Chapter 7. Alternating Current

Introduction toAlternating Current
1 Mark Questions

1.Why is the use of AC voltage preferred over DC voltage? Give two reasons. [All India
2014]

Ans. The use of AC voltage is preferred over DC voltage because of

(i) the loss of energy in transmitting the AC voltage over long distances with the help of step-
up transformers is negligible as compared to DC voltage.

(i) AC voltage can be stepped up and stepped down as per the requirement by using a
transformer.

2.The current flowing through a pure inductance 2mH is, | =(15 cos 300t) A. What is the (i)
rms and average value of current for a complete cycle? [Foreign 2011]

' -i,'\s To calculate different values for AC with the :
. * help of given equation, compare the given !
| equation with standard equation of AC. !

Current flowing through the inductor,
=15 cos 300t
Comparing with / = [, sin wt

Here, peak value of current,

ly=15 A
(i) For complete cycle, rms value of current
Iy 15

| =0 =2 A
RN
(if) For complete cycle, average value of
current is zero

i.e. l,=0 (12x2=1)

3. Define the term wattless current. [Delhi 2011]
Wattless Current The current in an AC circuit
when average power consumption in AC
circuit is zero, is referred as wattless current.

If ¢ is the phase difference between voltage and
current then power associated with /sin¢
component of current is termed as wattless
current, (1)

4. Define the term rms value of the current. How is it related to the peak value?  [All India
2010c]

Ans. Itis defined as the value of Alternating Current (AC) over a complete cycle which would
generate same amount of heat in a given resistor that is generated by steady current in the
same resistor and in the same time during a complete cycle It is also called virtual value or
effective value of AC.
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Let the peak value of the current be [,

Iy
rms=ﬁ
| :"I_U

where, [, = peak value of AC.

5. How much average power over a complete cycle, does an AC source supply to a
capacitor? [Delhi 2009c]

Average power, P, =V, X [, X COS ¢

But for pure capacitive circuit, ¢ =90° = g
Pav = Vims X lis X €05 90° =0
Pav = 0

6. An AC current, [=I, sinot

produces certain heat H in a resistor

R over a time T =2n/®w. Write the

value of the DC current that would

produce the same heat in the same

resistor in the same time.

[All India 2009C]

Ans. It is defined as the value of Alternating Current (AC) over a complete cycle which would
generate same amount of heat in a given resistor that is generated by steady current in the
same resistor and in the same time during a complete cycle It is also called virtual value or
effective value of AC.

Let the peak value of the current be [,
I

=

| .=

rms

wl

/

V2

where, [, = peak value of AC.

=

!

™ms

7. The instantaneous current and voltage of an AC circuit are given by 1 =(10 sin 300t) A and
V= (200 sin 300t) V. What is the power dissipation in the circuit? [All India 2008]
Given, 1=10sin300t and V =200 sin300t.

Comparing with I = I, sinwt and V =V, sinwt,
we get
ly=10 A, V, =200V
y _ 200
= Lins = N A Vs = 5
Phase difference, ¢ =0°
Power dissipated,
Pav = ’V;‘IT\S X jI'I'I’15 X COs q)

(B
P

>, =1000 W (1)

\Y

8. The instantaneous current and voltage of an AC circuit are given by | = (10 sin 314t) A and



V= (50 sin 314t) V. What is the power dissipation in the circuit? [All India 2008]
Given, 1=10sin300t and V =200 sin 300t.

Comparing with I = I, sinwt and V =V, sinot,

we get
lo=10 A, V, =200V
l 200
= ".rms = J{;_ A vrrnb JE \4
Phase difference, ¢ =0°
Power dissipated,
Pav = 'J;‘IT!S x I,I'I'I'15 x COS ¢)
= [E) [@_0_] cos0°
NI
P, =1000 W (1)

9. The instantaneous current and voltage
of an AC circuit are given by
=(10sin 314t) A and

V 50 sin [3141‘ + -2-) V. What is the

power dissipation in the circuit?

[All india 2008,
Given, I=10sin314t
V=50 5in(314t+§]
Comparing with [ =/, sin @t
and V =V, sin (ot + 0)
ly=10A,V, =50V
l 10
= L =0 - A
rms ‘JE \JE
Phase difference, ¢ = g
50
vfms = _5 '
P = v;ms l'rms cos ¢
=10 50 X cosE—O
BN ) 2
0:;-&1E =0

2 Marks Questions

10.A light bulb is rated 150 W for 220 V AC supply of 60 Hz. Calculate

¢ the resistance of the bulb
o the rms current through the bulb. [All India 2012]



(i) P=150W,V =220V
Resistance of the bulb,

2
R=V" |
P (112)
R= M =322.70Q .
150 (1/2)
.. vV
(if) AS, ;'rm_s=ﬂ=..g.g_9.__ (vrm5=V=220 V}
R 322.7 1/2)
= e = 0.68A (1/2)

11. Prove that an ideal capacitor in an AC circuit does not dissipate power. [Delhi 2011]

Since, average power consumption in an AC
circuit is given by

Pav = vrms X lllI'I'T'IS X COs ¢ . {1]

But in pure capacitive circuit, phase difference
between voltage and current is given by

n
*=3

T

Py = Vims X Iims X €OS 5
= P, =0 ( Cos L 0)

2

Thus, no power is consumed in pure
capacitive AC circuit. _ 1)

3 Marks Questions

12. (i) For a given AC, i = i, sin ®t, show that
the average power dissipated in a
resistor Rover a complete cycle is él—iﬁtR.

(i) Alightbulbisrated at 100 W fora 220 V
AC supply. Calculate the resistance of
the bulb. [All india 2013]

(i) The average power dissipated,
P = (R) = (P R sin® wt) = i R (sin’wt)

sin? ot = 21 (- cos 261)

(sin“t) = %(T - (cos 2mt))= -2'-

(. (cos 2mt) =0)

1
2 (2)
(ii) Power of the bulb, P =100 W and voltage,

V=220V

The resistance of the bulb is given as

2 2

VO 2207 4s40

R= -
P 100 (1)




13. (i) When an AC source is connected to an ideal capacitor, then show that the average
power supplied by the source over a complete cycle is zero.

(ii) A lamp is connected in series with a capacitor. Predict your observations when the
system is connected first across a DC and then AC source. What happens in each case if
the capacitance of the capacitor is reduced? [Delhi 2013C]
() When a source of AC is connected to a

capacitor of capacitance C, the charge on it

glows from zero to maximum steady value

Q,.
The energy stored in a capacitor is
14,2
E=-CV
7~V

where, V, is maximum potential difference
across the plates of the capacitor.

The alternating veltage applied is
E=Eysinot

and the current leads the emf by a phase

angle of /2.

=1y sin [mt + EJ
2

= |y cosot
. Work done over a complete cycle is

.
W = [ Eldt = [ (€, sinwt(l, coson dt

= "EL‘iQIT 2 sinwt cosmt dt
2 Jo
W:EﬂgjrsiMmo‘t
2 Jo
upﬁ@_w_ro (12)
2 20 |, 2

(i) When DC source is connected, the
condenser is charged but no current flows
in the circuit. Therefore, the lamp does not
glow. No change occurs even when
capacitance of capacitor is reduced.

