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Basic of Electrical Engincering.
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Series and Parallel ac Circuits
Resistive Elements

Vin
R
IR

i=1

m

I,

Vin

In phaser form,

v =V, sinwt = V20

sin wt

v =V, sinwt

Where V = 0.707V,, O
Applying Ohm’s law and using phaser algebra, we have
V.0

] = —
R20 ) )
So that in the time domain,

V
i = \/Eﬁsinwt

Example:
Using complex algebra, find the current i for the circuit shown below. Sketch the waveforms of v and i.
o._>
l
+
5(2§ v = 100 sin wt
Solution
v = 100sinwt = 70.7£0 P
J = V.0 _ 70.7£0 — 7y 1
© Zgpe0 520 0 7 100 V-——= ,
i = V2 x 14.14 sinwt = 20 sinwt A
20 A ozt - %T 2
0 o wl
2

Inductive Reactance

The voltage leads the current by 90° and that the reactance of the coil XL is determined by wL.

v = Vysinwt = V20 Cj—-
By Ohm’s law, +
I=X]L/280=XKLA—9O X; =wL§ v =V, sin wf
so that in the time domain,

o

V
i = V2 —sin(wt —90)
X
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ZL = XL490

Example:

Using complex algebra, find the current i for the circuit shown below. Sketch the v and i curves.

C_—“'
Solution: I
v = 24sinwt +
In polar form X =30 v = 24 sin wt
V =16.96820 _
[— \"/ _ V20 _ 16.96820 656 AL — 90
~Zp X290 3290 7
o
i =V2(5.656) sin(wt — 90) = 8 sin(wt — 90)
A \
24 V--—-2 v
\ 16.968 A i BApfmmmm=m———z i , ,
5.656A u A% * /’i % T %ﬂ. 2 %17 wt
__T___ I Leading —| 90° &

Example:

Using complex algebra, find the voltage v for the circuit shown below. Sketch the v and i curves.

Capacitive Reactance

i = Ssin(wr + 30°)
o

_—

XL = 4!)

: . _ 1
The current leads the voltage by 90° and that the reactance of the capacitor Xc is determined by —

v =V, sinwt

In polar form

V="20

l_V_ veo o V490
Zc Xc2—-90 X,

V

i = V2 —sin(wt + 90)
Xc

Ze = Xp2 — 90
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Example:

Using complex algebra, find the current i for the circuit shown below. Sketch the v and i curves.

solution: 0
-—>
I
v = 15 sinwt "
In polar form
V =10.605 20 Xe=2Q /T~ v = 15sin wi
[— V. Vz0 1060520 £ 303 A290 _
Zc Xc2—90 224-90
. v, . o
i = \/ix—sm(a)t +90) = 7.5 sin(wt + 90)
Cc
4/ 15 VE-mmmv
75A ‘

Leading

0
l v,
T
I

—10.605 V—=
|

Example:

<o

wt

(SIS

Using complex algebra, find the voltage v for the circuit shown below. Sketch the v and i curves.

Impedance Diagram

Now that an angle is associated with resistance, inductive reactance, and capacitive reactance, each can be
placed on a complex plane diagram. For any network, the resistance will always appear on the positive real
axis, the inductive reactance on the positive imaginary axis, and the capacitive reactance on the negative
reflect the individual and total impedance

imaginary axis. The result is an impedance diagram that can
levels of an ac network.

i = 6sin(wt — 60°)

\
/I




t° Clase
Basic of Electrical Engincering.
Scnnsoidal sHternating

X; 290°

~90°

/-90° R0

+ v

| X £90°

SERIES CONFIGURATION
The overall properties of series ac circuits are the same as those for dc circuits. For instance, the total
impedance of a system is the sum of the individual impedances:

ZT:Z:l‘l‘Zz‘l‘“'..‘l‘ZN

Example:
Draw the impedance diagram for the circuit shown below, and find the total impedance.

o Wy )

