Chapter 7 - Alternating Current

Multiple Choice Questions (MCQs)
Single Correct Answer Type

Question 1. If the rms current in a 50 Hz AC circuit is 5 A, the value of the current 1/300 s
after its value becomes zero is
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Solution: (b)
Key concept: Equation for i and V: Alternating current or voltage varying as sine function can be
written as
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Question 2. An alternating current generator has an internal resistance Rgand an internal
reactance Xq It is used to supply power to a passive load consisting of a resistance Ry and
a reactance X._. For maximum power to be delivered from the generator to the load, the
value of X is equal to

(a) zero (b) Xg4

(c) -Xg (d) Rgq

Solution: (c) For maximum power to be delivered from the generator (or internal reactance Xq) to
the load (of reactance, X|),

=> X+ X4 = O (the total reactance must vanish)

:>X|_:—Xg

Question 3.
When a voltage measuring device is connected to AC tnains, the meter shows
the steady input voltage of 220 V. This means
(a) input voltage cannot be AC voltage, but a DC antage
(b) maximum input voltage is 220 V
(¢) the meter reads not v but <y?> and is calibrated to read /<v*>
(d) the pointer of the meter is stuck by some mechanical defect
Solution:
(¢) The voltmeter connected to AC mains calibrated to read rms value

NE

Question 4. To reduce the resonant frequency in an L-C-R series circuit with a generator,
(a) the generator frequency should be reduced

(b) another capacitor should be added in parallel to the first

(c) the iron core of the inductor should be removed

(d) dielectric in the capacitor should be removed

Solution: (b)
Key concept: Resonant frequency (Natu_r_al frequency)
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Resonant frequency in an L-C-R circuit is given by
1

* W= adLC

If L or C increases, the resonant frequency will reduce.

To increase capacitance, we must connect another capacitor parallel to the
first.



Question 5. Which of the following combinations should be selected for better tuning of an
L-C-R circuit used for communication?
(@R=20Q,L=1.5H, C =35pF
(b)R=25Q,L=25H,C=45pF
(c) R=15Q, L = 3.5H, C = 30 pF
(dR=25Q,L=1.5H,C =45 puF
Solution: (c)
I(ey concept: Quai:ty fa.ctar (Q-{hctnr} of series resonant circuit:

(i) The charactens:tic of a series resanant c:trcmt is dftennmed by the
quahty factor (Q-factor) of the circuit.
() It &eﬁmm sharpness of r—v mu've at resdname whfm ‘O-factor
la.rge, sharpness of resnnance curve 15 more and vice-versa.
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For better tuning of an L-C-R circuit used for communication, quality
factor of the circuit must be as high as possible. .
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We know quality factor should be high for better tuning.
Quality factor (Q) of ah L-C-R circuit is

0=L1 /L
RXC .
where R is the resistance, L is the inductance and C is the capacitance of the circuit.
For high Q factor R should be low, L should be high and C should be low. These conditions are
best satisfied by the values given in option (c).
Important point: Be careful while writing formula for quality factor, this formula we used in this case
is only for series L-C-R circuit.

Question 6. An inductor of reactance 1 Q and a resistor of 2 Q are connected in series to the
terminals of a 6 V (rms) AC source. The power dissipated in the circuit is

(@)8W(b)12 W

(c)14.4 W (d) 18 W

Solution: (c) According to the problem, XL=1Q ,R=2Q,



E _ =6V,P, =1
Average power dissipated in the circuit
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Question 7. The output of a step-down transformer is measured to be 24 V when connected
to a 12 W light bulb. The value of the peak current is

1
@ A ®) V2 A
() 2A () 22 A



Solution: (a)
- Key concept: It decreases voltage and increases current
v Veslp o
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According to the problem output/secondary voltage Vs=24 V
Power associated with secondary Pg=12 W
_ B 12

[(==S=-==05A
Ve 24

Amplitude of the current in the secondary winding
=(0.5)(1.414)=0.707 LI

V2

One or More Than One Correct Answer Type

Question 8. As the frequency of an AC circuit increases, the current first increases and then
decreases. What combination of circuit elements is most likely to comprise the circuit?

