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Steady-State Sinusoidal Power Analysis

Overview
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Steady-State Sinusoidal Power Analysis

Example :

𝑣 𝑡 = 4 cos 𝜔𝑡 + 60° 𝑉

𝑍 𝑗𝜔 = 2 ∠30° Ω

Find 𝑝 𝑡

𝑰 =
𝑽

𝑍
=
4 ∠60°

2 ∠30°
= 2 ∠30° 𝐴

∴ 𝑖 𝑡 = 4 cos 𝜔𝑡 + 30° 𝐴

𝑝 𝑡 = 𝑣 𝑡 𝑖 𝑡

= 4 cos 30° + 4 cos 2𝜔𝑡 + 90°

= 3.46 + 4 cos 2𝜔𝑡 + 90°
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Steady-State Sinusoidal Power Analysis

Average Power : Real Power

𝑃𝑎𝑣 =
1

𝑇
 
0

𝑇

𝑝 𝑡 𝑑𝑡 =
1

2
𝑉𝑚 𝐼𝑚 cos 𝜃𝑣 − ∅𝑖

𝜃𝑧 = 𝜃𝑣 − ∅𝑖

𝑃𝑎𝑣 =
1

2
𝑉𝑚 𝐼𝑚 cos 𝜃𝑧

1) For Resistor : 

𝜃𝑣 − ∅𝑖 = 0 → 𝜃𝑧 = 0

∴ 𝑃𝑎𝑣 =
1

2
𝑉𝑚 𝐼𝑚 =

𝑉𝑚2

2𝑅
=

𝐼𝑚2 𝑅

2

Always positive for a resistor since they dissipate 

energy

ENEE2301  – Network Analysis 1
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Steady-State Sinusoidal Power Analysis

2) For Inductor : current and voltage are out of phase by 90 

degrees ( current lags voltage) 

𝜃𝑣 − ∅𝑖 = 90°

∴ 𝑃𝑎𝑣 = 0

3)  For Capacitor :

𝜃𝑣 − ∅𝑖 = −90°

∴ 𝑃𝑎𝑣 = 0

∴ 𝑅𝑒𝑎𝑐𝑡𝑖𝑣𝑒 𝑖𝑚𝑝𝑒𝑑𝑎𝑛𝑐𝑒𝑠 L and C 𝑎𝑏𝑠𝑜𝑟𝑏 𝑵𝑶 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑝𝑜𝑤𝑒𝑟
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Steady-State Sinusoidal Power Analysis

Example :

    10   60   V j2 Ω 
o

2 Ω 

Find the average power absorbed by each element .

𝑰 =
10 ∠60°

2+𝑗2
= 3.53 ∠15° 𝐴

𝑃𝑎𝑣 =
1

2
𝑉𝑚 𝐼𝑚 cos 𝜃𝑣 − ∅𝑖

𝑃𝑎𝑣,𝑗2 = 0

𝑃𝑎𝑣,2 =
𝐼𝑚
2𝑅

2
=

3.532∗2

2
= 12.5 𝑊

ENEE2301  – Network Analysis 1
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Steady-State Sinusoidal Power Analysis

To calculate the average power supplied by the source.

𝑃𝑎𝑣,𝑣𝑠 =
𝑉𝑚 𝐼𝑚

2
cos 𝜃𝑣 − ∅𝑖

𝐼𝑚 = 3.53

𝑉𝑚 = 10 𝑉

𝜃𝑣 = 60° ; ∅𝑖 = 15°

∴ 𝑃𝑎𝑣,𝑣𝑠=
10∗3.53

2
cos 60° − 15°

= 12.5 𝑊

ENEE2301  – Network Analysis 1

    10   60   V j2 Ω 
o

2 Ω 

𝑰 =
10 ∠60°

2 + 𝑗2
= 3.53 ∠15° 𝐴
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Steady-State Sinusoidal Power Analysis

Example :

Determine the average power 

absorbed by each resistor .

Determine the total  average 

power supplied by the source .

𝐼1 =
12 ∠45°

4
= 3 ∠45° 𝐴

𝐼2 =
12 ∠45°

2−𝑗
= 5.36 ∠71.57° 𝐴

𝐼𝑠 = 𝐼1 + 𝐼2 = 8.15 ∠62.1° 𝐴

1) 𝑃4Ω =
𝐼1𝑚
2 ∗4

2
= 18𝑊

2) 𝑃2Ω =
𝐼2𝑚
2 ∗2

2
= 24.7 𝑊

ENEE2301  – Network Analysis 1
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Steady-State Sinusoidal Power Analysis

∴ Total Average power absorbed = 46.7 W

𝑃𝑉𝑠 =
𝑉𝑚 𝐼𝑚

2
cos 𝜃𝑣 − ∅𝑖

𝑃𝑉𝑠 =
12 ∗ 8.16

2
cos 45 − 62.1

𝑃𝑉𝑠 = 46.7 𝑊

𝑃𝑉𝑠 = 𝑃4Ω + 𝑃2Ω + 𝑃−𝑗

ENEE2301  – Network Analysis 1
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Steady-State Sinusoidal Power Analysis

Example :

Determine average power absorbed or supplied by each element .

