7 ] Alternating Current

B

Facts that Matter

e The current which changes in magnitude and direction both with time is called alternating
current and the corresponding emf is called alternating emf.

e When a coil is rotated in uniform magnetic field with ¢

angular speed o, the induced emf /'\ /\
¢ = NBAo sin ot 0 T U >
' 2 @)

or e = g, sin wt (9

)

€ .
= R TR o /N /N
or I = I, sin ot ..(if) %\/T \/ —»t

Egs (i) and (ii) are the equation of alternating emf and ()
alternating current respectively.
Fig. 7.1

There equation can be represented by graph as shown
in Fig. 7.1

e The average value of alternating current is given by

J-T I, sin ot dt
T
¢ J dt
0

cos ot T
w5

= I—O l(—cosz—n(T)+cos 0°)
T |2n T

Iy
= —(-1+1
2n( )

av

=0
e The average value of a.c. for half cycle,

; fm I, sin oof dt

a T/2
0 _[ dt
0
21, [1 m}
= —— | — (—cos wt
T [w( )0
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_ 2 {l (— cos ZTTC (T/Z)) + cos 0°:|

T [2n
21
-2 -0
T T

® Root Mean Square Value of AC

I = I0 sin ot
P = 17 sin* wt

1
=1 5 (1 - cos 2mt)
The mean value of I,

T ,1
12 = (1 - cos 2wt) dt
13 - (1= cos 201

Irznean = T
_[ dt
0
_ i_ ~ sinmtT
STl 20
-
= I—O (T—O)—i sinE.T—sinO
2T | 2m T
_ L _L(o)}
2T | 2m
2. = Iy
rms 2
Taking the root of 12,
_ |I6 _ 1o
rms 2 \/E
Iy
or [ ==
rms \/E
or IO = Irms\/E
. €9
Similarl Ems = =
y rms \/E

or e = eon V2

e Alternating Current Circuits

An alternating current circuit may have three elements separately or simultaneously. These three
elements are
(i) Resistance (R) (1) Inductance (L) (iif) Capacitance (C)
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¢ Phasor Diagram

A phasor diagram is a rotating vector about origin with angular velocity w. The vertical component
of a phasor is sinusoidal varying quantity which represents the ¢, € or I, I on y-axis and wt on
x-axis as shown in Fig. 7.2

Fig. 7.2

e Circuit Containing Resistance Only
Let the voltage e = g, sin wt (0 R

is applied across a circuit containing resistance only. The current in the circuit
will be

e e -
E - ? sin wt € = g, Sin ot
or I = IO sin ot (11) Fig. 7.3
€ €y . . L.
where — or - is the resistance of the circuit.

0

Egs. (i) and (ii) show that there is no phase difference between current and voltage in the circuit.
The phasor diagram variation of voltage and corresponding current with time in shown in Fig. 7.4.

€ =¢g;sin ot

E =1I,sin ot

N
T v 2n ¥—> ot

Fig. 7.4

e Circuit containing Inductor only

Let a voltage e = g, sin wt (1) L
is applied across the circuit containing inductance L only. The current in the
circuit will be

()
[ar = [ “osinor ( g:Lﬂ) ©
L dat €= gy Sin ot
_ Fig. 7.5
or I = % cos oot
or I =1, sin (wt—g) (i)
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where I,
€

or -0
Iy

inductive reactance.

oL = (X)) is the resistance offered by inductor known as

Egs. (i) and (ii) show that there is a phase difference of ©/2 between voltage and current. The
voltage leads the current m/2 as shown in phasor diagram 7.6.

gg Sin th

I=1,sin <u)t1 - g)l

e Circuit Containing Capacitor Only

Let a voltage

will be

or

or

where I
&o

or I,

capacitive reactance.

€ = g, sin ot
is applied across a circuit containg capacitance C only. The current in the circuit

.0)

€ =g, Sin of

dq
Fig. 7.7

dt
d

dt
d

dt
wCe, cos ot

I, sin (wt + /2)

(Ce)

(Ce, sin wt)

(i)

I
—=1X

or E=(J)C—0C

oCe, 0

1
o (X¢) is the resistance offered by capacitor known as

Egs. (i) and (ii) show that there is a phase difference of ©/2 between voltage and current. The
current leads the voltage by ©/2 as shown in Fig. 7.8.

I=IOS|n<wl+§>
DN SO B ___{" & = & sin ot
& = g 8in ot A /2 o \\\ /
1
o 7
0o

I=Iosin<wt—g> NS 7 > ot

Fig. 7.8
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e Circuit Containing Inductor and Resistor L R

Writing the equation of voltage and current for inductor and resistor

respectively,

I = I, sin ot )
and € = g, sin wt € = g5 Sin ot
For inductor only, i

I = I, sin of Flg. 7.9
and € = g, sin (ot + w/2)

The current in inductor and resistor remains same because they are
connected in series but the voltage across inductor and resistor differ
in phase by m/2. The voltage across the inductor is m/2 ahead the
voltage across resistor as shown in Fig. 7.10. The net voltage of the

circuit is € = Jg% + g%{ and there is a phase difference of ¢ between

net voltage and current. Fig. 7.10

»ep, |

The corresponding phasor diagram can also be made in terms of resistances as shown in Fig. 7.11.
The net resistance of L - R circuit called inductive reactance is given by

X, = |R?+X?

. . . X, = oL
And the current in the circuit, -
Jer +€7

I o
JR? + X2
The phase difference between net voltage and current, o >R
8 .
o = tan ! [_LJ Fig. 7.11
€R
X
1AL
or = tan " | —
\ %)
e Circuit Containing Capacitor and Resistor Ic:I R
Writing the equations for current and voltage for resistor and capacitor I VWA
respectively.
For resistance only ()
[ = I sin ot € = &, Sin ot
and e = g, sin wt .
. Fig. 7.12
For capacitor only
I =1, sin ot > I
and e = g, sin (ot - n/2)

C and R are in series, hence the current them is same but the voltage
across resistor is m/2 ahead of the voltage across capacitor which in
shown in Fig. 7.13.

And net voltage of the circuit is given by

_ 2 2
€ = V& TER Fig. 7.13
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The corresponding phaser diagram in terms of capacitive reactance and »R

resistance can be made as shown in the Fig. 7.14 ¢
The net resistance called capacitive impedance is given by <
N o2
Z. = JR*+X¢ 2
2 2
(C,R + SC XC

Thus, current in the circuit I > >
R*+X¢ Fig. 7.14
And phase difference between net voltage and current,

o = tan ! [S—C] or ¢ = tan ! (&)
€r R

e Circuit Containing Inductor, Capacitor and Resistor

Writing the equations of current and voltage for all element of the circuit respectively. For resistance
only

L
I = I sin ot G aan
and € = g, sin wt
For inductor only
©

I = I0 sin ot

and e = g, sin (ot + m/2) & = g, sin ot

For capacitor only Fig. 7.15
I = I, sin ot

and e = g, sin (ot - n/2)

All elements of the circuit are in series therefore, current in all remains same but the voltage
across all differ in phase which is shown in Fig. 7.15

LA 5 &L
. y
A\ > ep, |
e” (6L~ &c) s o)

¢ . Cc e

Fore > ¢g e 1 . - _F ______
tcw c Ores>¢

() (b)
Fig. 7.16

The corresponding phasor diagram in terms the resistance of the elements can also be drawn as
shown in Fig. 7.16

X 4 2 X A
o+
AR » R
1A% (%~ Xo) ¢
NS X=XV
: >R %
For X > X¢ C~
2

Xow Xcy For Xe> X

(a) (b)
Fig. 7.17

Alternating Current 361



The net voltage of the circuit is given by

e = ek + (e ~ec)’

and the net resistance offered by all the elements present in the circuit called impedance is given

by

z = JR*+ (X, ~Xc)
Thus, current in the circuit,
€ _ ex +(ec ~ec)’
z \/R2 +(X, NXC)Z

The phase difference between net voltage and current

¢ = tan™' (€L =8c) g, g, > €.
€R
X; ~X
or o = tan ! (gj
R
Also ¢ = tan™ (%) for e.>¢g,
or ¢ = tan?! ﬁ
R

For X, > X, ¢, > ¢.and voltage will lead the current. For X.> X, and current will lead the voltage.

e Circuit Containing Inductor and Capacitor

Writing the equations for voltage and current for inductor and capacitor respectively. For inductor
only

L C
I = I sin of —
and e = g, sin (ot + 1/2)
For capacitor only D\
N

I IU Sil’l (L)t =g sin ot
and e = g, sin (ot - n/2)
Inductor and capacitor are in series

Fig. 7.18

The current in them remains same but voltage across inductor and across capacitor differ in
phase by . The phase difference is shown in Fig. 7.18.

€ X
The net voltage of the circuit is given by - -
€ = g ~E.
. . . . (0] (@)
and the net resistance or impedance of the circuit,
ZLC = XL - XC g Xc
Thus, current in the circuit,
. g, ~€c Fig. 7.19
X, ~Xc

For X, = X, the current will be infinitely large and impedance of the circuit becomes zero. For this
no energy of the circuit will dissipate in the form of heat and it will remain conserved. However
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during the charging of the capacitor energy will store in the form of electrical energy in capacitor

2

1
ie., —% or o CV? and during the discharging of capacitor energy will store in the form of

. o .1
magnetic energy in inductor i.e., > LI%.

Thus, electric charge oscillates between electric field of capacitor and magnetic field of inductor.
These oscillations are called L - C oscillation.

For L - C oscillations X, = X_

e
|
—
ﬁHﬁHO|H(8')|’_‘
=0l 6

or oL

or 0? =

or

or 2nv =

or v =
2nVLC
V is the frequency of L-C oscillation and the circuit is called resonance circuit.
e For L-C-R resonance circuit, the frequency of oscillation will be

1

2nyLC Q4

but quality factor i.e., the measure of the sharpness of the resonance
will decrease as shown in Fig. 7.19

e Quality factor is defined as the ratio of voltage appeared across
inductor or capacitor to voltage of source.

