Chapter 15 (Z‘d Year Physics) Electromagnetic Induction

ELECTROMAGNETIC INDUCTION

Q # 1. What do you know about electromagnetic indumon?

Ans. When a conductor that is moved through a magnitid, fthe electric current flow through the

circuit. The emf produced in the conductor is ahlileduced emf, and the current generated is called

induced current. This phenomenon is known as eeetgnetic induction.

Q # 2.Define the term motional emf. Also derive its exprgsion.

Ans. The emf induced by the motion of a conductor actlessnagnetic field is called metional emf.
Consider a conducting rod of length L placed on pewallel metal rails I-%rated by a

distance L. A galvanometer is connected betweenretits ¢ and d of railsThis forms complete

conducting loop abcd. A uniform magnetic field Bajgplied directed into }Qe@p r.
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Initially, when the rod i§ stationary, galvanomateticates no current in the loop. If the rod is
pulled to the right with c nt velocity the galvanometer indicates current flowing thiotige
loop.

Obvi;u}{@ current is induced due to the motbthe conducting rod across the magnetic

field. The ro cting as a source of eer¥V, -V, = AV .

When t d moves, a charge q within the rod misees with same velocity v in the magnetic field
B % erience a force that is given by:

Q F=q(vxB)

The magnitude of force is
F=qvBsi?
Since the angle between v and B, so
F=qvB
Applying the right hand rule, we see tlfais directed from a to b of the rod. Under the actio

of this force, the positive charge carriers insidd accumulate on side b of the rod, due to which
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deficiency of positive charges occurs at side aodfand equivalent negative charge appear on this
side. This results in establishment of electritdfig, inside the rod from b to a.

The system quickly reaches an equilibrium statehiich these two forces on the charge are
balanced. IE,is the electric intensity in this state then:

GE, =qvB

=E =vB - (2)

As the electric field intensity is the negative gradient of electric potential, therefore

g =LY ) >

° L %\

Where L is the length of the conductor af\¥ is the potential differencge\ h is equal to
induced emf due to motion of conductor in magniigicl. Comparing equatioGgl\ and (2), we get:

—ﬂsz \,
X =-vBL Q
=>AV=-v Qf‘b

Therefore, the magnitude of the motional emf is given as:
£ =AV=-vBL .&'}
If the angle between ‘v’ and ‘B’ i€, then &
& =AV =-vBLsind
This is the expression of motional emf. ‘&\
Q # 3. State and prove the Faraday’s Ia\@'(electmagnetic induction.

Ans.
Statement (b'

The average emf in @n a conducting coil obdplis equal to the negative of the rate at
which the magnetic flu gh the coil is chamgiith time.
Proof \Q

Conside conducting rod of
length L placed on two parallel mete X x x Positonl x ;Position2
rails s ed by a distance L. o T Y
g%@ eter is connected between t o oA e
en c and d of rails. This form: = AA v
complete conducting loop abcd. / L @‘ = % A s % SR w
uniform magnetic field B is applied X X ox oox Ix  x X X X
directed into the paper. X _], x| |x x x xBin X
Let the conducting rod L moves fron X
position 1 to position 2 in small interva . A;{ X '
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of time At. The distance traveled by the rod in tih¢ is X, - X, =AX. The motional emf induced in

a rod mobbing perpendicular to magnetic fieldis= - v BL

Since the rod is moving with constant veloaifytherefore

_ M
At
The expression of motional emf becomes:
£ =-VBL = Ax BL= - Ax.B.L (1)
At At

N
>

As the rod moves through the distarltg, the increase in the area of the loop is gi%

AA=AX. L /\
This increases the flux through the loop by b/\
Ap= Ax.L.B N
Thus equation (1) becomes: GDQ
Ag Q

At N L'f;

If there is a coil of N loops instead of a singlep, then iﬁ@ed emf will become N times, i.e.,

5—-NA¢ @’
At

The minus sign indicates that the direc orN;\ﬁEmemf is such that it opposes the change in flux.
This expression tells that the emf m;uce in adaeting coil of N loop is equal to the negativetud

rate at which the magnetic flux thr the coitlimnging with time.

Q # 4. State and explain the L law.

Ans. ,&

Statement

The direction of h ced current is always stoaoppose the change which causes the current.
Explanatlon

m thematical expressiol \\ [
of Faradays law  of =>
e%%magnetlc induction is: N >
_ A \\\ / \ /
At
The minus sign in the expressio

IS very important. It has to do with the

direction of induced emf.

