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Chapter 16. Electromagnetic Induction
and Alternating Current

A long solenoid of diameter 0.1 m has 2 = 10*
turns per meter. At the centre of the solenoid,
a co1l of 100 turns and radius 0.01 m 1s placed
with its axis comeiding with the solenmd axas.
The current in the solenowd reduces at a constant
rate to O A from <4 A 1n 0.05 s. If the resistance
of the coil is 10 m* €, the total charge flowing
through the coil during this time 18

(a) 16 uC (by 32 uC
(c) l6muC (d)y 32muC
(NEET 2017)

IF‘1gure shows a circuit that contains three

identical resistors with resistanace R = 9.0 Q cacly |

two i1dentical inductors with induétanee
L. =20 mll each, and an 1deal battery with
eml € =18 V. The current i through thesbatery
just alter the switch closed 18

R

/

(@) 0.2A
(c) O ampere

by 2A
(d) 2 mA

(NEET 2017)

Which.ofthefollowing combinations should be
selected for better tuning of an L-C-R ¢ireunt used
[or communication 7
(a) R=20Q,L=15H,C=35uF
(b) R=25Q. L=25H,C=45 uF
(¢) R=15Q.L=35H,C=30uF
(d) R=25Q,.L=15H,C=45uF
(NEET-IT 2016)

A umiform magnetic field 1s restricted within a
region of radius r. The magnetic held changes
dB

:ﬂ—-Lnnp 1 of radius R > r

encloses the region r and loop 2 of radius R 1s

with time al a rate

x>

outside the region of magnetic field as shown
in the figure. Then the e m.l: generated 1s

(a) zero indegp | and zero in loop 2

g =202 s e =B sitopa
— B8] ' e ¥
(b di inloop 1and =~ in loop
dB _ 5 .
(e) —ETER” i loop 1 and zero in loop 2
IB
(d) -Eﬁﬂf'z in loop 1 and zero n loop 2
(NEET-11 2016)

The potential differences across the resistance,
capacitance and inductance are 80 V., 40 V and
100V respectively mn an L-C-R cirewit. The
power [actor of this cireuit 1s
(a) 0.4 (b) 0.5
(¢) 08 (dy 1.0

(NEET-IT 2016)

An mductor 20 mH. a capacitor 50 ul" and a
resistor 40 £ are connected in series across a
source of emf "= 10 sin 3407 The power loss 1n
AC. cirewt 1s
(a) 0.76 W
(¢) 031 W

(by 0.89 W
(dy 0.67W
(NEET-1 2016)

A small signal voltage I'(7) = I, sinw/1s apphied

across an 1deal capacitor ('

(a) Current /(1) 1s n phase with voltage (1),

(b) Current /(1) leads voltage I'(7) by 180°.

(¢) Current /(1), lags voltage I'(r) by 90°,

(d) Ower a full cyele the capacitor €' does not
consume any energy [rom the voltage
source. (NEET-1 2016)
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A long solenoid has 1000 turns. When a current
of 4 A flows through 1t. the magnetic flux linked
with each turn of the solenoid i1s 4 x 107 Wh,
The self-inductance of the solenoid 18

(a) ZH (by 1H

(c) 41H (d) 3H

(NEET-I 2016)

A series R-C' eircuit 1s connected to an
alternating voltage source. Consider two
situations

() When capacitor 1s air filled.

() When capacitor 1s mica filled.

Current through resistor 1s / and voltage across
capacttor 18 | then
(a) 4>,

(¢) V <I,

) V.=V,
) ">V, (2015)

An electron moves on a straight line path

AT as shown. The abed 15 a coil adjacent to

the path of electron. What will be the direction
of current, 1f any, induced in the co1l?
il

b i

l'..

e

electron ¥

(a) The current will reverse it§ Jdirection as
the electron goes past theseoil”

(b) No current induced

(¢) abed td) aech (2015)
A resistance ‘R’ draws power "’ when
connected to an AC sowmce. If an inductance
1s now placed.in series with the resistance,
such that thedmpedance ol the circuit becomes
27, thespower diwwn will be

(by P

R

g p\ﬁ

() P
(2015 Cancelled)
A thin semucircular conducting ring (POR)
of radius r s falling with 1ts plane vertical 1n

a horizontal magnetic field B, as shown 1n
the figure.

R x
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The potential difference developed across
the ring when 1ts speed 15 v, 18
(@) zero
”
Bvrr-
(b)

and F 1s at lhigher potential

(¢) mrBv and R 1s at higher potential
(d) 2rBv and K 1s at higher potential
(2014)

A transformer having efficiency of 90% 1s
working on 200 V and 3 kKW power supply.
It the current in the secondary coil 15 6 A,
the voltage across the geeondary coil and
the current in the pnmary cell respectively
are

(a) 300V, 15A
(c) 450 V. I35 A

) 450 V. 15 A
(d) 600V, 15A
(2014)

A wire leop is olatéd in a magnetic field. The
[requency of change ol direction of the
mduced. eam'T 1s

(@) Tour times per revolution

(b) six times per revolution

(&) once per revolution

(d) twice per revolution (NEET 2013)

A coil of self-inductance L 1s connected 1n
serites with a bulb B and an AC source.
Brightness of the bulb decreases when
(a) a capacitance ol reactance l’c. = IL 15
meluded i the same circuit,
(b) an iron rod 1s mmserted in the coil.
(¢) frequency of the AC source 15 decreased.
(d) number of turns 1n the coil 18 reduced.
(NEET 2013)

The primary of a transformer when connected to
a de battery of 10 Volt draws a current of | mA.
The number of turns of the primary and
secondary  windings are 50 and 100
respectively. The voltage in the secondary and
the current drawn by the cricuit i the
secondary are respectively
(a) 20V and 2.0 mA
(b} 10V and 0.5 mA
(¢) Zero volt and therefore no current
(d) 20V and 0.5 mA

(Karnataka NEET 2013)
A current ol 2.5 A flows through a coil of
mductance 5 H. The magnetic flux hnked with
the conl 15
(a) 0.5 Wb
(¢} zero

(b) 12.5 Wb
(dy 2 Wh
(Karnataka NEET 2013)
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A coil of resistance 400 Q 1s placed in a
magnetic field. If the magnetic flux ¢ (Wb)
linked with the co1l varies with time 7 (sec) as

G =350 +4.