R=4Q X, -80Q

—_—

Zr

o
Zr=7Z,+Z,=R+jX, =4+ )8=28944263.43°Q

X, =80 A

ty

R =40
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Example:
Determine the input impedance to the series network shown below. Draw the impedance diagram.
Z, Z, Z;
I(
© Wy 000 Y
R=60Q X, =100 X-=120Q
L, —
e
R-L R=30 X, =40
+ T — tovpo—
e = 141 .4 sin wf [
_ -
Phasor Notation 3
e = 141.4 sinwt
E=10020
Zr=7Z,+Z,=R+jX, =3+ j4 =5£53.13°Q
E 10020

=—=————=120£—53.13°A
Zr 5£53.13°

Vg =1Zz =3 X204 —53.13° = 6024 — 53.13° = 36 — j48 V
V, =1Z; = 4490 X 202 — 53.13° = 80£36.87° = 64 + j 48V

X, =40

6,=53.13°

+
\

| &

Y

R=30Q) +
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Power: The total power in watts delivered to the circuit is
pr = Elcosf; = 100 X 20 cos 53.13° = 1200 w
where E and | are effective values and 6; is the phase angle between E and I, or
pr =I?R =20% X3 =1200w
where | is the effective value, or, finally,
pr =pr +p, = 60 X 20 cos0 + 80 X 20 cos 90 = 1200 w

Power factor: The power factor Fp of the circuit is cos 53.13° =0.6 lagging, where 53.13° is the phase angle
between E and I.
p IR IR R R

9 == Y — = — = — = —
OUTETE TE EN 7
R-c _ X. =380
Phasor Notation R WiQ C %

I\

i =7.07 sin(wt + 53.13°) + oy - L
I =5253.13° A Ve
ZT:ZI+ZZ:R_jXC:6_j8:104—53.13°,Q ‘ - ' o
E =1Zy = 54£53.13° x 104 — 53.13° = 50£0° i = 7.07 sin(wt + 53.13°)

.

Vg = IZg = 5253.13° x 620° = 30£53.13 V
V, =1Z; = 54£53.13° X 84 — 90° = 404 — 36.87° V
'Y

Y

Y
A

Time domain: In the time domain,

e =2 x 50 sin wt = 70.7 sin wt
Ve = V2 x 30 sin(wt + 53.13°) = 42.42 sin(wt + 53.13°)
Ve = V2 x 40 sin(wt — 36.87) = 56.56 sin(wt — 36.87)
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Ve

Power: The total power in watts delivered to the circuit is

pr = Elcosf; = 50 X 5c0s53.13° = 150 w

where E and | are effective values and 6; is the phase angle between E and I, or
pr =I1?R=52x6=150w

pr =Pr +Pc = 30X%x5c0os0+ 40 X 5cos90 = 150w

Power factor: The power factor of the circuit is

Fp = c0s53.13° = 0.6 leading

RLC

ZT:ZR+ZL+ZC:R+jXL_jXC X I/
Zr =3+ j7—j3 =3+ j4=5253.13° Wy 000 I\
VR

+

e= 70.7 sin wr@ il

Impedance diagram
- B _ 5020
~ Zp 5£53.13°
Vg =1Zg =3x102-53.13°=302-53.13°V

V., =1Z;, =7490 X102 —53.13°=70436.87°V
Ve=1Zc =324-90x%x102£—-53.13° =302 —-143.13°V

=104 — 53.13°A

Phasor diagram: The phasor diagram of Fig. 15.38 indicates that the current I is in phase with the voltage
across the resistor, lags the voltage across the inductor by 90°, and leads the voltage across the capacitor by
90°.

Time domain:

i =2 x 10 sin(wt — 53.13°) = 14.14 sin(wt — 53.13°)

Ve = V2 x 30 sin(wt — 53.13°) = 42.42 sin(wt — 53.13°)

V, = V2 x 70 sin(wt + 36.87) = 98.98 sin(wt + 36.87)

Ve = V2 x 30 sin(wt — 143.13°) = 42.42 sin(wt — 143.13°)

Power: The total power in watts delivered to the circuit is

pr = ElcosO; = 50 X 10 cos53.13° =300 w

or

pr =I?R =102 x3=300w
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pr =pPr + v, +0c =30%X 10 cos0 + 70 X 10 cos90 + 40 x 10 cos 90 = 300 w
Power factor: The power factor of the circuit is
Fp = c0s53.13° = 0.6 leading

