Chapter 13: AC Circuits

EXERCISES [PAGES 304 - 305

Exercises | Q 1.1 | Page 304

Choosethe correct option.

If the rms currentin a 50 Hz AC circuitis 5A, the value of the current 1/300 seconds
after its value becomes zero is

SOLUTION

M/ — A
2

Explanation:

The expression of sinusoidal current is | = I, sinwt
| = (Irms x v’E) sin(2z x 50 x 1/300)

3
= 5v/2sinn/3 = 5v/2 x %

3
2

=5 A
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Choosethe correct option.

A resistor of 500 Q and inductance of 0.5 H is in series with an AC source which is
given by V = 1002 sin (1000 t). The power factor of the combination is



%‘ " ‘ -
o (]

e O
o Ln

SOLUTION

1

V2
Explanation:
Given: L= 0.5H, R=5000

On comparing source voltage with V = Vgsin(wt)

We get w = 1000 s~
Inductive reactance X, = wL = 1000 x 0.5 = 5000

R
Power factor cosg = ; :
VXL +R
500
;. COSE =
\/ (500)° + (500)
00 1
Or cosg =

50002 2
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Choosethe correct option.
In a circuitL, C and R are connected in series with an alternating voltage of frequencyf.

the currentleads the voltage by 450. The value of C is



1

nf(ZHfL — R)
1
2nf(27fL — R)
1
nf(ﬂnfL-l—Rj}
1
2xf(2xfL+R)
1

2af(27fL — R)
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Choosethe correct option.
In an AC circuit,e andi are given by e = 150 sin (150t) V andi = 150

(1 50t + E)

sin 3/ A the power dissipated in the circuitis
106W

150W

5625W

Zero

PonN PR

SOLUTION

5625W
Explanation:
Compare V = 150 sin (150 1) with V = Vgsinwt, we get Vg = 150 V

Compare | = 150 sin (1501: + %) with

| = Igsin(wt + &), we get



ID:150A,9:§:60

The power dissipated in ac circuit is

1 1
D= 3 Vylgcose = 3 * 150 x 150 % cos 60

1 1
:EKI5UXI5OXE:5625W

Exercises | Q 1.5 | Page 304

Choosethe correct option.
In a series LCR circuit, the phase difference between the voltage and the currentis 45°.
Then the power factor will be

1. 0.607

2. 0.707

3. 0.808

4. 1

0.707
Explanation:

Here, ¢ = 45°

In series LCR circuit, power factor = cos¢

1
oocosh = — = 0.707
V2
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Answer in brief.
An electric lamp is connected in series with a capacitor and an AC source is glowing
with a certain brightness. How does the brightness of the lamp change on increasing
the capacitance?



1
Impedance, Z :\/R2 + 202 where R is the resistance of the lamp, w is the angular frequency of AC and Cis the
w

capacitance of the capacitor connected in series with the AC source and the lamp. When Cis increased, 3
w*C

decreases. Hence, 7 increases. R Power factor, cos @ = E
As 7 increases, the power factor decreases.
Now, the average power over one cycle,

Piv = Vimsirms cos ¢

Vims
= Vr]]:u'.( jzmb ) cos ¢

2

rms
= ——— CO08
7 ¢

Voo
». P4, decreases as z increases and cos¢ decreases. As the current through the lamp (%) decreases, the

brightness of the lamp will decrease when C is increased.
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Answer in brief.
The total impedance of a circuitdecreases when a capacitor is added in series with

Land R. Explain why.

SOLUTION
For an LR circuit, the impedance,

Zir = \/R2 + X% where X| is the reactance of the inductor.

When a capacitor of capacitance C is added in series with L and R, the impedance,

ATS \/R2 + (Xp — Xc)2 because in the case of an inductor the current lags behind the voltage by a phase
angle of /2 rad while in the case of a capacitor the current leads the voltage by a phase angle of /2 rad. The

decrease in net reactance decreases the total impedance (Zrer < Zigr).