    12   30   V
o

2 Ω 

I1

    6    0   V
o

j1 Ω 

I2 I3

𝑰2 =
12 ∠30°

2
= 6 ∠30°

𝑰3 =
12 ∠30° − 6 ∠0°

𝑗
= 7.43 ∠ − 36.19°

𝑰1 = 𝑰2 + 𝑰3 = 11.29 ∠ − 7.07°

𝑃2Ω =
𝐼2𝑚

2.2

2
= 36𝑊

𝑃12∠30° =
1

2
𝑉𝑚 𝐼𝑚 cos 𝜃𝑣 − ∅𝑖

=
12∗11.29

2
cos 30° − (−7.07)

= 54𝑊

supply

ENEE2301  – Network Analysis 1
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Steady-State Sinusoidal Power Analysis

𝑃6∠0° =
1

2
𝑉𝑚 𝐼𝑚 cos 𝜃𝑣 − ∅𝑖

=
6∗7.43

2
cos 0° − (−36.19°)

= 18𝑊 absorbed
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Steady-State Sinusoidal Power Analysis

Maximum Average Power Transfer

ZTH

ZLVTH

o

o

𝑍𝑇𝐻 = 𝑅𝑇𝐻 + 𝑗𝑋𝑇𝐻

𝑍𝐿 = 𝑅𝐿 + 𝑗𝑋𝐿

𝑃𝐿 =
𝐼𝐿𝑚 .
2 𝑅𝐿

2

𝑰 =
𝑽𝑇𝐻

𝑍𝑇𝐻+𝑍𝐿

𝑰 =
𝑽𝑇𝐻

𝑅𝑇𝐻+𝑅𝐿 +𝑗 𝑋𝑇𝐻+𝑋𝐿

𝑃𝐿 =
𝐼𝐿𝑚 .
2 𝑅𝐿

2

ENEE2301  – Network Analysis 1
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Steady-State Sinusoidal Power Analysis

𝑃𝐿 =
1

2

𝑉𝑇𝐻
2 . 𝑅𝐿

𝑅𝑇𝐻 + 𝑅𝐿 2 + 𝑗 𝑋𝑇𝐻 + 𝑋𝐿 2

𝜕𝑃𝐿

𝜕𝑅𝐿
= 0 ; 

𝜕𝑃𝐿

𝜕𝑋𝐿
= 0

𝜕𝑃𝐿

𝜕𝑋𝐿
=

−2 𝑉𝑇𝐻
2 . 𝑅𝐿 𝑋𝑇𝐻+𝑋𝐿

2 𝑅𝑇𝐻+𝑅𝐿
2+𝑗 𝑋𝑇𝐻+𝑋𝐿

2 2

For       
𝜕𝑃𝐿

𝜕𝑋𝐿
= 0 ⟶ 𝑋𝐿 = −𝑋𝑇𝐻

𝜕𝑃𝐿

𝜕𝑅𝐿
=

𝑉𝑇𝐻
2 𝑅𝐿+𝑅𝑇𝐻

2+ 𝑋𝑇𝐻+𝑋𝐿
2−2𝑅𝐿 𝑅𝐿+𝑅𝑇𝐻

2 𝑅𝑇𝐻+𝑅𝐿
2+𝑗 𝑋𝑇𝐻+𝑋𝐿

2 2

For      
𝜕𝑃𝐿

𝜕𝑅𝐿
= 0 ⟶ 𝑅𝐿 = 𝑅𝑇𝐻

2 + 𝑋𝑇𝐻 + 𝑋𝐿 2

𝑋𝐿 = −𝑋𝑇𝐻

∴ 𝑅𝐿= 𝑅𝑇𝐻

ENEE2301  – Network Analysis 1
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Steady-State Sinusoidal Power Analysis

∴ 𝑍𝐿 = 𝑍𝑇𝐻
∗

𝑃𝐿;𝑚𝑎𝑥 =
1

8

𝑉𝑇𝐻
2

𝑅𝐿

∴ For maximum average power transfer 

∴ 𝑍𝐿 = 𝑍𝑇𝐻
∗

𝑃𝐿;𝑚𝑎𝑥 =
1

8

𝑉𝑇𝐻
2

𝑅𝐿

ENEE2301  – Network Analysis 1
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Steady-State Sinusoidal Power Analysis

Example :Find 𝑍𝐿 for maximum average power transfer .

Compute the maximum average power supplied to the load .

