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Series and Parallel AC Circuits

Series Configuration

The overall properties of series AC circuits are the same as those for DC
circults. For instance, the total impedance of a system Is the sum of the

individual impedances:

Zy=Z,+Z, +Z, + --- + Z,,
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Series and Parallel AC Circuits

Series Configuration

For the representative series AC configuration having two impedances, the
current Is the same through each element (as it was for the series DC circuits)

and Is determined by Ohm’s law: LoV,
ZT = Z| + ZI z‘l
‘ |
+
I K y 7 |V

The voltage across each element can then be
found by another application of Ohm’s law: =

V|=]Zl E—E-FI—‘,-T?_:D

E=V, +V,

v, =14,

The power to the circuit can be determined by

P = El cos 8¢




Series and Parallel AC Circuits

R — L Circuit
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Series and Parallel AC Circuits

R — L Circuit

Vgand V,

Ohm’s law:

Ve =1Zz = (20 A £—53.13°)(3 (2 £0°)

=60V L-53.13° AJj
V,=1Z, = (20 A £—53.13°)(4 1 £907)
=80V L36.87°
Kirchhoff s voltage law:
2-V=E—-V,—-V, =0
or E=Vy;+V,

In rectangular form,

Ve=60V £-53.13° =36V —j48V
V=80V L+3687° =64V + j48V

and

E=V,+V, =36V —j48V)+ (64V + j48 V)= 100V + jO
— 100V 20°



R — L Circuit

Power: The total power in watts delivered to the circuit 1s

Py = Elcos 0;
= (100 V)(20 A) cos 53.13° = (2000 W )(0.6)
= 1200 W

where E and [ are effective values and 6, is the phase angle between E

and [, or

P,=I’R
= (20 A)X(3 Q) = (400)(3)
— 1200 W

where [ 1s the effective value, or, finally,

Pr=Py+ P, = Vilcos8, + Vi Icos b,
= (60 V)(20 A) cos 0° + (80 V)(20 A) cos 90°
= 1200 W + 0
= 1200 W

where 6 is the phase angle between V; and I, and 6, is the phase angle
between V; and L.

Power factor: The power factor F), of the circuit is cos 53.13% = 0.6
lagging, where 53.13° is the phase angle between E and 1.

If we write the basic power equation P = EI cos 6 as follows:

P

= —
CO& El
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p P IR
cosf) = — =
ElI EI
IR R R
E EI Z;
R
F, = cos O = Z




R — C Circuit
Phasor Notation

i = 7.07 sin(ewt + 53.13°)

= I=5A £53.13°
Zr

=60 /0°+ 80 /—90°
=6 — j8 ()
and Z,=104 £ —53.13°

E =17,
= (5A £53.13°)(10 Q £ —53.13°)
=50V £0° j
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i = 7.07 sin(wf + 53.13°
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Impedance diagram Xo=810)



Series and Parallel AC Circuits

R — C Circuit
VH and v(;
Ve=I1Z,= (T 260)R £0°)= (5 A £53.13°)(6 Q) 20°)
=3V /5313
Vo=1Z.= (I £L6)(X, £—90°) = (5 A £53.13°)(8 Q) £—90°)
=40V /£ —-36.87°
Kirchhoff's voltage law:
Lo V=E—= V= Vc=0 " which can be verified by vector algebra
or E=V,+V, as demonstrated for the R-L circuit.
bj

Phasor diagram: Note on the phasor
diagram that the current | is in phase
with the voltage across the resistor and
leads the voltage across the capacitor
by 90°.




; ; Series and Parallel AC Circuits
R — C Circult

Time domain: In the time domain,

e = V2(50) sin wt = 70.70 sin wt
v, = V2(30) sin(wf + 53.13° = 42.42 sin(wf + 53.13°)
ve = \/2(40) sin(wf — 36.87° = 56.56 sin(wf — 36.87°)




R — C Circuit

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

Pr= Elcos 8= (50V)(5 A) cos 53.13°
= (250)(0.6) = 150 W

or P, = IR = (5 A)*(6 Q) = (25)(6)
= 150 W

or, finally,

P =Py + P-= Volcos B, + V-Icos B,
= (30 V)(5 A)cos 0° + (40 V)(5 A) cos 90°
= 150W + 0
= 150 W

Power factor: The power factor of the circuit is
F,=cos f = cos 53.13° = 0.6 leading
Using Eq. (15.9), we obtain

R 6 1)
F.=cosf =— =

P Z. 100
0.6 leading

Series and Parallel AC Circuits



. . Series and Parallel AC Circuits
R — L - C Circult

. ] - _ X, =70 X~-=31}
Phasor Notation E = 530V 20 R =30 L C
Z; ——MA—T00 ‘(
+ Up — + v — -
ZT=Z|+Z‘_}+Z:| + R L +L-.|: —
=R 0%+ X, £90° + X £ —=00° AU e = T70.7 sin wt l
—30+;70-/30Q j
—30+i40 -
ZT=5ﬂf_53.13°
|
_E _ soveeo L

Z;, 5 /5313° rR=30 X, =70 X=30

=10 A £ —53.13° I(
IJ | , I\
Impedance X, =70 + N A A
diagram E=50VZ0 [i

XL—Xt—:-ﬂ-ﬂ ! _—




Series and Parallel AC Circuits

R—L—C Circuit
VH, UL, and Vf:

Ve=1Z,= (I £L0)R £0°) = (10 A £—53.13°)(3 02 £0°)
=30V L5313

V,=1Z, = (I 20)(X, 290°) = (10 A £—53.13°)(7 Q2 £90°)
=T0V ~L36.87°

Ve=1Z¢c= (I £0)( X £—90°) = (10 A £—53.13°)(3 (2 £L—90°)
=30V £-143.13°

Kirchhoff s voltage law:

i

S~V=E—-Vg—V,— V=0 /

or E=V,+V, +V_

Phasor diagram: The phasor diagram
indicates that the current | 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°.




Series and Parallel AC Circuits

R—L —C Circuit

Time domain:

i = V2(10) sin(wf — 53.13°) = 14.14 sin(wt — 53.13°)
ve = V2(30) sin(wf — 53.13°) = 42.42 sin(wt — 53.13°)
v, = V2(70) sin(wt + 36.87°) = 98.98 sin(wt + 36.87°)
ve = V2(30) sin(wt — 143.13°) = 42.42 sin(wf — 143.13°)

i
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Series and Parallel AC Circuits

R—L—C Circuit

Power: The total power in watts delivered to the circuit 1s

P, = Elcos 8= (50V)(10 A) cos 53.13° = (500)(0.6) = 300 W
or P,=T'R= (10 A3 Q) = (100)(3) = 300 W

or

Pr= P+ P, + Pc

Vel cos 0, + V, Icos 8, + V-Icos 8,

= (30V)(10 A) cos 0° + (70 V)(10 A) cos 90° + (30 V)(10 A) cos 90°
= (B30VYI0A) +0+0=300W

Power factor: The power factor of the circuit 1s

F, = cos iy = cos 53.13° = 0.6 lagging

or
3Q

F,=cosfl =— = 50 0.6 lagging



