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SINGLE PHASE AC CIRCUITS

Definition of Alternating Quantity

An alternating quantity changes continuously in magnitude and alternates in direction at rc eular

intervals of time. Important terms associated with an alternating quantity are defined below.

1. Amplitude

It is the maximum value attained by an alternating quantity. Also called as maximum or peak

value

2. Time Period (T)

It is the Time Taken in seconds to complete one cycle of an alternating quantity

3. Instantaneous Value

[t is the value of the quantity at any instant

4. Frequency (f)

It is the number of cycles that occur in one second. The unit for frequency is Hz or cycles/sec,
The relationship between frequency and time period can be derived as follows.

Time taken to complete f cycles = 1 second

Time taken to complete 1 cycle = 1/f second

T=1f
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Advantages of AC system over DC system

1. AC voltages can be efficiently stepped up/down using transformcr

2. AC motors are cheaper and simpler in construction than DC motors

3. Switchgear for AC system is simpler than DC system
L
Generation of sinusoidal AC voltage {
Consider a rectangular coil of N turns placed in a uniform magnetic field as shown in the fpure. The I
;

coil is rotating in the anticlockwise direction at an uniform angular velocity ol o rud/scce

rad/sec
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When the coil is in the vertical position, the flux linking the coil is zero because tie plane ol e coll
is parallel to the direction of the magnetic field. Hence at this position, the emf induced in the cotl
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zero. When the coil moves by some angle in the anticlockwise direction, there is a rate of
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flux linking the coil and hence an emf is induced in the coil. When the coil reaches the

position, the flux linking the coil is maximum, and hence the emf induccd is wls0 muxinat

the coil further moves in the anticlockwise direction, the emf induced in the coil reduces. Nextwhe

the coil comes to the vertical position, the emf induced becomes zero. After that the st cyeld
repeats and the emf is induced in the opposite direction. When the coil completes one comploi

revolution, one cycle of AC voltage is generated.
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The generation of sinusoidal AC voltage can also be explained using mathematical ¢quations.

Consider a rectangular coil of N turns placed in a uniform magnetic field in the position shown in the
figure. The maximum flux linking the coil is in the downward direction as shown in the figure. This
flux can be divided into two components, one component acting along the plane of the coil &, sinot

and another component acting perpendicular to the plane of the coil @, coswt.

w rad/sec

DnaxSinwt

The component of flux acting along the plane of the coil does not induce any flux in the coil. Only

the component acting perpendicular to the plane of the coil ie @ paxcoswt induces an em! in the coil.

= coswr

e:—N—dE
dt

e= —Nicbmax Cos ax
dt

e=ND _ msinax
e=FE sinax

Hence the emf induced in the coil is a sinusoidal emf. This will induce a sinusoidal current in the

circuit given by

(=1 sinawt



Angular Frequency (o)

Angular frequency is defined as the number of radians covered in one second(ie the angle covered by

the rotating coil). The unit of angular frequency is rad/sec.

Problem 1

An alternating current i is given by
1=141.4sin 314t
Find 1) The maximum value
i) Frequency
iii) Time Period

iv) The instantaneous value when t=3ms

1=141.4sin 314t

(=1 _sinwt
1) Maximum value Im=141.4 V
1) ® =314 rad/sec
f=w/2n =50 Hz
1) T=1/f = 0.02 sec
iv) i=141.4 sin(314x0.003) = 114.35A

Average Value

The arithmetic average of all the values of an alternating quantity over one cycle is called its (verage

value

Average value = Area under one cycle

Base

2r

Y, = L vd (ar)
27

av
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For Symmetrical waveforms, the average value calculated over one cycle becomes equal to zero
because the positive area cancels the negative area. Hence for symmetrical waveforms, the average

value is calculated for half cycle.