4   

j   

ZL

o

o

2   

    4    0   A
o

ZTH

ZLVTH

o

o

𝑽𝑇𝐻 = 4 ∠0°
2

2+𝑗+4
. 4 = 5.28 ∠ − 9.46° 𝑉

𝑍𝑇𝐻 = 4Ω || 2 + 𝑗 Ω

𝑍𝑇𝐻 = 1.4 + 𝑗0.43 Ω

∴ 𝑍𝐿 = 1.4 − 𝑗0.43 Ω

𝑃;𝑚𝑎𝑥 =
1

8

𝑉𝑇𝐻
2

𝑅𝐿

𝑃𝐿;𝑚𝑎𝑥 = 2.489 𝑊

ENEE2301  – Network Analysis 1

4 Ω 

j Ω 

2 Ω 

    4    0   A
o

+

-

VTH
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Steady-State Sinusoidal Power Analysis

Example : Find 𝑍𝐿 for maximum average power transfer .

Compute the maximum average power supplied to the 𝑍𝐿

+
-

ZL

o

o

Vx

_

Vx

+

    4    0   V
o

j4   

2   

- j2   

ZTH

ZLVTH

o

o

𝑍𝐿 = 𝑍𝑇𝐻
∗

+

-

o

o

Vx

_

Vx

+

    4    0   V
o

j4   

2   

- j2   

+

VTH

_

I

𝑽𝑇𝐻 = 2𝑰 − 4 ∠0°

𝑰 =
𝑉𝑋 + 4 ∠0°

2+𝑗4

𝑽𝑋 = −2𝑰

𝑰 = 0.707 ∠ − 45° 𝐴

∴ 𝑽𝑇𝐻 = −3 − 𝑗 𝑉

= 3.16 ∠198.43°

ENEE2301  – Network Analysis 1
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Steady-State Sinusoidal Power Analysis

+

-

o

o

Vx

_

Vx

+

    4    0   V
o

j4 Ω 

2 Ω 

- j2 Ω 

INI

IN = ISC

𝒁𝑇𝐻 =
𝑽𝑇𝐻
𝑰𝑁

KVL for mesh 1 :

𝑽𝑋 + 4 ∠0° = 2 + 𝑗4 𝑰 − 2𝑰𝑁

𝑽𝑋 = 2 𝑰𝑁 − 𝑰

KVL for mesh 2 :

−4 ∠0° = −2𝑰 + 2 − 𝑗2 𝑰𝑁

Solving for 𝑰𝑁

𝑰𝑁 = −1 − 𝑗2 𝐴

= 2.24 ∠243.43° 𝐴

∴ 𝒁𝑇𝐻 =
𝑽𝑇𝐻
𝑰𝑁

= 1.41 ∠ − 45° Ω

= 1 − 𝑗 Ω

∴ 𝒁𝐿 = 𝒁𝑇𝐻
∗ = 1.41 ∠45° Ω = 1 + 𝑗 Ω

∴ 𝑃𝐿;𝑚𝑎𝑥 =
𝑉𝑇𝐻
2

8 𝑅𝑇𝐻
= 1.25𝑊

ENEE2301  – Network Analysis 1
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Steady-State Sinusoidal Power Analysis

Effective or RMS Value 

The effective value of a periodic voltage (current) is the dc 

voltage (current) that delivers the same average power to a resistor 

as the periodic voltage (current) .

V(t)

i(t)

o o

oo

R R

Veff

Let 𝑣 𝑡 = 𝑉𝑚 cos 𝜔𝑡 + 𝜃𝑣

∴ 𝑃1 =
𝑉𝑚
2

2𝑅

𝑃2 =
𝑉𝑒𝑓𝑓
2

𝑅

𝑃1 = 𝑃2

∴
𝑉𝑚
2

2𝑅
=

𝑉𝑒𝑓𝑓
2

𝑅

∴ 𝑉𝑒𝑓𝑓 =
𝑉𝑚

2

AC DC

ENEE2301  – Network Analysis 1
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Steady-State Sinusoidal Power Analysis

RMS : Root Mean Square 

Let 𝑣 𝑡 = 𝑉𝑚 cos 𝜔𝑡 + 𝜃𝑣

𝑉𝑅𝑀𝑆 =
1

𝑇
 
0

𝑇
𝑉𝑚
2 cos2 𝜔𝑡 + 𝜃𝑣 𝑑𝑡

𝑉𝑅𝑀𝑆 = 𝑉𝑚
1

𝑇
 
0

𝑇
cos2 𝜔𝑡 + 𝜃𝑣 𝑑𝑡

𝑉𝑅𝑀𝑆 = 𝑉𝑚
1

𝑇
 
0

𝑇 1

2
1 + cos 2 𝜔𝑡 + 𝜃𝑣 𝑑𝑡

𝑉𝑅𝑀𝑆 =
𝑉𝑚

2

ENEE2301  – Network Analysis 1
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Steady-State Sinusoidal Power Analysis