The current in the coil at 1= 2 sec 15

@) 0.5A ) 0.1A

(c) 2A (dy 1A (2012)

In an electrical cirewmt R, L, (" and ac voltage
source are all connected in series. When L 1s
removed from the circuil, the phase difference
between the voltage and the current in the circuit
1s If instead, (" 1s removed from the circuit, the
phase difference 1s again The power factor of
the cireut 1s

1 1
(a) 5 (b) E
(c) 1 (d) g (2012)

The current (/) in the inductance 1s varying
with ime according to the plot shown in ligure,

IT .
I12
Which one of the following 1s the eorrect

variation of voltage with time intheeoil?

| Fi \/ e
T/ \— 1 /\
(a) Ve ®) i 7T
: :
(¢) Gj\i\ 5T (d) %;rr_
(2012)

The tstantancous values ol alternating
current and voltages 1n a circuit are given as

JE= 1 sin(100 7)) ampere

72
1
4

The average power in watts consumed in the
circuil 18

sin(1007t + -g—) Volt

1 J
(a) 1 (b) —-——43
B = d - \laims 2012
(c) 7 (d) 3 (Mains 2012)

22,

23.

24,
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In a co1l of resistance 10 Q. the induced current
developed by changing magnetic flux through
i, 18 shown i figure as a function of time. The
magnitude of change n flux through the coil

i weber 1s " (ﬂrlﬂ'

(a) & 4

(b) 2 \

(¢) 6

@ 4 0 01 1)

(Mains 2012)

An ac voltage 18 apphed toa resistance R and
an inductor L 1 seriese TER and the inductive
reactance are both equal®o 3 €, the phase
difference between the applied vollage and
the currentiin the cireuit 1s

(a) m/6 (b) m/4

(c) mid (d) zero (2011)

In an accwent an alternating voltage volts 1s
configcted Lo a capacitor of capacity 1 uF. The
s, Value of the current in the circuit 1s

@ TomA (b) 100 mA

(¢) 200mA (d) 20mA  (2011)

The current 7 1n a corl varies with time as shown
in the figure. The varnation of induced emf{ with

fime would be

> |
emt &
(a) :
I'/4
i TR 34 'Jr_"" ;
emt &
{ O—F 75 aa T
et
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em ik

@ o I2 31/4 T

Vi »!  (2011)

The rm s value of potential differencel’

shown n the fgure 18
Vﬂ Vi

(a) ﬁ

(b) 17, Vol -[——-
Vo () i

© 7 72 T
- W . .
(d) i (Mains 2011)

A coi1l has resistance 30 ohm and inductive
reactance 20 ohm at 50 Hz frequency. If an ac
source, of 200 volt, 100 [z, 1s connected across
the co1l, the current in the coil will be

(a) 20A (b)y 40A

2“:“\

J13

(Mains 2011)

(c) BOA (d)

A condueting circular loop 1s placed nauniform
magnetic field, B = 0.025 T smth its plane
perpendicular to the loop. The radins-ef the loop
is made to shrink at a constant ratéof 1 mm s ',

The mduced emf whervthe sudius 15 2 cm, 18

(a) 2muV (b] muV
(©) gpv d) 2uvV  (2010)

In the gwen cirenit the reading of voltmeter

I, amd 1, are 300 volts each. The reading of

the voltmyeter I, and ammeter /] are respectively

L C
—0000

®

I K =100 £2
| S AAA

®——©
©

220V, 50 Hz
(b) 220V.22A
(d) 100V.2.0A
(2010

(a) 150V, 2.2A
(c) 220V, 20A

A 220 volt mput 1s supplied to a transformer.
The output cireutt draws a current of 2.0 ampere

31.

3‘2-

33.

x>
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at 440 volts, If the efficiency of the transformer
s 80%, the current drawn by the primary
windings of the transformer 18

(b) 2.8 ampere
(d) 5.0ampere
(2010)

A condenser of capacity ' 1s charged to a
potential difference of I, The plates of the
condenser are then connected to an 1deal
mductor of inductance L. The current through
the inductor when the potential difference
across the condenser reduges 1o 15 18

(a) 3.6 ampere
(¢) 2.5 ampere

1
RV | V2 -y2
L L
R — 1
(c) C(ELL'I' Vi) (d) [ (Vi - V35) ]:
' L

(Mains 2010)

Actectangular, a square, a circular and an
elliptical loop, all in the (x-y) plane. are moving
out ol a uniform magnetic field with a constant

i H L) L i w 1 i
velocity, V =vi. The magnetic field 1s directed

along the negative z axis direction. The induced
emf, during the passage of these loops, out of
the field region, will not remain constant for

(a) the circular and the elliptical loops

(b) only the elliptical loop

(¢) any of the four loops

(d) the rectangular, cireular and elliptical loops
(2009)

Power dissipated in an LOR series circut
connected to an A.C. source of emf e 15

2 [ 2 LY
(a) g JR +(Lm—m)

(d) i 1\ ] (2009)
R+ (Lm— —)
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A conducting circular loop 1s placed 1n a
untform magnetic field 0.04 T with its plane
perpendicular to the magnetic field. The radius
of the loop starts shrinking at 2 mm/s. The
induced emf n the loop when the radius 1s 2 cm
15

(a) 48muV
(¢) lo6muv

(by 0.8muV

(d) 32nuV (2009)

