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PHYSICS FOR RRB ALP STAGE-II EXAM 
 

FORCE AND NEWTON’S LAW OF MOTION 
 
Newton’s First Law of Motion 
A body continues in its state of rest or of uniform motion 
in a straight line unless an external force acts on it. It is 
based on law of inertia. Inertia is the property of a body 
by virtue of which is opposes any change in its state of 
rest or of uniform motion in a straight line. 
 
Inertia of Rest  
When a bus or train at rest starts, to move suddenly, the 
passengers sitting in it jerk in backward direction due to 
their inertia of rest. 
The dust particles come out from a carpet when it is 
beaten with a stick due to their inertia of rest. 
A passenger jumping out from a rapidly moving bus or 
train is advised to jump in forward direction and run 
forward for a short mile due to inertia of rest. 
 
Inertia of Motion 
When a running bus or train stops suddenly, the 
passengers sitting in it jerk in forward direction due to 
the inertia of motion. 
 
Momentum 
The momentum of a moving body is equal to the product 
of its mass and its velocity. 
 
Conservation of Linear Momentum 
The linear momentum of a system of particles remains 
conserved if the external force acting on the system is 
zero. 
Rocket propulsion and engine of jet aeroplane works on 
principle of conservation of linear momentum. In rocket, 
ejecting gas exerts a forward force which helps in 
accelerating the rocket upward. 
 
Newton’s Second Law 
The rate of change of momentum of a body is directly 
proportional to the force applied on it and change in 
momentum takes place in the direction of applied force. 
F=∆p/∆t=m∆v/∆t=ma 
 
Newton’s Third Law 
For every action, there is an equal and opposite reaction 
and both act on two interacting objects. Rocket is 
propelled by the principle of Newton‟s third law of 
motion. 
 
Impulse 
A large force which acts on a body for a very short 
interval of time and produces a large change in its 
momentum is called an impulsive force. 

 Its unit is newton-second. 
 A fielder lowers its hand when catching a cricket ball 

because by lowering his hands, he increases the time 
of contact for stopping the ball and therefore fielder 
has to apply lesser force to stop the ball. The ball will 
also exert a lesser force on the hands of the fielder 
and the fielder will not get hurt. 

 Wagons of a train are provided with the buffers to 
increase the time of impact during jerks and 
therefore, decreases the damage. The vehicles like 
scooter, car, bus, truck etc. are provided with 
shockers. 

 
Friction 
 
Friction is a force which opposes the relative motion of 
the two bodies when one body actually moves or tries to 
move over the surface of another body. 
The cause of friction is the strong atomic or molecular 
forces of attraction acting on the two surfaces at the 
point of actual contact. 

 
 

Uses of Friction 
A ball bearing is a type of rolling-element that uses balls 
to maintain the separation between the bearing races. 
The purpose of a ball bearing is to reduce rotational 
friction and to support loads (weight). 
 Friction is necessary for walking, to apply brakes in 

vehicles, for holding nuts and bolts in a machinery 
etc. 

 Friction can be decreased by polishing the surfaces 
by using lubricants or by using ball bearings. 
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 Tyres are made of synthetic rubber because its 
coefficient or friction with road is larger and 
therefore, large force of friction acts on it, which 
stops sliding at turns. 

 The tyres are threading which also increases the 
friction between the tyres and the road. 

 When pedal is applied to a bicycle, the force of 
friction on rear wheel is in forward direction and on 
front wheel is in the backward direction. 

 
Loses due to Friction 
 
Too much Loss of Energy in machines and then 
ultimately the machines are damaged. 
 
Laws of Limiting Friction 
 
 It depends on the nature of the surfaces in contact 

and their state of polish. 
 It acts tangential to the two surfaces in contact and 

in a direction opposite to the direction of motion of 
the body. 

 The value of limiting friction is independent of the 
area of the surface in contact so long as the normal 
reaction remains the same. 

 The limiting friction (fs max ) is directly proportional 
to the normal reaction R between the two surfaces. 

 

Gravitation 
 
Each and every massive body attracts each other by 
virtue of their masses. This phenomenon is called 
gravitation. 
 
Newton’s Law of Gravitation 
 
The gravitational force acting between two point objects 
is directly proportional to the product of their masses 
and inversely proportional to the square of the distance 
between them. 
 
Gravitational force (F) = (Gm₁ m₂)/r² 
 
where, G is universal gravitational constant.  Its value is 
6.67 × 10-¹¹  N –m²kg^(-2). 
Gravitational force is a central as well as conservative 
force. 
   
Acceleration Due to Gravity of Earth  
 
The uniform acceleration produced in a freely falling 
body due to the earth‟s gravitational pull, is called 
acceleration due to gravity, g = GM/R² 
 
where, M = mass of the earth, R = radius of the earth. 
 

The value of g changes slightly from place to place but 
its value near the earth‟s surface is 9.8 ms^(-2). 
Gravitational force is the weakest force in nature. It is 
10³⁶ times smaller than electrostatic force and 10³⁸ 
times smaller than nuclear force. 
 
Factors Affecting Acceleration due to Gravity 
 
 Shape of Earth - Earth is not completely spherical its 

radius at equator is approximately 42 km greater 
than its radius at poles.  

 The value of g is maximum at poles and minimum 
at equator.  

 There is no effect of rotation of the earth at poles 
and maximum at equator. 

 Effect of Altitude - g decreases with altitude. 
 Effect of Depth - g decreases with depth and 

becomes zero at centre of the earth. 
 
Mass and Weight 
 The mass of a body is the quantity of matter 

contained in it. It is a scalar quantity and its SI unit is 
kg.  

 Mass is measured by an ordinary equal arm 
balance.  

 Mass of a body does not change from place to place 
and remains constant.  

 The weight of a body is the force with which it is 
attracted towards the centre of the earth. Weight of 
a body (w) = mg  

 
The centre of gravity of a body is that point at which 
the whole weight of the body appears to act. 
The centre of gravity of a body can be inside the 
material of the body or outside it. It is a vector quantity 
and its SI unit is newton (N). It is measured by a spring 
balance. Weight of a body is not constant it changes 
from place to place. 
 
Weight of a Body in a Lift 
 When lift is rest or in uniform motion – The weight 

recorded in spring balance (i.e. apparent weight) is 
equal to the real weight of the body w = mg. 

 When lift is accelerating upward – The weight 
recorded in spring balance is greater than then real 
weight of the body w‟ = m(g + a) 

 When lift is accelerating downward – The weight 
recorded in spring balance is smaller than the real 
weight of the body w‟ = m(g – a). 

 When lift is falling freely under gravity – The 
apparent weight of the body 
w' = m (g – g) (∵ a = g) 
w‟ = 0 

 
Therefore, body will experiences weightlessness. 
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Weight of a Body at the Moon 
 As mass and radius of moon is lesser than the earth, 

so the force of gravity at the moon is also less than 
that of the earth. It‟s value at the moon‟s surface is 
g/6. 

