UNIT 15
ELECTROMAGNETISM
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After studying this unit, the students will be able to:

a.

Explain by describing an experment that an electric curent in @

conductor produces a magnetic field around it.

. Describe that a force acts on a current-carrying conductor placed in @

magnetic field as long as the conductor is not pcrallel to the magnetic
field,

. State that a current-camrying coil in @ magnetic field expenences a

torque.

. Relate the tuming effect on a coil to the action of a D.C. motor.

. Describe an experiment to show that a changing magnetic field can

ingduce e.m.f. In g Ccircuit,

List factors affecting the mognitude of an induced e.m.f

. Explain that the direction of an induced e.m.f opposes the change

cauvsing it and relate this phenomenon to conservation of energy.

. Describe ¢ simple form of A.C. generctor.

Describe mutual induction and state its units,
Describe the purpose of transformers in A.C circuits,
Identify that a transformer works on the principle of mutual induction

between two coills.

Q.1 Demonstrate by an experiment that a magnetic field is produced around a
straight current-carrying conductor?

Answer

Magnetic effects of o steady current
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Ampere discovered that when a current pass through a conductor it produces

magnetic field around it.

To demonstrate this, we take ¢ straight conductor wire and pass

: - o Magnretic Fuid lines
it vertically through a card board as shown in fig. 15.1 (g). 5 g
Now connec! the two ends of the conductor wire with the : —_— e
. - '« -
termingls of the baottery so that current flows through the circuit ; "

iNn the clockwise direction. e

: : ARE PIRNOTH
The lines of force of the magnetic field produced around the RS SN

wire would be in the form of concentric circles.

If we put a compass needle at different points in the region of magnetic field, it

will align along the direction of magnetic field.

Also, If we sprinkle some iron fillings on the card board cround the wire, they will
align themselves in concentric circles in the clockwise direction.

If we reverse the direction of the cument by reversing the terminals of the

battery, the compass needle also reverses its direction. '

Now the magnetic field lines will align in the anti-clock wise direction as shown in
the figure 15.] (D).

The magnetic field produced is stronger near the centre of the current carrying
conductor and weaker farther away from it.
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Q2 State and explain the rule by which the direction of the lines of force of the
magnetic field around a current carrying conductor can be determined?

Answer

Right hand grip rule

"Grasp a wire with your right hand such that your thumb points in - A gt
Thumd poerv :
slonyg e
drec hon .o

o' he currem Vo

the direction of the conventional (positive) cumrent. Then curling fingers of your
hand will point in the direction of the magnetic field."” It s called nght hand gnp

rvle.

Activity

Tcke a straight piece of wire and bend it into the form of a single loop. Now pass
it through a card board having twe holes. Connect the ends of loop to @

battery so that a current start flowing through it as shown in fig. 15. 3. Now
sprinkle some iron fillings on the card board. Note the pattern of the iron filings

that emerges on the card board.
Magnetic field of a solenoid

The long coll of wire consisting of many loops IS called a solenoid. The field from
each loop In a solenoid adds to the fields of the other loops and creates greater

total field strength as shown in the figure 15.4.
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Electric current in the coll of wire produces magnetic field which is similar to the
magnetic field of a permanent magnet. When this current camrying coil is

prought close to suspend bar magnet one end of the coil repels the north pole
of the magnet. Thus, the current camying coil has a north and a south pole and

s itself magnet.
Electromagnet

The type of temporary, which is created when current flows through a coil, is

called an electromagnet.

Direction of magnetic field

If we gnp the coil with our ight hand by curling our fingers in the direction of the
conventioncl current, one thumb will indicate the north pole of the coll as

shown in the figurel5.S.
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Q.3 When a straight current-carrying conductor is placed in a magnet field, it
experiences a force. State the rule by which the direction of this force can be
found out?

Answer

Since a magnetic field exerts force on a permanent magnet. it
implies that current camying wire should also expenence a force

when placed in ¢ magnetic field.

The force on ¢ wire in a magnetic field can be demonstratec

using the arrangement shown in fig. 15.6. A battery produces

curent in ¢ wire placed inside the magnetic field of a permanent R

magnet.

Cumrent-Camrying wire produces its own magnetic field. Which interacts with the
field of the magnet. As a result, a force 1s exerted on the wire.

Depending upon the direction of the curmrent. the force on the wire either pushes
or pulls it towards left as shown in fig. 15.6 (a) or towards nght shown in fig. 15.6
(D).
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Michael Faraday discovered that the force on the wire is ¢t nght angles to both
the direction of the magnetic field and the direction of current. The force Is

increased if:

1) The current in the wire I1s Increased.
2) Strength of magnetic field is iIncreased.

