Chapter —7

Alternating
Current
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1. Alternating Current

continuously and in direction periodically. The maximum value of \/T \/
e

. . . . . I
Alternating current is the one which changes in magnitude T 0 /N ot
current is called current-amplitude or peak value of current. ‘ t

It is expressed as
I =1,sin ot
Similarly alternating voltage (or emf) is

V'=7V,sin ot

2. Mean and RMS Value of Alternating Currents

The mean value of alternating current over complete cycle is zero

(1 mean ) Vull cycle = 0

While for half cycle it is

o1,
(Imean)halfcydg = T = 06?)6]0
214
v, === 0636V,

av

An electrical device reads root mean square value as

9 IO VO

Irms = (1 )me(m = ﬁ = 0707[0 ; Vrms = ﬁ =0.707 VO
3. Phase Difference between Voltage and Current

In a circuit having a reactive component, there is always a phase difference between applied voltage
and the alternating current.

If E=E;sinwt
Current is I = [ sin (ot+¢)
where ¢ is the phase difference between voltage and current.
4. Impedance and Reactance

Impedance: The opposition offered by an electric circuit to an alternating current is called
impedance. It is denoted as Z. Its unit is ohm.

Z = K = E = I/T’”’LS
1 IO Irmx

Reactance: The opposition offered by inductance and capacitance or both in ac circuit is called

reactance. It is denoted by X, or X;.
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The opposition due to inductor alone is called the inductive
alone is called the capacitive reactance.

Inductive reactance, X, = oL

.. 1
Capacitive reactance, X =—
p ¢ wC

. Purely Resistive Circuit

If a circuit contains pure resistance, then phase difference ¢=0 i.e.,

current and voltage are in the same phase.

Impedance, Z = R

. Purely Inductive Circuit
If a circuit contains pure inductance, then ¢ = —g
an angle g
ie., If V="V,sinwo

=1, sin(a)l - g)

In this case inductive reactance, X; = oL

reactance while that due to capacitance

—Y

my

Phase diagram

, t.e., current lags behind the applied voltage by

The inductive reactance increases with the increase of frequency of AC linearly (fig. b).

\

v
i
\
X0 oir O
/2

>
Phase diagram

(a)

V—>

(b)

. Purely Capacitive Circuit

If circuit contains pure capacitance, then ¢ =

2

2

V=V sinot,I = Iosin(a)t + g)

1
oC

ie.,

Capacitance reactance, X, =

...............

3n
— pot

T ie., current leads the applied voltage by angle

Clearly capacitance reactance (X) is inversely proportional to the frequency v (fig. b).
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y Frequency of ac source

(a) (b)
LC Oscillations

(c)

A circuit containing inductance L and capacitance C is called an LC circuit. If capacitor is charged

initially and ac source is removed, then electrostatic energy of capacitor (¢3/2C) is converted into



10.

11.

magnetic energy of inductor (LLI 2) and vice versa periodically; such oscillations of energy are

2
called LC oscillations. The frequency is given by
W= L = 2nv = L
VLC VLC
Series LCR Circuit R L C

If a circuit contains inductance L, capacitance C and resistance R,

connected in series to an alternating voltage V' = I/, sin of

then impedance Z = JRE+ (XC—X])2 N\
’ 1

X=X, V =V, sin ot
R

1

and phase ¢ = tan”

2
Net voltage V=AVgr+ (VC—VL)2

Resonant Circuits
Series LCR circuit: In series LCR circuit, when phase (¢)

between current and voltage is zero, the circuit is said to be

. L. 1
resonant circuit. In resonant circuit XC = XL orE = wlL

Resonant angular frequency o = ——
o . vLC

2 on/IC
At resonant frequency ¢ =0, V = Vj

Quality factor (Q)
The quality factor (Q) of series LCR circuit is defined as the

(linear) frequency, v,

Io

. . 0.707 1
ratio of the resonant frequency to frequency band width of 0
the resonant curve. TI

®, o, L

Q= Wy—w; R

Clearly, smaller the value of R, larger is the quality factor 0;1 0 (;32
and sharper the resonance. Thus quality factor determines

the nature of sharpness of resonance. It has no unit.

Power Dissipation in AC Circuit is

P=V_ I cosd= LVolocosd)

rms” rms 2

where cos¢ = % is the power factor.

For maximum power
cosp=1 or Z=R
i.e., circuit is purely resistive.
For minimum power
cosp=0 or R=0
1.e., circuit should be free from ohmic resistance.
Power loss, P = I’R



12. Wattless Current

In purely inductive or purely capacitive circuit, power loss is zero. In such a circuit, current
flowing is called wattless current.

. X, X,
Iwattlesx = ISIH(l) =1 7 =1 VA
13. AC Generator

It is a device used to convert mechanical energy into electrical energy and is based on the
phenomenon of electromagnetic induction. If a coil of N turns, area 4 is rotated at frequency v
in uniform magnetic field of induction B, then motional emfin coil (if initially it is perpendicular
to field) is

e=NBA o sin ol with © = 2nv
Peak emf, gy= NBA

14. Transformer
A transformer is a device which converts low ac voltage into high ac voltage and vice versa. It
works on the principle of mutual induction. If N, and N are the number of turns in primary
and secondary coils, V and I are voltage and current in primary coil, then voltage (V) and
current (/) in secondary coil will be

N Np
Vg = (N)VP and [ = (N)IP
P S
Step up transformer increases the voltage while step down transformer decreases the voltage.
In step up transformer Ve¢>1Vp so Ng > Np

In step down transformer Ve<Vp so Ng < Np

Energy Losses and Efficiency of a Transformer

(i) Copper Losses: When current flows in primary and secondary coils, heat is produced. The
power loss due to Joule heating in coils will be i°R where R is resistance and i is the current.

(ii) Iron Losses (Eddy currents): The varying magnetic flux produces eddy currents in iron-core,
which leads to dissipation of energy in the core of transformer. This is minimised by using a
laminated iron core or by cutting slots in the plate.

(117) Flux Leakage: In actual transformer, the coupling of primary and secondary coils is never
perfect, i.e., the whole of magnetic flux generated in primary coil is never linked up with the
secondary coil. This causes loss of energy.

(iv) Hysteresis Loss: Thealternating currentflowing through the coils magnetises and demagnetises
the iron core repeatedly. The complete cycle of magnetisation and demagnetisation is termed
as hysteresis. During each cycle some energy is dissipated. However, this loss of energy is
minimised by choosing silicon-iron core having a thin hysteresis loop.

(v) Humming Losses: Due to the passage of alternating current, the core of transformer starts
vibrating and produces humming sound. Due to this a feeble part of electrical energy is lost in
the form of humming sound.

On account of these losses the output power obtained across secondary coil is less than input
power given to primary. Therefore, the efficiency of a practical transformer is always less than

100%.

output power obtained from secondary

Percentage efficiency of transformer = . - . X 100%
input power given to primary

Vsig

Vpip

X 100%



Selected NCERT Textbook Questions

AC Circuit
Q.1. A 100 Q 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?
Ans. The given voltage of 220 V is the rms or effective voltage.

Given V,,=220V,v=50 Hz, R=100 Q

Vs _ 220

R~ 100 2.2A

(b) Net power consumed P= I2rmS R = (2.20)* X100 = 484 W

(@) RMS value of current 1, =

Q. 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?
Ans. (a) Given V, =300 V
v
0o _ 300
v, oo=——="==150/2~212V
rms ﬁ ﬁ

(b) Given /,,,=10 A
I,=1,7/2=10x1.41=141A

Q.3. (a) A 44 mH inductor is connected to 220 V, 50 Hz ac supply. Determine the rms value of
current in the circuit. [CBSE (AI) 2013, 2012]

(b) What is the net power absorbed by the circuit in a complete cycle?
Ans. (a) Given L = 44 mH= 44 x 10° H, V,,, =220 V, v = 50 Hz
Inductive reactance of current X, = oL

rms Vrms
. RMS value of current, I = oL~ onvl
220 220X 7%x10° 700

=159A

292 T 99X 929x50%x44 44

2><<7)><50><44><10-3

(0) P="V, 5 Ly - COS

. . . T . T
In pure inductor circuit (I) = — radians = cos7 =0

2 2

As such net power consumed = 7 | o5~ = 0
YIS rms 2

Q.4. (a) A 60 pF capacitor is connected to a 110 V, 60 Hz ac supply. Determine the rms value of
current in the circuit.

(b) What is the net power absorbed by the circuit in a complete cycle?
Ans. (a) Given C = 60 pF =60 x10°F, 7, =110V, v = 60 Hz

Capacitive reactance, X, = (,)I—C = 27_[1\/ C

RMS value of current, L= = 2nvC Vs

Xe

=92 % 3.14 X 60 X (60 x 10 x 110 A = 2.49 A

Alternating Current .



(b) In a purely capacitive circuit, the current leads the applied p.d. by an angle % , therefore,
= =
cos$ =cos 5 0

P =V I cosé=1V_ 1 cosE =0

rms” rms 2

i.e., in purely capacitive circuit the power absorbed by the circuit is zero.
Q. 5. Alight bulb is rated 100 W for 220 V ac supply of 50 Hz. Calculate
(a) the resistance of the bulb;
(b) the rms current through the bulb.

y?
Ans. (a) R = ;’” = 2201;0220 =484 Q

_ P _100 _
) 1, =37 = 990 = 0454
LR Circuit

Q. 6. A coil of inductance 0.50 H and resistance 100 Q is connected to a 240 V, 50 Hz ac supply.
(a) What is the maximum current in the coil?

(b) What is the time lag between the voltage maximum and the current maximum?
Ans.

Given L = 0.50 H, R =100 Q, V' =240V, v = 50 Hz
(@) Maximum (or peak) voltage V= Vy2

0

VA

Inductive reactance, X; =0l = 2nvL

Maximum current, /; =

=2 X314 x50 X 0.50=157Q

Impedance of circuit, Z = \/R2 + Xi = \/(100)2 +(157)% = 186.14 Q

Vo 1y2 40 % 1.41
. Maximum current [, = 70 = ! = 2 1086 - 1.82 A

(b) Phase (lag) angle ¢ is given by

X, 157
tand)—?—m— 1.57
o = tan"! (1.57) = 57.5°
Time 1 AT=i><T=i><L=57—'5><L
a8 on on "V 360 ~ 50 °
=32x%107%s =3.2ms

Q. 7. In above prob., if the circuit is connected to a high frequency supply (240 V, 10 kHz); find :
(a) The maximum current in the coil.