(a) Inductor and capacitor (b) Resistor and inductor

(c) Resistor and capacitor (d) Resistor, inductor and capacitor

Solution: (a, d) Compare the given circuit by predicting the variation in their reactances with
frequency. So, that then we can decide the elements.



Reactance of an inductor of inductance L is X = 2nvL, where v is the frequency of the AC circuit.
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X, = Reactance of the capacitive circuit
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With an increase in frequency (f) of an AC circuit, R remains constant,
inductive reactance (X;) increases and capacitive reactance (X,) decreases.

For an L-C-R circuit,

Z = Impedance of the circuit

:JRE‘F(XL“'Xc)E
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As frequency (v) increases, Z decreases and at certain value of the frequency
known as resonant frequency (v,), impedance Z is minimum thatis Z_,, =R
current varies inversely with impedance and at Z_; current is maximum,

Question 9. In an alternating current circuit consisting of elements in series, the current
increases on increasing the frequency of supply. Which of the following elements are likely
to constitute the circuit?

(a) Only resistor (b) Resistor and an inductor

(c) Resistor and a capacitor (d) Only a capacitor

Solution: (c, d) This is the similar problem as we discussed above. In this problem, the current
increases on increasing the frequency of supply. Hence, the reactance of the circuit must be
decreased as increase in frequency. So, one element that must be connected is capacitor. We
can also connect a resistor in series.

For a capacitive circuit,

Xc = 1/wC =1/2nfC



When frequency increases, Xc decreases. Hence current in the circuit increases.
Important point: Resistive, Capacitive Circuit (RC-Circuit)
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(1) Appliedvoltage: V = [V} + V2

(2) Impedance: Z = «JRz + Xé = ‘/R2_+(E)-IC-~.~J
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(’?) Leadmg quantity: Current

_{5) the dzﬁemnce = tan

Question 10. Electrical energy is transmitted over large distances at high alternating
voltages. Which of the following statements is (are) correct?

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

(b) Lower current implies less power loss

(c) Transmission lines can be made thinner

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

Solution: (a, b, d)



Key concept: Power loss due to transmission lmes havmg resistance (R)
and /., current flowing in the circuit is 7, R.

The power is to be transmitted over the large distances at high alternating

voltages, so current flowing through the wires will be low because of given
power (P).

For a given power level, we find that
P =L\ dims (Ims 18 low when E,_ is high)
Power luss = Iz s R =low (" e 18 low)

Now at the receiving end high voltage is reduced by using step-down
transformers.

Question 11. For an L-C-R circuit, the power transferred from the driving source to the
driven oscillator is P = 1> Z cos .

(a) Here, the power factor cos ®>0,P >0

(b) The driving force can give no energy to the oscillator (P = 0) in some cases

(c) The driving force cannot syphon out (P < 0) the energy out of oscillator

(d) The driving force can take away energy out of the oscillator

Solution:

Key concept: Pawer Factor: i
(1) It may be defined as cosine uf the angle of lag or lead (i.e., cos ¢).

(2) Itis also deﬁned as thc ratio of reslstance and lmpedance ( ' g}

Tnm;wwar"’_ W HV

(3) The r&tm =
Apparent power VA kVA

=COosS

In the given problem power transferred,
P=FZcos ¢
where / is the current, Z = Impedance and cos ¢ is power factor

(a) As power factor, cos ¢ = g

where R>0andZ>()
— cosp>0=P>0

E .
(b) When ¢ = 5 (in case of L or C), P=0).
(c) From (a), it is clear that P < 0 is not possible

Question 12. When an AC voltage of 220 V is applied to the capacitor C
(a) the maximum voltage between plates is 220 V
(b) the current is in phase with the applied voltage



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

(d) the power delivered to the capacitor is zero

Solution: (c, d) If the alternating voltage is applied to the capacitor, the plate connected to the
positive terminal of the source will be at higher potential and the plate connected to the negative
terminal of source will be at lower potential. So the plates capacitor is charged.

