions, they were attacked by anaerobic bacteria
which progressively removed hydrogen and oxy gen. leaving
benind carbon. Due to very high temperature and pressure
»f the earth. the carbon ot compact to form stony residue,
calied coal. Some amount of methane was trapped in the
caul. The slow comversion of wood into coal by a biochemical
process extending over millions of years is called
Coal is a complex mixture of free carbon and compounds
of carbon. If burnt directly, it produces harmful gases due
1 the burning of organic compounds. This leads to
amosphenc pollution.
PETROLELM
Petroleumn is a fossil fuel. It is a dark coloured. viscous and
foul smelling liquid commenly called crude oil. Itis always
found rapped between two impervious rocks. lts name s
derived from the latin word, *petra” meaning rock and
‘Sleum” meaning oil. Thus, petroleum literally meansrock
al
ORIGIN OF PETROLEUM _
Crade oil or petroleum is a complex mixture of solid. liquid
iﬂm hydrocarbons, mixed with salt water and earthly
Particles, _
Petroleum is formed by the anaerobic decomposition of
“aremely small sea animals and plants. which got I:u:med
Millions of years ago, The bodies of dead plants and animals
%caved in the absence of air under very high emperatire
“d pressure of the earth. The product of decay was
v oleum and natural gas. This product got rapped P
™o layers ofimpervious rocks forming an oil trap-
gas always collects above the petroleum layer.

OCCLURRY NCEOF py JROLELM
Petrolewm, .

betweentw, J: _: & modetate depths (300m 10 2000 m)
<=5 impenviows rocks. Petroleun deposits
00 with salt witer Pezroleum is highter
and the petrole: e trapped in between the rock cap
TUDHUm aver

PETROLEUM GAS
Petroleum gas is the gascous fraction obtained during the
racthional distillation of petroleun
Composition
Pewroleum gas 1s a mixaure of
(i) Bunane (CH )
(1) Propane (C H,)
(11) Ethane (C_H, )
The main constituent of perroleum gas in Butane.

UIFIED PETROLELM GAS
The petroleum gas when subjected 10 high pressure ot
room temperature gets iquified. The bquied petroleum gas
1s commonhy called LPG Itis highly volatile in nature and
changes 1o gas as soon as the pressure i1s removed
STORAGE AND TRANSPORT OF LPG

LPG is mixed with a small amount of a srong smeiling
volatile liqud called Mercaptan or ethyl mercapran
(C_H,SH) which has smell like that of hydrogen sulphide.
If the LPG gas leaks in air due to some reason. it can be
easily detected by the smell of mercaptan
ADVANTAGES OF LPGASADOMESTIC FUEL
1 It burns with a blue flame without any smoke. Thus it

does not blacken utensils or pollute air
It does not produce any poisonous gases during
combustion.

3. Itis very easy to handle. 1gnite or to put off
4 lthas avery high calorific value of 50k) ¢
Natural gas was formed millions of years ago along with
\en microscopic sea plants and arimals died

are ususlhy f' wnd rr

than salt water an

LI

(]

roleum wl
and got buried under the sand and mud

COMPOSITION _
Natural gas consists of 95°
mixture of ethane (C.H,).

(C,H,,}

4

o» methane (CH,) and 3% 0fa
propane (C H,) and butane
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OCCURANCE
Natural gas is found trapped between impervious 'jm:ks
Sometimes along with petroleum and sometimes without
petroleum

USESOFNATURALGAS

1. AS A FUEL: Natural gas has a very high calorific value
of 55kj gm. It burns readily and is used as a fuel in homes,
automobiles and industries.

2. ASASOURCE OF HYDROGEN AND CARBON:

When natural gas is heated strongly in the absence of air. it

decomposes to form carbon and hydrogen.

(i) The hydrogen so obtained is used in the manufacture of
ammonia gas. which is further used in the manufacture
of fertilisers such as ammonium sulphate, urea etc.

(i) The carbon so obtained is used as filler in the rubber
tyre industry

ADVANTAGES OF NATURAL GASAS A FUEL
() Natural gas can be directly pipes from production wells
1o homes and factories in much the same way as waler
through underground pipes. The initial cost of laying
underground pipes is very high, but in the long run, it is
cheaper as it saves on storage and transportation costs.
In Gujarat, quite a number of cities are provided natural
gas for domestic const mption through underground
pipes.
Itis an efficient fuel having calorific value of 55 kg It
causes no pollution on buming,
BIOGAS-AN INDIRECT WAY OF OBTAINING
FLEL FROM ANIMAL DUNG
Biogas is a mixture of gases formed when the shurry of animal
dung and water is allow.d to ferment in the absence of
oxygen. The fermentation of animal dung which takes place
in the absence of air due to the presence of anaerobic
bacteria present in the anima| dung is called anaerobic
fermentation.

Biogas is a mixture of methane, carbon dig

and traces of hydroge

The chief constityent

65 per cent by volum

(1)

Xide, hydrogen

n sulphide along with water vapour,

ofbiogas is methane gas and i about
e

38

E FORM -
_g{_]NDWIONS FOR THE FOR 1%

iAS
%T: large amount of water should be added .

dung so s (o Make AR Prm ofinadequare Moy
of water reduces the anaerobic fermentaton |, ith
result, the production of biogas drops.

Theanimal dung shurry should ferment only in the absene

Atimy|

the

[ ]

; ?Lil:empcmture of slurry should be maintainegd aroung
35°C. Any drop in temperature reduces the anaerobic
fermentation and, hence, the yield of biogas

ADVANTAGES OF BIOGAS

_éhj‘_ﬁls i5a g(ﬂd domestic fuel on account of the ful low ing

Lis

reasons:

| . Biogas has fairly large calonfic value.

2. Biogas is a convenient and clean fuel which does ngy
pm-(;Iruce smoke or other harmful gases.

3. Biogas is cheaper than any other fucl.

4. Biogas has no storage problems as it can be directly
supplied to a number of houses through pipelines

5. The slurry left behind isa good agricultural manure

BIOMASS

Waste material produced by living beings and the dead

materials of living beings are collectively called biomass

‘ LIGHT |

P ————..

INTRODUCTION

Light travels in astraight line. This property of light is called

rectilinear propagation of light. But, it has been tound that

the rays of light deviate from their path while travelling from

one medium to another medijum

DEFINITION OF REFRACTION

The phenomenon due to which aray of light deviates from

its path, at the surface of separation of two media, when

the ray of light is trave| ling from one optical medium 0

another optical medium, js called retraction ot light.

RULES FOR THE DEVIATION OF RAYS IN

ANOTHER OPTICAL M EDIUM

. th'n aray oflight travels from an optically less dense
medium (air) to an optically more dense medium (glass).



LR

) m“hhmﬂ,ds the normal al the surface of Separation
of Im."“‘.‘—l'li‘l
C Whenaray ol lighttravels fiom an optically meore detine
echium w the optically less dense medium, g hends
away from the narmal at the surface ol separation of
i media
W hen aray of light strikes the surface of separation of
pwo medi atan angle 90° C. 1t does not deviate from
il |'iil-||l. §
L\'ﬂ:'- ¥ REFRA ON
[ here are (Wo laws of refraction.
| The incident ray, the reflected ray and the normal lie in
he samie plane at the point of incidence.

s — Nirmal

[ el 1@y

Angle ol
incidence

Angle of
refraction

|

S Refracted
ray

If a circle is drawn at the point of incidence with any
radius, cutting the incident ray and the refracted ray and
if the perpendiculars are drawn from those points to l.hc
normal, then the ratio of perpendicular in air to the ratio
of perpendicular in denser medium is a constant quantity
and is commonly called refractive index of the denser
medium.

LATERAL DISPLACEMENT

The perpendicular shift in the path of incident ray with
respect to the emergent ray, while emerg{ngﬁnm a block
of some optical medium (such as glass) s called Latera!
displacement.

