- ot 3 b
4, r”.lt*.\ -~ v oo -~
o‘. | e & ﬂ.“.gw,".. - . >
- — . i .
A A, gt L

-
VR

Ircuits

Series and Parallel

acC




Z for all elements
J

15.3 SERIES CONFIGURATION
X, £90°

The overall properties of senies ac circuits (Fig. 15.20) are the same as
those for dc circmits. For instance, the total impedance of a system 1s the

sum of the indrvidual impedances: T 007 .
-/—90° R.ZO°P +

= AR =R =R == (15.4)
¥ X £90°
L L I _ Ir .
o z, z, z, | Zy
E'T
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EXAMPLE 15.8 Determine the input impedance to the series networl -
of Fig. 15.23. Draw the impedance diagram. 1

Solution: 0
ZIZZI+ZE+23 R=060
=R /0°+ X; /90° + X £ —90° Zy—
=R+ jX1 — j&c
=R+jX; —X)=60+100-120)=60—;20 5

Z, Z
T
I\

X, =100 X,=120

Zr=6.325() / —18.43°




Series Ac network

E

and I = —
Ly

(15.5)

The voltage across each element can then be found by another applica-
tion of Ohm’s law:

v, = 1Z, (15.6a)

vV, = IZ, (15.6b)

Kirchhoff s voltage law can then be applied 1in the same manner as it
15 employed for dc circuts. However, keep 1n mund that we are now
dealing with the algebraic manipulation of quantities that hawve both
magmitude and direction.

E—V, —V,=20

or E = %V; + V3 (15.7)

The power to the circuit can be determined by

P = ET cos B¢ (15.8)

where 01 1s the phase angle between E and I.

[ B¥]



R-L Phasor Notation
e = 14l 4smmwf = E = 100V 07

R=30 A =410 Note Fig. 15.27.
Wh 00—
MW OO0
g = 141 4 sin wt I N + Ve — + Vi —
@ E=100V ~ 0° Ii
|
j —

FIG. 15.27
Applyving phasor notation ro the network of Fig. 15.26.

Ly
Zr=Z,+Z>:=30,0°+ 40 ,90° =30 +j4
and Zr =5 /53.13°

D) ——— — —— ——

Impedance diagram: See Fig. 15.28.

I = E _ 100V 20° = 20A ~ —53.13°
L 54} £ 53.153"° T




UR and UL

Ohm'’s law:
Ve=1Zz=(20A /—53.13°)(3 () £0°) M
= 60 V. —53.13°
V:=1Z; = (20 A /. —53.13°)(4 () £ 907)
= 80V /36.87°
Kirchhoff 's voltage law:
3.V=E—-Vy—V;=0
or E=Vz+V;

In rectangular form,

FIG. 15.29
Phasor diagram for the series R-L circuit of

V=80V £A+3687" =64V +j48V Fig. 15.26.

VeE=60V £A—-5313" =36V —j48V

and

E=Vs+V; =36V —j48V) + (64V +748V) =100V + ;0
= 100V £0°



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

Py = Elcos 01
= (100 V)(20 A) cos 53.13° = (2000 W)(0.6)

= 1200 W

where E and I are effective values and 7 1s the phase angle between E

and I or
Pr=1IR
= (20 A)*(3 (1) = (400)(3)
= 1200 W

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

Pr=Pr + P; = Velcos g + Vil cos 0;
= (60 V)(20 A) cos 0° + (80 V)(20 A) cos 90°
= 1200 W + 0
= 1200 W

we find F, =cos iy = S
Zr

= 0.6 lagging



R-L-C
Refer to Fig. 15.35.

+

e= T70.7 sin -.df@

Phasor Notation As shown in Fig. 15.36.

R=30 XA=70 IX-=310
|f
M OO0 I8
T ovp — - ¥V — + v —
3!
FIG. 15.35
Series R-L-C ac circuit.
R=30n HA=70 I =30
ANN——TO0 I
+ Ve — + Vi - + Ve —

1




Ly

Zr=Z,+Z,+Z;=R /0°+ X; /.90° + Xp / —90°
=30+;70-j30=30+;40Q

IJ and Z:=5 /53.13°
70

Impedance diagram: As shown i Fig. 1537

E _ 50V Z0°
Zr 5Q/5313°

I= = 10A £ —-53.13°

Ve V., and V.
Va=1Zz= (I Z6)(R 20°) = (10A /. —53.13°)(3 () £ 0°)
+ =30V /~-—-53.13°
V; =1Z; = (I 26)(X; £90°) = (10 A £ —53.13°)(7 ) £90°)
=T0V /£36.87°
Ve=1Zc= (I Z6)(Xp 2/ —90°) = (10 A / —53.13°)(3 () ~ —90°)
=30V /2 —143.13°




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

Py = EIcos 7 = (50 V)(10 A) cos 53.13° = (500)(0.6) = 300 W
or Pr= IR = (10 AY(3 Q) = (100)(3) = 300 W
or

PT = PR + P_[. + Pc-
= Velcos s + Flcos 0, + VIcos B
= (30V)10A)cos0° + (70VN10A) cos90° + (30 V)10 A) cos 90°
= (BOVNI0A)+0+0=2300W

Power factor: The power factor of the circwt 15
F, = cos By = cos 53.13° = 0.6 lagging
Using Eq. (15.9), we obtain

R _30
zZ; 50

F,=cosf = = 0.6 lagging



15.4 VOLTAGE DIVIDER RULE

The basic format for the voltage divider rule in ac circuits 1s exactly
the same as that for dc circuts:

v, = LE (15.10)

Lr

EXAMPLE 15.10 Using the voltage divider rule, find the unknown
voltages Vg, Vi, V-, and V; for the circut of Fig. 15.41.

Solution:
_ _ X, =170 |
R=60 A =90 f“, v ILE (60 20°)(50V £30°
R_ - o o o
R H"I;— jEE . l";{_ ] Za+Z+Zc 60 20°+90290°+170 2-90

_300£30° 300 £30°
6+j9-j17 6-j8
_ 300 £30°
- 10 £—53.13°

E =350V.Z30° f\j

(ra———— Tl ()

=30V /£83.13°




Z;E _ (90 £90°)(50V £30°) _ 450 V./120°

V=
oz 10 () £ —53.13° 10 £ —53.13°
= 45V £173.13°
v. o ZcE _ (179 2£-90°)(50V £30°) _ 850 V£ —60°
© oz 10 Q) /£ —53.13° 10 £ —53°
=85V £ —6.87°
v = @HZIE _ (90 £90° + 170 £-90°)(50V £30°)
: Zr 10 ) £ —53.13°
_ (8 £—90°)(50 £30°)
10 £—53.13°
400 £ —60°
= =40V £ —6.87°

10 £ —53.13°