Exercises | Q 2.3 | Page 304

Answer in brief.
For a very high-frequency AC supply, a capacitor behaves like a pure conductor. Why?

SOLUTION



1

Xc = ,
The reactance of a capacitor is, 2mfC wherefis the frequency of the AC
supply and C is the capacitance of the capacitor. For very high frequency, f, Xc is very
small. Hence, for a very high-frequency AC supply, a capacitor behaves like a pure
conductor.
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Answer in brief.
What is wattles current?

SOLUTION

The currentthat does notlead to energy consumption, hence zero power consumption,
is called wattless current.

In the case of a purely inductive circuitor a purely capacitive circuit, the average power
consumed over a complete cycle is zero and hence the corresponding alternating
currentin the circuitis called wattless current.
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Answer in brief.

What s the natural frequency of the LC circuit? What is the reactance of this circuit at
this frequency?

1

The natural frequency of LC circuitis 27V LC \whereL is the inductance and C is the
capacitance. The reactance of this circuit at this frequency is

1 1
20 — 1 2nlC 1
27t T 7L
. EJL LY LC Qﬂ"lr"ﬁ
1 1

= — = O
'c _ [c¢  zero
T \/f
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In a series LR circuit XL = R and power factor of the circuitis P1. When capacitor with
capacitance C such that XL = Xcis putin series, the power factor becomes P2. Calculate
P1/P2.

SOLUTION



Given: Power factor P4 (When X =R)

New power factor P> (When X = X¢)

. _R
177
R R 1
VR2 + X2 oR2 V2
. _R
27z
R
=:r|:’2:Ir =1
VR + (Xi — Xc)’
P, 1
Thus, — = —

Py NG
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When an AC source is connected to an ideal inductor show that the average power
supplied by the source over a complete cycle is zero.

SOLUTION

In an AC circuitcontaining only an ideal inductor, the current i lags behind the emf e by
a phase angle of 11/2 rad. Here, for e = eo sin wt, we have,

I =1iosin (wt- 1/2)

Instantaneous power, P = ei

= (eo sin wt)fio(sin wt cos /2 - cos wt sin 11/2)]

= - eoiosin wt cos wt ascos /2 =0 andsin /2 = 1

Average power over one cycle,



work done in one cycle

P.. =
w time for one cycle
- fuT P dt _ fﬁT epip sin wt cos wtdt
T T
—E[]i[]

— sin wt cos wt dt
=

T
Now, / sinwtcoswtdt =0
0
- P,y =0

[Note: For reference, see the answerto Q. 6. The proof should be written as part of the
answer.]
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Prove that an ideal capacitor in an AC circuitdoes notdissipate power

SOLUTION

In an AC circuit containing only an ideal capacitor, the current i leads the emf e by a
phase angle of 11/2 rad.

Here, for e = eo sin wt, we have, i = io sin (wt + 11/2) Instantaneous power, P = ei
= (eo sin wt)io (sin wt cos 11/2 + cos wt sin 11/2)]
= eoio sin wt cos wt as cos /2 = 0 and sin /2 = 1

Average power over one cycle, Pav

work done in one cycle

time for one cycle

fDT P dt B fDT epip sin wt cos wtdt

T T
T

epl
_ 00 =/ sin wt cos wt dt
T 0



T
Now, / sinwtcoswt dt =0
0

. Pav = 0, i.e,, the circuit does not dissipate power.

[Note: For reference, see the answer Q.6. The proof should be wriiten as part of the answer ]

Exercises | Q 6 | Page 304

(@) An emf e =eo sin wt applied to a series LCR circuitderives a current | = losinwtin
the circuit. Deduce the expression for the average power dissipated in the circuit.

(b) For circuits used for transporting electric power, a low power factor implies large
power loss in transmission. Explain.

