Alternating Current

Introduction to Alternating 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

() rms and average value of current for a complete cycle? [Foreign 2011]

1) To calculate different values for AC with the |
help of given equation, compare the given '

i equation with standard equation of AC.

—

Current flowing through the inductor,
I=15 cos 300t
Comparing with [ = [ sin ¢
Here, peak value of current,
lg=15 A
() For complete cycle, rms value of current

15
iy =~ = e A
fms 5 E
(i) For complete cycle, average value of
current is zero

i.e. I, =0 (12x 2=1)

3. Define the term wattless current. [Delhi 2011]
Wattless Curremt  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 Isiné
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 2010¢]

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 dunng a complete cycle It is also called
virtual value or effective value of AC.

Let the peak value of the current be /,

bons = %
n

where, |, = peak value of AC.

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

Average power, P, = Vo X [, X COS §
T

But for pure capacitive circuit, ¢ =90° = 2

Pri = Vims X lms X €0590° =0
P, =0



W
produces certain heat H in a resistor
R over a time T =2xn/w. Write the
value of the DC current that would
produce the same heat in the same
resistor in the same time,
[All india 2005C)
Ans. It iz defined as the value of Allernating 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 ime duning a compiete cycle 1t i3 also called

virluad value or effective value of A
Let the peak value of the current be /,

. rm'j'ﬂ'
2

[
boems = UPI'

where, |, = peak value of AC.

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

Given, I=10sin300t and V = 200 sin 300t
Comparing with | = I, sin e and V = V sinat,
we get

lo=10A, Vu=200V

e j";r' A Vi = %? v
Phase difference, ¢ = 0°
Power dissipated,
P, =V %l xcosé

(&) F)=

P, =1000 W (1

B. The instantaneous current and vollage of an AC circuit are given by | = [10 sin 3141) A
and V= (50 sin 3141) V. What is the power dissipation in the circuit? [All India 2008]

Given, I=10sin 300t and V = 200 sin 300t.
Comparing with I = |, sinox and V =V, sin e,
we get
lg=10 A, V=200V
[ 200
- | =2 AV = v
- E*"'r =

Phase difference, ¢ =0°
Power dissipated,
Py = Vi %l % COS

-(&)F) =

P =1000 W 1)




9. The instantaneous current and voltage

of an AC circuit are given by
I =(10sin 314¢t) A and

V =50sin (314: + %) V. What is the

power dissipation in the circuit?
[All India 2008,

Given, I=10sin3141¢
V=50 5in(3ldt+§)

Comparing with | = I sin ct
and V =V, sin (wt + ¢)
Iu=lﬂul"i, "a"n=5'ﬂ\|"

Iy _10
= rm,=ﬁ.=ﬁﬁ

Phase difference, ¢ = %

50
V.= Vv
™2
Pl'r = Vime fims CO5 &
R

=1ﬂ KEDHCM—EH
2 2 2

n
cos—=0
2



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
* the rms current through the bulb. [All India 2012]

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

2
R

P Uz

R = M =322.70
150 (112)
(i) As, Im=v""'*= 220 {‘L-"m='lf= 220V)
R 322.7 (1/2)
=5 -'m=ﬂ.&5ﬁ (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
P, =V %1 % CO5 & (1)

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

=X
2
T
: P,,=‘v’,,mx.'mxms5
= P,=0 [ m%:ﬂ)

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



12. (i) For a given AC, i = i, sin wt, show that
the average power dissipated in a

resistor Rover a complete cycle is %JE,R

(ii) Alightbulbis rated at 100 W fora 220V
AC supply. Calculate the resistance of

the bulb. [AN indis 2013]
() The average power dissipated,
P = ("R =2 Rsin’ at) = £ R (sin’wt)

ﬂn’m=%n-m2m

(sin‘ot) = I1.[1 - (cos 2ut))= zl

(v (cos 2et) =0)
= 1.3
¥ P=-
2 'k @
(i Power of the bulb, P =100 W and voltage,
V=220V

The |;Eﬁiﬂance of the bulb is given as
2
R L B2V L ssac
P 100 (1)

13. (i) When an AC source is connected 1o an ideal capacitor, then show that the average
power supplied by the source over a complete cycle s zero.

(H) A lamp is connected in serles with a capacitor. Predict your cbservations 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? [Deihi 2013C]

il When a source of AC is connectid 1o a
capacitor of capacitance C, the charge on it
glows from zero to maximum steady value
Qo
The energy stored in a capacitor is

E=2CV'
where, V;, is maximum potential difference
across the plates of the capacitor,
The alternating voltage applied is
E=Lgsinut

and the current leads the emf by a phase
angle of n/2.




E=Lysinul

and the current leads the emf by a phase
angle of n/2.

