21

Alternating Current

TOPIC 1 2%2

Req =1+
AC Circuits and 2%2
POWGF in AC Cil’CUitS Thus, correct answer is 2.

02 An AC circuit has an inductor and a
resistor of resistance R in series,

=2Q

0_1 At very high frequencies, the

effective impedance of the given such that X, =3R. Now, a capacitor
circuit will be .........

is added in series such that
1Q 0.5F 20 0.5F

X¢ =2R. The ratio of new power
factor with the old power factor of
0.5F the circuit is \E x The value of
10 204 | 20 0.5F xis. [2021, 27 Aug Shift-11]

/\ Ans. (1)
Given, resistance of resistor=R
220V Inductance, X, =3R
[2021, 31 Aug Shift-II] Capacitance XC =9R
Ans. (2) As we know that,
We know that, at very high frequency Power factor, cos@ _R
capacitive reactance becomes negligible
i.e. short circuit (SC)and inductive where, Z is impedance,
reactance becomes very largei.e. open _[52 VY
circuit (OC). Z=yR™+ (X = Xc)
ie. Xe -0 and X, - oo. For case |, aninductance connected in
Now, the circuit can be rearranged as series with resistance
shown in figure. cos@, =R R
19 sc  2Q sC Zi R + (X, -0y
—MW—e—e—
= R = R :L (|)
sc RZ+(RP RVI0 V10
19 2,\,\,\,9 SC For case Il, A capacitor is also connected
oC in series with resistance
$; R
220 V Hocosg =_-
Fig. (i) 2 "
Final circuit is 0 cosg e
R + (3R —2R)
PyyS—yy R LR
JRE+RZ RV2 2 7
Now, ratio of Egs. (ii)and (i), we get
1
@ ﬂ :ﬁ: E :\/E -1
220V cos@, 1 2
Fig. (ii) J10
Hence, equivalent resistance, g x=1

03 The alternating current is given by

= D/@sin%t§+ 1OEA
O

The rms value of this current s ...... A.

Ans. (11)

[2021, 27 Aug Shift-I]

Given, equation of alternating current,

izg/ﬁsingtgﬂog

From given equation, we get

=i +i,

where, i} = Zsm% @A and i, =

Now, i, is oscillating current, whereasi,
is direct current and its value does not

change with time.

42 _
(,1 ms \/, \/7A
(lz)rms =10A
We know that,
’Ems = ([l)zms + (IZ )zrms

Substituting the values, we get

=217 +10% =121

O =11A

rms

Thus, RMS value of given equation of

currentis 1TA.

04 In the given circuit the AC source
hasw =100 rad s~ . Considering
the inductor and capacitor to be
ideal, what will be the current |
flowing through the circuit?

100 pF

[2021, 26 Aug Shift-11]
100 Q




(a)5.9A (b)4.24 A

(c)0.94 A (d)BA

Ans. (%)

Given, angular frequency,w=100rad/ s
Capacitance of capacitor,
C=100uF=100%x10"° F

Inductance of inductor coil, L =0.5H
Resistance in upper branch, R, =100Q
Resistance in lower branch, R, =50Q

In the given circuit consider currentin
upper branch bei, and current flowing in
lower branch bei,. The net current
flowing in circuit will bel.

Impedance of upper branch can be
calculated as

1
7= +R = %gmﬁ

O 1 f 9
= + 100

%oo x 100 xm‘ea
=./100% +100” =100+2 Q

Impedance of lower branch can be
calculated as

= L) + R?

=/(100x0.5)" +50°

=,/50%+ 507

=502 Q
Current flowing in upper branch,
I] :1: 200 :\/EA

Z, 10042

Phase of current in upper branch,
Cos(p‘ :& = 100 :i

Z, 10042 2

gd @ =45°

Thus, in upper branch, current leads
voltage by 45° as capacitor is present.

Current flowing in lower branchi, is

Phase of current in lower branch is

COS(pZ:&: 50 Oe , =45°

Z, 5042

Thus, inlower branch current lags
voltage by 45° as inductor is present.

Thus, the net current, | =[i? +i3

I=(W2P +(242)
1=4/10 =3.16 A

Thus, no option in the given question is
correct.

IfI =i, +1i, is taken then
| =./2 +2:/2 =424 Ais obtained which is
incorrect method of solution.

E A series L-C-R circuit driven by 300 V

at a frequency of 50 Hz contains a
resistance R =3kQ, an inductor of
inductive reactance X; =2501Q
and an unknown capacitor. The
value of capacitance to maximise
the average power should be

2 _
(Take, 1° =10) 12021, 26 Aug Shift-1]

(a) 4 uF )b) 25 uF
(c) 400 pF (d) 40 pF
Ans. (a)

The circuit diagram can be drawn as,
Xi=250mQ X 3kQ

L C R

(=)
Z

Average power of an L-C-R circuit is
given by

Pav = Vrms {rms cos (p
For P,,to be maximum, cos @ =1 i)
We know that,
coscp—E
i

where, R =resistance
and Z=impedance of L-C-R circuit.

Now, Z=4/(X, =X, +R?

As, cos@=1 =§ [using Eq, (i)]

a R=Z

0 R=4(X, =X, ) +R?

Squaring both sides, we get
R? = (X, = X.)* +R?

0 (X, =X, )* =0
0 X, =X¢
Since, Xe == 1

wC 2T1C
and X, =250mQ (given)
0 250mM=—

211x 50 xC

1

: " 217 x 50 x250
O C=4x10"°F=4pF

06 A100 Q resistance, a 0.1uF

capacitor and an inductor are
connected in series across a 260 V
supply at variable frequency.
Calculate the value of inductance
of inductor at which resonance will
occur. Given that the resonant

frequency is 60 Hz.
[2021, 27 July Shift-11]

(a)0.70 H (b)70.3 mH
(c)703x10°H  (d)70.3H
Ans. (d)

Given,

Resistance, R =100Q
Capacitance, C =0.1uF
Inductance, L =250V
Resonant frequency, f; =60 Hz
-~ We know that,

Resonant frequency, f; =

L
2m/LC
1
L_@
_ 1
470 % (B0)> x0.1x107
_ o’
470 % 3600
_ 10°
4TP %36

=70.3 H

07 A0.07Hinductoranda12 Q

resistor are connected in series to
a 220V, 50 Hz AC source. The
approximate current in the circuit
and the phase angle between
current and source voltage are,
respectively.

22
[Take, tas ==]
[2021, 27 July Shift-I]

(a)8.8 Aand tan_1%§

(b)88 A and tan_]%g

(c)D.88Aandtan"1%§
-

(d) 8.8 Aand tan %@

Ans. (a)

Given,

Inductance, L =0.07H
Resistance, R=12Q
Voltage, V =220V
Frequency, f =50 Hz

-*We know that,

Angular frequency, w =2 T =211 % 50
=100TmHz

-rInductive reactance, X, =wlL

=100mx0.07

0 :100x§xlzzzg

100

- Aresistorand an inductor are

connected in series,



Dimpedance, Z =[R2 + X0 =122 +22°

= [1hh + 484
=628 =250

Also, phase angle between current and
source voltage can be given as

tan@ =§%§ O tang =22

12
N
O =tan 1%@
¢ 6

08 Two circuits are shown in the
figures (a) and (b). At a frequency of
......... rad/s, the average power
dissipated in one cycle will be same

in both the circuits.
[2021, 25 July Shift-1I]

5Q

40uF 50

(~)
)
220V

Fig. (0)

Ans. (500)

Given, resistance (R, ) for circuit (a)is 5 Q.
In circuit (b)

Capacitance,C =40uF =40x10"° F
Resistance, R =5Q

Inductance, L =0.1H

Supply voltage, V =220V

P, and P, be the power in circuit(a)and(b)

) 2
0 Pa :L:(Zzo)
R 5
=@:484X20 =9680W
InR-L-C circuit,

VZ
Py = 7coscp

where, Zis impedance of circuit
and cos@is power factor.
2
Pav :LB
ZZ
_V'R
72

[*-cos@ =g] D)

and Z=R* +(X, =X,V
0 72 =R? +(X, -X2)
Putin Eq. (i), we get
(220 x5
av T o 2
5% + (X, =X;)
2
0 8 +(x, X, ) =220 x5
484x20
[ 'DU\/ :PU]
_484x100%5 _
48420
O (X, =X, )* =0
XL :Xc
-
wC
1 1
0 w= =
JLC Jo1x40%107
SR B
Vax107 2
= 10200 =500rads™

09 In a circuit consisting of a
capacitance and a generator with
alternatingemfE, =E; sinwt, Ve
and I, are the voltage and current.
Correct phasor diagram for such
circuit is [2021, 22 July Shift-II]

7

Ve
wt
(a)
le
Ve
le
(b)
ot
le Ve
wt
(c)

ot

I
Ans. (¢)

Given, input alternating Emf

(E,)= Eg, sinot

As we know that, capacitive current
leads voltage bygrad

OPhasor diagram will be

/ Cc VC

2
[

where, V, and/,, are voltage and current
in capacitive circuit.

