Basics of AC Circuit

UNIT-I



UNIT- 11l

AC series circuit RL, RC, RLC series circuit, active or real power, power
factor in ac circuit, resonance in RLC series circuit, graphical

representation of resonance. Resonance curve, Q factor.
Parallel AC circuit

Introduction, methods of solving parallel ac circuit, equivalent
iImpedance method, admittance, admittance method, Series- parallel
circuit, resonance in parallel circuit, comparison of series and parallel

resonance.



SERIES RL CIRCUIT

LA '\;\/\/ o  Here R and L are connected in series
— Vg ——f—V/,—— across an AC cource of Vm sin wt.
* Voltage drop across R is Vy
V ]  Voltage drop across L in V,,
" @ : e Total voltage V is the phasor sum of
VI WO Vg and V,. That is

V= VR I V|_



SERIES RL CIRCUIT

=—A\N\—T""" * Phasorof R |
— \/p —— [ ) —————
Vi
e\ [ -
e Phasor of L

v =V, sinwt



SERIES RL CIRCUIT

| R L e Combining the two phasors, with

AT

— [ —]—\/ —

current | as the reference we get

the phasor of series RL circuit.

—eeeee |/ -

e |t is called the voltage phasor

Y

v =V, sinwt




SERIES RL CIRCUIT
e AAA eVe=IR : V,=1X: V=1IZ
: " e Where X, =aL

"  Where Z is the total impedance.

VvV
—C0— » Dividing the sides of the phasor by I will
Vq, Si

give us the impedance phasor.

M
Z}//"’ X,
R




SERIES RL CIRCUIT

o

v =V, sinwt

From impedance phasor we can write
Z=R+jX, (X, has been rorated in anticlock wise direction by

909 from origin)



SERIES RL CIRCUIT

R L
—amp—NANAN\—— V" — 7 /ﬁe\
< VR b Vi / xL
VvV - : B t
&y . e
o R
v=V, sinwt

|4 |4

We know V=IZ. So current I = e REiX,

Once we obtained the expressdion for current | now we

can calculate VR =IR and V| =1X,



SERIES RL CIRCUIT

—M

v=V, sinwt

From the phasor:

= tan~!

e

%4 IX
2 -1 L _ -1 L
Phase angle 6 = tan Vo tan TR
Power factor = Cos 6

Power = VI Cos 0



SERIES RL CIRCUIT

R
_-_W_—m:w— For the series RL circuit shown in the
. _ Figure, R=3Q and L = 0.0127 and the
) % ) supply voltage is 141 V. Calculate the
v =V, sinwt following:

1) Inductive reactance. I1i) Impedance of the circuit
1) current | IV) Phase angle v) Power factor

vi) Real Power vil) Draw the phasor



SERIES RL CIRCUIT

Inductive reactance (X; ) =owL =2IIfL =2I1x 50 x 0.0127 = 3.98 Q
Impedance (Z)= R+)X, =3+4+] 398 QO

fEnee 7l
~ 3+j3.98

Current (I) = =17.028 — j22.59 A

= 28.29Z - 52.99 A

Phasor diagram v

_/52.99



SERIES RL CIRCUIT

From the phasor phase angle = 52.99¢
Power factor= cos 52.99 = 0.602
Real Power = VI Cos 52.99 = 141 x 28.29 x 0.602 =2401.311 W



[ R L
—amp—NANAN\—— V" —
s VR >4 VL »

v =V, sinwt

Problem-1

For the series RL circuit shown in the
Figure, R= 30 Qand L = 0.1 H and the
supply voltage is 230 £45 V. Calculate

the following:

1) Inductive reactance. ii) Impedance of the circuit

111) current |

Vi) Real Power

IV) Phase angle v) Power factor

vil) Draw the phasor



Problem-2

Example 22. A coil has a resistance of 5 Q and an inductance of 31.8 mH. Calculate the
current taken by the coil and power factor when connected to 200 V, 50 Hz supply.

Draw the vector diagram.

If a non-inductive resistance of 10 Q is then connected in series with cod, calculate the new
value of current and its power factor.



Problem-3

Example 20, A coil takes 2.5 amps. when connected across 200 volt 50 Hz mains. The power
consumed by the coil is found to be 400 watts, Find the inductance and the power factor of the coil,



Problem-4

Example 23. A current of 5A flows through a non-inductive resistance in series with a choking
coil when supplied at 250 V, 50 Hz. If the voltage across the resistance is 125 V and across the coil 200
V, calculate :
(i) Impedance, reactance and resistance of the coil,
(it) The power absorbed by the coil,
(iii) The total power.,
Draw the vector diagram. (Elect. Engg. Madras Univ.)

