INDUCTION AND ALTERNATING CURRENTS I
il C, again changes F

ROMAGNETIC

(#) In Experiment 2, relative motion between coil € and i
! " ! : current carrying €O : .
: fmelll nked with coil C. In either case, an e.m.f. is induced in coil C: It is this induced e-mt
which causes electric current in the coil and galvanometer shows some deflection.

from zero O

(iif) In Experiment 3, when the tapping key X is . coil C’ increases

; ; pressed, the current 1 €O : tly,
n uim. ‘.Therefm:e’ result?ng magnetic field of coil C’ increases from zero to mmmm,n' Consee%‘::e%u);
the magqeuc flux llnkc.d with the neighbouring coil C also increases. It is this change 11 magn
inked with coil C that induces e.m.f. in coil C.

When kf:y K i_s kept pressed current in coil C’ is constant. Therefore,
linked with coil C. Hence, current induced in coil C drops to zero-
m to zero. The resulting

when key K is released, current in coil C” decreases from maximu -
field of coil C' decreases from maximum to zero in a short time. This results in a decrease in magn

jinked with coil C. Hence an e.m.f. is induced in coil C in the opposite direction-

All experimental observations lead us to conclude that induced e.m.f. appears in a coil .wheneV?l’ thf;
amount of magnetic flux linked with the coil changes. Note that mere presence of magnetic ﬂ“’f o4 Md
enough. The amount of magnetic flux linked with the coil must change in order to pr oduce any induce

e.mf. in the coil.
4(a).5. FARADAY'S LAWS OF ELECTROMAGNETIC INDUCTION

Following are the two laws of electromagnetic induction as given by
from Faraday’s experiments dicussed above.

there is no changé in magnetic

magnetic
etic flux

Faraday. Both the laws follow

First Law

Whenever the amount of magnetic flux linked with a circuit changes,
the circuit. The induced e.m.f. lasts so long as the change in magnetic flux co

an e.m.f. is induced in
ntinues.

Second Law
The magnitude of e.m.f. induced in a circuit is directly proportional
magnetic flux linked with the circuit.

to the rate of change of

Explanation
First Law. In Faraday’s experiment, when magnet is moved towards the coil, number of magnetic

lines of force linked with the coil increases, i.e., magnetic flux increases. When the magnet is moved away,
the magnetic flux linked with the coil decreases. In both the cases, galvanometer shows deflection indicating
that e.m.f. is induced in the coil.

When there is no relative motion between the magnet and the coil, magnetic flux linked with the coil
remains constant. That is why galvanometer shows no deflection. Thus, induced e.m.f. is produced when
magnetic flux changes and induced e.m.f. continues so long as the change in magnetic flux continues. This
is first law. The same results follow from Faraday’s second experiment.

) nd Law. In Faraday’s experiment, when magnet is moved faster, the magnetic fl i -
the coil changes at a faster rate. Therefore, galvanometer deflection is more. Howevgell]' wher:l‘)ﬂ{)icl:l nr:::d ‘:tlti};
slowly, rate of change of magnetic flux is smaller. Therefore, galvanometer &eﬂection is sinall
\duced e.m.f. is smaller. Hence magnitude of e.m.f induced varies directly as the rate of ch o'

¢ flux linked with the coil. This is second law. e of change of
0, is ic flux link i i i :

p - amount of magnetic flux linked with a coil at any time and ¢, is the magnetic flux linked with
fter ¢ sec., then

¢2 5 q’l

> of changg, of magnetic flux =
F t
ing to Faraday’s second law, induced e.m.f.

euw or e=k(¢2_¢l)
t PO ...(6)

o prdporﬁonality.
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If d ¢ is small change in magnetic flux in a small time dt. we can rewrite (7) as

€ = -ﬂ] ...(8)
[ .
change in magnetic flux associated

Negative sign is taken because induced e.m.f. always opposes any
with the circuit. This follows from Lenz’s law discussed in Art. 4(a).6.

In case of a closely wound coil of N turns, change in magnetic flux associated with each turn is the
do
dt

By increasing number of turns N in the coil, we can inc

same. Therefore, total induced e.m.f. is given by e=—N
rease the induced e.m.f.