Instantaneous power,

P = ei = (e sin wt) [ig sin (wt £ ©)]

= eqig sin wt (sin wt cos @ £ cos wt sin @)

= egig cos @ sin® wt + epig sin @ sin wt cos wt

Average power over one cycle,

work done in one cycle

Pa.v =

time for one cycle
T
J, Pdt
T
fDT [eqig cos ¢ sin?wt + egig sin @ sin wt|dt
N T

. T T

epl

— % {cos @ / sin® wt dt + sin @ f sin wt cos wtdt]
0 0

T T .
1— 2wt
Now,/ sin? wt dt=/ ( cos 2w )dt
0 0 2




(sin 2wT — sin 0)

T
2
T 1 |, (2m
T
2

1
= ——J0—-0]=—
4w 2
Also,
T 1t 1[—cos2wt]”
sin wt cos wtdt = — sin 2wtdt = — | ——
0 2 Jo 2 2w |,
1 2 1
— —— |cos2[ ZZ )T — cos0| = ——[[1-1]=0
4w T 4w
eplp , T eplp
Hence, Py, = ?coscp X 5 = Tcos:ﬁ
o :
_ = icosq&

V2 V2

R i
= ermsirms COS @ = ermsirms (E) where the impedance Z = \/R2 + (X — Xc)2

(b) Pay = €rmsirms cos ¢
The factor cos @ is called as power factor. For circuits used for transporting electric power, a low power factor means
the power available on transportation is much less than eppsirms. It means there is significant loss of power during

transportation.
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A device Y is connected across an AC source of emf e = eo sin wt. The current through
Y is given asi = io sin (wt + 11/2).

a. ldentify the device Y and write the expression for its reactance.

b. Draw graphsshowing a variation of emf and currentwith time over one cycle of
AC forY.



c. How does thereactance of the device Y vary with the frequency of the AC?
Show graphically.

d. Draw the phasordiagram for device Y.

SOLUTION

1
Xe

1. The device Y is a capacitor. Its reactance is wC where w is the angular
frequency of the applied emf and C is the capacitance of the capacitor.

2.

%
-(o ’ . -
3K—1—1Th}{ 1} fis the f f AC
Ac=—5 = o5 us Ac o wawere is the frequency o .
1000
Suppose C = (—)pF
27

For f =100 Hz, X = 1 x 107 0=10MQ;
forf=200Hz, Xc =5M
10
for f =300 Hz, X = Y M Q;
forf =400 Hz, Xc =25M Q

forf =500 Hz, Xc =2 M Q and so on.

MMQ=10°0Q)
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4. Phasor diagram for a purely capacitive circuit

The phasor representing the peak emf (eo) makes an angle wt in an anticlockwise
direction with respect to the horizontal axis. As the current leads the voltage by 90°, the
phasorrepresenting the peak current(io) is turned 90° anticlockwise with respect to the
phasorrepresenting emf eo. The projections of these phasors on the vertical axis give
instantaneous values of e and i.

Exercises | Q 8| Page 305

Derive an expression for the impedance of an LCR circuitconnected to an AC power
supply.



SOLUTION

The following figure shows an inductor of inductance L, capacitor of capacitance C, a
resistor of resistance R, key Kand source (power supply) of alternating emf (e)
connected to form a dosed series circuit.

LCR Series circuit

We assume the inductor, capacitor and resistor to be ideal. As these are connected in
series, at any instant, they carry the same currenti = io sin wt.

The voltage across the resistor, er = Ri, is in phase with the current. The voltage across
the inductor, eL = Xui, leads the currentby 11/2 rad and that across the capacitor, eC =
Xci, lags behind the currentby 11/2 rad. This is shown in the following phasor diagram.

y

OB=¢
B
B ,’D
OB'me ~ec 0"
AeA® -
OA = ¢, A iy
OCwes 4

From this figure, ef = e + (er, — ec)’

— R22 + (Xiio — Xeio)? = i2 [R? +(Xp — Xcﬂ

f
e = i{.\/R2 + (X, — Xg)2 = 1gZ, where

e lll
Z= _—ﬂ = \/R2 + (X — Xc]g is the effective resistance of the circuit. It is called the impedance.