(b) The time lag between the voltage maximum and the current maximum.

(c) Hence explain the statement that at very high frequency, an inductor in a circuit nearly

amounts to an open circuit. How does an inductor behave in a dc circuit after the steady
state?

Ans. Here R=100Q, L = 0.50 H, V=240V, v =10x10° Hz

(a) Inductive reactance X; = oL

= 21vL=2 X 3.14 x (10x10% X 0.50 ohm = 3.14 x10*Q
Impedance of circuit Z = ,/R* + Xi

= /(100)2 + (3.14 x 1012 =~ 3.14 X 10'Q




Maximum current, [ W _ V2 _ 240x141
3.14 X 10

=107 x10™* A = 10.7 mA

3.14 x 10*
100

_ T
) =tan"'314 = 89.8° ~ o
2
(¢) Maximum current in high frequency circuit is much smaller than that in low frequency
circuit; this implies that at high frequencies an inductor behaves like an open circuit.
In a dc circuit after steady state ® = 0, so, X; = w; = 0, i.e., inductor offers no hindrance and
hence it acts as a pure conductor.

-1 XL 1
(b) Phase lag ¢ = tan & = tan (

LC Circuit

Q.8.

Ans.

Q.9.

Ans.

Q. 10.

(@) A charged 30 pF capacitor having initial charge 6 mC is connected to a 27 mH inductor.
What is the angular frequency of free oscillations of the circuit?

(b) What is the total energy stored in the circuit initially? What is the total energy at later time?
Given C = 30 uF=30 x 10°F, L =27mH =27 x 10 °H
Initial Charge ¢, = 6 mC = 6 x 107 C
(a) Angular frequency of free oscillations
o= I _ 1
VLG J27x107x30%107)

10t 3
=——=1.1X10"rad/s
) g% _ (6107
(b) Initial energy stored in circuit = Initial energy stored in capacitor = oc T W =0.6]

Energy is lost only in resistance.
As circuit is free from ohmic resistance; so the total energy at later time remains 0.6 J.
A radio can tune over the frequency range of a portion of medium wave (MW) broadcast band
(800 kHz to 1200 kHz). If its LC circuit has an effective inductance of 200 pH, what must be
the range of variable capacitor?
Given v;=800 kHz = 800 x 10° Hz, v, =1200 kHz =1200 x 10° Hz
L =200 pH =200 x 10°H
Ci=2,Cy =7
The natural frequency of LC circuit is
1

V =
2ny/ LC
1

le., C=
4V L

For v = v, =800x 10" Hz,

1
G = 2 3.2 6
4 X (3.14)7 X (800 X 107)° X 200 X 10
For v = v,= 1200 x 10° Hz

F = 198.09 X 1072 F ~ 198 pF

1
Cy= 2 3.2 6
4% (3.14)? X (1200 X 10%)2 X 200 X 10

=~ 88 pF

The variable capacitor should have a range of about 88 pF to 198 pF.

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

(a) What is the total energy stored initially? Is it conserved during LC oscillations?

Alternating Current .

(b) What is the natural frequency of the circuit?



(c) 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)?
(d) At what time the total energy stored equally between the inductor and the capacitor?
(e) If a resistor is inserted in the circuit, how much energy is eventually dissipated as heat?
Ans. Given L =20mH =20 x 10° H, C =50 uF =50 X 10°F, ¢, =10mC =10 X 107 C
gy (10x107)>

(a) Total energy stored initially = oc = m =1.0]

Yes, the total energy is conserved during LC oscillations (because circuit is free from ohmic

resistance).
L 1 1 3
(b) Angular frequency of circuit, ® = = = 10" rad/s
VLG /20x107 x50x107°
Natural linear f ~ o _ 100 j5eh
atural linear frequency, v =5 - = 5= 57 z

(¢) When circuit is closed at ¢ = 0 then equation of charge on capacitor is ¢ = ¢ cos ol

(1) Energy is completely electrical when ¢ = ¢, i.e., when cos o/ = =1 or o/ = rn where

r=0,1,2 3, ..
t=%,T=%toroa=27n,

1= g = r.%, r=0,1,2,3,.)
e, 1t =0, g, T, S?T,...,

(i) Energy is completely magnetic when electrical energy is zero,

i.e., when cos ot = 0 or ot = (2r + I)E,r =0,1,2,...

2
_ T T U
t—(27+1)2w (27—'_1)2(27[/'1‘) (27+1)4 (r=20,1,2,..)
[ _T 3T 5T
or a0 4

(d) Energy is equally divided between inductor and capacitor, when half the energy is electrical.
Let charge, in this state, be ¢, then

P 2

7 _1% _ %

2C¢ ~ 22C == )
= q,Cos Wt —+ﬂ or cos Wt —+L

’ R VR

) o = T 57 5T
© 44 4

21, _ 81 5 ,_ T 3T 5T
or T 1 40 40 or 8 8 8

(¢) When R is inserted in the circuit, the oscillations become damped and in each oscillation
some energy is dissipated as heat. As time passes, the whole of the initial energy (1.0 J) is
eventually dissipated as heat.

LCR Circuit

Q. 11. Aseries LCR circuit with R=20 Q, L =1.5 H and C = 35 puF 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?

Ans. When frequency of supply is equal to natural frequency of circuit, then resonance is obtained. At

resonance X, = X

Impedance Z = /R*+ (X,-X,)> =R =20Q



Current in circuit, I, = = =10A

rms R
Power factor cos ¢ = % = % =1

Average power P =V, I cos¢ =V, I, =200 x 10 =2000 W=2 kW
Q. 12. A circuit containing a 80 mH inductor and a 60 uF capacitor in series is connected to a 230V,
50 Hz supply. The resistance of the circuit is negligible.
(a) Obtain the current amplitude and rms values.
(b) Obtain the rms values of potential drops 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 average over
one cycle).

Ans. Given V=230V, v =50 Hz, L =80 mH = 80 x 10° H, C = 60 uF =60 x10°F
(@) Inductive reactance X; = ol =2nvL
=92 % 3.14 x 50 X 80 x107° =25.1 Q
1 1 1

Capacitive reactance X, = oC = oG 9% 3 14 % 50 X 60 X 109

=53.1Q

Impedance, Z= Net reactance

l—wL‘ =53.1-25.1 = 28.0Q

oC
Vo VW2 230x1.41
. _ o _ _ Al
Current amplitude 1, = -7 7 98.0 11.6 A
I
_ o _ 116 _
I, .= _ﬁ =14 " 823A

(b) RMS value of potential drops across L and C are V; =X; I,,,, = 25.1 X 8.23 =207V
Ve=X,1,,=53.1x823 =437V
Net voltage = V-V, =230V

(¢) The voltage across L leads the current by angle us therefore, average power

2
P =V 1 c0s£=0(zero)

av rms”rms 2

(d) The voltage across C lags behind the current by angle g .
Pzzv = I/TWLYIT”LS Cosg = 0
(¢) As circuit contains pure L and pure C, average power consumed by LC circuit is zero.

Q. 13. A circuit containing a 80 mH inductor, a 60 uF capacitor and a 15 Q resistor are connected to

a 230V, 50 Hz supply. Obtain the average power transferred to each element of the circuit and
total power absorbed.

Ans. Given L= 80 mH = 80 x 107° H, C = 60 uF =60 x107° FER=15Q,V,, =230V, v=50 Hz
Inductive reactance X; = oL = 2nvL =2 x 3.14 X 50 X 80 x 107 = 25.1 Q
1 1 1

o€ 2mvC 9%3.14x50x60x 107

Impedance of circuit Z = JR*+ (XC—XL)Q

= /(15)% + (53.1-25.1)% = y/(15)2 + (28)2 = 31.8Q

Vis 230
Alternating Current .

Capacitive reactance X, =

. = 53.1Q

RMS current, [ = 7 ~318 " 7.23 A



Q. 14.

Ans.

Average power transferred to resistance = 1%, R=(7.23)? X 15 = 784 W

Average power transferred to inductor = Average power transferred to capacitor

T
=V I cos5 = zero
rms "~ rms 2

Total power absorbed = 784 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.

(2) What is the source frequency for which current amplitude is maximum? Obtain the
maximum value.

(b) Whatis the source frequency for which average power observed by the circuit is maximum?
Obtain the value of this maximum power.

(c) For which frequencies of the source is the power transferred to 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?

Given:L =0.12H,C =480 nF =480 x 10" FER=23Q,V,, =230V

Y Vis¥/2
(a) Current amplitude = — =

Z R+ (X, - X))
Clearly current amplitude is maximum when X, - X; = 0

1
= —— =wlL or ®w =——. This is resonant frequency.
oC TC q Y

1 1 10° 5
= =——=4.167%10" rad /s
VLG J(0.12x480x 1079 24

©,  4167%x10°

Resonant frequency ®, =

Resonant linear frequency, v = on = 9x314 663 Hz
At resonant frequency Z = R
(b) Average power, P=1V I  cosd
Vs _ 230
. rms
For maximum power, cos¢ = I;Irms = R = 93 =10A
Puax =V, I =230x10= 2300 watt
(¢c) Power absorbed, P = éx maximum power
PR=1p9 p= 1=ﬁ
9 “rms ﬁ
I/TmS — 1 rms
2 2 R
SR Lef 2
oC
R2+< . wL)Q— OR?o L+ _wL=4R
= o€~ = = oC —WL =x
Ifo <o, thenwi—c—mlL =+R ...(1)
If w, <o, then (oIC -0, =-R ... (1)

2



Adding (/) and (z2),

L(LJF L )—(co1+a)2)L=O

C\®p O
®, +, 1
m—(@)l+w2)L=O = Wy = T ...(u)
1 1
Asw? = — =0 =,/w 0, = —— resonant frequency.
b LC r 1772 /LC q y

1 1
Subtracting (:¢) from (i), ("Tl - (072)% +(wy—®,)L = 2R
Wy — @,

1
o (o) =2

Using (u12), we get
(05 =) L + (0 — ) [ = 2R

R

= (.02—0)1 =f
If Aw is the difference of ®; and w, from o, , then o, + Ao — (0, — Aw) = %
= 2Aw=%

_R_ 25
or Aw = oL " 9x012 95.8rad /s

_Aw _ 958 _
Av = on T 9x314 15.2 Hz

Vi =V, —Av =663 - 15.2 = 647.8 Hz
Vo =V, + Av = 663 + 15.2 = 678.2 Hz
Thus, power absorbed is half the power at resonant frequency at frequencies 647.8 Hz and

678.2 Hz.
(d) Q-value of given circuit,

o, L
Q="%r
_4.167%x10°%0.12
= 93 =21.7
Q. 15. Obtain the resonant frequency ®_ of a series LCR circuit with L = 2.0 H, C = 32 pF and
R = 10 QO What is the quality factor (Q) of this circuit?
Ans. Resonant frequency, ® = L _ L =Ly 10° = 125 rad s™"
C 7 YLe y20x32x100 8
Lo oL 195%20
Q-value of circuit = R 10 =25
Transformer
Q. 16. A power transmission line needs 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
windings in order to get output power at 230 V?
Ans. Given V= 2300V, Np =4000 turns, Vg =230 V, Ng =7

N
We have — =
V, N,

Alternating Current .