250 ,_._cf."__._,
5A X
Em mi
—— 250 V, 50 Hz



Problem-4




SERIES RC CIRCUIT

 Here R and C are connected in series
across an AC cource of Vm sin wt.

* Voltage drop across R is Vy

» \oltage drop across C in V¢

e Total voltage V is the phasor sum of
Vgs and V. That is

V= Vp + V.



SERIES RC CIRCUIT

| R " e Phasor of R
A\ g
— VR >|* Vc " V
R
ey =i e Phasor of C
I




SERIES RC CIRCUIT

C e Combining the two phasors, with

Il current | as the reference we get

the phasor of series RC circuit.

e |tis called the voltage phasor
VR

Jo |

V N\ Ve



| R -
—=—A\AN—T—]

« Vr ah Ve
e\ [ =
Q

v=V,, sinwt
Ve
)6
Vv Ve

SERIES RC CIRCUIT
oo =R Mo =4 X V= |Z
e Where X¢c =1/wC
 Where Z is the total impedance.
e Dividing the sides of the phasor by | will
give us the impedRance phasor.
)6 |

Z Xc



SERIES RC CIRCUIT

| R -
=AM
"
: Vi >le V¢
 —e |/ -
&

From impedance phasor we can write

Z=R-jXc  (Xc has been rorated in anticlock wise direction by
2700 from origin)



SERIES RC CIRCUIT

3 ARSI Y
We know V=IZ. 50 current I =~ = RXo

Once we obtained the expressdion for current | now we
can calculate VR =IR and Vc=1Xc



SERIES RC CIRCUIT

—=— AT
+ Vi > V¢
— ) —e
W From the phasor:
|4 IX X
= i ar] Co ! e N S -12€C
Phase angle 6 = tan = tan TR tan =

Power factor = Cos 6

Power = VI Cos 0



SERIES RC CIRCUIT

For the series RC circuit shown in the

| R >
Al U h Figure, R= 10 Qand C = 10uF and the
. i supply voltage is 141 V. Calculate the
B following:

v=V,, sinwt

1) Capacitative reactance. I1i) Impedance of the circuit
1) current | IV) Phase angle v) Power factor

vi) Real Power vil) Draw the phasor



SERIES RC CIRCUIT

Capacitative reactance (Xc ) =1/wC =1/ 2IIfC) = 1/ (2ITx 50 x
10x10¢=318.31 Q
Impedance (Z)= R-jXc =10-j 318.31 Q

V 141

Current (I) =7 = 15—

=0.014 + j0.44 A
—0.44,88.177 A

Phasor diagram I

) 88.177



SERIES RC CIRCUIT

From the phasor phase angle = 88.1770
Power factor= cos 88.177 = 0.0318
Real Power = VI Cos 88.177 = 141 x 0.44 x 0.0318 =1.972 W



SERIES RC CIRCUIT

Example 26. An alternating voltage of (176 + j132) is applied to a circuit and the current in
the circuit is given by (6.6 + j 8.8) A. Determine :

(i) Values of elements of the circuit.
(ii) Power factor of the circuit.
(eer) Power consumed.
IV) Reactive Power

V) Apparent Power



SERIES RC CIRCUIT

Example 29. A capacitance of '20 WF and a resistance of 100 ohms are connected in series
across 120V, 60 Hz mains. Determine the average power expended in the circuit,



SERIES RC CIRCUIT

Example 81, A two element series circuit is connected across an A.C. source e = 20042 sin (ot

+ 20°) V. The current in the circuit then is found to be i = 1042 cos (314 t - 25°) A. Determine
parameters of the circuit. (Allahabad University)



SERIES RLC CIRCUIT

1 R L |c| e Here R L and C are connected In
—=- AN\ | :
— Vg —e— V| —p— v — series across an AC cource of Vm
sSin wt.
e V .
* Voltage drop across R is Vi

.—(fg &

v =V, sinwt

e \oltage drop across L in V|
e \Voltage drop across C in V¢
e Total voltage V is the phasor sum of Vy V|, and V..

That Is

V= Vi + V| +V¢



SERIES RLC CIRCUIT

R L C

— Vg —f— Vv, —|— v —

ol V e
5 @ &

e Phasor of RC Circuit

e Phasor of RL Circuit




SERIES RLC CIRCUIT

| R L C
+ Vi >l Vi V¢
Vi
— V —
V'—@ : Z Vi-Ve
e Combining the two phasors, with 0 |
)0V
current | as the reference we get E
Vv Vc-VL

the phasor of series RLC circuit.

e It is called the voltage phasor Ve



(@'

SERIES RLC CIRCUIT ' % e

XL « Vq sle—V, Vc
X B i -
Z -
.- ;(}j;} -
)e I v =V, sinwt
8- ip
z X s Vo =R Vo= EX caMo= | Xe M= |2
% e Where X, =wL and X =1/wC
C . .
b o0, g g  Where Z is the total impedance.
e Dividing the sides of the phasor by | will
o=} = 75X

give us the impedance phasor.



