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e An electromagnet is & temporary strong magnet made of a piece of soft iron when current flows in the
coil wound around it.|It is an ' a

(a) I-shaped electromagnet (or bar magnet) @ <%\7
* An |-shaped electromagnet is constructed by winding é't,hin insulated copper wire)in the form of a
solenoid around a straight soft iron bar. The ends of the wire are connected to a battery through

an ammeter, rheostat and key. - : S
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= When current is passed through the winding of a solenoid by closing the key, one end of the bar
becomes the South Pole (S) because the current at this f face is clockmse)/vhne the other end at
which the current is anticlockwise becomes the [North Pole (N)) =

» The soft iron bar acquires magn@ﬁc’propertles {only when an electric current flows throu
/ solenoid and loses magiictic properties when the current is switched off; th@mit:;@
magnet. Such magnets are commonly used in afrelay. / )(
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(b) U-shaped (or horseshoe) electromagnet

* To construct a horseshoe electromagnet,@ Insulated copper wire is spirally wound on the arms
ofa U-shaped.soft iron core, such that the winding on the two arms as seen from the ends is in the

opposite sense. @

«——Soft iron core

Rheostat
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When current is passed through the winding by closing the key, one end of the arm becomes the
South Pole (S) as the current at this face is clockwi and the other end of the arm becomes the
North Pole (N) as the current at thigfa anticlockwise.

Thus et a very strong magnetic field in th@etween the two poles. The magnetic field in the
gapy vanishes)as the current in the circuit is switched off. It is also a@mporary magnet) Such magnets

DC motor, AT generator etc.

Ways of increasing the magnetic field of an electromagnet /%

The magnetic field of[_an electromagnet (I- or U-shaped) can be increased by the following two ways:
= By increasing the number of tgrnsf_of winding in the solenoid

= By increasing the| wrrenjthrough the solenoid _




Uses of Electromagnets

& To lift and transport large masses of iron scrap, girders, platesjetc.
e To load furnaces with iron.
e To separate magnetic substances such as iron from debris and raw materials.

e To remove pieces of iron from wounds.

& microphone, loud speaker etc.
e In scientific research, to study the magnetic properties of a substance in a magnetic field.

(To)




Permanent Magnet

e A permanent magnet is g naturally occurrin magnet. ' -
P g y g

e A strong permanent magnet is made df stee /'erlstead of soft iron.
e These magnets are used ie.g. galvanometer, amr—neeter, voltmeter) and in a magnetic

compass etc. q o P
Electromagnet Permanent magnet

It produces a magnetic field as long as the

; ; It produces a permanent magnetic field.
current flows through its coils. & P P 9 R

It is made of softiron. <X It is made of steel. Q
The magnetic field strength can bel changed: the magnetic ield strength-canmat be
an be(chenged) [changed. /&5~
The polarity of an electromagnet can be ‘The polarity of an electromagnet cannot be

reversed. m NS reversed. (N s (

It can be easily demagnetised by switchin . :

y . _g y J It cannot be easily demagnetised.
off the current( X/ | —

 —_—y




Force on a Current-carrying Conductor in a Magnetic Field

':(]3 y )
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I, B and F are mutually

)— perpendicular to each other
Battery Rheostat

When no current flows in the conductor, no force acts on the conductor and the conductor does not
Imove. The wire is vertically below the support.

When current is passed in the conductor, a force acts on the conductor in a direction perpendicular to
both the direction of the current and the direction of the magnetic field.

When the direction of the current through the conductor is reversed, the direction of force is also
reversed. ’

On reversing the direction of the magnetic field, the direction of force is reversed.

When a conductor is placed such that the current in it is in the direction parallel to the direction of the
magnetic field, no force acts on the conductor and it does not move.




C,w—»%emf ({' 1

Wirne Xewdtt
\ A O :A C /
Magnitude of force 7 M < .

« The magnitude of force acting on a current-carrying conductor placed in a magnefic field is found

experimentally to depend on the following three factors:
I. The force is directly proportional to the current | flowing in the conductor, i.e. Faecl.

ii. The force is directly proportional to the strength of the magnetic field B, i.e. F=B.
lii. The force is directly proportional to the length | of the conductor, i.e. Facl.
F=I1Bl
 The unit of magnetic field is given from the above equation as N Al'm™
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Direction of force: The direction of force on a current-carrying conductor placed in a magnetic field is
obtained by the Fleming's left-hand rule.

