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Electromagnetic Induction

=Michael Faraday who discovered

electromagnetic induction. Making use of
this phenomenon he designed a device
for generating current. So he Is known
as the father of Electricity.

Sole_noid

I A I o o o g

f )j \ |||l ! i
WA \/ / i 4 A \ f
@K J! ¥ {_j_.\'lyl o
g S h. LS 'tﬂ.

The arrangement of
the experiment is
shown in the figure
and the observations -
are given in the table Galvanometer




Activity

1. Keep the magnet
stationary near the
solenoid.

2. Move north pole of
the magnet towards
the solenoid.

3. Keep the magnet

stationary inside the
solenoid.

4. Move north pole of
the magnet outward
from the solenoid.

5. Move south pole of
the magnet towards
the solenoid.

Observation Conclusion

Doesn’t have Current is not
deflection in the Induced.
galvanometer.

Galvanometer needle Currentis induced
slightly deflects In the coll.
rightward.

Doesn’t have the Current Is not
deflection in the Induced.
galvanometer

Galvanometer needle The direction of
slightly deflects current is reversed.
leftward.

Galvanometer needle Current is induced
slightly deflects In the coll.
leftward.




From these experimental observation It IS
seen that current can be generated by the
relative motion between a magnet and a
closed conducting coil. The direction of
iInduced current depends on direction of
motion of coil/magnet and nature of the pole
of the magnet introduced or removed.
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-Electromagnetic induction -
the phenomenon of mducmg an

emf/electric current In a coll
when magnetic flux linked withit
IS changed. The current and -
voltage so produced are called-
iInduced current and induced emf ¢
“Tespectively.
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Methods to mcrease iInduced current

-Use powerful maget |

R

*|ncrease number of turns of the
solen0|d ‘
..: ||!"'
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Galvanometer
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Eleming’s Ight Hand Iiﬁle
It says the relation between the direction

of magnetic” field, the direction of
movement of conductor and the ré\'\Qction

of induced current.

The British scientist
Xo’ehnA rose
mi )ﬂscovered

o

this rulé.

X



Imagine a conductor moving perpendicular to
a magnetic field. Stretch the forefinger, middle
finger and the thumb In mutually
perpendicular directions. If the forefinger
represents the direction of magnetic field, and
the thumb represents the direction of motion
of the conductor, then the middle finger
represents the direction of induced current.

Flaming s Right Hand Rule

Direction
~ of force Wiyeid  easy@memory
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s
Alternating Current and Direct Curre{(

% The current that changes % A current that  flows

directions at regular only in one direction
Intervals of time is called continuously is called
AC or Alternating Current. DC or Direct Current.

The Generator or Dynamo are the devices
which produces electricity continuously by the
movement of a magnhet or armature.
Generator Is the device which converts
mechanical energy into electrical energy by
making use of electromagnetic induction.
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AC Generator

Parts:

Field Magnet (N,S): It creates
magnetic flux in the generator.
Armature (ABCD): An arrangement of
Insulated conducting wire wound on a
soft Iron core. It Is arranged In
between the poles of the field magnet
SO as to rotate freely.

Slip rings (R,, R)): There are two

metal rings in a generator which are
welded with the armature coill.
Graphite brushes (B,, B)): Two

brushes always make contact with the
slip rings. It is through brushes & slip
rings induced current from armature
flows to the external circuit.
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Working of AC Generator

Using any mechanical energy, the.armature Is

made to rotate. As it Is moving through a
magnetic field, a current will be induced In the

armature due te_electromagnetic induction:.




- 4 Period (T): The time taken by the
s @ s T we | armature coll for a full rotation.

of the armature.

Rate of changeof | (O Maoximum 0 Maximum | 0
flu. 3

Induced emf in 0 Maximum 0 Maxzimum | 0
valts. (V)

Frequency of AC: The one complete rotation of
the armature iIs called one cycle of AC. The
number of cycles per second is called frequency
of AC.

The frequency of AC distributed Iin our country
50Hz (50 cycles per second). That means the
armature coll Is to rotate 50 times per second.