The magnitude of the lateral displacement depends upon
the following factors:

0 La."“] displacement increases with the increase inthe

 Latery

thickness of the glass block. _ -
Idisplacement increases with the increase i the
angle of incidence.
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v ':;Tu'?f“ EEN VELOCITY OF LIGHT [N
MEDIs & e
¥ REFRA IVE INDEX

gt travels with 5 velocty of 3 -
air Howey er, when :
medium, i shows doran

SIMPLE EFFECTS OF REFRACTION OF LIGHT

(a) A suck immersed obliquely n waser sppear bent and
e =

(b A com placed af the borom of a besier contasnng wasey
appear rassad

(c) Faces of people sitting opposste 1 you around 2 camp
fire appear 1o shimmer

10 ms = vacusam Of
ght enters some optically denser

REFLECTION OF LIGHT

Light is a form of energy which enables us 10 see ohiecs
from which it comes (or from which n s reflected) The
objects like the sun lamp. candie. etc. whuch ema thewr cwn
light are called luminous obiects. Those objects whach do
not emt light energy themselves but onh reflact or scamer)
the light which falls on them. are called non-hamnous obsers.
Light is a form of energy which causes m us the sensanon of
sight.

NATURE OF LIGHT

Light consists of electromagnenc waves which do not requee
a material medium (like solid, hquid or zas) for ther

high, being 3 x 1 0* metres per second. The speed of izt m
glass and water is, however, much less than that m ar
REFLECTION OF LIGHT

When light falls on the surface of an object. it may be

() absorbed

(i) transmitted or

(iif) reflected

lfanebja:tabsoﬂ*Saﬂdletign which falls on it then twill
appear perfectly black. The process of sending back ;_hc
light rays which fallon the surface C.f;i-.!‘! object, 1s called
reflection of light. Silver metal is one of the bestmﬂen,;@
of light. So, ordinary mirrors are made by depositing athin
laver of silver metal on one side of a plane ._',.m sheet The
siivcr laver is then protected by a coat of red paint. The




licht i i any lhermin‘nr}
reflection of light ina plane mirror (orany o

takes place at the silver surface init. L &

A ray of light is the straight line along which !I;_:lll !-l'*"-‘-'L 5

A bundle of light rays” is called a * beam oflight.

The “normal’ i;;l Iiu;: atright angle to the [1'|il:l‘lZ'FI' surface at

the point of incidence.

Theangle ofincidence is the angle made by

with normal at the point of incidence.

The angle of reflection is the angle made by the reflected

ray with the normalat the point of incidence.

LAWS OF REFLECTION OF LIGHT

I. FIRSTLAW OF REFLECTION:- The incident ray,
the reflected ray, and the normal (at the point of
incidence), all lie in the same plane.

the incident ray

Noermal

Angle of
incidence

Angle af
reflection

/

2. SECOND LAW OF REFLECTION:- The angle of
reflection is always equal to the angle of incidence. (A
ray oflight which is incident normally (or perpendicularly)
on a murror is reflected back along the same path
because the angle of incidence as well as the angle of
reflection for such a ray of light are zero).

REAL IMAGES

The image which can be obtained on a screen is called a

real image.

VIRTUALIMAGES

The image which cannot be obtained on a screen is called a

virtual image. A virtual image can be seen only by looking

mfﬂ a r.nirrur (ora lens). The image of our face ina plane
mirror is an example of virtual image.

THE POSITION OF IMAGE FORMED |
MIRROR Al

Distance of image from mirror =
mimor

4— reflected ray
Incident ray_—_

distance of object from

LATERAL INVEIISIDN
[fan object is placed in front of a plane mirrqy, i

right side of the object appears to be the left siq, Of th
iII;"ig:: and the left side of the object appears to be y,, g
side of its Image. This change of sides of an object ﬁﬁdhn_-‘
mirror image is called lateral inversion.

THEIMAGE FORMED IN A PLANE MIRROR

LATERALLY INVERTED WITH RESPECTT0 1355
OBJECT

The characteristics of an image formed by a plane mire,
|. Theimageisformedina plane mirror is virtual. It cangy
be received on a screen.

The image formed in a plane mirror is erect. [tis he

same side up as the object.
3. The image in a plane mirror is of the same size as the

2

object.
4. The image formed by a plane mirror is at the same
distance behind the mirror as the object is in front of
the mirror.
The image formed ina plane mirror is laterally inverted
(sideways reversed).
REFLECTION OF LIGHT FROM CURVED
SURFACES: SPHERICAL MIRRORS
When a paralle] beam oflight rays falls on a plane mirror, i
is reflected as a parallel beam. So, a plane mirror changes
only the direction of incident light rays, it does not ‘converge’
or ‘diverge’ the parallel rays of light (to bring the paralle!
rays of light “closer together” is called ‘to converge' the
rightrays whereas ‘to spread out” the parallel rays of light s
called ‘to diverge’ the light rays).
A spherical mirror is that whose reflecting surface is the
partofahollow sphere of glass. The spherical mirrors &
of two types: concaye mirrors, and convex mirrars.
() A concave mirror js that spherical mirror in which the

reflection of light takes place at the concave surface
(bent-in surface)

L

0

(i A convexm irror is that spherical mirror in which the

reflection oflight takes place at the convex surface:
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e TRE_OF CURVATURE, oy
L VATURE, POLEAND PRINCTPAL
L "’II.““ ‘_,!.,_l M!lt_l“ﬂi

e

] e . o , M . !

:"fwn[n' ot curvatire obaspherical mioy js
i

S oy
AXIS OF A

ety .'Ilw.culuruni'
Jow sphere of glass ofwhich the migyor I 41 i

jusofcurvature obaspherieal mivror jg 1y rading of
. . ) = oLl 51

wsphere of plass ofwhiclh (e mirror s g B

Caspherical mireor is called jis pole '

Ih;hﬂ‘r
[he
,h,:ih"""'
fhe cepte . :
!IH._..-rr.-li}Ih' line |1f1551u}:‘ through the centre ol curvature
JHL“H]!E.“r“spiwru:*:ll |11|‘|'|'m' s called its principal
hat I.,‘“-“'m] ol s mirror lrom

: axis.

; which the relection of light
ju.'l”i]"-'" fakes ]1[‘.1.1‘:.‘ is called the aperture of the mirror.
HE],;\'I‘I”N BETWEEN RADIUS QFCy IRVATURE,
AND FOCAL LENGTH OF A SPERCIAL MIRROR
the focal length oFaspherical mirror (a concave mitror or
seonvex mirror) is equal to half ol its radius ofcurvature,
F=RA2 .

FORMATION OF DIFFERENT TYPES OF
IMAGES BY A CONCAVE MIRROR
Wecan place the object at diflerent positions (or different
distances) from a concave mirror to get difTerent types of
images. For example, we can place the object:

(@ Between the pole (") and focus (FF)

(i) Atthe focus (FF)

() Between focus (F) and centre of curvature (C)

(v) Atthe centre of curvature (C)

(V) Beyond the centre of curvature (C) and
(V) At tar-offdistance called infinity

SUMMARY OF THE IMAGES FORMED BY A

1) Whe i
(W hen ohjeet i atinfinity,

Image
rat IF
* diminished

* erect

(2) When object is anywhere between pole and infinity,

Image
* between
F&P
»smallerin
size
* erect

USES OF CONCAVE MIRRORS

(i) Concave mirrors are used as shaving mirrors.

(i) Concave mirrors are used as reflectors in car head-
lights, search lights, hand torches, and table lamps.

(i) Concave mirrors are used by doctors to concentrate
light on body parts like ears and eyes which are to be

examined.
(iv) Large concave mirrors are used in the field of solar
energy to focus sun-rays on the objects to be heated.

