CHAPTER 15
ELECTROMAGNETIC

INDUCTION
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11.

12.

| MULTIPLE CHOICE

A changing magnetic field produces around itself an induced

A magnetic field B electric field

C electromotive force D gravitational field

The magnitude of induced emf in a circuit depends upon:

A Change of flux B Rate of change of flux

C Maximum fiux D Minnmum ﬂux

The direction of induced emf or current is found b(C y ‘the 'use of:

A Farauay s aw B Amperes law C Leh‘s aW D None

Lenz's law is in accordance"w'lth the law of conservation of:
A Momentum | B Angular momentum

C Energy _~f \\\NUV - D Mass

The. prpcéss m Wthh a change of current in one coil causes an
induced emf in another coil nearby it is called:

A Self induction B3 Mutua' Induction C Henry effect D None
The energy stored in an inductor is ’
ALl B LI C2Lr DX
The transformer works on the base of

A mutual inguction B 1° law of motion

C 3 °'aw of motion D none of these

The principle of A.C. generator is

A mutuat induction B self induction

C E M induction D All of these

A transformer steps 220 volt to 40 volts if the secondary turns are
40 and primary turns are SN0
A 20 B 40 A A 120 S 0 220

Ind uced emf ina coul accordmg to Faraday 3 Law is expressed as
ae=NY  on g\ Ughes y e D E= X

The magnFth f!ux ‘»lmked w:th a circuit when a unit current flows
through it is known as

A Induced current B Inducec emf

C Coefficient of seif inductance of a circuit 1D nore of these

The mutual inductance of coils does not depend upon:

A Stiffness of coil B Matera: ~f i

C Geometry of coll [} Anga b ess et we of Loils
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Henry is the unit of:

A Self Inductance \\ B \Mutual inductance

C BothA&B O\ =\ SIND Magnetic flux

The energy stored" in magnetlc fneld is given by

AL NN L CIL D-LI
The motwnal emf developed in @ conductor depends upon:

A Length B. Magnetic field C. Orientation D. Al
The effective value of A.C. voltage or current is:

A V2 Times \/° B. —12 of V, c —% of V, D. None
When the back emf in a circuit is zero, it draws

A. Zero Current B Steady Average current

C Minimum Current D Maximum Current

The component in a generator which consumes electrical energy is
called

A Capacitor B Load
C Split rings ) D. Commutator

If we make the magnet:c fleld stronger the value ﬁofﬁmduced
current is
A decreased

A.,sz " ncrea sed

C vanished N D kept constant
Alternatin N Fent |s"'z-converted into direct current by:

A Mator\N B Dynamo

C Rec{mer D Transforrher

For electroplating we use: '

A DC source B. A.C source C.BothAC. &DC D None
Which of the following is scalar quantity:

A Flux density _ B. Magnetic field

C Induced emf 7 D. Magnetic field intensity
The.induced current can be mcreased by:

A Using strong magnetic field B. Moving loop faster

C. Replacing loop by coil of many turns D. All

One meter long rod is moving at 30° through a magnetic field of 1

T. If the velocity of rod is 1 m/s then induced emf in the rod will

be:

A0SV BO6V C ‘lv

Alternating current generators use»-‘. o
‘ B Spln nngs

\'p.o2v

A Colled rings

C Slip rings SAR\ECRARIB S D Solenoid

An inductor mjay store energy in

A its mhgn tic field B its electric field
C. a neighbouring circuit D 1ts coils

The coil connected with battery and rheostat in the experiment of
mutual inductance in called:

A Primary B Secondaary

C Loop D Vanable coil



28. In step down transformer the number of turns m the primary is

written as: N\ TN N

A. Ny<N, B Ng\= N\ AN U \@) N aN D Nore
29. The loss of energy over A C. cycle is called:

A. Magnetization Ioss ' B De-magnetization loss

C En rgynosé = D Hysteresis loss

30. The'ratio of average induced emf to the rate of change of current in
the coil is called

A Mutual inductance B. Self inductance
C. self induction D. mutual induction
o ___Answers:
 1.B 2.B 3.C 4.C 5.B 6,A | 7.A
8.C 9.D 10.C 11.C 12. A 13.C 14.D
. 15.D 16.B | 17.D | 18.B 19.B 20. C 21.C |
_22.A | 23.D 24. A 25.C 26. A 27. A 28.C
. 29.D 3.8 |, L o

SHORT & LONG QUESTiONS

Q1: Describe the historical ba”»kgromd of electromagnetlc induction?

Ans: Historical backgrou.ind of electromagnetic induction:

i As soon Jas)., Oersted discovered that electric currents produce magnetic

fields, many sd entists began to look for the reverse effect, that is, to cause an

electric current by means of a magnetic field.

i In 1831 Michael Faraday in England and at the same time Joseph Henry in

USA observed that an emf is set up in a conductor when it moves .across a

magnetic field. If the moving conductor was connected to a sensitive galvanometer,

it would show an electric current flowing through the circurt as long as the conductor

is kept moving in the magnetic field

iii. The emf produced in the conductor is called induced emf. and the current

generated is called the induced current. This phenomenon is known as

electromagnetic induction.

Q2: Discuss the different ways to produce induced emf and induced
current?

Ans: Induced emf and induced current by the AT

magnetic field of a permanent magnet: _ /[ 2 | J

i Consider a straight piece of -wirg of, Iength {’ g

placed :n the magnetic)field-of ‘a permanent Magnet.  cumom |

The wire IS connected to a\ sensatwe galvanometer. ;- ¢

This forms a closgd path-or loop without any bativry In i,

the begmnmgfwhen the loop 1s at rest in the magnetic .o

field. no current is shown by the galvanometer of mokion

ii. If we move the loop from left to right, the length

¢ of the wire 1s dragged across the magnetic field and

a current flow through the loop. As we stop moving the




28. In step down transformer the number of turns m the primary is

written as:

A. Ny<N, B Ngx- VAVAER\RORA ‘G.‘:N )N D None
29. The loss of energy over A C.\ cycle Is called:

A Magnetnzatlon Ioss B De-magnetization loss

C. En rgyllosg D Hysteresis loss

30. The ratno of average induced emf to the rate of change of current in
the coil is called

A Mutual inductance B. Self inductance

C. self induction D. mutual induction

_ ,, _ _Answers: 0000
o 1 B 2.B 3.5_'_‘ 4.C S5.B 6. A ~7.A
i '8.C 9.D 10.C 11.C 12. A 13.C 14.D
. 15.D 16.B | 17.D | 18.B | 19.B 20.C 21.C |
 22.A | 23.D 24. A 25.C 26. A 27.A 28.C
. 29.D , 30.B ;, | L ]

l SHORT & LONG QUEST!ONS ‘

Q1: Describe the historical baﬂ’ "ground of electromagnetlc induction?
Ans: Historical background of efectromagnetic induction:
i As s?on @S \Dersted discovered that electric currents produce magnetic
fields, many\ 'sclentists began to look for the reverse effect, that is, to cause an
electric current by means of a magnetic field
i In 1831 Michael Faraday in England and at the same time Joseph Henry in
USA observed that an emf is set up in a conductor when it moves .across a
magnetic field. If the moving conductor was connected to a sensitive galvanometer,
it would show an electric current flowing through the circuit as long as the conductor
is kept moving in the magnetic field
iii. The emf produced in the conductor is called induced emf. and the current
generated is called the induced current. This phenomenon is known as
electromagnetic induction.
Q2: Discuss the different ways to produce induced emf and induced
current? -
Ans: Induced emf and induced current by the
magnetic field of a permanent magnet: _ -\ |/ 15* \ o
i. Consider a straight piece) of; wire of Jength 4’
placed n the magnetic) fseld of, a permanent ‘magnet.
The wire IS connected to a\ sensitive galvanometer.
This forms a Fiqsbd dath or loop without any bativry In
the begmnthg when the loop is at rest in the magnetic
field. no current is shown by the galvanometer
ii. if we move the loop from left to right, the length
¢ of the wire 1s dragged across the magnetic field and
a current flow through the loop. As we stop moving the




loop. current also stops N\ [/ =
iii. Now. if we move the loop\in, 0pp£>stte dmrectron current also reverses its
direction This s indicated- by the Qeﬂectmn of the galvanometer in opposite
direction Thus induced emf and\inddced current will produced.
Q3: On what ﬁactbrsmduced current and emf depends?
Ans: Theh uced current depends upon the speed with which conductor moves
and upon the resistance of the loop
If we change the resistance of the loop by Inserting different resistors in the loop,
and move it in the magnetic field with the same speed every time, we find that the
product of induced current | and the resistance R of the loop remains constant, i.e.,
I x R = constant = induced emf

This constant is the induced emf The induced emt leads to an induced
current when the circuit is closed.
Methods to increase the current:
The current can be increased by

i) Using a stronger magnetic field:
Stronger is the magnetic field larger is the induced emf.
ii) Moving the loop faster: ' AN

It can be concluded that it is the relatwe motrgn\'of me i@ob and the magnet
that causes the induced emf, = )
iii)  Replacing the loop bya co{wf many turns
Induced emf o« No\ of turns of col
iv) Ratec g:tp;mﬂb of fiux:
The gr atér the rate of change of flux. the larger is the induced emf.
Q4: Illlustrate the different methods for the production of emf in a

loop?
Ans: There are some other methods described
below in which an emf is induced in a ioop by //
producing a change of magnetic flux through it. . /v/

Method 1: - e

Fig. shows a bar magnet and a coil of
wire to which a galvanometer is connected.
When there is no relative motion between the | |
magnet and the coil, the galvanometer indicates —)
no current in the circuit. As soon as the bar G™
magnet is moved towards the coil, a& current appears in |t As me magnet IS moved,
the magnetic flux through the coil changes and - [] QL
‘this changing flux produces the induced curreft| (\ |\
in the coil When the magnet moves /away) from'- ~ L
the coil. a current 1s again | mduced\but now In
opposite direction Tl]e \cutrent’ would also be
induced if thg Jmaéhets were held stationary and
‘the coil is moved.

