
MAGNETIC EFFECTS OF ELECTRIC CURRENT

In the previous chapter, we have seen that an electric current 
flowing through a conductor can produce ‘heating effect’. In 
this chapter we shall first study about magnets and their 
properties and later proceed to learn how an electric current 
flowing through a conductor can produce “Magnetic Effect”. 
The relation between electric current and magnetism was 
first demonstrated by Hans Christian Oersted in 1820.

n Objects which attract iron, nickel, cobalt, and their alloys 
are called magnets and this property is called magnetism

n Magnets may be natural or artificial

n Artificial magnets are prepared in various sizes and 
shapes such as magnetic compass needle, bar magnet, 
horseshoe magnet, disc magnet, etc. and can be very 
powerful

Objects which attract iron, nickel, cobalt, and their alloys are 
called magnets and this property is called magnetism. 

Scientific understanding into the nature of an electric current 
th thgrew throughout the 18  and 19  centuries, courtesy Ampere, 

thCoulomb, Faraday, and Maxwell. In the 19  century, it had 
become clear that electricity and magnetism were related, their 
theories unified. Whenever charges are is motion, electric 
current results and magnetism is due to electric current. The 
source for an electric field is the electric charge, whereas that for 
a magnetic field is the electric current.

Magnetic property arises due to the presence of an unequal 
number of electrons of the same spin in the atoms of an element.

Magnets may be natural or artificial. 

They are prepared in various sizes and shapes such as magnetic 
compass needle, bar magnet, horseshoe magnet, disc magnet, 
etc. and can be very powerful.

CHAPTER PRESENTATION

Natural magnet – Magnetite, an  
iron ore attracts stainless-steel clips

Orientation of iron filings under the 
influence of magnet
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TYPES OF MAGNETS

How do magnets work?

Horseshoe magnet
Disc magnet

Magnet

Bar magnet

Magnetic compass

Atomic structure of 
non-magnetic materials

(full-shell paired electrons)

However, in different regions of a magnetic 
material, called ‘domains’, the magnetic poles are 
directed in different directions.

When a Magnetic material is in contact with a 
magnet, the domains in the material align 
themselves with the domains in the magnet, 
making it a temporary magnet.

The unpaired electrons while moving around the nucleus
give rise to an electric current which produces a 
magnetic field.

Thus atoms in magnetic materials behave as tiny bar 
magnets.

Atomic structure of 
magnetic materials

(half-shell paired electrons)
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Properties of magnets

Opposite poles attract

Magnet has two poles – These are the ends 
where magnetic force is the strongest.

When a magnet is suspended freely, it comes to 
rest in the north-south direction.

Poles always exist in pairs. They cannot be 
separated.

Magnet always 
attracts objects 

made up of iron, 
nickel, cobalt, and 

their alloys

Like poles repel
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Uses of magnets in our daily life

Heavy magnetic materials are moved by cranes

Credit/Debit Cards [Magnetic strips are 
used in Credit/Debit cards to 

store information]
Microphone

Hard DiscMRI Scanner
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ELECTROMAGNETISM

Hans Oersted was a Danish physicist and pharmacist. To find the connection 

between electricity and magnetism, he passed electric currents through wires and 

put magnets in various positions near the wires, hoping to see some interaction. In 

1819, while delivering a lecture, he was showing students that a current-carrying 

wire held perpendicular to a magnetic compass needle had no effect on the needle. 

He suggested to his assistant to hold the wire parallel to the needle and a deflection 

was observed. Thus, he accidentally discovered that a compass needle can be 

deflected by an electric current passing through a wire. This later gave birth to a 

new branch in physics called electromagnetism, which explores the relation 

between electric and magnetic fields. In recognition of his contribution, the unit of 

magnetic field strength or magnetic intensity is named as oersted. Oersted’s 

discovery has led to the creation of radio, television, and fibre optics.

Oersted and his assistant hold a current-carrying 
wire over a compass needle, pointing to a north-
south direction. The compass needle is then 
deflected.

Hans Christian Oersted

1] Connect a thick copper wire, a resistor, an ammeter, and a plug key 
to a battery as shown in the figure. Hold the copper wire 
perpendicular to the plane of the paper.

2] With the plug key removed, bring a compass needle near the copper 
wire and check if any deflection occurs.

3] Insert the plug key so that current flows in the copper wire. 
4] Now bring the compass needle over the wire and check if any 

deflection occurs.

Observations: If current is not passed, no deflection occurs in the 
compass needle. When current is passed in the circuit, the compass 
needle deflects indicating the presence of a magnetic field. 

