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Course logistics

• Syllabus available on Canvas

• About me:
• Joined UBC in January 2025

• Working on the application of power electronics in power systems

• Let me know if you are interested in joining my group
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History & motivation
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Early 1880s
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1882: Thomas Edison’s coal-
fired Pearl Street Plant 
provides a central supply of 
DC power to Manhattan.

1882: Thomas Edison’s hydro-
electric Vulcan Street Plant 
supplies DC power to paper 
companies in Appleton, WI.



Mid-1880s
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1884: Frank Sprague 
produces DC motors. 
“Father of Electric Traction”.

1885: William Stanley 
develops commercially 
practical transformer.



Late 1880s and 1890s
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1888: Nikola Tesla patents AC
induction and synchronous motors 
as well as poly-phase distribution 
systems.

1889: Single-phase AC
transmission in Oregon.

1896: Three-phase AC
transmission from Niagara Falls 
to Buffalo, NY.



How power system works

• The electricity infrastructure has been the engine that has driven the 
world economy for over 100 years, and represents the most complex 
system built by humankind
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Complexity of our power grid
Generation, Transmission, Distribution, Utilization

Modern Electric Grid – A very complex system 

Industrial Loads Motor Drives

Control Centre

Energy 

Storage

Hydro
PV Solar Wind 

Energy

HVDC

Residential & 

Commercial 

loads
Energy-Smart

Appliances
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• Transmission & Distribution
• Transmission ~ 138 to 765 kV

• Sub-transmission ~ 34 to 138 kV

• Distribution ~ 4 to 34 kV

• Service / Customer level ~ 240, 208, 120

• Components
– Wires, cables – transmission of power

– Tower – support structures

– Transformers – converting voltage levels

– Circuit breakers, relays – protective 
devices

– Control Centers – ensure reliable 
operation & power flow

– Power electronics (emerging)
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BC Transmission System
➢ Almost all electricity in BC (10 ~12GW) is produced by Synchronous Generators
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Electromechanical Energy Conversion

• Generation of Electricity – Big Scale

Thermal Power Plant

Hydro Power Plant

Wind Power
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Electrical Energy Generation
• Almost all electricity produced in BC (10 ~12GW) 

is produced by Synchronous Generators

Electrical Energy Utilization
• About 65% of all electricity is consumed by 

motors: induction, synchronous, etc.

• For industry it is about 85%

Electromechanical Energy Conversion Devices

• Predominant way of generating and consuming 
electrical energy

Electromechanical Energy Conversion
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Applications of Electromechanics

Modern Transportation → More Electric Vehicle

Diesel-Electric Hybrid

All-Electric

Toyota Hybrid, 

operates at 288V, 

reaches 30kW

Tesla Roadster, 

Induction Motor, 

reaches 200 kW

Liebherr T282B earth-

hauling truck 2.7MW 

AC Propulsion

Canada Line 

(Richmond-Airport-Vancouver Line)  

SNC-Lavalin &  Rotem Company

All-Electric → Zero Emission Transportation

Vancouver TransLink 

Trolley Bus

New Flyer Industries
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High-Speed, Low-Weight, High-Phase-Count 

Motors, Generators and Converters

Antares 20E

42kW BLDC Propulsion 
Airbus A380 

Electric Toys

BLDC Propulsion

Applications of Electromechanics
Modern Aircraft → More Electric Aircraft

Drones

BLDC Propulsion

http://www.lange-flugzeugbau.com/htm/english/media/gallery_20E.html#row2
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Electromechanics Applications
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Electromechanics Devices
Manufacturing

Automotive

Aircraft

Ships

Computers

Office

Household

…
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Electromechanical Energy Conversion

Input
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Energy
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Mechanical

Energy
Electrical
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Mechanical
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Is the energy conversion process reversible?
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• Transformation of Electrical Energy

Input

Level X

Conversion

Device

Output

Level Y

Electrical

System

(generator,

source, etc.)

Electrical

System

(load)

• Transformation of Mechanical Energy

Electromechanical Energy Conversion

Conversion

Device

Mechanical

System

(generator,

source, etc.)

Mechanical

System
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• Electrical Machines
– Stationary

• Transformers

– Rotating
• Motors, generators

– Linear Devices
• Solenoids, linear motors, other actuators

– Devices may operate with DC or AC 

• Power Electronics (Switched Mode Power Supplies (SMPSs), Motor 
& Actuator Drivers, …)

– Rectifiers
• AC to DC

– Converters
• DC to DC

– Inverters
• DC to AC

• Very broad & interesting areas, require several courses to cover!

• AC Circuits and Systems are required as background

We will try to cover 

these topics

Electromechanical Energy Conversion



Lots of job opportunities in power engineering

• Utilities: BC Hydro, Hydro One, IESO, …

• Consulting: Arup, Hatch, Stantec, Powertech, …

• Manufacturing: Tesla, GE, Hitachi Energy, Siemens, Lucid, Rivian, …

• Big tech: Meta, Microsoft, Google, Oracle, Nvidia …

• Government
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Lots of job opportunities in power engineering
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Lots of job opportunities in power engineering



Module 1, Part 1: Review of AC Circuits & Phasors
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Objectives & important concepts

• Concept of phasors & notations 

• RMS value  

• Phasor diagrams for basic RLC circuits

• Balanced 3-phase system, source, load, Y / D connection, line-to-line 
and phase voltages and currents, phase shifts  

• Real, reactive, and apparent power in 1-phase and 3-phase systems, 
power factor

• Read Appendix B, get ready for Lab 1

24



25

• Consider linear inductive circuit

( )tVtv m cos)( =

dt

d
rieritv


+=+=)(

Steady-state Solution

KVL

( )im tIti  += cos)(

dt

di
Lri +=

Inductor can store energy

2

2Li
EL =

• Where is this energy stored?

• Can the stored energy change 

instantaneously?

Note: For steady state, we need to know only amplitude & phase

AC circuits
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( )tVtv m cos)( =

Steady-state Solution

( )im tIti  += cos)(

Inductor can store energy

2

2Li
EL =

• Do the solution waveforms 

depend on initial conditions?

• Consider linear inductive circuit

AC circuits
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Capacitor can store energy

2

2Cv
EC =

• Where is this energy stored?

• Can the stored energy change 

instantaneously?

( )tVtv m cos)( =

cvritv +=)(

Steady-state Solution

( )vmcc tVtv  += cos)( ,

( )im tIti  += cos)(

dt

dv
C

r

vv
i cc =

−
=

( )tv
r

v
rdt

dv
C c

c 11
=+

Note: For steady state, we need to know only amplitude & phase

• Consider linear capacitive circuit

AC circuits
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Capacitor can store energy

2

2Cv
EC = • Do the solution waveforms 

depend on initial conditions?

Steady-state Solution

( )tVtv cos)( =

( )im tIti  += cos)(

• Consider linear capacitive circuit

AC circuits
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( )tVtv m cos)( =

Steady state waveforms

Note: Inductors and capacitors can store energy. 

In both cases, for steady state analysis, we need to know only 

amplitude & phase

2

2Li
EL = 2

2Cv
EC =

• Consider linear RLC circuit

AC circuits
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( )iii tVtv  += cos)(

Steady state solution?

( )jjj tJtj  += cos)(

• Consider arbitrary network 
• With voltage and current sources

( )k

vkk tVtv  += cos)(

For all circuit branches the currents 

& voltages are sinusoidal

( )k

ikk tIti  += cos)(

Note:

For Steady State analysis we need to know only amplitudes 

& phases

kk VJ ,
k

v

k

i  ,

AC circuits



Looking ahead…

• Module 1, part 1 continued
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