Example 7 - node voltage.

Same circuit as Example 4, but now solve it using node voltage.
C;1|30nF K,
|

N\NN—
1 k€2
R : +
V cos(wt) C"_') 3 kO C ===y )
Vm = 5 V ].5 nF L
w = 66.67 krad/s

Transform the circuit to its complex equivalent. The node voltages are

vr1 and ves.
VRi1 Ve
ZCI I Ly
+
+
VS <_> ZRl VR1 ZC2
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Write the two node-voltage equations.

Vi—=VR1  VrR1— V2 i VR1
Zc Zp) Zpy

YR T Yoz Y2
Zp> Zco

Z Z 4
oty 0] VRI__Cl Ly
Zry Zp Zr)
1 ZR2_
VRI — 1 + B EREE| VC2
Ll ZCZ_
Substitute:
C Ancmeussdeseli ICanRa s ten Z
1+£+£ 1_|_i2 C2_£VC2=VS
Zry L ; C2 Zg)
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Substitute in for the impedances

1 1
-y +

1
l +jwR,CH| Vi — Neto =V
CORCL JORC [ JOIH 2] C2 C2 S

JoR,C,

Multiply all the terms and then gather real and imaginary parts. (Note
that two of the terms cancel.) Grind it out.

¢ Pe 1
1+_+ +] G)R2C2— VC2= S
Cl R1C1 a)Rl Cl

1.667 +j0.8333| vy = Vi
(1.863) 6 | vy =5V

Vea = (2.68 V) €729 Same as example 4.
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Example 8 - node voltage.

Find the complex value of the capacitor voltage in the “two-source, two-
impedance” circuit (Example 6) using the node voltage method.

R, L
b —  AAA O L
w = 33.33 krad/s 5500 15k -
V cos(wt) i) R, v = ‘) I cos(wt —45°)
Vo= i T ZAiEile In=14.14mA

Transform to the complex form of the circuit. The circuit and the values
are identical to Example 6.

Va
Z]
Vo=V e =10V j I
1 R
5 S V <+> 71 Z C) I
I =1 e = (14.14mA) e /¥ SNC iml 2 S
Z, = (707.1 Q) &/* l

Z, = (1060.7 Q) e+
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Vg—v \4
S a +IS A
Z 4, Vs
re
Vg + 71
Ya Z, 1 V
1 + Z_2 S a
10V + [(707.1 Q) &/*] [(14.14 mA) e 7+
7 (707.1 Q)es*
(1061 Q)e~4>°
oV doyet 20V L 20V
14 (0.667) &2 140.667  1.20e/37
v, = (16.6 V) e7?7  Identical to the result obtained in Example

6 using a source transformation.
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Example 9 - node voltage.

Find the complex value of the output voltage in the op-amp circuit

shown below. The op-amp is ideal.
Cl| 22 nH

|
RZ
iy
15 kQ

R
Vmcos(wt)o—/\/\]/\, \

V,.=033y 1Kk r/

w = 1750 k/s

oV ()

The complex version of the circuit
is shown. Using the properties of

an ideal op amp with feedback, we
can write a node-voltage equation

at the inverting terminal:

Vo-—v - Ly =0
=t
Zi Z v.=v, =0
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Zl ZZ
Z2
Vo=
0 Zl S
=K 1
- 2” JoC
- R, ot 15 kQ
T ioR,C | T+70.577
im
A
Zy = R, = 1kQ Vo
25 (0.33V) i \ re
V. — — It s : >
: 1 +50.577 1.155/3" Vi

v, =—(433V)e7 =4.33V)e/P?

Part of the phase shift is due to the reactance of the capacitor and part is
due to the inverting nature of the op-amp.
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Example 11 - mesh current.

Find the complex value of the capacitor voltage in the “two-source, two-
impedance” circuit (Example 6) using the mesh-current method.

R, L
H —  AAA O o
w = 33.33 krad/s 5500 15k -
V cos(wt) i) R, v = (‘) I cos(wt —45°)
V. =10V 1.5 kQ2 £

Transform to the complex form of the circuit. The circuit and the values
are identical to Example 6. Define the two mesh currents. Of course,

the right-hand current is known.
+ Vzl o

Around the left-hand mesh: 7

VS_VZI_VZ2=O + :
O ORESSOIOL
Vi—i,Z — (Ig+1,) Z, =0 =
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e Vs — 17,
GEEaEEsARTTRr )

10V — [(14.14mA) e 7| (1060.7 Q) e 7+’
(500Q +500Q) + (750 Q — j750 Q)

10V +j15V
1250 Q — /250 ©

Be careful with the sign of the
Imaginary part.

. (18.03V)ePo?
 (1274.8Q) 113

= (14.14 mA) £/°7-¢
= [(14.14mA) €75 + (14.14 mA) 7] | (1060.7 Q) e

={16:6 Ve " Same.
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Example 13 - superposition.

Find the complex value of the capacitor voltage in the “two-source, two-
impedance” circuit using the superposition method.

R, L

_/\/\/\/_KYW\ '

500 2 15 mH +
V cos(wt) (t) R, Z Vpel) ==C ‘) I _cos(wt —45°)
1.0 k& = 20 nF

Vo= 10V L4 i maA

w = 33.33 krad/s :

7
FjfEpARRNLINGE) A
/Hr + 274

(1061 Q) e+
Vas . = (10 V)
(1061 Q) e=45 + (707 Q) /*5

Z, = (707.1Q)e!* Z, = (1060.7 Q) e+
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] Z,
ey can ey

v Vg

(1060.7 Q) e+
VL= (10V)
(750Q — j750 Q) + (500 + 500 Q)

(1060.7 Q) e+
C1250Q — 250 Q

(10V)

(1060.7 Q) e+
(12748 Q) eIy

(10V)

— (830 Vel
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s <21HZZ) (IS)
- [(588.3 Q) e+f'“-3°] (14.14 mA) e 7]

— (R332 Ve 23T The parallel combination was calculated in
the source-transformation version (Example
6) of this problem. We re-use the result
V,=V,+ Vv, here.

= (8.32V)e 337" 4 (8.32V) e 737

= (16.6 V) e Same.
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