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Looking back

Clarifications on exercise session 1



Exercise 1: manually computing ҧ𝐼
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???
Option 1: use your calculator          (win time)
Option 2: have fun with maths!       (personal challenge ➔ happiness)



Exercise 2: Matching the reactive powers
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𝑄𝐶 = 𝑄𝑅𝐿

➔ Ok if we consider both the motor and generator convention

Reactive power produced by C Reactive power consumed by L

In case only the motor convention is used (usual convention)

𝑄𝐶 = −𝑄𝑅𝐿



Correction ex. 3

One port small quiz



Exercise 3: one-port small quiz
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Exercise 3: R
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ത𝑉 = 𝑍 ҧ𝐼
𝑍 = 𝑅
ത𝑉 = 𝑅 ҧ𝐼

ҧ𝐼 ത𝑉

cos 𝜑 = 1
tan 𝜑 = 0

𝑆 = ത𝑉 ҧ𝐼∗ = 𝑅𝐼2

𝑃 > 0
𝑄 = 0



Exercise 3: L
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ത𝑉 = 𝑍 ҧ𝐼
𝑍 = 𝑗𝜔𝐿
ത𝑉 = 𝑗𝜔𝐿 ҧ𝐼 ҧ𝐼

ത𝑉

cos 𝜑 = 0
tan 𝜑 = +∞

𝑆 = ത𝑉 ҧ𝐼∗ = 𝑗𝜔𝐿𝐼2

𝑃 = 0
𝑄 > 0 ➔ reactive power produced < 0

𝜑
> 0
0
1
0



> 0
0
1
0

Exercise 3: C
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ത𝑉 = 𝑍 ҧ𝐼

𝑍 =
−𝑗

𝜔𝐶

ത𝑉 =
−𝑗

𝜔𝐶
ҧ𝐼

ҧ𝐼

ത𝑉

cos 𝜑 = 0
tan 𝜑 = −∞

𝑆 = ത𝑉 ҧ𝐼∗ =
−𝑗

𝜔𝐶
𝐼2

𝑃 = 0
𝑄 < 0 ➔ reactive power produced > 0

𝜑
0
< 0
0
+∞



> 0
0
1
0

Exercise 3: R // L
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ത𝑉 = 𝑍 ҧ𝐼

𝑍 =
1

𝑅
+

1

𝑗𝑋

−1

=
𝑅𝑋2

𝑅2 + 𝑋2
+ 𝑗

𝑅2𝑋

𝑋2 + 𝑅2

ത𝑉 =
𝑅𝑋2

𝑅2 + 𝑋2
ҧ𝐼 + 𝑗

𝑅2𝑋

𝑋2 + 𝑅2
ҧ𝐼

cos 𝜑 ∈ ]0,1[
tan 𝜑 ∈ ]0,+∞[

𝑆 = ത𝑉 ҧ𝐼∗ =
𝑅𝑋2

𝑅2 + 𝑋2
𝐼2 + 𝑗

𝑅2𝑋

𝑋2 + 𝑅2
𝐼2

𝑃 > 0
𝑄 > 0 ➔ reactive power produced < 0

0
< 0
0
+∞

0
> 0
0
- ∞

𝜑

ҧ𝐼

ത𝑉



> 0
0
1
0

Exercise 3: RC
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ത𝑉 = 𝑍 ҧ𝐼

𝑍 = 𝑅 +
−𝑗

𝜔𝐶

ത𝑉 = 𝑅 ҧ𝐼 −
𝑗

𝜔𝐶
ҧ𝐼

cos 𝜑 ∈ ]0,1[
tan 𝜑 ∈ ] − ∞, 0[

𝑆 = ത𝑉 ҧ𝐼∗ = 𝑅𝐼2 −
𝑗

𝜔𝐶
𝐼2

𝑃 > 0
𝑄 < 0 ➔ reactive power produced > 0

0
< 0
0
+∞

0
> 0
0
−∞

> 0
< 0

∈ ]0,1[
∈ ]0, +∞[

ҧ𝐼

ത𝑉𝜑
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Exercise 3: summary

> 0 = 0 = 0 > 0 > 0

= 0 < 0 > 0 < 0 > 0

= 1 0 0 ∈ ]0,1[ ∈ ]0,1[

= 0 +∞ = −∞ ∈ ]0, +∞[ ∈ ] − ∞, 0[



Reminders

synchronous machine and three-phase systems 
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Faraday’s law

𝜀 = −
𝜕𝜙𝐵

𝜕𝑡
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One phase generator
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One phase generator – power 

Output power

The total output power fluctuates ➔ the input torque fluctuates 
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Two phase generator 

Output power

𝐴

𝐴′

BB’

𝑉𝐴(𝑡)

𝑃𝐴(𝑡) 𝑃𝐵(𝑡)

𝑃𝐴 𝑡 + 𝑃𝐵(𝑡)

𝑉𝐵(𝑡)

The total output power is constant ➔ the input torque is constant ☺

In case loads are the same

Output power

𝑃𝐴(𝑡) 𝑃𝐵(𝑡)

𝑃𝐴 𝑡 + 𝑃𝐵(𝑡)

In case loads are the same
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Three phase generator 

𝑉𝐵
𝑉𝐴



19

Three phase circuit  

Z

Z

Z

ത𝑉𝑎

ത𝑉𝑏ത𝑉𝑐

ҧ𝐼𝑏

ҧ𝐼𝑎

ҧ𝐼𝑐

ҧ𝐼𝑎 + ҧ𝐼𝑐 + ҧ𝐼𝑐 = 0 (for identical load Z)
➔ The 3 return conductors can be removed ☺☺☺
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Balanced three phase circuit  

The balanced three-phase circuit is the assembly of three identical circuits 
called phases. The 3 signals are dephased by 120°.
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Line and phase voltages
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Line and phase voltages

30°

ഥ𝑈𝑏𝑐 = 3 ത𝑉𝑏

On a three-phase 
network without the 
neutral conductor, 
one can only measure 
the line voltages and 
the line currents.
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Star and triangle connections

Three-phase loads can be arranged either in star (Y) or in triangle (Δ)

Y Δ
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Line and phase voltages

From the network 
perspective, the Y and Δ
arrangements ae 
equivalent as long as 
they provide the same 
line voltages and 
current. This is achieved 

in case 𝑍Δ = 3 𝑍∗.



Exercises

Exercise 4: Two-ports characterization

Exercise 5: Electric heater
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Exercise 4: Two-ports characterization
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Exercise 4: Two-ports characterization
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Exercise 5: Electric heater
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Exercise 5: Electric heater