F R 3
p = = = = 0.6leading
Zr 5
bJ
A;
; =70 4
X -Xe=4Q |T=—————
I
S/
'y |
A5 |
I
> Or =53.13°
L} H
+ R=3Q +
Xo=3Q

70,70V === e

Ve
I Y AYY L Sy Ay <o

c"'— y
1 Al
Y B [
) ',I o I 3 wi
| 1
! 1
| 1
A
1
36.87° I
6.8 — 900
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VOLTAGE DIVIDER RULE
The basic format for the voltage divider rule in ac circuits is exactly the same as that for dc circuits:

Example:
Find the voltage across each element of the circuit shown below
R=6Q X, =90 XCI; 170
\ g 00—
- TV - TV o4y, -
50V £30° A\
_ :
|
|
3
-
H.wW

For the circuit shown below,
1- Calculate I, VR, Vi, and Vcin phasor form.
2- Calculate the total power factor.
3- Calculate the average power delivered to the circuit.
4- Draw the phasor diagram.
5- Obtain the phasor sum of Vg, V|, and V¢, and show that it equals the input voltage E.
6- Find Vg and V¢ using the voltage divider rule.

€; = 200puF..€, = 200 uF
Ry =60 Ry=4Q L, =005H L, =0.05H

MWW 00—

|(
I\
N -

VR Vi Ve
e = \/2(20) sin 377t @ i

PARALLEL ac CIRCUITS

In ac circuits, we define admittance (Y) as being equal to 1/Z. The unit of measure for admittance as
defined by the SI system is siemens, which has the symbol S. Admittance is a measure of how well an ac
circuit will admit, or allow, current to flow in the circuit. The larger its value, therefore, the heavier the
current flow for the same applied potential. The total admittance of a circuit can also be found by finding the
sum of the parallel admittances.

Y, = — Y, = — Y; = — Yy = =

1 1.1 .1
Zr 7y Z Zy

YT:Y1+Y2+"'+YN
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For pure resistor, conductance is the reciprocal of resistance, and

1 1
Y = Z = R0 = G£0 (siemens,S)

The reciprocal of reactance (1/X) is called susceptance and is a measure of how susceptible an element is to
the passage of current through it. Susceptance is also measured in siemens and is represented by the capital
letter B.
For the inductor,
v 1 1

L™z, 7 X,290
Note that for inductance, an increase in frequency or inductance will result in a decrease in susceptance or,
correspondingly, in admittance.
For the capacitor,

1 1

" Ze Xc2—90
For the capacitor, therefore, an increase in frequency or capacitance will result in an increase in its
susceptibility.
For parallel ac circuits, the admittance diagram is used with the three admittances, represented as shown in
Figure below.

Note from this figure that the conductance (like resistance) is on the positive real axis, whereas inductive
and capacitive susceptances are in direct opposition on the imaginary axis.

= B; 2 —90 (siemens,S)

Yo = Bc£90 (siemens, S)

A },
A B Z£90°
G Z£0°
> -
+
Y B; £-90°
Example:

For the network of Fig. shown below:
a. Find the admittance of each parallel branch. ©
b. Determine the input admittance.

c. Calculate the input impedance. Y,
d. Draw the admittance diagram.

Rgﬂl& 8O Xo =120 Q)

Z]'
—_—
o}

Solution:

a. Y :G/_OOZL/_OC’:LLOo

COR R 50

=02S20°=02S+0

10
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Y, =B, £-90° = L £-90° = L £-90°
L X 80
=0.1258S £-90°=0—-;0.125S
1 1
Yo =B-490°=— £90° = —— £90°
ce Xe 200

=0.050 S £+90° = 0 + j0.050 S

b Yy=Ye + Y, + Ye
=(02S +,0)+ (0—j0.125S) + (0 + j 0.050 S)
=02S—;0.075S = 02136 S £ —20.56°

3 1
T 0.2136 S £ —20.56°

c. Zr = 4.68 ) £20.56°

or
Ll L
7.7, + L, 20+ 27,
B (5.0 20°)(8 0 290°)(20 Q £ —90°)
T (50 20°)(8 0 £90° + (8 Q 29020 Q £ —90°)
+ (50 2020 Q £—90°)

