Chapter - 10
Alternating Current

Whenever a voltage source 1s connected to a
circuit, then freeelectronsin conductors have amoticnin
aparticular direction, along with randommotion. Therate
of flow of charge at any point of the circuit is called
current. In direct current circuits, the current sourceisa
cell or abattery and aresistor R isused to control the
current. Generally, the electrical energy is generated as
alternating current due low cost of production and
conveniance intransmission to long distances. It canbe
converted to direct current easily when required.
Generally alternating current and voltage varies sinusoidal
with time, To control 1t capacitor C and inductor Lare
also used, together with R, Ina R-L-C circuit it isnot
necessary that current and voltage arein phase, t.e. it1s
not necessary that the current to be maximum when
voltage is maximum. Atransformerisused to step-up or
step down the AC voltage, sothat itstransmission over a
long distance is possible economically and at low energy
loss.

In this chapter we will study phase relationship
between AC voltage and current in different circunts,
power, watt less current, transformeretc.

10.1 Direct Current

The current/voltage whose direction of flow does
not change withtime is called Direct Current. This current
is produced by the such voltage sources whose terminals
have constant polarity with time. Ifthis current is ploted
with time we get a straight line parallel to the time axis.
This current (or voltage) is called unidirectional or direct
current (or voltage) . Its frequency fiszero. (tig. 10.1)
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Fig 10.1 : Dircct current

If the current from some special devices like

rectifieris studied than it 1s found that it has a defenite
direction but 1ts value has a small peroidic/
pulsatingchange such currents are called direct current
(orvoltage) ofunequal fluctuationsor pulsating DC.
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Fig 10.2 : Nonuniform DC
10.2 Alternating Current

The current (voltage) which changes its direction
peoriodically with time and alternatively becomes positive
and negative in each half cycle is called alternating
current. It is obtained from the sources whose terminals
change their polarity periodally withtime.

Alternating current may be of many types
according to their wave forms-tew of them are
tollowing-

10.2.1 Square Wave Current
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Fig 10.3 : Square ac wave
In this type of current, current will remain [
(maximum) fromt=0tot=T/2and at T/2 it suddenly
becomes - [, (minimum)whichremainssameuptot=T,
againbecomeszeroattime T,



Thus  for 0<¢=<77, I=1_
for i<t<T | 1=-1_

10.2.2 Triangular ac Wave Current
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Fig 10.4 : Triangular ac wavc current

Inthistype of current, the current linearly increases
fromOtol , fromt=0tot="T/4: thenlinarly decreases
to 0 at T/2 andbecomes-1_at t=3T/4. Ultimatelyatt
=Titbecomeszero. (Fig 10.4)

at =0 1=0
at t=", I=1
at t="1 I=0
at =37, 1=-1
at i=1 I=0

10.2.3 Sinusoidal Wave ac Current
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Fig 10.5 : Sinusoidal wave ac current

Thisis thesimplest and basic form of ac It varies as
sine or cosine functions. (Fig 10.5), hence are called
sinusoidal current,

Inthis chapter, we will study sinusoidal ac.Itis to
be mentioned that all forms ofaci.e. square or triangle all
are mathematically produced by super position of
sinusoidal waves of difterent amplitude and frequencies.

The trequecny of ac used tor domestic useis SO0 Hz
inIndia. InU.S. Aitis 60 Hz. At any instant { the ac
current and voltage are given by the equation :-

[ =1 sin(of+¢) (101

V=V, sin(of) ...{102)

herel andV_arethe maximuf@value ofac current
and voltage and are also called peak values of current
and voltage.

The symbol ofa.c. voltageis ~

This type of ac can be produced by a rotating coil
in uniform magnetic field or by electronic oscillatory
cireuits.

10.3 Instantaneous, Peak, Average and Root
Mean Square of Alternating Voltage and Current

10.3.1 Instantaneous Value

The value of current or voltage at anyinstant in an
ac circuit is called instantaneous value. It can be zero,
positive or negative. Equation(10.1)and (10.2) gives
instantaneous values in a simple periodic form. Here ¢
18 the phase difference in voltage and current at any
nstantt.

10.3.2 Peak Value

The maximum value of ac voltage orcurrentina
complete cycleis called its peak value. It also represents
the amplitude of alternating change. In equations (10.1)
and (10.2)I andV_ arethepeak values ofalternating
current and voltage respectively.

10.3.3 Average Value

In an ac circuit the magnitude and direction of
voltage/current changes periodically with time. The
average of all these values fora complete cycleiscalled
average value of AC. Foracompletecycle the average
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Hence the average of AC for a complete cycleis
always zero.

Averagevalue for first positive half cycle-
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similarly, for second half cycle the value willbe
{ =-0.6361

10.3.4 Root Mean Square Value

Inan ac circuit for a complete cycle the square root
ofaverage of squares of current and voltage s called root
mean square value of currentand voltage current /7 and
voltagel”
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The values shown by all ac metersin acircuitare
the RMS values of these quantities.

The rms valueis also called virtual or effective value
which means that rate of heating effect in a resistor is
same as that of equivalent value of dcand / . Therate
otheat generated by acina completecycleis -
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from a dc the rate current the raate of heat

=7 xR
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1f'we want to measure the ac voltage and current
using dc moving cotl meters, they will give zero reading,
since the torque on the coil changes so rapidly, that it will
not respond due toinertia ofthe coil.

Thus [ =1 .. (10.5)

To measure ac we use hot wire meters, which are
based on heating effect. The heat produced depends on

V?’;’T.\'
marked. The relative distances between the making will
beintheratioof1:4:9: ... etc. forthe currentsI, 21 31,

... ete.

or 72 hence the scale of meters is nor linearly

The domestic supply of ac in India has
V. =220V Henceits peak value will be

Vo=v2F, =\2x220=311V
10.3.5 Properties of ac

Merits ; -

(1)  Alternating voltage can be steped up or steped
down, so the transmission of electri power is
possible at high voltage and low current with very

small power loss tor long distance transmission.

It canbe easily converted to dcby arectifier.
(m) Alternating current generators and motors are
more rugged, and convenient in operation, also

their cost isless than dc generators and motors.



Demerits : -
(i)  Alternating current voltage of any value is more
dangerous thanits equivalent dc voltage, because

its peak valueis /2 timesthe rms value.
()  Skineffect :- High frequency ac current does not
umformly pass through the whole cross-section of
the condctor. It prefersthe surfacelayer (skin) of
the conductor. So a thick wire inreplaced by a
bunch of thin wires to reduce this effect.

It can't be used directly for elecrolysis, electro
plating and making electro magnet.

Example 10.1 : Find RMS value of the AC

current givenby / =/, cosa@f + 1, sinwf .

iy

Solution: 7 =7 coswf+ 1, sinwt

hence

I =1 cos’ @t +12sin” @t + 21 1, sin ot cos ot

ry ry

II’ j([f cos® @! +1; sin” mt) + 27,7, sin et cos o
j-g _ UT _u = dr

[at [dt

0 0
s -1 -1
I"=I"x—+1;x—+0
5

since the average vahie of sin” wt & cos® wt foracom-
plete cycle is 1/2 and that of sin 2e# =0,
1

R d:

Example 10.2 : Therms value of a sinusoidal ac of

N?.'S

frequecny SOHz1s 200+/2 V. Write down the equation
foritsinstantanecus value at time t.

Solution : Given

=200v2V and f =50Hz

=2 v

FRIN

V,

So V. = V2 x200+/2 =400 V
@ =27 f=2%x314x50=314 rad/s

hence 7 =T sinwt
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J'=400sin314'V
Example 10.3 : Find the frequency of ac voltage

givenby V = 400sin 100zt

Solution : General equation of AC voltage1s
V=V, sinpt=V sin2xft
and the given equation of voltage
V" =400sin 1007z¢
comparing the two equations we get
2f= 100
Thus
f=50Hz

Example 10.4 : The peak value of ac currentina
circultis 5 A. What will be the value of current given by (i)
ac ammeter (i) dc ammeter.

Soution : (1) Since ac ammeter always meausres
rms value

5

I,
ARG
(i) dc ammeter meausres averages value for one
cyclehence /=0.

then 7 25xJ2=3535A

FHIS

Example 10.5: The rms voltagein acircuit is 220
V then find peak value of voltage.