. A long solenoid has 500 turns. When a current

ol 2 ampere 15 passed through 1t, the resulting
magnetic flux linked with each turn of the
solenoid is 4 = 107 Wh. The self-inductance of
the solenoid 15
(a) 1.0 henry
(¢) 2.5 henry

(b} 4.0 henry
(d) 2.0 henrv(2008)

In an a.c. circut the em.f (&) and the current

(1) al any mstant are given respectively by
€=k smwl, i=[sm(of— )

The average power in the cireuit over one cycle

ol a.c. 18

f'r:ﬂ "F{J

(a) —,—cos (b) EJ,
/ Bl
(c) % (d) ;é‘ismr.p

(2008)
A circular dise of radius 0.2 metéraspliced in

a uniform magnetic feld of mduction

I Wb
o [ 5 in such a way thal 1ts axis makes an

angle of 60° with'B . Themagnetic flux linked
with the disc as
(a) 0.08 WF
(c) 0.02%WH

(b)y 0.01 Wb
(d) 0.06 Wb
(2008)

The prmmary and secondary coils of a
transformer have 350 and 1500 turns
respectively. If the magnetic {lux ¢ hinked with
the primary coil 1s given by ¢ = ¢, + 47, where
¢ 15 in webers, 1 15 time in seconds and ¢ is
a constant, the output voltage across the
secondary coil 1s
(a) 120 volts

{(c) 30 volts

(b) 220 volts
(d) 90 volts. (2007)

A transformer 15 used to light a 100 W and 110
V lamp froma 220 V mans. [f the maimn current
15 0.5 amp, the efficiency of the transformer is
approximately

40,

41.

42.

| 43!

44.

x>

(a) S50%
fl}} |U"u

(b) 90%

(d) 30%. (2007)

What 1s the value ol inductance L for which
the current 18 maximum mn a series LOK circuit
with €= 10 puF and o = 1000 §'7

(a) 1 mH

(b) cannot be calculated unless K 15 known
(¢) 10mH

(d) 100 ml. (2007)

A coil of inductive reactance 31 £ has a
resistance of 8 L. It 1s placedun series with a
condenser of capacitative.reactance 25 £2. The
combination 15 connecled lo.am a.c. source of
110 V. The power [actor-ol the circuit 1s

@) 033 M 0.56

(c) 064 (d) 0.80 (2006)

Two coils of self inductance 2 mH and 8 mH
are placed so.close together that the effective
lux in omeseoil is completely linked with the
other=The mutual inductance between these
coils is

(a) 16mH
(e 6 mll

(b)y 10mH
(d) 4 mH.

The core of a transformer 15 laminated because

(a) ratio of voltage in primary and secondary

may be mcereased

energy losses due to eddy currents may

be mimmised

the weight of the translormer may be

reduced

rusting ol the core may be prevented.
(2006)

(2006)

(b)
(c)

(d)

A transistor-oscillator using a resonant circuil
with an mductor L (of neghgible resistance)
and a capacitor (' 1n series produce oscillations
of frequency / 1f L 1s doubled and € 1s changed
to 4C", the frequency will be

(a) S22 (b) fi4

(c) & d) f/242
(2006

In a circut L. ' and R are connecled 1n senes
with an alternating voltage source of frequency

f The current leads the voltage by 45°. The value

of (" 18
|
@ wewi-n ) wedL-R
| i |
() nf (2nf L+ R) ) 2nf (2nf L+ R)
(2005)
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As a result of change 1n the

magnetic fTux linked to the

closed loop as shown n the

[igure, an em.[. 1" volt 15

induced 1n the loop. The

work done (joule) n taking a charge O coulomb

once along the loop 1s

(a) O (b) 201

(c) OI72 (d) zero (2003)

A coll of 40 henry inductance 15 connected n

series with a resistance of 8 ohm and the

combination is joined to the termmals of a 2 volt

battery. The time constant of the circuit 1s

(a) 5 seconds (b) 1/5 seconds

(¢) 40 seconds (d) 20 seconds
(2004)

The magnetic flux through a circuit of resistance
R changes by an amount A¢ in a time Ar. Then
the total quantity of electnic charge O that passes
any pomnt in the circurt during the time Ar 1s
represented by

_1 4o _ A0

(a) = by @ -
Ad A
— T— }: H Sy
(c) ¢ At (d) ¢ At

2004)

For a series LOR circuit the powerrloss al
resonance 18

(a) X i (G 7L w
[mL - m(?:l .
. g V-
; . . 7)1 7

For a cotlhavim@ = 2 mH, current flow through
it 1§ f =t then. the time at which emf become
ZETO

(a) 2 sec (b) 1 sec

(d)y 3 sec (2001)

(¢) 4 sec

A capacitor of capacity C' has reactance X If
capacitance and [requency become double then
reactance will be

(@) 4.X (b) X2
(¢c) X/4 (d) 2Y, (2001)
. The value of quality factor 1s
L |
(@) &~ (b) oRC
(c) JLC (dy L/R. (2000)

th
L

x>

207

In the circurt given in figure, 1 and 2 are
ammeters. Just after Key K1s pressed to complete
the cireuit, the reading will be

C R,
——| WA
I R,
K,

(a) zerom |, maximum m 2
(b) maximum in both 1 and 2
(¢) zero in both | and 2

(d) maximum in 1, zero a2

A step-up transformeraperalés on a 230 V line
and supplies a load©f2 mmpere. The ratio of the
primary and secondiiy windings 1s 1 | 25, The
current inahe primary 1s

(a) 134 (by 50 A

(c) 2% (d)y 125A  (1998)

Twaooils have a mutual inductance 0.005 H. The
eurrept.€hanges 1 the first coil according to
equation / = [/, sin wt. where /, = 10 A and
@= 100 n rad/sec. The maximum value of e m .