POWER TRIANGLE

3y 2 Z
X 12 X
0 0
- | T |
Impedance Phasor Impedance Phasor

12 R: Active Power (P), unitis watts (W)

12 X: Reactive Power (Q), Unit is Volt-amperes Reactive, (VAr)
12 Z: Apparent Power (S), Unit is Volt-amperes, (VA)

S=P+jQ



POWER TRIANGLE

2
y 2Z
X 12 X
I I
R 12 R
Impedance Phasor Impedance Phasor

P=VICos6 (W)
Q=VISino (VAr)
S =VI (VA)
S=P+jQ



Example 32. A resistance 12 0, an inductance of 0.15 H and a capacitance of 100 uF are
connected in series across a 100V, 50 Hz supply. Calculate :

(i) The current.

(it) The phase difference between current and the supply voltage.
(1i1) Power consumed.

Draw the vector diagram of supply voltage and the line current.



Example 38. For the circuit shown in Fig. 50 find the values of (i) current I, (ii) V,and V,and
(iii) p.f.

Draw the vector diagram. (Bangalore University)

Solution. Refer Fig. 50

10Q 0.05H 200 014 SOpF




Example 34. For the circuit shown in Fig. 51. Calculate :

(i) Current ; (i7) Voltage drops V,, V,and V, ;
(iit) Power absorbed by each importance; (iv) Total power absorbed by the circuit.
Take voltage vector along the reference axis.

80 60 120 1649 80




Example 35. Fig. 52 shows a circuit connected to a 230 1}, 50Hz lupplj_. Dtﬁermiﬁe the follow-

ing :
(i) Current drawn (ii) Voltages V,and V,
(iii) Power factor.
Draw also the phasor diagram.
180 0.048 H 1201 0.012H 120 pF

230V, 50 Hz
Fig. 52 (Pune University)



PARALLEL AC CIRCUITS

Z,

A

' ]
14 €2 16 mH
YAVAYA 0000 —

Ly

AW O ————

Z;
A

r ™
18 € 32 mH

()

230V, 50 Hz

Calculate the following:

1) Z, and Z,

I1) Voltage drop across Z, and Z,
111) Currents |; and |

IV) Real Power, Reactive Power
and Apparent Power of the
circuit

v) Draw the complete phasor



PARALLEL zAC CIRCUITS

34!.'1 lﬁmH1
| —m—ANN——T0———

I, Z,

18 Q 32 mH

[N \NN—TI00"

Al Iz

A
\_/

230V, 50 Hz




PARALLEL zAC CIRCUITS
1

N\

P AL
14 Q 16 mH
| —m—\W——""000"—

A T>—A———T

230V, 50 Hz




PARALLEL AC CIRCUI

230V, 50 Hz




PARALLEL AC CIRCUITS

8 Q i6 Q

6Q  —18Q

VA |

100V, 50 Hz

O

Calculate the following:

1) Z; and Z5

I1) Voltage drop across Z, and Z,
111) Currents |; and |

IV) Real Power, Reactive Power
and Apparent Power of the
circuit

v) Draw the complete phasor



PARALLEL AC CIRCUITS

Example 14.1. Two circuits, the impedance of which are givenby Z, =10+ j15and Z, = 6 -
j8 ohm are connected in parallel. If the total current supplied is 15 A, what is the power taken by
each branch ? Find also the p.f. of individual circuits and of combination. Draw vector diagram.



PARALLEL AC CIRCUITS

-0
26 I’zlé‘-ﬁ C‘@
!l 33 -j4
s

If the voltmeter in Fig. 14.14 reads 60 V, find the reading of the ammeter.



PARALLEL AC CIRCUITS

= 18
—MWA—T0—
ﬁh—‘M—i B Ceo——
MW—|
il > -8 T
o100 2 0°V o

Example 14.31. For the circuit shown in Fig. 14.37 (a), find (i) total impedance (ii) total
current (iii) total power absorbed and power-factor. Draw a vector diagram.