(c) If V=V, sin at, Q = C V, sinax or we can say that 9 +Q -0

and emf are in phase " E E
(d) AS P= Vipplm, cospand in case of a capacitor, ¢ =~ I+ -
P = 0, or we can say that power delivered to the A8 f_f:_
capacitor is zero. o (a8 o
4 P,, = Power delivered = 0 - (AC)
Question 13.

The line that draws power supply to your house from street has
(a) zero average current
(b) 220 V average voltage
(¢) voltage and current out of phase by 90°
(d) voltage and current possibly differing in phase ¢ such that [lﬂ { e

Solution:
(a, d) Alternating currents are used for household supplies, which are having
zerd average value over a cycle.

; . , R
The line is having some resistance, so power factor cos ¢= e #0
So, 022 = P<m2

i.e., phase lies between 0 and 71/2.

Important point. The ave:rage value nf altemaung quantlty for one

o

complete cycle i§ Zero.
T’he average value raf ac mrer half cycle {r =i {} to ’I}’l}

B Jmm’t S S B
oy = -:—-2.“?' =:'ﬁ.63?f,;,=63,?.% ofi |
e o -

Similarly ¥, = E:—:E =0.637 ¥, = 63.7% of ¥,

Very Short Answer Type Questions

Question 14. If an L-C circuit is considered analogous to a harmonically oscillating spring-
block system, which energy of the L-C circuit would be analogous to potential energy and
which one analogous to kinetic energy?

Solution: When a charged capacitor C having an initial charge g0 is discharged through an
inductance L, the charge and current in the circuit start oscillating simple harmonically. If the
resistance of the circuit is zero, no energy is dissipated as heat. We also assume an idealized



situation in which energy is not radiated away from the circuit. The total energy associated with the

circuit is constant.

The oscillation of the LC circuit are an electromagnetic analog to the mechanical oscillation of a

block-spring system.

The total energy of the system remains conserved.

Leppadaa ondnd lCV[f = lu&
2 2 2 2

At ¢ =0, capacitor is

g ready to discharge

At .r'%-, capacitor is
fully discharged, i.e.
B charge ¢ = 0 and current
through the circuit is
maximum

=T
At T

L again recharged with
reverse polarity and i =0

capacitor is

Att=10,block is
ready to move

Atr= %—, block comes

in its mean position,

i.e., x =0 and velocity
of block becomes
maximum

Atte= 2£ , block
-Teaches its extreme
position on other side and
v=1




Att= :i;—" block

Atr= ¥ capacitor

again discharges
B completely | = i,

again reaches its
mean position and
its velocity becomes
Mmaximum

3
-At.‘=ﬁr, M:=§§.hlock
L capacitor again again reaches its
dicharges mean position and
/| B completely i =i, _ its velocity
- . ey becomes maximum

x=0

o Comparison of oscillation of a mass spring system and an LC circuit

Mass spring system v/s | LC circuit
Displacement (x) Charge (9)
Velocity (v) Current (i)
Accelerati ' i
pockcestiona) Rate of change of current (g{}
: ' !
Mass (m) [Inertia] Inductance (L) [Inertia of electricity]
Momentum (p = mv) Magnetic flux (¢=Li)

’ d - /
Retarding force (—m?:) Self induced emf (—L -j—j




Equation of free oscillations:
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Equation of free oscillations:

LC
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LC

dr?
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d’ 1
—q‘“(—).q; where @’ .8

LC

Force constant K

-

Capacitance C

Kinetic energy = %M'w2

Magnetic energy = %L:‘.z

Elastic potential energy

=l;;_'x2

Electrical potential energy =

q
C

b2 | —
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If we consider an L-C circuit analogous to a harmonically oscillating
. : : : 1 .
spring block system. The electrostatic energy ECVZ is analogous to

potential energy and energy associated with moving charges (current) that

is magnetic energy [-% LI 2) is analogous to kinetic energy.

Question 15. Draw the effective equivalent circuit of the circuit shown in figure, at very high
frequencies and find the effective impedance.

R, G Ly
AMA—| i B000

C
L; Ry R;

i)
L )

Solution:
Key concept: The element with infinite resistance will be considered as open circuit and the



element with zero resistance will be considered as short circuited.

