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Complex Impedance

1. A 250V, 50 Hz voltage is applied to a coil of inductance 5 H and resis-
tance of 2 Q in series with a capacitance C. What value must ‘C’ have in
order that the voltage across the coil shall be 280 V. Draw the phasor

diagram.
Solution:

Coall
i 5H 2 ¢« C
= AN
280V ‘

(~)

/

250V, 50 Hz
Fig. 5.1

Impedance of thecoil Z_; =R + joL

Zooit =2 + o X 50X 5 =2+ j1570

Zon =2 +j1570 = 1570 [90°

Voltage across the coil is

VC()i] = 280 \%
I= _280 =0.178 |-90°
1570(90°
Total impedance Zr= V20 _ j1404.5 Q
I 0.178]-90°

—‘ NA-Olc-05.p65 1 8/29/07, 12:14 PM ’7



5.2 Network Analysis

Z

capacitance

= ZT - Zcoi]
= j1404.5 — j1570
= 1655Q

Xo=-j165.5

1
o =—-j165.5 and C =192 puF

[0
1
——  =—j165.5
2 x50xC
Phasor diagram
~90° VT Vcoil =280 «£0°
1
0.178 £-90°
Fig. 5.2

2. Find the values of R and C in the circuit shown so that V, = HV, and V,
and V), are in phase quadrature.

6 Q 8Q R C
NN AA— —

Vi Vs

e—— 240V, 50 Hz ———— >

Fig. 5.3

Solution:  Consider applied voltage to the circuit is 240 [0° volts
Total voltage applied

V,+V, =240 |0°
V, +4V, =240

V = ? =48 volts

a

Since the current blowing through all the elements is the same, we have
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Complex Impedance

5.3

L R=2Q

X.=15Q

V,[0° Vv, [-90°

6+j8 R-jxC

R—jX, = 6+ 48)V,[-90
V|0°
_ (6+ j8)48|-90°
T 4x480°
=2.51-36.9°
R-jX,=(2-j15)Q
1 ois
oC
L s
2r x50x C

C=212x10°F

3. The applied voltage to a series circuit is v = 50 sin (20007 — 25°) volts and
the resultant current through the circuit is i = 8 sin (2000 ¢ + 5°) amps.
Find the circuit elements.

Solution:  The effective applied voltage

Vims = % —25° Volts

The effective current in the circuit

[e]

L = % |5° ampers.

The phasor diagram is

I
5

—25°

Fig. 5.4
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54 Network Analysis

Phase angle between voltage and current is 30° leading.

V. _ (50/2)|25° _

The impedance Z= —

I @2)[5°

Z=0.25|-30° =5.412 - j3.125

6.25 |=30° Q

=R-jXc
R=5412
Xe= =L _3125
©C ~ 2000 C
I

C=—— =160x10°F
2000 x 3.125

4. For the parallel circuit shown below, find the branch currents and the total
current and construct the phasor diagram.

Ir

I L
5040°@ °e §109
T—j4gz

Fig. 5.5

Solution:  The current through (3 —j4) Qs

,_50j0° _ s000°
T 3-j4 7 5|-53.1°

I, =10 [53.1° amp = (6 + j8) amp
The current through 10 Q is

Izz% = 5]0° amp. =5 amp.

Total current Ir=1+1,

=6+8+5=11+,8

I;=13.6 [36° amp.
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Complex Impedance 5.5

The phasor diagram

;=10 £5314°  Ir=13.6 £ 36°

V=50£0°

Fig. 5.6

5. A three-element series circuit contains one inductance L = 0.02. The
applied voltage and resulting currents are shown on the phasor diagram. If
@ = 500 rad/sec, what are the two circuit elements?

63.5° 45°

17.91A

250V
Fig. 5.7
Solution:  The voltage applied to the circuit
V=250 |ﬁ’ volts
The current through the circuit /=7.91 [-116.5°

SV 250]45°

I~ 791]-116.5°

Z=31.60 [71.5° Q
Z=(10 +30) Q

The total impedance

Since the angle of the impedance is positive. The circuit is an RL circuit
Z=R+j(X;, +X;,5)
=10+jo (L, +L,)
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5.6 Network Analysis

=100 + 500 (L, + L,)
Equating reactive parts, we get

500 (L, + L,) = 30

Li+L=-2 —006H
500
L,=0.02H
L,=0.04H

6. The total current entering the parallel circuit shown in the figure is given by
I= 18 |45° A. Determine the potential difference between points A and B.