Average value = Area under one half cycle

Base

y =1 [va (e
2 0

Average value of a sinusoidal current

i=1, sinwi
i A 1 7[.'
ol [, =—lid(ar)
7T
|
0 , s I, =— |1, sinwtd(wr)
2T ot 7
21, n
-Im [, =—%=06371
V4
v
Average value of a full wave rectifier output . .
i =1, sin wl
i | 1 V3
+Im 1, =— [id(ar)
T3
O R 1 T
m 2T (ot I =— jl  sinaxd (@r)
7 0
-Im 2]
—_— 2 e i A |
! [, = =0.6371,,
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Average value of a half wave rectifier output : o

! m
i
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y RMS or Effective Value
|{ The effective or RMS value of an alternating quantity is that steady current (de) which when {lowing
g through a given resistance for a given time produces the same amount of heut produced by the

alternating current flowing through the same resistance for the same time.
R
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RMS value of a sinusoidal current

1=1, sinwi

R
l 2

1 )
+Im I =_|— lid(ar)
A rms 20T (_)[
0 0701 1”2‘-1
wt [ = |— JIW sin” axd (ar)
75
Im

| I =-m=07071,
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RMS value of a full wave rectifier output i=] N sin @t
i 1 B l 2,7'2 |
+Ilm ]rms = 57_3 J‘I d((U[)
7_/'
0 > I _ 1 12 o 2 / £ it
i 2 ot ms — a1 |4, SIN" ld(Wl)
CP 7
| -Im )
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Form Factor

The ratio of RMS value to the average value of an alternating quantity is known as Form Factor

RMSValue
AverageValue

FF =

el

Peak Factor or Crest Factor

The ratio of maximum value to the RMS value of an alternating quantity is known us the peak factor

-
-
MaximumValue -
RMSValue =
For a sinusoidal waveform i 2
1, =2tn 06371 wi
T v
1 "r
1, =——=0.7071, o
pF=tm - 970 _y 4
I, 0.6371 >
pr=tn o In _y414 B
I, 0.7071 0
For a Full Wave Rectifier Output » ﬂ- ;
1 =2l 06371, >
4 g
; =tn_g 7071, J
rms ﬁ e
FE = Irms 0.7071 111
I, 0.6371
PF = by __ Ly =1414
I 07071 -




For a Half Wave Rectifier Output

I, _tn 0.3181,

T
rms = _Il - O‘SIm

2

FF — Irms — OSIm _1
I 03181,

pr=tn = _In _,
I 05,

Phacer Repwecerdaiion

An alternating quantity can be represented using
(i) Waveform
(ii)  Equations

(iii)  Phasor

A sinusoidal alternating quantity can be represented by a rotating line called a A PhasOr | scisss s e s i

line of definite length rotating in anticlockwise direction at a constant angular velocity
The waveform and equation representation of an alternating current is as shown. This sinusoidal

quantity can also be represented using phasors.

. A
|
+Im

i=1 sinawt
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Draw a line OP of length equal to I,. This line OP rotates in the anticlockwise direction with a

uniform angular velocity o rad/sec and follows the circular trajectory shown in figure. At any

instant, the projection of OP on the y-axis is given by OM=0Psin6 = [,,sinwt. Hence the line OP is

the phasor representation of the sinusoidal current

w rad/sec
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Phase is defined as the fractional part of time period or cycle through which the quantity has

advanced from the selected zero position of reference

Phase of +E,, is 7/2 rad or T/4 sec
Phase of -E,, is 3n/2 rad or 3T/4 sec
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Phase Difference

When two alternating quantities of the same frequency have different zero points, (hey are said (o

have a phase difference. The angle between the zero points is the angle of phase dilference.

In Phase

Two waveforms are said to be in phase, when the phase difference between them is zero. That is the

zero points of both the waveforms are same. The waveform, phasor and equation representation of

P B e 0 A A e A A A A A 8 A A A A A8/ A A A A8 A

two sinusoidal quantities which are in phase is as shown. The figure shows that the voltage and

current are in phase.

WYl == M

i;n- —/ S |

v=VF_sinwil

i=1_sinwt




Lagging

In the figure shown, the zero point of the current waveform is after the zero point of the voltage

waveform. Hence the current is lagging behind the voltage. The waveform, phasor and equation

representation is as shown.