10 Match List | with List II.
[2021, 22 July Shift-11]

List| List Il
A oL -1 (i) cCurrent is in
wC phase with EMF
B. L=_ (i) Currentlags
wC behind the
applied EMF
C. wL < b (i) Maximum
wC current occurs

Current leads
the EMF

D. Resonant (iv)
frequency

Choose the correct answer from
the options given below.

Codes

A B C D
(a) (i) (i) (v) (iii)
(b) (i) (i) (i) (iv)
(c) (iii) (i) (v) (i)
(d) (iv) (i) (i) (i)
Ans. (a)
Given,
(A) wl>

wC

Since, inductive resistance > capacitive
resistance, hence Inductive current lag
behind applied voltage.

1
(B) wl=—

wC

Since, inductive resistance = capacitive
resistance



11

Hence, this circuit behaves like aL-C-R
series resonant circuit. Therefore, Z =R
and phase difference =0.

OCircuit will be purely resistive and
resistive current remains in phase with
voltage.

(C) wlL <L
wC

Since, inductive resistance < capacitive
resistance, hence capacitive current
lead with applied voltage.

(D) As we know that, at resonance
impedance

(Z) = R(resistance)
0 Circuit current will be maximum.
Hence, option(a)is the correct.

For a series L-C-R circuit with
R=100Q,L =0.5mH and C=0.1pF
connected across 220 V-50 Hz AC
supply, the phase angle between
current and supplied voltage and
the nature of the circuit is

[2021, 20 July Shift-I1]

(a) 0° resistive circuit

(b) =90° predominantly inductive
circuit

(c) 0°resonance circuit

(d) =90° predominantly capacitive
circuit

Ans. (d)

According to question, there is a series

L-C-R circuit.

Resistance, R =100Q

Capacitance,C =0.1pF = 0.1x10"? F

Inductance, . =0.5mH=0.5x10">H

Frequency, f =50 Hz

Voltage, V =220V

~Inductive reactance, X, =wL =21fL

=21x50 x0.5 x10”°
0 X, =50mx107°Q

- Capacitive reactance, X, =i = !

wC 2T1fC
1
O Xo =
© 2mx50x1077 x0.1
O o=t
100mx — x 107"
10
n
O XC :E
T
On comparing X, with X, we can write
Xe>> X,
and X, =X, [>>R

which means that the circuit is
predominantly capacitive circuit.

E A series L-C-R circuit of R=5Q,

L=20mHandC=0.5pFis
connected across an AC supply of
250V, having variable frequency.
The power dissipated at resonance
condition is ...... x102 W.

[2021, 20 July Shift-II]
Ans. (125)

Given, resistance, R =5Q
Inductance, L =20 mH
Capacitance,C =0.5pF

Voltage, V =250V
_V_v

Z

rms [Atresonance, Z = R]

Power dissipated, P=12 R

rms
_V? 250 %250
"R R
250 x250
=

or P

=12500J/s

=125 x10° W

13 AC voltage V(t) =20 sinwt volt of

frequency 50 Hz is applied to a
parallel plate capacitor. The
separation between the plates is 2
mm and the areais 1m?. The
amplitude of the oscillating
displacement current for the
applied AC voltage is ...... .
(Take, £, =8.85 x107"* F/m)

[2021, 20 July Shift-1]

(a) 21.14 pA (b) 83.37 pA
(c)27.79pA (d)55.58 A
Ans. (¢)

Given,

AC voltage, V(t) =20 sinwt volt.
Frequency, f =50Hz
Separation between the plates,d =2mm
=2x107m
Area, A=1m?
ps, c=%A

d
where, g, =absolute electrical
permittivity of free space

=8.854 %1077 N7 kg’m™

o c=_fX! i)
2x107°
Capacitive reactance (X;) S - {ii)
wC

From Egs. (i)and (ii), we get
2x107°

= (vw =217
2x50mx g

C

14

_2x107°
25 x 4118,
-3
:ﬂ x9 ><10g
25

O X =810t
25
By using Ohm's law,
Vo _20x25 10-°

0 X

As, [,=—L
“x, 18
=27.78x107°
O 1, =27.78uA

OThe amplitude of the oscillating
displacement current for applied AC
voltage will be approximately 27.79gA.

In an L-C-R series circuit, an
inductor 30 mH and a resistor 1Q
are connected to an AC source of
angular frequency 300 rad/s. The
value of capacitance for which, the
current leads the voltage by 45° is

1 x107° F. Then, the value of x is

....... [2021, 20 July Shift-1]
Ans. (3)

Given,

Inductance, L =30 mH

Resistance, R=1Q

Angular frequency, w =300 rad/s

We know that in L-C-R circuit,

Xo =X
tan@=2C__ "L
¢ R

where, @ = phase angle =45°

- 1
X, = capacitive reactance = —

wC
X, =inductive reactance = wL
O tan4se=2c %
R
O X,-X = [--tan45° = 1]
0 1 —wL=R
wC
0 1 —300x30 x107%=1
wC
o  J-wnowe=l
wC 10
1 o
O =_ _[QgcC=
10w 10 x 300
0 C=%X1U'3F N0

According to question, the value of

capacitance is ! x1073F. S0, on
X

comparing it with Eq. (i), we can say x =3.
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16

In a series L-C-R circuit, the
inductive reactance (X )is 10 Q
and the capacitive reactance (X;)is
4 Q. The resistance (R) in the
circuit is 6 Q. The power factor of
the circuit is [2021, 18 March Shift-II]
@ o ol @

2 232 J2 2
Ans. (¢)
Given, inductive reactance, X, =10 Q
Capacitive reactance, X, =4Q
Resistance, R=6Q
Therefore, power factor = cos@
R

JRZ+ (X, =X )

6 1

:B:
z

J&E+(0-47 2

In a series L-C-R resonance circuit,
if we change the resistance only,

from a lower to higher value,
[2021, 18 March Shift-I]

(a) the bandwidth of resonance circuit
will increase

(b) the resonance frequency will
increase

(c) the quality factor will increase

(d) the quality factor and the
resonance frequency will remain
constant

Ans. (a)

Bandwidth of L-C-R series resonance
o R
circuit,p=—
P L

As we increase the value of the
resistance from lower to the higher of
the circuit, the bandwidth of resonance
circuit will also increase.

So, the option(a)is correct.

1
Resonance frequency,co—ﬁ
Since, the resonance frequency is
independent of the resistance.
So, the option(b)is incorrect.
We know that,

Quality factor, 0 —%

The quality factor is inversely
proportional to the resistance of the
circuit. So, increasing the value of
resistance, the quality factor is
decreased. So, the option(c)and(d)are
incorrect.

17 An AC source rated 220V, 50 Hz is

connected to a resistor. The time
taken by the current to change
from its maximum to the rms

value is [2021, 18 March Shift-I]
(a)2.5ms (b)25 ms

(c)2.5s (d)0.25ms

Ans. (a)

Given, the frequency of the AC source,
f=560Hz
Angular frequency of the circuit,

w =21
ad w= 7 (50) Co = 106
As we know the general expression of
the current in AC circuit,

=1y sinwt
| .
O —0_=1,5sin(100 rtt)
N
) 1
O sin(100 mt) = —
2

_ .. 4O1vg
O 100 1t =sin BﬁH

0O  100m=2"
4

0O t=isec
400
] t=25%x10"°s=2.5ms

ﬁ What happens to the inductive

reactance and the currentina
purely inductive circuit, if the
frequency is halved ?
[2021, 17 March Shift-II]
(a) Both inductive reactance and
current will be halved.
(b) Inductive reactance will be halved
and current will be doubled.
(c) Inductive reactance will be
doubled and current will be halved.
(d) Both inductive reactance and
current will be doubled.
Ans. (b)
As we know, the inductive reactance is
directly proportional to the frequency of
the AC circuit
i.e., X, =wl
d X, =2l (o =2 T)
Here, fis the frequency of the AC circuit,
L is the inductive resistance
and X, is the inductive reactance.

When the frequency of an AC circuit is
halved, then the inductive reactance of
the circuit is also halved.

X

i.e. XL':7

Using Ohm's law, | -V
L

When the frequency is halved, then the
current

I"=2l
The current becomes doubled.

