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Outline

• Course Introduction
• Mathematics Review
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Course Information

• EE3109 Applied Electromagnetics
• Lecture + Tutorial: Thurs 3-6pm (Yeung B4302)
• Lab Sessions: (Yeung P1615)

• Session 1: Weeks 10 & 12, Wed 9am - 12nn
• Session 2: Weeks 9 & 11, Wed 9am - 12nn
• Session 3: Weeks 10 & 12, Fri 7pm - 10pm (in arrangement)

• Lecturer:
• Dr. Alex M. H. Wong (Assistant Professor, Yeung G6516)

• Teaching Assistants:
• Mr. Tayyab Ali KHAN (tkhan6-c AT my.cityu.edu.hk)
• Mr. Bo XUE (boxue3-c AT my.cityu.edu.hk)

• Office Hours: TBA
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Lecture Slide Credits

• Dr. Alex M. H. Wong
• Prof. Ben K. W. Leung, predecessors
• Electronic Teaching Aid for:

Ulaby and Ravaioli, “Fundamentals of Applied 
Electromagnetics,” (Pearson, 7th ed., Boston, 2015)

• Other Useful Texts: (check syllabus document)
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What is Electromagnetics?

The study of electric and magnetic fields
in time and space

http://www.physik.uni-kl.de/en/beigang/forschungsprojekte/
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Dimensions and Units
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Examples of EM Applications
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How can we study
Electromagnetics?
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Mathematical 
Background and 

Review Free-space 
Electromagnetics

EXAM….
(Hopefully A+)

Maxwell’s 
Equations

Transmission-Line 
Electromagnetics

Antennas

https://4.bp.blogspot.com/-4Uk34a7d3oM/UT8Uro2LP-I/AAAAAAAACEE/cMfs4D_C8pk/s1600/treasure-map1.jpg 11
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Tentative Course Schedule
Week 
#

Week 
of

Course Coverage

1 Jan 9 Course Introduction, Math Review
2 Jan 16 Introduction to Maxwell Equations, Materials and Boundaries

Jan 23 Happy Chinese New Year!
3 Jan 30 Wave Equations, Plane Waves, Propagation in Lossy Media
4 Feb 6 Polarizations, EM Potential  Asst. 1a Due
5 Feb 13 Reflection and Transmission  Asst. 1b Due
6 Feb 20 Test 1,   Electromagnetics R&D
7 Feb 27 Poynting vector, Power and Velocity
8 Mar 6 Waveguides and Transmission Lines (TL)
9 Mar 13 VIP in a TL, Terminated and Lossy TLs, Asst. 2 Due, Lab 1 

Begins
10 Mar 20 Impedance in a TL, Smith Charts, 
11 Mar 27 Smith Charts Cont’d, Impedance Matching, Quarter-wave 

Transformers, Lab 2 Begins
12 Apr 3 Test 2,   Introduction to Antennas
13 Apr 10 Dipole Antennas, Asst. 3 Due



Evaluations
• 2 Tests (15% ea.)

• 1 Hour time length
• 1 A4-sized aid sheet for Test 1; 2 sheets for Test 2 and Exam

• 2 Lab Reports (5% ea.)
• Due one week after your lab session, end of the day

• 3 Regular Assignments (3% ea.)
• Due end of LECTURE day (Thursday)

• Conceptual Questions (1%)
• Conceptual questions throughout the lecture, posted online
• Given in class (& on Canvas), answer on Canvas in time
• Scoring all correct answers will lead to bonus points (1.5 / 1.0 %)
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Course Policies
• Late assignments and lab reports

• -20% from total for submissions that are 1 work day late
• -40% from total for submissions that are 2 work days 

late
• Late submissions not accepted after two work days

• Hybrid lecture and course recordings
• As per University Policy, we have returned to face-to-

face teaching mode (no hybrid lectures)
• Lecture recordings will be accessible for those who 

attend lecture and requests for access with the TA
• Requests are made to the TA at the beginning of class
• Beginning of course: Recordings for Lectures 1 and 2

will be made available to everyone
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Discussion Items

• Class Demographics
• Tutorial Usage
• Office hours
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Outline

• Course Introduction
• Mathematics Review
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Mathematics Review

This lecture reviews mathematical background which is 
key understanding the contents for this course. 
Students are strongly suggested to work through the 
tutorial questions and perform necessary background 
readings to understand the mathematics covered here.