Wi == g
/ \
bief - /- ke |
/ X N\
3 \
//[ // \\
D) s N 7 —
‘-(6.’ n\\ N \ /x St
'\\ - 1[:_/,,/
\\\ //’.

v=F_sinal

i=1, sin(wt — D)

Leading

In the figure shown, the zero point of the current waveform is before the zero point of the voltage

waveform. Hence the current is leading the voltage. The waveform, phasor and equation

representation is as shown.

\ Q)

Vm ™ V
lin ——' \\
AT/ N
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v=V, s wt

i=1, sin(wt+D)
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AC circuit with a pure resistance

R
JAVAVAVAVA
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Consider an AC circuit with a pure resistance R as shown in the figure. The alternating voltuge v is

v=V sinar

given by

The current flowing in the circuit is i. The voltage across the resistor is given as Vi which 5 the
same as v.

Using ohms law, we can write the following relations

. vV sinawt
==
R R

= Im 10 07) S )

Where J = ﬁ
m
R

From equation (1) and (2) we conclude that in a pure resistive circuit, the voltage and curicnt e in

phase. Hence the voltage and current waveforms and phasors can be dravei as below.

Vo Vv
I - =\
" v A
O TT\\ R t
Fia wt




Instantaneous power

The instantaneous power in the above circuit can be derived as follows
p=Vi
p=V_ sinax)(l, sinax)
)
p=V I sin" wt

1
p =Y1”2~”i(1—cos2a)t)

VI VI
MM M coS 2wt
2 2

p:

The instantaneous power consists of two terms. The first term is called as the constant power (erm

and the second term is called as the fluctuating power term.

Average power

From the instantaneous power we can find the average power over one cycle as follows

2 7

P= 1 [V’”I’" —V’”I’” cos2ar |dwr
22l 2 2 |
27 7]

P= Vil - I J‘ Vil cos2ax |dwr
2 27 5L 2 ]

2 V242
P=V.I
As seen above the average power is the product of the rms voltage and the rms current.

The voltage, current and power waveforms of a purely resistive circuit is as shown in the lioure.

J
|
3




As seen from the waveform, the instantaneous power is always positive meaning that the powe
always flows from the source to the load.
Phasor Algebra for a pure resistive circuit
V=VL0 =V +j0
V+j0
R

~ |

=1+ j0=10°

x| <

Problem 2

An ac circuit consists of a pure resistance of 10Q and is connected (o an ac supply of 230 V. 50 Hz.

Calculate the (i) current (i) power consumed and (iii) equations for voltage and current.

i =L =28 934
R 10
(if)P = VI = 230% 23 = 5260W
(iii)V, =~/2V =325.27V
I =~21=32.52A
w="2nf =314rad /sec
v =325.25sin 314t

[ =32.52s1in314¢
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AC circuit with a pure inductance

L
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Consider an AC circuit with a pure inductance L as shown in the figure. The alternating voliage v is

v=V _sinwt

given by

The current flowing in the circuit is i. The voltage across the inductor is given as Vi which is the

same as v.

We can find the current through the inductor as follows
di
v=L—
dt
: di
V. sinwt=L—
dt

\%
di = 2 sin axdt
L
v
[ =2 |sin axdt
L

.V
=—"-(—cos ax
! L( CosS )

Vv
i=—=sin(ax —7/2)
wL

=1, sim(ax—m/2) - @
1%
Where Im ==

L




From equation (1) and (2) we observe that in a pure inductive circuit, the current lags behind the

voltage by 90°. Hence the voltage and current waveforms and phasors can be drawn as below.

Vm ,,,,, v
—> I(X i
|
0 TT ’/“rr N
Wt
v
Inductive reactance
The inductive reactance X, is given as
X, =aL=2q8L
— \/Hl
g = X
&

[t is equivalent to resistance in a resistive circuit. The unit is ohms (£2)

[nstantaneous power

The instantaneous power in the above circuit can be derived as follows

p=vi
p=V _sinar)l, sin(ax—7/2))
p==V I sinaxcoswt

VmIm s
p= ——2—81n 2a

As seen from the above equation, the instantaneous power is fluctuating in nature.
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Average power

From the instantaneous power we can find the average power over one cycle as follows

27
Pzi I—Y’"—’ism%)tdwt
| 27[ 0

The average power in a pure inductive circuit is zero. Or in other words. the power consumed by 4

pure inductance is zero.