In AC generator AC type current is produced In
the end of armature and in the external circuit.
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If split ring commutator is used instead
of slip rings of AC Generator, we will get

DC Generator







orking Principle: Electromagnetic Induction
Energy Change: Mechanical Energy to Electrical Energy
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DC Generator - Working

1. AC is produced when rotating the armature that is
situated around a magnetic field.

2. AC goes to split rings from the armature coil.

3. Interchange the brush and split rings in each half
cycle rotation of armature coil.

4. Due to this interchange AC in the armature colil is
converted to DC.
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Features of current produced from
AC Generator, DC Generator and Battery

ke

Direction changes continously, increases

AC
¥ A and decreases the emf
DC No direction change, increases and
Generator =3 decreases the emf
Ba;tgry No direction change, emf is steady.
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Similarities and Differences of AC and DC Generafc

Similarities Differences

® Field magnet, armature m |n AC slip rings are used,
and brush are identical while DC split rings are
= Armature rotates around used
the magnetic field m Current produced Iin the
m AC Is produced in the outer circuit
armature coll AC Generator — AC
DC Generator — DC
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é What is the function of split ring comlgfutator |

Generator?

é 1@ MOalQ" dles’ H:a1850Cl0M Wdde ag)m™»?
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é What happens while rotating field magnet inste
armature in the DC generator?



changed magnetic An unchanged
flux is produced maghnetic flux is
around a conductor produced around a

when AC is passing conductor when DC is
through it. passing through it.
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Activity 1 m|n figure AC is connected with a
switch in the primary coil and there
IS a bulb in the secondary caoill.

mA changed magnetic field is
produced in the primary coil when
switch is on.

m Secondary coil (placed in this
magnetic field) produces flux
variation and an induced emf (bulb

Secondary coll g lows)

Primary coil
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Activity 2

m|n figure DC (battery) is connected
iInstead of AC with a switch in the
primary coil and there is a bulb In
the secondary coill.

® An _unchanged magnetic field is
produced in the primary coil when
switch is on.

m Secondary coil (placed In this
unchanged magnetic field) can’t

Secondary coll produce flux variation and induced

emf (bulb is not working)

Primary coil

[Note: The bulb glows with DC only at the time of switch is ON and it is OFF]
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Summary: MUTUAL INDUCTION

In AC : emf produced continuously Iin the

secondary coll.
In DC: emf is produced only at the time of
switch is ON and OFF.

“Two coils are arranged side by side. When the
strength or direction of current in one coil changes,
the magnetic flux around it changes. As a result an
emf Is Induced Iin the secondary coil. This

phenomenon is called Mutual Induction.”
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" Presence of soft iron core: induced emf increases

Windings In the primary is lesser than in the
secondary: induced emf increases

* Windings in the secondary is lesser than in the
primary: induced emf decreases
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t? . Observe the following figures:
a) Which bulb glows more brightly? Explain the reason.

b) Which bulb glows with lesser intensity? Explain the reason.

i il W oo sl
@ @) @ ©

Fig1l Fig 2

L™

Fig4
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Transformer Calellogbelnlc

Symbol of transformer
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Transformers are classified into two types

Step Up Transformer

Step Down Transformer

Increases AC voltage

Decreases AC voltage

L
d:’ — b
= =

JJ

frrf

Primary voltage is lower and
secondary voltage is higher
(Vp<Vy)

Primary voltage is higher
and secondary voltage is
lower  (Vp>Vy)

Number of turns in the
primary is lower and in the

secondary is higher
(Np < Ny)

Number of turns in the
primary is higher and in the

secondarxI IS lower
(Np > Ng)

Primary current is higher and

secondary current is lower
{p > 1)

Primary current is lower and
secondary current is higher
(Ip <Ig)

Thickness of primary is higher
and secondary is lower

Thickness of primary is lower
and secondary is higher




Relation between number of turns and induced emf
2JQHBOS af)§FpOJo GOl emf 9o ®ala)8s eniawo

Vo  Ne
Vs _ D ( VsxNp=Ngx Vp | V:':N: (VoxNe=Ryx Ve |
VP NP S I S I
Np > 06(al20] a)QH&HB)OS af)sINo
Np = Number of turns in primary Ng > 0quanadol a)Q1h@)S ag)emo
Ns > Number of turns in secondary Vp = 06(alaoldleal el
Ve > Voltage in primary Vg > amveamoluilael caioudgo.