Method 2:

There i1s another method in which the
current 1s induced in a coil by changing the area
of the coil in a constant magnetic fieild Fig shows that no current is induced in the




coil of constant area placed In a constant
magnetic field However when the gil_is\ T\ O\ \
being distorted so as to reduce lts area an
induced emf and hence| current appears
The current vamsheslwhen the' area is no
longer changing)\ Jif/\the” distorted coil is B rersonr

brought to its original circular shape thereby ‘ " G
increasing the area, an oppositely directed %
current 1s induced which lasts as long as the "
area is changing.
Method 3: [T 1,“ ,

An inﬁuéed current can also . be F S

generated when a coil of constant area is
rotated in a constant magnetic field. Here, also,
the magnetic flux through the coil changes.
This is the basic principle used in electric

generators. tl' | @ |
Method 4: \_|
A very interesting method to induce Switch H J
open '

current In a coil involves by producing a
change of magnetic flux in a nearby coil.

Fig. shows two coils placed side by side. The coil P is connected in series
with a battery, a rheostat and a switch, while the other coil S is connected to a
galvanometer only. Since there is no battery in the coil S one mqght expect that the
current through it will always be zero. Now, if - )\
the switch of the coil P is suddenly closed,a' | v
momentary current is induced in-coil’ S\ This\is—— 'S
indicated by the galvanometer, which suddenly
deflects and then returns \to'zero. No induced
current exustglm ‘COII 'S as long as the current
flows steadlly in the coil P. An oppositely " Swilth
directed current is induced in the coil S at the dasec
instant the switch of coil P is opened. Actually,
the current in P grows from zero to its maximum vatue just after the switch is closed
The current comes down to zero when the switch 1s opened. Due to change In

-T-__
@ :



current. the magnetic flux associated with the coil P- changes momemarlly This
changing flux is also linked with the cail S thaf, Causes thé~induced current in 1t. -

Current in coil P can alsgbe_ changed wath the T —
help of rheostat ‘ VA L
MethOd 5 J “ }l I\ ;;
It st a,iéo“possnble to link the changing
magnetic flux with a coil by wusing an =
electromagnet instead of a permanent magnet @ )
The coil 1s placed in the magnetic field of an ~ “*'. V2 l e -
electromagnet. S 7’ i
Both the coll and the electromagnet are . -  Currant

stationary The magnetic flux through the coil is
changed by changing the current of the electromagnet, thus producmg the induced

current in the coll. )
Q5: Define motional emf. Derive a relation for the magnitude of
motional emf?

Ans: Motional emf:
The emf induced- by the motion of a conductor across ;\ magnettc field is

called motional emf B WY s »
Derivation of motionalemf: - \ = /- \\\) )/ Bmto paper

i Consider a conducttng;fod of Ie\ngtn_L""“"’ c <.__; /

placed on two paralie! meta.‘ rails separated by x =
a distance L ANNJ o\ X
ii. A gawbﬁo#neter is connected between ‘ I
the ends ¢ and d of the rails. This forms a @ L g ,
complete conducting loop abcda j v %
iii. A uniform magnetic field B is applied % l

directed into the page v R .
iv.  Intally when the rod is stationary, d l——> =

galvanometer indicates no current in the loop.

If the rod 1s pulled to the right with constant velocity v, the galvanometer indicates a
current flowing through the loop. Obviously, the current is induced due to the motion
of the conducting rod across the magnetic field. The moving rod 1s acting as a
source of emf

VB Va = AV
V. When the rod moves, a charge g within the rog aiso mgves wtth the same

velocity v in the magnetic field B and expenencas 8 force 'glve;\ by
F & qv*B )

The magnitude oi the force [s '
y U F q v B sing
Since angle 0 bptwéen Lz and Bis 90°, s
F qvB

vi. Applymg the right hand rule. we see that F is directed from a to b in the rod
As a result the charge migrates to the top end of the conductor As more and more.
of the charges migrate concentration of the charge Is produced at the top b and
deficiency of charges at the bottorn a This redistribution of charge sets up an
electrostatic field £ directed frombto a '



vii.  The electrostatic force on the charge 1s F.=qE| duecied frorn b toa The
system quickly reaches an equnlubrnum state an| WhiCh mese two forces on the charge
are balanced if E; is the, electnc mtensuy tn thls state then

gEo = qvB [\ |} {\ \\ )\

J JIJ_'EQ '—“‘VB (1)

viii. The" mbtrdna! emf € will be equal to the potential difference AV=V,-V
between the two ends of the moving conductor in this equilibrium state The grad:em
of potential will be given by AV /L As the electric intensity 1s given by the negative of
the gradient therefore,

ay

Eo = - - (2)
or AV = -LE, = -(LvB)
ix. The motional emf:
€= 4av = -LvB (3)
This is the magnitude of motional emf.
X. If the angle between v and B is 6. then
£€ = -vBLsing ... (4)

Due to induced emf positive charges would flow along the path abcda therefore the
induced current is anticlockwise in the diagram. .\ [

Q6: This heater operates on the pnnclple of' eiedrdmagnetlc induction.

The water in the metalpot is bml ng. whereas that in the glass pot is not.
Even the glass top of the heater is-cool to touch. The coil just beneath the
top carries ac cqyreht that produces changing magnetic flux. Flux linking
with pots mduacés emf in them. Current is generated in the metal pot that
heats up the water, but no current flows
through the glass pan, why?

Ans: Current is generated in the metal pot
because metals are good conductor of heat and
electricity due to free electrons. The drag force
provides the energy for the induced current to flow.
This energy is the source of induced current.

No current flows through the glass pan
because it is bad conductor of heat and electricity
due to the absence of free electrons.

Q7: Define Faraday's law and establish the nlatlonshlp between

Faraday’s law and induced emf? _ A0
Ans: Faraday's law of electromagnetic Inducticna [ \dOP"

"The average emf induced in & conduchng coil) of N Ioops IS equal to the
negative of the rate at wh:ch‘ the magnetlc fluxthrough the coll is changing with
time"

Faraday’s mgf and. iddueed emf
Let the condu mg ‘rod L moves from position 1 to position 2 in a small interval of
time At The distance travelied by the rod in time At 1S Xx; = X, = Ax

Since the rod 18 moving with constant velocity v, therefore
V=l (1)

£ i

Since



£ = Bl = -ZBL ()

As the rod moves through. the dlstance Ax the mcrease in the area of loop is
given by AA = Ax L ThIS mcreases the\ﬂux
through the Ioop be MJ \AAB = Ax.LB.
Putting Ax. L Bl <ApInEq 2 we get

£=-% (3)
If there is a coil of N loops instead

>gsruon 2

of a singie loop, then the induced emf will I
become N times. 1.e.. ! |
i A¢ g'\_ N ! x
£ = -N— . (4) = =3
At ) ) ~ B W putnr
Aithough the above expression is M- s« SERLIEEE
derived on the basis of motionai emf, but it R TR SRR

is true In general. This conclusion was first

arrived at by Faraday, so this is known as Faraday's law of electromagnetic

induction. )

Note: S
The minus sign indicates that the dnrectlon of 1he, mducefd gmf is Such that it

opposes the change in flux. \Keh\ 7.

. Q8: A cooper ring passes through a-\rectangte reglon where a constant
magnetic fieldis directed\ ito the page. What do you guess about
the current in\ \the' ‘ring ™ at the
_positions 2, 3/and 42 O :

Ans: i. Since the position 2 lies outside the =

magnetic field therefore current will be zero. olliolbe ool
(B=uonl) = = o ¥ om o o

ii. Since the position 3 lies inside the Rl €5 R
magnetic field therefore current will be maximum. === d ===
(B~ pn ) () -
iii. Since the position 4 lies outside the L
magnetic fiéld therefore current will be zero. (B = (i)’ °
Honl)

Q9: Define Lenz's law. How Lenz’s law helps to find the direction of
induced emf? Describe the relationship between Lenz’s law and law
of conservation of energy?

Ans: Lenz’s law and direction of induced emf: _ ~A0
_The direction of the induced current,is always_ so ‘a8 to oppose the change

which causes the current”. This statement is known as Lenz $ law.

He found that the polatity. of /an|induced emf always leads %o .an induced
current that opposes, through the mag%etuc field of the induced current, the change
inducing the emf, Th@- fulelis'’known as Lenz's law.

Note: J,l .
The Lenz's law refers to induced currents and not to induced emf, which

means that we can apply it directly to close conducting loops or coils. However, if

the loop is not closed we can imagine as if it were closed, and then from the
direction of induced current, we can find the d»rectton of the induced emf.



Application of Lenz’s law to the pomt, A VO

i Let us apply the Lenz's Jlaw t6/ the co;‘i in- whrch current is induced by the

movement of a bar magnet We kno\v that a current carrying coil produces a

magnetic field samsl?r tothat of a" pbar magnet.

lFl’ One fade of! the coil acts as the North Poie whiles the other one as the South
ole.

iii. If the coil is to oppose the motion of the bar magnet, the face of the coll
towards the magnet must become a north pole

The two north poles wili then repel eachbu’re" TV WANLY

iv. The right hand rule apphed toi & coil, suggests that the induced current must
be anticlockwise as seen|from| the side-of the bar magnet.