Q.17.

Ans.

Vs 230
= Ns =, Ne = 9300
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 two wire line carrying power
is 0.5 Q per km. The town gets power from the line through a 4000 V — 220 V step down
transformer at a sub-station in the town. Calculate (i) the line power loss in the form of heat
(i) how much power must the plant supply, assuming there is negligible power loss due to
leakage (iii) characterise the step up transformer at the plant.

X 4000 = 400 turns

Length of wire line =15 X 2 = 30 km
Resistance of wire line, R = 30 X 0.5=15Q
(i) Power to be supplied P = 800 kW = 800 x 10° W
Voltage at which power is transmitted = 4000 V

B _ P _800x10°
P=VI=l==""0 "

Line power loss = I X R = (200)? X 15 = 6 x 10° watt = 600 kW
(1) Power that must be supplied = 800 kW + 600 kW = 1400 kW
(1) Voltage drop across to wire line = PR =200 x 15 = 3000 V

=200A

The plant generates power at 440 V and it has to be stepped up so that after a voltage drop
of 3000 V, across the line, the power at 4000 V is received at the sub-station in the town.
Therefore the output voltage is

3000 + 4000 = 7000 V

Here step up transformer at the plant is
440 V — 7000 V

Multiple Choice Questions [1 mark]

Choose and write the correct option(s) in the following questions.

1.

If the rms current in a 50 Hz ac circuit is 5 A, the value of the current 1/300 seconds after its
value becomes zero is [NCERT Examplar]

(@) 5V2 A ®) 5\/% A (c) 5/6 A ) 5/v2 A
An alternating current generator has an internal resistance R, and an internal reactance X,. It

is used to supply power to a passive load consisting of a resistance R, and a reactance X;. For
maximum power to be delivered from the generator to the load, the value of X; is equal to

[NCERT Examplar]
(a) zero () X, (c) =X, (d) R,
In an ac circuit, the maximum value of voltage is 423 volts. Its effective voltage is
(@) 400 volt (b) 300 volt (c) 323 volt (d) 340 volt
The peak voltage of 220 V ac mains is
(@) 155.6 V (b) 220.0 V (¢) 311V (d) 440V

An inductive circuit have zero resistance. When ac voltage is applied across this circuit, then
the current lags behind the applied voltage by an angle

(a) 30° (b) 45° (¢) 90° d) 0°

If an LCR circuit contains L = 8 henry; C = 0.5 pF, R = 100 ( in series. Then the resonant
angular frequency will be:

(@) 600 rad/s (b) 500 rad/s (¢) 600 Hz (d) 500 Hz



10.

11.

12.

13.

14.

15.

16.

When a voltage measuring device is connected to ac mains, the meter shows the steady input
voltage of 220 V. This means [NCERT Examplar]
(a) input voltage cannot be ac voltage, but a dc voltage.

(b) maximum input voltage is 220 V.
(¢) the meter reads not V but <V?> and is calibrated to read v< I/* > .
(d) the pointer of the meter is stuck by some mechanical defect.
To reduce the resonant frequency in an LCR series circuit with a generator [NCERT Examplar]
(a) the generator frequency should be reduced.
(b) another capacitor should be added in parallel to the first.
(¢) the iron core of the inductor should be removed.
(d) dielectric in the capacitor should be removed.
In a pure capacitive circuit, the current
(a) lags behind the applied emf by angle n/2 (b) leads the applied emf by an angle n
(¢) leads the applied emf by angle n/2 (d) and applied emf are in same phase
In an ac circuit, the emf (¢) and the current (i) at any instant are given by
€ = E, sin wt, i = I;sin (0t — ¢)
Then average power transferred to the circuit in one complete cycle of ac is

1 1 . 1
(@) Eyl, (b) §E010 (c) §E010 sin ¢ (d) §E010 cos ¢
The average power dissipation in pure inductance is

1 1

(@) §L12 () Zu? () 2LI? d) zero
Electrical energy is transmitted over large distances at high alternating voltages. Which of the
following statements is (are) correct? [NCERT Examplar]

(a) For a given power level, there is a lower current.

(b) Lower current implies less power loss.

(¢) Transmission lines can be made thinner.

(d) Itis easy to reduce the voltage at the receiving end using step-down transformers.

The reactance of a capacitance at 50 Hz is 5 (). If the frequency is increased to 100 Hz, the new
reactance is

(@) 5Q () 10 Q (c) 2.5 Q (d) 125 Q
In a pure inductive circuit, the current

(a) lags behind the applied emf by an angle ©

(b) lags behind the applied emf by an angle n/ 2

(¢) leads the applied emf by an angle n/ 2

(d) and applied emf are in same phase

When an ac voltage of 220 V is applied to the capacitor C [NCERT Examplar]
(a) the maximum voltage between plates is 220 V.

(b) the current is in phase with the applied voltage.

(¢) the charge on the plates is in phase with the applied voltage.

(d) power delivered to the capacitor is zero.

In an ac circuit, voltage V and current i are given by
V' =100 sin 100 ¢ volt
i = 100 sin (100t + 7/3) mA

The power dissipated in the circuit is

(@) 10*W ®) 10 W () 2.5 W (d) 5 W.

Alternating Current .



17.

Which of the following combinations should be selected for better tuning of an LCR circuit used

for communication? [NCERT Examplar]
(@) R=20Q,L=15H,C=35pF (b)y R=25Q0,L=25H,C =45 pF
(¢) R=15Q,L=35H,C=30pF dR=25Q0,L=15H,C =45 pF
18. An inductor of reactance 1 () and a resistor of 2 () are connected in series to the terminals of a 6 V
(rms) ac source. The power dissipated in the circuit is [NCERT Examplar]
(@) 8W (b) 12 W (c) 144 W d) 18 W
19. The potential differences across the resistance, capacitance and inductance are 80 V, 40 V and
100 V respectively in an L-C-R circuit, the power factor for this circuit is
(@) 0.4 () 0.5 (¢) 0.8 (d) 1.0
20. The output of a step-down transformer is measured to be 24 V. when connected to a 12 watt light
bulb. The value of the peak current is [NCERT Examplar]
@ 1//2 A b) V2 A () 2A d) 22 A
Answers
. (b) 2. (c) 3. (b) 4. (c) 5. (c) 6. (b)
7 (c) 8. (b) 9. (¢) 10. @) 11. ) 12. (a), (b), (d)
13. (¢) 14. (b) 15. (¢), (d) 16. (c) 17. (c) 18. (¢)
19. (¢) 20. (a)

Fill in the Blanks [1 mark]

1. The average power supplied to an inductor over one complete cycle is

2. The inductive reactance is directly proportional to the inductance and to the
of the circuit.

3. The capacitive reactance limits the in a purely capacitive circuit in the same
way as the resistance limits the current in a purely resistive circuit.

4. The phenomenon of resistance is common among systems that have a tendency to oscillate at a
particular frequency. This frequency is called the system’s

5. The quantity 2(2—(()0 is regarded as a measure of the

6. The average power dissipated depends not only on the voltage and current but also on the

of the phase angle ¢ between them.

7. For many purposes, it is necessary to change an alternating voltage from one to another of
greater or smaller value. This is done with a device called using the principle
of mutual induction.

8. In an ac circuit, containing pure resistance, the voltage and current are in
phase. .

9. Ina pure inductive circuit current the voltage by a phase angle of 5 -

10. In a pure capacitive circuit, the current the voltage by a phase angle of 5 -
Answers
1. zero 2. frequency 3. amplitude of the current 4. natural frequency
5. sharpness of resonance 6. cosine 7. transformer 8. same 9. lags
10. leads



Very Short Answer Questions [1 mark]

Q. 1.
Ans.

Q.2.

Ans.

Q. 3.
Ans.

Q. 4.

Ans.

Q.5.

Ans.

Q. 6.
Ans.

Q.7.

Ans.

Q. 8.

Define capacitor reactance. Write its SI units? [CBSE Delhi 2015

The imaginary/virtual resistance offered by a capacitor to the flow of an alternating current is
. 1 -

called capacitor reactance, X, = ol Its ST unit is ohm.

Explain why current flows through an ideal capacitor when it is connected to an ac source but

not when it is connected to a dc source in a steady state. [CBSE (East) 2016]

For ac source, circuit is complete due to the presence of displacement current in the capacitor.
For steady dc, there is no displacement current, therefore, circuit is not complete.

1 _ 1
2nvC oG

Mathematically, Capacitive reactance X, =

So, capacitor allows easy path for ac source.

Fordc, v = 0, so X, = infinity,

So capacitor blocks dec.

Define ‘quality factor’ of resonance in series LCR circuit. What is its SI unit? [CBSE Delhi 2016]

The quality factor (Q) of series LCR circuit is defined as the ratio of the resonant frequency to
frequency band width of the resonant curve.

() wTL

r

Q= ®,—®, R

Clearly, smaller the value of R, larger is the quality factor and sharper the resonance. Thus
quality factor determines the nature of sharpness of resonance.

It has no units.

In a series LCR circuit, V;, = Vo #Vj .

What is the value of power factor for this circuit? [CBSE Panchkula 2015]

Power factor,

cosp = 5 Vi .
VetV =1) V-V
. Vi
Since  V, =V, ; cos$ = V—R =1 0

. = 1
The value of power factor is 1. VR=let-R of

The power factor of an ac circuit is 0.5. What is the phase difference between voltage and

current in this circuit? [CBSE (F) 2015, (South) 2016]
Power factor between voltage and current is given by cos ¢ , where ¢ is phase difference
05 =1L ¢=cos! (L) -
cos¢ = 0.5 9 = ¢ = cos 9 3
What is wattless current? [CBSE Delhi 2011, Chennai 2015]

When pure inductor and/or pure capacitor is connected to ac source, the current flows in the

. . . . . T
circuit, but with no power loss; the phase difference between voltage and current is 9" Such a
current is called the wattless current.