Inference: Thus, a current-carrying wire generates a magnetic field.

Oersted’s experiment

A

B

C

D

R
A

O

Point on this image with 
the Zen AR Learning App

Thick copper wire

key

ACTIVITY 13.1: 
To show that a current-carrying wire produces a magnetic field
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Magnetic field and field lines

1] Magnetic field is the region surrounding a 
magnet in which the effect of a magnet is 
felt. Another magnet brought in this region 
either gets attracted or repelled.

2] Magnetic field has both direction and 
magnitude. So, it is a vector quantity.

3] Magnetic field is generally represented by 
lines called magnetic lines of force. 

4] A stronger magnet has more lines of force 
and a weaker magnet has fewer lines of 
force.  

1] Stick a white sheet on a drawing board using gum or glue.
2] Place a bar magnet at the centre of the sheet.
3] Spread some iron filings uniformly around the bar magnet using a salt sprinkler.
4] Tap the board gently and observe the pattern formed.

Observation: The iron filings arrange themselves in a pattern consisting of lines 
which represent magnetic lines of force. 

Inference: The iron filings experience a magnetic force exerted by the magnet. The 
region surrounding the magnet in which these lines of force can be detected 
constitutes the magnetic field produced by the magnet. The alignment of the iron 
filings shows the shape of the magnatic field.

ACTIVITY 13.2: 
To observe magnetic field lines around a bar magnet using iron filings

Point on this image with 
the Zen AR Learning App
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1] Stick a white sheet on a drawing board using gum or glue.
2] Place a bar magnet at the centre of the sheet and mark its 

boundary.
3] Place a compass needle near the north pole of the magnet 

and mark the position of the two ends of the needle.
4] Move the compass needle to a new position so that its 

south pole occupies the position previously occupied by 

north pole. Again mark the position of the two ends of the 

needle.
5] Repeat step 4 till you reach the south pole of the bar 

magnet.
6] Join all the points marked on the paper by a smooth curve. 

This curve is called a magnetic field line.
7] Repeat steps 3–6 and draw as many field lines as possible to 

obtain a pattern as shown in the figure.

8] Observe the deflection near the poles and away from the 

poles.

Observations and inferences: The direction of the 

movement of the north pole of the compass needle is taken as 

the direction of the magnetic field. Thus, we notice that the 

magnetic field originates from the north pole and goes 

into the south pole. Further, we notice that the deflection in 

the needle is more at the ends of the magnet, which means 

there are more lines of force in this region. This shows that the 

magnetic field is stronger at the poles of the magnet. It is also 

seen that the magnetic lines of force are closed curves and 

never intersect each other. If they did, the resultant magnetic 

force on a north pole placed at the point of intersection would 

have two directions, which is impossible. 

ACTIVITY 13.3: 
To plot magnetic field lines around a bar magnet to detect the direction and predict magnitude of the magnetic force

Plotting magnetic field lines around a bar magnet using a compass needle

Figure: Magnetic field lines around a bar magnet
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The earth itself behaves as a giant but weak bar magnet due to the flow of charged particles in its liquid outer core consisting of 
mainly molten iron and nickel. The earth's magnetic field looks like that of a bar magnet placed at an angle of about 11° from its 
rotational axis. The north pole of the earth (geographic) is actually its magnetic south pole and its south pole (geographic) is the 
magnetic north pole as shown in the figure. This causes a freely suspended magnet to point in north-south direction in the 
absence of any other magnet.

S

N

The Earth’s Magnetic Field
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ACTIVITY 13.4: 

ACTIVITY 13.5: 

To find the direction of magnetic field due to a current-carrying wire (straight conductor)

To plot the magnetic field lines produced by a current-carrying wire (straight conductor)

1] Connect a long straight copper wire, two or three cells of 
1.5V each, and a plug key in series as shown in the figure.

2] Place the copper wire above and parallel to a compass 
needle.

3] Insert the plug key.

4] Observe the direction of deflection of the north pole of 
the compass needle. If the current flows from north to 
south, the needle deflects towards the east.

5] Now reverse the terminals of the battery so that current 
flows in the opposite direction.

6] Observe the deflection of the compass needle. It is seen 
that if the current flows from south to north, the needle 
deflects towards west.

Inference: If the direction of current is reversed, direction 
of deflection of the compass needle reverses. Thus, 
direction of the magnetic field is also reversed. 

1] Connect a plug key, a 12 V battery, a variable resistance 
(or a rheostat), an ammeter (0–5 A) in series as shown in 
the figure.

2] Insert a thick copper wire through the centre of a 
rectangular cardboard. Ensure that the cardboard 
remains fixed and does not slide up and down.