I-J‘usin(ml +E]
2

= ;u €05 oot
-~ Work done over a complete cycle is

W= _I: Eldt = I;[E._-, sinat){l, cost) dt
= f!z-fﬂj': 2 sinet cosext dt

Eola ¢7 .
=070
W 5 Lsmlmdr

T
.&h[,_m?w =0 (12)
2 2w |, 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

Xe = é The current flows in the circuit

and the lamp glows. On reducing C,, X,
increases. Therefore, the glowing of the
bulb reduces, f. 13



1.A reactive element in an AC circuit causes the current flowing
(i) to lead in phase by /2
(ii) to lag in phase by n/2
w.r.t. the applied voltage. Identify the
element in each case. [Delhi 2010C)

Ans

(i In case of pure capacitive circuit, the
current leads in phase by n/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 1o the
applied voltage. So, the element will be an
inductor. (172}

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]

_-":'..‘_" H: g?ﬂ

Mains

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. V=%1 As a result, the

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

(i) 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 200V
source with L=50mH, C =80 pF and
R=40Q,

Determine

(i) the source frequency which derives the
circuit in resonance.
(i} the quality factor (Q) of the circuit.
[All India 2014C]

Ans.

Given, L=50mH=50x10"H
C =80uF =80 x 10°°F
R = 400x:, V =200V

() In the L-C-R, the resonant angular
frequency is given by

1 1
mﬂ = =
JIC J50x107 x80x10°°
= 500rad/s
.. The actual/source frequency is given by

w=2nv = ~|.ur=—t£'L
2n

(i) Quality factor, Q = ‘“_;L

-3
=Sﬂﬂx5ﬂ:~=w = 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 uF and R = 50 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

5. The figure shows a series L-C-R
circuit connected to a variable
frequency 220V source with
L=8mH, C=50uF and and
R = 60 (1.

Determine

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

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

v gl

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:

,, 1,
T

Let the AC voltage applied be
V=V, sinat

Vel
C

Applying Kirchhoff's loop rule, we have

V,, sinat = % =g =CV, sinu

dq

Also, = —
dit

. d .
= = — (Vm sin ot
: dt J

i=0CV,, cosat .0i)

We know that cosat = sinat + x/2 ... i)

In the circuit,

I
Vi =lioXe =iy —
m =y lm C

* i =V, 00C ... i)
Substituting the value of Egs. (i) and (iii) in

Eg. (i) we get

oo n
fei, 5m[ﬂ1+ E]



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

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

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

mmz:Jnh[m-R'—)?

I .
i ini when wl=—, i.e
Z will be minimum n

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

(i) Average power dissipated through a series
L-C-R circuit is given by
Py, = Byl co5 @
where, £, =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.

4
i.e. cosg=0 =cuﬁ¢=msi

4
= =—
¢ 2




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 =2puF and R=10 Q. Mention the
significance of quality factor in L-C-R

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

1 /L
Now, factor=—.|—
ow, Q-facto R1’C

1 2 1
10y2x10"® 10x10°?

- =100
10°¢ (1
Quality factor is also defined as
Qw3uf% Energy stored

Power loss

9. An alternating voltage given by
V =140sin 314! is connected across a
pure resistor of 50 Q2. Find

(i) the frequency of the source.

(ii} the rms current through the resistor.
[All india 2012]



9. An alternating voltage given by
V =140sin 314t is connected across a
pure resistor of 50 £1. Find

(i) the frequency of the source,
(ii) the rms current through the resistor.

[AN India 2012]
Ans.
Given, V=140s5in314,R=50 Q
Comparing it with V =V sin ot
(N Here, w =314 rad/s (1/2)
.2, Inv=1314 [w=2rV]
- 2314
in
31400
T 2x314
=50 Hz
Frequency of AC, v =50 Hz (1/2)
V V
(i) As, | _. = - and V. .=
Frms R aaty 7% an)
HETE, vn =140 V
= Vs = ? EI': =702 V
" 7042 _ 702
ms R 50

=19 Aor2A (1/2)



10. An alternating voltage given by
V =280 sin 50 nt 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=280sin50 nt, R=40Q
Comparing it with standard equation,
V=V;sinwt
V, =280V
w = 50 xt rad/s
(i) As, w=2nv=50mn (1/2)
50
F of AC,v=—mn=25Hz
i 2x (112)
Eﬂﬂ
(#5) Vi j‘l‘ T
. = Vims _
fms R 2 x 4
280
| .= =495 A
™ 1.414x 40

@l2x2=1)



11. An alternatung voltage given oy
V =70sin 100 !t is connected across
a pure resistor of 25 Q. Find

(i) the frequency of the source.

(ii) the rms current through the resistor.
[AR Indta 2012)

Ans.

Given, V= 70 sin100 nt

On comparing with standard equation,

V=Vsinext = V=70V
w =100 r rad/s
N As,w=2nv=100n
Frequency of the source,
v=50Hz (1/2x2=1)

2 _Vu _ 70
(i) Vims = 75 = E
1%

s = 28
R

_(70/¥2) _ 70
25  1.414x25

=1.98 A (1)




1<,

Ang

{1} An alternating voltage v = vV, sin ol
applied to a senes L-C-R circuit
derives a current given by
I =1, sin (@ + ¢) Deduce an
expression for the average power
dissipated over a cycle.

(ii) For circuit used for transporting

electric power, a low power factor
implies large power loss iIn
transmission. Explain.