Match List-| with List-ll
[2021, 17 March Shift-11]

List-l List-Il

Phase difference 1.
between current and
voltage in a purely
resistive AC circuit

T
—;current

leads voltage

Phase difference 2.
between current and
voltage in a pure
inductive AC circuit

Zero

Phase difference 3.
between current and
voltage in a pure
capacitive AC circuit

T
—;current
2

lags voltage

Phase difference 4.
between current and
voltage inan L-C-R
series circuit

e — X,

-1 M
tan %TE

Choose the most appropriate
answer from the options given
below.

W N @
- D~ N DO

D
2
L
1
4

A. Inapurely resistive AC circuit, the
phase difference between the
current and voltage is zero.

B. Inapurelyinductive AC circuit, the
current lags the voltage, so the
phase difference between the
current and voltage is /2

C. Inapurely capacitive AC circuit the
current leads the voltage, so the
phase difference between the
current and voltage is Tt/2

D. The phase difference between
current & voltage in anL- C- Rseries
circuitis

(p:tarf]LC — %)
R

[0 The correct matchis
A-(2), B-(3), C-(1), D~{4).



20 An AC current is given by
I=lsinwt +1, cosat. A hot wire
ammeter will give a reading
[2021, 17 March Shift-I]

12— 2+
(a) 1 2 (b) 1 2
2 2
[ +1 [ +1
(C) 1 2 (d) 1 2
V2 242
Ans. (b)
Given,  I=lsinwt +, cosat .A0)

We know that rms value of current is
given by

2
| = M

rms T
T 2

I(I]smwt +1, cosux)"dt

D ’rms = g T

[using Eq. (i)]
Squaring on both sides of the above
equation, we get

(I, sinwt +1 coso\I)2

rms ID t

2(sin’ wt+2 I, cos’ wt

+21, sinot cos at ) dt
rms J-O T

IZ

R

U ,rmsz é+%+0
2 2
O =y
2

21 A sinusoidal voltage of peak value
250V is applied to a series L-C-R
circuit, in whichR=8Q, L =24 mH
and C=60pF. The value of power
dissipated at resonant condition is
x KW. The value of x to the nearest

integeris ...... .[2021, 16 March Shift-1]
Ans. (4)
Given, V=250 V,R=8Q,L =24mH
and C=60pF
We know that, at resonance power,
P— Vrzms
R
(2507427 O V., _250,,0
0 p=22¥8 =y =-0=20y
8 H™ 2 28
=(250)% /16
=52500 390625 W
=4KW
X =4

Comparing with the given value in the
questioni.e., xkW, the value of x =4.

22 Find the peak current and resonant
frequency of the following circuit
(as shown in figure).
[2021, 26 Feb Shift-I]
v0U00T0 Il
100mH 100 pF

() V=30sin100t

VWWAM
120 Q

(a)0.2 Aand 50 Hz (b)0.2 Aand 100 Hz
(c)2Aand100Hz (d)2 Aand50 Hz
Ans. (a)
Given, inductance, L =100 mH

=100 x107* H
Capacitance,C =100 pF

=100 %107 F
Resistance, R =120 Q
Maximum voltage, V; =30V
Angular frequency, w =100 rads™

Impedance, Z=J(X =X ) +R?

Here, X, =wl =100 x100 x107°* =10 Q
O XC :L:%:]OU Q
wC 100 %100 %10~
O  Z=4yX, -X ) +R?
(100 - 10)* +(120)*
(90? +120% =1533Q
As we know that, peak current,
j,=Y0=39 _gig5a~02A
Z 1533
Resonance frequency,
_ 1
2T/LC
_ 1
21100 x 107% x 100 x 10~°
ST 1
om/107°  2mx 107 Y107
=100 _gop,
2m

23 An alternating current is given by
the equation i =1i; sinwt +i, cos Gt.
The rms current will be

[2021, 26 Feb Shift-I]

1 172 Ty

(a)—= (% +12) (b)—= i} +1,)
\/E 1 2 \/5 1 2
1 1

)= +i)"  (d)—=(i +1y)
o Tl 2 171

Ans. (a)

Given,i =i;sinwt +i, cosax

Letl .. bethermscurrent.

rms

2 0 12
u Irms: 1+I2
2

= (2 +2)n

rms_\/ﬁW 2

O /

24 |n a series L-C-R resonant circuit,

the quality factor is measured as
100. If the inductance is increased
by two fold and resistance is
decreased by two fold, then the
quality factor after this change will
be ......... . [2021, 26 Feb Shift-1]
Ans. (400)

Given, initial quality factor(0;) =100
Letinitial inductance(x, ;) = x

Final inductance(x () =2x

and initial resistance(R; ) =R

Final resistance (R;) =R

2
Final quality factor = 0;
Since, 0; =~L
and 0; = X,
R/2
U 0= X =40, =4 x100
=400

Hence, final quality factor will be 400.

E The angular frequency of

alternating current in an L-C-R

circuit is 100 rad/s. The

components connected are shown

in the figure. Find the value of

inductance of the coil and capacity

of condenser.  [2021, 25 Feb Shift-I]
R= GOQ

15V

c=10V R=40Q Lg20v

o T
©

(a)0.8 Hand 150 uF

(b)0.8 Hand 250 uF

(c)1.33 Hand 250 uF

(d)1.33 Hand 150 uF

Ans. (b)

Given, angular frequency,
w=100rads™"
R=60Q,V, =156V,
R'=40Q,V, =V, =20V

and Ve =10V



By using Ohm's law,
V=IR O I=V/R
ad [=15/60=1/4 A (1)

Ver
and 1,=-=20/40=1/2A (i)

X0 40 %100
=025x10"°F=0256mF =250 uF
By using KCL in loop 2,
l,=1-1,

=1/4-1/2==-1/4A
ad XLZLZEZSOQ Ow L =80
I~ 1/4
O [_:@:£208H
w 100

E The current (i) at timet =0andt =

respectively for the given circuit is
[2021, 25 Feb Shift-1]

5Q 5Q

LTI
L

18E B E 10E BE
(a)— — (b)—— —

b5 18 33 18

5E 18E 5E 10E
c)— —— (d)— —

18 55 18 33
Ans. (d)

As we know that at timet =0, inductor
acts as open circuit.

Then, the circuit becomes
5Q 5Q

Therefore,
- (5+1)(5+4) _6x9_54_18

“ (5+1)+(5+4) 6+9 1B 5

By using Ohm’s law,

V=IRe [V =E]
O [:Ex5:$
18 18

Att = oo, inductor will act as short circuit. It
is shown below

5Q 5Q

Therefore,
eq:5x5+1"4:2£+ﬁ:5+é
5+5 1+4 10 5 2 5
_33
10
and /:E:E
ﬁ 33
10

27 A transmitting station releases waves

of wavelength 960 m. A capacitor of
2.56 YF is used in the resonant
circuit. The
self-inductance of coil necessary for
resonance is ......... x1078 H.
[2021, 25 Feb Shift-I]
Ans. (10)
Given, wavelength of transmission signal,
A=960m

Capacitance, C =2.56 uF

=256 x107°F
As we know resonance frequency,

1
= 2m/LC
Also,frequency(f):78[3%(j v
wavelength (N)
v_ 1
A 2mfLC
O c=2

0

ﬁ

VX2TU
On squaring both sides, we get
: ¥ o= : N
V2 X470 V2 X4TC xC
(960)
(3% 108 x41¢ x2.56 x107°

o Le=

O L=10x10"%H

28 Figure shows a circuit that contains

four identical resistors with
resistance R =2.0Q, two identical
inductors with inductance L =2.0 mH

and an ideal battery with
electromotive force E=9V. The
current i just after the switch Sis
closed will be [2021, 24 Feb Shift-Ii]

S
L 2R
E=ovT i ’é

MM

R
(a)2.25A (b)3.0A
(c)3.37A (d)9A
Ans. (a)

Given, resistance, R=2Q,
Inductance, L =2 mH,
emf,E=9V

andi be the current.

-Att =0 when switch is closed,
inductors behave as open circuit.

[OEffective circuit will be

9V

R=2Q

By using Ohm's law, V =i R,

O I=VIReq

where, R, is equivalent resistance of
series resistors,

i, Rg=R+R=2R=2x2=4Q
O i=9 =005
4
29 Aresonance circuit having
inductance and resistance
2x10"“Hand 6.28 Q
respectively oscillates at 10 MHz
frequency. The value of quality
factor of this resonator s ......... .
[Take, 1 =3.14]
[2021, 24 Feb Shift-1]
Ans. (2000)
Given,L =2x107™* H, R =6.28Q,
fy =10 MHz =10 x 10° Hz

O0Quality factor = (qj% =2 Tfo%

2x107
6.28

=2mx10 x10° x

=2 x10° =2000



30 In an AC-circuit, an inductor, a

capacitor and a resistor are
connected in series with
X, =R =X, .Impedance of this

circuit is [2020, 2 Sep Shift-II]
(a)2R? (b) Zero

(c)R (d)R+2

Ans. (¢)

Given, inductor, capacitor and resistors
are connected in series and have same
reactancei.e., X, =X, =R

Since, impedance(Z) =/R? + (X, =X )?