 
 

KINEMATICS 
 
UNIFORM MOTION 
If an object moving along the straight line covers equal 
distances in equal intervals of time, it is said to be in 
uniform motion along a straight line. 
 
NON UNIFORM MOTION 
The motion is said to be non-uniform when it covers 
unequal distances in equal intervals of time, for 
example, when a car is moving on a crowded street or a 
person is jogging in a park. 
 
DISPLACEMENT 
Displacement is defined as the change in position in a 
regular interval of time. Displacement has both 
magnitude and direction. 
 
AVERAGE SPEED 
The average speed of an object is obtained by dividing 
the total distance travelled by the total time taken. 

 
 
AVERAGE VELOCITY 
Average velocity is defined as the change in position or 
displacement (∆x) divided by the time intervals (∆t), in 
which the displacement occurs. 

 
 
In case the velocity of the object is changing at a uniform 
rate, then average velocity is given by the arithmetic 
mean of initial velocity and final velocity for a given 
period of time. 

 
 
ACCELERATION 
It is a measure of the change in the velocity of an object 
per unit time. 

 
 
If the velocity of an object changes from an initial value 
u to the final value v in time t, the acceleration a is, 

 
The acceleration is taken to be positive if it is in the 
direction of velocity and negative when it is opposite to 
the direction of velocity. The SI unit of acceleration is m 
s⁻². 
 
 
 If an object travels in a straight line and its 
velocity increases or decreases by equal amounts in 
equal intervals of time, then the acceleration of the 
object is said to be uniform. E.g  The motion of a freely 
falling body. 
 An object can travel with non-uniform 
acceleration if its velocity changes at a non-uniform rate. 
For example, if a car travelling along a straight road 
increases its speed by unequal amounts in equal 
intervals of time, then the car is said to be moving with 
non-uniform acceleration. 
 
UNIFORM CIRCULAR MOTION 
If an object moves in a circular path with uniform speed, 
its motion is called uniform circular motion. 

 

WORK AND ENERGY 
WORK 
Work done on an object is defined as the magnitude of 
the force multiplied by the distance moved by the object 
in the direction of the applied force. 
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Work done = force × distance 
= F × s     
 
1 Joule = 1 Newton × 1 metre. 
   
The unit of work is joule. 
 
 When both the force and the displacement are in the 

same direction, positive work is done.  
 When force acts in a direction opposite to the 

direction of displacement, the work done is negative. 
 
ENERGY 
The energy of a body is its capacity of doing work. The S. 
I. unit of energy is Joule (1 KJ = 1000 J). 
 
Forms of Energy 
There are many forms of energy, such as kinetic energy, 
potential energy, etc. 
 
Law of Conservation of Energy 
Energy cannot be created and cannot be destroyed. We 
can only change the form of energy. This law is called 
the Law of Conservation of Energy. 
 
KINETIC ENERGY 
Kinetic energy is the energy possessed by a moving body 
by virtue of its motion. 
 

 
Here, 
m= Mass of object 
v= Speed of object 
 
POTENTIAL ENERGY 
Potential energy is the energy possessed by the body due 
to its position or shape. It is also referred as stored 
energy. 
 
Potential energy(P.E) = mgh 

 
 
GRAVITATIONAL POTENTIAL ENERGY 
It is the energy possessed by a body due to its position 
above ground. The general form of gravitational 
potential energy is 
 

P.E. = − GMm/r,  
 
where M and m refer to the masses of the two bodies 
being separated; 
r is the distance between the centers of the masses. 
 
ELASTIC POTENTIAL ENERGY 
It is the energy stored in a spring. The magnitude of the 
force required to stretch a spring is given by 
 
F = − kx,  
 
where x is the distance of stretch (or compression) of a 
spring from the unstressed position, 
k is the spring constant. 
 
MECHANICAL ENERGY 
It is defined as the sum of kinetic and potential energy. 

 
COMMERCIAL UNIT OF ENERGY 
Since joule is very small, thus, large quantity of energy is 
expressed in kilo watt hour and is written as kWh. KWh 
is the commercial unit of energy. 
 
1 unit = 1 kWh 
 
1 kWh is the energy consumed by a device of 
power 1 kW in 1 hour. 
1 kWh = ( 1 kW)(1 hr) 
 
      = 3600,000 J 

 
 

SOUND 

 Sound is a mechanical energy which produces 
sensation of hearing. Sound is produced due to 
vibration of different objects. 

 Sound wave propagates as compressions & 
rarefactions in the medium. Sound waves 
are longitudinal waves. 

 
Production of Sound: Sound is produced by vibrating 
objects. Vibration means a kind of rapid to and fro 
motion of an object. The sound of the human voice is 
produced due to vibrations in the vocal cords. 
 
Propagation of Sound: The matter or substance 
through which sound is transmitted is called a medium. 
It can be solid, liquid or gas. Sound moves through a 
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medium from the point of generation to the listener. 
Sound waves are produced due to variations in pressure 
& density of the medium. 
 
TYPES OF WAVES 
On the basis of direction of propagation, waves can be 
divided into 2 types: 

 
 
LONGITUDINAL WAVES: In these waves the individual 
particles of the medium move in a direction parallel to 
the direction of propagation of the disturbance. The 
particles do not move from one place to another but 
they simply oscillate back and forth about their position 
of rest. E.g. Sound waves. 
 
TRANSVERSE WAVES: In these waves, particles do not 
oscillate along the line of wave propagation but oscillate 
up and down about their mean position as the wave 
travels. E.g. Light is a transverse wave. 

 
CHARACTERISTICS OF A SOUND WAVE AND 
RELATED TERMS 

 
 Compression(C): These are the regions of high 

pressure and density where the particles are 
crowded and are represented by the upper portion 
or peak of the curve called crest. 

 Rare-factions(R): These are the regions of low 
pressure and density where the particles are spread 
out and are represented by the lower portion of the 
curve called trough or valleys. 

 Amplitude: The magnitude of the maximum 
disturbance in the medium on either side of the 
mean value is called the amplitude of the wave. It is 

usually represented by the letter A. For sound its 
unit will be that of density or pressure. 

 Oscillation: It is the change in density (or pressure) 
from maximum value to the minimum value and 
again to the maximum value. 

 Frequency: The number of oscillations of a wave 
per unit time is the frequency of the sound wave. It is 
usually represented by ν (Greek letter, nu). Its SI 
unit is hertz (symbol, Hz). 

 Larger the amplitude of vibration, louder is the 
sound.  

 Higher the frequency of vibration, the higher is 
the pitch, and shriller is the sound. 

 Time Period: The time taken by two consecutive 
compressions or rare-factions to cross a fixed point is 
called the time period of the wave. It is 
represented by the symbol T. Its SI unit is 
second (s).   