[Foreign 2011; Delhi 2009)

(i) Let at any instant, the current and voltage in
an L-C-R series AC circuit is given by

I =1 sinat
V =V, sin (ot + ¢)
The instantaneous power is given by
P =V =V, siniot +¢) I, sinwt

P= ﬁ;!iqﬂ sin@f sin {of + §)]
Vo Iq .
P=\l -T[mst-mﬁﬂu! + §)]...(0

[2 sin A sin B = 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

r
W “-[n Vice (1/2)
T
Vidt
Bl.ﬂ, Fh' :E: . B
T T

= F,,-%I: VIdt

1 Yalg
?j'u o [cos ¢ — cos (2at + &I] dt



or P, = Yo “[J’ cos d dt
—Lmstlmt+¢]dr]

= YoXo (o5 o 11] - 0]

2T
(By trigonometry)

or P, = “Iﬂxcm¢xT VI“xcusnp
27T 2

Ve, I
P X cos ¢
e
= P, = Vims X Iy X €CO5 0 (112)
This is required expression.

(ii) .+ Power factor, cos ¢ = —

where, R = resistance and Z = impedance

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

| - :
P,, o - in power system (transmission hn{ﬂ



13.(i) The graphs (I} and (ll) 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 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, voitage or current?

(1)

Opposition
to currenl —

o

Frequency —

(1)

to current —

Opposition

O

Fregquency -—
[AN india 2011C]



Ans.
(1)

(ii)

From graph (l), 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 (ll), it is clear that resistance
increases linearly with frequency, so the
circuit element here is an inductor.

Inductive resistance, X, = 2nflL
= :'{',_ o< f (1)

Impedance offered by the series
combination of resistance R and inductor

L.
Z = JR? + X2 = JR? + 2nfL)?

In [-R circuit, the applied voltage leads the

_ n
current in phase by —.
P Y 3 1)



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

+ capacitative impedance exceeds the inductive impedance.
* inductive impedance exceeds the capacitative impedance. [All India 2008C]

Ans.

(i} Capacitive impedance exceeds the
inductive impedance.

ie. Xe>X orVe>VW
oy o Ve %
cXe = i andxl=,

Phase difference in an L-C-R circuit
tan ¢ = Ef_Txc— Here, X > X, 50 tan ¢ will

be negative. Hence, voltage lags behind
the current by a phase angle 4. In this case,
AC circuit is called as capacitance
dominated circuit. The phasor diagram in
this case is shown as below:

we-v) || %

(1)



(i Inductive impedance exceeds the
capacitive impedance, ie. X >X. or
Vi > Ve

Phase difference, tan ¢ = El;—xf-

Here, X; > X, so tan § is positive. Hence,
voltage leads the current by a phase angle
¢ In this case, AC circuit is called as
inductance dominated circuit.

The phasor diagram in this case is shown as
below:

Vo

V- Ve

==

7
.--""m-r Vi fo

(1)
15. An AC source of voltage V = V,, sin wi is applied across a

¢ gerles R-C clrcuit In which the capacitative Impedance Is a times the resistance in
the circuil.

» gerles R = L circuit in which the inductive impedance is b times the resistance in
the circuil.

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

Ans.

L

| (:P Pmmhcmhammafthtpmmﬂsﬁmmu
! the total impedance of an AC circult. So, to
| determine the power factor, first of all tm;ll
| impedance s to be calculated ,

R —— - T

+*  Power factor, cosg = %

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

Z = Impedance.

() Given, X =aR
= Impedance, Z = {R? + X¢

= JR"’ +a'R?= HJH- al
cos & =
Ri‘l +at JH a
Power factor =
1+ -EI1 )
(if} Given, X, =

I=F+ Xt
= JR? + bR?




Z =R Ji+b?
R
s Fmr fﬂﬂﬂr, L0058 " = E‘

R 1

= =-—F—-
R;}H b* \1+b?

1
Power factor = —

-“||1+ bz (1)

3 Marks Questions

16. A voltage V = Vg sin wt is applied 1o 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 (i) maximum power dissipated in the circuit? [All India 2014]

Ans.
Let applied alternating voltage,
V =V, sinwt . ()
We know that,
I =1Igsinlwt - ¢ .o (i)
Power, P=VI (1/2)

Substituting the value of V and | form Eq. (i)
and Eq. (i), we get
P =Vysinwt . Iy sin(wt — ¢
So, the instantaneous power is given by
sinft = @) = sinwt cosd - coswt sing
(i) If $=90° then no power is dissipated
even though the current flows through the
circuit.
P =0

no=(455)

oL~

tand = ——Eﬁﬂ =ss (. 1an90° = eo)
(1/2)



i)

If ¢=0° then maximum power is
dissipated in the circuit.

P, =
_—
tam-~—ﬂuﬂ-ﬂ ¢ tan0® = 0)

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

AC source of variable frequency and
voltage V =V_sinw, draw a plot
showing the variation of current [ 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
Ry and R, (R, > R;).

S

E]

E i Al 4

i
'f

il
A




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

WL-L=&mz=l:¢m—1
O @ C I T e

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 wvoltage drop across the capacitor (or
inductor) to that of applied voltage.

