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13.AC CIRCUITS
Single Correct Answer Type 8. Inaseries resonant R — L — C circuit, the

1.

In a series L — C — Rcircuit, R =300 Q,L =
0.9H, C = 2pF, w = 1000 rad/s. The impedance
of the circuit is

a)500 Q b)1300 Q

c) 400 Q d)900 Q

In non-resonant circuit, what will be the nature
of the circuit for frequencies higher than the
resonant frequency?

a) Resistive b) Capacitive

¢) Inductive d)None of these

In series L-C-R circuit, the capacitance is
changed from C to 2 C. The inductance should
be changed from L to .. to obtain same
resonance frequency.

a) 4L b)L/2

c)L/4 d) 2L

An AC circuit contains resistance of 12Q and
inductive reactance 5. The phase angle
between current and potential difference, will
be

a)sin~! (%) b)cos™?! (15—2)

c)sin~t (%) d)cos™? (%)

A 10 pF capacitor is charged to 25 V of
potential. The battery is then disconnected and
a pure 100 mH coil is connected across the
capacitor, so that L. — C oscillations are set up.
The maximum current in the coil is

a)0.25A b)0.01 A
c)25A d)1.6 A
The rms value of current i, is
ig )
a) e b)ﬁ
V2i,
c 2ig (where, i is the

value of peak
current)
An AC source is 120 V — 60 Hz. The value of
voltage after 7;—0 s from start will be

a)20.2V b)42.4V
c)84.8V d)106.8V

10.

11.

12.

voltage across R is 100 V and the value of R =
1000 Q. The capacitance of the capacitor is 2 X
107° F, angular frequency of AC is 200 rad s~ 1.
Then, the potential difference across the
inductance coil is
a)100Vv b)40 v
c)250V d)400V
Inan L — C — R ciruit, if V is the effective value
of the applied voltage, Vy is the voltage across
R,V is the effective voltage across L, V¢ is the
effective voltage across C, then
AV=Vr+V,+Ve b)VZ=VZ+V?+ V2
2 2

C)Yv2+(v — V)2 Gl)Yv2+(v —Vp)?
= VR L~ Vc = VL R~ Vc
A pure inductor of inductance 25.0 mH is
connected to a source of 220 V. Find the
inductive reactance, if the frequency of the
source is 50 Hz.
a) 785 Q b)6.50 Q
c)7.850Q d)8.75 Q
In the given circuit, the AC source has w =
100 rad/s. Considering the inductor and
capacitor to be ideal, the correct choice(s) is
(are)

100M1F

100Q)
| VVWVW
05 H 50 Q
IRRR] YWWWW\/—
iA
20V

a The current through . . The current through
the circuit= 0.3 A the circuit = 0.3v2 A
The voltage across

) 100 Q resistor = d)
30V2V

Which of the following is the graphical

representation of alternating current and

voltage for a purely resistive circuit

The voltage across
50 Qresistor=10V
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applied to the coil, the voltage leads the
current by 45°. The inductance of the coil is

a) t
T
Vi Y

1
a — —
)10n )ZOH
1
c) — _
: ) 401t )601'[
18t A coil of 0.01 H inductance and 1Q) resistance is

connected to 200 V,50 Hz AC supply. The
impedance of the circuit and time lag between
maximum alternating voltage and current
would be

1 1
a)3.3Qand s b)3.9 kQ and — s

1 1
c) 4.2 kQ and 700 S d)2.8 kQ and 0 S

If an AC main supply is given to be 220 V. What
would be the average emf during a positive

19.

[ \ | = |

13. The value of alternating emf E in the given
circuit will be

V=80V Ve =100V
fe— L ————f fe— =
—— WVYW——y 1
V=40V
®E ,50 Hz
a)220v b)140V
c)100V d)20V
14. An alternating current is given by the equation
i =1i; cos wt + i, sin wt. The rms current is
given by
a)\/—(h +1i3) \/—(11 +1i5)?
\/— (11 +i5)/2 d)z(lf +i5)1/2
15. For high frequency ,capacitor offers
a) more resistance b)less resistance
c) zero resistance d)None of these
16. A generator produces a voltage that is given by
V =240 sin 120 t, where tis in second. The
frequency and rms voltage are
a) 60 Hz and 240V b)19 Hz and 120 V
¢)19Hzand 170V d)754 Hzand 70 V
17. An inductive coil has a resistance of 100 (.

When an AC signal of frequency 1000 Hz is

NS

ot half cycle?
a)198V b)386V
i c) 256V d) None of these
20. The average current in terms of iy for the

waveform shown is
A

: i
a)i b)—
)i )3
lg

C —_—
) 2
A charged 30pF capacitor is connected to a

27 mH inductor. What is the angular frequency
of free oscillations of the circuit?

a)l.1s7t b)1.1 x 103 s71
c)1s7? d)1x1073s71

What is the value of inductance L for which the

o
)2
)4
21.

22.
current is a maximum in a seriesL — C —R
circuit with C = 10pF and w = 1000s™1?
a) 100mH b)1mH
c) Cannot be calculated d) 10mH

unless R is known
An alternating voltage, V = 200v/2 sin(100 t) is
connected to a 1pF, capacitor through an AC
ammeter. The reading of the ammeter shall be
a)10 mA b)20 mA
c) 40 mA d)80 mA
Which of the following graphs represents the
correct variation of inductive reactance X;,

23.

24.
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25.

26.

27.

28.

29.

with angular frequency w?