 
Time Period = 1/ Frequency 

 

Wavelength: It is the distance between two 
consecutive compressions or two consecutive rare-
factions. The wavelength is usually represented 
by λ (Greek letter lambda). Its SI unit is metre 
(m) 

 The speed of sound: It is defined as the distance 
which a point on a wave, such as a compression or a 
rarefaction, travels per unit time. 
Speed = wavelength × frequency 
 
Example: A sound wave has a frequency of 2 
kHz and wave length 35 cm. How long will it 
take to travel 1.5 km? 
Frequency, ν = 2 kHz = 2000 Hz 
Wavelength, λ = 35 cm = 0.35 m 
Speed of the wave = wavelength × frequency 
v = λ ν = 0.35 m × 2000 Hz = 700 m/s 
The time taken by the wave to travel a distance, d of 
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1.5 km is 
1500/700 = 2.1 s 
Thus, sound will take 2.1 s to travel a distance of 1.5 
km. 
 
Range of Hearing of sound: The audible range of 
sound for human beings extends from about 20 Hz 
to 20000 Hz (one Hz = one cycle/s). 
 
 

 Sounds of frequencies below 20 Hz are 
called infrasonic sound or infra 
sound. Rhinoceroses communicate using infrasound 
of frequency as low as 5 Hz. Whales and elephants 
produce sound in the infrasound range. 

 Frequencies higher than 20 kHz are 
called ultrasonic sound or ultrasound.Ultrasound 
is produced by dolphins, bats and porpoises. 

 
REFLECTION OF SOUND 
 
ECHO  
 It is a reflection of sound that arrives at the listener 

with a delay after the direct sound.  
 The sensation of sound persists in our brain for 

about 0.1 second.  
 To hear a distinct echo, the time interval between 

the original sound and the reflected one must be at 
least 0.1 second. 

 For hearing distinct echoes, the minimum distance of 
the obstacle from the source of sound must be 17.2 
m. This distance will change with the temperature of 
air. Echoes may be heard more than once due to 
successive or multiple reflections. 

 
REVERBERATION 
The phenomenon of prolongation of sound due to 
successive reflections of sound from surrounding objects 
is called reverberation. 
 
Example: 
In stethoscopes the sound of the patient‟s heartbeat 
reaches the doctor‟s ears by multiple reflection of sound. 
 
ULTRASOUND 
Ultrasounds are high frequency waves. They are able to 
travel along well defined paths even in the presence of 
obstacles. Ultrasounds are used extensively in industries 
and for medical purposes. 
 
Applications 
 
 Ultrasounds can be used to detect cracks and flaws 

in metal blocks. Metallic components are generally 
used in construction of big structures like buildings, 
bridges, machines and also scientific equipment.  

 Ultrasound is generally used to clean parts located in 
hard-to-reach places,for example, spiral tube, odd 
shaped parts, electronic components etc. 

 Ultrasonic waves are made to reflect from various 
parts of the heart and form the image of the heart. 
This technique is called ‘echocardiography’. 

 Ultrasound scanner is an instrument which uses 
ultrasonic waves for getting images of internal 
organs of the human body. It helps the doctor to 
detect abnormalities, such as stones in the gall 
bladder and kidney or tumours in different organs. 
The technique is called ‘ultrasonography’. 

 Ultrasound may be employed to break small „stones‟ 
formed in the kidneys into fine grains. These grains 
later get flushed out with urine. 

 
SONAR 
The acronym SONAR stands for Sound 
Navigation And Ranging. 
Sonar is a device that uses ultrasonic waves to 
measure the distance, direction and speed of 
underwater objects. 

 Sonar consists of a transmitter and a detector and is 
installed in a boat or a ship. The transmitter 
produces and transmits ultrasonic waves.  

 These waves travel through water and after striking 
the object on the seabed, get reflected back and are 
sensed by the detector.  

 The detector converts the ultrasonic waves into 
electrical signals which are appropriately 
interpreted.  

 The distance of the object that reflected the sound 
wave can be calculated by knowing the speed of 
sound in water and the time interval between 
transmission and reception of the ultrasound.  

 
 
Let the time interval between transmission and reception 
of ultrasound signal be t and the speed of sound 
through seawater be v. 
The total distance, 2d travelled by the ultrasound is then, 
2d = v × t,  
The above method is called echo ranging. 
The sonar technique is used to determine the depth of 
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the sea and to locate underwater hills, valleys, 
submarine, icebergs, sunken ship etc. 
 
SUPERSONIC SOUND 
Again if the speed of any substance, specially of an air-
craft, be more than the speed of sound in air, then the 
speed of the substance is called supersonic speed. 
 

CURRENT ELECTRICTY 
 
ELECTRIC CURRENT  
Electric current is expressed by the amount of charge 
flowing through a particular area in unit time. It is the 
rate of flow of electric charges. 
 
If a net charge Q, flows across any cross-section of a 
conductor in time t, then the current I, through the cross-
section is- 
I = Q/t 
 
The SI unit of electric charge is coulomb (C), which is 
equivalent to the charge contained in nearly: 

6 ✖ 10¹⁸ electrons 
 
The electric current is expressed by a unit called ampere 
(A). One ampere is constituted by the flow of one 
coulomb of charge per second, that is, 1A = 1 C/1 
s.  
 
EXAMPLE: A current of 0.5 A is drawn by a filament of 
an electric bulb for 10 minutes. Find the amount of 
electric charge that flows through the circuit. 
 
Solution: 
We are given, I = 0.5 A; t = 10 min = 600 s. 
As Q = It 
= 0.5 A × 600 s 
= 300 C 
 
ELECTRIC POTENTIAL AND POTENTIAL DIFFERENCE 
The electric potential difference between two points in 
an electric circuit carrying some current is the work done 
to move a unit charge from one point to the other; 
 
Potential difference (V) between two points = Work 
done (W)/Charge (Q) 
 
V = W/Q  
 
The SI unit of electric potential difference is volt 
(V), named after Alessandro Volta (1745–1827), an 
Italian physicist. One volt is the potential difference 
between two points in a current carrying conductor 
when 1 joule of work is done to move a charge of 1 
coulomb from one point to the other. 
 

The potential difference is measured by means of an 
instrument called the voltmeter.The voltmeter is always 
connected in parallel across the points between which 
the potential difference is to be measured. 
 
ELECTRIC CURRENTS IN CONDUCTORS 
In other materials, notably metals, some of the electrons 
are practically free to move within the bulk material. 
These materials, generally called conductors, develop 
electric currents in them when an electric field is applied. 
 
In solid conductors: 
 
(a) When no electric field is present- The number of 
electrons travelling in any direction will be equal to the 
number of electrons travelling in the opposite direction. 
So, there will be no net electric current. 
 
(b) If an electric field is applied-  An electric field will 
be created and is directed from the positive towards the 
negative charge.  They will thus move to neutralize the 
charges. The electrons, as long as they are moving, will 
constitute an electric current. 
 