SOME IMPORTANT CONCLUSIONS

CONCAVE MIRROR

Position Position | Size of Nature
____nr“bj“ﬂ ofimage | image |ofimage |
| mhcm Behind the| Diminished| Virtual and

between | mirror erect

Pole Pand | hetween
--..LI_“_l_-'_"'_t} Pand F |
s Atinfinity | Behind the Highly Virtualand

mirrorat | diminished | erect
~~——__ |focusF —

The images formed by a concave mirror can be either behind
the mirror (virtual) or in front of the mirror (real). So, the
image distance for a concave mirror can be either positive
or negative depending on the position ofthe image. Ifan
image is formed behind a concave mirror (to the rightside),
the image distance is positive but ifthe image is formed in
front of the mirror (on the left side), then the image distance

will be negative.

In & convex mirror, ¢ ‘
hand side (behind the mirror), so the image distance fora

convex mirror will be always positive.

he image is always formed onthe right
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The focus of concave mirror is in front of the mirror on the
left side, so the focal length of a concave mirror is positive
and written with a minus sign, say - 10cm). On the other
hand, the focus of a convex mirror is behind the mirror on
the right side, so the focal length of a convex mirror is positive
(and written with a plus sign, say + 20cm or just 20cm).
SUMMARY OF THE IMAGES FORMED BY A
CONVEX MIRROR

Image -

*at C

« [nverted of
same size

Image -

= between
F&C

« Inverted

» diminished

» Inverted
. diminished

Position Position | Size of | Natureof
ofobject | ofimage | Image Image
1|Within focus | Behindthe | Enlarged |Virtualand
(between pole| mirror erect
P and focus F)
2{Attocus(F) | Atinfinity | Highly Real and
enlarged | inverted
4 AtC
3{ Between BeyondC | Enlarged | Realand A x
Fand € inverted /E
4] AtC AtC Equalto |Realand | —8jc <
object |inverted \E
A?
5|BeyondC | Between |Diminished| Realand £
Fand C inverted
6| Atinfinity | AtfocusF |Highly [ Realand [ 3.BeyondC
diminished | inverted X - '&E
) B, /E
1. Within focus (between pole P and focus F) \'-R;
6. At infinity
1
""“"4', Image - 3
/j// | * beyond the =%
f“"ﬁ/ F 8 EP g, mirror - o =
A e .
* extremely . o=
enlarged e
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USES OF CONYEX MIRRORS

(i) Convex mirrors are used as rear-view mirrors in
autornobiles (like cars, trucks and buses) to see the maffic
at the back side. A driver prefers to use a convex muror
as back view mirror because of two reasons:

(i) A convex mirror always produces an erect image of the
objects.

(iii) The image formed in a convex mirror is highly dimimished
or much smaller than the object, due 1o which a convex
mirror gives a wide field of view (of the traffic behind).

MIRROR FORMULA

The ratio of the height of image to the height of object is
known as linear magnification.

Magnification = height of image ' height of object

Or m=h,'h,

Where h, = height of image

And h = height of object

Ifthe magnification has a plus sign, then the image is virtual

and erect. For areal image, h2 is negative and hl is positive,
sothe magnification (h2h|) for a real (and inverted) image
is always negative. In other words, if the magnification has
aminus sign. then the image is real and inverted.

The object can be:

(i) Anywhere between pole (P) and infinity and

(i) Atinfinity

PRISM

A prism is a piece of glass or any other transparent material,
which is bounded by two triangular surfaces and three
rectangular surfaces. The rectangular surfaces are called
refracting faces. The angle between two refracting faces is
called angle of prism.

The angle between the incident ray and emergent ray is
called angle of deviation.

If we measure

(i) angle of incidence (ii) angle of emergence

(i) angle of prism and (iv) angle of deviation
DISPERSION OF WHITE LIGHT THROUGH A
PRISM

The order of colours from the base of prism s, violet, indigo,
blue, green, yellow, orange and red. This order of colours

can be easily remembered by remembering the word
VIBGYOR

(i) Dispersion: The phenomenon due to which white light
splits into seven colours (VIBGYOR), when passed through
and equilateral prism 15 called dispersion

(i1) Spectrum: The hand of seven colours obtained on the
screen, when white light sphits into seven colours is called
Spectruim.

RAINBO

A rainbow is formed by the dispersion of sunlight by the
tmy droplets of water, suspended n ar, just after the ran
The suspended droplets of water act as innumerable smali
prisms. When sunlight passes through them., it gets dispersed
to form a band of seven colours. The red colour appears
on the upper arc and the violet colour on the lower arc of
the rainbow.
ﬂrwwnohaﬁ'ndﬁtm“hﬂehgﬁﬂnhg‘ljmm
of seven colours is often referred to as visible spectrum.
The components of the solar spectrum, which are not visible
to the eye are collectively called invisible spectrum.
INFRA-RED REGION

An invisible region of the solar spectrum. which is not visible
spectrum is called infra-red region.

The infra-red rays basically produce a heating effect. All
hot bodies emit infra-red rays including our own body.
However, the wavelength of these rays depends on the
temperature of the hot body. Higher the temperature of a
body is. shorter is its wavelength and vice versa.

While the temperature of a body rises, it absorbs infra-red
radiations. Conversely, when a body cools, it gives out infra-
red radiations. The heat energy in the sunlight is due to the
infra-red radiations.

ULTRAVIOLET REGION

An invisible region of the solar spectrum, found below the
violet region of the visible spectrum is called ultraviolet
region.

The wavelength of ultraviolet radiations is smaller than that
of visible region. A prolonged exposure to ultraviolet rays
can lead to skin cancer or blindness.

Ultraviolet rays are employed in the detection of fake
currency note and for various purposes in many Scientific
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LENS

A lens is a piece of a transparent optical material, having
one or two spherical surfaces. A lens can have either one
spherical and one plane surface or two spherical surfaces.

Lenses can be divided into twao broad classes.

CONVEX LENS

A piece of transparent optical material, having one or two
spherical surfaces, such that it is thicker in the middle and

tapering (thin) at the edges, is called a conves lens.

Depending upon the shape of the surfaces, the convex lenses

are further divided into three classes,
()  Double convex lens

(u) Plano-convex lens

() cancavo-convex lens

Doubla Plano-
comvex lens convex lens

CONCAVE LENS

A piece of transparent, optical material, having one or two
spherical surfaces, such that it is tapering (thin) in the middle

Concavo-
comvex lena

and thicker at the edges is called a concave lens.

Depending upon the shape of the surfaces, the concave

lenses are further divided into three classes.

(1) Doubleconcave lens
(i) Plano-concave lens and
(i) Convexo-concave lens

Double Plano
concave lens concave lens

FCURY. E(C)

The centre of the imaginary glass spheEe of which the jer
isa part is called centre of curvatures t.’_}i the t'_wo spheres. o
which the lens is a part is called principle axis.

ICAL CENTRE (0) |
A point within a lens, where a line drawn through g,
diameter of lens meets principal axis, is called optical cenyy

PRINCIPAL FOCUS FOR CONVEX LENS (F)

It is a point on the principal axis ofa Cﬁnucx']gns' Whése
parallel beam of light, travelling parallel to principal ayj
afler passing through the lens actually meets.
PRINCIPAL FOCUS FOR CONCAVE LENS (F)

It is a point on the principal axis of a concave lens, from
where a parallel beam of light, travelling parallel to the
principal axis, after passing through the lens, appears to
come.

FOCAL LENGHT
The distance between principal focus and optical centre s
called focal length. It is denote by the letter fand 2 fdenotes
double the distance than the focal length. It corresponds to
the radius of curvature of the sphere of which lens 1s a pan.
GEOMETRIC CONSTRUCTION OF IMAGES
FOR CONVEX LENS

Image

1. Real

2 Dimumished
to point

3 Inverted

4, Formed at F
on the other
side of leny

W
2. When object is beyond 2 F, but not at infinity

Image

i ; | Real

: 2. Diminished

3 Inverted

| 4 Formed
between F and 2
F on the other
side of lens.