𝑃𝑎𝑣 =
1

2
𝑉𝑚 𝐼𝑚 cos 𝜃𝑣 − ∅𝑖

𝑃𝑎𝑣 = 𝑉𝑟𝑚𝑠 𝐼𝑟𝑚𝑠 cos 𝜃𝑣 − ∅𝑖

For a Resistor 

𝑃𝑎𝑣 = 𝑉𝑟𝑚𝑠 𝐼𝑟𝑚𝑠 cos 𝜃𝑣 − ∅𝑖

𝑉𝑟𝑚𝑠 = 𝑅 𝐼𝑟𝑚𝑠 ; 𝜃𝑣 − ∅𝑖 = 0

∴ 𝑃𝑎𝑣 =
𝑉𝑟𝑚𝑠
2

𝑅

∴ 𝑃𝑎𝑣 = 𝐼𝑟𝑚𝑠
2 𝑅

ENEE2301  – Network Analysis 1
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Apparent Power and Power factor 

𝑃𝑎𝑣 = 𝑉𝑟𝑚𝑠 𝐼𝑟𝑚𝑠 cos 𝜃𝑣 − ∅𝑖

𝑃𝑎𝑝𝑝𝑎𝑟𝑒𝑛𝑡 = 𝑉𝑟𝑚𝑠 𝐼𝑟𝑚𝑠 = 𝑃𝑎

𝑃𝑎𝑝𝑝𝑎𝑟𝑒𝑛𝑡 measured in   VA

PF ≡ Power Factor

𝑃𝐹 = cos 𝜃𝑣 − ∅𝑖

∴ 𝑃𝑎𝑣 = 𝑃𝑎 . 𝑃𝐹

ENEE2301  – Network Analysis 1
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Steady-State Sinusoidal Power Analysis

1) For Resistor 

𝜃𝑣 − ∅𝑖 = 0°

∴ 𝑃𝐹 = 1

2) For Inductor 

𝜃𝑣 − ∅𝑖 = +90°

∴ 𝑃𝐹 = 0

3) For Capacitor 

𝜃𝑣 − ∅𝑖 = −90°

∴ 𝑃𝐹 = 0

4) For Inductive load 

90° > 𝜃𝑣 − ∅𝑖 > 0°

∴ 1 > 𝑃𝐹 > 0 lagging power factor

ENEE2301  – Network Analysis 1
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5) For Capacitive load

0° > 𝜃𝑣 − ∅𝑖 ≻ −90°

∴ 1 > 𝑃𝐹 > 0 leading power factor

𝑃𝐹 = cos 𝜃𝑣 − ∅𝑖

cos 𝛼 = cos −𝛼

Power factor is either leading or lagging referring to the phase of 

current with respect to the voltage .

ENEE2301  – Network Analysis 1
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Example :

Calculate the power factor seen by the source and the average power supplied by the source .

10   8   

- j6   j4   

   40    0   Vrms
o

𝒁 = 10 + 𝑗4|| 8 − 𝑗6

= 12.69 ∠20.62°Ω

𝑰𝑆 =
40∠0°

𝒁
= 3.152 ∠ − 20.62°Arms

𝜃𝑣 = 0 ;𝜃𝑖 = ∠ − 20.62°

𝑃𝐹 = cos 𝜃𝑣 − ∅𝑖

= cos 20.62

= 0.936 lagging

The average power supplied by the source is equal to the 

average power absorbed by the circuit .

ENEE2301  – Network Analysis 1
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𝑃𝑎𝑣 = 𝑉𝑟𝑚𝑠 𝐼𝑟𝑚𝑠 cos 𝜃𝑣 − ∅𝑖

𝑉𝑟𝑚𝑠 = 40 𝑉𝑟𝑚𝑠

𝐼𝑟𝑚𝑠 = 3.15 𝐴𝑟𝑚𝑠

𝜃𝑣 = 0°

𝜃𝑖 = −20.62°

∴ 𝑃𝑎𝑣 = 40 ∗ 3.152 cos 0 − −20.62°

= 118 𝑊

ENEE2301  – Network Analysis 1
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𝒁 = 12.69 ∠20.62° Ω

= 11.877 + 𝑗4.469 Ω

   40    0   Vrms
o

J4.469   

11.877   

Is

𝑃𝑎𝑣 = 𝐼𝑟𝑚𝑠
2 𝑅

= 3.1522 ∗ 11.877

= 118 𝑊

Also 𝑃𝑎𝑣 = 𝑃𝑎𝑣;10Ω + 𝑃𝑎𝑣;8Ω + 𝑃𝑎𝑣;−𝑗6 + 𝑃𝑎𝑣;𝑗4

= 𝑃𝑎𝑣;10Ω + 𝑃𝑎𝑣;8Ω

ENEE2301  – Network Analysis 1
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Example :

An industrial load consumes 11 kW at 0.5 PF lagging from a 

220 𝑉𝑟𝑚𝑠 line . The transmission line resistance from the power 

company to the plant is 0.2Ω .

1) Determine the average power that must be supplied by the power 

company .

2) Repeat (1) if the power factor is changed to unity .