OHM’S LAW 
Imagine a conductor through which current I is flowing 
and let V be the potential difference between the ends of 
the conductor. 
Ohm‟s law states that: 
 
V ∝ I 
or, V = R I; 
 
where the constant of proportionality R is called the 
resistance of the conductor. The SI units of 
resistance is ohm, and is denoted by the symbol Ω.  
 
The resistance of the conductor depends- 
(i) on its length, 
(ii) on its area of 
cross-section, and 
(iii) on the nature of its material. 
 
LIMITATIONS OF OHM’S LAW 
(a) V ceases to be proportional to I 
(b) The relation between V and I depends on the sign of 
V. In other words, if I is the current for a certain V, then 
reversing the direction of V keeping its magnitude fixed, 
does not produce a current of the same magnitude as I 
in the opposite direction 
(c) The relation between V and I is not unique, i.e., there 
is more than one value of V for the same current I A 
material exhibiting such behaviour is GaAs. 
 
RESISTIVITY 
The resistance of a uniform metallic conductor is directly 
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proportional to its length (l) and inversely proportional to 
the area of cross-section (A). That is, 
R ∝ l 
and R ∝ 1/A 
Combining both, we get 
R ∝ l/A 
 
or, R = ρl/A 
 
where ρ (rho) is a constant of proportionality and is 
called the electrical resistivity of the material of the 
conductor. The SI unit of resistivity is Ω m. It is a 
characteristic property of the material. 
 
RESISTIVITY OF VARIOUS MATERIALS 

 
 
TEMPERATURE DEPENDENCE OF RESISTIVITY 
 The resistivity of a material is found to be dependent 

on the temperature.  

 The resistivity of an alloy is generally higher than 
that of its constituent metals. Alloys do not oxidise 
(burn) readily at high temperatures. For this reason, 
they are commonly used in electrical heating 
devices, like electric iron, toasters etc. Tungsten is 
used almost exclusively for filaments of electric 
bulbs, whereas copper and aluminium are generally 
used for electrical transmission lines. 

 Some materials like Nichrome (which is an alloy of 
nickel, iron and chromium) exhibit a very weak 
dependence of resistivity with temperature. 

 Unlike metals, the resistivities of semiconductors 
decrease with increasing temperatures. 

 
TWO MAJOR TYPES OF RESISTORS: 
 
(a) Wire bound resistors: They are made by winding 
the wires of an alloy, viz., manganin, constantan, 
nichrome or similar ones. The choice of these materials 

is dictated mostly by the fact that their resistivities are 
relatively insensitive to temperature. These resistances 
are typically in the range of a fraction of an ohm to a 
few hundred ohms. 
 
(b) Carbon Resistors: Resistors in the higher range are 
made mostly from carbon. Carbon resistors are compact, 
inexpensive and thus find extensive use in electronic 
circuits. Carbon resistors are small in size and hence 
their values are 
given using a colour code. 
 
RELATION OF CURRENT AND DRIFT VELOCITY 
 
 

 When an electric field is applied, inside the 
conductor due to electric force the path of electron in 
general becomes curved (parabolic) instead of 
straight lines and electrons drift opposite to the field 
figure (B).  

 Due to this drift the random motion of electrons get 
modified and there is a net transfer of electrons 
across a cross-section resulting in current. 

 Drift velocity is the average uniform velocity acquired 
by free electrons inside a metal by the application of 
an electric field which is responsible for current 
through it. 

 

KIRCHHOFF’S RULES 
 
Two rules, called Kirchhoff‟s rules, are very useful for 
analysis of electric circuits. 

 
(a) JUNCTION RULE:  

 At any junction, the sum of the currents entering the 
junction is equal to the sum of currents leaving the 
junction. 

 The proof of this rule follows from the fact that when 
currents are steady, there is no accumulation of 
charges at any junction or at any point in a line. 
Thus, the total current flowing in, must equal the 
total current flowing out. 

 

(b) LOOP RULE: 

 The algebraic sum of changes in potential around 
any closed loop involving resistors and cells in the 
loop is zero . 

 Since electric potential is dependent on the location 
of the point, thus starting with any point if we come 
back to the same point, the total change must be 
zero. In a closed loop, we do come back to the 
starting point and hence the rule. 
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In the given figure: 

 
At junction "a" the current leaving is I₁+ I₂ and current 
entering is I₃. The junction rule says 
 I₃ = I₁+ I₂ 
 For the loops ‘ahdcba’ and ‘ahdefga’, the loop rule 
gives 
 –30 I₁ – 41 I₃ + 45 = 0 and –30 I₁+ 21 I₂– 80 = 0. 
 
WHEATSTONE BRIDGE 

 
 It is an application of Kirchhoff’s rules and is a 

special arrangement of resistors as shown in the 
figure. 

 There are 4 resistances R₁, R₂, R₃ and R₄ arranged in 
such a manner that there is a galvanometer placed 
between the points B and D. 

 The arm BD is known as galvanometer arm. AC is 
known as battery arm. 

 Circuit is connected to the battery across the pair of 
diagonally opposite points A and C. 

 According to Wheatstone bridge principle:- 
(R1/R2) = (R3/R4),  
In such condition, the Bridge is said to be balanced. 
 If the bridge is balanced there is no current flowing 

through the galvanometer arm. 
 
METER BRIDGE 
 

 The meter bridge consists of a wire of length 1 m. 
 The wire is clamped between two thick metallic strips 

bent at right angles. 
 The end points where the wire is clamped are 

connected to a cell through a key.  
 One end of a galvanometer is connected to the 

metallic strip midway between the two gaps. The 
other end of the galvanometer is connected to 
a ‘jockey’.  

 The jockey is essentially a metallic rod whose one 
end has a knife-edge which can slide over the wire 
to make electrical connection. 

 R is an unknown resistance whose value we want 
to determine. It is connected across one of the gaps.  

 Across the other gap, we connect a standard 
known resistance S. 

 
 The length AD= l₁ and DC = (100-l₁). 
 Resistance of AD=R cm l₁ where R cm is the 

resistance of the wire per unit centimeter. 
 Resistance of DC=R cm (100-l₁). 
 The four arms AB, BC, DA and CD [with resistances 

R, S, R cm l₁ and R cm (100-l₁)] form a Wheatstone 
bridge with AC as the battery arm and BD the 
galvanometer arm. 

 When there is no deflection in the galvanometer, 
the balance condition of meter bridge gives the 
equation: 

 
 
POTENTIOMETER 
 It is basically a long piece of uniform wire, 

sometimes a few meters in length across which a 
standard cell is connected. 

 A current I flows through the wire which can be 
varied by a variable resistance (rheostat, R) in the 
circuit. Since the wire is uniform, the potential 
difference between A and any point at a distance l 
from A is 
E(l) = ⌽l 
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where ⌽ is the potential drop per unit length. 
 