... 1 /L
It is given by Q RV
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. S0, 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)



18. The figure shows a series L-C-R circuit
with L= 10.0 H, C=40 puF, R=600Q
connected to a variable frequency
240 V source. Calculate

R

=
L
ad ' [']']'As

(i) the angular frequency of the source
which derives the circuit at resonance.

(if) the current at the resonating

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

Ans,
Given, L=10 H, C = 40 uF,
R=60Q, V=240V

() Resonating angular frequency,

1 1
s = =
°Jic :.}m % 40 x 108
1

Wy =—_J'—"SD=50 rad/s
20 x10 (1)
(i) Current at resonating frequency,
} s Vi . Yoms (> At resonance Z = R)
Z R
240

=—=z=4A=4A
60 (1)

(iiiy *» Inductive reactance, X; = wl

At resonance,
X, =wyL=50x10=5000

Potential drop across to inductor,
Ve = I oms X X = 4 % 500
= 2000V (1)



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 = Xe,
= Vi>V

* Net voltage, V = J'\r"_qi +(V - ch
where, V, V- and V; are PD across L, C and R

respectively.
b V=Rl e V| =X, [ —p— Ve =Xe [—
Wt T {

R L C
—_—] ‘ 2
—_— L""E - 3

¥ i .

Tl
VeV sin o




V = JUR? + (X, - IXc)?
v

Impedance of L-C-R circuit,

Z-——JRI‘*"IX.L Xc)*

(1)
[ =30
= '";" Bandwidth A
il = 2AM
 Pn
| 2
! roh
28
L] ] 1
] i |
] ] L
] (] L}
I ] 1
W 0 07 gy

20. A series L-C-R circuit is connected to
a 220 V vanable frequency AC
supply. If L =20mH, 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.

(ii) Calculate the value of maximum
current amplitude. [Dethi 2010C]



Ans.
Given,V,,=220V,L=20mH=2x107H,

R=1101,
=800 p 890 10%F
n? x’

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

. Resonant frequency,

1
Da =
9 JiC
"UD:—:I'FII:-'
2nLC
= =- ]
Ix;ileﬂ“lxﬂi:?xm*
m
i w2
2x4
\*utllﬁﬁ"I [11)
2
= V. 220
(i) As, I .= = =]
& i 110
Z=R=11010Q
I,..,=2A

s Maximum current amplitude,

Io=I,..J2=22A [1J



21. An AC voltage V = Vg 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]

P Due to chang: i Flux the Ell‘lf is induced In thJ
coll. The rate of change of flux will give the
value of emf. = _J
Let an alternating woltage, V =V, sinwt is
applied across pure inductor of inductance L.
The magnitude of induced emf is given by

e=L &
dt (1)
For the circuit,

Magnitude of induced emf = Applied voltage

e, L'j- =V, sinot
Vo ..
or d!=—fsmuxdr

On integrating both sides, we get

=]".i-"-‘[ sinn:tdt=v—‘1["m5“)
L L w (1)

Vi Vo .. IX
[=--2 ot ——Esln[—*m&‘]
or cosot = 5

= -"‘i- S-Ii'l( Tk E) l'ﬂ

X, 2
where, X, = wl = inducting reactance

I =1,sin (mt - ;J .. i)
where, [, =peak value of AC
But, V=V, sinut i)
From Egs. (i) and (iii), it is clear that AC lags
behind the voltage by phase ; s



2%. An AC woltage, V=V, sinmt 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

(if) the phase of the current flowing

with respect to the applied voltage.

[AMl India 2010C]

Ans,

(i) Let alternating woltage, V =\, sinut is
applied across a capacitor C. At any instant,
the potential difference across the capacitor

is equal to applied voliage. {1
Ilc
ial
V =\, sin o i)
s V= Potential difference across the
.9
capacitor = >
pacitor = =2
== qg=CV

or qlw“iiﬂﬂr

or -ijsm
or I=1I,sn -m:+z] ..{ii}

where, I, = o Y
1 Xe
(ec)




where, Iy = il = Yo
1 Xc
(o)
- 1
Capacitive reactance, X. = o°C a
(i) From Egs. (i) and (i), current leads the .
voltage by phase g-

V.l
Vo i
.fg ="
[ 2n
& Tamz] o

(1)



~o. 10D¢ grapns snown here depicl the
variation of current [, with angular

frequency w for two different series
L-C-R circuits,

10, N
[ j

t
DR
i 0sf i 5 W

i !

D
| 1o} T3 i
00 05 10 1.5 20
w, (rad/s) —=

Dhserve 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,

(i) Indicate the circuit for which

* power factor is higher
# quality factor Q is larger.

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

Ans

(i} Since, resonant angular frequency @, is
same for both the graphs.

e twg)y = oy, [ Wy =:,:—c-]

1 1
- N TR

> LCy =LC,
L.S
or =
-'-1 C. m

(i {a) In graph I}, current I, is greater than

graph (I} I, .
e, 1,31,
= K<k

Power factor of circuit represented by
graph (1) has power factor as cos ¢ =R

)
. ai J&
ib} -. Q_R s [For two graphs]
1
i.e, qﬂi

- As, R<R
S @Qy>Q




Quality factor of graph (1) is higher than
that of graph (11). (1)

24. Aninductor 200 mH, capacitor 500uF,
resistor 10 £} 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.

(if) current amplitude at this frequency.