J2 <V

Solution : V, =

(Given 7
FHIS

FHIS

=220V

V. =220x+/2=311.08V

Example 10.6 : The ac current is given by
I =3sin 27t A , then tind (1) rms value of current (i)

. 1
instantanecus value of current at # = 5.5‘ i

Solution: (i) /., = 1’; ,then
, 1
Given [ =3A/ 1= 5-5‘
I, =—==212A

FHIS

2

.. . 1 .
(1) / :351n27r><5:3sm7{:0



Example 10.7 : Find the time to reach from zero
toits maximum value of ac current of frequency S0Hz .

Solution : Time taken by current to reach from
zero to its maximum value is

L
=2
thus =

1
af
given f=50Hz

thus =0.005s

x50

10.4 Phase Relation between alternating voltage
and alternating current in different types of ac
circuits and phasor diagram

10.4.1 Pure resistive ac Circuit

(N
p—y

V=V sinof

Fig 10.6 ; Pure resistor in ac circuit
Intig 10.6 a pure resistor R is connected to anac
source voltage I =V sin @f . Ifthe current in the circuit

be I, then using Kirchhoff's loop law, the voltage
developed across R is equal to voltage applied.

V osinef = IR

m

v

I :1—’;sin wt =1 sinwt ... (10.6)

-

here /, = % isthe peak value ofac current. Itis

clear from equation (10.6) that on applying sinusoidal
voltage, we get sinusoidal current, and botharein same
phase. 1t means that value of V and [ will be zero
simultaniously and maximum simultaniously,
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Fig 10.7 : Sinusoidal nature of ac voltage and current
and their phase relation in pure resistive ac circuit

Fig 10.8 : Phasor diagram in pure resistive ac circuit

Fig 10.7 represent the sinusoidal nature of ac
voltage and current. As mentioned earlier itis not always
necessary that V and [ are in same phase in ac circuits.
For such ac circuits the concept of phasor makes the
analysis simple. Torepresent ac quantities(V,[LR, X, Z
etc), arotating vectoris used whosemagmitude equalsto
the peak value and rotational frequency is equal to the
frequency of ac voltage or current. Sucharotating vector
1s called phasor, and the related diagramis called phasor
diagram. If the tail of rotating vector is at origin, and
vector coincide with X axis at t =0, then at instant t it
makes an angle &= wrwith X-axis, and the y component
gives the instantaneous value at instant t. Fig 10.8 shows
the values of ac voltage and ac current at an instant t,
represented by their respective phasors. These phasor
are shown as making an angle @/ with x-axis. Both
phasor rotates in anticlock-wise direction with
frequency w. The vertical components of the phasor
represents instantaneous vahies of AC voltage or current
that's why they are taken in Y-axis. Fig 10.8 shows the
phasor diagram for a pure resistive circuit, V and l arein
same direction and phase difference between them s
zero. But as you will see later, they will notbe in same
phase for inductive or capacitive circuits.



A pure resistance obstructs the flows of current
which 1sindependent of the frequency of applied ac.
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Fig 10.9 : Dependence of R on frequecny
10.4.2 A Pure Inductive ac Circuit

(N
N

V=1 _sin o

I

Fig 10.10 : Pure inductive ac circuit

Fig 10.10 represents pure inductor (coil of thick
copper wire of resistance, R=0) is joined to an ac

voltage /' =V sin @/ . Inductance ofthecoilis L. Since

the voltage changes with time, the current will also
change. The voltage developed

!
across the inductor [_,{ Ej .FromKirchhoff's

law V. sin@f = ld
aw m i dl‘ ]

v

dl :%sin wtdt . (10.7)

Voo
® 31n @i ot
L

The current jdf = I

7 Ti[_ cos of j
L &
. T
=7 sin| ot ——
” [ 2] .. (10.8)
here/, = o The Lo has the same dimensions

Lo’

as resistance and called Inductive reactance,
represented by X .

X, =Lo ... (10.10)
_r
and " X RN (1011)

I

X_ controlls currentin accircuit inthe same way as
aresistor, (but with a different mechanism given later).
Unit of X isohm.

Fromequation (10.8)it is evident that the current in
pure inductive circuit 1s also sinusoidal with same
frequency that of applied voltage, but lags behind the
applied voltage by a phase of z/ 2. Which means that
the current gets its maximum value compared to voltage
after atime interval of T/4; (Fig 10.11).

Fig 10.12 : Phasor diagram for purc inductivc circuit
X4

» (D

O

Fig 10.13 : Variation of X| with frequency
Fromequation10.10 X, = Lo
X, =Lx2xf ... (10.12)
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Fig 10.13 represents graph between X and o .
Slope of'this graph tan ¢ , represents cotficient of self
inductance ofthe coil.

For direct current, =0, hence X, =0, so apure
inductor short circuits the dc circuit, but opposesthe tlow
ofac current.

In a pure inductive circuit alternative voltage is

V"=V sin ot andthe currentis givenby

i T
[ =1, sin(er - E) so voltage leads the current

by /2 or 907,
Themagneticflux ¢ = L1 ; ¢ > [ andthepower P
=VL
F 3
7/
/
O 5
T/4 T/2 3712 T =
\\ //
~ //
v

Fig 10.14 : Graph of Power in pure inductive ac circuit

Fig 10.14 shows all the tour quantities in one
complete cycle ofac, for aninductor.

()

Fig 10.15 : Change in and for an inductor for one
completc cyele. (a) 0 to T/4 (b) T/d to T/2
(¢)T2t03T/4(d) 3T4/4to T

To understand the power and flux change in an
inductive circuit. Letus consider the fig 10.15 in which
changencurrent is considered withitsrespective change
influx.
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In fig (A) the current enters at A and reach the
maximum value, so the flux. The core 1s magnetized,
voltage and current are both positive hence their product,
powerisalso positive. It means thecircuit absorbs energy
from source.

Fig (B) current decreases from T/4to T/2. At T/2
the core 1s demagnetized and the total flux becomes zero.
Voltage isnegative and current is positive, which means
that power is negative, it implies that circuit returns rhe
absorbed energy to the source.

Fig (C) the current is increasing in opposite
direction during T/2 to 3T/4 and tlux also, core 1s
magnetized in opposite direction. Both voltage and
current are negative, their product power is positive. The
circuit absorbs energy from source.

Fig(D)trom3T/4to T current decreases to zero,
Vis positive while I1s negative, Powerisnegative, corels
demagnetized and the circuit returns the absorbed energy
tothe source.

Foracomplete cycle, average powermaninductor
1s zero. We will prove thisin section 10.7.

10.4.3 Pure Capacitive ac Circuit

F=VF_ sinont

m

Fig 10.16 : A capacitor connected to ac source
Fig 10.106 shows a capacitor of capacity C is
connected to ac voltage I =V sinw/ . Ifthecurrentin

the circuit 1s [, and voltage developed across the
capacitoris V, then from Kirchhoff's law I’} =0; If
change on capacitor in q at time t, then instantaneous
voltage accross 1t 18

4
C

v

9 _ o ;e
SC (— =V sin@lor g=V, Csinwl
Thus, current in the circuit s

_dg _

7=
dt

d .. ...
—(F 7
dt( Csin o)



I=V Cecoswt

. T
coswt=sin(wt + E)

since
. T
hence 7 =7,sin [WHEJ .. (10.13)
where / =V Cao
__V .
or !m—_”(',m .. (10.14)

The dimensionot 1/ C'ew isthat otaresistorand its
unit 1s ohm, and it 1s the measure of obstacle produced
by a capacitor in the ac circuit. It is called capacitive
reactance, and expressedas X_..

Fig 10.17 (A) Phasordiagram for pure capacitive ac
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Fig 10.17 (B) V and I plotted against o1
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Fig 10.17 (C) Variation of X . with @

Asitisevident from the equation 10.13, thatita

sinusoidal voltage is applied to a pure capacitor the
current will also be sinusoidal, but leads the voltage by
7/ 2. It means that current reach the maximum value
earlier by time T/4 compared to the voltage.

1
From equation (10.15) X, = o and graph
‘o)

(10.17) (C) show the variation of X with @. Fordc,
JS=0 (=2 xf=0) X. == sodcisnotallowed bya

capacitor. But for ac, X, has some finite value, so a
capacitor allowsit to pass through.

For a pure capacitive circuit

, P4
V =V _sinot; and  f=/ sin(of +5) .

hence the voltage lags the current by 7/ 2 radian.

q=CVand P — 7. All the four quantities are
plotted against timein fig (10.18) for a complete cycle.

Fy P

q

=

Ti4 T:2

Fig 10.18 : Graph for power in a capacitor
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Fig 10.19

Fig 10.19:(a) showsthat fromt=0to T/4 current
increases from zeroto maximum, hence the charge onthe
plates and the potential. Plate a becomes positive while B



isnegative. Circuit absorbs energy from the source.