1. When object is at infinity

i Image
1 : 1. Real
2 Same size o8
object
3. Inverted
s |4 Formedat2 F
" |on the other side

3
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5. When obsect is & prnwipal focus

A
= E; :‘. £ W =
;

Tomage
! Real

< Magmitfied

1 lnverted

4 Formed bevond
= F on the other
sde of lens

oo
| Real

2 Magmitied
5 Inverted

4 Formed &t
Infinaty on the
other side of
kens

6 “Tmﬂrutgh::stennmmiulmmmw

focus

GEOMETRIC CONSTRUCTION OF IMAGES

FOR CONCAVE LENS
1. When object is at infinity

Imape

1 Virnual

2 Magmified
3 Erect

4 Formed on the
same side of the
obect

| e

1. Virual

2 Dummished o
a poimni

3 Ereat

4 Formed atF on
the same side of

the lens

2. Whenthe object is anywhere between the optical centre

and Infinity
A. il
. -_)\.!,
] I F
B F B O

Image

1. Virmal

2. Dununished

J Ereat

4 Formed
between O and F
on the same side

of the lens
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Acompound microscope consists of two metaliic tubes

blackened from inside. such that they can easily slide into
one another. Om the side of the smaller tube, a convex lens
of lesser focal length 1s fitted, whereas, “n the side of the
bigger tube, a convex lens of larger focal length is fitted
The lens with lesser focal length is called objective lens
whereas. the lens with larger focal length is called eye lens
IELESCOPE

A telescope is a device used for seeing distant objects
clearly, which otherwise are not very clearly visible to the
human eve. The first telescope was invented by Johannes
keplerin 1611.

A telescope consists of two convex lenses, objective lens
of very large focal length and eye lens of very small focal
length. These lenses are mounted on separate metallic tubes
which can easily slide into one another. The tubes are
blackened from inside so as to prevent reflection of light
from its side.

The telescope is used to study the surface features of moon
and the planets. It is used to study distant stars: comets £1c.
HUMANEYE
The construction and working of the human eve is similar
to photographic camera in many respects. Human eye is
almost a special ball, with a slight bulge in the front. The
structure and function of each part of the eye is given below:

1. Sclerotic: It is the outermost covering of the eye. Itis
made of white tough fibrous tissues. Its function is to
house and protect the vital internal parts of the eye.



|

10.

Cornea: It is the front bulging part of the &ye. If1s
made of transparent tissues. Its function isto act asa
window 10 the world, i e 10 allow the light to enter in
the ove hall _
Choroad: I is 2 grey membrane aftached to the sclerotic
fram the inner s:de. Its function 1s to darken the eye
fom mside and, hence, prevent any intemal reflection
Optic nerve: It is a bundle of approximately 70,000
nerves onginating from the brain and entering the eye
ball from behind. Its functions is to carry optical
messages 10 the bran

Retina: The optic nerve on entering the ball, spreads
izke a canopy. such that each nerve end artaches itself
10 e chorowd. The nerve endings form a hemi-sphenical
screen called retina. These nerve endings on the retina
are sensinve 10 visible light. The function of retina is to
receive the optical image of the object and then convert
110 optical pulses. These pulses are then sent to the
bram through optic nerve

Yellow spot: It is a small area facing the eve lens. It has
hagh concengration of nerve endings and is slightly raised
aswell as slightly yellow in colour. Its function is to
form a very clear image by sending a large number of
optical pulses 1o brain_

Blind spot: [t is a region on the retina, where the optic
nerve enters the eye ball. It has no nerve endings and
hence, is msensitive to light. It does not seem to have
any finction. Any image formed on this spot is not visible.
Crystalline lens: It is a double convex lens made of
transparent tissues. It is held in position by a ring of
muscles, commonly called ciliary muscles. Its function
is to focus the images of different objects clearly on the
retina.

Ciliary muscles: [t is a ring of muscles which holds
ﬁtu}mﬂhthﬁmposiﬁuLW}mdﬁemLﬁclesrdu
they increase the focal length of the crystalline lens and
vice versa. Its function is to alter the focal length of
aystalline lens so that the images of the objects, situated
at different distances, are clearly focussed on the retina.
Iris: It is a circular diaphragm suspended in front of the
crystalline lens. It has a tiny hole in the middle and is
commonly called pupil. It has tiny muscles arranged

radially around the pupil. These muscles can incre,,,

the diameter of the pupil. The iris is heavily Pigmenteg

The colour of eyes depends upon colour of pigmen,

The function of iris 15 10 Cﬂntr.ni the amount of lighy

mlﬁiﬂgﬂw g}f_ThiS is done by mcreasmo;%ing

the diameter of pupil.

Vitreous humour:-It is a dense jelly-like fluid s}igt

grey in colour, filling the part of eye between crystalline

lens and retina. Its function is-

To prevent the eye ball from col lapsing due 1o Change

in atmospheric pressure ,

i) In focussing the rays clearly on the r‘etman.

12. Aqueous humour:- it is watery, saline fluid, filling the
part of the eye between the cornea and the crystallipe
lens and retina. Its function is

() To prevent front part of the eyeball from collapsing

with the change in atmospheric pressure

(i) To keep the cornea moist.

ACCOMMODATIONOFEYE

The process, by which ciliary muscles alter the focal length

of the crystalline lens, so as to focus the nearer or the far off

objects clearly on the retina, is called accommodation of
the eye.

NORMALEYE

An eye whose ciliary muscles can alter the focal length of

crystalline lens, such that it can focus clearly the images of

objects asnear as 25 cm and as far as infinity clearly on the
retina, is called a normal eye.

The least distance from which the normal eye can see clearly

withoutany strain is called least distance of distinct vision

Its value is 25 cm for normal eye.

The far off distance of distinct vision for normal eye is infiniy.

DEFECTIVE EYE

An eye whose ciliary muscles cannot alter the focal length

ofa crystalline lens properly, such that it is unable to focus

cither nearer objects clearty on the retina or the far off objects
clearly on the retina or both , is called a defective eye-

MMMRA

:[-]'-E—I'!HT__LU_H: Itis a device used to record a permanent

:""ﬂgﬁ ofan ubjec_t on the photographic plate. |

PRINCIPLE: It is based op, the principle that if an object

15 placed beyond 2F ofa convex lens, it always forms 2

11.

(1)
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,,;_Wﬂwd and diminished image between Fand 2F op

e ih,:fSide ofthe lens.

f::;‘ STRUCTION: It consists of a light tight pox R

odofthe box is fixed a convex lens of very small ﬁ:.Jcal

" The convex lens is usually called camera lens,

i-ﬂt other end of the box is a photographic film, The

;iﬁ“'ﬁm box are r:}ade of folded leather or rexine and

;-: siackened from inside s0 as to stop any interna| reflection.

ye istaNCE between the lens and the film can be changed
. ming the adjustment knob.

.H nehind the lens is a circular metallic screen having a

et The diameter of the hole is called aperture and the

weallic screen s called diaphragm. The aperture (diameter

Jfole) can be changed by tuming a ring mounted in front

~the camera. Following are functions of diaphragm-

1} Ircontrol the amount of light entering the camera. The
size of aperture is Increased in dim light and decreased
inbright light

(2} kcontrols the subject to be photographed. For example
if a wide field 1s to be photographed then size of
aperture is increased. Conversely for a smaller field
such as portrait the size of aperture is decreased.

A shutter of variab!e speed is used to control exposure

ome of the film.

MAGNETISM AND ELECTRICITY

MAGNET
Magnetite (Fe,0, ) is the world’s first magnet. Itis also
lieda natural magnet. It has two very important properties.
. Matiracts small pieces of iron towards itself. This s
. talled atiractive property.
= When suspended freely, it always points in the north-
South direction. This is called directive property.
The directive property of natural magnet was putto
e by sailors as it always pointed in noi th-south
% Initially, this freely suspended stone was called

ngstone’. However, with time the name changed
0 lode stone”.
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NATURALAND A

RT'IFICIAL MAG
NAT ACNETS
i n‘:::-;b:mm: Amagnet which oceurs naturally
" e _
- Yany artificial means 1s called a natural

M s
agm?t €15 the only natural magnet known to man. it is an
ore of iron (Fe, 0,).