Inductive reactance X, =0l =2nL
1 1

oC 2rfC |
At very high frequencies. X; — very large and X~ — very small

and capacitive reactance X =

When reactance of a circuit is infinite it will be considered as open circuit.
When reactance of a circuit is zero it will be considered as short circuited.

So, C,, C, — shorted (if the capﬁcitors are shorted they behave like an
ordinary wire or we can simply replace them by a wire) and L,, L, — opened.
Then R, and R, become in series. i

R R Ry
_m = AAN——ANA

-« (=) « (=Y
| o 2}
So, effective impedance =Z, =R, + R,

Question 16. Study the circuits (a) and (b) shown in figure and answer the following
questions.

R R L
M M | —0000™——
=)

© ©

(a) (b)

(a) Under which conditions would the rms currents in the two circuits be the same?
(b) Can the rms current in circuit (b) be larger than that in (a)?
Solution:



-'I{ey ::uncept. Series RLC-Clrcmt
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(1) Eqrz{aﬁoﬁ of current; i = ;ﬂ 511_1@” .:E@ ,where 1'41:.?_; _
(2) Equation of voltage: From phasor diagram ' :

V=V, V)
(3) Impedance of the circuit:

. _. — =
Z=JR + (X, ~ XY = .R2+(m-L—m-—]"
\/_ (X, = Xey J i

(4) P_ﬁmé difference: From phash;?ﬁagram

1 e
: wl—-—— 2nvl -~

(5) If net reactance is inductive: Circuit behaves as LR circuit

- (6) If net reactance is capacitive: Circuit behaves as CR circuit
'(?) If net reactance is zero: Means X=X, - X =0
= X, = X . This is the condition of resonance
(3} At resonance (Series resonant circuit)
(i) X; =X-= Z;,= R, i.e, circuit behaves as a resistive circuit

(il) ¥V, =V-= V=V, ie whole applied voltage appeared across
the resistance

(i) Phase difference: ¢ =0° = p.f. =cos ¢= 1
- (iv) Power ponSumptinn:P = Vonsdems =—;—'.Vc,,iG

- (v) Current in the circuit is maximum and it is iﬂ:_f“—



Let us first assume, rms current in circuit 4 = (I, )4
And rms current in circuit B = (I_ )z

Ems _ Ems

(ﬂ) When (I rms)A - (Irms)ﬂ'
R=\R+(X, - XY

= X, =X, resonance condition

If E . in the two circuits are same, then at resonance the rms current in
LCR will be same as that in R circuit (circuit A).

(b) AsZ=R
e ) _EelZ _ R
(i) Ems® ~ [R24 (2, - %,

=2<1

= (Umg)a 2 (I )0
No, R £ Z. So, rms current in circuit (b) cannot be larger than that in (a).
Question 17. Can the instantaneous power output of an AC source ever be negative? Can

the average power output be negative?
Solution:



Key concept: Power in ac Circuits: In dc circuits power is given by P = ¥i.
But in ac circuits, since there is some phase angle between voltage and
current, therefore power is defined as the product of voltage and that
component of the current which is in phase with the voltage.

Thus P = Vi cos ¢; where V and  are r.m.s. value of voltage and current.

(1) Insramaneam power: Suppose in a circuit V = VQ sin a¥ and
i = iqsin (@ + @) then Py yincons = Pf Voig sin ax sin (ax + @)

(2) Average power (True power): The average of instantaneous power
in an ac circuit over a full cycle is called average power. Its unit is
watt, i.e. ;

V2 R
22

' 2 E
.Pm" mwcns:ﬁ—ﬁ%ms:p—gi’ﬂzomsﬂ:".z R-—

To proceed the question, let us assume the applied emf in the circuit containing
L, C or a combination of L, C and R.