V. Application qﬁl“Push" and “Pull”:

Acconqﬂn ‘tu Lenz's law the “push” of the magnet is the "change" that
produces the induced current, and the current acts to oppose the push. On the other
hand if we pull the magnet away from the coil the induced current will oppose the
"pull" by creating a south pole on the face of coﬂ towards the bar magnet
Lenz’'s law and law of conservation of energy:

, The Lenz's law is aisc a statement of law
of conservaton of energy that can be

[ 8 into paper
conveniently applied to the circuits involving - -Z- .5

G F——
induced currents. To understand this, consider x x® x x sNx «x
once again the experimant in Fig.
i, When the rod moves towards right, emf Y R e
Is induced in it and an induced current flow x X M Lz %
through the loop in the anti-clockwise direction. —
Since the current carrying rod is moving in the P oKX x x
magnetic field, it experiences a magnetlc force NV (R '
F.» having the magnitude F,, = IL. sin907 ('~ W\ ) {
ii. By nght hand rule 'the,dnrecuo:\of Fm IS opposrte to that of v, $0 it tends to

stop the rod. BB

An ext rnal dréggmg’force equal to F, in magnitude but opposite in direction
must be applied' 10 keep the rod moving with constant velocity. This dragging force
provides the energy for the induced current to flow This energy is the source of
induced current, thus electromagnetic induction is exactly according to law of
conservation of energy.



iii.  Limitation of Lenz’s law: 1&)\ [COULE
The Lenz's law forbids the_ :nduced cnrfef (directed clockwise In this case.

because the force F, would be. then) in(the - — ~

direction of v that woqu acceleraté\‘the fod / B nio praper

towards right. \ N\ — /e
Thisqip Itu'rE w0uld induce a stronger e o » x wlx x

current, the" magnettc field due to it also

increases and the magnetic force increases

futher Thus the motion of the wire s

accelerated more and more. S tarting with.a x x x x![ X X

minute quantity of energy, we obtain an ever il

increasing kinetic energy of motion apparently - X »x x x xMx x

from nowhere. Consequently the process 1=

becomes self-perpetuating which is against '
the iaw of conservation of energy.

Q10: Define mutual induction. Explam how induced emf is produced in
the secondary coil. What factors does mutual mductlon depends
upon? e T

Ans: Mutual induction: XN [ o o
“The phenomenon in which-a changjng CUrrent |n ohe corl 1nduces an emf in

another coil is called the, mutuaLmduct\n '

Derivation of mutual mdud:iom

. Prmary Secondary
i. Consider. two [\¢oils''placed close to

each other \/\ VAV

One coil connected with a battery through a ‘ -

~
switch and a rheostat is called the "primary" j
-

F
x x x x| |x'=x
i »

and the other one connected to the
galvanometer is called the "secondary".

i If the current in the primary i8
changed by varying the resistance of the
rheostat, the magnetic flux in the
surrounding region changes. Since the
secondary coil is in the magnetic field of the
primary, the changing flux aiso links with the secondary. This causes an induced
emf in the secondary.

iii. According to Faraday's law. the emf induced in the secenclary coil 1s

proportional to the rate of change of ﬂux = passmg th{OUgh 1t e

h

Y O e
Where N; is the number o”f turns m theéetondary coll.

iv. Mutual in u;ﬂance. :

Let mgl filx 'passing through one loop of the secondary coil be ¢s. Net flux
passing through the coil of Ny loops is Ng ¢ As this flux is proportional to the
magnetic field produced by the current 1,in the primary and the magnetic field itself
ts proportional to .. therefore

Ns ¢s < I,
Ns @5 = M I, e (1)



Where M = —Il- Is proportionality constant called the mutuai mductance ot the
4]
two coils It depends upon the number of! turns of the oorls therr area of cross -

section. their closeness together and the nature ot the core maternal upon which the
two coils are wound <\ |70 \B

V. By Faraday's Ipw th_ a,émf mduced In the secondary c¢oil is given by the rate
of change of f]ux through the secondary

Putting N;¢s = M1, from Eg.1

€5 = -M—L ... (2)

The Eq.2 shows that the emf induced in the secondary is proportional to the
time rate of change of current in the primary
Note:

The negative sign in Eq 2 indicates the fact that the induced emf 1s In such a
direction that it opposes the change of current in the primary coil. While finding out
the value of M from Eq 2, negative sign is ignored Thus M may be_defined as the
ratio of average emf induced in the secondary to the. trme rate /61‘ ohange of current
in the primary. O A\n o

Unitofmutualg r A
The\§ Irdmff the r’hutual inductance M is Vs A", which is called as henry

(H) after Joseph Henry.

Henry:
“One henry 1s the mutual inductance of the pair of coils in which the rate of

change of current of one ampere per second in the primary causes an induced emf
of one volt in the secondary.”

Q11: Define self induction. Derive a relation for the magnitude of self
induction?

Ans: Self induction:

“The phenomenon in which a changing current in a coil induces an emf in
tself is called self induction.”
Explanation:

According to Faraday's law, the change —
of flux through a coil by any means induces an ——
emf in it In all the examples we have | T3
discussed so far, induced) emf was produced
by a changing ma netrc flux- from some
external source. BUt'the’change of flux through
a coil may also be due to a change of current
in the coil itself. Such phenomenon is known
as self induction.




Derivation of self induction: ~ N [ (0 o2
i Consider the circuit shown m Fig ‘ A co;l |s connected in series with a battery
and a rheostat O\ \~ WA

ii. Magnetic flux i produced through the coil due to current :n it (f the current 1s
changed by vany pg the rheostat quickly magnetic flux through the coil changes that
causes an tnduced emf in the coil. Such an emf is called as self induced emf

iii. Self inductance:

If the flux through one loop of the coil be ¢, then the total flux through the coil
of N turns would be N¢. As ¢ 1s proportional to the magnetic field which is in turn
proportional to the current |, therefore

N¢p x 1
Ng = (1)

Where L = ..;‘?i is the constant of proportionality called the self inductance of

the coil. It depends upon the number of turns of the coll, its area of cross-section
‘and the core material. By winding the coil around a ferromagnetic (iron) core. the
magnetic flux and hence the inductance can be increased srgmﬂcantiy relative to
that for an air core oy o

iv. By Faraday's Law. emf unduced in the cotbis—\l | oD

g nadelied
O o~ VR U
Putting N¢‘5" \Lafro M_E@”f =
NI WA\ Aer
J\“\” EL“ -
\“ N At
- e=-L5 (2)
¢ at

The Eq 2 shows that the self induced emf in a coil is proportional to the time
rate of change of current i the coll
V. Self inductance (L):

Seif inductance L of a coil may be definec as the ratio of the em? to the rate
of change of current in the coil
Unit of Self inductance (L):

The unitof L 1s aiso henry (H)

Backemf: ¢ = ~L-

The negative sign in Eq 2 indicates that the se!f induced emf must oppose
the change that produced it That is why the self induced emf is sometnmes called as
back emf This is exactly in accord with the Lenz s law 1S\ COWLY
Note: [ (2o~

If the current is increased, the, lnduced emf wm be opposne to that of battery
and if the current is decreased the mcLuced emf will aid, rather than opposing the
battery \ \ )

Inductor: [N\

Becau’se of thesr self-inductance, coils of wire are known as inductors and
are widely used in electronics In alternating current, inductors behave like resistors
Q12: Derive a relation for energy stored in an inductor and energy

density?

Ans: Energy stored in an inductor:




As in case of a capacitor energy IS\ stored” in the electnc field between the
plates likewise n an inductor, energy, 18, stered m the magnetlc field.
Derivation of energy stored in-an mdtkctnr i
s Consider a cod connected to a battery and a switch in series. When the
switch 1s turned gnive itage V is applied across the ends of the coil and current
threugh 1t ralszs from zero to its maximum value 1.
i, Due to change of current, an emf is
induced, which is opposite to that of battery Work
i done by the battery to move charges against the
jnduced emf.

Inducad
Cunient

i, Work done by the battery in moving a I |
small charge Aq is
W=AQE ... (1
where £, is the magnitude of induced emf, given
by
& = L'—
Putting the value of £, in Eq 1 we get H e
W=l :&t‘ = LA’ o\ (@8 \
Iv. Total work done m gstabljshing the currant from 0 to [ is found by inserting
for %:’ the average curren | \an.d the! véiue of al
R U R (1
Averagptpﬂnréh& = L R 2 A,
Chan&e mcurrent = Al =[-0 = |
Totalwork = W = (N)L/=2/

: :
This work is stored as potential energy in the inductor Hence the energy
stored in an inductor is

Uy = ;:le ......... (3)

Energy stored In an inductor (U,) and magnetic fleld (B):

Therefore. Eq. 3 can be expressed in terms of the magnetic fisld B of a
solencid which has n turns per unit length and area of cross section A. The
magnetic fleld strength inside it is B = o n /" Since flux through the coil is

® = BA
Substituting the value of ¢ in Eq. I ANGEOMNE
' Ng=LI or, L A\ WY,
we have L = Nm{-‘ t\NpgnA "

If 18 the le et .of nolehofd then putting N = n ¢ in above Eq. we get the self
inductance of, the solencid as .

