CHAPTER

In an a.c. circuit, the instantaneous e.m.f. and current are

, . T
given by e = 100sin30s; = 2051n(30t—2)

In one cycle of a.c., the average power consumed by the
circuit and the wattless current are, respectively

1000

50, 10 b) =2
(a) (b) NG ,10

50
(c) E,O (d) 50,0 (2018)

For an RLC circuit driven with voltage of amplitude v,

1
and frequency w,=—== the current exhibits resonance.
JLC

The quality factor, Q is given by
R CR

woR
— — (2018)
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An ideal capacitor of capacitance 0.2 UF is charged to a
potential difference of 10 V. The charging battery is then
disconnected. The capacitor is then connected to an ideal
inductor of self inductance 0.5 mH. The current at a time
when the potential difference across the capacitor is
5V, is

(a) 0.34A (b) 0.17A (c) 0.25A (d) 0.15A
(Online 2018)

At the centre of a fixed large circular coil of radius R, a much
smaller circular coil of radius r is placed. The two coils are
concentric and are in the same plane. The larger coil carries
a current /. The smaller coil is set to rotate with a constant
angular velocity ® about an axis along their common diameter.
Calculate the emf induced in the smaller coil after a time ¢
of its start of rotation.
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(Online 2018)

A copper rod of mass m slides under gravity on two
smooth parallel rails, with separation / and set at an angle
of O with the horizontal. At the bottom, rails are joined
by a resistance R. There is a uniform magnetic field B
normal to the plane of the rails, as shown in the figure.
The terminal speed of the copper rod is

Electromagnetic Induction
and Alternating Currents

mgRsin©

(a) g

=

mgR cotO
B2 R

(b)

(c) mgRtan 0

(d) ng cos0
B? Bl

(Online 2018)

A power transmission line feeds input power at 2300 V
to a step down transformer with its primary windings
having 4000 turns, giving the output power at 230 V. If
the current in the primary of the transformer is 5 A, and
its efficiency is 90%, the output current would be
(a) S0A (b)25A (c) 45A (d) 20A

(Online 2018)

A coil of cross-sectional area 4 having » turns is placed
in a uniform magnetic field B. When it is rotated with an
angular velocity ®, the maximum e.m.f. induced in the coil
will be

3
(a) E"BAOJ (b) nBA®

1
(c) 3nBA® (d) EﬂBAUJ (Online 2018)
In a coil of resistance 100 Q, a current is induced by
changing the magnetic flux through it as shown in the
figure. The magnitude of change in flux through the coil

is

(a) 200 Wb 10
(b) 225 Wb currentT
(c) 250 Wb (4)
(d) 275 Wb

—» time(s) 0.5
(2017)

A small circular loop of wire of radius « is located at the
centre of a much larger circular wire loop of radius b.

The two loops are in the same plane. The outer loop of
radius b carries an alternating current / = [ycos(m?).

The emf induced in the smaller inner loop is nearly
1, a’ Ipb*
(a) M~a—0)cos(0)t) (b) Mmcos(mt)
2 b a
42 2
% . % osin(w?) (d) nul, % osin(wr)
(Online 2017)
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A sinusoidal voltage of peak value 283 V and angular
frequency 320/s is applied to a series LCR circuit. Given
that R=5 Q, L =25 mH and C= 1000 UF. The total impedance,
and phase difference between the voltage across the source
and the current will respectively be

(a) 10Qand tan™! Gj (b) 10Qand tan™" @j

(¢) 7Qand tan”! (g) (d) 7 Q and 45°
(Online 2017)

An arc lamp requires a direct current of 10 A at 80 V to
function. Ifitis connected to a 220 V (rms), 50 Hz AC supply,
the series inductor needed for it to work is close to

(a) 80 H (b) 0.08 H

(c) 0.044H (d) 0.065H (2016)

A series LR circuit is connected to a voltage source with
V(1) = V, sinwt. After very large time, current /(¢) behaves

t >>£
as 0 R

I(t) I(t)
A

() ~(b) t

t=t,
t=T > ‘

1() I(t)

(c) ‘t(d) T !

t=t,1 -

(Online 2016)

A conducting metal circular-wire-loop of radius r is placed

perpendicular to a magnetic field which varies with time
t

as B=Bye 7, where B, and t are constants, at time

t = 0. If the resistance of the loop is R then the heat
generated in the loop after a long time (¢ — o0) is

2 4p4 2.4
n°r*B ner
2 (b)

Bg n2r4B§R d n2r4B§
iR (c) (d) ———

27R T TR
(Online 2016)