O Z=yR>+(R-R} =R

31 Aninductance coil has a reactance

of 100 Q. When an AC signal of
frequency 1000 Hz is applied to the
coil, the applied voltage leads the
current by 45°. The self-inductance

of the coil is [2020, 2 Sep Shift-II]
(a)11x107* H (b)11x107"H
(c)55x107° H (d)6.7x107" H
Ans. (a)

Given, reactance, X, =100 Q
Frequency of AC, f=1000 Hz

As voltage leads current by 45°, so there
must be some resistance in the coil
otherwise
A@=90°
) _X
Using, tang="Lt
R

We have, tan4b° =XT?L or X, =R

OReactance of circuit containing
resistance and inductance is

X +R? =100 Q
O ¢ +X =100Q

or X, =502 Q

But X =Lw

O L:i :L :Lﬁ
w 271 2 T1*1000

O L=1125%1072 H

Hence, correct option is(a).

3_2 A 750 Hz, 20 V (rms) source is

connected to a resistance of 100 Q,
an inductance of 0.1803 H and a
capacitance of 10 uF all in series
combination. The time in which the
resistance (heat capacity 2 J/°C)
will get heated by 10°C is close to.
(Assume no loss of heat to the
surroundings) [2020, 3 Sep Shift-1]

(a)418's (b)245s (c)365s (d)348s
Ans. (d)
Given, frequency, f =750 Hz

Vims =20V,R =100 Q,L =0.1803 H
and C =10 pF
So, impedance of L-C-R circuit is

N f
270

EYT[X 750 x0.1803 — E
= (]UD)Z"'@ 1 @
21tx 750 x10 x107°

=834Q

Now, power lost by L-C-R circuit, which
occurs in resistance is given by

P = VVIT]SIVI'T]S COS(p

As, coscngandlrmS = Yims

Z
2 2
0 p=lms® RO X100 _ g oe7g -
VA (834)
Heat developed in resistor,
H =Pt =S(A6)
where, t =time, S =heat capacity
=2J/°C
AB =temperature change=10 °C
o =589 2x10 g6
P 0.0575

Hence, option(d)is correct.

33 An elliptical loop having resistance

R, of semi-major axis a and
semi-minor axis bis placed in a
magnetic field as shown in the
figure. If the loop is rotated about
the X-axis with angular frequency
w, then the average power loss in

the loop due to joule’s heating is
[2020, 3 Sep Shift-1]

X

y

21,202
(a)M (b)zero

2R .‘.[2 21,2 2(3
(C)TtabBoo (d) a’b’B

R R
Ans. (a)

Average power developed which
eventually gets lost as heat due to
resistance of loop is given by
P = Vers = (Vmax /\/§)2 = Vr?wax
MR R 2R

Also, V. =NBAw
Ingivenloop,N =1A = 1ub
_(BAW? _ B?1Pa%h? 4§
TR 2R
Hence, option(a)is correct.

So, P,

34 An AC circuit has R =100 Q, C=2F

and L =80 mH connected in series.

The quality factor of the circuit is
[2020, 6 Sep Shift-I]

(a) 2 (c) 20 (d) 400

Ans. (a)

Given that, R =100 Q,C =2pF,L =80 mH

ForaseriesL-C-R AC circuit,

) 1 /L
Quality factor, o =— |—
Y ¢ R\C

_ 1 [sox107
100\ 2x107®

=2

(b) 0.5

In a series L-R circuit, power of
400W is dissipated from a source
of 250 V, 50 Hz. The power factor
of the circuit is 0.8. In order to
bring the power factor to unity, a
capacitor of value C is added in
series to the L and R. Taking the

value of Cas %@uﬁ then value of
T

[2020, 6 Sep Shift-II]
Ans. (400)
Given, forL- R circuit

Vime =250V, f =50Hz, P=400W
and cos@=0.8
As, we know, power is given by

P =V, 1slims COS®

O P=Vis Vr;S cos@

\/2
O Z=-"5 cos
P ¢

2

5 = (250)
400

R

Also, cosg=2008=_"_0R=1000
z 125

Z=\R* +X;
0 125=4/(100 + X

X, =75Q
Now, to obtain power factor unity, X
must be equal to X .
ie. Xo =X =75Q
1 1 1

o —=750¢C= =
wC wx75 21mx50x%x75

O x0.8=126Q

Impedance,




U For 0=
sm

O C=
75001

Given, C =LpF
3m

On comparing the both, we get
n=400

36 An L-C-Rcircuit behaves like a
damped harmonic oscillator.
Comparing it with a physical
spring-mass damped oscillator
having damping constant b, the
correct equivalence would be

[2020, 7 Jan Shift-1]

@Lo Cotpal
b m Kk

(mLHmcH%RHb
(c)LomCokRob
(dLokCobRom
Ans. (b)

Foranl-C-R circuit,

L ﬁ R
11 VMWW

/ =
E=E0 sin wt

By KVL, we have
199 g +E =0
dt C
Above can be rearranged as
2
L9+ R+ g =E, sinat
dt’ da ¢
Now, for a damped harmonic oscillator,
we have
ma = —kx —bv +F, coswt
Rearranging above equation, we have
2
mdfX +b Iﬁg + kx
dt? dt

=F, coswt i)

On comparing Egs. (i)and (ii), we get
the following analogy,

LEm,REbandlEk
C

orL -« mC H%andR ob

37 In L-C circuit, the inductance L =40

mH and capacitance C=100pF. If a
voltage V(t)=10sin(314t) is applied
to the circuit, the current in the

circuit is given as

[2020, 9 Jan Shift-I1]
(b) 052sin314 t

(d) 52cos 314 t

(a) 052cos 314t
(c) 10cos 314t

Ans. (a)
L=40 mH C:1I(I)0 HF

V)
\J
V=10sin 314t
Impedance of given ciruit,
Z=X, =X P =X, =X,
1
wC

-wL

1
314100 %107
=1928Q
As X, > X, circuit is captive, hence
currentin circuit leads emf bygradians.

314 x40 x107°

Currentin circuitis given by
; m
=14 8in @»r +E§
=bcoswt
V4

=£ x c0os314t
1928

or [=0.52cos314t

38 An alternating voltage

V(t)=220sin1007t volt is applied to
a purely resistive load of 50 Q. The
time taken for the current to rise
from half of the peak value to the

peak value is [2019, 8 April Shift-1]
(a) bms (b) 2.2 ms

(c) 7.2 ms (d) 3.3ms

Ans. (d)

Inan AC resistive circuit, current and
voltage are in phase.

So, /:K
R

0 1 =220 Gni00 ) )
50

OTime period of one complete cycle of
currentis
T :27‘” :ﬂ:is
w 100m 50

T4 T/2 _ 1
77503

So, current reaches its maximum
value at
_T 1

1= —=——

4 200

When current is half of its maximum
value, then from Eq. (i), we have

/ .
I =% =14 SIN(100 1T,

O sin(1007t,) = 0 100, = 21
2 6

So, instantaneous time at which current

is half of maximum value ist, =is
120

Hence, time duration in which current
reaches half of its maximum value after
reaching maximum value is

At:tz -t —i—i:is:&}ms
120 200 300

39 A circuit connected to an AC
source of emf e =g sin(100t) with t
in seconds, gives a phase

difference of g between the emf e

and current i. Which of the
following circuits will exhibit this?