L =(n £) U nA

L= wn’Ae . .. (5
Substituting for L, the Eq 3 becomes. '

Un = 2 (oA .. (8)



- Since B for a solenoid is given by

B = penl Loor

Substituting for /. Eq 6 bewmes
N/PARAS e S
J| \J = UIT‘I -

2 B .2
(ucn Aé’)(w)

_ 18?
Un = ;E(Af) (7)

N I

Energy density: o
Energy density can be defined as the energy stored per unit volume inside

the solenoid, so dividing Eq.7 by the volume (Af), we get energy density,
F]
n® 7=
Q13: What Is aiternating current generator? Describe Its principle,
construction and working? Also derive a relation for induced emf
and current?
Ans: Altarnatlng current generator (A.C. generator):

A current generator 18 a device that converts mechamcai energy into
electrical energy.” ~ 1) (

Princlple of A.C. generator: _ o | (|| (|

The principle of an electric ganerator :s based
on Faraday's law of eiec%romagnehcwr\xductron
Working of A.C. g ene rator: -

Whemmbn s rolated In a magnetc field by
some mecnémca! means  magnetic flux through the
coil changes and consequently an emf 18 induced in
the coill

If the generator is connected to an external
circuit, an electric current is the output of the
generator
Construction of A.C. generator: (Front view)
Rectangular loop of wire: |

Let a rectangular ioop of wire of area A be placed in a uniform magnetic field
B. The loop 18 rotated agout z-axis through 1ts centre
at constant angular velocity w

Slip rlpgs: P E_}
One end of the loop 18 attached to @ metal nng. <\ J(4O)LLY 7 ¢
R and the other end to the ring R' These rings calfed.' | (2 "\ w~, ¥ ’%'
the slip rings are concuntnc wnth the um cf the loop L N S 5
and rotate with it. AREELRE \ = \ A\ ¢ '
Carbon brushes: - i - . . S
Rings, RJ.R“Wde agatntt stationary carbon @ 3{' 'f
brushes to whrch external circuit 18 connacted. b Toowew -
_Calculation of Induced emf in the loop: }
1. To calculate the induced em! in the loop,

consider its position while |t I8 rotating anticlockwise The figure shows the top view
of the coil



ii. The vertical side ab of the loop 1s moving with vetoc: Y V( m the magnet{c field
B. if the angle between v and B he 0thel mononar emf mduced in the side ab has

the magnitude.

ARIKERAN: ' L= VB s sm9
The directi En f mduc:ed current in the wire ab is the same as that of force F
experienced, b]y th charaes in the wire, i.e.. from top to the bottom.

ill. The . same amount of emf is induced in the side cd but the direction of current
is from bottom to the top. Therefore
€qg = vBLsiné

iv. The net contribution to emf by sides bc and da is zero because the force
acting on the charges inside bc and da is not along the wire. Thus

V. Since both the emfs in the sides ab and cd drive current in the same
direction around the loop. the total emf in'the loop is
£ =&ty

£ = vBLsing + vBL sin8 = 2vBL siné
vi. If the loop is replaced by a coil of N turns, the total emf in the con w1l| be.
€ = 2NvBL.sing ... M~ AN
vil.  The linear speed v of the vertical mre is. | refated w jhe\angmar speed w by
the relatlon WAL WA\ )
where r is the dlstance of \the' vertlcal wires from the centre of the coll
Substttutlng w!’ fcmy WEq 1) ‘We get
= 2N (wr)BL sing
Nw (2rL) B sind
NwABsing ......... (2)

8
€
where A = 2 rL = area of the coil
As the angular displacement 8 = wt, so the Eq. 2 becomes
€ = NwAB sin (wt). (3)
viii. Maximum value of emf (&;): '
Eq.3 shows that the induced emf varies sinusoidally with time.
It has the maximum value £, when sin (wt) is equal to 1. Thus
€& = NwAB. ... (4)

L 4

£ =& sin (wt) )

The Eq. 3 can be written as,

ix. Induced current:
if R is the resastance of the con! then by Ohm S| Iaw tnduced current in the

coil will be

or ( = ln sm‘(wt)
where /; i8 maxpmdm Eurrent.
& Relation of induced emf and induced current with frequency:
Angular speed w of the coil is related to its frequency of rotation f as,
w = 2nf
The Egs. 5 and 6 can be written as ‘
€ = Epsin(2nft).. ... (7)



b= losini2nft) B
Eq 8 indicates the vanation of current as a funchon 6f B "’2 rfl
Graphical representatnon for the- current and different posatrons of coil
during one loop: XN
F1ig shows the]graph;j‘-\f_ox A-the Current corresponding to dn‘ferent positions of
one loop of. thq cmtl INNJ o+

Case 1: AN

When the angle betveen v & Bis 6= AR the plane —-of the loop is
perpendicular to B. curre: 1t 1S zero | A )

Case 2: O\ 2\ e -

As ¢ increases. cwrent alSO mcreases and atg = 90° = n /2 rad, the loop is
parallel to B cr.xrren; tﬁlmaxfmum directed along abcda
Case 3:

on further increase in ¢ current decreases. and at § = 180° = n rad the
current becomes zero as the loop is again perpendicuiar to B.

Case 4:

For 180° < @ < 270° current increases but reverses its direction as is clear
from the figure Current is now directed along dcbad At ¢ = 270° = 3 n/2 rad,
current is maximum in the reverse direction as the loop s parallel to B.

Case 5:

At ¢ = 360° = 2 n rad, one rotation 1s completed. the loop 1s perpendicular to
B and the current decreases to zero. After one rotation the cycle repeats itself.
Note:

The current alternates in direction once in one cycle Therefore, such a
current is called the alternating current. It reverses |ts dlrectnon f umes per second.
Q14: What is armature? o e (e o
Ans: Armature: )

fn actual practice a number o,,\sgns are wound arOund an iron cylinder which
is fotated in the magnetic' f;e'd \This-assembly is called an armature. The magnetic
field i1s usua%ty Drp\hde by-an electromagnet Armature is rotated by a fuel engine or
a turbine run’ 'by a waterfall In some commercial generators field magnet i1s rotated
around a stationary armature
Q15: Descrite its principle, construction and workmg of D.C. generator?

OR
Differentiate between A.C. and D.C. generator?




Ans: D.C. generator: A 9 ANWNWNY - |

D C generator (15 the. device| which-—converts mechanical energy Into
electrical energy in the farm of direct current.

Principle of D.C. generator: |

Theprinciple of D C generator is based upon the fact that when magnetic
flux changes through a coil and emf is induced in it
Limitations of Alternating current generator: .

Atternanng current generators are not suitatlie for many applications, for

example. to run a D C. Motor In 1834 William Sturgeon invented a simple device
called a commutator that prevents the direction of current from changing.
Difference between D.C. generator and A.C generator: .
I, A D C generator is similar to the A.C generator in construction with the
differance that "siip rings" are replaced by "split
rings" The "spiit rings" are two halves of a ring
that act as a commutator ,

Fig shows the "spiit rings" A and A'
attached to the two ends of the coil that rotates in
the magnetic fiald When the current in the coitis . (/<>
zero and I1s about to change direction; the' spiit|  \\" /L
rings also change the contacts with the( carbon.\\ = L
brushes BB' In this way \the output.from BB’
remains in the sﬂﬁﬁ \"irechion— although the

current 1s not gonstantur’ magnitude
il The curve of the current 18 shown in Fig. T

It is similar to a sine curve with the fower half

!
inverted
1il. The fiuctuations of the output can be T
significantly reduced by using many coils rather i - ' -3
\\ r‘ .\ /’
N LW

than a single one
iv. Multiple coils sre wound around a
cylindrical core to form the armature Each coil is connected to separate
commutator and the output of every coil is tapped only as it reaches its peak emf.
Thus the emf in the outer circuit 18 aimost constant.
Q16: Explain the phenomenon of back motor effect in generators?
Ans: Back motor effect in generators:
l. The genorlt.or supplies current to the external circuit The devices in the
circuit that consume electrical energy are known as t,he-.'}l}q.‘/ids";..‘ The {g;r‘."i.‘f,‘r the load
the larger the current is supplied by the generator\| (\ \\'/ (&7

ot supply electrical energy.

ik When the circut 1s_open the ganerator does

and a very little force 1s nudgdgomm, the coll
lil.  As soo as the.circuitis ciosed, a current is drawn through the col

lv. The .r_f_)@gri}_q"ﬁr:”fi‘eld exerts force on the current carrying col



cﬁ?rentmto
apel N
o

currant out
of paper

Front viow Top view

Fig shows the forces acting on the coll Force F, is acting on the left side of
the coil whereas an equal but opposite force F, acts on the right side of the coil.
These forces are such that they produce a tounter torque that opposes the
rotational motion of the coil. This effect is somenmu refarred ta m \back motor
effect in the generators. A NIIZARN
V. The larger the current drawn, the- grgatar ‘the counter torque produced.
That means more mechanical, energ" \ aa ratquired to keep the coil rotating with
constant angular speed. This i$\in\ agr%e" lent with the law of conservation of energy
The energy consqmpd, by \the-"toad" must come from the ' 'energy source" used to
drive the turp,m;e
Q17: Describe its principle, construction and worklng of D.C. motor?

Ans: D.C. motor:

A motor is a’'device which converts etectncal energy into mechanical energy.
Principle of D.C. motor:

A wire carrying current placed in a magnetlc
field experiences a force. This is the basic principle
of an electric motor
Construction of D.C. motor:

In construction a D C motor s similar to a
D C generator, having three basic components
1) a magnetic fleld,

i) a commutator
i) anarmature
Difference between generator and D.C,motor: [/ 0>~

In the generator tha armature 8'rotated in' the mtgnatic ﬂaid and current 18

the output In the O C moter current passn ’(hrough the armature that rotates in the
magnetic field In the JIJJ G\ motor the brushes are connected to a D C supply or
battery NN o\
working of pLC“motor.
L When current flows through tha armature coil. the force on the conductors
produces & torque that rotates the armature The amount of this torque depends
upon the current the strength of the magnetic fiels the area of the coil and the
number of turns of the cail




ii. If the current in the coil were all the time in-thé same.direction. the torque on
't would be reversed after eachhalf-tevolution| But at/ this moment, commutator
reverses the direction of a.c-g,r_rent;th.étiKéépsj’tﬁé‘{bfdhe always in the same sense

. Creation of jerk|in the smooth running of motor:

A Iittle problem arses due to the use of commutator. that is, the torque
vanishes \zggbhﬁftarﬁevthe current changes its direction This creates jerks in the
Smooth running of the armature However the problem is overcome by using more
than one coil wrapped around a soft-iron core. This results in producing a more
steady torque
v. Function of field coils in motor:

The magnetic field in the motor is provided by a permanent magnet or an
electromagnet The windings of the electromagnet are usually called the field coils.
The field coils may be in series or in parallel to the armature coils.