4
A
2]

b—'-

Consider a colil in which the current is induce Iy imovement of a bar magnet.
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a) When the magnet is moved toward the stationary ot
loop, a current is induced in the direction shoivine magnetic

field lines shown are those due to the bar magnet.

b) This induced current produces its own magnetid ftBtected to

the left that counteracts the increasing externak.fThe
magnetic field lines shown are those due to theuded

current in the ring.

According to Lenz’s law, the push of the magnehis “change” that
produces the induced current and current actsgos#pthe push.

Q # 5. Describe the Lenz's law as a statement of wa of 0 y i

conservation of energy.
Ans. Consider a conducting rod of length L placed on pacallethal rails separated by a distance
L. A galvanometer is connected between the endaltsf rms complete conducting loop. A

uniform magnetic field B is applied directed ink@tpap

« When the rod moves towards right, emf is'i
it and current flows through loop in, anti=clockwis
direction. ‘\\

* Since the current carryggyxz iS moving

magnetic field, it experi a magnetic force

having magnitudg, —II&@nQO’ =ILB .
By the right hq.% le, the direction of magnet

force F, is opposi ~@t at of, so it tends to stop the rod X @ X B &
a

An external ing force equal t§, in magnitude but opposite in direction must beliappto

keep the{fod moving with constant velocity.

@ dragging force provides the energy for the @edaurrent to flow. This energy is the

é& of induced current. Thus electromagnetiaahdn is exactly according to low of conservation

of energy.
Q # 5. What do you know about mutual induction? Deive the expression of mutual induction.
The phenomenon in which the changing current inamilinduces an emf in another coil is called the
mutual induction.

It is denoted by the symbol M and the SI unit af thutual inductance is VSA which is
called henry.
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Electromagnetic Induction

Derivation

Consider two coils placed close to eac
other. One coil is connected with a current sour
is called “primary” and the other one connected
the galvanometer is called the “secondary”. If tl
current in the primary is changed by varying tt
resistance of the rheostat, the magnetic flux e 1
surrounding regions changes. Since the seconc
coil is magnetically linked with primary, the
changing flux in primary also changes flux throug
secondary.

According to Faraday’'s law, the em
induced in secondary is directly proportional te t
rate of change of flux through it and is given bg t
expression:

A
£, = -N, A% 1)

jejsoayy

N/
As the flux k@ﬁ secondary caNlg¢ is directly proportional to the currerif in primary coll,

therefore&.
g & O 1p
Q = Ng@g =M I,

Where M is the constant of proportionality andafled the mutual inductance of two cails.

The equation (1) becomes:

_ bl A(Nep) o AMIE) Al
& = -Ng -7 - - -
At At At At
Al
= -M—F% e 2
s At 2
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The negative sign indicates the fact that the irduemf is in such a direction that it opposes

the change of current in the primary coil. The ¢iqua(2) can be written as:

gS
a,
At

This is expression of mutual induction which magoabe described as the ratio of average emf

M =-

induced in the secondary coil to the time ratehainge of current in the primary.
Q # 6. What do you know about self induction? Derig the expression of self induction. \
Ans. Self Induction QL

The phenomenon in which thengjirag current in a coil indu %ﬂ emf in itself
is called the self induction.

It is denoted by the symbol L and the Sl unit af gelf inductance Q&Wmch is called

henry.
Derivation %Q

Consider the circuit shown in the figure. A coildennegi in series with a battery and a
rheostat. Magnetic flux is produced through thé doé to.méetﬁrent it. If the current is chandpyd

varying the rheostat quickly, magnetic flux throupk c% anges that causes an induced emf in the

coil. Such an emf is called self induced emf.

Self-inductance: If the current i in the coil is
changing, the changing flux through the coil

f
induces an em | )/ 5 | -
in the coil. 7

L

\Hm(w,_; : |.|§ ‘Rheostat

Acco@gﬂaraday’s law, the emf induced in @ sodirectly proportional to the rate of
change OQUX rough it and is given by the esgien:

S — @

At
Il% flux through one loop of the coil ig, then the total flux through the coil of N loopswid be
Ng@. As @ is proportional to magnetic field which is in tysroportional to the current I, therefore:
Ne O |
= Ng=LI
Where L is the constant of proportionality andafied the self inductance of the coil.