A

XL“ XL

x A

) d)

> ©

When an alternating voltage source of V =
200 sin (1001‘[t - g) is applied to a pure

capacitor of capacitance 2uF, then the
instantaneous value of current through the
capacitor is
my  0.04msin (100mt
2) 200 sin (100t + ) b) .
6 +I)
6
¢) 200 sin (1007t - ) d) 0.04msin 1001t
6 _ E)
6
An inductance of negligible resistance, whose
reactance is 120 () at 200 Hz is connected to a
240V, 60 Hz, power line. The current in the
inductor is
a)6.66 A b)6.60 A
c)5.45A d)54.5A
The current in the series L — C — R circuit is
i
Vi

B o

N

a)i =iy sin(wt+¢) b)= \/RZ

+¢)
c)i= 2ipycos(wt+ ¢) d)Both (a) and (b)
A coil of inductive reactance 31 Q has a
resistance of 8 (. It is placed in series with a
condenser of capacitive reactance 25 (). The
combination is connected to an AC source of
110 V. The power factor of the circuit is
a)0.56 b)0.64
c) 0.80 d)0.33
An alternating voltage V = 200+/2 sin(100 t)
volt is connected to 1pF capacitor through AC
ammeter. The reading of ammeter is

+ (Xc — X)?

30.

31.

32.

33.

34.

35.

36.

37.

a)5 mA b)10 mA

c)15mA d)20 mA

The rms current in the circuit containing a
pure inductor of 40 mH, connected to a source
200V,50 Hzis

a)25A b)16 A

c)11A d)28 A

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

a)80 H b)0.08 H

c) 0.044 H d)0.065 H

A resistance of 2000 and capacitor of 15uF are
connected in series to a 220 V, 50 Hz AC
source. The voltage (rms) across the resistor
and capacitor is that

a)151V,1604V b)150V,100.3V
c)220V,91.8V d)145V,311.3V

A 1.5 mH inductor in an L — C circuit stores a
maximum energy of 30w]. The rms value of
current in the circuit is

1
a)—=Xx10"1A b)V2 x 1072 A
)ﬁ V2

1
c)—=Xx10"2A d)vV2x1071A
)\/7 )2

A coil of self-inductance L is connected in
series with a bulb B and an AC source.
Brightness of the bulb decreases when
frequency of the AC b)number of turns in
source is decreased  the coil is reduced
a capacitance of d)an iron rod is
reactance X — X is  inserted in the coil
¢ included in the same
circuit
The peak value of alternating current is 5v/2 A.
The root-mean-square value of current will be
a)5A b)2.5A
c)5v2 A d)None of these
In an AC circuit, the current lags behind the
voltage by 1 /3. The components of the circuit

are
a)Rand L b)L and C
c)JRandC d)only R

An alternating voltage (in volts) given by V =
200+/2 sin(100t) is connected to a 1pF
capacitor through an AC ammeter.

The reading of the ammeter will be

a)10 mA b)20 mA

c) 40 mA d)80 mA
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38.

39.

40.

41.

42.

43.

Figure shows an experimental plot for
discharging of a capacitor in an R — C circuit.
The time constant t of this circuit lies between

PD (in V)
A
25
20-—\
15
AN
N
10 N
5 \
0 Pt (in s)
50 100 150 200 250 300
a)150sand 200 s b)Osand 50 s

c¢)50sand 100s d)100 sand 150s
The instantaneous values of current and
voltage in an AC circuit are given by

i= 6sin(100nt+§),v= 551n(100nt—§),
then

2) current leads the voltage leads the
voltage by 45° current by 90°

9 current leads the voltage leads the
voltage by 90° current by 45°

The maximum value of AC in a circuitis 707 V.
Its rms value is

a)70.7v b)100V

c)500V d)707V

An alternating voltage V(t) = 220 sin 1007t
volt is applied to a purely resistive load of 50Q.
The time taken for the current to rise from half
of the peak value to the peak value is

a)5 ms b)2.2 ms

c) 7.2 ms d)3.3 ms

When an alternating voltage is applied to an
inductor as shown in the figure, then

g
i
S
V=V sinot
di di
V+Lo=0 b)V—Lo =0
JV+Lg ) at
di di
OL+Ve— =0 dL-V= =0
JL+Va L=V

The r m s value of the alternating current

44,

45.

46.

47.

48.

shown in figure is

TzA

O T2 T 3T/2 t—
..... G
a) 2A b)-2A
c) 4A d)1A
Alternating current of peak value (%) ampere

flows through the primary coil of the
transformer. The coefficient of mutual
inductance between primary and secondary
coil is 1H. The peak emf induced in secondary
coil is (frequency of AC = 50 Hz )

a)100V b)200 v

c)300V d)400V

For the series L-C-R circuit shown in the figure,
what is the angular resonant frequency and
amplitude of the current at the resonating

frequency?
8§mH

L

220V () =T 20uF

L man—

44 ()
)2500 rads~! and b)2500 rads" and 5 A
a rads™! an
5v2 A
2500 rads~! and
c)s A d)25 rads~! and 5v2 A
N

If reading of an ammeter is 10 A, the peak
value of currentis

EA b iA
V7 )7
c)20vV2 A d)10v2 A

In an L-C circuit, angular frequency at
resonance is w. What will be the new angular
frequency when inductor's inductance is made
two times and capacitor's capacitance is made
four times?

e il
Vo2 b7
2 d)Z_u)
2w NG

To express AC power in the same form as DC
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49,

50.

51

52.

53.

54.

55.

56.

57.