The voltage, current and power waveforms of a purely inductive circuit is as shown in the fioure

As seen from the power waveform, the instantaneous power is alternately positive and negative.
When the power is positive, the power flows from the source to the inductor and when the power in
negative, the power flows from the inductor to the source. The positive power is equal to the
negative power and hence the average power in the circuit is equal (o zero. The power just flows

between the source and the inductor, but the inductor does not consume any power.

Phasor algebra for a pure inductive circuit

V=VZ0° =V + jO

[=1/-90°=0—jI
N

V_ VD _x so0
[ 1£-90

V=I(jX,)
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Problem 3

A pure inductive coil allows a current of 10A to flow from a 230V, 50 Hz supply. Find (i) inductance

of the coil (ii) power absorbed and (iii) equations for voltage and current.

vV 230
VX, =—="""=23Q
DX, I 10
X, =27L
L= Ly =0.073H
27f
()P =0

(iii))V =~[2V =325.27V
[ =+21=14.14A
=2 =314rad [ sec
y=2325.25sin314¢
i=14.14sin(3141 -7 /2)

AC circuit with a pure capacitance

C
I T—
B — e
: Ve |
| | |
:‘/,,\ ) | j
Consider an AC circuit with a pure capacitance C as shown in the figure. The alicrating vorige v
given by . .
v=V_ sinwt




The current flowing in the circuit is i. The voltage across the capacitor is given as V¢ which is the

same as v.

We can find the current through the capacitor as follows

qg=Cy
qg=CV_sinax
= 20
dt
1 =CV, wcosax
[ =@CV, sin(ax +7w/2)
=1 sin(ax+7x/2) - @

Where I - = (()CVm

From equation (1) and (2) we observe that in a pure capacitive circuit, the current leads the voltage

by 90°. Hence the voltage and current waveforms and phasors can be drawn as below,
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Capacitive reactance

The capacitive reactance Xc is given as

o
wC  27fC
A
XC

It is equivalent to resistance in a resistive circuit. The unit is ohms (£2)

[nstantaneous power

The instantaneous power in the above circuit can be derived as follows
p=Vvi

p=V_sinax)l, sin(ex+7x/2))

p=V I sin@rcosax

lem h
p=—"—""sin2ax
2

As seen from the above equation, the instantaneous power is fluctuating in nature.

Average power

From the instantaneous power we can find the average power over one cycle as follows

_27r

P=0

m_Mosin 2axd wr

1 fv 1
=5

0

The average power in a pure capacitive circuit is zero. Or in other words, the power consuined by a

pure capacitance is zero.

The voltage, current and power waveforms of a purely capacitive circuil is s sHow i i i
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As seen from the power waveform, the instantaneous power is alternately positive and negative.
When the power is positive, the power flows from the source to the capacitor and when the power in
negative, the power flows from the capacitor to the source. The positive power is equal to the
negative power and hence the average power in the circuit is equal to zero. The power just flows

between the source and the capacitor, but the capacitor does not consume any power.

Phasor algebra in a pure capacitive circuit

V=V£0 =V + jO
1=1290° =0+ jI

> ® 2 P > @ W w W w & - & S & S % §@ 4

V=I(-jXc) :

!

Problem 4 )
)

A 318uF capacitor is connected across a 230V, 50 Hz system. Find (i) the capacitive reactance (ii)

rms value of current and (iii) equations for voltage and current.
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()Xo =—— =100
27fC
()] =~ =23A
XC

(iii)V, =~/2V =325.27V
I =~/21=32.53A
w=27nf =314rad /sec

v =325.25sin314¢

i =32.53sin(314t +7/2)

R-L Series circuit

A A R A SYATETATA
. i Vf:‘g — 4————\/[ P $
’ |
1
1
i |
\%

Consider an AC circuit with a resistance R and an inductance L connected in series as shown in the

figure. The alternating voltage v is given by

v=V_sinwt

The current flowing in the circuit is 1. The voltage across the resistor is Vg and that across the

inductor is V.