The equation (1) becomes:
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_NACU _A(N(ﬂ)z _A(LI) Al

& = —r = = -L—
At At At At
Al

T I — 2

L At @)

The negative sign indicates the fact that theisdliced emf must oppose the change that produced it

That's why the self induced emf is sometimes catlack emf. The equation (2) can be written as:
EL
Al N
At N

This is expression of self induction which may ateodescribed as the Wﬁ'&%duced emf

to the time rate of change of current in the coil.

Q # 7. Find out the expression of energy stored ithe magnetic fiel(@ current carrying

inductor. Q

Ans. Energy can be stored in the electric field betwtttmplate% apacitor. In a similar manner,
energy can be stored in the magnetic field of andtor. ) "

Consider a coil connected to a battery and W"qx'eries. When the switch is turned on
voltage V is applied across the ends of the call é&‘through it rises from zero to its maximum
value I|. Due to change of current, an emf is &ich is opposite to that of battery. Work is

done by the battery top move charges agah@*lw:éd emf.

v

Work done by the battery in movir(lgémall charfeds:

W =Aqe, - ’@
Whereg, is the magnitude,sp uced emf, given by:

‘SL=Lﬁ w‘b

At
Putting the valu @fn equation (1), we get:

ALY VRl 7Y — )

At T At
Total &done in establishing the current frontoOl is found by inserting forA—q, the average
At

c%ﬁ and the value af.

Ag _0+1 1
Average Current == = 2I
Change incurremsl =1 —-0=1

The equation (2) will become:

W= (%I)L(I)
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This work is stored as potential energy in the atdu Hence the energy stored in an inductor is:
Up = FLI2  wemeemeeee 3)

This equation can be expressed in terms of the etagield strengtiB of a solenoid.

If the flux through one loop of the coilds then the total flux through the coil of N loops
would be N®. As the magnetic fluxb = BA is proportional to magnetic field which is in turn
proportional to the current |, therefore:

NO |

N® = LI ‘\/\
L="2=0 @) C?oo
e

The magnetic field strength inside solenoi®is- uynl. Therefore the equation(\ig\z

NuoynlA
L = HOI = Nuynd b

If Lis the length of solenoid, then puttiNg= n!l in the above equation@ get:
L = (nDuynA Q
L = puyn?Al

. A"
Thus the equation (3) becomes: ‘y

omes:

1
Upn = 2 (ﬂonzAZ)Iz

Since for a solenoid B = ygnl = I = #in.
0

wit ting for I, the above equation becomes:

U _1( 2AZ)(B>2_1 5 B2
2

Up=5-(A) -~ ;(/{-,\/;5)

Now the energy density e defined as the erstoygd per unit volume insider the solenoid, so

dividing equation (Swumééll), we get energy density:
LBy

Uy =

constr and working.

Q# 8&} 0 you know about alternating current gnerator? Also describe its principle,

rrént generator is a device that converts mgchbenergy into electrical energy.
Principle

The principle of an electric generator is basedraraday’s law of electromagnetic induction.

When a coil is rotated in a magnetic field by samechanical means, magnetic flux through the coill
changes, and consequently an emf is induced indihe
Construction
A rectangular loop of wire of area A be placed mifarm magnetic fieldB. the loop is rotated

about an axis through its center with constant Emgelocity w. One end of the loop is attached to a

9
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metal ringR and the other end to the rifg'. These rings, called slip rings are concentridlite
axis of the loop and rotate with it. Ring2R' slide against stationary carbon brushes to which
external circuit is connected.
Working

To calculate the induced emf in the loop, considsrposition while it is moving in
anticlockwise. The vertical side ab of the loopnisving with velocityv in the magnetic fiel®. if the

The same amount of emf is induced in the side hdrdfore, @\

angle betweer andB is 0, the motional emf induced in the side ab has thgmtude,

&y, =VBLsSInG

&4 =VBLsIng
The net contribution to emf by the side ab and laero becaus%h orce acting on the

charges inside bc and da is not along the wiresThu ®

Eoc = €ga = 0
Q)

R’
& C
=4 arbon
i d brush '
‘)
i L""F
S
= :
& TTHT
i) '( | 711 l—>
S
|
b

(Front view)

The tot@‘ﬁ:‘ is the loop is

Q§£ = ‘gab + ‘gcd

&= vBLsin@+ vBL sin@

&= 2vBLsind
If the coil is replaced by a coil of N turns, tleeal emf in the coil will be:
&= 2NvBLsingd - 1)

The linear speed v of the vertical wire is relai®the angular speed by the relation:

V=rw
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Where r is the distance of the vertical wires frdm center of the coil.