3) The length of the wire inside the magnetic field is increased.
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Determining the direction of force

The direction of the force on a current camying wire in a magnetic field can be

found by using Fleming's left-hand rule stated as:

lnumh Motion lum
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Fleming's left-hand rule

"Stretch the thumb, forefinger and the middle finger of the left hand mutually
perpendicular to each other. If the forefinger points in the drection of the
magnetic field. the middle finger in the direction of the cumrent, then the thumb

wovuld indiccote the direction of the force acting on the conductor.”

Q.4 State that a current-carmrying coil in a magnetic field experiences a torque?

Answer

If instead of a strocight conductor, we place a current—carmying loop inside the
magnetic field. the loop will rotote due to the torque acting on the coll. This is

also the working principal of electric motors.

Consider a rectangular coll of wire with sides PO and RS, lying perpendicular to
the

field, placed between the two poles of a permanent magnet (fig. 15.8). Now if

the ends
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of the coil are connected with the positive and negative terminals of ¢ battery,
3 current would start flowing through the coil. The current passing through the
loop enters from one end of the loop and leaves from the other end.

» |

sattery 7 4
K /)

VOISR A curremt CHrYIRg COM A ) Mg e fe'o

-

Now apply Flemings left hand rule to each side of the coll. We can see that on
PO side of the loop force acts upward, while on the RS side of the loop force
acts downward it is because the direction of the current through the two sides
of the loop tacing the two poles is at ight angles to the field but opposite to
each other. The two forces which are equal in magnitude but opposite in

direchon form ¢ couple. The resulting torgque due to this couple rotates the loop,
and the magnitude of the torque acting on the loop 1s proportional to the

magnitude of the current passing through the loop.

If we increase the number of loops, the tuming effect is grectly increased. This is

the prnnciple involved in electnc motors.

Q.5 Write the construction and principle of working of DC motor.

Answer

Construction & working
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1) A shown in fig. 15.9 that the simple coll placed in a magnet connot rotate

more than 20° The forces push the PQ side of the coil up and the RS side of the
loop down until the loop reaches the vertical position. In this situation, plane of
the loop i1s perpendicular to the magnetic field and the net force on the coil is

21 0.

So, the loop will not continue to tumn beccuse the forces are still up and down

and balanced.

2) The coll can be rotated by reversing the direction of the cumrent just as the

coil reaches its vertical position.

Magnet

brushes

\"\

Dattery

'-@. 1S9 Vork e g M) HL![‘Jt !lll' I

OMMUHRO'

3) This reverses direction of the current. The connection to coil is made through
an arangement of brushes and a rnng that is split nto two halves, called a split

nng commutator.

4) Brushes. which are vsually pieces of graphite, make contact which the
commutator and allow cumrent to flow into the loop. As the loop rotates. So does

the commutotor.

5) The split nng 1s arranged so that each half of the commutator changes

brushes just as the colil reaches the vertical position. Changing brushes reverses

the cumrent In the loop. As ¢ result, the direction of the force on each side of the
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coil is reversed and it continuous to rotcte. This process repeats at eacch half turn,
causing coil to rotate in the magnetic field continuously. The result 15 an electric
motor, which Is an apparatus that converts electnc energy into rotgtional kinetic
energy.

é) In a practical electnc motor the coll, called the armature, iIs made of many
loops mounted on ¢ shaft or axle. The magnetic field is produced either by

permanent magnets or by an electromagnet, cclled o field coil.

The torque on the armature, cnd as a result, the speed of the motor is controlled

by varying the current through the motor.

The total force acting on the armature can be increased by:
1) InCreasing the number of turns on the coll.

i) InCreasing the current in the coill.

i) Increasing the strength of the magnetic field.

iv) Increasing the area of the coll.

Q.6 What is electromagnetic induction? Describe simple experiments to
demonstrate that a changing magnetic field can induce an e.mJ. in a circuit?

Answer
Magnetic field strength

The strength of mcgnetic field is defined as the number of magnetic lines Of

force passing through any surface.

1) The number of magnetic lines of force iIs maximum when the surface is held

perpendicular to the magnetic lines of force as shown in figure 15.10.

2) It will be minimum when the surface is held parallel to the magnetic lines of

force as shown in the figure 15.11.
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Electromagnetic Induction

The process of generating an induced cumrent in o circuit by changing the
number of magnetic lines of force passing through it is called electromagnetic

iNnduction.

' | [ "
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Explanation

If we place a colil In the magnetic field of a bar magnet, some of the magnetic
ines of force will pass through it. If the coll Is for away from the magnet, only @

few lines will pass the coil as shown in the figure 15.12 (3).

However, if the collis close to the magnet, a large number of lines of force will

pass through it as shown in the figure 15.12 (b).

This means, we can change the number of magnetic lines of force through @
coill by moving it in the magnetic field. This change in the number of magnetic

field ines will iInduce an e.m.f in the coll.