Vr=IR is in phase with I
V=IX{ leads current by 90 degrees

With the above information, the phasor diagram can be drawn as shown.




Vi

® gl
Vi l

The current I is taken as the reference phasor. The voltage Vg is in phase with I and the voltage Vi

»
>

leads the current by 90°. The resultant voltage V can be drawn as shown in the figure. From the
phasor diagram we observe that the voltage leads the current by an angle ® or in other words the
current lags behind the voltage by an angle ©.

The waveform and equations for an RL series circuit can be drawn as below.

PN V=V sinwi
0 « [=1 sin(w—P)

From the phasor diagram, the expressions for the resultant voltage V and the angle & can be derived

as follows.
V=VZ+V}
V,=IR

Vv, =IX,

V = JUR)* +(IX ,)?
V=IJR*+X}?
V=1IZ

Where impedance  _ [p2 | x?2
L

The impedance in an AC circuit is similar to a resistance in a DC circuit. The unit for impedance is

ohms (Q).



Phase angle

d = tan l(ﬁ]
VR

® =tan l(]XLj
IR

® =tan™ X,
R

d=tan™’ (a)_Lj
R

[nstantaneous power

The instantaneous power in an RL series circuit can be derived as follows

p=Vi
p=V, sinax)l, sin(wr—P)

p= V’”zl’" cosd —‘—/%- cos(2ax —P)

The instantaneous power consists of two terms. The first term is called as the constant power term

and the second term is called as the fluctuating power term.

Average power

From the instantaneous power we can find the average power over one cycle as tollows

1 v I 1
P= J- Vil cos(b—v’”2 . cos(2awr — (Dﬂd(w

2750 2
PZKmI—mCOS(I)
2
—'” L cos P
NG
P=VIcos®d




The voltage, current and power waveforms of a RL series circuit is as shown in the figure.

As seen from the power waveform, the instantaneous power is alternately positive and negative,
When the power is positive, the power flows from the source to the load und when the power in
negative, the power flows from the load to the source. The positive power is not equal to the negative
power and hence the average power in the circuit is not equal to zero.

From the phasor diagram,

cosCID:—R=E=£
Vv IZ Z
P =VI cos®

P:(IZ)xIXB
Z
P=1I°R

Hence the power in an RL series circuit is consumed only in the resistance. The inductance does not
consume any power.

Power Factor

The power factor in an AC circuit is defined as the cosine of the angle between voltage and current ie

cos®

P =VIcos®
The power in an AC circuit is equal to the product of voltage, current and power factor.
Impedance Triangle

We can derive a triangle called the impedance triangle from the phasor diagram of an RL series

circuit as shown




vttt vttut 3 ettt i O L L L L iﬂ‘

v V=IZ -

.
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The impedance triangle is right angled triangle with R and X as two sides and impedance as (he
hypotenuse. The angle between the base and hypotenuse is ®. The impedance triangle enables us o

calculate the following things.

I. Impedance Z=+R*+ X;

2. Power Factor cos® =

N | >

4 X
3. Phaseangle P =tan l(fj
4. Whether current leads or lags behind the voltage

Power

[n an AC circuit, the various powers can be classified as

I. Real or Active power

(8]

Reactive power

3. Apparent power
Real or active power in an AC circuit is the power that does useful work in the cicuil. Reactive
power flows in an AC circuit but does not do any useful work. Apparent power is (he tota! po

an AC circuit.

ICos®

A 4

/!
|SIng



From the phasor diagram of an RL series circuit, the current can be divided into two components.
One component along the voltage Icos®, that is called as the active component of current and
another component perpendicular to the voltage Isin® that is called as the reactive component of

current.

Real Power

The power due to the active component of current is called as the active power or real power. Itis
denoted by P.

P =V x ICos® = 'R

Real power is the power that does useful power. It is the power that is consumed by the resistance.

The unit for real power in Watt(W).
Reactive Power

The power due to the reactive component of current is called as the reactive power. It is denoted by
Q.