V4 = Voltage in secondary

2
A

h.\loushad Parappanangadi 9447107327



Relation between current and voltage

@:O(Téo COANURBCSR o ®OAIESS 61IMWo
Power is same in both

primary and Secondary coil:
x — x

|, = Current INn primary

: AL Ceu[10) (1)) [DT=T[uo)1
|_= Current in secondar amvsoRdldioniqo alaid

Vis Voltage in primary
.VS = Voltage in secondary

L.




Why thick-wire Is used in the primary of step up
and in the secondary of step down transformer?
) IMIEM O a o] D(T%CS(TBDIO%)CT?S B Jndldle)o
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Np:Ns = 3:9, If Secondary voltage is 300V What

P

is the primary.voltage?
Np:Ns = 3:9, sqveemailleal canwdeger 300V
@@amy«{@ O(@nd BGANRESE ng)(@©? '
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Np = 5000, Ns = 250, Vp = 120V, Ip = 0.1A =

a
/
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There is a chance of earuglemanllealss
inducing an emfina 0B SHsoolallgemiddd
solenoid whena =  &m@ilsasmueaiomlon

current flow through " aicleme. gele @reo

the same solenoi(:/ eQrglemislmd GBI

which is due to charge l 6D h)o af)al (@G nl6)o ]SO
iIn magnetic field. \




* When AC passes through the
solenoid, a changing magnetic
field Is produced around it. Due
to this an Induced emf is
generated inside the solenoid.

Direction of given emf * This induced emf is in the
opposite direction of the
applied voltage Hence it is called
back emf.

* This back emf reduces the
effective voltage Iin the circuit.
The bulb gives a light with low
intensity.
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* When switch iIs kept on, a
magnetic field is produced
around the solenoid, which is
not varying magnetic field.

* SO It does not produce any
iInduced current or emf in the
solenoid.

* The applied emf completely
goes to the bulb and it gives
light with high intensity.

I
DC
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Self Induction

The change in magnetic flux due to the

flow of an AC In a solenoid will generate a
back emf In the same solenoid In a
direction opposite to the applied voltage.
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. i

- Presence of soft iron core: back emf
Increases and effective voltage decreases
when there Is a soft iron core.

+ Number of windings in the solenoid: back
emf Increases and effective voltage
decreases when increasing number of
turns Iin the solenoid.

Factors affecting back emf

®
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An inductor Is an insulated copper wire
wound in a helical shape (coll)

It is a device which works on the principle
of self induction.

Used to reduce electric current without
loss power
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Moving coil microphone

=Working principle: Electromagnetic Induction

= Energy change: Sound Energy --> Mechanical
Energy --> Electrical Energy

= Main Parts: Diaphragm, Permanent magnet,

voice coll

—



Moving coil microphone

Working:

= Sound wave falling on the diaphragm

= Diaphragm vibrates and which leads to the
vibration of voice coil placed in the
magnetic field.

= Electrical signals are produced.

—
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@ Which bulb lights with more intensity? Give reason

bot] it ] o’

Fig(A) Fig(B) Fig(C)
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Power Stations

Electricity is
generated on a large
scale for distribution

Is called Power
Stations.

Al 6(’&}09403

QllmoemomIm’ ecauens]
QUM @D aameécoﬂ
@ 2Elofleaam
CH(BEBRBI6M alld
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Types of Power Stations How do produce
Mechanical energy

—\Water stored in dam

= Hydro Electric

» Heat energy from fuel

® Thermal

l m Nuclear — —>Nuclear energy from

nuclear fuel
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Power Production and Distribution

11KV g 110/220/400KV
I 230V

N

WwoxE 2
=3

.4

Power Transformer Sub Station — —
Power Generator Distribution
(Three Phase Generator) Transformer
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Power station .Power
generator and power T— [ Sub Station. Step }
transformer (step up). down. [3P).
(11 kV = 220 kV).
/ |
s N\
Distribution
transformer (230 V). - [ Sub 5tation. Step }
Step down. (3P + 1N) down. [3P).

~ 7
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Transmission Loss

When electricity Is transmitted to distant
places there Is loss of energy In the
conductors In the form of heat. This Is
known as transmission |oss.

sa
Noushad Parappanlangadi 9447107327 .

