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Contact and organisation 

Florent Purnode
• mail:      florent.purnode@uliege.be
• office:     I 158 in Montefiore Institute

Nicolas Davister
• mail:      ndavister@uliege.be
• office:     I 157 in Montefiore Institute

Slides/exercise manual will be uploaded on the on the 
webpage of the course.

Exercise sessions on Friday mornings from 10.30 to 12.30 am.
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4 sessions:

• Session 1: Transformers

• Session 2: AC synchronous machines

• Session 3: AC asynchronous machines

• Session 4: DC machines

The lab sessions are (so far    ) organized face-to-face. The lab
manual will be available on the webpage of the course. More 
information later…

Laboratory sessions
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Reminders

Phasors and power in sinusoidal steady state



𝐼𝑅𝑀𝑆

• Dissipated power with DC current:

𝑃 = 𝑅 𝐼2

• Dissipated power with AC current:
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= 𝑅 𝐼𝑅𝑀𝑆
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The Root Mean Square value (or effective value) is equal to the value of the 
constant direct current (voltage) that would produce the same power 
dissipation in a resistive load.

Introduction to the RMS value

5



𝐹𝑅𝑀𝑆 ≔
1
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For a harmonic function with frequency 𝑓, pulsation 𝜔 = 2𝜋𝑓 and period

𝑇 =
1

𝑓
: 

𝑓 𝑡 = 𝐹𝑚𝑎𝑥 cos 𝜔𝑡

𝐹𝑅𝑀𝑆 =
1

𝑇
න
0

𝑇

𝐹𝑚𝑎𝑥
2 cos2(𝜔𝑡) 𝑑𝑡 =

𝐹𝑚𝑎𝑥
2

𝑇
න
0

𝑇

cos2(𝜔𝑡) 𝑑𝑡

=
𝐹𝑚𝑎𝑥
2

𝑇

𝑇

2
=
𝐹𝑚𝑎𝑥

2

RMS value and harmonic signal
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Remark:

The following conventions will be used in the rest of the course for 
RMS and max/peak values:

𝐹𝑅𝑀𝑆 ⇒ 𝐹

𝐹𝑚𝑎𝑥 ⇒ 𝐹𝑚

Important note about notations
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Introduction to phasors
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𝑓1 𝑡 = 𝐹𝑚1 cos(𝜔𝑡 + 𝜑1)

𝑓2 𝑡 = 𝐹𝑚2 cos( 𝜔 𝑡 + 𝜑2)

amplitude pulsation
= 2𝜋𝑓

phase angle

For a given frequency, the values of 𝐹𝑚 and 𝜑 completely define the functions. The time evolution is not of 
interest ➔ higher level representation: the phasor.

തF

𝑓 𝑡 = 2 𝐹 cos 𝜔𝑡 + 𝜑

= ℝ 2 𝐹 𝑒𝑗(𝜔𝑡+𝜑)

= ℝ( 2 𝐹 𝑒𝑗𝜑 𝑒𝑗𝜔𝑡)

തF is the phasor of 𝑓(𝑡).
It is a complex number, with its amplitude 
and its phase angle.



Phasor diagrams

9

𝐹1

𝐹2

𝜑2
𝜑1

Re

Im
𝜔

Phasor 
diagram

ത𝐹1
ത𝐹2

𝑓1 𝑡 = 𝐹𝑚1 cos(𝜔𝑡 + 𝜑1)

𝑓2 𝑡 = 𝐹𝑚2 cos( 𝜔 𝑡 + 𝜑2)



The main assumptions of the phasor approximation are a constant 
frequency and linearity.

Linearity ensured as Kirchhoff's laws and differential equations are 
linear.

Frequency domain

ത𝐹

𝑎 ത𝐹 + 𝑏 ҧ𝐺

𝑗𝜔

1

𝑗𝜔

Phasor properties
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Time domain

𝑓 𝑡

𝑎 𝑓 𝑡 + 𝑏 𝑔 𝑡

𝑑.