When AC source is connected, the
capacitor offers capacitative reactance

Xc = —J—— The current flows in the circuit
oC
and the lamp glows. On reducing C,, X

increases. Therefore, the glowing of the
bulb reduces. (.1



AC Currents

1 Mark Questions
1.A reactive element in an AC circuit causes the current flowing

(i) to lead in phase by m/2

(ii) to lag in phase by /2
w.r.t. the applied voltage. Identify the
element in each case. [Delhi 2010C]

Ans

(il In case of pure capacitive circuit, the
current leads in phase by /2 with respect
to the applied voltage. So, the element will
be a capacitor. (1/2)

(i) In case of pure inductive circuit, the current
lags in phase by n/2 with respect to the
applied voltage. So, the element will be an
inductor. (1/2)

2 Marks Questions

2.A capacitor C, a variable resistor R and a bulb B are connected in series to the AC mains
in the circuit as shown. The bulb glows with some brightness. How will the glow of the bulb
change if (i) a dielectric slab is introduced between the plates of the capacitor keeping
resistance R to be the same (ii) the resistance R is increased keeping the same
capacitance? [Delhi 2014]

Cy %, @5'

Ans.

(i) As, the dielectric slab is introduced
between the plates of the capacitor, its
capacitance will increase. Hence, the
potential drop across the capacitor will

decrease, i.e. Vzg_—. As a result, the

potential drop across the bulb will
increase as they are connected in
series.Thus, its brightness will increase. (1)

(ii) As the resistance R is increased, the
potential drop across the resistor will
increase. As a result, the potential drop
across the bulb will decrease as they are
connected in series. Thus, its brightness
will decrease. (1)



3. The figure shows a series L-C-R circuit
connected to a variable frequency 200 V
source with L=50mH, C =80 puF and
R=40Q.

Determine

(i) the source frequency which derives the
circuit in resonance.

(ii) the quality factor (Q) of the circuit.

[All India 2014C]
R
l ANAA —|_
E C
LTI '

Ans.
Given, L =50mH =50 x 10 ~°H
C =80uF =80 x10°°F
R = 400m, V=200V
() In the L-C-R, the resonant angular
frequency is given by
o = 1T 1
0= =
vLC v’BO x107% x80 x107°
= 500rad/s
.. The actual/source frequency is given by

W
W=2TV = V=-—

2n
::'v:@:@:?Q.ﬁT:BOHz
2m n

(i) Quality factor, Q = %’L

= -3
_500x50x10 0625
40 (1/2)

4. The figure shows a series L-C-R
circuit connected to a variable
frequency 250V source with
L=40mH, C =100 pF and R = 50 Q.

Determine

(i) the source frequency which
derives the circuit in resonance,

(if) the quality factor (Q) of the

circuit. [All India 2014]
R
AV
E —_—C
L
T

Ans.Refer to ans3



3. The figure shows a series L-C-R
circuit connected to a variable
frequency 220V source with
L=8 mH, C=50puF and and
R =60 Q.

Determine

(i) the source frequency which
derives the circuit in resonance.

(ii) the quality factor Q of the circuit.
[All India 2014]

Ans Refer to ans3.

6. Show that the current leads the
voltage in phase by n/2 in an AC
circuit containing an ideal
capacitor. [Foreign 2014]

Ans.

Let us consider a capacitor C connected to an
AC source as shown below:

Let the AC voltage applied be

V=V, sinwt
V e g
C
Applying Kirchhoff's loop rule, we have
V., sinot = % =q=CV, sinmt
. dg
Also, j=~1
dt
= i= 4 (Vm sinwt)
dt _

i=0CV,, coswt (D)



We know that cosmt = sinwt + ©t/2 (D)

In the circuit, (1)
. .|
V. =i Xe=i  —
m m™C m oC

= iy =V, 0C .. (iii)

Substituting the value of Egs. (ii) and (iii) in
Eqg. (i) we get

PR T
=iy sm{(ﬂt + E]

The phase diagram which shows the current
lead the voltage in phase by 90° is given
below:

A i
LY s Y
(R} B [
) / X
A v
A ¥ vf

1

1
Owt ‘\‘Tl' / 2n .‘.
A N . i "

.

! (1)

Imsin (ot + n/2)

'

7. In a series L-C-R circuit, obtain the conditions under which (i) the impedance of circuit is
minimum and (ii) wattless current flows in the circuit. [Foreign 2014]

Ans.

(i) The impedance of a series [-C-R circuit is

2

) 1

iven by Z =,|R" +|wL - —
given by \j [ mC]

|
Z will be minimum when ol=—, i.e.
wC

When the circuit is under resonance
Hence, or this condition Z will be
minimum and equal to R. (1)

(ii) Average power dissipated through a series
L-C-R circuit is given by
P,, = Eyh, cos¢
where, E, =rms value of alternating voltage
I, = rmsvalue of alternating current

¢ = phase difference between
current and voltage

For wattless current, the power dissipated
through the circuit should be zero.

. n
i.e. cosp=0 z»coqu:cosE

n
= 9% ,
Hence, the condition for wattless current is
that the phase difference between the
current and the circuit is purely inductive
or purely capacitive. (1)



8. Calculate the quality factor of a
series L-C-R circuit with L =2.0 H,
C =2uF and R=10 Q. Mention the
significance of quality factor in L-C-R

circuit. [Foreign 2012]
Ans.
Given, L=20H
C=2ukF
=2x10"°F
R=10Q

1L
Now, factor = —,|—=
ow, Q-facto va

_ 1 2 _ 1
10y2x10™® 10x10°°
= ! ; =100
107 (1)
Quality factor is also defined as

Q=21fx Energy stored

Power loss

9. An alternating voltage given by
V =140 sin 314t is connected across a
pure resistor of 50 Q. Find

(i) the frequency of the source.

(ii) the rms current through the resistor.
[All India 2012]

Ans.
Given, V=140 sin314t,R=50 Q
Comparing it with V =V, sinwt

() Here, ® =314 rad/s (1/2)
i.e. 2nv =314 [w=2nV]
314
= V= e
2m
31400
2x314
=50 Hz
Frequency of AC, v =50 Hz (1/2)
V Vi
i As, | =-m and V,  =—%
( } ms R rms Yff'é“ (”2)
Here, V, =140 V
_140 V2
= V —_— = :J_V
™= T2
702 _ 7042
rms R 50

=19Ao0r2A (1/2)



10. An alternating voltage given by
V =280 sin 507t is connected across a
pure resistor of 40 Q. Find

(i} the frequency of the source.
(if) the rms current through the resistor.
[All India 2012]

Ans.