(a)

A fighter plane of length 20 m, wing span (distance from
tip of one wing to the tip of the other wing) of 15 m and
height 5 m is flying towards east over Delhi. Its speed
is 240 m s'. The earth’s magnetic field over Delhi is
5 x 107° T with the declination angle ~ 0° and dip of 6

such that sin® :% . If the voltage developed is V' between

the lower and upper side of the plane and V), between
the tips of the wings then V and V), are close to
(a) V=40 mV; V= 135 mV with left side of pilot at
higher voltage
(b) V=45 mV; V= 120 mV with right side of pilot at
higher voltage
(c) Vz=40 mV; V= 135 mV with right side of pilot at
higher voltage
(d) V=45 mV; V=120 mV with left side of pilot at
higher voltage.
(Online 2016)
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An inductor (L = 0.03 H) and a resistor (R = 0.15 kQ) are
connected in series to a battery of 15 V EMF in a circuit
shown below. The key K, has been kept closed for a long
time. Then at ¢t = 0, K, is opened and key K, is closed
simultaneously. At # = 1 ms, the current in the circuit will
be (e’ = 150)

0.03H 0.15kQ
0000 AVAVA\IAVAVI
K

|} K

| I

15V
(a) 6.7mA (b) 0.67 mA
(c) 100 mA (d) 67 mA (2015)
An LCR circuit is equivalent to R I
a damped pendulum. In an LCR [ "W\—wo0—]

circuit the capacitor is charged
to O, and then connected to the
L and R as shown here. [ (C
If a student plots graphs of the [
square of maximum charge (Q%\.x)

on capacitor with time (¢) for two different values L, and
L, (L, > L,) of L then which of the following represents
this graph correctly ? (plots are schematic and not drawn

to scale)

2 2

QR b
Max L Max| Q (For both
(a) L, (b) L,and L,)
4t >t
2 2
Max L Max L,
© |L @ |z
>t At

(2015)

When current in a coil changes from 5 Ato 2 Ain 0.1 s,
an average voltage of 50 V is produced. The self-inductance
of the coil is

(a) 0.67H (b) 1.67H

(c) 3H (d 6H (Online 2015)

In the circuits (a) and (b) switches S, and S, are closed
at ¢t = 0 and are kept closed for a long time. The variation
of currents in the two circuits for # > 0 are roughly shown
by (figures are schematic and not drawn to scale)

| VA% % TN ——AN——
C R L R
I 5 I /82
E E
(a) (b)
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—>t

(Online 2015)

For the LCR circuit, shown here, the current is observed
to lead the applied voltage. An additional capacitor C’,
when joined with the capacitor C present in the circuit,
makes the power factor of the circuit unity. The capacitor
C’, must have been connected in

L C R
F—WWA——
)
1\
V = Vysinwt
1-w’LC
(a) series with C and has a magnitude 2
(O]
(b) series with C and has a magnitude —
(w“LC-1)
(c) parallel with C and has a magnitude —————
(@*LC-1)
2
(d) parallel with C and has a magnitude %
oL

(Online 2015)
In the circuit shown here, the point A » C R
'C' is kept connected to point '4’ I/
till the current flowing through the B L
circuit becomes constant.
Afterward, suddenly, point 'C' is disconnected from point
'A' and connected to point 'B' at time ¢ = 0. Ratio of the
voltage across resistance and the inductor at ¢t = L/R will
be equal to

1-e e
(@) —— ®) 1=,
(c) 1 (d) -1

(2014)
A metallic rod of length ‘/° is
tied to a string of length 2/ and
made to rotate with angular
speed m on a horizontal table
with one end of the string fixed. ”

If there is a vertical magnetic |-|

field ‘B’ in the region, the e.m.f. induced across the ends
of the rod is

5Bwmi* 2Bwl* 3Bw/* 4Bwl*
@ == (b > © = @ —
(2013)
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In an LCR circuit as shown below both %4
switches are open initially. Now
switch §; is closed, S, kept open. (¢ R
is charge on the capacitor and t= RC T
is capacitive time constant). Which

of the following statement is correct?

T L

20 4= Cri1l —eh)

(b) Work done by the battery is half of the energy
dissipated in the resistor

(c) Att=1, ¢=CV/2

(d Att=21,q=CV(1 -e?