𝑑𝑡

න. 𝑑𝑡



The concept of phasor can be applied to electrical quantities such as 
voltages and currents:

Application of the phasors
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Time domain

𝑣 𝑡 = 2 𝑉 cos 𝜔𝑡 + 𝜃

𝑖 𝑡 = 2 𝐼 cos(𝜔𝑡 + 𝜓)

Frequency domain

ത𝑉 = 𝑉 𝑒𝑗𝜃

ҧ𝐼 = 𝐼 𝑒𝑗𝜓



Alternating voltages and currents – Phasor diagrams

12



Product of 2 harmonic functions ➔ instantaneous power

13

𝑝 𝑡 = 𝑖 𝑡 𝑣 𝑡

𝑝 𝑡 = 𝐼 𝑉 cos 𝜃 − 𝜓 + 𝐼 𝑉 cos 2𝜔𝑡 + 𝜓 + 𝜃

Development on the board



Product of 2 harmonic functions ➔ instantaneous power
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𝑖 𝑡
𝐼𝑚

𝑉𝑚
𝑣 𝑡

𝑃 𝑡

𝐼 𝑉 cos 𝜓 − 𝜃
=
𝑃

𝐼 𝑉

𝑝 𝑡 = 𝐼 𝑉 cos 𝜃 − 𝜓 + 𝐼 𝑉 cos 2𝜔𝑡 + 𝜓 + 𝜃

DC component

=
𝑃
=

Active power

AC component 
with double frequency



Power components

15

𝑝 𝑡 = 𝐼 𝑉 cos 𝜃 − 𝜓 + 𝐼 𝑉 cos 2𝜔𝑡 + 𝜓 + 𝜃

Development on the board

𝑝 𝑡 = 𝐼 𝑉 cos 𝜃 − 𝜓 1 + cos 2 𝜔𝑡 + 𝜃 + 𝐼 𝑉 sin 𝜃 − 𝜓 sin 2 𝜔𝑡 + 𝜃

P, the active power Q, the reactive power

Power in the frequency domain ➔ complex power S

𝑆 = ത𝑉 ҧ𝐼∗

Development on the board

𝑆 = 𝐼 𝑉 cos 𝜃 − 𝜓 + 𝑗 𝐼 𝑉 sin(𝜃 − 𝜓)



Power components
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𝑆 = ത𝑉 ҧ𝐼∗

= 𝑃 + 𝑗 𝑄 Based on that definition, one also defines 
the apparent power as the norm of the 
complex power:

𝑆 = 𝑃2 + 𝑄2 = 𝑉 𝐼



Power reference of the one-port (“le dipole”)
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Consumer or producer
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Consumer or producer (solution)
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Complex power and phasors for a resistor
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ത𝑉 = 𝑍 ҧ𝐼 & 𝑍 = 𝑅

Only active power

⇒ 𝑆 = ത𝑉 ҧ𝐼∗ = R ҧ𝐼 ҧ𝐼∗ = 𝑅 𝐼2



Complex power and phasors for a capacitor
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ത𝑉 = 𝑍 ҧ𝐼 & 𝑍 =
1

𝑗𝜔𝐶

Only reactive power

⇒ 𝑆 = ത𝑉 ҧ𝐼∗ =
1

𝑗𝜔𝐶
ҧ𝐼 ҧ𝐼∗ = −𝑗

1

𝜔𝐶
𝐼2



Complex power and phasors for an inductance
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ത𝑉 = 𝑍 ҧ𝐼 & 𝑍 = 𝑗𝜔𝐿

Only reactive power

⇒ 𝑆 = ത𝑉 ҧ𝐼∗ = 𝑗 𝜔𝐿 ҧ𝐼 ҧ𝐼∗ = 𝑗 𝜔𝐿 𝐼2
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Expressions relative to one-ports



Recap complex power basic components 
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Exercise 1: voltage distribution
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Exercise 2: Reactive power compensation
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Exercise 3: one-port small quiz
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