([999)

an the second coil 1s

(b) Sm
(d)y dm

(a) T
(c) 21t

The primary winding ol a transformer has 500

turns whereas its secondary has 5000 turns. The

primary 1s connected to an A.C. supply 20 V,

50 Hz. The secondary will have an output of

(a) 2V.50 Hz (by 2V. 5 Hz

(¢) 200V, 50 Hz (d) 200V, 500 Hz,
(1997)

In an a.c. circumt with phase voltage 1" and

current /. the power dissipated 1s

(a) I

(b) depends on phase angle between I and
/

|
) —=xXV.1I
(C) 5

(1998)

L}CV.I

J2
A metal nng 1s held honzontally and bar magnet
1s dropped through the ring with 1ts length along
the axis of the nng. The acceleration of the
falling magnet 1s
(a) more than g
(¢) less than g

(d) (1997)

(b) equal to g
(d) either (a) or (c¢).
(1996)
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In an A.C. cireut, the current flowing 1s
[ =5 sm (100t = t/2) ampere and the potential
difference 1s "= 200 sin (1007) volts. The power
consumption is equal to
(a) 20 W

(c) 1000 W

by O W
(d)y 40 W,

When the key K 15 pressed at time ¢ = 0, then
which of the following statement about the
current / in the resistor A8 of the given circuit
1§ true?

R, A
e AW "

10000 ¢ |
| wWF | g%

—

(1995)

(a) [ oscillates between | mA and 2 mA

(b) atr=0,7/=2 mA and with time 1t goes to
| mA

(¢) f=1mAatall ¢

(d) 7=2mA atall ¢ (1995)

A straight line conductor of length 0.4 m 1s
moved with a speed ol 7 m/s perpendicular to
a magnetic field ol mtensity 0.9 Wh/m=. The
mduced e.m. [ across the conductor 13

(a) 504V (b) 252V
(c) 1.26V (dy 2.52V

The current / in an A.C. circutt withunductance
cotl varies with time accordmgsto the graph
given below,

!

/

- =

fo=
Which enc'of the following graphs gives the
vadation of yoltage with time?

NG
(@) ¥ ) 7

A PN~

| ‘T"D\
(c) V (dy | r \/

|—

(1994)
and [, are related as
{h] 'rrmi = "‘{E 'rﬂ

{d‘] "Frrm. - ;H/'\/E'
(1994)

Inan A.C. cirewt, [
@ I_

{G_} Imﬂ: ﬂf;ﬂ:

=T

([R05,

64.

66.
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69.

70.
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An sertes L-C'-R circuitl 1s connected 1o a
source of A C. current. At resonance, the
phase difference between the applied voltage
and the current 1in the circuit, 1s
(a) m (b) zero

(¢) mHd (d) m/2. (1994)

. Two cables of copper are of equal lengths.

One ol them has a single wire ol area of

cross-section A, while other has 10 wires of

cross-sectional area A/10 each. Give themr

suttability for transporting AL and D.C

(a) only multiple strands fap.AN€., either for

1E,

only multiple strands for A C.. only single

strand for D (8

only single strandfor D.C.. either for A.C,

only sillglﬁ-strand'lhr A.C., etther for D.C.
(1994)

(b)

(¢)
(d)

[f Misutheamwimber of turns in a coil, the value
ofssell inductance vanes as

@ N (by N

(e V- (dy N2 (1993)

What 1s the self-inductance of a coil which
produces 5 mV when the current changes from
3 ampere to 2 ampere 1 one milhisecond?
(a) 5000 henry (b) 5 muli-henry

(c) 50 henry (d) 5 henry (1993)
The time constant of C-R circuit 1s

(a) 1/CK (by C/R

(¢) 'R (dy R/IC (1992)

The total charge. induced 1n a conducting loop
when 1t 1s moved 1 magnetic field depend on
(a) the rate of change of magnetic flux

(b) 1mmtial magnetic {lux only

(¢) the total change in magnetic lux

(d) final magnetic [Tux only (1992)

A rectangular coil ol 20 turns and area of
cross-section 25 sq, cm has a resistance of
100 €2 If a magnetic lield which 1s perpendicular
to the plane of coil changes al a rate of 1000
lesla per second, the current in the coil 15

(a) 1A (b) 50 A
(c) O3A (d) 5A (1992)
Faraday’s laws are consequence of

conservation of

(a) energy

(b) energy and magnetic field
(¢) charge

(d) magnetic field (1991)
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If the number of turns per umt length of a coil
ol solenoid 15 doubled. the self-=inductance of the
solenowd wall

(a) remain unchanged

(b) be halved

(¢) be doubled

(d) become four times (1991)

A 100 millihenry coil carries a current of 1A,
Energy stored in 1its magnetic field 1s
(a) 0.5 (b) 1A
(¢) 0.05] (d) 0.1J
(1991)

A magnetic field of 2 x 107 T acts at nght
angles to a coil of area 100 em?, with 50 turns.
The average e m.f. induced in the coil 15 0.1 V,
when 1t 15 removed from the field mn ¢ sec. The
value of 7 1s
(a) 10§

(¢) 0,01 s

(by 0.1 s

(dy 1s (1991])

. The current 1n sell inductance L = 40 ml 1s 1o

be increased uniformly from 1 amp to 11 amp
in 4 milliseconds. The e.m.f. induced 1n
inductor during process 1s

76.

7.

78.

209

(a) 100 volt (b)y 0.4 volt
(¢) 4.0 volt (d) 440 volt (1990)

An inductor may store energy in

(a) 1ts electne field

(b) 1ts coils

(c) 1its magnetic field

(d) both m electric and magnetic helds
(1990)

In a region of magnetic induction B = 10~ tesla.
a circular coil of radius 30 cm and resistance
n* ohm 1s rotated about am axis which is
perpendicular to the direetion. of B and which
forms a diameter of the eolll Ifthe coil rotates
at 200 rpm the amplitade of the alternating
current induced 1m the ¢l is

(a) 41w mA (b) 30 mA
(¢) 6mh (d) 200 mA

Eddy eorrents. are produced when

(a) a metdl as l{upl i varving magnetic field
() & taeral s kept in steady magnetic field
(@) agweular cotl is placed m a magnetie field
(¢h) through a circular coil, current i1s passed

(1985)

11.
21,
31.
41.
51.
6l.
71.

