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UNITS &

MEASUREMENT

All the quantities in terms of which laws of
physics are described and whose measurement
is essential are called physical quantities like
mass, length, time, light, current electricity,

temperature, etc.
UNIT

The fixed part of a Physical quantity by

contained in different substances is ter
as a unit.

dint of which comparision could be made N S
of the magnitudes of the same quantit ained gives
d .

International System of Units

The system is a modification over the
and hence, is known as rationalised MK .
There are seven fundamental an pplemen-

tary units in S. I. System :
d@tal

Physical Symb
1. Mass il
2. Length
cond S
Kelvin K
A

3. Time : E
4. Tempertature
Ampere
% Candeo cd
Mm mol

entary Symbol

Radian rad.
Steradian sr

1. Plane angle
2. Solid angle
A

The f three quantities viz mass,
lengthc;and time are called fundamental
uni use all physical quatities can be
expressed in terms of mass, length and
time and remaining all units are called
derived units.

Systems of units | Length
1. C.G.S. System | Centimetre
2. F.P.S. System Foot
3. M.K.S. Syst etre
@

The me ement of a al quantity

require§ aWinit and ghe rision of unit
quantity ber of the units

sured value of the
say that the length of

tity e.g. whe
a’rod is 5 mefres)it means that the length of
the rod is%s the unit of length, metre.

NDAMENTAL UNITS )

Metre (m) : 1 metre is equal to the

gth of the path travelled by light in
acuum in 1/ 2 99792458 of a second where

speed of light is 299792458 m / s. Recently,
the definition of 1 metre of length is realized
by using the iodine stabilized helium neon
lasers.

() Kilogram (kg) : A standard block of
Platinum Iridium alloy preserved in the
International Bureau of Weights & Measures
at Sevres, near Paris, France is used as a
prototype of unit of mass and one kilogram
is equal to the mass of this alloy.

(i) Second (s) : The definition of second
is based on an atomic clock which works
on energy radiation from an isotope of
caesium (Cs-133). One second is equal to
the duration of 9, 192, 631, 770 periods of

Physics [5]




radiation  corresponding to  unperturbed
transition between the two specific energy
levels of the ground gaseous state of Cs-

133 isotope. The caesium atoms in the
atomic clock act like a pendulum in a
pendulum clock. The atomic clock gives
the most accurate time with an error of 1
second only in 5000 years.

(IMPORTANT PRACTICAL UNITS )

For Lengths : (i) Astronomical Unit
(A.U) : It is equal to the distance between
the centre of the earth and the centre of the
sun. One A.U. =15 x 10"m.

@) Light Year (ly) : Itisequal to the
distance travelled by light in vacuum in
one year. 1 light year = 9.46 x 10'*m.

Q(H) 1 hect
&Zz

iy Par sec. (Parallactic second) : 1
Parsec =3.1 x 10m =3.26 ly

(M 1 micrometre or 1 micron =10-*m
= 10°m

=10"m

W 1 nanometre (1nm)
(M) 1 Angstrom (1A°)

For Masses : (i) 1 tonne or 1 metric ton

= 1000 kg &
(ii) 1 pound (Ib) = 0.4536 kg. o
(iii) The largest unit of mass is o@pdra

Shekher Limit (C.S.L) 1 C.S.L.N§, 1.4 times
the mass of

: o ¢ ?
(|v) ﬁnmasse mass unit
sed 1 >< 10 2kg.
Area : (

4047 m2,

‘&
4
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MOTIONS

A body is said to be in motion if it
changes its position with respect to its
surroundings as time goes on. A body is
said to be at rest if it does not change its
position with time, with respect to its
surroundings.

(TYPES OF MOTION )

) When a particle or a bo d y moves
along a straight path, its motion i
Rectilinear or translatory motion.

@)  When a particle or a body moves
circular path, its motion is cij
motion. When a body spin its
own axis, it is said to be i ional
motion.

(i) When a body m es"r 0 or ba
and forth repeate pout a fixed

in a definite i

time, i
be in vib% oscilla %
The path led by an o%u g its

motion is

ctual path
dlstance and,

traJectory
e motion
the initial and

: distance
final position of the n in a particu- lar
direction is calle &pl&cement
Let a paricle™ravel, starting from point

A and gg&mt D along the path ABC
Din Es?ve interval of time. The total path

len AB + BC + CD) is the distance

travelled and the shortest path length (AD)
in the direction A to D is the displacement
within the same time-interval.

%smon of

The
an obje . the rate of
e 0 dlsta Ject with respect
is know
_ displacement
~ time taken

@

he rate of change of displacement of
object with respect to time is known as
velocity.

Velocity = w

time

Let a square OPQR of side length 2
metre. A particle travels along its side
starting from O to R via P and Q. It takes a
total time of 2 seconds. The total distance
travelled is OP + PQ+ QR =2+2+2=6
metres whereas the total displacement is
OR =2 metres. Hence

P Q




distance 6 When the velocity of a body increases,

Average Speed =—-—"—=5=3m/S | ji has a positive acceleration and when the
velocity decreases, it has a negative accel-
eration. This negative acceleration is called
_ displacement _ 2 deceleration or retardation.

—=1 .
time 2 m/s

Average Velocity

When a body is released from a height,
its velocity increases by 9.8 m / s in every

(ACCELERATION) second and when a body is thrown above

The rate of change of velocity with re- | the earth’s surface, its velocity decrease

spect to time is called acceleration. by 9.8 m /s in every second. This changgsi
. . velocity every second is called accel
Acceleration = Chan'ge in Velocity due to gravity which is denoted by{g’) Its
time taken average value at the earth’s acgyls 9.8

When a body completes equal displace- | M / S* :ct IS %/sbdirectem ds the
ment in equal interval of time, its velocity is | C€Ntré O th beca $Te gravita-

constant and hence, it does not have an | tional or a freze falfing body, its
acceleration. When a body shows equal Is 9.8 &

change in velocity in equal interval of time

its velocity is not constant but it has a LACEMENT)-
constant acceleration. GRAPHS

(EQUATIONS OF MOT

(i) For a body moving with iform | 11N€" use in a uniform velocity the
velocity: If a body completésia, displace- @ completes equal displacement in
ment ‘S’ in time ‘t’ with @ m velocity ual interval oftime.

‘V’, then,
displacement = veloBity x time

o displacement

EE M Y
Time

dy movinw a uniform (ii) For the motion of a body thrown
accg D Ifa bom ing with an | vertically upwards : When the body moves
initi ocity ‘v’ ith a uniform | up, its velocity continuously decreases due
acceleration ‘a’ fos a te ‘t" and attains a | to gravity and finally becomes zero at the

final velocity ‘vigaftePtravelling a displace- | maximum height. Then, the body falls with

ment ‘s’ the an increasing velocity.

i) voutal i)

o displacemen

and v =u® +2as (IV)
Time

[8] General Science



The slope of the position time graph is
equal to the uniform velocity.

o displacement

Slope = Displellcement or| v 2 X
Time t

(VE LOCITY-TIME GRAPH)

For a uniformly accelerated motion the
velocity-time graph is a straight line.

b

. displacement

The area under the velocil%e graph
is equal to dlsplacem t.

Dlsplacement der veloci
time graph
- 1,
= Area @ =5
: = Avera ty (Var.)
al Velocity + Veloc1ty
e
or Voo = and OB = time (t)
u+ Vjt
2
V. =u+at

+u+ 1
.-.S:(u “ at)t:u‘wriat2

The slope of the velocity time graph is
equal to acceleration.

. AB .
In the figure, slope = OB acceleration

and OB =time (1)

vou ,&
sas= 0
or, V=u+at c)

°
trap& with a

Exampl car |
veIOC|ty / sata accelera-
tion of /'s2. Fin ou I s ocity after 10
ds.
Solution : Gi |n|t|al velocity = u
Om/s.ac t n=a=1m/s2time

mterval $ conds.
final velocity =v = u + at

20+1x10=20+10=30m/s.

%xample 2 : A bus moving at 10 m /s
Xperiences a constant retardation of 2 m/
s2. due to applied brakes. How much dis-
tance does it cover and how much time
does it take before itstops ?

Solution :
10 m/s

Given, initial velocity = u =

Final velocity (when the bus stops) =v =0

retardation=—2m/sz2

v-u _0—10_—10
=

=u+ t= =
v=u+ator ) )

=5 sec.

It takes 5 seconds to stop.

1 -
s=ut+ _at




='10><5+%><(-2)><52

=50-25=25m
or, V32— u2=2as
2 2 2 2
_Vv -u :O -10 :100 — 25m.
2a 2x2 4

It covers a distance of 25 m before it stops.

Example 3 : A train travelling with an
initial velocity of 4 m / s accelerates uniformly
at a rate of 2m / s% for 20 seconds. Calculate
the distance covered.

Solution : Given, the initial velocity = u
=4m/s

acceleration = a = 2m/ s2. interval

of time =t = 20 second

. 1
- Displacement, s = ut+ Eat2

N

=4><20+%><2><(20)2

or s =80 + 400 = 480m.

Example 4 : A ston
rest from the top of
its velocity after 2 s

height of the to
a=g= Q.E s

seconds onto th

SolutioG(e

" aftert= 2%; s, the stone

has a vélocity of w= A t=u+gt=0+9.8
x2=19.6m /@

Let h%ft e tower = h

~. The
sec.

1 1 5
S =ut += at? Sh=0xt+=gt
s =ut > a 2g

ance travelled intime=t=5
,S=h

[10]

=0
&98 x 98
+2x9.8

=1
or h —zgt

=;x9.8><52 =4.9%25=1225m
Example 5. A stone is thrown vertically

upwards with a velocity of 98 m /s. What will
be its maximum height attained and time taken
Solution :

to achieve this height ? &
m/s2. G

At the maximum height (h)e=s =Q
v=0 o

V=

a=g=-98m/su

= ()% 9
)»—490:(11

LVEUTE

98
—~98x tor t= 98 =10 seconds

e
% PHYSICAL QUANTITIES)

() Vectors : They have a definite
magnitude and a definite direction, e.g.
displacement, velocity, acceleration, force etc.

@) Scalars : They have d efinite
magnitudes only and not direction. e.g.
distance, speed, work, energy, power,
electric charge etc.

@) Tensors : They have different
magnitudes in different directions, e.g.
Moment of interia, stress etc.

In a motion, a body can have a constant
speed but variable velocity like the motion
of a body along a circular path. A particle
may have zero displacement an d zero
velocity but non-zero distance and speed.
When abody completes one revolution

General Science



along a circular path in a given time period, the
net displacement and velocity of the body will
be zero but the distance and speed of the body
must be non-zero.

The velocity and acceleration of a body
may not necessarily be in the same direc-
tion and may not be zero simultaneously.
The body in equilibrium may be at rest or
may move with a constant velocity. When
a body is thrown upwards, it will go verti-
cally until its vertical velocity becomes zero
and it will return to the ground with the
same velocity with which it was thrown.

When a body is thrown horizontally
from a height or dropped from the same
height in both cases it will be reaching to
the ground simultaneously because in both
the cases the body will be acted upon by the
same vertically downward acceleration due

to gravity (g).

A physical quantity having directi
or may not be a vector e.g. time, re,
current-electricity, surface-tension They

have direction but are not vecto?
Linear-Momentu the quanti
of motion which a b SSesses a I

@ of the m

= mass X

measured as the p
velocity of the bo

Linear mo
s?he total ¢ I@«m momen-
ed the imp& a very large
time, the prod-

ine is equal to the

uct of force and the
impulse. e

Inertia ? inability of a body to
change @If its state of rest or state of
unifor, ion along a straight line is
cal rtia of the body. The inertia of a
body is measured by its mass. Heavier the
body, greater is the force required to change

its state and hence greater is its inertia.

Inertia of a body may be inertia of rest, inertia
of motion or inertia of direction.

(NEWTON’S LAWS OF MOTION )

First Law of Motion

Every body continues to be in a state
of rest or uniform motion in a straight
line, except in so far as it may be com
pelled by force to change that sta@
Newton’s first law of motion defi
ertia.

1 Inertiaegf Rest : the Nﬂ/ of a
body to cr@ itself |b st rest.
anch of a

ee is shaken,
s is because the

s fall

ch com ion and the fruits

tend to rem atrfest. Hence, they get
detachedg

- The dJSY cles in a durree fall off if it

iSs by a stick. This is because the
ri sets the du rree in motion

eas the dirt-particles tend to re-
%aln at rest and hence fall.
When a train starts suddenly, the pas-
senger sitting inside tends to fall back-
wards. This is so because the lower part
of the passenger’s body starts moving

with the train but the upper part tends
to remain at rest.

- If a smooth paper having a coin on it
placed on a table is suddenly drawn,
the coin remains at the same place on
the table due to inertia of rest.

- When a horse starts suddenly, the rider
tends to fall backwards due to inertia
of rest

2. Intertia of Motion : The inability of a
body to change by itself its state of uniform
motion.

Physics [11]



When a horse at full gallop stops sud-
denly, the rider on it falls forward be-
cause of inertia of motion of the upper
part of the rider’s body.

When an athelete takes a long jump, he
runs first for a certain distance before
the jump. This is because his feet come
to rest on touching the ground and the
remaining body continues to move ow-
ing to inertia of motion.

When train stops suddenly, a passen-
ger sitting inside tends to fall forward.
It happens because the lower part of
the passenger’s body comes to rest with
the train but the upper part tends to
continue its motion due to inertia of
motion.

A person jumping out of a speeding
train may fall forward due to inertiayof
motion of his body. Hence, he sh%
run a few steps on the platf rm@
direction of motion of train.

3. Inertia of Direction : They
body to change by itself its directi

the inertia of . The mu
over the w stop this , tect-
, etc. of the itting

an umbrella&p;otect us from

based on roperty of inertia
of direction b aus the rain drops can-
not changg&dlrection of motion.

When us or a car rounds a curve
sud he person sitting inside is
"@n outwards. It happens so be-

e the person tries to maintain his
direction of motion due to directional
inertia while the vehicle turns.

[12] General Science

When a knife is sharpened by press-
ing it against a grin ding stone, the
sparks fly off tangentially because
of the inertia of direction.

When a stone tied to one end of a string
is whirled and the string breaks sud-
denly, the stone spins off along the tan-
gent of its circular path. It happens so
because of the pull in the string W&@
forcing the stone to move in a circle

soon as the string breaks, the p @

appears. The stone becomes free in
a bid to move along the &Iﬁ line
flies off ially. o ‘b’
Seco of M ting?
gg rate of linear momen-
a body Wi tly proportional to
external pplied on the body

an d this in

the direc

@ takes place always
of the applied force’.
ond law gives us a measure of

fé&uhen a force is applied on a body,

omentum and hence, velocity change.

change in velocity produces an accel-
ration in the body. The rate of change of
linear momentum with time is equal to the
product of the mass of the body and its
acceleration which measures the magni-
tude of the applied force i.e.

Change in linear momentum
Force =

time interval

= mass x acceleration

or, F=ma

When a body is moving with a uni-
form velocity along a straight line, it nei-
ther experience nor require an external
force. This is because, the acceleration is
due to change in the velocity of the body
and the velocity remains constant for a



body moving with a uniform velocity along a
straight line.

When a body changes its velocity or
direction of its motio n, its velocity
changes too. It results in an acceleration
which is possible only by the action of
an external applied force. Hence, an ac-
celerated motion is alw ays due to an
external force.

Application of the change in linear
momentum (impluse) and second law
of motion :

- Bogies of a train are provided with the
buffers. These buffers avoid severe jerks
during shunting of the train. Since force
= change in momentum / time and the time
of impact increases due to pres- ence of
buffers. Hence, force during jerks decrease
It results in decrease in the chanc
damage.

- Crockery items are wrapped

or straw pieces before pack@
p a per or stra w acts ers
changes the time of

avoids the chanc
the jerks. \

- An athlete sh

d hence

%Iowers his hands
while catchin ° ket ball to avoid
injury. In %so, he increases the time
of impa e ball which in turn re-

0
duces@fect of the force on his hands.

- %ers in the motor-vehicles re-

the effect of jerk / force by in-

creasing the time of impact of the
jerks given by an uneven road.

- In a head-on collision between two ve-
hicles, change in linear momentum is
equal to the sum of the linear momenta
of the two vehicles. Since time impact is
very small, hence an extra large force
develops which results in maximum
damage to the vehicles.

- When a person falls from a height on a
concrete floor, the floor does not yielq&
The total change in linear-momen
is produced in a very small inter, a@
time. Hene, the floor exerts much
larger force and the pe rgceives

more inj ut when a n falls
sand, th® %elds The

on a
omentum is

nmh ge in I|
din nger time. The

age for on the person by
heap o is, therefore, much
smallera Ce the person is not

hurt.

Thi
every action, there is always, an

%I and opposite reaction.”’
Here, the action is the force exerted by one
body on the other body while the reac- tion is

the force exerted by the second body on the
first.

of Motion

Significance of Third Law : It signi-
fies that forces in nature are always in
pairs. A single isolated force is not pos-
sible. Force of action and reaction act al-
ways on different bodies. They never can-
cel each other and each force produces its
own effect. The forces of action and reac-
tion may be due to actual physical contact
of the two bodies or even from a distance.
But they are always equal and opposite.
This third law of motion is applicable
whether the bodies are at rest or they are
in motion. This law is appliedto all types

Physics [13]



of forces e.g. gravitational, electric or mag-
netic forces, etc.

Example and application of the third

law of motion :

A book placed on a table exerts a force
as an action on the table. This action is
equal to the weight of the book. The
table exerts a force of reaction equal
and opposite to the reaction to support

of reaction on the jet-plane or rocket in the
forward direction. Consequently, the jet-
plane or rocket moves.

OF LINEAR MOMENTUM

The total sum of the linear momen-

[PRINCIPLE OF CONSERVATION j

tum of all bodies in a system remains
constant an d is not affected due to thei
mutual action an d reaction. It mea
a system of the two bo dies, thg®t

the book.

- When a gun fires a bullet, it moves

forward due to a force exerted by the irgo?ir;tlutr: o] ti:gtablocriTl]zsml;more of ?ﬁ;

gun. The bullet exerts a reaction due to g . .
. - twobod r imp @ct. la w of
which the gun recoils backward. . .
of linear entum is

- We can walk on a ground easily if it is

co nser )\6
u nive@i.e. it pligg) oth, the mi-
tough because the ground provides suf- opIC as w croscopic sys-
ficient reaction against our push. But i . g
is difficult to walk on sand or ice. This I
Some com applications of the

Is because on pushing, sand gets rinciple onservation of linear
placed and reaction from sandy gro pmomelz

is very little. In case of icey, faree,of
reaction is again small, beca ion | - m person is lying on a frictionless
between our feet and ice is‘t& tle. Gj ce at rest, his momentum is zero.
- When a rubber ball i against

s soon as he blows air out of his mouth
. or throws an object, he moves in the
wall or floor, it“exe force as . . .
. opposite direction. The total sum of mo-
action on the w e ball reb )
. . mentum of the person and air blown or
with an equ opposite capras . .
. object thrown remains zero due to op-
reaction exe by the wal all.
- A swimmgr pushes th th a
Q acgtion in direction
ater pushes “the ,Swimmer with
2 of reactio the forward direc-

posite directions.
e swimmer is able

tion. Consequ ntlw
to swim. $
- When t-plane or rocket moves in
the gases produced due to com-
@n of fuel escape through the
le in the backward direction due

to the force of action exerted by the | -
engine. The escaping gases exert a force

- When a man jumps out of a boat to
the shore, the boat is pushed slightly
away fro mtheshore. Th e initial
momentum of the man an d boat re-
mainsequal tothat of the fin al
value.

- The gun must be held tightly to the
shoulder when the gun is fired. It would
save hurting the shoulder

Motion of rocket and jet planes is based on
the conservation of linear momentum.

[14] General Science



Out of the three laws of motions, the
second law is the real law because it in-
cludes remaining both the first law and the
third law.

(UNIFORI\/I CIRCULAR MOTION )

When a body moves along a circular path
or a curve with a uniform circular speed, the
body is acted upon by an in- ward acceleration.
This acceleration acts towards the centre of a
circular path or curve and is called as radial or
centripetal acceleration which gives rise to the
cen- tripetal force. The centripetal force is an
essential condition of the circular motion.
Centripetal force (F ) = mass of the body
(m) x centripetal acceleration (a )

or,| F. =ma,

2
centripetal acceleration (a ) = —@
= rwa

where v = linear speed, ular
speed or, r = radius of CII’ ath or
curve.

| F.=ma_= W = mrw?

The centri@orce acting a&ody
is an actiopngand* an equal pPosite
force e@ntrifugal fo@ppears as a

reag

Application of ce@etal force :

- When a b t‘containing water is
whirled j horizontal or vertical di-
rectio er does not fall down on the
ground®

- ircus, a motor cyclist is able to
perform the feat of driving the motor

(@)

cycle along a vertical circle in a cage. The
motor cyclist does not fall down even at
the highest point.

A pilot of an aircraft can successfully
loop a vertical loop without falling at
the top of the loop being without belt.

Motion of vehicles on a curved road :
Level Curved Road : A level cur
road is constructed where the sp

the vehicles is slow. Here,,the 1&4 of

friction between the road a&o of the
wheel vehlsle des the
nec ntrlpetal

t the highways

re veh| ast the frictional
orce is not Ie source for provid-
ing the ed centripetal force to the

vehic ence at such curved roads, a

sgf rse of action is to raise the
&g edge of the curved road above

%le inner edge. It is known as banking

of roads. The banking of roads pro-
vides the required centripetal force.

A cyclist leans forward while going along
a curve. By doing so, the ground pro-
vides him the centripetal force which he
requires for turning. Hence, the cyclist
leans inwards from his vertical position.

In an atom, the required centripetal force
for an electron in its circular orbit is pro-
vided by the electrostatic force of attrac-
tion between the electron and nucleus.

The force of gravitation provides the
essential centripetal force when a satel-
lite revolves around a planet or a planet
revolves around the sun.

Physics [15]



(ROTATIONAL MOTION )

Torque (Moment of Force)

The product of force acting on a body and
perpendicular distance of line of action of the
force from the axis of rotation is called
moment of force or torque.

Torque = Force x Perpendicular distance
from axis rotation

Applications of Torque :

Torque due to a force is maximum, the
distance fro m the axis of rotation is
maximum. We can open or close a door
easily by applying force near the edge of
the door i.e. at maximum distance from
the hinges. Hence, a handle or knob is
fitted near the free edge of the plank of the
door. A wrench with a long arm is req

1

to unscrew a nut fitted tightly to a%
Longer the arm of the wrench, ag{ S
the required force to give suffick& ing
effect. z

It is equal to oduct of r

momentum of a b the perpedd r
iS7of rotati llows
servation. It the)total

distance from t
of an isolate remains

the principle o
angular mo@
alw, :
tions of c@tion of Angular
Momentum :
o
@ The ang%locity of revolution of a
planet ato the sun in an elliptical
orbi ases, when the planet comes
gr the sun and vice-versa.
circus acrobat perfor m s feats

involving spin by bringing his arms
and legs closer to his body and vice-

Angular Momentu

()
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versa. It is because in doing so the
angular speed increases.

(i) Consider a ballet dancer is rotating
with her ar m s an d legs stretche d
outwards. When she folds her arms
and brings the stretched legs close to
the other leg, her ang ular spee d

increases.

Due to the same reason, the an

gula
speed of the inner layer of the tor
(whirlwind) is extremely high. c)

All helicopters are provide ith two p
single
uld rotate
direction in

la w s of

)

et

Wh 'gody moves (slides or rolls) or

move over the surface of another
tangential force comes into action
en their surfaces in contact, against their
tive motion. This opposing force is termed

s the force of friction.

b

The force of friction depends upon the
m ass of the body on a surface and
ro u ghness of the su rfaces in contact
bet w een the m an d the m agnit ude of
friction, which increases with increase in
roughness and mass.

When a body is at rest on a surface, the
friction is called static friction which is a self
adjusting force. When the body is on the verge
to move (slide or roll), the friction is called
limiting friction but when the body moves, it
gives rise to dynamic friction. The limitting
friction is the maximum force of friction and it
is always more than static or dynamic friction.



Usually, smoothness decreases the force of
friction. However, when the surfaces in contact
are made too smooth by polishing, the binding
force of adhesion increases and hence, the
frictional force increases. This is called ‘cold
welding’.

Friction is a non-conservative force
and hence, the mechanical energy
( p otential a n d kinetic energy) is not
conserved. In fact, friction conv erts
mechanical energy partly into heat, light
(spark), sound, electricity, etc.

Generally, friction opposes motion.
H o w ever, in certain cases friction is
essential for motion. Without friction,
motion cannot be started, stopped or
transferred from one body to the other.
Thus, friction is a necessary evil.

Advantages of Friction
- When a person pushes the ground b

ward, the rough surface of the g?
exerts a forward force due to i It
makes possible a person to n the
ground. Due to lack of ‘ﬁcient fric-
tion on ice or we soi@ difficult to
walk.

- Two bodies sti ther due -
tion. ﬁ
- The workj f the brakeséhi S is
possibl to friction
- iction bet et the tyres of
3s and roa@ s the motion of
ble:

theAvehicles p si.
- The cIean&tion of sand-paper oc-
curs du friCtion only.

e of friction, we would not be
hold a pen and if we could, the
would not write on paper.

- Writing on the black board with a chalk
is possible due tofriction.

- The transfer of motion from one part of
a machine to the other part through
belts is possible by friction.

- The working of nuts and bolts for hold-
ing parts of machinery together is based
on friction.

- The knots in woven clothes are possible
due to friction.

Disadvantages of Friction

- Since, the force of friction oppo@g
relative motion between twosBod-
ies in contagt, hence, extramﬁ done
to overc@me Sthe force of ion. It in-

YAbout 20%

volve loss of e
of etrol used ik ap”automobile is
ed " Up to r e force of fric-
tiol in the eRgi in driving.
tion results in heating

-YThe force
the worki arts of the machinery that
may ge the parts.

- i causes wear and tear of the
of the machinery.

e force of friction can be reduced :

- By polishing : polishing causes smooth-
ness.

- By lubricating : The lubricants, oils,
grease etc. fill up the irregularities of
the surfaces and hence, the surfaces
become smoother.

- By using ball-bearings

The force of friction can be increased :

- by a pplying san d on the slippery
ground.

- by applying sand on the road covered
with snow.

- by making depressions, projections, etc.
in the tyres during manufacturing.
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Order of the magnitude of the
force of friction is:

Rolling friction < sliding friction < lim-
iting friction.

Owing to least value of rolling friction
wheels are used in vehicles.

TRIVIA

- When a particle goes from one point
to another, the actual length of the
path is called distance covered. The
average speed is defined as the dis-
tance covered per unit time. In the
above case, the straight line distance
between the initial and final positions
is called magnitude of displacement.
The average velocity is defined as mag-
nitude of displacement per unit time.

- Distance covered is always a + VE qu@

<&

tity. And it never decreases with time. For
a moving particle it cannot be zero.

Distance covered > magnitude of dis-
placement.

Spee d is alw ays a + VE g u antity.
However, it can increase or decrease
with time.

When a particle returns to the startin@
point its average velocity is zero
average speed is not zero. b
For uniform motion dista co&h =
magnitudegof displacemg&ﬂa mo-
tion is straigft m@ d its di-
ot change.‘\
ir If distance with
‘e&cond half distance
average speed
2vyv, .
= :G)TIOHIC mean.
v1+&

with speed t

ﬁ?
&
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WORK, ENERGY
AND POWER

( WORK 'D‘ POWER '

When a force is applied on a body and
a displacement is carrie d o u t in any
direction excep t in a direction
perpendicular to the direction of the force,
an amount of work is done by the force.

The amount of work done is equal to
the product of the force and the distance
travelled in the direction of the applie
force i.e.

‘ Work = Force x distance travelled eb
or,| W=FxS

Unit of work is Joules(s) 1 j = Newton
x 1 metre. 9

Work done by a may be 0,
positive or negati ending u
direction of t lie d
dlsplacement &

When @Ile is carryi ome load on
his 4 is waitin e arrival of
the he is not *any work. No

mechanical wor one by a teacher
teaching a cI@hen a body falls freely
under the action“of gravity, work done by
gravity body is positive. When a
bowushed or pulled by a force, work
do positive. The force of friction acts
against the motion, hence the work done
by the frictional force is negative.

The time rate of change of @

w
power. When a body takes less timeéo a
certain work, its power is sai be more

and vice-v ‘b,
Po )\

unlt isw kllowatt (1 kw) is

aI 0 1000 E&W horse power (h.p.) is

equal to 746 er of an agent measures

how fast |§g the work. The area under the

force distance graph is numerically
equm work done by the agent.

S

orP—

Force

-

] Distance S
Work = Force x Distance

W=FxS

The area under power-time graph gives the
work done while the slope of work versus time
graph gives the power.

=

Work
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Work = power x time = area under w-t moving with same K.E. and same retarding
graph force is applied on each, both the bodies

will stop after travelling the same distance.

Power—&rk or = = slope of w-t
time P g - SOP K.E.=

graph. 2x mass of the body

PZ
ENERGY or, K.E=——
2m

The ability of a body to do work is called H h light and a h 9
energy. When a body can do more work, it ence, when a lignt and a neav y
are moving W|th the same Ime om m,

is said to have more energy and vice versa. '

Energy is different from power. Energy refers the lighigg {| have more
to the total amount of work a body can do Every g system a |ated with

K.E. of a body is also given as :

(Linear momenl’um)2

and power determines the rate of doing | a defi ount of g a moving
work. Both the energy of a body and work hi nd, wa c
done by the body are equivalent and are
measured in Joule (J). ntial Ene
L The en sessed by a body by virtue
Kinetic Energy (K.E.) b’ of its positign or configuration is known as
It is the energy possessed b h@dy its ot I energy. The mechanical P.E. is
by virtue of its motion. The kir%ergy pes viz., gravitational P.E. and
of abody is givenas % .E. The gravitational P.E. of a body
“b t e Certain height is due to gravity whereas

elasticity.

K_E,:%nw? XO e elastic P.E. is due to its property of
h

Where m = maQr e body -~ Gravitation P.E. = mass x acceleration due
velocity of the bgdy. Phus, K

: y is . L
equal to ha|f$r0duct o% the to gravity x height = mgh

body and re of veloci ody. At the surface of the earth, h=0,
The e E. of easures the | P.E.=0
wof &by the bod

Different Forms of Energy

me of the body | @) Heat : It is the energy possessed by a
body by virtue of random motion of
the molecules or particles of the body.

‘ Work = cha

@) Internal Energy : It is the energy of a
u and v are initial and final bo d y du e to the m olecular
velocities of the body of mass m. configuration and molecular motion.

When a heavy and a tight body are (i) Electrical Energy : This energy arises
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due to w ork d one in m oving free
charge carriers in a particular direction
through a conductor.

(M Chemical Energy : It is the energy
possessed by the body by virtue of
chemical bonding of its atoms.

W N uclear Energy : It is the energy
released during the nuclear reaction
due to conversion of mass into energy.

Mass-Energy Equivalence

Mass and energy are equivalent to each
other and can be interconverted according

£en] or|

Where E = energy, m = mass and, ¢ =
speed of light in vacuum =3 x108m/ s.

to Einstein’s equation
m=E/c2

If mass =1 kg, the energy released |
E=1Kkg x(3x108)?m/s?2=9 x 10

Joule
1z the

e law of
the ener
|n star

This law unifies the two
law of conservation of mass

conservation of energy.
in the u niverse i.e.
obtained due to c n

energy.

Q’

energy of an
tem remain ant at all times.
%ed nor be destroyed

but can be transformgd from one form to
another. The of energy appearing in
ly equal to the energy

one form js\ exdct
disappeati ome other form always.

a body is at rest at a certain
heig bove the surface of the earth, it
only ‘has an amount of potential energy.
As soon as the body is released from that

height, its P.E. begins to decrease and this
decrease in P.E. appears as an increase in
its K.E. When the body arives at the ground,
its P.E. becomes zero and this appears as
K.E.

Sources of Energy

The sources of energy are immense and
they are divided into two groups viz.

() Renewable Source : These sou@
of energy are inexhaustible and ar
continuously supplied by nat g

flowing watergthe sun, ocean ti Qlogas
plants and le Wasb e

newable
and h e

o e.g.
|onable mat S

They are

rmed in nature

Ieum natural gas,
e uranium.

Wmd En
Air
ene d

ion is wind which has kinetic
wind energy.

s of Wind

The eq u atorial region receiving
perpendicular sun-rays has warmer air
than that in the polar region where sun-
rays are slanting. The warm air rises up in
the equatorial region. The air from polar
regions rushes towards the equatorial
region to fill the gap. This causes the air to
move. Moreover, local weather conditions
also contribute to the movement of air. If
the speed of air is small, then the wind is
known as breeze. On the other hand, if the
speed of air is very large, then the wind is
known as storm or tornado.

Uses of Wind Energy

() Sail Boats : A boat can be rowed
with oars using muscular energy which is
a tiresome job for a longer distance. Hence,

Physics [21]




a sail is used by utilizing K.E. of the wind
to move the boat. A sail is a large sheet of
thick cloth spread over a boat in such a
way that maximum wind falls on it. The
sail boat moves due to wind. The speed
and direction of motion of the soil boat
depend mainly upon the wind.

To m ove the boat in any d esire d
direction, two sails at right angles to each
other are attached to the same pole fixed
on the pole . A steering device known as
rudder is used to turn these two sails
through any angle. One of the sails is used
to direct the wind and the other sail collects
this wind. The kinetic energy of the wind
collected by the second sail (propeller)
moves the boat in th desired direction.

(i) Wind Mill : A device used to convert
wind energy into the mechanical energy of
the machine is called wind mill.

Win d energy is pollution fre

economical. However, it is limite in
places where wind is in plen lows

parts of Rajastha ataka and
n t of
p r of
projects.to @the wind e
tw power

p
most of the time. In India, are some
high wind energy regio ike” Islands of
Bay of Bengal and Sea, co
Parts of Madh adesh. Go
One is a%
district” This power stdtion is producing

parts of Gujarat a il Nadu,
India has d to install
fhnits of power every

Tid

rgy

The alternate rise and fall of water of the
ocean twice in nearly 24 hours is known as a
tide. The tides are produced due to the
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gravitational force of attraction exerted by
moon and to some extent by the sun on the
water of the ocean. At the time of new and full
moon, when the sun and the moon are in a
straight line, tides are very high. When the sun
and the moon are at right angle from the earth,
tides are low. The K.E. of the water during
tides is used to produce electricity.

Tidal power plant is made near narro
bays. During tides, the gates of the

are opened. The rising water is allowe
fall on the turbine of the generatoywhich

produces electricity and th E. the
water is con¥@kted into electiical energy.
During I&é, gate® dam are
closed nce the watéylevel behind
the ses. Thid ai water has high
r%al ener in the gates are
ned and th alls on the turbine.
us, the icity is p ro duce d
continuou
Fra d Canada are the leading

CouRkri hich harness the tidal energy.
I m three sites viz. Gulf of Kutch
( rat), Gulf of Cambay (Gujarat) and
n d erbans (West Bengal) have been
dentified to construct tidal power plants.

Ocean Thermal Energy

It is heat energy obtained due to the
te mp erat u re difference bet w een the
different layers of water in the ocean. The
surface temperature of the ocean is much
more than the inner deep ocean. Due to
this temperature difference, heat energy
can be drawn to produce electricity.

The vegetation and biomass found at
the sea bed can be used to produce heat.
Different oceans have different
concentrations of salt. Hence, electricity
can be produced at the site where different
oceans meet.



Geothermal Energy

The inner part of the earth is very hot
and hence, hot underground water comes
automatically out of the earth’s surface in
certain regions in the form of fountains
known as hot water springs or geysers.
The steam of these springs under high
pressure can be used to rotate the turbines
of the generator to produce electricity.

Biogas

Biogas is a mixture of gases like methane
(65%), CO,, H, & H,S formed when the animal
dung mixed with water is allowed
to ferment in the absence of air (Oxygen)
and it is produced in a biogas plant. Biogas
is a very good fuel to produce heat.

havi
The arrangement of producing biogas IQ
from animals dung, human excreta

industrial and domestic wastes is kn
as biogas plant. There are tw tyg6
biogas plants which have been u ur
country. These are :

(i) Fixed-dome type b| t

(ii) Floating gas h

Fixed-Dome T eYBiogas PI
consists of a weI dergro
of bricks an nt This t
dlgester ang

s inlet and o Ives The
dome s ere is a gas

ou at the top of e. The dome of
the digester acts as a age tank of biogas.
Thus, the gas- -h i.e., dome) is fixed.
There is a mi k made above the ground

level. On other side of the digester, a

ank called outlet chamber is

hich collects the used slurry.

Floating Gas Holder Type Biogas
Plant : It consists of a well shaped tank
inside the ground called digester. Digester
is divided into t w o cha m bers with a
partition wall. A drum shaped gas holder
made of steel in the inverted position over
the mouth of the digester acts as a storage
tank for biogas. This tank moves up and
down over the slurry in the digester tank
and hence this gas plant is called floati
gas holder type. The motion of the d
is controlled by a pipe.

Mixing tank is connected tothe digester

with the hel inlet pipesRheioverflow
tank ‘used ect the ry is also
connec a pipe. T as collected

ng tan s& out with a pipe
gasvalye.
& ating
gas-holder

Mixing tank — Outlet for biogas

d Hja Gas valve Overflow tank

:7 Spent slurry

Outlet pipe

Partition wall T

MACHINE

Machine is a device to overcome load
or resistance applied to it at some point by
a relatively small effort applied to it at
some convenient point.

Lifting machine : It is a device to lift
heavy load by applying comparatively smaller
force like lever, wheel and axle, inclined plane,
etc.
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Effort : The force applied to a machine
to overcome load (resistance) is called
effort.

Load : The resistance (force) to be
overcome by a machine is called load.

Load
Effort

Velocity Ratio (V.R) or Ideal Mechanical
Advantage (IMA)

Mechanical Advatnage (M.A.): =

Displacement of effort

~ Displacement of load in the sametime

Efficiency of a machine
Useful work

- Total work done

_ Mechanical Advantage (M. A.)
- Velocity ratio (V.R.)

Efficiency is always less than one
less than 100%. Ony for ideal ma
the efficiency is one or 100%.

V.R. or I.M.A. for some |
machines—

(i) Lever : LM.A. ¥;

(i) Whel nd 2 %
Radius of Wheel
M@ Radlu5&£}
CONSEF\%TION )

- Conservatj a W s can be use d to
describe haviour of a mechanical
syste n when the exact nature of

involved is not known

the forces i i :
- ough the exact nature of the nuclear

forces is not known, yet we can solve
problems regarding the nuclear forces
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& ional t
- netic en

with the help of the laws of
conservation.

Violation of the laws of conservation
indicates that the event cannot take place.

Work done depends on the frame of
reference.

Work done is path independent only in
a conservative field.

Stopping distance of a body 0

Kinetic Kinetic energy Q

Retarding e

When&er is hrough a
plp ith” speed v its power is
})dy is doubled, the

ecomes v’E times.

collision of tw o eq u al

métheir kinetic energies are
ed.

light and a heavy body have equal
omenta, then lighter body has greater
Kinetic energy.

Potential energy of a system increases when
a conservative forces does work on it.

If a bo dyof mass ‘m”> moving with
velocity ‘v’, collides elastically with a
rigid ball, then the change in the
momentum of the body is 2 mv.

Work done by a centripetal force is
always zero.

When the m o ment um of abo dy
increase by a factor n, then its kinetic
energy is increased by factor n2,

If the speed of a vehicle is made n times,
then its stopping distance becomes n 2times.




Gravitation

The force of attraction between any two
bodies in the universe is called gravitation. The
force of gravitation is the weakest force in the
nature. However, it is the most important force
in the universe because it plays an important
role in planetary motion, the birth of a star, etc.

GRAVITATION

The gravitational force of attractlon
between any two bodies in the unlver
directly proportional to the product of t
masses and inversely proportional
square of distance between them. @

(NEWTON’S LAW OF ]

Let two bodies of masse

respectively having a st

between them.
wtational

Then fro m th
gravitation, we ge
between them

F=G

G is the @miyversal gravitational
constant. G = 6.87 X 0-* Nm 2kg=2. The
value of G re constant anywhere in

the universes

The ton’s la w of gravitation
exp@he rotation of the moon around
the h or earth arou n d the su n. It

correctly predicts the solar an d lu nar

eclipses, and the orbits and time period of &
the modern artificial satellites. The causD
behind the tides in the oceans is main

gravitational force of attractio etm@

the moon and gcean water. &o

Qe forc tion exerted by

h tow entre on a body
on or nea urface of the earth.
is”called ea g avitational pull. Thus,
the gravi eC|aI case of gravitation.

