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o
10. Electromagnetism

A) MAGNETIC EFFECT OF ELECTRIC CURRENT

» Magnetic eff f electri rrent: w
agnetic effect of electric current BATTERY pyieosrar
o Discoverer: Han Oersted, 1820. r—w K& N
o Procedure: Arrange the battery, wire and " £
compass needle as shown in the diagram A L —E__ g
p g . ShI {2} Key open and compass needié
o Conclusion: qﬂw e
= A current produces a magnetic field
around it, called the magnetic effect A 5;;;_;;351 &
of the current. A 199 Y choeng
i i
= The strength and direction of the
magnetic field depends on the al . s G
magnitude and direction of the current. SN i) Gurent reversed
FF |
» Magnetic field and field lines due to current in a
. . AJ_.__.S_. AT NI
straight wire: %ﬁm T A
o Experiment: = Vi
_ B CURRENT
COMPASS L MAGNETIC {4 i
NEEDLE » #° FIELD LINES| ] @E— 8
Illr @,___ __,_;"' s &) Currgni reversed
o i -:_’.E' ‘if: “! Dersted experiment un ile magnetic
PR S el e, D S - o
. g 4; ‘L WAL effect af curvent
RHECSTAT L TARN S )
S T e gl
l'I i \.w_‘h"-:_"_—_":-"i_z’
B KEY T .
}_‘ J CARDBOARD
Magnetic freld lines around a siraigh
clreent currying wire

o Conclusion:
» A current carrying conductor produces a magnetic field around it.
» The strength and direction of the magnetic field formed depends on the
strength and direction of the current flowing in the conductor.

h)

m-/ml-(ml-|m]-(m[-Im|-|m|-m|-]m]|-m[:m|-|m]-(m[-1m|-]m|:[m|-]m]-(m|[-1m|-|m|:[m|-]m]-m[-m]-]m|-(m-m)-mim]-]

= m[-|m[-]m|-m-(m]-m]-|m-]m[-]m|-[m]-[m]-m-|m[-]m[-]m|-]m|-m)-[m]-]m-]m[-]m-]m|-[m)-m-]m-]m[-]m]-m)-(m-|m-]m[-]m|-]m|-(m-(m M -]m[-]m|-[m)-(m -m ml-]m-]"
mm-m-m-m-(m]-(m]|m[-]m[-]m-[m]-[m]m]-|m[-]m[-]m|-]m]-[m]-[m]-]m-]m[-]m-]m]-[m)m]m[-]m[-]m]-[m)[m||m|]m[-]m|-]m]-[m[m]m[-]m-]m]-]m][m|m]m[]m|-]m



pmdigg ICSE

> Rule to find the direction of magnetic field:

o Right hand thumb rule: It is the rule that governs the

direction of magnetic field by a current carrying conductor
such that on holding the wire, the thumb points in the
direction of flow of current, and the magnetic field lines
are indicated by the direction of fingers encircling it.

> Magnetic field due to current in a loop (or circular coil):
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4 DBIRECTION
“ OF MAGNETIC

FIELD LINES

o Experiment:

DIRECTION OF
T CLRRENT

LOOF A

CURREMT

:n{ P

MAGNETIC
FIELD LIMES

“|'| CARD BOARD
ol

o KEY

M
RHECQSTAT
BATTERY

fic field due o e

irrind i A loop

| I gyl
rig il fana

o Conclusion:

A current carrying loop produces a magnetic field around both its point.

The strength and direction of the magnetic field formed depends on the

strength and direction of the current flowing in the loop.

The polarity acquired at the two faces of the loop depends on the

direction of the current and is determined by clock rule.

o Clock rule to determine the direction of the magnetic field:

General rule: Clockwise current-south pole and anticlockwise current-

north pole.

TN
\N/

EHQ

IANTICLOCKWISE CURRBENT
{a)

F.';yll- 1_'.:’|.".l_'.'."r:_'_|’ crrrant

r’fé 2
CLOCKWISE CURRENT

. £ r
Polarifies af the faces of @

{b)

> Magnetic field due to a current carrying cylindrical coil (or solenoid):

o Solenoid: Solenoid is a cylindrical coil formed by winding a conducting wire,

having length of the coil greater than the diameter of the cylinder.
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SLIT IN
CARD
BOARD

RHEQSTAT
Magnetic field lines due to a solenoid

CArTVIng current

o Conclusion:

= A current carrying solenoid produces a magnetic field around both its
ends.

= The strength and direction of the magnetic field formed depends on the
strength and direction of the current flowing in the solenoid.

= The polarity acquired at the two faces of the solenoid depends on the
direction of the current and is determined by clock rule.