( Answer Key )

(b) 2. (™ 3. (¢) 4 (d § (¢
(¢) 12. (d) 13. (by 14. (d) 15. (b)
(d)y 22. (b) 23. (b) 24. (d) 25. (a)
(dy 32. (a) 33. (d) 34. (d) 35 (a)
(dy 42. (d) 43. (b) 44. (d) 45. (d)
(¢) 52. (a.b)53. (d) 54. (b) 55. (b)
(dy 62. (a) 63. (d) 64. (b) 65. (a)
(dy 72. (dy 73. (¢) T4. (b) TS5, (a)

* None 15 correct,

6.

16.
26.
36.

56.
66.
76.

(1984)

(¢) 7. (d) 8. (b) 9. (d) 10. (a)
(¢) 17. (b) 18. (a) 19. (¢c) 20. (d)
(¢) 27. (b) 28. (b) 29. (b) 30. (d)
(a) 37. (¢) 38. (a) 39. (b) 40. (d)
(a) 47. (a) 48. (b) 49. (¢) S§50. (a)
(c) 87. (b) 58 (¢) 59. (b)) 60. (b)
(¢c) 67. (b) 68. (¢c) 69. (¢c) 70. (c)
(¢) T77. (¢) 78. (a)
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NIRRT EATE EXPLANA‘I‘IONS ‘II||IIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIlI

. (B):Givenn=2=10%7T=4A
Imually /=0A

B=0or¢ =0
Finally, the magnetic lield at the centre of the solenoid
1S g1ven as

B.=w, nl

Bo=4m > 107" x2 x 10% x 4

B,=32mx 10°T
I'inal magnetic ux through the coil 1s given as

b= NBA =100 %32 1= 107 x 1 x (0.01)*

b, =32m" x 107 T m*
Induced charge.

q_mm_lthf -0; | 32m% x107°
R R 101

=32x107°C=32uC
2. (*): At ime, t = 0 i.e., when switch 15 closed,
inductor 1 the circuit provides very high resistance
(open circuit) while capacitor starts charging with
maximum current (low resistance).
Equivalent cireutt of the given circunt

|
e Ly p R
RE -
L i
I
- —
’ R SR

L
|

Current drawn frome battery,
e g BX1Y
"R R 9
*None ol thegiven options 1s correct.

3. (¢) : Quality factor of an L-C-R cireuit 18 given
by.

I =4 A

1 (L
Q'EC

5 3
Q= | l =50x./[—=10.35
20\ 35 %107° ‘JT(}

5 [5
szix\/ - =40 X, [— =9.43
25 \Nas5x107° 90

1 35 100 [35
" 15¥30x10® 15V 3

=22.T1

x>

TR J 15 40
25 Y45%10° 30
Clearly ¢, 1s maximum of ¢ . ¢J,. ¢, and O,
Hence, option (¢) should be selected for better tuning
of an L-C'-R circut.

=7.30

4. (d) : Eml generated in loop 1,

siwaid o BB = lemay i D
ct ct dt dt
[ :_}.*:."B]
Ei=_ nr —
elt

) B . . )
(» A =1 because = is restricted upto racdius r.)

dt
Emf generated inloop 2,
d. d
gy ==—(Bd)==—(0xA)=0
T et
5. (epllere, T, =80V, I, =40 V.1, =100 V

R
Fewer [aetor, cos ¢ =E
Vi Vi
¥ \["’?e? +(Vp = V)
80 80

S —— i — )8
JB0)2 +(100-40)> 100

6. (¢):Here, L=20mH=20= 10" H,
C=50uF=50=10°F
R=40€. 1= 10 sin 3407 = I’ sinw/
mw=340rads . 1" =10V
X, =L =340 x 20 < 10 =68Q

_._I_
T ] - 0

T 0C 340x50x10°°  34x5

Z=\R*+(Xc - X)? = (400 +(58.82—6.8)

= \J(40)? + (52.02)% = 65.62
The peak current in the circuil 1s

el g a0
Z 65.62 Z | 6562
Power loss in A.C. cireuit,
|
= Vims frms €OSP = EVEID cos{
10) 4()
=— =0.46 W

1) x %
2 65.62 65.62

7. (d) : When an 1deal capacitor 1s connected with
an ac voltage source. current leads voltage by 90°.
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Since, energy stored in capacitor during charging
15 spent m mamtaiming charge on the capacitor
during discharging, Hence over a full cycle the
capacitor does not consume any energy from the
voltage source.
8. (b):Here N=1000.7=4A_ ¢,=4 = 107" Wb
Total flux linked with the solenoid, ¢ = N,
=1000 = 4 x 107 Wb=4 Wh
Smnce, p= L/
Self-inductance of solenoid.
4 Wb
= I =1H
I 4A

9. (d) : Current through resistor, /
= Current in the cireut

L

R C
AWM I
|
@,
Vi
Vo Vo

JRZ+X2 R +(/0C)
Voltage across capacitor, I'= 11,

Vo l Vo

- K e - =
JR* +(lmCy> W€ \/lech +1

AsC <C,

i <iand " =T
10. (a) :
[
"
bl d
A
x-—'—pi...".-..-..h.........L ............... ._......1;

When the ¢leetron moves from X to ¥, the flux linked
with the coil abed (which 1s into the page) will first
increase and then decrease as the electron passes by,
So the induced current in the coil will be first
anticlockwise and will reverse 1ts direction (.e. will
become clockwise) as the electron goes past the coil.