58.

power, a special value of current is defined and

used, is called
root-mean-square

a .
current (i)

c) induced current d)Both (a) and (b)

Alternating current cannot be measured by DC

ammeter because

a) AC cannot pass
through DC ammeter

c) average value of
current for complete
cycle is zero

The frequency of an alternating voltage is

50 cycles/s and its amplitude is 120 V. Then,

the rms value of voltage is

a)101.3V b)84.8V

c)70.7V d)56.5V

The impedance of a circuit, when a resistance R

and an inductor of inductance are connected in

series in an AC circuit of frequency f, is

a) R + 2m2f2[2 b) /R + 4n2f2]2

¢) VRZ + 4m2f2]2 d)/R? + 2m2f2]2

A charged 40 pF capacitor is connected to a

16 mH inductor. What is the angular frequency

of free oscillations of the circuit?

a)l.ls b)1.25 x 103571

c)2x103s71 d)2.5x103s71

Which of the following represents the value of

voltage and current at that instant?

a)Vy, sinwt, i, sinwt b)V,, cos wt, i, coswt

c) =V, sinwt, —iy, sined) -V, cos wt, —iy, cos

Which current do not change direction with

time?

a) DC current b) AC current

c) Both (a) and (b) d) Neither (a) nor (b)

The reactance of a coil when used in the AC

power supply (220 V,50 cycle s™1) is 50 Q. The

inductance of the coil is nearly

a)0.16 H b)0.22 H

c)2.2H d)1.6 H

AC measuring instruments measures

a) peak value b)rms value

¢) any value d)average value

An alternating voltage E = 200v/2 sin(100 t) is

connected to 1puF capacitor through AC

ammeter. The reading of ammeter shall be

a)10 mA b)20 mA

c) 40 mA d)80 mA

The natural frequency of an L. — C circuit is

125000 cycle/s. Then, the capacitor C is

b) effective current

b) AC changes direction

d) DC ammeter will get
damaged

59.

60.

61.

62.

63.

64.

65.

replaced by another capacitor with a dielectric
medium of dielectric constant K. In this case,
the frequency decreases by 25 kHz. The value
of Kis

a)3.0 b)2.1

c)1.56 d)1.7

1
If the power factor changes from 3 to %, then

what is the increase in impedance in AC?

a)20% b)50%

c) 25% d)100%

The maximum voltage in DC circuitis 282 V.

The effective voltage in AC circuit will be

a)200v b)300V

c)400V d)564V

An alternating emf of 0.2 V is applied across an

L — C — R series circuit having R = 4(,C =

80uF and = 200 mH. At resonance the voltage

drop across the inductor is

a)10Vv b)2.5V

c1lv d)5V

If the inductance and capacitance are both

doubled in L-C-R circuit, the resonant

frequency of the circuit will

a) decrease to one-half b) decrease to one-
the original value fourth the original

value

c) increase to twice the d)decrease to twice the
original value

If the frequency is doubled, what happen to the

capacitive reactance and the current?

a) Capacitive reactance b) Capacitive reactance
is halved, the is doubled, the
current is doubled current is halved

c) Capacitive reactance d) Capacitive reactance

original value

and the current are and the current are
halved doubled
In an AC circuit, i = 100 sin 200 mtt. The time
required for the current to achieve its peak
value will be

1 1
_ b)——
700 S )700
1 1
- d)——
9300 ° V200 S

In an electrical circuit R, L, C and an AC voltage
source all connected in series. When L is
removed from the circuit, the phase difference
between the voltage and the current in the
circuit is g If instead C is removed from the
circuit, the phase difference is again g The

power factor of the circuit is
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66.

67.

68.

69.

70.

) b)
al= -
2 V2

1
2 a)¥3

2

in L-C-R circuit, power factor at resonance is
a) less than one b) greater than one
) unity d)Can't predicted

Same current is flowing in two AC circuit, First
contains only inductance and second contains
only capacitance. If frequency of AC is
increased for both, the current will

a) increase in first b)increase in both
circuit and decrease  circuits
in second

c) decrease in both d)decrease in first
circuits circuit and increase

in second
Out of the following graphs, which graphs

shows the correct relation (graphical
representation) for LC parallel resonant
circuit?
A A
P
£
O
2
a) s b)
(]
Q‘ s
L
0 () () o
Frequency Frequency
A A
-
g
0]
=
=
2 O
<
Ol N N
o min f-===-=-=-°
g :
— '
>

Y

®

Frequency

Frequency

In a L — R circuit of 3 mH inductance and 4()
resistance, emf E = (4 cos 1000t)V is applied.
The amplitude of current is

a)0.8A b); A

c)J1A 4
d)ﬁA

For the L — C — R circuit shown here, the

71.

72.

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

O
V =V sinot

series with C and has series with C and has
(1-w?LC)

2L

parallel with C and parallel with C and
) has a magnitude d) has a magnitude

(1-w?LC) _c

w?L (w2LC-1)

A 15.0 pF capacitor is connected to a
220V,50 Hz source. The capacitive reactance
is
a)220Q b)215Q
€)212Q d)204 Q
An AC circuit of variable frequency fis
connected to an L-C-R series circuit. Which one
of the graphs in the figure, represents the
variation of current i in the circuit with
frequency?

a . c b
) a magnitude @LcD) )a magnitude

-

\
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73.

74.

75.

76.

77.

78.

79.

80.

When a capacitor of 36pF is connected to a
240V, 50 Hz supply the currents (rms and
peak) in the circuit are

a)1.47 A,2.04A b)1.95A,2.73 A
c)2.73A,385A d)2.4A,1.08A

If maximum energy is stored in a capacitor at
t=0, then find the time after which, current in
the circuit will be maximum?

L =25mH
e A0 2 A T
|
|
C=10pF
T b I
a)zms )4 ms
c) mms d)2 ms

In terms of q, the voltage equation for series
L — C — Rcircuitis given by

dg dq q d’q _dq q
a)LaE+J{aE+E b)LEE"FREE+E
=V, sinwt =V, sin ot
d’q _dq q d’q _dq q
ola Ratc otw Rac
=V, sinwt = V,, sin wt

A coil has inductance 2 H. The ratio of its
reactance, when it is connected first to an AC
source and then to DC source, is

a) zero b)1

c)less than 1 d)infinity

The instantaneous voltage through a device of
impedance 20Q is V = 80 sin 100 rtt. The
effective value of the current is

a)3A b)2.828 A

c)1.732 A d)4 A

The average value of AC voltage given by V =
Vi, sin wt over time intervalt =0tot = gis

0 2
L

V,
Q)= d) Vi
Tt

The peak value of AC voltage on a 220 V mains
is
a) 240V2V b)230v2V

c) 220vV2V d)200v2 Vv
A capacitor 50pF is connected to a power

81.