Given, V=280sin50nt,R=40Q
Comparing it with standard equation,

V = VU Siﬂ U)t
V, =280V
o = 50 7 rad/s
(i) As, w=2nv=50n (1/2)
50
Frequency of AC,v="—mn=25Hz
q Y 2n (1/2)
V, 280
(i) V =0 ="""1V
rms ‘J"z- \{5

| Vims 280
™R J2 x40
280

| =— 222 =495A
™ 1.414 % 40

a2x2=1)

11. An alternating voltage given by
V =70sin 100 nt is connected across
a pure resistor of 25 Q. Find

() the frequency of the source.
(if) the rms current through the resistor.
[All India 2012]

Ans.

Given, V =70 sin100 nt
On comparing with standard equation,
V=Vysinot = V=70V
® =100 & rad/s
(i As,o=2nv=100nm

Frequency of the source,

v=50Hz (1/2x2=1)
.. V. 70
(i) Vo= %=
™ V2 2
‘; _ .V}FTIS
rms R
(70/v2) 70

25  1.414x25
- 1.98 A )



12. (i) An alternating voltage V =V, sin ot

(i)

Ans.

applied to a series L-C-R circuit
derives a current given by
I=1,sin(®t+ ) Deduce an
expression for the average power
dissipated over a cycle.

For circuit used for transporting
electric power, a low power factor
implies large power loss in
transmission. Explain.

[Foreign 2011; Delhi 2009]

() Letatany instant, the current and voltage in
an [-C-R series AC circuit is given by

I =1I,sinot
V =V, sin (ot + ¢)

The instantaneous power is given by

P=
P=

VI = Vg sin{wt + ¢) I, sinwt

% [2 sin t sin (ot + 0)]

P=VI= %[cosq)— cos (2wt + ¢)]...(0)

[-2 sin A sinB = cos (A — B) — cos (A + B)]
Work done for a very small time interval dt

is given by
dW = Pdt
dW = VIdt

Total work done over T, a complete
cycle is given by

W= [, vid ar2)
But, P, = E - L:I—m
- P, = ; j; VIdt
= _;: E FOZ—L] [cos ¢ — cos (2wt + ¢)] dt



(ii)

13.(i) The graphs (1) and (II) represent the variation of the opposition offered by the circuit
element to the flow of alternating current with frequency of the applied emf. Identify the

4 T
or P, = ‘Vz[’io I:Jncos o dt
.
- Jocos(th + ¢)dt]
Volo T
=——[cos ¢ [t], — 0
T [cos ¢ [t], — O]
(By trigonometry)
or P, =%XCOS¢XT=%—{QX cos ¢
V. I
P, =—2x=-% cos¢
av "[E ‘Vlfz_
= P, = Vi X I s X €O 0 (1/2)

This is required expression.

» Power factor, cos ¢ = g—

where, R = resistance and Z = impedance

Low power factor (cos¢) implies lower
ohmic resistance and higher power loss as

1. T
P, =< = in power system (transmission line)

circuit element corresponding to each graph.

(ii) Write the expression for the impedance offered by the series combination of the above

two

elements connected across the AC sources. Which will be ahead in phase in this

circuit, voltage or current?
CI
o€
= o
h @5
2o
oe
0 Frequency —
-
2t
o
m g
g0
oL
o Frequency —

[All India 2011C]

Ans.



(i) From graph (1), it is clear that resistance
(opposition to current) is not changing with
frequency, i.e. resistance does not
depend on frequency of applied source, so
the circuit element here is pure resistance (R).
From graph (Il), it is clear that resistance
increases linearly with frequency, so the
circuit element here is an inductor.

Inductive resistance, X; = 2nflL
(i) Impedance offered by the series

combination of resistance R and inductor
L.

Z =R + X2 = R + 2niD)?
In L-R circuit, the applied voltage leads the

) T
current in phase by =.
p Y 3 a

14. An AC source of voltage V = V,, sin wt is applied across a series L-C-R Draw the phasor
diagram for this circuit when the

o capacitative impedance exceeds the inductive impedance.
¢ inductive impedance exceeds the capacitative impedance. [All India 2008C]

Ans.

(i) Capacitive impedance exceeds the
inductive impedance.

e, Xe>X orV->V

[’.‘ XC = VTC and XL = Y;—]

Phase difference in an [-C-R circuit

tan ¢ = —'&%XQ Here, X > X;, so tan ¢ will

be negative. Hence, voltage lags behind
the current by a phase angle ¢. In this case,
AC circuit is called as capacitance
dominated circuit. The phasor diagram in
this case is shown as below:

a0®
O \

¢ T
Vg —

;

1

1

|

Ve -V %0

(1)



(i) Inductive  impedance exceeds the
capacitive impedance, i.e. X >X. or
Vi>\Ve.

. X, - X
Phase difference, tan ¢ = —‘-R——r
Here, X, > X, so tan ¢ is positive. Hence,
voltage leads the current by a phase angle
0. In this case, AC circuit is called as
inductance dominated circuit.

The phasor diagram in this case is shown as

below:
= S Vo
ﬁ
i
Yi=Ve || goe I
1
0 }¢' I
V, Iy
9

(1)

15. An AC source of voltage V = V,, sin wt is applied across a
¢ series R-C circuit in which the capacitative impedance is a times the resistance in the
circuit.
¢ series R - L circuit in which the inductive impedance is b times the resistance in the
circuit.

Calculate the value of the power factor of the circuit in each case. [All India 2008C]

Ans.

— — D
I () Power factor is a ratio of the pure resistance to |
i * the total impedance of an AC circuit. So, to |
i determine the power factor, first of all total |
' impedance is to be calculated i

Power factor, cos ¢ = g

where, ¢ = Phase difference between V and Z
R = Ohmic resistance
Z = Impedance.



() Given, X =aR

Impedance, Z = 4/R* + X¢
= JR? + a’R?= Ry1+ a’
1
cos = IR =7 >
Ry1+a* yl1+a

Power factor =

\ﬂ-’r 62 (1)
(i) Given, X, = bR

Z = R* + X{
= yR* + bR?

Z=R1+b?
R
Power factor, cos ¢ = 7
_ R _
R{1+b2 14 b7
Power factor = ! -
1+ b (1)

3 Marks Questions

16. A voltage V = V; sin wt is applied to a series L-C-R 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 (ii) maximum power dissipated in the circuit? [All India 2014]

Ans.

Let applied alternating voltage,

V=V, sinot )
We know that,

I =1I,sin(wt — @) .. (iD)
Power, P=VI (1/2)

Substituting the value of V and / form Eq. (i)
and Eq. (i), we get
P=Vysinmt.I,sin(wt - ¢)
So, the instantaneous power is given by
csin(mt — ¢) =sinwt cosd — coswt sing

() If $=90°, then no power is dissipated
even though the current flows through the

circuit.
P,, =0
X - Xc)
tand=| ———
o= (%%
wl - A
tan¢ = ___..R_ul.c— =oco (v tan90° = eo)

(112)



(i If ¢=0° then maximum power is

dissipated in the circuit.

Pav =
oL -
tan ¢ = ~—R—m£ =0 (- tan0° =0)
=X, =X (Resonance) (1/2)

17. If a series L-C-R circuit connected to an

AC source of variable frequency and
voltage V =V_sinwt, draw a plot
showing the variation of current I with
angular frequency ® for two different
values of resistances R, and R, (R, > R,).
Write the condition under which the
phenomenon of resonance occurs. For
which value of the resistance out of the
two curves, a sharper resonance is
produced? Define Q-factor of the circuit
and give its significance. [Delhi 2013]

Ans.