PARALLEL AC CIRCUITS

e~ 100 / 0°
=15 2+j14 |Z,

Calculate the branch currents and branch voltage



SERIES RESONANCE | =« L

(@

—ﬂ—‘\/\/\,——rww |
XL « Vg ——f—V, IIvC
X — V .
Z R
o F(“L;} .
)e I V=Vm5in(:)t
)0 R
ZA X e Resonance is a condition in series RLC
> circuit in which the capacitative
C
XN X reactance becomes equal to inductive
reactance. There by resulting in a pure
o=} = 75X

resistive impedance



SERIES RESONANCE

! e Thus at resonance
4 X X7 =X andso Z=R
To Since at resonance
)0 R | X =Xcwecanwrite X; — X =0
ZA X
or 2mfgL — : =0
Xc 2 foC
X=X;~Xc or 4m*f:LC—-1=0
o=} = 75X

_1'1 5
fO_ZH LC £



SERIES RESONANCE
Properties of the circuit at Resonance

At resonance

1. The circuit is a purely resistive circuit.

2. the value of the current is maximum since the total
iImpedance is minumum

3. Voltage and currents are in Phase

4. Maxumum power occurs at resonance since the power

factor is unity



SERIES RESONANCE
At resonance

Z=R

Power factor = 1

Current at resonance, Iy = % _%
Resonance frequency
1 1
Sk 2 \LC e

' 1
Wwo = iC radian/sec



SERIES RESONANCE
Current response at resonance

" e wq is the resonance frequency
e At this frequency the

- current is maximum
A et ! |4

OIOTV IR [rmrmmmsranafionc -

Current Response Curve

e wy and w-, are called half
. power frequencies
0 w; Wy > w

- * At these Irequencies the
e current through the circuit is

0.707 I ,,

\/_



SERIES RESONANCE
Current response at resonance

At resonance frequency wg the current is I, so the power
will be

P ey
At frequencies w; and w, the current through the circuit is

1 :
- I, so the power will be

This shown that at frequencies wi; and w, the power is
halfed, so they are called haltf power frequencies



SERIES RESONANCE

Expression for half power frequencies

E % . |
{th — R + { R } ‘*‘[—]I'Lljfﬁ (1)~ :E ( R
L N LC 2 "a1. "W\ 2L,

|
+ [ N— ]I‘EIUH
LC



SERIES RESONANCE

Band width
Bandwidth, B, Is defined as the difference between the two
half power frequencies

P=wy— w; =f rad/sec

Quality Factor
It Is defined as the ratio of resonance frequency to
bandwidth.

_&)O_&)OL




SERIES RESONANCE

| Q-Factor Vs Bandwidth

Amplitude &

» Higher value of Q) (least selectivity)
Q, smaller the R T
bandwidth. (Higher
the selectivity)

* Lower value of Q larger
the bandwidth. (Lower
the selectivity)

i,y
B,

B,



PARALLEL RESONANCE

0}

lUsinmf@ §R %L .




PARALLEL RESONANCE

The total admittance
Yrm= Y+ Y7+ Y,

l I 1
+

Tﬂtul=_+ . -
R (jwb) (4 aC)

YTqu e l s -— > J(d:

R oL

I
Yt = = + (wC~-1/wL)

X



PARALLEL RESONANCE

e |[n case of parallel resonance the imaginary part of

equivalent impedance or admittance is equated to zero

e S0 equating the imaginary part to zero we get the

expression for resonance frequency.



COMPARISON BETWEEN SERIES AND PARALLEL

RESONANCE
S.No. Property Series circuit Parallel circuir
1. Impedance at resonance Zo = R, the minimum Zn = L/CR, the maximum
< & Current at resonance Iy = VIR, the maximum Iy = VI(L/CR), the minimum
} . I
3. Resonance frequenc = . - 1-R:C/L >
S fo= SaiIc L znf,h.c“l
4. Magnification of Voliage (not affected by R) Current (affected by R)
5. Nature of the circuit:
(i) Below f, () Capacitive (/) Inductive

(if) Above fj (ii) Inductive (if) Capacitive




RESONANCE

e Problem-1: What is the resonance frequency of a series
RLC circuit with R=10 ohm, L =25 mH and C = 100uF. Also

calculate the Q factor.



RESONANCE

* Problem-2: A series RLC circuit has inductance of 10 mH
and resistance of 2 ohm. What is the value of C that will
provide resonance?. Find the current at resonance if V=
230 Vand 10000 Hz.



RESONANCE

 Problem-3: A coil has a resistance of 20 ohm and
iInductance of 80 mH ans is connected in series with 100 pF
capacitance. Determine the resonance frequency, the
circuit impedance at resonance, current at resonance,

voltage drop across L and C at resonance.



RESONANCE

e Problem-4: A coil is at resonance at 10kHz with a
capacitance. If the resistance and inductance of the coll is

200 ohm and 5 H respectively find the Q factor.



RESONANCE

e Problem-5: For a series RLC circuit, R=10 ohm,L =100
mH and C = 10 uF. calculate the resonance frequency, half

power frequency and band width.