Fig 10.19(b) the current is in opposite direction,
the charge on the plate decreases to zero hence the
potential. Circuit returned energy to the source from 774
to 772. Fig 10.19 (¢) the charge on the plates rises to its
maximum value, hence the potential and field between
the plates. The circuit absorbs energy from the source
from 772 to 37174. Plate Abecomes negative while the
plate B is positive. Voltage and current both are negative.
So power 1s positive.

Fig 10.19(d) again shows that during 37°4toT, the
stored charges decreases, as the voltage. At T,the
capacitoris completely discharged. Currentis positive
while potential is negative, hence poweris negative. It
means that during this interval. Circuit returns the
abrobed energy to the source.

In this way the net energy absorbed during one
complete cycle by a capacitoris always zero.

Example 10.8: A resistanceless coil of inductance

5
L= —m His connected to an ac source of frequency 50

Hz. Find the inductive reactance of'the coil. Ifthe current
inthe circuitis 0.5 A. Find the voltage across the coil.

Solution : Inductive reactance X, = Lo

or X, =Lx2rxf

given f=50Hz, /. =5/zmH,/=05A
5 103

50 X, =—x2xx50x107 =050

T

Voltage developed across inductoris

4

L=

IxL=035x05=025V

Examplel0.9 : Capacity ofa capacitor is 50 pF.
Find its capacitive reactance at 5 kHz.

Seolution : Capacitive reactance
b 1
(o OCx2xf
given ('=50pF=50x10"F f=5x10"Hz

[

1
Xe= 1z 3
50x10 “x2x3.14x5x10

50
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=6.37x10°Q
Example 10.10 : Acapacitor of capacity 1 pF is
connected to a source - = 200\/5 sin100¢ v . Find

the currrent in the circuit.

kd
— Im

i H I'Tms‘ -
Solution : ¥, \/E

given ¥, =200v2V, @ =1007ad/s

C=10°F
20042
Now V., = % =200V
§ K== 2100
an “ Co 100x10°
/:ms‘ 200
hence s e e d 0.02 A

X,

[

10

Example 10.11: A coil is used witha 50 Hz ac
source. What will be value of inductance to obtain a
reactance of 100 2?

Solution : Inductivereactance X, = Lx2x f

gven X, =100Q), f =50Hz

X, 100

=Lk = =0318H
27f  2x3.14%50

10.4.4 L-R Series ac Circuit

R I
—— MAWWA—— T

PO
vy V=V

"

sin @/
Fig 10.20: R-L scrics ac circuit

Alternating voltage J” =V’ sin wr 1sapplied tothe
R-Lseriescircuit, At anyinstant t the current in the circuit
is 1, 7, and I, are the potential at L and R. The net
potential developed across Rand Lis J7, . Then from
Kirchhoff'slaw :-

V-V, =0



From phasor diagram 10.21 (A) wefind that *
and /_arein phase. But }' and }’ haveaphase
difference of z/ 2. They are normal to each other. The

resultant voltage. ) . =V +}
Bu't vah’ = Ir:u‘h’je and V—m.l’. = Im‘X.l’.
hence V . =
Vet
I, = : -
and ... (10.16)

here JR* + X, isthe effective obstacle of the L-

R combintion for ac current; which 1s given by Z and
called impedance of the circuit.

Z=JR+ X} =R +(lay ...(10.17)

A T4
IS S ROY T : A
$ &
4[///
¢ 9 :
- » 7 . Y
O i O I
Fig 10.21 {A) Phasor Fig 10.21 (B} Inpedance

diagram diagram
FromFig 10.21 (A)itisclearthat thecurrentin L-

R series circuit 1s leading the applied voltage by ¢ .

Hence 7 =7 sin{wf—¢) -..{10.18)

Similarly, fromfig 10.21 (B) we find the impedance
Z ofthe circuit. R and XL arein X and ¥ direction. The

resultant Z makes an angle ¢ with X-axis.

v I X X
SO tan¢ — _n __m I3 — iy
I/mR [mR R
X
hence ¢ = tan 1[?’) ...{(10.19)

In R-L series ac circuit, the graph between ac
voltage and current with oz is given by figl0.22 (A)
where the current lags behind the applied voltage by an
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angle ¢ . Fig 10.22 (B) represents phasor diagram of ac
voltage and current.

oot

Fig 10.22 (A) Alternating voltage and current in a
series R-L circuit

Fig 10.22 (B) Scrics R-L circuit phasor diagram

Example 10.12: A0.5Hinductor gives 0.5 Aina
100V de source. Ifthe current in the circuit.

Solution : For d¢ source X, =0,

V
R=—
thus 7
givenis L=05H, =100V
f=50Hz,
R:@:200Q
0.5

Inac circuit, Z =+ R> + ’0°

where @ =27 f =2x3.14x50=314rad/s

50 Z =\/(200)3 +(0.5x314)" =254.26Q
7100
_F =0.39A
Z 25426

Example 10.13 : Anelectricbulb hasrating 100V,
10 A Ifit isused at 200 V; S0Hz ac circuit, then find the
inductance ofthe choke coil used in series.

Solution : Impedance Z = /&&* + (L))" forbulb
V=100V, /=10A



f=50Hz, =200V
Resistance ofthe bulb R =V/1

R="%_100
10
7 - _4c voltage _ 200 _ OW
currcnt 10

@ =27 f=2x3.14x50=314rad/s

7 =R+ (271 A1)

20=/(10) +(314x )’

using

" 314x314

v300
31

e 300

=0.055H

Example 10.14 : Acoil of self inductance 1/7 H
isin series with a 300 O resistor. A200V, 200Hz acis
applied to the combination. Find phase difference
between voltage and current.

Lo 2rnfl
l’ :tan = —
Solution ¢ 7 R
L:lH,fzzoo Hz, R=3000
Fry
) ang o 27X 200x1 _4
enee 300x7z 3
4
=tan '| —
o som(]

Example 10.15: Acoilis connectedtoa 220V
and 50 H_ alternating source develops 200 watt power it
draws a current of 2 A. Find the resistance and
inductance ofthe coil.

Solution: Power? =1_ R

given V=220V, f=50Hz , 7, =2A
P=200W
- L2090 500
!F;?'B' (2)_
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7. 220
7=tm 2204100
RN 2
From Z°=R>+X;

X, =N7Z7 - R = J(110) —(50)° =98Q

X, =Lx2xf
X, 98
27f  2x3.14x50
L=0312H

Example 10.16 : A coil of inductance 0.4 Hand
negligible resistance is in series with 120 ) resistor. Ifit is
connected to 200/ w Hz; 100V ac source, thenfind total
impedance, phase angle and current inthe circuit.

Solution : Impedance 7 = \JR* + (Lo

givenis L =04H R=120 O, f =22 Hz
/A

V.. =100V

FHL

Z = J(120)° + (400 x 0.4)°

0=2000

@ = 2x3,'l4x@:400radfs
Fry

tan l[ﬁ]—tan 1[
=

V100
Z 200

10.4.5 R-C Series ac Circuit

400 % 0.4
120

¢

e

0.5A

FHEF

R
||

()
~ =1 sin of

Fig 10.23 A series RC ac circuit



Infig 10.23 anacvoltage }* =} sin w? 1sapplied
to a series combination capacitance Cand resistance R,
Atanyinstant?, ifthe voltage acrossR and Care }, and
J.and the current is | the resultant voltage developed
across the R-C combinationis 7, . FromKirchhoff's law

weget V-1,.=0.
Vo R
O — ] O — 1
0 - ¢ 7
V.IL\\ I
) L2 :
I o x{: 2 E
RS . l— L AN Ll . A
¥ ~Fy
Fig 10.24 Phasor diagram Fig 10.25 Impedance
of RC scrics ac circuit diagram

From phasor diagram 10.24, it isevident that }_,
isinphasewith/ ,But}’ lags behind the current by 7/
2 . The resultant potential across the combination is

Ve = Y, I:;R + I:;( ButV =7 Rand Vmc - ]mXC
J/,n.IRC‘ = J( !m R)2 + (!m XC)E

=1 JR+X.

7

T
mRCT

m O

)

m

JR+ X7,

here fR* + X is the effective obstacle in the

circuit and is called impedance Z ofthe circuit. Hence

Z=JR+X}

7= R +[;]
Ce

From fig 10.24, it is clear that on applying
sinusoidal voltage to the RC series combination siusoidal
currentis obtained. But the current leads the voltage by

anangle 4.