Mention the two characteristic properties of the material suitable for making core of a
transformer. [CBSE (Al) 2012]

Two characteristic properties:
(1) Low hysteresis loss (1) Low coercivity
A light bulb and a solenoid are connected in series across an ac source of voltage. Explain,
how the glow of the light bulb will be affected when an iron rod is inserted in the solenoid.
[CBSE (F) 2017]

Alternating Current .



Ans. When iron rod is inserted in the coil, the inductance of coil increases; so impedance of circuit
|4

VR + (0L)?
bulb decreases.

Q. 9. Why is the use of ac voltage preferred over dc voltage? Give two reasons.  [CBSE (AI) 2014]
Ans. () The generation of ac is more economical than dc.

increases and hence, current in circuit / = decreases. Consequently, the glow of

(i) Alternating voltage can be stepped up or stepped down as per requirement during
transmission from power generating station to the consumer.

(u2) Alternating current in a circuit can be controlled by using wattless devices like the choke coil.

(7v) Alternating voltages can be transmitted from one place to another, with much lower energy
loss in the transmission line.

Q. 10. What is the average value of ac voltage

V =V, sin ot
over the time interval t = 0 to ¢ = % [HOTS]
cosot |7
[Fvae [ vsinwrde "o {- ® }0 v, 2V,
Ans. V = e = e = _ = —?[cos m—cos 0] = T
I de [¢]}
Q. 11. What is the rms value of alternating current shown in figure? [HOTS]
2A
T 0 T/2 T 3T/2
I t—>
—2A--------

Ans. In given ac, there are identical positive and negative half cycles, so the mean value of current is

zero; but the rms value is not zero.
T 172 T T
Cra [T @, @2t [Fad

(12 mean
[ T T

Short Answer Questions-I [2 marks]

Q. 1. An alternating voltage E = E;, sin ot is applied to a circuit containing a resistor R connected
in series with a black box. The current in the circuit R
is found to be I = I sin (ot + 7/4). Wy [Z]
(i) State whether the element in the black box is a
capacitor or inductor.

(ii) Draw the corresponding phasor diagram and find

the impedance in terms of R. &

E = Egsinwt

T
Ans. () Asthe currentleads the voltage by 7 the element

used in black box is a ‘capacitor’.



Q.2.

Ans.

Q.3.

Ans.

Q. 4.

Ans.

Q.5.

Ans.

Q. 6.

Ans.

v Vg, T

y T A
(1) Here, tan- = VelVi = 1= —VC /4 'T ”

R I

I

Ve :

= Ve="Vg = X,=R !

I

I

Impedance Z = \/(XC)Q +R2=/R2+R% = /2R?
. Z=42R

Define power factor. State the conditions under which it is (i) maximum and (iZ) minimum.
[CBSE Delhi 2010]

The power factor (cos ¢) is the ratio of resistance and impedance of an ac circuit i.e.,

Power factor, cos ¢ = %

Maximum power factor is 1 when Z = R i.e., when circuit is purely resistive. Minimum power
factor is 0 when R = 0 i.e., when circuit is purely inductive or capacitive.

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. [CBSE (Central) 2016]
For an ideal inductor phase difference between current and applied voltage = /2
POWCI‘, P = Vrms Irms Cos (I) = Vrms Irms COS% = U.

Thus the power consumed in a pure inductor is zero.

When an ac source is connected to an ideal capacitor, show that the average power supplied
by the source over a complete cycle is zero. [CBSE (North) 2016]

. . N R
Power dissipated in ac circuit, P =V, 1., cos ¢ where cos ¢ = 7

For an ideal capacitor R = 0 .. cos¢ = % =0

P=V,l,cos¢=V,. 1, X0=0(zero).
i.e., power dissipated in an ideal capacitor is zero.

The current flowing through a pure inductor of inductance 2 mH is i =15 cos 300 ¢ ampere.
What is the (i) rms and (ii) average value of current for a complete cycle? [CBSE (F) 2011]
Peak value of current (i,) = 15 A

Lo _ 15 15 V2
G i = R ﬁxﬁ—mﬁA
(i) iy = 0
In a series LCR circuit with an ac source of effective voltage 50 V, frequency v =50/7 Hz,
R =300Q,C =20 uF and L = 1.0 H. Find the rms current in the circuit. = [CBSE (F) 2014]

Given, L = 1.0 H; C=20uF=20x10°F

R=300Q; V. =50V; v=%Hz

Inductive reactance X, = oL = 2nv L = 2 X1 ><5T[—0>< 1=100Q

1 1 1

ot 2V 2><n><“’r’T[—O><2o><1o—6

=500 Q

Capacitive reactance, X, =

Impedance of circuit

_ 2 2
Z=\JR*+(X,-X,)

Alternating Current .



Q.7.

Ans.

Q.8.

Ans.

Q.9.

Ans.

Q. 10.

Ans.

Q.11.

Ans.

Q. 12.

Ans.

=/(800)% + (500 —100)% = y/90000 + 160000 = y/250000 = 500 Q

Vs 50
L, ="7" =300 = 014

Calculate the quality factor of a series LCR circuit with L = 2.0 H, C = 2 pF and R = 10 Q.

Mention the significance of quality factor in LCR circuit. [CBSE (F) 2012]
_1 /L
We have, 0= RV C
1 2
=— /——— =100
10y 2x10™

It signifies the sharpness of resonance.

The instantaneous current in an ac circuit is I = 0.5 sin 314 ¢, what is (i) rms value and
(i) frequency of the current.

Given, I = 0.5 sin 314 ¢ .. (@)
Standard equation of currentis [ = [ sin ol ()
Comparing (¢) and (i7), we get I, = 0.5 A, ® =314
I

. o _ 0.5

~ (@)rmsvalue [ =-—==-—"=A=035A
1S ﬁ \/5
g _ o _ 314 _

(22) FrequenC}'f VESr T < 3.14 50Hz ' '
Both alternating current and direct current are measured in amperes. But how is the ampere
defined for an alternating current? [NCERT Exemplar]

An ac current changes direction with the source frequency and the attractive force would average
to zero. Thus, the ac ampere must be defined in terms of some property that is independent of
the direction of current. Joule’s heating effect is such property and hence it is used to define rms
value of ac.

A 60 W load is connected to the secondary of a transformer whose primary draws line voltage.
If a current of 0.54 A flows in the load, what is the current in the primary coil? Comment on
the type of transformer being used. [NCERT Exemplar]

Here P, =60W,I;, =0.54A

_ 60 _
VL—0.54 =111.1V 1
The transformer is step-down and have 9 input voltage. Hence
1 1
I,= EXIL = §X0.54 =0.27 A.

Explain why the reactance provided by a capacitor to an alternating current decreases with
increasing frequency. [NCERT Exemplar]

A capacitor does not allow flow of direct current through it as the resistance across the gap
is infinite. When an alternating voltage is applied across the capacitor plates, the plates are
alternately charged and discharged. The current through the capacitor is a result of this changing
voltage (or charge). Thus, a capacitor will pass more current through it if the voltage is changing
at a faster rate, .., if the frequency of supply is higher. This implies that the reactance offered
by a capacitor is less with increasing frequency; it is given by 1/oC.

Explain why the reactance offered by an inductor increases with increasing frequency of an
alternating voltage. [NCERT Exemplar]
An inductor opposes flow of current through it by developing an induced emf according to Lenz’s
law. The induced voltage has a polarity so as to maintain the current at its present value. If the



current is decreasing, the polarity of the induced emf will be so as to increase the current and vice
versa. Since the induced emf'is proportional to the rate of change of current, it will provide greater
reactance to the flow of current if the rate of change is faster, i.c., if the frequency is higher. The
reactance of an inductor, therefore, is proportional to the frequency, being given by oL.

Short Answer Questions-II [3 marks]

Q. 1.

Ans.

Q.2.

Ans.

Q.3.

Ans.

Show that the current leads the voltage in phase by 7/2 in an ac circuit containing an ideal
capacitor. [CBSE (F) 2014]

The instantaneous voltage,

V=V,sin ot ... (1)
Let ¢ be the charge on capacitor and /, the current in the circuit at any instant, then instantaneous
potential difference,

p=1 ... (i) |

From (i) and (i7)

1 Vysinwt = ¢ = CV,sinwt

C
The instantaneous current,
I= 4 _ i(CV sinwt) = CV, i(sinaot) = CV,wcoswt (~)
dt  dt 0 0 dt 0 )
Vv V=V, sinot
_ 0
1= 1/Wcosu)zf

=1, sin((ot + g)

Hence, the current leads the applied voltage in phase by 7/2.

In a series LCR circuit, obtain the conditions under which (i) the impedance of the circuit is
minimum, and (ii) wattless current flows in the circuit. [CBSE (F) 2014]

(¢) Impedance of series LCR circuit is given by
Z=JR*+(X,-X,)*

For the impedance, Z to be minimum

(i) Power P =V, 1, cos
When ¢ = %

= 7.[ —
Power lemcos§ =0

Therefore, wattless current flows when the impedance of the circuit is purely inductive or
purely capacitive.
In another way we can say, for wattless current to flow, circuit should not have any ohmic
resistance (R= 0).
State the underlying principle of a transformer. How is the large scale transmission of electric
energy over long distances done with the use of transformers? [CBSE (Al) 2012]

The principle of transformer is based upon the principle of mutual induction which states that
due to continuous change in the current in the primary coil an emf gets induced across the
secondary coil. At the power generating station, the step up transformers step up the output
voltage which reduces the current through the cables and hence reduce resistive power loss.
Then, at the consumer end, a step down transformer steps down the voltage.

Hence, the large scale transmission of electric energy over long distances is done by stepping up
the voltage at the generating station to minimise the power loss in the transmission cables.

Alternating Current .



Q. 4. An electric lamp connected in series with a capacitor and an ac source is glowing with of

certain brightness. How does the brightness of the lamp change on reducing the (i) capacitance

and (ii) frequency? [CBSE Delhi 2010, (North) 2016]

A ) . . .. _ 1 c Lamp

ns. (i) When capacitance is reduced, capacitive reactance X, = oC
increases, hence impedance of circuit

Z=R*+X}

. |4 .
increases and so current /= - decreases. As a result the brightness S

z Source
of the bulb is reduced.