1. (¢): Casel: P=1"_1 R
.M.T-T
Vo
= v : % Ims
T H
=N
2 ),
P r;ﬁ = Vrfm=PR )

x>

211

Case Il : Power drawn in LR circut

. V... R
P =Vimglins €OSO = Vg X % A E
L R
R R
=Vims = PR x =
(=)
ey
[Using eqn (1)]
RE
P, - P?

12. (d) : Motional emf induaced.in the semicircular
ring POR 1s equivalent o the'motional emf induced
n the mmagmary conductor PK,
€., Bppp e = BVl =BV(2r) (/=PR=12r)
Therefore, potential dilference developed
across the ring 18278y with R 1s at higher potential,
13. (b)* Heve.
ElﬁuiEﬂc}' of the transformer, n = 90%
lnpurpawer, =3 kW =3 « 10 W = 3000 W
Voliage across the primary coil, 7 = 200 V
Current in the secondary coil, /, = 6 A

Ks P =fp['y
' Current 1 the primary coil,
B, 3000 W
I, = V=200 =15 A
Efficiency of the transformer.
- F;lul 1"; ‘fx
9 6V, 90 x 3000
100~ 3000 °* ¥ = Tooxe ~ YV
14. (d)
15. (b) : The situation 1s as shown n the hgure,
L
uooogl  *®
o\
=/

As the on rod 1s nserted, the magnetic lield mside
the coil magnetizes the iron increasmg the magnetic
field inside it. Hence. the inductance of the coil
increases. Consequently, the inductive reactance
of the co1l increases. As a result, a larger fraction ol
the applied AC voltage appears across the inductor,
leaving less voltage across the bulb. Therefore,
the brightness of the hight bulb decreases.
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16. (¢) : Transformer cannot work on dc,
I"=0and/ =0
17. (b) : Here, /=25A,L=5H
Magnetic flux linked with the coil 1s
¢, =LI=GHN235A)=12.5Wb
18. (a): Here. =350 +4 Wb, R =400
dd d

Induced emf, e =— % = — — (50t
nauced em T df(

Att=2se=-200V
le|=200V
Induced current in the conl at t = 2 518
el 200V 1
TR O400Q 2
19. (¢) : When L 1s removed, the phase difference

+4)=-100t V

A=05A

between the voltage and current 1s

tﬂnlbl = }jé:
tan; = Je or X = Rtan60" or X = \IER

When C 1s removed, the phase difference between
the voltage and current 1s

X
tang, = ?L
X
I:ang = —RL or X; =Rtan6l" = \@R
As X, = X_. the series LCR circuil 15 imxesonance,

Impedance of the circunt,
Z=JR2+(X, -Xc P =R (¢
R R

Power factor, cosh = 5 =

il
V=12l
20. (d): E

V e< slope of I-Fgraph
- N
21. (d) : Gaivenod = —sin(1007xt ) ampere
NG ( ) P
Compare 1t with i = i sin(mf), we get
1
iy =—= A
V2

.
Giiven | € =Esm volt

n
1007t +—
:n:+3

Compare 1t with , we gel
1 m
B =m—=V q} =—
0 ﬁ '

'_l
=
b rms

f 2 v—lv

Crms = J— \J{_

Average puwu anmned i the cireut,

P=i

g l‘lllﬂ LL}HLI.'

Lala5-a)2ka)-5w

22. (b) : g = Area under i-t graph

=%x4x[].1=[|.2 C

As :;z%

Ap=gR = (0.2 C) (10°€2y=2 weber

23. (b): Here, R=3 Q2
Inductive reactanee. X, =3 Q

Thephase difiéerence: between the apphed voltage
and the currenin the circuit 1s
£ 3Q
tan o=k == — =1
R 3Q

Pp= tan'1(l] or ¢= E

24. (d) : The given equation of alternating voltage 1s
e = 20072 sin 100t D)

The standard equation of alternating voltage 1s
¢ = e sinmf (1)
Comparing (1) and (11). we get
€y =200v2 V, =100 rad s}
The capacitive reactance 1s
B om ) Q
wC  100x1x107

The rm.s. value of the current in the circut 18

ea/N2 (20032 /42)

i)

- LS. _ i _
M Xe VeC o (1/100x107)
=200 % 100 % 10€A=2 x 10°A=20mA
iA

L]
Ll

25. (a):

T 12 ]

Al/4 T
Induced emf, e=- ILﬂ
dt

For 0 < TEI,
+

straight line with positive constant

i-t graph 1s a
slope.

m é’g www.studentbro.in




Electromagnetic Induction and Alternating Current

{
— = ¢constant

dt
T
= ¢=-=veand constant ForO<t< E
For I <ts I
2
di
' : p ]
1 15 constlant T
el
=% @] I'n‘.n‘—if'i‘lI
2
S 3T
For —<fs—
2 4
i-t graph 1s a straight hine with negative constant
slope.
ﬂ=+.:f:4|r115t:-Lnt
dt
o T
= ¢ =+ve and constant For E << 3?

F'or Eﬂf‘ET,
4

di
g
dt

[ 18 zera ..

3T

= p={) FL'TI'EEt.gT

From this analysis, the variation of induced eml
with time as shown 1n the hgure below.

emt 4
/A =
0 T2 3T g
Vi
Wy
26. (c):
0y T >
V=V Fm"[}{t{z
e
L
V=0 Ilor E <I<T
i 12 r 19 = ~11/2
‘[vlm I Vi dt + _[ (0)dt
0 /2

Ve =
rms T 7

Idt Idf
0 L

S W2 o, M2 2
{ﬁ[tﬁﬂ . ﬁ[l]] {ﬁ]
L T2
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V
Vrm.-; ET;
27. (b) : Here, Resistance. R =30
Inductive reactance. X, = 20 £ at 50 Hz

g A =lroL
XL =1
X; o
v 100 |
Xi=—wX :(—h]xﬁ] =40 Q
o 1 L Gl
Impedance, Z = JRZ +(X1)2 LJ{&}}I‘. +(40)2
=350
- . . ¥ 20N
Current n the coll, [ = === =4 A
. i Z B

28. (b): Here.