82.

83.

84.

85.

86.

source V = 220 sin 50t ( V in volt, t in second).
The value of rms current (in ampere) is

V2

Al b)0.55
a)0.55A )0.554
V2 A d)o'—j;A

A resistance of 20() is connected to a source of
an alternating potential, V = 220 sin(100mt t).
The time taken by current to change from its
peak value to rms value is

a)0.2s b)0.25s

c)25x1073s d)2.5x 107 3s

The electric mains in the house is marked
220V, 50 Hz. Write down the equation for
instantaneous voltage.

a) 3.1 sin(100m)t b)31.1 cos(100m)t
¢)311.1sin(100m)t  d)311.1 cos(100m)t

A bulb is connected first with DC and then AC
of same voltage, then it will shine brightly with

a)AC b)DC
c) brightness will be in d)equally with both AC
ratio 1/1.4 and DC supply

An L — C circuit contains 10 mH inductor and a
25 pF capacitor. The ratio of the time periods
for the energy to be completely magnetic, is
a)0,1.57,4.71 b)1.57,3.14,4.71
c)1.57,4.71,7.85 d)None of the above

In a circuit, the current lags behind the voltage
by a phase difference of /2, the circuit will
contain which of the following?

a)only R b)only C

c)RandC d)only L

The alternating current in a circuit is described
by graph shown in figure. The rms current
obtained from graph would be

1
+ T
0
1 2T
g 1= t ————
D
LT
a)1.4 A b)2.2 A
)19A d)2.6 A
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Date :28.03.2025 TEST ID: 36
Time :01:17:24 PHYSICS
Marks : 86
13.AC CIRCUITS
: HINTS AND SOLUTIONS :
Single Correct Answer Type The impedance triangle is as shown below
1 (a

Impedance for series L — C — R circuit is given by

1 2
Z:\/R2+(mL——)
wC z

Xy

Given, resistance, R = 300 (), inductance, L =

0.9H,
capacitance, C = 2uF = 2 X 107° F and angular
frequency, w = 1000 rad/s. 0

Substituting the given values in the above

R
equation, we get L R
From this triangle, cos 6 = -
=z Z
R
1 2 = 0 =cos”~ (Z)
= [3007? (1000 %X 0.9 — )
* 1000 x 2 x 1076 L 4 (E)
B 13
— — 2
= z =,/90000 + (900 — 500) 5 ()

= z =v250000 = 500Q

Hence, the impedance of L — C — R circuit is 500().

For L — C oscillations,
Energy stored in inductor = Energy stored in

2 (9 ) capacitor
At resonant frequency, X, = X¢ ( oL = R) %Lirzn — %CVI%
The frequencies are higher than resonance
frequencies. Given,V,, = 25V,C = 10uF = 10™°F
XL > Xc
i.e., behavior is inductive. andL = 100mH = 10~'H
3 (b) ori, = Vm\ﬁ _ ot ’10::
At resonance, X, = X¢ L 10
1
iL.e.wL = — -2 A —
i.e.wp G =25x107“A=0.25A
- 6 b
or W, = —
== (b) |
1 The value of current, iy, = \/—0_
or 2mv, = —
VLC 7 (c)
orv, = 1 V=V,sinwt = Vrmsxff sin wt
2mvLC 1
or LC = constant (as V remain same) Aftert = 720 >
'-ﬁ=&orL—2=£orL2=E V = 120v2 sin 2mvt
L, C L 2C 2 1
4 (d) = 1202 sin 21 X 60 x =5
Given,R = 12 Q and X, = 5Q T 1
= 120V2sin— = 120v2 x
~ Impedance, Z = {/(12)? + (5)? = 13Q 120v2sin 6 >
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10

11

=60v2 = 84.8V
()

The current in the circuit, i = Yr _ 100 _ 01A
R~ 1000
. i

Atresonance, Vi, = Vo = iX; = e
= 01 =250V
S 200%x2x10°6
(9
Phasor diagram of R-L-C series circuit is shown in
figure

A
(Vi-Vo)

Ve VR Voltage axis

Y

V2 =VE + (Vi — V)?

()

Given,L = 25mH = 25 x 10"3Hand v = 50 Hz
The inductive reactance,

Xy, = 2mvL = 2 X 3.14 x 50 x 25 X 1073 = 7.85Q
(a)

100MF 1000

I

i

S,
1 1
©C 100X 100 X 106

. Zy = 1/(100)2 + (100)2 = 100v2 Q
= cos~! (22
¢, = cos <Z1)

Circuit1l X = =100Q

(00w = ()

= cos =cos ' |—

1002 V2

= 45°

In this circuit, current leads the voltage,
Vv 20 1

! Z, 100V2 5v2
V. (100)i; = (100) ! 10V2V
= 1 = —
100Q 1 5\/2
Circuit 2 X;, = wL = (100)(0.5) = 50Q

Z, = /(50)2 + (50)2 = 50v/20Q
R 50 1
= cos~! (—2) =cos 1——=cos 1—=45°
b2 Z 50v2 7

12

13

14

In this circuit, voltage leads the current,
V. 20 2

i —_—— O e——
2 Z, 50v2 5
V2
Vsoq = (50)i, = 50 <?> =10V2V

Further, [; and I, have a mutual phase difference
of 90°.