3] Connect the two ends of the copper wire between 
points X and Y in the circuit.

4] Sprinkle some iron filings on the cardboard uniformly 
using a salt sprinkler.

5] Keep the rheostat in a fixed position and measure the 
current using the ammeter.

6] Close the plug key and keep the copper wire vertical.

7] Gently tap the cardboard a few times and observe the 
pattern formed by the iron filings.

8] Move a compass needle on one of the lines in the pattern 
and note the direction of deflection of its north pole. 

9] Reverse the connection of the battery so that the current 
flows in the opposite direction and observe the change in 
the deflection of the compass needle.

10] Keeping the compass needle at a fixed position, change 
the current using the rheostat and observe the changes in 
the deflection of the needle.

11] Keeping the current fixed, move the compass needle 
towards or away from the copper wire and observe the 
changes.

Variable Resistance

MAGNETIC FIELD DUE TO A CURRENT CARRYING-CONDUCTOR (ELECTROMAGNETISM)
Let us analyze the nature of magnetic field produced in a current-carrying conductor of various shapes. 
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Direction of 
Magnetic Field

Direction of 
Magnetic Field

Direction of CurrentDirection of Current

––

+++
Observations and inferences: The iron filings arrange themselves 
in the form of concentric circles around the copper wire which 
represent the magnetic lines of force. The direction of the north pole 
of the compass needle gives the direction of the magnetic field. This 
direction is reversed if the direction of current in the wire is reversed. 
When current flows in the wire in an upward direction, the magnetic 
field lines are anticlockwise. 

The deflection in the compass needle increases (or decreases) as the 
magnitude of current is increased (or decreased). This shows that 
magnetic field B is proportional to current I, i.e., B µ I. The deflection 
in the compass decreases if we move it away from the wire. Hence, 
B is inversely proportional to the distance from the wire r, i.e., B µ 1/r.

Pattern formed by the iron filings 
shows the magnetic field lines 
around a straight current-carrying 
wire.

The direction of the magnetic field in a straight current-carrying 

conductor can be determined by one of the following two rules:

i] Right-hand Thumb Rule
 If a current-carrying straight wire is held in the right hand with the 

thumb pointing towards the direction of current, the direction of 

the fingers encircling the conductor gives the direction of the 

magnetic field. 
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Magnetic lines of force
Rules for finding the direction of magnetic field
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ii] Maxwell's Corkscrew Rule
 If a Corkscrew’s tip advances in the direction of the 

current, the direction in which the head rotates gives the 

direction of the magnetic field.
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Direction of Magnetic Field

Circular Loop

Magnetic field in a straight current-carrying wire can be increased 

by bending it to form a circular loop. A circular loop may be 

imagined to be made up of a large number of small pieces of straight 

wires. Each of these pieces contributes to the magnetic field.

ACTIVITY 13.6
To plot the magnetic field lines produced by a current-carrying circular loop 

1] Take a rectangular cardboard and make two holes on it.
2] Insert a circular coil having a large number of turns 

through the holes keeping the cardboard perpendicular 
to the plane of the coil.

3] Connect the two ends of the coil to a battery, a rheostat, 
and a plug key in series as shown in the figure.

4] Spread some iron filings uniformly on the cardboard.
5] Insert the plug key so that current flows through the 

circuit.
6] Tap the cardboard gently for a few times and notice the 

pattern formed.

Observations and inferences:
At every point on the circumference of the loop, magnetic 
field is in the form of concentric circles. The radii of these 
circles increase as we move away from the wire. At the 

centre of the loop these circles become straight lines 
perpendicular to the plane of the loop. Thus, magnetic field 
at the centre is uniform and its strength increases.

Further, using a magnetic compass needle, it can be found 
that
i]  If current is increased (using a rheostat) extent of 

deflection of the compass needle also increases. Thus, 
the magnetic field B is proportional to the strength of the 
current, i.e., B µ I.

ii]  If the radius of the circular loop is increased, the extent of 
deflection of the compass needle placed at the centre of 
the loop decreases, i.e., B µ 1/r.

iii] If the number of turns n in the circular wire is increased, 
magnetic field at the centre of loop increases, i.e., B µ n.

Magnetic field produced by a 
current-carrying circular coil.

Pattern formed by iron filings 
show the magnetic field lines 
produced by a current carrying 
circular loop.

Point on this image with 
the Zen AR Learning App

ZEN162 ZEN360



Solenoid

A coil of insulated copper wire wound in the form of a cylinder is 
known as a solenoid. When current is passed through a solenoid, it 
produces magnetic field lines like a bar magnet. 
The magnetic field lines inside the solenoid are parallel. This means 
that the strength of the magnetic field is uniform inside the solenoid.