T @ of gravity acting on a body is
ure of weight of the body. The

of gravity produces an acceleration

body and it is known as acceleration

ue to gravity. It is denoted by ‘g’. If a body

is of mass ‘m’, then its weight at the surface

of the earth ismg.

Weight =
gravity.

The acceleration du e to gravity
decreases above and below the earth’s
su rface. Hence, the weight of abody
decreases with increase in height above
the earth’s surface or increase in depth
below the earth’s surface. The value of ‘g’
is maximum at the poles and minimum at
the equator of the earth. At the centre of
the earth ‘g’ is zero.

th

mass x acceleration due to
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Acceleration due to gravity is
independent of mass, shape, size, etc. of a
falling body i.e. a light and a heavy freely
falling body will attain an equal
acceleration which is equal to the
acceleration due to gravity (g). The average
value of ‘g’ at the surface of the earth is 9.8
m/s% Heavier a planet or satellite, higher
isits ‘g’. The value of ‘g’ at the surface of
the moon is 1/ 6th of the value at the earth’s
surface. The value of acceleration due to
gravity is minimum at planet Mercury and
maximum at planet Jupiter.

SATELLITE

The body revolving around a planet
continuously in an orbit is called a satellite.
Moon is a natural satellite of the earth. Sinc

1957, many man made satellites have been put
in different orbitals around the earth. They
called Artificial Satellites.

(Gt

A satellite revolves around

in an orbit under the effect of the ipetal
force provided by the gravit orce of
attraction between the and the
planet. The minimu Im with  whi

a satellite is put integitSerbital is

orbit velocity whic

due to gravity,

g = acceleyatio
R = radfus of the eart_and h height of

the satellite abo e®arth’s surface. If h

<< R, then & =8km/s.
® G@onary Satellite : It appears
alway, a fixed location above the earth

in i it. Its time period of revolution
around the earth is 24hrs and its height is
36000 km above the equator of the earth. It
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rotates around the earth from west to east,
similar to that of the earth. Its speed is 3.1 kms
/ s. Its orbit is coplaner to the equatorial plane
of the earth.

It is also known as a geosynchronous
satellite.

() Polar Satellite : It revolves around
the earth in a polar orbit which is at 90° to
the equatorial plane. It passes over bot
the north and south poles of the earth

per orbit. Hence, every location on
lies with the observation of pelar lite

twice each d It is also known fhe sun
synchronm@atellite.. ‘b
In G to m ong ‘NOO% earth’s

surf, ree g i y satellites are

r qﬁd while %polar satellite can
the same jo

E VELOCITY)

inimum velocity required to
body so that it becomes free from
arth’s gravitational pull is called escape
ocity. Itis givenas v =/2gR =11.2km/
for the earth where g is acceleration due

to gravity and R, the radius of the earth.
EFFECT OF GRAVITY ON
WEIGHT OF A BODY
When a body falls freely, its weight
becomes zero. This situation is known as
weightlessness. In a spacecraft or satellite,
the effective weight of a body is zero because

the gravitational force is balanced by the
centrifugal force.

When a lift is at rest or is moving up /
down with a uniform velocity, the weight
of a body inside it remains unchanged.

But, when the lift accelerates upwards,



the weight of a body in it increases while
downwards the weight of a body decreases.

KEPLER’S LAWS OF PLANETARY
MOTION

() The First Law : Every planet revolves
around the sun in an elliptical orbit.

() The Second Law : The average radius
of the elliptical orbit of the planet
sweepsoutequal areas in equal
intervals of time.

(i) The Third Law : The square of the time
period of revolution of a planet is
directly proportional to the cube of
average radius of its elliptical orbit i.e.

T?u RS
TRIVIA
e Planets revolves around the sun in
liptical orbits with the sun at one
focii.

aIIer
se the

e The gravitational force is mu
than the electrical forc
value of G is very sma

« Gravitation isacon e force.

. GraV|tat|0n is force

e Gisa scala

. Work in moving ass from
ny poir Q’ is called
ational pote t point.

o Grayitational poten

sa scalar guantity.

tential due to the earth
given by : V,=-GM,_| R,
mass of the earth and R, =
he earth

radiys :
. @f gravitational potential is J/kg.

« The gravitational intensity inside ahol-
low spherical shell is zero.

Variation of g inside the earth is linear.
That is, it increase in direct proportion to
the distance from the centre of the earth.

Decrease in acceleration due to gravity
atadepth disgiven by :gd /R, where R
= radius of the earth.

Orbital velocity very near the surface of
the earth is 7.92 km /s. &
Greater the height of the satellite sm

is the orbital velocity. SR
Time period of the satelliteAlgry n1 the

surface the earth i a 84.6
mlnut
is dissip \T keeping the
%{ in orhif r Ianet
he total r E + PE) of a satel-
ite is negatiwe, (s orbit is either circular

this case PE > KE.

or eIh%
Ift energy of the satellite is zero,
es away along a parabolic path.
IS case PE = KE.

hen the total energy of a satellite is
positive, it escapes along a hyperbolic
path. In this case KE > PE.

The escape velocity from the surface of
the earth is 11.2 km /s.

If a body falls freely from infinite height,
then it reaches the surface of the earth
with velocity 11.2 km /s.

Kinetic energy of escape for a satellite =
2 x kinetic energy of orbital motion.

A body in gravitational field has maxi-
mum binding energy when it is at rest.

A hydrogen baloon released at a height
on the moon will fall with an accleration
nearly 1.6 m/ s2.
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PROPERTIES OF
MATTER

Matter is broadly divided into three
categories, viz. Solid, Liquid and Gas. Due
to the strongest intermolecular force of
attraction in solids, they are tough and
have a definite shape and size. This force is
relatively weak in liquids and so the shape
is easily changed but liquids have a definite
volume. In gases, the intermolecular force
of attraction is minimum and hence, they
do not have a definite shape, size and
volume.

There is a fourth state of matter ca d
plasma state in which matter exists in ioni Q
state. Plasma state is common in stars. @

In solids the constituen
molecules or ions) a rongly at
position of minimum ial energy.

are of two categori

: They h ‘%ular
onstituent pagti in®three

hey have a
al shape and
int. They are an

ar p meltln%
isotropic i.e. ;hei hysical properties

SOLIDS
%s (atoms,

like con ivity (ther m al an d
electrical active index, mechanical
stren@c. have different values in
different directions e.g. rice, su gar,
@z, dia mon d, rocksalt, m ost of

Is & their compounds, etc.
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@ Amorphous or Glassy Solids : They
have irregular arrangement of particles’
Hence, they d o not have a defi

external geometrical shape an

melting point. They are isotigpic | eir

physical p erties have the value

in all df ns e.gpgl e m ent,
ffln, plastic;

rubbé
quid column depends

upon its de @nd height
Wh = height of liquid column and
r@l of liquid. If equal amounts of a
e kept in two containers one with
base and another with a narrow
, the height of liquid column will be
ore in the container with the narrow
base and hence, the liquid pressure exerted
will be more on the narrow base than that
on the broad base.

Pascal’s Law : °If the effect of gravity is
neglected the pressure at every point of a liquid
in equilibrium of rest is the same.’” It means, in
a liquid content, the effect of pressure is
equally trasmitted through out the liquid
system.

Hydraulic lift, Hydraulic press or Brahma
press, etc. work on the Pascal’s law.

Pressure is equal to the force acting

. . Force
per unit area I.e. pressure =

Area




Let a liquid system having two open
surfaces one with a narrow cross sectional
area and other with a broad cross section
and provided with pistons. Since pressure
remains the same in every section of the
liguid system, hence, by putting a small
load on the piston of small cross section a
heavy load placed at the piston of the broad
cross-section can be uplifted.

Buoyancy : Whenever a bo d vy is
immersed in a fluid, the displaced fluid has
a tendency to occupy the original position.
Hence, an upward force is experienced by
the body. This upward force acting on the
body inside a fluid is called bouyancy or
buoyant force or upthrust.

Archimedes Principle : “When a body
is partially or completely immersed in a

fluid, it loses some of its weight which is
equal to the weight of the fluid displac%

by the body.”’ z{

Law of Floatation : A body
a liquid, if weight of liquid y the

displ
immersed part of the body ii%east equal
to or greater than the Weig@ e body.

ed

in

ater displaced

by the pin is | SS% the weight of the
pin. Due :&s&me reason, a metallic

bowl can oh the water surface.

after melting the iceberg. This is

cause the density of ice is less than

that of water and the weight of water
displaced by the iceberg is more than

An ig@ having an iron pin floats on
thgsa surface but the pin sinks in
be

the weight iceberg containing an iron
pin but the weight of water displaced
by the iron pin is less than the weight of
the pin.

Initially, a balloon filled with helium gas
rises in the air because the weight of the
air displaced by the balloon is greater

than the weight of the balloon. As it goes
up, the weight of air displaced decrease

due to decrease in the density of air@

hence, the balloon halts at a
splace the
N@'ght of

where the weight of air di
balloon becomes equal to
the ball
.
PHER! gSURE )
content earth exerts force
to'its weigh tRe"ground. This force on
the” ground @ se to the atmospheric

pressure. sea level the value of
atmosp essure is one atmosphere.

a phere = 760 mm of Hg = 76 cm
1.013 x 105N / m?
= 1.013 x 105 pascal = 760 torr.

Barometer is a device that measures
pressure. Mercury barometer is the most
common type.

Pressure : Pressure is equal to the
normal force acting per unit area. If the
handles of the bags and suitcases are broad,
the pressure on the hand carrying them
will be small.

Railway tracks are laid on large sized
wooden, iron or cement sleepers so that
the thrust due to weight of train is spread
over a large area. This reduces the pressure
on the ground which would prevent the
yielding of ground. Pins and nails are
pointed so that on pressing on a surface
they exert high pressure on the surface
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and hence, easily penetrate the surface.
The pointed end has least the surface area
and it provides greater pressure on applying
a normal force because pressure is equal to
force devided by area. Due to the same
reason, it is painful to walk bare footed on
aroad covered with edgy pebbles.

Vander Waal Force of Attraction : It is
the minimum force of attraction between
any twoneu tral particles (ato msor
molecules). It may be of two types viz.
cohesive force (between similar molecules)
and adhesive force (between dissimilar
molecules).

(ELASTICITY)

The ability of a body to regain its original
configuration after removal of an applied

deforming force is called elasticity and thego
dyister med elastic. Q u artz a nd phos

bronze are nearly perfectly elastic bodle
is more elastic than rubber. Most Is
are elastic.

When a body does not re
configuration at all o
deforming force, it is ca
e.g. plastic paraffin,

When a d@ iS98
an elastic bo ts conflgura 3
and after tmoval of t% g the body
reg original for orce applied
per ea is calle &és and the ratio

of the¥€hange in igu ration to the
original configugationsis called strain.

Hooke’s : Within the elastic limit,
the stress loped is directly proportional
roduced in abody i.e. stress a

to the E:Tta i
strain stress = E x strain or | E= .
strain

Where E is a constant for a given body

stress
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and known as the co-efficient of elasticity
or modulus of elasticity. The modulus of
elasticity is a measure of elasticity of a
body.

Ductile Materials : These materials
show a large plastic -range beyond the
elastic limit.They are used in making

springs and sheets e.g. coppers, iron, silver,
aluminium, etc.

Brittle Materials : These materials sh@

very small plastic range beyond elastj

e.g. glass, cast iron, etc.

Elastomeuns These mat Xhave no
plastic ra such maf® n a small
stress uce a Iar@m e.g. rubber,

issue 0 a he human blood

&ary syste
aking stress

Safety fac working stress

aterial is used in a certain
the working stress is kept much

con
%&han that of breaking stress so that the

factor may have a large value.

The metallic parts of the machinery are
never subjected to a stress beyond the elastic
limit, otherwise they will get permanently
deformed.

The bridges are designed in such a way
that they do not bend much or break under
the load of heavy traffic, force of strongly
blowing wind and its own weight. In order
to minimise the depression in the beam of
given length and material the depth of the
beam is kept large as compared to its breadth.
However, too large a depth of the beam may
cause bending, called buckling. Hence, a
compromise between breadth and depth of
a beam is made by using an “’Ishaped girder”’
with a large load bearing surface.



A hollow shaft is found to be stronger than
a solid shaft made of the same equal material.

The material used to construct a spring
should be of higher elasticity. Hence, steel
having higher elasticity is used to construct a
spring. Rubber is of lower eleasticity and
hence, it cannot be used to construct a spring.

If a material is subjected to repeated
strains, it losses its elasticity over a long
period of time. After a long use, the bridges
are declared unsafe.

- The modulus of elasticity has the same
units and dimensional formula as that
of strees or pressure.

- The material is more elastic if its value
of modulus of elasticity is large.

- Young’s modulus of elasticity-Y and
modulus of rigidity h exist only
solids as liquids and gases cannot

deformed along one dimensi or@n

also cannot u n d ergo sh% in.
However, the bulk modul sticity
K exists for all the three @of mater;

viz; solid, liquid a g

- The solids are m tic and ga
least elastic. It j cause for
stress a p e gase

an that ofs

terlal of a
to the stress
Iength of a wire.
- Youn@dulus is defined only for the
solids.

- modulus is defined for all types of
materials : solids, liquids and gases.

Reciprocal of bulk modulus is called
compressibility.

Hooke’s law is obeyed only for small
values of strain (say of the order of 0.01).

Higher values of the elasticity (modulus)
means greater. force is req uired for
producing a given change.

The materials which break as soon a
the stress goes beyond the elastic lipai
are called brittle.

The materials which do n bre&ell
beyond theglastic limit are ca @uctile.

The d ion bey %c limit is
callﬁ ticity %

sustai ;Pglty even when
|m es its len gt h.
uctlle. It breaks down
elastic limit is crossed.

as soon a

Bre tress does not depend on the
len r area of cross section of the

w. H o w ever it d epen d s on the
aterial of the wire.

Breaking force depends on the area of
cross section. Breaking stress of a wire
is called tensile strength.

Elastic after effect is temporary absence
of the elastic properties.

Temporary loss of elastic properties due
to continuous use for a long time is called
elastic fatigue.

Thermal stress in a rod is independent
of the area of cross section or length of
the rod.

When a body is sheared, two mutually
perpen dicular strains are pro duced.
They are called longitudinal strain and
compressional strain. Both are equal in
magnitude.
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- Quartz is the best available example of
perfectly elastic material.

- The pressure is perpendicular to the
surface of the fluid.

- The upthrust on a body immersed in a
liquid does not depend on the mass,
density or shape of the body. It only
depends on the volume of the body.

- The weight of the plastic bag full of air
is same as that of the empty bag because
the upthrust is equal to the weight of
air enclosed.

- The wooden rod cannot float vertically
in a pond of water because centre of
gravity lies above the metacentre.

- The cross-section of the water stream
from a tap decreases as it goes down in
accor d ance with the eq u ation of
continunity.

the m oon, beca use t
atmosphere on the moon.

- The line joining the centre‘@avity and
tral line.

centre of buoyance is cw n
- The point where th al line thr

centre of buoy rsects the
line is called tre. a ‘%

- We cannot sip a drink with a str@}
no

- The floati is in stable librium

when t etacentre is e centre
' 7 (Centre ty is below
re of buoy
- floatlng bo is in u nstable

e the metacentre lies
of gravity. (Centre of

ing bo d y is in the neu tral
ibrium w hen centre of gravity
ides with the metacentre. (Centre

col
of gravity coincides with the centre of
buoyancy).
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If a body just floats in a liquid (density
of the body is equal to the density of
liquid) then the body sinks if it is pushed
downwards.

The hydrometer can be used to measure
density of the liquid or fluid.

When a gale blows over a roof, the force
on the roof is upwards. &
Sudden fall in atmospheric presse

predicts possibility of a storm. g?

If two bodies have equal Mgthru
liquid, botlghave the same
If one n one’s b %e surface

of ,the appare ht is zero.

ﬁk;vg(er is
p Up to a Ned
ressure t
RS

Str pressure have the same units
e@mensmns but the pressure is
%ys normal to the surface but the

ress may be parallel or perpendicular
to the surface.

liquid of density
, then the m ean
walls of the beaker is

Isothermal elasticity = pressure (p)

Adiabatic elasticity = Ratio of specific
heats x pressure.

Normal stress is also called tensile stress
when the length of the body tends to
increase.

Normal stess is called compressive stress
w hen length of the bo dy ten d s to
decrease.

Tangential stress is also called shearing
stress.

When the deforming force is inclined to
the surface, both the tangential as well
as normal stress are produced.



Diamon d an d carboru ndum are the
nearest approach to the rigid body.

Elasticity is meaningless for the rigid
bodies. That is, the elastically is the
property of the non rigid bodies.

e 1
Compressibility :m

Breaking stress is independent of the
length of the wire.

Breaking stress depends on the material
of the wire.

Breaking load depends on the area of
cross-section of the wire.

Bulk modulus was first defined by Max
well.

In the stretched spring, tensile strain is
produced.

Breaking stress for a wire of u
crosssection is called tensile streng

If a beam of rectangular cros is
loa d e dits d ep ression is sely
proportional to the cube ness of

the beam. Q
If a beam of a cir%v ross-secti
loaded, its d ion is in

o

proportional ube of

ess becomw imes, but
ress rema'&5 anged.

a beam is

oth extensional

as well as ¢ essional strain is
produced.

When re 1S no external force, the
sha a'liquid drop is determined by

t rface tension of the liquid.

Sodp helps in better cleaning of clothes
because it reduces the surface tension
of the liquid.

A liquid does not wet the containing
vessel if its angle of contact is obtuse.

In case of liquids which do not wet the
walls of the containing vessel, the force
of adhesion is less than 1/,/2 times the
force of cohesion.

The height of the liquid column in a
capillary tube on the moon is six times
that on the earth.

Soldering of t w 0 metals is p Q
because of cohesion.

When the Aiguid drops meﬁﬁ) each
other a larger d% nergy is
rele Y ‘\

&id rise%!gﬂlary tube, when
t t

ngle of ct'ys acute.
urface t of molten ca dmium
increaSﬁ @ith the increase in

tempefature.

efficient of viscosity of gases
ase with the rise in temperature but
%at of lig uid s d ecreases with the
increase in temperature.

The streamlined or turbulent nature of
flow depends on the velocity of flow of
the liquid.

Reynold number is low for liquids of
higher viscosity.

Bernoulli’s theorem is based on the
conservation of energy.

Bernoulli’s theorem is strictly applicable
to non viscous fluids.

Viscosity is due to the transport of
momentum.

Maximum possibility of streamlined
flo w is for lo w d ensity an d high
viscosity fluids.
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Gases cannot be liquified above the
critical temperature.

Above critical temperature a substance
is in gaseous state and below critical
temperature it can be in vapour state.

The branch of thermal physics that deals
with measurement of the amou nt of
w ater va p o u rs p resent in the
atmosphere is called hygrometry.

Saturated and unsaturated air :

The air is said to be saturated when the
maximum possible amou nt of water
vapours are present in it.

* The pressure of the water vapours in the
saturated air is called saturation vapour
pressure.

If the air contains vapours less than the
maximum possible amount possm
t he air, t hen it (air) is said to
unsaturated.

The humidity refers to the o@ pce of
water vapours in the at f

defined in the atmosp
in the foIIowing t

* Absolute hu It |s the
of water v% seent !%
* Relau@umldlty

the water vapo% tin Im? of

at g/certain temp €
of the watep vapow# required to saturate
[

IS deflned

Mas

Im? of the ai

* The refati
expr

ve humidity may also be defined

same temperature.

h umidity is generally
percentage.

a

Relative humidity =

General Science

Water vapour pressure at the given temp.

Saturation vapour pressure at the same temp.

]xlOO%

Dew point
It is the te mp erat ure at which the

amount of water vapouractually
present in a certain volume of the air is
sufficient to saturate that volume of air.&
* At the dew point the actual va

pressure  becomes the saturation é)

pressure.

Relative idity can aIs\&fmed
as: o ‘s

Rel mldlty-

$§t1on vapo

at dew point

x100%

ration Vapou ¢ at the given temp

Relatl dlty is low when the air is

dry@
&9 ive humidity is high if the air is

olst.
Hygrometer

It is the device to measure the amount
of water vapours in the air or the relative
humidity.

Saturation vapour pressure changes
with the increase in temperature.

At 0°C, the saturation vapour pressure
is 4.6 mm of H g. Therefore, w ater
vapours are always present around the
ice.

* It increases with the
temperature.

increase in

When the te mp erat u re of the
atmosphere is equal to the dew point,
the relative humidity is 100%.




The study of low temperature is called
cryogenics.

Maximum value of relative humidity is
100%.

The saturation vapour pressure of water
at 100°C is 760 mm of Hg at sea level.

As the temperature rises, the absolute
humidity may increase and the relative
humidity may remain constant or may
even decrease.

Let the saturation vapour pressure at
temperature t°C is p. If the atmospheric
pressure is reduced to p, the water starts
boiling at t°C.

At the same temperature one feels hotter
if the relative humidity is high.

If the air is absolutely dry, the dew point
is not observed.

The dew point does not change ifé X
temperature of the room ischang

the

If water is sprlnkled ‘b'om both

relative humidit as the d
point mcrease

The relative humidity decreas
increase in temperature.

Dew appears on the leaves of the trees,
etc. due to the condensation of saturated
vapours.

Small droplets of water formed due to the
condensation of water vapours near the
surface of the earth constitute mist or fog.

Mist or fog formed much high above the
surface of earth is called cloud

Human beings feel comfortable When(@&

relative humidity is between 50% to

When the air is saturatedawith ter
vapours, relative humi i® 100%

andd int is egu e room
tem

e rela |ty is 100%, the

|ng of n d wet bulbs is

in the
fdry and wet bulbs, larger

tempeﬂ(
is t?@ ive humidity.

vapours are always seen around

Sm aIIe difference

ﬁue ice, because the temperature around

it is less than the dew point.
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SURFACE TENSION

The molecules at the surface of a liquid
have a higher potential energy than those
of the inner molecules. P.E. = mgh where
m is mass of a molecule, g is acceleration
due to gravity and h is the height of the
molecule above the bottom of the liquid.
D ue to m aximum height the su rface
molecules of the liquid have maximum P.E.
Hence, in order to have higher stability,
the liquid surface tries to minimize its P.E.
In doing so, it tends to contract to have
minimum su rface area, n um ber of
molecules and hence, minimum P.E.
maximum stability. Consequently,
liquid surface behaves as if con
a stretched membrane. This pr
the liquid by virtue of WhICh
of the liquid has a tendenc
that it can have minj ué;

called surface tension.

urface

The surface te
force acting p i

surface.
@ tension &
€
es of the liquid are

The surface
always under fect of an inward force
due to force:s cofesion between the surface
u

Iength |qU|d

m olecu d inner m olecules. That
impar rfdce tension. The surface tension
of uid d ecreases with rise in
temperature and becomes zero at the boiling
points.
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Some common examples of surface
tension :

- The hairs of a shaving brush when t
out -of water are pressed together. yIn-

side water, hairs spread On. ing
water

mhile tend-

&ea minimum

rto eac
n solderi tion of flux reduces
the S.T. @ten tin, hence, it spreads.
- The drop has a tendency to have
i m surface area due to the sur-

&tension of the liquid and hence, it
comes spherical.

ntract so
ace area_is The surface tension of oil is less than
that of cold water hence an oil drop
s measuredd a spreads on cold water while the sur-

face tension of oil is more than that of
hot water, hence oil drop remains as a
drop on hot water.

- In order to spread more, the surface ten-
sion of lubricants and paints is kept low.
Bees like insects can float on water surface
because the weight of the insect is bal-
anced by the force of surface tension of
water. Due to the same reason, a greased
iron needle can float on water surface.

- Stormy waves at sea are calmed by
pouring oil on sea water because oil
has low surface tension.



- When a wire loop is dipped into a soap | increase in surface tension of the liquid.
solution and taken out, asoap filmis formed | Examples of capillary action :

the loop due t face tension. ) i . -
on the foop due fo surface tenston - The tip of of the nib of a pen is split in

- The bits of camphor are seen dancing order to provide a capillary which helps

on the surface of water. The bits of the ink to rise to the end of the nib and
camphor reduce the surface tension of enables it to write continuously.

water where they are dipped. Due to

irregular shape of the camphor bits, | = When a chalk piece is dropped into
unequal forces of surface tension act on water, air bubbles come out. The pore
them. Hence, they move erratically on in the chalk containing air act as nags

the surface of water. row capillaries. Hence, water en
these pores due to capillar acti@nd

- It is better to wash clothes in hot soap .
air bubbles come out.

solution. Hot solution has lower sur- [

face tension. Hence, the solution spreads | = A Dblotti er hag, fi@ 8s that

over a larger area or clothes and clean- act laries. Herfee, Sink rises in

ing action increases. the@aving t pa@.

Action of detergent or soap so_lution : capillar ioMyof narrow capillar-

When detergents or soaps are dissolve ied in the th% £ a towel enables the
towel to s er.

in water, the surface tension of er
decreases. Hence, a detergent / soap
lution spreads more quickly ov%' Thw door swells in the rainy
clothes. Consequently, more4gi e sea cause of the capillary action
eans- Ssture available in the air through
r, hot ores in the wood.

in contact with the solution
ing action enhances. FP&
Sou“&n has Io;]/\_/er su_r\@ ’ 'OT than Molten wax in candles or oil in lamps rises
a cold one WNICOHR/Y! W through threads due to capillary action.
ability to the deterge oap solut

ngue | -

Clay soil has capillaries but sand does

- Warm food t ter on, ouL 10 A
- not have capillaries. Hence, u n der-
because t rm food c ing d water Ti . | il whil
spreads on thiE e to grogn water rllse_s |rl1 adc ay soil while
lowe @ce tensio@nsequently, sand remains relatively dry.
'<% 00d contenthicomes in contact [ - In order to preserve moisture in the
) _the taste *%S n the tongue. soil, ploughing of fields is essential.
HenCe, warm food s tastier than the Ploughing breaks the fine capillaries in
same food cBld.

the soil. It prevents the rise of water
and reduces evaporation of water con-
tent in the soil.

b@henomenon of natural rise or fall [ = The transport of water and minerals
of

column in a narrow tube is called from the soil to plants is favoured by
capillarity and the tube is known as the the capillary action in the conduction
capillary tube. The capillarity increases with tissues called Xylems in the plants.
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VISCOSITY

It is fluid friction that arises due to inter
molecular forces which are effective when the
different layers of the fluid are moving with
different velocities. It gives rises to a backward
dragging force between the fluid layers
moving with respect to each other. Viscosity of
a liquid decreases with increase in temperat u
re but viscosity of gases increase, under similar
conditions.

- The phenomenon of viscosity plays an
important role in the circulation of blood
through arteries and veins of human
body.

- Atrailway terminals, the liquids of high
viscosity are used as buffers

hence, its area of cross-section decreases. If
the mouth of the tube used to water plants
in the garden is pressed, the speed and
range of the water flow increases, because
on pressing the cross sectional area of the
mouth of the tube decreases. Due to similar
reason the velocity of water increases when
water flowing in a broader pipe enters a
narrow pipe.

(BERNOULLI’S THEOREM ! o

The total sum of energy, of id
during -its flow remains congs)txﬂ fluid
Ienerw iC energy

s flow. Its

pon height,
and pressure on

p d

: . C ergy
' sure of i’
- Water flows faster than honey because
. . . y Appllcatl ernolli’s Theorem :

viscosity of water is lower than tha
honey hence, a small dragging f
appears during the flow of wager.

- In an industry, the measu| t of
viscosity an d its va with
Jud ging

te mperat u re are us
whether a given

for a machine or

oil is use

= Chemists use Wled CoSIty
to determi Iecular ma ape
of Iarge antc molecul pr eins

FLOW c%%m)

The rate of ®f a fluid through a
tube is inver roportional to the area of
Cross sec‘ti&d the tube. It means narrower
the tub er will be the velocity of fluid
thr(‘)&'t. Hence, deep water runs slow in
a rivem Similarly, the jet of falling water
becomes narrow as it goes down because
the velocity of falling water increases and
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- The Sﬁ e needle of a syringe con-
trol better than the thumb pres-
& erted by a doctor while adminis-

g an injection. The velocity of flow
% controlled by the size of the needle
whereas the pressure is controlled by
thumb pressure. In order to keep total
sum of pressure energy and kinetic en-
ergy of the flow constant, velocity in-
creases more in accordance with the
Bernoulli’s theorm.

- Two rows of boats moving parallel to
each other and nearby, are pulled to-
wards each other. The velocity of wa-
ter between the two rows increases
which results in increase in K.E. of
w ater in between. Hence, pressure
and pressure energy of water on the
outerside of the rows increase. Con-
sequently, the rows of boats are
pushed inwards because the total sum
of energy of water in between and



outside the rows have to be constant
in accor d ance with the Bernoulli’s
theorem.

The roofs of hut or tinned roofs are usu-
ally blown off without causing any harm
to the huts during cyclones or storms.
The wind blows speedly above the roof
during the storm whereas air inside the
hut remains at rest. It gives higher ki-
netic energy and small pressure energy
above the roof whereas below the roof
K.E. is small and pressure energy is high.
Due to high pressure and hence, higher
pressure below the roof, the roof experi-
ences an upward force and is blown off
with stormy wind.

force. It is based on Bernoulli’s th
rem. The upper surface of the wij
more curved than its lower fa
its leading edge is thicker th
ing edge. Hence, the veloc

the wings becomes m that be-
low them i.e. kin éy of air ab
the wings beco m% er than t

air below the @ onseque

pressure en henc re of
air below gs becom% erjthan
those of air above th It gives
Upvasds push wings and

s the plane% falling down.

| is thrown, it de-

ecomes curved. This ef-
ed on Bernoulli’s theorem
own as Magnus effect. When
ning ball is thrown, air moves
ward above and below the ball.
The speed of air below the ball be-
comes more because the spinning ball

and its
fect i

throws lower air in a backward direc-
tion. Hence, kinetic energy of lower
air becomes more and consequently,
in order to have equal energy, the pres-
sure energy of upper air gets to in-
crease. It results in increase in pres-
sure above the ball. This pressure pro-
vides a centripetal force acting at a
right angle to the linear velocity of the

ball. Consequently, the ball followa

curved path.

() A&
>

Molecul
squar

s dongt o inverse
f distance.

lecular, C re of electrical

ing a soap bubble of

The wings of the aeroplanes are de- in.
signed such that it experiences an up ;
ork done 0
ward pressure and hence, an upward
raidus R@ 2 5, where ¢ = surface

tensio
Wofk’done in breaking a drop of radius

&‘ n drops of equal size =4 =R’
1).

ame amount of energy is liberated in
combining n drops into a single drop.

Angle of contact increases with rise in
temperature. It decreases on addition
of soluble impurities.

Angle of contact is independent of the
angle of inclination of the walls.

The materials used for water proofing
increase the angle of contact as well as
surface tension.

Detergents decrease both the angle of
contact as well as surface tension.

Surfaces tension does not depend on
the area of the surface.

Viscosity of liquids decreases with the
rise in temperature.
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- Viscosity of gases increases with the
rise in temperature.

- The rate of flow of liquid in a tube of
radius r length | whose ends are main-
tained at a pressure difference p is :

TEpI'

8nl R'
cosity where R = 8n | / =r*is called fluid
resitance.

Here n = coefficient of vis-

- Viscosity is independent of pressure.

- When a liquid is in equilibrium, the
force / forces acting on its surface are
perpendicular everywhere.

- In a liquid the pressure is same at the
same horizontal level.

- The pressure at any point in the liquid
depends on depth (h) below the sur-
face, density of liquid and acceleratign
due to gravity.

It is independent of the shape«f the’c
taining vessel, or total mass of theWdi

n-

rdance

%energy

- Bernoulli’s equation is
with the law of consery,

It assumes that i |n g liquid, e

particle going a e Cross-

possesses the s ocity.

Bernoulli’ rem does the

VISCOSI to account. he fluid

g aco e h the en-

centrlpetal must also be

ta nto accou

- If a vessel nmns liquids upto a
height H has a hole in the side
h

at ahei , then the velocity of

effl v=/2¢h. The time taken by
‘@id to reach the ground level is
t=_2h/g. Horizontal range of the lig-

uid R = 2[h(H — h)*’2 The range is
the same for the hole at a height h
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(i)

(i)
™)

above the bottom or at the depth h below
the surface of the liquid.

The range is maximum forh = H/ 2. It

is given by

o

Interatomic or
zero when the
is infinite.

172

R =2 =H

intermolecular forces are
separation between the
At a certain distance r = r Q

atomic or inter molecular rce
The value @f r, is different fo dlffer-
ent atom oleculeé

max

" the inte / intermo-

OI'CES argratt

For

ic / intermolecu-
ive.

<r,t r
lar forces are

Atr=r ,@i teratomic / intermolecu-
lar po%‘ nergy is minimum and
is the equilibrium position of
% s / molecules.
the interatmoic as well as inter-
olecular force vary inversely as the
sixth power of distance (F oc 1 /r°).

Differences between interatomic and
inter molecular forces:

Interatomic forces depend only on
the interatomic separation but the in-
ter molecular force depends on the
intermolecular separation as well as
the orientation of the molecules.

Interatomic force are 50 to 100 times
larger than the intermolecular forces.

Value of r, for atoms is less than that
for molecules.

The intermolecular forces may extend
beyond their immediate neighbours.
This is not true for the interatomic forces.

EEN



SPACE EXPLORATION

Space is a vast and endless area or region
outside the earth’s atmosphere where the stars,
planets and other celestial bodies exist.

Sp ace exploration is the stud y of
collecting and analysing the information and
data about the various heavenly or celestial
bodies in the outer space.

With the advancement in technology, a
complete branch of science known as Space
Science has been developed to explore th
0 u ter sp ace. At p resent, the sp_ace
exploration is done by using artificial%
space probes.
g{in

A small body revolving around
an orbit is known as a satellite.

(TYPES OF SAT a s )
Satellites are oft
0] Natur bod
revolving aro planet is the
natural sat or exa
he n Illte oft
nets excep ury and Venus
have nagdral satellltes
(i) Arnﬂ@at@lllte A man made
lves around the earth is

satellite tha
known a@tiﬁcial satellite.
A
@RBIT OF SATELLITE)

The closed elliptical path followed by

an artificial satellite around the earth is known
as the orbit of the satellite.

Characteristics of the Orbit Q
Satellite:

@ Apogeey: The farthestNﬂ)n the
orbit of a It€ from ¢he 6@ e of the
as apogee

earth is@
igee : Cﬁ)st point on the

bi the sat romr the surface of the
rth is known erigee.

© Incli @ : The angle between the
plane of A{equator of the earth and the
plane orbit of the satellite is known

o

satellite is bou n d to the earth’s
itational pull as a planet is bound to
e Sun’s gravitational pull.

DIFFERENT TYPES OF
ARTIFICIAL SATELLITES

Geo-stationary Satellite A satellite
which is at rest with respect to the earth is
called a geo-stationary satellite. The orbit of
such a satellite aroun d the earth is known as a
geo-synchronous orbit.

Geo-stationary satellite plays an important
role in communication technology. In other
words, a communication satellite is a geo-
stationary satellite.

Polar Satellite Geo-stationary
satellites, orbiting about 36000 km above

Physics [41]



Specialised Establishments Operating Under DRDO

- Vikram Sarabhai Space Centre (VSSC): Specialised in the development of satellite launch ve-
hicles and sounding rockets.

- ISRO Satellite Centre (ISAC): The lead centre for satellite development, covering structures, ther-
mal systems, spacecraft mechanisms, power systems and satellite integration.

- Satish Dhawan Space Centre (SDSC)-SHAR - Sriharikota Space Centre:India's prime launching
pad facility, providing the launch infrastructure as well as solid propellant processing and their test-
ing. A second launch pad has been recently built at SDSC-SHAR.

- Liquid Propulsion Systems Centre (LPSC) : The lead centre in the area of liquid and cryogenic
propulsion for launch vehicles and satellites.

- Space Applications Centre (SAC): Specialised in the development of payloads for communication,
meterological and remote sensing satellites; it conducts space applications research and devel
ment.

= ISRO Telemetry, Tracking and Command Network (ISTRAC): It provides mission support @v
Earth orbit satellites and to launch vehicle missions.

- Master Control Facility (MCF) : The monitoring and control centre for the geostatlonarN

e

= ISRO Inertial Systems Unit (IISU): Carries out research and ors and

systems and allied satellite elements.
- National Remote Sensing Agency (NRSA) : An autono itution sup @ ,itis re-
sponsible for acquisition, processing and dlstrlbutlon of m remo r@ atellltes based
in Hyderabad.
the equatorial plane, are used for ficient mthe nology has to fulfill
communication purposes. oIIowmgﬁ ents:

On the other hand, low to medi ion of Satellite or
altitude satellites are know n as Space Satellites play an important
satellites. These satellites move he roI ield of space research. Therefore,

orbit passing through the north south rtise is required for planning,
poles of the earth above the‘m plane. %nmg and fabricating the different types
The orbit in which the p i atellites or space crafts.

is known as the polar

te moves

2 D esigning and Fabrication of
Launch Vehicles : Launch vehicles are

Polar satelllte not use
communication es T u required to put satellite in the orbit around
for remote se nd hence earth and to launch the space probe.

as remote seasin satellltes

Therefore, these vehicles have to be

n which satelllte or | developed for the successful launching of
re sing satelli es is such that | satellites.
the e always S over a particular . i
area o the eartid atghe same local time. | | 3 E_arth Co_ntrol Station : When satellite
Such orbit of@tellite is known as sun- | 1S put into orbit, its all operations have to
synchrono (or polar orbit). be controlled and guided by sending proper

command from surface of the earth. Such

Eﬁlc REQUIREMENTS FOR co mm an d s are sent fro m the station

-SUFEICIENCY IN SPACE established on the earth.
TECHNOLOGY 4. Ground Facilities : The arrangements

Any country which intends to be self-
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are to be made in order to get the benefit of the
information an d d ata sent by the satellite
throughout the country. The signals re-
transmitted from the satellite are received by
the receiving antennas installed across the
length and breadth of the country.

The Indian Space Rearcher Organisation
has set up a large number of organisations and
research centres across the country to carry out
research an d developmental activities in the
field of space research and technology.

S

Setting up of Rocket Launching
Facility : The India’s space exploration
programme began with the setting up of a
rocket launching facility at Thumba, near
Thiruvananthapuram (Trivandrum). India
launched its first rocket RH-75 in 1967
fro mthe Th um ba Eq uatorial Rocket
Launching Station (TERLS). Although this
rocket was very small (diameter =75 mm),
yet it had all the basic features of a rocke
Since then India never looked back ag)
today it has the honour to be sixt

nation in the Id in the field of .e
technolog 0&

o

Physics [43]



SIMPLE HARMONIC
MOTION

(PERIODIC MOTION) asimple pen dulum etc. are simple
harmonic maotions.

The motion of a body which is repeated
identically after a fixed interval of time is
known as periodic motion and the fixed
interval of time is known as time period of the | -
motion.

The motion of the hands of a clock is in
a periodic motion. The time period of the
hour’s hand is 12 hours, of the minute’s
hand is 1 hour and of the second’s hand i

1 minute
The rotation of the earth about its axm%
a time period of 24 hours and the 4

revol
earth around the sun with a time
year are other examples of the peri otlon

(SIMPLE HARMQNI TION
It is a special typ illation-in
the particle oscill a stralght

acceleration o e’p articleNy ays
directed towa ixed point Ilne
& the m it ude of ratlon is
pro 0 the d% ment of the
parti m this point. s fixed point is
called ythe centre %ean position of
oscillation. The pfe harmonic motion is
an oscillator n which in turn is a

periodic . However, a periodic may
or may n oscillatory motion.

otion of a freely suspended bar
magnet in the earth’s magnetic - field, of
the pendulum of a wall clock, of the bob of
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N

Application of SHM are discussed is

below :

When the Jload attached tng-ing is
pulled Iittle.frm mean
positi ft free, itoﬁ in simple
har i’ motion.

id contained in U-

e When ressed once in one
fthe tw left to itself, is simple

harmonic ion.
&J is dug along the diameter of
a body is dropped in it, the
& will oscillate in simple harmonic
otion between the ends of the earth’s
|ameter

e motion

When the oscillation of a body in simple
harmonic motion is free from frictional
forces, its oscillations are undamped.
The a mplitude an d energy d o not
change with time in an u n damped
oscillation. The oscillation of a simple
pendulum in vacuum is an undamped
oscillation.

When the oscillation of a body in simple
harmonic motion involves frictional
forces, its oscillations are damped. The
amplitude and energy of the body in a
damped oscillation decrease with time.