A
RTIFICIAL MAGNET: A substance to which

properties of the natural Mmagnet are imparted by artificial
means is called artificial magnet.

The magnets made from iron, steel, cobalt or nickel are
called artificial magnets.

MAGNETIC AND NON-MAGNETIC SUBSTAN-
CES

Magnetic substances : The substances which are strongly
attracted by a magnet or can be converted into a magnet
artificially are called magnetic substances.

Iron, Cobalt, Nickel, Steel or their alloys are iagnetic
substances.

A mixture of Ferric Oxide and Barium Oxide is strongly
magnetic in nature. It is commonly called *Ferrite”. It is used
for making very powerful magnets for radios and transistors.
Non-magnetic substances: substances which are neither
attracted by a magnet nor can be converted into artificial
magnets are called non-magnetic substances.

Stones, China ware, glass, wood, paper, brass, aluminium,
mica. ebonite, gold, silver, etc. are non-magnetic substances.
POLES OF A MAGNET
The ends of a magnet where most of its magnetic strength is

acting are called magnetic poles. ,
North pole: Theend of the freely suspended magnet, which

points towards the geographic north is called north pole of

the magnet.
South pole: The end ofa freel
towards the geographic

y suspended magnet, which
i south is called south poleof
points

the magnet.



PROPERTIES OF MAGNET:

The following are the properties of magnet:

l. A magnet attracts magnetic substances towards itself.

2. When a magnet is suspended freely, it point in north-

south direction.

Like poles repel each other.

Opposite poles attract each other.

Repulsion is the surest test of magnetism.

When a bar magnet is rubbed over an unmagnetised

piece of iron or steel, it changes into a magnet.

7. Whenamaget is broken, then each piece is a complete
magnet. The magnetic poles can not be separated.

8. Magnetic force can easily pass through non-magnetic
substances,

9. Ifamagnet is heated or handled roughly, it loses its

magnetism.

TEMPORARY AND PERMANENT MAGNETS
Temporary magnets: The magnets which cannot retain

their magnetism for long time are called temporary magnets.
For example, ifsoft is magnetised by rubbing with a steel
magnet, it loses its magnetism, as soon as the rubbing is
stopped. Similarly, electromagnets lose their magnetism, as
soon as the current stops flowing through them.
Permanent magnets: The magnets which retain their
magnetism for a very long time are called permanent
magnets.

The permanent magnets are generally made from steel. More
powerful permanent magnets are made from ALNICO, and
alloy of Aluminium, Nickel and Cobalt. These days
permanent magnets of different shapes and sizes are made
from Ferrite.

MAGNETIC COMPASS

A magnetic compass is a simple device used by the pilots
and navigators to find the direction in which their ship or
aeroplane is going,

It consists of a flat circular aluminium box at the base of
which are marked directions like North, South, East, West,

S

North-East, North-West, etc. From its centre rises 5
needle, over which is placed a magnetic needle. The
magnetic needle is completely free to move inany directio
On the top of the box, is fixed a circular glass plate
MMM_BA R MAGNET

The earth acts as a hinge magnet. The geographic ngpy,
pole of the earth lies the magnetic south pole of earyh,
Similarly, towards the geographic south pole ofthe earth
lies magnetic north pole of earth. The opposite poles of
magnets attract each other. Thus, when a bar magnet jg
suspended freely, the south magnetic pole of the earth,
attracts the north pole of the magnet and vice-versa. It is o
account of this attraction of the earth’s magnet, that a freely
suspended magnet points in the north-south direction.
ELECTRICITY OR ELECTRIC CURRENT

There are two kinds of electrification. A body is said to be
positively charged, if it has deficiency of electrons. Similarly,
a body having excess of electrons is negatively charged.
The flowing charge through a conductor is called electric
current. A positive charge resides within the nucleus ofan
alom and therefore, is incapable of moving.

A conventional current flows from the positively charged
body to the negatively charged body and the positively
charged body is at higher potential and the negatively
charged body is at a lower potential,

Electronic current flows from the negatively charged body
to the positively charged body and the positively charged
body is at a lower potential and the negatively charged body
is at a higher potential.

ELECTRIC CELL

A cell isadevice in which potential difference is maintained
between its two terminals by the conversion of chemical
energy into electrical energy.

SIMPLE VOLTAIC CELL

This cell was invented by alessandro volta in the year 1800.
It was the first device which could create a constant potential
difference with the help of chemical energy.
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Canstruction: It consists of two metallic plates , one of

copper and the other of zinc. These plates from which the
current enters or leaves are called electrodes.

Each plate is provided with a brass terminal. The plates
are placed in a glass container . Dilute sulphuric acid is
usad as an electrohyte. (Electrolyte is a chemical substance
in solution form, which allows the passage of electric
current.)

Assoon as the circuit 1s completed the bulb glows.
Conventional current flows from copper to zinc through
the bulb. The elecoronic current flows from zinc to copper
through the bulb. The potential ditference between the

terminals of cell is 1.08 volts.

Limitations

This simple voltaic cell described above is a wet cell and

cannot be carried from place to place. The current stops

after few minutes due to inherent defects in this cell.

DANIELLCELL

This cell was developed by J.F. Daniell in 1836. Itisa

maodification of the simple voltaic cell. This cell can supply a

steady and continuous as long as the chemicals in it are not

exhaustad.

Construction

It consists of a cylindrical copper container provided with

a perforated rim near the top and a brass terminal Into this

container. is placed saturated copper sulphate solution which -

is in contact with copper sulphate crystals, placed on the
perforated rim. In the copper sulphate solution. is placed a
porous pot containing either zine sulphate solution or dilute
sulphuric acid. The porous pot does not allow the copper
sulphate solution to mix with zinc sulphate solution or dilute
DRY LECLANCHE CELL

This cell is commonly used in torches, transistors etc. It
was invented in 1865 by Leclanche Georges.
Construction:- It consists of a zinc cylinder, made from
thick zinc plate. The zinc cylinder from outside is wrapped

with a cardboard cylinder, so as to make its sides non-
conducting. Nowadays, leak proof cells are provided with
tin casing, which is painted from the outer side, so as to
make it non-conducting,

BUTTONCELLS

Burton cells are as small as buttons. They are commonly
employed in small electronic devices, such as quartz wrist
watches, calculators, mini-microphones, etc.
SECONDARY CELLS OR LEADACID CELLS
The cells such as simple voltaic cells, Daniell cell, Leclanche
cell and button cell are called primary cells

A cell which converts chemical energy into electrical energy
and cannot function once the chemicals are exhausted is

called primary cell.

A cell in which electrical energy is stored in the form of

chemical energy such that when required the chemical energy
is reconverted into electrical energy is called semndary‘f:cl.l.
Secondary cell was invented in 1854 by a French scientist

Gastonplante.

ELECTRIC CIRCUITS

The path along which an electric current flows is called

electric circuit.

CLOSED CIRCUIT OR COMPLETE CIRCUIT
When the path which starts from one terminal of the cell,

ends at the other terminal of the cell, without any break,

then such a circuit is called a complete circuit or closed
circuit. When a circuit is closed, then any electric appliance
in that circuit will start working.

OPEN CIRCUIT OR INCOMPLETE CIRCUIT
When the path of current, starting from one terminal ofthe

cell, ends at the other terminal of the cell is broken at some

point, then such a circuit is called open circuit or incomplete

circuit

CONDUCTORS: Materials which allow the electric

current to flow through them are called electric conductors.

Examples:

1. Allmetals are conductors of electricity.
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Non-metals like graphite and gas carbon are conductors
ofelectricity.

3. All solutions of acids in water are conductors of
electriciry.

4. All solutions of alkalis in water are conductors of

electricity.