A soft iron core can be used to increase the strength of the magnetic field

» Electromagnet:
o Definition: An electromagnet is an artificial, temporary, strong magnet made by
passing electric current in the coil wound around a soft iron core.

o |—=shaped (bar) electromagnet:

SR

SOFT
At | 'RON

A )—\ﬁ:ﬂ |.(,K BAR

I-shaped electromagtiet

= Use: In Relay (a switching device).
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o U-—shaped (horse-shoe) electromagnet:

—

- o,

/" =~ SOFT IRON CORE
i \', I'|
) JI | 1
o -~
._-"':; :(...-"'r
3 P
s 1% 5%
= {1
T | m‘\.l
A& _'L'_' - N =iF. I
i.d.' AHIMETER
AHEOSTAT
T WM TBTERY 5
b —i '—l\.. P-,
KEY
Harse=shod mraen el

= Use: D.C. motor, A.C. generator, etc.

> Factors affecting magnetic field of an electromagnet:

o No. of turns in a solenoid

— Directly Proportional.

o Current flowing in a solenoid — Directly Proportional.

> Difference between electromagnet and a permanent magnet:
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Electromagnet

Permanent magnet

The polarity can be reversed.

The polarity cannot be reversed.

It produces a temporary magnetic field.

It produces a permanent magnetic field.

off the current.

It can easily be demagnetized by switching

It cannot be easily demagnetized.

It is made of soft iron.

It is made of steel.

The magnetic field strength can be changed.

changed.

The magnetic field strength cannot be

The magnetic field is very strong.

The magnetic field is not very strong.

> Electric bell:

o Definition: An electric bell is a device which
converts electrical energy to sound energy with
the help of an electromagnet.

o Principle: It works due to the magnetic effect

produced by the current.
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B) FORCE ON A CURRENT CARRYING CONDUCTOR IN A MAGNETIC FEILD AND ITS
APPLICATION IN D.C. MOTOR.

> Force on a current carrying conductor in a magnetic field:

o Lorentz force: It is a force experienced when a charge moves (current passed) in
a magnetic field, in a direction other than the direction of the magnetic field.

o Principle: A conductor carrying current experiences Lorentz force just as a
moving charge (current) placed in a magnetic field, in a direction other than the
direction of the magnetic field.

> Fleming’s left hand rule for the direction of force:

MAGNETIC
FIELD

CURRENT

'

Flemmng'y lefi hand rule

o ltisthe rule that governs the direction of force on a current carrying conductor,
where the left hand forefinger indicates the direction of magnetic field, the
central finger indicates the direction of current and the thumb indicates the
direction of force of conductor (motion direction).

» Simple D.C. motor/Electric motor:
o Definition: A simple electric D. C. motor is a device that converts electrical

energy into the mechanical energy.
o Principle:
= An electric current passed in a conductor placed normally in a magnetic
field, experiences a force due to which the conductor begins to move and
mechanical energy (work) is obtained. The Fleming’s left-hand rule is
used to obtain the direction of force on the conductor.
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A de. motor

o Factors affecting speed of rotation of coil:
= Strength of current — Directly Proportional.
» Number of turns in the coil — Directly Proportional.
= Strength of the magnetic field — Directly Proportional.
o Thus, speed of rotation of coil can be increased by:
= |ncreasing the strength of current,
= |ncreasing the area of coil, and
* Increasing the number of turns in coil,

* Increasing the strength of magnetic field.
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C) ELECTROMAGNETIC INDUCTION & ITS APPLICATIONS TO A.C. GENERATOR
& TRANSFORMER.

> Electromagnetic induction:

o Definition: Electromagnetic induction is the phenomenon in which, an e.m.f. is
induced between the ends of the coil, if there is a change in the magnetic flux
linked with the coil, and lasts as long as this flux changes.

» Experiment:

PAPER (OR WOODEN)
CYLINDER

(e)

5] N[} — ]
B) 5} | o
e

QLA () E— v=D

(e} N S

@G

(d) !

”li' 5 po— ]

(o) s a
&

Demonsirasion uf electramagnedic nduction

» Conclusion:
o A current will flow in the coil only if there is a relative motion between the coil
and the magnet.
o The direction of deflection in galvanometer is reversed if either the direction of
motion or polarity of the magnet is reversed.
o The current in the coil is increased by:
= Rapid motion of the coil or magnet.
= Use of a strong magnet
® |ncreasing the area of coil or the number of turns in the coil.
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» Faraday’s laws of electromagnetic induction: Faraday formulated following 2 laws:

o If the circuit of the coil is closed, an e.m.f. gets induced, when there is a change
in the magnetic flux linked with a coil, and it lasts as long as there is a change in
the magnetic flux linked with the coil and current flows in the coil.

o The magnitude of the e.m.f. induced is directly proportional to the rate of
change of the magnetic flux linked with the coil.

= Note: If the rate of change of the magnetic flux remains uniform, a steady

e.m.f. is induced.

» Direction of induced e.m.f.: It can be obtained by any of the following two rules:

o Fleming’s right hand rule: It is the rule that governs the direction of induced
current on the relative motion of conductor in a closed circuit, where the right
hand forefinger indicates the direction of magnetic field, the thumb indicates the
direction of motion of conductor and the central finger indicates the direction of
induced current.