Most of the oscillations in air or in a
medium are damped oscillations like
oscillation of the bob of a simple



pendulum in air, of the stretched string
in air etc.

- When a body oscillates with its own
natural frequency without involving an
external periodic force, its oscillations
are calle d free-oscillations. The
oscillations of the string of a sitar when
plucked once and let free, of the bob of
a simple pen dulum w hen once
displaced from its mean position and
let free and of the prongs of a tuning
fork when one of its prong is struck
once on a r u bber an d let free are
examples of free oscillations.

- When a body oscillates with the help of
an external periodic force other than it
own natural frequency, its oscillations
are called forced oscillations.

- All musical instruments consistingQef
strings like sitar, violen Reason
Oscillations etc. p ro ducg f
oscillations.

(RESONANT OSCILL

When a system ill with its o
natural frequency, aithy-the help
external periodic e Wvhose frequ&ncyris
the same as th e natu ency

of the osci g syste the

oscillatio the syst% e calle d
resoq cillation resonant
0SCli 8 have verﬁla

amplitude. At
resonapmce, the os ting syste m

contin uously ofbs energy from the
agent applyi nal periodic force.

If the&n of pushing against the ground
is synchfomized with the natural frequency of
the,@, it gives greater heights due to
resonance effect.

All mechanical structures have one or

m ore nat u ral freq uencies. When a
mechanical structure is subjected to a strong
driving force that matches one of its natural
frequencies, the amplitude of oscillations
of the str uct u re beco m es very large.
Consequently, the structure may collapse.
It is for the same reason the marching

soldiers break steps while crossing a bridge.

In order to avoid effect of resonance the

aircraft designers make sure that none

the natural frequencies at which a \»@
e

can oscillate match the frequency

\/.
w ” whose

frequency

. During an
hort an d tall
stru es remal neffected w hile the
ium height *Sgcuctures fall down. This

e natural frequencies

hdppens bec@
of the sh& tures happen to be higher

engines during flight.

and th aller structure lower than the

fre& f the seismic waves.
% WAVES

Wave is some sort of disturbance in
which, information and energy, in the form
of signals, propagate from one point to
another without the actual journey of the
medium. All our communications depend
on the transmission of signals through
waves. All radiations are waves.

Wave motion is a kind of disturbance
which travels through a medium on account of
repeated periodic vibrations of the medium
particles about their mean position without any
net transport of the medium.

Types of Waves : On the basis of medium
requirement waves are of two types viz. (i)
Mechanical or Elastic waves : They require a
medium for propagation.
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eg sound, waves on the liquid surface,
vibration of string, etc. (ii) Electromagnetic
waves : They do not require a medium for
propagation e.g light, X-rays, microwaves,
infra-red, ultra-violet rays, etc.

On the basis of the mode of vibration
the waves are of two types viz.

(i) Transverse wave and (ii) Longitudinal
waves

Transverse Wave Motion : It is the
type of wave motion in which the particles
of the medium vibrate about their positions
in a direction per pen dicular to the
propagation of the wave. A transverse
wave is represented in the form of crest
and trough.

When a stone is thrown in a pond,
transverse waves are formed. The vibration
of the membrane a of drum, of the stri
a sitar, violin etc. produce transverse wav,

Longitudinal Wave Motion g It
type of wave motion in WhICh
of the medium vibrate about
positions in the same direc

the wave is propagated. Q
source
longitudinal wave i i
fork, ringing of a i?l .
A longitu wave is repr}d the
form of cor@smn and rar@
@ rse Wave &

////’TEE%ZES?N\.
A

Pa

mean
which

Trough

A

Longitudinal waves

S

C = Compression

P

C

&

R = Refraction

| (Wave Length) : For the tra rse
wave the wave Length is I the
distance bet the two su crests
or troughs&o equa’ 0 um of the
width tand a n rmg trough.

For t itudin he wave length
| to the & between the two
cessive comprésstons or rarefactions. It
iSyalso equalﬁu um of the width of a

co mp re an d a neighbo u ring
rarefactj

& eriod (T) : It is equal to time
aken to complete one vibration.

requency (n) : It is the no. of vibrations
oduced per second. It is equal to the
reciprocal of time period i.e.

1 1
= or V=—
Frequency =~ Time period T

Speed of a wave is given as

Speed = Frequency x Wavelength

A mechanical transverse wave that requires
a medium can propagate through
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solids and at the surface of liquids, but not | -

inside lig uids an d gases. H o wever, a
longitudinal wave can pass through solids,
liquids and gases.

TRIVIA

- A pendulum clock slows down in sum-
mer and goes faster in winter.

- Sound waves are mechanical waves
which cannot travel in vaccum.

- Sound waves do not propagate in saw-

dust because it is not a continous me- | -

dium.

- Mechanical waves propagate energy

and momentum, but they do not propa- | -

gate matter.

The sound waves are not dispersed in
air.

The weakest audible sound has inten-
sity 1022W / m2, Its loudness is equal to
1 dB.

If the intensity of sound increases by a
factor of 10 then the loudness increase

by 10 dB or 1B.

If the loud ness of sou n d is chan

by 1dB, then the intensity of s

changes by 26%. &)

The prongs of a tuning @ibrate
d the gtend Mibrates lon-
ith the sa quency.

a@f the stem and
Rn fork is an antin-
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Sounds

Soundisproduce din am aterial
medium Dby a vibrating sou rce. These
vibrations are carried by air, as a medium
and strike our ear drum. The ear drum
vibrates and the message is conveyed to
our brain and we hear the sound. A sound
heard persists for 0.1 second in brain. It is
called as persistence of hearing.

Depending upon the frequency range,
sound has three categories viz. (i) Infrasonic
(i) Sonic and (iii) Ultrasonic or supersonic
sounds.

Infrasonic sound has a frequenc
than 20Hz. Sonic sound is bet n@—(z
to 20,000 Hz. It is the audiblg@ for
h um an ears. Ultrasonic s has a
frequency greater than 200 Y Both the
infrasonic and ultra ni@mds are ngt
audible to human ea?&( ver, a do
hear sound of fre upto 50
an d a bat up z. i
produce and soundsD&zq
upto 105H@
dhi Iongitud@e. Its speed

e speed of an
t peed of sound is
ic®speed. The speed of

m e di p ro p agation. Higher the
ela‘c@of a medium, greater is the speed
of in it e.g. speed of sound in air is
332 m /s and in steel 5000 m / s. If one end
of along steel rod is struck, two distinct
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sounds are heard at the other end. The first
sound heard is propagated through ste

and the second one is propagated thro

air.

An increase in the d ensity e &um
reduces the of sound. AMoISp air has
lower den dry air%g e speed of

r i 4

sound i an that m@
%' eed o creases with rise
i the” temper the medium. The
d of soungd IMgair increase by 0.61 m /
é S

con d for ry one d egree rise in

temperatuge above 0°C.
T %@ed of sound increases along the
direCti of wind velocity and decreases

st the wind velocity.

The speed of light is much greater than
that of sound. Hence, thunder is heard
much after the flash of lightning is seen.
Due to the same reason, spectators hear
the sound of ball on bat a little after they
see the batsman actually striking the ball in
a cricket match.

Sonic Boom Sound produced by a
supersonic aircraft is heard as a loud explosion
on the earth. It is known as sonic boo m. Ho w
ever, a person insid e the supersonic aircraft
cannot hear its sound.

Reflection of Sound : Sound waves
are reflected from the obstacles of size of
wavelength of sound and follow laws of
reflection similar to those of light. The



reflecting obstacles can be walls, mountains,
clouds, ground, etc. Sound waves can be
focused after reflecting from a curved surface
in the same way as light waves.

Reflected sound is called echo. An echo
occurs when the reflected sound wave
comes back to the listener within a time
interval of not less than 0.1 second after the
original sound wave reaches the listener so
that a distinct repetition of the original sound
is perceived. It is so because the persistence
of hearing of sound is 0.1 sec. A sound can
be perceived only if stays back at least for
0.1 second or more on our ears.

An echo is used to determine the speed
of soun d in a medium. Exploration, of

underwater petroleum deposits is done
detecting echo of shock waves pr

by explosions on the water surfa

The wave phenomena like to ernal
reflection, refraction and in ence are
also given by sound ar to those

of the light wave.

SUPERSON
VES

: are used
0 @ ermine the
ytals of SO|Id@

metals.

symmetries of
to detect flaws in

@ tofind locity of sound in liquids
that informs several physical and
ch properties of the liquids.

(iil) n ding the depth of sea an d to

d etect the su b m erge d rocks,
submarines and icebergs.

&

(M to form stable emulsions of immiscible
like water and oil.
(W to accelerate crystallisation of
substances and to produce oxidation.
(M) to coagulate aerosols i.e. displaced fine
particles of a solid or a liquid in a gas,
e.g. dust, smoke, mist, etc.
() to liquify gels in the same manner as
they are liquefied by shaking. q
(i) in - getting alloys of u@r
composition. \
[
® forwa g*
 to form an image
picture of a er by using ultrasonic
es. This que is used in medical
science tr . The medical sonography
is com known as ultrasound. In this
tec ultrasound wave passes through
E ns to be diagnosed. The velocity of

depen ds upon the elasticity an d

sity of the tissues in the organ and an
echo is detected by a specific microphone.
The echo obtained from the tissues of the
organ is converted into electric signals on
the screen of ultrasonograph and the images
are recovered. The pattern of images helps
in diagnosis of the organs like heart, liver,
kidney, pancreas, etc.

Sound navigation and ranging : It is
device that transmits ultransonic waves
through water and records the vibrations
reflected i.e. echo from an objects. Sonar is
used in fin ding submarines, depth of sea,
rocks and mineral deposits, etc.

Biological Effects of Ultrasonic Waves :
Ultrasonic waves can Kkill or injure small
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Difference between Intensity and Loudness

Intensity

1. ltis a physical quantity.
which can be accurately measured.

2. It does not depend upon the sensitivity
of the ear.

3. It has an objective existence i.e., it
exists whether there is some
listener or not.

4. Unit of intensity is Wm=,

predominant.

Loudness

1. Itis not an entirely physical
quantity.

2. It depends upon (i) sensitivity
of the ear and (ii) intensity of\
sound.

3. It has got a subjective existence
i.e, it exists only when some
listener is acually present.

4,  Unit of loudness is bel.

In a tape recorder of T.V. bass refers to low pitch and treble refers to high pitch. So when bass is
low pitch sounds of tabla and dholak become loud. When treble is on, high pitch sounds t@

animals like frog, fish, etc. These waves
can destroy micro organisms like bacteria
and yeast.

In dental science, ultrasonic waves are
used for extracting the broken teeth, to detect
cracks or other defects in homogeneity
noticeable by reflection or absorption.

Vibration of a Source of Sound :
a source is sounded, it generally4uibfates in
more than one mode. When it%nded
gently, the source vibrates simple

m anner an d p ro duces %bf lo wer
freq uencies, b u th e sou rced
sounded rapidly, tiE ibration bec

complex and it giv. to tones o
freq uencies. est

es of ke
frequency ar the fundbjal note
and the t@ of higher cies are
calle es. The

frequencies

integral tiples of the
d'@ym ental freq%my are calle d as
harmonics. S °
PLERSEIFECT)
w a source of sound and a listener
are st, t he listener receives a n
unchanged frequency produced by the

so urce. If t here is a relative m otio n
between them, then, the number of waves
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secon d or t he'aypf arent
sourcepcC and is

not -the as that of‘& ource. The
pitch note heard appears to rise if
approach eagh“of and appears to

i '3’* from each other.
tange in frequency of a
sou ndw .Q» e to a relative motion
ource of sou n d an d the

between,ﬁo
Iistene@ wn as Doppler’s Effect. It is

equadl erved for light too.

receive d p
frequency

railway engine travelling with a
speed with its whistle blowing is
pp roaching a listener, the freq uency
appears to rise. The frequency appears to
fall just as the engine passes the listener.

Doppler’s effect is used to detect a star,
a galaxy etc. It can be used to find out
whether a star / galaxy is approaching us
or receding away from us. It favours the
hypothesis of an expanding universe.

Dopplers effect is used in ‘speed guns’
used by police to measure the speed of
vehicles. This effect can be used to detect a
moving object as well.

OWUQCALSOUND)

Sounds produced by oscillating strings
(sitar, pia no, violin etc.), vibratin g




membranes (drum), air columns (flute,
organ pipes), wooden blocks or steel bars
(marim ba, xylo ph one) etc. pro duce a
pleasant effect on our minds and hence,
are known as musical sounds.

Intensity, loudness, pitch, quality, etc. are
characteristics of musical sounds.

Intensity : Intensity of sound is a purely
physical quantity, It is equal to the amount
of sound energy passing per unit time per
unit area around a point in a direction
normal to the area. Intensity is measured
in watt/ m2 or watt /(cm)>.

Threshold of Hearing or Zero Level
of Intensity : it is equal to 10*®watt / cm 2
for a normal human ear which can just
hear a note of frequency of 1000 Hz.

Loudness : The sensation produced in the
ear that enables us to distinguish betwee

loud sound and a faint sound |s
loudness.

Two sou n ds of equal int but
different frequencies may n ar to be

equally loud even to t
because sensitivity o
different frequenC|e

Loudness is d in b
10 decibel (d the mte% und
and loud increase w rease in
ampljte me sound J¥requency of

density o medium an d

iy a medium. They
decrease with i in distance from
the source of ;&

the characteristic of musical

distinguishes a sharp sound
Il sound. Thus, it represents the
f shrillness of a musical note. Pitch
depends on the frequency of sound and
Doppler’s effect.

The buzzing of bee or humming of a
mosquito has high pitch, but low intensity,
while the roar of a lion has a low pitch, but
high intensity. Frequency of ladies, voice is
generally higher than that of gents and
hence, a lady’ voice is always sharper than
a gent’s voice.

Quality : It is the characteristic of
musical sound that enables us to distinguis
between the sounds of same intensity m

same pitch produced by two dlc)

sources. Its cause is the diffggence the
freq uency d relative intéggsifies of
overtones ed b)bt rces of
sound
of tw smglng a duet,
Vi f our v0|ces of family
embers etc. ca stinguished from each
othier on the dlfference in quality of
the sound by them.

EVERBERATION)

he persistene of sound after the source
actually stopped producing sound is called
everberation of sound and the time for which
the sound persists is called the time of
reverberation.

When a loud sound is produced by a
source in a hall it is partially absorbed,
reflected and transmitted by the walls,
ceiling and floor. If the source of sound
stops producing sound, the intensity of
sound decreases due to absorption of sound.
However, the sound continues to be heard
because of the persistence of the reflected
sound waves which go on traversing the
hall a number of times before they reach
an intensity below the threshold of hearing
ie the multiple reflection of sound results
in reverberation.
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A room with zero reverberation time is
called a dead room. An ordinary syllable takes
about 0.2 seconds to decay. For a musical sou
n d, the optimum value of reverberation time
may be between 1 to 2 seconds. The
reverberation time in the halls like theatres,
auditoria, etc. is adjusted suitably by a specific
design so that sound heard is distinct and
pleasant.

For obtaining good acoustic property the
hall should have sufficient sou n d absorbing
features, like:

@ A few open windows.

@) Sound absorbing soft materials like
cloth, asbestos, etc. or heavy curtains
put up in the hall at various places.
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@) A good audience, because
is equal to 5 square feet
window.

one listener
of an open

(V) Curved walls or corners should be

avoided so that sound is

not unduly

concentrated and there are no regions

of silence.

sound. Reverberation should be small

not absolutely zero because t

hen

The tim e of reverberation can be
d ecrease d by increasing absor p tion

gives a dead effect.
®
Diator:i(i&ical Scale \is scale

Consists 0 s. From
pitch ir@ due to ingreaseri
f eq@ . %,S)

(1) to (8)
n the relative




OPTICS

Ray Optics : It is base d on “the
rectilinear propagation of light” i.e., light
follows a straight line motion through a
given transparent medium. It involves
reflection, refraction & dispersion of light.

(REFLECTION OF LIGHT)

“When a light ray is incident on a sur-
face, it returns back into the same medium.”

Laws of Reflection :

() The incident ray, normal drawn at
incident point and the reflected ray li I
the same plane.

@ The angle of incidence is e%@he

angle of reflection. In the

i@ mg surface

cidentray,
B reflected ra
DB =norm vih at

BD and angle of reflection

the incidént point.

An;; incidence
r=DBC

i=ror, ZABD = ZDBC

Reflection on a Plane Mirror : The
image formed by a plane mirror is virtu
& erect. The image distance is equal to

object distance from the mirror. The
is laterally inverted i.e., the ri i the

t sid
object appears_as the left side%oimage
& vice-vers ral inv m% e to the

fact that age of a t is as far

behlnd an rro@ e object is in
m|rro

a givenYi nt ray, if the plane

or is rota t ugh an angle ‘q’ then

the reflect otates through an angle
of ‘2q
gth of a plane mirror in which a
an see his / her full image is half
eight of the person.

If two plane mirrors facing each other
are inclined at an angle g with each other,
then number of images of an object lying
between them are given by—

_360

0
@ if n = an odd whole no. then ‘n’

images are formed

() if n =an even whole no., then (n — 1)
images are formed.

e.g. (i) if angle between the two plane
mirrors is 60°, then

no. of images formed by them

360
n= (60) 6-1=5.
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Image Formation in a Concave Mirror
Position of Position of Nature of
object image image
1. Atinfinity At the focus Real, Inverted&
diminished.
2.Beyondthe Between the Real, Inverted&
centre of centre of cur- Diminished
curvative vature & focus
3. Atthecentre At the centre Real, inverted
of curvature of curvature & same size as
that of the object
4. Betweenthe  Beyondthe Real, inverted
centre of curvat- centre of & magnified
ure and focus curvature
5. Atthe focus At inifinity Real, Inverted&
highly magnified
6. Between pole  Behindthe Virtual, Erect&
& focus mirror magnified

(ii) If the two mirrors are parallel, then
q=0°

360 e
" n=[?J = W = infinity.

i.e., infinte no. of images are formed.

Use of Plane Mirror : Pla r@rs
’% oker
oscope

are used as looking glasses, in a
to see colourful images, 'r@beriscope
ir@o see outsi

to reflect the sun-light, in a
usually used in su

the water surface,
the back portion of

bmar
in a r’s shop t

d, etc. ;
n

cts rega
ge a seqi %ages in a
ane mirror, these the sec-

y a plane mir
mage is brig .

Some impgQ
image form

- Out of 26 béts (e.g., A, B, C etc)
only 11 s show lateral symme-
try an e rest 15 alphabets have lat-
eral sion.

object is displaced by a distance
‘x’towards or away from the mirror,
then its image will be displaced by a
distance ‘x’ in the same sense.
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If the mirror moves by a distance ‘x’
towards or away from the object, its
image will move by a distance 2x’ in
the same sense.

If the object moves with a velocity ‘v’
towards or away from the mirror, its
image appears to move with a velocity
‘2v’ in the same sense. The same is true

if the mirror moves.
ror Qis a

Reflection on Spherical Mirrors :
Types of spherical mirrors

(i) Convex or Divergent

portion of a hellow sphere of ®whose
inner surf vered. 8in incident
parallel principal e diverged
away t rincipal it is known

\®

(ify Concav vergent Mirror : It

i portion ollow sphere of glass
whose out ace is silvered. All rays
allel to its principal axis are

incident
conver its focus.

centre of a sphere whose certain
n is convex or convave, is called a
re of curvature. The middle point on the
pherical mirror is called as its pole. The mid
point between the pole and the centre of
curvature is the focus. The distance between
the pole and the focus is focal-length (f). The
distance between the pole and the centre of
curvature is radius of curvature (R). The
perpendicular drawn at a point where a ray
is incident on the spherical mirror must pass
through the centre of curvature.

Convex mirror



P
\
N
al

Concave mirror
P =Pole
Px = Principal axis
C = Centre of Curvature
PC = Radius
F = Focus
PF = Focal Length
A & B : Incident points

AC & BC = Normal drawn at incident
points.

Image formation in a convex Mirr

It alw ays p ro duces virt
diminishe d im age irrespe 2 fthe

position of the object.
Real Image : Itis a@verted an
in front of the concav r.
Virtual Image4 fis.always erec
behind the conc convex n@
Focal le is half of th@ f
e(f=R/2). &
1_2

Mirror Formul :; v R
Where u = s distance from the
pole of mir,
V= § age distance from the pole of mirror.
0

al length of the mirror.

R = radius of curvature of the mirror.

Magnification or Linear Magnification (m) -

_ Sizeofimage Image dislance

~ Size of object  Object distance

Spherical Aberration: The inability of
a concave mirror of a larger size to converge
all rays parallel to the principal axis at the

focus, is called spherical aberration.

It can be removed by using a parabolic
concave mirror of larger aperture.

Uses of Spherical Mirrors:

refl in
ra large

- A convex mirror is used as
street lamps to dlverge Ilgh
area.

irror |s a rear view
drivi in cars, scoot-
the traffic at the

e r of the because this mirror
roduces t and diminished im-

age o § ic behind the vehicle. Since
the i is small in size, hence the field
uch wider as compared to a

irror or a concave mirror.

tc for

concave mirror is used as a reflector in
search light, head lights of motor
vehicles, telescopes, solar cookers, etc.
to produce an intense parallel beam of
light. A bulb is placed at the focus of
the concave mirror. The beam of light
from the bulb after reflection from the
concave mirror goes as a parallel beam.

- A concave mirror is used by dentists
and ENT specialists to focus light on
teeth, eye and throat to examine these
organs. The device consisting of the con-
cave mirror used to examine eyes is
called Ophthalmoscope.

- A concave mirror is used as a shaving
mirror or make up mirror as it can form
erect and magnified image of the per-
son within itsfocus.
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A spherical mirror can also be used as a
trick- mirror or magic mirror to see dif
ferent types of images of the same ob-
ject or person.

Some important facts regarding the
reflection of light:

Image : Size of mirror does not affect
the nature of the image except that a
bigger mirror forms a brighter image. A
virtual image cannot be taken on screen.
But our eye lens forms a real image of

the virtual image (acting as virtual objects)
on the retina. A virtual image can be
photographed.

The focal length of a plane mirror is
infinity.

When a spherical mirror (concave or
convex) is placed in a liquid e.g. water,
its focal length does not change because
focal length of a mirror depends upo
its construction and not on the exte@

medium. c}

ABC of Photometry
S.No. Term Definition Unit \,.
1. Luminous flux (f) visible light energy men ‘b,
2. Lumnious intensity or luminous flux emitted Candela or@,P.
llluminating power (1) per unit solid angle x
3. llluminance or Intensity luminous flux that (i)dBux c%re candle
of illumination of surface (E) through unit of cm candle
direction n
4.  Luminance or Brightness (B) luminous flu mBert

from ugit a
When we read a book, light is scatt%L
by the paper into our eyes. This

Diffuse-reflection. A printe as
a rough surface and hence nnot
produce a regular refle hat is

why we read a book of reflec-
tion of light but t see eve
faint image ofour)s& rinted pa

(REFR OF L
from r) to
it bends

When lj i
a dense glass) me@
to \ 5 the nor m al to*the interface,

ating” these tw On the other
N en Ilght‘go SPFOm adenser to

rarer medj
normal

et bends away from the
e interface separating these

his phenomenon is known as
of light.

air

A O
glass T

PO =
0OQ = Refracted ray, i = Angle of incidence,

Incident ray, AB = Interface

r = Angle of refraction.

Real | e
1. ltisc tained on a screen.

2. f light from the object, on reflection/
refraction, actually meet at the image.

3. ltis always inverted.

4. Linear magnification is negative

@s inction between Real Image and Virtual image

Virtual image

Reflection of light occurs from the side which is bul-
ged out.

Rays of light from the object, on reflection/ refraction only
appear to meet at the image.

Itis always erect.

Linear magnification is positive.
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Laws of Refraction: (I) The incident
ray, the refracted ray and the normal to
the surface separating two media all lie in
the same plane.

(1) Snell’s Law: p= ;12; where pis a
constant. p is known as the refractive index
of the medium in w hich refracted ray

travels w.r.t. the medium in which the
incident ray travels.

Cause Behind Refraction of Light: Due
to change in medium, wavelength of light
changes. It results into change in the speed

of light in that it causes bending light from
straight path of original light.

Relative Refractive Index (L)

o Mo
Tpy=1="1_H2
Q Aoy
where 1p, = Relative refractive index of

medium 2nd w.r.t. 1st medium,
Cl, C2= speeds of light of the two media.

l,, I,= wavelengths of light of the tw o
media. t)
jvidual refractivwﬁs

Concave mirror
Reflection of light occurs from sunken side of 1.
mirror.

Its focus and centre of curvature are on fron
side of mirror. f and R both are negative

Image formed may be erect or in
Size of image may be smaller, equ
than the size of object.
Field of view is narrow.

ed
alger 4. Size om
C

always erect.
always smaller than the size of

of view is broad.

Ima

X and Concave Mirrors

Mirror Positi

Convex

Convex

Concave focus

atC
beyond C
at infinity

between F and C

behind the mirror

Nature of Image Size of Image

erect much smaller

erect

real and inverted
real and inverted
real and inverted
real and inverted
real

virtual and erect

smaller than object
smaller than object
smaller than object
same as size of object
larger than the object
larger than the object
larger than the object

the medium and (iii) decrease in

(r)

wavelength (1) i.e.

1
800 00500 —_—
S

Principle of Reversibility :

‘If the path of a ray of light is reversed
after suffering a number of refractions
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and reflections, then in the given figure apparanet position of the star changes
a light ray suffers refraction thrice at point continuously. It leads to the twinkling
B, C & D. It follows path AB - BC — CD of a star.

— DE. If the final ray DE is incident at 90°
to a plane mirror M, it retraces the original
path as ED —- DC — CB — BA.

- A rod appears bent in water due to
refraction of light.

- The sun is visible to us before actual
A sunrise & after actual sunset. The at-
\\,B mosphere has higher density than that

of outer space. Hence, light coming fro
. the sun enters outerspace to atmosp

/ i.e., from rarer to denser med@%I
A results in the bending of Aight. en

"X@‘M" the sun i low the horizo re the

its appar-
Some Common Effects of Refraction

e and 2 minutes

- Stars twinkle due to refraction. The d|f -set. Thus, the day

ferent layers of atmosphere are of gif- ecomes y 4 minutes due to
ferent (a) density, (b) temperature effect of,
speed and their density, temp - Re pparent depths of an object
speed change continuously. c ; or any transparent medium.
Difference betw eflection arﬁotal Internal Reflection
(Simple) Reflection Internal Reflection
1. Reflection occurs W travelling i aI internal reflective occurs only when light is
a rarer medium or ser medium travelling in denser medium and tending to go into rarer
medium.
2. Reflection tak at aII val le It is possible only when angle of incidence in denser
of |nC|denc medium is greater than critical angle for the pair of
media in contact.
gets absorb racted 3. The entire energy is reflected. There is no absorption/
of energy refraction.

D4ffe ce between convex lens and concave lens

Convex Ien# Concave lens
1. Thelens iE at the middle and thin at 1. The lens is thin at the middle and thick at edges.

edges.
2. Ima ed may be real or virtual. 2. The image formed is always virtual.
3. 1 formed may be equal in size, smaller 3. Image formed is always smaller than the object.
r than the object.
4. |t converges the rays of light. 4. It diverges the rays of light.
5.  On moving sideways, image moves in 5. On moving sideways, image moves in same direction.

opposite direction.
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air N |/
Al 7B
water 17
O

An object at O appears at | when it is
viewed from air.

AO = Real depth of object in water or a
transparent medium.

= Apparent depth of object.

If u = relative refractive index of water
w.r.t.air.

AO
then, u =L or,

Real dept

Relative Refractive Index = A p.d

ter

Since relative refractive inde
is always greater than that o i
hence, real depth of an o
then apparent depth.

TOTAL INTE EFLEC

TR) E
When I| is incident fro r 8 rarer
s away fro rmal drawn
nt point.

i,
C | b
A
Denser medium

Let us consider two light - rays viz. AO

& CO incident at point O from denser to
rarer medium. Ray AO is incident at angle
i,. Its angle of refraction is <NOB = 90°. The
refracted ray OB is parallel to the surface of
denser medium. This angle is called as
Critical angle (i, = ¢). Ray CO is incident at
an angle i,>i,. Its refracted ray is OD in the
denser medium. It means when a light ray
is incident at an angle greater than the
critical angle, it returns back to the sa
medium. This phenomenon of retur
back of a light ray in the denser mem IS

known as T.L.R. Critical angle gle
of incidence a light ray Cdenser
medium nding Q/ angle of
refracti e rarer me °is called
as c gle.

dltlons (|) Light should
incident fro rto rarer medium &
(i) The angl idence should be greater
gle (¢).

than the c;&
mon cases of T.I.R. :

Brllllance of Diamonds : The criti-
| angle for the rays of travelling from
diamonds to air is about 24.4°. The dia-
mond is cut suitably such that light en-
tering the diamond from any face falls
at an angle greater than 24.4°, suffers
multiple total internal reflections at the
various faces, & remains within the dia-
mond. The diamond sparkles due to the
light trapped in it.

- Mirage : It is an optical illusion seen
usually in deserts by which an inverted
image of a distant object like a tree is
observed along with the object itself as
if reflected from the water - surface.

In hot desert, lower atmospheric layers are
rarer due to higher temperature than those
of upper layers. A ray of light coming from
the tree bends away from
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the normal as it travels from denser
upper layer to the rarer lower layer.
This process continues till the angle of
incidence is less than the critical angle.
At a particular layer of air the angle of
incidence becomes greater than the
critical angle and it gives rise to the
T.LLR. It gives the impression of a water
pond near the tree i.e. mirage.

- Air bubbles in water or glass shine :
Water or glass is denser w.r.t. air. When
light is incident at an angle greater than
the critical angle, on going from wa-
ter / glass to air bubble, it suffers T.LR.
Hense the air bubble shines brilliantly.
This effect is used in manufacturing
decorating glass objects.

- Totally Reflecting Prisms : These prisms
are right angled isosceles prisms which
turn the light through 90° or 180°. The
critical angle for glass-air interface i
& in these prisms the angle of |nC|d
is 45°. Thus, the angle of |nC|de
comes greater than the critic
causes total internal reflec

prisms are used in perlscop

Combination of

(a) Triangle representl ry colours
complementary colour
()R+G+B=
(i) B+Y=W
(i) R+C=
(iv) G +
presentln ntary
their combma is,”

R+B= M

(i)

Seven Colours of Visible Light

Colour Range of Range of frequnecy
Violet wavelength (A) (x 10*Hz)
Indigo  3900-4550 7.69-6.49
Blue 4550-4920 6.59-6.10
Green  4920-5770 6.10-5.20
Yellow 5770-5970 5.20-5.03
Orange 5970-6220 5.03-4.82
Red 6220-7800 4.82-3.84

Refraction Through Lenses

Lens is a transparent medium boun

regardgd
. of small

0] Prmmpa@s : It joins the two centres
of cueivat™@ re of the t w o spherical
su fa lens.

cal Centre : The central point
inside the lens where the passing ray
remains undeviated is called optical
centre.

0)

(i) Principal Focus : Itis a point on the
p rincip al axis w here the rays of a
parallel beam of light meet or appear
to meet after being refracted through

the lens.

Focal Length : It is t he dista nce
bet w een the princip al focus & the
optical centre.

™

(i) Y +R = o;éé °
I = — R+ G = Black
4 Dmference between Primaln

y and Secondary Rainbow

2. arc is red and inner arc is violet.
3 ent ray of light undergoes one total
internal reflection.

Prim?nbow
lﬁuc brighter.

Secondary Rainbow

1. ltis fainter.
2. Outer arc is violet and inner arc is red.
3. Incident ray of light undergoes two total internal

reflections.
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A biconvex or a biconcave lens has two
centres of curvature and two foci.

Convex Lens

:_i>
| |

Concave lens

XY = principal axis, C = optical centre

<&

C, & C,= Centres of curvaturess
F, & F, = foci of lens.
Image formation by a lens :

(1) A convex lens can form e real as
well as the virtual i depending
upon the position‘ofth ject.

2 A concave len always

image.

11

focal length N f

Its S.I. unit is Dioptre (D). ID =1m
Smaller the focal length of a lens higher is
its power.

Power of a Lens (P) =

Common Defects of Vision

Long sightedness (Hypermetropia): A
person suffering from this defect ca
see objects far away but cannot se
nearer object. In this defect eyeﬁ
the image of an object behjgd th

For corregt vision image Sho®ld be
formed retina @nly. defect is
correcfee using a % (converg-
ingl\leNs of suit Ie@ ength.

- i S yopia) : A per-

son sufferin
the neare

this defect can see
jeets clearly but is unable
to see far away. In this defect
the is formed in front of retina.

T |¢fect is corrected by using a con-
ens of suitable focal length.

ome facts regarding the Lenses :

) If a convex and a concave lens of the same
focal length are put in contact the
combination acts as a glass slab.

efects of Human Eye

%o Short

Hypermetr. §
Long sj ness

an see distinctly
the near objects,
Far point of eye comes
closer than infinity.

(i) Eye can see distinctly
only the far off objects,

(i) Near point of eye

shifts away from the eye.

Cause Remedy

Focal length of eye lens Using a concave lens of
decreases. Rays from p focal length = distance of
focus at a point in front  far point from defective eye.
of the retina.

Focal length of eye lens Using a convex lens of focal
increases. Rays from near length (f) where

1 1 1

~—=———H
f v u ere,

u = distance of object from eye
lens v = distance of near point
of defective eye.

point focus at a point at

the back of ratina.
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(@ If a convex and a concave lens of the
same focal length are placed co-axially
with a small separation between them,
the combination acts as a convex lens.

@ If a lens is cut into two equal halves
with a plane per pen dicular to the
principal axis, the focal length of each
part doubles.

@ If a lens is cut into two equal halves
with a plane along the principal axis,
the focal length of each part remains
unchanged.

® An air bubble in water behaves as a
concave lens.

® When a lens is placed in a medium of
higher d ensity ( higher refractive
index), the nature of the lens reverses
i.e. a converging lens behaves as a
diverging lens & vice-versa.

(» When a lens is placed ina medium of
equal density, it acts as a glass slab. Its
focal length beco m es infinity an d
power becomes zero.

(OPTICAL INSTRUMENTS )

- Microscope : It is used to magnify
minute objects close to us

@ Simple Microscope (Magnifyin &
glass) : It is-a biconvex lens. When a e
object is place d within its foc@)a
magnified, virtual and ere IS
formed.

9olind Mlcrosﬂ It consists
eéx lens al size placed
rs s eye-lens to see
e Smaller lens is object
the object is placed.

s areal inverted image

|mage

in front
The object le

Difference between A n

ical an

an Telescope

Astronomical Telescope

. Eye piece is a convex IensQ
f(} 1 e \

4

5. Length of teleﬂwt be is gre

1. Used for observing far off objects i sky. 1
2. Final image is inverted w.r.t. t ject. 2
3 ) .

&

|gelescope
. setbfor observing far off objects on the ground.
. %al image is erect w.r.t. the object.
ye piece is a concave lens.
e k]
Je d

Length of telescope tube is smaller, L = f,— f,

of the objec h| image is fo ltlﬂw the
focus g lens and aﬁbject for the
eye iThe eye-leng§, foffms a highly

magn irtual imaq% object.
- Telescope : Ig;.(s us€d to see far off

objects.

mical Telescope : It is used

ists of two convex lenses. The larger
one is the object lens and the smaller one is the
eye lens. The real image formed by the object
lens within the focus of the
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eye-lens, acts as an object for the eye-lens
which gives the final, virtual and highly
magnified image.

(DISPERSION OF LIGHT )

When white light passes through a glass
prism, we get seven colours on a white screen.
This phenomenon is know n as dispersion of
light. These seven colours obtained are viz.
violet, indigo, blue, green, yello w, orange an d
red. They can be remembered as ‘VIBGYOR’.
Dispersion of




light occurs due to refraction of light of They are :
different wavelengths contained by white
light. Smaller the wavelength of light, more
is its deviation. Since wavelength increases n
from violet to red light, hence, the deviation
decreases from violet to red light. A band AWA
of seven colours of white light obtained by w
dispersion is known as a spectrum.

Spectroscope (or Spectrometer) : A (1) Magenta (M) = Red + Blue &
device used to disperse light and to observe (2) Yellow (Y) = Red + Green o

the spectra obtained is called spectroscope.
(3) Cyan (C) = Green + Blue C)
(COLOUR OF OBJECTS ) (4) White Q) = Red + Green % Bfue.
Colour of any object is the same as is Comphi ary Coft Any two

reflected by the object and received by our | S0l0 'g re said te Dp-a p air of
compdi tary r these colours

eyes. e.g. when white light falls on a red- rose, '& hit 4 togeth
it reflects only wavelength of red colour and@ white, ogether €.g.

absorbs all other colours of white light. Heace,
it appears red.

Pigment : It imparts colour to the .
A pigment absorbs most of the& of Q/
white light and reflects one or olours &
e.g. (i) A red rose appears black imgreen light. %

he green li Red Magenta  Blue

. (i) Yellow + Blue = White
ﬁllow . Red + Green + Blue = White & Red +
'(:;h nce, | Green = Yellow.

ght. (i) Magenta + Green = White

Colours &hey cannot be . Red + Blue + Green = White & Red +
iXi \/\% more colours. They | Blue = Magenta.
. When th .
nab Green en they are (iii) Cyan + Red = White
+ Green = White . Green + Blue + Red = White & Green

+ Blue = Cyan.
ry Colours : When t w o

pri olours are mixed, the new colour
is a secondary colour.

Th us, the complimentary pairs are
(i) Yellow + Blue, (ii)) Magenta + Green &
(iii) Cyan + Red.
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Primary Pigments : They are Yellow,
Cyan & Magenta. When these th ree primary
pigments are mixed in equal proportion a black
pigment is obtained.

Yellow pigment + Cyan pigment +
Magenta pigment = Black pigment.

Beca use, this mixt u re of pig ments
absorbs all colours of white light and reflects
nothing, so it appears black.

Secondary Pigments : When a pair of
primary pigments are mixed together, a
new pigment is obtained called secondary
pigment. They are:

Primary Pigments Secondary
Pigments
(i) Cyanpigment +Yellow Green Pigment
pigment
(i) Cyan pigment + Blue Pigme

Magenta pigment
(iiiy Yellow pigment +

Redgn@ub

Th us, the secon d ary pig ment
Green, Blue and Red pigments.‘%

Magenta pigment

The primary pig t same as t
of secon d ary colrx; w herea e
secondary pigmen«@ f
primary colour

on the part of the medium, it
gets scattered in all digections. The intensity
of scattered li creases with increase

in the waveg length of light i.e., smaller the

wavelen light, more is the intensity
of its tering. e.g.
0] colour of Sky : Most of the blue

colour of white light coming from the
sun gets scattered by atmospheric
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p articles beca use blue colo u r has
smaller wavelength.

The sun looks red at the sunrise and
sunset: The red colour is scattered least

du e to its longest wavelength an d

()

hence, the red-light is able to travel
maximum distance in atmosphere. At
the time of the sunrise and sunset, the
position of sun is lower in sky and
hence, it looks orange-red.

i) Due to least scattering of red-cogg
'gn. /

it is used as a sign of dangx
Rainw a spec‘ruw n’s
light'in n e Mt occurs in& m of arcs
ofconc@'c colourgd cifCles’n the sky,
*{ un’s li rain drops.
in-@rops act Isms that cause
ersion of li e essential condition
for observin @n ow is that the observer
must stan@ is back towards the sun.
Rainb s formed due to the total internal

reﬂ&?g/and refractions caused by rain

[%\/ave-Optics : Light is a transverse wave

ing under the electromagnetic wave
spectrum. Its speed in vacuum is 3 x 10 m / s.
It can u n d ergo different w ave phenomena
like  reflection, refraction,  dispersion,
interference, diffraction, polarisation,
superposition, etc.

(INTERFERENCE OF LIGHT )

It involves superposition of two light
w aves at a p oint in the m e dium of
propagation of light. When these light
waves superpose crest to crest or trough to
tro u gh, the result is constr uctive
interference w hereas crest to tro u gh
super p osition results in d estr uctive
interference. Coloured soap bubbles and




oil film on water surface are observed due | - In old oil paintings to improve colour
to interference of w hite light. For this contrast.

thickness of wall of the bubble and oil film
should be of the order of wavelength of
visible light (4000A° to 8000A°). The | = In calculators and watches, letters and

- In optical stressanalysis.

phenomenon of interference is used in numbers are formed by LCD (liquid
holography (three dimensional virtual crystal display through polarisation of
image formation) by using a laser beam. light.
- Polarisation of scattered sunlight is use
(POLARISATION OF LIGHT ) for navigation in solar compass in @
It involves restricting all vibrations of a lar reQigrQ@ggpearth, whert_a ma
light wave in a single plane compass becomes non-functiona

Most of them are artificial. Tourmaline is a POk orn
natural polaroid com ¢, which i coded digi-
' tal

Uses of Polaroids : .
- risation sedpto study asymme-
- In Sun glasses to protect the eyes from tries in crystéls d molecules using

glare. the phenﬁ n of optical activity.
- In head light of motor-car to reduce The a a crystal or molecule to

Polaroids : Materials that polarise light. | ~ In CD, Plagers, polariz_ewﬁ beam
acts as or pro@u? nd from
a

glare. rot plane of polarised light,
) ) ) it clockwise or anticlockwise is
- Inwind shields of automobile optical activity.