5. All solutions of salts in water are conductors of

electricity.
INSULATORS: Materials which do not allow the electric
current to flow through them are called electric insulators.
Examples:
Rubber, plastics, wood, paper, mica, asbestos, petrol,
kerosene oil, diesel oil, wax, alcohol, benzene, etc. are
insulators,
The branch of physics which deals with the relationship
between electricity and magnetism is called
electromagnetism.
A coil with a core of iron nail or an iron bar which acts a
magnet only, when electric current flows around iron nail or
an iron bar is called electromagnet.
PRACTICAL USES OF ELECTROMAGNETS
I. They are used in electrical appliances, such as electric
bell, electric fan, electric motor etc.

2. They are used in electric generators where very strong
magnetic field is required.

3. They are used in television for deflecting electron beam
of the picture tube.

4. They are used in magnetic separation of iron ores from
earthy substances.

5. They are used for preparing strong permanent magnets.
6. They are used by doctors to cure certain diseases.

The electric bell: electric bell is a direct application of
the electromagnets, It consists of the following parts
which are fitted on a flat wooden or plastic board,

ELECTROMAGNETIC INDUCTION

An electric current flowing through a conductor produces
magnetic field. Furthermore, the intensity of magnetic field
Increases with the increase in the magnitude of electric
current in the conductor.

When a magnetic field is changed near a conductor, ,
current is produced in it. This fact was i"depmdﬁntly
discovered in 1831, by Michael Faraday in England ang

Joseph Henry in United States of America.
N

FARADAY'SEX RI '
1. Whenever the magnet is moved with respect o cojj,

i e. the strength of magnetic field changes within the

coil, an induced current is produced in the coil,

The induced current is not produced in a coil, if the

motion of the magnet with respect to coil stops, i.e. the

strength of magnetic field stops changing within the coil.

The direction of induced current produced in the coij

changes with the increase or decrease of magnetic field.

Itmeansthat when magnetic lines of forces are increasing

within the coil, then the current flows in one particular

direction. However, if the magnetic lines of forces

decrease, then the current flows in the opposite direction.

4. The induced current produced within the coil is
altemating in the magnetic lines of force passing through
coil. Such current is commonly called A.C. whichmeans
alternating current.

5. The induced current produced is instantaneous in nature,
It means it lasts for very short duration.

ELECTROMAGNETIC INDUCTION: Phenomenon

due to which a changing magnetic field within a closed coil

induces an electric current in the coil is called

electromagnetic induction.

Induced current: Current produced in a closed coil, when

the magnetic lines of force rapidly change within i, is called

_mdl'm current. The principle of electromagnetic induction

Is used in generating electric current by a device called

electric generator,

Magnitude of induced current depends upon:

ﬁ) S‘Ifﬂglh ofim:lucing magnet.

(i) Number ofturns in the coil.

(i) Relative motion of magnet with respect to coil.

tJ
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Name of Instrument
Altimeter
Ammeter
Anemoimeter
Audiometer
Barograph
Barometer
Binoculars
Callipers
Calorimeter
Dilatometer
Dyanamo

Dynamometer
Electrometer

Electroscope
Electromicroscope
Endoscope
Galvanometer
Hydrometer
Hygrometer
Hypsometer

- Lactometer
Magnetometer
Micrometer
Microphone
Microscope
Periscope
Radar

Spectroscope
Stereoscope
Teleprinter
Telescope
Thermometer
Themostat
Voltmeter

SCIENTIFIC INSTRUMENTS

Use

Measures altitudes (used in aircraft)
Measures strength of electric current
Measures force and velocity of wind and determines its directions
Measures intensity of sound
Continuous recording of atmospheric pressure
Measures atmospheric pressure
To view distant obejcts
Measure inner and outer diameters of bodies
Measures quantities of heat
Measures changes in volume of substances

To convert mechanical energy into electrical energy

Measures electrical power

Measures very small but potential difference in electric currents
Detects presence of an electric change

To obtaing a magnifying view of very small objects capable of magnifying up to 20,000 times
To examine internal parts of the body

Measures electric current

Measures the relative density of liquids

Measures level of humidity

To detennine boiling point of liquids

Measures the relative density of milk to determine purity
Compares magnetic movements and fields

Measures distances/angles

Converts sound waves into electrical vibrations

To obtain a magnified view of small objects

To view objects above sea level (used in submarines)

To detect the direction and range of an approaching aeroplane by means of radiowaves,(Radio,
Angle, Detection and Range)

To observe or record spectra

To view two-dimensional pictures

Receives and sends typed messages from one place to another
To view distant obejcts in space

Temperature is measured by determining the electrical resistance of a coil of thin wire
Regulates the temperature to a particular point

To measure electric potential difference between two points
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Invention
Aeroplane
Ball-point pen
Barometer
Bicycle
Calculating machine
Centrigrade scale
Cinematograph
Computer
Cine camern
Cmnema
Clock (machanical)
Clock (pendulum)
Diesel engine
Dynamite
Dynamo
Electric iron
Electric lamp
Electromagnet
Evolution (theory)
Fountain Pen
Gas lighting
Jet Engine
Locomotive
Match (safety)
Microphone
Microscope
Motorcycle
Neon-lamp
Nylon
Photography (paper)
Printing press
Radar
Radium
Radio
Razor (safety)
Refrigerator
Revolver
Rubber (vulcanized)
Sewing machine
Scooter
Steam engine (piston)
Telephone
Television
Thermometer
Tractor
Transistor
Typewriter
Watch

I’—mvmﬂouﬂ

Inventor
Wright brothers
C. Biro
E. Torricelli
K. Macmillan
Pascal
A Celsius
Thomas Alva Edison
Charles Babbage
Friese-Greene
A.L.and J.L. Lumiere
Hsing and Ling -Tsan
C. Hugyens
RudolfDiesel
Alfred Nobel
Michael Faraday
H.W.Seeley
Thomas Alva Edison
W. Sturgeon
Charles Darwin
Waterman
William Murdoch
Sir Frank Whittle
Richared Trevithick
J. E. Lurdstrom
David Hughes
Z£. Jansen
Edward Butler
G Claude
Dr W.H. Carothers
W.H. Fox Tablot
J. Gutenberg
DrA. H.Taylorand L.C Young
Marie and Pierre Curie
(. Marconi
K.G Gillette
J. Harrison and A. Catlin
Samuel Colt
Charles Goodyear
B. Thimmonnier
G . Bradshaw
Thomas Newcome
Alexander Graham Bell
Johan Logie Bared
Galileo Galilei
J. Froelich
Bardeen, Shockley
C.Sholes
A L. Breguet
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Country
USA
Hungary
Italy
Scotland
France
France
USA
Britain
Britain
France
China
Netherlands
Germany
Sweden

USA
USA
England
England
USA
Scotland
England
England
Sweden
USA
Netherlands
England
France
USA
England
Gemany
USA
Fance
England
USA
Britain
USA
USA
France
England
Britain
USA
Scothland
Italy
USA

USA &Britain

USA
France

1642
1938
1644
1839
1642
1742
1891
1834
1889
1895
1725
1657
1892
1867
1831
1882
1879
1824
1858
1884
1794
1937
1804
1855
1878
1590
1884
1915
1937
1835
1455
1922
1898
1901
1895
1834
1835
1841
1830
1919
1712
1837
1926
1539
1892
1949
1868
1791



Discovery
Proton

Neutron

Atom

Atomic Structure
Radium

Raman Eftect
X-Rays
Photoelectric effect
Periodic table
Nuclear Reactor
Wireless Telegram

Dynamite

| IMPORTANT DISCOVERIES |

Scientist
Rutherford
James Chadwick
John Dalton

Neil Bohr & Rutherford
Henry Becquerel
Madam Curie
C.V.Raman
Roentgen

Albert Einstein
Mandeleev
Anrico Fermi
Marconi

Alfred Nobel

Year
1919
1932
1808
1913
1896
1898
1928
1895
1905
1888
1942
1901
1867



Previous YEAR QUESTIONS

A good conductor while carrying

current is .

(A) alternatively charged positive
and negative.