(i) Q-factor. [Deihi 2008; Foreign 2008)

Ans.
Given, L=200mH =2 x10~'H

C =500pF =5 x107*F

(1 When power factor cos ¢ =1
Then, $=0
= L-C-R circuit is in resonance.

. 1
~. Resonating frequency, @y =
B o TLC
1

y2x107"' x5 x10™

5 =1005"" M

: v v
(i) We know that, I, 7 R
[+ at resonance condition, Z = R]

100
o Img=m=10A

Amplitude of maximum current, I, = I, V2
=102 A )



1 |1

i) As, Q-factor = — .|—
(i) 0Q-f; 2 \c
1 J2ax107' 1
- =-—\J|ﬂ.4x1ﬂ"'
“10V5x10+ 10
-—I-Eni
10 (1)
& Q-factor=2

23. An inductor and a bulb are
connected 1n 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

E rad. Calculate the impedance and

inductance of the circuit. [Foreign 2008)

Angs,

R —— = e R B e " 4 S

! £ To find out the inductance firstly, we have t::_!
*  galculate (2) mpedance and resistance. Here, |
i resistance can be calculated by the given value | -
! of ¢and calculated value of Z means fotmula of |
| powshaopmbeapted 00

Given, V., =12V, f =50 Hz,¢='—:rad

L. =2A
5 Impedance, £ =v"“’=E=&ﬂ
hs. 2A (1)
Also, power factor, ms-::-:;
=4 R=27cosd
=ﬁxtm£=ﬁr ]
4 2 ¢
R=3V20Q an)

In C-R circuit,R* + X! = Z?

Xt =2 -R* = (6) - (3420
= X=3120 (172
But, X, =2mfl =32

Inductance, L = EE = W2
2nf 2x3.14%50

=13.5 mH (1)



26. A coil of L=0.51Q is connected to a

Ans.

200 V, 50 s' AC source. Calculate the
following
(i) Maximum current in the coil.

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

() Given, V,,,=200V,

f=50s"L=05n0Q

Inductive reactance, X, =l = 2nfL

=2nx0.5xx50=49298 Q)
= 4911}

Maximum current,

_Vy _ V2 20042

o= -2 = —ms¥Z o SZUONL

. Kk 493
=0.4%1.414=0.57 A (1)

(i} Phase difference = ;TE % Time difference

~* For pure inductor, phase difference

1_1

=—35

n
=— I =-
’ 2 f 50 (1)

- Time difierence = LA % Phase difference

i.e. Time lag between Vand I is L 5
200

21.

2n

(%)
_50) =

= e—

in 2

(1)

A col of inductance, 0.5H and
resistance, 100 £ is connected to a
200 V, 50 5! AC source. Calculate

(i} the maximum current in the coil.

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

Ang, Refer O.no 26



28. When a glven coll is connected 1o a 200 V DC source, 2 A current flows and when the
same coll ks connected 1o 200 V, 50 Hz AC source, only 1 A current flows In the circuit.

« Explaln why the current decreases in the latier case?
» Calculate the self-inductance of the coll used. [Foreign 2008]

Ans.

S e e
| 'l? In DC J:Jra:u-ltr In:hgtm nﬂ"lrs no resistance, |
; so the impedance of the circuit is equal to the

' resistance In the circuit (£ = R). '

() InDCcircut, X, =2rfl =0 (v f=0)
But a coil have impedance,
Z =R + X2
In DC circuit, Z=R (as X, =0)

Butin AC, Z=R?+X>R

(X; have certain value in AC)

: 1
e, [ oe —
ol

So, in DC more current flows than AC. ;
1=
(+3)

(i) In DC circuit,
=Y 000
I 2
In AC circuit, E-E-E=2ﬂﬂﬂ
I 1 (1)

= R+x}=2?
X =2 - R* =200 - 100)*
X, =1003 02

= 2nfl=100+30Q

mJ‘

= Inductance, I'.z1



10043
2nf

Given, f=50Hz

10043

- 2x3.14x50
f=055H (1/2)

- Inductance, L=

29. A 100 uF capacitor is in series with a

40 £} 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.  [Forelgn 2008]

Ans.

|
}

(i) Gwen, Vins =100 V, C-ml}pF

7 ()} Tocalculate the maximum current in circuit, |
? firstly find the impedance (2) and rms w[ue
of cuirert.

(i) It can be calculated with the help of furmula
ﬂf phaie i ‘erence. -

C=100x%10""F
R=401% (1)
Total impedance of the circuit,

L= JRI_JQ_ J{RJ +[-:('r

rﬂ- e e ————

s [ 1 ]*
z= 'E g | eor om s
\ 2nfC

.

2
= !In-lm‘ ( :
\ 2%3.14x50x100 x10™®



=51.120 (1)

Current in the circuit, I, =

. 100
31.12
=195 A

Maximum current, [, =T ,m,sl"i
=1 .95\‘5
=276 A

{ir) For pure capacitor, phase difference, & = %

Time difference = E; x Phase difference

1

ix 1 200 (1)

~ Time lag between current maximum
and voltage maximum = .0 5.
T

200

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

(i} 15 in phase with applied voltage for
element X.
{ii) leads the voltage in phase by x/2 for
element Y.
(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, ¥ and Z.

