Example #1

Find the current in R of Figure 19-1 using the superposition theorem. Assume the
internal source impedances are zero.
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10£0°V § 8L0°V
=10 kHiz L0k f=10kHz

':_'-{Step 1 Replace Vs2 wu;h its internal lmpedance (zero in this case), and find the current
N Cin R due to. Vsl, as’ mdlcated in Figure 19-2.
X... 1 1 = 1.59kQ
e AL ;,z‘ﬁfc_l - 2w(10kHz)(0.01 uF)

S C2 - 2mfCy 27r(10 kHz)(0.022 uF) 7230
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. 0.01 uF 0.022 uF
Vsl R Vsz

JICOAI()[;’ l:’H 1.0kQ zeroed
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: Lookmgfrom Vsl s the 'impedance is
L RX (1.0£0°kQ)(723 £ —90° Q)
:—X +--——~——-—-~ 15 L— °kQ +
Z TR+ Xc2 o 9£—90 1.0kQ — j723 Q
L= 1594—~90°kn + 5882 —54.1° Q)
= —;1 59k0 +1345 Q0 — 476 Q = 345 Q — j2.07kQ

Convertmg to polar form yields

Z = 2104 —80.5° k)




The total current from Vsl SEN

e I o Vsl 0 10£0°V
oz S 2.10Z-— 80.5°kQ

Use the current—dl\flder formula The current through R due to V is
i f‘f (X024 90") o ( 723 £-90° O

LN R =X /T \10KQ — j723 0

(0 5884 54 9° Q)(4 76 £80.5°mA) = 2.80£25.6°mA

= 4.76 £80.5° mA

)4.764 80.5° mA

: ::_Step 2. Fmd the current in R due to source Vo by replacing Vj; with its internal
N 1mpedance (zero), as shown in Figure 19-3.
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Looking from V,, the impedance is
RX(; (1.0.£0° kQ)(1.59 £ —90° k)
= — = —0(° +
Z=Xa* gy Xc1 7232-90° Q) 1.0kQ — j1.59kQ
= T7232-90° Q) + 847/—-32.2°%)
= —j123Q + 717Q — j451 Q0 = 717 Q — j1174 Q)

Converting to polar form yields
Z = 1376 £—58.6° Q

The total current from V; is
_— Vo 8£0°V
27 Z  1376£-58.6°Q
Use the current-divider formula. The current through R due to V, is
X1 £-90° )
In=\—]/""—7F—11
2 ( R = jXo1 )
_ ( 1.59£-90°kQ)
1.0kQ — j1.59kQ
Step 3. Convert the two individual resistor currents to rectangular form and add to get
the total current through R.
Iz) = 2.80£25.6°mA = 2.53mA + j1.21 mA
Ip, = 4912264°mA = 440mA + j2.18 mA
I = I + Ipp = 6.93mA + j3.39mA = 7.71.£26.1° mA

= 5.81£58.6° mA

)5.81 Z£58.6°mA = 491 £264°mA



Example #2:

Refer to Figure 19-15. Determine V;, for the circuit within the beige box as viewed

from terminals A and B.
R, 4
100 Q2
v’ XL § RL
25/,0°V 500
B
. FIGURE 19-15%

Solution Remove R; and determine the voltage from A to B (V,;). In this case, the voltage
from A to B is the same as the voltage across X;. This is determined using the
voltage-divider method.

X, £90°
Ve= (Rl +J'XL)VS
_( 50290°Q
B (100 Q + 50 0)
50.290° )
B (112426.6"0
Vy =V =V, = 1122634°V

)2540° V=112/£634°V



Example #3:

Find Z,;, for the part of the circuit in Figure 19—18 that is within the beige box as
viewed from terminals A and B. This is the same circuit used in Example 19-4.

- FIGURE 19-18

O >

Q

Solution  First, replace V with its internal impedance (zero in this case), as shown in Figure 19-19.
Looking in between terminals A and B, R; and X are in parallel. Thus,

_ (RIZ0°)(X,£90°) _ (100.£0° Q)(50£90° 2)

Z =
h R, + jX, 100 Q + jS0 O
_ (100£0° Q)(50£90° Q) = 44.6 263.4° O
112£266° Q0 OS0

= FIGURE 19-19




Example #4:

Refer to Figure 19-24. Draw the Thevenin equivalent for the circuit within the beige
box as viewed from terminals A and B. This is the circuit used in Examples 194
and 19-7.
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: FIGURE 19-24

Solution From Examples 19—4 and 19-7, respectively, V,, = 11.2.£63.4°V and
Z,, = 44.6 £63.4° (). In rectangular form, the impedance is

Z,=20Q +j40Q

This form indicates that the impedance is a 20 ) resistor in series with a 40 )
inductive reactance. The Thevenin equivalent circuit is shown in Figure 19-25.
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11.2£63.4°V

_Tt O B

< FIGURE 19-25




Example #5:

In Figure 19-33, determine I, for the circuit as “seen” by the load resistor. The beige
area identifies the portion of the circuit to be nortonized.

= FIGURE 19-33
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Short the terminals A and B, as shown in Figure 19-34.

Solution
FIGURE 19-314
Xci X2
| Il
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I, is the current through the short and is calculated as follows. First, the total im-

pedance viewed from the source is
(56 £0° Q2)(100£—90° )

= —_ o <4
50.£—90° Q) %0 - 100

C2
7 =X + ——
TR+ Xg

= 50£-90° () + 48.9.-29.3°Q)
—j50Q + 4260 — ;2390 =426Q — j73.90

Converting to polar form yields
Z = 85.32-60.0° )



Next, the total current from the source is
\ 6£0°V

L=

Z 853/-60.0°Q

= 70.3£60.0° mA

Finally, apply the current-divider formula to get I, (the current through the short

between terminals A and B).
R 56£0° Q)
L =f{-—— = 70.3£60.0°mA = 34.42121° mA
" (R+XC2)’ (569—;‘1000)

This is the value for the equivalent Norton current source.

Example #6:

Find Z, for the circuit in Figure 19-33 (Example 19-13) viewed from the open across
terminals A and B.

Solution  First, replace V, with its internal impedance (zero), as indicated in Figure 19-35.

FIGURE 19-35
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Looking in between terminals A and B, C, is in series with the parallel combination
of R and C|. Thus,

RX(, (56 £0° Q)(50 £ —90° Q)
- - —Q0° +
R + X 100.2-90° 2 56 0 — j50 Q
= 100£-90° ) + 37.3/£-48.2°Q
= —jl00Q + 2480 — 2780 = 2480 — j128Q

Z,,=XC2+

The Norton equivalent impedance is a 24.8 () resistance in series with a 128 ()
capacitive reactance.