[2019, 8 April Shift-II]

a) RCcircuit with R=1kQand C =1uF
b) RL circuit withR=1kQand L =1mH
(c) RCcircuit withR =1kQ andC =10 uF
(d) RL circuit with R =1kQ andL =10 mH

Ans. (¢)

(
(

Given, phase difference, @ :]ZT

As we know, for R-L or R-C circuit,
Capacitive reactance (X;)
orinductive reactance (X, )
Resistance(R)
nf _ XoorX,
R
_ Xo or X,
R
O R=X,orX,
Also, given e = e sin(100 t)
Comparing the above equation with
general equation of emf, i.e.
e =eq sinwt, we get
w=100rad/s =107 rad/s
Now, checking option wise,
For R-C circuit, with
R=1kQ=10° QandC =1pF =10"°F

tan@ =

ta

1



40

1 1
S0 X = e T x0T
O R#X,
For R-L circuit, with
R=1kQ=10°Q and L =TmH=10"*H
So, X, =wl =10° x107° =107'Q
O R#X,
For R-C circuit, with
R=1kQ=10°Q
and C=10uF=10 x1078F =107°F
1
107 x107°
For R-L circuit, with
R=1kQ =10°Q
and L =10 mH=10 x 107°H =10 ?H
=10°x1072=1Q 0 R#X,
Alternate Solution

Since,tan’j=1=M
4 R

OFor R-C circuit, we have

=10 Q

So, X, = =10°Q0R=C

Il=—— orw=— (i)
CwR CR
Similarly, for R-L circuit, we have
1= =R i)
R L
Itis giveninthe question that,
w=100rad/s

Thus, again by substituting the given
values of R, C orL option wisein the
respective Egs. (i)and (ii), we get that
only for option(c),

1 1

CR 10x107% x10°

or w=100rad/s
L
C Ra
L Ry 1,

In the above circuit, C=\§MF,

N&

,=20Q,L=—HandR;=10Q.
10

CurrentinL-R, pathis/;andin
C-R, pathis|,. The voltage of AC
source is given by

V =200+2sin(100t) volts. The
phase difference between |, and

I, is [2019, 12 Jan Shift-II]
(a) 30° (b) 80°
c) 0° (d) 90°

a1

Ans. (a)

Phase difference between/, andV, i.e.
C—R, circuitis given by

tan(p— 0 tane=

R, CwR,
Substituting the given values, we get
1 _10°

B

tang@ =

?x 107° x 100 x20
[ ,.isnearly 90°.

Phase difference betweenl/;andV, i.e.in
L = R, circuitis given by

X Lw
tang, = —Rfi: —?
Substituting the given values, we get
T\EMOO
tang, =_710 =-3
As, tang, = -3
O ¢ ,=120°

Now, phase difference between/, andl,
is
Ap =g -@=120°-90°=30°

A series AC circuit containing an
inductor (20mH), a capacitor

(120 puF) and a resistor (60 Q) s
driven by an AC source of 24 V/50
Hz. The energy dissipated in the
circuit in 60 sis [2019, 9 Jan Shift-II]
(a)3.39 x10°J (b)5.65 x10% J
(c)226 x10°J (d)5.17 x10% J
Ans. (d)

The given series R-L-C circuit is shown
in the figure below.

R=60Q L=20 mH C=120 pF

kil

24 V 50 Hz

Here,

Vi, =potential across resistance (R)
V, = potential acrossinductor(L)and
V, =potential across capacitor(C).
Impedance of this series circuit is,

Z=\RE+(X, =X, )
X, =l =27 (L)
=271x50 x20 x107° Q

X, =628Q . [ii)

and X, —L—L

wC 21

] =200 i)

T 2mx50x120 x10° 37

and X, - X, = %.28—2%0@
I

=-2023Q ..(iv)

RMS value of currentin circuit is,
|- v 24

ms —
ms 2
+ (X =X¢)

V4 R?
_ 24 _ 24
/rms - > > ﬁ
60° + (-20.23) -
lims =0379A
Therefaore, energy dissipated is
/rms xR xt
£ =(0.379) x60 x60
or =517.10=517 x 10> J

42 In an AC circuit, the instantaneous

emf and current are given by
_ . o _m
e=100sin30t, I—203|n§0t 4%

In one cycle of AC, the average
power consumed by the circuit
and the wattless current are,
respectively [JEE Main 2018]

1000
50,10 b)——,10
(a) ()ﬁ
50
—.0 d)50,0
(c)ﬁ (d)
Ans. (b)

Given, e =100sin30t

=20 sir@sor—;g

O Average power,
P _Vrms,rms cos@

and

100,20 (o M 1000
NN AN
Wattless current is,
| =1ms SINQ
—§XS|nE—@—1OA
V2 4 2
O @V:@\Natt
2
and | =10 A

wattless

E For an R-L-C circuit driven with

voltage of amplitude v, and
frequency w, =—— the current

JLC

exhibits resonance. The quality
factor, Qis given by [JEE Main 2018]

@%@ R (glR
R L w,C [V
Ans. (a)

Sharpness of resonance of a resonant
L-C-Rcircuit is determined by the ratio
of resonant frequency with the



selectivity of circuit. This ratio is also
called “Quality Factor” or Q-factor.

O-factorzizmiOL = !

E An arc lamp requires a direct

current of 10 A at 80 V to function.
If it is connected to a 220 V (rms),
50 Hz AC supply, the series
inductor needed for it to work is
close to [JEE Main 2016]
(a)80H (b)0.08 H
(c)0.044 H (d)0.065H
Ans. (d)
Given, | =10A,V =80V,
rR=Y=8-50 and w=50Hz
I 10
For AC circuit, we have
R=8Q L

10A
(~)
\_/
220V

[:L 0O 10 :A
(8 + X B4+ X2
0 B4+ X =22
Squaring on both sides, we get
B4+ X2 =484
0 X2 =484 -84 =420
X, =420 O 21 xal =J420
Seriesinductor on an arc lamp,

- 420 0.065H
(2Ttx 50)

E In an AC circuit, the voltage applied

isE =Ej sinwt. The resulting
current in the circuit is

I=1, sin @.ﬁ —g% The power

consumption in the circuit is given

by [AIEEE 2007]
(a) P=m (b) P=zero

— EOIO —
(c) p==0% (d) P=+2Egly
Ans. (b)

For given circuit, current is lagging the
voltage by g so circuit is purely

inductive and there is no power
consumption in the circuit. The work
done by battery is stored as magnetic
energy in the inductor.

46

a7

48

In a series resonant L-C-R circuit,
the voltage across R is 100 V and

R =1kQ with C=2puF. The resonant
frequency wis 200 rad/s. At

resonance, the voltage acrossL is
[AIEEE 2006]

(a) 25x1072V  (b) 40V
(c) 250V (d) 4 %1073V
Ans. (¢)

Atresonance, wL =1/wC
Current flowing through the circuit,

=Ye 2100 g1
R 1000
So, voltage acrossL is given by
vV =1X =lwl
But wL =1/wC
I 0.1 _
o VvV,=—=V; —76—250
wC 200x2x10"
V
A circuit has a resistance of 12 Q

and an impedance of 15 Q. The
power factor of the circuit will be
[AIEEE 2005]

(a) 0.8 (b) 0.4 (c)1.25 (d) 0.125
Ans. (a)
Powerfactorzcostpzizgzﬁ:

Z 15 5

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 [AIEEE 2005]

(@) 4pF (b) BuF (c) TWF (d) 2pF
Ans. (¢)
Given, L=10H,f=50Hz
For maximum power,

Xe =X,

[-resonance condition]
1 1

or —=wL or C=——

wC ofL
O :%

478 x50 x50 x 10

or C=01x10"°F =1pF

E The phase difference between the

alternating current and emf is T72.

Which of the following cannot be

the constituent of the circuit ?
[AIEEE 2005]

(b) R.L

(d) Lalone

(a) Calone
(c) L.C

Ans. (¢)
(@) In a circuit having C alone, the
voltage lags the current by g

(b) In circuit containing R and L, the
voltage leads the current by g

(c) In L-C circuit, the phase difference
between current and voltage can

have any value between 0 to ;_j
depending on the values of

LandC.

(d)In a circuit containing L alone, the
voltage leads the current by /2.

50 Alternating current cannot be

measured by DC ammeter because
[AIEEE 2004]

(a) AC cannot pass through DC
ammeter

(b) AC changes direction

(c) average value of current for
complete cycle is zero

(d) DC ammeter will get damaged

Ans. (¢)

The full cycle of alternating current

consists of two half cycles. For one half,

current is positive and for second half,

current is negative.

Therefore, foran AC cycle, the net value

of current average out to zero. While the

DC ammeter, read the average value.

Hence, the alternating current cannot be

measured by DC ammeter.

5_1 In an L-C-R series AC circuit, the

voltage across each of the
componentsL,CandRis50 V. The
voltage across the L-C combination

will be [AIEEE 2004]
(a) 50V (b) 50v2 V

(c) 100V (d) zero

Ans. (d)

Inan L-C-R series AC circuit, the voltage
across inductorlL leads the current by
90° and the voltage across capacitorC
lags behind the current by 90°. [
V=V, ~V, =50 -50 =0]

v

L1 oo

Ve 90° Vr

Hence, the voltage across L-C
combination will be zero.