Vs

Load
PF = 0.5
Lagging

0.2   

+

_

   220   0     

Vrms

o

ENEE2301  – Network Analysis 1
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Vs

Load
PF = 0.5
Lagging

0.2   

+

_

   220   0     

Vrms

o

𝑃𝑎𝑣;𝐿𝑜𝑎𝑑 = 𝑉𝑟𝑚𝑠. 𝐼𝑟𝑚𝑠 . 𝑃𝐹

∴ 𝐼𝑟𝑚𝑠 =
𝑃𝑎𝑣;𝐿𝑜𝑎𝑑

𝑉𝑟𝑚𝑠 .𝑃𝐹

=
11𝑘𝑊

220∗0.5
= 100 𝐴𝑟𝑚𝑠

𝑃𝑙𝑜𝑠𝑠 = 𝐼𝑟𝑚𝑠
2 ∗ 0.2 = 2 𝑘𝑊

∴ 𝑃𝑎𝑣;𝑠𝑢𝑝 = 𝑃𝑎𝑣;𝐿𝑜𝑎𝑑 + 𝑃𝑎𝑣; 𝑙𝑜𝑠𝑠

= 13 𝑘𝑊

ENEE2301  – Network Analysis 1
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Vs
Plant
PF = 1

0.2   

+

_

   220   0     

Vrms

o

𝑃𝑎𝑣;𝐿𝑜𝑎𝑑 = 𝑉𝑟𝑚𝑠. 𝐼𝑟𝑚𝑠 . 𝑃𝐹

∴ 𝐼𝑟𝑚𝑠 =
𝑃𝑎𝑣;𝐿𝑜𝑎𝑑

𝑉𝑟𝑚𝑠 .𝑃𝐹
= 50 𝐴𝑟𝑚𝑠

𝑃𝑙𝑜𝑠𝑠 = 𝐼𝑟𝑚𝑠
2 . 𝑅 = 50 ∗ 0.2 = 0.5 𝑘𝑊

∴ 𝑃𝑎𝑣;𝑠𝑢𝑝 = 0.5 𝑘𝑊 + 11 𝑘𝑊

= 11.5 𝑘𝑊

ENEE2301  – Network Analysis 1
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Steady-State Sinusoidal Power Analysis

Example :

Find the power factor of the two loads . 

L1L2

o

o

+

_

302   0   0    Vrms
o

I2 I1

Load 1 : 10 kW    ; 0.9 lagging PF

Load 2 :  5kW ; 0.95 leading PF

𝑰1 =
10,000

2300∗0.9
∠ − cos−1 0.9

= 4.83 ∠ − 25.84° 𝐴𝑟𝑚𝑠

𝑰2 =
5000

2300∗0.95
∠ + cos−1 0.95

= 2.288 ∠18.195° 𝐴𝑟𝑚𝑠

𝑰𝑠 = 𝑰1 + 𝑰2 = 6.78 ∠ − 12° 𝐴𝑟𝑚𝑠

𝑃𝐹 = cos 𝜃𝑣 − ∅𝑖 = cos 0° − −12° = 0.978 lagging

ENEE2301  – Network Analysis 1
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Steady-State Sinusoidal Power Analysis

Complex Power

Vrms

Irms

Circuit

𝑽𝑟𝑚𝑠 = 𝑉𝑟𝑚𝑠 ∠𝜃𝑣

𝑰𝑟𝑚𝑠 = 𝐼𝑟𝑚𝑠 ∠∅𝑖

𝑺 ≡ 𝐶𝑜𝑚𝑝𝑙𝑒𝑥 𝑃𝑜𝑤𝑒𝑟

𝑺 = 𝑽𝑟𝑚𝑠 . 𝑰𝑟𝑚𝑠
∗

= 𝑉𝑟𝑚𝑠 . 𝐼𝑟𝑚𝑠 ∠ 𝜃𝑣 − ∅𝑖

𝑺 = 𝑃𝑎𝑣 + 𝑗 𝑄

𝑃𝑎𝑣 ≡ 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑃𝑜𝑤𝑒𝑟 𝑖𝑛 𝑊𝑎𝑡𝑡

𝑄 ≡ 𝑅𝑒𝑎𝑐𝑡𝑖𝑣𝑒 𝑃𝑜𝑤𝑒𝑟 𝑖𝑛 𝑉𝐴𝑅

∴ 𝑃𝑎𝑣= ℜ {𝑺}

𝑄 = ℑ {𝑺}

ENEE2301  – Network Analysis 1
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Steady-State Sinusoidal Power Analysis

1) For pure resistance :

𝜃𝑣 − ∅𝑖 = 0

∴ 𝑄𝑅 = 0

2)For pure inductance :

𝜃𝑣 − ∅𝑖 = +90°

∴ 𝑄𝐿 = 𝑉𝑟𝑚𝑠 𝐼𝑟𝑚𝑠

𝑉𝑟𝑚𝑠 = 𝜔𝐿 𝐼𝑟𝑚𝑠

∴ 𝑄𝐿 = 𝜔𝐿 𝐼𝑟𝑚𝑠
2 =

𝑉𝑟𝑚𝑠
2

𝜔𝐿

ENEE2301  – Network Analysis 1
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Steady-State Sinusoidal Power Analysis

3) For pure Capacitance :