The strength of the magnetic field (B) produced:
I] Increases with increase in the number of turns ‘n’ in the solenoid, 

i.e., B  n.µ
ii] Increases with increase in current passed through the solenoid, 

i.e., B  I.µ
iii] Increases to a great extent by using materials like soft iron, steel, 

etc. as the core of the solenoid. Solenoid magnetizes the core 
and thus the core behave like an electromagnet.

Solenoids with a soft iron core are used in speakers, 
microphones, door locks, electric bells, automobile starters, 
switches, valves, inductors, etc. A solenoid behaves as a magnet 
as long as current is flowing through it. When current stops flowing, 
it loses its magnetic properties. Thus a solenoid and all 
electromagnets are temporary magnets.

NOTE: A solenoid wound around a soft-iron core is called an 
electromagnet (magnet under the influence of electric current). 
Soft-iron core loses all of its magnetism when current is switched off; 
steel does not.  

Magnetic field 
lines through and 
around a current-
carrying solenoid.

Point on this image with 
the Zen AR Learning App

Orientation of iron filings under the influence of a current-carrying solenoid
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A current-carrying rod, 
AB, experiences a force 
perpendicular to its length 
and the magnetic field.

This force makes AB 
move.

Force on a current-carrying conductor placed in a magnetic field

We know that a current-carrying wire produces a magnetic 

field. A. M. Ampere suggested that the magnet must exert 

an equal and opposite force on the current-carrying 

conductor. This effect finds applications in electric motor, 

electric generators, loudspeakers, microphones, measuring 

instruments (ammeter, voltameter), etc.

1] Take an aluminium rod AB (of length about 5 cm) and 

suspend it horizontally from a stand using two connecting 

wires as shown in the figure.
2] Connect the two ends of the wire in series with a battery 

and a plug key. 
3] Place a strong horseshoe magnet such that its north pole lies 

below and south pole lies above the aluminium rod as 

shown. Then, the magnetic field is directed upwards.
4] Insert the plug key so that the current flows through the 

aluminium rod from B to A. Notice the movement of the 

rod.
5] Reverse the terminals of the battery in the circuit and 

observe the changes.
6] Reverse the poles of the magnet and observe the changes.
7] Hold the magnet at different angles to the rod and observe 

the changes.

Observations and inferences: When current flows, the 

aluminium rod gets displaced because of the force acting on it 

due to the magnetic field of the horseshoe magnet. It is 

observed that:

l When the direction of current is reversed, direction of 

displacement of rod and hence, the force is also 

reversed
l If the direction of magnetic field is reversed by changing 

the poles of the magnet, the direction of force on the 

rod is reversed
l The displacement of the rod is largest or the force on it is 

maximum when the direct ion of  current  is 

perpendicular to the direction of the magnetic field; 

Thus, the effect is maximum when the direction of 

displacement, current, and magnetic field are mutually 

perpendicular.

Thus, the force exerted by a magnetic field on a current- 

carrying conductor depends on:
l Strength of magnetic field: F  Bµ
l Strength of electric current: F  Iµ
l Length of the conductor: F  Lµ
l Angle θ between current and magnetic field: F   sin θa

Magnitude of the the magnetic force is thus given by
F=BIL sin θ.

ACTIVITY 13.7: 
To show that a current-carrying conductor placed in a magnetic field experiences a force
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1. Motion

3. Current

2. Field

Fleming's left-hand rule [motor rule]

MAGNETISM IN MEDICINE

FLEMING'S LEFT-HAND RULE gives the direction 

of the force experienced by a straight current-carrying 

conductor placed in a magnetic field. According to this 

rule, if the thumb, forefinger and middle finger of the left 

hand are stretched to be perpendicular to each other as 

shown in the figure, and if the forefinger represents the 

direction of magnetic field, the middle finger represents 

the direction of current, then the thumb represents the 

direction of force. Fleming's left- hand rule is applicable 

for motors.

The nerve cells in our body control the muscles by sending 

electric signals in the form of a weak ion current. This 

current produces a weak magnetic field. Significantly 

stronger magnetic field is produced in our heart and brain. 

The magnetic field produced in the human body can be 

detected using sensitive instruments such as Magnetic 

Resonance Imaging (MRI). An MRI scan gives valuable 

information on tumours in the brain, the structure of the 

heart, digestive organs, joints, spinal cord, soft tissues, and 

bones of the body. While X-rays are used to scan only bones 

in the human body, MRI, in a addition can scan all the soft 

tissues of the body. Some believe that magnets can regulate 

blood circulation in the human body and can reduce pain. 