. . 1. .
(11) When frequency decreases; capacitive reactance X, = Sny( increases and hence impedance

of circuit increases, so current decreases. As a result brightness of bulb is reduced.
Q. 5. State the principle of working of a transformer. Can a transformer be used to step up or step
down a dc voltage? Justify your answer. [CBSE (Al) 2011]
Ans. Working of a transformer is based on the principle of mutual induction. Transformer cannot
step up or step down a dc voltage.
Reason: No change in magnetic flux.

Explanation: When dc voltage source is applied across a primary coil of a transformer, the
current in primary coil remains same, so there is no change in magnetic flux associated with it
and hence no voltage is induced across the secondary coil.

Q. 6. A resistor of 100 Q and a capacitor of 100/t puF are connected in series to a 220 V, 50 Hz ac
supply.
(a) Calculate the current in the circuit.

(b) Calculate the (rms) voltage across the resistor and the capacitor. Do you find the algebraic
sum of these voltages more than the source voltage? If yes, how do you resolve the

paradox? [CBSE Chennai 2015]
A (a) C iti t X, = I
ns. () Capacitive reactance X, ="~ =5 -~ o
= 100 =100Q R=1000 C=x *F
2mX50% <~ X107 W 1

Impedance of the circuit, Z = ,/ R%+ X(%

= /(100)% + (100)% = 1002 ®
L Enms =220V
Current in the circuit [, = - 220 = 1.56 A r\'}"i 50 Hz

Z 100y2

(b) Voltage across resistor, V=1, R
=1.56 x 100 = 156 V
Voltage across capacitor, V=1, X C =1.56 X 100 V = 156 V
The algebraic sum of voltages across the combination is
Vips = Ve + Ve =156V + 156 V =312V
While I, of the source is 220 V. Yes, the voltages across the combination is more than the
voltage of the source. The voltage across the resistor and capacitor are not in phase.
This paradox can be resolved as when the current passes through the capacitor, it leads the

n .
9" So, voltage of the source can be given as

Vrms = \4 V; + VC2
= J(156)2 + (156)? = 1564/2 =220V

voltage V. by phase



Q.7.

Ans.

Q.8.

Ans.

Q.9.

Ans.

A capacitor of unknown capacitance, a resistor of 100 Q and an inductor of self inductance

L= (i) henry are connected in series to an ac source of 200 V and 50 Hz. Calculate the

2
7T
value of the capacitance and impedance of the circuit when the current is in phase with the
voltage. Calculate the power dissipated in the circuit. [CBSE South 2016]
. 1
Capacitance, C = ——
b Lo’
1 1 -5
= F = F=25%X10"F
%(271 X 50)2 40000
|

Since V and [ are in same phase

Impedance = Resistance = 100 Q

. E. _ (200)°
Power dissipated = =100 W =400 W R
The figure shows a series LCR circuit with L = 5.0 H, C = 80 pF, WWWWWA
R = 40 Q) connected to a variable frequency 240 V source. Calculate. J_
(7) The angular frequency of the source which drives the circuit at c
resonance. L
(77) The current at the resonating frequency.
(7i7) The rms potential drop across the capacitor at resonance. [CBSE Delhi 2012]
(z) We know
1 1
o, = Angular frequency at resonance JIC  J5xs0x100 50 rad/s
(1) Current at resonance, I = e = 240 =6A
P ooms R 40
(1) V,, across capacitor
% 100
Pons = Tons e = 0200 8; X100 ix 133 - ooV

A series LCR circuit is connected to an ac source (200 V, 50 Hz). The voltages across the
resistor, capacitor and inductor are respectively 200 V, 250 V and 250 V.

(7)) The algebraic sum of the voltages across the three elements is greater than the voltage of
the source. How is this paradox resolved?

(#i) Given the value of the resistance of R is 40 Q, calculate the current in the circuit.

[CBSE (F) 2013]
(¢) From given parameters V', = 200 V, I/; = 250 Vand V, = 250 V
V,;r should be given as 250V 250V 200V
V= Vg +V, +V =200V + 250 V + 250 V Www
=700V

However, V,; > 200 V of the ac source. ~

This paradox can be solved only by using phaser Y

diagram, as given below: (200V, 50 Hz)

V) = Vi + 1V, =1)?
Since V; = Vso Vyy=Vp =200V Ver Vi
(1) Given R = 40 Q, so current in the LCR circuit. ¢ ¥
R
Alternating Current .
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Q. 10. (i) Find the value of the phase difference between the current and the voltage in the series
LCR circuit shown below. Which one leads in phase: current or voltage?

(i7) Without making any other change, find the value of the additional capacitor, C;, to be
connected in parallel with the capacitor C, in order to make the power factor of the circuit
[CBSE Delhi 2017, Allahabad 2015]

unity.
L=100mH C=2pF R =400Q

(~)
N

V =V, sin (1000t + )

Ans.  (¢) Inductive reactance,
X, = oL = (1000 X 100 x 107) Q = 100 Q

Capacitive reactance,
1
! (—) Q=5000

Xe=o¢ ~\1000x 2% 107
Phase angle,
X, -X
tand):LTC
_100-500 _
tan¢—7400 =-1
T
4

As X, > X;, (phase angle is negative), hence current leads voltage.

(1) To make power factor unity
(where C' = net capacitance of parallel combination)

Xer= X,
1
=100
wC’
C'=10x 10°F
C'=10pF
C'=C+(,
Q. 11. (a) For a given ac, i = i, sin of, show that the average power dissipated in a resistor R over a
complete cycle is %’iR
(b) A light bulb is rated at 100 W for a 220 V ac supply. Calculate the resistance of the bulb.
[CBSE (AI) 2013]
Ans. (a) Average power consumed in resistor R over a complete cycle
_ 1 (o
P = det 'fo "R dt
0
-2
i R 7
- TfOTsiant dt (i) T
.9 o
1R i
_m T _
=57 o (1-cos2 wt)dt
-2
LT er T .
= 2—TU0 dt - fo cos2 ot dt] ...(11) o} T T
2 t—



Q. 12.

Ans.

Ans.

Q. 14.

(b) In case of ac

9 2
Ve Vo
Pav - R - R
2
R Vs 220X920 _ oo
P 100
Determine the current and quality factor at resonance for a series LCR circuit with L = 1.00
mH, C = 1.00 nF and R = 100 () connected to an ac source having peak voltage of 100 V.
[CBSE (F) 2011]
I,=7?,Q=?
L=1.00mH = 1 X107 H, C = 1.00 nF = 1x10™ F, R=100 Q, E,= 100 V
Eo Eo at resonance wl. = L
I, = A oC
\/R2+<03L—1> HenceZ=R
wC
_ v _100 _
=R =100 =14
Y 2
Ivz—ozinzﬁ_0707A [ Io—lA]
RN R
1.0x 107 3
x —
Q= RV 100\/ L0x10° 100 107 =10
. A circuit is set up by connecting inductance L = 100 mH, resistor R = 100 Q) and a capacitor

of reactance 200 Q in series. An alternating emf of 1502 V, 500/r Hz is applied across this

series combination. Calculate the power dissipated in the resistor. [CBSE (F) 2014]
Here, L = 100 X10 ° H, R =100 Q, X, = 200 Q, V,,,, =150 /2 V
500
v =——Hz.

Inductive reactance X; = oL = 2nvL

= 2n@x 100X 107 =100Q

Impedance of circuit
= /R*+ (X.-X,)*
= /(100)% + (200-100)> = /20000 = 100y2 Q
Vs _ 15042 _ 3

I = — = = =
™ Zo 10042 2
Power dissipated (I rms) R= %X 100 = 225 W

The primary coil of an ideal step up transformer has 100 turns and transformation ratio is also
100. The input voltage and power are 220 V and 1100 W respectively. Calculate

() the number of turns in the secondary coil.
(b) the current in the primary coil.
(c) the voltage across the secondary coil.

(d) the current in the secondary coil.

(e) the power in the secondary coil. [CBSE Delhi 2016]

Alternating Current .



Ans.

Q. 15.

Ans.

Q. 16.

Ans.

Number of turns in secondary coil (Ny)

@) Transformation ratior = : : :
(@) Number of turns in primary coil (V)

Given Np=100,r = 100
Number of turns in secondary coil, Ny = ¥Np =100 X100=10,000
(b) Input voltage Vp = 220 V, Input power P;, = 1100 W

o . P _ 1100
Current in primary coil I[, = v, =900 = 5A
(¢) Voltage across secondary coil (V) is given by
Vs
A
= Vg=1rVp =100 x 220 = 22,000 V= 22 kV
(d) Current in secondary coil is given by
1 1
_r _r_ 5
r—ls = Iy=- 100 0.05 A

(¢) Power in secondary coil, P,,, = ViI;= 22 x10° x0.05 =1100 W

Obviously power in secondary coil is same as power in primary. This means that the
transformer is ideal, i.e., there are no energy losses.

An inductor L of reactance X; is connected in series with a bulb B L Bulb

to an ac source as shown in figure. Explain briefly how does the

brightness of the bulb change when (i) number of turns of the

inductor is reduced (i¢) an iron rod is inserted in the inductor

and (iii) a capacitor of reactance X, = X| is included in the circuit.

[CBSE Delhi 2014, 2015] AC; Source

Brightness of the bulb depends on square of the I, (i.e., I*

ms
Impedance of the circuit, Z = VR?+ (oL)? and
14
V4
(z) When the number of turns in the inductor is reduced, the self inductance of the coil

rms)

Current in the circuit, 1 =

decreases; so impedance of circuit reduces and so current in the circuit <I = ?> increases.
Thus, the brightness of the bulb increases.

(1) When iron (being a ferromagnetic substance) rod is inserted in the coil, its inductance
increases and in turn, impedance of the circuit increases. As a result, a larger fraction of the
applied ac voltage appears across the inductor, leaving less voltage across the bulb. Hence,
brightness of the bulb decreases.

(i7) When capacitor of reactance X, = X; is introduced, the net reactance of circuit becomes
zero, so impedance of circuit decreases; it becomes Z = R; so current in circuit increases;
hence brightness of bulb increases. Thus brightness of bulb in both cases increases.

A capacitor (C) and resistor (R) are connected in series with an ac source of voltage of frequency
50 Hz. The potential difference across C and R are respectively 120 V, 90 V, and the current
in the circuit is 3 A. Calculate (i) the impedance of the circuit (i) the value of the inductance,
which when connected in series with C and R will make the power factor of the circuit unity.

