Electric Circuits (Fall 2025)

Lecture 8
- Sinusoidal Steady-State Analysis
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Outline

- Kirchhoff’s laws in phasor domain
- Generalized impedance
- General AC phasor analysis

- Phasor diagram



Electric Circuits (Fall 2025)

Kirchhoff’s Laws in the Phasor Domain

- Let v, v,, -+ v, be the voltages around a closed loop.
Then according to KVL

vi+uv,++v, =0
Vi+ Vot +V,=0
Similarly, KCL holds for phasors:
Wwti+ - +i,=0

Il+12+'“+ln=07
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v+t t+v, =0
where v; are sinusoidal voltages of the same frequency, then

V1+V2+"‘+Vn:0
Proof: v+ v, + v, =0

Vin1 cos(wt + 6;) + V., cos(wt + 8,) + -+ + V,,, cos(wt + 0,,) =0

g

Re(Vy,1e701 - e798) + -+ + Re(V,e707 - €98) = 0

[

Re ((Vl + ... 4+ Vn) . ej(l)t) — () Where Vi, = mGej9k

il

V1+V2++Vn=0
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Outline

- Generalized impedance

- General AC phasor analysis

- Phasor diagram
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Impedance and Admittance

Resistor Z =R Y=1/R

Inductor Z=jolL Y=1/jolL

Capacitor | Z=1/joC Y=joC

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display
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Series Impedance

- In phasor domain, combinations of impedance will follow
the rules for resistors:

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display

1 ZI Z2 ZN

ty, - ty,~ ty,

Lo =L +2Ly+ 2+
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Series Impedance

o—

For example:

Z,. =2, +Z,+Z,

eq

z, =)

O—

eq

YA
L1 L2
Z,, =

eq
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Impedance combination for RLC Circuit

| R Ly |

- —

Q

v > Z -

O
e

% <= V Zy=

o]
0

(b) RC

v = Vv 2

0
Q
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Parallel Combination

- Likewise, elements in parallel will combine in the same
fashion as resistors in parallel:

1 1 1 1 )
e Zeq L Z, Z; 2y
¥ IR ¢ | Iy
Y =Y +Y,+Y +-
1) v Z, Z, Zy 9
s Y1
Z I =
o Y1+ +YN
Y,
12 —
Y1+ +YN

15
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Parallel Impedance

Z1 Z2 23 <:> Zeq
For example: 112, = 11Zy + 11Z, + 1/Z,
| |
L, L, T C, T C,
:]a) L1L2 1

€q

(L +1,)
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Exercise

- Find the input impedance of the circuit below. w = 50 rad/s.

2 mF 02 H
o—| 4112
Z;, §3Q
— 3 Q
— 10 mF
@

22
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Delta-Wye Transformation in Phasor Domain

Copynght ® The McGraw-Hill Companies, Inc. Permission required for reproduction or display

_Z22,+2,2,+ 2,7,

a Zl

_Z2,+2,7,+ 2,7,
Z2

, _22,+2,2,+ 27,

‘ Z

3

Z

Z,

23
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Impedance and Admittance

Resistor Z =R Y=1/R

Inductor Z=jolL Y=1/jolL

Capacitor | Z=1/joC Y=joC

Impedance is Admittance is
voltage/current current/voltage

1
R = resistance = Re(Z) G = conductance = Re(Y)

X = reactance = Im(Z2) B = susceptance = Im(Y)

24
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Outline

- General AC phasor analysis
= Nodal/mesh analysis
= Superposition
= Source transformation/Thevenin/Norton

- Phasor diagram

26
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AC Phasor Analysis
General Procedure

Step 1: Adopt cosine reference

us(t) = 12sin(wt — 45°)
— 12cos(wt — 45° — 90°) = 12 cos(et — 135°) V.

V, = 127137y,

Step 2: Transform circuit to phasor domain

Step 3: Cast KCL and/or KVL equations in phasor domain
Il +Zcl = Vs,

which is equivalent to

1 _—
(R + —) [ =12 /1%°,

Jew(C

Step 1
Adopt Cosine Reference
(Time Domain)

\{

Step 2
Transfer to Phasor Domain
|
U o=
R == 7n =R
L e 7y = jorL
C — Z¢ = ljwC

\ {

Step 3
Cast Equations in
Phasor Form

27
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AC Phasor Analysis
General Procedure

Step 4: Solve for unknown variable

IEE_‘“BSQ

_ j120Ce™ /13
R+ wc

l + jwRC

Using the specified values, namely R = v/3kQ, C =1 uF,

and @ = 10° rad/s,
E—jIIS‘“‘ j]l&' ;135‘“‘

1+

j12 % 10% x 10~
1+J1u3x¢’§xm3xm —6

]EE_}-IEEU . Ejgﬂu e @ A _z o

2ei060°
Step 5: Transform solution back to time domain

To return to the time domain, we apply the fundamental relation
between a sinusoidal function and its phasor counterpart,
namely

i(f) = Re[1e’?"] = Re[6e 1P /'] = 6 cos(wt—105%) mA.