An application of the potentiometer is to compare 
the emf of two cells of emf ε1 and ε2 which is given 
by the equation: 

 E1/E2 = l1/l2 
 The potentiometer has the advantage that it draws 

no current from the voltage source being measured.  
 Potentiometer is also used to measure internal 

resistance of a cell.  
 
CIRCUIT DIAGRAM 
 
Electric circuit: The closed path along which electric 
current flows is called an electric circuit. 
 
Conventional symbols used to represent some of the 
most commonly used electrical components are given:  

Positive and negative charges: The charge acquired 
by a glass rod when rubbed with silk is called positive 
charge and the charge acquired by an Ebonite rod when 
rubbed with wool is called negative charge. 
 
Static and current electricity: Static electricity deals 
with the electric charges at rest while the current 

electricity deals with the electric charges in motion. 
 
Conductor: A substance which allows passage of electric 
charges through it easily is called a conductor. A 
conductor offers very low resistance to the flow of 
current. For example copper,silver, aluminium etc. 
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Insulator: A substance that has infinitely high resistance 
does not allow electric current to flow through it. It is 
called an insulator. For example rubber, glass, plastic, 
Ebonite etc. 
 
Coulomb’s Law: The mutual electrostatic force between 
two point charges q₁ and q₂ is proportional to the 
product q₁ q₂ and inversely proportional to the square of 
the distance r₂₁ separating them. 

 
 

HEATING EFFECT OF ELECTRIC 
CURRENT 

 
The chemical reaction within the cell generates the 
potential difference between its two terminals that sets 
the electrons in motion to flow the current through a 
resistor or a system of resistors connected to the battery. 
When electric current passes through a high resistance 
wire, the wire becomes hot and produces heat. This is 
called heating effect of current. This phenomenon 
occurs because electrical energy is gets transformed into 
heat energy when current flows through a wire of some 
resistance say R Ω. 

 
Consider a current I flowing through a resistor of 
resistance R (as given in the figure). Let the potential 
difference across it be V Let t be the time during which a 
charge Q flows across. The work done in moving the 
charge Q through a potential difference V is VQ. 
Therefore, the source must supply energy equal to VQ in 
time t. Hence the power input to the circuit by the source 
is- 
 
P = VQ/T = VI 
 
For a steady current I, the amount of heat H produced in 
time t is, 
 
H = VIt, 

where t= time in which energy is supplied 
 
Applying Ohm’s law, we get 

 
 
This is known as Joule’s law of heating.  
 
The law implies that heat produced in a resistor is: 
(i) directly proportional to the square of current for a 
given resistance, 
(ii) directly proportional to resistance for a given current, 
and 
(iii) directly proportional to the time for which the current 
flows through the resistor. 
 
EXAMPLE: 
Q. An electric iron consumes energy at a rate of 
840 W when heating is at the maximum rate and 
360 W when the heating is at the minimum. The 
voltage is 220 V. What are the current and the 
resistance in each case? 
 
 
Solution: 
We know that the power input is, P = V I 
Thus the current I = P/V 
(a) When heating is at the maximum rate, 
I = 840 W/220 V = 3.82 A; 
and the resistance of the electric iron is 
R = V/I = 220 V/3.82 A = 57.60 Ω. 
(b) When heating is at the minimum rate, 
I = 360 W/220 V = 1.64 A; 
and the resistance of the electric iron is 
R = V/I = 220 V/1.64 A = 134.15 Ω. 
 
Practical Applications of Heating Effect of Electric 
Current 
 The electric laundry iron, electric toaster, electric 
oven, electric kettle and electric heater are some of the 
familiar devices based on Joule‟s heating. 
 The electric heating is also used to produce light, 
as in an electric bulb. Here, the filament must retain as 
much of the heat generated as is possible, so that it gets 
very hot and emits light. It must not melt at such high 
temperature. A strong metal with high melting point 
such as tungsten (melting point 3380°C) is used for 
making bulb filaments. 
 Another common application of Joule‟s heating 
is the fuse used in electric circuits. It protects circuits and 
appliances by stopping the flow of any unduly high 
electric current. The fuse is placed in series with the 
device. 
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MAGNETIC EFFECTS OF ELECTRIC 
CURRENT 

MAGNETIC FIELD AND FIELD LINES 
 
The area around a magnet where a magnetic force is 
experienced is called a magnetic field. It is a quantity 
that has both direction & magnitude. 

 
 
A bar magnet showing magnetic field 
Characteristics of Magnetic field lines : 
 
(a) The direction of the magnetic field is taken to be the 
direction in which a north pole of the compass needle 
moves inside it. Therefore it is taken by convention that 
the field lines emerge from north pole and merge at the 
south pole. 
 
(b) The strength of magnetic field is expressed by the 
closeness of magnetic field lines. Closer the lines, more 
will be the strength and farther the lines, less will be the 
magnetic field strength. 
 
(c) No two field lines will intersect each other. If they 
intersects, then at point of intersection the compass 
needle will show two directions of magnetic field which 
is not possible. 
 
MAGNETIC FIELD DUE TO A CURRENT-CARRYING 
CONDUCTOR 
 A current carrying straight conductor has magnetic 

field in the form of concentric circles around it.  
 The magnitude of the magnetic field produced at a 

given point increases as the current through the wire 
increases.  

 The magnetic field produced by a given current in 
the conductor decreases as the distance from it 
increases.  

 
 
RIGHT HAND THUMB RULE: 
A convenient way of finding the direction of magnetic 
field associated with a current-carrying conductor is 
the Right hand thumb rule. If a current carrying 
straight conductor is held in your right hand such that 
the thumb points towards the direction of current, then 
the wrapped fingers show the direction of magnetic field 
lines. 

 
 
MAGNETIC FIELD DUE TO A CURRENT THROUGH A 
CIRCULAR LOOP 
 At every point of a current-carrying circular loop, the 

concentric circles representing the magnetic field 
around it would become larger and larger as we 
move away from the wire. 

 Every point on the wire carrying current would give 
rise to the magnetic field appearing as straight lines 
at the center of the loop. 
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The strength of Magnetic field depends on- 
 The radius of the coil: The strength of the 

magnetic field is inversely proportional to the radius 
of the coil.If the radius increases, the magnetic 
strength at the centre decreases. 

 The number of turns in the coil: As the number of 
turns in the coil increase, the magnetic strength at 
the centre increases, because the current in each 
circular turn is having the same direction, thus the 
field due to each turn adds up. 

 The strength of the current flowing in the 
coil: As the strength of the current increases, the 
strength of thee magnetic field also increases. 

 
MAGNETIC FIELD DUE TO A CURRENT IN A 
SOLENOID  

 
 A coil of many circular turns of insulated copper wire 

wrapped closely in the shape of a cylinder is called a 
solenoid. 

 The field lines inside the solenoid are in the form of 
parallel straight lines. This indicates that the 
magnetic field is the same at all points inside the 
solenoid. That is, the field is uniform inside the 
solenoid. 