Main topics of coverage:
• Vector calculus
• Phasors
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B ×A =  -A × B
A × (B × C) ≠ (A × B) × C
A · (B × C) = B  · (C ×A) = C · (A × B)
A × (B × C) = B(A  · C) − C(A  · B)

zyx

zyx

BBB
AAA
zyx

BA
ˆˆˆ

=×

∫∫ ⋅=⋅
s ns

aAA dsˆsd


nâ

S

Revision of Vector Analysis
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The “Dell operator”
• Consider 𝛻𝛻 as the “Dell operator”:

𝛻𝛻 =
𝜕𝜕
𝜕𝜕𝜕𝜕

,
𝜕𝜕
𝜕𝜕𝑦𝑦

,
𝜕𝜕
𝜕𝜕𝑧𝑧

=
𝜕𝜕
𝜕𝜕𝜕𝜕

̂𝚤𝚤 +
𝜕𝜕
𝜕𝜕𝑦𝑦

̂𝚥𝚥 +
𝜕𝜕
𝜕𝜕𝑧𝑧

�𝑘𝑘

(in Cartesian co-ordinates)

Vector Derivative Operations

𝛻𝛻𝑓𝑓 =
𝜕𝜕𝑓𝑓
𝜕𝜕𝜕𝜕

,
𝜕𝜕𝑓𝑓
𝜕𝜕𝜕𝜕

,
𝜕𝜕𝑓𝑓
𝜕𝜕𝜕𝜕

=
𝜕𝜕𝑓𝑓
𝜕𝜕𝜕𝜕

̂𝚤𝚤 +
𝜕𝜕𝑓𝑓
𝜕𝜕𝜕𝜕

̂𝚥𝚥 +
𝜕𝜕𝑓𝑓
𝜕𝜕𝜕𝜕

�𝑘𝑘

𝛻𝛻 ⋅ 𝐀𝐀 =
𝜕𝜕
𝜕𝜕𝜕𝜕

,
𝜕𝜕
𝜕𝜕𝜕𝜕

,
𝜕𝜕
𝜕𝜕𝜕𝜕

⋅ 𝐀𝐀 =
𝜕𝜕𝐴𝐴𝑥𝑥
𝜕𝜕𝜕𝜕

+
𝜕𝜕𝐴𝐴𝑦𝑦
𝜕𝜕𝜕𝜕

+
𝜕𝜕𝐴𝐴𝑧𝑧
𝜕𝜕𝜕𝜕

𝛻𝛻 × 𝐀𝐀 =
𝜕𝜕
𝜕𝜕𝜕𝜕

,
𝜕𝜕
𝜕𝜕𝜕𝜕

,
𝜕𝜕
𝜕𝜕𝜕𝜕

× 𝐀𝐀 =
𝜕𝜕𝐴𝐴𝑧𝑧
𝜕𝜕𝑦𝑦

−
𝜕𝜕𝐴𝐴𝑦𝑦
𝜕𝜕𝑧𝑧

,
𝜕𝜕𝐴𝐴𝑥𝑥
𝜕𝜕𝑧𝑧

−
𝜕𝜕𝐴𝐴𝑧𝑧
𝜕𝜕𝑥𝑥

,
𝜕𝜕𝐴𝐴𝑦𝑦
𝜕𝜕𝑥𝑥

−
𝜕𝜕𝐴𝐴𝑥𝑥
𝜕𝜕𝑦𝑦
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Gradient:
dV+1V

1V

nâ

ndˆ

dn
dˆ

dn
dˆ

VaV

VagradV

n

n

=∇

=∆

∆

It represents both the magnitude and the direction of the 
maximum space rate of increase of a scalar

Divergence

∆
v

A
A s

0v ∆

⋅
=⋅∇ ∫

→∆

sd
lim




(u=x, y or z)
Net outward flux of A 
per unit volume as the 
volume about the point 
tends to zero.