𝜃𝑣 − ∅𝑖 = −90°

∴ 𝑄𝑐 = − 𝑉𝑟𝑚𝑠 𝐼𝑟𝑚𝑠

𝐼𝑟𝑚𝑠 = 𝜔𝑐 𝑉𝑟𝑚𝑠

∴ 𝑄𝑐 = −
𝐼𝑟𝑚𝑠
2

𝜔𝑐

= −𝜔𝑐 𝑉𝑟𝑚𝑠
2

ENEE2301  – Network Analysis 1
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Steady-State Sinusoidal Power Analysis

What are the VARs consumed by the circuit 

3 Ω j4 Ω 2 Ω 

4 Ω 

- j5 Ω 

I1

I2

I3

 100    10    Vrms

o j7 Ω 

𝑄 = 𝑉𝑟𝑚𝑠 . 𝐼𝑟𝑚𝑠 sin(𝜃𝑣 − ∅𝑖)

𝑰1 =
𝑽𝑠

𝑍

𝑍 = 2 + 𝑗7 || 4 − 𝑗5 + 3 + 𝑗4

= 10.35 + 𝑗4.55 = 11.3 ∠23.7° Ω

∴ 𝑰1 =
100 ∠10°

11.3 ∠23.7°
= 8.83 ∠ − 13.7° 𝐴𝑟𝑚𝑠

𝑄 = 100 ∗ 8.84 sin 10° − (−13.7°)

= 355 𝑉𝐴𝑅𝑠

𝐼2 = 10.2 𝐴𝑟𝑚𝑠

𝐼3 = 8.95 𝐴𝑟𝑚𝑠

ENEE2301  – Network Analysis 1
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Steady-State Sinusoidal Power Analysis

𝑃𝑎𝑣 = 𝑉𝑟𝑚𝑠 . 𝐼𝑟𝑚𝑠 cos 𝜃𝑣 − ∅𝑖

𝑄 = 𝑉𝑟𝑚𝑠 . 𝐼𝑟𝑚𝑠 sin(𝜃𝑣 − ∅𝑖)

𝑄

𝑃𝑎𝑣
= tan 𝜃𝑣 − ∅𝑖

𝑄 = 𝑃𝑎𝑣 tan 𝜃𝑣 − ∅𝑖

𝑄 = 𝑃𝑎𝑣 tan cos
−1 𝑃𝐹

𝑺 = 𝑃𝑎𝑣 + 𝑗 𝑄

= 𝑃𝑎𝑣
2 + 𝑄2 ∠ tan−1

𝑄

𝑃𝑎𝑣

∴ 𝑃𝑎 = 𝑺 = 𝑃𝑎𝑣
2 + 𝑄2 apparent power  

𝜃𝑣 − 𝜃𝑖 = tan−1
𝑄

𝑃𝑎𝑣

ENEE2301  – Network Analysis 1
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Steady-State Sinusoidal Power Analysis

𝜃𝑣 − ∅𝑖 = tan−1
𝑄

𝑃𝑎𝑣

To increase PF , we need to decrease Q .

∴ For inductive circuit we add a capacitor in parallel to 

increase the power factor .

ENEE2301  – Network Analysis 1
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Steady-State Sinusoidal Power Analysis

𝑃𝑎𝑣 𝑇 = 𝑃𝑎𝑣 1 + 𝑃𝑎𝑣 2 + 𝑃𝑎𝑣 3 +⋯+ 𝑃𝑎𝑣 𝑛

𝑄𝑇 = 𝑄1 + 𝑄2 + 𝑄3 +⋯+ 𝑄𝑛

𝑺𝑇 = 𝑃𝑎𝑣 𝑇 + 𝑗 𝑄𝑇

= 𝑺1 + 𝑺2 + 𝑺3 +⋯+ 𝑺𝑛

Total Power (average, Reactive and complex)

ENEE2301  – Network Analysis 1
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Steady-State Sinusoidal Power Analysis

Conservation of AC Power

The complex, real and reactive power of the source equal the 

respective sum of the complex, real and reactive power of the 

individual loads . 

Z2Z1

I2I1

Vs

Is

𝑺𝑠𝑜𝑢𝑟𝑐𝑒 = 𝑽𝑟𝑚𝑠 . 𝑰𝑟𝑚𝑠
∗

= 𝑽𝑟𝑚𝑠. (𝑰𝟏𝒓𝒎𝒔 + 𝑰𝟐𝒓𝒎𝒔)
∗

= 𝑽𝑟𝑚𝑠. 𝑰𝟏𝑟𝑚𝑠
∗ + 𝑽𝑟𝑚𝑠. 𝑰𝟐𝑟𝑚𝑠

∗

= 𝑺1 + 𝑺2

The same results can be obtained for a series connection .