Figure shows the variation of i, with @ in a

L-C -R series circuit for two values of resistance
R,and R, (R, > R,).

Im (A

7
¥

o

o (rad/s) —= (1)

1

The condition for resonance in the L-C-R
circuit is X; = X¢

1 s 1 1
Wgl=—— = Ol=— = ©y=———
e e TS



We see that the current amplitude is maximum
at the resonant frequency w,. Since, i,, =V, /R
at resonance, the current amplitude for case R,
is sharper to that for case R,. (1)

Quality factor or simply the Q-factor of a
resonant L-C -R circuit is defined as the ratio
of voltage drop across the capacitor (or
inductor) to that of applied voltage.

1L

RVC

The Q-factor determines the sharpness of the
resonance curve and if the resonance is less
sharp, not only is the maximum current less,
the circuit is close to the resonance for a larger
range Aw of frequencies and the tuning of the
circuit will not be good. So, less sharp the
resonance, less is the selectivity of the circuit
while higher is the Q, sharper is the resonance
curve and lesser will be the loss in energy of
the circuit. (1)

Itis given by Q =

18. The figure shows a series L-C-R circuit

Ans.

with L= 10.0 H, C=40 uF, R=60Q
connected to a variable frequency
240 V source. Calculate

R

c

T
-~

(i) the angular frequency of the source

which derives the circuit at resonance.

(ii) the current at the resonating
frequency.

(iii) the rms potential drop across the
inductor at resonance. [Delhi 2012]




Given, L=10H, C = 40 pF,

R=60Q, V, =240V

(i) Resonating angular frequency,

1

i
W =—=
" NIC Jlox 40x107

1

Wy =—
" 20x1073

= 50 =50 rad/s

1)

(if) Current at resonating frequency,

V V,

rms — Yrms

Z
240 _

60

rms —

I

(. At resonance Z =R)

4A =4A

(1)

(iify - Inductive reactance, X, = wl

At resonance,

X, = 0oL =50 x10 =500 Q
Potential drop across to inductor,

V

19.A series L-C-R circuit is connected to an AC source. Using the phasor diagram, derive
the expression for the impedance of the circuit. Plot a graph to show the variation of
current with frequency of the source, explaining the nature of its variation. [All India 2012]

Ans.
Assuming X > Xc,
= Vi>Ve

R
Net voltage, V = Vg +(V, - V¢

=1 x X, =4%500
=2000V

(1)

]2

where, V|, V- and V; are PD across L, C and R

respectively.

o Vg=RI ——t— V| =X ] —— Ve=XcI—

WN———— eI

R L C
——] i ' n/2
2
— V5 W v
o N ¢

-y
V=V, sin ot
[
P IS
' \"..
e Ve
l(
,I
VL ’;' l'
'
y ; 4
{6 o
Ve

2



But, Ve=IRV =IX, Vo =IX
V= JUR? + (X, - X))
N e
% = R+ (X, - X0

Impedance of L-C-R circuit,

(1)

Bandwidth R
= 2Am

[
[
i
|
]
]
I
]

|
10 02 g8

20. A series L-C-R circuit is connected to
a 220 V variable frequency AC
supply. If L =20 mH, C =(800/n?) uF
and R =110 Q.

(i) Find the frequency of the source for

which average power absorbed by
the circuit is maximum.

(i1) Calculate the value of maximum

current amplitude. [Delhi 2010C]
Ans.
Given, V,,, =220 V,L=20mH=2x107* H,
R=110 %,
80O _ 800 .

(i) Average power observed by L-C-R series
AC circuit is maximum when circuit is in
resonance.

Resonant frequency,

1

szIE"

- 00
27:\!2 x10‘;’x3_ x107°

n2
_ 1000 _ 55 ¢

Vo=
" 2x4
v =125 5! [11}

= Vg =

1




V. 220

iy As, I.=—M=2"x=2A

i ™7 110
Z=R=110Q

-, Maximum current amplitude,

Io=Tm N2 =22 A [ u

21. An AC voltage V = V; sin wt is applied across a pure inductor Obtain an expression for
the current / in the circuit and hence obtain the

¢ inductive reactance of the circuit and
¢ the phase of the current flowing with respect to the applied voltage. [All India 2010C]

Ans.

p Due to change in flux, the emfis induced in the
* coll. The rate of change of flux will give the
value of emf.

Let an alternating voltage, V =V, sinot is

applied across pure inductor of inductance L.

The magnitude of induced emf is given by
e=t dt (1

For the circuit,

Magnitude of induced emf = Applied voltage

_ dI .

1.6, [~ =V, sinmt
dr - °

or df = ELQ sin ot dt

On integrating both sides, we get

I= KOJ sin @t dt___ﬁ(___—cosmt}
L L ® (1)

or Iz———%-cosm[ =—ﬁsin(£—mt)
L wl

® 2
I= Yo sin (mt - E) (i)
X, 2
where, X, = ol = inducting reactance
I=Iﬂgn@x+g) ...(if)

where, I, =peak value of AC
But, V =V, sinwt i)
From Egs. (ii) and (iii), it is clear that AC lags

behind the voltage by phase g B



22. An AC voltage, V=V, sinwt is
applied across a pure capacitor, C.
Obtain an expression for the current
I in the circuit and hence obtain the
(i) capacitive reactance of the circuit

and
(ii) the phase of the current flowing

with respect to the applied voltage.
[All India 2010C]

Ans.

(i) Let alternating voltage, V =V,sinwt is
applied across a capacitor C. At any instant,
the potential difference across the capacitor
is equal to applied voltage. 1)

c
—F

_
)

V =V, sin ot ()

.. V= Potential difference across the

y q
capacitor = -~
P C

= g=CV
or g =CV, sinwt

dq

—=wC V; cosmt

dt 0
or I= \:D cos t

ac)

or  I=I, sin(mt +%) .. (i)
where, I, = W %

[1} X

wC _

Capacitive reactance, X = 1
oC (1)



(i) From Egs. (i) and (ii), current leads the
voltage by phase ;
v,/

Vo
ln

0]

“»

X.r

(1)

23. The graphs shown here depict the
variation of current [, with angular
frequency o for two different series
L-C-R circuits.

1.0 i T
i
%;_ 05F _j ] 10 T
| B/ TR
| /AR
S
T 0 | I
0.0 05 1.0 15 20

w, (rad/s) —

Observe the graphs carefully.

(i) State the relation between L and C values of the two circuits when the current in the two
circuits is maximum.

(ii) Indicate the circuit for which

¢ power factor is higher
e quality factor Q is larger.

Give the reasons for each case. [Delhi 2009C]

Ans.