Q18: Discuss back emf effect in motors?

Ans: Back emf effect in motors:

i A motor Is just like a generator running in reverse. When the coil of the motor
rotates across the magnetic field by the applied potential difference V. an emi £ is
induced in it. The induced emf is in such a direction that opposes-theemf running
the motor. Due to this reason the induced emf ,._'Lsy_qul\l\éﬁfgéﬁc‘:\sﬁ'\_léhif‘bf the motor.
The magnitude of the back emf increases with the\speed of motor

i, Since V and & arg-opposite in/polarity. the net emf in the circut 1s V - € If R
is the resistance of the{coil\and I is the current drawn by the motor. then by Ohm's

law \ j’,"*:ii‘-i.fii;:' sy e

/ 51&}5" or V = £+/R (D
iii. Back emf and starting of motor:

When the motor 1s just started back emf 1s aimost zerd and hence a large
current passes through the coil As the motor speeds up. the back emf increases
and the current becomes smalier and smaller _

However. the current is sufficient to provide torque on the coil to drive the
load and to overcome losses due to friction

v.  Burn out of motor:
If the- motor is overloaded. it slows down. Consequently, the back emf

decre ases and allows the motor to draw more current If the motor is overloaded
beyond its limits, the current could be so high that it may burn out the motor.
Q19: Describe its principle, construction and working of transformer?

Ans: Transformer: PN EOL
A transformer is an electrical deyice used tochange a given alternating emf

into a larger or smaller alternating emf;(\( () |\ UL
Principle of transformer: (" (\ || poW

it works on the principle of mutual induction between two colls.

Conétru ctlonlof ransformer:

each other wound on the same iron core.

primary coil: |
The coil to which A C power s supplied is called primary coi!



Secondary coil: 0\ A \RReR]
The coll trom whrch piower s delwered 1o the circuit Is called the secondary
coil |\

Note: - nm[) NN N
It shbuicn be noted that there 1s no electrical connection between the two ccils

but they are magneticaily linked

The instantaneous value of the self induced emf: |
‘Suppose that an alternating emf 1s applied to the primary If at some instant

(the flux in the primary 1s changing at the rate of lﬁ then there will be back emf

induced in the primary which will oppose the apphed voltage The instantaneous
value of the self induced emf is given by '

Self induced emf = - N» [-\“:’]

Back emf:
If the resistance of the coil is negligible then the back emf is equal and

0pposrte to appled voltage Vp
V, = - back emf = N, [/-—, (7 S\ |
Where N, is the number of turns in the lpr.mary'* TWOLNN [

Magnitude of the induced emf. across the secondary coil:
Assuming the ﬂux thrdugh the\prrmary also passes through the secondary,

the two C°“ﬁﬂqf‘¢| hghtiy coupled, the

rate of chang ux-in the secondary will —
also be A¢F At and the magnitude of the _J'H{f..___
induced emf across the secondary is given Y ;,.:r' Lﬁ
by R Input . ﬂ .Oulpul

V, = N, [3?1 .......... () = =
Where N is the number of turns in the n;
secondary coil.

Step up transtormer

Equation of transformer:
Dividing Eq.2 by Eq. 1, we get
=2 @)

------------

Ve  Np
Step up transformer:

If Ns > N, then according to Eq. 3, Vs >V, such a transformer in whtch
voltage across secondary Is greater than the ) |\
primary voltage is cailed a step up
transformer.

Step down transformer; |
Similarly if Ns < N, i.e , the)| umber of turns in

the secondary .is, pessl'tha‘n the number in

primary, themUs < V,, such transformer n 5
which voltage across secondary Is less than -
the primary voltage is called a step down T ——

transformer.



Q20: ExPlaln the transmission of power by transformerS?

Ans: i. For an ideal case the power rnput to the pnmary Is nearly equal to the
power output from the secondary.he// |\ |\ \ _
Power mput =\ "Power output
H |1| \JJ
N v !
;i = !—5 ............... (2)
P 14
I is the current in the primary and /, in the secondary
il. The currents are thus inversely proportional to the respecstive voltages

Therefore. in a step up transformer when the voltage across the secondary IS
raised, the value of current is reduced This is the principle behind its use in the
electric supply network where transformer increases the voltage and reduces the
current so that it can be transmitted over long distances without much power loss
i, Power loss due to heating effect:

When current / passes through a resistance R the power loss due to
heating effect is /°R. Suppose R is the resistance of transmission line
iv. Minimization of loss during transmission:

a. In order to minimize the loss dunng transmlssroq rt is) not possrbie to reduce
R because it requires the use of( thrck (COPREr \Wire. ‘which becomes highly
uneconomical. The purpose IS welt served by reducmg!

b. At the generatmg power s@aon the voltage is stepped up to several
thousand of voits anq power istransmitted at low current to long distances without
much loss [N\

C. Functlon of step down transformer.

Step down transformers then decrease the voltage to a safe value at the end
of line where the consumer of electric power is located. Inside a house a
transformer may be used to step down the voltage from 250 volts to 9 volts for
ringing bell or operating a transistor radio. Transformers with several secondaries
are used in television and radic receivers where several different voltages are
required.

Q21: Discuss the main causes of power loss in transformer?
Ans: Causes of power loss In transformer:

Only in an ideal transformer the output power is nearly equal to the input
power Butin an actual transformer, this in not the case. The output 1s always less
than input due to power losses. There are two main causes of power loss.

i eddy currents ) i magnetir: hysteresis.
Eddy currents: | =
a. In order to enhance the magnet:c
flux. the primary and secondary, consbf the
transformer are wcrund on 'soft'iron core
b.  The'flux generated by the coils also
passes through the core As magnetic flux
changes through a solid conductor. induced
currents are set up in closed paths in the
body of the conductor. These induced
currents are set up in a direction

Rr = ary ool
N s )

Mog e
he o s

fcngore



perpendicular to the flux and are known as eddy currams
C. It results in powep dtsmpat:on md heating of the core material.

Elimination of eddy currents: - -
In ord r goJmmJﬁmze the power loss due to flow of these currents, the core is

laminated with insulation in between the layers of laminations which stops the flow
of eddy currents

Magnetic hysteresis: :
Hysterises loss is the energy expended to magnetize and demagnetize the

core material in each cycle of the A.C

Due to these power losses, a transformer is far from being an ideal. Its output power
is always less than its input power. )
Q22: What is meant by efficiency of a transformer? Describe the steps In

order to improve the efficiency of transformer?
Ans: The efficiency of a transformer is defined as the ratio between output power

(nput power B
Improvement in the efficiency of transformer: . (/¢ :
i In order to improve the effnclency careﬂshould be exerc:lsed to minimize all
the power losses. \(Q LAV
ii. For example core sh@uld be\éssembled from the laminated sheets of a

material whoselhysteresva !oop area is very small.

iii. The. ;ps,plaﬂbﬁ’ between lamination sheets should be perfect so as to stop the
flow 'of eddy currents. '

iv. The resistance of the primary and secondary coils should be kept to a

- minimum. .

V. As power transfer from primary to secondary takes place through flux
linkages. so the primary and secondary coils should be wound in such a way
that flux coupling between them is maximum.

Q23: Draw a symbol of transformer?

Transtermer symbos



1. An emf is set up m‘,’a wnductor w\hen it moves across a magnetic fieid s
called an u*dJ:ce et~

2 The emiinduced by the motion of a conductor across a magnetic fiela 1s
called motional emf

3. Magnitude of motional emf in a rod of length L moving with velocity v across
a magnetic fieid of strength B making # with itis ¢ = vBL sin ¢

4 Faraday's law states that the emi mnduced in a conducting coil of N foops 1s
equali to the negative of tne rate at which the magnetic flux through the coil is
changing with time

-4 The Lenz's law states that the direction of the induced current is always SO

' as to oppose the change which causes the current.

6. The phenomenon in which a changing current in one coil induces an emf in
another cci is calied the mutual inauction

7. One Henry is the mutual inductance of that pair of coils in which a change of
current of one ampere per second in the pnmary cagses an mducad emf of
one volt in the secondary D\ A CANY HCA

8. The phenomenon in which a changmg =c e.n'-t \in a céul mduces an emf in
itself i1s called self mauctaon AN\ 2

9. A current generatoﬁ\ s a dewce that converts mechanical energy into

electncalene}rgy | ¢

10. The emf\ roduced ir. a generators ¢ = NwAB sin (wt)ore = gosin (2nft).

11. A motor 1s a device which converts electrical energy into mechanical
energy

12. The induced emf in a motor opposes the emf running the motor. This
induced emf is calied the back emf of the motor

| SOLUTION OF EXERCISE |

15.1. Does the induced emf in a circuit depend on the resistance of the
circuit? Does the induced current in a circuit depend on the
resistance of the circuit?

Ans: According to Faraday's law induced emfis ¢ = - N = Tms rehatlon shows
that induced emf does not depend upon the resastance of the curcuut '

-

According to Ohm's law | = ‘—{ Th:s relatmn ShoWws tHat induced current does

depend upon the re3|stance of the cnrt:uxt '

15.2. A square logp jof wire is moving through a uniform magnetic field.
The northaI to the loop is oriented parallel to the magnetic field. Is
an emf induced in the circuit? Give a reason for your answer.