;=

800 Q) £0°
40 £90° + 160 £0° + 100 £ —90°

800 O _ 8000 _
160 + 740 — ;100 160 — j 60 J
_ 800 O
170.88 £ —20.56 Y.
4.68 Q /20.56° Y,

+

d. The admittance diagram
20.56°

L_ 0.2136 S

o
|
~*

Example:

For the network of Fig. shown below:

a. Find the admittance of each parallel branch.
b. Determine the input admittance.

c. Calculate the input impedance.

d. Draw the admittance diagram.

O

Y7

—
R§209 XLEM)Q
ZT

—_—

O

11
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PARALLEL ac NETWORKS

e

e

z‘_:__ 70.7 sin wt a
- ‘iR iiL
e = V(100 sin(er + 53.13%) RS3330 3 SRB0 . F=330
%’- a
+ LIR “1
E = 100V.253.130 RS3330 3 SRBO x. AR50
—

Y',r and Z',r
YT: YR + YL + YC - GLOO + B‘T_ 47900 + BC 4900
1 1
= ° —+ — © +
3.330) £0 1.43 Q) £=90 3.33Q

=03S20°+0.7S £-90°+ 03 S £90°

=03S—j07S+,03S
=03S—;04S=05S,—-53.13°

1 1

L= =20 £53.13°

Y, 05S/-5313°
E

£90°

I= 7 EY; = (100 V £53.13°)(0.5 S £—=53.13°) = S0A £0°

T

IR! ILr and lc
I, = (E £6)(G 20°)

= (100 V £53.13°)(0.3 S £0°) = 30 A ~£53.13°

I, = (E £0)(B, £—90°)

= (100 V £53.13°)(0.78 £—-90°) = T0 A ~—36.87°

1. = (E £6)(B £90°)

= (100 V £53.13%)(0.3 S £2+90°) = 30 A ~£143.13°

Kirchhoff’s current law: At node a,
I_IR_IL_IC‘-:O
Phasor diagram

Admittance diagram:

J

BeZ90° = 038 290°

GZ0°=038S20°

BL_BC

12

53.13°

___________ Yr =058 £-53.13°

By £-90° = 0.7S £-90°

Remove Watermark Now
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Time c_iomain:
i = V2(50) sin wt = 70.70 sin wt
in = V2(30) sin(wr + 53.13°%) = 42.42 sin(wt + 53.13°)
i; = V2(70) sin(w? — 36.87°) = 98.98 sin(wt — 36.87°)
ic = V2(30) sin(wr + 143.13°) = 42.42 sin(wr + 143.13°)

A plot of all the currents and the impressed voltages appears ain following figure

Power: The total power in watts delivered to the circuit is

Pr = EIcos 0 = (100 V)(50 A) cos 53.13° = (5000)(0.6)
= 3000 W

or Pr=E°G = (100 V)’(0.3 S) = 3000 W
or, finally.

P.T = PR + PL + 'PC
= Elcos g + EI; cos 0y + EL cos f¢
= (100 V)(30 A) cos 0° + (100 V)(70 A) cos 90°
+ (100 V)(30 A) cos 90°
=3000W+0+0
= 3000 W

Power factor: The power factor of the circuit is
F, = cos 07 = cos 53.13° = 0.6 lagging
G _03S

F,=cosltr=— =

Y, 05sS = 0.6 lagging

Impedance approach: The input current I can also be determined
by first finding the total impedance in the following manner:

B Z:Z:Zc
Zil; + LiZc + Zile

and. applying Ohm’s law, we obtain

=2 () £53.13°

Zr

e 20
(- E _ 100V 283130 o0
Zr 2075313

13
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Example:

For the circuit shown below, determine the Iz and I_ , phasor and admittance diagrams, time domain
representation, power and power factor.