1o

Exercises | Q 9| Page 305

Compare resistance and reactance.



1. Resistance is opposition to flow of charges (current) and appears in a DC circuit
as well as in an AC circuit. The term reactance appears only in an AC circuit. It
occurs when an inductor and/or a capacitor is used.

2. In a purelyresistive circuit, current and voltage are always in phase. When
reactance is notzero, there is a nonzero phase difference between currentand
voltage.

3. Resistance does notdepend on the frequency of AC. Reactance depends on the
frequency of AC. In the case of an inductor, reactance increases linearly with
frequency. In the case of a capacitor, reactance decreases as the frequency of
AC increases; it is inversely proportional to frequency.

4. Resistance givesrise to the production of Joule heatin a component. In a circuit
with pure reactance, there is no production of heat.
Exercises | Q 10 | Page 305

Show thatin an AC circuit containing a pure inductor, the voltage is ahead of current by
/2 in phase.

The following figure shows an AC source, generating a voltage e = eo sin wt, connected
to a key K and a pure inductor of inductance L to form a closed circuit.

An AC source connected to an inductor

On closing the key K, an emf is induced in the inductor as the magnetic flux linked with
it changes with time. This emf opposes the applied emf and according to the laws of
electromagnetic induction by Faraday and Lenz, we have,

di

——-L— ..(1
ef m (M

where e' is the induced emf and i is the current through the inductor. To maintain the current, e and &' must be equal

in magnitude and opposite in direction.

di
According to Kirchhoff's voltage law, as the resistance of the inductor is assumed to be zero, we have, e = -¢' = L—

dt
w(2)



di e ep sin wt

"dt L L

.-./diszdt
L

= —S—icoawt +C

where C is the constant of integration. C must be time independent and have the dimension of current. As e

oscillates about zero, i also oscillates about zero and hence there cannot be any time independ ent component of

current.
~C=0
. ep wt ey . (?T m)
=-—coswt = ———sin| — —
wL wL 2
:':—ELﬂn(wt—-E) .3)
wL 2
assin(-8)=-sinB
From Eq. (3), i iy — 0
rom Eq. (3), i =ipg=—
q peak 0 oL
m
“i=igsi t——) ..... 4
io sm(w ; (@)

Comparison of this equation with e = ey sin wt shows that e leads i by m/2 rad, i.e., the voltage is ahead of current by

/2 rad in phase.

Exercises | Q 11 | Page 305

An AC source generating a voltage e = eosinwtis connected to a capacitor of
capacitance C. Find the expression for the current i flowing through it. Plot a graph of e

andi versus wt.

The following figure shows an AC source, generating a voltage e = eo sin wt, connected
to a capacitor of capacitance C. The plates of the capacitor get charged due to the
applied voltage. As the alternating voltage is reversed in each half cycle, the

An AC source connected to a capacitor



capacitor is alternately charged and discharged. If g is the charge on the capacitor, the corresponding potential

difference across the plates of the capacitoris V = % ~.q=CV.gandV are functions of time, with V = e = e sin wt.

d d av
The instantaneous current in the circuit is i = —+ = —— CV)=C——
dt dt dt

d
= CE(EU sinwt) = wCey cos wt

| °0 '(t—l—ﬂ) "(m+ﬂ)
i = sin (w — | = 1psin —
(1/wC) 2) " 2
where ig = 1;:10 is the peak value of the current.
- 3 - - ?r
wt (rad) wt + /2 (rad) e = ep sin wt i = igsin (wt + E)
0 T 0 i
— i
2 O
w
E m ep 0
3T 0 i
. =n _
9 0
I
— 2m - €p 0
2
2T+ T i
m+ — i
2n 2 0 0

The above table shows gives the values of e and i for differentvalues of wtand the
following figure shows graphs of e and i versus wt. i leads e by a phase angle of 11/2
rad.