(a) Att=

(2013)

A circular loop of radius 0.3 cm lies parallel to a much
bigger circular loop of radius 20 cm. The centre of the small
loop is on the axis of the bigger loop. The distance between
their centres is 15 cm. If a current of 2.0 A flows through
the smaller loop, then the flux linked with bigger loop is
(a) 6.6 x 10° weber (b) 9.1 x 10! weber

(c) 6 x 107! weber (d) 3.3 x 107! weber (2013)

A boat is moving due east in a region where the earth’s
magnetic field is 5.0 x 105N A'm™! due north and horizontal.
The boat carries a vertical aerial 2 m long. If the speed of
the boat is 1.50 m s7!, the magnitude of the induced emf in
the wire of aerial is

(@ ImV  (b) 075mV (c) 0.50mV  (d) 0.15mV

(2011)

A fully charged capacitor C with initial charge g, is
connected to a coil of self inductance L at ¢ = 0. The time
at which the energy is stored equally between the electric
and the magnetic fields is

@ »zc ) FVIC (© wmdIC (@ JIC

(2011)

A resistor R and 2 uF capacitor in series is connected
through a switch to 200 V direct supply. Across the
capacitor is a neon bulb that lights up at 120 V. Calculate
the value of R to make the bulb light up 5 s after the switch
has been closed. (log;;2.5 = 0.4)

(@) 1.3x10*Q (b) 1.7 x10° Q

(c) 2.7x10°Q (d) 3.3x107Q (2011)
A rectangular loop has a b l
sliding connector PQ of v

length / and resistance RQs—> Re
R Q and it is moving with R U I,

a speed v as shown. The I 5

set-up is placed in a
uniform magnetic field going into the plane of the paper.
The three currents /,, I, and [ are

_7 _Blv ,_Bly __; _Blv ,_2Bl

@ h=h=tp =35 () L=-L="7T=5
Blv 2Blv Bly
(© h=hL=Sp.1=53" () L=L=1=2F

(2010)
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Let C be the capacitance of a capacitor discharging through
a resistor R. Suppose ¢, is the time taken for the energy
stored in the capacitor to reduce to half its initial value and
t, is the time taken for the charge to reduce to one-fourth
its initial value. Then the ratio #,/t, will be

1 1
(a) 2 (b) 1 © 3 @ 7
(2010)
\4 K
In the circuit shown below, the _| |—/_
key K is closed at ¢t = 0. The L R
current through the battery is — (T —AAAA——
Ry
V(R +R)) vV A
a) AT v —0and 2 atr=
(a) RE, att OandR2 att=eo
b) ﬂatt:Oaﬂd%att:m
VR + Ry 2
(©) Latt—OandMatt:w
RZ R1R2
R,.R
(d Latt=OemdLatt=m (2010)

R,

In a series LCR circuit R = 200 Q and the voltage and the
frequency of the main supply is 220 V and 50 Hz
respectively. On taking out the capacitance from the circuit
the current lags behind the voltage by 30°. On taking out
the inductor from the circuit the current leads the voltage
by 30°. The power dissipated in the LCR circuit is
(a) 242W (b) 305W (c) 210 W (d) zero W
(2010)
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An inductor of inductance

L =400 mH and resistors of E
resistances R; =2 Q and R, =2 Q

are connected to a battery of emf

12 V as shown in the figure. The S

internal resistance of the battery

is negligible. The switch S is

closed at = 0. The potential drop across L as a function
of time is

(a) BV (b) ey

() 6(1—e"*)V (d) 12¢5V (2009)
Two coaxial solenoids are made by winding thin insulated
wire over a pipe of cross-sectional area 4 = 10 cm?
and length = 20 cm. If one of the solenoids has 300 turns
and the other 400 turns, their mutual inductance is
(Wp=4m x 107 T mA ™)
(a) 2.4nx 104 H

(c) 4.8mx10*H

(b) 2.4nx 10°H

(d) 48Tx10°H  (2008)

An ideal coil of 10 H is connected in series with a resistance
of 5 Q and a battery of 5 V. 2 second after the connection
is made, the current flowing in ampere in the circuit is
@@ (1-e (b) (1-¢

() e (d) e (2007)
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In an a.c. circuit the voltage applied is £ = E;, sin oz. The

. . . . . TE
resulting current in the circuit is 7 = I, sin| ©®f ~75 ) The
power consumption in the circuit is given by

(a) P=A2E,I,

(©) P = zero d) p- % (2007)
An inductor (L = 100 mH), a resistor (R = 100 Q) and a
battery (E =100 V) are initially connected in series as shown
in the figure. After a long time the battery is disconnected
after short circuiting the points 4 and B. The current in the
circuit 1 ms after the short circuit is L

(a) TA
(b) (1/e) A
(c) eA
(d) 0.1A

E

(2006)

