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SERIES AND PARALLEL AC CIRCUITS

15.2 IMPEDANCE AND THE PHASOR DIAGRAM

Resistive Elements i = I, sin ot N
For the purely resistive circuit, v and i are in- R § v =V, sin wf
phase, and the magnitude a

O

L 5= o R
R

In phasor form,

v=V sinwtr=V=V_~/O0°

m

where V = 0.707V .

Applying Ohm’s law and using phasor
algebra, we have

v WL W

= — = — /0° — 6O,
R /6g A .

Since i and v are in-phase, the angle associated with i
also must be 0°. To satisfy this condition, 8z must
equal 0°.

V £0° Vv

1%
I = = — /S0 — 0° = — Z20°
R ~0° R/ R

so that in the time domain

R v
i =D E sin wi

Z. = R ~20°
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EXAMPLE 15.2 Using complex algebra, find the voltage v for the circuit in Fig.
Sketch the waveforms of v and i.

i = 4 sin(wr + 30°)
C—>
i = 4 sin(wt + 30°) = phasor form I = 2.828 A £ 30°

+
V =1Z, = (I LO)(R £0°) = (2.828 A £30°)(2 Q) £0°) oy
= 5.656 V £30° _

v = V2 (5.656) sin(wt + 30°) = 8.0 sin(wt + 30°) =

¢ 4J Phasor diagram

- 19|
3

(ST
3

30°-»
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Inductive Reactance

For the pure inductor, the voltage leads the current by 90° i

and that the reactance of the coil X is determined by wL. +
X; = wL v=V

o SIN Wi

v =V, sin wt = phasor form V =V £0° -
O
By Ohm’s law, V £0° V : |
I = == A By
X; 26, X;
Since v leads i by 90°, i must have an angle of -90° associated with it. To satisfy this condition,
O,
must equal +90°. Substituting 6, = 90° we obtain
V 207 ‘F/’ V
= /0% —90° = — £ —90°
X; £ 90° X; X;

so that in the time domain

= VvV
= \/2()(—) sin(wt = 9012') Zf_ — XL £ 90°
L
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EXAMPLE 15.4 Using complex algebra, find the voltage v for the circuit in Fig. Sketch

thevandi curves.

~,

and v = V2(14.140) sin(wt + 120°) = 20 sin(wt + 120°) &

5 sin(wt + 30°) = phasor form I = 3.535 A £30°

V=1Z, = (I £L6)X, £90°) = (3.535 A £30°)(4 Q £+ 90°)
= 14.140 V £.120°

,’\4 Neading

'

S sinflat 4+ 30°)

C—.

X, =40

i Phasor diagram

Y
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Capacitive Reactance o

’.
For the pure capacitor in Fig., the current leads the
voltage by 90° and that the reactance of the capacitor X = o€ ==
Xc is determined by 1/wC.
O

v = V,, sin wf = phasor form V =V £20°

Applying Ohm’s law and using phasor algebra, we find

+

y ="V s}
v =V, sinwt

V £0° V :
I _— T /OO — 1 0(‘
X260, Xc
Since i leads v by 90°, i must have an angle of +90° associated with it. To
satisfy this condition, 6, must equal —90°. Substituting - = —90° yields
V £0° |4 |
= =i—— 0% - — (=90} =——290°
XC ./_ _900 XC XC
so, in the time domain,
|4 — —
i = \/§(x—> sin(wf + 90°) Le=Xe £790°
¢
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EXAMPLE 15.6 Using complex algebra, find the voltage y for the circuit in Fig. Sketch
the v and i curves.
i = 6sinfwt — 60°)

o
i = 6 sin(wt — 60°) = phasor notation I = 4.242 A /£ —60°
V=1Zc= (I LO) X £—-90°) = (4242 A £—-60°)(0.5 Q2 £-90°) +
=2.121V 2-150° Xe=050=< v
and i
o

v = V2(2.121) sin(wr — 150°) = 3.0 sin(wt — 150°)

s t/ Phasor diagram

\,v/,/\ -
NN +
- v > ny.k
wt /: ¥
\ \
Leading 2
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Impedance Diagram