(X I)or(Xc) I
Q= S
V4
_ XL Xc
Tz Yz
_ o L At X =X.and Z =R
=% o) (At resonance X, = X_and Z = R)
1 1

L
O

JLC
=1ﬁ
R\C

e For X, = X, the circuit is called resistive circuit and current in the circuit remains maximum.

e For resonance circuit, X, = X_ the impedance becomes equal to resistance and phase
difference between current and voltage remains zero.
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e Energy Stored in Inductor

The amount of work done to oppose the change in magnetic flux linked with the inductor stores
in the form of magnetic energy in the inductor.

u= J.e.dq
LdF
= | 2= 4
ar
= _[lel
or u = 1LI2
2

e Average Power in AC Circuit
P =l
= g, sin (wt + ¢). sin ot
where ¢ is the difference between voltage and current.
P = g, [sin wt cos ¢ + cos wt sin ¢] sin wt

= g, [sin®> wt cos ¢ + sin wt sin ¢ . cos 0]

_ &l . . .
= [(1 - sin 2wf) cos ¢ + sin 2wt sin @]

Thus, average power
T
! j [cos ¢ (1 - sin 20f) di + sin ¢ sin 20t df]
€0l Jo

a 2 IOT it

eoly T T ] T
= —- COS(I)J. dt—j sin 2wt dt+sm¢j sin 2wt dt
2T 0 0 0

= % [(cos ¢(T) - 0) + sin ¢ (0)]
£olg cos 0(T)
2T

or P = =.—.
av \/E \/E

or I cos ¢

av rms ~rms

or av 8rm Irms : (5)
Z
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e A.C. Generator

It is a device which converts mechanical energy into electrical B c
energy. According to the principle of A.C. generator, when a \
coil is rotated in a magnetic field, the magnetic flux linked \ N
with coil changes and induced current is produced in the coil.

It consists of a coil placed in radial magnetic field. The ends

of the coil are connected across the load with the help of
carbon brushes and slip rings as shown in Fig. 7.20.

Slip ring
Carbon brush

When coil ABCD is rotated in magnetic field, the flux linked S,

with coil changes and an induced current is produced in the

coil which is drawn out across the load with the help of slip /\{\o/;{j\l
rings S,, S, and carbon brushes. Fig. 7.21

When coil rotates the flux changes from zero to maximum for
one forth rotation and then reduces to zero for next forth rotation and so on. And according Fleming
right hand rule the direction of current also changes for each half of the rotation as shown in Fig.
7.21 (a) and (b).

B > C C > B
1
F 3 v F 3 v
B
D A
C" Motion S,
(upward)
SZ
M N

(a) (b)
Fig. 7.22

Thus, the current produced changes in magnitude and direction both and called a.c. current and
the device is called a.c. generator. The variation of current can be represented by the equation I = I
sin ot and by graph shown in Fig. 7.22.

I

[N\
Ny

Fig. 7.23

® Transformer

It is a device which is used to change the current or voltage in the circuit. It is based on the principle
of mutual induction. It consists of two coils, one connected to the source is called primary coil and
the other connected to the real is called secondary coil as shown in Fig. 7.23.
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L Soft iron L
core

(a) (b)

Fig. 7.24 Two arrangements for winding of primary and secondary coil in a transformer
(a) two coils on top of each other (b) two coils on separats limbs of the coil.
When alternating voltage applied to the primary coil changes, the magnetic flux linked with the
secondary coil changes and an induced emf is developed across the secondary coil and vice-versa.
The emf developed in secondary coil is given by

dl
8 = - _p
) dt
and the emf of primary coil is given by
e = -M dl
’ dt
Therefore, power associated with primary coil and secondary coil is given as
_ dl
gl, = -M d_: I
dl .
and el = -M-—-L.1, ..(if)
) dt
From Egs. (i) and (ii)
el = el (Forno loss of energy)
& I
or = 7
EP I s
€ < N (N is the number of turns in the coil)
& N
&  Np
e, Ny Ip N, = number of turns in secondary
= ; - Np Z N, =number of turns in primary
o If N, > N,
g > g
and I <1

This type of transformer is called step-up transformer which increases the voltage and
decreases the current in secondary coil.

366 Physics—XII



o If N, < Np
e < ¢
s 4
and I > 1
This type of transformer is called step-down transformer which decreases the voltage and
increases the current in the secondary coil.

e Eddy Currents

When a metallic block is placed in a changing magnetic field, the flux
linked with the coil changes and induced currents are produced in the X X X X
block. The direction of these currents is circular in nature, hence, these
are called eddy current. The currents are also called Focault current. x
(Fig. 7.24).
e These currents are common in the (i) core of transformer (ii) X X X
induction furnance (iii) magnetic jeckes and (iv) magnetic
breaks. X X X X

X
X

e In the core of the transformer some part of electrical energy Fig. 7.25
dissipates in the form of heat due to production of eddy currents
in soft iron core of transformer.

e To minimise the eddy currents in the core of transformer, the core is made laminated
e Electrical energy is always transmitted at high voltage for long transmission.

e At high voltage the current is reduced and correspondingly the power loss (I’R) is
reduced.

QUESTIONS FROM TEXTBOOK

7.1. A 100 L resistor is connected to a 220 V, 50 Hz ac supply.
(a) What is the rms value of current in the circuit?
(b) What is the net power consumed over a full cycle?

Sol. Given, R =100 Q, V =220 Veff, f=50 Hz
: 2n f=2 x 314 x 50 = 314

o ®
(a) Using the relation

L i
eff ~ R
Putting values,
I, = 220 _ 22 A
ff 100

() Power consumed = current x voltage = Ly > Vo
2.2 x 200 = 484 watt.
7.2. (a) The peak voltage of an ac supply is 300 V. What is the rms voltage?

(b) The rms value of current in an ac circuit is 10 A. What is the peak current?
Sol. Given, E,=300V, I =10A
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7.3.

Sol.

74.

Sol.

7.5.

Sol.

7.6.

Sol.

368

(a) Using relation

— EO
rms ﬁ

300 300
= 2= =" =21213V
V2o 1414

- o
(b) Irms - ﬁ

or, I, = V2 I,
= J2x10 =141 A.

A 44 mH inductor is connected to 220 V, 50 Hz ac supply. Determine the rms value of the current
in the circuit.

Given, L =44 mH=44 x 10° H
f=50Hz, E =220V
X, = Lo | =L2xf
= 44 x 10 x 2 x 3.14 x 50
E 220
N 3 I — rms —
ow ms — X, | 44x107° x2x314% 50
= 159 A.
A 60 UF capacitor is connected to a 110 V, 60 Hz ac supply. Determine the rms value of the current

in the circuit.

Given, C =60uF=60x10°F
E.,. =110V
f =60 Hz
I =%=Erms=1§ - C-2nf
ms XC i rms
.0
Putting the values,
I =110 x 60 x 10 x 2 x 3.14 x 60

rms

= 249 A.

In Questions 7.3 and 7.4, what is the net power absorbed by each circuit over a complete cycle.
Explain your answer.

Net power absorbed by the circuit over a complete cycle is zero. Since power is not
absorbed by pure inductor or capacitor and it is only resistance which absorbs the power.

. . o (s
Power for pure inductor or capacitor circuit = P, = ngf Ieﬁ cos (i E)

Obtain the resonant frequency , of a series LCR circuit with L = 2.0H, C = 32 uF and
R =10 Q. What is the Q-value of this circuit?

Here, L=20H, C=32puF=32x10°F
R = 10 Ohm
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3
o = L |- ! =%=125rad/s

" WJLC| 20x32x107°

Q_l\ﬁ_i 2
RVC| 10\32x10°
1000
= —— = 25,
Q 40

7.7. A charged 30 UF capacitor is connected to a 27 mH inductor. What is the angular frequency of
free oscillations of the circuit?

Sol. Given, C = 30 uF =30 x 10°F
L =27 mH=27x10°H
1 1
(D = =
" NIC| 27x107 x30x107
10*
= T =11 x 103 sL

7.8. Suppose the initial charge on the capacitor in Question 7.6 is 6 mC. What is the total energy stored
in the circuit initially? What is the total energy at later time?

Sol. Given, Q=6mC=6x103C
i p- 12 d
ince, = 37C (energy stored)
1 (6x107)
) E = X -
o 2”7 30x10°°
- 3 67
60

As there is no loss of energy, the total energy remains the same.

7.9. A series LCR circuit with R =20 Q, L = 1.5 H and C = 35 uF is connected to a variable-frequency
200 V ac supply. When the frequency of the supply equals the natural frequency of the circuit,
what is the average power transferred to the circuit in one complete cycle?

Sol. When the frequency of the a.c. supply is equal to the natural frequency, then
z =R and ¢ = 0°

z =20 Q
= B _ 20 g4
v Z 20

Average power transferred
P =E I cos0°
= 200 x 10 x 1 = 2000 watt.

7.10. A radio can tune over the frequency range of a portion of MW broadcast band: (800 kHz to
1200 kHz). If its LC circuit has an effective inductance of 200 uH, what must be the range of its
variable capacitor?

[Hint: For tuning, the natural frequency i.e., the frequency of free oscillations of the LC circuit
should be equal to the frequency of the radiowave.]
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Sol. f, = 800 kHz = 800 x 10° Hz,
f, = 1200 kHz = 1200 x 10° Hz
L = 200 uH = 200 x 10° H
We know that the resonant frequency is given by
= 1 2o 1
[ = omiic @ T T e
or, Cr——
4n” Lf
Now, G = 21 2 2 2
AL 4(22)* x 200107 (800 % 10°)
C, = 197.73 pF.
1
Similarly, C, = ———~
y 2 an? Lf2
_ 49 F
- 2
4(22)" x 200 x 107 (1200 x 10%)
or, C, = 87.88 pF.
The range of the variable condenser is from 87.88 pF to 197.73 pF.

7.11. Figure shows a series LCR circuit connected to a variable frequency 230 V source. L = 5.0 H,
C =80 uF, R = 40 Q.
R
VWWWY
%) —c
0000
L
Fig. 7.26
(a) Determine the source frequency which drives the circuit in resonance.
(b) Obtain the impedance of the circuit and the amplitude of current at the resonating frequency.
(c) Determine the rms potential drops across the three elements of the circuit. Show that the
potential drop across the LC combination is zero at the resonating frequency.
Sol. Here, L =50H R=40Q
C =80uF=280x10°F
E, = 230 volt
E, = J0o E, = 2 x230V
(@) Resonance angular frequency,
o = 1
’ NvLC
1 1
= = — = 50 rad/sec.
J5x80x10°  2x10
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®)

2
Impedance Z = |R%*+ ((nL - L)
oC
1
At resonance, L = —
oC

Z = \JR? =R=40Q
Amplitude of current at resonating frequency

E 2 %230

I, = =0 = \/_— = 8.13 amp.
z 40
Iy 8.13

I = —= =— =575 amp.

v 2 2 P

Potential drop across L

Vims = L, L =575x50 x50 =14375 V
Potential drop across R
Vi ims = L, X R =5.75 x 40 = 230 volt

Potential drop across C

— I 1
VCrms - v o.C
r
1

X 6
50 x 80 x 10~

5.75
=X 10° = 14375 V

Potential drop across LC circuit
Vv =V -V

LC rms L rms C rms

=0

7.12. An LC circuit contains a 20 mH inductor and a 50 uF capacitor with an initial charge of 10 mC.
The resistance of the circuit is negligible. Let the instant the circuit is closed be t = 0.