[CBSE 2019 (55/2/1)]
v

Ve _90 _
R__IR__S 30Q
V
Ve 120



() Impedance, Z = ,/R*+ XC2
=30% + 40 = 50Q

(i) As power factor = 1
Now, X, =X

C
onvL = 40
1007 = 40
_ 2
L=+ _H

Q. 17. The figure shows a series LCR circuit connected to a variable frequency 230 V source.

VWWW
40 Q

230V

= 80 uF

50H
(a) Determine the source frequency which drives the circuit in resonance.

(b) Calculate the impedance of the circuit and amplitude of current at resonance.
(c) Show that potential drop across LC combination is zero at resonating frequency.

[CBSE 2019 (55/2/1)]
1 1 1
Ans. (@) o= = =
JLC  /5x80x10°  /400x10
_ 1000 _ - _50 _25
w= 920 —50rad/s:>f—2n—2n—nHz

(b) At resonance, Z = R = 40Q
_230Y2  230V2
=== =

. 10 - 81A
B 23042 1 B _ 1
O Ve = haXe =40 %o xmoxios = 2025V X = 0]
2302
v, =1_ X, = 4Of X50X5 = 2025V [~ X, = oL]
V.-V, =0

Q. 18. A device ‘X’ is connected to an ac source. The variation of voltage, current and power in one
complete cycle is shown in the figure.

(a) Which curve shows power consumption over a A

full cycle?

(b) What is the average power consumption over a
cycle?

(c) Identify the device ‘X’. [NCERT Exemplar]

Ans. (a) A
(b) Zero
(¢) L or C or LC Series combination of L and C
Q.19. (i) Draw the graphs showing variation of inductive

reactance and capacitive reactance with frequency
of applied ac source.

v, i, P—m

—>

. TN

(i7) Can the voltage drop across the inductor or the capacitor in a series LCR circuit be greater
than the applied voltage of the ac source? Justify your answer. [HOTS]

Alternating Current .



Ans.

() (@) X;=oL = 2nvL; graph X; of v and v is a straight line

_1_ . |
) X,= oC — omvG graph of X and v is a rectangular hyperbola as shown in fig.
X Xe
v— V—
(a) (b) A
(1) Yes; because V = ’/V?a + (VC—VL)Q;
Vv
As Vi and I/ have opposite faces, V; or V/; may be greater than V. A
The situation may be as shown in figure where V>V v V;
c

Long Answer Questions [5 marks]

Q. 1.

Ans.

Explain the term inductive reactance. Show graphically the variation of inductive reactance
with frequency of the applied alternating voltage.

An ac voltage V = V,, sin ot is applied across a pure inductor of inductance L. Find an
expression for the current i, flowing in the circuit and show mathematically that the current

flowing through it lags behind the applied voltage by a phase angle of % . Also draw (i) phasor

diagram (i) graphs of V and i versus ot for the circuit. [CBSE East 2016]
Inductive Reactance: The opposition offered by an inductor to the flow of alternating current
through it is called the inductive reactance. It is denoted by X;. Its value is X;. = oL=2nfL
where L is inductance and f is the frequency of the applied voltage.

Obviously X ocf

Thus, the graph between X; and frequency f is linear (as shown in fig.).

Phase Difference between Current and Applied Voltage in Purely T
Inductive circuit : X,
AC circuit containing pure inductance: Consider a coil of self-inductance

L and negligible ohmic resistance. An alternating potential difference

is applied across its ends. The magnitude and direction of ac changes f—>
periodically, due to which there is a continual change in magnetic flux linked with the coil.

Therefore according to Faraday’s law, an induced emf is produced in the coil, which opposes
the applied voltage. As a result the current in the circuit is reduced. That is inductance acts like
a resistance in ac circuit. The instantaneous value of alternating voltage applied

V' =V,sin ol ..(1) ——— 000000000000
. L
.. . . .. di
If 7 is the instantaneous current in the circuit and m the rate of
change of current in the circuit at that instant, then instantaneous
induced emf @
= _Lﬂ V=V, sin ot
dt (a)
According to Kirchhoff’s loop rule
di
Vae=0=V-L% =0
dt



Q.2.

Ans.

or V=Lﬁ0rﬂ=K

dt dt L
di Vosin(ot o Vosina)t
or a . or di = I dt
Integrating with respect to time ¢,
=5f i wtdt=5{ COSM}= D s = 2 (5ot
i=7) sin o ~ oL 8 AL 9~
|4
. 0 . T ..
or 1= Esm(a)t—g) ... (1)
This is required expression for current
R .. T
or 1 = q,sin (mt_§> ...(a)
"
where iy = oL ...(10)

is the peak value of alternating current

Also comparing (7) and (i), we note that current lags behind the applied
T O
9 (Fig. b).

Phasor diagram: The phasor diagram of circuit containing pure
inductance is shown in Fig. (b).

voltage by an angle Reference axis

Graphs of V and I versus o for this circuit is shown in fig. (c). i (b) Phasor diagram

T \%

Vo

io \‘ i

\% \

c;_r 0o /2 T 2n 3n
—p ot

(c)

Derive an expression for impedance of an ac circuit consisting of an inductor and a resistor.
[CBSE Delhi 20081 ;g :

Let a crcuit contain a resistor of resistance R and an inductor of v

inductance L connected in series. The applied voltage is V =V sin of. Vi

Suppose the voltage across resistor I and that across inductor is /2
/1. The voltage I’ and current [ are in the same phase, while the ¢ I
> - 1

voltage V; leads the current by an angle g Thus, V and V; are Vg
mutually perpendicular. The resultant of I’y and V5 is the applied Vg A

. —> +—>
voltage i.e., MAMA AT

- /2 2 R L

V=yV,+V;
But Ve =RI, V. =X, I=oLl
.. where X; = oL is inductive reactance 1

V =V, sin ot

V=y(RD*+ (X, D*

Impedance, Z = % = /R*+ X} =7 ={R*+ (wL)®



Ans.

(a) What is impedance?

(b) A series LCR circuit is connected to an ac source having voltage V' = V, sin ot . Derive
expression for the impedance, instantaneous current and its phase relationship to the
applied voltage. Find the expression for resonant frequency. [CBSE Delhi 2010]

OR

(@) An ac source of voltage V' = V|, sin ot is connected to a series combination of L, C and R.
Use the phasor diagram to obtain expressions for impedance of the circuit and phase
angle between voltage and current. Find the condition when current will be in phase with
the voltage. What is the circuit in this condition called?

(b) In a series LR circuit X; = R and power factor of the circuit is P;. When capacitor with

capacitance C such that X; = X, is put in series, the power factor becomes P,.

P

Calculate — . [CBSE Delhi 2016)

Py

Impedance: The opposition offered by the combination of a resistor and reactive component to
the flow of ac is called impedance. Mathematically it is the ratio of rms voltage applied and rms

S |4
current produced in circuit i.e., Z = —

Its unit is ohm (Q). !

Expression for Impedance in LCR series circuit: Suppose resistance R, inductance L and
capacitance C are connected in series and an alternating source of voltage IV = V; sin ot is
applied across it (fig. a). On account of being in series, the current (i) flowing through all of them
is the same.

R L ¢ v
— WWWA— T ——— 90" Ve ,
«——V—re—V —>—V—> i 7% 5 !
(VCiVL) 90 :
()
&
V=V, sin ot Ve
(a) (b)

Suppose the voltage across resistance R is I voltage across inductance L is I/} and voltage across
capacitance C is V. The voltage V' and current ¢ are in the same phase, the voltage I/; will lead
the current by angle 90° while the voltage V. will lag behind the current by angle 90° (fig. b).
Clearly V and V/; are in opposite directions, therefore their resultant potential difference =
Vo=V, (Ve > T1)).

Thus Vi and (V- V;) are mutually perpendicular and the phase difference between them is 90°.

As applied voltage across the circuit is V, the resultant of V' and (V, V) will also be V. From fig.

2 B /2 .
V2=VR+(VC_VL)2 = V= VR+(VC_VL)2 (Z)

But Vp=Ri,Vo=Xciand V; = X, i ...(10)
1 . . .
where X, = w( — capacitance reactance and X; = oL= inductive reactance

V= (R + (X.i- X, i)
Impedance of circuit, Z = % = /JR%+ (XC—XL)2
- 2 2 2 1 ¥
ie., Z=JR*+ (X~ X,)? =,/ R*+ (w—c—u)L>

v, sin (ot + )

2 1 :
R+ E—wL

Instantaneous current [ =




The phase difference (¢) between current and voltage is given by, tan ¢ = CR =
Resonant Frequency: For resonance ¢= 0, so X, -X; =0
1 o 1
ol oL =0 = 1C
1

Resonant frequency ©, = —
vLC

Phase difference (¢) in series LCR circuit is given by
Ve VL _ 4, Xo— X)) _ Xe=X))

Vy iR R

tan¢ =

When current and voltage are in phase

¢=0 = X=X, =0= X=X,
This condition is called resonance and the circuit is called resonant circuit.
Case I: X, =R

Z=JR*+X? =VR*+R*=y2R
Power factor, P, = cos¢ = R__R _ 1

Z 2R /2
CaseII: X, =X,

Z=R*+(X,-X)*=yR* =R

_R_R _
Power factor, P2 _7_E_1
A
L2

Q. 4. A device ‘X’ is connected to an ac source V = V,, sin ot. The variation of voltage, current and
power in one cycle is show in the following graph:

Y

(a) Identify the device ‘X’.

(b) Which of the curves, 4, B and C represent the voltage, current and the power consumed in
the circuit? Justify your answer.

(c) How does its impedance vary with frequency of the ac source? Show graphically.

(d) Obtain an expression for the current in the circuit and its phase relation with ac voltage.

Ans. (@) The device ‘X’ is a capacitor.

(b) Curve B : Voltage
Curve C : Current
Curve 4 : Power consumed in the circuit

- . T .
Reason : This is because current leads the voltage in phase by 9 for a capacitor.

Alternating Current .



(¢) Impedance:

= Xcoc

(d) Voltage applied to the circuit is
V' =V,sin ot
Due to this voltage, a charge will be produced which
will charge the plates of the capacitor with positive and
negative charges.