 A strong magnetic field produced inside a solenoid 
can be used to magnetize a piece of magnetic 
material, like soft iron, when placed inside the coil. 
The magnet so formed is called an electromagnet. 

 Magnetic field produced by a solenoid similar to bar 
magnet. Strength of magnetic field is 
proportional to number of turns and magnitude 
of current. 

 
FORCE ON A CURRENT-CARRYING CONDUCTOR IN 
A MAGNETIC FIELD 
 The magnet exerts an equal and opposite force on 

the current-carrying conductor. 
 The direction of force is reversed when the direction 

of current through the conductor is reversed. 
 The direction of the force on the conductor depends 

upon the direction of current and the direction of the 
magnetic field. 

Rule to find the direction of the force on the 
conductor: Fleming’s Left-Hand Rule 
 
According to this rule, stretch the thumb, forefinger and 
middle finger of your left hand such that they are 
mutually perpendicular. If the first finger points in the 
direction of magnetic field and the second finger in the 
direction of current, then the thumb will point in the 
direction of motion or the force acting on the conductor. 

 
Devices that use current-carrying conductors and 
magnetic fields include electric motor, electric 
generator, loudspeakers, microphones and 
measuring instruments.  
 
ELECTRIC MOTOR 
An electric motor is a rotating device that converts 
electrical energy to mechanical energy. Electric 
motor is used as an important component in electric 
fans, refrigerators, mixers, washing machines, 
computers, MP3 players etc.  
 
Principle: When rectangular coil is placed in a magnetic 
field and current is passed through it, the coil experience 
a torque, which rotates it continuously. 
 
Parts of an Electric Motor 
 Insulated Copper wire: A rectangular coil of wire 

ABCD 
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 Magnet Poles: A magnet as placed above ie North 
Pole and South Pole. This creates a magnetic field as 
shown above. 

 Split Rings: Two disjoint C-shaped rings P and Q. It 
acts as a commutator (which can reverse the 
direction of current) 

 Axle: The split rings are placed on the axle which 
can rotate freely. 

 Brushes: The outside of the split rings are connected 
to conducting brushes X and Y. 

 Source Battery: To source current. 
 Commutator: A device that reverses the direction of 

flow of current through a circuit. 
 Armature: The soft iron core, on which the coil is 

wound, plus the coils, is called an armature. This 
enhances the power of the motor. 

 
ELECTROMAGNETIC INDUCTION 
Phenomenon of inducing an electric current in a coil by 
changing the magnetic field around it. 
 
Rule to know the direction of the induced 
current:  Fleming’s right-hand rule 
 
If the forefinger indicates the direction of the magnetic 
field and the thumb shows the direction of motion of 
conductor, then the middle finger will show the direction 
of induced current. 

 
ELECTRIC GENERATOR 
In an electric generator, mechanical energy is used to 
rotate a conductor in a magnetic field to produce 
electricity. It works on the principle of electromagnetic 
induction. 
 
AC Generator 
 A current, which changes direction after equal 

intervals of time, is called an alternating 
current (abbreviated as AC). The device generating 
AC current is called an AC generator. 

 The alternating current reverses its direction 
periodically. 

 Electric power can be transmitted over long distances 
without much loss of energy. 

 

DC Generator 
 A current which doesn't change its direction with 

time i.e. its unidirectional is called a direct current. 
The device generating DC current is called a DC 
generator.  

 It always flows in one direction. 
 Electric power cannot be transmitted over long 

distances. 
 

REFLECTION OF LIGHT  
 
MIRROR FORMULA 
In a spherical mirror, the distance of the object from its 
pole is called the object distance (u). 
 
The distance of the image from the pole of the mirror is 
called the image distance (v). 
The distance of the principal focus from the pole is 
called the focal length (f).  
There is a relationship between these three quantities 
given by the mirror formula which is expressed as- 

 
Sign Convention for Reflection by Spherical Mirrors 
 
While dealing with the reflection of light by spherical 
mirrors, we shall follow a set of sign conventions called 
the New Cartesian Sign Convention. In this 
convention, the pole (P) of the mirror is taken as the 
origin. The principal axis of the mirror is taken as the x-
axis (X‟X) of the coordinate system. The conventions are 
as follows – 

 
(i)The object is always placed to the left of the mirror. 
This implies that the light from the object falls on the 
mirror from the left-hand side. 
(ii) All distances parallel to the principal axis are 
measured from the pole of the mirror. 
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(iii)All the distances measured to the right of the origin 
(along + x-axis) are taken as positive while those 
measured to the left of the origin (along – x-axis) are 
taken as negative. 
(iv)Distances measured perpendicular to and above the 
principal axis (along + y-axis) are taken as positive. 
(v)Distances measured perpendicular to and below the 
principal axis (along –y-axis) are taken as negative. 
 
Questions related to it-  
Q.1 A convex mirror used for rear-view on an 
automobile has a radius of curvature of 3.00 m. If a 
bus is located at 5.00 m from this mirror, find the 
position, nature and size of the image. 
 
Solution- 

 
 
Q.2 The image formed by a concave mirror is 
observed to be virtual, erect and larger than the 
object. Where should be the position of the object? 
(a)Between the principal focus and the centre of 
curvature 
(b) At the centre of curvature 
(c) Beyond the centre of curvature 
(d) Between the pole of the mirror and its principal focus. 
 Ans D 
 
Q.3 No matter how far you stand from a mirror, 
your image appears erect. The mirror is likely to 
be: 
(a)plane. 
(b)concave. 
(c)convex. 
(d)either plane or convex. 
Ans D 
 

Q.4 A concave mirror produces three times 
magnified (enlarged) real image of an object 
placed at 10 cm in front of it. Where is the image 
located? 
 
 
Solution: 
 
Let the height of the object= h 
Then,the height of the image= -3h (real image) 
m= -3h/h = -v/u 
v/u will be 3 
As, u = -10cm (given) 
v = 3 x (-10) = -30cm 
Hence, an inverted image is formed at a distance of 
30cm in front of the given concave mirror.   
 

DISPERSION OF LIGHT 
When a beam of white light is made to fall on one 
refracting face of the prism, it splits into seven colours 
i.e. violet, indigo, blue, green, yellow, orange and red 
(VIBGYOR) from base. The phenomenon of the splitting 
of white light into its constituent colours is 
called dispersion of light.The pattern of colour 
components of light is called the spectrum of light. The 
red light bends the least, while the violet light bends the 
most.  

 
The colour is associated with wavelength of light. In the 
visible spectrum, red light is at the long 
wavelength end (~700 nm) while the violet light is 
at the short wavelength end (~ 400 nm). 
Dispersion takes place because the refractive index 
of medium for different wavelengths (colours) is 
different. 
 