Transfer to Phasor Domain

f —— ]

) —V

WA—
Step 1
Adopt Cosine Reference vs(f) C—=
(Time Domain)
v (f) = 12 sin{wt — 45)
¥ )
Step 2

Transform Solution
Back to Time Domain

R == 7n =R
L w7y = jwlL
C — Zc = ljwC
Step 3 l
Cast Equations in I (R + ﬁ] =V,
Phasor Form J
Step 4 V,
Solve for Unknown Variable = R+ 1
(Phasor Domain) JaoC
Step 5 i(f) = Re[le/or]

= 6 cos(wt —105°)
(mA)
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Nodal Analysis

- Example---Find i,

10 Q 1 H
W S11A
i,
20 cos 4t V @) L 0.1F A> 26, 0.5H
10Q v, j4Q v,

— MWW

20/0°V @) — —j2.5Q 21, j2 Q

31
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20,/0°V (i)

Lecture 8

20 _ V] o V1 Vl - Vz
10 -5 4
V,-V, V
A, + =2
j4 J2

32



) ERBEFESEAFMR

3 £
O “ﬁé? School of Information Science and Technology
7

Electric Circuits (Fall 2025)

Mesh Analysis

4 Q

szea (P 1)

j10Q

oz ()

VWWWA

—j2Q
I,

&

-j2Q

t.

C_D 20,/90° V

Lecture 8

33



o 3 &2 LY
s S MFESRARFR Electric Circuits (Fall 2025)

“é? School of Information Science and Technology

Mesh Analysis

4 Q
VWWA

s200A (}) @ — —j2Q TI"
il Q

T @ () 20,90V

sg§ @ —=-j20

Applying KVL to mesh 1, we obtain

(8 +j10 — j2)I, — (—j2)I, — j10I; = 0 (10.3.1)
For mesh 2,
4 =72 = 2L — (21, — (=I5 + 20/90° = 0 (10.3.2)
For mesh 3, Iy = 5. Substituting this in Eqs. (10.3.1) and (10.3.2), we get

(8 + j8)I, + 21, = j50 (10.3.3)
21 4 (4 — L, = —j20 — j10 (10.3.4)

Lecture 8
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Superposition-Example

5/0°A D

m%

8 Q2

f,

4Q
WWA
= —j2Q
j10Q
S11A
——_n0
4Q
W
—— _j2Q
T j10Q
2113

(a)

(j) 20,/90° V

Lecture 8

4Q
WA
1
SAG> q L _2Q
j10Q
N @
= —j2Q

35
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Superposition-Example 2

Lecture 9

36
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Thevenin Equivalent

. . Zoy

10V £ 0° 20kO .
1uF /— Ve @

Z,, = R= 20kQ = 20kQ ~ 0°
Z. = 1/j (2nf x 1uF) = 2.65kQ £ -90°

f=60 Hz

V,, =V,.=10V £0° 2.05k€2.2 -9 j =1.31£-82.4
2.65kQ./ -90° + 20kQ.£0°
Z. -7 |7 - 20kQ£0°-2.65kQL-90° ), ), o5y
2.65kQ £ -90° + 20kQ.£0°
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Z..‘-'
—O d O d
Vs = Is Z?
O b O b
Vs =7, I = E
A ZJ;
\Z

Lecture 9 38
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AC Op Amp Circuits

20 kQ
WV
— 0.1 uF
10 kQ 10 kQ
. , N A W =
Question 1: Are op amps used in ac circuits? >
+
vy (T =— 02 puF
Answer 1: Yes. ’ (— H

Question 2: Is the ideal op-amp model applicable to ac circuits?

Answer 2: The ideal op-amp model is based on the assumption
that the open-loop gain A is very large (> 10%), which is
true at dc and low frequencies, but not necessarily so at high
frequencies. The range of frequencies over which A is large
depends on the specific op-amp design. .

(a)

39
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Example —find vo

20 kQ

v, = 3c0os1000tV
10 kQ 10 kQ

AW AW >_O )
Vs CD = 0.2 uF P

— —j10kQ

AW -
2 >4O Vn
I

3AV L _j5kQ

Lecture 9
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Electric Circuits (Fall 2025)

Outline

Phasor diagram

41
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Phasor Diagrams

Capacitor

Inductor
Jm

42
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ZR =8 Q) 1
VWA
+ \' i .
A\ Ve==Zc=-j8Q
20e/30° Ve,
41N
ZL :]2 Q
130° 130° 130°
I _ VS 20(3] 208‘] 20(3”26 87 _ 26»]66870 A
: ' 2— 8—j6  10e—36057
R+ joL — L C8Hj2-j8 8-
wC
Jm (c) Relative phasor diagran
to that of L.
16T Vi =16 /66.87°
14+ - Vi + Ve
12+
10 AV, =20/30°
o
6+
44+

66.87°
Vi =4 /15687 E

Re

12210 -8 -6 -4 -2 12° 14 16 18 20

Ve =16 /-23.13

Lecture 9 43