Magnetic field. B=0.025 T

Radius of the leopir=2cm =2 = 107" m
Constantirate @1 which radius of the loop shrinks,

ﬁzl:ﬂi‘lﬂl“:It ms
dt

Magnetic flux hinked with the loop 1s
b = BAcos() = B(mrcos0° = Bmr*
The magnitude of the induced emf 1s

do d - dr
|E|-EF--{E(HTT!‘ ) —Bﬂrm—
=025 xmx2x2x107x1x 1073
=nx 10*V=n uV
29. (b):
L
— 0

®

| K= 110 £2
| A

®&——0
S

220V, 50 Hz
As V, =V_=300V, therefore the given series LCR
cireull 18 1N resonance.
V.=V=220V,Z=R=100Q
Current, | =E = &
Z 10089
Hence, the reading of the voltmeter V, 1s 220 V and
the reading of ammeter A 15 2.2 A,

—

=22 A

30. (d) : Here, Input voltage, V. =220V
Output voltage, V =440V
[nput current, 1'" ="

Output current, [ = 2 A

x>
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Efficiency of the transformer, n = 80%

Output power

Ffficiency ofthe transformer, 1=
Input power

S/ A /OO (0 [ 1)
_EI—. L IJH“V, = ﬂ
P : (lm](ﬂﬂw
_@ov)@A) ) _ .
(80)(220 V)

31. (d) : In case ol oscillatory discharge of a
capacitor through an mductor, charge at instant ¢
15 given by

q = q,cosmf

1

where. 0 = — G
ITal (1)
y .[il' CV’} Vj-
L oSl === ., o _ (Y
o v v & a=CV)

Current through the inductor

dg
= d_‘: = EIWD cosmi) = — g wsin!

1 i) 'l-"'!'
| 11=CV|——=[1-cos"mi]"~
VvLC

22 T2

=V c [1 _[El] } =[C(V12 ‘an
L W L |
(usmg (1))
32. (a) : Once a rectangular loop ora square loop 1s
bemg drawn out of the field, therate-of cutting the

hines ol ficld will be a constan! for a square and

rectangle, but not for cireular orelhiptical areas,
33. (d) : Average power. F =k [

L& e

R
Z
£ R
J:’!l!LE s P= EEITI-I! '_'_'2_
A Z
R
2 s
{R™+(X; - X))
e’ R

(5 |

34. (d) : Rate of decrease in the radius of the loop
18 2 mmy/'s.
Final radius =2 ecm=0.02 m
Inittal radins=22em=0022m, B=004T
dp  dA

E=——a— —_

dt dt

cosp

L= \/RE f[faﬂxfjj. cos =

But I o=

P=E~

1IN 8

—
—
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E=-(0.022°-002*) % 0,04=-m =336 % 10*V
lE|l=mx336x%10°V=34nuV
35. (a) : For a long solenoid, H=|J.“nf=u”$-i

Flux =p"i:’--f-,q

given flux pertum=4 = 10, i=2A
Total lux=4 = 10~
4x107" x 500

L=(LE”—}:’II“NHJ= = | henry

36. (a): Average power = -E—'."‘Z&-'ﬂbs_d}

37. (0): ,é:l[l“‘;.
ml m”
Area of the dis€ mermal to B 158 m*cos60°,

Flux = B =d\rea normal
" F[uw='-£- »* 0.04 = 0.02 Wb

38..(a): Given - No, of turns across primary N,=30

| Numiberwol turns across secondary N, = 1500

Magnetic flux hnked with primary. ¢ = &, + 4«
Voltage across the primary,

V= % ZE—LW{! +41) = 4 volt.
Also. —“=£L
? NP
V, =[%Jx4212ﬂ V.

39. (b) : Given : Output power F = 100 W
Voltage across primary [, = 220 V

Current in the primary /, = 0.5 A

outpul power

input power

® 100

Efficiency of a transformer n =

100
e
220 % 0.5

VFIP

40. (d) : In sertes LOK, current 1s maximum at
resonance.

% 100 =90%.

Resonant frequency o =

JLC

»° s or, L= ,l,
LC w-C
Given m = 1000 s ' and (" = 10 uF
L. de ] _ﬁ=[].1H=1ﬂl'.}mH.
1000 x 10001010
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41. (d): ;. =31 Q2 X-=25Q. K=80Q
Impedence of series LCR 1s
Z =\/(R1]+ (X; ~ X&)
=82 +(31-25)> =/64+36 =10 Q.
[J " I-" { = E = 3
ower lactor, cosdp = Z 10
Mutual mductance between coils 1s

—={).8

42. (d) :
M=KJLL,

or, M=W2x10"x8x107° (- K=1)
=4 x 107 =4 mH.
43. (b) : The core of a transformer 1s laminated to
minimuise the energy losses due o eddy currents.
1
. (d) : Frequency of LC oscillation =
44. (d) : Frequency ol LC osaillation m

, 1/2 112
or, £=[sz?z] =[EE:4CC] = @82

l _ I
2nfG “* 7 2nf(R+2nfL)

Work done duento a charge W = QI
= LIR.