The flux linked with a coil at any instant ¢ is given by

0 = 1072 — 50¢ + 250. The induced emf at t = 3 s is

(a 190V (b) —-190V (c) -10V (d) 10V
(2006)

In an AC generator, a coil with N turns, all of the same area

A and total resistance R, rotates with frequency ® in a

magnetic field B. The maximum value of emf generated in

the coil is

(a) NABw (b) NABRw (c) NAB (d) NABR
(2006)

In a series resonant LCR circuit, the voltage across R is
100 volts and R =1 kQ with C=2 pF. The resonant frequency
o is 200 rad/s. At resonance the voltage across L is
(@) 4x10°3V (b) 2.5x102V

(c) 40V (d) 250V (2006)
The phase difference between the alternating current and
emf is /2. Which of the following cannot be the constituent
of the circuit?

(a) LC (b) L alone

(c) Calone (d) R, L

(2005)
A circuit has a resistance of 12 ohm and an impedance of
15 ohm. The power factor of the circuit will be
(a) 1.25 (b) 0.125 (c) 08 (d) 04

(2005)
The self inductance of the motor of an electric fan is
10 H. In order to impart maximum power at 50 Hz, it should
be connected to a capacitance of
(a) 1pF (b) 2pF (c) 4 uF (d) 8 uF

(2005)

A coil of inductance 300 mH and resistance 2 € is connected
to a source of voltage 2 V. The current reaches half of its
steady state value in
(a) 0.15s (b) 03s

(c) 0.05s (d) 0.1s

(2005)

One conducting U tube can slide inside another as shown
in figure, maintaining electrical contacts between the tubes.
The magnetic field B is perpendicular to the plane of the
figure. If each tube moves towards the other at a constant
speed v, then the emf induced in the circuit in terms of
B, [ and v where [ is the width of each tube, will be
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45.

46.
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49.

(a) zero (b) 2Blv

(c) Blv

(d) —Blv
(2005)

A metal conductor of length 1 m rotates vertically about
one of its ends at angular velocity 5 radian per second.
If the horizontal component of earth’s magnetic field is
0.2 x 10* T, then the e.m.f. developed between the two
ends of the conductor is
(a) 5uv (b) 50pv

(¢) 5SmV (d) 50mV

(2004)

In a LCR circuit capacitance is changed from C to 2C. For

the resonant frequency to remain unchanged, the inductance

should be changed from L to

(a) 4L (b) 2L (c) L2 (d) L/4
(2004)

In a uniform magnetic field of induction B a wire in the form
of a semicircle of radius r rotates about the diameter of the
circle with angular frequency w. The axis of rotation is
perpendicular to the field. If the total resistance of the circuit
is R the mean power generated per period of rotation is

Brr’o (BW’Z(D)Z
@ =z ® Xz
(Bnr(;))2 (Bnr 0)2)2
© @ (2004)

A coil having » turns and resistance R € is connected
with a galvanometer of resistance 4R Q. This combination
is moved in time ¢ seconds from a magnetic field W, weber
to W, weber. The induced current in the circuit is

W, —W, W, —W,
@ - 52Rnt1 (b) - 52Rt )
(©) __(Wf%;th) ) ——"(WgW‘) (2004)

Alternating current cannot be measured by D.C. ammeter
because

(a) A.C. cannot pass through D.C. ammeter

(b) A.C. changes direction

(c) average value of current for complete cycle is zero
(d) D.C. ammeter will get damaged. (2004)

In an LCR series a.c. circuit, the voltage across each of
the components, L, C and R is 50 V. The voltage across
the LC combination will be
(a) 50V
(c) 100V

(b) 5082V

(d) 0V (zero) (2004)
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The core of any transformer is laminated so as to
(a) reduce the energy loss due to eddy currents
(b) make it light weight

(c) make it robust & strong

(d) increase the secondary voltage. (2003)

In an oscillating LC circuit the maximum charge on the
capacitor is Q. The charge on the capacitor when the
energy is stored equally between the electric and magnetic
field is

(a) 012 (b) 0/\3

() 0/2 (@0

(2003)

When the current changes from +2 A to -2 A in
0.05 second, an e.m.f. of 8 V is induced in a coil. The
coefficient of self-induction of the coil is
(a) 0.2H (b) 04H (¢) 0.8H (d) 0.1H
(2003)

Two coils are placed close to each other. The mutual
inductance of the pair of coils depends upon

(a) the rates at which currents are changing in the two coils
(b) relative position and orientation of the two coils
(c) the materials of the wires of the coils