E = E, sin (1)
Hence current developed is
. I'=1,sin (ax * )
(a) Instantaneous power output of the AC source
P =EI=(E, sin ax) [Z, sin (et + ¢)]
= Eylysin ax sin (ax + ¢)

= %[eos ¢ — cos(2wt + 9)] ()
Clearly, from Eq. (i) b e
When cos ¢ < cos (2ax + ¢)

P<0 _ _
So, yes, the instantaﬁecﬁé‘ﬁa::‘g?butput of an AC source can be negative.

Vo 1
Average power P, =—%—2 cos

= Vimslems €08 ¢ | | ...(ii)
where ¢ is the phase difference.
From Eq. (ii) P, >0

' R
Because cos¢= -E =20

No, the average power output of an AC source cannot be negative,



Question 18. In a series LCR circuit, the plot of |,ax versus co is shown in figure. Find the
bandwidth and mark in the figure.

}m(A) I

05 1.0 1.5 2.0

oaXrad/s) —»

Solution:
According to the given diagram,
Bandwidth = Aw= @, — ,

0 081012
aXrad/s) —

where @, and @, correspond to frequencies at which magnitude of current is
l = ;
:/—E times of maximum value.

s 1A 07

1 f = —_—=
1.C., s \/‘2"’ \[2-

From the graph these frequencies aré @, = 0.8 rad/s and @, = 1.2 rad/s.
Thus, bandwidth, Aw= | - @, =1.2 - 0.8 = 0.4 rad/s

Question 19. The alternating current in a circuit is described by the graph shown in figure.
Show rms current in this graph.
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Solution:

According to the current versus time graph (as shown)

: 2 2
rms currmt:fms=1,1 ;2 =E=L58A=L6A

I —1
L] T

-

-+

(A) —

I —»

|
-
T 1 1 7T

; =3

The rms value of the current (Ims) = 1.6 A is indicated in the graph by dotted
line. ;

Question 20. How does the sign of the phase angle ®, by which the supply voltage leads the
current in an L-C-R series circuit, change as the supply frequency is gradually increased
from very low to very high values?



Solution:

Series LCR-Circuit
R L C Aoz
ANN——T000 ——— }—— 2. &R )
ey see sl GV :
f A "HI' . :r
4 S
£ ¥ 3
: T
= Yy sin ax ‘v,
Ve=IR, Vi =iXy, Vc=iXc Phasor diagram

We know that the phase angle (¢) by which voltage leads the current in R-L-C
series circuit is given by
1

; ol ———

X - X¢ - wC
R R

At small frequencies, X; <X,
tan is negative, i.e., tan ¢ <0 (for v < vy)
At resonant frequency, X; = X,

tan g =

1
b lall =0 fﬂr‘t?:lr' = —
, og ( ° 2 ch

Short Answer Type Questions

Question 21. A device ‘X is connected to an AC source. The variation of voltage, current and
power in one complete cycle is shown in figure.

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

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

(c) Identify the device X.

A

: -

f

=
3
!

Solution: (a) Power is the product of voltage and current (Power = P = VI).
So, the curve of power will be having maximum amplitude, equals to the product of amplitudes of



voltage (V) and current (1) curve. Frequencies , of B and C are-equal, therefore they represent V
and | curves. So, the curve A represents power.
(b) The full cycle of the graph (as shown by shaded area in the diagram) consists of one positive

and one negative symmetrical area.
/
/

Hence, average power consumption over a cycle is zero.
(c) Here phase difference between V and | is 11 /2 therefore, the device ‘X’ may be an inductor (L)
or capacitor (C) or the series combination of L and C.

Question 22. Both alternating current and direct current are measured in amperes. But how
is the ampere defined for an alternating current?

Solution: For a Direct Current (DC),

1 ampere = 1 coulomb/sec

Direction of AC changes with the frequency of source 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.

So, rm.s. value of AC is equal to that value of DC, which when passed through a resistance for a
given time will produce the same amount of heat as produced by the alternating current when
passed through the same resistance for same time.

Question 23. A coil of 0.01 H inductance and 1 w resistance is connected to 200 V, 50 Hz AC
supply. Find the impedance of the circuit and time lag between maximum alternating
voltage and current.



Solution:
According to the problem, inductance L = 0.01 H,-

resistance R = 1 £, voltage (V) =200V
and frequency (f) = 50 Hz.