The Angle of Deviation 
The amount of overall refraction caused by the passage 
of a light ray through a prism is often expressed in terms 
of the angle of deviation (θ). The angle of deviation is 
the angle made between the incident ray of light 
entering the first face of the prism and the refracted ray 
that emerges from the second face of the prism. Because 
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of the different indices of refraction for the different 
wavelengths of visible light, the angle of deviation varies 
with wavelength.  
 
The variation of refractive index with wavelength may be 
more pronounced in some media than the other. In 
vacuum, of course, the speed of light is independent of 
wavelength. Thus, vacuum (or air approximately) is a 
non-dispersive medium in which all colours travel with 
the same speed. This also follows from the fact that 
sunlight reaches us in the form of white light and not as 
its components. On the other hand, glass is a dispersive 
medium. 

 
 
NATURAL PHENOMENA DEPICTING DISPERSION: 
 
THE RAINBOW 
The rainbow is an example of the dispersion of sunlight 
by the water drops in the atmosphere. This is a 
phenomenon due to combined effect of dispersion, 
refraction and reflection of sunlight by spherical 
water droplets of rain.  
 
How is it formed? 
Sunlight is first refracted as it enters a raindrop, which 
causes the different wavelengths (colours) of white light 
to separate. Longer wavelength of light (red) are bent 
the least while the shorter wavelength (violet) are bent 
the most. Next, these component rays strike the inner 
surface of the water drop and get internally reflected.The 
reflected light is refracted again as it comes out of the 
drop. It is found that the violet light emerges at an angle 
of 40º related to the incoming sunlight and red light 
emerges at an angle of 42º. For other colours, angles lie 
in between these two values.This is how a primary 
rainbow is formed. 
 
Rainbows are not limited to the dispersion of light by 
raindrops. The splashing of water at the base of a 
waterfall caused a mist of water in the air that 
often results in the formation of rainbows. A 
backyard water sprinkler is another common 
source of a rainbow.  
 

The Human Eye 
 
Human Eye’ is the organ of vision of the human body 
that enables us to see.  The human eye(s) are located in 
the specialized sockets carved out in the human skull. 
Each human eye sizes for approximately 2.5 cm in 
diameter. The eye lens forms an inverted real image of 
the object on the retina. 
 
The main parts of a human eye are: 
RETINA - The retina is a delicate membrane having 
enormous number of light-sensitive cells. 
 
CORNEA -  Light enters the eye through a thin 
membrane called the cornea.It is the eye‟s outermost 
layer. It is the clear, dome-shaped surface that covers 
the front of the eye. It plays an important role in focusing 
your vision. 
 
PUPIL - The pupil is a hole located in the center of the 
iris of the eye that allows light to strike the retina. It 
appears black because light rays entering the pupil are 
either absorbed by the tissues inside the eye directly, or 
absorbed after diffuse reflections within the eye. The 
pupil regulates and controls the amount of light entering 
the eye. 
 
IRIS - It is a dark muscular diaphragm that controls the 
size of the pupil and thus the amount of light reaching 
the retina. 
 
CILIARY MUSCLE - The ciliary muscle is a ring of smooth 
muscle in the eye's middle layer that controls 
accommodation for viewing objects at varying distances 
and regulates the flow of aqueous humour into 
Schlemm's canal. It changes the shape of the lens within 
the eye, not the size of the pupil.  
 
The light-sensitive cells get activated upon illumination 
and generate electrical signals. These signals are sent to 
the brain via the optic nerves. The brain interprets these 
signals, and finally, processes the information so that we 
perceive objects as they are. 
 
When the light is very bright, the iris contracts the pupil 
to allow less light to enter the eye. However, in dim light 
the iris expands the pupil to allow more light to enter the 
eye. Thus, the pupil opens completely through the 
relaxation of the iris. 
 
A human being has a horizontal field of view of 
about 150° with one eye and of about 180° with two 
eyes.  
 
Near point or Least distance of distant vision: 
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- The minimum distance at which objects can be seen 
most distinctively without strain. 
- For normal adult eye, its value is 25cm 
- Range of human vision- 25cm to infinity. 
 
ACCOMMODATION 
The ability of the eye lens to adjust its focal length is 
called accommodation. Focal length can be changed 
with the help of ciliary muscles. 
- Focal length increases when ciliary muscles get relaxed 
and lens get thin. 
- Focal length decreases when ciliary muscles get 
contract and lens get thick. 
 
CATARACT- The condition of partial or complete loss of 
vision is called cataract. It is caused due to the 
membrane growth over the eye lens. The crystalline lens 
becomes milky or cloudy in this condition. 
 
DEFECTS OF VISION AND THEIR CORRECTION 
 
1. MYOPIA or short sightedness : A person suffering 
from myopia can see the near objects clearly while far 
objects are not clear. 
 
Causes : 
•Elongation of eye ball along the axis. 
•Shortening of focal length of eye lens. 
•Over stretching of ciliary muscles beyond the elastic 
limit.  
 
Correction: It is done by using concave lens of 
appropriate power. The concave lens placed in front of 
the eye forms a virtual image of distant object at far 
point of the myopic eye. 
 

 
 
2. HYPEROPIA or HYPERMETROPIA or 
longsightedness: A person suffering from 
hypermetropia can see the distant objects clearly but not 
the near objects. 

 
Causes: 
•Shortening of eye ball along the axis. 
•Increase in the focal length of eye lens. 
•Stiffening of ciliary muscles. 
 
Correction- Use of convex lens of suitable power can 
correct the defect. 

 

 
 
3. PRESBYOPIA : This defect is generally found in old 
people. Due to stiffening of ciliary muscles, eye looses 
much of its accommodating power. As a result distant as 
well as nearby objects can not be seen.The near point of 
the old person having presbyopia gradually recedes and 
becomes much more than 25cm away. 
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Causes: 
- Gradual weakening of ciliary muscles 
- Diminishing flexibility of eye lens 
 
 
Correction: 
- By wearing bifocal glasses or Progressive Addition 
Lenses(PALs) wherein the upper portion of the lens 
contains concave lens and lower portion contains convex 
lens. 
 

4. ASTIGMATISM : Astigmatism is a defect wherein the 
light rays entering the eye do not focus light evenly to a 
single focal point on the retina but instead scatter away. 
The light rays scatter in a way where some focus on the 
retina and some focus in front or behind it.  
 
Causes: 
- non-uniform curvature of the cornea; resulting in a 
distorted or blurry vision at any distance. 
 
Correction of astigmatism: 
-It can happen by using a special spherical cylindrical 
lens. 
 

SOURCES OF ENERGY 
Energy comes in different forms and energy can be converted from one form to another. For example; if we drop a 
plate from a height, the potential energy of the plate is converted mostly to sound energy when it hits the ground. 
Characteristics of a good source of energy: 
-It should be able to do large amount of work for each unit of mass or volume. 
-It should be easily accessible. 
-It should be easily transported. 
-It should be economical. 
-Less combustile  
 
Source of Energy can be divided into 2 types- 
1. Conventional                   
2. Non- conventional 

 
 
1. Conventional Sources of Energy: 
These sources of energy are also called non renewable sources.These sources of energy are in limited quantity 
except hydro-electric power and have been in use since a long time. For e.g Thermal power plant, Fossil fuels(Coal, 
Petroleum), Geothermal energy and hydro power plants.  
 