(d) the currents in the two coils. (2003)

A conducting square loop of side L and resistance R moves
in its plane with a uniform velocity v perpendicular to one of
its sides. A magnetic induction B constant in time and space,
pointing perpendicular and into the plane at the loop exists
everywhere with half the loop outside the field, as shown in
figure. The induced emf is

(a) zero :T::ii:
(b)RVB X []%x X x x x >y
(C) vBL/R xlxxxxx
(d) vBL " ek

(2002)

In a transformer, number of turns in the primary coil are
140 and that in the secondary coil are 280. If current in
primary coil is 4 A, then that in the secondary coil is
(a 4A (b) 2A (c) 6A (d) 10A
(2002)

The power factor of an AC circuit having resistance (R)
and inductance (L) connected in series and an angular
velocity o is

(a) R/oL (b) R/(R?+ ?L?)'?
(¢) wL/R (d) RI(R? — 0?’L?)'?
(2002)
The inductance between 4 and D is
(a) 3.66 H
(b) H A 3H 3H 3H D
(c) 0.66 H
(d 1H (2002)

® 8 (© 9 (o 10. d 1. (d) 12. ()
(@ 20. d 21 (@ 22. (d) 23.(b) 24. (d
d 32.( 33 (@ 34. (c) 35 (b)) 36. (c)
(@ 44. b) 45. (c) 46. (b) 47. (b) 48. (c)
() 56. b) 57 (d)
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1. (b) : Average power, P,, = €. lms COS 0= \/— J—cos¢
Here, ¢, = 100, iy = 20, ¢ = m/4
P, 100 20 0s45° = 1000 units

RN 2 ,
Wattless current, by = lmsSing = \/55111450_1011111&
2. (a)
3. (b) : Using energy conservation
U€+O= U’E+ U’B
1 _ 1 _ 1 _
~X02x10 %102 +0 =2%02x10 6><52+5><o.5><10 32

I=3x10""A=0.17A

4. (d) : Emf induced in smaller coil is given by

€=— dq) BxA—(cosG)
dt

= ML(m’ ) (sin©) X 49 = MLwnr sin ¢
2R dt 2R

(. B is assumed to be constant in small region.)

5. (a) : Copper rod will acquire terminal velocity when magnetic
force = gravitation force

or /IB = mg sinO (D)
Also, [ = induced emf _ Bly i)
R R
From equations (i) and (ii), we get
2,2 .
Bl V=mgsin6; . =ng2s12n6
Bl
P,
6. (c):Efficiencyn =0.9 = P_

V,I,=0.9 x V,1,
; _ 0.9%23005
s 230

7. (b) :emf induced in the coil is given by
€ = BAwn sinwt
€max = BA®n

=45A

do . d
8. (c) : We know, induced emf (¢) is lel =—¢; lR=—¢

dt dt
Now, d¢ = R idt or [do=R [idt

Change in magnetic flux = R x area under
the current-time graph

A(l)=R><%><10><0.5=100><%><10><0.5=250Wb

9. (c):The induced emf, € = -M (1)

2
M= }.lOTCa

where mutual inductance M is given by, %

The current is given by, I = I, cos(m?)

Putting these values in eqn. (i)

_—uonaz
20
M_z
2 b o sin(m?)
10. (d) : Here, €, =283 V,  =320s, R=5 Q,
L=25mH=25x103H, C=1000 uF =103 F
X, =L =320%x25%x103=8Q

Mmoo L1004
oC  320x10 320

d 2
Uy cos(@) = a 02““

Impedance, Z=4R*+(X, - XC)2

~/49 =70

Required phase difference, ¢ = tan™! (%)

o= tan™! (M) = 45°
5
R
4F_Wi|
80V

= /5% +(8-3.125)

11. (d) : For a dc source
I=10A,V=80V
Resistance of the arc lamp,

vV 80

I
For an ac source, 8§ Q L
€ = 220V
v =50 Hz I=10A
=21 x50=100mrad s!