X, =2mfL=2x3.14x50x0.01 =3.14Q
Impedance of the R-L circuit

z=\[R2+ x2 =\|R*+(2xfL)

= 12+ (2x3.14 X 50 X 0.01)°

or  Z=41086=33Q
oL 2rfL 2x3.14x50x0.01

tang = =3.14
R R 1
¢=tan"'(3.14) = 72°
Phase difference ¢ = oLt rad.
: 180
Time lag between alternating voltage and current,
7
a=2 i L =0.0045

@ 180X 27 x50 250

Question 24. 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.



Solution:
According to the prablem, Pg= 60 W, /;=0.54 A

Let Vs, Igand Vp, I are voltages and current of the secondary and primary of
the transformer respectively. -

Taking primary voltage as 220 V.
=5 Pe=60W, ;=054 A
0.54

Voltage in the secondary (Ey) is less than Voltage in the primary (Ep).
Therefore, the transformer is step down transformer.
Since, the transformation ratio

r= Er‘-r-— = £
v, I
I
Substituting the values, Y
220V 0.54A
On solving. 1,=027A

Question 25. Explain why the reactance provided by a capacitor to an alternating current
decreases with increasing frequency.

Solution: Capacitor plates get charged and discharged when an AC voltage is applied across
the plates. So the current through capacitor is as a result of charging charge. Because the
frequency of the capacitive circuit increases, the polarities of the charged plates change more
rapidly with time, giving rise to a’larger current. The capacitance reactance (X¢) due to a
capacitor C varies

as the inverse of the frequency (f) (as Xg=1/2mn fC) and hence approaches zero as v approaches
infinity. The current is zero in a DC capacitive circuit, which corresponds to zero proportional and
infinite reactance. Also, Since X¢ is inversely proportional to frequency, capacitors tend to pass
high-frequency current and to block low-frequency currents and DC (just the opposite of
inductors).

Question 26. Explain why the reactance offered by an inductor increases with increasing
frequency of an alternating voltage.

Solution: The inductive reactance is given by X = 2nfL, X, is proportional to the frequency and
current is inversely proportional to the reactance. An inductor opposes the flow of current through
it by developing a back emf according to Lenz’s law. 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.

Long Answer Type Questions
Question 27.



An electrical device draws 2 kW power from AC mains (voltage 223 V (rms)

: -3
= V50000 V). The current differs (lags) in phase by "("““*p:]—] s

compared to voltage. Find (a) R, (b) X ~ X; and (C) 1. Another device has
twice the values for R, X and X;. How are the answers affected?
Solution:

Series L.CR-Circuit

R’ L ¢ v,
AMN— B0 —— — e v
[Vt V17VO)

I
1
i
. ¥
I A 1 :
]
L

¢ 5 =
V= Vo sin ot Y Ve
Ve=iR, V= iX;, Vo=iXc | Phasor diagram

2
Impedance, Z = JRE +(X; - Xc)z = JRI + (mL - Fa:_C)



According to the problem, powér drawn = P =2 kW = 2000 W

3
tanp=-——,
¢ 4

rms voltage, V.= V=223V

Power P=V—
. A
g2
N Z=V =223:~<223=25
P 2x10°

Impedance Z=25 Q

Impedance Z = JR2+[XL - XC)Z

= 25 =[R2+ (X, - Xc )’
or 625 = R* + (X, - X
: XC_XL —3
Agai tan ¢ = — .=
gain, o R :
or XC_XL=:'3£
4
8 Y i
L C 4

From Eq. (ii), we put X, - X = % in Eq. (1), we get

2 2
625=R*+ (%} By

16
2
or 625=25R
16
(a) Resistance R =4/25x16 =400 =20Q
-3R -3

223

(c) Main current /,,= J2i= -JE%: =

X2=9J2=126A

....(ii)



Question 28. _
1 MW power is to be delivered from a power station to a town 10 km away
One uses a pair of Cu wires of radius 0.5 cm for this purpose. Calculate the-
fraction of ohmic losses to power transmitted if
(i) power is transmitted at 220 V. Comment on the feasibility of doing this.
(i1) a step-up transformer is used to boost the voltage to 11000 V, power

transmitted, then a step-down transformer is used to bring voltage to
220 V.

