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Section 05 

Impedance 
treat all passive components as resistors 

but with complex resistances 
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Impedance 
What is the impedance of a 10μF capacitor when 
operated at 60Hz? 
 
 
 
What is the impedance of a 2mH inductor  when 
operated at 60Hz? 
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Ω−=
×××π

−=−= − 25.265
1010602 6 jj

wC
jZC

Ω+=×××π== − 754.0102602 3 jjjwLZL

Laplace Domain 
When 

Mixing AC and DC sources 
Multiple different frequencies 
 

use Laplace instead of Fourier 
jw  s 
Initial conditions 
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Complex AC Source 
AC Volt or Current has: 

Amplitude 
Frequency 
Phase 
 

Phase can be expressed 
in Complex Number 
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( ) ϕ∠→ϕ+⋅π AtfA 2cos

Complex AC Source 
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( )
( )ϕ+ϕ⋅→ϕ∠

ϕ+⋅π
sincos

2cos
jAA

tfA

( )
5526.95

30sin30cos11030110
j

j
+=

°+°⋅→°∠



57 

Example 
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Solution 
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321: IIIKCL +=

010003.11531
0531000,20110

:
223

31

=×+×+×+
=×−×+−

IIjIj
IjI

KVL

mAI
mAI
mAI

°+∠=
°−∠=

°+∠=
⇒

3.2983.4
4.6156.2

2.144.5

3

2

1
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Simulation Solution 

Electrical & Computer Engineering King Abdulaziz University Slide 115 

mAI
mAI
mAI

°+∠=
°−∠=

°+∠=
⇒

3.2983.4
4.6156.2

2.144.5

3

2

1

Current Source 
Voltage Source 

Generates constant volt regardless of the load 
 

 
Current Source 

Generates constant current regardless of the load 
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KVL & KCL 
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Vv 501051 =×=

Vv 751552 =×=

vx 
+ 

− 

21 vvvx +=

Example 
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321: IIIKCL +=

0105
05320

:
23

31

=++−
=++−

ivII
II

KVL

Vv
AI
AI
AI

i 125.48
625.3
3
625.0

3

2

1

=
=

−=
=

⇒

AIIS 3: 2 −=
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Power 
Power = rate of energy transfer 

measured in Watts (W) 
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VIP ⋅=

RIVIP ⋅=⋅= 2

R
VVIP

2

=⋅=

Instantaneous Power 
instantaneous power, p(t) 
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)()()( titvtp ×=

( )
( )Ip

Vp

tfIti
tfVtv

θ+⋅π=
θ+⋅π=

2cos)(
2cos)(

for general AC signals: 
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Average Power 

Electrical & Computer Engineering King Abdulaziz University Slide 121 

( ) ( )[ ]
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⋅
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⋅

=
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×=

∫

∫

∫

∫
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cos
2
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2
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2

1

2cos2cos1

)()(1

0

0

0

0

Real Power 
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PFIVP RMSRMS ×⋅=

( )IVPF θ−θ= cos

where, the power factor is: 

thus, the real power is: 
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Reactive Power 
Define ‘S’ as the total volt‐ampere 

 
 
 
where (V) and (I) in complex form and RMS values 

Example: 
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jQPVIS +== .*

79
53

jV
jI

−=
+= ( ) ( )

VAQ
WP

jjjS

66
8

6687953

−=
−=

−−=−⋅−=
⇒

Process Check 
Solve the circuit shown and find the power 
consumption of each component 
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Solution (1) 
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A
kk

I μ=
+

= 400
1510

10

( ) mWRIP 6.1101010400 326
1

2
1 =×⋅×=⋅= −

( ) mWRIP 4.2101510400 326
2

2
2 =×⋅×=⋅= −

Solution (2) 
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V
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2
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R
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2

1

2
1

1 =
×
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R
VP 4.2
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3

2

2

2
2

2 =
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Total Power = 0 
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mWVIPS 41010400 6 −=⋅×−=⋅= −

mWPP 421 =+ Total Power = Zero 

Example 
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°∠=
°∠=

10025
1050

2

1

V
V

°∠=+= 6.365621 VVVS

1252506.26280* jVIS SSS −−=°∠−=⋅−=
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Example 
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( ) ( ) 02501050105. 1
* jVIS SR +=°∠×°−∠==

( ) ( ) 125010025105. 2
* jVIS SL +=°∠×°−∠==

Total Power = Zero 
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