€ L
ol ' ey
N r H N
/ ] / \
\f / : \
\ ’ \
0 . ' % wt
=2\ =\ SN /2= \
\ / \
\ L 7 \
N\ 4 p
-9 S
-, . ~

Graphs of t and i venus wt for a purely capacitive AC circuit
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If the effective currentin a 50 cycle AC circuitis 5 A, whatis the peak value of current?
Whatis the current 1/600 after if was zero?



1
Data:f =50 Hz, i = 5A t= ——s
600

The peak value of the current,
ip = irms V2 = (5)(1.414) = 7.07A

i =i sin(27ft)

— 7.07sin [%{50) (ﬁ)]
- 7.075111(%) — (7.07)(0.5)

= 3.535A

Exercises | Q 13 | Page 305
A lightbulbis rated 100W for 220 V AC supply of 50 Hz. Calculate

a. resistance of the bulb.
b. the rms currentthrough the bulb

Data: Power (Ve irme) = 100 W, V. = 220V, f = 50 Hz

The rms current through the bulb,

ower 100
s — 2 _ _ 0.4545A
Vims 220
The resistance of the bulb,
Vims 220
R= — = = (22)(22) = 484 Q

ims  100/220
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A 15.0 yF capacitor is connected to a 220 V, 50 Hz source. Find the capacitive
reactance andthe current(rms and peak) in the circuit. If the frequency is doubled, what
will happen to the capacitive reactance and the current?

SOLUTION



Data: C= 15 uF = 15 x 100 F, V, . = 220V, f = 50 Hz,

The capacitive reactance =

27fC
B 1 ~ 100 x 100
2(3.142)(50) (15 x 10°%)  (3.142)(15)
=21220
Vims 220
Irms = " — = = 1.037 A
capacitive reactance 212.2

ipeak = irms V2 = (1.037)(1.414) = 1.466A

If the frequency is doubled, the capacitive reactance will be halved and the current will be doubled.
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An AC circuit consists of only an inductor of inductance 2 H. If the currentis represented
by a sine wave of amplitude 0.25 A and frequency 60 Hz, calculate the effective
potential difference across the inductor (11 = 3.142)

SOLUTION
Data: L = 2H, iy = 0.25A, f = 60 Hz, n = 3.142
wl = 2nfl = 2(3.142)(60)(2) = 754.1 Q

The effective potential difference across the inductor = wLi;ps = le—D
V2
(754.1)(0.25)

B 1.414

= 133.3V

Exercises | Q 16 | Page 305

Alternating emf of e = 220 sin 100 1t is applied to a circuit containing an inductance of
(1/7m) henry. Write an equation forinstantaneous currentthrough the circuit. What will be
the reading of the AC galvanometer connected in the circuit?



Data: e = 220 sin 100 mt, L = (i) H

¥
Comparing e = 220 sin 100 mt with
e = ey sin wt, we get

w=100m

- wlL = (100 T[)(l) =100 0

T

~. The instantaneous current through the circuit
. ey T
=i= ——sin| 100at — —
wL 2

220 T
= ——sin| 100xt — —
100 2

= 2.2 sin (100mt - m/2) in ampere
o 22
/2 1414

irms 1.556A is the reading of the AC galvanometer connected in the circuit.
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A 25 pF capacitor, a 0.10 H inductor, and a 25Q) resistor are connected in series with an

AC source whose emf is given by e = 310 sin 314 t (volt). Whatis the frequency,
reactance, impedance, current, and phase angle of the circuit?