V= % = Q=cCr
Therefore, the instantaneous value of the current in the
circuit 1s
dQ dCv) ¢ .
I_W_ u E(CVO sin ®t)
1= o0V, cost = s (u)t+£>
oCV, cos 1 sin 9
oC
I=1,sin (mt - g)
1
where, I, = - = Peak value of current
oC

Hence, current leads the voltage in phase by g .

Q. 5. (a) State the condition for resonance to occur in series LCR ac circuit and derive an expression
[CBSE Delhi 2010]

(b) Draw a plot showing the variation of the peak current (i,,) with frequency of the ac source

for resonant frequency.

used. Define the quality factor Q of the circuit.
Ans. (a) Condition for resonance to occur in series LCR ac circuit:

For resonance the current produced in the circuit and emf applied must always be in the

same phase.
Phase difference (¢) in series LCR circuit is given by
XX,
R
For resonance ¢ =0 = Xo-X;=0
or Xo =X,

tan ¢ =

L
w C

r

If o, is resonant frequency, then X, =
and Xe=o0,L

I _ _
wrc_wa =0 =

1
VvLC

. 1
Linear resonant frequency, v = 5~

21 onJIC

O

~

N

V =Va sinot




Im

(b) The graph of variation of peak current i, with frequency is T )
shown in fig. Half power frequencies are the frequencies on :
either side of resonant frequency for which current reduces to

half of it§ maximum value. In fig., v, and v, are half power j% : 5 \
frequencies. / : \
Quality Factor (0): The quality factor is defined as the ratio of L
resonant frequency to the width of half power frequencies. v, Vv, v,

_ o, v, o, L v—>

ie., Q= B = VeV, T R

Q. 6. (a) Analternating voltage V' =V, sin o applied to a series LCR circuit drives a current given by

i =1, sin (ot +¢) . Deduce an expression for the average power dissipated over a cycle.

(b) For circuits used for transporting electric power, a low power factor implies large power
loss in transmission. Explain. [CBSE (F) 2011]

OR
A voltage V = V,, sin ot is applied to a series LCR circuit. Derive the expression for the average
power dissipated over a cycle.

Under what condition is (i) no power dissipated even though the current flows through the
circuit, (1) maximum power dissipated in the circuit? [CBSE (AI) 2014]

Ans. (a) V=1V, sin ot and 1 =1, sin (of+¢)
and instantaneous power, P =V
=V, sinot. i, sin (ot+ ¢)
=V, i, sin o sin (o/+ ¢)
= éVmimQ sin wt. sin (wt + ¢)
From trigonometric formula
2 sin A sin B =cos (A — B) — cos (A+B)

1 .
Instantaneous power, P = §szm [cos(wt — ot — d)—cos(wt + ¢ + wi)]

= ész’m [cosd —cos (2wt + )] ... (D)

Average power for complete cycle

P= %Vmim [cosd —cos (2wt + )]

where cos (wt + $) is the mean value of cos (2wt + ¢) over complete cycle. But for a complete
cycle, cos (2wt+ ¢) = 0

. Average power, P = Ly cosd = ﬁi—ocoub

2 m-m

P=V_ i cosd

rms rms
(¢) 1f phase angle ¢ =90° (resistance R is not used in the circuit) then no power dissipated.
(i) If phase angle ¢ =0° or circuit is pure resistive (or X; =X, at resonance then
"l
Max power P =V, X1 = 5

(b) The power is P=V,,, 1, cos ¢. If cos ¢ is small, then current considerably increases when

voltage is constant. Power loss, we know is I’R. Hence, power loss increases.

Alternating Current .



Ans.

Explain with the help of a labelled diagram, the principle and working of an ac generator.
Write the expression for the emf generated in the coil in terms of speed of rotation. Can the
current produced by an ac generator be measured with a moving coil galvanometer?
OR
Describe briefly, with the help of a labelled diagram, the basic elements of an ac generator.
State its underlying principle. Show diagrammatically how an alternating emf is generated by
a loop of wire rotating in a magnetic field. Write the expression for the instantaneous value of
the emf induced in the rotating loop. [CBSE Delhi 2010]
OR

State the working of ac generator with the help of a labelled diagram.

The coil of an ac generator having N turns, each of area 4, is rotated with a constant angular
velocity ®. Deduce the expression for the alternating emf generated in the coil.

What is the source of energy generation in this device? [CBSE (AI) 2011]

AC generator: A dynamo or generator is a device which converts mechanical energy into
electrical energy.

Principle: It works on the principle of electromagnetic induction. When a coil rotates
continuously in a magnetic field, the effective area of the coil linked normally with the magnetic
field lines, changes continuously with time. This variation of magnetic flux with time results in
the production of an alternating emf in the coil.

Construction: It consists of the four main parts:

(1) Field Magnet: It produces the magnetic field. In the case of a low power dynamo, the
magnetic field is generated by a permanent magnet, while in the case of large power dynamo,
the magnetic field is produced by an electromagnet.

(i1) Armature: It consists of a large number of turns of insulated wire in the soft iron drum or
ring. It can revolve round an axle between the two poles of the field magnet. The drum
or ring serves the two purposes: (@) It serves as a support to coils and (b) It increases the
magnetic field due to air core being replaced by an iron core.

(i77) Slip Rings: The slip rings R; and R, are the two metal rings to which the ends of armature
coil are connected. These rings are fixed to the shaft which rotates the armature coil so that
the rings also rotate along with the armature.

(iv) Brushes: These are two flexible metal plates or carbon rods (B, and B,) which are fixed and
constantly touch the revolving rings. The output current in external load R, is taken through
these brushes.

Working: When the armature coil is rotated in the
strong magnetic field, the magnetic flux linked
with the coil changes and the current is induced
in the coil, its direction being given by Fleming’s
right hand rule. Considering the armature to be
in vertical position and as it rotates in clockwise
direction, the wire ab moves downward and c¢d
upward, so that the direction of induced current
is shown in fig. In the external circuit, the current
flows along B; R;B,. The direction of current
remains unchanged during the first half turn of
armature. During the second half revolution, the Slip rings
wire ab moves upward and ¢d downward, so the

direction of current is reversed and in external B,
circuit it flows along By R;B;. Thus the direction of

induced emf and current changes in the external circuit after each half revolution.

Armature coil

Field magnet

Expression for Induced emf: When the coil is rotated with a constant angular speed © , the
angle 0 between the magnetic field vector B and the area vector A of the coil at any instant



Ans.

t1s 0 = o (assuming 6 = 0° at £ = 0). As a result, the effective area of the coil exposed to the
magnetic field lines changes with time, the flux at any time { is

¢p= BA cos 0 =BA cos ot
From Faraday’s law, the induced emtf for the rotating coil of N turns is then,

SN N
=-N— == 7 (cos wt)

Thus, the instantaneous value of the emf is
¢ = NBA o sin ot

where NBAo=2n0oNBA is the maximum value of the emf, which occurs when sin oot = +1. If
we denote NBAo as g, then

€= gy sin o! = € = gsin 2nvt
where v is the frequency of revolution of the generator’s coil.
Obviously, the emf produced is alternating and hence the current is also alternating.
Current produced by an ac generator cannot be measured by moving coil ammeter; because
the average value of ac over full cycle is zero.
The source of energy generation is the mechanical energy of rotation of armature coil.
(@) Describe briefly, with the help of a labelled diagram, the working of a step up transformer.

(b) Write any two sources of energy loss in a transformer. [CBSE (F) 2012]

(c) A step up transformer converts a low voltage into high voltage. Does it not violate the

principle of conservation of energy? Explain. [CBSE Delhi 2011, 2009]
OR

Draw a schematic diagram of a step-up transformer. Explain its working principle. Deduce
the expression for the secondary to primary voltage in terms of the number of turns in the two
coils. In an ideal transformer, how is this ratio related to the currents in the two coils?

How is the transformer used in large scale transmission and distribution of electrical energy
over long distances? [CBSE (AI) 2010, (East) 2016]

(a) Transformer: A transformer converts low voltage into high voltage ac and vice-versa.

Construction: It consists of laminated core of soft iron, on which two coils of insulated
copper wire are separately wound. These coils are kept insulated from each other and from
the iron-core, but are coupled through mutual induction. The number of turns in these
coils are different. Out of these coils one coil is called primary coil and other is called the
secondary coil. The terminals of primary coils are connected to ac mains and the terminals of
the secondary coil are connected to external circuit in which alternating current of desired
voltage is required. Transformers are of two types:

(ac mains) (ac mains)
Primary Primary
Primary Primary
C
Laminated Laminated ore ’YI:IW —
iron core iron core W
Secondary Secondary
(a) Step up (b) Step down
Secondary Secondary
—e~—o— —e~— o—
(a) Step up (b) Step down
Transformer Transformer

Alternating Current



1. Step up Transformer: It transforms the alternating low voltage to alternating high
voltage and in this the number of turns in secondary coil is more than that in primary coil
(t.e., Ng>Np).

2. Step down Transformer: It transforms the alternating high voltage to alternating low

voltage and in this the number of turns in secondary coil is less than that in primary coil
(i.e., Ng<Np).
Working: When alternating current source is connected to the ends of primary coil, the
current changes continuously in the primary coil; due to which the magnetic flux linked with
the secondary coil changes continuously, therefore the alternating emf of same frequency is
developed across the secondary.

Let Np be the number of turns in primary coil, Ny the number of turns in secondary coil
and ¢ the magnetic flux linked with each turn. We assume that there is no leakage of flux so
that the flux linked with each turn of primary coil and secondary coil is the same. According to
Faraday’s laws the emf induced in the primary coil

=_N Ad

€ P AL ()

P

and emf induced in the secondary coil

Ad N
g = —NSTL‘ ...(1)
From () and (z2)
& N
g = N_P ...(ar)

If the resistance of primary coil is negligible, the emf (¢;) induced in the primary coil, will be equal
to the applied potential difference (V) across its ends. Similarly if the secondary circuit is open,
then the potential differencel/ across its ends will be equal to the emf (gg) induced in it; therefore

L
Ve Er  Np
s . . . . . .
where r = NS called the transformation ratio. If i, and i are the instantaneous currents
P

in primary and secondary coils and there is no loss of energy; then
For about 100% efficiency, Power in primary =Power in secondary

Vp ip=Vyig

s Ve Np g

ZZVS:VS:7 (‘U)

In step up transformer, N¢ > Np — 7r>1;

So Ve >Vpandig <ip

i.e., step up transformer increases the voltage, but decreases the current.
In step down transformer, Ny < Np &> r <1

so Ve <Vp and ig > 1ip

i.e., step down transformer decreases the voltage, but increases the current.