—




Solutions to solve
Transmission Loss

=Heat energy loss can be minimised by
reducing current (H=I°Rt)

=\oltage Is Increased to maintain power
G

sa
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Distribution Transformer




Distribution Transformer
* The Potential:
Neutral Point= 0V
Neutral Line= 0V
Earth= 0V

= The Potential difference:
Phase and Neutral= 230V
Phase and earth= 230V
Neutral and earth= 0V

~_The Phase and Neutral lines are needed for
house hold electrification.



House hold electrification
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House hold electrification

* One phase wire and a neutral wire is required
(to get 230V)

* The Watt hour meter connected first when the
electric line reaches our home. It measures
the quantity of electricity consumed in KWh
unit.

= Fuse and switch are connected in phase line
and they are connected In series.



House hold electrification

* The main switch is used to completely cut off
the electric supply.
* House hold devices are connected in parallel.
*There is a third line other than the phase and
the neutral line is the Earth line.
* Colours used for wires:
Phase: Red
Neutral: Black
Earth: Green
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Advantages of connecting
devices Parallel

= The overall resistance of the
circuit Is reduced.

= Each device has its own
switch.

= Devices working according to
the marked power.
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Watt Hour Meter

« It Is used to measure electrical energy in the unit
kilowatt hour (also known as unit).

« One unit (LKWNh) electrical energy is used by an
Instrument with 1000W power to work for an
hour.

« Equation used to calculate electrical energy used
IS

Power in watt X Time in hours

1000
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?. Calculate the amount of energy used by an iron
box with power 500w, which is working for 2 hours.

?. 500 ang aess 8 MIdleq]sl 0ens’ nemlesd
(@ QUBDOD BB EMUIYENSIBM aameécs@acbgao HIEN0
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NoO.

Instrument

O ldHO6Mo

CFL

LED

AC

Motor

Fan

Number
af)6[Do
5

Power

AlU®

20W

oW

2kW

7/50W

S0W

Time

Mo

6 hours

5 hours

4 hours

30 minutes

8 hours

Energy
OMARo

5x20x6 = 0.6kWh
1000



?. Complete the table

?. The table Is the energy utilisation
for one day. Calculate the amount of
energy utilised by September
month?

?. Calculate the bill amount of this
month with unit rate Rs.4/-
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Safety measures used in household wiring -

1. Safety fuse

2. MCB (Mlnlature Circuit Breaker) : Used in the
place of fuse wire in branch circuits.

It automatically switching off the circuit when there
IS an excess flow of current due to short circuit or

overload.
It works based on the heating and magnetic effect

of electric current.
®
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Safety measures used in household wiring -

3. ELCB (Earth Leakage Circuit Breaker): It helps to
break the circuit automatically when there is a
current leak due to insulation failure or any other
reason. '

4. RCCB (Residual Current Circuit Breaker): Used
Instead of ELCB which ensures more safety. .

y ‘
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Na00OAUBIBEMODI@ quilsdlesesns -
QM HHBOL]BHUD :

3. ELCB (Earth Leakage Circuit Breaker):
EDMBMYGRIHUM @HOIB HI06MEGRI MG MVAHE)G]@D
0603\ efles DemRIdEd MVAHIS B36520l8eV)

Qile20E896SIM TVANIVIHaMD.

4. RCCB (Residual Current Circuit Breaker) : ELCB
OQHNIUY HFO@D NYO YU DOJAUGBOO .
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Three pin plug and Earthing

In order to ensure safety, three pin plugs
are used in some devices. If the phase
ine come In contact with the metallic
body due to defects In the insulation and
we happen to touch any part of this, we
will get an electric shock. Three pin plug
(Earthing) I1s the solution to solve this
problem.



Features of Three pin plug

sThickness IS more — decreases
resistance and current can flow to the
earth easily and properly

= _ength is more — It comes In contact with
the socket first and disconnected last.
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Instruments

Working in AC Working in DC
Refrigerator Mobile Phone
TV Calculator
Fan Remote

Rectifier: It is a device that converts AC to DC and
the process is called Rectification.
It contains a step down transformer and a diode.
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