If the frequency of the applied voltage
is vaned, 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; Dethi 2008C]



An

8.
| é’;? We will identify the element according to the |
s o FIAE O 00 MWD VoI OV EURR, !
() In element X, current is flowing in phase
with applied voltage, so element X is a
resistance,

(i) In element ¥, current leads the applied
voltage in phase by g—, so element Y is a
capacitor

(i) In element Z, current lags the applied
voltage in phase by g-, s0 element Z is an
inductor. (1)
(a) Current flowing in the circuit,

I =1I,sinot +¢),if Xo> X
I =1Igsinlot - ¢), if X, > X-

i o Eﬁ'k (1/2)

(b) Impedance of the circuit,
Z =R +0%, - X)?

e ek xf:E;E (112)

Current amplitude will be at resonance,
At resonance, X, = X
Z=R
Thus, maximum current of amplitude,
V, V.
I, = —tms . Frms
" Z R (1)

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

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

Ans.



31. What does the term ‘phasors’ in AC circuit analysis mean? An AC source of voltage,
¥ =V, sin wi is applied across a pure inductor of inductance L. Obtain an expression for
the current | flowing in the circuit. Also draw the

= phasor diagram.
= 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 w in
anti-<clockwise direction that representing it as a
sinusoidally varying quantity (like alternating
emf and altemmating 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)
et 4
E -
Efﬂ-- _h:-" f
L] - \‘
2/ v\ 2x
D ‘; l 3“;2"-‘ n! x

(1)



32. A series L-C-R circuit is made by

2 100

taking R =100 Q, L=—H,C=—n—uF.

n

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

Calculate
(i) the impedance of the circuit and

(ii) 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. [ANl india 2008C]

Ans.

————— e ———— .

‘ '{? Firstly, to find out the impedance, we have to |
| find Inductive reactance (X,) and capacitive

reactance (X.), then can find peak value of

= e TS ——

2 100

f]] Giﬂn, R=100 11, L=;H, c=T[.|.H,

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

xl=m-1nfl=25250x%=2mn

Capacitive reactance of AC circuit,
1 1
% =5C " 2nic
. ! e —a{00D

2n x50 x (IEEJ x 1078




p—— -

'? On Increasing the frequency of AC, there will be
no effect on resistance (as it does not depend
on frequencies). Inductive reactance will
increase (as X, = 2mfl or X, =f), capacitive
reactance will decrease (as !:'#‘ﬂ: or |

I,:u%].rhuhtm:tm'Mnﬂnhﬂmt

increases/decreases, the current for the circult

]
Low R

Moderate R
High R

L]
i
[
L]
]
L]
i
]
i
I
I
i
|
L]
L]

T -
0T o —

& Quality factor, Q = voltage across L or C

applied voltage
fwo, LN
Q R!
[ - applied voltage = voltage across K]
& _o,L
"R
N Q=Maoh_ 1
Rl RCw,
= : lusing w, = ]
ki TS
RC+ ,n
viC
1L




From the phasor Oidgraril.
V=V W+
Magnitude of net voltage,
Vy =V + 0V =V )
V, = 1o f[R2m + (X = X))
From the figure,

(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? [Delthi 2011)

Ang Reter 1o ans. 159 and for resonance condition reler to ans. 30(b}
35. (i) What do you understand by sharpness of resonance in a series L-C-R circuit?
Derlve an expression for O-factor of the clrcult.

{if) 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
—— MWW —— T —

S S
L E

C

= 1l

n
Q

E

[HOTS; Delhl 2011C)

Ans,

————

| ) on h‘n:uaﬂng g the i ﬁ‘em.aency Y of AC, there will be
| t? no effect on resistance (as it does not depend
l on frequencies). Inductive reactance will

1 ln:reau (as X, =2nfl or X, =), capacitive |

reactance will decrease (as xc-ﬁ or |

x,-%}.ltﬂmwmﬁnm



Impedance of L-C-R series AC circuit,
Z = R + (X - XcP?
Z = J100)2% + (200 - 100

=100+2 0 (1)
(il Peak value of current flowing through the
Vo 2202

circuit, Iy =

sl o=z T 10042

(4 Vi =200 V, Vg = Y2V, = 2002 V)
{r‘ii}Fmvﬂficmr,mS¢=—§

s 100 _1

10042 V2
~. Power factor at resonance, cos$=1
(COS Qlgrven circuit _ 1

(CO5 §) resonant circult E
(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.

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




(i) Impedance becomes minimum and equal
to chmic resistance

e, Z=2 imunm=R

(ivi AC becomes maximum,

= Vinar _ Voo
Z.. R

A

(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.

g P
i.e. cosg= R

ulrru Irlrm-
_ True power
Apparent power

R

Also, = —

S-G{ﬂil‘z
R

"HI[EE +1X - x-‘:]i (1)

The power factor is maximum.