ENEE2301  – Network Analysis 1
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Steady-State Sinusoidal Power Analysis

Find the power factor of the two loads 

L1L2

o

o

+

_

0   2300  Vrms
o

I2 I1
Load 1 : 10 𝑘𝑊; 0.9 𝑙𝑎𝑔𝑔𝑖𝑛𝑔 𝑃𝐹

Load 2 : 5 𝑘𝑊 ; 0.95 𝑙𝑒𝑎𝑑𝑖𝑛𝑔 𝑃𝐹

𝑺𝟏 = 𝑃𝑎𝑣 1 + 𝑗 𝑄1

𝑄1 = 𝑃𝑎𝑣 1 tan cos
−1 𝑃𝐹1

= 4843 𝑉𝐴𝑅𝑠

∴ 𝑺𝟏 = 10000 + 𝑗 4843 𝑉𝐴

𝑺𝟐 = 𝑃𝑎𝑣 2 + 𝑗 𝑄2

𝑄2 = −𝑃𝑎𝑣 2 tan cos
−1 𝑃𝐹2

= −1643 𝑉𝐴𝑅𝑠 ∴ 𝑺2 = 5000 − 𝑗 1643 𝑉𝐴

ENEE2301  – Network Analysis 1
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Steady-State Sinusoidal Power Analysis

𝑺𝑇 = 𝑺1 + 𝑺2

= 15000 + 𝑗 3200

= 15337.5 ∠12.02° 𝑉𝐴

𝑃𝐹 = cos 12.02°

= 0.978 lagging

ENEE2301  – Network Analysis 1
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Steady-State Sinusoidal Power Analysis

Power Factor Correction

Power Factor correction is the process of increasing the 

power factor without altering the voltage or current to the original 

load .

o

+ IL

o o

o

+

_

IL

IC

𝑃𝐹 = cos 𝜃𝑣 − ∅𝑖

For R :

PF = 1 ; 𝑄𝑅 = 0

∴ To improve the power factor we 

must decrease the Reactive Power .

∴ For inductive circuit, we add a 

capacitor in parallel to the load .

𝑄𝑐 = 𝑄𝐹𝑖𝑛𝑎𝑙 − 𝑄𝑖𝑛𝑖𝑡

𝑐 = −
𝑄𝑐

𝜔𝑉𝑟𝑚𝑠
2
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Steady-State Sinusoidal Power Analysis

Example : A certain industrial plant consumes 1 𝑀𝑊 at 

0.7 lagging power factor and a 2300 𝑉𝑟𝑚𝑠 .

What is the minimum capacitor required to improve the power 

factor to 0.9 lagging.     (𝜔 = 377  𝑟𝑎𝑑 𝑠)

𝑄𝑖𝑛𝑖 = 𝑃𝑎𝑣 . tan cos
−1 𝑃𝐹1

= 1𝑀𝑊. tan cos−1 0.7

= 1.02 𝑀𝑉𝐴𝑅𝑠

𝑄𝐹𝑖𝑛 = 𝑃𝑎𝑣 tan cos
−1 𝑃𝐹2

= 𝑃𝑎𝑣 tan cos
−1 0.9

= 0.484 𝑀𝑉𝐴𝑅𝑠

𝑄𝑐 = 𝑄𝐹𝑖𝑛𝑎𝑙 − 𝑄𝑖𝑛𝑖𝑡

= −0.536 𝑀𝑉𝐴𝑅𝑠

𝑄𝑐 = −
𝑉𝑟𝑚𝑠
2

𝑋𝑐

= − 𝜔𝑐 𝑉𝑟𝑚𝑠
2

∴ 𝐶 =
𝑄𝑐

𝑉𝑟𝑚𝑠
2 = 269 𝜇𝐹

ENEE2301  – Network Analysis 1
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Steady-State Sinusoidal Power Analysis

Vs

1 MW
PF = 0.7
Lagging

   2300   0     

Vrms

o

Iini

𝐼𝑖𝑛𝑖 =
𝑃𝑎𝑣

𝑉𝑟𝑚𝑠 𝑃𝐹1
= 621 𝐴𝑟𝑚𝑠

Vs

1 MW
PF = 0.7
Lagging

   2300   0     

Vrms

o

C

IFin

𝐼𝐹𝑖𝑛 =
𝑃𝑎𝑣

𝑉𝑟𝑚𝑠 𝑃𝐹2
= 483 𝐴𝑟𝑚𝑠
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Steady-State Sinusoidal Power Analysis

Example :

L1L2

o

o

+

_

   250   0    

Vrms

o

IS 0.05 Ω j0.5 Ω 

Vs

Load 1 :    8 𝑘𝑊 ; 0.8 𝑙𝑒𝑎𝑑𝑖𝑛𝑔 𝑃𝐹

Load 2 : 20 𝑘𝑉𝐴 ; 0.6 𝑙𝑎𝑔𝑔𝑖𝑛𝑔 𝑃𝐹

1) Determine the power factor of two loads in parallel 

2) Determine the apparent power required to supply the loads ; the 

magnitude of the current 𝐼𝑠 ; the average power loss in the 

transmission line .