Fleming's lefti-hand rule: Stretch the forefinger, middle finger and thumb of your left hand mutually
perpendicular to each other. If the forefinger indicates the direction of the magnetic field and the middle

finger indicates the direction of the current, then the thumb will indicate the direction of motion of the
conductor.
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Simple DC Motor)Q

e An electric motor is a device which converts electrical energy into mechanical energy.
e Principle: A DC motor works on thg that-when an electric current is passed through a

principle
conductor placed normally-in.@a magnefic field, acts on the conductor as a result of which the
conductor begins tod mechanical energy (or work) is obtained. The direction
obtained by Fleming's left-hand rule.
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Ways of increasing the speed of rotation of a coil: The speed of rotation of a coil can be increased by -
I. Increasing the strength of the current in the coil FO&/C
ii. Increasing the number of turns in the coil

lii. Increasing the area of the coil
iv. Increasing the strength of the magnetic field ]Zc)\ [3




Electromagnetic Inductiob (/_{
(oA (Dire dLo-
\ p— A

e Whenever there is a change in the number of magnetic field lines associated with a conductor, an
electromotive force (emf) is developed between the ends of the conductor which lasts as long as the
change is taking place. This phenomenon is called electromagnetic induction.
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Conclusion
\__* A current flows in the coil only when there is a relative motion between the coil and the magnet due to
which the galvanometer connected with the coil shows deflection.
The direction of deflection in a galvanometer is reversed if the direction of motion (or polarity of the
magnet) is reversed.
The current in the coil is increased
I. By the rapid motion of the magnet (or coil) v

ii. By using a strong magnet J:Z
\iii/B‘_n,r increasing the area and the number of turns in the coil




Faraday's Laws of Electromagnetic Induction @ 6[(1«
Q I. Whenever there is a change in thhed with a coil, anlemf is induced./The induced

emf lasts as long as there is a change in TheTmagrietic flux linked with the coil.
ii. The magnitude of the emf induced is directly proportional to the rate of change of the magnetic flux
linked with the coil. When the rate of change of the magnetic flux remains uniform, a steady emf is
induced.

Factors Affecting the Magnitude of Induced EMF fpducéc[ EME o

The magnitude of induced emf is equal to the rate of change of magnetic flux, i.e.

Induced e.m.f,= —— Ellsfnge in magne[llc flux d@ g%
- Time in which the magnetic flux changes | T
_ - - K a.,{@ OTZ Clo
Thus, for a given coil and magnet, emf depends on the following two factors: - >
(i) Change in the magnetic flux \_—— "fﬁCC /Q
(il) Time in which the magnetic flux changes L__—

Direction of Induced EMF

The direction of induced emf (and hence the direction of induced current) can be obtained by any of the

following two rules: ) ,

e Fleming's right-hand rule: Stretch the thumb, middle finger and of your right
hand mutually perpendicular to each other. If the forefinger indicates the direction-efthe magnetic field
and the thumb indicates the direction of the motion of the conductor, then the middle finger will
indicate the direction of the induced current.




Direction of Induced EMF

The direction of induced emf (and hence the direction of induced current) can be obtained by any of the

following two rules:

e Fleming's right-hand rule: Stretch the thumb, middle finger and forefinger of your right
hand mutually perpendicular to each other. If the forefinger indicates the direction of the magnetic field
and the thumb indicates the direction of the motion of the conductor, then the middle finger will
indicate the direction of the induced current. P

\
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e Lenz's law: The direction of induced emf)or induced current) always tends to oppose the cause which

produces it.
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AC Generator V‘”"('O/) Cn€ it » oA O ﬁ\?
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> Aenerator is a device which converts mechanical energy into electrical energy using the
printipté of electromagnetic induction.

 In a generator, a coil is rotated in a magnetic field. Due to rotation, the magnetic flux linked with the
coll changeg and therefore a”duced between the ends of t hus, a generator acts like
~a source of current if an exteriattircuit containing a load is connected between the ends of its coil.

—
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The figure below represents the(emf induce en the ends of the coil with respect to the position
of the coil in the(magnetic fie hen e axis of rotation from the position of slip rings.
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irection of magnetic field AC

Frequency of Alternating Current N /

In one_complete rotation of the coil, we ge@e cycle of alternati f in the external circuit.
The alternating emf)thus produced has a frequency which is equal to th@ency of rotation\of the

coil. T
If the coil makes n rotations per second, then the magnitude of induced emf is given as —
e=e,sin2ant e
and the current is expressed as
i=i,sin2nnt




and direction is called/. battery is a DC source, while an AC generator and the mains are AC

sOources.