52 Inan L-C-R circuit, capacitance is
changed from Cto 2C. For the
resonant frequency to remains
unchanged, the inductance should
be changed fromL to [AIEEE 2004]
(a) 4L (b) 2L (c) L2 (d) LA
Ans. (¢)

In the condition of resonance,

X, =X, or wL=—1 i)
wC

Since, resonance frequency remains
unchanged, so
JLC = constant or LC =constant

0 LC,=L,C,
or  LxC=L,*x2C or L,=L/2

83 In an oscillating L-C circuit, the
maximum charge on the capacitor
is 0. The charge on the capacitor
when the energy is stored equally
between the electric and magnetic

fields is [AIEEE 2003]
0 0 0
- b) — - d
(a) 5 ( )ﬁ (c) 7 (d) 0
Ans. (¢)

Inan L-C circuit, the energy oscillates
between inductor (in the magnetic field)
and capacitor (in the electric field).

Ug  [Maximum energy stored in

max

, capacitor]
_0
“2C
UBmax [Maximum energy stored in
inductor]
_Li
2

where, l'is the current at this time.
Forthe giveninstant, Uz = U,

gL )
20 2

From energy conservation,
Up +Ug=Ug, =U

i.e.,

Bmax

£+11_/2 :Oi

2C 2 2C

2 A2
29”0 [from Eq.(i)]

2C 2C

0

or =

T

54 The power factor of an AC circuit
having resistance R and inductance
L (connected in series) and an
angular velocity wis [AIEEE 2002]

R R
(a) a (b) (Rz +(,02L2)V2
wL R
(C) ? (d) W
Ans. (b)

From the relation, tan @ :ciL

A

Vi )2 2
W (wh)? + (R)

©
O

Power factor,

1
cos@Q=——
J1+ tar? @

g cosq):L

N
1

S+ wL/RE 1+ tar @
1 R

J1+ (@L/RP i JRZ + o8’

TOPIC 2

Growth and Decay of Current

E A capacitor of capacitance C=1uF

is suddenly connected to a battery
of 100 V through a resistance

R =100Q. The time taken for the
capacitor to be charged to get 50 V

IS
R=100Q

"1,
[ ]

[Take, In2=0.69]
[2021, 27 July Shift-I]

(b)3.33x107 s
(d)0.30x107™ s

100V

(a)144 x107" s
(c)0.69 x107 s
Ans. ()

From the given figure in question, it can
be seen that a capacitor of capacitance,

C =1pF is connected to a battery of 100
V through a resistance, R =100 Q.

- We know that in RC- circuit

where, V = voltage across the capacitor,
Vy = supply voltage,
t = elapsed time, since the
application of voltage

and RC =time constant of the
RC-charging circuit.

T
_ _ s RC
| '50—100D e 0
0 0
-t
] TR
2
-t
O 1qze '
2
-t
0 1o TR
2
-t
| 2=efC ()
Taking log on both sides of Eq. (i), we get
DLE
_ RC
In2=In ™ o
g o
0O Ih2=-t
RC
O t=RCIn2

=100 x107° x (069)

O t=0689x%x107"s

56 Aninductor of 10 mH is connected
toa 20V battery through a resistor
of 10 kQ and a switch. After along
time, when maximum current is set
up in the circuit, the current is
switched off. The current in the
circuit after

Tusis X maA. Then, x is equal to
100

...... (Take, e™' =0.37)
[2021, 25 July Shift-1]

Ans. (74)

Given,

inductance of inductor, L =10 mH
=10x1073H

Supply voltage, V =20 V

Resistor of resistance (R) =10kQ
=10x10°Q

Time, t =1us=1x10"% s

As we know that,

In case of circuit having inductor and
resistor,
I=le™"" i)
where, | =decayed current,
Iy = peak current

t =time taken



and T =time constant :%

Substituting in Eq. (i), we get

-tR R

I=le t =Ee L
_1x10~¢ x10x10°
0 | = 20 e  10x107
10x10°
=2x107%e =2 "mA
=2x0.37mA =0.74 mA
=74/100 mA
Comparing with given value, i.e.
X
I =—mA, we get
100

x=T74
57 An R-C circuit as shown in the
figure is driven by an AC source
generating a square wave. The
output wave pattern monitored by

CRO would look close to
[2021, 16 March Shift-I]
R

Vv

Ans. (¢)

When square wave is applied at the
input, then
For charging, the capacitor
-t
01 = O(] -e RC)

Similarly, for discharging the capacitor,
-t

OZ :Omax(eRc)

In this manner, charging and discharging
exponentially with time will keep on
happening alternatively. Therefore, the
output wave pattern monitored by CRO
would look close to

Charging

Discharging

58 A series L-R circuit is connected to
a battery of emf V. If the circuit is
switched ON att =0, then the time
at which the energy stored in the

. Q.. .
inductor reaches %@ times of its

maximum value, is
[2020, 4 Sep Shift-II]

L OVn+1 L, O+n O

=g (b)=Ing-2"0
HRHM—]D ()RHM+1D

L, OVn -1 L O+n O

0 (d)=ing-Xq
(C)anﬁ ()RnDﬁ—m
Ans. (d)

Lettbe the required time at which the
o 1

energy stored in inductor becomes @»@
n

times of its maximum value.
According to question, for givenL-R

circuit,
1
Uz*Umax
n
Tip=tulip
2 n 2
1, O A ir% 11,
LA —e L EO =12
2 R H 2™
1 R P
7Llfnax|]|_e - D: ijlgnax
H H n 2
n -Rfo
O-et U=_
H n
L
o l-e L = Q
n
;R’t
e L :]—L
n
_Rt _
O e L =\/E !
Jn
Taking natural log on both sides, we get
-Rt
In(e t ):Inl%\/ﬁg
0+n O
—&In(e):InE\/ﬁE
L O+<vn O
—&x]:lnm\/ﬁ_‘”:|
L O+n O
O =L B/ 1B
R O+n O
=1
t=£lnm_15
R O+n O
L, O+Jn O
O t=—In0——0
R Wn-10

Hence, option(d)is correct.

59 A part of a complete circuit is
shown in the figure. At some
instant, the value of current [isTA
and it is decreasing at the rate of
102As™". The value of the potential
difference Vp =V, (in volt) at that
instant, is ...........

L=50 mH R=2Q
Po—fzmjtj\—' F—MWWW——Q
30V
[2020, 6 Sep Shift-I]
Ans. (33)

Given that, at any instant,
I=1A
dl

P =-10% A/s(as current is decreasing)
t

L=50mH / R=20Q

F—AMWWWWA—O

P - + o+ - Q
30V

Applying KVL from point Pto point 0,

Ldl
Vo + =% _30+1R =v
" 0

Vp =V, =30 =1x2 =60 x10™° x( ~10)
=33V

60 An emf of 20 V is applied at time
t =0to a circuit containing in series
10 mH inductor and 5Q resistor.
The ratio of the currents at time
t=coand att =40sis close to

(Take, e? =7.389)[2020, 7 Jan Shift-Il]

(a) 1.06 (b) 1.15 (c) 1.46 (d) 0.84
Ans. (a)
Inan L-Rcircuit, current growth occurs as
o kO
I=IUE1—9 L E i)

where, | =instantaneous current,
Iy = maximum current

=currentatt =oo :5
R

R =resistance of circuit,

L =inductance of circuit

andt =instantaneous time.

Here, R=5Q,L =10mH =10 x 107 H,

E=20V,t=40s
So, substituting these values in Eq. (i),
we get

g - 5 7><40D
L:S]—e 10x107 Bz]_e—zm“
o H
O lﬂ:;:‘]

| 1_9—2x104
O ID:].OB(nearestoption)

1
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€

As shown in the figure, a battery of emfe
is connected to an inductorL and
resistance R in series. The switch is
closed att =0. The total charge that flows
from the battery, betweent =0andt =t (
t. is the time constant of the circuit)is
[2020, 8 Jan Shift-II]

eL 1 €L

eR eL

) d) ==
© el ' eR?

Ans. (d)

Inan L-R circuit as shown in the figure,
instantaneous current at timet.

L R
IR A

i=ll-e L)
where,%-tc =time constant of the
circuit.

Now, charge that flows fromt =0tot =t,
from battery,

R
t t -t
— Oy c_ L
q IO idt IJ‘O (1-e L )dt
= =0 0
~ 1 o B
=if-1 et B=m+let o
n-= g B R B
i L [
M _Re O
=10, + e reO-HEeo
R f IR
0, L 4 LO,L 4
=l—+—e -——=l—.¢e
BR R RE 'R

Here, l'is maximum current which occurs
att = and itsvalue s,

=£

R
e L1 el
So, == ——=—
T RR eR?