... (10.20)

-

" R

1

nr

=7

ar

...(10.21)
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7=1 sin(of+4) .(10.22)

Fromfig 10.25 we get the imdepance of the circuit.
Resistance is shown on X-axis,while X . on Y-axis. The
resultant Zis represented by OA, which makes an

angle ¢ with X-axis.

. X X
tan ¢ — i _lmtte &
mlt ImR R
X,
l ) .
and  ¢=tan [—R( ] ... (10.23)
by
| |
m [~ /’h\
N / \\\
0 \\\ - :,f Y,
a Ing
A /
\\\- Fd

Fig 10.26 : V-1 graph for seres ac circuit

Reactanee

Resistance

Fig 10.27 Phasor diagram for the circuit

Thevariation ofac voltage and current in series R-
C circuit with ozisas shownin Fig 10.26. 1tis clear that
both the voltage and current have same fregency, but
current leads the potential by an angle ¢ . Fig 10.27
shows the phasor diagram for the combination.

Example 10.17: Aseries combination of 100 pF

capacitor and 40 £ resistor are joined to 110V, 60 Hz
ac source. Find maximum current in the circuit.

4

Solution: /=

given =110V, (=100 x 10<F
R=40Q, f =60 Hz



7 110

N
(100x10 " x2x3.14%x60)”
110 ~ 110
0y + o J(40Y +(26.54)?
(376.8x10 *)*

=220A
10.4.6 L-C-R Series ac Circuit

=1 sin of
Fig 10.28 : L-C-R series ac circuit

The AC voltage V' =¥ sin wf is applied to the

series L-C-R circuit. At any instant 7, the cutrrent in the
cujrcujt 1sI. The voltage developed across the elements is

VoandV  V, —IRV, —1XLand ¥V —1X . Thenet
voltage dev eloped across the series combmatlon sV, .

FromKirchhoft'slooplaw weget -V, ., =0

v Y

mi

Fig 10.29 : Phasor diagram for X, > X _
From the phasor diagram (10.29) we see that }_
is in phase with [ while I’ leads the current by
+7/2 and V_.lagsthe currentby —7/2 . Voltage

across Land C are opposite to each other, hence V', .=
(V_, - ¥ ). which is perpendicular to V_,

(For X >X.)

SO Ve = + (V) and
V=1 RV =1X andV .=1 X.
osen = R+ (1K, —1,X.)
=1, JR +(X, - X,
I, = Vo

- = (10.24
JR+ (X, - X, ) ( )

\XRE +(X, -X.Y = Z is the effective
resistance of the series combination, and is called
impedance ofthe circuit.

Z=JR+(X, - X,) ..(10.25)
X,-X
tan o = L &
P=TR
_ ; I .
Z:\/R‘Jr(La)— Sy ... (10.26)
Co

Thecurrent/ lagsthevoltages ' byanangle ¢ .

IfX > X, V. >V, thecurrent willlead the voltage.

_ ImXL _‘!mXC

X, - X
¢=tan 1[%] ..(10.27)

Fromeq. (10.26)and (10.27)itis clearthat both Z
and ¢ depends onthe three element R, X and X .

Special Conditions -
Oy >V kX >X,

7 =R +(X, - X,)* Fromeq.(10.25)

¢ = tan” [—XL — e

7 jFrom eq. (10.27)

The phasor diagramisfig. 10.29. Thevalue of ¢



will be positive and havethe value between Oto 7/ 2;the
circuit will behave like L-R circuit and current lags the
potential. In this condition Zis given by fig. (10.30); ac
voltage and currents are given by phasor diagram
fig.(10.31).The current in the circuit is given by

_..(10.28)

! =1, sin{of—¢)

Reaclance
A

R Resistance

Fig 10.30 (X, = X)
mmpedance diagram

Fig 10.31 Phasor
diagram (X, = X )

(i) IfX. =X andV =V  thentrom equation

(10.25) Z =R +(X, - X,y

X, -X
and From (10.27) ¢ =tan ' [fj

Inthis current leads the applied voltage and value
of ¢ will be between 0 tozr/ 2. And the circuit will
behave like R-C circuit. And the current inthe circuit is
givenby

I=1,sin(ot+¢)

v JBeactance

Resigtance

K

Fig 10.33 Phasor diagram
for (X .= X))

Fig10.32 (X = X))
mmpedance diagram

() If X, =X_or} =} _then =0, andthe
resultant voltage and current arein phasei.ethey have the
some phase. This condition is called resonance.

10.5L-C-R Series Resonance Circuit

Ifan accircuit contains L,C and R in series, then
normally a phase diffence exists between voltage and
current due toimdepance of these elements.

If the trequency of the applied ac voltage is
increased @l get increased and 1/ @C decreased
whereas R is unaftected. By decreasing frequency, ai.is
decreases 1/ & increases. Acondition will reach when
X, =X ;sothat the resultant reactance X, - X =0,

¢ =0. The current in the circuit is maximum. This

condition is called resonance. And circuitis called series
resonant circuit.

Forresonance X, — X, .. (10.29)
and X — X, - X.=0 Fromequ. (10.25)
Z—Z —R ... (10.30)

which means the impedance of circuit will be
minimum and equal to resistance.

Fromeq.(10.27) ¢ =tan '(0) =0

which indicates that the resultant voltage and
current are in same phase. Hence from equ. (10.28)

.(10.31)

I'=171 sinwt ...(10.32)

Atresonance angular frequency @, ; X, — X

1 1 . _
Jo,=— ot p =— (o,=2xf)...(1033)
(o T VLC

r

and the resonant frequency /,

1
foe—r= 103
2”\/]? ... {10.34)
. L/m.l’.(.'.f-{
The peak value of currentis (7, ) ., = R
V,
1- ) N — FHIE
Or ( THiY )'I'I'I:i)\ R

For the condition of resonance, impedance and
phasor diagrams are given by Fig. (10.34) and Fig.
(10.35).



XA

‘X.‘ JII

O » K

«Y.-_- ¥ I

Fig 10.34 Impecdance
at rcsonance

Fig 10.35 Phasor diagram
for resonant LCR

The variationof/ andimpedance Z, othe series
L-C-R circuit is given by fig. 10.37 and fig. 10.36. At
resonant frequency (/) willbe maximum and Z will be

JagilaliagIbigan
M
7 | = e bee——e _ Vrms
7. lrm:s : (ln'n:s)mux_ [H
|
|
Zpin=R !
f. r f. r
Fig 10.36 Graph between Fig 10.37 Graph
fand Z between fand 7

Analytical Solution of L-C-R Series Circuit

For L-C-R series circuit the voltage equation is

50 L£+m+@=Vm sin@! byt{ -4
dt ¢ dt
Ld ?+Rﬁ+i:ﬁn5inwr (1)
dr? dt ¢

This equation is similar to the equatition of forced
oscillations, henceits solutionis

g =, sin(of +6) - (1)
and % =g, cos(wi +0) (i)
d’ 2
dr? =—q o sin{(@f +6) A1)

Substituting these valuesinequ. (1)

g, 0[Rcos(at +0)+(X. — X, )sin(wt + )] =V sin ot
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¢,0z £cos(mﬁ +0)+ Ao =&, sin(wf +() | =V, sin o
Z Tz
R X.-X .
Letus — = cosg, ———=L =sin
VA ¢ V4 /
Xr: _ XL

tan ¢ =

gé:tan I[X(.';?XLJ Or

4,02 [cos(a)r +8) cos ¢ +sin{wrf + F)sin gé] =V, sinof

g,0z cos(el+68—@d) =V sinof
Comparing both sides ot the above equation

I”fﬂ = (:{m 0)2 = Ifﬂz

SO ]m = QmGJ
Fia
G—¢=—=
and ¢ 2
8=——+¢
From equatiom (iit)
dg ig
—=7=7 cos(wt+¢——
” » COS(WF +¢ 2)
Or I =1_sin{al+d)
E = COS(E} and u = Sillg{f'
z 7z
Squaring and adding

E-ﬁ- (Xc _:Xx_)z —

- : 1
Z° z

=R +(X.-X))

Z=J(R)+(X.- X,y

Example 10.18: Find the voltage of the given ac
circuit,




2\
N/ T

Solution : From Phasor
Vo=V + 0 -V, )

here  J =40V,
V=40V, 7,=80V

= J(40)* + (80 — 40)’

— 402 =56.56V

Example 10.19 : AseriesL-C-R circuit contains
R=120,X=18 Qand X,=23 Q . Find the
impedance of the circuit and phase ditference.