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

37. A resistor of 400 Q, an inductor of % H

and a capacitor of ? uF are connected

in series across a source of alternating
voltage of 140 sin 100 ¢t 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.



For given circuit, e f
Current increases with the increase of

frequency.

!r e

f 1)
36. A series L-C-Rcircuit is connected 1o an AC source having voltage V = V,,, sin wt
Derive the exprassion for the instantaneous current | and its phase relationship to the
applied voltage. Obtain the condition for resonance 1o occur. Define power facior. State
the conditions under which it is

o maximum and
# minimum. [All India 2010]

Ans.

Phase difference between voltage and current,

tan$ = 5% i

v, v,
- = ™ xR

s Expression of AC,

I =1,sin (ot —¢ 1)
Conditions for resonance
(i) Inductive reactance must be equal to
capacitive reactance
e X, = X
(i) As, X, = Xc
= g L= u%.f.‘- = o= i—
1

where, o, = resonant angular frequency.
(1)

(i) Impedance becomes minimum and equal
to ohmic resistance



(@) Circuit containing resistance R
only There will not be any effect in the
current on changing the frequency of AC
source, (1)

Cusmant
Iy

fi &

f—
where, [ = 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

— EIr'll'lv-t
X,
= Vems
2mil
For given circuit,
1
I e —
f
Current /
=
f, ®
j —— (1)

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

For given circuit, [ef
Current increases with the increase of




Resistance
[All india 2009]

b wtin? (Reactive impedance )

Ans.

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

X, — X _ Reactive impedance

ta =
e R Resistance
o ¢=tan" [Rea_c_rweﬁlmp-edance]
Resistance (1)
The impedance,
Z = JR? + (X, - X.)?
where, Z=R
= R= R+ (X - X)?
X =X
Wol=—
- 0 moc
1
=» 0, =
VNI @3)

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



Vi, across resistorR, Ve =1, x |
=0.2 x 400 =80 V

V.., across inductor, Vj =1, X,

=0.2 x 500 =100 V
Vs 2Cross capacitor, Ve = I, % X-
=02x200=40V @

Because \{ and Vg are not in same phase,
e V= ."IIEI +V "'1':_‘]2

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
circuit is & .

(ii) Define the quality factor in an AC
circuit.: 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(1)
{ii) Refer to ans. 35 (i)

Quality factor depends on ohmic resistance of L-C-R Senes Ac and Inductance and
Capacitance of L-C-A Series AC Crcust

39. An AC source of emf, E = E; sin o is
connected aCcross 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 w 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

relatinn




—
and a capacitor of ? uF are connected

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, ¥2 =1.414), [Forelgn 2010]
Ans. i i -
Q To find the voltage across each circult element, |
| following steps to be followed are: |

l (i} To calculate the maximum current In circult, ;
firstly find the (Z) impedance and rms value *
of current.

(1) tt can be calculated with the help of formula |
of phase dfforence. N

|
i
i
L

As, applied voltage
V =140 sin 100 =t

c=22u c=2H R=4a000
L Lo
=Ex1n"F
4

Comparing it with ¥V =V sin i,
V=140V, 0 =100x
Inductive reactance, X; = wl

It=1m:x%=5mﬂ

= 1
t ctance, X = —
Capacitive reactance, X

1
X = =200 01
100% x 30 x107®

X
Impedance of the AC circuit,

Z = R + (X, - Xc)'= 1400} + (500 - 200)

Maximum current in the circuit,

60

500 x 2 . (1



ae V= qll’aff +* "af:-_:: (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 relentivily or coercivity.
(il) 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 pnimary (N > Ng)

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

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

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

Power transmission Elcctric power is transmitted over long distances at high voltage So,
step-up transformers are used at power stations o increase the voilage of power whereas
a senes of step-down transformers are used to decrease the voltage up 1o 220 V



40. An AC source generating a voltage,

(i} V=V, sinwt 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 wl to
show that the current is n/2 ahead
to a voltage.

(ii) A resistor of 200 2 and a capacitor

o0f 150 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 lhan the
source voltage? If yes, resolve the

paradox. [AR india 2008]
Anz.
(i) Refer to ans, 22. @
(i) Given,R=2000Q,C =40yF,V,,, =220V,
w =300 Hz
Inductive reactance,
1 1
X = oC ™ 300x 40 %10 )
=§83.3310)
Impedance, Z = /R? + X2
= {(200)? + (83.33)°
=216.6 1 I«mrh’}
v 220
: I Y = =1.02 A
™= " 216.6 am)
Rms voltage across R,
Vg = IR =1.02 x 200 = 204V )
ACTOss capacitor,
'.-"'E =T IC =1.02 x83.33
‘.-"L- =85V
Ve v. + \-'.:

Because V- and V; are not in same phase

(1/2)

Hence, V; leads V- by phase %



i) Main assumptions

= The pnmary resistance and curren! are small

& The flux bnked with primary and secondary codl is some where is no leakage of flux
from the core

& secondary current is small

{iv) Energy losses in transformer:

(1] Eddy current loss Eddy current in iron core of transformer facilitates the loss of energy
in the form of heat.