(a)
®)
©

(@)
@
Sol. (a)

What is the total energy stored initially? Is it conserved during LC oscillations?
What is the natural frequency of the circuit?
At what time is the energy stored

(i) completely electrical (i.e., stored in the capacitor)? (ii) completely magnetic (i.e., stored in
the inductor)?

At what times is the total energy shared equally between the inductor and the capacitor?
If a resistor is inserted in the circuit, how much energy is eventually dissipated as heat?
Total initial energy

2 -2 -2
107 x 10
_ QO _ 6]=1J

E = -
2C 2x50x10"

This energy shall remain conserved in the absence of resistance.

1
Angular frequency, = ——

JLC
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= L Hz = 10° rad s

(20x10° x50 10‘6)1/ 2

10°
v = —Hz =159 Hz.

2n
© Q = Q,cos wt
or Q Q, cos 2nt here T ! 1 S = 6.3 ms
= — w = - = — = .
0 T’ v 159
Energy stored is completely electrical at t =0, T/2, T, 3T/2, ...
. . . . _ T 3T 5T
Electrical energy is zero i.e., energy stored is completely magnetic at f = R
T 3T 5T oT n_ Q
(d) At t = g,?,?,... |:-_-Q = QO COS? = QO COS = Ti|
2
*. Electrical energy = @ QO , which is half of the total energy.
2C  22C

(¢) R damps out the LC oscillations eventually. The whole of the initial energy 1.0 J is
eventually dissipated as heat.

7.13. A coil of inductance 0.50 H and resistance 100 £ is connected to a 240 V 50 Hz ac supply.
(@) What is the maximum current in the coil?
(b) What is the time lag between the voltage maximum and the current maximum?

Sol. Here, L 050H, R =100 Q

E, = 240V, f=50 Hz
o = 2nf =100 n
E, = V2E, = V2x240V
2 x 240
@) I, = 2E° — - V2 _ - 1824
\/R +o°L J104 + (1007 x 0.5)
(b) In LR circuit,
If E = E,cos wt, I=1I,cos (wt- )
At t = 0, E=E,ie, voltage is maximum.
At t = %, I'=1,cos (¢ — 0) = I, x 1, current is maximum

. Time lag between voltage maximum and current maximum = —

wL| 271x50x050

As an ¢ = 21T 7 10
_ 2 _sp
7x2
57.51
= *1 = o = 1
¢ = tan™' (1.571) = 57.5 180 radian
[0} 57.5m 57.5

—|= : = - =319 x 103 s.
o| 180x2mf  180x2x50

Time lag
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7.14.

Sol.

7.15.

Sol.

Obtain the answers to (a) and (b) in Exercise 13, if the circuit is connected to a high frequency
supply (240 V, 10 kHz). Hence explain statement that at very high frequency, an inductor in
circuit nearly amounts to an open circuit. How does an inductor behave in a d.c. circuit after the
steady state?

Here, L =050H, R=100Q
V.. =240V, f=10KkHz =10*Hz
® = 2nf = 21 x 10* rad s7!
Peak voltage, Vo = 42 V. = V2x240 =339.36 V
. Yo
Maximum current, IO =
R® + 0*[?
_ 339.36 : A
\/(100)2 +(2mx10* x05)
339.36
= mA (Neglecting R)

= 0.01212 A = 1.12 x 102 A

This current is much smaller than for the low frequency case (1.82 A in above question)
showing that the inductive reactance is very large at high frequencies and L nearly
amounts to an open circuit. In d.c. circuit (after steady state) w = 0.

Z, = oL=0
i.e.,, inductance L behaves like a pure inductor.
A 100 WF capacitor in series with a 40 Q resistance is connected to a 110 V, 60 Hz supply.
(a) What is the maximum current in the circuit?

(b) What is the time lag between current maximum and voltage maximum?
Here, C =100 n F=100 x 10° F=10*F, R =40 Q.

E, = 110 volt, E,= 42.E, = J2x110V
v = 60 Hz, o = 2nv = 120% rad/s
I, =?
In RC circuit, as Z = 1/RZ + Xc2 = \/R2 + 21C2
w

E, V2 x110

lo = T | 1
\/RZ +—— 1600 + —————
w°C (120n x 10‘4)

I, = 3.24 amp.

In RC circuit, voltage lags behind the current by phase angle ¢,

YoC| 1 1

- - = 0.6628
R o CR 120w x107* x 40

where tan ¢ =
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7.16.

Sol.

7.17.

Sol.

374

335m

¢ = tan’! (0.6628) = 33.5° = rad.
180
33.5
Timelag = 2|= — 22" _ 155 x 10 sec.
® 180 x120 =

Obtain the answers to (a) and (b) in Exercise 15, if the circuit is connected to 110 V, 12 kHz supply.
Hence explain the statement that a capacitor is a conductor at very high frequencies. Compare this
behaviour with that of a capacitor in d.c. circuit after the steady state.

(@) For the high frequency,
® = 27nf =21 x 12 x 10° rad s7!
E 2E
b = — = B
2 2
\/R +w2C2 JR +w2C2
2 x110
or, I, = V2 T A
1600 + — c -
41m° x 144 x 10° x 10
1414
_ x 110 A = 1414 A
/1600 +0.0176 40
=39 A
[It may be noted that the C term is negligible at higher frequencies.]
1 1
o tan ¢ =

2mx12x10° x10* x40 967

¢ is nearly zero at high frequency.

It is clear from here that at high frequency, C acts like a conductor. For a D.C. circuit,
after steady state has been reached, ® = 0 and C amounts to an open circuit.

Keeping the source frequency equal to the resonating frequency of the series LCR circuit, if the three
elements L, C and R are arranged in parallel, show that the total current in the parallel LCR circuit
is minimum at this frequency. Obtain the current rms value in each branch of the circuit for the
elements and source specified in Exercise 11 for this frequency.

V. =230V, L=50H
C=80uF=80x10°F, R=40Q
Using relation,
o = 1 1
" JIC [5x80x10°

1

ﬁ =50 rad s}
400 x 10~

Since elements are in parallel, reactance X of L and C in parallel is given by
1 1 1 1

————=—-0C
X oL l/oC oL
Impedance of R and X in parallel is given by
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7.18.

Sol.

N|~
Il
%[
+
E
I
_
%[~
+
~—
r«|"‘
g
LY

N

or,

N NI

which is less than resistance R. At resonant frequency,

1
or oC=—

1
L = —
® oC oL
0

and (i -WC j
oL

Then, impedance Z = R and will be maximum. Hence, current will be minimum at resonant
frequency in the parallel LCR circuit. From Ex. 11 L =5H.; C=80 x 10 F, R =40 Q

Epe = 230 V.
\% 230
I = _rms = — = 5.75 A‘
( R)rms R 40
rms oL 50x5

\%
I = - =230 x 50 x 80 x 107° = 0.92 A.
( C)rms 1/(DC

Current through L and C will be in opposite phase, hence, I in circuit will be only

5.75 A. (: %) as circuit impedance will be equal to R only.

A circuit containing a 80 mH inductor and a 60 uF capacitor in series is connected to a 230 V,
50 Hz supply. The resistance of the circuit is negligible.

(a) Obtain the current amplitude and rms value.

(b) Obtain the rms values of potential drop across each element.

(c) What is the average power transferred to the inductor?

(d) What is the average power transferred to the capacitor?

(e) What is the total average power absorbed by the circuit? [‘Average’ implies ‘averaged over

one cycle’.]

Here, L = 80 mH =280 x10° H
C=60uF=60x10°F, R=0
E, =230V, E,= J2xE, = J2x230V

= 50 Hz, o = 2rnf =100 & rad/s

(a) I, =721 =?
L. B _ 2302
0

(wﬁ—lj 100t x 80x 107> — 1
oL 100 7t x 60 x 107
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7.19.

Sol.

7.20.

376

23042 23042 _

= = - 11.63 amp.
[ 1000) -2791
8m—-———
67
Lo do_-mes
o T 2 1414 oo AP

1
Negative sign appears as wL < oC

- e.xm.f. lags behind the current by 90°
() Across L, V=1 x oL =823 x 100 © x 80 x 107 = 206.74 volt.
Across C, V =1 x L = 823 x 1 — = 436.84 volt.
oC 100 7t x 60 x 10
As voltages across L and C are 180° out of phase, therefore, they get subtracted.
That is why applied r.m.s. voltage = 436.84 — 206.74 = 230.1 volt.

(¢) Average power transferred over a complete cycle by the source to inductor is always
zero because of phase difference of /2 between voltage and current through L.

(d) Average power transferred over a complete cycle by the source to the capacitor
is also zero because of phase difference of m/2 between voltage and current
through C.

(e) Total average power absorbed by the circuit is also, therefore zero.

Suppose the circuit in Question 7.18 has a resistance of 15 £2. Obtain the average power transferred
to each element of the circuit, and the total power absorbed.

Here, R =15 Q
1\2
. Impedance, Z = |R*+ ((nL - —)
oC
1 2
or, Z = 15 +|2nx50x80x 107 - —
2n x50 x 60 x 10
= J225+7795Q = 31.7Q
Vv, 230

rms Z 31.7

Average power transferred to L = E_ I cos g =0

Average power transferred to C = E I cos (_Z—RJ =0

Average power transferred to R = 2 x R
= (7.255)2 x 15 W
= 789.5 W.
A series LCR circuit with L = 0.12 H, C = 480 nF, R = 23 Q is connected to a 230 V variable
frequency supply.
(a) What is the source frequency for which current amplitude is maximum. Obtain this maximum
value.
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() What is the source frequency for which average power absorbed by the circuit is maximum?
Obtain the value of this maximum power.

(c) For which frequencies of the source is the power transferred to the circuit half the power at
resonant frequency? What is the current amplitude at these frequencies?

(d) What is the Q-factor of the given circuit?

Sol. (1) Here, L=012H R=23Q, C=480nF =480 x 10°F
E, = 230 volt, Ey= 2 E, = +/2x230 volt.
I, = Lo

R* + [u)L - )
oC

I, would be maximum, when

1 1
o= 0= = = 4166.7 rad s7!
VIC  J012% 480 %107

E, +2x230

IO = ? = T =14.14 amp.