It

O
I s
10 Q 20
A B
200 jeQ

O
Fig. 5.8

Solution:  Total current in the circuit I, = 18 [45° A

Zp

Current in 30 Q branch [, =1, ———
Z,t7Zy

1845°% j8
I,= —=="J% _ 466 [120° A
A7 30+ 8

Za

and current in j8 Q branch I = I, —%—
Z,t7Zy

1845°% 30
Iy= —=—=""" =175 [30° A
B30+ 8

The voltage across 20 € resistance is

Vyo =V, (20) = 4.66 x 20 [120°
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Complex Impedance 5.7

=93.2 |120° V
The voltage across j6 € is
Vig =15 (j6) = 175 [30° x 6 [90°

=105 [120° V
. Voltage across terminals AB
Vap=Va— V=932 [120° - 105 [120°
Vug=11.8 |[-60° V

7. A series circuit has R = 8 Q and C = 30 uF. At what frequency will the
current lead the voltage by 30°?

Solution:  The impedance of the circuit

X

Z=R-jXc= R* + X2 |tan _l(_TC)
-X

~30° = tan™ ( C]
R

-X
RC = tan (- 30°) = - 0.577

X
2€ ~0577
R

X
ZC ~0577
8

Xo=4.618Q

1
— =4.618
oC
1

= - =7218.13
4.618 x30x10"

2rf=7218.13

_ 7218.13
- 2

f = 1149 Hz
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5.8 Network Analysis

8. An RC series circuit with R = 10  an impedance with an angle — 45° at a
frequency f; = 500 Hz. Find the frequency for which the absolute value of
the impedance is twice that of f;.

Solution:  Since the impedance angle is negative, the series circuit is RC and

phase angle
- [ =Xc
=tan
o= (X

—45° = tan™ —Xc
10

‘(C
= tan (- 45°

Xo=10

C=———— =3183uF
2r fe x10

The impedance value is
Z=R-jX,=10-j10=14.14 |-45°
If the absolute value of impedance is doubled, then

R 10

S(Cg) = = =0.3536
cosCO= =808
¢ = —69.29°
—Xc=Rtan ¢ =-26.46
! =26.46
2r f,C

1
2 XX 26.46%31.83%107°

9. A voltmeter place across the 3 Q resistor shown in figure reads 45. What
is the ammeter reading.

=198 Hz

5Q

2Q
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Complex Impedance 5.9

Solution:  The current through 3-Q resistor
I=3)=45V

I, =15 amp.
The voltage across each branch V5 =15 (3 +j3)
= 63.63 [45°

Since same voltage is applied to another branch, the current 7, is

Vig _ 63.6345°

=22 = — "~ —
27 7,  [10+Gu2]
63.63[45°
= 2222 _ 5567 [45°
11.428 1452 amp
Total current Ir=1+1,

=15+5.567 [45° = 19.34 [11.74° amp

The ammeter reading is 19.34 amp.

10. In the circuit shown in the figure at a frequency @ = 400 rad/s the current
leads the voltage by 63.4°. Find R and the voltage across each circuit
element. Draw the voltage phasor diagram.

R
NV
—_
! 25mH
12040°v@
50 uF
_|_
Fig. 5.10

Solution:  Inductive reactance X; = @, =400 x 25 x 107 =10 Q

Capacitive reactance Xc= L S 50 Q
oC  400x50%107°
Total impedance Z=R+jX;-Xc)
=R +j(10 -50)
= (R -j40) Q
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5.10 Network Analysis

Since the current leads the voltage by 63.4°

716 = JR* +(40) |tan™ (%Oj
7 |-63.4° = |R? +(40)? |tan™ (%Oj

tan”! (%ﬁo) =-634°

—40
R=————
tan (—63.4°)
Total impedance is
Z=20-j40=44.7 |-63.4° Q

Current in the circuit is

1% 120(0°
=—=——— =268 |63.4° amp.
Z  44.77]-63.40 P
Voltage across resistor ~ Vp = IR =20 X 2.68 |63.4°
=53.6 [634°

Voltage across inductive reactance

V, =1IX, =2.68 |63.4° x 10 |+90°

=26.8 |153.4°

Voltage across capacitive reactance

Ve=1X,=2.68 [63.4° x 50 |~90°

=134 |-26.6° V
The phasor diagram is
Vi
Ve
VR
63.4°
V=120 «£0°
Fig. 5.11
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Complex Impedance 5.11

Objective-Type Questions

. Avoltage 5 V, 10 kHz applied to a capacitance of 0.005 UF, then the value

of current is

(a) 1.57 mA (b)3.18 A
() 1.57 A (dS5SA
. Capacitive reactance is ____ proportional to frequency and
capacitance.
(a) directly (b) inversely
(c) equal to (d) none of the above

. A voltage 5V, 10 kHz applied to an inductance of 100 mH, then the cur-

rent flowing through it is

(a) 5 amp (b) 10 amp
(c) 795.8 uA (d) 795.8 uA
. At what frequency is the reactance of 50 WH inductor equal to 800 Q?
(a) 255 kHz (b) 2.55 kHz
(c) 25.5 MHz (d) 2.55 MHz

. What is the phase angle between the capacitor current and applied voltage

in a parallel RC circuit?
(a) 90° (b) 0°
(c) 45° (d) 25°

. In a certain parallel RC circuit, the resistor current is 10 mA, and the

capacitor current is 15 mA. Determine the phase angle and total current.
(a) 50°, 8 mA (b) 56.3°, 18 mA
(c) 90°, 18 mA (d) 45°, 8 mA

. When the frequency of the applied voltage in a series RL circuit is

increased, what happens to the phase angle?

(a) Increases (b) Decreases
(c) Remains same (d) Zero
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