(i) Since, resonant angular frequency w, is
same for both the graphs.

i.e. (o) = (), ( Wy = E)

1 1
= cpepoge ON crmamm—
JLC LG,
N L_G
L G (1)

(i) (@) Ingraph (), current I, is greater than
graph (IN I,
ie. I, >I,
= R<R,
Power factor of circuit represented by
graph () has power factor as cos ¢ =< R.

(1)
b) - Q= % % [For two graphs]
. 1
e, Qe R
- As, R/ <R,
Q,>Q,
Quality factor of graph (1) is higher than
that of graph (Il). (1)

24. Aninductor200 mH, capacitor 500uF,
resistor 10 Q are connected in series
with a 100 V variable frequency AC
source. Calculate the

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

(i) current amplitude at this frequency.
(iif) Q-factor. [Delhi 2008; Foreign 2008]

Ans.



Given, L=200mH=2x10""H
C =500uF=5 x107*F

() When power factor cos ¢ =1

Then, =0
= [-C-R circuit is in resonance.

1
. Resonating frequency, wy = ——
vLC

1
\f2)<10"1><5 x107*

. mo = 1'00 S_l (1}
. V Vine
(i) We know that, I, .= ;“5 = E‘
[ at resonance condition, Z = R]

100
IMSZ?H:]OA

Amplitude of maximum current, I, = I,msﬁ
=10 ﬁ A (1)

1 [L
iiiy As, Q-factor = — [—
(i) As, Q R ‘iC

10 (1)
Q- factor =2

25. An inductor and a bulb are
connected in series to an AC source
of 12 V, 50 Hz. 2 A current flows in
the circuit and the phase angle
between voltage and current is

n
3 rad. Calculate the impedance and

inductance of the circuit. [Foreign 2008)

Ans.



| “’) To ﬂnd out the 1nductance firstly, we have to
*  calculate (Z) impedance and resistance. Here, |
resistance can be calculated by the given value
of ¢ and calculated value of Z means fofmula of |
power factor can be applied. i

T ———

[ —. |

Given, V., =12V, f=50Hz, ¢ =% rad
s = 2A
. Impedance, Z = Vime _ 12V _ 6 Q
Lins 2 A . (1)
Also, power factor, cos 6 = ;
= R=2Z7cos¢
=6 X cos ~ =6 x 1
0s 5 .
R=3V2 Q 112)
In C-R circuit, R? + X? = Z?
X} =272 —R* =(6)% - (3:2)*
= X =32 Q (12)
But, X, =2mfl=3y2
inductance, L= 32 = 35
2nf 2 x3.14x50
=13.5mH (1)

26. A coil of L=0.51Q is connected to a
200 V, 50 s™! AC source. Calculate the
following

() Maximum current in the coil.

(if) Time lag between voltage maximum
and current maximum. [Foreign 2008]

Ans.
(i) Given, V=200V,
f=50s",1=05nQ
Inductive reactance, X, = ol = 2nfL
=2nx0.51 x50 = 49298 Q
=493Q
Maximum current,

Vo _ VipV2 _ 20032

[,=~0 _ Yms¥E _ £VNS

X, X 493
=0.4x1.414=0.57 A (1)

(i) Phase difference = %’E x Time difference

-+ For pure inductor, phase difference
d) = _I.t._’ T= 1 = _1.. 5
2 f 50 o



- Time difference = ;— % Phase difference
n

(_-‘[_-)
27 2

i.e. Time lag between V and I is 1 S
20 (1)
27. A coil of inductance, 0.5H and

resistance, 100 2 is connected to a
200 V, 50 s”! AC source. Calculate

(i) the maximum current in the coil.

(1i) time lag between voltage maximum
and current maximum.  [Foreign 2008]

Ans. Refer Q.no 26

28. When a given coil is connected to a 200 V DC source, 2 A current flows and when the
same coil is connected to 200 V, 50 Hz AC source, only 1 A current flows in the circuit.

o Explain why the current decreases in the latter case?
o Calculate the self-inductance of the coil used. [Foreign 2008]

Ans.

> In DC circuit, an mductor offers no resistance, |
*  so the impedance of the circuit is equal to the
remstance in the mrcmt (Z R)

......

(i) InDCcircuit, X, =2nfL=0 (- f=0)
But a coil have impedance,
Z = \R? + X?

In DC circuit, Z=R (as X, =0)
Butin AC, Z=R?+X?>R

(X, have certain value in AC)

i.e. Iocl

.z
So, in DC more current flows than AC.



(if) In DC circuit,

R=Y-29 1000
I 2

In AC circuit, Z = E = 200 =200 Q
I 1 (1)
= R +Xf=2Z°
X} =Z* - R*=(200)* - 100)*
X, =100 3 Q
= 2nfl=1003Q
- Inductance, L= 100V3
2nf
Given, f =50Hz
_ 10043
2x3.14 x50
f=055H 12)

29. A 100 uF capacitor is in series with a
40 Q resistor and is connected to a

100 V, 50 Hz AC source. Calculate the
following

{i) Maximum current in the circuit.

(ii) Time lag between current maximum
and voltage maximum. [Foreign 2008]

Ans.

D (i) To calculate the maximum current in circuit,
firstly find the impedance (2) and rms value :
of currer:t. !

(if) It can be calculated with the help of formula
of phase difference. :

(il Given, V.. =100V, C =100 yF,
C=100x107°F
R=40Q (1)
Total impedance of the circuit,

T hrea ()
7 = + X¢ _V{R} +(a&-)
_ .

l = '[E2 + (_} ___)
\ 2rfC

[ 2
= 1’140}%( ..... !
\ 2x3.14x50x100x107°




=51.12Q (1)

Current in the circuit, I . = ;’“‘
=100

51.12
=1.95A

Maximum current, I; = Imaﬁ
=1.95y2
=276 A
n

(if) For pure capacitor, phase difference, ¢ = 5

r

Time difference = Py x Phase difference
n

]
-50,%_ 1
2r 2 200 (1)
o Time lag between current maximum

. 1
and voltage maximum = —-s,
200

30. An AC source of voltage V =V, sin ot

1s connected one by one to three circuit
elements X, Y and Z. It is observed that
the current flowing in them

(i) is in phase with applied voltage for
element X.

(ii) leads the voltage in phase by n/2 for
elementY.

(ifi) lags the applied voltage in phase by
n/2 for element Z.
[dentify the three circuit elements.

Find an expression for the
(a) current flowing in the circuit.

(b) net impedance of the circuit when
the same AC source is connected
across a series combination of the
elements, X, Y and Z.

If the frequency of the applied voltage
is varied, then set up the condition of
the frequency when the current
amplitude in the circuit is maximum,
Write the expression for this current
amplitude. [HOTS; Delhi 2008C]

Ans.

() We will identify the element according to the |

i " phase lead and lag with voltage or current.

() In element X, current is flowing in phase
with applied voltage, so element X is a
resistance,



(i) In element Y, current leads the applied
voltage in phase by ;E 50 element Y is a
capacitor.

