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PARALLEL ac CIRCUITS IJ‘

B- £ 907
ADMITTANCE we define admittance (Y) as being equal to 1/Z.
YT=Y1+Y'-+Y3+'~- ‘I‘Y-.-.,.r {1516} GZ20°
- _ -
Y B, £-080°
Yr 1 1 1 1
L FIG. 15.55
Admittance diagram.
v, = = : - L~ —90° 1 1 1
1 1 I'L XL £ 90" XL YC == 7z = X / —00° = - £ 90°
YR — = = (G /0° C cC [
L R A0OF
_ 1 - .
5r = X7 (stemens, S) B = L (siemens, S)
Xc

Y.L = B_[_ L —a0"

Yo = Be £90°
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EXAMPLE 15.12 For the network of Fig. 15.56: )
a. Find the admittance of each parallel branch. Yr |
b. Determine the input admittance. z, R § 2040
c. Calculate the input impedance. -
d. Draw the admittance diagram. 5
Solutions: 1 E——
a Ye=G /0°=— /0° = 1 J0° Example 15.12.
20102
=0055 20°=005S5+j;0
Y; =B; £—90° = L £—90° = L £ —90° ;

=01S/-90°=0—;018S
b. Y=Yz + Y;=(005S +0)+ (0 —j0.1S)
=0058S—-j01S=G—jB;

Y;=0055.20°

1 1 B 1
Yr 005S—01S 01128 /—6343°

= 8.93 () /63.43° i
Y; =015.-90°

or Eq. (15.17):

_ ZgZy  _ (200 £0°)(10 Q) £90°)
T Z2=+12; 200 + ;100

— 200 {1290 = 8.93 () /63.43°

2236 £26.57°




15.8 PARALLEL ac NETWORKS

For the representative parallel ac network of Fig. 15.61, the total imped-
ance or admittance 1s determined as described in the previous section,
and the source current 1s determined by Ohm’s law as follows:

E
I=— =EY, (15.28)
Ly

Since the voltage 1s the same across parallel elements, the current
through each branch can then be found through another application of
Ohm’s law:

= z£ = EY, (15.292)

1

E
L =—=EY, (15.29h)

I,

‘ I 11
Z,
= AU L-Yr
FIG. 15.61
Parallel ac nefwork.



Kirchhoiff’s current law can then be applied in the same manner as
employed for dc networks. However, keep 1n mind that we are now
dealing with the algebraic mampulation of quantities that have both
magnitude and direction.

I_II_IE=G

or I=5,+ L (15.30)

The power to the network can be deternuned by

P = Elcos 7 (15.31)

where f1 1s the phase angle between E and L
Let us now look at a few examples carried out in great detail for the
first exposure.

R-L
Refer to Fig. 15.62.

+ Lz i

g = /2(20) sin{wf + 53.13%) @ R§ 3330 A’Lglﬁ 0}




Phasor Notation As shown in Fig. 15.63.

I=10A20P

1-[}1 lIL

E = 20V~ 53.13° £§ 31330 x, 250

FIG. 15.63
Applying phasor notation to the network aof Fig. 15.62.

v'.r and I'.r
Y, =Y.+ Y,
1 1
=G /0°+ B; /—90° = /0° + —— /—90°
L 333 () 250

=035S/0°+048/.-90°=0358—j0458

=055 £A-53.13°
1 1

= =2 () /53.13°
Yr 058 .2-5313°

ZI:

Admittance diagram:  As shown m Fig. 15.64.

G/ =03520°
T >
53.13° |

|
|
|
B, £007 =045 £-00° Yr =055 45315
|
|
|
|
|
|

FIG. 15.64



E
I=_—=EYr=(20V£53.13°)(0.5S £—53.13°) = 104 £0°
T

|l and |,
_ E /6
R 207
=(20V £53.13°)(03S £0°) =6 A £53.13°
E /0
I; =——— - =(E Z0)(B; £ —90°
L= % /90° (E £0)(B. )
= (20V £53.13°)(0.4 S 2 —90°)
=8A /—-3687°

I = (E £6)(G £.0°)

FIG. 15.65
Phasor diagram for the parallel R-L network

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

Pr= Elcos it
= (20 V)(10 A) cos 53.13% = (200 W)(0.6)
= 120 W

. Vi .
or Pr=IR= Eﬂ = V3G = (20V)(0.3S) = 120 W



or, finally,

PT:PH+PL:EIHCGEHR+.EL:EDEE£
=(20V)(6A)cos0° + (20 V)(BA)cos90° = 120W + 0
= 120 W

Power factor: The power factor of the circuit 1s
F, = cos fr = cos 53.13° = 0.6 lagging
or, through an analysis sumilar to that employed for a series ac circuut,

P _EIR_EG_G _G
EIl I IV T

cos fr =

and F, = cos O = & (15.32)
Yr

where & and T are the magnifudes of the total conductance and admt-
tance of the parallel network. For this case,

038
F_=rcos = ——— = 0.6 laggin
p T ggIng



CURRENT DIVIDER RULE

_ Ly _ Ll .
Z, + Z, oI+ Z,

I,

.1,

EXAMPLE 15.16 Using the current divider rule, find the current
through each parallel branch of Fig. 15.78.

R X,
WA—000"—
I, =54/ 30° 1l 80
: X,
fi
I\
20
FIG. 15.78
Example 15.16.
Solution:
L —_2Lcdr _ Q@ 2 —90°)(5A £30°) 10 A/ —60°
R Ze+Zar  —j20+10+580 146
10 A/~ —60°

= = 1.644 A ~ —140.54°
6.083 £80.54°