Solution : Impedance ofthe circuit

7= R +(X,— X,

R=120,X, =230, X, =180

7= J(12)* +(23-18)’

=144+25 =169 =130
and phase difterenceis given by

‘X(.' _‘XL _i
R 12

N
oen ()

Example 10.20 : Avoltage source of 110V, 50
Hz is connected to series combination of R =10 Q;
L=2/nH,and C=1/ 7z uF. Find phase difference
between Vand .

tan ¢ =

Solution : Phase difference is given by

tan & = o L
¢ R

Given R:'IOQ,f:50Hz,I,ZEH,C:LX'IO o
Fis Fis
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| cix2 g
2 fxC

tan =
¢ R

1.] —2><27r><50
2rx50x  x10° %
tan ¢ = T

10

10*- 980
10-200 _ _ 980

10 10

¢ = tan '(980)
Example 10.21 : For a L-C-R series circuit,
voltage and current are given by 7 = 300sin 100¢
and / = 6sin(100f — ¢) . Ifthe resistance inthe circuit is

of 40 Q, find (i) impedance (i1) reactance (iii) phase
ditterence between voltage and current.

Solution : Impedance

Z=JR+(X, -X.
given ¥ =300V [ =06A,®» =100rad/sand

R=40 Q1
oo 300
: Z=-"= =500
(1) }'m 6
() =R+ (X;—XC)Z
X = (XL—X(_,):\,‘ZE—RZ

= J(50)" —(40)" =300

Phase difference is given by

@) ¢=tan I[L ;X“ ]

Example 10. 22: Find angular frerquency and



frequency formaximum current in anac circut containing
aninductor of L=0.5H and acapacitorof C=8 pF .

Solution : Resosant angular frequency is given by
T NLC

because current is maximum at resonant
frequency,

)

so, @ =2 nf
7=05H,(=8x10"F

1 10°
@, = ——————=——=500rad/s
J05x8x10°% 2
500 250
v 27 2; T

Example 10. 23: At resonance the values of
R=20Q,L=0.1 Hand C =200 pF. Ifthe inductoris
replaced by L = 100 H, find value of C for same
resonance frequency.

Solution : Given for first condition L =0.1 H,
C =200 uF forsecond conditionL=100H,C="7?

Since resonance frequency 1s same
1 1

I = =

T pNLC 2 J1C
C=rc

0.1 x 200 x 10 =100 x C'

0.1x200x107
100

Example 10.24 : Awave of wavelength 300 m is
being transmitted form a center. We have a capacitor of
(C=2.4 pF Find thevalue ofinductor to tune (resonance
circuit) the station.

!

=0.2uF

1

2 IC

Solution: f =

given A4=300m, ('=24pF
- - 3
o= 3 g
A 300
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L:%
4z f°C

1
L= S -
4x(3.14)" x(10°)* x(2.4x10 )
Example 10.25 : Anac circuit of 220V, 50 Hz
has aresistor of 11 ), inductor of 2 / 7 H. For what

value of C the circuit will be at resonance? At so find the
current inthe circuit.

10°H

hence

1

2 IC

Solution: J =

gven V=220V, / =50Hz R=110,L = = H
b4
YL 4t 2 k50450
=

The current in resonant circuit

— Vrms' — s
s z min R
IMHZE%QZOA

10.6 Half Power Point Frequencies, Bandwidth and
Quality Factor of a Series Resonance Circuit

10.6.1 Half Power Points of Frequency

Fig 10.38 shows variation of current /,_ with
freqency in L-C-R series circuit. At resonance frequency
the current in the circuit 1s maximumi.e. (/) .The

power dissipation willbe (I, ) R and will be

max 7

maxamum,
-
(L) e |
7™
3
A >/

Fig 10.38 : Current T__and frequency fgraph for L-C-R circuit



There exist two frequencies f,< £ and f, > f, at
which the current in the circuit will be 1/2 of the
maximum value. And the circuit comsumes halt'the
power ofits maximum value. These frequencies are thus
called halt power frequencies. At these freqencies the
effective currentisgivenasI .

. | 2
I R=—(I_ )} R
FHS 2 ( FHLE )max

Ry \/E
=0.707(1,,)

Hence the current at halfpower frequencies will be
ofthe maximum value.

10.6.2 Band Width
L-C-R resonant circuit is able to absorb more
energy fromthe sourcein the frequency interval (7,- 7).

This gap between the half power frequencies /-7, is
called band width.

the current at half power frequenciesf and £, is

AR JE
Ilrf'ms — /T?'fH.S'
\/R3+(Lm— Ly V2R
o

or R +(lo-—y =21
[&/)]

or  (o-—y -

o
1
Or [La) - ] =+R
o
K.

for f, Lo, L -R & .(10.35)

co,

| )

for f, lo,——=R .. (10.36)

ced,

2

Adding the equation 10.35 and equation 10.36 we
get

Lo, +(93)—%{L+ ! ]:0

® o,

1w+,
or Lo +o,)=—]—=
L oo,

1
Or oNG I 7 ... (10.37)

Similarly subtracting equ. 10.35 fromequ. 10.36

L((az—(91)+l[i— 1 J:2R
c\o, o,

or  Lo,-o)+~| CT2 o
Cl oo,

We get
2l{0, —w)=2R

R
(@ —o)=+ . .(1038)
. R
hence band width =@, —®, = -
. R
Ay ...(1039
Or J.— A by (10.39)

The above equation gives the expression for band
width.
10.6.3 Quality Factor

Behaviour of L-C-R circuit depends on the value
of R. At different values of R, we see that asthe value of
R decreases, sharpness of resonance curve increases.
Resonance current will be maximum and band

] X R ] o
width 7, — f, = —— willbe minimum.
2l

Hence at low values of R, the resonances curve
will be more sharp, as given by fig10.39.



Fig 10.39 Comparision of Band with for R, <R, <R

Forlargevalueof R, thevalueof(/ ) decreases,
and band width increases.

By changing the frequency below or above £, the
changein(/_ )  sharpensthecurve. Ifthechangein/
is slower, flater the curve. The sharpness of the
resonance curveis given by a characterstic factor called
qualiy tactor Q.

0= N,

o
f-h R

resonant requency
band width

1

VIO

Lo, 1

... (10.40)

(42

0= =— L
- R ORNC

O Capaitive or inductive reactance at resonant froquency
X

... (10.41)

Or

resislance

Potenlial en L or C \‘_. ¥,

Or

Q B Applied polential v
Normally O {;hence V, or V',.> V' sothereisa
voltage amplification and Q is also a measure of voltage
amplification. Series resonant circuit is used to tune a
radio. It is also called selective circuit. The signal
recieved by the antenna work as a source. To select a
specific station we tune first by changing inductor L and
then change the capacity ot the capacitor such that
frequency of'the circuit is equals to the transmitting
frequency ofthat station. So the signal of this frequency
gives maximum current, and the other near by
frequencies are supressed by dominance off. The side
frequencies are more supressedif Q is large.

Example 10.26 : AnL-C-R circuit contains R =

253

100 Q, L=1mHand C= 1000 pF. Find the resonant
frequency and band width,

1
2N LC

Given R=100Q,7 =1xH,( =1000 uF

Solution: f =

1 1000

L= == Hz
272410 3 x1000x10 ° 27
R 100 5000
Band width . — f = - _ = Hz
andwidth /, =/ = =005 =,

Example 10.27 : Aseries L-C-R circuit contains
R =14 Qandinductor of L=7mH. Thefrequencyofthe
source is equal to resonance frequency. [fthe quality
factoris 1/2 then find (i) Band width (ii) capacitive
reactance.

R
Solution : Band width @, — @, = 7

gven R=14Q,L=7x10°H 0 :%

o, -0, = 1_4 —=2x10"m
Tx107
0-—
e xR
1 . 1
— =(OxR=—x14=70
Cw 2

Example 10.28 : Resonant frequency of an
L-C-R circuitis 600 Hz. At frequencies 570 Hzand 620

Hz the current in the circuit is 1/ \/5 of its maximum
value at resonance. Find quality factor, X, X', /.and C'at

resonance. (R =30Q).

Solution: (0= L
Jz _f1
gi\»'en f, =600Hz, ﬂ =570Hz, f: _ 6201z
0=_%0 __,
T 620-570



()=—=
R
Lo =0xR
Lo, = ‘1
Co,
1
—=X.=36Q
(o

Also at resonance X, — X hence XC=306.