(iiiy In element Z, current lags the applied
voltage in phase by ; so element Z is an

inductor. (1)
(@) Current flowing in the circuit,
I =1I4sin{ot +¢), if X-> X,
I=1;sin{ot - d), if X; > X

where, tan ¢ = _“(l_"é_&;

(1/2)
(b) Impedance of the circuit,
Z = JR? + (X, - X0
where, X, =ol, X- = 1
wC (1/2)
Current amplitude will be at resonance.
At resonance, X; = X¢
Z=R

Thus, maximum current of amplitude,

V4 R (1)

31. What does the term ‘phasors’ in AC circuit analysis mean? An AC source of voltage, V =
Vp, sin wt is applied across a pure inductor of inductance L. Obtain an expression for the

current | flowing in the circuit. Also draw the

e phasor diagram.
o graphs of V and | versus wt for this circuit. [Delhi 2008C]

Ans.



Phasor A phasor is a vector which rotates
about the origin with an angular speed ® in
anti-clockwise direction that representing it as a
sinusoidally varying quantity (like alternating
emf and alternating current). Its length
represents the amplitude of the quantity and
projection on a fixed axis given the
instantaneous value of represented quantity. (1)
For explanation of the current Refer to

ans. 19, (1)
e f 14
E !' [} — €n
Egl--
Iy X4
n/2/ N\ o ol
o "W o Nz X
I|===-%1,
(a) o (b)
‘ v )
32. A series L-C-R circuit is made by
. 2 100
taking R=100 Q, L=—H, C = —uF.
T T

This series combination is connected
across an AC source of 220 V, 50 Hz.
Calculate

(i) the impedance of the circuit and

(i) the peak value of the current flowing
in the circuit.

(iii) the power factor of this circuit and
compare this value with the one at its
resonant frequency. [All India 2003C]

Ans.

-

]

() Firstly, to find out the impedance, we have to |

* find inductive reactance (X,) and capacitive
reactance (X.), then can find peak value of |
current and power factor. |

-

(i)

100
Given, R=100Q, L=%H, C=TMH'

V=200V, f=50Hz
Inductive reactance of AC circuit,

X,_=mL=2nﬂ.=2ﬂ:><50x—2—=2009.

n
Capacitive reactance of AC circuit,
1 1
C = —=
oC 2=nfC
- ! =100 Q

27 % 50 x []P—Q] x107®
n



Impedance of L-C-R series AC circuit,
Z =R+ (X, - X0)?

Z = J100)%2 + (200 - 100)?

=100+2 Q 1
(ii) Peak value of current flowing through the
V, 22042

circuit, [, = — = ——=
°~Z T 10042
(0 Vi =200V, Vy = 2V, = 20032 V)

Ip=22A @
(iii) Power factor, cos ¢ = ;

cosd = ———i 00 = L

10042 2
Power factor at resonance, cos ¢ =1
(cos q)}given circuit - _1__
(cos qﬂrescnant circuit ‘JE( }
1

For comparison,

5 Marks Questions

33. (i) A series L-C-R circuit is connected to an AC source of variable frequency. Draw a
suitable phasor diagram to deduce the expressions for the amplitude of the current and
phase angle.

(ii) Obtain the condition at resonance. Draw a plot showing the variation of current with the
frequency of AC source for two resistances Ry and R2 (R > R2). Hence, define the quality
factor Q and write its role in the tuning of the circuit. [Delhi 2014C]

/

o

Ans.

‘Lg

wt N

Ve -V
From the phasor diagram.
V= lV;_ VR + VC
Magnitude of net voltage,
V, = VP + V=V )2

m

V., =1, {[R2m + (Xc = X2
From the figure,




Vi

V _
tan ¢ = —<—1
vrm (2]
_In Xe = X)
Imr
X =X
—tan~' | A€ L)
o = tan (—-——R
(b) Refer to ans. 19. (3)

34. Derive an expression for the impedance of a series L-C-Rcircuit connected to an AC
supply of variable frequency.

Plot a graph showing variation of current with the frequency of the applied voltage. Explain
briefly how the phenomenon of resonance in the circuit can be used in the tuning
mechanism of a radio or a TV set? [Delhi 2011]

Ans Refer to ans.19 and for resonance condition refer to ans. 30(b)
35. (i) What do you understand by sharpness of resonance in a series L-C-R circuit? Derive
an expression for O-factor of the circuit.

(ii) Three electrical circuits having AC sources of variable frequency are shown in the
figures. Initially, the current flowing in each of these is same. If the frequency of the
applied AC source is increased, how will the current flowing in these circuits be affected?
Give the reason for your answer.

R L
WA PIIIIII—
(~0\ )
-y o/
L E
C
1l
I
()
=/
E
[HOTS; Delhi 2011C]

Ans.

L) Onincreasing the frequency of AC, there will be
| ® o effect on resistance (as it does not depend
i on frequencies). Inductive reactance will

increase (as X, =2nfl or X, of), capacitive

reactance will decrease (as X, = or

X o< E). If resistance or reactance of a circuit

increases/decreases, the current for the circuit
decreases/increases.




(N

Low A

Moderate R

High R

N

O = W () —

t
i
!
b
b
i
1
1
i
1
I
1
i
1
|

, voltage across L or C
i.e Quality factor, Q = vorag

applied voltage

_lw, DI
Q=%
[ - applied voltage = voltage across R]
w, L
or =L
< R
(1w, C) 1
ar = =
RI RCw,
Q= % [using @, :%]
RC - = VLC
VILC
1L
R \JC
— —
WLC 1 L { : 1
or e using®, = ——
Q="pc “RVC |UnEe L(;J
)T
Thus, Q=—,—
RVC

(@) Circuit containing resistance R
only There will not be any effect in the
current on changing the frequency of AC

source. (1)
| Current /
Iy
f f
where, f = initial frequency of AC
source.,

There is no effect on current with the
increase in frequency.



(b) AC circuit containing inductance
only With the increase of frequency of
AC source inductive reactance increase as

V.

I = Lms
L
Y

rms

2l
For given circuit,

:
I o
f

Current [

f— (1)

Current decreases with the increase of
frequency.
(c) AC circuit containing capacitor only

1 1
X =— =_—
“ T wC  2nfC

Current, I = Vims = h
X [ B 1]
2nfC

I=2nfCV,_,

For given circuit, o f
Current increases with the increase of
frequency.

s (1)

36. A series L-C-Rcircuit is connected to an AC source having voltage V = V,,, sin wt Derive
the expression for the instantaneous current | and its phase relationship to the applied
voltage. Obtain the condition for resonance to occur. Define power factor. State the

conditions under which it is

e maximum and
e minimum.  [All India 2010]

Ans.



Phase difference between voltage and current,

X — X )
tan ¢ = —L—-C ()
an ¢ R

V,
and In=-2= %

Z  Jix - x0? + R
Expression of AC,
I=1,sin(wt - ¢) (1)
Conditions for resonance

() Inductive reactance must be equal to
capacitive reactance

i.e. X, = Xc
(i) As, X, = Xc
= 0, L= LI wg = s
wC LC
=L
vLC
where, m, = resonant angular frequency.