Treatment using magnets is known as magnetotherapy.

MRI Scan of Brain: White 

regions show tumours

Point on this image with 
the Zen AR Learning App
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Working of an electric motor

An Electric Motor converts electrical energy into 

mechanical energy which can be used to do work.

Principle 

A current-carrying conductor placed in a magnetic field 

experiences a couple, which sets it into continuous motion.

Construction

An electric motor consists of a rectangular coil ABCD of 

insulated copper wire placed between the two poles of a 

permanent magnet. The two ends of the coil are connected 

to two halves of a split ring S  and S  mounted on an axle O. 1 2

The inner sides of the split ring are insulated while their outer 

sides are conducting. The outer sides of the split ring are 

connected to a circuit consisting of a battery and a plug key 

through two brushes B  and B  whose position is fixed.1 2

Working

Applying Fleming’s left-hand rule reveals that AB goes 

downwards and hence CD goes upwards. When AB goes 

downwards, S  connects with  B  and S  connects with B . 2 1 1 2  

Current goes along DCBA. At half rotation, AB experiences 

an upward force and CD and equal and opposite downward 

force. Current, now, flows along ABCD. At each half rotation, 

current reverses its direction causing continuous rotation of 

coil and axle. 

 Uses 
Electric fans, refrigerators, mixers, washing machine, 

computers, MP3 players, etc use the principle of an electric 

motor. The device described above is a simple motor which 

can't be used for practical purposes. Commercial motors 

differ from the motor explained above in the following 

aspects: (i) an electromagnet replaces permanent magnet; 

(ii) the coil consists of a large number of turns; and (iii) the coil 

is wound on a soft iron core. The coil and the core are 

together known as armature and they enhance the rotation 

speed of the motor.

DC MOTOR

C
D

O
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ELECTROMAGNETIC INDUCTION

Just as a magnetic field causes a current-carrying wire to 

move, a moving magnet can cause flow of current in a closed 

circuit. This phenomenon is known as electromagnetic 

induction and was discovered by Michael Faraday. The 

experiment performed by Faraday is described below.

1] Wind a coil AB of an insulated copper wire having a large 

number of turns around a cardboard cylinder.
2] Connect the ends of the coil to a galvanometer.
3] Take a strong bar magnet and move its north pole 

towards the end B of the coil. Check the deflection in the 

galvanometer.
4] Hold the magnet inside the coil for some time and check 

for any deflection.
5] Move the magnet away from the coil and observe the 

deflection in the galvanometer.
6] Now hold the magnet at a fixed position and move the 

end B of the coil towards and away from the magnet.
7] Observe the deflection in the galvanometer.

Observations and inferences:
 

Whenever a magnet or coil is moved, the magnetic field is 

changed. This induces a potential difference causing current 

to flow through the circuit indicated by the deflection of the 

galvanometer needle. Change in direction of motion of the 

magnet (or coil) causes deflection in the opposite direction 

indicating that the direction of current in the circuit is 

reversed. If both coil and magnet are stationary, there is no 

change in the magnetic field. Hence no deflection is 

observed in the galvanometer and hence no current is 

induced. 

The magnitude of induced current can be increased by 

increasing the  
l Number of turns in the coil
l Speed of motion of the coil or magnet
l Strength of the magnetic field

 An electric generator works on this principle.

Galvanometer

A galvanometer detects the presence of a small current or 

voltage in a circuit and measures its magnitude. Its scale has zero 

at the centre and gradations on either side. The pointer remains 

at zero when no current flows through it. It deflects on left side 

or right side depending on the direction of the current.

Galvanometer

Solenoid Magnet

A B
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POSITION OF BAR MAGNET

Magnet outside the coil

Magnet moves slowly

Magnet moves quickly

Magnet moves slowly

More turns in 
the coil – Large Deflection

Less turns in 
the coil – Small Deflection

Magnet moves towards the coil

OBSERVATION

If the magnet is stationary, anywhere near or inside 
the coil, the galvanometer does not show any 
deflection.

If the magnet is moved towards the coil, the 
galvanometer shows deflection.

If the magnet is moved away from the coil, the 
galvanometer again shows a deflection but in the 
opposite direction.

If the magnet is moved towards the coil very 
quickly, the galvanometer shows a large deflection.

If the number of turns of the coil is decreased and 
the magnet is moved towards the coil, the 
galvanometer shows a lesser degree of deflection.