Lo, =36
;=30 36 _ 36 = 9.56mH
or 2xfr 2x3.14x600
1
=36
Co,
1 1 =737 uF

(= =
36x2xfr 36x2x3.14x600
10.7 Average Powerin AC Circuit

The rate of absorption of energy 1s called power of
the circuit. It is the product ot voltage and current in the
circuit. The voltage and current has a phase difterence,
depending on its elements, hence the power also
depends on phase. Let the voltage and current at any
instant be

V=V sinel

I=T1_sin{wf—g¢)
potential by ¢

here current lags the

Hence instantaneous power1s
P=VI=VF_smmetx] sin{of—¢)

=V.I

W

sin w1 sin(w? — ¢) ... (10.42)

using [sin CsinD = %{cos((..' - D) —cos(C + D)}}

1 [cos g — cos(2wt - ¢)]

P:lV {
2

254

nrm ni—m

P= %V 7 cosgé—%V I cos(2af—¢)...(10.43)

It shows that instantaneous power has two
components. Oneis constant and other varies with time,
periofically. The average power over one complete
cycleis -

1
P =—F 1T cosgg—
an 2 ¢

%V T cos(Zeit — ) the

WO WO

since average of cosine function over one complete
cycleiszero.
1
==V 1
2

moonr

1
cosd——=F [ x0
$ 2

moonr

[ cos(2wi — ¢) = 0]

1
P ==V 17T cos
av 2 ¢

W

v, I

v = = = COS¢ = I”:'H.’S’ I}ms‘ COS ¢
NG : ... (10.44)
P =P, cosg ... (10.45)

here £ _iscalled virtual powerand cos ¢ is power
factor ofthe circuit.
10.8 Power Factor

The cosine of the phase anglebetween AC voltage
and AC currentin the circuit 1s called power factor of the
circuit. It depends on the elements ofthe circuit. From
equation(10.45)

average povwer

P
cosg=—"=
wir virtual power
Theratiocof 7 and /7 isequal to power factor
(cos¢) . It is a dimensionless quantity and its value is

between 0 and 1. If power factor of a circuit is zero,
energy loss inthe circuit is zero.

ForL-C-R series Ac circuit

X, ~X-
tang = ———
¢ R

R
JI+(X, ~ X,

cosg =




R
CoSQP = —
? Z

... (10.46)
Theratio of resistance and impedance in L-C-R
circuitis called power factor.

Special Conditions

(i) For pure resistive circuit- In this circuit
voltage and current are always inphase, 1.e. ¢ =0 cos¢

= P_whichmeans

iLid

=1,powertactorisl. P_=V_ 1
that ina pure resistive circuit power tactor is unity, and the
circuit consumes maximumpower. And £ _=#£ . The
fig. (10.40) gives instantaneous values of F'and / and it

shows that power consumed by the circuit 1s maximum.

0

Fig. 10.40 Power in resistive circuit

(ii) For pure inductive circuit - Inthis circuit the
applied voltage leads the current in the circuit by

¢ = /2 hence the power factor cos¢g=0and P’
0. Inpure inductive circuit the average power consumed
over acompletecycleis zero. Fig (10.14) shows that the
area of positive loop (energy absorbed)is exactly equal
o the area of negative loop (energy returned).

(iii) For pure capacitive circuit - Inthistype of
circuit, the current leads the applied potential by z/2 1.e.

¢

= —x /2 hencethe power factor cos¢ =0
Fromequ.(10.44) P =0

Inapure capacitive circuit cos¢ = R/ Z alsothe

average power overone cycleis zero. As evident from fig
10.18. The area of positive loop of power curve is equal
to the area of the negative loop of the same curve,

(iv) For L-C-R series circuit - In this circuit, at
resonance, } and [ are in same phase, 1.e ¢ =0and
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cos ¢ = 1, the circuit has maximum power factor.

Inelectric fan and induction motor, the value of Lis
very largedue to many turnsof itswinding, henceits ¢is
increased and power factoris decreased. Toreduce ¢, a
condensor (capacitor)is used so thatgapproaches zero
and power factor approachesl. The motor gets
maximum power and fan moves faster. Thatis the reason
of changing the condensor ofa fan, when such problem
arises.

10.9 Wattless Current

The AC circuit which has an inducter and a
capacitor but no resistance, both voltage and current are
present, but average power is zero.

Lo cos[i zj =0
2

which means that although the currnet exists, its
contribution to power (watt) 1s zero. Hence called
wattless current,

-

P

o

FHES

Even whenthe current is having a phase ¢ =7/2
0,with voltage, there is a component of I, which has a
phase difference of 77/ 2 with voltage. this component
does not contribute to the power, and called wattless
current.

Fromsection 10.7 we have

instantaneouspower /' =} 7

O

sin wf sin(w? — ¢)

-

P=ri

H

sin w#(sIn @f cos P — COs @i SIn ¢&)

L

_ 17 T e ks : : .
P=V I sin“atcosg -V, I singsinmicosmt

wWeom

, . | S
P=V17 cosqﬁsm‘wr—%sm@smﬂur

WO

P=P-P,

The average value of component £, forone cycleis

P =V (I cosg)sin® o ...(10.47)

:M ('.'Si]'lz a)[:l)
2 2
Similarly averageot P_-
2 :Msin 2wt . (10.48)



The contribution of component
P. =0 (:5in 201 =0) for a complete cycle

average value of (- sin 27 = 0) hence Ps — ). This
component of current, 1s called the wattless current in
thiscase.

From the above calculation it is clear that if a
resistance is used with a reactive element X, the current
can be resolved in two components, one component

I cos@[% cosq}j is in phase with the applied

voltage and called working current. Similarly the other

component of current /__ sin ¢ has aphase difference

of 7/ 2 with voltage and contribution to power is zero,
and is called wattless current.

I

Y

sin
A

/..cosd

I
-

1S

Fig 10.41 V-1 graph for RC ac circuit
Example 10.29 : An ac circuit of source 200 V;
50 Hz hasresistance of 10 Q) , and inpedance 14,1402,
Find (1) Power factor (11) Virtual power (111) Average
power (1v) the value of wattless current.

Solution : Given

4

rHiy

=200V, f=50Hz, R=10 O

and Z=1414 0
_ cosg= R 10__ 1
® Z 1414 V2
(“) Viftual Power Pw’f' - Izims‘frfm‘
|24
Ve 200200 o
Sz 14.14
(m)  Average Power P =V 7  cos¢g
1
=2820%x—=2000W

NG
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v

(iv)  Wattless Current =/, sing=-—""-xsing
1
cosgp=——
(-5
200 si 7 _ 200 XL:IOA
14.14 4 14.14 2

Example 10.30 : For an AC circuit, voltage and
current are givenby 17 =100sin wr V

T= sin(mH%)A

Find : (i) Power factor (i1) Average Power (iii)
Wattless current

Solution : Given V. =100V, =1A, ¢ :%

7 1
(1) Power factor =C0S¢ 08— = 3
3
i} Average Power :I/:-msfm.ls' Cosﬂﬁ': £ XiCOS(ﬁ'
e NN
100 1 1 _oswW

_fxﬁxa

1 sing

(iii) Wattless current =/, sing =

>

=061 A
10.10 Choke Coil

A coill withvery high selfinductance and very low
reisitance is called a choke coil. It is made by winding
thick, insulated copper wire over alaminated iron core.

Due to high self inductance and very low
resistance, ¢$=90" ,and cosgp=0 . Thereisa

negligible power dissipationin thecoil. Also dueto highL,
itsinductive reactance X , islarge, and it is highly eftective
in controlling AC current without significant losses. Itis
used in flourosent lamp and mercury/sodium lamp. In
chokethe most ofthe current is wattless current with high
value of . If aresistance is used to controll the current,



instead of choke, thereis very highjoule loss.
Metal Detector

It works on condition of resosance in AC circuit.
When somemetal/A person with metal comes in contact
with cotl ofthe circuit, itsimpedance changes which bring
about a change in current, which is heared as a beep.

10.11 Transformer

A device by which we can change ac voltage. Ttis
based on the principle of mutual inductance. It is called
transformer.

10.11.1 Construction

Asintig. 10.42, it ismade up of a rectangular or
any other shaped laminated soft ion core. The soft iron
laminea are placed one over the other and an insulating
liquid (Lekar) is poured between them. Two coils of
insulated wire of Cu/Al are wound over theiron core.
The coil on whichinput AC is applied is called primary
coil, while other, trom which AC out put isdrawn is called
secondary coil.