Substituting this value in equation (1), we get:
£= 2N(rw)BL sin@
= &= Nw(2rL)B sing
=&= NwABsSINg - 2
Where 2rL = A = area of the coll
As the angular displaceme@t= at , so the equation (2) becomes:

£= NwABsin (at ) - (3)

External |
circuit

./
External

rotor
(a) (b)

@

Y
The equation (3) shows that the induced e@ai'rwsoidally with time. It has the maximum value

&, whensin (at ) is equal to 1. Thus Yy

& = NwAB @
Thus the equation (3) can be;@an as:
£=¢&, sin (at

If R is the resistanc§ e coil, then by Ohnaw | induced current in the coil will be:
[

sz n (ot ) =% sin (at

| =
5&;‘{—- l,sin (ath )

\Qﬁpn of Current as a Function of @

* When the angle between v and Bds 0°, the current is zero.

« As @ increases, current also increases A& 90°, the maximum current flows through the

coil, directed along abcda.
« On further increase i@, the current decreases. At=180, the current becomes zero.

e Forl80® < @< 270, current increases but in reverses the directendcbad. A = 270

, the maximum current flows through the coil.
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« At =360, one rotation is completed and the current deerémgero. After one rotation,
the cycle repeats itself.
The current alternates in direction once in ondecyTherefore, such a current is called alternating
current. It reverses its direction f times per sgtco

Q # 9. Write a note on DC Generator. ','\\LV'}
AC Generators are not suitable for ma y@lcatidnr
example to run a DC motor. In 1834, Willia dgavented a

simple device called commutator that prev{a@t tlon of current

from changing.

DC Generator is similar to AZ:]enerator in tamion
with the difference that “slip rin S‘Ne repladey “split rings”. The
“split rings” are two halves S‘E\ g that actasnmutator.

Commutator

\

|

/D‘

e
e[

/
Armature

rush

@ (b) a (—r p Commutator

When the current in the coil is zero and is abaouthiange direction, the split rings also
changes the contacts with the carbon brudBBs. Therefore, the output frorBB' remains in the
same direction although the current is not constanmtagnitude. The fluctuations of the output can b
significantly reduced by using many coils rathertfa single one.
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Q # 10. Describe the back emf effects in generators
Ans. A generator is a source of electricity productitvat converts the mechanical energy into
electrical energy. For this purpose, a large telis turned by high pressure or waterfall. Thdtgsifa
the turbine is attached to the coil which rotatethe magnetic field.
When the circuit is open, the generator does ngiplgu
electrical energy, and a very little force is neetie rotate the coil. As ¢
soon as the circuit is closed, a current is dralwough the coil. The

magnetic field exerts force on the current carngod.

Force F; is acting on the left side of the coil whereasegnal

but opposite forcd, acts on the right side of the coil. These foraes :

such that they produce a counter torque that ogpibserotational motion %h\g cbil. This effect is
sometimes referred to as back motor effect in reegator. \
Q # 11. Write a note on DC motor? Q
Ans. A motor is a device which converts electrical egango mec@i al energy. The basic principle
of electric motor is that “a wire carrying currgaaced in T%e'tlg: field experience a force”.
In construction a DC motor is similar to xBQ gexter, having a magnetic field, a
commutator and an armature. ‘b‘
In DC motor, the brushes are connected* to [
supply or battery. When the current ﬂonﬁhrougb t
armature coil, the force on the conductor produaes
torque that rotates the armature. Th ount teotloeie
depends upon the current, trfékngth to the ntagr
field, the area of the coill e number of tuofighe

coil. @'&

Q # 12. What do now about back emf effect in
motors? Also d e the relation between back emf
and current.

Ans. W the coil motor rotates across the magne
fi 'ﬁy the applied potential difference V, an ermsf

induced in it. The induced emf is in such a di@ttihat opposes the emf running motor. Due to this
reason, the induced emf is called back emf of tlbom The magnitude of the back emf increases
with the speed of motor.

Relation between Back Emf and Current
Since V and& are opposite in polarity, the net emf in the dirds V-£. If R is the
resistance of the coil and | the current drawnhgyrhotor, then by Ohm's law:

1=Vf v=e+IR
R
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« When the motor is just started, back emf is almzesd and hence a large current passes through
the coil.