ACTIVITY 13.8: 
To demonstrate the method of inducing an electric current in a coil, with a moving magnet 
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Michael Faraday was a British chemist and physicist who 

significantly contributed to electromagnetism and electro-

chemistry. His parents were poor and could not afford his 

education. Hence, he had to leave school and work in a book-

binding shop. There, he read a lot of science books during his free 

time. In 1812, he got some tickets to listen to a series of lectures by 

the eminent scientist Humphrey Davy. After the lecture, Faraday 

sent Davy a 300-page note on the lectures. Davy was impressed 

and he employed Faraday as an assistant at the Royal Institute. 

There, Faraday helped Davy and other scientists and also did 

independent research. Initially, he concentrated on chemistry – he 

worked with chlorine, few chlorides of carbon, and developed an 

early version of the Bunsen burner. Later, he worked on 

electromagnetism – discovered electromagnetic rotation 

(principle of motor), electromagnetic induction (principle behind 

electric generator and transformer), and many other 

pathbreaking concepts. He held high positions in some universities 

and gave many popular lectures. He gave his name 'farad', 

originally to describe a unit of electrical charge. Later it became 

the unit of electrical capacitance.

M ich a e l 

FA R ADAY
[September 22, 1791 – August 25, 1867] 

Faraday's induction ring (1831)

Michael  Faraday’s  generator.  This  apparatus  consists  of  a  tube  of  neutral  material  wound  
with  a c oil  of  wire  insulated  in  cotton  and  a  bar  magnet.
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ACTIVITY 13.9: 
To demonstrate the production of induced current in one coil due to a change of current in a neighbouring coil

1] Wind an insulated copper wire on an insulated cylinder 

(made of cardboard or thick paper) as two coils – coil 1 

and coil 2, having a large number of turns (say,100 and 50) 

as shown.
2] Connect coil 1 (having more number of turns) to a 

battery and plug key, and coil 2 to a galvanometer.
3] Insert the plug key and observe the deflection in the 

galvanometer. It shows momentary deflection in one 

direction.
4] Now remove the plug key. Galvanometer again shows 

deflection but in the opposite direction.

Inference: Whenever electric current through coil 1 is 

changing (increasing or decreasing), the magnetic field 

associated with it also changes accordingly. This causes 

changes in the magnetic field experienced by coil 2 and 

hence a current is induced in it which is observed as a 

deflection in the galvanometer. Here, coil 1 and coil 2 are 

called primary and secondary coils respectively. Thus, 

changing the magnetic field in one conductor induces a 

current in another neighbouring conductor. 

The magnitude of induced current increases if:
l The number of turns in the primary coil is increased 
l Magnetic flux is changed at a faster rate

This fact finds applications in inductors, electromagnetic 

brakes, transformers, etc.

Motion

Field

Induced
Current

Fleming's right-hand rule [Dynamo rule]

FLEMING'S RIGHT-HAND RULE gives the direction of 

induced current in a conductor moving perpendicular to a 

magnetic field and is applicable for generators. This rule 

states that if the thumb, forefinger, and middle finger of the 

right hand are stretched to be perpendicular to each other 

as shown in the figure, and if the thumb represents the 

direction of the motion of conductor, forefinger represents 

direction of the magnetic field, the middle finger 

represents the direction of the induced current.

[Relate Thumb to Travel (motion), Forefinger to magnetic 

Field, and Center (middle) finger to Current]

Point on this image with 
the Zen AR Learning App
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Magnetic force on a moving charged particle

Alternating Current and Direct Current

If a charged particle having charge q moves with a velocity v in a 
magnetic field B, the magnetic force acting on it is given by

F  = q v B sin θB

For a straight current-carrying wire, the magnetic force acting 
on it is F = BIL sin θ. 

But,         where q is the large and t is the time i.e., current I is 

the charge flow per unit time. So, 

= B qv sin q, where the length (L) of the conductor traversed by 
a moving free electron per unit time is the velocity of the 
electron.

Conversely, if the charged particle (say, an electron) is moving 
downward (i.e., into the paper) ^ to the magnetic field, 
direction of current is out of the paper.

The direction of the magnetic force is given by Fleming's right- 
hand rule.

From the equation, we observe that:
n The magnetic force on the moving charge is perpendicular 

to both the velocity of the charge and the magnetic field 

Electrical energy can be in two forms: alternating current (AC) 
and direct current (DC). Alternating current is defined as the 
flow of charge that changes direction periodically. Hence the 
voltage also reverses periodically along with the current. 
Basically, ac is used to deliver power to industries, houses, office 
buildings, etc.