Q =V x ISin® = ’X;,

Reactive power does not do any useful work. It is the circulating power in th L and € components.
The unit for reactive power is Volt Amperes Reactive (VAR).

Apparent Power

The apparent power is the total power in the circuit. It is denoted by S.

S=VxI=1Z
S =+ P2+ Q>

The unit for apparent power is Volt Amperes (VA).

Power Triangle

From the impedance triangle, another triangle called the power triangle can be derived as shown.

/'\/' ® " ¢ ,,-’43/&) |
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The power triangle is right angled triangle with P and Q as two sides and S as the hypotenuse. The
angle between the base and hypotenuse is ®. The power triangle enables us (o calculate the following

things.

l. Apparent power S =./P° + Q2

P RealPower
2. Power Factor Cos® =— =

S ApparentPower

The power Factor in an AC circuit can be calculated by any one of the following
methods

%+ Cosine of angle between V and 1
% Resistance/Impedance R/Z

<+ Real Power/Apparent Power P/S

Phasor algebra in a RL series circuit
V=V+j0=VL0)
7 =R+ jX; =Z/®

S=VI'=P+ QO

Problem 5

A coil having a resistance of 7€2 and an inductance of 31.8mH is connected to 230V, S0Hz supply.

Calculate (i) the circuit current (ii) phase angle (iii) power factor (iv) power consumed




X, =27fL = 2x3.14x50x31.8x10™ = 10Q
Z=|R+X? =17 +10* =12.20Q

(DI = L4 =£Q =18.85A
Z 122

X 10
o =t -1 L =t =1 === =55°l
(ii)¢ = tan (—R ) an (7) ag

({ii)PF = cos® =co0s(55°) =0.573lag
(iv)P=VIcos® =230x18.85x0.573 =2484.24W

Problem 6

A 200V, 50 Hz, inductive circuit takes a current of 10A, lagging 30 degree. Find (i) the resistance

(11) reactance (iii) inductance of the coil

z=2-29_20
10
())R=Zcos¢g=20xcos30" =17.32Q

(i1)X, =Zsin@=20xsin 30" =10Q

(ii))L = Ay = i =0.0318H
27 2x3.14x350
R-C Series circuit
R L
AAAAA 1] \
N « Vi Vs

fon |
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Consider an AC circuit with a resistance R and a capacitance C connccled in series as shov

figure. The alternating voltage v is given by

v=V sinwt

The current flowing in the circuit is i. The voltage across the resistor 1s Vi and that across the

capacitor is V.

Vr=IR is in phase with I

3
E Ve=IXc lags behind the current by 90 degrees
With the above information, the phasor diagram can be drawn as shown.
| o I
The current I'is taken as the reference phasor. The voltage Vg is in phase with 1 and the voliaoe V
lags behind the current by 90°. The resultant voltage V can be drawn as shown in the figure. From
;
?g

the phasor diagram we observe that the voltage lags behind the current by an angle © or in other
words the current leads the voltage by an angle ®.

The waveform and equations for an RC series circuit can be drawn as below.

V=V _sinawt

I=1_ sin(ar+P)

From the phasor diagram, the expressions for the resultant voltage V and the angle & can be derived

as follows.




V=\Vi+V2
V,=IR

V. =IX,

V =R +(IX ;)
V=I1/R+X2
V=1IZ

Where impedance  , _ [p2 | x2
€

Phase angle

®=tan" e
Vi
® =tan™ Xq
IR
® =tan”' 203
R
® =tan™ Lj
wCR

Average power
P=VIcos¢
R
P=(Z)xIx—
Z

P=1I°R

Hence the power in an RC series circuit is consumed only in the resistance. The capacitance does not

consume any power.
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Impedance Triangle