1= /12+12— 1.2
SNt T2 ]50 50
1

[=—=A=03A
V10

(b)

In a purely resistive circuit, the alternating
current and voltage are in phase. This means that
the maxima, zero and minima occur at the same
time, for both quantities.

This can be graphically represented as

(o)
For series L — C — R circuit,
V= \/vg + (Vg — V)2

=/(80)% + (40 — 100)2 = 100 V
()

Equation of alternating current is given as

i =14 cos wt + i, sin wt (1)
Let, iy = Asind ..(ii)
and i, = Acos ...(iii)

From Eq. (i), we have
i =Asin¢ coswt + A cos ¢ sinwt
= Alcoswtsind + sinwtcosd |
i =Asin(wt+ ¢) ..(iv)
Squaring and adding Egs. (ii) and (iii), we get
i7 +1i5 = A%(sin?p + cos? p) = A2 > A =
[ + i3]
From Eq. (iv), we get
i=[i?+ i%]% sin(wt + ¢) (V)
Comparing Eq. (v) with equation, i = i, sin(wt +
d), we get
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15

16

17

18

19

20

1
im = (if +1i5)2
_im _ (349"

V2 V2

1I‘IIIS

(b)

For high frequency, capacitor offers less

. 1
resistance because, X¢ « -

(o)
Frequency of a generator, i.e.
W _120><7_19H
Voo T 2x22z T
240 120v2 = 169.7 ~ 170V
V. = —= = R
rms \/E
(b)
XL
t ==
an ¢ R
st 45°—L—R— 100 (-~ tan45° = 1)
A L T 2nx 1000 ¢ A T
Lo 1
~20m

(a)

Given, inductance, L = 0.01H, resistance, R = 11,
voltage, V = 200 Vand frequency, f = 50 Hz
Impedance of the circuit,

Z = |R? +X%=/R? + (2ufL)?2

=12 + (2 x 3.14 x 50 x 0.01)2

Z =+10.86 = 3.3Q
. _ oL 2nfl  2x3.14 x50 x0.01
M= =R " 1
=9.14
¢ =tan"1(3.14) = 72°
72 X1
180
Time lag between alternating voltage and current,

o 72m 1
T 180x2mx50 250 °
(a)

The given value of voltage in rms value, is

Eq

V2

Eo = Epms X V2 =220 xv2 =311V

The average emf during positive half cycle is given

Phase difference, ¢ = rad

Erms -

das

2E, 2x311
Eay =— = —57,— = 198V
(c)

C T
As,i= Zloi,whereO <t< 2
To 2
C o[t T
and i = 2i, (T—— 1), where;0 <t<T,
0

2 T/2 2 To/2 210t
sy == 'dtz—[ 0 —dt]
lay Tfo 1 T, fo T

21

22

23

24

25

2 [2i,T¢] o
T TZ|2x4] 2
(b)
Angular frequency of free oscillations of the
circuit, i.e.
1 1

VIC /(27 x 10-3)(30 x 10-6)s 1
10*
= T S_1 =1.1%x% 103 S_1

(a)
Current in L — C — R series circuit,
\%

i=
VRZ + (X, — X¢)?
where, V is rms value of current, R is resistance,

X;, is inductive reactance and X is capacitive
reactance.

For current to be maximum, denominator should
be minimum which can be done, if

XL =Xc

This happens in resonance state of the circuit, i.e.

Given, w = 1000s™1,C = 10uF
=10x107°F

Putting the above values in Eq. (i), we get

1

L= (1000)2 x 10 x 106

= 0.1H = 100mH

(b)

Given, alternating voltage, V = 200+/2sin(100t)

andC=1pF=1x10"°F

Comparing the given voltage equation with

standard equation V = V;sin wt, we get

100rad
=i =Vr£=Vmu>C ("X =i>
rms XC \/E © AC wC
~2004/2 x 100 x (1 x 1076)
V2
=2x1072A = 20 mA
(b)

Inductive reactance, X;, = wL = X X w

Vi = 200vV2Vand w =

Reading of ammeter

Hence, inductive reactance increases linearly with
angular frequency as shown in graph (b).

(b)

Alternating voltage source applied to capacitor,

V = 2005in (100mt - g)
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26

27

28

~ Phase, ¢; = E,Vm = 200Vand w = 100mrad/s

Since, alternating current leads byg angle from

alternating voltage in a purely capacitive circuit,

hence phase angle of alternating current is

i mT T T
=~ Instantaneous value of alternating current
through the capacitorisi = iy, sin(100mt + ¢,)

.V
(-2

Tt
= 200 x 1007 X 2 X 10~6sin (1001‘[t n g)
[+ C=2uF =2 x 10~ F]
= 0.04 sin (100nt + E)
6
(a)

The reactance X;, of the inductance at 200 Hz is
120Q.
As, Xy =wL =2nv XL

XL 1200 3

= = H
2nv 2mx200s7! 10w
If X denotes the reactance of the same

inductance at 60 Hz, then
X, = w'L=2nv'L

= VioCsin (100t + g)

=>L=

3
= XL =(2nx 60) (m) = 36()

If i,y is the current that flows through the
inductance, when connected to 240 V and 60 Hz

power line, then

Vims 240V
s =8 =2~ 666A
s = T T 360

(d)

Current in the series,

L — C— Rcircuitis givenby i = V7m - sin(wt + ¢)
VR (X,
and i = i, sin(wt + §)
(9]

Power factor of AC circuit is given by cos ¢ = ;
(1)

where, R is the resistance employed and Z is the
impedance of the circuit.