1)
(iii) Impedance becomes minimum and equal
to ohmic resistance

i.e. Z = zminimurn =R
(iv) AC becomes maximum,

I _}’ﬂ;’m

" Zan R (1)

(v) Voltage and current arrives in same phase.
Power factor In an AC circuit, the ratio
of true power consumption and virtual
power consumption is termed as power
factor.

a\a'__
VTIT'IS Irmﬁ
True power

i.e. cos¢=

- Apparent power
R
Also, cosd=—
¢ Z :
R
JRZ 4 (X, = Xc)? a

The power factor is maximum.

i.e. cos & =+1, in [-C-R series AC circuit
when circuit is in resonance. The power
factor is minimum when phase angle
between V and I is 90°, i.e. either pure
inductive circuit or pure capacitive
AC circuit. (1)



31.

Ans.

A resistor of 400 Q, an inductor of S H
n

. 50
and a capacitor of — pF are connected
n

in series across a source of alternating
voltage of 140 sin100 nt V. Find the
voltage (rms) across the resistor, the
inductor and the capacitor., Is the
algebraic sum of these voltages more
than the source voltage? If yes, resolve
the paradox.

(Given, v2 =1.414) [Foreign 2010]

) To flnd the voltage across each circuit eiement

following steps to be followed are: i

(i} To calculate the maximum current in circuit, i
firstly find the (Z) impedance and rms value |
of current.

(i) 1t can be calculated with the help of formula |
Of phase dlff@rence S

As, applied voltage

V = 140 sin100 it
c_@pF ~=2 4 R=400Q
19

=20 10 F

Comparing it with V =V, sinot,

V,=140V, 0 =100 7

Inductive reactance, X; = ol

X ='|00'1't>(—5~=5009-

Fis
.. i
Capacitive reactance, X = v
Xe = ;0 =200 Q
100m x == x107°
'

Impedance of the AC circuit,

V4

= JR? + (X, = X)2= /(400)? + (500 — 200)?
Z =

1600 + 900 = 500 Q @

Maximum current in the circuit,

_Y% _140
7 7 500

I —LO.__.E}zA

20
\){- 500 x \.’2 (1)

=



Vs aCross resistor R, Vg = I R

=0.2x400=80V
across inductor, V, =1 .. X,

=0.2 x500=100V
V. across capacitor, Vo =1, X X¢

=0.2x200=40V (2
Here, V=V, +V +V
Because V| and V¢ are not in same phase,
V= V2 + (v = V)2

Vi

ms

38. (i) Derive an expression for the average
power consumed in a series L-C-R
circuit connected to AC source for
which the phase difference between
the voltage and the current in the
circuitis ¢.

(ii) Define the quality factor in an AC
circuitt. Why should the quality
factor have high value in receiving
circuits? Name the factors on which it
depends. [Delhi 2009]

Ans. (i) Refer to ans 12(i)
(i) Refer to ans. 35 (i)

Quality factor depends on ohmic resistance of L-C-R Series.Ac and Inductance and
Capacitance of L-C-R Series AC Circuit.

39. An AC source of emf, E = E, sin wt is
connected across a series
combination of an inductor L, a
capacitor C and a resistor, R. Obtain
an expression for the equivalent
impedance Z of the circuit and
hence, find the value of o for the AC
source for which Z = R.

Show that the phase angle ¢
(between the current flowing in this
circuit and the voltage applied to it)
can be obtained through the
relation.

o =tan"’ (

Reactive impedance)

Resistance
[All India 2009]

Ans.



For impedance Refer to ans. 19. (1)
Also, from phasor diagram

X, — Xc _ Reactive impedance

tan ¢ = -
R Resistance
= ¢=tan” [Reactwe_nmpedance}
Resistance (1)
The impedance,
Z = (R + (X, - Xc)?
where, Z=R
- R=R2+(X, — X)?
= (X, = X)2=0
X =Xc
Wol=—
= 0 woC
— W= 1
N Ts (3)

where, w, is resonant L-C-R series AC circuit.

40. An AC source generating a voltage,

Ans.

(i) V=V, sin ot is connected to a
capacitor of capacitance, C. Find
the expression for the current I,
flowing through it. Plot a graph of V
and I versus ot to
show that the current is n/2 ahead
to a voltage.

(i) A resistor of 200 Q and a capacitor
0f15.0 uF are connected in series to
a 200V, 50Hz AC source. Calculate
the current in the circuit and the
rms voltage across the resistor and
the capacitor. Is the algebraic sum
of these voltages more than the
source voltage? If yes, resolve the
paradox. [All India 2008]



(i) Referto ans. 22. (2)

(i) Given,R=200 Q, C = 40 pF, V=220V,
®=300Hz

Inductive reactance,

1 1
XC = m—— = 3
oC 300x40x10 (1/2)
=83.33Q

Impedance, Z = yR* + X2

= /(200)? + (83.33)?

=216.6 Q (nearly)
po Vo 220,
™7 216.6 (1/2)
Rms voltage across R,
Ve =IR=1.02 x 200 =204V (1)

Across capacitor,
Ve =IX-=1.02x83.33
V. =85V
ViV + Ve
Because V- and V4 are not in same phase
(1/2)
Hence, V; leads V- by phase %

V=WV + (1/2)



AC Devices

1 Mark Questions

1. Mention the two characteristic properties of the material suitable for making core of a
transformer. [All India 2012]

Ans. (i) Low retentivity or coercivity.

(ii) Low hysterisis loss or high permeability and susceptibility.

2. What is the function of a step-up transformer? [All India 2011C]

Ans. Step-up transformer converts low alternating voltage into high alternating voltage and
high alternating current into low alternating current. The secondary coil of step-up

transformer has a greater number of turns that the primary (Ng > Np)

3. Write any two factors responsible for energy losses in actual transformers.  [Delhi
2009c]

Ans. Two factors for energy losses are
(i) eddy currents
(i) hysterisis loss

2 Marks Questions

4 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? [All India 2012]

Ans. Principle of transformer A transformer is based on the principle of mutual induction, i.e.
whenever the amount of magnetic flux linked with a coil changes, an emf is induced in the
neighbouring coil.

Power transmission Electric power is transmitted over long distances at high voltage.So,
step-up transformers are used at power stations to increase the voltage of power whereas a

series of step-down transformers are used to decrease the voltage up to 220 V.

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. [All India 2011]
Ans. (i) For principle of transformer A transformer is based on the principle of mutual
induction, i.e. whenever the amount of magnetic flux linked with a coil changes, an emf is

induced in the neighbouring coil.

(ii) No, transformer cannot be used to change DC voltage. This happens because DC voltage
cannot change flux linked with primary or secondary coils.

6. Mention various energy losses in a transformer.  [All India 2011]
Ans. Energy losses in transformer:

(i) Eddy current loss Eddy current in iron core of transformer facilitates the loss of energy in
the form of heat.

(ii) Flux leakage Total fluxes linked with primary do not completely pass through the
secondary which denotes the loss in the flux.

(iii) Copper loss Due to heating, energy loss takes place in copper wires of primary and
secondary Coils.

(iv) Hysterisis loss The energy loss takes place in magnetizing and demagnetising the iron
core over every cycle.