Direct current (DC) is the movement of electric charges in a 
single direction. In DC the intensity of the current varies with 
time, but the direction of movement stays the same. DC is 
referred to voltage whose polarity never reverses. Sources of 
DC are batteries, cells, etc.

= q

= q

q
F B L sin

t

L
B q sin

t

n The magnetic force is directly proportional to the charge 
and velocity of the particle and the magnetic field

n If q = 0, F = 0, which means no force acts on neutral 
particles

n If v = 0, F = 0, which means no force acts on stationary 
charged particles

n If particle is moving parallel to the direction of magnetic 
field,  θ = 0, sin θ = 0 and hence, F = 0
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AC DYNAMO
ABCD - Insulated copper coil
N-S - Powerful magnet
R1 & R2 - Slip rings
B1 & B2 - Carbon brushes

Direction

Amount of energy 
that can be carried

Cause of the direction 
of flow of electrons

Frequency

Current

It flows in one direction in the circuit

Voltage cannot travel very far as it begins 
to lose energy

Steady magnetism along the wire

The frequency of DC is zero

Has constant magnitude

Metal

It reverses its direction while 
flowing  in a circuit

Can travel over longer distances 
without much loss of power

Rotating magnet along the wire

The frequency of ac is 50Hz or
60Hz depending upon the country

Flow of Electrons

Sources

Electrons move steadily in one 
direction – 'forward'

Cell or Battery

Electrons keep switching 
directions – forward and backward

AC generator, dynamos

Magnitude varies with time

DCPROPERTY AC

ELECTRIC GENERATOR [DYNAMO]

An electric generator generates electric current by 
converting mechanical energy into electrical energy. It works 
on the principle of electromagnetic induction. 

Depending on the output current, there are two types of 
electric generators: 

i] Alternating Current (AC) generator
ii]  Direct Current (DC) generator

Principle

An electric generator works on the principle of 
electromagnetic induction. When a coil is rotated between 

the magnet or when the magnet is rotated around the coil,  a 
current is induced in the coil in a direction given by Fleming's 
right-hand rule.

Construction 

An AC electric generator consists of a rectangular coil ABCD 
placed between two poles of a permanent magnet as shown 
in the figure. The ends of the coil are connected to slip rings 
R  and R . The inner sides of the ring are insulated and are 1 2

attached to an axle. Their outer side is made conducting and 
is in contact with two brushes B  and B  which are connected 1 2

to a galvanometer and a load, in series, through wires.

Point on this image with 
the Zen AR Learning App
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Working

The axle attached to the two rings is rotated such that arm 
AB moves up and arm CD moves down in the magnetic field 
produced by the permanent magnet, i.e., ABCD is rotated 
anticlockwise. Then, by Fleming's right-hand rule, the 
induced currents are set up in these arms and current flows 
in the direction ABCD and from B  to B as indicated by 2 1 

deflection in the galvanometer.

After half a rotation, arm CD starts moving up and AB moves 
down. Then, the induced current flows along DCBA, and 
from B  to B  externally. After every half rotation the polarity 1 2

of the current changes, thereby producing an alternating 

current (AC). Thus, the device is called an AC generator.

Most power stations in India generate alternating current. 
Assume the frequency of the generated ac is 50 Hz. This 
means that the coil rotates 50 times per second. In one 
rotation, the current reverses twice and so in 50 rotations, it 
reverses 100 times. Thus, the current reverses every   
      seconds. This means that each terminal of the coil 
positive for     of a second and negative for the next     of 
a second.

By connecting the axle to a turbine rotated by the action of 
fast-flowing water on it, the coil can be rotated fast.

DC DYNAMO

Principle

Electromagnetic induction – An induced current is set up in a 
conductor when it is placed in a changing magnetic field. 

Construction

A DC generator consists of a rectangular coil ABCD of 
insulated copper wire placed between the two poles of a 
magnetic field. The two ends of the coil are connected to two 
halves of a split ring S  and S . The split rings are connected to 1 2

an external circuit consisting of a galvanometer through two 
brushes B  and B  whose positions are fixed.1 2

Working

Initially, let the coil be horizontal. Let the coil be rotated 
anticlockwise with arm AB moving up and CD moving down. 
Then, magnetic field lines passing through the coil change. 
According to Fleming's right-hand rule, current is induced 
along ABCD in the circuit. This current flows from brushes B  1

to B  through the galvanometer as seen by its deflection. As 2

the coil crosses its vertical position, S  comes in contact with 1

B  and S  with B . The induced current now flows along DCBA 2 2 1

and then from B  to B  through the galvanometer. Thus, the 1 2

direction of current in the external circuit does not change 
and hence, the current generated is a direct current (DC).