10.11.2 Principle and Working

When AC is applied to the primary coil, the
changing magnetic flux produced in iron core 1s
associated with secondary ceil. This changing magnetic
flux produces emf in secondary coil according to
Faraday's law. The magnetic fluxis confined to iron core
and there is very little leakage due to packed winding.
The frequency of AC in secondaryis same as that of AC
inprimary.

Lanmuinated

o

Primary
coil

secondary
coil

l
l

Fig 10.42 Transformer

Let the number of turns in primary and secondary
be N,and N At any instant ¢, the voltage applied on
primary coil I, produces a flux ¢, due to which emf
induced between the ends of secondary coil of N turns

v
Todt
The changing flux ¢also produces esfin primary

L=

...(10.49)

l

w

l
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which is called back esf.
, d
L, =- },?f .. .{(10.50)

When the secondary coil 18 1n open circuit or very

small currentis drawn, then £ =1 and F; =~V .

-
F,=V,= P .. (10.51)
S d¢ _
Lg=V,=- S ...{(10.52)
V. N,
deviding we get I_S - N—TS .. (10.53)

r

Itthereis no energy loss in transformer, the input
power is equal to out put power. (Inideal transtormer)

IV,=1F, .. (10.54)
Fromequ. 10.53 and 10.54 we get

s Ny Ip

v N 1 ... (10.55)

F P s

The ratio of voltage in primary and secondary is
equal to the ratio of number of turns in primary and
secondary coils. The ratio of currents 18 primary and
secondary coils is equal to the inverse of the ratio of
number of turnsin them,

10.11.3 Type of Transformers

(i) Step-up Transformer- WhenN_ = N then
V.>V,andcurrent/, = [, Suchtype of transformer is
called step up transformer.

(i) Step-down Transformer- When the number
ofturnsin secondary N, isless than the number of turns in
primary N, the out put voltage J_ is less than input
voltage J” and the current in secondary /_ is greater than
current in primary 7. Such transformer is called step-
down transformer.

Hence when N = N then ' = 1" and / = [ If
there is no loss of energy in transfering power from
primary coil to secondary coil, 77, — P Theefficiency of
such transformeris 100%.

Practically no transformer has 100 % efficiency.
There1s always an energy loss in one way or the other.



Thefollowing are the energy losses in transformer.

(i) Copper losses : The primary and secondary
coils have very small but non zero resistance, due to
which heatis produced dueto joule effect (power loss —
F’R). Thislossis called copper loss. Toreduce thisloss,
thick, copper wireisused for windings.

(ii) Losses due to leakage in magnetic flux -
The whole tlux produced by primary does not passes
through secondary, due to faulty winding or air between
laminea of iron core, there is aleakage oftlux. Toreduce
thisloss thetwo coils are wound over each other.

(iii) Eddy current losses - The change in magnetic
flux through the iron core, induces small current loops in
it, called eddy currents, which dissipates energy in the
form of heat. To reduce thisloss, the transtormer coreis
laminated.

(iv) Hysteresis Losses - The magnetization of
iron core is periodically reversed as per the AC
frequency. Hysteresis loss ocures in each cycle, dueto
reversal of magnetization. The area of hysteresis loop,
represents the energy loss per second per unit velume.
The soft-iron coreis used to reduce this loss, which has
minimum area ofits hysteresis loop.

Transformers are used in power transnussion and
impedance matching. Audio frequency transformer are
used in telephony and radiotelephony and radio
frequency transformers areused in radio communication.
The transmission of electrical power to distant areasis
done at very high voltage and low current, to reduce the
transmission loss. For this stepup transformers are used.
It is clear from example 10.32.

Example 10.31 : The current in primary coil ofa
transtormer is 1 Aat input power of #4. The voltage at
secondary coil is 400 V. If number of turns in primary

coilis 100, find number ofturnsin secondary coil.
Solution :
Pa’n - I':_’]P

given 7,=1A, P, =4000W, V=400 W

258

N, = 100
p, = Lo 2090 _ o0ow
IP
Ve _ Ny
oo Np
= 100=10
4000

Example 10.32 : A transmission line has a
resistance of 20 (2. The power to be transmitted 15 6.6
kW. Ifthe poweris transmitted at (1) 22000 V (11) 220 V.,
Find power loss and voltage drop in both the cases.
What conclusionis drawn from this?

Solution : Infirst case, P= 7

)7
V
given P =06KW, R=200Q,
Vo=22000V, ), =220V
I 6600 _03A
22000
Powerloss due to heatis PR=(0.3)"x20=1.8

W
Voltage drop onlineisIR=0.3x20=6V
6600
i)/ =——=30A
For case (it) 770 3

Powerloss dueto heatis I°R =(30)*x20= 1800

Voltage drop onthe line1s IR=30x20=0600V

Tt is concluded that all type of losses are less when
power transmission is done at very high votage, 1. 220
kVor400kV.



Important Points

Sinosuidal Ac voltage or current is expressed by -
V=V sinal
or /=1 sinwi

Average value of AC voltage/current for whole cycleis zero for positive and negative half cycles the average
valueis

7 o—+2n_ 196377

av
T

Values givenfor AC voltage and currents are their/_ values, it is also called effective values.

L=te_gq071

IR \/5

The obstacle produced by an inductor in AC circuit is called inductive reactance X, and by capacitor its
capacitive reactance X, .

X =Lo=Lx2xf

1 1
Xo=—=
co  ex2xf

Obstacle produced inR-L, R-C and L-C-R circuit is called impedance Z.

forR-Lcircuit Z = (R* + X

R-Ccircuit Z = /R + Xf:

L-C-Reircuit 7 = (/R + (X, ~ X,,)°

Phase angle tor different AC circuits the phase ditference between voltage and current is as given -
for pureresitaive circuit tan¢g =0, ¢ =0

pureinductivecircuit tangd =, g=7/2

Pure capacitorcircuit tang = —c ¢g=—-7/2

X
R-L circyit ¢ = tan ' [?jj

X,

R-Ccircuit ¢ = tan ' [?(]

X, ~X
L-C-R circuit ¢=tan™ [T]
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10.

11.

12.

15.
16.

Forresonant L-C-R circuit

X, =X, mfzv%é
Z., =R f=——
min &Y 27[\/7(-__'
$=0

(cos ), =1

The trequencies lower and higher than resosnant trequency, where the current inthe circuit becomes ﬁ I

, are called halt power frequencies.

The difference between half power frequenciesis called band width.

I _ I
Aw=w,—0 =— Af=f—f=—"_
2 1 I or f fé j1 Sl
R
ﬂ_ﬁ_ﬂi

In resosnant circuit, the ratio of resosnant frequency f and band widthis called quality factor Q.

o=t _to
T LA R

In ac circuit the average power £, =V, [ cosgtorresistivecircuit P, =V 1 torinductive or

LT s TS

capacitive circuit P =0

P R

Power factor €08 = ——"——=— for pure resistance cos¢ = | ; for inductive or capacitive circuit

Pamrit Z

cos@ =0

The component ofthe current 7 sin¢ , whichis out of phase by 7/2 with voltage is called wattless current
sinceit don't contribute to power.
The transformer works on the principle of mutual induction, with its help the AC voltage can be steped up or
steped down.

Vs _ I

Transformer formula N_j = Z = 1]

Transformers are of two types, step-up and step-dn transformer for stepup N = N, forstepdn N = N,

The energy loss in atanstormer is dueto (i) joule eftect (1) eddy current (i) hysterissis (iv) flux leakage due to
faulty winding.
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Questions for Practice

Multiple Choice Question - 8

1.

RMS value of alternating current is -

(a) Doublethe peak value

(b) Half of the peak value

(c) Equalto peak value 9.

1
(d) E of the peak value

Due to which component of the current in AC
circuit leads the voltage in phase -

(b)Pure Inductor

(c)Pure capacitor (d) None of these

(a)Pure resistor

T
The AC current lags the voltage by Ein phase,

when the circuit has-

(b) Onlyinductor

(¢) Only capacitor (d)Capacitor and resistor
The unit of &(is -

(a) Ohm {b) mho

(c) Volt (d)Amp

Role of capacitora circuit -

(a) Only resistor

(a) Allows ac current to pass through

(b) Stopsac current

(c)Allows dc current 12.

(d) Stopsac current and allows dc current

Which of these does not have same units -

1
@ e (b) JLC

L
(© RC @ %

Anaccircuitisresonant at 10k Hz. If frequency is
raised to 12k Hz. Theimpedance of circuit will -

(a) Remainuneffected
(b) Increased by 1.2 times
(c) Willincrease and becomes capacitive

(d)increases and becomes inductive
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10.