- In holograhy (3D Motion Ws) %
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HEAT

Heat is the form of energy that flows
from a body at higher temperature to
another body at lower temperature, when
the two bodies are in contact with each
other. Every body is composed of a large
no. of particles which possess certain kinetic
energy. The total sum of kinetic-energy of
all constituent particles of a body is equal
to heat contained by the body.

(TEMPERATURE)

It is the degree of hotness or coldnes
the body. It is just a scale that measures
thermal state of a body. All bodie
equilibrium are assigned equal t&

A hotter body is assigned high erture

than a colder body. The te

the two bodies are d@
f

equilibrium if no tra
when they are plac ntact

Scales ofu@‘ ure : cales
for the meas nt of tempe (i

tures iof
n thermal
heat o

degree cen e or degre (°C) (ii)
Kelyv d (iii) d renhelt (°F)
sca y are reI each other as
follows
o
t°C TK- °F - 32

s& 273 t°F-32

[66]

=t°C + 273,t°C = (t°F 32) & so on.

General Science

The temperature of a body is measured b)@
a

Thermometer: There is no upper I@

of temperature but there is a fixedylojver
limit. The lowest value of t erzgure is
called as ‘A Zero’. T te Zero
is equal t elvin (O 273 15°C.
CI| herm etq Is a mercury
a ometer. The
rm eter sc ked from 95°F to

For 35°C within the range of

haman bod erature. Advantages of

mercury ermometer-

® aque and shining and hence,
perature can be read easily.

[ t is a good conductor of heat & hence,

measures temperature quickly.

(i) it does not stick to the wall of glass tube
& also d oes not va p orize much &
hence, gives correct readings.

A clinicial thermometer should not be
sterilized in hot water otherwise mercury
will expand too much and break the glass.
Instead of mercury, water cannot be used
inside the clinical thermometer because it
freezes at 0°C whereas mercury freezes at (—
) 39°C. Hence, in the cold countries where
temperature in winter is usually less than
0°C, alcohol thermometers are useful. The
temperatures recorded in the weather
forecasting are carried out by using a special
ty pe of ther m o m eter calle d the six’s
maximum and minimum thermometer.



(THERMAL EXPANSION)

The increase in length, area or volume
of an object due to rise in its temperature is
called as thermal expansion. The object
shows contraction due to decrease in its
temperature. The expansion / contraction
of an object depends upon the change in
temperature & its nature i.e. expansivitiy.

Practical thermal

expansion:

applications  of

» A small gap is always left in between
two iron-rails in a railway line.

* An iron rim to be fitted on a wooden
cart wheel is always slightly small in
diameter. The rim on heating expands
and upon cooling gives a strong grip on
the wheel due to contraction.

» Some suitable space is left between
girders used for supporting bridge

» A glass stopper jammed in th of
a glass bottle can be removed arm-
ing the neck of the bottle

s Qusually ma
ICh has ver

» The clock pendul
of invar (an alloy

expansivity. T les the

keep corre$ differe S.

Bimetallj ip rass
together.

re than that

. It consi
@/ar layer rj
alsiVity of bra&sg
' r

i ence, due in temperature
the str D expan % a curved shape
having brass he® convex side. When
temperature eases, the strip retains
Bimetallic strips are used as
hermostats which are used for

g temperatures of electrically
ooms, ovens, toasters, etc.

Unusual Expansion of Water The

volume of w ater decreases & density

increases with increase in temperature from
0°C to 4°C. But its volume increases and
d ensity d ecreases with increase in
temperature above 4°C. Thus, the density
of water is maximum at 4°C. This unusual
expansion of water has a favourable effect
for aquatic animals. Since the density of
water is maximum at 4°C, water at the
bottom of lakes, ponds etc. remains at 4°C
in winter even if at the surface it freez
This allows marine animals to remain

and move near the bottom.

The 3% ce is equal
to the ggr ed by its unit
to aise it re through one

Thus e value of specific

of a sub smaller is rise in its
teémperatur @i e of absorbing a large
amount heat. The specific heat of a
substa ends upon the nature and its
ph)&g ate. As specific heat capacity of
IS large (4200 J kg *k?), hence, by

bing or releasing large amounts of heat,
perature of water changes by small

amounts. That is why water is used in hot
water battles and also as coolant in radiators.

VAPOURS

A vapour is a gas that can be liquified
by increasing the p ressu re witho ut
changing the temperature. Gas and vapour
are two distinct state of matter. A gas
cannot be liquified by the application of
p ressu re alone, ho w soever large the
pressure may be. However, a gas can be
lig uifie d by a pplying high p ressu re
lowering the temperature.

When the molecules of a liquid escape the
liquid surface slowly, it results in vapour
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above the surface and this process is known
as evaporation. Evaporation lowers the
energy of a liquid and hence, causes cooling
effect. This effect is used in cooling water
in pitchers having porous walls. When a
space contains the maximum possible
amount of vapour, the vapour is called
sat urate d. If the amount is less than
possible maximum amount of vapour, the
vapour is called unsaturated. The possible
maximum amount of vapour depends on
the temperature & can be achieved easily
due to rise in temperature of the liquid.
The pressure exerted by a saturated vapour
is called saturation vapour pressure (SVP).
The temperature at which the saturation
vapour pressure becomes equal to the
present pressure is know as Dew-Point. If
the temperature is decreased below the

dew point some of the vapour condenses
(‘HumIDITY ) b

The amount of water vapou
volume of air is calle d the
humidity of air. Generally, it

in gm / mé. The ratio of th nt of water
vapour present in a“gi Golume to

amount of water
sat u rate the

at the
temperature is d”the rela idity
(R.H.). The ean be given i s@f the
following r as R.H. 0
&semt in a given

_ Vo e of air at a te ature
Amount of wat ap.ﬁ required to saturate
the same vo the same temperature

ressure in air

N of water va

P at the same temp.

P at the dew point
SVP at the air temp.
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Generally, relative humidity (R.H) is
expressed in a percentage. If the above
ratio is 0.5, the relative humdity is 50%. If
the air is already saturated, the R.H. is
100%.

Dew : In winter nights, the atmospheric
temperature goes down. The surfaces of
window-panes, flowers, grasses etc. become
still colder due to radiation. The air near th
becomes saturated & condensation begins. é
droplets.condensed on such surfaces arg cailed
as Dew.

)
Fog : InAminter, if temger es down
even whole at ere in that

maQre,
regio become atu@. Small droplets
%ense 0 particles present in
air. These d ep floating in the air
rm a thickemi hich restricts visibility.
This thick mi @alled Fog.

In \mg( glass- w alls of a ho use,
wir& car-glass get wet on its outer
s% 7 It occurs due to the condensation

ater-vapour in the atmosphere on the
ass surface as the temperature inside
house or car is relatively higher than outer
temperature. In summer, body temperature
is regulated by the evoporation of sweat.
However, at higher humidity in air, the
rate of evaporation from the body slows
down and sweat starts rolling off in streams.
Sitting under a fan then increases the rate
of evaporation due to moving air. The
increased evaporation produces cooling.

The human body is comfortable at a
temperature between 23°C to 25°C at a
relative humidity between 60% to 65%. An
air conditioner regulates these conditions
of temperature and humidity inside aroom.



(BOILING OF A LIQUID )

The energy of a certain mass of a liquid
in its vapour state is more than in its liquid
state. When heat is supplied to a liquid, its
kinetic energy increases and at a certain
stage, the molecules anywhere in liquid
can form vapour bubbles. These bubbles
float to the surface and finally vapour
molecules come out of the liquid. This
phenomenon is known as boiling and the
temperature at which boiling occurs is
known as boiling point. At the boiling point,
the vapour pressure at the liquid surface
becomes equal to the atmospheric pressure.
Hence, higher the atmospheric pressure at
the liquid surface higher is the boiling point
of liquid. Water boils at 100°C when the
atmospheric pressure is 1 atmosphere. 1
atmosphere is equal to 760 mm of mer .
If the pressure becomes 2- atmosph
water boils at 120°C. In pressure @
water boils at temperatures hi an
100°C due to highly increased sure.
The increased boiling point s water
to hold more heat WhICh ood-faster.

At higher altitudes, r|c pres
is reduced. It lower, b0|I|ng p
sh Cc

water and food nger time .
Hence, a press ooker 'is more, usefyl for
cooking on

verts heat into

heat into mechanical work & delivers
the res odies at lower temperature.
Th;&king substance inside the heat
en comes back to the original state.

Thus, a heat engine works in cyclic process.
The efficiency of a heat engine is equal to

the ratio of the mechanical work done by
the engine to heat supplied toiti.e.,

work done by the engine

Efficiency =
iciency heat supplied Lo it

Efficiency of a heat engine is always
less than 1 or 100% because a heat engine

cannot convert total heat supplied to it
into mechanical work. &
A heat engine consists of th

O

components viz.

@ Source of heat : It 4g at Cfner
temperature m which the iffe gets
heat. o ‘br

r ng Subs - It converts

btame t nto mechanical

r suppli alnlng heat to the

@iy Sin @is at lower temperature to
absorb u eat.

f Heat Engine :
&Xternal Combustion Engine : In an
nal co m b ustion engine, heat is
duced by the burning fuel in a chamber
outside the body of the engine e.g. steam-
engine. Super heated steam at 250°C & 20
at m os pher is its w orking su bstance.

Practically, its efficiency is about 12% to
16%.

(ii) Internal Combustion Engine : In
this engine, heat is produced by burning of
fuel inside the body of engine e.g. Petrol &
diesel engine. Its working substance is a
mixture of air (98%) and fuel (2%). Petrol
engine with a practical efficiency of 26% is
used in light vehicles while diesel engine
with a practical efficiency 40% is used in
heavy vehicles.

(iii) Refrigerator or Heat Pump : Itis a
heat engine working in reverse direction.
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Its working substance takes an amount of
heat from a cold body, converts it partly
into work & supplies the heat left to the
hot body. Food stuffs, water, etc. inside the
refrigerator act as a source of heat. A highly
volatitle liquid, Freon (dichlorodifluoro
methane) is its working substance. The outer
surrounding at higher temperature acts as
sink.

The freezer is surrounded by a copper
coil in which freon evaporates that causes
cooling effect. The vapour is removed and
condensed to form liquid in the condenser
coil, fitted at the back of the cabinet, by a
compression-pump or compressor. The
condenser coil becomes warm due to the
liquification of vapour. Again, the liquid
begines to evaporate & this cyclic process
continues. A thermostat switch regulates
the temperature inside the refrigerato
switching the compressor on and of
intervals. When the refrig rateé
d efroste d, the te mp erat ure it
increases. Hence inner ice con elts.
Defrosting is necessary for working
of the refrigertor

(HEAT &
Conduction nvection

are the three ds to trans
other Us

0|IdS CO&
and radiati%
o

A. Condug@ It involves heat-transfer
from the the of a body to its cold end

‘%ﬂon

onduction
nin liquids
not require a

due to ar collision to minimise the
te mperat U're difference. H o wever, the
con@m does not involve the actual
movement of the molecules of the medium.

In general, solids are better conductors
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to the handle which gives the sense of
cold.
Eskimos live in double walled snow

than liquids & liquids are better conductors
than gases. Metals are much better
conductors than non-metals. Metals have
free moving electrons which carry heat
from one point to the other in a metal.

For a given body, the rate of flow of
heat by the con duction is directly

proportional to the cross-sectional area,
proportional to the temperature differenc&
between the ends & inversely proporti

to the distance between the ends. H

thick & short metallic rod conduct re
heat in a given time across M ends

tion:

are made of plas-

tic or wood se metals are better
conductor astlc & wood are poor
condu r ence, hot utensils can be

easi by their insulating handles.

. & er, metallic handle of a wooden
appear colder because it is a good
nductor Heat flows from our body

huts called igloos. Air enclosed between
the walls of ice is a bad conductor and
ice is also a bad conductor. It prevents
the heat they produce from escaping
and keeps them warm.

» Saw dust is a poorer conductor of heat
than the wood from which it is made
because of air trapped in the saw dust.

* In winter, birds often swell their feath-
ers. Air enclosed between their body
and feathers does not allow flow of
heat from the body of the birds to the
cold surroundings.



» lce is packed in gunny bags or saw-
dust. Air trapped in the saw dust blocks
the transfer of heat between the cold
ice and the surroundings. It prevents
the melting of ice.

* A new quilt is warmer than an old one.
The new quilt encloses more air than
the old one. This air, being bad conduc-
tor of heat, does not allow heat of our
body to flow to the surroundings.

« Two thin blankets together are warmer
than one blanket of their combined
thickness. The air contained in between
the two blankets is a bad conductor
and it prevents heat from escaping and
keeps the body warm.

ered windows are preferred than the
single layered windows because a 4fin
layer of air is contained between
two layer of glass panes |n th

dow.

* In winter, a stone floor fee 0 the
bare feet, but a Carpet on me floor
, a

tur
rrents.
* In airconditioned rooms, double lay-
In¥efrigerat

re at the

feels warm even t
same temperature. the stone 4
better conduct at than t

pet, hence th
but not on rpe

. Due to contlnuo

athl
out3|de a
fredz€r and henc

off for defro

ing of a
|Ce deposits
inside of the
has to be switched
g.el'he cooling action of

the freeze down because ice is a
bad co cto of heat. Hence, defrost-
ing es the functioning a refrig-

ﬁvectlon . It involves the transfer

of heat due to the movement of molecules.
The hot molecules have higher Kinetic

energy and hence, they move towards the
cold region and in order to occupy their
position the cold molecules come from the
cold region. It results convection currents
and consequently the entire system gets
heated. Convection is common in liquids
and gases.

Applications of Thermal Convection:

» Function of ventilation in houses is base&
on the convection. During winter,
comes out from houses because@

side temperature is high,whe
summer air comes in beca%t: outer

temper is high. t‘& es the
move air fro tempera-
wer tem by convec-

%r is set at the top.

Temperat air at the bottom is
higher at inside the freezer. The
Warmétom air moves up and cold

r moves down. It results con-

%
& current of air in the refrigera-

hat cools the entire inner space.

ﬁ)t geysers and waters heater, the heat-
ing elements are fitted at the bottom. It
causes hot-bottom water to move up
and cold top-water to move down and
thereby setting up a convection cur-
rent. Consequently entire water con-
tent gets heated.

* In electric ovens, the heating elements
are fitted near the bottom to heat the
entire enclosed air by convection.

« Monsoons, trade wind in sea, water
streams in sea, winds, etc. are due to
the convection.

» The main mechanism for heat transfer
inside a human body is forced convec-
tion through blood which is circulating
by the pumping action of heart.
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C. Radiation : H eat transfer by
con duction an d convection req uires a
material medium whereas heat transfer by
radiation does not require a medium. All
bodies radiate thermal radiations at all
te mp erat u res. The am o u nt of heat
radiation radiated per unit time depends
on the nature of the radiating surface,
surface area and temperature of the body.
Similarly, all bodies absorb a part of thermal
ra diation incident on them. When an
amount of thermal radiation is incident on
a body, it is partly absorbed, partly reflected
and partly transmitted. The amount of
absorbed, reflected and transmitted thermal
ra diation d epen d s on the nat ure &
temperature of the body.

When a body absorbs more and emits
less radiation, its temperature goes up; when
a bo d y emits more an d absorbs
radiation, its temperature goes down
w hen a body absorbs an d enits
amou nt of ra diations, its tem re
remains constant. A good absorb good
emitter and a poor absorber isﬁb@r emitter.
A body that absorbs a th@l ions falling
on itis called a black b

Applications k Body:
body will emit jatfon at t rate
on heating. p black% to a
bIackbody.@ometer and opile are
clos ckbo d &m eter an d
th are instru >K!Jsed to measure
thermay’radiation. %

uface is a good emitter
good absorber of heat-
hile a bright polished surface
emitter as well as a ba d

er. Hence, a bright polished cup
keeps tea or coffee warm for a longer
time in comparison a rough black cup.
The base of an electric iron is highly

[72]

» A rough bl
as well
radiati

General Science

polished so that it does not lose heat by
radiation. White or light colours of houses
keep cooler in summer because light
coloured surface do not absorb much solar
radiation.

* Thermos Flask : It is a double walled
glass bottle having a vacuum between

the walls. The inner wall is silvered
whose mouth is closed by a pIasti@
stopper. The vacuum does not al
the loss of heat by convection a @
stopper being insulator dogs no§yow
conduction of heat. The % wall
prevents lation as it isappogr emitter
and a@orpabsorber ﬂlg! on. Thus,
in Q 0s flaskm r of heat by
ion, ¢ and radiation
7 a hot liquid in it

i inimised. n
remains hot ctold liquid or ice in it
remains of a longer time.
« Ata paint I front of fire, heat is received
du?{h diation only, while at a point
0 e fire, heat is received both due
o%adiation and convection. Hence, it

hotter at the same distance over the
top of a fire than in front of it.

* When animals feel cold, they curl their
bodies in a ball so as to decrease the
surface area of their bodies. As total
energy ra diate d by a bo d vy is
proportional to the surface area of the
body, the loss of heat due to radiation
would be reduced.

» Abox or a house with glass walls or
glass windows, acts as a green-house
because it traps heat radiations entering
it through glass. The glass allows the
heat radiation inside but blocks the hot-
air from comeing out. Hence, acar
parked in the sun with its windows
closed gets terribly warm in comparison
to the outer atmosphere.



» Cloudy nights are warmer than clear
nights beca use clo uds reflect the
radiations emitted by the earth at night
and keep it warm. Thus, clouds act as a
blanket.

» Glass, which is ordinarily used as the
base in ph otogra phic plates, is
transparent to light while opaque to
thermal infra-red radiation. But certain
special kin d s of glass have been
prepared which are transparent only
to thermal infra-red. Such glasses, used
in the preparation of photographic
plates, have made it possible to obtain
long distance photographs, even under
misty con ditions using infra- re d
radiations.

» The fact that good reflectors are bad
absorbers and bad radiators is uti
in making firemen’s helmets and met

tea-pots highly polished on the ou

Water can absorb 90% of he ion,
which shows the of the
r in the

impor,
existence of w ater va f&
atmosphere. The tonurs in
atmosphere protec &r from the

i sun during the
xtreme co g the
y regions, %t re is
i days are
re extremely

» Gases are poorqadiators of heat, hence
) Ny )
in the conﬁlon of furnaces, the
gases are to fall on fire-bricks,
whic@te heat freely.

. %ﬂjse black bo dies are the best

rbers of heat radiations, a black

dress is uncomfortable during the hot
summer, while a white one is cool.

OV o

(NEWTON’S LAW OF COOLING )

It states that the rate of loss of heat
from a hot body is directly proportional to
temperature difference between the body
and its surroundings.

A hot water during cooling from 100°C to
90°C takes less time than that in cooling from
50°C to 40°C. Hence, when hot water an
fresh tap-water are placed inside a refrigerm

the rate of cooling of hot water is fou
faster than that of fresh-tap water

If hot coffegyis served with w a cup
and witho in another creamed
ot for a lopgentime.

coffee re
A

VI©ODYNAMICS

irst La he first la w of
tHermodyn r@is a particular and more
rigorous;iat ent of the principle of
conser@ of energy. When a substance
absm amount of heat at a constant
, then part of this heat is used up

ﬁse the temperature which results in
increase of internal energy. The rest of

the heat is used in doing work in allowing
the external pressure.

Second Law : It is imp ossible to
construct a device working in a cyclic
process whose sole effect is the transfer of
heat from a body at a lower temperature to
a body at a higher temperature ‘OR’ it is
impossible to construct an engine working
on a cyclic process whose sole effect is the
conversion of all heat supplied to it in an
equivalent amount of work.

Entropy : It is a measure of randomness
or disorderness of a system. It is a thermal
property of a body which remains constant
during an adiabatic process.
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Third Law At absolute zero (zero
Kelvin) te mperat u re the total sum of absolute
entropy of a crystalline solid is equal to zero.

(THERMODYNAMIC PROCESS )

It involves constant

Isobaric Process :

pressure
Isochoric Process : It involves constant
volume.
Isothermal Process : It involves

constant temperature. However, heat
changes.

Adiabatic Process : It involves constant
heat. However, temperature changes.

Melting process and boiling process are
common examples of an isothermal process
because they occur at constant
temperatures. Practically, a per
adiabatic process is impossible. However

its approximate examples are (i) Sud
bursting of the tube of a bicycle tyray

Propagation of sound in air. (iii sion
of gas or vapour in a heat eng

Oka'given mass,0f a gas,
ersely proportiohal to
B constant tenfpefatuse.

=Aeltine of a given

temperature then,

l or VP =constant
P P

constant

or, Pﬁz )

Wh , and P, are initial and final
pregsé and V, and V, are initial and
fin umes of a given mass of a gas at a

constant temperature.
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» Charle’s Law : The pressure remaining
constant, the volume of a given mass of
a gas is directly proportional to its
temperature in Kelvin scalei.e.VaT or

A\ . .
— = constant; where V is volume & T is
MV,
Ty, T,

T
temperature in Kelvin.

+ Gay Lussac’s Law The vol &
remaining constant, the pressu
given mass of a gasgis d tly
p ro p ortignal to its te m&tﬂ re in
Kelvin i ° ;&

P a®f =con nt@e e Pis pressure

T
% T is t f&re in Kelvin of a
given mass aSat constant volume.
AN,
o
. !geqaas Equation : Itis also known

andard or the perfect gas equation

where P = pressure, V = Volume, T =
temperature in Kelvin, n = number of
moles and R = universal gas constant.

(KINETIC THEORY OF GASES )

The Kinetic Theory of gases explains
the behaviour of gases. Basic features are:

@® All gases are composed of molecules.
The molecules of a gas are alike and
differ from the molecules of other gases.

@ The molecules are extremely small point
m asses, their dim ensions being
negligible as compared to the distance
between them.



(i)

™)

v

(W)

The molecules are continuously in
motion. They have different velocities
in different directions. The velocity of

gas m olecules increases with
temperature.
The gas m olecules collid e

continuously against each other and
against the wall of container.

The pressure of the gas is equal to the
pressure exerted by the gas molecules
on the wall of container.

The gas-molecules are perfectly elastic
spheres and exert negligible force of
attraction or repulsion on each other
or on the wall of container.

The Kinetic theory of gases explains
most of the gas laws like Boyle’s law,

Charle’s law, ideal gas equation,itc.

TRIVIA
The net change in the inter, lar
Kinetic energy is determmei tem-

perature. This is in ac ce with
the kinetic theory,of at is aver-
age Kinetic energ ted wit

termolecular f dlrectly

tional to the ture of stem.
The heat city or ther ' city
nature 0 e ubstance

depen
i eat capa& nd mass or
of matte body.
Thermodyna als with the con-
version ofﬁmto other forms of en-
ergy as he change in state (solid,
quuigéofasystem.
@m motion of the constituents of
system involving exchange of en-
ergy due to mutual collisions is called
thermal motion.

» Total kinetic energy, or internal energy
or total energy does not determine the
direction of flow of heat. It is deter-
mined by the temperature alone.

» When heat is absorbed by a body but its
temperature does not change, only the
intermolecular.potential energy of the

system changes. This is the case with
melting and boiling.

+ Systems are in thermal equnlbr@
when their temperature are s

average kinetic energy pe
same &
gy con %

* Intern nergy of
tra rotatl well as vi-
% otl olecules

. ratio o eC|f|c heat capac-
ity depend e molecular weight of
the subt Because it depends on
mass o e mole which is turn de-
pe molecularwelght

. &temperature, volume or pressure
@ a system may remain constant when
it absorbs heat.

The temperature of the system may in-
crease when heat is supplied to it or
work is done on the system.

* Whole of the heat supplied can never
be converted into mechanical work.
This implies that the efficiency of heat
engine can never be equal to 100%.

e« Ther mod yna mics deals with the
interconversion of heat energy, internal
energy and mechanical energy or work.

» The physics of heat engine is similar to
that of refrigerator.

» Hydrogen cannot be used as a thermo-
metric substance above 500°C, because
it starts diffusing.
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» Pure and dry gas should be used as
thermometric substance.

» Below -200°C, the hydrogen and nitro-
gen cannot be used because they start
liquifying. Therefore, helium gas is used
for temperature below -200°C.

» The platinum thermometer can mea-
sure temperature accurately upto 0.1°C.

* The thermoelectric thermometers are
very sensitive and can be used to mea-
sure the temperature of insects.

» Radiation Pyrometer : These are the
devices to measure the temperature by
measuring the intensity of radiations
received from the body. They are based
on the fact that the amount of radia-
tions emitted from a body per unit are

per second is directly proportional, to
the fourth power of te mp erat U
(Stefan’s law). These can be use
measure temperatures ra 'nﬁrym
800°C to 4000°C. They can% ure

temperatures below 800° se the
amount of radiations e m’from the
bodies is too small b@asured.

* Vapour Pressur mometer
vapour press ends on -
perature a and it is epeRdent

f the vapo hig fact

d to measﬁ, tempera-

ca n be Uge measure

t at ues n olute zero by

usi different %s as the thermo-
metric substgnce®.

*  Magnetj mometer : The magnetic
thern@r Is a device that uses adiabatic
deptagnetisation for measuring the tem-

re. They can be used to measure
temperature very near to the absolute zero.

« The mercury thermometer with cylin-
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drical bulb are more sensitive than those
with spherical bulb.

Alcohol thermometer is preferred to the
mercury thermometer due to the larger
value of the coefficient of cubical ex-
pansion.

Following properties make mercury the

ideal thermometric substance. &

() Does not stick to the glass walls.

@) It shines.
(i) Coefficient of expansio&&m.
M Va ssure g lo

(] ermal ¢ Ivity and
specifi t. t)
&Availab@orm.

=

have higher sensi-

as therm
tivity @ mercury thermometers

becaus@their coefficient of cubical ex-
a s much larger and same is for
es:

Celsius & Fahrenheit at - 40°C = -
40°F.

() Fahrenheit and Kelvin at 574.25°F
=574.25 K.

() Fah renheit an d Reaumu rat -
25.6°F =-25.6°R

(M Reaumur and Celsius at 0°R = 0°C

(W) At no temperature the Celsius scale

can have the same reading as the
Kelvin scale.

Six’s thermometer measures minimum
and maximum temperature during a
day. It uses mercury as well as alcohol
as the thermometric substance.

Let the reading on the faulty thermom-
eter be f and the true treading be t, then



Normal human temperature is 37°C = (iii)British Thermal Unit (BTU) : It is
98.4°F the fps u nit of heat = 252 cal =
amount of heat required to raise the
temperature of 1 Ib of water through
1°F.

e 42J)=1cal

The clinical therometers read from 96°F
to 110°F.

Thermo electric therometers can be used
to measure rapidly changing tempera-
ture. » Specific Heat : It is the amount of heat

Clinical thermometer are much shorter reqmre;i tobratuse th;}htempﬁritgre of urlnt
than the laboratory thermometers be- Mass of substance throug egree.

. . X N
cause they are used to measure a lim- dlmet?smnal foorln_wulal;s o'\C/ILk T
ited range (96°F to 110°F) of tempera- May D EXpressed in cal/g-L, Kca

ture. BTU /Ib°F. J/kgk X‘
Platinum resistance therometer can be | ° Cal /'g° al / kg°C 10 %)/

used to measure temperature inside a kgK
motor engine. . pecmc e amount of
The radiation therometers can measure moluelr - Tﬁroheé?]piritgur;
temperature from a distance. aIIed moI fic heat. It is denoted
Adiabatic demagnetisation can be u % by C. It |3 J/ mol K. It is generally
to meausre temperatures very near used
the absolute zero. - .
. gases, molar specific heat is de-
The degree Fahrenheit is th Ilest at constant volume (C ) and at
temperature range amon SC&|93 nstant pressure (C.). It is found that
of temperature. - C,= R. Where R is molar gas con-
Heat : It isaformN@Th Slu stant
heat is joule Thermal Capacity : It is the amount of
(i) Calorl amo at re- heat required to raise the temperature
quwed ISe the te l%, f1g of substance through 1°C or 1K. Ther-
of through 1° interna- mal capacity = mass x specific heat.
se the defined as The dimensional formula for thermal
%equired to raise capacity is ML?T?g. Its unit is cal / °C,

amount of ke
e temperatu%f 1g of water from keal /°C, J/K.
14.5°C tg,15.58C. [This definition is [ « \Water Equivalent : It is the mass of
based average value of heat water that requires the same amount of

required to raise the temperature of heat to raise its temperature through
ter from 0°C to 100°C per 1°C as the substance requires to raise

o€ rise in temperature] its temperature through 1°C. Its unit is
(Kilocalorie (k.cal) = 1000 cal = kilogram or gram. !f m be_t.he mass of
amount of heat required to raise the the body and c be its specific heat, then

temperature of 1 kg of water by 1°C. water equivalent is given by W = mc.
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» Principle of Calorimetry : The amount
of heat gained or lost when its tem-
perature rises or falls by Dq is given by :
Q = mc Dg, where m is the mass of the
substance.

« According to the principle of calorim-
etry, when two bodies exchange heat :
the heat lost = the heat gained. It is in
accordance with the law of conserva-
tion of energy.

» Latent Heat : Heat required to change
the state (from solid to liquid or from
liquid to gaseous, of one gram / kilo-
gram of substance at constant tem-
perature is called latent heat (symbol
L). Its unit is cal / g, kcal / kg or J/ kg.

« The amount heat absorbed or given out
during the change of state is given by :
Q = ML, where M is the mass of
substance.

» Latent heat is of two types 4 |)
heat of fusion for change fr
liguid at the melting poi ||) La—
tent heat of vaporisation Il,§thange of
sate from liquid toggas state.

» Latent heat of f \l ice is 80

+ Latent heat o %lsatlo 0 is
535 cal /g

QL

&
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» Latent heat is used for doing work in
increasing the distance between the mol-
ecules during the change of state. That
is the latent heat increases the potential
energy of molecules and their Kinetic
energy remains constant, therefore, the
temperature also remains constant.

« Sublimation : Direct conversion of solid
to vapours is called sublimation.

« HoarFrost : Direct conversion@
vapours to solid is called hoarfrost

* Melting : It is the proces
solid is rted into | he re-
VErse i freezmgf fcation.

. BOI tis the p geg s”of conversion
to g The reverse is

d conde Ilquefactlon
eltmg a g occur at definite tem-

perat d melting point and boil-
faction.

ing
. Q( ids boils at a temperature, at
h its vapour pressure is equal to

%e atmospheric pressure.
Evaporation : Conversion of liquid into
gaseous state at all temperatures is called

evaporation. It is a phenomenon that
occurs at the surface of the liquid.

» The rate of evaporation increases with
the rise intemperature.



RADIATION

ELECTROMAGNETIC

An Electromagnetic radiation is an
electro m agnetic w ave (E.M.W.) that
consists of oscillating electric and magnetic
field s. An accelerate d charge (e.g.
oscillating charge) produces an oscillating
electric as well as magnetic field in its
neighbourhood. These oscillating fields act
as sources for each other an d thereby
produce each other. It results an E.M.W.
The accelerated charge reduces its energy
that appears as energy of E.M.W. Th
electric-field, magnetic field and spee
the E.M.W. are mutually perpendlcular
gives transverse nature of the E.M.W.

E.M.W. is associate d with &

momentum. Hence, it exerts a pre%m the
surface of incidence.

(BASIC FEATU E.M.W.
(1) They are prod ccelerat &
oscnlatlng
@ Theydo q uire an@e
mediu r propagatl
©)] aveI in afre acuum or
», th the spe ght i.e. 3X108

also an EM.W

m /'s because igu i .M.W.
When the el through a medium,
their velqc epends entirely on the

elect@ magnetic properties of the

@ are themselves u ncharged an d
hence, do not get deflected by external
applied electric and magnetic fields.

() They are composed of energy particles
called Photons. Every photon has a fixe
frequency which does not change \I@
a ph oton travels th ro u gh d|
m e dia. The velocity of

changes jg different m e Gu e to
chang wave&n oton is
elect neutral have mass
atr n fact, oes not exist
i beca on iS an energy
particle oft . which in turn is
dynamlc energy.

6) The E. v ows all wave phenomena

like &
)

ROMAGNETIC SPECTRUM )

he orderly distribution of electromagnetic

diations according to their wavelength or

frequency is called the electromagnetic
spectrum.

Only a small part of this spectrum is
visible to human eyes because the radiations of
this part produces sensations on the retina of
the eye.

() Gamma Rays: They are emitted by
radioactive nuclei. They have the shortest
wavelength and the highest frequency and
hence, the highest energy. The study of
y- rays p rovid es us with valu able
information about the structure of the
atomic nuclei.

@ X-Rays: They are produced most
commonly when fast-moving electrons
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Electromagnatic Spectrum

S.No. | Name Wavelength (in m.) | Frequency Range (in Hz)| Source

1. Gamma rays 6x10—to 1x10* 5x10%?to 3x10% Nuclear origin

2. X-rays 1x10"to 3x10°® 3x10%°to 1x10%® Sudden deceleration of
high energy electrons

3. Ultra-violet 6x1071°to 4x1077 5x10'" to 8x10% Excitation of electrons, spark
and arc lamp.

4, Visible Light 4x107"to 8x10~ 8x10%to 4x10™ Excitation of valence
electrons.

5. Infra-Red 8x10~"to 3x10° 4x10%to 1x10% Excitation of atoms &
molecules

6. Heat-Radiation 10°to 10 3x10%*to 3x10° Hot bodies

7. Microwaves 10°t0 0.3 3x10™to 1x10° Oscillating curren
in special acuun@.

8. Ultra-high frequency 1x101to 1 3x10°to 3x108 Oscillati i cuit.

(UHF)
9. Very High Frequency 1to 10 3x10%t0 3x1 Os"llat‘v i
(VHF)
10. Radio-Frequencies 10to 10* 3x107t 4+ llatig circuit
11. Power frequencies 5x10%to 6x10° 60 ti Radiations from
o~ Ra.c. circuit.
The overlapping in certain parts of above E.M. Spectrum: thatthe correpondi afions can be produced by

two methods.

decelerate inside a metal target. They are us

- for detecting explosives: gfm,
jewelleries, etc. in the bod mug-

glers.

- In Medical Diagn
tection of fracture
bullets, disease

the human b :
- for deteﬁ earls in 0

fects,_i ber tyres,

=a) for detecting

faults, cracksAfl and holes in final
metal pro (b) for the testing of
weldingsi\castings and moulds.

erapy to cure untraceable skin
es and malignant growths. The
ographic film containing the pho-
tographs of the body parts is as known
a Radiograph.
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K) Ultrg % Rays: They are produced

by the exeftation of atoms, a spark and arc
lamp. light consists of ultraviolet
raysg@s rt. Ultraviolet rays are very

to the living organisms. A long

r%onstant exposure of our body to these

iations causes blindness and cancer. The
ozone layer in the upper at mosphere
absorbs most of the ultraviolet rays emitted
by the sun. Only a small fraction of these
rays reach the su rface of t he eart h.
Therefore, the ozone layer protects the
organisms from the ultraviolet rays. A
welder wears coloured glasses to protect
his eyes, from the ultraviolet rays emitted
by the welding spark. During the solar
eclipse, the sun is completely covered by
the shadow of the moon. But the ultraviolet
rays emitted by it reach the earth. Hence,
the direct vision of the solar eclipse through
the naked eyes is avoided.

They are used: (i) to preserve food stuff &
making drinking water free from bacteria as
these rays kill bacteria & germs.



- to detect the invisible writings, forged
documents and finger- prints in forensic
laboratory.

- tostudy the structure of solids and mol-
ecules.

- for sterilizing the surgical instruments.

- for checking the mineral sa mples
through the property of ultraviolet
rays causing flourescence.

- inburglar alarm.

@ Visible Light: White-light emitted
by the sun is visible light. It is composed of
seven colours. Except the visible light, all
the remaining electromagnetic radiations
are invisible. Besides the solar-radiations,
there are a number of sources giving visible
light e.g. candle, electric-bulbs etc.

® Infra-red rays: Infra-red rays
emitted by the atoms and molecules of
body. Infra-red rays are absorbed
body on w hich they fall

i . S %dy
becomes hot. Hence, infra- red r also
known as heat-radiations.

Wand hous

to heat the interior
i olar coo
ing a solar @ater
- totreat ular strains,
- 0 ng wet cloth Qams after
sting,
%es during warfare

in night visi dg

because ir]@d rays can pass through

haze fog, e and mist,

- to praﬁlectrical energy to satellite
A%ng solar cells,

- roducing dehydrated fruits,

- for taking photographs during the con-
ditions of fog, smoke, etc.

They are used:

- tocook food u
- to heat wa

- in green houses to keep the plantswarm,

- in weather forecasting through infra-
red photography, and

- in checking the purity of chemicals and
in the study of molecular structure by
taking infra-red absorption spectra,

6) Heat Radiations: They are
produced by any hot bodies. They ar
used for heating purposes.

(7 Microwaves: They are prod dg
oscillating electrical circuits. T . d:-

- in microMave,ovens.
- |nR systemsa

ellite com-

ion.
HF Vv %adiowaves : They
produced the oscillating circuits.

They are us@ arrier waves during the
transmissi Radio-signals, TV-signals,

FM-Ra @
& w er- frequencies or Po w er

\% They are pro duced from a.c.
its. They are used for lightning.

(RADIATION IN ATMOSPHERE )

The main source of radiations in the
atmosphere is the sun. Visible light is
weakly absorbed whereas most of the infra-
re d ra ditations are absorbe d by t he
atmosphere and is used to heat it. The
ozone layer of atmosphere absorbs most of
the ultraviolet-rays and thus protects us
from their harmful effects. The ozone layer
converts the ultraviolet radiations to infra-
red which is used to heat the atmosphere
and the earth’s surface. It is suspected that
ozone layer is slowly being depleted and
this is causing great concern to scientists
and environmentalists.
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The earth gets heated by absorbing heat
from the sun & radiated energy mostly in
the infra-red region. Low lying clouds and
the atmosphere prevent these infra-red
radiations of earth from passing through
them and thus serve to keep earth’s surface
warm at night. This phenomenon is called
as “Green House Effect”.

The upper part of the atmosphere of
the earth receives about 1.36 kilo joule of
energy per second per unit area from the
sun. The earth’s surface receives 47% of
this energy emitted from the sun. The
energy crisis can be overcome by harnessing
this energy. A large number of devices have
been developed to harness the solar energy
directly. The commonly used devices are:
Solar cookers, solar furnaces, solar water
heaters, solar power plants, solar-cells etc.

All of the above devices are pollution-Agee
and most of them are economical.

Limitations in harnessing solar Eer@ -
@ Solar energy reaching the gakt highly

@) It is not available laces an

times.

EL DISCH
OUGH
-
w al pressure re insulators but
at very Y6w pressure th n allow the flow of

electric current © an applied potential
difference. T tric-discharge through a
gas i iedl out in discharge tube. The
e involves the ionisation of gas

rise to different coloured
es and finally, the cathode rays are
produced depending upon the value of pressure
inside the tube.
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The discharge tube phenomenon is used in
making sodium lamps, mercury vapour lamps,
fluorescent tubes, neon signs, flood light, etc.

Cathode rays consisting of electrons, are
produced in the discharge tube at a pressure of
0.01 mm of mercury.

(ELECTRONIC EMISSION )
The pheno menon of emission of elecﬁ'@

from the surface of a metal is called elect
emission.

@ Thermionic Emissioanolves
emission 0 rons dge ;m ropriate
heating 0 metal surfdge.®ihe devices
like di@/ ve an trigf% Ive are based

& ermioni 1$810n of electrons.

e dirode val used as rectifier and

iode valve is d as transistor an d

amplifier in e@i al circuits.

lectric Emission: It involves
of ‘electrons from the metal surface
dence of light of a suitable frequency.
Itismalso known as photoelectric effect.