(b) Average power absorbed by the circuit is maximum, when I = I,

1 1

P = 513 R = = (14147 x 23 = 22993 watt

(¢) The two angular frequencies for which the power transferred to the circuit is half the
power at the resonant frequency,

0 = 0 Ao

N
2L | 2x0.12

When Ao = = 0583 rad s!

angular frequencies at which power transferred is half = , £ Aw
= 4166.7 £ 95.83 = 4262.3 and 4070.87 rad s
current amplitude at these frequencies is

I, _ 1414 10 A,
V2 1414
o, L 4166.7x0.12
: = 1= = = 21.74.
@) Q-factor R 3

7.21. Obtain the resonant frequency and Q-factor of a series LCR circuit with L = 3.0 H, C = 27 uF,
and R = 7.4 Q. It is desired to improve the sharpness of the resonance of the circuit by reducing
its ‘full width at half maximum’ by a factor of 2. Suggest a suitable way.

Sol. Given, L=30H C=27uF=27x10°F
R =74Q
Resonant frequency,
1

’ JLC
1

= = -1
J30x27x10° Hirads
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Sol.

Q-factor of the circuit,

o,L 111x30
Q = = =

R 74

45

For improvement in sharpness of resonance by a factor of 2, Q should be doubled. To
double Q with changing ®, R should be reduced to half, i.e, to 3.7 Q.

7.22. Answer the following questions:

@)
®)
©
(d)

@

In any a.c. circuit, is the applied instantaneous voltage equal to the algebraic sum of the
instantaneous voltages across the series elements of the circuit? Is the same true for rms voltage?
A capacitor is used in the primary circuit of an induction coil.

An applied voltage signal consists of a superposition of a dc voltage and an a.c. voltage of
high frequency. The circuit consists of an inductor and a capacitor in series. Show that the
dc signal will appear across C and the ac signal across L.

A choke coil in series with a lamp is connected to a dc line. The lamp is seen to shine brightly.
Insertion of an iron core in the choke causes no change in the lamp’s brightness. Predict the
corresponding observations if the connection is to an a.c. line.

Why is choke coil needed in the use of fluorescent tubes with ac mains? Why can we not use
an ordinary resistor instead of the choke coil?

Yes, the applied instantaneous voltage is equal to the algebraic sum of the instantaneous
voltages across the series elements because the voltage variations across each element
will follow the variations of the supply voltage at all instants. But this is not true for
rms voltage because voltage across different elements may not be in phase.

When the circuit is broken, the large induced voltage is used up in charging the
capacitor. Thus sparking etc. is avoided.

For high frequency, the inductive reactance for a.c., X; = oL = e and capacitance of

reactance X = oC 0. Hence, capacitor does not offer any resistance for a.c. Thus

a.c. components of voltage appears across L only.
Consequently, X, for d.c, X; = oL =0 and

oo L.
¢ oC
Therefore, d.c. components of voltage appears across C only.

For a steady state d.c., L has no effect even if it is increased by an iron core. For a.c.,
the lamp will shine dimly because of additional impedance of the choke. It will dim
further when the iron core is inserted which increases the choke’s impedance.

A choke coil is needed in the use of fluorescent tubes to reduce a.c. without loss of
power, if we use an ordinary resistor, a.c. will reduce, but if loss of power due to
heating will be there.

Power dissipated = E_ I cos ¢
In a resistor, o = 0°
Power dissipated = E I cos 0°
= E, I, = max
In a choke coil, o = 90°
Power dissipated = E I cos 90° = zero.

7.23. A power transmission line feeds input power at 2300 V to a step-down transformer with its
primary windings having 4000 turns. What should be the number of turns in the secondary in
order to get output power at 230 V?

378
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Sol.

7.24.

Sol.

7.25.

Sol.

V, = 2300 volt n, = 4000
V, = 230 volt
Vo _ m
Vi
or, n, = 1y ﬁ = 4000><23—O = 400 turns.
2300

1
At a hydroelectric power plant, the water pressure head is at a height of 300 m and the water flow
available is 100 m3s7L. If the turbine generator efficiency is 60%, estimate the electric power
available from the plant (g = 9.8 ms™).

Here, h = 300 m

Volume of the water flowing per second = 100 m?

Mass of water flowing per second,

100 x 10° kg = 10° kg
¢ = 9.8 ms?

Potential energy of water fall during one second

= mgh = 10° x 9.8 x 300
29.4 x 107 .
294 x 10° Js7!

output power

m

Input power

Efficiency, n -
input power

Output power = mn X input power
= 0.6 x 294 x 10°
176.4 x 10° watt = 176.4 MW.

A small town with a demand of 800 kW of electric power at 220 V is situated 15 km away from
an electric plant generating power at 440 V. The resistance of the two wire line carrying power
is 0.5 Q per km. The town gets power from the line through a 4000-220 V step-down transformer
at a sub-station in the town.

(a) Estimate the line power loss in the form of heat.
(b) How much power must the plant supply, assuming there is negligible power loss due to leakage?
(c) Characterise the step-up transformer at the plant.
Power required = P = 800 kW = 800 x 103 W
Total resistance of two wire lines
R =2x15x05=15Q.
Since supply is through 4000 — 230 V transformer
E, = 4000 volt
As P =EI

800 x 10° = 4000 I,
800 x 10°
I, = 1000 - 200 amp
(@) Line power loss in the form of heat
=12R
= (200)? x 15 = 60 x 10* watt.
= 600 kW.
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(b) If there is no power loss due to leakage,
then the essential plant supply = 800 + 600 = 1400 kW
(0 Voltage drop on the line = I, R
= 200 x 15 = 3000 volt
. Voltage from transmission = 3000 + 4000 = 7000 V

Since the power is generated at 440 volt, the step-up transformer needed at the plant
is 440 V - 7000 V.

7.26. Do the same exercise as above with the replacement of the earlier transformer by a 40,000-200 V
step-down transformer (Neglect, as before, leakage losses though this may not be a good assumption
any longer because of the very high voltage transmission involved). Hence, explain why high
voltage transmission is preferred?

Sol. The rms current in the two-wire line

3
_ 800x10°W _ 20A
40000 V

(@) Line power loss = [2 R = (20)? x 15 = 6000 W = 6 kW

() Power supplied by the plant = 800 + 6 = 806 kW

(¢) Voltage drop on the line = 20 x 15 = 300 V
Voltage output of the step-up transformer at the plant = 40000 + 300 = 40300 V
. The step-up transformer at the plant is 440 V — 40300 V

600
Power loss is (exercise 25) = 1400 x100 = 43%

Power loss in this exercise = 306 x100 = 0.74%

MORE QUESTIONS SOLVED
l. VERY SHORT ANSWER TYPE QUESTIONS

Q. 1. The instantaneous current and voltage of an a.c. circuit are given by
i = 10 sin 314 t A and
v = 50sin (314t + m2) V.
What is the power dissipation in the circuit?
Ans. Given, i =10sin 314 t A
V =50sin (314 t + m/2) V

iy = 10, V,=50 and ¢=7

Power dissipation in the circuit is given by

P

E, I, cos ¢
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Q.2

Ans.

Q. 3.
Ans.

Ans.

Ans.

Q. 6.

Ans.
Q.7.

Ans.

=0 [ COSE = O}
2

The number of turns in secondary coil of a transformer is 100 times the number of turns in the
primary coil. What is the transformation ratio?
Transformation ratio

= k = N,
N,
Since Ns = 100 x Np
Thus k = 10N, _ 100.
’ N

P

What do you mean by power factor? On what factors does it depend?

The power factor is defined as the cosine of the phase angle between alternating e.m.f. and
current in an a.c. circuit.

Power factor of a.c. circuit is given by

R

o= )
R +|wL ———
oC

It depends upon the frequency of the a.c. source.

cos ¢ =

. In a transformer with transformation ratio 0.1, 220 volt a.c. is fed to primary. What voltage is

obtained across the secondary?

E
Transformation ratio = — = —*

P E!’

E
0.1 = 225 .. E =22volt.

. When a lamp is connected to an alternating voltage supply, if lights with the same brightness as

when connected to a 12 'V DC battery. What is the peak value of alternating voltage source?

V. =12V
vy b
eff. = Yrms \/E
So, Vy = 2 V. =1414 x 12 =1697 V.

The number of turns in the secondary coil of a transformer is 500 times that in primary. What
power is obtained from the secondary when power fed to the primary is 10 W?

If there is no loss of energy, then the output power will be 10 W.

What is the power dissipated in an a.c. circuit in which voltage and current are given by
V = 230 sin (ot + n/2) and 1= 10 sin wt?

Phase difference between V and [ = n/2
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Q. 8.
Ans.
Q. 9.

Ans.

Q. 10.

Ans.

Q. 11.

Ans.

Q. 12.

Ans.

Q. 13.

Ans.

Q. 14.

382

P =V_I,cos ¢

av eff “eff
T T
= Veff. Ieff cos o = 0 l:COSE = 0}
A small dc motor operates at 110 V dc. What is back emf when its efficiency is maximum?

E = % V = 55V.

In a series LCR circuit, the voltage across an inductor, capacitor and resistor are 20 V, 20 V and
40 V respectively. What is the phase difference between the applied voltage and the current in the
circuit?

_ V-V
tan ¢ = Ve
20 -20
= = 0
40
Phase difference ¢ = 0°.

In an L-R circuit reactance and resistance are equal. Calculate phase by which voltage differ
current?

tan 0 250 N O = 45°
an ¢ = —- =

R
Find the capacitance of the capacitor that have a reactance of 100 Q when used with an a.c source

of frequency 5/m kHz.

X - L
€ oC
1 1
= C = =
wXc 2nfX -
1
or, C = = 1uF.

21 x 2 %1000 x 100
T

Power factor can often be improved by the use of capacitor of appropriate capacitance in the circuit.

Justify.
R
Power factor cos 0 = . As the value of C is changed, the value of Z also

Jr(on- ]
R +|wL-———
oC

changes, hence power factor can be improved with the help of appropriate capacitance
in the circuit.

A bulb and a capacitor are connected in series to an a.c. source of variable frequency. How will
the brightness of the bulb change on increasing the frequency of the a.c. source? Give reason.

As the frequency of the a.c. source increases, the capacitive reactance decreases
(X< 1/f). More current flows through the circuit. So the bulb glows with more brightness.
The power factor of an a.c. circuit is 0.5. What will be the phase difference between voltage and
current in this circuit?
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Ans.