For any network, the resistance will always appear on the

positive real axis, the inductive reactance on the positive e
imaginary axis, and the capacitive reactance on the negative
imaginary axis. -+ 90

- T
For any configuration (series, parallel, series-parallel, and so -/—90° R20° +
on), the angle associated with the total impedance is the
angle by which the applied voltage leads the source current. T
For inductive networks, 0; will be positive, whereas for | Gt

capacitive networks, 0; will be negative.
Impedance diagram.

15.3 SERIES CONFIGURATION

ZT:ZL+Z:+Z_‘J*"'_—Z__V
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EXAMPLE 15.7 Draw the impedance diagram for the circuit in Fig., and find the total
impedance.

As indicated by Fig., the input impedance can be found o M 0T N —
graphically from the impedance diagram by properly R=40 X, =80
scaling the real and imaginary axes and finding the T
length of the resultant vector Z; and angle 0; Or, by '
using vector algebra, we obtain o
L/
br=Li+4& = e
=R £0° + X, £90° |
=R+ jX; =4 () + j8 () - |
: I AR |
Z; = 8.94 Q £6343 y
- »-
R = 41() +

Impedance diagram
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EXAMPLE 15.8 Determine the input impedance to the series network in Fig. Draw the

impedance diagram.

7 z z
o AN 500 I€
R = 612 X; = 1082 X = 1252
R B Al b
=R /Z0°+ X; £90° +X. £ —90° o
=R + jX. — jXc
=R+ j(X; —Xs) =068+ j(104) — 1242) =62 — j2 ()
Zr=632( /—18.43°
3
fx. =100
Note that in this example, the series inductive
and capacitive reactances are in direct
opposition. ikl RS =
But if the inductive reactance were equal to SR = '\.\]ﬁ'r\ .
the capacitive reactance, the input impedance '
would be purely resistive. i
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15.4 VOLTAGE DIVIDER RULE

L E
The basic format for the voltage divider rule in ac = 7
circuits is exactly the same as that for dc circuits: a

EXAMPLE 15.9 Using the voltage divider rule, find the voltage across each element of the

circuit in Fig.
R=30Q Xc =40
W—
b Ao s
E = 100VZ0 @

v _ ZE _(4Q2-90°)(100V £0°) 400 £-90° =

T Ze+Z, A4QZ-90°+3Q20°  3—,4

o SDLN BV 2 BT
5 £—53.13°
, Z:E (30 £0°)(100V £0°) 300 £ 0°
Vo= Zo+Z,  502-5313°  5.7-53.13°

= 60V L +53.13°
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EXAMPLE 15.10 Using the voltage divider rule, find the unknown voltages Vg, V|, V¢
and V, for the circuit shown.

R=60Q X, =90 Xc =170
MWN————T00—(
+ + Vi — | + V, — i e —
E =50V Z30° @ \
< Z.E B (6 Q £0°)(50 V £30°) :
R Zp+Z, +Zc 6020°+902£90° + 170 £—90° L 3
300 £30° 300 £30°
6+ j9—j17 6—j8
300 £30°
= =343 130
0Z_sa13 v esd
v L Q090760 V.L30°) 450V £120°
=" . 10 Q ~ —53.13° ~ 10 £—53.13°
= 45V/173.13°
v ZE (179 £-90°)(50V £30°) 850 V L—60°
€ Z 10 Q) ~ —53.13° 10 £—53°
= 85V £ —6.87°
= (Z, + ZHE  (9Q £90° + 17 Q £ —90°)(50 V 230°)
l —_— Pt

Z; 100} £2—53.13°

_ (B£—90°)(50£30°) _ 400.-60° _ o ..
~ 102-53.13° 10 £-53.13° '
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Thank you very much
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