LI a
e = \V/2(20) sin(wr + 53.13°) R§3_33 0 J:ng.ﬁ!l

L

Example:
For the circuit shown below, determine the Iz and Ic , phasor and admittance diagrams, time domain

representation, power and power factor.

a

’ IR yic

i = 14.14 sin wt e R § 1.67 Q) Xe T~ 1.25 Q)

L

CURRENT DIVIDER RULE
The basic format for the current divider rule in ac circuits is exactly the same as that for dc circuits; that is,

for two parallel branches with impedances Z1 and Z2 as shown

Z

— I,

Example:
Using the current divider rule, find the current through each impedance of following Figure.

o,
ZJ0r  _ (40 £90°)20A L0°) _ 80AL90° - . I
Iz = = = S 2 R ¥ =
Zx+Z, 30.0°+40790°  5/5313° I1=20A70
= 16A £36.87° RS30 XL§4 Q
-
Lo Zilr (3O L0Q0A L0°) _ GOALO®
L Zat 7, 50 253.13° 5 /53.13°
O
= 124 £ —53.13°

14



V Clace
Basée of Electrical Engineering.
Seuasoidal AHternwating
Example:
Using the current divider rule, find the current through each parallel branch of Figure shown below.

R X;

— M0

I, = 5A / 30 10 8Q
..YC
I(
I\
20

EQUIVALENT CIRCUITS

In a series ac circuit, the total impedance of two or more elements in series is often equivalent to an
impedance that can be achieved with fewer elements of different values, the elements and their values being
determined by the frequency applied. This is also true for parallel circuits.

s o Ll _ (50290100 290°) _ 50|£0°
T Ze+Z, 5Q/-90°+10Q2,90° 5,90

=10Q £-90°

J R=1920 X =1440Q
R=30 —) E

- (40 2903 Q £0°
Z,+Z, 4Q/90°+3Q,0°

= 122907 5 400 236870
5 /53.13°

= 1.920 Q) + j 1.440 Q)

15
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Example: _ 2, X, =60
For the following network AA—— L

a. Calculate the total impedance Zr. + :
b. Compute 1 E= 100\:’40"'@7: ) R3§SI)
¢. Find the total power factor. ) e T"’“
d. Calculate I, and I-.

e. Find the average power delivered to the circuit.

Example:
For the following network

a. Compute L.

I Ry =80 X;_:=3!1
b. Find I;. I,. and I;. — T P W —
¢. Verify Kirchhoff’s current law by showing that . “ 2, . 8
I:I1 - I}-|-]:3 E=200V£0°® Ry=101) Xe 90
B g X, X400
d. Find the total impedance of the circuit. “' - T

16
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Tutorial:
1-Find the current i for the elements and sketch the waveforms for v and i on the same set of axes.

i i
e e
- - -
>3 v = 21sin(wr+ 10°) X 70 v = 49 sm(wt+ 70%) Xe AT=1000) v = 25 sm(wt - 20°)
O—
(@) ) O]
i—-
[ S——
- - -
v=4x107sin(@-120°) 7 = 01HSy = 16 sin(377¢+ 60°) C=2puF-T~V = 120sinwt f=5kHz
o—
(d) (e) ®

2-Calculate the total impedance and express your answer in rectangular and polar forms, and draw the
impedance diagram.

R=30 R =20 ¥c= 060 Ry = 1kQ Az, = 3K
Zr Zr Zr
4Q 80 S 4kO
g w3 n3
o—)— o o——T0
Xe =70 Xy, =7k0)
(a) (b) (©

3-For the circuit shown below

a. Find the total impedance Zr in polar form.
b. Draw the impedance diagram. R=38Q X =60Q
c. Find the current I and the voltages V; and V; in pha- AMN
sor form. - - 7 v,
d. D,raw the phasor diagram of the voltages E. Vz. and E = 100V £ 0° ll
V;. and the current I.
Verify Kirchhoff’s voltage law around the closed loop. -z
Find the average power delivered to the circuit. =
Find the power factor of the circuit. and indicate =
whether it is leading or lagging.
Find the sinusoidal expressions for the voltages and
current if the frequency is 60 Hz.
i. Plot the waveforms for the voltages and current on the
same set of axes.

4-Repeat problem 3 for the following circuit, replacing V with V¢ in parts (c) and (d).
R=10Q Xe =300

A 4
N AL LN
Vz " Ve
E =120V £20° Il
Tz
—

17
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