Q. 15.
Ans.

Q. 16.

Ans.

Q. 17.
Ans.

Q. 18.
Ans.

Q. 19.
Ans.

Q. 20.

Ans.

1
Power factor, cos ¢ = 0.5 = E = cos 60°.

T
The phase difference between voltage an current is 60° or 3 radian.

Peak value of emf of an a.c. source is EO. What is its rms value?

;. b

rms \/E

The peak value of an a.c. circuit supply is 300 V. What is the r.m.s. voltage?
it Peak voltage
r.m.s. = —
s voltage N
- 30 2212V.

V2
Is a motor starter a variable R or L or?
Variable R.
What is iron loss in a transformer?
It is loss of energy in the form of heat in iron core of a transformer.
What is the phase difference between voltage across an inductor and a capacitor in an a.c. circuit?
180°.
What happens to the power dissipation if the value of electric current passing through a conductor
of constant resistance is doubled?
When current is doubled, the dissipation increases four times because

P« P

Il. SHORT ANSWER TYPE QUESTIONS

Q.1

Ans.

(i) State the law that gives the polarity of the induced emf.
(i) A 15.0 uF capacitor is connected to 220 V, 50 Hz source. Find the capacitive reactance and
the rms current.

() Faraday’s law of electromagnetic induction:
— Induced e.m.f. is produced whenever magnetic flux linked with a circuit changes.
— As long as the change in the magnetic flux continues, the induced e.m.f. lasts.

— The magnitude of the induced e.m.f. is directly proportional to the rate of change
of the magnetic flux linked with the circuit.

(i) Given, C = 15.0 uF = 15 x 10 F
V=220V/ f=50HZ
.. 1
Capacitive reactance, XC = Ifc
1
or X. = -
2x%x3.14 x50x15x 10
6
= 10 = 1000000 = 212.31Q
314 x 15 4710
- Y= = 103 A.

I =
ms x| 21231
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Q. 2. An a.c. voltage, V = Vm sin wt, is applied across a
(i) series RC circuit in which the capacitative impedance is ‘a’ times the resistance in the circuit.
(ii) series RL circuit in which the inductive impedance is ‘b’ times the resistance in the circuit.
Calculate the value of the power factor of the circuit in each case.
Ans. (i) Power factor in RC circuit is

R R
cos O = © = ———
Z  JR*+Xx2
Here X. = aR

R 3 1
JRZ+aR> J1+4
(ii) Power factor in RL circuit is

cos ¢ =

R R
s ¢ = = = F=———
Z R+ X?
Here, X, = bR
R 1

s = JRvR iep

Q. 3. Aninductor 200 uH, capacitor 500 uF, resistor 10 Q are connected in series with a 100 V, variable
frequency a.c. source. Calculate the

(i) frequency at which the power factor of the circuit is unity
(ii) current amplitude at this frequency
(iii) Q-factor
Ans. (i) Power foactor
—_ R —_
cos 0 = 5 = 1
So R =

z

2

R = \/Rz +(mL—i)
oC

2
R? = RM(mL—i)
C

®
L 1
oL = —
oC
W= L or o=
LC JLC
1
2ny = IC
1
V= ——
2n/LC
1 1
w, = =316 x 1073 rad s

2mJLC  [200x 10 x500x 107
o, = 3.16 x 10 rad/s
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Y_19 o4
R 10

(i1) The current amplitude at this frequency, I, =
X, _ opL _ 316x107° x200x107°
jii) The Q-factor, Q = =& = —2= =
(iii) The Q-factor, Q R R 0
Q. 4. Prove that an ideal inductor does not dissipate power in an a.c. circuit.
Or

Derive an expression for the self-inductance of a long air cored solenoid of length | and number
of turns N.

Ans. The instantaneous EMF is given by E = E sin ot
The instantaneous current in the inductor is given by I = I, cos wt

= 632x1078

The instantaneous power in the inductor is given by

Eo Iy

P = EI = E, I, cos ot sin ot = sin2 wt

Eo Iy

The average power over the complete cycle P, = <sin2 (nt) =0

Hence, an ideal inductor does not dissipate power.

Q. 5. State the condition under which the phenomenon of 4
resonance occurs in a series LCR circuit. Plot a T
graph showing variation of current with frequency I
of a.c. source in a series LCR circuit. (current)
Ans. Resonance occurs in a series of LCR circuit
when

X, = X.
The graph showing the variations of
current with frequency of a.c. source in a f=fr
series LCR circuit is given below. —
frequency

Fig. 7.27

v

Q. 6. An alternating voltage of frequency fis applied across
a series LCR circuit. Let fr be the resonance frequency
for the circuit. Will the current in the circuit lag, lead or remain in phase with the applied voltage
when (i) f> fr, (ii) f < fr? Explain your answer in each case.

1

Ans. XL = 27'EfL and XC= M

() When f> f, X, is large and X is small. The circuit is inductive. So current lags
behind the applied voltage.

(i) When f < f, X, is small and X is large.
The circuit is capacitive. The current leads the voltage in phase.
Q. 7. In the following circuit, calculate,
(i) the capacitance ‘c’ of the capacitor if the power factor of the circuit is unity, and
(ii) also calculate the Q-factor of the circuit.
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200 mH c 10Q
()
=r
50s
Fig. 7.28
. R .
Ans. (i) Power factor,|cos ¢ = = | o Z=R [For power factor unity cos 6 = 1]
—_— 1 —_—
X. = X, or 2mfC = 2mfL
_ 1 3 1
oL, C= =73 = 2 3
4 f°L 4 x9.87 x (50)° x 200 x 10
=5x10°F
or, C = 50 pF.
} fctor = L \E
(1) Q-factor = R\C
1 [200x10°
= — [——— = 632
Q7 10\ 5x10°

Q. 8. A capacitor and a resistor are connected in series with an a.c. source. If the potential difference
across C, R are 120 V, 90 V respectively and if the r.m.s. current of the circuit is 3A, calculate
the (i) impedance, (ii) power factor of the circuit.

Ans. Given, I 3A

rms

Ve =90V, V=120V
Erms = VVI% +Vg

= ./90% +120% = /22500 = 150 V

E 150

(i) Impedance, Z = Ir—ms =5 = 50 Q
V 90

(ii) Power factor, [cos ¢ = —L—|= — = 0.6
Eoms| 150

Q. 9. If the voltage in a.c. circuit is represented by the equation,

V = 22042 sin (314t — ¢)
Calculate (a) peak and rms value of the voltage, (b) average voltage, (c) frequency of a.c.
Ans. (a) For a.c. voltage,
V =V, sin (ot - §)
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The peak value
V, = 22042 =311V
The rms value of voltage

VO
Vims = 157

(b) Average voltage in full cycle is zero. Average voltage in half cycle is

V. =220V

V. = %Vo = gx311 = 19817V
i

av TE
() As o = 2nf, 2nf = 314
ie., f= 314 = 50 Hz
2XT

Q. 10. Distinguish between the terms ‘effective value’ and ‘peak value’ of an alternating current. An
alternating current from a source is represented by

I = 10 sin (314 t)
Write the corresponding values of:
(i) its ‘effective value’
(ii) frequency of the source.

Ans. Effective value of a.c. : The value of direct current which produces the same heating effect
in a given resistor as is produced by the given alternating current when passed for the
same time is termed as effective value of a.c.

Peak value of a.c. : The maximum value attained by an alternating current in either of its
half cycle is called its peak value.
Lo d
eff \/E
Given I = 10 sin (314 )
Comparing with I = I sin 2nft, we get

I, = 10 A
. I
i I, = - =0707 x 10 = 7.07 A.
( ) eff \/E
(ii) onf = 314
314 314

= 50H

7.

f= %n T 2xa1
Q. 11. A potential of E = 50 sin (200 mt + %) is applied across a resistor of 10 £ resistance. Find

(1) rms value of potential
(ii) frequency of a.c
(ii1) initial phase
(iv) rms value of current
E
Ans. (i) Epus = Lo o0 5y

V2 V2
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<
Il

(1) Frequency,

(i) Initial phase =

| a

. 1E 1 50
o= Lhe o L 50 s oA
(o) RMS © R T /210 V2

Q. 12. An a.c. voltage E = EO sin ot is applied across an inductor L. Obtain an expression for
current I.

Ans. Let a pure inductance L connected across a source of alternating emf given by
E = E, sin wt

0000

)
N
E = E, sin ot

Fig. 7.29

1
The rate of change of current in the circuit is % (If I is the current through the circuit).

dl
.. Instantaneous induced emf across inductance = - L m (By Kirchhoff’s law)
. The net emf is
dl
E-L— =0
dt
dl
E=L—
dt
E E
or, dl = Edt = TO sin ot dt
Ey .
or, J.dI = T-[sm ot dt
I Lo t=-1 t
or, = ——— cos of = — [, cos
oL 0
where I, = (n_z = Peak value of alternating current.
Here wL has the units of resistance and it is called inductive reactance. It is denoted by X; .
I = -1, cos wt = I, sin (wt — 1/2).

Q. 13. A resistor of resistance R, an inductor of inductance L and a capacitor of capacitance C all are
connected in series with an a.c. supply. The resistance of R is 16 ohm and for a given frequency,
the inductive reactance of L is 24 ohm and capacitive reactance of C is 12 ohm. If the current in
the circuit is 5 amp., find

(a) the potential difference across R, L and C
(b) the impedance of the circuit
(c) the voltage of a.c. supply
(d) phase angle
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Ans. (1) Potential difference across resistance
Vp = iR =5 x 16 = 80 volt
Potential difference across inductance
V, = ix (wL) =5 x 24 =120 volt
Potential difference across condenser
Ve = ix(w—lc) =5 x 12 = 60 volt

(b) The impedance of the circuit is given as

[+ 2]

\/[(16)2 +(24 - 12)2] = 20 ohm

Z

(¢) The voltage of a.c. supply is given by
V =iz =5 x20 =100 volt
(d) Phase angle

oL — (1C)
O]
=t -1 | N7
(0] an R
— (24 —12
= tan
| 16

tan™ (0.75) = 36°46'.

Q. 14. A series circuit consists of a resistance of 15 ohms, an inductance of 0.08 henry and a condenser
of capacity 30 microfarad. The applied voltage has a frequency of 500 radian/s. Does the current
lead or lag the applied voltage and by what angle.