Laminated core: The core of a transformer is laminated to reduce the energy losses due to
eddy currents, so that its efficiency may remain nearly 100%.

In a transformer with 100% efficiency (say),

Input power = output power Vp Ip =V I



Q.9.

Ans.

Q. 10.

Ans.

(b) The sources of energy loss in a transformer are (i) eddy current losses due to iron core
(i) flux leakage losses. (izi) copper losses due to heating up of copper wires (iv) hysteresis
losses due to magnetisation and demagnetisation of core.

(¢) When output voltage increases, the output current automatically decreases to keep the
power same. Thus, there is no violation of conservation of energy in a step up transformer.

With the help of a diagram, explain the principle of a device which changes a low voltage into
a high voltage but does not violate the law of conservation of energy. Give any one reason why
the device may not be 100% efficient. [CBSE Sample Paper 2018]
Transformer changes a low voltage into a high voltage without voilating the law of conservation
of energy.

Principle: When alternating current source is connected to the ends of primary coil, the
current changes continuously in the primary coil; due to which the magnetic flux linked with
the secondary coil changes continuously, therefore the alternating emf of same frequency is
developed across the secondary.

Soft iron-core

/

q C— | P
e T Q M ) T T o
3. D o o) S
3 Np > Ns 2 3 SN NI I
3 | 3 2 P S 2
D < - P 2
= > 9 =<

(a) Two coils on top of each other (b)Two coils on separate limbs of the core

The device may not be 100% efficient due to following energy losses in a transformer:
(i) Joule Heating: Energy is lost due to heating of primary and secondary windings as heat (I°Rt).

(1) Flux Leakage: Energy is lost due to coupling of primary and secondary coils not being perfect,
i.e., whole of magnetic flux generated in primary coil is not linked with the secondary coil.
(a) Draw the diagram of a device which is used to decrease high ac voltage into a low ac
voltage and state its working principle. Write four sources of energy loss in this device.
(b) A small town with a demand of 1200 kW of electric power at 220 V is situated 20 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 the power from the line through a
4000-220 V step-down transformer at a sub-station in the town. Estimate the line power
loss in the form of heat. [CBSE 2019 (55/1/1)]
(a) Refer to Q. 8, Page no. 305.
() Demand of electric power = 1200 kW
Distance of town from power station = 20 km
Two wire = 20 X 2 = 40 km
Total resistance of line = 40 X 0.5 = 20 ()
The town gets a power of 4000 volts
Power = voltage X current
_1200x10° _ 1200
4000 4
The line power loss in the form of heat = xR
= (300)? x 20
= 9000 x 20 = 1800 kW

Alternating Current .

=300 A



Q. 11. A 2 uF capacitor, 100 W resistor and 8 H inductor are connected in series with an ac source.

(i) What should be the frequency of the source such that current drawn in the circuit is
maximum? What is this frequency called?

(1) If the peak value of emf of the source is 200 V, find the maximum current.

(7i7) Draw a graph showing variation of amplitude of circuit current with changing frequency
of applied voltage in a series LRC circuit for two different values of resistance R, and R,

(R; > Ry).
(iv) Define the term ‘Sharpness of Resonance’. Under what condition, does a circuit become
more selective? [CBSE (F) 2016]
Ans. (1) For maximum frequency
- L
ol = oC
- 1 2o 1
= 2ryx8=—"""—"- = () =——" ¢
2y X2 X107 16 X 10~
3
= 2ny = % =21y = 107
4x10° 4
= v=22 _ 398057
2n
This frequency is called resonance frequency.
Mo t1_5_200_21& . .
() Maximum current, [, = R 100 [£, maximum emf]
(117)
4 Ry(LowR)
Ri>R,
T Ry (High R)
D — 0
@y
(1) 9A® is measure of sharpness of resonance, where  is the resonant frequency and 2A is
the bandwidth.
Circuit is more selective if it has greater value of sharpness. The circuit should have smaller
bandwidth Ae.

Q. 12. (i) Draw a labelled diagram of ac generator. Derive the expression for the instantaneous value
of the emf induced in the coil.
(i) A circular coil of cross-sectional area 200 cm?® and 20 turns is rotated about the vertical
diameter with angular speed of 50 rad s in a uniform magnetic field of magnitude
3.0 X 1072 T. Calculate the maximum value of the current in the coil. [CBSE Delhi 2017]
Ans. (i) Refer to Q. 7, page 304.
(1) Given, N =20

A = 200 cm?

=200 x 107 m?
B=3%0x102T
o = 50rad s



EMF induced in the coil
&€ = NBA® sin ot
Maximum emf induced
Emax = NBA®
=20 % 3.0 x 1072 x 200 x 107" X 50
=600 mV

Maximum value of current induced
€ 600
max
max = R = R mA
(i) Draw a labelled diagram of a step-up transformer. Obtain the ratio of secondary to primary
voltage in terms of number of turns and currents in the two coils.

(it) A power transmission line feeds input power at 2200 V to a step-down transformer with its

primary windings having 3000 turns. Find the number of turns in the secondary to get the
[CBSE Delhi 2017]

I

Q. 13.

power output at 220 V.
Ans.  (2) Refer to Q. 8, Page 305.

(#1) Given, Vp=2200V
Np = 3000 turns
Vg =220V
Vg N
We have, V_P = N—P
Vs
N,=—-FXN
A P
220
9900 3000

Ng = 300 turns
Q. 14. (a) What do you understand by ‘sharpness of resonance’ for a series LCR resonant circuit?
How is it related with the quality factor ‘Q’ of the circuit? Using the graphs given in

the diagram, explain the factors which affect it. For which graph is the resistance (R)
[CBSE 2019 (55/4/1)]

minimum?

@y 0—>

(b) A 2 pF capacitor , 100 Q resistor and 8 H inductor are connected in series with an ac
source. Find the frequency of the ac source for which the current drawn in the circuit is

maximum.
If the peak value of emf of the source is 200 V, calculate the () maximum current, and

(77) inductive and capacitive reactance of the circuit at resonance.

Alternating Current .



Ans. (a) The circuit would be set to have a high sharpness of resonance, if the current in the circuit
drops rapidly as the frequency of the applied ac source shifts from its resonant value.

Sharpness of resonance is measured by the quality factor Q = %4 / %
Sharpness of resonance for given value of L and C or value of ®_depends on R.

R is minimum for C.
1
b v =
©) 214/ LC

B 1
9% 3.14y/8x2x107°

_ 1000
8x3.14

= 39.81 or 40 Hz (approximately)

V, = 200 V
W_"%
R

() W= (' Z = R at resonance)

— =24
) At resonance
X, =X;
X; = oL = 2nvL
=21 X 39.81 X 8 = 2000 Q

Self-Assessment Test

Time allowed: 1 hour Max. marks: 30

1. Choose and write the correct option in the following questions. B3x1=3)

(1) The average power dissipation in a pure capacitance is:

(@) %CVQ ) CV?
(©) iCVQ (d) zero

() Inanac series circuit, the instantaneous current is maximum when the instantaneous voltage
is maximum. The circuit element connected to the source will be

(a) pure inductor (b) pure capacitor
(¢) pure resistor (d) combination of a capacitor and an inductor

(@) R, L and C represent the physical quantities resistance, inductance and capacitance

respectively. Which one of the following combinations has dimension of frequency?

0 2

7
%



10.

11.

Fill in the blanks. 2x1=2)

(1) One complete set of positive and negative values of alternating current or emf is called

(1) The core of transformer, if laminated, eddy currents.

The power factor of an ac circuit is 0.5. What is the phase difference between voltage and current
in this circuit? 1

Draw a graph to show variation of capacitive-reactance with frequency in an ac circuit. 1

A device ‘X’ is connected to an ac source V' = V/,. The variation of voltage, current and power in
one complete cycle is shown in the following figure.

(¢) Which curve shows power consumption over a full cycle?

(i) Identify the device ‘X". 1
A
“—1 LB | |
- I I 1
il 2 A ' |
I I I
! ! ! !
Prove that an ideal capacitor, in an ac circuit does not dissipate power. 2

Derive an expression for the impedance of an ac circuit consisting of an inductor and a resistor.

2

A 15.0 pF capacitor is connected to 220 V, 50 Hz source. Find the capacitive reactance and the

rms current. 2

How much current is drawn by the primary coil of a transformer which steps down
220 V to 22 I/ to operate a device with an impedance of 220 Q? 2

You are given three circuit elements X, Y and Z. When the element X is connected across an ac
source of a given voltage, the current and the voltage are in the same phase. When the element
Y is connected in series with X across the source, voltage is ahead of the current in phase by m/4.
But the current is ahead of the voltage in phase by /4 when Z is connected in series with X across

the source. Identify the circuit elements X, Y and Z.

When all the three elements are connected in series across the same source, determine the

impedance of the circuit.

Draw a plot of the current versus the frequency of applied source and mention the significance
of this plot. 3

A voltage v =wv, sinwl applied to a series LCR circuit, drives a current in the circuit given
i =i, sin(wt + ¢). Deduce the expression for the instantaneous power supplied by the source.

Hence, obtain the expression for the average power.

Define the terms ‘power factor’ and ‘wattless current’, giving the examples where power factor

1s maximum and the circuit where there is wattless current. 3



12. A series LCR circuit with L = 4.0 H, C = 100 pF and R = 60 Q is connected to a variable

frequency 240 V source as shown in figure. 3
R
VWA J_
C
L
Calculate:

() The angular frequency of the source which drives the circuit at resonance;
(1) The current at the resonating frequency;
(7) The rms potential drop across the inductor at resonance.

13. (a) Using phasor diagram for a series LCR circuit connected to an ac source of voltage v = v,
sin ot, derive the relation for the current flowing in the circuit and the phase angle between
the voltage across the resistor and the net voltage in the circuit.

(b) Draw a plot showing the variation of the current / as a function of angular frequency ‘®’ of
the applied ac source for the two cases of a series combination of (i) inductance L,, capacitance
C and resistance R and (i) inductance Ly, capacitance C, and resistance R, where Ry > R .

Write the relation between L, C; and L,, C, at resonance. Which one, of the two, would be
better suited for fine tuning in a receiver set? Give reason. 5

Answers

L. (@) d) (i) (c) (izi) (b)
2. (1) cycle (1) decreases
9. 0.1 A, 001 A
12. (1) © =50 rad/s; () I = 4 A; (i) V, = 800 V
il