* As the motor speeds up, the back emf increasescament becomes smaller and smaller.
However, the current is sufficient to provide tlegque on the coil drive the load and overcome
losses due to friction.

< If the motor is overloaded, it slows down. Consexflyethe back emf decreases and allows motor
to draw more current.

» If the motor is overloaded beyond its limits, therent could be so high that it may buﬁ\out the
motor. %\

Q # 13. What is transformer? Describe its construabn, principle and working. 6

A transformer is an electrical device used to cleaagiven alternating emf i /a\Iarger or smaller

alternating emf.

Principle Q\'

The transformer works on the principle of mutuat&.i,é[}gw between two coils. The
transformer consists of two coils of coppe

Source of alternating
electrically insulated from each other, wound oa t current I Iron core

same iron core. The coil to which AC power

supplied is called primary and that from which

is delivered to the circuit is called seconda ,\

Working YV Primary
Suppose that an alternating’emf is applied  winding

the primary. if at some instant t, tl@ ux is chiag

Secondary
winding

at the rate of%?, then the ill back emf inducea

in the primary, whic@%ppose the applied vgka The instantaneous value of the self induced emf

is given by: Q«
s |fin§:j emf =—NP[M)}
i, At

V%&QP is the number of turns in the primary. If the stsnce of the coil is negligible then the
a

b emf is equal and opposite to applied voltdge
V, = -back emf =N, {%}} ......... (1)

Assuming that the two coils are tightly coupled dnel flux through the primary also passes
through the secondary. Therefore, the rate of ahafidlux through secondary will beAA%a and the

magnitude of induced emf across the secondaryendy:
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Where N is the number of turns in the secondary.
Dividing equation (1) and (2), we get:

Vo _ N
VS NS

@

Q # 14. Differentiate among step-up transformer andtep-down transformer.
Step-up Transformer \

A transformer in which voltage across secondagréater than the primary @e is called

step up transformer. For the case of a step upfoanerVg >V, then accord;{l\ equation (3)
we have:Ng > N, .

Step-Down Transformer
A transformer in which voltage across secondalgss thaﬁn‘g primary voltage is called step
up transformer. For the case of a step down tramsfioV, <V,

A ot
.*\é,'}
we have:Ng < N;. \‘\

Q # 15. What is the difference between an ideal t %er and an actual transformer?

n according to the equation (3)

Ans. Electrical power in a transformer is transfo rits primary to the secondary coil by means
of changing flux. For an ideal case the ow\npuhe primary is nearly equal to the power output
from secondary i.e., pr

Power Input =Power Outp b’

Velp =Vglg

But in actual tran er, the output is always l#®n input due to power losses. There are
two main causes of losses, namely eddy dsresmd magnetic hysteresis.

Due to losses, a transformer is far from dpedim ideal. The efficiency of the
transformer i ed as:

Output Power
Input Power

x100

QQ;% Describe the different causes of power loss
There are two main causes of power loss, whiclgiaen below
Eddy Current

The induced currents that are set up in the coteaasformer in the direction perpendicular
to the flux are known as eddy currents. It resualfgsower dissipation and heating of the core makeri
Hysteresis Losses

Hysteresis losses are the energy expended to niegyaeid demagnetize the core material in

each cycle of AC.

/)
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Q # 16. How the efficiency of the transformer can®improved?

Following step should be executed in order to imaprie efficiency of transformer:
* Core should be assembled from the laminated sHetnaaterial whose hysteresis

loop area is very small.

* The insulation between lamination sheets shoulgdréect so as to stop the flow of
eddy currents.

* The resistance of the primary and secondary cbdslg be kept minimum.

N
N
\

(O/\
N
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EXERCISE SHORT QUESTIONS

Q # 1. Does the inducted emf in circuit depend oré resistance of the circuit? Does the induced
current depend on the resistance of the circuit?
Ans. The expression for induced emf is given by

Ag
— _N_
At

The relation shows that the induced emf in a aoly depend upon the rate of change of
magnetic flux and number of turns but does not depgon the resistance of the coil. \
As the induced current flowing through a coil isen by: 600

I=—

R
this expression shows that the value of currenedég upon the re&%@e of the coil. The
smaller the value of the resistance of the codatgr will he the value of ent.
Q # 2. A square loop of wire is moving through a uform magnetie-ield. The normal to the loop
is oriented parallel to the magnetic field. Is a efminduced in the@ ? Give a reason for your

answer. \ch}

Ans. The induce emf in a wire is given by: \‘\

& = vBLsiné
Wheref the angle between" and “B”.