Sample Problem The magnetic flux threading a coil changes from 12 x 102 Wb to 6 x 1073

Wb in 0:01 s. Calculate the induced e.m.f.
Sol. Here, ¢, =12x 103 Wb, ¢,=6x 107 Wb, dr=001s= 102s,e=7?

_=do_—(4,-¢) _ ~(6x107° —12x107) = 0-6 volt.

dt dt 1072
4(a).6. LENZ’S LAW

This law gives us the direction of current induced in a circuit.

According to Lenz's law, the polarity of the induced e.m.f. is such that it opposes the change

in magnetic flux responsible for its production.

For example, in Fig. 4(a).7, when north pole of a bar magnet is being pushed towards the coil, the
amount of magnetic flux linked with the coil increases. Current is induced in the coil in such a direction
that it opposes the increase in flux. This is possible only when current induced in the coil is in anticlockwise

-
direction with respect to an observer on the side of the bar magnet. The magnetic moment M associated
with this induced current has north polarity towards the north pole of the approaching bar magnet, as
shown in Fig. 4(a).7.

Similarly, when north pole of the bar magnet is moved away from the coil, Fig. 4(a).8, the magnetic
flux linked with the coil decreases. To counter this decrease in magnetic flux, current induced in the coil is

in clockwise direction so that its south pole faces the receding north pole of the bar magnet.

FIGURE 4(a).7 FIGURE 4(a).8

in an attractive force, which opposes the motion of the magnet and the corresponding
2

5, 2 g - 3 >
— e 2 S A.A;,Lv‘ e
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wﬂl Verification of Lenz’s Law pimi s
Figure 4?). ? shows the experimental set up for verifying Lenz’s
& A coil of a few turns is connected to a cell C and a sensitive
| W G through a two way key 1, 2, 3.
put in the plug of key between 1 and 2. Cell sends current through
o coil. At the upper face of the coil, the current is anticlockwise
: wou!d produce_north pole on this face. Suppose the galvanomete;
jon is to the right. Obviously, if galvanometer deflection were
o the left, current would be clockwise at the upper face, which would
pehave as south pole.
Remove the plug of key from 1 and 2. Insert the plug of key
petween 2 and 3. Now, move N-pole of a bar magnet towards the coil.
The galvanometer shows a sudden deflection to the right indicating

hat current induced in the coil is anticlockwise and upper end of the 2 l k

coil behaves as .noth. It opposes the inward motion of N-pole of the G
par magnet, which is the cause of induced current.

Similarly, when N-pole of the bar magnet is moved away from the coil, the galvanometer shows a sudden
deflection to the Jeft, indicating that current induced in the coil is clockwise and upper end of the coil behaves as
south. It opposes the outward motion of N-pole of the bar magnet., i.e., cause of induced e.m.f. is opposed.

Exactly similar results follow when S-pole of magnet is moved instead of N-pole.
Hence induced current always opposes the change in magnetic flux which produces it. This verifies
Lenz's law.

4(a).7. LENZ’S LAW AND ENERGY CONSERVATION

Lenz’s law is in accordance with the law of conservation of energy. :

For example, in the experimental verification of Lenz’s law, when N-pole of magnet is moved towads
the coil, the upper face of the coil acquires north polarity. Therefore, work has to be done against the force
of repulsion, in bringing the magnet closer to the coil. Similarly, when N pole of magnet is moved away,
south polarity developes on the upper face of the coil. Therefore, work has to be done against the force of
aitraction, in taking the magnet away from the coil.

It is this mechanical work done in moving the magnet w.r.t. the coil that changes into electrical
yducing induced current. Thus, energy is being transformed only.

n we do not move the magnet, work done is zero. Therefore, induced current is also not produced.

- Hence Lenz’s law obeys the principle of energy conservation.
Yo gﬁﬁmsely, Lenz’s law can be treated as a consequence of the principle of energy conservation.

LEMING’S RIGHT HAND RULE

ing’s right hand rule also gives us the direction MOTION OF CONDUCTOR
~e.m.f./current, in a conductor moving in a
ld. According to this rule,

retch the first finger, central finger and
our right hand in mutually perpendicular
s such that first finger points along the
field and thumb is along the
n of the conductor, then the
d give us the direction of induced

" INDUCED CURRENT
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