6_2 For the given input voltage

waveform Vi, (t). the output voltage

waveform V, (t). across the

capacitor is correctly depicted by
[2020, 6 Sep Shift-I]

\/out (t)
3V
@ oy J—
5us 10 ps 15 us
Vout ()
2V
(0)
5us 10 pus 15 us
Vout (t)
C
© oy
t
5us 10us 15us
Vout ()
2V
(©)
S5ups 10 pus 15 ps t
Ans. (a)

The question clearly involves R -C
circuit with DC input, which does not
remains constant. For first bus,
capacitor gets charged as voltage is 5V
and for next s, capacitor gets
discharged as voltage is zero.
Redrawing the given circuit in simple

manner
[10nF T

Vin) - Vout (8)

Time constant, T=RC
=(1x10% x(10 x107°) =10ps
Att =5ps,
Voltage across capacitor,
Vo =V (1=e7VT)
5

0 _bps
:5§1—e 0ps

1kQ
T AWM

[V, =5V]

m

o

=5(1-e%%)=196V=2V
So, the capacitor is charged to voltage
of 2V,i.elV, =2V
Fornextbus, V,, =0, that means
capacitor is discharging.

So, output voltage,
_5ps

=V, e T =2 10 =2¢705 =121V

Now, for next bus,
Vo =5(1-e7 1) +121e 7"

V

out

=5-379e7""
_5ps
=5-379e ' =2 71V =3V
The given values of output voltage are
most closely resembles to that in
graph(a).

63 A 20 H inductor coil is connected
to a 10 ohm resistance in series as
shown in figure. The time at which
rate of dissipation of energy
(Joule's heat) across resistance is
equal to the rate at which magnetic

energy is stored in the inductor, is
[2019, 8 April Shift-1]

i 10Q
E 20 H
2 1
(a) = (b) 51n2
(c) 2In2 (d) In2
Ans. (c)
Given circuit is a series-R circuit
R=10Q
VW
i
F— L= 20H

InanL-Rcircuit, current increases is
E,. —m

i==(1-e L)

R

Now, energy stored in inductor is
1

_ 2
U, —ELI
where, L =self inductance of the coil
and energy dissipated by resistor is
Ug =i°R
Given, rate of energy stored in inductor

is equal to the rate of energy dissipation
inresistor. So, after differentiating, we get

L9 =prn 9 =R
dt dat L
Ep Rt peA RO
O fEﬁe L =f§[’1—e c
R L L RH H
Ry Rey
O 2e L =10 el ==
2
Taking log on both sides, we have
-R 00 R
0 —t=In [0 —t=In2
=71 ]
0 t=Lin2=O2 0 t=2m2
R 10



64 A coil of self inductance 10 mH and
resistance 0.1Q is connected
through a switch to a battery of
internal resistance 0.9 Q. After the
switch is closed, the time taken for
the current to attain 80% of the

saturation value is [Take, In5=16]
[2019, 10 April Shift-I1]

(a) 0.002s (b) 0.324s
(c) 0.103 s (d) 0.016's
Ans. (d)

Key Idea In an [-R circuit, current during
charging of inductor is giver}by
i=igl-e L)
where, i, = saturation current.
In given circuit,
Inductance of circuit is
L=10mH=10x10"H
Resistance of circuit is
R=(Ry +r)=0.1+09=1Q

Rg=0.1Q
AAAAMA
T
e
=
I
-~
+ — »
r=0.9Q
Now, from
R
N
i=igll-e L) i)
Given, i=80%ofig
0 =800 —gg;,

100
Substituting the value of i in Eq. (i), we
get

_Em
08=1-e L
Ry Ry
O el =020 et =5H
R
—_t R
O In(e)t =Inb th=ln5
-3
0 t=Lme=120" )
R 1
=10x107 x1.6

=1.6x107s=0016s

65 Consider the L-R circuit shown in
the figure. If the switch Sis closed
att =0, then the amount of charge
that passes through the battery

betweent=0andt :E is

[2019, 12 April Shift-11]

b
E S
2.72EL (b) EL2 C)7.32EL (d) EL2
R 27R R 73R
Ans. (b)

Inan L-R circuit, current during charging
is given by

(a)

where, [ =% =saturation current.

0
So, we haved—q=1 =IOD1—e
dt H

a d ID _%Edt
q=l, h—e
H B

So, charge g that passes through battery
from time t =0 to t:E is obtained by

integrating the above equation within the
specified limits, i.e.

T
q=J’qu:r:§/DH—e Edt
L
M IR
nl 1 R0
:'Olﬂ_il} L ED
H BoH
L
E L L
= __ -+ —_ +
it B e
“Ey L _EL
R Re R%
0 = EL lie=272]
2.7 R?
66 In the circuit shown,
R L
AW HO0000
Sz
} P

€
The switch S, is closed at time
t =0and the switch S, is kept
open. At some later time(t), the
switch S;is openedand S, is
closed. The behaviour of the

current [ as a function of time t'is
given by

[2019, 11 Jan Shift-1]
Ans. (b)

Initially in the given RL circuit with a
source, when S, is closed and S, is open

atts<t,.
v R
=2 9 —ex @Lt

1 RE PHL %

In this case, inductorL is charging.
When switch S, is closed and S, is open
(aftert>t,), the inductor will be
discharged through resistor.
In this case(t>t,),
% OoR

l, =—exp =-—(t =tg)

=
Thus, the variation of [ witht
approximately is shown below

/

o
B

fo t

67 Aninductor(L=0.03H)and a
resistor (R =0.15kQ) are connected
in series to a battery of 15V EMF in
a circuit shown below. The key K
has been kept closed for a long
time. Then att =0, K, is opened and
key K, is closed simultaneously. At
t =Tms, the current in the circuit
will be (e® =150) [JEE Main 2015]

003H  0.15kQ

(a)100 mA
(c)B8.7mA



g An LCR circuit is equivalent to a

Ans. (d) Ans. (a)
Key Idea After long time inductor Considert the LCR circuit at any time t
beh hort-circuit. R [
enhaves as short-circul &

Att =0, the inductor behaves as
short-circuited. The current

lp=E0=_1%Y Z100 ma e
R 0.15kQ g lc
Now, applying KVL

AsK, is closed, current through the

inductor starts decay, which is given at q Ldi _
any time t as We have E_'R_W_O
- R -t x15000

=1, e L =(100mA)e 3 As current is decreasing with time we

At t=1ms can writef:—%
1107 x15 107 )
1=(100 mA) e 3 0 9,495, Ldq_g,
- -5 _ C dt dt?

[=(100mA) e™° =08737 mA N dih.ﬁdj_,_&zo

or [=067mA a? Ldt LC

This equation is equivalent to that of a
damped oscillator
Thus, we can write the solution as

Omax(t):oo @*RH?L
2 2 -
or Omax:OOe L
AsL,>L, damping is faster forL,

damped pendulum. Inan LCR
circuit, the capacitor is charged to
0y and then connected to the L
and R as shown below.

R L ) o Lo
——— T ——— MWW ——— Aliter Inductance is inertia of circuit. It
means inductance opposes the flow of
charge, more inductance means decay
of charge is slow.
| IC In option(a), inagiventimeto,O%>O§,
If a student plots graphs of the L
square of maximum charge (02, ) @
. . . 1
on the capacitor with time (t) for i
two different valuesL ; and % 5
L,(L,>L,)of L, thenwhich of the

following represents this graph
correctly? (plots are schematic

and not drawn to scale)
[JEE Main 2015]

)

So,L,>L,. Hence, option(a)is correct.

69 In the circuit shown here, the point
Cis kept connected to point Atill
the current flowing through the
circuit becomes constant.
Afterward, suddenly point Cis
disconnected from point A and
connected to point Bat time t =0.
Ratio of the voltage across
resistance and the inductor at

t =L /R will be equal to
[JEE Main 2014]

I}
[ g

t

(a) —

1-e

(c) -1 (d) —

Ans. (¢)

After connectingC to B hanging the
switch, the circuit will act likeL-R
discharging circuit.

R

L
Applying Kirchhoff's loop equation,
VetV =00 V==V,
0 Vo o
VL
e = [Bvdx [cv=wx]
3
O e =I () B dx
21
R XnH
Usin x'dx =
° I n+1
2 f
0O e= B(,OE«)'LLD
02
2 _ (o2 2
o= BQ}[(BZ) (2)7] _5Blw

2 2
70 In an L-C-R circuit as shown below,
both switches are open initially.
Now, switch S; is closed and S,
kept open(q is charge on the
capacitor and t=RC is capacitance
time constant). Which of the

following statement is correct?
[JEE Main 2013]

R SL

sgl\

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

(b) Att=1,9=CV/2
(c) Att=21g=CV(1-e7?)

(d) Att=%,q =V (1-e)

<=

3~ o

Ans. (¢)

For charging capacitor, g is given as
q=qyl1-e™")=cv(1-e7!'T)

At t=2t1,



ﬂ
g=CV(l-e v)
O g=CV(i-e™?)