(R+2nfL) =

46. (a) :
47. (a) : Timemeonstomt of LR circunt 1s
VT = IR

AQ

Indueed emf is given by =V = —

Ar
:#curren:[f}=g=£p~x—l~
At At R

|where O 1s total charge in time A¢|
AQ
= 0=—
R

49. (¢) : T

'he impedence Z ol a senes LOR arcunt

Z= R (¥ =Xp)®

48. (b) :

1s given by,
where X; = w/l and X - = L{,: . w15 angular frequency,
At resonance, X; = X, hence Z = R

I = 1" (supply voltage)

215

.M.S. current, I = %’:: %
Power loss = 1R = I"2/R,
50. () : f=t-e"!
! i
le] = L £l here emf 18 zero when L ()
el dt
o et~ t2et=0, 2et =t
dt
e le'(t—=2)=0=t#ee t£0, =2 sec
_ l L I' . L x
5'. {l:): X—'a X 4{:- - X—?
52. (a, b) : Quality factor Q=
- A 59
Since M = ic
Quality factor Q0= :i.'(:'
53. (d) : At =10

(1) capacilofollérsmegligible resistance.
(1) induetor offers large resistance Lo current [low.

'*EP—NF—L 4o == TR
S54. (h): E, R = 25~Lb 5750 V
fg= 2 amp, Py = 2 x 5750
b _ K _ 2x5750 _
Ip = v, V.~ 230 50 A,
35. (b) : As
dl il
el=M—=M— U"%mmr‘} M1, o coswt
dt

B = n.un: < 10

36. (c) : Turns on primary winding = 500; Turns on
secondary winding = 5000; Primary winding voltage
[Ji}.}l = 200 V and frequency = 50 Hz.

N, _E 5000 E
or
N, E, ™ 500 20
5000x 20
500
the same. Therefore secondary winding will have
an output of 200 V, 30 Iz

57. (b) : The dissipation of power in an a.c. circuit
18 () = T1"x I x cos 0. Therefore current flowing in
the circuit depends upon the phase voltage (1)
and current (/) of the a.c. cireunt,

58. (¢) : When the magnel 1s dropped through the
ring an induced current 1s developed into the ring
in the direction opposing the motion of magnet
(LLenz's law). Therefore this induced current
decreases the acceleration ol bar magnet.

59. (b) : Current (/) = 5 sin (100f = /2) and voltage
(1" =200 sm (100 r). Comparing the given equation,

= 100m = 1 = 5m.

or E,= = 200 V and frequency remains
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with the standard equation. we find that between

; L :
current and voltage 1s ¢ = g 90°.

] i | a o 1 ;l =
Power consumption =/ I"

=f T cos90"=(

rms rins
60. (b) : Initially, the current will pass through the
capacitor (and not through the resistance which is
parallel to capacitor). So elfective resistance in the
cirewit 1s R . Therefore the current m the resistor 1s
2 mA. After some time, the capacitor wall become fully
charged and will be in 1ts steady state. Now no current
will pass through the capacitor and the effective
resistance of the circuit wall be (1000 + 1000y = 2000 €.
Therelore current in the resistor

T "
- =] % 10°
=R 2000 %!

61. (d) : Length of conductor (/) = 0.4 m.
Speed = 7 m/s and magnetic field (B) = 0.9 Wb/m?
Induced em.f (6)=Bhv=09%x04x7=252V

62. (a) : In an A C. cirewmit with inductance coil, the
voltage 17 leads the current 7 by a phase difference
of 90° Or the current / lags behind the voltage 1" by
a phase difference of 90". Thus the voltage goes on
decreasing with the merease mn time as shown tmethe
graph (a).

|

. .~y
63. (d): ;m“ _75,
64. (b) : For resonance conditions e Jmpf:danuc
will be mimimum and the currentbe maximum, This
s only possible when .\, = X
X; + X,
Therefore tan 0 = —R__ =0 6 0=0,
65. (a) : The major portion of the A.C. flows on the
surface of the wire. Soawhere a thick wire 1s required,
a number of thimw res.are joined together to give an
equivalent efféet ol a tHick wire. Therefore multiple
strands are suiable for transporting A.C. Simularly
multiple stramds can also be used for D.C.

cos

=1 mA.

68. (¢) : The tme constant lor resonance circul,
t=CR

Growth of charge i1n a circuit containing

capacitance and resistance 1s given by the formula.
g =gq,(1 —e™=)

C'R 15 known as time constant in this formula,

69. (c): 4 =[idt = %Im’r =[.%':¢]%J'dr = Iﬁfrﬁb

Hence total charge mduced in the conducting loop
depend upon the total change in magnetic flux.
As the emf or iR depends on rale el change ol ,
charge induced depends on change of flux.

NAdB

(O i== -j:';

20 % (25x107) x 1000
- 100
71. (d) : Aegoeding to Faraday’s laws, 1t 1s the
conservalion of energy.
72. (@ Selfinductance of a solenoid = pgAl
where 1 15 the number of turns/length
Sosellinduction == n°
Stiinductance becomes 4 times when 7 1s doubled,
I

=05A

. (¢): E=<Li° Z%KEIUUHIU‘-‘]}{]EZU{EJ
—(Q» — —(0— NBA
74. (b): &= ¢l ¢'|]= ( ]=NBA
[ I t
_ NBA _50x2x10%2x10% _
= - =0.1§
€ 0.1
dr'
75. (a): |E|=L 7

Given that, L =40 = 103 H,
di=11A-1A=10A

and dt =4 = 103 s
; |E|=4ﬂxlﬂ"x[ S ]:mnv
4x 10

76. (c)

77. (©): Iy= E‘“ R

Given. N=1, H =10—=T,
A=n(03) " m". kR=n"
£=(200/60) and o = 2m(200/60)

Substituting these values and solving. we get
[,=6= 10" A=6 mA

78. (a) : Eddy currents are produced when a metal
15 kept in a varying magnetic field.

66. (¢): L=—= N¢ = BAB= l-lm*u—p‘”‘rﬂIIrf
2
L= ”“::”r A=pgnd Al
where n 18 the number of turns/umt length L e N=
g di
67. (b): e=-Lo
_—& _-5x107%
di  (2-3) H=5mH
dr
®
E
o
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