Activity 1
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Take o rectangular loop of wire and connect its two ends with a galvanometer,
Now hold the wire stationary or move it parallel to the magnetic field of a strong
U-shgpe magnet.

Galvanometer shows no deflection and hence there i1s no cumrrent.

1) Now, move the wire downward through the field, current is induced in one

direction (fig. 15.13 a).

bag 1910 Dhowmemaid e o CleCm  morseud inJin In e b i
e eRe™ 3 o v e et Ticld

ii) Now move. the wire upward through the field, curent is induced in the

opposite direction (fig 15.13 b).
Activity 2

i) Take a solenoid and a magnet. When the magnet is stationary, no current is

induced.

ii) When the magnet is moved towards the solenoid, the needle of

galvanometer effects nght, showing a current induced Iin the solenoid. ”

iii) When the magnet is pulled away from the solenoid, the galvanometer

deflects left, showing a cumrent induced opposite in the solenoid.
Conclusion

It shows that due to relctive motion between the coil and the magnet, an

iNnduced e.m.f or Induced current is procduced in the coil.
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Q.7 State Faraday’s law? How the direction of induced e.m.f is determined by
Lenz's law?

Answer
Faraday's law

IThe value of Induced e.m.f in a circult Is directly proportional to the rate of
change of number of mcgnetic lines of force through it.

A

.8 6'.171._/* =
Al

., A
Or em. [ o =2

At

Where, . - s rate of change of magnetic field lines.

1\{
Len’s law

“The direchion of an induced current in g circuit 1s always such that it opposes
the couse that produces it.”

Explanation

If we bring a north pole of a bar magnet near a solenoid, an e.m.f will be
iNnduced in the solenoid by electromagnetic induction as shown in the figure
15.15 (q).
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The direction of the induced current in the solenoid by the inducec IEEEEEETInEES
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emf will be such that it will repel the north pole of the magnet.

This is only possible if the right end of the solenoid becomes a north &% e
e (od ong
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Hence, according to nght hand gnp rule, the dwection of the

w-"
- g e

induced cumrent in the solenoid will be anticlockwise. Similarly, m;
p
when we move the north pole of the magnet away from the e Jé%
solenoid. the diwrection of the induced current will be clockwise Qs . f: f?w: O ectior
O NS LI TE wWhaen ™9
shown in the figure 15.15 (D). - o moved Sy PR O

n

Mechanical energy of our hand used to push the magnet towards or away from
the coil results into electrical energy. Hence Lenz’'s law 1s a manifestation of the

law of conservation of energy.

Q.8 Write the working of A.C. generator? How current is produced from @
generator?

Answer

A.C. Generator

A device which converts 'the mechanical energy into elecincal
energy is called a generator, If it produces alternating current, it

Is called A.C. generator.

Working principle P A

Re@Groriolflirmr Q3™ Lo
If a coil is rotated in a magnetic field a current will be induced et An
> . G @ YPIRT IR 'S Re AR
N the coil. The strength of this Induced current depends upon .

the number of magnetic lines of force passing through the coll.
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The number of lines of magnetic force passing through the coil will be maximum
when the plane of the coil is parallel to the linen of force. This when ¢ coil rotates

N @ megnetic field. the induced current in it continuously

Connection:
A generator is a DC motor

changes from maximum to minmum value and from with its input and output

reversed.

miNnimum to maximum value and so on.

This is the basic principle on which an AC. generator works as shown in the figure
15.16,

1) The armature is oronged so that it can rotote freely in the magnetic field. As
the armature turns, the wire loops cut through the magnetic field lines and

iNnduces e.m.f.

' ISy AC Sl 37 ol

2) The e.m.f, developed by the generator depends upon the length of the wire
rotating in the field. Increasing the number of loops in the armature increases

the wire length. thereby increasing the induced e.m.f.

Current from a generator

I
when a generator is connected in a closed E
circult, the induced emt. generates an &
£
-~

electnc cumrent. As the loop rotates, the

strength and the direction of the cument QQ QQ Q

changes as shown in the figure 15.17. | m——n o ] — s 1

e - ' —
mdmﬂ-—u-mdﬂu

1) The current is minimum when' the plane of v et i A prseras
the locp Is parallel to the magnetic field: when the loop 15 In the vertical position.
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2) As the loop rotates from the vertical to the horizontal position. It cuts through
larger magnetic field lines per unit of the times thus the e.m.f and the current
increase,

3) When the loop is in the horizontal position the plane of the loop becomes

perpendicular to the field: so, the cumrent reaches their maximum values.

4) As the loop continuous to turn, the change In the direction takes place each
time the loop turns through 1807, Thus. the e.m.f cnd the current change
smoothly from zero to some moximum values and back to zero during each half

turn of the loop.

Q.9 What do you understand by the term mutual induction? Name and define S)
unit if the mutual inductance?