We can derive a triangle called the impedance triangle from the phasor diagram of an RC

circuit as shown

) J

J @ L] N @
™
\\
L /\\f ;
_7\\_
\\/ V;‘: -
Phasor algebra for RC series circuit
V=V+;ij0=VL0
Z=R-jX_=7L-®
A
I == Z . (I)
Z Z
Problem 7
A Capacitor of capacitance 79.5uF is connected in series with a non inductive resistance ol

series

00

across a 100V, S0Hz supply. Find (i) impedance (ii) current (iii) phase angle (iv) Equation for the

instantaneous value of current

1

X 1 =
©2mC  2x3.14x50%79.5%10°°
(1Z =[R? + X2 =307 +40° = 50Q

(i)l =—=——=2A
(1) ~

(iil)® = tan“(&j = tan"l( ’
R 30

(i)l =21 =[2x2=2.8284

m

V100
50

4

) =53"%ead

=27 =2x3.14x50=314rad / sec
i =2.828sin(3141+53")
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Vo ViV

Consider an AC circuit with a resistance R, an inductance L and a capacitance C connected in series

as shown in the figure. The alternating voltage v is given by

v=V_sinwt

The current flowing in the circuit is i. The voltage across the resistor is Vi the voltage across the

inductor is Vi and that across the capacitor is Vc.

Vg=IR is in phase with I
V, =IX; leads the current by 90 degrees
V=IXc lags behind the current by 90 degrees

With the above information, the phasor diagram can be drawn as shown. The current Fis tuken as the
reference phasor. The voltage Vg is in phase with I, the voltage Vi leads the current by 90° and the
voltage V¢ lags behind the current by 90°. There are two cases that cun occur vy >Veand Vo<V
depending on the values of X; and Xc. And hence there are two possiblc phasor diagrams. I he

phasor Vi-V¢ or Ve-Vi is drawn and then the resultant voltage V is drawn.
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Vi
Vy
Ve
o)
| Vi VA AVIRRY.
V.
Vi>Ve Vi<Ve

From the phasor diagram we observe that when V| >V, the voltage leads the current by an angle
® or in other words the current lags behind the voltage by an angle ®. When V| <V the voltage
lags behind the current by an angle @ or in other words the current leads the voltage by an angle

®.

From the phasor diagram, the expressions for the resultant voltage V and the angle & can be derived

as follows.

V=VZ+(V,-V,.)

V=R +(IX, - IX,.)’

V=IJR*+(X,-X_)
V=1IZ

Where impedance =\/R2 HEX, —X,)

Phase angle




«

From the expression for phase angle, we can derive the following three cases

Case (1): When X >X¢
The phase angle @ is positive and the circuit is inductive. The circuit behaves like a series RL circult.

Case (i1): When XL<XC

The phase angle @ is negative and the circuit is capacitive. The circuit behaves like a series RC

circuit.

Case (iii): When XL=XC

The phase angle @ = 0 and the circuit is purely resistive. The circuit behaves like a pure resistive
circuit.

The voltage and the current can be represented by the following equations. The angle ® is positive or
negative depending on the circuit elements.

V=V sinwt
=1, sin(ax £ P)

Average power

P=VIcos¢

P =(IZ)><I><£
Z

P=I'R

Hence the power in an RLC series circuit is consumed only in the resistance. The inductance and the

capacitance do not consume any power.

Phasor algebra for RLC series circuit

=
S )
wp
S
e
w0
<8
w
»
n -
w
51
w»
w
3
B.
2
.
>
>
>
v
¢
<
E.

V=V+j0=VL0
Z=R+j(X,-X_)=2/P
=X Y, o

7 Z




Problem 10

A coil of pf 0.6 is in series with a 100uF capacitor. When connected (0 « 50Hz supply, the potential
difference across the coil is equal to the potential difference across the capacitor. Find the resistance

and inductance of the coil.

cosDeon= 0.6
C=100uF
f=50Hz
Vcoil=Vc

1 1
XC = — %
27C  2%3.14x50x100%x10
vcoil :Vc
1z, =1X,
Z.,,=X.=31.83Q
R=2Z,, cos® , =31.83x0.6=19.09Q

X, =+Z2, — R* =4/31.83* ~19.09? =25.46Q)

I = 1 1
2L 2x3.14x50%25.46

=31.83Q

coil

=0.081H

Problem 11
A current of (120-jS0)A flows through a circuit when the applied voltage is (8+j12)V. Determine (1)

impedance (ii) power factor (iii) power consumed and reactive power




V =8+ 12

1 =120— j50

0Z=Y =812 404 01120112797
7 12050

7=0.11Q

=797

(ii)pf =cos® =co0s79.7° =0.179lag

(iii)S = VI" = (8 + j12)x (120 + j50) =360 + j1840
S =P+ j0

P =360W

O = 1840VAR

Problem 12

The complex Volt Amperes in a series circuit are  (4330-j2500) and the current is (25443 3 A,

Find the applied voltage.