Ans: Since ¢ = vBLsin0

There will be no emf induced in the ioop. Because § = 0.
£ = vBL siné = vBL sin 0° _ 0
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8.
9.

10.
11.

12.

15.1.

Ans:

An emf s set up n a ‘onductor when it moves across a magnetc fieid s
Cd“'ea af'll f\q‘bcé\d wmf

The emf“induced by tne motion of a conductor across a magnetic fiela 1s
called motional emf

Magnitude of motional emf in a rod of length L moving with velocity v across
a magnetic fieid of strength B making 7 with itis & = vBL sin ¢

Faraday's law states that the emi :nduced in a conducting coil of N loops s
equai to the negative of tne rate at which the magnetic flux through the coil is
changing with time

The Lenz's law states that the direction of the induced current 1s always SO
as to oppose the change which causes the current.

The phenomenon in which a changing current in one coil induces an emf in
another ccii s called the mutual inquction

One Henry is the mutual inductance of that pair of colls in which a.change of
current of one ampere per second In the prlmary causes an" nduced emf of
one volt in the secondary A D\ants

The phenomenon in_which a changmg -.,cur/
itself 1s called self fnductaon. \ A

A current generﬁlor IS \a- \device that converts mechanical energy into
electrical emdng

The emf produced . agenerators ¢ = NwAB sin (wt) ore = gosin (2rft).
A motor 15 a device which converts electrical energy into mechantcal
energy

f \'_/

rent m a coil induces an emf in

‘The induced emf in a motor opposes the emf running the motor. This

induced emf i1s calied the back emf of the motor

| SOLUTION OF EXERCISE |

Does the induced emf in a circuit depend on the resistance of the
circuit? Does the induced current in a circuit depend on the
resistance of the circuit?

According to Faraday's law induced emf IS € =& N «- Thas relation shows

that induced emf does not depend upon the resastance of the cn‘cu!t
According to Ohm's law | \ Thas relat;ori shows that induced curreni does

depend upon the resmtanc& of 1 ‘.e

c;rcu:t

15.2. A square Ipop. fowire is _moving through a uniform magnetic field.

Ans:

The normal to the loop is oriented parallel to the magnetic field. Is

an emf induced in the circuit? Give a reason for your answer.
Since ¢ = vBLsin0

There will be no emf induced in the ioop. Because 6§ = 0.

¢ = vBL sin 6 = vBLsin0® = 0



It is due to the fact that tne rate ot change ot magréticfiux througr the 00p
will be zero f it is mecyed But 1‘ \‘_,“ nt:"bE,’foatEGds rotation abcutl ar axis
perpendicular to the 1|eIGWIii“hanc€>%gnet|c fiux and .nduce emt )

15.3. A light metallic\ring is released from above into 2 vertical bar

ma’ghﬁ’ﬂ";’(ﬁéure). Viewed from above, does the current flow

clockwise or anticlockwise?
Ans: i. According tc Lenz's law the direct.on of induced

current will oppose the moticn of ring towaras the tar magnet .

Thus N-pole must be produced towards the face of the ning

opposite to the N-pole of the bar magnet
Right hand rule shows that tnis magnetic fieic wili oe

producea oniy f ‘nauced current flows througn the ~ng in

clockwise directon

15.4. What is the direction of current through resistor R in figure? When
switch Sis (a) closed (b) opened (figure)?

Ans: (@) When the switch ‘S" is closed, then the current in the circutt increases
from zero to maximum. According to Lenz's law, the direction of induced current
through ‘R’ is anti-clockwise.

(b) When the switch ‘S’ is opened then the current in the circutt decreases.
According to Lenz's law, the direction of induced current through ‘R’ 1s clockwise

N f,ﬁi;J'f:’:f&{i.'iil' \

15.5. Does the induced emf always act to decrease the magnetic flux
through the circuit?

v Ac;ordmg to Lenz's law, it always acts to maintain the flux by opposing

any change in it. If the flux increases it will tend 'c decrease it and vice v sa



15.6. When the switch in the circuit is closed a- current IS estabhshed in
the coil and the metal ring jumps upwards. Why? Describe what
would happen to the rmg |f the ‘battery polarity were reversed?

A (Figure) I

ns: When switety'$lis clcsed in the coll :
then a current. J1i)rdguces a magnetic field in ﬁ/ Metal ring

the coi  which changes from zero to .

maximum Due to this change an induced S

current s produce in the metal nng This

Induced current produces its own magnetic

field which 1s opposite to the magnetic field of Coil

colt (Lenz's law) Both the fields repel each Ol

other so the metal ring jumps upward. \
Same will be the process when the A ‘—-_—‘

battery polarity 1s reversed ¥ ‘ '

15.7. The figure shows a coil of wire in the XY plane with a magnetic
field directed along the Y-axis. Around which of the three
coordinate axes the coil shouid be rotated in order togenerate an
emf and a current in a coil? A~ [\ &5

Ans: The induced emf in the coil is- gsven by "'/ ' >
¢ = No-ABsing-| U\ >
This relation shows, ”\hat m\ order to >
generate an emf andﬁalcurrenf in'he coil, it must be g
rotated abcu; IX \dxis because vector area of the e
loop is along z-axis and B is along y-axis. e

15.8. How would you position a flat loop of wire in a changing magnetic
field so that there is no emf induced in the loop?
Ans: The induced emfin the loop of wire is given by
¢ = NwABsing

\When the {oop is placed in the magnetic field with its normal parallel to the
field then & = Q°

So from Eq. - :
= Nw A B sin0Q°
Hence no emfis nnduced i the loop.
15.9. In a certain region the earth's magnetic field pomts vertlcauy
down. When a plane flies due north whlch wmgtlp s\ positively

charged?
Ans: When a plane flies through *he magnetic fxeld of earth along north the
electrons in the wing experience a ‘magnetic force, I = - e (V x ) from right to left

wing Thus the_ wa,jstwng of the plane 1s positively charged
15.10. Showlfhat gand - ¢ have the same units.

W
Ans: We know that, ¢ = o

Joule
Untof » = ——— = Volt

Cowlvmb



Adh Baa NAT Y Ixm* N ,,J <.4»tziéf--
Now o4 = fh St e QB
Ai j{‘ 5 \

dp

Hence ¢ and R have the same umts

15.11.When an electnc motor s}ch as an electr:c drill is being used, does
it also et [as a generator? If so, what is the consequence of this?
Ans: Yes\ an electric motor acts as a generator running in reverse
When coil of the motor rotatcs, an induced emf is produced in it This is
caliea back emf of the motor. it opposes the rotation of the coll. When motor speeds

up. back emf increases. ‘
15.12.Can a D.C. motor be converted into a D.C. generator? What

changes are required to be done?

Ans: Yes D.C motor can be turned into D.C. generator. The following changes

are required tc do:

i The magnetic field should be provided by permanent magnet.

il. There snould be an arrangement to rotate the coil (armature).

15.13.1Is it possible to change both area of the loop and the magnetic field
passing through the loop and still not have an mduced‘emf in the
loop? e

Ans: Yes, Nc flux will change. We just have tol mamt!am The ftux Ie. qb BA cos§.

Hence, if we increase the area) Acarn equal decrease in magnetic filed, B can

compensate it by keepmg the product\unchanged and vice versa.

15.14.Can an electric|motor-be used to drive an electric generator with
the qptphtl from the generator being used to operate the motor?

Ans: No) 'nt Is not possible because it would be against law of conservation of

energy as it will become a self operating machine. In order to satisfy this law, in any

combination of devices, if there is a consumer of energy then there must also be
some source of energy present in the same combination.

15.15.A suspended magnet is oscillating freely in a horizontal plane. The
oscillations are strongly damped when a metal plate is placed
under the magnet. Explain why this occurs?

Ans: The osciliations are damped due to the emf induced, in the metal plate,

which according to Lenz's law, produces a current that by its own magnetic field

tends to stop the oscillations of the magnet which are responsible for the induced
emf.

15.16.Four unmarked wires emerge from a transformer,f;.what steps
would you take to determine the turns ratio?-\ (C(O)LY

Ans: First of all we check the contmu}ty of, patrs by usmg ohm metre and separate

the pairs of primary and, secondary' cons \of transformer. Measure the primary

voltage V; and secondary VOitage V. By a voltmeter and then find the turn ratio by
using the transformer ]equatlon

v, N,

v, N,

: p P ;

-15.17.(a) Can a step-up transformer increases the power level?

(b) In atransformer, there is no transfer of charge from the primary to
the secondary. How is then power transferred?



Ans: (a) A step-up transformer cannot Increase the power) eveloitnerease the

volrage and lowers the current |f vo!tage mcrease rhen current will decrease but

ROwe: ‘P = VY wili remain constant | \//\ \( | \B J

(b)  Ir atransformer :ﬁower 1§ tr‘ans}erred fm'n ts primary coil to its secondary

ot by changing m?g"quc flux\passing from the primary towards the seccndary coil.

15.18.When, the primary of a transformer is connected to a.c mains the
current in it.

(a) is very small if the secondary circuit is open , but

(b) increases when the secondary circuit is closed. Explain these facts.

Ans: (a) vWnen the seconaary crcut 's open then there is no loac tc consume

0T oAk Of oulpul power used s Zerc
Outgut gonwer = Voi, = O
Srce uutout cower of a transfocrmer is smialler than input power Hence the
Jamso ool ot tae transtormer draws a very smail current from a ¢
(b) Liben re sacendar y Siiduit "iosed then output power increases
<t POw = output power
. \ = gV

-

ez rransformer will draw large current draw from the a c_ ma:ns to Increase
tne nimer, powe: because greater current,is needed\ \un PrlmBW coil to equalize
LonE T e sarondary co. ) ,

NN ‘
Example 15.1; A metal rod of length 25 cm is moving at a speed of

0.5 ms 'in a direction perpendicular to a 0.25 T magnetic field. Find the
emf produced in the rod.