Answer
Mutual Induction

"The phenomenon of preduction of Induced current in one coll DN v A 7
due to change of current in a neighbonng coil is called mutual |

induction.”
Explanation

Suppose a system of two coils A & B placed close to each other

as shown in the figure 15.18.

The coil A 1s connected to a battery and a switch, while G he gt r--~l;-= w;ﬂ :

e i 2F BeeTh I o 4 an
sensitive galvanometer is connected to the coll B. We observe WUANAT INTIRRNTS Tt
that as soon as the switch of the coll A i1s closed, the

galvanometer shows a momentary deflection.

Similarly, when the switch IS opened the galvanometer agaoin shows a deflection

but this time its direction is opposite to that of the previous case.
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1) We can explain these observations using Faraday's Law of Electromagnetic
Induction. When the switch of coil A is closed. It cumrent is induced in the coil due

to which magnetic field is developed across the coll.

2) Some of the magnetic lines of force of this field start passing through the coill
15. Since current 1s changing in the coil A, hence number of magnetic lines of

force across the coll B also changes due to which a current is induced in the coill
B in accordance with Faraday's law.

3) When current in the coil A becomes steady, number of magnetic lines of
force across the cod A also become constant. Therefore, there is no more
change in the number of magnetic lines of force through the coil B due to

which induced current in coll B reduces to zero.

4) Similarly, when the switch of the coll A is opened, the flow of curent through it
stops and, in few moments, iIts magnetic field reaches to zero. The number of
magnetic ines of force through the coll B decreases to zero due to which
current is again induced in it but in opposite direction to that in the previous
case.
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Q10 What is a transformer? Explain the working of transformer in ‘connection with
mutual induction?

Answer
Transformer

"The device which 1s used to increase or decrease A.C voltages 15 callea

traonsformer.”

It works on the principle of mutual induction.

Working of a transformer

A transtormer has two coils, electrnically insulated from each —— P
other, but wound around the same iron core. One coil is 90 v -

called "primary coil” and the' other coil is called "the 1200 w ' v ;
secondary coill”. Number of turns on the primary and the | |
secondary coils are represented by N, & N, respectively,
when the primary coil is connected to ¢ source of A.C.
voltage, the changing current crectes a changing magnetic

field, which is carmried through the core to the secondary coil.

In the secondary coil the changing field induces ¢ varying

e.m.f. This eftect is cclled mutual inductence. The e.m.f. inGuced in the
secondary coll, called the secondary voltage Vs, 1s proportional to the primary
voltage Vp. These contrary voltages also depend on the ratio of the number of
turns on the secondary coll to the number of turns on the pnmary coill, as shown

by the following expression:

Step-up transformer
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If the secondary voltage is lorger than the primary voltage, the transformer is
called a step-up transformer as shown in the figure 15. 19 (Q).

Step down transformer

If the secondary voltage is smaller than the pnmary voltage. the transtformer is

called step-down transformer as shown in the fig. 15.19 (b).

Power formula

In an ideal transformer. the elecinc power supplied to the primary circuit. An
ideal transformer dissipates no power itself and for such a transformer we can

wrnte:

Q.11 Briefly write about the high voltage tfransmission?

Answer

Electric power is usually generated at places which are far from the places
where it iIs consumed. The power is fransmitted over long distances at high

voltage to minimize the loss of energy in the form of heat during tfransmission.

As heat dissipated in the fransmission cable of resistance ‘R is I2Rt. Hence by
reducing the cumrent ‘1’ through the cable. power loss in the~ form of heat
dissipation can also be reduced. So. the altemating voltage is stepped vp at the

generating station.

It is then transmitted to the main substation. This voltage is stepped down and is
transmitted to the switch (grid-station) or the city sub-station. At the City- -
substation it is further stepped down to 220 V cnd supplied to the consumers. A
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schematic diagram of high voltage transmission is shown in figure 15.20.
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Transtformers work only with A.C therefore mains power i1s supplied at altemating

cumrent,

Q.12 Write any one application of electromagnet?

Answer
Electromagnet

Magnetic effect of curent is called electromagnet. This effect is used in many
devices like relay, electrnc bell etc.. Soft iron, gains and loses magnetism easily in

such devices.

Relay

The relay i1s used to control a large current with the help of small current. A relay
IS an electrical switch that opens and closes under the control of another

electrical circuit as shown in the fig. 15.21.

The 1* circuit (Input circuit) supplies current to the electromagnet. The
electromagnet is mognetized and attracts one end of the Iron armature. The

armoture then closes the contacts (2nd switch) aond allows cumrent to. flow in the
second circuit,
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When the first switch is- open again the cumrent to the electromagnet stops. Now
electromagnet loses its magnetism and the 27 switch is opened. Thus, the flow
of cumrent stops in the 2" circult.
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