PHOTO CELLS

They convert light energy into electrical
energy. They are based on the phenomenon
of photoelectric-emission. They are also
kno w n as Electric-eyes. A ph oto-cell
converts a change in intensity of
illumination into a change in the photo
current obtained. This current is used to
0 perate control syste m s an d in light
measuring devices.

diffused and scattered, -F‘T- ¥ it is not
able to perform m ! Worka@‘b [PHOTOELECTRIC CELLS OR j
t

Applications of Photo-cells:

- in TV camera for telecasting scenes and
in photo-telegraphy.



to switch on and off the street lightning
system at dusk and dawn, without any
manual attention.

in photometry to compare the illumi-
nating powers of two sources.

in industries for locating small flaws or
holes in metallic sheets.

as photoelectric sorters; to sort out the
materials of different shades.

to determine the opacity of solids and
liquids.

to control the temperature and chemi-
cal reactions.

METALS SHOWING THE
PHOTOELECTRIC EMISSION

Alkali Metals: Lithium, so di
p otassium, cesium, etc. sho w
photoelectric effect with visible light.

on
s the

In the photoelectric effect, o
incident on the metal-surface
emission of one electron
electron. Higher the mten

is the no. of photons
more is the no. 0 ectrons e

he phagto

Higher the frequenC
higher is theéc energy
electron e The p

%cle nature
DT energy-par

hotoe
q@ 1e. light is
% lled photons.

E = mc?wh € energy, m = mass &
c=speed ofp
The w; ture is given as

E v, w here E = energy an d v=
fre cy of photon h = Planck’s constant

Photons are electrically neutral and have
zero rest mass.

Dual Nature of Matter: Microscopic
particles like electrons have mass character as

well as wave character. The nature of a particle
to behave as a mass as well as a wave is known
as dual nature of matter. Electron-microscope

is the device that exploits the wave-nature of

has successfully been employed to investigate

structural details of bacteria, viruses, etc. It has

proved to be a powerful tool of investigation

for research in science, technology, metallur@
e& s are made
atomic number

electrons to provide high resolving power.It
industry, medicine, etc.

(o)

ungsten a & the x- rays are
itt
he devi to produce x-rays is
known as tube or Coolidge tube.

& electromagnetic waves. They
can photographic plate more strongly
ble light. They cause fluorescence w
%nmdent on certain materials as barium
tinocyanide. X-rays can ionise the gas.

They can pass through small thicknesses
of aluminium, woods, plastics, human-flesh
etc. They are stopped by materials of high
density and high atomic number. Hence, x-
rays machines are used to inspect luggages
at the custom, security gates, airports, etc.
The frequent and excess exposure of x-rays
may cause diseases like genetic-disorders;
cancer, etc. The screen of Computer, TV,
oscilloscopes, etc. are using a cathode-ray
tube in which a highly accelerated electrons
strike the screen. It results in a small amount
of x-rays. Hence, their screens are designed
to absorb the x-rays.

HEE
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ATOMIC PHYSICS

Every atom is composed of three kinds
of fundamental particles viz. Electrons,
Protons an d N eu trons. Protons an d
Neutrons are in the atomic nucleus while
electrons revolve around the nucleus in
d efinite circular p at h calle d orbits.
Electrons are negative and have a definite
energy in a definite orbit. Protons are
positive while neutrons are neutral.

When an electron changes its orbit, an
amount of energy is exchanged (lost or
gained) in the form of radiations (|
red, visible, ultraviolet and even x-ra

Every atom has an equal no. m
and protons and hence, an atom al.

The no. of protons in an atom is to its
atomic number. The sum e no. of
protons and neutrons |s the mass

number.

The size of the

than that of t a .‘Th
nucleus, nuc nd atomeiﬁ
given by erford. The ¢ of ‘orbits

and gneng an electro orbit were
gi w Neil Bohr. e, motion of an
electro

its orblt mllar to that of a
planet moving ro

The elect nthe orbit closest to the
nucleus 1f@ast energy and as the orbit
number ases away from the nucleus,
ener the electrons also increases.

Every nucleus of the atom has neutrons

and protons. The volume of the nucleus is
directly proportional to its mass number.
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Hence, the size of the nucleus increases with

increase in the mass number. &

(NUCLEAR STABILITY

It depends_upon the nucleay size and
neutron: pr tio. As the% r radius
increases, r stability es. Higher
the n 1o of a n lower is its

Atomlc No=1)

ab om H i
t B| th (209
09) all nuclei |te stable except

. 83 & Mass No.
hnetium ( d Promethium (4, Pm).
,& rom ato mic num ber 84
(Polon 0) to 92 (Uranium -U) are
nat& ra dioactive nuclei. D ue to
r tivity, their n uclei disintegrate
S aneously. The nuclei of the elements

ptunium (,; Np) onwards are artificial
nd do not exist in free state in nature.

The force of attraction responsible for
binding the nucleons (protons, neutrons
etc.) in the nucleus is nuclear force. As the
nuclear size increases the nuclear force of
attraction decreases. The nuclear force is
the strongest force in nature.

(MASS DEFECT)

The total sum of masses of individual
nuclear particles (Nucleons) in a nucleus is
greater than the rest of the actual rest mass
of the nucleus. Their difference is known
as mass defect. This mass defect gets
converted into energy w hich is called
Nuclear-bin ding energy.




Nuclear species called Nuclides are

symbolised as ’;‘x w here X=chemical

symbol of the species, Z= Atomic number=
Number of proton = Number of electrons,
A = Mass number = Sum of number of
protons and neutrons, A-Z= Number of
neutrons (N).

e.g. 23Bi. Bi = Bismuth, 83 = Atomic no.

= No. of proton
209 = Mass No.=Z+N = A
209 - 83 = 126 = No. of neutrons.

o Isotopes : They are a group of nuclides
having equal no. of protons.

o Isobars: They are a group of nuclides
having equal mass no.

o Isotones: They are a group of nucllde
having equal no. of neutrons.

avy n

(RADIOACTIVITY

The property by virtue of whic
ucleus of element disintegrate f without

being forced by any e to do so, is

stopped. It was dis€Qv
in 1896.

Th Qoactlwty
conyk an unst&
emission of certai ctive decays. These
radioactive dec r@ alpha rays, beta rays
& gamma rayS™aDuring every radioactive
decay an t of energy is released.

a nucleus emits an alpha-particle,
the er nucleus has atomic number lesser

by 2 units and mass number lesser by 4- units.

in the
rger nucleus
along with the

E;for PoIom@ 3x10 sec.

When a nucleus emits a beta-particle,
the mass number of the daughter nucleus
remains unchanged but its atomic number
increases by one unit. There is no effect on
the atomic and mass number due to gama-
emission.

Units of Radioactivity:

1 Becquerel (Bqg) =1 decay / second

1 Curie (Ci) = 3.7x 10 °decays / seco
1 Rutherford (Rd) = 10 ®decays /tci\

the tot jtral number

alled a

n%bactlve atoms

|me

;0 years.

for *C

0.6931
Hal &me (T) is given as: T= .

decay constant)

verage life time of a ra dioactive
tance is givenast =1.44 x T, where T
half life.

The full-life time of a ra dioactive
substance is infinity i.e. the taken initial
sample of a radioactive sample decreases in
amount with time but never becomes zero.

Besides a -, B - &, y - particles, some
other subnuclear particles like positrons,
neutrinos, antineutrino etc. are also emitted
during the radioactive decays. Positron is
an antiparticle of electron i.e. it has mass
equal to electron but is equally positively
charged. It is also known as positive B -
p article. Sy m bols use d for p osition,
neutrino an d anti-neutrino are +§,v&v
respectively. Nuclear changes during the
radioactive decays:
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(1) adecay = 5°U —5* Th+; He'" +Energy

Uranium — Thorium + a-particle +
Energy

(2) B decay = 53* Th —33* Pa+’ e +Energy

Thorium — Protactinium + b-particle +
Energy

(3) ydecay — {1 Na —»33 Mg +% e+y

Sodium — Magnesium + [3- particle +
gamma-particle.

ARTIFICIAL & INDUCED
RADIOACTIVITY

The phenomenon of disintegration of

otherwise stable nuclei by bombarding them l‘i &—%3 C

Generally, such disintegration stops as
soon as the bombardment is over. However,
if the bo m bar d e d n ucleus keeps on
disintegrating even after the bombardment
is stopped, the phenomenon is called
induced radioactivity.

e.g. Boron, when bombarded by o -
particle, continue to disintegrate further eve
after the bombardment is stopped, as fO||OWé

10B+3He—"N+iN Q
Boron + a particle — Nitr@gen P
Nitrogen -13 eutron. 13 ced is a

radioactiv.
radioa

eus pro Z‘(&/ artificial
ts half-lif@ inutes.

+
_)

with suitable projectiles is called artificial Nitrogen boh - 13 + positron.
radioactivity.
AB ADIATI
1
Properties a-rays B-& y-rays
1. Similar to Helium nuc e S E.M. Waves like X-rays
2. Symbols gHe”‘ub % or’
3. Atomic No. ‘} 0
4. Mass No. 0 0
5. Speed " m/s 33% to 99% of the Equal to the speed of
.1x10’m/s light light
6. Penetrating pow east and cal stopped Higher and can pass| Highest & can pass
by 0.02 through a few mm through several cms
aluminiu t. thick alumium sheet | thicks iron & lead slabs.
7. lonising r Maxi to Intermediate Minium due to
G m%harge (+)2 that of between zero charge
t ximum mass a— & grays
8! @ air ;&uds upon the radio Several meters Very long
tive source and varies
m 3 to 8 cm.
9. Effect on ph$h Produce smaller effect More effect Maximum effect
plate
10. Flourescefice €ffect | Produce flouresence in Also produce floure- | Produce flouresence
in some substance like sence in barium in some substances like
barium-plantinocyanide plantinocyanide and | willimite
and zinc sulphide zinc suplide
11. f electric and | Show deflection Show deflection do not show deflection
magnetic field
12. Effect on human body | Cause burning effect Can cause a shock | Can cause cancer
on longer exposure.

[86] General Science




(NUCLEAR REACTION )

It involves the transformation of a stable
nucleus into another nucleus by
bo m bar ding the for mer with suitable
p articles. These p articles are calle d
projectiles e.g. neutron, proton, electron,
alpha-particle, y-ray etc. Neutron due to
mass and Zero charge is the best projectile.

Representation of a nuclear reaction.

Target Nucleus +Projectile — Daughter
Nucleus + Emitted - Particle

Nitrogen - 14 + - particle — Oxygen -
17 + Proton

Above reaction is the 1st artificial
n uclear trans mu tation discovere d by
Rutherford in 19109.

A nuclear reaction may be of tw
viz. Nuclear Fission and Nuclearfzia
I. Nuclear Fission

The process of splittin vy nucleus
(usually of atomic @30) into

comparatively small f middle

along with the rele ery Iarge
energy is calle@ ission.
In this sprocess, a r f mass

appears [ of energy

an discovered that
235 isotope  (25U) is
hermal neutron, it splits
aller nuclei with the emission
s along with 200.4 Mev of

of 3 neu
ener, r fission.The neutrons produced
after TiSSion are called secondary neutrons.

Such a huge amount (200.4 Mev) of

w hen Urani
bombarded

energy is released only in about 10-°seconds.
This released energy appears in the formof
y-rays, kinetic energy of nuclei of Barium
(Ba), Krypton (Kr) & neutrons (n).

DU +h n -2 Ba+32 Kr+3)n+200.4MeV

e Nuclear Chain Reaction : In a nuclear
fission of Uranium three secon d ary

neutrons are released along with a huge
amount of energy. These three neutro

ca use the fission of other th
Uranium-235 n uclei & p ro

neutrons which in turn, brm out
the fissioneQf 9- Uranlum -2 fclei &
so on. cess mglti quickly
micro- s s) that a

ous e s released in a

on of a contin uous
r cess is k Cham Reaction. If

he chaln is controlled the
energ ed is used for peaceful
purpoﬂ tke in Nuclear Reactor or

g/ ile. If the chain-reaction is
% olled, the tremendous energy

sed brings about a disastrous effect
ke Atom-Bomb.

Controlled Chain Reaction: If only one
neutron, out of 3- neutrons released in
every fission of Uranium, is used to cause
further n uclear fission, the constant
amount of energy is released. Such a
nuclear fission is known as controlled
n uclear fission or controlle d chain
reaction. The secon d ary neu trons
release d are fast m oving neu trons
w hereas to have a controlled chain
reaction the slo w m oving neu trons
called Thermal neutrons are required.
Hence to achieve a controlled chain
reaction the fast moving neutrons have
to be slowed down and the surplus
neutrons have to be absorbed. The fast
moving neutrons are slowed down by
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a substance called a Mo derator e.g.
graphite, deutrium or heavy water. The
number of neutrons released is reduced by
Control Rods e.g. Boron - rods or
Cadmium rods.

Nuclear Reactor : It converts nuclear
energy into heat. It is base d on
controlled nuclear fission.

Fuel: A fissionable material is used as a
fuel. eg. ZZUu%u  (Plu tonium),
etc. Commonly is used as a fuel.

Coolant: It is used to absorb the heat
produced in the reactor core. e.g. water
and heavy water are used as Coolants at
or dinary te mp arat ure b ut at high
temperature, generally liquid sodium is
used as acoolant.

Shield: The whole reactor is protected

with a concrete wall; so that radiations emifted
can be stopped.

Moderators ol
Moderators are around the c he
reactor. Control - rods are | inside

the core of the reactor.

Fast Breeder Re
Uranium available in_n
is fissionable 2%
fissionable 238U t

I

reactor, 28 |rst conv d \into
flssmnable which is broken
e n ucl n reaction
as follows:
238 239
92 +0% o3 Np
94Pu—)235U

Use Q@Aear Reactors:
@trical power production
for'the propulsion of ships, submarines

and air crafts.

(a)
(b)
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@Jt of the t
e only 2%
% part
fast b clear

(c) to produce radioactive isotopes. These
isotopes are used in medical science,
industry and agricultural research.

(d) to produce neutron beam of high inten-
sity which is used in the treatment of
cancer and nuclear research.

Indian Nuclear Reactors

Our country has adopted a three- staf&

strategy of nuclear power generation :
(a) The first stage aims in the use of

g gral
uranium as a fuel, with he&( er as
stage mvolé&e( develop-

reactors. For
from the reac-

(c) The stage involves using fast
eedey reactors to produce missile U-
rom Th -232 & to build power
actors based on them. India is cur-
rently, well into the second stage of the
programme and considerable work has
also been done on the third stage (i.e.
the utilization of Th-232).

Earlier reactors developed in India were
Apsara (first) and CIRUS (Canada India
Reactor). They used natural uranium as
fuel and heavy water as moderator. Besides
these research reactors, EERLIN A,
PURNIMA (I, Il & 111), DHRUVA an d
KAMINI have been su bseq uently
co mmissione d as research reactors.
KAMINI is the country’s first large research
reactor that uses U-233 as fuel.

India gets most of its Uranium from the
Jadugura mines in Jharkhand. The Uranium
obtained from these mines is taken to the



Nuclear Fuel complex situ ated at
Hyderabad for processing. At this complex,
the fuel elements are formed after enriching
the Uranium. These processed fuel elements
are then supplied to different nuclear plants
as situated, at Kota in Rajasthan, Narora in
U.P., Tarapu r in Maharastra an d
Kalpakkam in Tamil Nadu.

Nuclear Hazards

The nuclear radiations cause pollution
at three stages:

(@) When nuclear fuel is mined, processed
and enriched, it constantly emits nuclear
radiations.

(b) Accident can be caused due to leakage
of nuclear reactions from reactors. Some-
times the nuclear reactor core may ge
faults resulting in vast radiations. h
accidents have already been occury
one in USA at Three Mill Isla
other at Chernobyl in Ukraine’

(c) Disposal of nuclear waste - a big

problem and it can not b wn-any-

where. These wa te contaln
radioactive substa& ch radlat
dioactive rays e ntly, the

waste is seal he thick inf€ss
steel vessel s dumpe into
the eart

nuclear

effects @

(@) They can change damage the struc-
ture of cel@emuman body.

(b) They cause ®iseases like cancer, leuke-
mia a in dness.

©T cause genetic disorder in a hu-
ody.

(d) They can cause sterility in the young
generation.

The Nuclear radiations incident on the
organisms cause the ionisation of atoms
an d m olecules resulting in the
decomposition of the complex organic
molecules in the body of the organisms.
Consequently the normal functioning of
the biological system becomes disrupted.
The d a m aging effect of the n uclear
radiations would depend upon - (i) dose of
radiations, (ii) rate of dose given, and (ii
nature of the organism exposed.

The d ose of ra dioactive ( n Gﬁar)
radiations is _measured in Ntngcalled
Roentgen(R quantlty iations
that prod .61x10 12 rs ions in 1
gm of is equal to entgen(R). In

racti millir ms used as the

&e unit g nit. The radiation
s called dose rate or

lation absorbed dose.

sorbed per s
osure rat

The S@Imit of exposure to radiation
over thie/entire body is 250 milliroentgen
(m eek. This is known as Permissible

ancer may be caused at a dose rate

OR. Death of an organism is possible if
is dose exceeds 600R.

Il. Nuclear Fusion

The phenomenon of combining two or
more lighter nuclei to form a single heavy
nucleus is called nuclear fusion. It results
in the release of tremendous amount of
energy. It requires very hight temperature
(10’K) & pressure which are not possible
on earth. Such conditions are available in
stars & hence, the nuclear fusion is a stellar
phenomenon. It is the cause behind the
stellar energy. In the biggest star i.e. sun,
the nuclei of hydrogen fuse together to
produce helium nucleus and a tremendous
amount of energy.

41H—3He+2 Ye+26.7Mev
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ISOTOPES

- In discovery of new sub-nuclear par-
ticles.

(APPLICATION OF RADIOACTIVE ]

- In discovery of new radioactive and
non-radioactive isotopes of elements.

- In the radio-active and nuclear research.

- In agriculture- by using the tracer-tech-
nique the fertilizer consumption of
plants can be measured by the help of
Geiger-Muller Counter (GM Counter).
G M Counter can detect the presence of
a radioactive isotope and can measure
its activity.

= In industry- The tracer technique can
be applied by using a radioactive iso-
tope to study the wear of auto mohile-
engines.

- In medical science- by using the
active isotope of lodine by t of
tracer technique, the positio oitre

can be detected. ‘b
It @Ies the deter-
by meas

- In carbon datin
mination of age of

the radioactive i of Carbon

- In Radio d -7The ag ocks
is determ by measur dio-
actlve rlals e.g. present

st two ap tlzns given above

are ba d on the e period of C-14
an d Uranlu e half life of C-14 is
approx. 577 y

TOMIC BOMB)

oIves uncontrolled nuclear chain
reactlon (fission). In an atom bomb two
suberitical masses of U-235 or Pu - 239 are
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bro u ght together in less than a
microsecond. It results in a violent explosion
causing destruction because the combined
mass becomes super critical. At the critical
mass of a radioactive sample, a controlled
chain reaction occurs.

TRIVIA
- In photoelectrlcal effect, the electron I&
assumed to be bound. That is, the

ergy of the incident photon is

order of the binding energyyof t ec-
tron. g\‘
- In Co@eﬁect, A %on is as-

n@t e free. T he energy of

dent p uch larger than
mding n the electron.

instein rded Nobel Prize for

expla photoelectric effect.
- {HIC effect was discovered by
&kmetlc energy of photelectrons var-
s from zerotoh (v— v ).

- Einstein’s photoelectric equation is in
accordance with the law of conserva-
tion of energy.

- Cesium is the best photosensitive metal.

- The hardness of the X-rays depends on
the accelerating potential of the elec-
trons incident on the target.

- Voltage applied across the X-ray tube is
of the order of 10000 V.

- The atomic number of the target deter-
mines the hardness of X-rays.

- Mosley related the frequency of char-
acteristic X-rays to the atomic number
of the target.



Production of X-rays is an atomic phe-
nomenon and the production of y-rays
is a nuclear phenomenon.

Frequency of y-rays is greater than that of
X-rays.

Efficiency of production fo X-rays is less
than 1%.

The target in the X-ray tube should have
high atomic weight and high melting
point.

Absorption coefficient of X-rays is high-
est for lead.

Hydrogen atom cannot emit X-rays.

Compton effect is observed with X-rays
and y-rays.

Electron microscope works on the wave
nature of moving electrons

Wavelength of the matter waves (b’

not depend on the charge t r-
ticle.

Bohr’s theory is applica oth the
hydrogen as well as G en like at-
oms. X

Observation of¢ pectral li

near to blue dine 9f hydro

lead to th ery of det%

crease the

e’ntum numke
f energl en the con-

energy Ie% creases.
In the Boh d f the atom, an elec-
tron can around the nucleus in
a stab without emitting radia-

tlons$ orbit has whole number of
oglie waves.

mckle cobalt, etc. has ferromag-
netic properties due to partially filled
inner subshells.

Total energy of the orbital electron is
negative.

Lead is the heaviest atom which is ra-
dioactively stable.

All naturally occuring radioactive sub-
stances are finally converted into lead.

where n = number of neutrons and p = &
number of protons. 9

The gquantisation of the e s‘ s of
an ‘atom demonstra Frank
Hertz ent. Th@ ent dem-
ons e exists@ discrete en-

elsint

ﬁ bindin

he ground
rydberg, bérg = 13.6 eV.

The i e H®of hydrogen is unstable
andydegays to He®.

n
For radioactive nuclei : 5>1.

of the electron in
f hydrogen is called

um was isolated by Pierre Curie
d Madma Curie.

Out of electron, proton and neutron,
only neutron is unstable in free space.
It decays into a proton and an electron.

When g-particle is emitted the parent
and daughter products are isobar.

Half life period of lead is infinite.

Artificial radioactivity was discovered
by Henry Becquerel.

Natural radioactivity was discovered
by Henry Becquerel.

In free space, the neutron decays as :

On' —>po +2 e +;(antineutrion)

Probability of a radioactive atom to survive
n times longer than the half lifeis: 2.
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The radioactive decay rate is not af-
fected by temperature or pressure.

The first nuclear transmutation was
achieved by Rutherford.

In the nuclear reactions, mass + energy
is conserved.

The decay constant as well as half life
period are independent of the age of
the radioactive sample.

The radioactive substances are stored
in lead containers, because lead absorbs
the radioactive radiations.

The moderator of the nuclear reactor
should slow the neutrons without ab-
sorbing them.

In the sun an d stars, the energy i
released thro ugh natu ral fusiongof
hy d rogen into helium with car%,
serving as nuclear catalyst.

97

To photograph the brain tumo
radio isotope is generally us

G and negli-

Both photon an no are ch

and have negligiBbe mass..Bu

of photon i that of negthino I

PN

192 i st neutrons and
neutrons.

Nuclear fiw/a.s discovered by Hahn
and Str
&s discovered by Anderson.

was discovered through artifical
disihtegeration of nitrogen by o=par-
ticles as follows :

The neutrino has no
gible mass.

Posi

General Science

,Het +,N"* ——¢0" + H'

Critical mass of fissionable uranium —
235 can be reduced by surrounding it
with neutron reflecting substances.

The decay of artificial radioactive iso-
topes is accompanied by positron de-

cay.

200 MeV. Q&
Enriched uranium is better fuel @
reactor because it has greater prépor-
tion of U-285.

The p ge of miseW changes
int@r y during @is of the or-
& 7%. Y

| %ﬂ nium, the percent-

verted into energy is

In the fission of . U***energy released is

n’the fissi
ge of m
about

P tract each other when they

rojeRs
e rated by a distance of 10 -**m.

é&eutron can be added to or taken out

f the n ucleus of an atom without
changing its chemical properties.

Nuclear fusion requires very high tem-
perature.

Energy released in nuclear fission mostly
appears as kinetic energy of the fission
fragments.

The mass of the sun is decreasing at the
rate of 4 x 10°kg per second.

Mass number of nuclei is either equal
or more than the atomic number.

First atomic bomb was designed by E.
Teller.

Man made element produced in the
first nuclear reactor was plutonium.



Plutonium - 239 is the best nuclear fuel.

First atomic reactor was designed by
Enrico Fermi.

Artificial transmutation of elements was
discovered by Rutherford.

Enriched uranium is that in which the
percentage of U-235 is more than 0.7%.

The fissionable material used in the
atom bomb dropped on Nagasaki in
1945 was Plutonium.

Thermal neutrons have Kkinetic energy
of the order of other gas molecules in
their surrounding.

The density of nucleus is of the order
of 107kg / m?3.

The thickness of pn junction is of ghe
order of 10%cm.

Sound waves after being converted into
electrical waves are not transmitted as
such because they are heavily absorbed
by the atmosphere.

For full wave rectifier, the minimum
number of diodes required is two.

Both n as well as p type semicon duc-
tors are neutral.

The output of rectifier is DC mixed wi
AC.

The resistance of intrinsic semic

tor decreases with the incféase i tem-
peratu@

C-

o
- Diod iscovered bﬁ ing.
- T éo ductjéh_ o ctro m agnetic
ves by a 'mxg charge was pre-
dicted by M

Thermioni ssion was discovered by
Thom Edison.

&
%&
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ASTRONOMY

The branch of science which deals with
the study of position, composition, motion
and other related facts of the heavenly
bodies, is called astronomy. The source of
information about the heavenly bodies is
electro magnetic waves ra diated from
them. It includes the two windows of the
astronomy viz.

() Optical Window of Astronomy: It
involves the study of the heavenly bodies
through visible radiations by the help o
optical telescope.

(i) Radio Window of Astrono
involves the study of the heav @
through radiowaves by the hel

telescope.

ASTRONOMI &OF
DIST,

@ Light Year (I iseq h
distance tr by light in in
one yeagy =0.46 x 10%

(i) allactic @

1 =3.1x 1(%

(i) Astronomic nig (Au):- It is equal to
the distan ween the earth and the

sun.

ies
dio-

x 10"m

iverse is the limitless expanse of
space around us consisting of the solar system,
stars, galaxies, etc.
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(SOLAR SYSTEM )

The sun has its own family, know &

the Solar System. Solar system congist
the sun, its nine planets and other h @nly
bodies like asteroids, satellite§y (Moons),
comets, metgg

‘ at the c d all other

mem system ve o d it in elliptical
due to |tat|0nal force of
action betwe
S n

It is t*earest star to us. It is heaviest
and Iar@8 ember of the solar-system. Its
magslis X 103%°kg and diameter is 1.392

It is about 109 times the diameter

%e earth. It rotates about its axis and
mpletes one rotation in 25 days. Our sun
is also called Yellow dwarf star. It emits

continuously the electromagnetic radiations
both in visible and in radiowaves regions.

The sun consists of a bright layer at the
centre called Photosphere that emits light. The
photosphere is surrounded by a hot- gaseous
layers called the chromosphere.

The sun comprises different elements in
gaseous state. Hydrogen - 70%, Helium -
28%, other heavier elements Lithium to
Uranium - 2%. The temperature, density and
pressure increase from the surface to the
centre of the sun. Temperature increases from
6000K on the surface to 14x10° k at the
centre and density increases from 10 “ kg /
m?3at the surface to 10*kg / m? at the centre.



Source of solar energy is due to energy
released during the nuclear fusion. It involves
the conversion of a certain mass into energy.
The sun has been continously radiating energy
at the rate of 46x10? Joules per second for
the last several billion years without getting
cooler. The light emitted from the sun reaches
the earth in 8.3 minutes.

Solar Constant(S) : The a m ou nt of
radiant energy received per second per unit
area of a perfectly black body surface at
right angles to the direction of the sun-rays
at the mean distance of the earth from the
sun is known as the solar constant.

Solar constant = 1388 Watt / m 2= 2 cal /
(cm?- minute).

Sun-Spots: Certain d ark spots are
observed in the photographs of the V|5|ble
light disc of the sun. These dark- spot
called sun-spots. They have relatively lo
temperature (4500K) at the sun- s@
Their n um bers vary with ti he
m aximum su n sp ots activ ccu r

regularly after every eleve@ars. This
period is known as the s

sun-spots are also %
magnetic fields (200 0 gause).
Solar Flareg; ﬁtlm
maximum su ctivity, soﬁrtl ns
near the s ots sometim enly
pelmLChbrighter t sual. Such

called Sola S. These sun-
flares @it p roto ns%ctrons and a-
particles. It re;&ﬂlq f magnetic and

Y

radio disturb Il over the earth. It
also affects t growth.

Sol d: The out flow of materials
as c d particles e.g. electrons an d
pro etc. from the sun is called as solar

wind. It results in emission of one million
tonne particles per second from the sun.

Planets

There are eight planets in the solar
system. These planets are revolving around
the sun in elliptical path. They do not emit
their own light but reflect some of the
incident light of the sun. These planets in
the order of increasing distance from the
sun are: Mercury, Venus,

Earth, Mars,
Jupiter, Saturn, Uranus and Neptune. Unti@
recently Pluto was recognised as the nij
planet. However, Neptune and Plut IQ
on exchanging their distance it[aeir
of

ellip tical orbits in such a’Wyay at

sometimes ne is the,dfarthest and
sometime ‘,\‘3

@ss of th ea@ about 6x10

lanets d Uranus rotate

e|r axi e east to the west

reas all t planets rotate from

tHe west to @st Venus and Uranus are

called ret
rcury It is the hottest, the
S and the nearest to the sun amongst

anets. It is seen just before the sun
and after the sun-set. Its atmosphere
ontains H, He, Ar and Ne-gases. The
temperature of its sun-facing side is 427° C
and the opposite dark side is at -270° C. It
does not have favourable temperature,
oxygen and water for the existence of life.

Because it reflects 76% of the sunlight
falling on it. Its atmosphere contains 95 to
97% CO, and small quantities of N ,, Ar,
SO,, CO & water vapour. Its temperature
is 480°C and pressure is very high. Hence,
life is not possible on it. It is seen 3 hrs
before the sun-rise and 3 hrs after the
sunset. Hence, it is known as Morning /
Evening star.

(3) Earth: It is one of the unique planets
having life. Its atmosphere contains 78% of
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N,, 21% of O,and traces of He, Ne, Kr,
CO,and water vapour. 71% surface of its
is covered with water. Moon is itsnatural

satellite.

(4) Mars: Its very thin layer of
atmosphere contains 95% CO ,, 2.7% N ,,
1.6% Ar and traces of O, CO and other
gases. Its surface has craters of different
sizes. It is also known as “Red - Planet”
because it appears red owing to the present
of iron- oxide upto 16% of its soil. Its day-
temperature ranges from 21°C to 27°C but
at night it beco m es (-) 84°C. Phobos
(diameter =27 km) and Deimos (diameter
= 14 km) are its two satellites.

(5) Jupiter: It is the largest planet. It is a
spinning ball of gases and liquids like
ammonia, hydrogen (NH ,,H,) and helium
He with no solid surface. Its temparature is
about (-) 140°C. No life is possible on it du
to ammonia clouds and intense emission
radio wave on it.

|
isc
the coldest an

(6) Saturn: It is the second largestplanet.
It consists of H ,and He with traces of NH ,
and methane (CH,). It is recognised by ¢
system of revolving rings around it. The
rings have dust p articles an d ice. Its
temperature is about (-) 180°C. The largest
satellite is Titan (diameter = 5800 km).

(7) Uranus: It is made up of H, He,
NH ,and CH,. It appears green due to t
Iarge amount of CH ,and NH ,clouds i m

atmosphere. Its temperature is a
127°C. c)
(8) Neptupe: It is the 8thwof the
sun. It has at€llites. @ ‘&
ts c as froze Me (CH ). Its

the or
ed sateII

une Its single
n It was treated
h st planet of the sun.

Moon: @he natural satellite of the
earth It of revolution around the

as the period of rotation about

earth a
olar System P ile
S.N.|Name of Radiu Mean ﬁss Time| Time Period Number
Planets (imtho % d) distanc pared period around of
m) to earth | of revolution own axis | satellites
\ (around (of rotation)
the sun)
1. |Mercury 2. 0.055 88 days 59 days 0
(Budd@
2. kra) Q 108.2 0.815 225 days 243 days
3. rth j(Prithvi) & 6.3 149.6 1 1 year | 23 hrs. 56 min 1
4. (Mangal) 3.4 227.9 0.108 1.9 year | 24 hrs.27 min
5. | Jupiter (Brihaspatl),| @ 71.4 778.3 317.9 11.8 years | 9 hrs. 50 min. 16
6. [Saturn (Shagi 60 1427 95.2 29.5 years |10 hrs. 14 min. | 22 + Ring
7. ra) 23.4 2870 14.6 85 years (10 hrs. 49 min. | 12 +ring
8. aruna) 22.3 4594 17.2 165 years 15 hrs. 6
9. (Yama)* 3.2 5900 0.002 248 years 6.39 days 1
Tl s of the earth is about 6 x 10%kg.
The planets Venus & Uranus rotate about their axis from the east to the west whereas all other planets rotate from the
west to the east. Venus & Uranus are called retrograde. * Now demoted
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its own axis is 27.33 days. So the same face
is pointed towards the earth. Its diameter
is 3476 km and the distance from the earth
is 3.54x10° km. Its mass is 0.0123 times the
mass of the earth. Its surface is rocky and
rough. There are deep depressions or holes
and high mountains on the surface of the
moon. It does not have atmosphere and
water. Its gravitational pull is 1/ 6th that
on the earth. Latest measurements showed
that the maximum temperature on the
m oon at d ay is 117°C an d minimum
temperature at the night is - 171°C. Moon
does not emit light by itself. It simply reflects
light of the sun falling on it. The reflected
light on the Moon reaches the earth in

1.28 seconds. Due to its rotation around
the earth, it looks different depending on
its position with respect to the sun and th

earth. The age of the moon is the samepas

that of the earth i.e. about 4 billion years.
Asteroids: The groups of sm

objects made of rocks and mineral

move in the gap between the orhi ars
ey are
hey are

|s

and Jupiter are called Asteroi

also known as Minor Ia

more than 5x10%in nu hey move,
around the sunint of ring

are about 320 to pion k

sun. Their orb hlghly eI which
enable the ap roach th e us
and M ter regul I, Is of time.

: % aries from Okm in
radius'gihiey are beI| to be the pieces of
amuch Iargerpla ch broke up due
to the grawtat uII of Jupiter. Ceres is
the larg wn asteroid. Their
composi\@smllar to that of Moon.

ts: Comet is a heavenly body
w is made of gases, ice an d dust

particles and moves around the Sun in a
long spindle shaped orbit. When acomet

passes close to the sun it has a bright head
and a long tail. Near the sun, some of the
materials of the comet gets evaporated due
to solar heat. The light of the sun exerts a
pressure on these vapours and forces them
away from the comet in the form of tail.
When a comet is far away from the sun, it
shows no tail. A comet appears after regular
intervals of time in the sky e.g. Halley’s

comet has a time period of 76 years. It wa

last seen in 1986 and is expected to be

again in-2062.

Meteors: They are smalM@es of
stones-and which are‘& ed due
to breaki omets w proaching

the su en they the earth’s
, th to friction of

ey
t e a sphere completely before

fall on the surface They appear
bright due |ng Hence, they are

r shooting stars.

called Flrg\g

M rites: They are unburnt meteors

reaghi the earth’s su rface. They produce
n the earth’s surface.

E Eerrestrial Planets: They are closer to the
un e.g. Mercury, Venus, Earth and Mars.

Giant or Jovian or Superior Planets:
They are far away from the Sun e.g. Jupiter,
Saturn, Uranus, Neptune & Pluto.

Albedo: The ratio of the sun’s energy
reflected by a planet to that incident on it is
called as albedo. It is also known as the
reflecting power of a planet. The clouds
and atmosphere are good reflectors of light.
Higher the value of albedo of a planet,
more is the possibility of atmosphere on
the planet. e.g. For Venus, albedo = 0.85 &
for Mercury, albedo =0.06 & for Moon,
albedo = 0.07. Hence, Venus has denser
clouds and atmosphere but Mercury and
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Moon d o not have any clo uds an d
atmosphere.

Existence of Atmosphere on a Planet:
The possibility of existence of atmosphere
on aplanet dependsuponthe escape
velocity of that planet. Higher the value of
escape velocity, more is the possibility of
atmosphere on the planet. The escape
velocity depends upon the acceleration due
to gravity (g) and temperature of the planet.
If the value of ‘g’ is more, the escape velocity
is more. If the temperature of the planet is
high, the average velocity of the gas
molecules may achieve the escape velocity
and consequently, the gas molecules escape
out from the surface of the planet.

Thus, to have atmosphere on a planet, the
planet mu st have lo w er su rface temperature,
higher value of ‘g’ and higher escape veloci

G:ORMATION OF SOLAR SYST

Formation of Sun: The Sun w
about 5 billion years ago. The
He an d dust formed Nebul

star (Sun), then the remaining mass (H ,,
He & dust) formed disc shaped clouds
around the sun. These clouds were at very
low temperature vis-a-vis the sun and hence
contracted due to gravitational pull and
condensed to form a small chunk of matter
known as planetesimal. There were larger
number of planetesimals around the sun,
which attracted each other to form biger
chunks of matters. These big chunks of
matters continued to grow by attractin
smaller pieces of matters by gravitatinﬁle
pull. The matter was scattered iy space*in
and
d not

all directions. y gave rise t I
satellites. tters wm
part|C| ormatlon ts and

natural llites ¢ h these formed
&and sate {ites. to form deep
ters on the Spr of planets an d
lites. The rs are visible on the

surface of

nd Mars.
of Earth : The Earth was

Ev |
for omhe collection of large number of
netesimals. These planetesimals
from two regions (i) from the inner

the
beginning, these clou tvery IWnets like Mercury and Venus and they
temperature. These clo lapsed slo, were rich in iron, silicon, magnesium and
due to their mutual ional forc traces of other elements (ii) from the outer
& planets like Jupiter, Saturn and Uranus and

attraction to for ostar.

clouds collap atoms of

CO||Id ed each other nc \
celerateq. ry high

e, the atom lonised into
ions eh further fué(ogether to form
He-ndclei along witlthe release of
tremendous e‘@ Thus, sun was formed.
At present, sUh is a middle aged star
and is ex& to live for another 5 - billion

years.:sT
ation of Planets & Satellites

When a protostar was converted into a
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they were rich in H,, CO,, CH,and water.
A larger amount of heat was produced when
these cold planetesimals collided with each
other. Heat was also produced due to (i) the
contraction of planetesimals under the force
of their gravitational pull (ii) the
disintegration of some radioactive elements
like uranium and thorium. Hence, due to
large amount of heat the initial earth was in
a molten state. The melted earth then began
to reorganise itself under the gravitational
pull as follows :

- The heaviest materials like iron & nickel



sank towards the centre of the earth which
formed the core of the earth.

- The lightest materials began to float on
the surface and formed the crust of the
primitive earth.

- The intermediate dense materials ar-
ranged itself in between the core and
the crust of the earth and formed the
mantle of earth.

The process of reorganisation of molten
matter of the primitive earth into various
layers of different d ensities is calle d
differentiation. At the tim e of
differentration, the water vapours and the
gases in the various minerals were released.
Later on, these w ater va p o urs w ere

condensed to give rain. The rain water

filled the craters on the earth and thus
oceans were formed. The various gages
released formed the atmosphere of
earth. The changes occuring on th

were fast in the begining noW§th re
slowing down. At present, the nges
are resp onsible for the nce of

earthquakes, eruption c'@%oes and

making and raising ofgo n ranges.
ody

inous he@
0 W n he d light

Stars t@because of

different layers
appear to move
e@ause our earth rotates

A star is

from east to we

about its ow from the west to east,
otherwise S are stationary with respect
to the e he pole star (Dhruv Tara)

otation of the earth. The points on
the axis of rotation of the earth appear
stationary to the observer on the earth.

Hence, pole star appears stationary to the
people on the earth.

Evolution of a Star : The vast space
bet ween the stars is fille d with dust
particles and gases like H ,and He. This
material is called Interstellar matter, from
which a star is formed. The interstellar

matters are in the form of clouds. When
the clouds of gas-particles are illuminated
by nearby stars, the clouds appear as bri@

nebulae whereas the clouds rich in d
appear as dark nebulae because,they rb

the radiation of the stars. The Ns(b of
the formaWtar beggls m he

original ¢ ave a mass‘ ast 1000
solar n@ c)
rmation o %r (First Stage) :
ially, the intessteMay matter is at very
tempera 73°C). Due to the

gravitatio action the interstellar
matter co&ts and is compressed to such
an ext a huge ball of gases is formed.
Thistgaseous ball is known as a protostar.
/g) star contains highly condensed
smainly H,&He. Acloud of
tersteller matter takes about 10 Syears to

become a protostar. Protostar does not emit
light and heat.