; = 1

Arc lamp will glow if =10 A, 290V

I — 8I'IIlS

VR? + 0’12

2
€
or RZ+w’l’= (—r;ns )

2 2 2
220 227 -8
or 8 +(100 TE)ZL2 =[—) or I? =
10 (100 )
N 14
L= 651
100
12. (d) : Current in LR circuit is I:Lsin ot - = ,
VR? + ?[? 2

i.e., it is sinusoidal in nature.
_t
13. (b) : Here, B=DBye *

Area of the circular loop, 4 = mr?
Flux linked with the loop at any time, ¢,
t
O0=BA= nrzBOe T
do t

Emf induced in the loop, az—E:nr2Bole7
T



Net heat generated in the loop

2 2 4p2ee 2t 2 4p2 .
=J.%dt=nr230.[e TdtzngBox 12 x[ 7%}
0 T°R TR (_7) b
T
_2.4p2 2 4p2
_ TEYZBOX’E(O—]_)ZTEYBO
21°R 27R

14. (d) : Length of the plane, / = 20 m
Wing span, // = 15 m

Height of plane, 7 = 5 m

Velocity of plane = 240 m s~ towards east

Sine=§,B:5 X105 T, V, =2, ¥V, =2

Vy, = Voltage developed between the lower and upper
side of the plane
=vh B cos 0

=24O><5><5><10_5><§
=44.72 x 103 V=45 mV
B, =B sin 0
S5x105x2=2x104 T
3 3
V,, = Voltage developed
between tips of the wings

=BV1'V=%><10*4x15><24o= 1200 x 10

=120 mV c
15. (b) : When key K| is kept closed, a steady current I (= ﬁj
flows through the circuit.

When K is opened and KX, is closed, current at any time ¢ in
the circuit is

R
I=1 e_t/rzie_% "‘r=£
0 R ""TR

Here,e =15V, R=0.15kQ =150 Q
L=0.03H,¢t=1ms=1073s

[107x150
15 003 | ¢ 1 1

~150° T00 1005 10x150
=6.67 x 10* A=0.67 mA
16. (¢) : At any time ¢, the equation of the given circuit is
2
L%+R%+%q=0 ..(1)
which is equivalent to that of a damped pendulum.
The solution to eqn. (i) is ¢ = Qp e ®"*L cos (w't + ¢)

where @ =4/——| —
LC \2L
The square of maximum charge on capacitor at any time ¢ is
2 2 —Rt/L YN
Qmax=Qp e cos” (W't +¢)
It decays exponentially with time.
For L, (L, < L), the curve is more steep.

I

17.0):,=5A, L =2A
Al=2-5=-3A
At=0.1s, €=50V

L—§—167H
=3 =1L

18. (a) : For RC circuit,

F_ . -tRC
i R e
For RL circuit

E
f= = (] — ¢@R
i= g (1=

19. (d) : Since power factor has to be made 1.
. Effective capacitance should be increased thus

connecting in parallel. c
coso=1 .. 6=0 L R
OL=——— o)
o(C+C) 7
1 1
or C+C'=—— .. C=—-C ~
o’L w’L ©
. 1-0’LC |
w C= 3 in parallel
oL
20. (d) : Initially current in the circuit = [
After time ¢ current falls to new value.
I= 1, e
Voltage drop across the resistance,
Ve=1IR = Vye'" () 4
Voltage across the inductor, M L
vV, = ar_ L{—Ioe(_t/r)
dt T
= VL = —IoReit/T = — Voeit/‘[ ..(11)
From eqn (i) and (ii)
\%
v
: 2l A
——x &

Consider a element of length dx at a distance x from the fixed
end of the string.

e.m.f. induced in the element is de = B(wx)dx

Hence, the e.m.f. induced across the ends of the rod is

21

14
22. (d): ,—|
iR >
—
I

L

3] 5 31
£ = ijxdx = Bw{x} = B0 a2 — ) _ 5Bol*
) 2 2 2




As switch S| is closed and switch S, is kept open. Now, capacitor
is charging through a resistor R.
Charge on a capacitor at any time ¢ is
q=qo(l—e’)
g=CV(l —e'

At t=%
g=CV{l-e N =Cr-e*?)
Att=1
g=CV(l=e ") =CV(1-e)
Att=21,g=CV(l-e"HY=CV(1-¢e?)
1

23.): f R [2®

As field due to current loop 1 at an axial point
_ W LR
1= 2(d2 +R2)3/2
Flux linked with smaller loop 2 due to B, is
2
0, = B4, :#ﬁ;)}/z mr
The coefficient of mutual inductance between the loops is
_0 W R’ mr
LT e
Flux linked with bigger loop 1 is
2.2
Substituting the given values, we get
_4nx107 x (20 x107)’ x tx (0.3x107%)° x 2
- 2(15x107) + (20 x 107
¢, =9.1 x 107! weber

[As go = CV]

1

24. (d) : Here, By = 5.0 x 105N A1 m’!

I=2mandv=15ms"!