Solution:  Speedofrod = v = 05ms’

Lengthofrod = L = 25cm = 025m
Magnetic fluxdensity = B = 0257 = 025NA'W'
ingucedemf = ¢ = ? |
Since £ = vBLsing

¢ = 05x0.25x 025 xsin90° =313x 10%x 1 JC' (~JC' = V)
= 313 x10'V

FanmJgje 15.2: A loop of wire is placed in a uniform magnetic field

that is perpendicular to the plane of the l00p The strength of the
magnetic field is 0.6 T, = \\Z

The area of the loop bemgs to! shrmk at a constant rate of 2= 0.8 ms™.
ol |

What is the magmtude of emf md@ced in the loop while it is magnitude of
emf mduced in tl?e oop \while it is shrinking?

Solution: ) ﬁate of cnange of area _’.‘. - 08m" s

lagnetic flux density = = - 06T
Magnetic flux density = B = 06NA'mM T=NA'M")
Numibe: o larns = N = 1

Induced emf X .. 9

I



Rate of change of flux = — /
( ()]_O and(:OS\-‘:1‘

Y

oF - F\~~B .
Magnitude of mduc:ﬁd em‘ can be calcuiated by a

A ] '.\‘JI d R
NN
¢ = 1x06x08 oach =048V
E_Xém_gl_t?__il. An emf of 5.6V is induced in a coil while the current in
a nearby coil is decreased from 100 A to 20A in 0.02s. What is the mutual
inductance of the two coils? If the secondary has 200 turns, find the

change in flux during this interval.

pplying Faraday's law

Solution; , emfinduced in the secondary coil = g, = 56V
Change in current in pamary coil = Alp= 100 A-20A

Change in current in pimary coil = = Alp = 80A

Time intervar for the change = At = 002s

Number of turns in the secondary coil = N, 200

Mutual inductance = M = '

Change in flux = Ag = =%

Using the relation for mutual mductan/_\

According to Faraday s 'aw

&A= N AD

Ap = ’.:' = ;.l’."-l—' = 56x%10“Wb

Example 15.4: The current in a coil of 1000 turns is changed from 5 A
to zero in 0.2s. If an average emf of 50 V is induced during this interval,

what is the self-inductance of the coil? What is the flux through each turn
of the coil when a current of 6 A is flowing?

Solution: Change in current = Al
Time interval

_ A - O
‘025" =

= At = [

emf induced ¢
Steady currerit 5 e
No of turs of cotl O\ ‘.‘N =
Seit inductance . Jl,_l,d' B

Fiux through\ q.ﬁ chiturn = ¢ = 7

" For self induction, we know that

£ = L._.

L

N L 1}

!
1%
|



L - soxu 2vsa’ 2 e vsat = H

Now by using the refatidn | | 0\ || P
VWU Y N = LI

¢ = = = 12x10°Wb
1000 :

Example 15.5; A solenoid coil 10.0 cm long has 40 turns per cm.
When the switch is closed, the current rises from zero to its maximum
value of 5.0 A in 0.01s. Find the energy stored in the magnetic field if the
area of cross-section of the splenoid be 28cm’.

Solution: " Length of solenoid coi = £ = 100cm = 01m 1
No. of turns | = n = 40percm = 4000 m
Steady current = 1 = 50A
Time interval = At = 001s
Area of cross section = A = 28cm® =28x10°m’
Energy sioeed = Un =7 A\ (A«
First of all, we caiculate the value of L1 N\ [0 \ooo
L = 4nx 107 x;;(@:'qlog)v%;xj.‘_lzg\eagg 1072 %01 ,
= 563 x 1_Qi? = \563 %10~ H (“WbA™ = H)
Since ,\1-\]'ii;;\..{,-‘;;«l1\‘9’.‘:11_,1‘3\-1\1‘:'n“ei*"gy"stored = Uy = %L I
Un = >x563x10°x (5) (+H = NmA?)
Un = 7.04x107%

Example 15.6: An alternating current generator operating at 50 Hz
has a coil of 200 turns. The coil has an area of 120 cm®. What should be
‘the magnetic field in which the coil rotates in order to produce an emf of
maximum value of 240 volt? '

Solution: Frequency of rotation = f = B50Hz
R No ofturns ofthecoil . = N = 200
Area of the coil = A = 120cm? = 1.2x10 ’m?
Max. valueofemf = gnax = g = 240V

Magnetic flux density =B =7

First of ail we will find the angular speed w: A o~ SAraod
e = 2N [\

w = 2x314x50 = 3143 fads” \| WY [
Maximum value of emf is given by the @‘atié.ﬁ; -
AN OV ="Nw AB

N YN B L
NN II‘»JA_' \J ™ NwA
NN 7240

B = = 0327

200x314.3%12x1072
Example 15.7: A permanent magnet d.c. motor is run by a battery of
24 volts. The coil of the motor has a resistance of 2 ohms. It develops a
back emf of 22.5 volts when driving the load at normal speed. What is the




current when motor just starts up7 Also fnd the current when motor is
running at normal speed. WA

a‘ﬁu» £v 24v’

Solution: Operated voltage | .
Resnstance of rhe coit =R =20
Backlemf - =£=225V
\i\ N |Current =]=?

When motor;ust starts up, the back emf £ =0

Using the relation
V=g+IR

24=0+1x2
1=%1=12V Q7 = 12AAns
When motor runs at normal speed, the back emf & = 22.5 V Again using the relation

V=¢+IR
4=225+1x2
| 222075V =0.75A Ans
Example 15.8: The turns ratio of a step up transformer is 50. A current of

20A is passed through its primary coil at 220 volts. Obtain_the value of
the voltage and current in the secondary conl assummg the transformer to

be ideal one.
Solution:  Current in pymary coﬂ 7\

/-\,

120A

Voitage ofnnmary co:l\\ W= "\'/9 = 200V
Voltaqepn secondary coil = . Vg = ?
— " Ng
lﬂruwh%no = X =50
p
Current in secondary coil = {, =?
: Vy N
Since = = =2
Vp N‘p
Yo | Ll N
300 - 0 S Rj- ol

Ve = 220x 560 = 1100V

;_5__; An emf; 045! ’J is mduced between the ends of a metal bar moving
through a rﬁagnetlc field of 0.22 T. What field strength would be needed
to produce an emf of 1.5V between the ends of the bar, assuming that all
other factors remain the same?

Solution:



current when motor just starts up’ AISO f'"d the c“"e"t when metor &
running at normal speed. '

Solution:  Operated’ Voltage NNy =24 v
Re nstance of the' cori =R =20
)\Ba K-emf =£=225V
Current =]=?

When motor just starts up, the back emf £ =0

Using the relation
V=¢g+IR

24=0+1x2
1=%1=12vQ’=12AAns
When motor runs at normal speed, the back emf ¢ = 22.5 V Again using the relation

V=¢+IR
4 = 22 5 +1x2
| 2o 075v QT =0.75AAns
xamgle 15.8: The turns ratio of a step up transformer is 50. A current of

20A is passed through its primary coil at 220 volts.-Obtain| ‘the value of
the voltage and current in the secqndary conl assu’mmg the transformer to

be ideal one.

20A

Solution: Current in pnmary collglr\ = lp =
Voitage of pnmary coit = V, = 200V
JVolqageJin secondary coil = Vs = ?
N lrurn rato = — = 50
Np
Current in secondary coil = {; =7 4
S B o M
ince m N,,
L. ' o Ny
200 - 0 (3 = 5, =50
V, = 220x50 = 1100V
Sin 5 -k
ince il

l SOLUTlON OF PROBLEMS

15__1_ An emﬁ'o 45 Vis mduced between the ends of a metal bar moving
through a magnetic field of 0.22 T. What field strength would be needed
to produce an emf of 1.5V between the ends of the bar, assuming that all
other factors remain the same?

Solution:




hﬂ{“-ﬁrga' R .

..
Miater mp sanee

40

(| IR = 8 vL Sir 1) 1)
Il \._\M e s 8 VL Ql"} fi {2)
By dividi :g equation : 1\ by 12} we gm

1ol

A-plosind!

£y _ b,
I‘_w ‘ff‘)
a8y
B, = —-
< £y
P Aw 2]l
B, = X2 = 0737

045
15.2 The flux density B :n a region between the pole faces of a horse-

shoe magnet is 0.5 Whm* directed vertically downward. Find the emf
induced in a straight wire 5.0 cm long, perpendicular to B when it is
moved in a d:rect:on at an angle of 60° with the honzontal wnth a speed

N ‘ K \ -

of 100 cm s™ NI ARE
Solution: D AN\ Y
B =057 (drected mto the paper e 'emcan’y > X Axis
downward) LU o0
L = Scm = Q“ m\ - 3%
6 = 60‘1\1; N tw11rh ﬁonzonta} 8 v
6 = 30" (Angle between v anc B)
v = 100cms = 12ms
{ — I
£.= Bvl Sind .Y Axis

¢ = 05x1x005~Sin307

= Q02ExG5=00125
o= t0E 0V
15.3 A coil of wire has 10 loops. Each loop has an area of 1.5 x 10° m2 A
magnetic field is perpendicular to the surface of each loop at all times. If
the magnetic field is changed from 0.05 T to 0.06 T in 0.1s, find the

average emf induced in the coil during this time.
- Solution: Number ofloops = N = 10 iocps

' 15x%x10 2 m‘? »“(\’:x\‘;‘ ‘
. 005T o NN [
B,
AB =
AT -:

H

Accnrdey to Fa'adays Lav of electroragnetic induction, *He magnitude of the

irguced erfis given by

" P . S S I
yos B ¢ AAVE T Q,"?’j".dh;]r Jt,hC‘ CONTAT S O b oo e



» A7, 100 T\
15.4 A circular coil has :s turns éf radms 2 cm each. The plane of the coil
lies at 40° to a. pmerm magnetic field of 0.2 T. If the field is increased to
0.5Tin 0. Zs,] find the magmtude of the induced emt.