Formation of a Star from Protostar
(Second Stage) : In the protostar the gas
m olecules collid e with each other.
Gradually these collisions become fast and
numerous due to continuous increase in
the contraction inside the protostar. It gives
rise to a temperature of 10 7°C that is
enough to begin nuclear fusion. These
nuclear fusions result in huge amounts of
heat an d ra diations. Conseq uently, a
protostar is converted into a star. This
process is very slow and takes about 10 5
years. Thus, a huge interstellar matter in
the form of clouds of gases and dust, is first
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converted into a cluster of protostars and then
into a cluster of stars i.e. a galaxy.

Inspite of a large attractive force of
gravitation inside the star, it does not collapse
because there is a high temperature that
provides a high-pressure to counter balance the
attractive force. This balance continues for
billions of years.

Formation of Red-giant (Third Stage) :
D ue to contin u o us n uclear fusion of
hydrogen nuclei to form He-nuclei, the
number of H-atoms decrease. It results in
the decrease in pressure in the core of a
star. Hence, the inward force of attraction
increases in the core and the core contracts
ra pidly but the outer layer expands
outward. Thus the volume of a star becomes
very large. The outer layer gradually cool
and appears red. This stage of a star is

known as giant, super gaint or red-giant.
This stage lasts for several million years
and at the end, the rate of production of
energy becomes so high that it explodes in
the form of a Nova or Super Nova, throwing
out the major outer mass into interstellar
space. This is the death of a star. Depending
upon the mass of left core of a star the
If the original

following heavenly bodies are formed:
@ White Dwarf : r@
of a star is less than two times the rpas
the su n, the gravitational p on
leaves the coge of the star, N&sed of
protons wit rons flyin g‘w d in the
form of clouds. VN Is electron-
cIoud ibward gravitational
ium is achieved.

is called a white
Is finally ceasing to

Theories of Origin a

lution of iverse

The Big Bang Theory : This theongwa
at the beginning of the universe, the |
tremely dense and hot (10%k) fire b
occurred. The matter was broke
forming stars and galaxies;
with this theory.

of galaxies is constan
axies which have t
are constant.
Pulsating T.
nately i.e. t

W gaIaX|es
0Ssed the bou

*» According t the

osed by Le M Gammow. According to this theory,

atter of t me was once concentrated in an ex-
en about 2
eces which

Q still movmg&
Steady State Theorx given by Bagdi, d and Fred Hoyle. According to this theory, the no.

inously created to occupy the position of those gal-
the universe. Thus, the size and mass of the universe

the expansion and contraction of the universe occur alter-
iverse is pulsat resent, the universe is expanding and after a certain amount of
begin contrﬁdue to the gravitational pull. The alternate expansion and contrac-

years ago a vast explosion (big-bang)
thrown out with high speed in all directions
rom one another. The Hubble’s law agrees

hite dwarf is Sirius-
t star Sirius.

dwarf. The most f
B close to the bgi

(9] N@/ Stars : If the original mass
of a star, tween 2 to 5 times the mass of
thesﬁhe recoil of supernova explosion
is in the core. Now, the electrons are
forced into the nuclei and the result is

combination between electrons and protons
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niverse glvesﬁ pulsating universe
)
tions. Therigity becomes a black- | to form neutrons. Hence, the core contains

neutrons only. It gives the birth of a neutron
star.

© Black Hole : If the original mass of a
star is more than 5 times the mass of the
sun, the recoil of supernova is extremely
violent. Hence, the core collapses to have
an object which has a very high density
and gravity. As aresult any radiation or



material particle that enters this object
never comes out. This object is called a
Black Hole. As the black hole is invisible, so
what is happening inside it and what had
happened to the matter of the core of the
star is unknown. The recent experiments
have shown that one of the components of
Cygnus Xl is a black hole.

GALAXY

A Galaxy consists of very large group
of stars, their families (i.e. planets etc.),
du st an d gases held together by the
attractive force of gravitation. A galaxy is
a building block of the universe. Total
galaxies are about 100 billions and each
galaxy has about 100 billion stars. Thus,
there are about 10?2 stars in the universe
Our solar system belongs to the galaxy
kno w n as Milky Way galaxy (Ak
Ganga). Another kno w n galax
Andromeda which is about 2.2 mz |icéi,; t

years away fromus.

Types of Galaxies :

@ N ormal G XI ey e
comparatively sma?%r nts of
ra diation vis-a-v otal ra
emitted. The

and gradually
Mllky Wa

I

ht fro
im towar
Androm
pen dj
2, the nor
gpiral or irr r.

() Radio G
times more

entre
e edges.

n rmal
on their
aaX|es can be

i65 : They emit million
I0 w aves than norm al
contain stars called Quasars
nown as quasi-stellar-radio-

y Way Galaxy : It is so called
because the light from the various stars
together gives the impression of a stream

of milk flowing across the sky. In the front
view it appears spiral. From the side view,
it hasa thick central part (Nucleus) which
gradually becomes thin towards the edge.
Its diameter is about 10 ° light years. The
sun is at 3x10* light years away it centre.
The sun completes one revolution around

the galactic centre in 220 millions years

with a speed of 250 km / second. &
Pulsars : They are neutron stars w

radio  signals at

emit extremely

intervals of time. Their pulsating, radiotsignals
are due to their high rotation angqu large

magnetic fie

ATI Q&;&%\TRASD

llection or group

s a pattern which

of an animal, object or
. There are 88 kno w n

constell They are visible in a definite

par}g
e of the important constellations

(|) Ursa Major or Big Bear (Saptarishi)
: The word Ursa has been derived from the
Latin word Ursus which means a bear.
Ursa is the feminine of Ursus. Ursa major
consists of seven bright stars. The shape of
the pattern of these stars resembles the of a
great bear. This constellation is seen clearly
in the summer season fro m A p ril to
September, in the northern part of the sky.

(ii) Ursa Minor (Little Bear) or Dhruva
Matysa : It consists of seven stars which
are closer to each other and less bright
than the star in Ursa Major. It’s most
important star is at its tail. This star is
known as Polestar (Dhruv Tara) which is
nearer to the North Pole. The pole star
helps in determining the direction of sailors
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and travellers. The Indian name of this
constellation is Dhruva Matysa or Laghu
Saptarishi. This constellation can be seen
clearly in July in the northern part of the sky.

(3 Scorpio or Vrischika : It consists of
seven stars whose arrangement resembles
a scorpio. It can be seen clearly from
February to August in the Southern part of
the sky.

@ Orion, The Hunter (Vyadha or
Mirga) : Its shape is like that a hunter. The
two stars at the top row makes the right and
left shoulder of the hunter. Three stars in the
middle row form his belt and the two stars in
the bottom row form his feet. The faint stars
below the belt are arranged in the shape of a
sword of the hunter. This constellation can
be seen clearly from October to April in th
southern part of the sky.

I
(®) Cassiopeia (Sarmistha) : It con%
of five dominated stars. The pat ernzé

stars is like the letter W. This is clear
in October in the Northern part of % sky.

©) Pleides (Krutika) : !!% not have

en

a specific pattern of gtar is just like
cluster of twinkling% he clust
stars in this constel¢ re called
clusters. This ig visWle fro
January in th rn part oi‘@.
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(RED-SHIFT OF GALAXIES)

It is explained on the basis of the
Doppler-effect. When the source of wave
moves away the observer, the apparent
wave-length increases or the apparent
frequency decrease. This is known as Red-
shift because the region of spectra has large
wavelength and smaller frequency. The
study of the spectral pattern of the galaxi@
shows a red-shift. It means that most
galaxies are moving away from each
with enormous speed and the N& i
continuouslyg e nding.

S
T H ‘5, nd Milton
ifit ious gallaxies
é\, he Hubbles law

velocity of a galaxy
istance from us i.e.

‘hgxlz recession velocity of a galaxy. r

e distance of the galaxy from us
H = Hubble’s constant = 16 km per
cond per million light years. It means
that any galaxy which at a given moment
is situated, one million light years from us,
is receding away at a rate of 16 km /sec.




SYSTEM

COMMUNICATION

The system of electronic communication
involves the faithful transfer of messages
in the form of electrical signal from one
point to another point. Basic components
of a co mmu nication syste m include
Transmitter, Transmission Channel &
Receiver. The information message is first
converted into electrical signal by a device
called Transducer. This electrical signal is
then trans mitte d by trans mitter. An
electronic signal in the Audio frequency,
range cannot be transmitted over a long
distance because of lower value of au
frequency range. Hence, low freque
signals are loaded on a high gfre cy
carrier signal by a p rocess k as

Modulation. It involves tr g the
original low-frequency mforz&n signals

into high freq u ve befo e
transmission such t x
contin ues to p o

|nf0r

containe d in rigina :

Modulation, @ characteri the
carrier 5|g amplitud eCy or
ph a in acc r e with the
mes gnal. The me ignal is called
Mod g signal is loaded onto

the high frequency carwer signal to produce
the Modulate@e signal. A modulated
signal has hi quency and a large band-
width. I—@it can be transmitted over a
long without much loss in energy.

are three types of Modulation
viz. (i) Amplitude Modulation : It results
into-amplitude modulated wave (AM-wave

signals). (ii) Frequency Modulation: It

results into frequency modulated W&V@

(FM-wave singals). (iii) Phase modulat

It results into phase into modulated se)
for

AM wave signals are ma

commercial brgadcast of vowe%!. They
can be ecausg ‘tv spheric
phenom e |Ightﬂ|l’% man made
electrlc nals affget thiis -wave carrier
n range 0x. 0.5t0 2MHz.

ise free and of better

large bandwidth and
transmission of music.

include—(i) FM radio (88 to
1i) Very High Frequency (VHF)

T 7,10 230 MHz) & (iii) Ultra High
ency (UHF) TV (470 to 960 MHz).

MODE OF TRANSMISSION OF
COMMUNICATION

Analog Communication : In analog
commu nication, the modulating signal
which modulates the carrier signals for
transmission is continuous or representative

—S|gnals
quélity. The
are preferr

of the original infor m ation to be
transmitted.
Digital Communication In digital

communication, the original information signal
is first converted into discontinuous amplitude
levels & then coded into a corresponding
sequence of Binary symbol

0 & 1. This coded information signal is
then modulated by a suitable modulation
method before the transmission.
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The digital communication involves the
quantization of the digitial data (0 and 1)
by the help of a device called quantizer.
Hence, it becomes relatively more error-
free and noise-free. It makes the digitial
commu nication more reliable than the
analog-communication.

(DEMODULATION)

It is the reverse processs of modulation
that is carried out in a receiver to record
the original information signal.

In an electronic communication system,
the transmitter modulates the information
signals and transmits them by an antenna
via transmission channels. The receiver

digital
receives the modulated transmission signals involves
an d demodulates them to recover thE%re ers, open%orNo or space.
original information signals. A transmigter

performs data transmission and a recei
perfor ms d ata retrieval. In eIe
communication, data to be t

means information signals.

across ordlnary te

fu nction as or
De modulat hence,
Modem ( odulatlo

Modem-| Modem-[[

Modulat fon m3— Demodulators
-Computerl i E -Com uter I
Demflia 1 Modlator d

W information data are supplied
fro puter-1 to computer-l11, modem-I
acts as'a modulator and modem-II acts as

a demodulator. When data are supplied
from computer Il to computer-1, Modem-11

ing mode,
the receiver-
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acts as a modulator & modem-I acts as a
demodulator.

Modems that support a voice / data
switch have an inbuilt microphone and
speaker for voice communication. In voice
mode, the modemacts as a reg ular
telephone while in data mode, the modem
acts as a regular modem.

The rate at which a modem can transm&&
and receive data (message) is measure

Bits per second (bps). Higher data

rate can be achieved by datagcompression
which is performed by some speci @dems.

The di ommunk computer
& mod blnar er system to

deal data). Binary

s as 1and 0 only.

1® refe close circuit or yes or
mark

Bo d 1 are called Bits. A group of
blt catfed a Byte or a binary word. A byte of

s (0 & 1) can give a four code-
mation : 00, 01, 10, & 11. Hence in

n = the no. of bits in a byte.

‘ . neral, the no. of codes is given as N = 2".
er to an
, e Imesﬁn When N = total no. of co d e- combinations
i

FAX
(FACSIMILE TRANSMISSION)

Facsimile means exact reproduction.
Fax transmission usually concerns the
electronic reproduction of a document
(printed words, graphs or photographs) at
a distant place through telephone lines.

At the transmitting end, a fax machine
digitizes the printed matter on paper and
transmits the corresponding data over the




telephone lines. At the receiving end, a fax
machine receives digital image-information and
reconstructs the received image on the paper.
This is also known as Facsimile Telegraphy.

(COMMUNICATION CHANNELS)

The commu nication channel is the
physical medium between a transmitting and a
receiving stations through  which the
transmitted signals may propagate.

Ty pes-(i) Sp ace Co mmu nication
channel including satellite communication and
(ii) line communication channels.

Space Communication : It involves the
transmission of the message signals freely
in space by a transmitting antenna and
receiving the signals by intercepting them
with the help of receiving sets or antennas
at the otherend.

The
involves:

chan

space communication

w ave co mmu nication (i"
Tro p os pheric or

communication. \
() Ground Wa
is the transmissi e a%

the transmitt' d receivi
close to th It is not su foP very
) mmu mca@becausee it
e loss of to the earth
propagat the wave. It is
broadcastlng at

used for betwee

low frequenci gmg from 500 Khz to

1500 Khz. The und of the wave includes
'“@

the medi ve (MW) band.

(il y Wave Communication : In sky
wa ropagation, the wave signals are
first transmitted to the ionosphere and then
is received by receiving sets on the earth

after being reflecte d back fro m the
ionosphere. It is also known as short wave
(SW) band in the radio transmission.

(@)  Space or Tropospheric Wave
Communication : It involves the transmission
of FM-Radio-signals, TV signals an d
Microwave signals ‘in the range of VHF &
UHF. These signals cannot be transmitted by
using ionosphere because the ionsospher@
can reflect the frequency upto 40MHz o
Hence, these signals are transmitte i@
the transmitting antenna to the re@eiving
antenna directly. Its range d dsg Upon

na. Its

the height transmitti
range can eased (af g a no. of
antenn d Repeat

between the

n nten |ving antenna.
creasm of the transmitting
enna. ThIS an be maximised by

ting the tr r on a satellite.

SATI¢ COMMUNICATIONS )
Ives those frequency signals

h can pass through the ionosphere

out being reflected by the ionosphere.
e satellite carries an equipment called
Radio-Transponder. The function of the
transponder includes reception, storage,
a mplification an d transmission of the
information signals.

The communication satellite is usually
a geo-stationary satellite that appears fixed
at a position above the earth. Its time-period
of revolution is 24 hrs, height 36000 kms
and direction of revolution from west to
east similar to that of the earth. It is
revolving in a circular orbit called Geo-
synchronous orbit that is coplanar with
the equatorial plane of the earth.

Owing to the curvature of the earth a
single satellite cannot cover the entire earth.
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For global comunication, three satellites are
parked 120° apart from each other in the
geo-stationary orbit.

Remote-Sensing : It is a technique
which is used to observe and measure the
characteristics of the object or phenomenon
at a distance without being in physical
contact with it. Its working is related with
the measurement of some kind of signals
emitted, transmitted or reflected from an
object in order to determine certain physical
properties of the object, like its temperature
location, size, colour nature, etc. The remote
sensing uses, electromagnetic techniques
that covers the entire electromagnetic
spectrum. Any photography is a kind of
remote sensing. RADAR, SONAR, Satellite
with sensors, etc. are other examples of
remote sensing.

Satellite remote sensing systems pro
the data critical to weather-predicti
agricult u re forecasting,

es
exploration (archaeology, geologi
forestry, etc.) an d enviro e

monitoring. “b

earth s S
pes o
t7at a p

@?

ey,
ntal

Uses of Remote S

To know the a
covered by fo
density of

tion.

Ioca—

ishing zones.

To Yocate the of acrashe d

aeroplane o I8ne
- To |den extent of pollution and
its so

mmate the damage being done by
0ods.

To locate the place where underground
nuclear explosion has been carried out.
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For ground water surveys.

In the field of spying, to Icoate the
position and movements of theenemy.

(T.V. REMOTE CONTROL )

The Remote Control used in TV and
music system is an electronic device. It
consists of an integrated circuit (I1.C.) and

other components like a diode, a trans%

a capacitor, etc. When a key on the re

is pressed, it translates it into im
signals which are received by electronic
circuit of theA{V and reqU| Xe’ations
are perfor ‘ﬁ&

In order to
an antenna,

ver (iii) a receiver

L|n munlcatl

i te (|)atr
specmc wires are

(' nsmitte

an antenna

uire d. wires are kno w n as
transmiss s. Some of them are as
foIIOWRJS«

allel Wire Lines : They are
ly used to connect an antenna with
V.

() Twisted Pair Wire Lines
used as telephone lines.

: They are

@) Coaxial Wire Lines : They are used
by T.V. cable operators.

(v) Optical Fibre Lines : They are used
in optical communication.

The efficiency of the transmission line
increases from the parallel wire lines to the
optical fibre lines. The optical fibre line is the
best because it has maximum efficiency and
minimum loss in energy.

Coaxial cable system is better than parallel
twisted pair wire-lines because of greater
available band-width, lower energy losses and
much lower cross-walk.



In the cable system, the deviation in
frequency & phase response of the signals
passing through a cable are set by using a
device called equalizer.

A telephone link can be established using
gro u n d w aves, sky- w aves, microwave, co-
axial cables and latest, the optical fibre cables.
The microwave link is more noisy than the
coaxial link. The optical fibre link are free
from noise & energy losses.

LASER

(Light Amplification by stimulated
emission of radiation): Laser isa process
by which a coherent, hightly intense mono
chromatic and almost perfectly parallel
beam of light is obtained. The term ‘Laser’
is also used for the beam of light obtained
this way.

Use of Lasers : Lasers are used in :

Microsurgery : For delicate m&d

retina, cervical tumours, tissu .
@ade with
oger@ r beams.

Engineering : Tiny welds
precision using p

Industry : To dril in diamon
and hard steel.
Communic

AR

N

Military : As a powerful war weapon.

Weather Forecasting : A laser based
RADAR called Lidar is used for weather
forecasting.

Reading bar codes, manufacturing and
reading compact discs, cutting cloth in gar-

ment industry etc. are also some of the uses of
(MICROWAVE DEVICE )

lasers. &
LO

() Radar (Radio D e etectw &
Ranging) : RADAR system%e‘ats the
objects lik planes a ps. Its

antenna its micr&s;/:&'frequency

greaterw 00 MH Z)% which are

refl m the ing the time

I te:& betwe %ﬂansmission an d
ception of the#§ignals, the distance of the

object is meas,
g{r aves. These microwaves are
cédéin the oven at a high frequency
ut2450 M H z by m eans of a
etron. Since the metals block the
crowaves, hence, most microwave ovens
are made of glass. Microwaves produced
are directly absorbed by the food-material
without heating the surroundings. The
m olecules of foo d content vibrate on

owave Oven : It bakes food

@
using
pro

cation. absorbing the microwaves that causes heat.
- olg Q; In thr efsional pho- | The energy is used by the food only and
% y without | hence, it takes a small interval of time to
é cook the food.
&K
HEE

&
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ELECTRO
MAGNETISM

(ELECTROSTATI CS)

Electrostatics deals with the study of
electric charges at rest. Electric charges at
rest are produced either by friction between
two insulating bodies which are rubbed
against each other or by electrical induction
between a charged body and an earthed
uncharged body.

When two insulating bodies are rubbed
against each other, electrons are transferred
from one body to the other. Electrons gre
negatively charged particles. Hence, the b

giving electrons becomes positively (@

while the body gaining electrons4ec es
negatively charge d. Electric cha re of
two types only viz. positive an e. Like

tract each

charges repel and unlike ch
other. 6

Bodies gaining t de of char

rubbing b’

Positive Charg@ Negative ge

- Glass Rod - Silk CI
@v cloth =R

= Furo d, Ebonite
% mo mber.

- ) Carpet er Shoe

= Nylon or Acetate @:Ioth

®. comb

= Plastic Seat.

um amount of charge that
ferred from one body to the

can be4r

othﬁe charge on an electron (-1.6 x 10~
c). ce the total charge on a charged
body is equal to the sum of products of no.
of electrons transferred and charge on an
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electron or a proton. Electric charge is always
conserved when some electrons are transferre@
from one body to the other, the body givi
electrons becomes slightly lighter and w

gaining electrons becomes slightly heavigr.

The e n the two

poin es is di y! ortional to the
rofduct of t s an d inversely
p

tional t quare of distance

een the . The electric force may

be attractiv, epulsive depending upon
the nat e of the t w o charges. The

coulor‘Qcﬁ orce (electric-force) is much
stroiiger®than the force of gravitation. An
I@ ed body can be charged by placing
it wear a positively charged body without
ual physical contact between them (by
induction). The positive charge present on
the charged body attracts electrons present
inside the atoms at the surface of the
uncharged body. Hence, a few electrons
come out at the surface resulting in a
negative charge at the surface and an equal
positive charge appears on its opposite face.
Thus it gets polarised because it has equal
and opposite charges at the two opposite
surfaces. If this body is earthed, the positive
charge disappears and the body becomes
negatively charged. The uncharged body
has no w a net negative charge. The
uncharged body can acquire a net positive
charge too provided the charged body
placed near it was negatively charged.



When a charged glass rod is brought
near a piece of paper, it attracts the paper
because of force of attraction between the
charge on rod and induced charge which
has appeared on the paper.
ELECTROSTATIC SHIELDING OR

ELECTROSTATIC SCREENING
Protecting a certain region of space

from external electric fields is known as
electrostatic shielding.

A hollow conductor stores charge only
at its surface. Hence, electric field remains
outside only, and inside the hollow electric
field is zero. Such a space having zero
electric field is known as Faraday’s Cage.
Therefore, to protect delicate instruments
from external electric fields, they are kep
inside a hollow conductor. In a thundergto-
rm accompanied by lightning, it is saf%
be inside a car or a bus than to be ji
open ground or under a tree. P lic
body of a bus or car provides %ostatic
shielding from the Ilghtnmg

If electric charge is su
to a conductor havin
the electric charge i
the pointed ends.

ends is a good
lightning con

ntlnously
pointed en

0. A

of a

spikes at
ee in air to

or placed at
number of
» Upper e

ca tric char duced due to
lightnifg” and the Io%end sprays charge
into the ground,“Thus it provides a safety

to the buildin

e : The device is used to detect
of electric charge and type of
a body. Its most common type is
ves electroscope. It can measure
potential-difference as well.

Capacitor or Condenser : A device

used to store electric charge is known as
capacitor.

Van de graaff Generator : It produces
highly energise d p ositively charge d
particles or ions by producing very high
electric voltage. It is used in scientific or
industrial works.

Atmospheric Electricity : Earth is

: a

good conductor of electricity. Its eIectri&
potential is ‘0’ Volt everyw here at

earth’s surface. When a positively ¢ r@

body comes in contact wit the%th,
electrons flow from earth ‘x ody
whereas w

negatlvely d body
comes in with ea %r rons flow

froma dytot th. Lo w er

isap tor of electricity
onduct

helght lon h e is a very goo d

con ductor. s s p rim arily du e to

ases with increase
ionization |cles of air by cosmic ray
partlclé g energies to the order of

10*
%‘lderstorms & Lightning Flashes :

I ery thunderstorm, the positive and
ative ions produced are separated in
he cloud. The positive ions are at about 6
km and the negative ions are at about 2-3
km above the earth’s surface. It results in a
very high potential difference (107to 108v)
between the lower negatively charged level
of cloud and the earth’s surface. It causes
the electric breakdown of air. Consequently
the intervening air gets ionise dan d
conducts charge from the cloud to the earth
in the form of a lightning flash. Each flash
lasts for 2x10 “*seconds and desposits about
20 coulomb charge on earth. All the world
over, there occur about 40000
thunderstorms per day.

In recent years, m any imp ortant industrial
applications of electrostatics have been
developed. Some of them are:
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(1) In prevention of pollution of atmosphere
by electrostatic precipitation of fly ash.

(2) In designing electrostatic generators like
Van de Graaff generator.

Metallic Conduction and Electrolytic Conduction

Metallic Conduction

The flow of current through a metallic
conductor is known as metallic conduction.
Metallic conduction is due to the movement
of electrons in the metallic conductor.

do not change due to metallic conduction.
The metallic conductor is not

Electrolytic Conduction

The flow of current through electrolyte is called
electrolytic conduction.

Electrolytic conduction is due to the movement
of positive and negative ions in the electrolyte.

The chemical properties of the metallic conductors The chemical properties of the electrolyte

change due to electrolytic conduction.
The electrolyte decomposes due to electrol

(4) Conductivity decreases with rise  (4) Con
in temperature. in te

lvity increases wij

decomposed due to metallic conduction conduction.
but it is only heated up. C)
Conductor & Insulator
Conductors Semi Conductors Insulatd¥ ‘}
(1) They are good conductors of (1) They are poor conduc (1) The conductors
electricity. of electricity. ré) 0 eIe q |
(2) They have higher density of free  (2) They have loyer f free not have carriers
electrons as carriers of charge. electrons & hgJés a rrlers of
charge.
(3) They have veryhigh (3) They have i erIower hey have verylow
conductivity. conduc nductivity.

(4) Conductivity increases
with temperature.

(3) In electrostatic sp raying oftg Birts, rks both on d.c. and a.c. Joule
powders etc. ing effect is irreversible. It means if

. %e direction of current in a resistor is

(4) In understan ding vo ightning reversed, the cooling of resistor does
and common I|g in ikes“from not occur whereas heating of the resis-
cloud base to the tor takes place. If the resistances are
(5) In the design ode ray connected in series, the current | is same

iallty

ing.
peakers an d

ing, which,i
h|gh spee

Electroplati w ith Silver: For
electroplating ilver, solution of sodium
silver cyanide\Na[Ag (CN) ,] is used

asanele :
- # heating effect of current is com-
to both d.c. and a.c. That is why

the instruments or eleectrical appliances

through each resistor, then
PuRandV puR (asV =IR)
It means, in series connections, the po-

tential difference and power consumed will
be more in higher resistance.

If the resistence are connected in paral-
lel, the potential difference V is same

. 1
across each resistor. Then P«E and

1
zoc}(asV— IR)

It means in parallel connections, the
current and power consumed will be more

such as heater, press, geyser, toaster
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in smaller resistances.




In parallel grouping of bulbs, the bulb
of higher wattage will give more bright
light an d will pass greater current
through it. It will have lesser resistance
and same potential difference across it.
If one bulb gets fused, other bulbs will
work.

In series grouping of bulbs, the bulb of
higher wattage will give less bright light
and will have smaller resistance and po-
tential difference across it. If one bulb
gets fused the other bulbs will notwork.

(CURRENT ELECTRICITY)

Electric Potential : The amount of work
done in bringing unit positive charge at a point

is called as potential at that point. Electric
potential = work done / charge = Joule
coulomb = volt. Unit of electric potentiah, is
volt (v).

Potential difference (p.d.). It is equ
work done in moving a unit posi ge
from one point to another pomt

Electric p otential otential
difference are physi Iy@

ux
potential determin d|rect|on
of charge from
conductor or.
from r potential.
El tential and tial difference
can beppositive an%gative depending
upon the nature ofielegtfic charge.

having co mm on
onduct
one poin nather
point thro a conductor. ons flow
tential i
Electric

:Theamountof

electric ¢ flowing through any cross-

section nit time is known as electric-
curre

- Charge (Q) Q

= o A = ==

Electric Current (1) Time() orl=-

Unit of electric current is Ampere (A).
1 coulomb

1 second
electric current flows from higher to lower

potential against the flow of electrons.

1 Ampere = . Conventionally, the

Ohm’s Law

The cu rrent flo wing th ro u gh a
conductor is ~directly proportional to the
potential difference across the ends of

conductor provided the temperature a
physical -conditions of the co

OEI’

the same.
Potentl ifferenc o Electric
curre é)
ot. diff. )\ﬂstant (R) x Electric
ent ()

R———a constant for a

&or known as resistance. Unit of
ance is ohm (W).

Resistance of a conductor is its ability
to o pp ose the flo w of cu rrent. For a
conductor, the resistance

/
R:SK , where | = length of conductor.

A = area of cross-section of conductor.
r = resistivity of conductor.

Resistivity (r) of a con ductor is a constant.
It depends upon the nature of material of the
conductor.

L _ 1
Conductivity (C) = Resis tance (R)

= ohm= mho.

onm
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V = Potential difference across conductor.

1
Conductivity (K)= 5 i o
y (K) Resistivity (8) t = time interval for which current is

b ohmaxme supplied.

ohm x metre ] ]
Since heat is the form of energy, hence,
Combination of Resistances heat produced due to the flow of current is

When two or more resistances are electr!cal energy Eon@apd in a given
electrical circuit. Thus, the net

arranged in series i.e. in a common path of :
flow of current, the net resistance is equal . .o _ _V?
to the sum of individual resistance. Hence, Electrical ofSgia=d *Rt = VIT = Et

in series, the net resistance becomes larger.

For two resistances R, & R,: R, =R, +R,>
R,0rR,. Electrical power

When two or more resistances are arranged
in parallel i.e., between two common points of
two different paths of flow of current, the

%’u

reciprocal of the net resistance is equal to the

sum of reciprocals of individual resistances. nit of

Hence, in parallel, the net resistance becomes watt. The ial commercial unlt of
smaller. For two energy is kil @10ur (KWH).
1 1
resistances R, & R, in parallel, =g P& 1K 000 x 60 x 60 = 3.6 x 10°
“ Jouilei
ric Bulb : An electric bulb has a

sten fila ment enclosed in a glass
elope filled with inert gases like argon.

EMF (e_Iectromot%o Of A cell ungsten filament has a very a high melting
point and resistivity. Its resistance is very high.

Hence on passing electric current, it produces
m heat and light.
n an

Iowso':chrcurlrs ductor. an Electric lron (Electric_press), Heater,
eat is produc ' Gey_ser, Togster & Imm_er5|0n Rod : These

heating appliances have Nichrome (an alloy of
Effect nickel, iron and chromium) wire as heating ele
m ent. Nich ro m e has high melting point,
resitivity and malleability and it does not
oxidise in air easily. On passing current, it gets
heated up.

where H{ =@mount of heat produced.
| = t of current in conductor. Carbon Arc Lamp : It consists of two

carbon rods as the electrodes separated by
a smaller air gap. When a high potential
difference is applied across the rods, aspark

R = resistance of conductor.
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jumps across the air-gap due to ionization
of air & a very bright light is emitted by the
gap. This light is called an arc-light. The
carbon arc lamp is used in electric welding,
search lights and cinema projectors.

Electric Fuse Wire : Usually it is an alloy
of tin (63%) & lead (37%). It has high
resistance and low melting point. It is
connected in series with the electrical
installations. All of a sudden, if strong current
flows, the fuse wire melts away, causing the
breakage in the circuit, thereby saving the main
installations from being damaged. Thus, it is
capable of saving costly appliances.

Chemical Effect of Electric Current

Electrolysis : When an a mou nt of electric
current is passed through a solution or melt of
an electrolyte, the electrolyte dissociates into
positive ions (cations) and negative ion
(anions). The cation gets deposited at negative
electrode (cathode) and the anion gets
deposited at the positive electrode (anode).
This phenomenon is kno w n as electrolysi
Electrolysis is explaine d by the Fara d ay’

w s of electrolysis. Faraday constant
96500 coulomb / gram equivalent = c@
one mole of electrons. Electrolygis ip

direct curren only and no@
A

on
olves

Cell or cell (Ni(OH),] and cathode
is a steel grid filled

with [Fe(OH),] and

Power Cell qqe&e

Cell Electrodes Elec
Voltaic Copper and Zinc Dilute s@lution of t and the cell 1.08 Volt
cell rods O, (sulphuric 0 ers from polarisation
Daniel Copper-containe d ute solutlo & Copper-sulphate 1.1 Volt
cell and zin rod § (Cuso,)
Leclanche cell Carbon and Ammom Manganese dioxide 1.45 volt
(NH, (MnO,)

Dry cell Cal y@\d zinc chlorlde Manganese dioxide 1.5 Volt

pot (MnQO,). ZnCl, being

hygroscopic absorbs
water produced.

Lead-Acid set of perfo} dilute (20%) H,SO, lead oxide (PbO,) 2.2 volt
Accumulato lead plates Solution with specific

(PbO, gravity 1.25. when the

posm\& set of specific gravity of

lea negative H,SO, solution

decreases to 1.18 the
® cell requires recharging

Alkali-accul- Anode is a perforated ~ 20% solution of (Fe(OH),] & 1.36 Volt
mulator or cell steel grid filled with potassium hydrooxide (Ni(OH),]

(LiOH)

)\ser EM For Voltage
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Applications of Electrolysis :

Electroplating : The process of deposit-
ing a layer of precious metal like gold,
silver, nickel and chromium over cheap
metals like iron and copper by electroly-
sis is called as electroplating. The pre-
cious metal is taken as anode and cheap
metal as cathode. The electroplating pre-
vents corrosion (rusting) and makes the
cheap metals attractive.

Anodising : It is the process of coating
aluminium with its oxide electrochemi-
cally to protect it against corrosion. In
dilute sulphuric acid as electrolyte, the
aluminium article is made the anode.
To give the surface of the article beauti-
ful colours, dyes are mixed in the elec-
trolyte.

Electrotyping : It involves the prepaga-

tion of exact copies of metallic p%'

used in the printing work and t

cess of electrolysis. A sheetba is

first pressed against the ty block.

The impression obtal is made
@\mth grap

conducting by c
powder. Then i er-plated

graved blocks on the metals

process of eIecl@ The she
tained is a he t lock.
This proc Iso used f nu-
facture@amophone@ /

----- Spoon

~
Sodium silver
cyanide solution
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Extraction of Metals from the Ores :
Metals like sodium, aluminium, magne-
sium, calcium, zinc, copper etc. are ex-
tracted from their ores by electrolsysis.

Purification of Metals : It is carried out
by using impure metal as the anode,
pure metal as the cathode and a double
salt of the pure metal as electrolytes
when a current is passed through th
electrolyte solution, pure metal

deposited at the cathode. This m&%

is used to purify blister copper.

- Production_of Oxygen and Wydeogen :
Oxygen ydro en m n ufac-
tured ercially & lectrolysis

a@ ed water.
actur icals : By the

ronS|s chloride solution,

austlc sodal pared.
[ @Iications . Electrolysis is

erve stimulation especially for
removing unwanted hairs on

ELECTROCHEMICAL CELL)

It converts chemical energy stored in
the electrolyte into electical energy by
chemical reaction.

Types of Cells
1

v
Secondary Cells
They can be re-used
again and again by
recharging e.g. Lead
Acid-Accumulators
Alkali accummulator
(Edison Cells)

Primary Cells

They can be used
only once and cannot
be reused by rech-
arging e.g. Voltaic
cell, Daniel cell,
Leclanche cell,

Dry cell.

Fuel Cells

They do not require
even a recharging
and continue for ever.
But due to high cost
production they are
used in scientific
works only like space
research e.g. H;O,
cell.

An electro chemical cell consists of two
electrodes viz. anode an d cathode; an
electrolyte to p rovid e ions an d a depolariser
to prevent the formation of hydrogen coating
on the surface of cathode.



Button Cells : They are tiny dry cells.
They are :

- Mercury Cells : EMF or Voltage =1.36
volt

Life : upto 3 years used in a watches,
hearing aids, portable scientific instru-
ments.

- Silver Oxide Cells : EMF = 1.62 volt.

Life and uses similar to that of mercury
cells.

- Lithium Cells : Life : upto 10 years.
Used in quartz watches, mobiles, etc.

- Alkali Cells : They are very cheap and
environmentally safe. Life shorter. Use
similar to other button cell EMF =15 V

Battery : An arrangement of a no. of

Cyclotron : It is a device used to produce
highly accelerate d p ositively charged
p articles u n der the effect of a strong
m agnetic field p ro duce d by an
electro m agnet. Cyclotron is use d for
n uclear works so as to cause n uclear
disintegration, etc.

Galvanometer : It is base d on the
magnetic effect of current. When a coi
having electric current is suspended i
uniform magnetic field, it gets defl
This forms the basis of galvanomé? A
galvanometer connected in a
electric circui icates the fl urrent

ruct devi %Ammeter

It is used
the amount of

and Vm
er
fcnrcun in series.

cells in series to provide higher voltage of g ct urrent i
direct current (d.c.) is called a battery.
oltmeter m easu res p otential

Voltameter or Electrolytic Cells : An
arrangement consisting ofid entlc
electrodes (Anode an d Cathodgy) in
insulating container with an elec

solution to carry out electroly
as avoltameter or electrolyt%l It
c

consumes electrical ause
electrolysis. An electro I cell or
common cell produ eetric power
Magnetic E

Cur en
ccurrentf hrpugh
it develops ount of

an amount of

a conduct
mag round it@

agnet : | jsts of a coil of
an inshated wire ( ly copper) closely

wound around ofb iron core. When an
electric curre es through the coil, the

arrangeme cts as an electromagnet.

Ele agnets are use d in m any
devi like electric-bell, electric horn,
tele e receiver, electric relay, etc.

Electromagnets fitted on cranes can lift heavy
iron pieces.

difference circuit in parallel.
- We %@roduce high voltage on the
ody without getting a shock.
this the person must stand on a
aighly insulated platform. Hence with
igh voltage on the body, no charge
will flow to the ground through the
body and the person will not get any
shock. There is an impression among
many people that a person touching a
high power line gets stuck with the
line. This is not a correct notion be-
cause there is no special attractive force
that keeps a person stuck with a high
power line. The actual reason is that a
current of the order of 0.05 ampere or
even less is enough to bring about a
disorder in our nervous system. As a
result of it, the affected person may
temporarily lose his ability to exercise
his nervous control to get himself free
from the high power line.
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For a given electrical installation, when
an electrical appliance of high wattage
is switched on it draws more current.
Consequently, the voltage across the
nearby appliance of lower wattage is
lowered for a moment until it is estab-
lished by the transmission grid. e.g (i)
When a car-engine starts, the car light
gets dimmer for a moment (ii) Light
from a bathroon bulb gets dimmer for a
moment when the geyser is switched
on.

When a metallic wire is carrying an
electeric current, it is not charged be-
cause the total no. of electrons and that
of protons in any section of the wire
remains the same. Hence net charge on
the wire is zero.

Potentiometer : It is an electrical devic
use d to co mp are e mfs an d integgal
resistence of the two cells.

@

ge:
ridge.

Wheatstone Bridge : It m
unknown resistance with accura

Meter Bridge or Slide Wi
is the practical form of whﬁ‘
Shunt : Itisalo
in parallel to a devic
to provide a subw

It

Thus, it provi safety to t
the ciruit.

Q-letlc In : Whenever
th tic flux I|n h a closed
metalligsleop changes mount of emf is in
duced in the loopq Thewin duced emf causes
flow of induce in the loop. This pheno

menon n as eIectromagnetlc

i
induction& be carried out by (i) moving a
magnet 4owards or away from the loop (ii)
moyl@ loop towards or away from the
magnet™ (iii) rotating a loop in front of a

magnet. This effect forms the basis of serveral
devices
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and is used to produce alternating current
by an a.c. generator.

Electric Motor : It converts electrical
energy into mechanical energy. It is based
on the fact when a current carrying coil is
placed in a magnetic field, it experiences a
torque that causes rotation of the coils.
Electric motors are used to operate man

y
a ppliances like fans, coolers, mixers
geysers, refrigerators washing machinesé
Motor Starter : When a large electsic
motor is switched on, its initial urrem
very high and that can damageNEouit.
Hence, the i igher curr hould be

reduced. a& e variable
tor starts,

r starter h

resista en an ele
e ly goes in to
redu igh curfe omes out after
itching off th . Thus it regulates
aelectric m t tart and stop.
Chok : regulates alternating
current en CII‘CUIt Its resistance value is

zer nce it does not consume p o w er.
Q itor can d o a similar function.
enerator ( D ynamo) : It converts
echanical energy into electrical energy. It
is of two types:
@) Direct Current (D.C.) generator : it
produces D.C.

@) Alternating current (A.C.) generator :
it produce A.C.

Both the generators work on a common
principle. When a metallic coil rotates in a
magnetic field, an induced em.f. is produced
in the coil. However, their constructions
are a bit different.

Transformer It converts higher
alternating current at lower alternating voltage
into lower alternating current at higher
alternating voltage and vice-versa.



It is of t w o ty pes viz (i) Step-up
transformer : It converts higher a.c. at lower
a.c. voltage into lower a.c. at higher a.c.
voltage. It is used at the power station (ii)
step-down transformer : It converts lower
a.c. at higher a.c. voltage supplied by power
station into higher a.c. at lower a.c. voltage
to be used for domestic purposes. It is used
at the colonies. Transformer works on the
principle of mutual induction, a form of
electromagnetic induction.