13.

In a circuit current lags the voltage by 7 /3, the
elementsin the circuit are -

(a) Rand C (byRand L

(¢}Land (d)Only L

Power factor of'a pure inductor or pure capacitor
18-

(a) One
(©) 7
The current can be reduced in AC circuit witout
power lossby -

(b) Zero

(d) Greaterthan zero

(a)Using apure inductor

(b) Using pure resistor

(¢) Using aresistor and inductor
(d) Using resistor and capacitor

In an ac circuit the voltage and current are

. Fia
V=V sinptand =1, sm[(at _Ej , the

power disspated in the circuit will be -

I'rm}'m V;n ni
@~ ) 27
Vi
(c) > (d) Zero

InLCR series circuit the value of C=1F,L=1H
at resosnace, the freqency will be -

(a) 10° (b) Y2 27 x10°

© 5~ (d) 2zx10™

10°
i

The transformer core is laminated, so that -

(a) Magnetic field is increased

(b) Residual magnetizationis reduced in the core

(c) Magnetic saturation of core is increased

(d)Energyloss due to eddy currents is reduced



In the diagram, the X..
point whichindicated,
resosnanceis -

(ay4
(b)B
(c)C’
(d)yD

The ratio of currents in primary and secondary
coils ofatransformerwith 100 % efficiencyis | : 4.
the ratio ofthe voltage across the coils will be -

(a)1:4 bry4:1
(c)1:2 (d)2:1

X,

II3AC Df—

Very Short Answer type questions -

|F¥]

The AC voltage 1s given by equation
V' =200+/25sin1007z7 write its RMS value and
frequency.

Write down the realtion between Peak and RMS
value of AC current.

The current in an inductive circuit 1s given
by/7 =1, sinwt . Givetheequation for voltage.
The voltage in an AC circuit 18 given by

I7=200sin3147. Give the frequency of AC
voltage.

How the inductive and capacitive reactances are
effected byincreasing AC frequency?

A collhasinductance of 0.1 H. Finditsreactance at
S50 Hz.

‘What will be the phase difference between voltage
and current inseries L-C-R circuit?

What will be phase ditference between voltage
across inductor anf voltage across capacitor in
series L-C-R resosnant AC circuit?

What will be impedance in series L-C-R resonant
circuit at resonance?

What will bevalue of power factorin Ac circuit for
inductor, capacitor and resistor?

e

In series L-C-R resosnant circuit, capacity is

What i3 theunit of
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13.
14.

15.

changed to 4 times. What willbe new inductance
for the same resonanace frequency?

What will be RMS value of wattless current?

The ratio of number of turns in primary and
secondary ot a transformer is 1:4. What type of
transformer it is?

Write down the expression for wattless current in
accircuit.

Short Answer Type Question -

o

h

11.

12.

Why acis prefered to dc? Please explain.
220 V aci1s more danserous then 220 V'de. Why?
Draw graphbetween frequencyand X and X .

A capacitor stops DC current, whileit allows ac
current. Why?

A coil has ohmic resistance of 602, ifits impedance
15 10Q2, find inductive reactance X .

If / isthe resonant frequency of ac circuit. Give
phase realtionship between voltage and current for
(V= £G)f< £, G f> f.

What 1s band width? Write its expression for
L-C-R series circuit.

What are halt-power trequencies? What will be
the current at these frequencies?

Ifthe value of resistance and reactance are same
for acoil, what will be its power factor?

Inthe transmission ofelectrical energy, less power
factor of circuit means, more power loss. Please
explain.

Write down the expression for impedance,
trequency and power factor for aseries L-C-R ac
circuit?

Write downthe principle of a transtormer and its
uses.

Find average valueof ac current inits first positive
halfcycle.

Onwhat factors, the powerlossesn a transformer
depends? Howitscan be reduced?

Find the expression for impedance and phase
difference between voltage and current in series
R-L accircuit.



Essay Types Question -

1. Find current, phase difference, reatance and
average power used ina pureinductive AC circuit,
Also draw phasor diagram.

2. Derive expressionfor impedance and currentina
R-L series AC circuit. Draw phasor diagram.

3. What do youmean by resosnant circuit. Give the
required condition for series L-C-R resonant
circuit derive the expression for its resonance
trequency. Where this circuit 1s used?

4. Drawagraphbetweenfrequency and current fora
series L-C-R ac circuit. Derive expression for
band width, showing halfpower frequenciesonthe
graph.

5.  Derive expression for powerin AC circuit. How
this formula will change if the circuit does not have
reactance and resistance? Also define power
factor,

Answer (Mutliple Choice Questions)

1.(D) 2.(C)3.(B) 4 (B) 5(A) 6.(A) 7.(D)
8.(B) 9.(B) 10.(A) 11.(D) 12.(C)13.(D)
14.(A) 15.(B)

Very Short Answer Type Question -

— H

Jlr'm;s‘_
() 200V50Hz () T =77

. - T
(3) I":I'msm[a)r—l—E]

(@) 27f=314s0 f=50Hz

(5) Inductive reactance increases and capacitive

reactance decreases.
©) 314Q
T
(7) BetweenOand + 2

(8 180°
(9) Equaltoresistance

(10) Zero, zeroand one
(11) Second

H

I !
12, 134

sin @ (14) Step-up

(15) /__ sing
Numerical Questions -

1. TtV =50sin(157¢+¢) V for accircuit, find (A)
RMS value of ac voltage (B) Frequency of ac
voltage.

(35.35V, 25 Hz)

2. Atwhatinstantthe value of ac current will be equal

3
(1) halfits peak value (11) B3 ofits peak vahie fora

sinosuidal AC current.
(T/125;T/65)
3 I =100cos wt 18 apphed to a circuit containing

10 resistor and 100 mH inductor in series. find
the current in the circuit and phase difference
between voltage and current. ( =100)

(z/4)

4. Findinductivereactance for 100 mHinductor at
| kHz frequency. Find current in the inductor if
voltage appliedis 6.28 V.

(X =6280:,1=0.1A)
5. Aninductor has inductance 1 H (i) At what
frequency itsreactance willbe 3 140 Q ? What will

be capacity ofa capacitor to have same reactance
at same frequency?

(500Hz;0.11F)

6.  Acapacitor of capacity120 nFisjoined toan AC
source of freqency 50 Hz. Find its capacitive
reactance. Itthe frequencyis changed to S M Hz,
what will be the change in its reactance?

(26.5482, reactance will reducedto 2.654x10 Q)
7. Aninductorof R =100 and 0.4 His connected

30 _
t0 6.5V, ?HZ Acsource. Find average power

dissipated inthe circuit. (5:8 W)
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11.

14.

15.

A60V, 10 Qbulbis connected to 10 V, 60 Hz,
AC source. Acoilis connected in series. Find the
value ofinductance of the coil fortullillumination of
the bulb. (1.28 H)

A series L-C-R circuit containing R =200 L=
200mHand C=40Fisjoinedtoa 120V, 60 Hz
AC source.
Find (i) Total reactance (ii) impedance (ii1) power
factor (1v) average power.
(X =90,7=21940Q, cosd=0912 P=
598.58W)
Find the resosance frequency of series L-C-R
series circuit containing . — 0.1 H (' — 20 p F;
R=10Q. (112.6 Hz)

A sourceof V' —15cos@t V is connected to a
series L-C-R circuit having L. — {0 mH R -3 12
and C = 1 F. Find the peak value of current at
frequency 10% lessthan the resonant frequency.
(0.704 A)

A series L-C-R circuit of .— 200mH, C — 500
I R=100Q2 is connected to 100 V ac source.
Find -
(1) Frequency at which power factor of circuit 1s 1.
(11) Peak value of current at this frequency.
(ii1) Quality factor

(15.9Hz, 1.414A,0.2 A)

A coil has a power factor 0.707 at 60 Hz. What
willbe power factorat 120 Hz?

(0.44)
Aseries L-C-Rcircuit of L — 3 H, C - 80 [,
R = 40Q s joined to a source ot 230 V. Find (i)
Resonant frequency (i) impedance of circuit and

peak alue of current at resonance (ii1) RMS value
ofvoltage atall the three elements.

(50Hz,40Q,8.1A,230V,1437.5V, 1437.5V)

A transformer having 5000 turns in its primary
steps down 2200 }'to 220 V. If the efficiency of
the transfer is 80% and out put power is 8 kW,
find ()N (i), (iii) / (iv) Input power where the
symbols havetheir usual meaning.

(500,4.54A,36.36 A, 10KW)
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