Ans. Here, X, = oL =500 x 0.08 = 40 ohm
1 1
and — = =
oC 500 (30x10 )
X. = 66.7 ohm
o)
¢ _ oC
an ¢ R
_ 40-66.7 _178
15
0 = — 60.65°

Thus the current leads the applied voltage by 60.65°.

Q. 15. A 100 wvolt a.c. source of frequency 500 hertz is connected to LCR circuit with L = 8.1
millihenry, C = 12.5 micro farad and R = 10 ohm, all connected in series. Find the potential
difference across the resistance.
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Ans. The impedance of LCR circuit is given by

% \/[R2 (X, —XC)Z]

where X, = oL|= 2nfL
= 2 x 314 x 500 x (8.1 x 107%)
= 254 ohm
and X. = L = !
€ oC| 2nfC

1
2 % 3.14 x 400 x (12.5 X 10‘6)

= 25.4 ohm

Z = \/[(10)2 +(254-254)°| =10 ohm

1 1
[ = Eims _ 00 volt _ 10 amp.
rms Z 10 ohm

Potential difference across resistance
Ve = I, % R =10 amp x 10 ohm

rms

= 100 volt.

Q. 16. An LCR series circuit with 100 £ resistance is connected to an a.c. source of 200 V and angular
frequency 300 radians per second. When only the capacitance is removed, the current lags behind
the voltage by 60°. When only the inductance is removed, the current leads the voltage by 60°.
Calculate the current and power dissipated in LCR circuit.

oL
Ans. tan 60° = —
S an R
1
or, tan 60° = ﬂ
R
ol = L
oC

Impedance of circuit,

o= o] -

Current in the circuit,

IO = — = —— = —
Z R 100
= 2 amp.
Average power, P = Vi I, cos ¢
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Q. 17.

Ans.

But, tan ¢ = w =0 (cos ¢ = 1)

1
E x 200 x 2 x 1 = 200 watt.

Now, P

A resistance of 10 ohm is joined in series with an inductance of 0.5 henry. What capacitance should
be put in series with the combination to obtain the maximum current? What will be the potential
difference across the resistance, inductance and capacitor? The current is being supplied by 200
volts and 50 cycles per second mains.

The current in the circuit would be maximum when X, = X

1
[ = — -
T e 0L
1 1 %
C = . 5 = 20.24 x 107 farad.
(2nf)"L (2% 3.14x50)" x0.5
1
Here, oL = o So the impedance z of the circuit
1\
Z = {R2+(wL——) } = R = 10 ohm
oC
E 200
I= —=——=20 .
R~ 10 amp

Potential difference across resistance
Vi = I xR =20 x10 = 200 volt
Potential difference across inductance
V, = oL xI=(2mn x50 x 0.5) x 20
= 3142 volt.
Potential difference across condenser

1
VC = R =] x oL = 3142 volt.

lll. LONG ANSWER TYPE QUESTIONS

Q.1

Ans.

Derive an expression for the average power consumed in a series LCR circuit connected
to a.c., source in which phase difference between the voltage and the current in the circuit is ¢.

Average power in LCR circuit:
Let the alternating e.m.f. applied to an LCR circuit is
E = E, sin ot (1)
If alternating current developed lags behind the applied e.m.f. by a phase angle ¢ then
I = I, sin (0t - ¢)
Total work done over a complete cycle is

w

T
J'EI dt
0

T
J.EO sin ot. I, sin (ot — ¢) dt
0
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Q.2

Ans.

392

T
= E,l, Jsin of sin (of — ¢) dt
0

Eo Iy f
= %J‘Zsinmtsin(mt—q))dt
0

T
By I
= 2 [[eos (ot £ t + )~ cos (wt + of - 0)] d

[- 2sin A sin B = cos (A — B) — cos (A + B)]

Eolo [
or, W = % j[cos ¢ - cos (2wt - ¢)] dt
0
Eo I in (20t -9)]
s -
or, w= 220 tcosp ————
2 20
0
Ey I
= =20°0 [T cos ¢]
EyI
w= 22 cos 0. T
2
. Average power in LCR circuit over a complete cycle is
W El E, I
P=—= cos ) = —=-—=cos
T2 T et
P = E I cos ¢.

A current of 4 A flows in a coil when connected to a 12 'V d.c. source. If the same coil is connected
toa 12 'V, 50 rad/s, a.c. source, a current of 2.4 A flows in the circuit. Determine the inductance
of the coil. Also find the power developed in the circuit if a 2500 uF condenser is connected in
series with the coil.

When the coil is connected to a d.c. source, its resistance R is given by

R=~<-2_30
I 4
When it is connected to a.c. source, the impedance Z of the coil is given by
1% 12
- Jms - 22 _ 50
z Lis 24
For a coil, Z = [Rz + ((x)L)Z]
5 = [(3)2 + (50L)2]
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Ans.

or, 25
Solving we get L

[(3)* + (50L)’]
0.08 henry
When the coil is connected with a condenser in series, the impedance Z’ is given by

[+ 2]

2
(3)* + (50 x 0.08 — ! j = 5 ohm

Z/

50 — 2500 x 107°

Power developed P=V_ X[ X cos®
where cos ¢ = R/Z" =3/5 = 0.6
: P =12 x 24 x 0.6 = 17.28 watt

. An a.c. source of voltage V = Vm sin wt is connected, one-by-one, to three circuit elements X, Y

and Z. It is observed that the current flowing in them,
(i) is in phase with applied voltage for element X.
(ii) lags the applied voltage, in phase, by m/2 for element Y.
(iii) leads the applied voltage, in phase, by m/2 for element Z.
Identify the three circuit elements.

Find an expression for the (a) current flowing in the circuit, (b) net impedance of the circuit,
when the same a.c. source is connected across a series combination of the elements X, Y and Z.

(c) If the frequency of the applied voltage is varied, set up the condition of frequency when the
current amplitude in the circuit is maximum. Write the expression for this current amplitude.

(?) Circuit element X is resistance R.
(if) Circuit element Y is capacitance C.

(ii1) Circuit element Z is capacitance L.

@) I =1, sinwt (ForR)
I =1 sin (ot-mn/2) (For L)
I =1 sin(ot+mn/2) (For C)

(b) Let a resistance R, capacitance C and inductance L be connected in series to a source
of alternating e.m.f., as shown in figure (a). Since R, L and C are in series, therefore,
current at any instant through three elements has the same amplitude and phase. Let
it be given as

I = I, sin wt

However, voltage across each element bears a different phase relationship with the

current. Now,

(/) The maximum voltage across R is

VR = _jOR
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Fig. 7.30

In fig. (b), current phasor I is represented along OX.

Y
|
|
BA
T B g----=5--—-wK
Vi 90° Eo I
I
¢ I
O ;IA L oou X
A/90° Io
Vo o je—vy,—>
l CV

Fig. 7.31

As Vg is in phase with current, it is represented by the vector §A, along OX.
(i1) The maximum voltage across L is
Ve = To X;
As voltage across the inductor leads the current by 90°, it is represented by OB along
OY, 90° ahead of .
(i17) The maximum voltage across C is
Ve = To Xc
As voltage across the capacitor lags behind the alternating current by 90°, it is represented
by OC rotated clockwise through 90° from the direction of Jo.OC is along OY’.

As the voltage across L and C have a phase difference of 180°, the net reactive voltage is

(VL —Vc) , assuming that V.>Ve.
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In figures (a) and (b). 13, it is represented by OB’. The resultant of OA and OB’ is the
diagonal OK of the rectangle OAKB’. Hence the vector sum of Vg,V and V. is phasor

Eo represented by OK, making an angle ¢ with current phasor

As OK = ,/JOA? + OB’?

E

0 Vi +(V —Vc)2

= JUo R + (1o X, — Iy X

2
Ey = I \/R2 +(X, - Xc)

The total effective resistance of RLC circuit is called Impedance of the circuit. It is represented
by Z, where

E 2
Z = 1_((,) = \/R2+(XL—XC)

() When the current amplitude in the circuit is maximum then X, = X..
1

2nf,C

_ 1

fo = 2nJLC

where f is called the resonant frequency.
Q. 4. A 20 volts 5 watt lamp is used in a.c. main of 220 volts 50 c.p.s. calculate the
(i) capacitance of capacitor.
(ii) inductance of inductor, to be put in series to run the lamp.
(iii) what pure resistance should be included in place of the above device so that the lamp can
run on its voltage?

(iv) which of the above arrangements will be more economical and why?

Ans. The current required by the lamp

2nf,L =

tt
p o wattage 5 oo e
voltage 20

The resistance of the lamp
voltage 20

R = —— = —— =80 ohm
current 0.25

So for proper running of the lamp, the current through the lamp should be 0.25 amp.
(/) When the condenser C is placed in series with lamp, then

- [

The current through the circuit

- —20 0

= (o] ]
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200
or, = 0.25

1
80+
\/() [4n2x502+C2]

Solving it for C, we get
C = 40x10° F=4.0uF
(i1) When inductor L henry is placed in series with the lamp, then

Z = [R2 +((nL)2]
or, L =0.25
[R2 + (mL)2]
or, 200 = 0.25

\/[(80)2 +(4n? x 502 x 12 )]

Solving it for L, we get L = 2.53 henry.

(iif) When resistance r ohm is placed in series with lamp of resistance R, then

200
R+r

200
0.25 = - 025
T B0+

= r = 720 ohms

(iv) It will be more economical to use inductance or capacitance in series with the lamp
to run it as it consumes no power while there would be dissipation of power when

resistance is inserted in series with the lamp.

Q. 5. Anemf VO sin wt is applied to a circuit which consists of a self-inductance L of negligible resistance
in series with a variable capacitor C. The capacitor is shunted by a variable resistance R. Find the

value of C for which the amplitude of the current is independent of R.

Ans. To make the problem easy, let us make use of phasor (~)

algebra. The complex impedance, of the circuit as shown v =>0Jsin ot
in the figure.
Z = joL + Z’
where Z’ is complex impedance due to C and R in parallel L
and is given by _(m\
1 , 1+ joCR
= = —+joC = Fig. 7.32
Z J R 'g
R R (1- joCR)
or, z = ; = 22752
1+ joCR 1+w°C°R
R(1- joCR)
Z = joL+ ————
J 1+w’C’R?

_ R . oCR
1+w2C2R2 1+ w?C?R?
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Ans.