Inverter : It converts D.C. into A.C. For
domestic purposes it is specially designed
to convert D.C. from a battery to A.C. & to
charge the battery. When the mains supply
is available, it charges the battery (converts
AC. into D.C.) whereas in absence of the
mains supply, it automotically switches on
the A.C., converted from D.C. supplied by

with a turbine. In case of a hydroelectricity
plant, the potential energy of water stored
in a dam is converted into Kkinetic energy of
the falling water which in turn is converted
into the kinetic energy of the armature of
the generator. This kinetic energy finally
appears as electrical ‘energy know n as
hydro electricity. At a thermo-electric plant,
the function of the falling water is done by
hot-steam coming from boiling water.

requires heat energy produced by bur
the fuel like coal & petroleum
produced by nuclear reactor

UITS)

plied to the
h undergound
on poles. A single

ECTRIC

ctfic power

(DOME

factori
C bI r overh
the battery Thus it fulfils electric supply ase electric | tem comprises three

during the power break down.

Loudspeaker : It converts electr
energy first into mechenical eger
then into sound energy. It work the

fact that when a current carr oil is
place d in a m agnetic fi’&the coil
experiences force. Thi

vibrations in a cone. mently SO
is produced. Its t
moving coil louds @

Micropho$ converts sptpd efergy
into mechamical® energy bfating
i @ then fina%«o electrical
en e supplied &{ loudspeaker.

diaph
Its ommon ty; he moving coil

microphone.
ATION AND
TR‘ ISSION OF POWER

@c power generation occurs in two
for iz. Hydroelectricity and thermal
electricity. Both of them involve an electric
generator whose armature is connected

G

se wire or line wire,
neutral- earth-wire. These wires
co mi \&m p o w er su bstation are
(Z%o an electric meter in a house
ory. An electric fuse is placed in
ath of the phase wire before it is
nected to the electric-meter. This fuse is
nown as pole-fuse and has a definite
current rating. If current exceeds this rating
value, the fuse wire will melt.

es, name

Systems of power distribution in a
house: The output electric power of the
main switch can be distributed in a house
by two systems. They are:

(i) Tree System : This system of power
distribution is like the distribution of the
branches of a tree. The power supply of
different circuits originates from different
fuses. So if a particular fuse melts, then the
other circuit remain unaffected. Different
appliances in a given circuit are connected
in parallel so that they can be switched on
or switched off independently. The parallel
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connection gives equal potential difference
across each appliance in a circuit. This system
is complex and expensive.

(i) Ring System: In this system the
three wires namely live, neutral & earth,
start from the main fuse and return to the
m ain fuse ofter connecting vario us
appliances. Each appliance has a fuse. So
if a fuse melts due to short circuiting, then
only that appliances is switched off. Other
appliance remain unaffected and continue
to work. This system is easy to install and
cheaper.

Earthing: It is usually a copper wire
whose one end is connected with metal
casing of an electric appliance. The other
end of the wire is connected to the copper
plate which is buried deep inside the earth.
When the live wire touches the metal casing
of an electric-appliance, it can cause eleCtsic
shock on touching the appliance. But
the presence of earthing current

the metallic casing to the earth t he
earthing-wire. It produces heat i ircuit
that in turn causes the melti fuse in

the circuit. The circuit itched off:
automatically. It sav @pliance fr
burning an d a s@n to uchi
appliances does et’an electric,Shock:
is lightnin the, sky,
should h off

the electric sigcul
to sa tric appli nnected in
thes

Wits from burni

ple Cables: electric-appliance
is connected wiéﬁhroe-core flexible cables.
The insulati the three wires are
coloured (i d or_brown for live wire (jig
black or lue for neutralwire and (fii

green ellow for earth wire.
s: A three-pin plug consists of one

longer and thicker pin and two identical thin
pins. The thick pin is for earthing and
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hence it is connected with the green or
yellow wire. The remaining two pins are
connected with red or brown (live) wire
and black or blue (neutral) wire. The earth
pin being thicker cannot be inserted in the
live of the socket even by mistake.

Sockets: A socket has three holes. The top
bigger hole is for the earth, the lower right hole
is for the live wire and the left hole is for th@
neutral wire.

Switches: An electric switch, is

connected across the live wiregplf a tch
is connected i@ the neutral wireNthe®socket
remains liveseveyr when the is in the
off positid

@ from the
ex appliance even

use.

strength sgythat it may not melt easily
w hen wir heated due to a large
Cu rren &Wing thro u gh them. Wires
carrying/cufrent electricity should not be
tou are footed. The live wire is at
Iﬁ potential and the earth is at zero
tial. If we touch the live wire bare
oted, a large current will pass through
our body. So we will receive a severe shock.
This shock affects our nervous system and
may cause even death. Hence, while using
electricity, we must wear gloves made of
insulated material and shoes of rubber sole
so that current may not flow through our
body.

l MAGNETISM '
An iron ore pi Vi Structural

formula FesO, (ferrous-ferric oxide) can
attract small pieces of iron. Such ore pieces
were first of all found in the district of
Magnesia in Asia Minor in Greece. These
ore pieces were called Natural Magnets. A
Greek Philosopher, Thales of Miletus had




observed these ore pieces in 600 B.C. This
iron ore is called Magnetite. Magnetite was
also called ‘lode-stone’ in the sense of leading
stone to show geographic directions (North-
South).

A magnet is made of iron or its alloys.
Each magnet has two equal and opposite
magnetic poles viz. North pole and South- pole
lying at its ends.

Magnet
Matural Magnet Artificial Magnet
I
Magnetirie l
Electromagnet Permnanet Magnet
It has an irregular They are made of soft They are made of

hard magnetic
miterial like steel
almico, aloomax &
tmeomal, They are
used in the ¢ .]I ani

shape & produces
a weak magnetic
farce. They are magnets in electrical
circuits when the switiches
are an. They are ued in
transformers, moebars and
gererabors.

It we cut a magnet, we get sma
magnets again, instead of an |solated n

or south pole of the magnet.
L|ke

magnetic poles always eX|st in
not as a single magnetic m
poles repel each other an ke poles
attract each other. E etic pole can
attract small pieces N nickel, '
When a magnet is e i
by a thread, i polea p
geographic nﬁand southe%&
geogra phjegsouth. It is |
(@ating, the
i %net is due to the
proper alignment gel on spins.

IC SCREENING OR J

,\ HIELDING

ce can be shielded from magnetic
field by surrounding the space with a soft iron
ring. As magnetic field lines will be

drawn into the ring, the enclosed region
will become free of magnetic field. Super
conductor also provides perfect magnetic
shielding as no magnetic lines pass through
the super conductor.

Magnetic shielding is used to protect
costly w rist w atches fro m exter nal magnetic
fields by enclosing them in a soft iron core.

=)
of
effect is
is effect

When an iron bar is magnetised
spins are aligned parallel to the field.
the length of the bar in the dire
increases. T

striction ef;
cing ultr

magnetisation
known as m
is used for

Ves.
N OF
TERIALS

Dlamag ubstances : They are
weakl ed by an external magnetic
f|eI &Blsmuth antimony, copper,
uartz, mercury, water, alcohol,
ogen

%aramagnetic Substances : They are
w eakly attracte d by an exter nal
m agnetic field e.g. aluminium,
platin um, ch ro mium, m anganese,
copper sulphate, crown glass, oxygen
etc.

(3 Ferro Magnetic Substances : They are
stro n gly attracte d by a n exter n al
magnetic field e.g. iron, cobalt, nickel
an d their alloys like Al Ni, alnico,
tinconol vicalloy, steel, perm alloys, mu-

metal, radio-metal, etc.

Ferromagnetic substances are used for
m aking per m anent m agnets an d
electromagnets.
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The ferromagnetic materials used for
coating magnetic tapes in a cassette player
or for b uilding m e m ory stores in a
co mpu ter are ferrites . Most co mm on
ferrites used are MFe ,0, where M= Mn,

Fe, Co and Ni.

( EARTH’S MAGNETISM )

Eart h acts as a h u ge m ag net. Its
magnetic south pole is at its geographic north
and is located in North-Canada , longitude 96°
west and latitude 70.5° North. Its magnetic
north pole is at the geographic sou th an d is
locate d in Antarctica, longitude 84° east and
latitude 70.5° south.

Geographic Meridian : An imaginary
vertical plane passing along the axis of rotation
of the earth at a place is known as geographic
meridian at that place.

Magnetic Meridian : An imagi
vertical plane passing along the axigof % y
suspeneded magnet at a place i% as
magnetic meridian at the place.

Magnetic Declination
between the geogr
meridians at a pla

declination at that
of 20°.

Magneti
(d) :

¥ The angle

d magne
wn as ma iC
t is r

ation. or Ma p
between t ction of the
ear etic field e horizontal
direc the m agn dlan is known as

dlp Its value is

dip-angfe or
maximum 90°@poles and minimum 0° at
the equator.

Hori@ Component : It is t he
comp t of total magnetic field of the earth
horiZegtally in the magnetic meridian. In the
given diagram : Plane PQRS = Magnetic m
eridian. Plane = PQUT =
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Geogra phic Meridian g = Magnetic
declination.

el
d= Magnetlc dip. C)
([
Componenkﬁx earth’s
o

Qo

»used by mariners
magnetic needle

en a co
0 ers at a

he co m sets itself along the
horizontal (Gwp onent of the earth’s

Id in the magnetic meridian.
the angle of dip and magnetic
the location of the place can

o/

If d = 0° the place is at the equator,
if d = 90° the place is at the poles.

At the geogra phic north p ole, the
magnetic north pole of the magnetic needle
will be vertically d o w n w hile at the
geographic south pole, the south pole of
the needle will be vertically down.

If d is more than 0° and less than 90°,
the place is between the pole an d the
equator.

Evidences behind the earth’s magnetism

@ A fresh suspended bar magnet always
aligns itself along the geographic north-
south. It means the north pole of the
magnet is attracted by the magnetic



()

(i)

south pole of the earth that lies in the
geographic north and vice-versa.

When a soft iron piece is buried below
the earths surface along the north-south
direction, it acq uires m agnetic
properties after some time.

When we draw field lines of a magnet,
we get neutral points. At these points
the net magnetic field due to the magnet
is co mpletely neu tralize d by the
horizontal component of the earth’s
magnetic field.

TRIVIA

In the gases, the charge carriers are
electrons and + VE ions.

Filament of 100 W lamp is thinner than
that of 200 W lamp.

When two lamps of different watt
are connected in series, the la
lower wattage glows more bri

The power of a heater when
across a power supply o
ternal resistance is P

the coil is halve er of the
maining wire |
Substance

at low te
conduc

se thel ti
ture are % per-

element of

ric heater Id have high re-
and high éing point.

The heat ge ted 'In a wire is doubled
when bot adius and length of the
i ubled.

oils 1 kg water in time T,
other heater boils the same wa-

in time T,, then both connected to-
gether in series will boil the same water
time T,+ T,

The quantity in electricity that is ana-
logues to temperature in heat is poten-
tial.

The current capacity increases, when
the cells are connected in series.

The internal resistance of an ideal cell is
Zero.

The resistance of an ideal voltmeter,
should be infinity. Q

The resistance of an ideal a
should be zero. rC)

\ssipated insid@!‘due to

Energy is
intern

ance.

Th@t tial acro )\en in closed
% is less emf due to its

nal res

t drawn from a cell,
otentlal difference across it.

Elt,

arger th
smaller i

Ene issipated by the cell =

=emf, | =current, t = time.

gy dissipated in the external circuit
a cell = VIt, where V = potential drop
across the cell.

The emf of voltaic cell is 1.08 V, that of
Daniel cell is 1.12 V and that of Leclanche
cellis1.45 V.

Acid accumulator is most likely to be
damaged due to short circuiting.

Fast charging does not cause sulphation
of acid accumulator, but fast discharg-
ing does it.

Thermocouple should not be used to
measure temperature above the neu-
tral temperature.

And if they are connected in parallel,
the time taken to boil the same amount
of water will be T, T,/ (T, + T,).
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The fuse wire is made of an alloy of lead
and tin.

The resistance in electricity is analo-
gous to friction in mechanics.

The change in the dimensions of a con-
ductor has no effect on its conductivity,
although conductance may change.

The quantity in electricity that is ana-
logues to temperature in heat is poten-
tial.

The current capacity increases, when
the cells are connected in series.

The internal resistance of an ideal cell is
Zero.

The resistance of an ideal voltmeter
should be infinity.

The resistance of an ideal ammeter
should be zero.

Energy is dissipated inside a cell
internal resistance.

S

The potential across a cell in closed
circuit is less than the emf due to its
internal resistance.

Larger the current drawn from a cell,
smaller is the potential difference across it.

Energy dissipated by the cell = Elt,
where E = emf, | =current, t = time.

Energy dissipated in the external circui

of a cell = VIt, where V = potential d

across the cell. 6
The emf of voilaic cell is 1%8 V,@l of

Daniel cell is 1.12 V and that eelanche

cell is 1. °

Aci ulator is v ikely to be
d d duet o@ uiting.

chargin % cause sulphation
of acid accumulator, but fast discharg-
ing does i

Therr@uple should not be used to
temperature above the neu-

12
% perature.




PHYSICS
AT A GLANCE

(LAWS OF MOTION )

Newton’s three laws of motion form
the basis of mechanics: According to
1st law, a body continues to be in its
state of rest or of uniform motion along
a straight line, unless it is acted upon
by some external force to change the
state. The law defines force and is also
called law ofinertia.

According to 2nd law, the rate of chang
of linear momentum of a body is dire tIy
proportional to the external force app

on the body, and this change tak

in the direction of the applie r |s
law gives us a measure of forc

According to third law, t €

there is always an e
reaction. This Ia\»\

action,

of force.

Inertia is |na a bo

by itself, i e of rest o e of

unlfor n along line.
3 |ously of pes :

w ia of rest ( &!la of motion,
ertia of direc@

From New ®nd law, we obtain

F=ma 1€ rnal force is the product

of m@ acceleration of the body.
bsolute unit of force on Sl is new-
) and on cgs system, is dyne. The

gravitational unit of force on Sl is kilo-
gram weight or kilogram force. The

gravitational unit of force on cgs sys-
tem is gram weight or gram force.
1N = 10°dyne, 0

1g wt. = 980 dyne.

Accordingato the principlewserva-
tion of omenty th‘w tor sum

of lipga mentum e bodies in
ted Sys i served, and is
%a ected ir mutual action
and reactio lated system is that
n which ernal force is acting.

Flight g ts, jet planes, recoiling of
a gun c, are explained on the basis of
thl iple. Newton’s 3rd law of mo-

n also be derived from this prin-
and vice-versa.

pparent weight of man in an eleva-
tor is given by :

W’ =m (g + a), where mg is real weight
of the man. Acceleration is (+a), when
the lift is accelerating upwards and (-
a), when the lift is accelerating down-
wards. When lift is moving uniformly
(upwards / downwards), a = 0, W’ =
mg = real weight.

Infree fall,a=g
W =m(g-9)=0
ie., apparent weight becomes zero.

The forces which are acting at a point
are called concurrent forces. They are
said to be in equilibrium, when their
resultant is zero.
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A frame of reference in which Newton’s
laws of motion hold good is called an

inertial frame of references. Such a frame
is unaccelerated frame of reference.

S.No. Particle Mass Energy equivalent
1. Electron or positron 9.1 x 10%kg 0.53 MeV

2. Neutron or proton 1 amu = 1.67 x 10%kg 931 MeV

3. Alpha particle 6.68 x 10-?kg 3724 MeV

Energy Equivalence

[124]

(GRAVITATION )

Gravitation is the name given to the
force of attraction acting between any
two bodies of the universle.

Newton’s Law of Gravitation: It states
that the gravitational force of attraction
acting between two bodies of the uni-
verse is directly proportional to the prod-
uct of their masses and is inversely pro-
portional to the square of the distance

between them i.e, = Gm

ie, = 1M, /r,; where Qﬂ i;'aégﬁ'
G is the universal gravitational constant:

The str,

Gravitational Constant (G): It is equ

the force of attraction acti bm
two bodies each of unit ma

centres are palced unit dist apart.
The value of G is consta@(oughout
the universe. It is a sc antity. The
dimensional form&

= [MLT?]. Th

G =6.67 x 10!§
Gravity: | force ofﬁtlo ex-
erted b rth towards tre"on a
on or Q surface of
ravity is th&ef ure of weight
0 ody. The@agight of the body of
cceleration due to

mass m = mags X

gravity. T@it of weight of a body

will be t e as those of force.

Acce@n due to Gravity (g): It is

defined as the acceleration set up in a
hile falling freely under the ef-

fect of gravity alone. It is vector quan-

tity. The value of g changes with height,
depth, rotation of earth. The value of g

General Science

- Gravitational Potential:

is zero at the centre of the earth. The value
of g on the surface of earth is 9.8 ms=2.

- The acceleration due to gravity (g) i

related with gravitational consta

by the relation g =—5 w
are the S
bec ro at the ¢

ional Fi

Myt ayana

of gravitational field at a
e measure of gravitational in-
t'that point. The intensity of gravi-
i field of a body at a point in the
% is defined as the force experienced
y a body of unit mass placed at that
point provided the presence of unit mass
does not disturb the original gravitational
field. The intensity of gravitational field
at a point distance r from the centre of
the body of mass M is given by

E = GM / r?= acceleration due to gravity.

The gravita-
tional potential at a point in a gravita-
tional field is defined as the amount of
work done in bringing a body of unit
mass from infinity to that point with-
out acceleration. Gravitational poten-
tial at a point,

work done(W)
V=7

test mass(mo)



States of Equilibrium

Stable

1. When displaced from
equilibrium position,
tends to come back

Unstable

2. Potential energy = Minimum

1. When displaced from
equilibrium position, particle
tends to move away from
equilibrium position.

2. Potential energy = Maximum 2. Potential energy = Constant

Neutral

1. Particle always remains in the
state of equilibrium

irrespective of any displacement.

Gravitational potential energy of a body,
at a point in the gravitational field of
another body is defined as the amount
of work done in bringing the given body
from infinity to that point without ac-
celeration.

Gravitational potential energy = gravi-
tational potential x mass of body.

Inertial mass of a body is defined as the

force required to produce unit accel- ﬂ(
eration in the body. s
he same

Gravitational mass of a body is defi
as the gravitational pull experienced
the body in a gravitational figld
intensity.

Inertial mass of a body is i to the
gravitational mass of that. bo@dy? The main

difference is that jravjtational m

mass of a body \re y the

presence 0

Satellit satellite i which is
continoushyi orbit around

aratively h

% ge body.

@) ‘Orbital velocity=of a satellite is the
veloci'@med to put the satellite
into g orbit around earth. Or-
b@locity of satellite, when it is

volving around earth at height h

$given by

V0=R fi
\'R+h

When the satellite is orbiting close to

the surface of earth i.e., H < <R, then &

-

V0=Rv§=\ﬁ’87R

() Time period of Satelli T)Sﬁ is
the ti itepto com-

aken by s
pl e revolﬂl'& ound the
e(g[iona S?te: A satellite

ch revo nd the earth with
speed in the same
direction one by the earth around

its a><*|s5 alled geostationary or geo-
us satellite.

sy
- %}6 eight of geostationary satellite is =
0 km and its orbital velocity =

5.1kmsl.

- Polar Satellite: It is that satellite which
revolves in polar orbit around earth i.e.,
polar satellite passes thro ugh geo-
graphical north and south poles of earth
one per orbit.

- Escape Velocity: The escape velocity
on earth is defined as the minimum
velocity with which a body has to be
projected vertically upwards from the
surface of earth (or any other planet) so
that it just crosses the gravitational field
of earth (or of that planet) and never
returns on its own. Escape velocity v . is
given by.

2GM
v, = \/—R = VHZgR
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For earth, the value of escape velocity is
11.2 kms™.

For a point close to the earth’s surface,
the escape velocity are related as

vc:‘ﬁvo
Weightlessness: It is a situation in

which the effective weight of the body
becomes zero.

Kepler’s Law of Planetary Motion:

() Kepler’s First Law (Law of Orbit):
Every planet revolves around the
sun in an elliptical orbit. The sun is
situated at one focus of the ellipse.

() Kepler’s Second Law (Law of
Area): The radius vector draw n
from the sun to a planet sweeps out
equal areas in equal intervals of time
i.e, the areal velocity of the planet
around the sun is constant.

Kepler’s Third Law (Law of Pe-
riod) : The square of the time pe-
riod of revolution of a planet aroun
the sun is directly proportional

the cube of semi-major axis 2f®

(i)

elliptical orbiti.e., T2p R2.

the semi mathgOOf the
f the plwetﬁw the sun.

Conservative and Non-c

onse

Conservative Forces
Work done by/against such forces in
displacing a particle does not depend upon
the path along which particle is displace
Work done by/against such forces in
displacing a particle around a closed p
zero.

K.E. of particle remains constant

s

g

inst’such forces in
icle"depends upon the path
le is displaced.

against such forces in
g a particle around a closed path is

displacing a
along whi
Work

displ
N

3

(SOLID & LI
: e are thos
t between
tatic interaCtio
“Shese
e

ges of the @
forces ar rical in natu
active t@en the ato% distance
em is of t% r of atomic

10m.)

Intermoleculax F s : These are those

forces w @re acting between the

molecul to electrostatic interaction

betw@e charges of the molecules.
ces are also of electrical origin

Th%
e active between the molecules
w lose separation is of the order of

molecular size (= 10°m).

Interatomic For
forces w hich ar
atoms due to
between th
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:‘Tnteratomic forces.

. &particle changes.
0

ecular forces are w eaker than

Crystalline Solids : These are solids
w hich have a d efinite exter nal
geo m etrical for m an d w hose
constitutent atoms / ions / molecules are
arranged in a definite pattern in three
dimensions within the solid.

Examples, are quartz, calcite, rocksalt,
sugar, mica, diamond, etc.

Crystalline solids have sharp melting
p oint an d they are anisotro pic in
behaviour.

Amorphous Solids : These are those
solids which have no definite external
geo m etrical for m an d w hose
constitutent atoms / ions / molecules are



not arranged in a defintie pattern in three
dimensions within the solid.

Exa mples. Ru bber, glass, plastic,
cement, paraffin, etc. Crystalline solids
do not have sharp melting point and
they are isotropic in behaviour.

Deforming Force : It is that force which
w hen a pplie d, changes the
configuration of the body.

Elasticity : It is the property of the body
by virtue of which the body regains its
original configuration (length, volume
or shape) when the deforming forces are
removed.

Stress : The internal restoring force

(
acting per unit area of a deformed body
is called stress i.e., Qﬂ

stress = restoring force / area.

According to Newton’s third Iav%
motion, the restoring force is eq
opposite to the external deformi rce

applied, when there is no nent
change in the configurati e body.

Thus, Q
external deformivig (&

stress = 7

ha

Stressisa T
isNm 2an

S

dimensional formula is [M LT 2].
Stress can be of two types :

@® Normal stress
() Tangential stress.

Strain : It is defined as the ratio of
change in configuration of the deformed

body due to a deforming force on it to
the original configuration of the bod

i.e. 0

. change in configuration
Strain = —— - Q
original configuration
Strain can be of three types : o

0
i

inal stra@
etric trai€:>

L
Shearin a
i |Vstates that the exten-
sion pro d”in the wire is directly
propo to the load applied within
the limit. Hook’s law also states
a stress is directly proportional
ain within the elastic limit.

ooke’s La

odulus of Elasticity or Coefficient of
elasticity of a body is defined as the ratio
of the stress to the corresponding strain
produced, within the elastic limit.

Modulus of elasticity is of three types :

O

ﬁ ectly elastic (wu
Particles do not r collision.

uantitys | I. dnit
unit is dy cm?\Its
x tic and Inelastic Collisions

Perfectly Inelastic collisions

1. 1. Particles stick after collision.
2. Rel. vel. of separa fter collison=rel. 2. Relvel. of separation after collision is zero.
vel. of apprgach béfore collision.
3. Coeff. ofgre tion,e=1 3. Coeff. of restitution e =0
4, Linear{nomentum is conserved 4.  Linear momentumis conserved
5. K. onserved 5. K.E.is not conserved
().4.Xoung’s Modulus of Elasticity (Y): normal stress

is defined as the ratio of normal
stress to the longitudinal strain
within the elastic limit i.e.,

N longitudinal strain

(it) Bulk Modulus of Elasticity (K) : It
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is defined as the ratio of normal stress
to the volumetric strain within the
elastic limit i.e.,

normal stress

volumetric strain

(iii) Modulus of Rigidity ( n) : It is de-
fined as the ratio of tangential stress to the
shearing strain, within the elastic limit i.e.,

tangential stress

shearing strain

- Where Shearing strain is defined as the
angle through which a line perpendicu-
lar to the fixed face gets rotated under
the effect of a tangential force acting on
the opposite face of the body.

- The S.I. units of modulus of elasticity of
Y or Kornis Nm ~2or Pa and c.g.s. uni
is dyne / cm?. The dimensional formula

= [MIL2T2).

- Ductile Materials : These are
materials w hich show lar ic
range beyond the elastic limit ples
are copper, silver, iron, alw@ , etc.

- Brittle Materials ; those ma-
terial which show
yond elastic Ii

lass
etc.

the breaking t
tic limit. Ies are c%n,

: These &:e materials

ch stress ain variation is

aight line \%n elastic limit and

strain prod much larger than

the stress@d Such materials have
i . Example is rubber.

er Effect : The temporary
in regaining the original configu-
by the elastic body after the re-
moval of a deforming force is called
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elastic after effect. It is least for quartz
or phosphor bronze.

Elastic-Fatigue : It is the property of
the elastic body by virtue of which its
behviour becomes less elastic under the
action of repeated alternating deform-
ing forces.

Breaking force = breaking stress x area

of cross section of the wire.

Breaking stress is fixed for a materi

but breaking force will vary, de

ing on area of cross-section of the fwire.

Elastic Potential Energy in“&Stgetched
Wire: otential e er unit
volum stretche
s Xstram
2
odulu: strain]
Thrus total normal force exerted
at rest on a given surface in
with it is called thrust of liquid
at surface.

%ressure of Liquid or Hydrostatic Pres-

sure (P): It is defined as the thrust act-
ing per u nit area of the su rface
incontact with liquid i.e.,

_ thrust (F)

" area (4)
S.1. unit of P is Nm 2 or pascal (denoted by
Pa). Pressure is a scalar quantity.

Pascal’s Law : It states that if gravity
effect is neglected, the pressure at every
point of liquid in equilibrium of rest is
same. Pascal’s law also states that the
increase in pressure at one point of the
enclosed liquid in equilibrium of rest is
transmitted equally to all other points
of liquid provided the gravity effect is
neglected.



Atmospheric Pressure : The pressure
exerte d by at m os phere is calle d
at mospheric p ressu re. At S.T.P. the
value of at m os pheric p ressu re is
1.01x10°Nm —20r 1.01 x 108dyne / cm?.

Archimede’s Principle : It states that
w hen a body is immersed partly on
wholly in a liquid at rest it loses some of
its weight, which is equal to the weight
of the liquid displaced by the immersed
part of the body. Observed weight of the
body in a liquid = true weighh - weight
of liquid displaced.

Law of Floatation: It states that a body
will float in a liquid if weight of the
liquid displaced by the immersed part
of the body is atleast equal to or greater
than the weight of the body.

Molecular Range : It is the maxi

m
distance upto w hich a molecule
exert some measurable attracti

other molecules. The order ar
range is = 10°°m in solids and
Sphere of Influence : | sphere

d ra w n with molecu
molecular range

Surface Film : It Sth
liquid at rest c
molecular ié
Surface sion It is
thewhig y virtu
\ of liquid ends to have
um surfac%‘ea and as such it
beHaves as a trgtche d me m brane.
Quantitati@rface tension.
F

F is the force acting on the imagi-

nary |

ine of length |, drawn tangen-
tially to the liquid surface at rest.

- Ang
bet
the angl

S.1. unit of surface tension is’ Nm “*and
€.g.S unit is dyne / cm. Surface tension
is a scalar quantity as it has no specific
direction for a given liquid.

Surface energy = surface tension x area
of the liquid surface.

(i) Excess of pressure inside a liquid

drop.
p=2S/R &
() Excess of pressure inside a s
bubble,
p=4S/R CJ
where S is the surface tension‘and R is the
radius of &he ‘@kop or bugbl
e of contact

ntact : T
a liquj aysolid is defined
d bet w een the
tamgents to id surface and the
olid surfa ide the liquid, both the
tangent @g drawn at the point of
contaetyof the liquid with the solid. The
valde’of dngle of contact is less than 90°
r a%iquid which wets the solid surface
is greater than 90° if a liquid does

ot wet the solid surface.

a

Capillarity : The phenomenon of rise
or fall of liquid in a capillary tube is
called capillarity. The height (h) through
which a liquid will rise in a capillary
tube of radius r which wets the sides of
the tube will be given by

2ScosB

h=
pg

where S is the surface tension of liquid,
0 is the angle of contact, p is the density
of liquid and g is the acceleration due
to gravity.
Surface tension of a liq uid / w ater
decreases with rise of temperature or
when a detergent is dissolved init.
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Viscosity : Viscosity is the property of
a fluid (liquid or gas) by virtue of which
an internal frictional force or viscous
drag comes into play when the fluid is
in motion and opposes the relative mo-
tion of its different layers. The coeffi-
cient of viscosity of liquid is defined as
the tangential force (= backward vis-
cous drag) required to maintain a unit
velocity gradient between two layers of
fluid each of unit area.

Viscous drag F acting between two lay-
ers of liquid each of area A, moving
with velocity gradient dv / dx is given

by
= —nAdv / dx

Stoke’s Law : It states that the back
ward dragging force F acting on a s
spherical body of radius r,

through a medium of visco

velocity v is given by

F =6 mnrv.

The Viscosity of quw ses with

increase in Temp he viscos
ity of gases incre ith the ‘in

in temperature/With the increass, i

pressure, t@ ity of liquid nekeases
but of w creases wherg asvof gases
remainéchanged.

line flow of & lig®id is that flow
ch every ICte of the liquid
ows exactly the~path of its preced-

as the same velocity

ing partic@ % i

in magni and direction as that of
its p@ng particle while crossing
th hat point. A stream line flow

r
éompamed by stream lines of lig-
urds

Laminar Flow : That steady flow in which
the liquid moves in the form of layers is

where 7 is the coefficient of viscosity, and
its ¢.g.s unit is poise or dyne cm -2sec. Q
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called a laminar flow. In this flow, one
layer slides over the other layer of liquid.
The velocity of liquid flow is always less
than the critical velocity of the liquid.

Turbulent Flow : It is that flow of liquid,
in which a liquid moves with a velocity
greater than its critical velocity. The mo-

tion of the particles of liquid becomes
disorderly orirregular.
Critical Velocity : It is that velocit

liquid flow, upto which the flow@Q

uid is a streamlined and above ich
its flow becomes turbulent. ®
Reyno mber wlt @4 e num-
ber determi N nature of
I|qU|d ro@a pipe. Quanti-

ively, Rey, mber N . is given

pDv
Ng =

the coefficient of viscosity of

g is the density of liquid. D is the
&eter of the tube and v, is the criti-
I velocity of liquid flowing through
the tube. For streamline or laminar flow,
the value of N is less than 2000 and for
turbulent flow the value of N . is more than

3000. For Ngin between 2000 to 3000, the
flow is uncertain.

Equation of continuity, a v = a constant
ofval/a.

i.e., deep water runs slow.

Bernoulli Theorem : It states that for
the stream line flow of an ideal liquid,
the total energy (the sum of pressure
energy, the potential energy and Kinetic
energy) per unit volume remains con-
stant at every cross-section throughout
the tube i.e.,

I,
P +pgh+ 5 pv® =a constant



2
P Iv

or, —+h+—— =another constant
pg 2

p
Here, pg — Pressure head

h = potential head
0 1%~ velocity head
and 5 . = velocity head.

If the liquid is flowing through a hori-
zontal tube, then his constant.
Bernoulli’s Theorem states that

1
P+Epv2 = a constant

The Bernoulli’s Theorem, also states that
in a stream line flow of an ideal liquid
through a horizontal tube, the velocity
increases where pressure decreases and
vice-versa.

Torricelli’s Theorem : It states that
velocity of efflux i.e., the velocit

which the liquid flows out nigrifice
(i.e., a narrow hole) is eq% that
which a freely falling b Id ac-
quire in falling throu rtical dis-
tance equal to t @of orifice
low the free su qU|d Qua
tlvely velocit ux, v=

is the d@f orifice b
surface qutd :

The” ratio of Worgdone (W) to the

amount of rBduced (Q) is always

W
acon@represented by J.ie., ~ Q =]

W J 18 called Joule’s mechanical
lent of heat. The value of

free

J =4.186 joule / calorie.

When a body of mass m falls under
gavity through a height h, then W =
mgh.

When a body of mass m, moving with a

: 1
vel. v is made to stop, W :Emvz

If temperature of a body of mass m
rises by AT, then Q = m L, where L is
latent heat of the body.

Temperature on Celcius Scalei@

enheit scale, Reumer scale and vin

scale are related as:
To—0 TR 0. ‘b
100
3 15
100
Various Th

sunng U

0 eters used for mea-
n temperatures are :
Jolly’s nt volume air thermom-
eter; inum resistance therometer;

electric thermometer; radiation
meter.

Il Solids expand on Heating: The
coefficient of linear expansion, coeffi-
cient of superficial expansion and coef-
ficient of cubical expansion are related

as oc=E=I

2 3
Ther m al capacity of a bo d y is the
amount of heat required to raise its tem-
perature through one degree AQ = mc.
From here, we may define specific heat
of a body as the heat capacity per unit
mass of the body.

Water Equivalent of a body is the mass
of water which absorbs or emits the
same amount of heat as is done by the
body for the same rise or fall in tem-
perature. It is represented by w = mc.
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When two substances at different tem-
perature are mixed together they ex-
change heat. If we assume that no heat is
lost to the surroundings, then ac- cording to
principle of calorimetry,

Heat lost = Heat gained.

Specific Heat of Gases : Specific heat
of a gas is the amount of heat required -
to raise the temperature of one gram of
gas through 1°C. As the gas can be

heated under different conditions, and 0
different amounts of heat is required in
each case, therefore, a gas does not pos-
sess one single value of specific heat.

Out of many values of specific heat of a
gas, two are important. These are called
two principal specific heats of a gas :

1. Specific heat of a constant volume (c )
2. Specific heat of a constant pressure
Boyle’s Law: It states that the vol

P

The value of gas constant r for different
gases is different.

Ideal Gas or Perfect Gas: It is that gas
which strictly obeys gas laws. for such
a gas, the size of the moelcules of a gas
is zero and there is no force of attrac-
tion or repulsion amongst its molecules.

Assumptions of Kinetic Theory of
Gases:

A gas consists of a very large nu
of molecules which are perfect as-

tic spheres and are id 'cal. all
respects a given ga re dif-
fere ferent gas j&

Tm cules of @e in a state of

ndom motion.

d by the molecules
omparison to the vol-

IS negllglb
ume of

V of the given mass of a gas is in ™) Thegecules do not exert any force
proportional to its pressuré§P,Ylen tion or repulsion on each other,
temperature is kept Contant i =1/ & t durlng collision. on each Other,
PorV=K/P % cept during collision.

PV = K a constant. The collision of the molecules with

Charle’s Law: IN hat the
sure remalnlng t, the vol

the glven gas isdir o- | M)
portional t elvin tem ie.,
VaT if stant. (vii)

given ide as of volume V, | -
pressure P and femperature TK.

Gas Con is a universal gas con-

stantﬁ IS a gas constant for 1 gram

of he universal gas constant is

A@d as the work done by (or on) a
er mole per kelvin i.e.,

PV pressurex volume

R=

nT  noof moles xtemperature
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s equatu&YI
is the num oles con- tained | (i)

themselves and with the walls of the
vessel are perfectly elastic.

Molecular density is uniform through-
out the gas.

A molecule moves along a straight
line between two successive collisions.

the collisions are almost instantaneous.

Pressure exerted by a Gas : It is due to
continous bombardment of gas mol-
ecules against the walls of the container
and is given by the relation.

2
_MC? 1pcg
S 3V 3 _
where C is the r.m.s. velocity of gas

molecules.



Cell Profile

Daniel Cell  Leclanche Cell Dry Cell
Positive Copper Carbon rod Carbon rod
electrode  vessel with brass cap
Negative Zinc rod Zinc rod Zinc vessel
electrode
Electrolyte  dil H,SO, NH,Cl solution  Paste of NH,Cland

saw dust

Depolariser CuSO, Manganese Manganese

solution dioxide dioxide

Average K.E. per molecule of a gas

:%mCZ:%kT. It is independent of the

mass of the gas but depends upon the
temperature of the gas.

Absolute Zero : It is that temperature
at which the root mean square velocity
of the gas molecules reduces to zero.

ticles (such as gas molecules in a con-

tainer) is called a thermodynamical “SYs-
tem. Such a system has a certain v

of pressure P, volume V and tefmpera-
ture T and heat content Qh are

called Thermodynamical par rs

Thermodynamical System : An assem- efriodyna
bly of extremely large number of par—@ mal

The equation of state

of a substance is T where
number of moles S.

The other tw ases -are_ solid\ phase
and liquid : b

Internal ABpergy of a Gasyl stm of
Kjaeti rgy and intermolecular

olecules of the

1 3 .
"\ / molecules =EmC2 =~ KT where k is
Boltzmann’s constant.

X

In an ideal gas, intermolecular forces
do not exist. Therefore, it possesses no
intermolecular potential energy. Thus
internal energy of an ideal gas is wholly
Kinetic.

First Law of Thermodynamics is restate-
ment of the principle of conservation of

energy as applied to heat energy. Ac-
cording to this law

dQ =dU + dW

where dQ is the small amount

eat
energy given to a system/gU iéq%all

increase ifMNinternal ener e Sys-
tem a Is the sfal rnal work
dona system. &

er erations : Iso-
C e the changes in
ressure a valume of the system

when terr@t re is kept constant. Free
excha heat between the system

and urroundings is allowed. The
iper must be perfectly conducting

the changes must be brought about

Equation of isothermal changes is PV =
constant or P ,V,=P,V,

Adiabatic Changes are the changes in
pressure and volume of the system,
when heat content of the system is kept
constant. No exchange of heat is al-
lowed between the system and the sur-
roundings. The container must there-
fore be perfectly insulating and the
changes must besudden.

Second Law of Thermodynamics states
that it is impossible for self-acting ma-
chine, unaided by an external agency
to convey heat from the body at lower
temperature to another at higher tem-
perature. This statement of the law was
made by Calusius.
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According to Kelvin, it is impossible to
derive a continuous supply of work by
cooling a body to a temperature lower than
that of the coldest of its surround- ings.

Heat Engines : A heat engine is a de-
vice which converts heat energy into

high te mperature T °Kand Q ,is
amount of heat energy rejected to the sink
at constant low temperature T ,°K.

A Refrigerator or a'Heat pump absorbs
heat Q, from a sink at lower tempera-

ture T,°K. The sink is the substance to

mechanical energy. Efficiency of a heat Cell Chemistry
engine is the ratio of useful work done _— - | ol |
: In charge Lead Accumulator Alkali Accumulator
(W) by the engine per CyCIe to the heat Positive Perforated lead Perforated steel
energy absorbed from the source (Q 1) per electrode plates coated with plate coated wj
cycle. PbO, Ni(OH),
Negative Perforated lead Perforatem
electrode plates coated with plate coat ith Fe
zﬂzﬁzl_% pure lead
Q; Q; Q Electrolyte  Di 0% ion of
W5 abhsorbhe .}"f?._n

where Q, is the heat rejected to the sink
Power of a steam engine = 2 PLAN (watt)

2PLAN .
== (Horse power) where P is the pres-

sure of steam measured in Nm 2, L is
half the length of the stroke in metr
A is area of cross section of the pisto

in m2and N is number of strokes p@

isr ed’'to the souree
i @at hig b[

nergy tOybe supplied for this
purpose Q, .

=W+
Coefficier&formance (C.O0.P.) of
a

arefri is the ratio of the heat

T ,°K. Elec-

abs@r rom the sink (Q ,) to the elec-
c gy supplied (W) for this pur- pose

second.
Steam engine is an extern s- tion 6 ycleie.,
engine. There are inter bus- tion Cop.
engines like petrok, e and die- T w
engine. These are fo e en- giney: 3 Q, Q,/Q, T,/T,
. ) ie.,P= = =
- Carnot engin aw ideal he Q1-Q 1-Q/Q; 1-T/T
which is\@ Carnot Sy revessible T, 1-n
cycle. Its ing consists resteps TT-T, 1

viz.

is@rmal expa@ adiabatic
| ,isother& omp ression

3 dabatic co ion. The efffi-
cie of Carnot %ﬂe is given by
o
Q_, T
1= Q - T
wh is heat energy absorbed from the
S maintained at a constant
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Transfer of Heat: Three modes of trans-
fer of heat are : conduction; convec-
tion; and radiation. Coefficient of ther-
mal conductivity (K) of a solid conduc-
tor is calculated from the relation.