Z=/R% + (X|, — X¢)?

sin(wt + ¢)

(i)

From Egs. (i) and (ii), we get
R

cosp =

\/Rz + (XL — X¢)?
Given, R = 80, X, = 310, X¢ = 250

b 8 8 8
CoOS P = = = —
J®2+(31-252 +V64+36 10

29

30

31

Hence, cos ¢ = 0.80
(d)

Given, V = 200v2sin(100t)V ()
Capacitance of capacitor,C = 1pF = 1 X 107 F
The standard equation of voltage of AC is given by
V = V,sin wt ..(ii)
On comparing Egs. (i) and (ii), we get

V, = 2002

w =100

We know that, i, =

Vrm S

C
_ Y

V2
.V
1I'I'IIS - '\/EXC
i VowC 1
Irms = W ( XC = R)

200 X2 x100x 1x 107°
V2
ims = 20X 1073 A =20mA
(b)
Given,L = 40 mH = 40 x 1073H,V = 200 V and
v = 50 Hz
The rms current in the circuit is

v VvV
X_L ~ 2mvl
B 200 N
T 2x3.14x50x40x 1073
(d)

Given, | = 10A, V=80V,
\4

R=Y=%_80andw = 50Hz
1 10

But Vs

Irms =

Irms =

16 A

R=8C2 L

——"\MA— N —

10A

S

220V

For AC circuit, we have

= /64+Xf=22

Squaring on both sides, we get
64 + X2 = 484
= X? =484 — 64 = 420
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32

33

34

35

36

XL = V420
= 21 X wL =420
Series inductor on an arc lamp,
Va2
~ (2m x 50)
(@)
Since, the current is the same throughout the
circuit.

= 0.065H

' 220
1=
/
/RZ + X2
220

- = 0.755 A
Jzooz + (i x 50 X 15 x 10-6)2
2T
Vg = iR = (0.755 A)(200Q) = 151V
Ve = iXc = (0.755 A)(212.5Q) = 160.4 V
(d)
Given,L = 1.5mH = 1.5 x 1073H
E=30n=3x%x107°]

Maximum energy stored in the inductor, E = z Li2,
2

where, i, is peak current.

2X3x%x10™ S—OZA
1.5x 1073
1m \/—
=—=+2x10"1A
5%

lrms

(d)

As,Z = |R% +X? =,/R% + (2nfL)?

Also,i = %and P =i’R

When iron rod is inserted, then inductance L of
the coil increases which increases impedance Z
and consequently, current i and power P of the
circuit ' decreases. So, brightness of bulb
decreases.

(a)

Given,i, = 5V2 A

Root-mean-square-value of current,

irms = —— 5v2 =5A
2z
(a)
Since, current lags behind the voltage in phase by
a constant angle, then circuit must contain R and

L.

37

38

39

eV, — eV, —

WYYV (1121
R L
VL
—V;
90° _
E— 1
S

We find that in R — L circuit, voltage leads the

current by a phase angle ¢, where
AK OL

VL loXL

" I,R

(b)
Given, V = 2002 sin(100t). Comparing this
equation with V = V;sin wt, we have

Vo = 200v2 Vand w = 100rad s!
The current in the capacitor,

Y 1
= = X (= )
\/ 200v2
=—2xoC= X 100 x 1 x 107
V2 V2
=20x 1073 A =20mA
(d)
As for potential across capacitor in discharging RC
circuit V = Vye~%T, when

V,
t=1,V=Ve? =?0
25
2718
Corresponding to V = 9.2V, tlies between 100 s
and 150 s.

(<)
The phase difference between instantaneous
value of i and V is

TC Tt Tt
7 (7 =3

Hence, current leads the voltage by 90°.

=92V (ve=2718)
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40

41

42

43

()
The root-mean-square value (V. ) of alternating
Voltage is given by

Vims = \/_, 2 where V, is peak value
Given, Vo, =707V
707 707
rms =ﬁ:mz 500V
(d)

In an AC resistive circuit, current and voltage are
in phase.

.V . 220 . :
So,i=o=>i= Hsm(lOOnt) (1)

=~ Time period of one complete cycle of current is

21'[ 2T 1
® 100w 50 °
i A
Imax Imax
1) 2

So, current reaches its maximum value at
T 1

“=77200°

When current is half of its maximum value, then

from Eq. (i), we have

i
i= “;X = ipax SIN(100Tt,)

n(100mt,) = & = 100ty = o~ 5 t, = —
:Sln( T[Z)_E: 1'[2—?: Z—FOS

So, instantaneous time at which current is half of

1
m : Ximum value is t, = m S

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

1 1 1
At=t,—t; = 120 200 — 300 s =3.3ms
(b)
Using Kirchhoff's rule in given figure,
di
V- La =0

where, the second term is the self induced emfin
the inductor and L is the self-inductance of coil.
(a)

In the given question, there are identical positive

44

45

46

47

and negative half cycles, so the mean value of
current is zero for one cycle, but the rms value is
not zero . It is calculated as

Ti2
(iz)mean :f &
f dt
T/2
U (2)2dt + ( Z)Zdt]
T/2
4 T/2 T 4
= T( o IF L/zdt> =7 (175" + [92)
4 /T T
=3(3+7-3)
==
s =P = VA = 2
(b)

According to question, peak value of current,
2
o :‘/EXirms:EA
Coefficient of mutual inductance = 1H
As we know, induced emf in secondary coil is
given by
gs =M -% [where, i = ijsin wt]
g = M wipcos(wt)
2
=1X2mx 50X Ecos(Zn X 50 X t) (** @ = 21mn)

For t = 0, we have
€ =4%x50=200V
(a)
Given, L = 8mH = 8 x 1073H,
C=20uF =20 X 107 F,R = 44Q and Vs =
220V
Angular resonant frequency of series L — C — R
circuit,
1 1

POTVIC VBX10 3 x20X10°°

= 2500 rads™!