(v) Humming loss The magnetostriction effect leads to set core in vibration which in turn
produced the sound. This loss is referred as humming loss.

5 Marks Questions

7. (i) Draw a schematic arrangement for winding of primary and secondary coils in a
transformer when the two coils are wound on top of each other.

(ii) State the underlying principle of a transformer and obtain the expression for the ratio of
secondary to primary voltage in terms of the

e number of secondary and primary windings and
e primary and secondary currents.

(iiif) Write the main assumption involved in deriving the above relations.

(iv) Write any two reasons due to which energy losses may occur in actual
transformers. [HOTS]

Ans. (i) The schematic arrangement of a transformer is shown as below:



—
—

WV \'UV‘I

VWA VAT

(ify Principle of transformer
Refer to ans. 4. (2)

Working when an alternating current is passed
through the primary, the magnetic flux through
the iron core changes, which does two things,
produces emf in the primary and an induced emf
is set up in the secondary. If we assume that the
resistance of primary is negligible, then the back
emf will be equal to the voltage applied to the

primary.
d
@ V‘:"N'd_?
do
dV, =—N,—
an “dt

where, N, and N, are number of turns in the
primary and the secondary coils respectively
while V; and V, are their voltages respectively.

{b} But far ideal transformers,

VWi =W,
vi 1,
Vo I

(iii) Main assumptions
e The primary resistance and current are small.
e The flux linked with primary and secondary coil is some where is no leakage of flux from
the core.
e secondary current is small

(iv) Energy losses in transformer:

(i) Eddy current loss Eddy current in iron core of transformer facilitates the loss of energy in
the form of heat.

(i) Flux leakage Total fluxes linked with primary do not completely pass through the
secondary which denotes the loss in the flux.

(iii) Copper loss Due to heating, energy loss takes place in copper wires of primary and
secondary Coils.

(iv) Hysterisis loss The energy loss takes place in magnetizing and demagnetising the iron
core over every cycle.

(v) Humming loss The magnetostriction effect leads to set core in vibration which in turn
produced the sound. This loss is referred as humming loss.
8. (i) State the principle of a step-up transformer. Explain with the help of a labelled

diagram, its working.

(ii) Describe briefly and two energy losses giving the reasons for their occurrence in actual



transformer. [Foreign 2012]

Ans. Principle of transformer A transformer is based on the principle of mutual induction, i.e.
whenever the amount of magnetic flux linked with a coil changes, an emf is induced in the
neighbouring coil.

C’\E il To load
AC

Source

]—-— Laminated cores

9. With the help of a labelled diagram, describe briefly the underlying principle and working
of a step-up transformer.

(i) Write any two sources of energy loss in a transformer, (iii) A step-up transformer
converts a low input voltage into a high output voltage. Does it violate law of conservation of
energy? Explain. [Delhi 2011]

Ans (i) Principle of transformer A transformer is based on the principle of mutual induction,
i.e. whenever the amount of magnetic flux linked with a coil changes, an emf is induced in the
neighbouring coil.

(i) Two factors for energy losses are

e eddy currents
e hysterisis loss

(i) No, it does not violate the law of conservation of energy because voltage increase is
accompanied by decrease in it. In alternative, currrent in such a way for an ideal transformer
input power equals to the output power.

10. (i) Draw a schematic diagram of a step-up transformer. Explain its working principle.
Assuming the transformer to be 100% efficient, obtain the relation for

e the current in the secondary in terms of the current in the primary and
¢ the number of turns in the primary’ and secondary windings.

(ii) Mention two important energy losses in actual transformers and state how these can be
minimized? [All India 2009C; Foreign 2009]

Ans. Principle of transformer A transformer is based on the principle of mutual induction, i.e.
whenever the amount of magnetic flux linked with a coil changes, an emf is induced in the
neighbouring coil.



{a) Let alternating current, alternating
voltage and number of turns in primary
and secondary coils are {l, l5), (Vp, Vs)
and (Np, No), respectively.

For 100% efficient transformer,

Input power = Output power

= Vole = Vi g

Also, assuming transformation ratio of
transformer is r.

e Ns Vs _ I
Ne Vo I
%
— I = 3 w I
Py (112)
(b) - Ns
Np (a2)

(i) Two energy loses in the actual transformers

e Hysterisis loss Loss of energy in magnetising and demagnetising the core of

transformer in every cycle. It can be minimised by taking core of soft iron having low
coercivity, retentivity and hysterisis loop.

e Eddy current Energy loss in the form of heat due to eddy current. It can be minimised by

taking laminated core consisting of insulated rectangular sheets, piled-up one over
another.

11. 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 relation related to the currents in the two coils.

How is the transformer used in large scale transmission and distribution of electrical energy
over the long distances? [All India 2010]

Ans.

Principle of transformer A transformer is based on the principle of mutual induction, i.e.

whenever the amount of magnetic flux linked with a coil changes, an emf is induced in the
neighbouring coil.

{a) Let alternating current, alternating
voltage and number of turns in primary
and secondary coils are {ls, l¢), (¥, Vs)
and (Np, N¢), respectively.

For 100% efficient transformer,

Input power = Output power

= Vole = Vi g

Also, assuming transformation ratio of
transformer is r.

poNs Vs _Ip
Ne Vo I
v
= I, = 2xI
Ty (112)
(b) - Ns
Np (ajz)

(i) Two energy loses in the actual transformers



e Hysterisis loss Loss of energy in magnetising and demagnetising the core of
transformer in every cycle. It can be minimised by taking core of soft iron having low
coercivity, retentivity and hysterisis loop.

e Eddy current Energy loss in the form of heat due to eddy current. It can be minimised by

taking laminated core consisting of insulated rectangular sheets, piled-up one over
another.

Step-up transformers are used at generating stations so as to transmit the power at high
voltage to minimise the loss in the form of heat, whereas series of step-up transformers are
used at receiving ends

12 .A step-up down transformer operated on a 2.5 kV line. It supplies a load with 20 A. The

ratio of the primary winding to the secondary is 10 :1. If the transformer is 90% efficient,
calculate

¢ the power output
¢ the voltage and
e the current in the secondary coil. [Foreign 2010]

Given, input voltages, Vp = 2.5 x 10°V 3)
Input current, I, = 20 Asss

Also, & :1(! = &:i .Ai)
N 1 Np 10 (1/2)
Percentage efficiency

_ Output power .

100
Input power
- ﬂ _ Output power
100 Ve Ip
() Output power—-ﬂx{v Is)
P w0 7F
90 3 4
=—x(2,5x107) % (20 A) =45 x10" W
100 (1/2)
i s SN ooy Nigy
Vo Np Np
Voltage V; = 1 v25x10'v=250V
10 (112}

(iif) Ve I = 4.5 x10* W

5x10%  4.5x10°
Current, I; = 45 x =—
: Ve 250

I, =180 A (1/2)




	1. Introduction to Alternating Current.pdf (p.1-5)
	2. AC Currents.pdf (p.6-40)
	3. AC Devices.pdf (p.41-46)