£=KA[£J
At Ax )

where A is area of hot face, AX is dis- tance
between the hot and cold faces,



AQ is the small amount of heat con- ducted
in a small time (Ax), AT is differ- ence in
temperature of hot and cold faces.

Here (AT / Ax) temperature gradient i.e.,
rate of fall of temperature with dis- tance
in the direction of flow of heat.

All liquids and gases are heated by con-
vection. Heat comes to us from the sun by
radiation.

Wien’s Displacement Law : It states
that the wavelength ( 2,) correspond-
ing to which energy emitted by a per-
fectly black body is maximum is in-
versely proportional to the temperature

(T) of the black body i.e., hma%or xmag

where b is a constant of proportionality

and is called Wien’s constant. Its value
isb=2.898 x 103 mK.

Stefan’s Law : It states that the
amount of energy radiated per sec

per unit area of a perfectly ac@
is directly proportional to rth

power of the absolute tem e of
the body i.e., E « T40r Eé& where o
is called Stefan’s const tSWalue is o

=5.67 x 108 watt
In case a perf ack body
perature T i pla in a at
en net am(@en
per second g€ t area by

temperatur.

ergy radi

thedla dy is givi o (T*- 74)
pody and encl@sure are not per-

fectly’ black and % relative emissiv-

waite.

E=e o(T* 4T,

NewﬁgLaw of Cooling : It states

that"the rate of loss of heat of a liquid is
i y proportional to difference in

temperature of the liquid and the sur-

ity e we, ma

roundings provided the temperature dif-
ference is small (= 30°C).i.e., E o (T-T,)

(ASTRONOMY )

It is a branch of science that deals with
the study of position, composition, mo-
tion and other related facts of heavenly
bodies.

Windows of Astronomy : The vi

Si
light and radio waves coming from@
heavenly bodies are two wind 0

study about the sun, star i.e.,%out

the ‘unive hence calle ws of

the as@. o

Un@ : The Ii@ expanse of
round i

tehp, stars, %etc.

Verse.

Main cg @ents of universe are: (i)
Solar % (ii) Stars (iii) Galaxies.

ng of solar sys-
is called uni-

ystem : It is the name given to
amily of sun. Our solar system con-
asts of sun, nine planets (Mercury, Ve-

us, Earth, Mars, Jupiter, Saturn, Ura-
nus, Neptune, Pluto) orbiting around
the sun, satellites (or moons) orbiting
around the planets, asteroids, comets
and meteroids.

Direction and time period of revolu-
tion of a planet about its axis: The
sense of rotation of all the planets (except
for Venus and Uranus) is normally from
west to east. For Venus and Uranus, the
sense of rotation is east to west and is
called retrograde. Our earth rotates about
its north axis to south axis from west to
east in 23 hrs. and 58.1 minutes.

Surface Temperature of a Planet : It

can be estimated by two methods.
E=sT*

(i) Using Stefan’s law, i.e,
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where E is the thermal energy emit-
ted per second per unit area of the
planet and T is its surface tempera-
ture, s is the Stefan’s constant.

(ii) Using Wien’s Displacement law.
AT =D
where 2, is the wavelength correspond- ing

to maximum intensity of radiation emitted
from the black body at tem-
perature T and b is the Wien’s con- stant.

- Existence of Atmosphere on a Planet : | .
The existence of atmosphere on a planet
can be decided by two factors :

@) Acceleration due to gravity; and

() Surface temperature of the planet.

The planets like Mercury, Mars and
Pluto have large value of acceleration

due to gravity but they have hlgh
perature also. With the increase in t

perature, the average velocity
gas molecules increases an es

more than their escape velo ¢ Due
to this, the gas molecule escaped
one by one and there mosphere.
- Chemical CompoN Atmosp
The spectrum o dlatlons i
by a plan s to d
ture of th S present tmo-
sphere Ianet In um,
d orrespond tlcular ele-
resent in th phere of that

f the line tells | _

p and mter%
about the relative ndance of the ele-

ment.

earth consists of 88%
oxygen  with som e
dioxide and water vapour.

conditions for the existence of life
on aplanet are :
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S

() There should be suitable tempera-
ture range as required for the life to
exist on a planet.

@ There should be proper atmosphere
free from poisonous gases.

@iy There should be plenty of water.

These conditions donot exist on any
other planet excep t o u r earth.
Hence, the life is not possible
any other planet except earth.

Sun‘: It is the nearest star that e gan
see. It is the heaviest bod olar
system. ItSalso known a dwarf
star.

ompo t|o e materlal of

sun i ogen about 21%
eI|um ining 2% all other
heavier nts from lithium to
uranl he temperature at the

the sun is about 14 x 10K
the surface is 6000 °K. The
&( sity of the material of the sun at
he surface is about 10“*kg m= and
at the centre is 10 kg m=.

@) Surface energy of the sun is due to
fusion process taking place inside
the sun, in which certain mass dis-
appears and equivalent amount of
energy is produced. The fusion re-
action can be represented as

4 H' - He*+ e°+126.7 MeV

Stars : A star is a fiery luminous body
which emits light of its own. After sun
the next nearest star to earth is Alpha
centauri. Its distance is 4.3 light years.

Brightness of a Star : The brightness of
a star is expressed through the system
of magnitude. Whereas the observed
magnitude of a star is the measure of its
brightness when observed from the



earth and absolute magnitude of a star
is the measure of its brightness at 10
per second distance.

Steller Spectra : The different stars are
of different colours and the spectrum
of a star is related to its colour. There
are seven classes of stellar spectra de-
noted by letters O,B, A, F, G, Kand M.

Our sun belongs to G class star.

Birth of a Star : When the interstellar
dust and gas particles come closer to
form a cloud due to gravitational force
of attraction between them, the birth of
a star begins if the original cloud has a
mass of at least one thousand solar
masses. As the particles of cloud come
closer, the gravitational attraction in-
creases. As the contraction of the clou
continues, the pressure and tempera-
ture of the cloud continues, the pres-
sure and temperature inside the cl
rise. At a certain stage, the ¢ udw
up into large number of fra of
smaller size and each fragm
ues to shrink and its te
tinues to rise. When t

a fragment reach s of degr
nuclear fu3|on take plac

to which the f t begins t
light energ m”its surf t be-
comes a st

perature of;

Star : orn star,
fusion p e hydrogen
erted into When the con-

tent’of hydrogen star decreases to a
certain pro io®, the core begins to

contract outer regions expand.
As a éthe surface temperature of star
dro the star becomes giant or
lant star. At the end, this star
produces energy at a very high rate to such

an extent that it explodes in the form of
nova or supernova, throwing

out the major portion of its mass into
interstaller space. This is the death of a
star. The core left behind may end in three
ways:

@) If the original mass of a star is less
than two times the mass of the sun,
a white dwarf is produced. When it
ceases to emit light, it becomes black
dwarf. &
@ If the original mass of a star |S®
tween 2 to 5 times the mas 6

sun, neutron star is pro
(i) ‘If the Gwiginal mass of IS more
th mes the (ﬁ&nass the

oIe is pro

ay o anga It is the

&e of th 0 which our earth

elongs. Thegilky way is the glowing

belt of th ormed by the combined
Ilght arge number of stars. It

m|Iky way or Akash Ganga

he light from the various stars

e er gives the impression of a stream

ilk flowing across the sky.

|Iky way is a spiral galaxy. Its mass is
150 solar masses.

Quasars : These are quasi-stellar Radio
sources. Quasars are situated at very
large distance from our solar system
and are further receding away with a
speed of 0.9 times the speed of light.

Pulsars : These are radio sources which
emit radio signals at extremely regular
intervals of time. Their origin is due to
neutron star.

Hubble’s Law : It states that the red
shift (z) is directly proportional to the
distance (r) of the galaxy from us i.e., z

a I but

_dAk _V _ speed of the galaxy
A C speed of light
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V
so—oror,Voror V=Hr
c

where H is called Hubble’s constant.
The quantity (I / H) has the dimensions
of time. Hubble’s law helps us to esti-
mate the age and evolution of the uni-
verse. The value of Hubble’s constant is
16 Km-sper million light year.

(INFORI\/IATION TECHNOLOGY )

[138]

All modes of long distance communi-
cation have been superceded by com-
munication through electrical signals,
as they can be transmitted at extremely
high speeds (-3 x 108m /s).

A basic communication system consists
of information source, transmitter, re-
ceiver and the link between transmltter
and receiver.

Modulation is the process of super-
posing an audio frequency oyer
a radio frequency carrier w&r ree
types of modulation are itude
modulation (AM), frequ modula-
tion (FM) and pul @ ion (PM).

In AM, amptlt h freq

carrier wave i proporti
S mplltu au-
dulating v,

the mstante

dio freque

In FM,@quency of wave is
accor d & |th t he in-

S eous val he m o dulat-

ingyvoltage. Ho r, the amplitude
of the carrigg Wave is kept constant.

Modulati
defin the ratio of maximum fre-
viation to the modulating fre-

que
y.
uency modulation is more advan-

tageous compared to the amplitude
modulation.

dex (m ,) of FM wave is

General Science

- Pulse modulation is a system in which
continous wave forms are sampled at
regular intervals. Information regard-
ing the signal is transmitted only at the
sampling times together with any syn-
chronizing pulses that may be required.

The analog pulse modulation is of two
types : pulse amplitude modulation

(PAM) an d pulse time modulation
(PTM).
The digital pulse modulation is aIs@

two types : pulse code mod
(PCM) an d pulse delta
(PDM).

- Demodud is the gev ocess of
modu which |s rmed in a
rec 0 recover |g|nal modu-

|gnal quency receiver

) and s dyne receives are
ommonly u demodulatlon

Data tran sion is through a modu-

Iator ﬁ ta retrieval is through a

- em is a modulating and demodu-

% g device that connects one com-
uter to another across ordinary tele-
phone line.

- Fax or facsimile telegraphy is the elec-
tronic reproduction of a document at a
distance.

- The term space communication refers
to the sending, receiving and process-
ing of information through space. The
information in the term of sound waves
can be sent from one place to another
place by superimposing it on undamped
electromagnetic waves of high fre-
quency called carrier waves. The re-
sulting wave so produced is called
m o dulated w ave w hich can travel
through space; with the velocity of light.
Our earth’s atmosphere helps in the
propagation of electromagnetic waves.



The electromagnetic waves of frequency
ranging from a few kilo hertz to about
a few hundred mega hertz (i.e., wave-
length 0.3 m or above) are called radio
waves.

The radiowaves emitted from a trans-
mitter antenna can reach the receiver
antenna by following any of the fol-
lowing modes of propagation :

® Groundwave orsu rface wave
propagation.

(i) Skywave propagation.
(i) Space wave propagation.

The radiowaves which travel through
atmosphere following the surface of the
earth are known as ground waves or
surface waves. The maximum range o
ground or surface wave propag
depends on (i) the frequency of the
dio waves; and (ii) power of the
mitter. The ground wave

is suitable for low and m fre-
guency (i.e. upto 2MHz o

The radiowaves off y ranging
from 2 MHz to re called
waves. They ca gate thro
mosphere an Iected ba
ionosphere f earth ’ s ere.

Since these ves travel sky,
thei @atlon is kn S sky wave

!CF) It is that

eial Frequ
radiowave which
normally) to-

highest frequ

when setﬁht (i.e.,

wards t r of ionosphere gets re-
flect%ﬂ ionosphere and returns to
the €arth® If the frequency of radiowaves
$e than the critical frequency, it
will'not be reflected by ionosphere.

Maximum Usable Frequency (MUF) :

It is that highest frequency of radiowaves
which when sent at some angle towards the
ionosphere gets reflected from that and
returns to the earth.

Skip Distance : It is the smallest dis-
tance fro m a trans mitter along the
earth’s surface, at which a sky wave of

a fixed frequency, but more than criti-

cal frequency is sent back to the earth.

Fading : It is the variation in the strer@
of a signal at a receiver due to im

ence of waves. Fading is more gh

frequencie o
Space Propagﬁ he space
Wav he radlo of very high
cy (i.e. 0 MHz to 300
&; orm space waves can
| throu osphere from trans-

0 receiver antenna ei-
or after reflection from

ther di
gro @n the earth ’s tro p os phere
r g@ he space wave propagation is
& own as line of sight propagation.
range of space wave propagation
an be increased by using repeaters at
suitable distances from each other on the
surface of the earth. The space wave
propagation is utilizing radio waves of
very high frequency (between 30 MHz
to 300 MHz), ultra high frequency and
microwaves. They are used in television

signal p ro p agation an d micro w ave
propagation.

mitter an

Satellite Communication : It is a mode
of communication of a signal between
transmitter and receiver through satel-
lite. The satellite communication is like
the line-of-sight microwave communi-
cation. A geostationary satellite is used
for satellite communication. The present
In dian commu nication satellites are
INSAT 2B and INSAT 2C.
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- Remote Sensing : It is a technique which
is used to observe and measure the char-
acteristics of the object with respect to
its location, size, colour, nature, etc. It
is related with measuring some kind of
energy which is emitted, transmitted or
reflected from the object. Remote sens-
ing systems provide us the data critical
to weather prediction, agriculture fore-
casting, resource exploration and envi-
ronmental monitoring. The Indian re-
mote sensing satellites are IRS-1A, IRS
1B and IRS-1C.

- Most commonly used wire communication
lines are :

@) Parallel wire line, (balanced lines)
@) Twisted pair wire lines; and

(i) Co-axial wire lines (unbalanced
lines).

- Energy is dissipated in a transmissi
line in three ways : Radiatiofgloss€s
conductor heating & the diele eat-

- A co-axial cable syst sists of a

t u be carrying r of co-a
cables togeth repeaters.4an

other anC|II|ar ment
k can be&b hed
waves, ., mi-

co-axial nd the lat-
al fibrecabl

- A teleph
using

al Commun n : It is a system
of communigétio® by which we trans-
fer the i tion over any distance
throu ptical range of frequencies.
The equencies used in fibre opti-

@tem are in between 10 #Hz to 4 x
z. (i.e. 100,000 to 400,000 GHz.).
Optical Fibre: It consists of a central
core made of glass or plastic which is
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surrounded by a cladding of material
of refractive index slightly less than that
of core and a protective jacket of insu-
lating material. There are three types of
optical fibre configurations:
(i) Single mode step-in dex fibre.
(if) Multi-mode step-in dex fibre.
(iif) Multi-mode graded-in dex fibre.

- Laser: Laser stands for light amplifi

tion by stimulated emission of radiat
The working of laser is based on inu-

lated emission of radiation/ ow-
ing types ser are used;

(i) Gasfasers (i) L|qU| %I) Solid
Ias emic du ers

t Modu S achleved by two

(|) Direct
ternal

tion (ii) Indirect or ex-

ation. Direct modulation

m system degradations but
% or external modulation does not.

% LIGHT

Light is a form of energy which pro-
duces the sensation of sight.

- Speed of light in vacuum / air = 3 x 108
ms-?

- Luminous Body : A body which emits
light of its own. For example, the sun.

- Non-luminous Body : A body which
does not emit light of its own but reflect
the light falling on it. For example, the
moon.

- Medium : Any substance through which
light may or may not pass is called me-
dium.

Transparent Medium : Ame dium



through which light can pass is called
transparent medium.

For example : Air, glass, clean water.

Translucent Medium : A me dium
through which only some parts of light
can pass is called translucent medium.

For example : Greased paper, butter pa- per,
ground glass, paraffin wax, etc.

Opaque Medium : A medium through
which light cannot pass .

For Examples
etc.

: Wood, stone, brick, iron,

Ray of Light : A line drawn in the direc-
tion of propagation of light is called ray
of light.

Reflection of Light : The phenomenon o

returning of light in the same medum
after striking a surface is called re%

tion of light.

Types of Reflection : E
(i) Regular reflection (ii) Ir reflec-

tion.

Reflector : A sur h reflects
light falling on | a reflect
reflecting surfa

Laws of R he n of
light fro face obe laws

reflectlon

to the reflected

Lateral ersion : The exchange of the
ri d left side of an object and its
image is known as lateral inversion.

- Number of images formed by two plane

mirrors inclined to each other at an angle
360

O:n=—--1

Periscope : A periscope is a device used
to see the objects from a lower level.

Concave Mirror. : Concave mirror is a
part of a hollow sphere whose outer

part is silvered and the inner part is
reflecting surface.

Convex Mirror : Convex mirror is
of a hollow sphere whose outer (part is

reflecting surface and inn ar sil-
vered.
Centre rvature ‘b}re of hol-
Iow r ic herical mir-
| entre of curva-
It is den
adius of ture : The radius of

of which the spherical

hollow
mlrroz%\s a part is called radius of

It is denoted by R.

 The mid point of a spherical mir-
is called its pole. It is denoted by P.

Aperture : The part of the spherical mir-
ror exposed to the incident light is called
the aperture of the mirror.

Principal Axis : A line joining the cen-
tre of curvature (C) and pole (P) of a
spherical mirror and extended on either
side is called principal axis.

Principal Focus : A point on the princi-
pal axis of a spherical mirror where the
rays of light parallel to the principal axis
meet after reflection from the mirror is
called principal focus. It is denoted by F.

Focal Plane: A plane normal or perpen-
dicular to the principal axis and passing
through the principal focus (F) of the
spherical mirror is called focal plane.
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- Focal Length: The distance between the
pole (P) and principal focus (F) of the
spherical mirror is called the focal length
of the mirror.

- Sign Conventions:

(1) All types of distance are measured from
the pole of a spherical mirror.

(2) Distance measured in the direction of
incident light are taken positive. Dis-
tance measured in the direction oppo-
site to that of the incident light are
taken as negative.

(3) The upward distances perpendicular
to the principal axis are taken as posi-
tive, while the downward distances
perpendicular to the principal axis are
taken as negative.

- Mirror Formula: The relation bet
u, v, and focal length (f) of the spher
mirror is known as mirror formula.

- Linear Magnification: Linea gﬂfl-
cation produced by a mirror fined
as the ratio of the size (or of the

image to the size of tI'G) t. It is de-
noted by m.

- Refraction of L|
direction of p |on of
goes from edlum t

dium is Qd refraction 0
- action :

() e incident \he refracted ray
and the ngrm g 0 the surface sepa-
rating media all lie in the
sam

@ i0 of the sine of the incident
gle to the sine of the refracted angle

sconstant for a pair of two media.

he chang
it
he me-

- Refractive Index (u) of a medium is
defined as the ratio of the velocity of
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light in vacuum or air to the velocity of
light in the medium.

- Principle of Reversibility of Light :

‘If the path of a ray of light is reversed
after suffering a number of refractions
and reflections, then it retraces its path °.
This is known as principle of reversibility

he phe-

t when
dium falls
e rarer me-
ium at an angle
aI angle is called

_ Real depth
- Apparent depth

Internal Reflectio
ection oft
inad

urface separ

the d
r than
otal internal

- Condltlo otal Internal Reflec-
tion : §
nal reflection of light takes place
the light travels from denser medium
to rarer medium.

- Total
nomenon
light tr

n t

(@ the angle of incidence is greater
than the critical angle for the given
pair of denser and rarer media.

- Lens : Lens is a transparent medium
bounded by two refracting surfaces.

- Convex Lens or Converging Lens : A lens
having both spherical surfaces or one
spherical and the other plane such that it
is thick in the middle and thin at the
edges is known as convex lens or
converging lens.

- Concave Lens or Diverging Lens : A lens
having both spherical surfaces or one
spherical and other plane such that it is
thin in the middle and thick at the



edges is known as concave lens or di-
verging lens.

Principal Axis : A line joining the cen-
tre of curvature to two spherical sur-
faces forming a lens is called principal
axis.

Optical Centre : A point in a lens through
which rays of light passes undeviated. It is
denoted by C.

Principal Focus : A point in the principal
axis where all rays of light parallel to the
principal axis meet or appear to meet
after passing through the lens is called
principal focus of the lens.

Focal Length : The distance between the
principal focus and optical centre of a
lens is known as focal length of the lens.
It is denoted by f.

Principal Foci : A beam of light may
on either side of a lens. Therefore,
has two principal foci. They

d
noted by F, and F,. Both pr@ foci
are equidistant from the op?’& tre.

First Principal Focus (FF9%: “Phe position

of a point on the ipalaxis of a

so that the rays of L rting fro

point after p hrough S
travel parall e prin is is
called first ipal focus (F

Fir, lane : A vegticak plane pass-
i ugh the' firstQprifiCipal focus is
ca st focal pl

First Princip oeal Length : The dis-
tance bet e optical centre and
the fi%icnc pal focus is called first

al length. It is denoted by

princi
ecomd Principal Focus (F ,) : The posi-

tion of a point on the principal axis of a
lens where a beam of light parallel to the

@

@ il
propagati
aré taken

©)

principal axis meets or appears to meet after
passing through the lens -is called second
principal focus (F,).

Second Focal Plane : A vertical plane
passing through the second principal fo-
cus is called second focal plane.

Second Principal Focal Length : The
distance between the optical centre and
the second principal focus is called se
ond principal focal length. It is den@
by f,. c)
Sign Conventions : \.

om the

All distafices, are mgas

optica eofa Iens.}
measuped G e direction of

incident ray of light
jitive, while distance

easured Jd irection opposite to the
directi incident ray of light are
taken4a§, negative.

%jew height with respect to the prin-

axis are taken as positive, while

%ownward heights with respect to the

principal axis are taken as negative.

Lens Formula : The relation between
object distance (u), image distance (V)
and focal length () of a lens is called lens
formula.

Power of a Lens is defined as the recip-
rocal of the focal length of the lens. It is
denoted by P.

Unit of power of a lens is dioptre (D).

Dispersion : The phenomenon of split-
ting white light into seven colours when
it passes through a glass prism is called
dispersion of white light.

Monochromatic Light : A light consist-
ing of only one colour or only one wave-
length is known as monochromatic light.
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Microscope & Telescope

Compound Microscope
It is used to observe tiny objects.

The focal length of the objective
lens is small.

The focal length of the eyepiece is
large.

The second focal point of objective
lens and first focal point of eye-
piece are separated by the
distance equal to tube length

of the microscope.

Astronomical Telescope

It is used to observe large and distant
objects.

The focal length of objective lens is
large.

The focal length of eyepiece is small.

The second focal point of objective
lens coincides with the first focal
point of the eye-piece.

Polychromatic Light : A light consisting
of more than two colours or more than
two wavelengths is known as polychro-
matic light.

For example, White light.

Spectrum : A band of seven colours o
white light is known as spectrum.

Pure Spectrum : A spectrum in w

various colours of white light gccu -
tinct positions without overla ch
other on the screen is called pure rum.

Persistance of visio is@ Rsecond.
which ahsgo

Pigments : A substa
most of the coJOursYof white light Sand
reflects one re colours pig-
ment.

: % ours : The s which are
’ % ptained by mixing” two or more
coldugs’are called colours.
Example : %ﬂm and Green.
Secondar ours : When any two
prima&ours are mixed, then a new
colo formed. This new colour is

k‘% as secondary colour. Thus, the
colO®r obtained by mixing two primary

colours are known as secondary colour.
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Example : Yellow, Magenta Cys.
Compli y Colgur ny two
colours aid to be of compli-
men@ olours 4f tﬁé roduce white
Ijﬂ: en mi e‘( r.

rimary Pigméntsy~ Yellow, Cyan and

agenta examples of primary
pigment

Seco, Pigments : When a pair of
i pigments are mixed together,
t a new pigment known as sec-

dary pigment.

(ELECTRICITY)

Electric Potential : Work done per unit
charge is called electric potential.

Unit of Potential : S.1. unit of potential is
volt.

Potential is a scalar quantity.

Potential Difference : Potential differ-
ence between two points is defined as
the work done in moving a unit positive
charge from one point to another point.

Potential difference is a scalar quantity.

Equipotential Surface : A surface whose
every point has the same potential is
known as equipotential surface.




Electric Current : An electric current is
defined as the amount of charge flowing
through any cross-section of a conduc-
tor in unit time.

Units : S.I. unit of electric current is
ampere (A).
Ampere (A) : Electric current through a

conductor is said to be 1 ampere if one
coulomb charge flows through any cross-
section of the conductor in one second.

Electric current is a scalar quantity.

Ohm’s Law : This law states that, ‘the
electric current flowing in a conductor is
directly proportional to the potential dif-
ference across the ends of the conduc-
tor, provided the temperature and other
physical conditions of the conductor re-
mains the same’.

Resistance (R)

ctor is
i . Resistance of a con
tor is the ability of the conductor@

pose the flow of charge throu

Unit of resistance is ohm.

Ohm : Resistance of a [
to be 1 Ohm if a pm@ifference 0
0

volt across the en
duces a current a

Laws of Resi : b
ce of a con depends

o~
e natur& material of

conductor
(@ XResistance of aseonductor is directly
igpal %o the length of the

ce of a conductor is inversely

oportional to each of crosssection
the conductor.

@ Resistivity of metallic conductor in-
creases with the increase of tem-

perature and decreases with the de-
crease of the temperature.

- Resistivity or Specific Resistance : Re-
sistivity is defined as the resistance of
the conductor of unit length and unit
area of cross-section.

- Unit of Resistivity :
In CGS system, unit of resistivity is ohm-

-

In SI system, unit of resistivity is oh
metre.

- Conducta : Conductan con-
ductor | ablllty !) arge or
curre h it.

aw of
mount 0 uced in a con-

roportlonal to the square
electric cu rrent flo wing

rbugh it.
@&ﬂirectly proportional to the resis-

tance of the conductor.

(i) directly proportional to the time for
which the electric current flows
through the conductor.

- Electric Fuse : Electric fuse is a safety
device used in an electric circuit or elec-
tric appliance.

- Electric Energy : The work done by a
source of electricity to maintain a cur-
rent in an electric circuit is known as
electric energy.

- Electric Power : Electric power is de-
fined as the amount of electric work done
in one second.

Unit of Power: S.I. unit of power is watt.
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Practical unit of power is horse power (h.p.)
1hp.=746 W

Commercial Unit of Energy : kilowatt-
hour (KWH)

1 kWh = 3.6 x 108)

Electrolysis : The process by which a
substance is decomposed by the passage
of electric current through it is called
electrolysis.

Electrolytes : Substances which in mol-
ten state or in agueous solution conduct
electricity by decomposing into negative
and positive ions are called electrolytes.

Strong Electrolytes : Substances which in
molten state or in aqueous solution
completely decompose into negative and
positive ions are called strong electro-
lytes.

Weak Electrolytes : Substances
in molten state or aqueous s
tially decompose into negativ 0Si-
tive ions are called weak eI
Mercury is a liquid whij
tricity without dec 0 |nt0 ions.
Electrodes : T
plates throug an elgctri
enters or le e electrol re
electrodeQ

el “PhHe positiv@de is called

: The eg% electrode is called

cathode. ‘é )
lon : hich has either lost or
gaine ons is called ion.

Ani@ay: When an atom gains electron or
e ns, it becomes negatively charged
ion known asanion.
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Cation : When an atom loses electron or
electrons, it becomes positively charged ion
known as cation.

Electrolytic Cell or Voltameter : A ves-
sel containing electrolyte and electrodes
in which electrolysis takes place is called
voltameter.

When an electrolyte in a solid state is
dissolved in water, it decomposes int
ions as the force of attraction betwee

ions decrease by a factor of — in @r.

Faraday’s s of Electrol
Ist La he mass ‘3 substance

I|ber an electr dlrectly pro-
to the a& ing through the
Iyte
,Maqo q orm = ZIt
2nd La me amount of charge flows

throu rent electrolytes, the masses of
subs s liberated or depos- ited at
des are directly propor- tional to their

mical equivalents.

lectro-chemical Equivalent (Z) is de-
fined as the mass of the substance liber-
ated at an electrode per unit charge flow-
ing through theelectrolyte.

Unit of Z is kg / coulomb or g / coulomb.

Chemical equivalent

Atomic mass

Valency

Electroplating : The process of deposit-
ing a layer of superior metal over an-
other cheaper metal or article by elec-
trolysis is called electroplating.

Electro-chemical Cell : A device in
which a constant potential difference is
maintained between two electrodes by a



chemical reaction is called electro chemi-
cal cell.

E.M.F. of a Cell is the potential differ-
ence between two electrodes when no
current is drawn from the cell.

Terminal Voltage of a Cell is the po-
tential difference between two electrodes
when current is drawn from the cell.

Internal Resistance of a Cell is the re-
sistance offered by a cell to the flow of
current through it.

Types of Electrochemical Cells: (i) Pri-
mary cells (ii) Secondary cells.

Primary Cell converts chemical energy
into electrical energy by irreversible
chemical reactions.

Secondary Cell : A cell in which electri-
cal energy is stored in the form of chéfgi-
cal energy and then chemical energ
obtained in the form of electrical a
by reversible chemical reactionSyis ed
a secondary cell.

Internal resistance of y cell is

higher than that of ry cell.
Voltaic Cell is cell in
dilute H,SO, is s electrol
and Copper p afe used e
and anode
uffers fro defects: (i)
on (ii) polar|

Itaic cell =1.08 V.

Polarization i e. process of formation
of hydrog bbles on the electrode of

ing the e.m.f. of the cell to

Polarization can be removed by a sub-
stance known as depolarizer, MnO ,and

CuSO, are the examples of depolarisers.

- Daniel Cell : Electrolyte used is dilute
sulphuric acid. Copper sulphate (CuSO ,)

acts as depolarizer E.M.F. of Daniel cell
= 1.5V.

- Leclanche Cell : Electrolyte used is am-
monium chloride solution, MnO , acts as
depolarizer, E.M.F. of Leclanche cell =
1.5V.

- Dry cell is the modified and port@
form of a Leclanche cell.

- Primary cells cannot be re—c%(bwhile
second&@can be rg-cw

eld : Th
in which its

- Mag
cu arryin
n%r)e ic eff experienced is
al dmagne% :
- axwell’s@ Screw Rule : If a cork

screw i n in the direction of cur-

rent through the wire, then the

ti the thumb shows the direction
magnetic field.

- ht Hand Thumb Rule : If a current
carrying conductor is imagined to be held
in the right hand such that thumb points
in the direction of the current, then the
fingers of the hand indicate the direction
of magnetic field.

around a

- Solenoid: A solenoid is a coil of many
turns of an insulated wire closely wound
in the shape of a cylinder.

- Uniform Magnetic Field : Magnetic field
is said to be uniform if its magnitude is
equal and direction is same at every point
in the space.

- Electromagnets : When a soft iron bar is
placed inside a solenoid carrying cur-
rent, it becomes a magnet as long as
current passes through the solenoid.

Physics [147]



Such magnets are known as electromag-
nets.

- Electromagnetic Induction : Whenever
m agnetic flux linked with a circuit
changes, an induced e.m.f. is set up across
the circuit. This effect is known as elec-
tromagnetic induction.

- Faraday’s Law of Electromagnetic In-
duction :

First Law : Whenever magnetic flux
linked with a circuit changes, induced
e.m.f. is produced across it. This induced
e.m.f. last so long as the change in mag-
netic flux continues.

Second Law The magnitude of the
induced e.m.f. produced in the circuit is
directly proportional to the rate of change of
magnetic flux linked with it.

- Lenz’s law of Electromagnetic In
tion : According to this law, the
tion of induced current is ay
that it opposes the cause produ i

Lenz’s law is in accorda
law of conservatlon of e

- Electric Motor : otor co
electric energy |n mcal ene

- D.C. Genera yna evice
which con echanlcal into
direct c t energy |s C gen-
er amo

- Di urrent ; &Iectric current
who magnitude%either constant or
variable but direction of flow in a
conductor alns the same is called

r ose magnitude changes with time
a irection reverses periodically is
called alternating current. It is denoted
by A.C.

direct c t. Itis donated by D.C.
- Altﬁﬁa Current : An electric cur-
n i

[148]  General Science

Joule’s Law of Heating : It states that
the amount of heat produced in a con-
ductor is directly proportional to the-

@ square of the cu rrent flowing
through the conductor.

@) resistance of the conductor and

@iy time for which the current is passed.
Electric Power: It is defined as the rat&
at which work is done in maintair@

the current in electric circuit.

Electric power, P = VI = IZR%Q

watt or jo second- ¢

Electr rgy : TR %ic energy

in a circ efmed as the
rk do taining the cur-
in an lxlrcmt for a given
|me
Electrlc E@ Vit=Pt=12Rt=V24/

1.Qdnit " of electric energy is joule (de-
ed by J) where 1 joule = 1 watt x 1
cond =1 volt x 1 ampere x 1 second

Commerc:lal unit of electric energy is
kilowatt hour (kwWh)

where 1kWH = 1000 Wh = 3.6 x 108]

Electrolysis : The process of decompo-
sition of a solution into ions on passing
the current through it is called elec-
trolysis.

Electrolyte : It is a substance which
allows the current to pass through it
and also decomposes into positive and
negative ions. For example, acids, bases,
salts dissolved in water, alochol are com-
mon electroytes. Agl is a solid state
electroyte and KCI, NaCl are electro-
lytes in their molten state.

Electrodes : These are the two metal



plates which are partially dipped in
the solution for passing the current
through the electroyte.

Anode : The electrode connected to the
positive terminal of the battery i.e., the

electrode at higher potential, is called
anode.
Cathode : The electrode connected to

the negative terminal of the battery i.e.,
the electrode at lower potential, is called
cathode.

lons : The charged constitutents of the
electrolyte which are liberated on pass-
ing current are called ions.

Anions : The ions which carry negative
charge and move towards the anode
during electrolysis are called anions.

Cations : The ions which carry positive
charge and move towards the cath
during electrolysis are called catio&(

Voltameter : The vessel, conta ec-
trodes and electrolyte, in whi elec-
trolysis is carried out is caﬂ? voltame-
ter. In copper voltam electrodes
are of copper pla ectrolyte i
aqueous solution 04 Durin

emoved %
e of

sited at th
er the elec

e is acidu-

W|th a small

d During elec-

berated at cathode

rie., wate

Laws of Electrolysis.

aw : The mass of the substance
liberated or deposited at an electrode
during electrolysis is directly propor-

tional to the quantity of charge passed
through the electrolyte i.e.,

M oc(

or,m=1zq

where z is the E.C.E. of the substance.
Second Law : When same amount of
charge is made to pass through any num-
ber of electrolytes, the masses of the sub-

stances liberated or deposited at the el
trodes are proportional to their che@

. . m; _E;

equivalents e, | = - whw}.m2 are

the ma ofthe subﬁan‘# erated or

dep %ectrod electroly-
thelr chemical

uiva ents
Faraday’s se d W of electrolysis also
states tha . of a substance is di-

|onal to the chemical

rectly
equij i.e., Z«E.
y constant

hus Faraday constant is equal to the
amount of charge required to liberate
the mass of a substance at an electrode
during electrolysis, equal to its chemi-
cal equivalent in grams.

One Fara d ay = 1F = 96500 C / g m
equivalent.

Electrical Cell : It is a device by which
electric current is generated due to
chemical action taking place in it. Elec-
tric cells are of two types: (i) Primary
cells (ii) Secondary cells.

Primary cell is that cell in which electri-
cal energy is produced due to chemical
reaction which is irreversible. For ex-
a mple : Voltaic cell, Daniel cell,
Leclanche cell, dry cell, etc.
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- Secondary cell is that cell in which the
electrical energy isfirst stored up as chemi-
cal energy and when current is drawn
from the cell, the stored chemical energy
is converted intro electrical energy. The
chemical reaction is reversible in this cell.
These cells are also known as storage
cells or accumulators. Examples are Acid
or Lead accumulator and Alkali or Edison
cell.

- Seebeck Effect : It is the phenomenon
of generation of an electric current in a
thermocouple by keeping its two junc-
tions at different temperatures.

Seebeck found that the magnitude and
direction of thermo e.m.f. developed in
a thermocouple depends upon: (i) the
nature of metals forming a thermo-
co uple; and (ii) difference

te mep rat ure of the two junctio
Seeback effect is a reversible effec
means

, if hot and cold ju tio@re
inter-changed, the direction o-
electric current is reversed.

- Thermocouple : The y of two
different metals j Q their ends

have two junctio circuit is
a thermocouples

- Seeback S : ‘Seeback, ex-
perime

estlgatlo nged a
metals in e known as
series. Sorr&og e metals, in

ies, in the eeback arranged

them are bismuth,ickel, platinum, sil-
ver, gold, er® lead, zinc, iron and
antimon

- Direc'@f thermo-electric current in
copper-iron thermocouple is from cop-
iron through hot junction. In Sb-

i, ther m oco uple, the direction of
thermo-electric current is from Sb to Bi

through cold junction.

[150] General Science

- Neutral Temperature : It is that tem-
perature of hot junction for which the
thermo e.m.f produced in athermo-
couple is maximum. Neutral tempera-
ture depends upon the nature of the
material of a thermocouple but is inde-
pendent of the temperature of the cold

junction
- Temperature of Inversion

i Dt is tha@
temperature of hot junction at whi
the thermo e.m.f. produced in a e@
couple becomes zero and just beb, it
t

reverses its direction. The em-

peratu@yersmn de pon 0]

the te ure of junction;

and the nature nals forming
%ﬁ couples

-)Sources of e \Renewable sources

sources.

d Non-rene

the energy emitted by
the form of heat and light.

ght consists of seven colours i.e.,
Orange, Yellow, Green, Blue,
igo, Violet.

Wavelength range of visible light is from
0.4 micron to 0.7 micron.

- Red light has the longest wavelength
and violet light has the shortest wave-
length.

- Infra-red rays are emitted by all hot bod-
ies.

- Infra-red rays are absorbed by CO , and

water vapours in the atmosphere of the
earth.

- Ultra-violet rays are harmful radiations
and cause diseases like cancer and leu-
kemia.

- Ultra-violet rays are absorbed by ozone
layer of atmosphere.



Light is a stream of packets of energy
called photons.

he

Energy of each photon, E = hv =

Solar energy is harnessed by solar de-
vices like solar cooker, solar furnance,
solar cell, etc.

Nuclear fusion reactions are the source
of energy of the Sun.

Nuclear fusion reactions occur at about
107°C.

German physicist Hans Bethe in 1939,
predicted that nuclear fusion of hydro-
gen nuclei in the Sun is the source of
energy of the Sun.

Atom consists of three particles namely
proton ( H?), neutron (n*) and electron

(,€).

Nucleus of an atom contains prot

and neutrons and hence i @;Iy
charged.

Electrons move around the in cir-
cular orbits.
Number of protonx‘

atom is equal to ber of el
revolving aro i
cally neutra

Mass of ron = 9.1 x
2x 1072

Fneutron = J% 0?7kg.

Charge on an “legtfon = -1.6 x 10™C.

Charge on n=+1.6x 10%°C.

Protons Neutrons inside the nucleus
ively known as nucleons.

are c
% Number (Z) of an atom is equal to
the number of protons in the nucleus of

the atom.

- Isotopes

-Ga

- Mass Number (A) of an atom is the sum

of the number of protons and neutrons
in the nucleus of the atom i.e. A=2Z + N.

: The atoms of an element hav-
ing same atomic number (Z) but differ-
ent mass numbers (A) are known as iso-
topes of the element.

- All isotopes of an element have the same
chemical properties.

- Radioactivity is the phenomenon of

taneous emission of invisible ra
by heavy elements.

- Radioacti as dlssov Henr|
Becq
- ations IQ) by radioactive
nts are ticles (,He*), beta
ar |cles (€9 ma rays (y). These

adiations a r armful to the living

organi
Aiys have the highest penetrat-

er than the other two radia-

%adio Isotopes are the isotopes of radio-
active elements.

- Nuclear forces keep the nucleons inside

the nucleus. Small nuclei are stable and
big nuclei are unstable.

- Nuclear fission is the process of splitting

a heavy nucleus into two small nuclei of
middle weight with the release of large
amount of energy.

- Uranium-235, isotope of Uranium is used

as a fuel in nuclear fission.

- Energy released in a single nuclear fis-

sion of U-235 is about 200 MeV.

- Uncontrolled chain reaction is the prin-

ciple of atom bomb.

Physics [151]



- Nuclear reactor is a device to carry out ter and graphite are the examples of

controlled chain reaction. moderator.
- Nuclear fission reaction starts when U- - Cadmium rods are used to increase or
235 absorbs a slow neutron. decrease the nuclear fission reactions in

- Moderator is a substance used to slow the nuclear reactor.

down fast moving neutrons. Heavy wa-

‘@ Q\,&
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