(B) negatively charged

(C) positively charged

(D) electrically neutral

The angle between the magnetic

meridian and the geographical

meridian at a place is

(A) Azimuthal (B) Dip

(C) Declination (D) Latitude

The device used for measuring the

wavelength of X-rays is

(A) G.M. Counter

(B) Cyclotron

(C) Bragg Spectrometer

(D) Mass Spectrometer

The atmospheric layer farthest from

the Earth's surface is known as

(A) Ionosphere (B) Mesosphere

(C) Stratosphere (D) Exosphere

Photon is the fundamental unit/

quantum of

(A) magnetism (B) light

(C) gravitation (D) electricity

A liquid disturbed by stirring comes

to rest due to

(A) viscosity

(B) centripetal force

(C) density

(D) surface tension

The ambient air is stable when the

ambient laps rate is

(A) Sub-adiabatic

(B) Super-adiabatic

(C) Neutrally stable

(D) Hyper-adiabatic
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8.

10.

i

12.

13.

The filter over which sewage i,

sprinkled is called as

(A) Contact bed

(B) Intermittent sand filter

(C) Trickling filter

(D) Percolating filter

Which one of the following atmospheric

layers absorbs ultraviolet rays of the

sun?

(A) Troposphere (B) Stratosphere

(C) lonosphere (D) Ozonosphere

In nuclear reactions, there is

conservation of

(A) mass only

(B} momentum only

(C) energy only

(D) mass, energy and momentum

When a particle and an antiparticle

come in contact with each other,

they

(A) repel each other

(B) annihilate each other

(C) goundisturbed

(D) spin about a common axis

Fhotoelectric effect is

(A) an instantaneous process

(B) delayed process

(C) emission of protons

(D) emission of neutrons

For a particle moving with a constant

speed along a straight line PQ, the

hDdDmph is

(A) a straight line parallel to PQ

(B) a straight line perpendicular to
PQ

(C) a point

(D) a circle



14.

15.

16.

17.

18.

19.

20.

21.

Scattering of light takea place in

(A) Colloidal solution

(B) Acidic selutions

(C) Electrolyte solutions

(D) Basic solutions

In Astrophysics, the name which in

given to a hypothetical hole in outer

space from which stars and energy

emerge 18—

(A) Black hole (B) Ozone hole

(C) Asteroid belt (D) White hole

Neutrons are slowed down in a

nuclear reactor by

(A) Fissionable material

(B) Moderator

(C) Control rods

(D) Cooling system

Centigrade and Fahrenheit

temperatures are the same at

(A) - 40" (B) 320

(C) 40° (D) -273°

The dimensional formula for

universal gravitational constant is

(A) M!'L*T? (B) M'L'T*

(C) ML:TA (D) M ?

Ohm's law is valid in case of

(A) insulator (B) semiconductor

(C) conductor (D) superconductor

The Laser is a beam of radiations

which are _

(A ) Coherentand nm-monmhrumaqc

(B) Non-coherent and monochromatic

(C) Coherent and monochromatic

(D) Non-coherent and non-
monochromatic

The mass of a body measured by a

physical balance in a lil't' at rest 18

found to be ‘'m’. If the lift is going up

with an acceleartion ‘a’, ita mass will

be-
a
(B) m[l- ﬂ']

(D) m

(A) zero

() m[hu’-J
g

o

23,

23,

24,

26.

27,

28,

29.

A white and mmooth surlnee is

(A) Dl abmor ber and bod veflector of
heat

(1) pood abmorber and good rellec o
ol hent

(C) Dl mbsorber mned pood rellector of
heat

(D) pood abuorber and bad reflector
of hent

When o body in immersed in n liguid,
the force neting on il s

(A) Upthrust (1) Weight

(C) Maus (1) Both (A) and (1)
When two semiconductorsol poand n
type are brought in contact, they form
p-n junction which acts like an/an
(A) Amplilier (1) Conductor
(C) Omncillator (D) Rectifier
Which one among the following
doesn’t have any effect on velocity
of sound?

(A) Pressure (3) Temperature
(C) Humidity (D) Density

The motion of a body nfmmd i
circular path is an example of

(A) Uniform velocity, variable
acceleration

(B) Uniform speed, uniform velocity

(C) Uniform speed, varible velocity

(D) Uniform wpeed, variable
accelerntion

A current carrying conductor 18
associated with

(A) a magnetic field

(B) an electric field

(C) an electro-magnetic field

(D) an electrostatic field

One kilobit is equal to ___ bits
(A) 512 (B) 1000
(C) 1024 (D) 1042

Hydrogen bomb is based on the
principle of |

(A) Double decomposition

(B) Artificial radioactivity

(C) Nuclear fission

(D) Nuclear fusion
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33.

33.

36.

37.

The commonly used safety fuse-wire
18 made of

(A) an alloy of Nickel and Lead

(B) an alloy of Tin and Lead

(C) an alloy of Tin and Nickel

(D) an alloy of Lead and Iron -
At what temperature is the density
of water the maximum?

(A) 2°C (B) 4°C

(C) o°C (D) 1°C

The linear expansion of a solid rod
1s independent of-

(A) increase in temperature

(B) time of heat flow

(C) 1its initial length

(D) its matenal

Cathode rays when obstructed by
metal cause emission of

(A) y-rays (B) X-rays

(C) a-rays (D) B-rays
Temperature is measured by the
instrument called

(A) Voltmeter (B) Calorimeter
(C) Thermometer (D) Ammeter
Good conductors have many loosely bound
(A) atoms (B) electrons

(C) protons (D) neutrons

A change of 10°C in Centigrade
Scale corresponds to what change in

Fahrenheit scale?

(A) 10°F (B) 15°F

(C) 18°F (D) 21°F
Anomalous expansion is associated with
(A) Alcohol (B) Mercury

(C) Water (D) Benzene

What type of lenses are used in
movie projectors?

(A) Concave (B) Convex

(C) Zoom lens (D) Meniscus lens
Magnetic keepers are used to protect
magnets from:

(A) Earth's magnetic field

(B) effect of other magnets

(C) sell-demagnetization

(D) demagnetization due to heating

56

42.

43.

47,

An object which absorbs aj the

colours and reflects none appez-o

(A) white (B) grey

(C) blue (D) black

The splitting of white Lght in:g s

components is due to :

(A) reflection (B) refraction

(C) transmission (D) dispersion

A small drop of o1l spreads over wazer

because :

(A) oil has a higher surface tension

(B) water has a higher surface
tension

(C) oil has a higher viscosity

(D) water has a higher viscosity

Radiations which is not emitied

during radioactivity is:

(A) arays (B) Brays

(C) yrays (D) Cathode rays

The working principle of a beam

balance is the principle of:

(A) Momentum (B) Moments

(C) Couple (D) Mass

Which one among the following

given processes cannot be

demonstrated with sound wave?

(A) Polarisation (B) Interference

(C) Transmission (D) Refraction

A simple machine cannot:

(A) multiply speed

(B) multiply work

(C) ?hang: the direction of applied
orce

(D) multiply force

The photoelectric effect described as

the ejection of electrons from the

surface of a metal when

(A) It is heated.

(B) :_t llds Placed in strong electric
ield.

(C) Electrons of suitable velocity

Impinge on it,

Light of suitable wavelength falls

on 1t.

D)
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49.

50.

51.

52.

53.

X-rays are

(A) longitudinal

(B) transverse

(C) electromagnetic

(D) elastic

The shape of a rain drop is

spherical due to

(A) Viscosity

(B) Surface tension

(C) Elasticity

(D) Gravitation

The penetrating powers of «, J and y

radiations, in decreasing order, are

(A) a.B.y B) v.B.a

(C) B.oy (D) v, o, P

Dioptre is the unit of

(A) power of a lens

(B) focal length of a lens

(C) light intensity

(D) sound intensity

In a filament type light bulb, most of the

electric power consumed appears as

(A) wvisible light

(B) infra-red rays

(C) ultra-violet rays

(D) fluorescent light

A man standing on a edge of a cliff

throws a stone vertically upwards

with a certain speed. He then throws

another stone downwards with the

same speed. Find the ratio of the

speeds of the two stones, when they

hit the ground.

