Homework 9
P7.1.4 Animpedance 4+ j4 Qs connected in parallel with an impedance 12 + j16 Q If the

total reactive power absorbed is 2500 VAR, what is the total real power absorbed?

Verify your answer by working in terms of the overall impedance and admittance.

Solution P7.1.4
Z = (4 +j4)(12 + j16)/(16 + j20) = 3.024 +|3.22 Q.
Q =|I’X, and P = |I|°R, so that P = 2500R/X = 2348 W.

y=_1 ! 0155 —j0.165 S; Q = -|V|?B, and P = |V|?G, so that P = -2500G/B =

= +
4+j4 12+j16

2348 W.



P7.1.5 Determine C in
Figure P7.1.5 if
the capacitor I I *
absorbs 5 VAR

and the 12./0°V <+> 20 § <+> 30.£0°V
: rms - _ rms
frequency is

- 1mF  4Q
50Hz. Derive T
the power ®
absorbed by C Figure P7.1.5
from conservation of power in the circuit.
Solution P7.1.5 c
Isrc1 Ic Isrc2

Voltage across Cis 18 V. — — |
Hence, oC|V|? = 5, which

ives C = 49.1 pF.
J 3 12,00V [+ 20 . Y\ 30.20°V
lc = joC(12 — 30) = -j5/18 A. ms \_ I Q ") T ims
For the 1 mF capacitor, X = - -j10/7 Q

1/(10072x10™ =

-10/7 14 = 12_ =1.70 +j2.70 A.
2+ X

Hence, ISCRl = |1 + IC =1.70 + J 2.43 A;
ISCRZ =75- |c =75+ J028 A.

Complex power delivered by 12 V source: Ssrci = 1215z¢; = 20.38 —j29.1 VA,
complex power delivered by 30 V source: Ssrca = 3015gc, = 225 — j8.33 VA;

complex power absorbed by capacitive branch: S; = 121, = 20.38 — j32.43 VA,

power absorbed by resistive branch is 900/4 = 225 W.
Power absorbed by capacitor is Ssgc1 + Ssre2 — S1 — 225 = -j5 VAR.



P7.1.6 Determine R and the rms magnitude of R

Vsre in Figure P7.1.6, given that each

resistor absorbs 2 W and @ = 1,000 rad/s. Verc C"‘) 50 Q 20 uF _

Solution P7.1.6 Figure P7.1.6

1 1 I
= _ =50 Q. SRC R
oC 10°x20x10°® —

2
Since the 50 Q resistor absorbs 2 W, Vi =2, + —1
50 Vsre 50 Q 20 WF ——

[V | =10V rms;

reactive power absorbed by capacitor is

IV P
50

complex power absorbed by parallel capacitive branch is 2 — j2 VA,

=-2 VAR;

current through Ris Isgc = (2 +j2)/10=0.2 +j0.2 = 0.24/2.245° A rms.
Since the power dissipated in R is 2 W, R = 2/(0.04x2) = 25 Q.
Complex power delivered by source is 4 — j2 = Vsrc(0.2 — j0.2);
4-j2

————=15+j5=5410£18.4°V rms.
0.2-j0.2 : \/_

hence, Vsre =



P7.1.9 Determine the complex power delivered by
Vsre1 and Vsgez in Figure P7.1.9 given that
L, absorbs 4 kW at a power factor of
0.6 lagging, L, absorbs 3 kW at a power
factor of 0.6 leading, and the complex
power absorbed by Lz is 12 + j5 kVA.

Assume that Vsge1 = 40020° V rms and

Vsrer = 400,90° V rms.

Solution P7.1.9

S, =4+ j4><O.8

= 4 +j16/3 KVA:;

52=3—j%:3—j4kVA; Sy =12 +j5 KVA!

S1=4001., S, = 4001}, Ss = 400(1 +j)15.

It follows that I, = Llés/?’xlooo =

10 - j40/3 A;

b= 2t14 1000=-10+ 7.5 A;
400

s= 2715 1000-21.25+]8.75 A:
400(1- j)

lsrc1 =11 +13=31.25 — 1458,
lIsreo= 1o + 13 =11.25 + J1625 A;

VSRCl

VSRCZ

hence, Ssgrc1 = 400(31.25 + j4.58)/1000 = 12.5 +j1.83 kVA;

Serca = j400(11.25 — j16.25)/1000 = 6.5 + j4.5 KVA.
As a check, Ssgre1 + Ssrez = 19 + ]19/3 =5, +S,+ Ss.

T

Figure P7.1.9




P7.1.11 In Figure P7.1.11, find the instantaneous
power, the real power, and reactive power

delivered by the source, given that

Ve =10c0s10°t.

Solution P7.1.11
olL=1Q; 1/oC =0.5 Q;

- 10 _
j+(=]*0.5)[|(j +2)

5—j20 = 20.62.£-76° =

20.62cos(10% — 76°) A.
The instantaneous power is 206.2(cos10°%)cos(10% —
76°) = 103.1[cos(76°) + cos(2x10°% — 76°)] VA.

o)

1uH

YL YY"

+ L
Vsre <_> 2puF 2 Q§

1pH

Figure P7.1.11

The complex power is 10(5 + j20)/2 = 103.1.£76° VA in terms of rms values, so that the real

power is 103.1cos(76°) = 25 W and the reactive power is 103.1sin(76°) = 100 VAR.



P7.2.9 Determine Z_ in Figure P7.2.9 that

makes it absorb maximum power and

calculate this power.

Solution P7.2.9

On open circuit, I; =0, so that 1, =0, V, =0,
and V; = 0. It follows that 2V, =-100 V, and
Vr, =-50 V.

On short circuit, V3 = 0; hence, 4V, = 100, and
25

V,=25V; 4l = > and ls; =-21; =

_—25_. Hence Zt, = 8(1 — j2) Q.

4(1-j2)

It follows that for maximum power transfer, Z,,
=8(1 +j2) Q. |lm| =50/16 A, and Rn|lLm]? =

8(50/16)? = 78.125 W.
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P7.2.13 Determine Z, in Figure 30 6 Q
P7.2.13 that will absorb Vv

maximum power and calculate

this power. 100200V [+
rms -

-j100Q —

Figure P7.2.13

Solution P7.2.13

If Z, is removed, the open-circuit voltage is: V1, = 4- lef x100 = % %x100 = 104.6 —
j83.08 = 133.6£-38.5° V.
If the voltage source is set to zero, Z, = (3+6)(4-j10) =8.123 +j3.785 Q.

7-j4
Hence for maximum power transfer, Z,, = 8.123 — j3.785 Q.
The maximum power transferred is (V11)?/4R.m = (133.6)%/(4x8.123) = 549.2 W.