MOTHON OF
LAanNDLICTON

o, T8

INDUGED | §
CLRREMNT W L

Floaring s right fand ruf

o Lenz’s law: It states that the direction of induced e.m.f. or current is such that it
tends to oppose the cause which produces it.

» A.C. Generator:
o Definition: An a.c. generator is a device which works on the principle of
electromagnetic induction and converts mechanical energy into electrical

energy.
o Principle: A coil rotated in a magnetic field changes the magnetic flux linked with

the coil and induces an e.m.f. between the ends of the coil. The Fleming’s Right

hand rule is used to obtain the direction of induced current in the conductor.
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o Main parts:

EXTERMNAL
| CERCLAT

LOAD

OFT IRON
\\\ CORE

o Main parts of an a.c. generator:

= A horse shoe shaped electromagnet.
= An armature coil ABCD, mounted on an
axle.
= Two metallic slip rings S1 and S,.
= Two carbon brushes B1 and B,.
o The induced e.m.f with respect to the position of the coil:

= When the plane of the coil is normal to the magnetic field:

e The magnetic flux linked with o g
th i . o ~ , ROTATION —
e coil is maximum. 5[0 ® T ,.x” S
e The rate of change of S
magnetic flux is zero. Ve [—L!. 1.;; s Oy CONE oy
. . |B . fag [ ] aAe
e Sothee.m.f.induced in ul h 2 1R
[ ) ' e
the coil is zero. | '|;. D Mo 5 A |_
* When the plane of the coil becomes ferncion of meanetic: feid —

parallel to the magnetic field:

e The magnetic flux linked with the coil becomes zero.

e The rate of change of magnetic flux is maximum.

e So the e.m.f. induced in the coil becomes maximum.
o The induced e.m.f can be increased by:

= |ncrease in speed of rotation of the coil.
= |ncrease in number of turns of the coil.
= |ncrease in area of cross section of the coil.

> Comparison of D.Cand A.C.:

Direct current Alternating current
It is the current of uniform It is the current of varying magnitude with
magnitude. respect to time.
It has a unidirectional flow. It reverses its direction after every half turn.
It is obtained from a cell or battery | Itis obtained from a generator or mains.
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» Advantages of A.C. over D.C.:
o A.C. can be easily changed to D.C.

o The voltage of A.C can be stepped up or stepped down easily using transformers.
o The voltage of A.C. can be stepped up and be transmitted over long distances at
least current without loss in energy.

> Comparison of A.C generator and a D.C motor:

A.C. generator D.C. generator
A generator converts the mechanical A d.c. motor converts the electrical energy into
energy into the electrical energy. the mechanical energy.
Principle of working: Electromagnetic Principle of working: Force acting on a current
induction. carrying conductor placed in a magnetic field.
A generator uses two separate coaxial A d.c. motor uses two commutator split rings
slip rings. (parts of a slip ring).

> Similarity between an A.C. generator and D.C. motor:

o Both has a coil rotating in a magnetic field between the pole pieces of a powerful
electromagnet.
o Transformation of energy from one form to the other, takes place in both.

» Transformer:
o Definition: A transformer is a device which can increase or decrease the
magnitude of an alternating e.m.f.
o Principle: A transformer works on the principle of electromagnetic induction on
two coils having different number of turns.
o Factors affecting the magnitude of e.m.f. induced in the secondary coil:
= The ratio of the number of turns in the secondary coil to the number of

turns in the primary coil (i.e., turn ratio) — Directly Proportional.
= The magnitude of e.m.f. applied in the primary coil or the input voltage.
Directly Proportional.

o In atransformer:

E.m.f.across the seconadry coil (Es)

=  Turns ratio =
E.m.f.across the primary coil (Ep)

Number of turns in the secondary coil (Ng)

Number of turns in the primary coil (Np)
current in the primary coil (Ip)

current in the primary coil (I)
Es _Ns_Ip

=  Turn rati = = =
urn ratio B Npo 1
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o Types of transformer: There are two types of transformers:

SECOMNDARY SECONDAR
. [=Y+0+]
© | CORE
o s ]
coo 8 Hono oo
PRpriMARYH P PE PRIMARY M P
step-up transformer step-down transformer|

o Differences:
Step-up transformer Step-down transformer
It increases the a.c. voltage and It decreases the a.c voltage and
decreases the current. increases the current.
The turns ratio > 1; secondary coil has | Its turns ratio < 1; primary coil has
more no of turns than primary coil more no of turns than secondary coil.
The wire of primary coil is thicker than | The wire in the secondary coil is thicker
secondary coil. than primary coil.
Uses: at power generating station, with | Uses: at power station, with night
X-ray tubes, television, etc. electric bulb, radio sets for valve
heaters, transistors, etc.
» FORMULAE:

1. Turnsratio = x—:

3. Es.ls = Ep. Ip

4. AB = Change in magnetic flux

5. emf =Nx22
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