A. FOSSIL FUELS: Millions of years ago plants and animals tissues got buried under the ground and were subjected 
to high temperature and pressure. Coal is a fossil fuel which was formed due to subjection of plant tissues under high 
pressure and temperature. While petroleum is obtained from the remains of animals between sedimentary rocks.They 
are non-renewable sources of energy so we need to conserve them.  
 
Uses of fossil fuel- 
- In cooking- LPG, coal 
-In vehicles- Petrol, diesel 
-To produce electricity in thermal power plants 
 
Disadvantages- 
- Causes air pollution as burning fossil fuels result in the release of poisonous gases like sulphur into the air 
-Results in release of gases that cause acid rain, which in turn may lead to soil and water pollution 
 
B. THERMAL POWER PLANT 
It is a plant in which electricity is produced from fossil fuels mainly coal.Electricity transmission is very efficient. 
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First, the coal is burnt into the furnace of steam boiler. High pressure steam is produced in the boiler. In turbine, this 
steam force rotates the turbine blades.As the turbine turns, it causes the generator to do its work and create 
electricity.  

 
 
C. HYDRO POWER PLANT 
Hydro power plants convert the potential energy of falling water into electricity. Dams are contructed to collect water 
flowing in high altitude rivers. 
Around 25% of our country's energy requirement is met by Hydro power plants.   
 

 
 
Advantages- 
- No environmental pollution 
- Provides irrigation facilities to rural areas 
- Renewable source of energy 
 
Disadvantages 
- Dams can only be contructed in high terrain areas 
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- Large areas of agricultural land and human habitation are to be sacrificed as they get submerged. 
- Large ecosystem are destroyed 
- Vegetation which is submerged rots under anaerobic conditions and gives rise to large amount of methane which is 
also a green house gas.  
 
 
2. NON-CONVENTIONAL SOURCES OF ENERGY: Energy sources which are relatively new and whose usage has 
been recently started are called non-conventional sources of energy, e.g. nuclear power, solar energy, tidal energy 
etc. 
 
A. SOLAR ENERGY 
The energy emitted by the sun in form of heat and light is called solar energy. 
 
Solar Constant = 1.4 (kJ/s.m2) 
 
Outer edge of the earth receives solar energy equal to 1.4 kJ/s.m2 which is known as solar constant. 

 
 
Uses of solar energy as- 
 
Solar Cooker: Solar cooker is very simple in design and mode of function. It is usually made from mirrors. Plain 
mirrors are placed inside a rectangular box. The light reflected from the plain mirrors concentrates the solar energy 
inside the solar cooker which generates enough heat to cook food. 
 
Solar Furnace: Solar furnace is made like a concave mirror. Large solar furnace has many smaller mirrors to 
compose a very large convex mirror. The thing to be heated is place near the focus of the mirror. 
 
Solar Cells: Solar cells are made from silicon. The solar panel converts solar energy into electrical energy which is 
stored in a battery; for later use.A large number of solar cells are combined in an arrangement called solar cell 
panel.  
 
Limitations of Solar Energy: The technologies for harnessing solar energy are at a nascent stage. At present, the 
cost benefit ratio for using solar energy is not conducive. Using solar energy is exhorbitantly costly. 
 
B. ENERGY FROM THE SEA 
The oceans cover about 70% of the terrestrial area. They contain a lot of energy that can be used for various 
purposes. Energies which are technically available are the following- 
 
i. TIDAL ENERGY 
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Due to the gravitational pull of the moon on the spinning earth, the level of water in the sea rises and falls that results 
in the formation of high and low tides.This difference in sea levels gives us tidal energy.Tidal energy is harnessed by 
constructing a dam across a narrow opening to the sea. A turbine fixed at the opening of the dam converts tidal 
energy into electricity.  

 
 
ii. WAVE ENERGY 
The waves are generated by the strong winds that blows across the sea.The kinetic energy of this moving water 
rotates the turbine of a generator generating electricity. When strong winds stop blowing, the generator stops 
producing electricity. 
 

 
 
iii. OCEAN THERMAL ENERGY 
The water at the surface of the sea or ocean is heated by the sun while the water in deeper sections is relatively cold. 
This difference in temperature is exploited to obtain energy in ocean thermal energy conversion plants. 
Temperature difference between surface water and water at the depth of 2km should be 20°C or more.The warm 
surface water is used to boil a volatile liquid like ammonia.The vapours of the liquid are used to run the turbine of 
generator.The cold water (from deeper layers) is pumped up to condense the vapour into liquid.The power plants 
used to harness the ocean thermal energy is known as “Ocean Thermal Energy Conversion Plant” (OTEC). 
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C. GEOTHERMAL ENERGY: The molten rocks from the inside of the earth are pushed in certain regions of the earth. 
Such regions are called the hot spots of the earth. When groundwater comes in contact with such hot spots, lot of 
steam is generated. This steam can be harnessed to produce energy. Sometimes, hot water from that region finds 
outlets at the surface. Such outlets are known as hot springs. Many power plants in New Zealand and USA operate on 
geothermal energy. 

 
 
D. NUCLEAR ENERGY 
Nuclear energy is the energy which is stored in the nucleus of an atom. 
 
Nuclear energy is of two types 
 
1.Nuclear fission- It is the process during which a nucleus breaks to form two nuclei. The process generates a huge 
amount of energy. This phenomenon is utilized in nuclear power plants to produce electricity. 
U-235 is used as a fuel in nuclear reactor in the form of uranium rods. 
 
2.Nuclear Fusion-  When two lighter nuclei join up to form heavy nucleus and tremendous amount of energy is 
released, it is known as Nuclear fusion. Hydrogen bomb is based on this phenomenon. Nuclear fusion is the source of 
energy in the sun and the stars.  
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Advantages of Nuclear Energy 
1. Large amount of energy is released. 
2. In nuclear power plant, the nuclear fuel is inserted once to get energy over a long period of time. 
 
Disadvantages of Nuclear Energy 
1. High cost of installation. 
2. Environmental contamination may occur due to improper nuclear waste disposal. 
 
UNITS AND DIMENSIONS 
Each base quantity is defined in terms of a certain basic, arbitrarily chosen but properly standardized reference 
standard called unit (such as metre, kilogram, second, ampere, kelvin, mole and candela). The units for the 
fundamental or base quantities are called fundamental or base units. The International System of Units 
(SI) based on seven base units is at present internationally accepted unit system and is widely used throughout the 
world. 
 
Here is a table depicting different quantities with units, symbol and dimensional formula: 
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