Data: C = 25 uF = 25x 108 F, L = 0.10 H, R = 250, e = 310 sin (314 t)[vol{]
Comparing e = 310 sin (314 t) with
e = eq sin (2nft), we get,

the frequency of the alternating emf as

(314 34
2 2(3.14)




2nfLl —

1
27fC ‘

1
2(3.14)(50) (25 x 10°°)

1
Reactance = |wL — — | =
‘ wC ‘

— |2(3.14)(50)(0.10) —

100 x 102

— | =|314-1274
G | ! |

=96 ()

2
1
7 =R%+ (wL — —) — (25)* + (96)* = 984102
wC

. Impedance, Z = v98410 = 99.2 O

ey 310
Peak current, ip = — = ——A

Z 99.2

1p 310

V2 (1.414)(99.2)

R 25

cos D= — = —— = 0.2520
Z 992

.. Phase angle,

A=22TA

Va ]'I'Iﬂﬁ —

@ = cos 1(0.2520) = 75.40° = 1.316 rad
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A capacitor of 100 yF, a coil of resistance 50Q), and an inductance 0.5 H are connected
in series with a 110 V-50Hz source. Calculate the rms value of currentin the circuit.



Data: C = 100 pf =100 x 1072 F = 107 F,
R =500, L=05H,f=50Hz V= 110V

-~ wl = 2nfl = 2(3.142)(50)(0.5) = 157.1Q

and L = L = =

wC  27fC  2(3.142)(50)(107%)
_ 100 o 30

3.142

2
72 =R?+ (wL ~ %) — (50)* + (157.1 — 31.83)*
w

= 2500 + 15700 = 18200 2

. Impedance, Z = V1820000 = 1349 Q)

The rms value of the current in the circuit,

frms = Vims 110 A =0.8154 A
s 7 134.9 '
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Find the capacity of a capacitor which when putin series with a 10Q resistor makes the
power factor equal to 0.5. Assume an 80V-100Hz AC supply.

SOLUTION
Here, C=7, R = 10Q), cosd = 0.5,
E, = 80V, v = 100Hz

R R 10
= = =20

As cosp = —,
¢ Z cos¢ 0.5

AsRZ + X2 = 72

“XC=v72 - R?— V202 -102 =10V3



1
 _10V3

L))
1 1
©l10v3 21 x 100 x 1043

C

-~ 92 x107°F
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Find the time required for a 50 Hz alternating currentto change its value from zero to

the rms value.

Data: f= 50 Hz, i = —& . — —

1
V2 o 2
I =g sin wt

1
Lsinwt = — = ——
1p V2
~wt= = rad
4

=~ 2t = T
4
1 1 1

t = — =
8f  8(50) 400

1000 x 1072 i
=25 x 10 %
400
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Calculate the value of the capacity in picofarad, which will make 101.4 microhenry
inductance to oscillate with a frequency of one megahertz.



Data: f, = 10°Hz, L=1014x10°H

1
fo=
" 2nVLC
2 = 1
T4n2LC
1 1
~C

10000 x 1010

4(3.142%)(101.4)

4L 4(3.142)%(10%)% (1014 x 10°9)

— 2.497 x 10" VF

= 249.7 x 107" F = 249.7 picofarad
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A 10 yF capacitor is charged to a 25 volt of potential. The battery is disconnected and a
pure 100 m H coil is connected across the capacitor so that LC oscillations are set up.

Calculate the maximum currentin the coil.

Data: C = 10 uF = 10 x 107 F=1072F,

L=100mH=100x10°H=10TH V=25V

1
The energy stored in the electric field in the capacitor = ECVE

The energy stored in the magnetic field in the inductor = ELI

1 1
—ovie —Lni?
2 2

2=y
L

~i=25x10%2A=025A

-2
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A 100 uF capacitor is charged with a 50 V source supply. Then source supplyis
removed and the capacitor is connected across an inductance, as a result of which 5A
currentflows through the inductance. Calculate the value of the inductance.

Here, C = 100uF = 100 x 1074F,
V =50 volt, | = 5A, L=?

1
The energy stored in the electric field in the capacitor = ECVE

1
The energy stored in the magnetic field in the inductor = —Li?

As energy stored in inductor = energy stored in capacitor,

1 1
L ZCOV2 = ZLi?
2 2
V?
| =C—
i?
V 2
()
1

2
— 10—4(?) —10*x 102 =102%H