1
100

1
100
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DOMESTIC ELECTRIC CIRCUITS

Electricity from power stations is supplied to our homes 

through two wires – live wire with red insulation (220 V, 50 

Hz) and neutral wire with black insulation (0 V). These wires 

pass through a main fuse into the meter board at our home 

and then to line wires through a main switch. Generally, the 

wiring in the house is divided into two separate circuits:

n Lighting circuit with a 5 A fuse for appliances like bulbs, 

fans, etc. which consume less power 

n Heating circuit with a 15 A fuse for appliances like fridge, 

geysers, water pumps, air conditioners, etc. which 

consume more power

To ensure that each appliance has the same potential 

difference, they are connected parallel to each other.

Three main hazards that can occur due to electric circuits at 

home are:

i] Short circuiting: It occurs when the live wire comes in 

contact with the neutral wire directly or through a 

conductor. This results in almost zero resistance causing 

flow of a large current which may cause fire or burn up 

the live wires and even appliances. 

ii] Overloading: It occurs when a large number of 

appliances are switched on at the same time and they 

draw a large current (exceeding 5 A for lighting circuit and 

15 A for heating circuit) from the mains, or due to an 

accidental hike in the supply voltage. This causes 

overheating of the wires which may result in fire or 

damage the appliances.

iii] Electric shock: Sudden flow of electricity through a human 

body is called an electric shock. Depending on the 

magnitude of current, it may cause a tingling sensation, pain, 

jerk, burning of body parts, heart attack, and even death.

Earth Wire

Live Wire

Neutral
Wire

Electricity 
Board’s Fuse

Electricity 
Meter

Distribution
box containing

main switch and 
fuses for each

circuit

Short Circuit Overloading
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Effect of a short circuit:
Burning of live wires or appliances 
and causing sparks and fire.

Causes of overloading:
Running too many appliances at the 
same time or connecting too many 
plugs to a single socket.

Effect of overloading:
Burning of lines wires, sockets, and 
fire.

Electric Shock

PREVENTIVE MEASURES FOR ELECTRIC HAZARDS

Electric Fuse 

It is a safety device consisting of a thin wire made of an alloy of tin and lead having a melting point 
around 200°C. If high current flows through it due to a short circuit or overloading, melts and 
breaks the circuit cutting off the supply of electricity. The length and thickness of the fuse wire 
depend on the maximum current allowed through a circuit. A fuse works on the principle of the 
heating effect of current. Alongside protecting the wiring of a whole building by fuses, individual 
electrical appliances have their own fuses. The maximum safe current allowed to flow through a 
fuse before it melts is called fuse rating.

Earthing 

The risk of electric shock is more in appliances having a metal body such as iron box, toaster, table 
fan, etc. As a preventive measure, earthing is done by burying a metal plate deep into the earth near 
the house. A wire of green insulation called earth wire is drawn from this metal plate and connected 
to the top pin of all the 3-pin sockets in the switch boards. The metal body of the appliances can now 
be connected to the earth (which is at 0V) by plugging them to the specific switch board. Any 
leakage current on the metal body of the appliance can then be sent to the earth by the earth wire 
thereby preventing the user from getting severe electric shock. 

Electric fuse

Earthing
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ELECTRIC SHOCK – TREATMENT

If you find someone collapsed and you suspect the cause to be electric 
shock, take the following actions:

STEP 1

Ÿ Turn the power off at the mains 

Ÿ If this is not possible stand on a dry insulated 
material such as newspapers, books, or 
rubber matting

Ÿ Push the casualty away from the power 
source using non-conductive items such as  
safety hook, broom, or chair

STEP 2

Ÿ Check the casualty response–if they 
respond by answering or moving, 
providing they are in no further 
danger, leave them in the position you 
had found them

Ÿ Check for visible injuries and call for an 
ambulance

STEP 3

Ÿ Remove any obvious obstruction from their 
mouth

Ÿ Open the airway by tilting the head back and 
lifting their chin

STEP 4

Ÿ Check for signs of breathing by looking for 
the chest movements, listen at the mouth 
for breath sounds, and feel for air on your 
cheek – look, listen, and feel for 5 seconds

STEP 5

Ÿ Feel the pulse for 5 seconds – If the pulse and breathing are present, 
place the casualty in the recovery position

Ÿ If pulse is present but breathing is absent, commence rescue breaths

Ÿ If pulse and breathing are absent commence CPR while waiting for the  
ambulance; alternate 30 chest compressions with 2 rescue breaths and 
repeat this sequence if necessary
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