S =4330+ j2500

1 =25+ j433

7 _ 5 _ 4330+ 2500 _86.6+ /50
* 25— j43.3

Problem 13

A parallel circuit comprises of a resistor of 20€2 in series with an inductive reactance 152 i one
branch and a resistor of 30Q2 in series with a capacitive reactance of 20¢ in the other branch.
Determine the current and power dissipated in each branch if the total current drawn by the puarallel

circuit is 10L.-30 °A

| 200 150

Frevavae

T AAAA /4 1
FATAAYATA | i“](, 1

10L-30 *




Z, =20+ jl15

Z, =30— j20

[1=10£-30° =8.66— j5

I =1—22_ _(3.66- j5)x (.30_120) |
Z, +Z, (20 + j15)+ (30— j20)

I,=38-j6.08=7.17£ - 60"

I,=1-1=(8.66-j5)—(3.8-j6.08)

[, =486+ jl.08=4.98/-12.5°

P =I1'R, =7.17*x20=1028.2W

P =1}R, =498 x30="744W
Problem 14

A non inductive resistor of 10 is in series with a capacitor of 100uF across a 250V, S0Hz ac

supply. Determine the current taken by the capacitor and power factor ol the circuit

Xc-= ! = ! —=31.83Q
27C 2%x3.14x50x100x10
Z=R-jX,.=10-j31.83
I=K= = =224+ j7.14=7.49.72.5
Z 10— j31.83
P=T725

pf =cos@=cos72.5° =0.3

Problem 15

‘ An impedance coil in parallel with a 100uF capacitor is connected across a 200V, 50Hz supply. The

coil takes a current of 4A and the power loss in the coil is 600W. Calculate (i) the resistance of the

coil (ii) the inductance of the coil (iii) the power factor of the entire circuit.
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coil = K = 299 = SOQ
b 4
P =1I*R=600W

R= i :@:37.59

I_Z 42

X, =42, —R* =4/50°—=37.52 =33.07Q
Xy 33.07
T4 2x3.14%50
1 1
C27C 2x3.14x50x100x10°
Z, =R+ jX, =37.5+ j33.07
Z,=—jX.=-j31.83
_ZZ,  (37.5+j33.07)(- j31.83)
Z,+Z, (37.5+)33.07)+(- j31.83)
Z=27-j3272=4242/-50.5
P =-50.5°

pf =cos® =cos(-50.5° )= 0.6365

=0.105H

=31.83Q2

c

Problem 16

A series RLC circuit is connected across a SOHz supply. R=100Q, [.=159. [6mH and (=63 Tul. If

the voltage across C is 150L.-90°V. Find the supply voltage

X, =27fL =2x3.14x50%159.16 X107 = 50Q
. 1

C27fC 2x3.14x50%63.7x10°°
Ve =1(-jX ) =150£~900 = — j150
_—Jj150 - j150
C—Xe =50
Z=R+j(X,-X.)=100+ j(50—50) =100
V =1Z =3x100 =300V

=50Q

c

1

=3Z0°A




Problem 17

A circuit having a resistance of 20Q and inductance of 0.07H is connected in parallel with 2 serics
combination of 50Q resistance and 60uF capacitance. Calculate the total current, when the parallel

combination is connected across 230V, 50Hz supply.

X, =27L =2%3.14x50x0.07 =22Q

C= 1 = 1 —-6=53Q
274fC 2x3.14x50x60%10
Z, =20+ j22
Z, =50~ j53
_Zz, _ (2o+.]22)(50—]5.3) 25740119
Z,+Z, (20+j22)+(50-j53)
1:K=@=7.4-j3.4=8.134—24.9°
Z Z
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