When normal to the loop is parallel to the Q@’Uelomty vector ¢” of
side of loop is also parallel to fiel#",,so 6= 0. Therefore,
& = vBLsin0 ‘? &

= ¢ = vBL(0) &
=e=0 :

| -

Thus, emf induced in t op is zero. v

Q#3. Alightm ic’ring is released from abog into a vertical bar

magnet as s in the figure. Viewed from above pgs the current

flow clockwise or anti-clockwise in the ring?

Ans. A(@%mg to Lenz’s law, the direction of the in@édccurrent is
site to the cause which produces it. So, thedi the ring facing

O% pole of magnet must be north pole of the dedumagnetic field.

When viewed from above, the current in the ringligskwise.

Q # 4. What is the direction of the current throughresistor R as

shown in the figure? As the switch S is (a) closdt) open. COPET ~NPPRRY
Ans. When switch S is closed, then the current in thegry A L JJJJ]

’ N A\ N
coil increases from zero to maximum. During thimi S J
£

interval, magnetic flux through the secondary dodreases R
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from zero to maximum and induced current producét.ificcording to Lenz’'s law, the current
through the secondary should flow in anti-clockwiieection. And current through resistor will be

from left to right.

(b) However, if the switch is opened, the induced aurthrough secondary should flow in clockwise

direction. So the current through resistor R wilif from right to left.

Q #5. Does the induced emf always act to decredhe magnetic flux through a circuit?

Ans. The induced emf always opposes the cause that geedu
< If the magnetic flux through the circuit througtettircuit is increasing, then E}%@}emf acts
to decrease the magnetic flux.
» If the magnetic flux through the circuit througlettircuit is decreasirgt\en induced emf
acts to increase the magnetic flux.
Hence, the induced emf does not always act to deseréhe mag @ux through the circuit.
Q # 6. When the switch in the circuit is closed, aurrent is est (?Qed in the coil and the metal
ring jumps upward. Why? Describe what would happerto the ring if
the battery polarity were reversed? \\g"}

Ans. When the switch in the circuit is closed, the c set up in the

Iron core

coil which establish magnetic field in it.

~ «——— Metal ring

This result in change of magnetic flux throaz(\;imallic ring and hence
an induced emf is produced in it.
The induced magnetic field ibhe ring opposesmiagnetic field

of the coil (according to Lenz’

%). Thereforee thing experience a

force of repulsion and jump

The same even

Q # 7. Figure show il of wire in the xy-plan@ith a magnetic field directed along the y-axis.

Around whic % three coordinate axes should # coil be rotated in order to generate an
u

rs even if the polarity of tiéeby is reversed.

emfand ac t in the coil?

Q&Qe coil must be rotated along x-axis to get chaofge B

magnetic flux and an induced current through it.

If the coil is rotated about y-axis, the flux paggsi

through the coil zero because plane of the coil

remains parallel to magnetic field B all the times. /,/
» If the coll is rotated about z-axis then no chaofye /
magnetic flux takes place through coil. x
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Hence if the coil is rotated about x-axis, therréhie a change of magnetic flux passing through a
coil. So only in this case, an emf is induced im ¢bil.
Q # 8. How would you position a flat loop of wiren a changing magnetic field so that there is no
emf induced in the loop?
Ans. If the plane of loop of wire is placed paralleld@anging magnetic field i.e4, = 0, then no flux
through it will change. Hence no emf will be inddabrough the loop as:
& = wABsin6
€ = wABsin 0 = wAB(0) \
e=0 %\'

Q # 9. In a certain region, the earth’s magnetic éld point vertically down. Whe?\ ne flies

due north, which wing tip is positively charged? /\

Ans. The magnetic force on electrons in the wing is igikig: (f\\ N
F=—e(vxB) X x X x xmtx x x x x

When the plane flies due north in the earth magriietid /tb

directed vertically downward, then electrons wilperience oo o e X XX

force in east direction. '“m: :Ew

Thus west wingtip of the plane is positively chatge ‘\A\ xoxoxoxoxlxox o ox xx

Q # 10. Show thats and 'phave the same unit T T

Ans. As we know that: \‘\

> e=K Yy
q

. unit of Wor joule
= unitof ¢ = fWork, )

" unit of ch 2]@7_ coulomb
A BAA
At At

_ (unit of B)(unit of AA) (NA"'m™H(m?)