Induced emf, € = Byol = 5 x 1075 x 1.50 x 2
=15x10°V=0.15mV

25. (b) : Charge on the capacitor at any instant ¢ is

q = qocoswt ..(0)
Equal sharing of energy means

Energy of a capacitor=% Total energy

Lq_z_L(lqi) o g=
2c 2\02°¢C =
From equation (i)

40
= =g, cosuy
N

1 -|( 1 ) o
COSlif  =——= = WM=Cos |[—F—|=——

V2 2] 4
-t _R ' .. _ 1
=G0~ 3 VEC ( ® —/—Lc)

2 uF
Hn—
26. (¢) :
—
200V 5

In case charging of capacitor through the resistance is
V= Vo(l _ e—l/RC)
Here, V=120V, V,=200 V, R=?,C=2 uFand t =5 s.

oS/ Rx2x 10" _ 80

_ —S/Rx2%107 — %Y
120=200(1-¢ ) or 200

Taking the natural logarithm on both sides, we get

=5

m:lm(0.4):—0.916 = R=2.7x10°Q
x2x

27. (¢) : Emf induced across PQ is € = Blv.
The equivalent circuit diagram is as shown in the figure.

L P O
J_E =Blv
R R R
- I I,
M Q N
Applying Kirchhoff’s first law at junction Q, we get
I=1,+1, (1)
Applying Kirchhoff’s second law for the closed loop PLMQP,
we get
~-[R-IR+¢e=0
IiR + IR = Bly ...(i1)

Again, applying Kirchhoff’s second law for the closed loop
PONQP, we get
-LR-IR+e=0
LR + IR = Blv ..(iif)
Adding equations (ii) and (iii), we get
2IR + I,R + LR = 2Blv
2IR + R(I, + I,) = 2Blv

2IR + IR = 2Bly (Using (i))

3IR = 2Blv
_2Blv .
I= IR ..(iv)
Substituting this value of I in equation (ii), we get 1, =§—2}
Substituting the value of I in equation (iii), we get I, =§—2’
Hence, ;=1 =By ;_2Blv
> T2 3R 3R
28. (d) : During discharging of capacitor through a resistor,
q=qeeRC ()
The energy stored in the capacitor at any instant of time f is
L g 1 (g ) Usina(i
U=gdo=n B2 L (Using(i))
2
149y -2irc - ..
=§%€ 21/ RC =er 2(/RC .“(11)



2
where U, = % %)

According to given problem

, the maximum energy stored in the capacitor.

%: U,e™'*¢  (Using (ii)) ...(iii)
and %:%e—wc (Using (i)) .(iv)
From equation (iii), we get %=e“2z' Tke
Taking natural logarithms of both sides, we get

2
1n1—1n2:—% or 1= RCZM (- Inl=0)

From equation (iv), we get %= o/ RC

Taking natural logarithms of both sides of the above equation,

—- -—_2_
we get Inl-In4 RC
t, = RC In4 = 2RC In2 (. In4 =2In2)
4 _ RCIn2 11
L 2 2RCIn2 4
O K

V t=
L R,
29. (¢) : —II—arn—
Ry
A A
At time t = 0, the inductor acts as an open circuit. The

corresponding equivalent circuit diagram is as shown in the

figure (i). I |

The current through battery is Iv

=2 R
R2 MWV

(@)
At time t = oo, the inductor acts as a short circuit. The
corresponding equivalent circuit diagram is as shown in the

figure (ii).

I \%4
_<_| |—
Rl
MWV
R,
AN
(i)

The current through the battery is

R RR, (.

eq

R, and R, are in parallel)

R +R,
_ V(R +R,)
B R1R2
30. (a) : Here, R=200 Q, V., =220 V, v =50 Hz
When only the capacitance is removed, the phase difference

X

between the current and voltage is tanfi= I

X
tan30°=-L or X, -1 g

R 7

When only the inductance is removed, the phase difference

. X
between current and voltage is tamb’:TC

o XC - — l
tan30° = R or XC_\/ER

As X; = X, therefore the given series LCR is in resonance.
Impedance of the circuit is Z = R = 200 Q
The power dissipated in the circuit is
P =V Imscosd

Vims (. _5ﬁ)
=7 COS¢' . ]rms = 7
At resonancé power factor cos¢ = 1
Vims _ (220V)* _
P= Z " 2000 242 W

31. (d) : For the given R, L circuit the potential difference across
AD = Vpc as they are parallel.

[1 = E/R1

I, = Ip(1- e*") where T = mean life or L/R.