A] 1:1

B) 1:2

(C) 1:4

(D) Cannot be found from the given

information

Which of the following is not caused

by atmospheric refraction of light ?

(A) Sun appearing red at sunset

(B} Twinkling of stars at night

(C) Sun appearing higherin the sky
than it actually is

(D) Sun becoming visible two or
three minutes before actual
sunrise

__waves,
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56.
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58.

59.

Matter waves are

(A) de Broglie waves

(B) Electromagnetic waves

(C) Transverse waves

(D) Longitudinal waves

When the milk is churned vigorously

the cream from it is separated out

due to

(A) Centripetal force

(B) Gravitational force

(C) Frictional force

(D) Centrifugal force

Gas thermometers are more

sensitive than the liquid

thermometers because the gases

(A) have large coefficient of
expansion

(B) are lighter

(C) have low specific heat

(D) have high specific heat

A body moving in a circular path with

constant speed has

(A) constant retardation

(B) constant acceleration

(C) variable acceleration

(D) radially outward acceleration

Total internal reflection -otcurs

when light travel from

(A) a rarer medium to a denser
medium

(B) a denser medium to a rarer
medium

(C) a rarer medium to a denser
medium with angle of incidence
greater than critical angle

(D) a denser medium to a rarer
medium with angle of incidence
greater than critical angle

MCB, which cuts off the electricity

supply in case of short-circuiting

works on the

(A) chemical effect of current

(B) heating effect of current

(C) magnetic effect of current

(D) electroplating effect of current
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62.

65.

67.

68.

The power of a lens is measured 11 =
(A) diopters (B) aeon
(C) lumen (D) candela

Which one of the following types of

Laser is used in Laser Printers?

(A)] Semiconductor laser

(B) Excimer Laser

(C) Dve Laser

(D) Gas Laser

Albert Einstein was awarded Nobel

Prize for his path-breaking research

and formulation of the:

(A) Theory of Relavitity

(B) Laws of Photo-Electric Effect

(C) Principle of Wave-Particle
Duality

(D) Theory of Critical Opalescence

The instrument that measures

artenal blood pressure is known as

(A) Pyknometer

(B) Hypsometer

(C) Sphygmoscope

(D) Sphygmomanometer

Which variety of glass is heat

resistant?

(A) Hard glass (B) Flint glass

(C) Pyrex glass (D) Bottle glass

The tyvpe of glass used in making

prisms and lenses is -

(A) Soft glass (B) Pyrex glass

(C) Jena glass (D) Flint glass

The most important property of

nanomaterials is "

(A) force (B) friction

(C) pressure (D) temperature

The refractive index of a rarer

medium with respect to a denser

medium is

(A) 1 (B) greater than 1

(C) smaller thanl (D) negative

is not a primary colour of white

light.
(A) Red (B) Blue
(C) Violet (D) Green

o8

71.

T72.

73.

74.

79.

76.

7=

78.

work done on an electric charge jg
stored in it as
(A) potential energy

(B) kinetic €nergy

(C) thermal energy

(D) nuclear energy

Which of the following is not correct
for electrical work?

(A) W =VQ B) W = VIt

(C) W = PRt (D) W = FRQ

How many electrons should flow in
one second to contribute electric
current of 1 ampere?

(A) 6.25 x10'® (B) 6.25x10%
(c) 1.60x10* (D) 1.60x 10"
The magnetic field of a solenoid is
quite similar to that of
(A) a straight conductor

(B) a horse-shoe magnet

(C) a bar magnet

(D) magnetic needle

The insulation cover on the earth
wire is

(A) red (B) black

(C) green (D) white

is the unit of frequency of
alternating current.

(A) Weber (B) Hertz

(C) Tesla (D) Ampere

A rocket works on the principleof .
(A} Newton's first law of motion

(B) Newton's second law of motion
(C) Newton's third law of motion
(D) First law of thermodynamics
Who was the first scientist to observe
the magnetic effect of electric current?
(A) Faraday (B) Ampere

(C) Oersted (D) Volta

The direction of magnetic field lines
1s taken...

(A) north pole to south pole

(B) south pole to north pole

(C) entering both poles

(D) lcawng both poles




79. The insulation cover on live wire is...

80.

81.

82.

83.

85.

B7.

(A) red (B) black

(C) green (D) white

When resistors are connected in

series...

(A) voltage drop is uniform

(B) current is uniform

(C) both voltage and current are
uniform

(D) neither of the two is uniform

1 A= mA.

(A) 100 (B) 1000

(C) 10(-3) (D) 106

Equivalent resistance of resistances

in parallel is-

(A) smaller than the smallest
resistance

(B) greater than
resistance

(C) an average of all resistances

(D) algebraic sum of all resistances

Arranging in the ascending order of

wavelength, which one is true ?

(A) Blue, Green, Red

(B) Orange,. Green, Red

(C) Blue, Yellow, Green

(D) Orange, Yellow, Green

Green + Magenta = .

(A) Cyan (B) Yello

(C) Red (D) White

In spectrum obtained with prism,

which colour is deviated maximum ?

the greatest

(A) Violet (B) Green
(C) Orange (D) Red
The speed of light is in vacuum.

(A) 3x10°m/s (B) 3x10°m/s
(C) 3x 10* km/s (D)3 x 10°km/s
We can see objects because of
(A) reflection (B) refraction
(C) transmission (D) dispersion
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Which of the following is a true

statement?

(A) The power of a lens is always
positive.

(B) The power of a lens is always
negative,

(C) The power of a convex lens is
positive.

(D) The power of a concave lens is
positive.

The cut-off limit of human eye to

see 18

(A) 1 nm (B) 100 nm

(C) 1000 nm (D) 10000 nm

Magnification for convex mirror is

.

(A) always positive & less than one
(B) always negative

(C) O

(D) 1

Who had patented more than 1000
inventions during his life time ?

(A) Edison (B) Volta 1
(C) Ampere (D) Faraday
Which of the following is not correct ?
(A) P=W/t (B) P=FR

(C) P=WI (D) P=VI

leV= Joule.

(A) 1.6x 10-'7 (B) 1.6 x 10-'®

(C) 1.6x10""  (D)1.6x 10"

The stars appearing have
very high/highest temperature.

(A) red (B) blue
(C) white (D) yellow
The mirror formula is
: . . 1 1 1
@ 3TVTFT BTy
uv u+uv
(C) J“-_:Hur D) J = uv

In a transparent medium, the

velocity of light is the least.
(A) red (B) green
(C) yellow (D) violet



. o ie 102, What is the frequency of curren,
97. 1 unit of domestic electric energy 1 used domestically in India ?
equnll.n,.. pprp— (A) 50 Hz
(A) 1 joule (B) 1 wa N 60 Hz
(C) 3.6x10% (D) 3.6 x 1006 kwh () ,
98. The current passing through two (€) I“_] Ha
separate lines(circuits) of our houses (D) 220 Hz
IS A and N 103. The principle of magnetic inductigy,
(A) 5,10 (B) 5,15 wans given by
(C) 10,15 D) 2,5 (A) Faraday (B) Galileo
99  is used for manufacturing (C) Oersted (D) Ampere
scientific balance. {04. 1 nanometer = _____ cm.
(A) Steel A) 10° B) 10
B) Bm.ss (C) 107 (D) 10
) Stmnles? e 105. For a plane mirror, magnification (m)
(D) Magnalium y
100. The mass of earth is times -
the mass of mercury. (A) O (B) 1
(A) 10 (B) 14 (C) +lor-1 (D) <1
(C) 18 (D) 22 106. Blue + Green (light) = .
101. The equivalent resistance of three (A) Magenta
resistors, each of 6 {2, connected in (B) Cyan
parallel is (C) Yellow
(A) 6 Q B) 18 Q (D) Violet
(C) 2 Q2 (D) 0.5 Q2
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