(Poy = 1.7 % 107% SI unit)
Solution:
(i) The power station is 10 kin away from the town.
Length of pair of Cu wires used, L = 20 km = 20000 m.

Resistance of Cu wires, R=p_ L - pi_
: A o
-8 4 -
=l.‘?xl{ll x:{::;t] SAG
n(0.5x107°)
6 10° p
Tat220V, VI=10°W; I=——=045%x10" A
220
RFF = Power loss
=4x (045 x 10° W
>10°W
Power losses are very large, hence, this method is not suitable for

transmission.
(i) When power P = 10° W is transmitted at 11000 V.
VI = IOE‘W= 11000 I

Current drawn, [’ = I% x 10°

. Power loss = I"*R = 1 x 4 x 10*
| 1.21

=33x10*W

AP 33x10*

5= 33%

Fraction of power loss =

Question 29. Consider the L-C-R circuit shown in figure. Find the net current i and the phase
of i. Show that i = V/Z. Find the-impedance Z for this circuit.



in4
— T —
It C L
C is
a0
LW
Vi sin @

Solution: Key concept: In the circuit given above consists of a capacitor (C) and an inductor (L)
connected in series and the combination is connected in parallel with a resistance R. Due to this
combination there is an oscillation of electromagnetic energy.

According to the above figure, the total current ‘i’ is divided into two parts i,
through R and i, through a series combination of C and L.

So, we geti=i +i,
As, V,, sin @t = R i,, [from the circuit diagram]
- V., sin ot
R
L.et 9 is charge on the capacitor at any time ¢, i, is the current in the lower
circuit.
Applying KVL in the lower circuit as shown,
' R

(i)

= =




q, Ldi

V singt———-—L=)
It il
L] 2 d’
q, , Ld°q ; [-j_l,] .\
=% ey —— e . = S
i V. sin wt =y (i1)
Letg, = gq,, sin (ot + ¢) ....(iii)
. dq ‘
h=—=gq, wcos(®t+
= q ( ®)
d(f;]' dij

=

~q,0° { +
5 X g, @° sin (@t + 9)

Now putting these values in Eq. (ii), we get

l ¥ 4
Im [E + L(*mz):[ sin (Wt + @)=V, sin wt

If =0 and [%—@?]}0,

then ...{1v)
(mmz)

From Eq. (iii), tl—h%— = @4, DS{mf+¢) :



V., +
Using Eq. (iv), 1, = Do £ 9)

Taking ¢=0;4= (

T
From Egs. (i) and (v), we find that i, and i, are out of phase by Eh

V,sinwt ¥V, cosmt
+
wC
V :
LetV—”‘:Acosqband 2 = A sin ¢
R ) [._.l_ —_ Lm]
C

iy +i,=A cos ¢sin a¥+ A sin ¢ cos ot
= A sin (ax¢ + ¢)

Now, i+ =

where A= J(Acus#}}z + (Asing)?

(V)



1/2

2
R [,L_ " Lm)
! wC i
and 0= tan~! l -
Caad
wC
- 12
2 2
V :
Hence, i =ij+i,= Vi + £ sin(@r + @)

1
]

1/2

|
— +
o V. Z |R? (1 2
: -—-——Lm)
wC

This is the expression for impedance Z of the circuit.

Important pmnt. We should not apply the fennulae of L-C- R series circuit
directly in these types of problems.

Question 30.
For an L-C-R circuit driven at frequency @ the equation reads
di :
1L+ 4iR= V., sin ot
dt C

(a) Multiply the equation by i and simplify where possible.

(b) Interpret each term physically.