Resonant current = V,,/R = Vrmf;ﬁ = szf =
5V2ZA

(d)

Ammeter reads the root-mean-square value of
current (i, ) which is related to the peak value
of current (iy) by the relation,

lg

V2

=iy = V2 x Irms

=V2x10A=10V2A

(a)

1 :
- Angular frequency at resonance, w = ool )

Irms =
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48

49

50

51

52

53

54

55

According to question, when inductor's
inductance is made 2 times and capacitance is 4
times, then

- 1 _ ( 1 ) 1
@ T Vixac \2va/vic
= % [from Eq. (i)]
(d)
To express an AC power in the same form as DC
power (P = i?R), a special value of current is
defined and used, it is called root-mean-square
(rms) or effective current and is denoted by i
ori.
(0
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 ,for an AC cycle, the net value of
current average value, Hence, the alternating
current cannot be measure by DC ammeter.
(b)
Amplitude of alternating voltage = Peak voltage

(Vi) = 120V, hence rms value of voltage, i.e.

V _Vm _ 120 =848V
s 2 1414

(9

In L-R circuit,

Impedance, Z = /RZ + X2

Here, X;, = wL = 2nfL
o Z =/ R% + 4m?f?212
(b)
Given, C = 40uF = 40 x 107°F, andL = 16mH =
16 x 1073H
Angular frequency of oscillating circuit,

1 1
VLC /(16 x 1073)(40 x 1079)

04-

= ? =1.25x103s71
()
The value of voltage and current at that instant
are Vj,sin wt and i, sin wt.
()
DC currents does not change direction with time.
But voltages and currents that vary with time are

very common.
(@)

Reactance of the coil or inductive reactance is
given as X = wL = 2nfL

where, f is frequency.

56

57

58

59

60

61

Given, X;, = 50Q and f = 50cps

_ Xy _ XL _ 50 1

T T anf 2mxs0  2x314 0.16H

(b)

AC measuring instrument (AC ammeter and
voltmeter) always measures rms value.

(b)

Reading of ammeter

— _ % _ EowC
rms XC \/E
_200v2 x 100 x (1 x107°)
- V2
=2%x1072A=20mA
(<)
As natural frequency, i.e. f = ﬁ orf « %

When capacitor C is replaced by another capacitor
C’ of dielectric constant K, then
C' =KC

o c
TF T

125000 — 25000 | C
125000 — |KC
100 1

125 T VR

125\2
=> K= (—) = 1.56

(d)

R
Power factor, cos ¢ = Z

If R is constant, then cos ¢ « %

1
Ly _cos¢p, ;1
"7, cosd, L2
2
:ZZ = 2Z1
27,-74

-~ Percentage change = — X 100 = 100%
1
(a)

: _ Emax _ & _ ~
The effective voltage = G oA 1994V =~
200V
(b)

Given, Vs = 0.2 V,R = 4Q,
C=80uF=80x10"°F

and L =200mH = 200 x 1073H

The impedance of the series L — C — R circuit.

7= \[RZ + (XL - Xc)z
Atresonance, X;, = X¢c = Z =R =4Q
=~ Voltage drop across inductor,
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62

63

64

65

Vrms

(Vrms )L =g X XL, = X wL

_ Vims L

Z

x— ~
= W = —
R vLC vLC

Vs |L 02 [200x 1073
= X —_=—X
R C 4 80 x 10~

= 0.05x V2500 =0.05x50 =25V

()
The resonant frequency, vy = #ﬁ
1
= Vy X —
° T VIC

If inductance and capacitance both are doubled,
then

2 i)
Vo ==
° " 2\2nvIC
So, the resonant frequency will decrease to one-
half of the original value.

(a)
Capacitive reactance, X = -1
p $AC T he T 2mve
1 .
XC (0 ; (l)

s Vrms _ _
Current, i = X = Vims * @WC = Vs - 21vC

= jixv ..(ii)

From Egs. (i) and (ii), we conclude that, if the
frequency is doubled, the capacitive reactance is
halved and the current is doubled.

(d)

The current takes } seconds to reach the peak

value, where T is the time period.
Comparing it with standard equation i = ipsin wt,

we get
om 200 T !
= —_—= = [ J
©=T T 100 °
=~ Time required to reach the peak value
1
=T/4=——s.
/4= 7300 8
()
Here, phase difference in R — L — C series circuit
is given as,
XL —X¢
tanp = ———
an ¢ R
When L is removed, then ¢ = g
X T
~tan¢ = FC = Xc =Rtan¢ = Rtan§ =+/3R

When C is removed, then ¢ again found to be g

X T
. tan¢ = FL = X, = Rtan¢ = Rtan§ =+3R
R R
Hence, power factor, cos ¢ = 7= W

66

67

68

69

70

R R
—=1

= = R
\/(\/§R —V3R)Z + R?

(9

In L-C-R series resonant circuit, X;, = X¢

Impedance, Z = /R + (X, — Xc)2 =R

R_R
-~ Power factor, cos ¢ = =% = 1

R
Hence, in L-C-R circuit, power factor at resonance
is unity.
(d)
Current corresponding to inductive circuit,

v_ v .
1= 7z = oL = linductive X ©
(1)
Similarly, for capacitive circuit icapacitive X @
..(ii)

When frequency of AC is increased,
from Eq.(i), linquctive decreases
from Eq. (ii), icapacitive inCreases
(d)
In a parallel resonant circuit, at resonating
frequency, the current would be minimum
because impedance is maximum.
This is correctly depicted in the graph (d).
(@)
Given, E = 4 cos 1000t

E = Eycos wt
From Egs. (i) and (ii), we get
Peak value ofemf, E; =4V
Angular frequency, w = 1000 Hz

Now, peak value of current is
Eo Eo

ip = —
/R2+Xﬁ

Eg
VRZ + 0?12
PuttingE) = 4V,R =4, w = 1000 Hz,L = 3mH
=3x1073H
we get, ip = 0.8A
(c)
Power factor of an AC circuit containing L, C and R

connected in series is given by
R

JRZ + [coL - ﬁ]z

When an additional capacitance C is joined in
parallel with capacitor C, then it makes power

factor of circuit unity. i.e.