The magnitude of Z is thus given by

R? CR>
Z= TS ooe k- 2252
(1+0C?R?) 1+ C°R
2 2214 2 2
or Zz=R—2+m2L2+ 0w°C°R 2_203%(352
(1+0’C’R?) (1+0?C?R?)" 1+0°C'R
R? - 2w*LCR?
= 02)2 2 + 0’
1+w°C°R

The peak value of current will be independent of R, if Z or Z? is also independent of R.
It is possible when
1

20°L

R2-202LCR? =0, or C=

. An alternating emf is applied across a capacitor. Show mathematically that current in it leads the

applied emf by a phase angle of /2. What is its capacitive reactance ? Draw a graph showing the
variation of capacitive reactance with the frequency of the a.c. source.

Let an alternating emf, E = E, sin wt is applied across a capacitor of capacitance C. The
current flowing in the circuit transfers charge to the plates of the capacitor due to which
a potential difference develops across its plates. Also, assume that g be the charge on
each plate of the capacitor at any instant ¢. Therefore, potential difference across the

plates of capacitor, V = %
Y
11 T
XC
)
—/
E = E, sin wt f—»

Fig. 7.33 Variation of capacitive reactance with frequency

At every instant potential difference V must be equal to the applied emf.

ie, V= % = E = E, sin of () [* V = E = E, sin of]
or, g = CE; sin ot
- Instantaneous current,
I = il -4 (CE, sin wt) = CE, cos wt-o

dtdt 0 0

or, I= E—Osin(wt +E) () [ sin (9 + Ej = cos 6}
y 1 > 5
oC

The current is maximum, i.e., I = [, when

sin (mt+£) =1
2
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Q.7.

Ans.

398

From equation (i), I, = TOX1 = ... (i)
oC «C
Putting in equation (ii), we get
I = I, sin (wt+g) ...(iv)

Comparing equations (i) and (iii), we see that in an a.c. circuit containing capacitor only,
current leads the emf by a phase angle of n/2.
Comparing (iii) with I, = E;)/R, we find 1/wC is the effective resistance of the capacitive

a.c. circuit. It is called capacitive reactance.
1 1

oC  2nfC’
What is meant by root mean square value of alternating current?
Derive an expression for r.m.s. value of alternating current.
Root mean square (r.m.s.) or virtual value of a.c. : It is that steady current, which when passed
through a resistance for a given time will produce the same amount of heat as the
alternating current does in the same resistance and in the same time. It is denoted by I _
or I,
Derivation of r.m.s. value of current: The instantaneous value of a.c. passing through a
resistance R is given by

I = I, sin ot
The alternating current changes continuously with time. Suppose that the current through
the resistance remains constant for an infinitesimally small time dt.
Then, small amount of heat produced the resistance R in time dt is given by
dH = > R dt = (I, sin ot)> R dt = I R sin® ot dt

The amount of heat produced in the resistance in time T/2 is

T)2

21~ cos 20t
H = jlgRsinzmtthgRj%wdt
0 0
IZR[, sin2wt]”?
or, H = t—
2 | 20 |,
. I(%R T_sinZu)t-:g—O
or T2 |2 20
2 n T
. IGRIT My
o T2 |2 20
o - I3 R T_s1n27t}
o T T2 27 2o
H_ISRT ) Lo sin 2 = 0
or, =55 ..(i) [ sin 2 = 0]
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If I be the rrm.s. value of a.c., then by definition,

T
H = Izrms R E (11)
From equations (i) and (i7), we have
2
I2 R Z = MI
ms 2 2 2
2
or, 2 = Iy
rms 2
Iy
or, I = —= = 0.707I,.

rms ﬁ

Q. 8. A series LCR circuit is connected to an a.c. source of 220 V —50 Hz. If the readings of voltmeters
across resistor, capacitor and inductor are 65 V, 415 V and 204 V; and R = 100 £, calculate:
(i) current in the circuit; (ii) value of L, (iii) value of C and (iv) capacitance required to produce
resonance with the given inductor L.
Ans. Given, E, = 200V, f=50Hz
R =1008Q, V=65V, V.=415V, V, =204V
(i) If I, is the current in the circuit, then

Vp = I,%xR
65 = I, x 100
or, I, = 0.65 A.
(i1) v, = I, X,
or, X, = ﬁ = Zﬁ = 313.85 Q
Iy 0.65
X, = oL = 2nfl. = 313.85
L = 31385 _ 31385
2mf 2 x3.14 x50
or, L = 10H.
(iid) Ve = I, Xc
Xc= ‘I/_‘(; = % = 638.5 Q
X = == —
¢ oC 2mfC
1 1
Now, C T mfX. T 2x314x50x6385
or, C =499 x10°F
(iv) Consider C’" be the capacitance that would produce resonance with L = 1.0 H,
then
N
f= 2n+/LC’
, 1
T oan’fL
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1
4 x(3.14)* x (50)* x 1
10.1 x 10 F = 10.1 uF.

QUESTIONS ON HIGH ORDER THINKING SKILLS (HOTS)

Q.1

Ans.

Q.2

Ans.

400

A 12 ohm resistance and an inductance of 0.05/7 henry with negligible resistance are connected
in series. Across the end of this circuit is connected a 130 volt alternating voltage of frequency
50 cycles/second. Calculate the alternating current in the circuit and potential difference across the
resistance and that across the inductance.

The impedance of the circuit is given by

J(R? +021?) = [R? + mL )]

\/[(12)2 +{2x3.14 x50 (0.05/3.14)}2] = JA44+25) = 13 ohm

Z

E 130
—=— =1 .
7z =13 _0amp
Potential difference across resistance,
Vi, = iR =10 x 12 = 120 volt

Current in the circuit, i =

Inductive reactance of coil, X; = oL = 2rfL

0.05
X, = 21 x50 x | ——| =5 ohm.
T
Potential difference across inductance
V, = ix X, =10 x5 =50 volt.
A circuit draws a power of 550 W from a 220 V — 50 Hz source. The power factor of the circuit
is 0.8. A current in the circuit lags behind the voltage. Show that a capacitor of about

1 -
on x 107 F will have to be connected in the circuit to bring its power factor to unity.

P =1,E, cos ¢
P 550
I, = = A =3125 A
Eycos¢  220x0.8
P 550
S — 7 =563 Q
I (3.125)
) oL
Now using tan ¢ = R we get
oL = 42 Q
. 1
Again, ol = oC [For power factor one]
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Q. 3.

Ans.

Ans.

Ans.

1
o (wL)
_ 1 5
1007 x 42
1

= — x1072F.
427

A capacitor, resistor of 5 Q and an inductor of 50 mH are in series with an a.c. source marked
100 V, 50 Hz. It is found that the voltage is in phase with the current. Calculate the capacitance
of the capacitor and the impedance of the circuit.

or C =

Since the voltage is in phase with the current, therefore, it is a case of resonance. The
circuit is purely resistive. So, impedance, Z = R =5 Q.

1 1
Again, = ——— |or, C= ———
8 f= oeiic 4r’Lf?
or C = 49 — F
4 x484 x50x 107 x50 x50
49
= —— F =202x10%*F
4 x 484 x 125

. (@) A coil of self-inductance 0.16 H is connected to a condenser of capacity 0.81 uF. What should

be the frequency of alternating current that should be applied so that there is resonance in the
circuit? Resistance of circuit is negligible.

(b) If the initial charge on capacitor in part (a) is 6 mC, what is the total initial energy stored
in the circuit?

1
@ V= dic
1

= Hz
2% 314 1/0.16 x 0.81 x 10~
1000

= ————Hz =4423 Hz
6.28 x 0.36

Z 36x107°
Q 076 I =222 ]

b U= = |- 22X
®) 2C|” 2x081x1

. A LCR circuit has L = 10 mH, R = 3 ohm and C =1 uF connected in series to an a.c. source of

the voltage 15 V. Calculate current amplitude and the average power dissipated per cycle at a
frequency that is 10% lower than the resonant frequency.

1
Resonant frequency, |o, =

" JLC

10 mH = 10 x 103 H
1uF=1x10°F

h
Il

Here,
and C
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Q. 6.

Ans.

Ans.

402

1
o, = (10 ~ 10_3) (1 y 10_6) = 10*/second.

Now, 10% less frequency will be
10
4 _ 104 _ = 3
10* — 10* x 100 9 x 10°/second.

U) =
At this frequency,
X, = oL| =9 x10° x (10 x 10~) = 90 ohm
1 1
X- = —|= = 111.11 ohm

oC (9 x 103) (1 X 10‘6)

z = \/[R2 (X, —XC)Z]

- \/[(3)2 +(90-11111)°] = 21.32 ohm

Current amplitude,

E, 15
I, = —|= ===z =0.704 .
0" Z|T umx amp
1
Average power, P = 5 E, I, cos ¢
R 3
where COs (]) = E = TSZ = 0.141
1
p = > x 15 x 0.704 x 0.141 = 0.744 watt.

In a series LCR circuit, voltages across an inductor, a capacitor and a resistor are
30V, 30 V and 60 V respectively. What is the phase difference between applied voltage and
current in the circuit?

As V, = V. =30V, therefore,

tan ¢ = %:o o0 =0°
R

i.e., there is no phase difference between applied voltage and current in the circuit.

. Give expression for average value of a.c. voltage V =V, sin wt over time interval t = 0 to

T
t=—.
(O]

T 1 2xm 1
Ast= 5 = > K = ET' therefore, we wish to know average value of a.c. voltage over

_ 2%

first half cycle (0 — T/2). It is - -
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Q.8.

Ans.

Q. 9.

Ans.

An a.c., source of angular frequency  is fed across a resistor R and a capacitor C in series. The
current registered is i. If now the frequency of the source is changed to ay3 (but maintaining the
same voltage), the current in the circuit is found to be halved. Calculate the ratio of reactance of
resistance at the original frequency.

At angular frequency o, the current in R-C circuit is given by

= E s ()

- \/{R2 ’ (oozlc2 ﬂ

When frequency is changed to /3, the current is halved. Thus
T rms E E

- - rims (i)

] )

®/3)

From equations (i) and (ii), we have
1 2

[z (o)

Solving this equation, we get

3R2 =

»’C?

5

C.O.S. is a change over switch. Work out current in the circuit shown in figure, when switch is
connecting (i) 1 and 2, (ii) 1 and 3, and the circuits are resonating.
»1

Hence, the ratio of reactance to resistance is

<. 7

/
// 3
—
2
L C R
)
N
Fig. 7.34
(i) When switch is connecting 1 and 2, L, C, R are in series. At resonance,
Z =R
. E_E
K zZ R
(i1) When switch is connecting 2 and 3, the circuit becomes parallel resonance circuit.
Atresonance, I = 0.

v
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Q. 10.