F 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 (takelog; 2.5=0.4)

[AIEEE 2011]

(a)1.7 x10°Q (b)2.7x10%Q
(c)3.3x10"Q (d)1.3 x10*Q
Ans. (b)

Neon bulb is filled with gas, so its
resistance is infinite, hence no current
flows through it.

B
R
o
I Ii—(s)—
E

Now, V, =E(1-e "FC)

O 120=200(1-e7YFC)

Oe VRC :% O t=RC In25

ot t
CIn2.5 2303Clog2.5
=2.7x10°Q

ﬁ Let C be the capacitance of a

capacitor discharging through a
resistor R. Suppose t; is the time
taken for the energy stored in the
capacitor to reduce to half its initial
value andt, is the time taken for
the charge to reduce to one-fourth
its initial value. Then, the ratio

t; /t, will be [AIEEE 2010]
(a) 1 (b) 172 (c) /4 (d) 2
Ans. ()

Energy stored in capacitor,

]CI 1 -t/ 1\2
=—1 = _(ge™"'")
2C 200
2
=90 g2/ [\yhere, = CR]
2C

U:U,e_z”‘,%u,- =y e/

loe2ing ¢ =T
2 2

Now, q=gye”"

t 1 _ —ty /1
= = e
4% do

t, = TIn4 =2tIn2

t, _1

t, 4

73 An inductor of inductance

L =400 mH and resistors of
resistancesR; =4QandR, =2 Q
are connected to battery of emf 12
V as shown in the figure. The
internal resistance of the battery is
negligible. The switch S'is closed at
t =0. The potential drop across L as
a function of time is  [AIEEE 2009]

i

L
12V Ry
. R,
5
(a) Be™®tV (b) %e"“ vV
(c)6(1=e 92 (d)12e7°' Vv
Ans. (d)

-+ Potentialdrop=E -, R,

I, =lp(1—e™"'t)
[current as a function of time]
O ID :£ :E =6 A
R, 2
-3
and =L 2H00XI07 g5
R, 2
l,=6(1-e™)

Potential drop across
L=E=R,l,=12-2 x6(1 -

=12¢75¢

74 Anideal coil of 10 H is connected in

series with a resistance of 5 Q and
a battery of 5 V. After 2s, the

connection is made, the current
flowing (in ampere) in the circuit is

(a) (1—¢) (b) e [AIEEE 2007]
(c) e” (d)(1-e™
Ans. (d)
Rise of currentin L-R circuit is given by
10H 5Q
N
L
S\
I=1(1-e7t'T)
where, lp=E=2=1A
R 5
Now, r=£=E=ZS
R 5

After2si.e.,at t=2s
Rise of current, [=(

E An inductor (L =100 mH), a resistor

(R=100Q)and a battery (E =100V
are initially connected in series as
shown in the figure. After along
time, the battery is disconnected
after short circuiting the points
Aand B. The current in the circuit

1 millisecond after the short circuit
is [AIEEE 2006]

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

This is a combined example of growth
and decay of currentin an L-R circuit.

L =100 mH
[N
R =100Q
A B
E =100V

The current through circuit just before
shorting the battery,

/0 =_ :@ =1A

R 100

[as inductor would be shorted in steady
state]



After this decay of current starts in the
circuit, according to the equation,

I=le”"
T=L/IR
L

where,

=3 -3
| =1x g-(1x107) (100 x10 /100):§1§A
e

[+t =1millisecond=1x10"s

andL =100 x 107 H]

76 A coil of inductance 300 mH and
resistance
2 Qs connected to a source of
voltage 2 V. The current reaches

half of its steady state value in
[AIEEE 2005]

(a) 0.055s (b) 0.1s
(c) 0.15s (d) 0.3s
Ans. (b)
The current at any instant is given by
I=1,(1-e™Rt)
LR
VWWWA
II
II
2V
0 LO:IU“ “RULY
2
or Tofoemmiy
2
or etz o Rlopp
2 L
-3
Ot=Lin2=390%107 4 gg93
R 2

=150 x0693 x107~° =0.103955 =0.1 s

TOPIC 3

AC Generator and Transformer

77 For the given circuit, comment on

the type of transformer used.
[2021, 16 March Shift-II]

Iy L 011A

L

Ell= 9 sow v
A 2

D

220VE

) Auxilliary transformer
) Auto transformer
) Step-up transformer
) Step down transformer
Ans. (¢)
Voltage across secondary coil,
- Power across load
Current passing through load
P _60

0O Vv,="=2 0V, =54545V
I o

Voltage across primary coil, V; =220V
d Vv, >V,

It means that step-up transformer is
used.

(a
(b
(c
(d

78 An electrical power line, having a
total resistance of 2Q, delivers 1
kW at 220 V. The efficiency of the
transmission line is approximately

[2020, 5 Sep Shift-I]

(a) 91% (b) 85%
(c) 96% (d) 72%
Ans. (¢)

Given, P=1kW =1000 W
V=220V,R=2Q
Current, I:E:@A
vV 220
mooof

:IZR:
ZZOH

Power loss, A X2

=4132W
Now, the efficiency of transmission line,

n=H0_P B0
%P+PIOSS%

=H_ 1000 Hiy00
1000 +41.320
n=96.03% =96%
Hence, correct optionis(c).

79 A transformer consisting of 300
turns in the primary and 150 turns
in the secondary gives output
power of 2.2 kW. If the current in
the secondary coil is 10 A, then the
input voltage and current in the
primary coil are [2019, 10 April Shift-I1]
(a) 440Vand5A (b) 220V and20 A
(c) 220Vand10A (d)440Vand20A
Ans. (a)

Given,

Number of turns in primary, N, =300
Number of turns in secondary, N, =150
Output power, B, =22 kW =2.2 x10%W
Current in secondary coil,l, =10 A

Output power, F, =1,V,
P 3
0 v, _h _22x10
IZ
We know that,
N, _ Inputvoltage
N,  Output voltage

14 %D
=0\ tHY
Y 2%

_[B00Qd . )
Vv, = 50 HX(ZZUV) [using Eq. (i)]

=220V ..(i)

V, =440 V D)
Again, £=Il
> h
0
0 =028, =220 <10
ov,0° 440
[using Egs. (i)and (ii)]
n l,=5A

80 A power transmission line feeds
input power at 2300 Vto a
step-down transformer with its
primary windings having
4000 turns. The output power is
delivered at 230 V by the
transformer. If the current in the
primary of the transformer is 5A
and its efficiency is 90%, the output
current would be [2019, 9 Jan Shift-II]

(a)4b A (b)50 A
(c)25A (d)35A
Ans. (a)

For atransformer, there are two circuits
which have N, and N (number of coil
turns), I, andlg (currents)respectively as
shown below.

i Np /S VS
Q8 &g il
T Ng
Primary Secondary

Here, input voltage, V, =2300V

Number of turns in primary coil,

Np =4000

Output voltage, Vg =230 volt

Output power, Py =V, [

Input power, P, =V,

O The efficiency of the transformer is

_ Output(secondary) power

Input (primary) power

O n:@xmo
Ve I



81

_ (230)(15)
" (2300)(5)
2301
" (2300) x5
O Is =45A

x 100

In an AC generator, a coil with N
turns, all of the same area A and
total resistance R, rotates with
frequency win a magnetic field B.
The maximum value of emf
generated in the coil is [AIEEE 2006]
(a) NABRw

(b) NAB

(c) NABR

(d) NABw

Ans. (d)

The emf generated would be maximum
when flux (cutting) would be maximum
i.e., angle between area vector of coil
and magnetic field is 0°. The emf

82

generated is given by (as a function of
time)

8=0°

_____ 1,
_____ E__ >
N F--- —b--| s
_____ S
_____ oy o
"W

e =NBAwcos uxt
O emay =NABw
[‘ccoswt=cosB=108 0O ]

The core of any transformer is

laminated so as to [AIEEE 2003]

(a) reduce the energy loss due to eddy
currents

(b) make it light weight

(c) make it robust and strong

(d) increase the secondary voltage

Ans. (a)

The core of transformer is laminated to
reduce energy loss due to eddy currents

because induction is reduced by
laminating.

83 In a transformer, number of turns

in the primary are 140 and that in
the secondary are 280. If current in
primary is 4 A, then that in the
secondary is [AIEEE 2002]
(a) 4A

(b) 2A

(c) BA

(d) 10A

Ans. (b)

Given, I, =4A,N, =140 and N, =280
From the formula,

,P_Ns
s N,
4 _ 280
or —=—
I, 140
So, [ =2A
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