{it) Flux leakage Total fluxes linked with pnmary do not completely pass through the
secondary which denotes the [oss in the Flu,

{i]) 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 oycle

i) Humming loss The magnetostriction effect leads 1o set core in whration which in furmn
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.

(i) Describe briefly and two energy losses giving the reasons for their occurrence in
actual transformer. [Foreign 2012]

Ans Principle of transformer A transformer iz based on the principle of mutual induction,
1.2 whenaver the amaunt of magnatic flux inked with a coil changes, an emf is induced in
the neighbouring ool

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

(i) Write any two sources of energy loss in a transformer, (jii) A step-up transformer
converts a low input voltage inlo a high outpul voltage. Does it violate law of
conservation of energy? Explain, |Delhi 2011)



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

* number of secondary and primary windings and
« primary and secondary currents.

(iii) 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]

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

- [——1 '

(i) Principle of transformer
Refer to ans. 4. (F]

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 sel 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.

o

fa .~ Vi=s=N,—
] Id[':#
andV, = N,—

- fema Ly

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

(b} Bul for ideal transformers,
V1 =W,
Vi1
v, I



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,
1.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.

5.5tate the principle of working of a transformer. Can a transformer be used to step-
up or step-down a DC voltage? Justify your answer. Al 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 neaghbouring coil.

(i1) 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.

(i1) Flux leakage Total fluxes linked with primary do not completely pass through the
secondary which denotes the loss in the flux.

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



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

» eddy currents
« hysterisis loss

(i) No, it does not violate the law of conservation of energy because voltage increase is
accompanied by decrease in it. In altemative, 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

« the current in the secondary in terms of the current in the primary and
* the number of turns in the primary’ and secondary windings.

() 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,
l.e. whenever the amount of magnetic flux linked with a coil changes, an emf is induced in
the neighbouring coil
{a) Let alternating cument, alternating
vollage and number of tums in primary
and secondary coils are {l,,Ic), Vs, Vs)
and {Ny, N, ), respectively.
For 100% efficient transformer,
Input power = Output power
= Volb =Vl
Also, assuming transformation ratio of
transformer is r.
M.
Ne Vo Ig

v
= Ip = 3 x].
Ve (2

M
Np (H1F 1]

(i) Two energy loses in the actual transformers



(i) Two energy loses in the actual transformers

= Hysterisis loss Loss of energy in magnetising and demagnelising the core of
transfarmer in every cycle. It can be manimised by taking core of soft won hawing low
coercivity, retentivity and hystersis loop

= Eddy current Energy loss in the form of heat due to eddy current. It can be menamised
by taking lamenated core consisting of msulated rectangular sheets, pled-up omne over
another,

11. Draw a schematic diagram of a step-up transformer. Explain its working principle.
Deduce the expression for the secondary to primary voitage 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 colls.

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

Ans.

Principle of transformer & transformer is based on the pnnciple of mutual inducton, 18
whenever the amount of magnetic flux inked with a coil changes, an eml is induced in the
neighbouring coal

{a) Let alemating curment, altemnating
voltage and number of burns in primary
and secondary coils are i, l5), (W, Vi)
and (Mg, My, respectively,

For 100% efficient transformer,

Inpul power = Oulpul power
= Volbo = Vs Iy
Also, assuming transformation ratio of
transbormier is f,
Ne ¥ Iy
¥
= [, =-ix]
e i
M
1] rm =4
Mg 1z}

(i) Tweo energy loses in the actual transhormers

= Hysterisis loss Loss of energy m magnetising and demagnetising the core of
rransformer in every cycle. It can be minimised by taking core of soft ron having low

coercivity, retentivity and hystensis loop

= Eddy current Energy loss in the form of heat due to eddy curment. It can be minmmised
by 1aking larminated core consisting of nsulated rectangular sheets, pled-up one over
another,

Step-up transformers are used al generaling statons so as to transmil the power at high
voltage to minimise the loss in the form of heat, whereas senes of step-up transformers
are used at receving ends



P, RGN TR ATEIERETETRLTLIRE  Bais T
transformer is r.

= EitEL-I_F

Ne W I
== F-El:!q
e 2y
(b} r=s
Tl iz}

(i) Two erergy loses in the actual transfocrmers

» 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 iran having low

coercivity, retentivity and hysterisis loop.

» 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, pited-up one over
another

Step-up transformers are used al generating slations so as 1o transmil 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
= the current in the secondary coil. [Foreign 2010]

Civen, inpul valtages, Vs = 2.5 x 10°V i
input current, [, = 20 Asss
Ng 10 N 1 s

A — - =3 —Llm— waaki}

" TTTN am
Percentage efficiency

= Outpul power 100
Input power

90 " Dutput power
100 Vi lp

1] Dmnpmvﬁi%xMIﬂ

=

-%:u.hm’: x (20 A} = 4.5 %10 o

V, N N
il _I...-...-.L y' :-—i—
Lif) v "N = WV N, ® W

1 1
Vie—x25x10°V =250V
Voltage V, 0 a

(i) Ve I; m 4.5 x10° W
45 x10* _4.5:1:1"
Vi 250
I, =180 A fa

Current, [; =