R
cosp=1= =1

\/Rz + (u)L B u)(C1+C’))2

(D)
..(ii)

cosd =

Page] 16



71

72

73

74

75

1
= (A)L=—(D(C+C,)=>C+C’=m
. 1-w?lC
===
(©

Given, C = 15uF = 15 x 107® F,V = 220 V and
v =50 Hz

. 1
Capacitive reactance X¢ =

2mvC

1
21(50 Hz)(15X10~6 F) 2124

(d)

The currentin an L — C — R circuit is given by

\%

i= -, where w = 2nf

o+ (-]

Thus, i increases with an increase in w upto a
value given by,

W = w, i.e.atw = w., we have
1 1
wL = R = We = ﬁ
Hence, i,y = gat W = W
At w > w,, 1 again starts decreasing with an
increase in w.

c
éi?/en, C=36uF =36 x107°F, V., = 240 Vand
v =50Hz
Capacitive reactance,xg =
880

The rms current, i, =

1
2mvC  2TX50X36X10~6

Vims __ 240V
Xc ~ 88Q

The peak current, iy = V2i,,s = (1.414)(2.73 A)
=385A

(b)

Given,L = 25mH = 25 x 10~ 3H

C=10uF =10">F

If T be the time period in L. — C oscillation, then
T = 2nVLC = 2my/25 x 1073 x 10-5
=nx103s=mm-s

=2.73A

Current in the circuit will be maximum, when

T =
t= Z = Z m-—s
(b)
The voltage equation for the circuit is
di .9 :
La+Rl+E=V=Vmsmwt

We know that, i = dq/dt. Therefore, di/dt =
d?q/dt?. Thus, in terms of q, the voltage equation

becomes

d’q _dq .
LW+ RE + q/C = Vj,sin wt

76

77

78

79

80

(d)

Given, inductance of a coil, L = 2H
Reactance of coil, when it is connected to AC
source,

XL)ac = ﬁ (where, w = angular frequency )

1
(XL)Q) - Z

For DC source, inductor coil behaves as pure
conductor. hence (X},)pc = 0.

% = % = oo(at infinity)

(b)

The instantaneous voltage through the given
device,

V =80sin100mt

Comparing the given instantaneous voltage with
standard instantaneous voltage

V =V,sinwt, we getV, =80V

where, V,, is the peak value of voltage.
Impedance, Z = 204

.V, 80
Peak value of current, i, = 7" == 4 A

Effective value of current (root-mean-square
value of current)

. o 4

lrms = —= = —==2V2 = 2.828A

rms \/E ‘\/E

(b)

Average voltage,

/W /W .
_Jyvde [T Vi sinotdt

av f(;r[/w dt [t]g/u)
— cos wt %
Vm ( w )0
= f
w
-V 2V,
= —"2(cosTt — cos 0°) = —=
i T
(<)

Here, rms voltage, Vi, = 220V

Using the relation, V., = % = %
Hence, peak value of AC voltage Vp = 2202V
(b)

Given,C =50 pF =50 x 107 ° F

V = 220sin (50t) (1)

But we know that,

V = Vysin wt ..(ii)

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

Vy =220V, w =50rad/s

The capacitive reactance of the circuit is given by
1 1

X = —_— =
€ wC 50x50x10°°
The peak and the rms values of current in the

= 400Q
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81

82

83

84

circuit are given as,
_ Vo 220 11
10=X—C=m=%=0.55A

(d)

Since, alternating voltage, V = 220sin(100mt) is
connected with 20() resistor only, hence equation
of alternating current is

i =iy sin(100mt)

Peak value to rms value means current becomes
1/+/2 times.

If t be the time taken by current to change from its
peak value to rms value, then from equation of
current,

i =1ip, sin(100t)

mo_ i (1007tt)
— =1, SIN T
\/E m
1
= — = sin(100mt
7 ( )

= sin (g) = sin(100mt)

T 1
=>Z=1001tt:>t=—5=2.5><10_3s

400
(9]
Given, V., = 220V,v =50 Hz
V,
AS' Vrms = \/_r%

= Vi = Vims V2

=(220V)(1.414) = 3111V

Further, w = 2mv = 2w X 50 = 100 wrads™!
Thus, the equation for the instantaneous voltage
is given as

V =V sinwt = 311.1sin(100m)t.

(d)

As power consumption, i.e. P =Vl = P = Vg

So, brightness < P, cumed X %for bulb, Ryc =

RDC.

So, brightness will be equal in both the cases.

(b)

When resistance R of the circuit is negligible,
1 1

vV = =
2m/LC  2mV1072 x 25 x 107©

85

86

_ 10* _ 103

S 10m m
Thus, the time period, T = 1 13 S = Ttms
v 10

Thus, for the energy to be completely magnetic,
= T T 3T _m _3m

—E, ,7, ...... —E,T[,7 ...... ms
= 1.57,3.14,4.71 ...ms
(d)

When a circuit contains inductance only, then the
current lags behind the voltage by the phase
difference ofg or 90°

While in a purely capacitive circuit, the current
leads the voltage by a phase angle of% or 90°.

In a purely resistive circuit, current is in-phase
with the applied voltage.

(@

_ 2+i24+i3 [12+22+12
lrms = = 3

3
6
=\/;=\/E=1.41A

~14A
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