A current of’constant magnitude) and unigue direction is calle@ DE.lwhile a current of changing ma%

Differences between AC and DC

=S

Direct current (DC) Alternating current (AC)
It is the current of constant magnitude. It is the current of magnitude varying with time.
It flows in one direction in the circuit. It reverses its direction while flowing in the
circuit.
It is obtained from a cell (or battery). It is obtained from an AC generator or the
mains.




Advantages of AC over DC

» The use of AC is advantageous over DC because the voltage of AC can be stepped up by using a
~—step-up transformer at the power generating station before transmitting it over long distances. This

reduces the loss of electrical energy as heat in the transmission line wires.
The AC is then stepped down to(220volTby using (step-down transfuﬂ@at the successive sub-

stations before supplying it to the houses or factories.
If DC is generated at the power generating station, then its (vol cannot be increase r
transn@%assage of high current in thedransmissio . there will be a huge

loss of electrical energy as heat in the line wires: ﬁr

) edﬂﬁf:r LU

Distinction between an AC Generator and DC Motor

AC ganaratnr DC motor
It is a device which converts mechanical It is a device which converts electrical
energy into electrical energy. — energy into mechanical energy.

It works on the principle of electromagnetic It works on th_e principle of force aqtlng ona
. ; current-carrying conductor placed in a
induction. — -

magnetic field.

In a generator, thé CGI- : ! 1 di ba Ina DC m-:-tn_r, the EU(rent fr-:-n"_l the DC k/
N - source flows in the coil placed in a magnetic
magnetic field to produce electric current.

field due to which the coil rotates.
It makes use of two separate coaxial slip It makes use of two parts of a slip ring which
rings. ~ acts as alcommutator. ™\




Transformer%

>

A transformer_does not affect th of the alternating voltage. The frequency remains

unchanged tm
A transformer works on the principle of electromagnetic induction and makes use oWhen

there is a change of magnetic field lines due to@in/gm one coil, an induced varying current
of the same frequency flows In other coil.)
A transformer cannot be used with a direct current (DC) source.

A transformer is a device by which the amilitude of an alternating emf can be increased or decreased.




e The ratio of number of turn n the secondary coil to the number of turn in the primary coil (i.e.
Ns/Np) is called the turns ratio.

Number of turns in secondary coil N,

Tums ratio=n=

Number of turns in primary coil N,

* The advantage of using a is that it gives W&mﬂ
therefore almost all the magnetic field lines caused by the current in the primary coil remain linked with
the secondary coil., _~
When the terminals of the primary coil are connected to the source of alternating emf, a varying
current flows through the primary coil. This varying current produces a varying magnetic field in the

——

varies in the same manner as the applied emf in the primary coil varies

frequency as that of the applied emf.
o)

For a transformer, we have
E.m.f. across the secondary coil E;, Number of tumns in setohdary coil N,

E.m.f. across the primary coil E Number of turns in p%ry coll N,

P P

For an ideal transformer, when there i@ the output power will be equal 1o the input power,

that is
EJ. =E] 25 LS -
[,___\
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Types of fransformers

The two types of transfw the step-up transformer and the step-down transformer.
Step-up transformer-The transformer used to change a lowvoltage alternating emf to a high voltage

alternating emf (of same frequency) is called a step-up transformer. In a step-up transformer, the

number of turns in the secondary coil is more than the number of turns in the primary coil.

Step-down transfermer: The transformer used to change a high voltage alternating emf to a low
voltage alternating emf (of same frequency) is called a step-down transformer. In a step-down
trangfgrmer, the number of turns in the secondary coil is less than the number of turns in the primary

coil.
Tug e — Low
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2. The primary coil of a transformert has 800 turns
and the secondary coil has
what will be the

a 220 V a.c. supply.
voltage ?
Ans. 2:2 volt




.ve a supply @f 8 v

A0 V a.c.
y turns

3. A transformer 1s designed 10 £

ring a house-bell from the @

primary coil has 4800 turns. How man
in the secondary coil ?
AnNS



nsformer are
- (a) the rns

The input and outpt
the outpul

220 V and 44 V res
ratio, (b) th

pect'wc\y.

e current 10 mnpul circuit if
Ans. (@) 1° 5 (b) 0:4 A




l. The :
: e maonetic flux : '
magnetic flux through a coil having 100 turns

decreases fr mn 5
e lru\.\u from Sn zero in d second.
aleulate the e.m.f. induced 10 the coil.

Ans. 100 mV

2 ms
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