Solution: Numper of*ucms = N = 15turrs
¢ = 2cm = 2x10m
A nr = 3 142,( (2x 10° m\
A 12568 x10™" m’

40" (The angle between plane and Magnet:c field)

&
50° (The angle between vector area and magnetic fieldh

A =
B, = 027
B: = 057
AB = B,-B- =05T7T-02T = 03T
At = C2s
= ?

€
According to Faraday's Law of elect'omagnehc inductlon t**e magm*ude \of the

induced emf s given by \ O

- "l 2 x (i)
15.5 Two coils are placed side by side. An emf of 0.8v is observed in one
coil when the current is changing at the rate of 200 As ' in the other coil.
What i1s the mutual inductance of the coils?

Solution: & = L8V
iy
; = 200As'
M = ?
For mutual inductance
M K ad 4 X 1(\ H = Anr I'-i

i 11’

15.6 A pair of adjacent coils has a mutual 'rductance Of 0. 75 H. If the
current in the primary changes, from 0\to L0 Alin 0.025 s, what is the
average induced emf in\ the, secondary’ ‘What is the change in flux in it if
the secondary has 590 turns

Solution: YN ')
Number oftums = N = §Qy tarns

1.

./_Ejf ' "“

L . f .
4 iy Dot



emf induced.in the secondary coil is:

390vo 3

& = 0. 75 T_z"
In case of muﬂual lnduction
. N¢g =
= NaAgp = MAIL
Maly
- 2 ==
A = 0.75x10 _ 0015 = 1.5 x102Wb ¥

Su0 .
15,7 A solenoid has 250 turns and its self inductance is 2.4 mH. What is

the flux through each turn when the current is 2A? What is the mduced
emf when the current changes 20As™?

~ Solution:
- Number ofturns = N = 250 turns
' L = 2.4x10°H o
l - 2 A ) 'K,H\ P / A J V
= 3 O\ _ AN\ [ (o \v e
at = 20 As
6 = 2.0
£ = ? (LS
In Case of self Indlﬁc:mdn
\ 1 ’ ’ \ |
. . .
¢ :w = 192xloﬁwb
250 N

For self induced emf,

= Lﬂ
At
£ =24x10°x20 = 0048V = 48'mV
A solenoid of length 8.0 ¢cm and cross sectional area 0.5 cm? has
520 turns. Find the self inductance of the solenoid when the core is air. If
the current in the solenoid increases through 1.5 A in 0.2s, find the

magnitude of induced emf in it.

Solution:
¢ = 8 cm
A = 0 5 em?
Number of turns = N =-
Al = 1. 5
- At = AR N 2 s
Permeability! p? free | space =
£ - 7

The formula for self inductance s,



L 4 ax 107 x

(ng) R 0. 5 X 10 2-1 2}( 10“H

N = 16x10°V

e (AN 2"‘12 104
15.9 When current through a “coil changes from 100 mA to 200mA in
0.005s, an induced emf of 40 mV is produced in the coil.

(a) What is the self inductance of the coil? _
(b)  Find the increase in the energy stored in the coil.

Solution:

I = 100 mA

12 - 200 mA

Al = 200 mA-100mA = 100 mA = 100 x 10°A

At = 0.005s

£ = 40 x 107 volts.

L = ? -

AU = ? . =
For self inductance: A e\ 78 o

L - Loy

J j’ N d TSx10-3 )
Formula for the mcrease in energy stored i in a solenoid is,
AU = —L (Ia i)

i

> x2 x10° [(200 x10%)’ - (100x 10%?
10 * (40000x10° - 10000x10°)
(40000 - 10000) x10° J = 30000 x1o°x1o°J = 0.03x10°

AU 0.03mJ

15.10 Like any field, the earth’'s magnetic field stores energy. Find the
magnetlc energy stored in a space where strength of earth's field is
7 x 10°°T, if the space occupies an area of 10 x 10° m? and has a height of

750m.

AU

Solution:

B = 7x10 T
Permeability of free space.' | T &zr x 10 WbA m"
Magnetic energy NNV magnet:c feldis

Uy = ===
1 (7 “' ) )-#nAL
x 1073
Un = xS x10x10°x 750 = 1462 065 x 10%
U = 1,462 x 109J



15.11 A square coil of side 16 cm has: 200 turns anﬂ ;—otates ina “"'fo”“
magnetic field of magnitude. 0,051' If the ‘peak jemf is 12V, what is the
angular velocity of the coitZ 0\ c N

Solution: \

I L)(w\,r"! X 16cm = 256 cm? = 256 x 10t m’
N: "Ue* Sfturns = N = 200 turns

D 005 T

: = 12V

Ahg\ iar ve: (‘“‘y ak= 5 2
For max:mum emf induced in a genprator IS

g = N(U/\B
w = = = 46 875rads’ = 47 rads’

JUNR 2002561
15.12 A generator has a rectangular coil consisting of 360 turns. The coil
rotates at 420 rev per min in 0.14 T magnetic fields. .The peak value of
.emf produced by the generator is 50 V, if the coul IS S 0 cm WId'E, find the
length of the side of the coil. \
Solution:
Numpe: of turns = N .= 360 'urns

26376 . x
) et 43 96 rad s
s
t2
b
L.
S'.‘ﬂbe = BNA::‘
&, = 2N "U X ;"ju‘ ( A= = L,'}
o S
HUNbw
o~ <0
L = e e = ee—ee = 05 M = 45 Cm
[ S S Y L YR 114 7

15.13 It is desired to make an A.C. generator that can produce an emf of
maximum value 5 kV with 50 Hz frequency. A coil of area Im’ consisting of
200 turns is used as armature. What should be the magmtude of the
magnetic field in which the coil rotates? (e )

Solution:
s = ;‘ KV SOOU V
‘ © A~

L RHE R .;?'-‘ Ta j N J" ?E}O‘tuns

t” ’v F
Foecoaximatn ndoned emfin a generator
a = NuAB

[IVIR |

»

el
-

R ‘e p
- NPT z,.".'! i
e .

A



2 = — e — = 09795 oau

15.14 The back emf m a .rﬁotcr ié 120 V when the motor is turning at
1680 rev per min. What "'sxthe ba\ck emf when the motor turns 3360 rev

per min? \ ,._J,\;:_‘“:,‘I!
Solution: [\
g = 120
@ = 1680 rev  min = .‘f‘l?"’%"-’ M_ 176 83 ,33s
l y 3.l . _ .
we T 3W0revimm = TS = 35168 rads
& = )
Since . = NwAB
€, = Nw,AB 2)

Byl dividing Eq. 1 by 2

120%33168 \\7¢
—-n-.-q-—-— < N\ \ =L\ \\

‘ HEATA 0\ aLY "
15.15 A D.C motor perates at 240\! and has a resistance of 0.50. When the

motor is runn ng &th rmal speed, the armature current is 15A. Find the back emf
in the armature.-

Solution: \% = 240 V
R = 050
| = 15A .

= ? »

:
back emf in a motor is given by
€ = V-IR

= 240-15x05 =.(240-75)V = 2325V
15.16 A copper ring has a radius of 4.0 cm and resistance of 1.0 mQ. A
magnetic field is applied over the ring, perpendicular to its plane. If the
magnetic field increases from 0.2 T to 0.4 T in a time interval of 5 x 107 s,
what is the current in the ring during this interval7

Solution: Radius = r = 4&m = 4x10? m
Resistance = R = 1 mn = hx 10 Q
B. = 02T 0\ / V)
B, = 04 T \ e \EN =2
AB = ET %‘B VW =04-02 =027
At o ENN N5he'107 s
Number of turns ‘—" N 1 (for a ring)
| = ?
According to Faraday's law of electromagnetic induction
A
& = N ‘—-9— — “_;‘1

At At



= £ = N
at
0.2x3.142x16x107" ~A)
£ = = 0.201 volts 0\ (\\
Sx10~3 NI 2N (0\Y) e

By using ohm's law,

| .0201!103 =, 201 A

1 e L
15.17 A ilﬁ' t:rns and 35 cm? area is in a perpendicular magnetic
field of 1 s The coil is pulled out of the field in 1.0 s. Find the induced
emf in the coil as it is pulled out of the field?

Solution: Number of turns = N = 10tuins .
A = 35cm? = 35x10°m’
81 = 05T ) =
B, = . 0T
AB = 0-05 =-05T
At = 10s

Inducedemf = ¢ = ?
For induced emf:

4
e =-N2
Aba
£ = -N—
At

e = 1”""”35",“"’:- 174x10"‘ \ 175x 107V
13.18 An ideal step- down trans\ rmer is oonnected on main supply of
240V. It is desired to\ opérate'a 12V, 30 w lamps. Find the current in the
primary and thgtrimﬁormatmn ration?

Sotution:\ )\ Vo' = 240 V
Vs = 12V, '
P, = 30 watts
lp = ?
Transformation ratio = ;Ei =7
\ ,
For a transformer:
' Ps = IsVs
3I0W = s x 12V '
30
[s = " 2.5A
. Wo_
Since 5 )
= l, = [7
. - 2.5».1_2
L, = o
Also . J \R\isA
N) WY o LA
) Np Vp

NS
Transformat:on ratio = N =g &