Ans.

Q. 11.

Ans.

Q. 12.

404

Physics—XII

Sketch a graph showing the variation of impedance of LCR
circuit with the frequency of applied voltage.

The impedance of LCR circuit is

z JR2 + (X, - Xc)

2
\/R2 +[2nvL— 1 j
21 vC

The variation of Z with v is as shown in figure At
v="0,; XL = XC;

Z = R = minimum.
A circuit is set-up by connecting L = 100 mH, C = 5 uF and R = 100 Q in series. An alternating

emf of (150 V2 ) volt, 5700 Hz is applied across this combination. Calculate the impedance of the

circuit. What is the average power dissipated in (a) the resistor (b) the capacitor (c) the inductor
and (d) the complete circuit?

7 = \/RZ +(X; - Xc)

R = 100 Q,
X, = oL =2nfL = 21 x % x 100 x 10 = 100 Q
% = 11 1
oC  2nfC o (520) 5%107
or, Xo = 200 Q
z = /(100)2 +(100 - 200)* = 1414 Q

v 15042

I= 2 lor, I= 22 2154
7 100 V2

(a) Power consumed in resistor is ’R = 1.5 x 1.5 x 100 = W = 225 W.

(b) Power consumed in capacitor is zero.

(c) Power consumed in inductor is zero.

(d) Power consumed in circuits same as power consumed in resistor i.e., 225 W.

(a) Out of the two arrangements
given below, for winding of
primary and secondary coils in a
transformer, which arrangement
do you think will have higher
efficiency and why?

(b) Show that, in ideal transformer,
when the voltage is stepped up @ . (b)
by a certain factor, the current Fig. 7.36
gets stepped down by the same factor.

(c) State any two causes of energy loss in transformer.




Ans. (q) Arrangement (a) will have higher efficiency because leakage flux in this arrangement
is minimum.
(b) For an ideal transformer,

m
—

ez
Il
TN
*:Z mz
~—
)
=

and I =

El

|
I/
mZ |‘E{Z
N—
—
=

N
= Voltage is stepped by the factor {II:]]S ] and current is by the factor of [N—pj or stepped
P

S

down by the same factor i.e., Ns |
N,
(¢) Two causes of energy loss in transformer are
(i) leakage of flux
(if) eddy loss.
Q. 13. In a series LCR a.c. circuit, is the applied instantaneous voltage equal to the algebraic sum of the
instantaneous voltage across the series elements of the circuit? Is the same true for r.m.s. voltage?
Ans. Yes, e =g te.tg
But it is not true for r.m.s. voltage. In case of r.m.s. voltage

e = ek + (e ~ec)”
Q. 14. An electric heater is connected, turn by turn, to a d.c. and a.c. sources of equal voltages. Will the
rate of heat production be same in the two cases? Explain.

Ans. The rate of heat production in both the cases will be same. The rate of heat produced in
a.c. and d.c. is resistance depended which have same behaviour for a.c. and d.c.
Q. 15. A resistance of 400 Q and a capacitor of resistance 200 Q are connected in series to a 220 'V,
50 Hz a.c. source. If the current in the circuit is 0.49 ampere find the (i) voltage across the resistor
and capacitor (ii) value of inductance required so that voltage and current are in same phase.

Ans. (i) The voltage across resistor,

e = IR
= 0.49 x 400
= 196 volt.
The voltage across capacitor,
e = IX.
= 049 x 200
= 98 volt.
(if) For voltage and current in same phase
X, = X
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R X, = 200 Q
and WL = 200
or 2nvL = 200
200
L = —
or 2mv
_ 200 H
2x3.14 x50
_ 200
314

MULTIPLE CHOICE QUESTIONS

At resonance, in a series LCR circuit, which relation does not hold?

1 1
= — b - —
(@) o LC b) o JIC
oo L oo L
© Lo=~ @ Co=—-
The average power dissipation in a pure capacitor in ac circuit is
1
@) Ecv2 () CV2 (©) 2CV2 (d) Zero
In series LCR a.c. circuit, the phase angle between current and voltage is
i i
(@) Any angle between O and + B () 5
7
(© m (d) Any angle between O and >
For high frequency capacity offers
(1) more resistance (b) less resistance (¢) zero resistance (d) none of these

The phase difference between the current and voltage at resonance is

@ 0 b) m/2 ©m (@ -
If the current is halved in a coil then the energy stored is how much times the
previous value

(@ 1/2 b 1/4 (© 2 (d) 4
Phase difference between voltage and current in a capacitor in ac circuit is
(@ m b) m/2 ©0 (d) m/3

A capacitor of capacity C has reactance X. If capacitance and frequency are
doubled, the reactance would be

(@) 4X b X/2 () X/4 (@) 2X
An electric bulb marked 40 W and 200 V is used in a circuit of supply voltage
100 V. Its power would be

(@) 40 W (b 10 W (c) 20 W (d) 100 W
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10. In an ideal inductor L = 4H and o = 100 rad/s. The power developed is
@ Vi, ®) Vil,/2 © 2V, @ 0
11. In a series LR circuit, X, = 3R. Now a capacitor with X = R is added in series.
The ratio of new to old power factor is
@ V2 ® 1/42 © 2 @ 1
12. What is self inductance of a coil which produces 5 V, when current in it changes
from 3 A to 2 A in one millisecond?
(@) 5000 H () 5mH (c) 50 H @ 5H
13. A 220 V, 100 W bulb is connected across a 110 V main supply. The power
consumed will be
(@) 250 W (b) 500 W (c) 1000 W (d 750 W
14. The current in a series LCR circuit will be maximum, then o is
(@) as large as possible
(b) equal to natural frequency of LCR system
(¢ JLC
(d) VLCR
15. A 500 mH coil carries a current of 2 A. The energy stored in the coil is
(@ 0.1] (b) 0.05] (© 10] (d 05]
Answers
1. (g9 2. (4 3. (q) 4. (b) S. (q)
6. (b) 7. (b) 8. (¢ 9. (b) 10. (d)
11. (g 12. (b) 13. (q) 14. (b) 15. (q).
TEST YOUR SKILLS
1. What is a choke coil? Why is it preferred to resistance in a.c. circuits? In fig. (a), (b) and (c) are
shown three a.c. circuits with equal current. If the frequency of e.m.f. be increased, then what
will be the effect on the current flowing in them? Explain with reasons.
VWY — 0000600 1|
R L Cc
E E E
© S S
Fig. 7.37
2. Draw the variation of the following with the frequency of the a.c. source.
(i) reactance of an inductor
(if) reactance of a capacitor.
3. Distinguish the terms ‘average values’ and ‘rms value” of an alternating current. The instantaneous

current from an a.c. source is I = 5 sin (314t) ampere. What are the average and rms values of
current?
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4.

10.

11.

12.
13.
14.

15.

16.

17.

Given below are two electric circuits A and B.

R X_=3R R X =38R  X,=R
L L
E E
© ©
Fig. 7.38

Calculate the ratio of power factor of the circuit B to the power factor of circuit A.

In an a.c. circuit the voltage applied is E = E; sin wt. The resulting current in the circuit is I =
I, sin (wt - m/2). What will be the power consumption in the circuit?

An ideal coil of 10H is connected in series with a resistance of 5 Q and a battery of 5 V. 2 second
after the connection is made, what will be the current flowing in the circuit?

A transformer with efficiency 80% works at 4 KW and 100 V. If the secondary voltage is
200 V. Then what will be primary and secondary currents?

The instantaneous voltage through a device of impedance 20 Q is e = 80 sin 100 nt. What is
effective value of current?

The instantaneous voltage from an a.c. source is given E = 300 sin 314t. What is the r.m.s. voltage
of the source?

For a given a.c. circuit, distinguish between resistance, reactance and impedance. An a.c. source
of frequency 50 Hz is connected to a 50 mH inductor and a bulb. The bulb glows with some
brightness. Calculate the capacitance of the capacitor to be connected in series with the circuit
so that the bulb glows with maximum brightness.

The output voltage of ideal transformer, connected to a 240 V a.c. mains is 24 V, when this
transformer is used to light a bulb with rating 24 V, 24 W. Calculate the current into the primary
coil of the circuit.

Prove that an ideal capacitor, in an a.c. circuit does not dissipate power.
Derive an expression for the impedance of an a.c. circuit consisting of an inductor and a resistor.

An inductor 200 mH, capacitor 500 uF, resistor 10 Q are connected in series with a 100 V,
variable frequency a.c. source. Calculate the

(i) frequency at which the power factor of the circuit is unity

(if) current amplitude at this frequency.

(ii1) Q-factor.

An inductor of unknown value, a capacitor of 100 uF and a resistor of 10 Q are connected in

series to a 200 V, 50 Hz a.c. source. It is found that the power factor of the circuit is unity.
Calculate the inductance of the inductor and the current amplitude.

When a large circular coil of radius R, is kept in the neighbourhood of a small circular coil of
radius r, the coefficient of mutual induction, for the given pair, equals 5 mH. What current must
flow through the larger coil to cause a flux of 0.25 x 10 Wb to be linked with the smaller coil?

If this current falls to zero what would be the effect in the smaller coil?

An a.c. source of voltage V = V,, sin ot is connected, one-by-one, to three circuit elements X,
Y and Z. It is observed that the current flowing in them.

(i) is in phase with the applied voltage for element X.
(if) lags the applied voltage, in phase, by n/2 for element Y.
(iii) leads the applied voltage, in phase by m/2 for element Z.
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18.

19.

20.

Identify the three circuit elements.

Find an expression for the (a) current flowing in the circuit, (b) net impedance of the circuit,
when the same a.c. source is connected across a series combination of the elements X, Y
and Z.

If the frequency of the applied voltage is varied, set up the condition of the frequency when
then current amplitude in the circuit is maximum. Write the expression for this current amplitude.
What does the term ‘phasors’ in a.c. circuit analysis mean?

An a.c. source of voltage V = V|, sin wt is applied across a pure inductor of inductance L. Obtain
an expression for the current, i, flowing in the circuit. Also draw the

(i) phasor diagram

(if) graphs of V and i versus wt for this circuit.

The instantaneous current and voltage of an a.c. circuit are given by

i =10 sin 300 tA and V = 200 sin 300 tV.

What is the power dissipation in the circuit?

The circuit arrangement given shows that when an a.c. passes through
the coil A the current starts flowing in the coil B. <
S @

(i) State the underlying principle involved.

(i) Mention two factors on which the current produced in the coil
B depends. Flg. 7.39

Qaaa
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