(c) Cast the equation in the form of a conservation of energy statement.
(d)- Integrate the equation over one cycle to ﬁnd that the phase difference

between I and i must be acute.
Solution:



Applying KVL for the loop as shown in the figure, we can write

L ¢ R
— 05— W\

iA C iy
S
N

V=V, sin ot
= 1% 9 iR=V sinor | (i)
=t /i s
Multiplying both sides by i, we get
di 1 . i
LZ+ 4+ P R= i)sinwt=Vi ....(i)
dt c i
di df1l, ; ;
where Li AT EL: = rate of change of energy stored in an inductor.

Now, power loss in form of heat is given i*R.

2 2C

Vi = rate at which driving force pours in'energy. It goes into (i) ohmic loss and
(i1) increase of stored energy.

Hence Eq. (ii) is in the form of conservation of energy statement. Integrating
both sides of Eq. (ii) with respect to time over one full cycle (0 — T) we may
write

2 ‘
4= %[q_] = rate of change of energy stored in the capacitor.

.[Tf:{[l Li*+ f-} dt + IT Ri*dt = E Vidt

0 dr| 2 2C 0
T k©
= 0+(+ve}=_[Vidr
0
: T
= J'V;' dt >0 if phase difference between V and i is a constant and

0 acute angle.



Question 31.

In the L-C-R circuit, shown in figure the AC driving voltage is V=V, sin ax.
(a) Write down the equation of motion for g(z).
(b) At =1t the voltage source stops and R is short circuited. Now write
down how much energy is stored in each of L and C,
(c) Describe subsequent motion of charges.

¥ o
R L
AN D00 -
T
L i)

Solution:



(a)

Key concept: We have to apply KVL in the given problem, so we have to
write the equations in the form of current and charge.

P
R I
AAN—— T -

()
)
=V,

V=V, sin ax

Given V=V_sin ot
Let current at any instant be i.
Applying KVL in the given circuit

s

. di gq .
IR+ L—+—=—=V sinwt=0 skl
i Cc " )
.. dq di d’q
Now, we can write | = — = — = —
' dt dt di*
- dg d’q ¢ .
From Eq. (i), EHR+LE}T+~C-=VmsmmI
2
= Li§~+Rd—q+i=Vmsinmt
dt dt

This is the required equation of variation (motion) of charge.
(b) Let g=gq,, sin (¢ + ¢)=—q,, cos (ot + ¢)
i=i, sin(wt+ @)=gq, ©sin(axt+ ¢)



v, V.

F——— =

I R (K e X

¢=mn—|(xc—XL]
R
When R is short circuited at t = ¢, energy is stored in L-and C.
2
: ¥
UL=lLi2_=-1-L | sin’ (01 +¢)
2 2 | J(R*+X.-X,)
La® 1 ras.
and Up=—X-"—=—|gq mcos” (wt,+
c=y% =574 (@15 +9)]
92
S P
< *\JRE"'(XC‘XL)Z
%
=—X| | cos” (@, +
IS
i‘m

- cos’ (wty+9) [ i,=9,0]

: 2
Ll W cos? (wty+ ¢)
2C| JR + (X, - X, )? h

2
- { V’”——] cos* (wty + ¢)

2C0 | B + (X - X, )?



(c) The circuit becomes an L-C oscillator when R is short circuited. The
capacitor will go on discharging and all energy will go to L back and
forth, Hence, there is oscillation of energy from electrostatic to magnetic
and magnetic to electrostatic.

Important point: LC Oscillation

A capacitor is charged to a potential difference |
of ¥, by connecting it across a battery and then € == Qmax L
is allowed to discharge through a pure inductor
of inductance L. . . : 7o

Initial charge on the plates of the capacitor g, = CV;

At any instant, let the charge flown in the circuit be ¢ and current in the

circuit be i. Applying Kirchoff’s law | L%% =<
; g
leferenttatmg W.I.L ume, we get ——‘—E -~ LG j—-— =0
I

g
= w ol 2nIC
The charge g on the plates of the capacitor and current / in the circuit vary
sinusoidally as
q = gy sin (ax + ¢) and / = gy cos (@t + ¢).

where @ is the initial phase and it depends on initial situation of the circuit

1
of the citcuit @ = ———
NLC
The total energy of the system remains conserved.

B Rt 1 1
> C > constant 3 CV; —-2 Lig