N
o]

T =1t (given) 7
1y [2
dl, 12V =
E (across BC)= LW"' R, 2R L
h=I(1-e') ’
_ £ _12 § k.
But /, = R "2 6 A
_, L _400x10”H _ v
Tit{)*Ri 20 =0.2s

L=6(1-¢"?)
Potential drop across L = E — Rol»
=12-2x%x6(1-e2)=12e"02=12¢5V.
32. (a) M= M0n1n2n712l
From q)2 = 7‘[}"12 (Moni)nzl
A=mr?=10cm? /=20 cm, N,=300,N,=400

v = BoMiNa A 4rx1077 x300x400x10x10~*
] 0.20

33. (a) : During the growth of current in LR circuit current is

R, _R IV
given by 1=10[1—e L orlz%(l_e L’J:% l—e 10

I=(1-¢h
34. (c¢) : Given : E = E; sin ot

- ; _r
1 —]Osm((y)t 2)

=2.4nx 10*H

Since the phase difference (¢) between voltage and current is % .

T
Power factor cos ¢ = COS7 = 0

Power consumption = E,s [, cos ¢ =0

35. (b) : Maximum current [, = % = % =1A

The current decays for 1 millisecond = 1 x 1073 sec
During decay, I = I, e ™®"
(~1x1073)x100

-1 1
[=(l)e 100x07 or I=e IZEA



d
36. (C): ¢ =102 — 50t + 250 .. —¢=201—50

dt
Induced emf, 6=Ldt¢

or e = —(20¢ — 50) = —[(20 x 3)- 50] = —10 volt
or e = — 10 volt

37. (a) : In an a.c. generator, maximum emf = NABw.

38. (d) : Current 1=% where 1’5=JVR2+(VL—VC)2
_ [p2 o 2
Z=JRP+(x,-x,)

At resonance, X; = X .. Z=R
Again at resonance, V; = Vo .. E =V,

Ve 100

[=1R = =0.1A
R 1x10°
I 0.1
V,=ILo="—=— -1
¢ Co  (2x107°)x(200)
¥, = 250 volt

39. (d) : R and L cause phase difference to lie between 0
and /2 but never 0 and m/2 at extremities.

40. (c) : Power factor cosd):%:}—zzo,s

. i -1
41. (a) : For maximum power, Lo = Co

__1 _ 1 _ 1
Lo 10x(21x50)*  10x10* x(m)?
or C=1uyF
42. (d) : During growth of charge in an inductance,
I=1, (1 - ehhy

=10°F

or 7:Io(l_eth/L)
or e RL :%:2‘1 or %:an = t=%ln2
-3
¢ =390X10 " . 0.693) or = 0.1 sec

2

43. (a) : The emf induced in the circuit is zero because the
two emf induced are equal and opposite when one U tube
slides inside another tube.

4. (b) : Induced e.m.f, =3 Bol> =2x(02x107*)(5)(1)’

10 _100x10"°

50 uV
2 2 K

Induced e.m.f. =

45. (c) : At resonance, oo:L when ® is constant,

JLC

1 1 1 1 1

IC  L,(2C) 2L,C -

L1C1 = L2C2 L2 = L/2

2
46. (b) : Magnetic flux linked=BAcoswt=w

2
Induced emf e= %dt(l) = %Bnrzmsin ot
Power = % = 32“2"4:‘“; sin” _ (Bn:;m)z sin’ ot
<sin® o> = 1/2
Mean power generated = (Bn:;m)z X% = (Bn£;®)2
47. (b) : Induced current 1= %% = %dd_l/;/

where ¢ = W = flux X per unit turn of the coil
1V, =W) __n(¥, =)

(R+4R) t 5Rt

I =

48. (c) : Average value of A.C. for complete cycle is zero.
Hence A.C. can not be measured by D.C. ammeter.

49. (d) : In an LCR series a.c. circuit, the voltages across
components L and C are in opposite phase. The voltage across
LC combination will be zero.

50. (a) : The energy loss due to eddy currents is reduced
by using laminated core in a transformer.

51. (c¢) : Let Q denote maximum charge on capacitor.
Let ¢ denote charge when energy is equally shared

1(10°) 14" > >
| = |==21_ =2 =
Z(ZC] =0 =2 q=0/\2
_ —e _ =8x0.05 _
52. (d): L=t =" =01 H

53. (¢) : Mutual inductance between two coils depends on
the materials of the wires of the coils.

54. (d) : Induced emf = vBL
55. (b) : I, N, = I; N, for a transformer

LN, 4x140
I :—1 1=—=2A
27N, 280
R
56. (b) : Power factor=
R* + o’

57. (d) : Three inductors are in parallel
3H

W
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