:g&& At unit of At s

A(p N XxXm
nitof 3= s

&, AsN xm =] (joule) andA X s = C (coulomb)

=volt -------—--- )

. A(p __ Jjoule
= unit Of At coulomb

g&e from (1) and (2), it is proved that betand ‘p have the same units.

Q # 11. When an electric motor, such as an electrdrlll, is being used, does it also act as a
generator? If so what is the consequences of this?

Ans. When an electric motor is running, its armatureotsiting in a magnetic field. A torque acts on
the armature and at the same time, magnetic flakasging through the armature which produces an
induced emf. The induced emf opposes the rotatiarmature. This means that motor also acts as

generator when it is running.
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consequences

* When the motor is just started, back emf is alzesb and hence a large current passes through
the coil.

» As the motor speeds up, the back emf increasescarmént becomes smaller and smaller.
However, the current is sufficient to provide tlbeque on the coil drive the load and overcome
losses due to friction.

* If the motor is overloaded, it slows down. Conselyethe back emf decreases and allows motor
to draw more current. \

» If the motor is overloaded beyond its limits, tharent could be so high that it m% out the
motor. 6

Q # 12. Can a DC motor be turned into a DC generat@® What changesé(\equwed to be

done?

Ans. Yes, a DC motor be turned into a DC generator. Q\'

In order to convert DC motor into a DC generateg thanges are.to’be done:

» The magnetic field must be supplied by &rm’anﬂagnet and not by
electromagnet. '3
» An arrangement to rotate the coil ar shoelprbwded

Q # 13. Is it possible to change both the area o@p and the magnetic field passing through
the loop and still not have an induced emf |

Ans. If both area of the loop A and tlc field sgdnB are changed such that change is
magnetic flux is zero i.eA¢ = 0. The@y araday’s law:
_A¢
&= Ar =0
Hence no induced emf in op will be produced.

Q # 14. Can an electric@a or be used to drive ardextric generator with output from the

generator being u operate the motor?

Ans.No it is @ssible. Because if it is possibieyill be a self operating system without getting

energy from some external source and this is agtiadaw of conservation of energy.

Q# 16&guspended magnet is oscillating freely ia horizontal plane. The oscillations are
damped when a metal plate is placed undehe magnet. Explain why this occurs?

:gthe oscillating magnet produces change of magriketic close to it. The metal plate placed

below it experiences the change of magnetic flug.tlde result, eddy current are produced inside

metal. According to Lenz's law, these eddy curreppose the cause which produce it. So, the

oscillations of magnet are strongly damped.
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Q # 16. Four unmarked wires emerge from a transforrar. What steps would you take to
determine the turn ratio?
Ans. By checking continuity of the coils, the coils aeparated as primary and secondary coils. An
alternating voltage of known valig is connected to one coil (primary coil), the odtpoitagels
across the ends of the other coil (secondary moit)easured. The turn ratio of the coil is deteadin
by using relation:

Vs N

Vs Np N
Q # 17. (a) Can a step-up transformer increase theower level? \
(b) In a transformer, there is no transfer of charg from the primary to the secondgﬁ/%ow is,
then the power transferred? /\
Ans. /\

(a). In case of an ideal transformer, the power outputegual to iWower input. In actual

transformer, due of dissipation of energy in thi¢, ¢oe output powersi ays less than input powe
Therefore, a step-up transformer can’t increasegpdavel. Q
(b). The two coils of transformer are magnetically Iidldgs\@'/&)change of flux through one coil is
linked with the other coil. \\
Q # 18. When the primary of a transformer is con to AC mains, the current in it

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

(b) Increases when the secondary circ‘u\&closed. Bgin these facts.
Ans. (a).If the secondary circuit is open, then output powtrbe zero. Because output power is

always slightly smaller than the o ower, ¢iere a very small value of current is being drawn

by a primary coil of transforme AC mains.

(b). When the secondary cifcuit is closed, the outputgrawill be increased. As we know that output

increase the prim

power is equal to input er, therefore the tramsér will draw large current from the AC mains to
&ower. Hence, greater cunienteeded in primary to equalize power in

secondaryoi

<.

District: [<hushab
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