3) Compute the value of the capacitor that would correct the power 

factor to 1 if Placed in parallel with the two loads . (  𝜔 = 377  𝑟 𝑠) 

4)  Repeat step (2)

ENEE2301  – Network Analysis 1
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Load 1 : 8 𝑘𝑊 ; 0.8 𝑙𝑒𝑎𝑑𝑖𝑛𝑔 𝑃𝐹

Load 2 : 20 𝑘𝑉𝐴 ; 0.6 𝑙𝑎𝑔𝑔𝑖𝑛𝑔 𝑃𝐹

𝑃𝑎𝑣 1 = 8000𝑊

∴ 𝑄1 = − 𝑃𝑎𝑣 1 tan cos
−1 𝑃𝐹1 = −6000 𝑉𝐴𝑅

∴ 𝑺1 = 𝑃𝑎𝑣 1 + 𝑗 𝑄1

= 8000 − 𝑗 6000 𝑉𝐴

𝑃𝑎 2 = 20,000 𝑉𝐴 𝑃𝐹2 = 0.6 𝑙𝑎𝑔𝑔𝑖𝑛𝑔

𝑃𝑎𝑣 2 = 𝑃𝑎 2 ∗ 𝑃𝐹2 = 12000𝑊

∴ 𝑄2 = 𝑃𝑎𝑣 2 tan cos
−1 𝑃𝐹2 = +16000 𝑉𝐴𝑅

∴ 𝑺2 = 𝑃𝑎𝑣 2 + 𝑗 𝑄2

= 12000 + 𝑗 16000 𝑉𝐴
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𝑺𝐿 𝑇 = 𝑺1 + 𝑺2

= 20,000 + 𝑗 10,000

= 22360 ∠26.565° 𝑉𝐴

∴ 𝑃𝐹 = cos 26.565° = .8544 lagging

𝑺𝐿 𝑇 = 𝑽𝑟𝑚𝑠 𝑰𝑠
∗

∴ 𝑰𝑠
∗ =

𝑺𝐿 𝑇

𝑽𝑟𝑚𝑠
=

22360

250
∠26.565°

= 89.44 ∠26.565° 𝐴𝑟𝑚𝑠

Since 𝑺𝐿 𝑇 = 22360 ∠26.565° 𝑉𝐴

∴ 𝑃𝑎 = 𝑺𝐿 𝑇 = 22360 𝑉𝐴

𝑃𝑎𝑣 𝑙𝑜𝑠𝑠 = 𝑰𝑠
2 . (0.05) = 400 𝑊
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3) since 𝑺𝐿 𝑇 = 20 000 + 𝑗 10 000

∴ 𝑄𝑖𝑛𝑖 = 10 000 𝑉𝐴𝑅

𝑄𝐹𝑖𝑛 = 0

∴ 𝑄𝑐 = 𝑄𝐹𝑖𝑛 − 𝑄𝑖𝑛𝑖 = −10 000 𝑉𝐴𝑅

∴ 𝐶 = −
𝑄𝑐

𝜔 𝑉𝑟𝑚𝑠
2
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4) since 𝑄𝐹𝑖𝑛 = 0

∴ 𝑺𝐹= 𝑃𝑎 = 20 000 𝑉𝐴

∴ 𝑃𝑎 = 𝑃𝑎𝑣 = 20 000 𝑉𝐴

∴ 𝑺𝐹 = 20 000 ∠ 0° 𝑉𝐴

= 𝑽𝑟𝑚𝑠 𝑰𝑠
∗

𝑰𝑠
∗ =

20 000 ∠ 0°

250 ∠ 0°
= 80 ∠ 0° 𝐴

∴ 𝑰𝑠 = 80 ∠ 0° 𝐴

𝑃𝑎𝑣 𝑙𝑜𝑠𝑠 = 𝑰𝑠
2 . (0.05)

= 320 𝑊

ENEE2301  – Network Analysis 1
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Power Measurement 

Wattmeter is the instrument for measuring the average power 

Two coils are used , the high impedance voltage coil and the low 

impedance current coil . 

Load

o

o

VC

CC
+

+𝑃 = 𝑉𝑟𝑚𝑠 𝐼𝑟𝑚𝑠 cos 𝜃𝑣 − θ𝑖
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Steady-State Sinusoidal Power Analysis

Example :

Find the Wattmeter reading 

VC

CC
+

+

4   - j2   

j9   12      120    0     

Vrms

o

𝑍 = 4 − 𝑗2 + ( 𝑗9||12 )

= 9.13 ∠ 24.32° Ω

𝑰 =
120 ∠ 0°

9.13 ∠ 24.32°
13.14 ∠ − 24.32° 𝐴𝑟𝑚𝑠

𝑃 = 120 13.14 cos 0 + 24.32

= 1436.9 𝑊

ENEE2301  – Network Analysis 1
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Steady-State Sinusoidal Power Analysis

Answer
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Steady-State Sinusoidal Power Analysis

a)Vg=

Answer

b)

c)

ENEE2301  – Network Analysis 1
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Steady-State Sinusoidal Power AnalysisENEE2301  – Network Analysis 1

70

a)

Answer

b)
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Steady-State Sinusoidal Power Analysis

Answer
a)

b)
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