Divergence theorem:

∫∫ ⋅=⋅∇
sv
AA sddV 

Volume integral of the 
divergence of a vector 
equals total outward 
flux of vector through 
the surface that bounds 
the volume
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Stokes’ theorem:

( ) ∫∫ ⋅=⋅×∇
cs
AA ldsd



Surface integral of the 
curl of a vector field over 
an open surface is equal to 
the closed line integral of 
the vector along the 
contour bounding the 
surface

∆( ) ∫ ⋅
∆

=×∇
→∆ uu C

u
0Su A

S
1A ldlim



(u=x, y or z)

Net circulation flux of A per 
unit area as the area about 
the point tends to zero

Direction is the normal 
direction of the area 

Curl
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What is the divergence / curl of 
the following vector functions?
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(a) Div A = Curl A = 0
(b) Div A = 0; Curl A < 0
(c) Div A > 0; Curl A = 0
(d) Div A < 0; Curl A < 0
(e) Div A = 0; Curl A < 0

(a) (b) (c)

(d) (e)



Two Null identities: 
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If 𝛻𝛻 × 𝐸𝐸 = 0, we can define
V-E ∇=


Definition in electrostatics

Vector can be expressed as the gradient of a scalar field

+ + + + + + + + + + 

- - - - - - - - - - - - -
E

Direction of 
increasing V

+

-

V0
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If 𝛻𝛻 ⋅ 𝐵𝐵 = 0, we can define

Vector can be expressed as the curl of another vector field.

AB


×∇=

∇ × ∇𝑉𝑉 = 0 ; ∇ ⋅ ∇ × A = 0



EE3109, Jan - Apr 2023, L01 - Introduction and Review

Example 1: Gradient

If 𝜙𝜙 𝑥𝑥,𝑦𝑦, 𝑧𝑧 = 3𝑥𝑥2𝑦𝑦 − 𝑦𝑦3𝑧𝑧2, find 𝛻𝛻𝜙𝜙 (or grad 𝜙𝜙) 
at point (1,-2,-1).

kzyjzyxixy

zyyx
z

k
y

j
x
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ˆ2ˆ)33(ˆ6

)3)(ˆˆˆ(

3222

232

−−+=

−
∂
∂
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∂
∂

+
∂
∂

=∇φ

At point (1,-2,-1)

kji ˆ16ˆ9ˆ12 −−−=∇φ

( ) ( )
( )
( ) 122121

2121

2211 ,,,,,

VVVVVV
VVVV

zyxVVzyxVV

∇+∇=∇
∇+∇=+∇
==Working with Gradients:
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If 𝐴𝐴 = 𝑥𝑥2𝑧𝑧 ̂𝚤𝚤 − 2𝑦𝑦3𝑧𝑧2 ̂𝚥𝚥 + 𝑥𝑥𝑦𝑦2𝑧𝑧�𝑘𝑘, find 𝛻𝛻 ⋅ 𝐴𝐴 (or div 𝐴𝐴) 
at the point (1,-1,1).

)ˆˆ2ˆ()ˆˆˆ( 2232 kzxyjzyizxk
z
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y

i
x

A +−⋅
∂
∂

+
∂
∂

+
∂
∂

=⋅∇

22262 xyzyxz +−=

At point (1,-1,1)

3−=⋅∇ A

Example 2: Divergence
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If 𝐴𝐴 = 𝑥𝑥𝑧𝑧3 ̂𝚤𝚤 − 2𝑥𝑥2𝑦𝑦𝑦𝑦 ̂𝚥𝚥 + 2𝑦𝑦𝑧𝑧4 �𝑘𝑘, find 𝛻𝛻 × 𝐴𝐴(or curl 𝐴𝐴) at 
the point (1,-1,1).

423 22

ˆˆˆ
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At point (1,-1,1) kjA ˆ4ˆ3 +=×∇

Example 3: Curl
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Helmholtz’s Theorem :

A vector field is determined to within an additive constant if 
both its divergence and its curl are specified everywhere.

Optional Homework: Prove it!
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Complex Numbers
We will find it is useful to represent 
sinusoids as complex numbers

jyxz +=
θθ jezzz =∠=

1−=j

Rectangular coordinates

Polar coordinates

θθθ sincos je j ±=±

Relations based 
on Euler’s Identity

( )
yz
xz

=
=

)Im(
Re
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Relations for Complex Numbers

Learn how to 
perform these     
with your
calculator/computer
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Phasors
𝑉𝑉 𝑧𝑧, 𝑡𝑡 = 𝐴𝐴 cos 𝜔𝜔𝜔𝜔 − 𝛽𝛽𝛽𝛽 + 𝜙𝜙

= 𝐴𝐴 Re cos 𝜔𝜔𝜔𝜔 − 𝛽𝛽𝛽𝛽 + 𝜙𝜙 + 𝑗𝑗𝑗𝑗𝑗 𝜔𝜔𝜔𝜔 − 𝛽𝛽𝛽𝛽 + 𝜙𝜙
= Re 𝐴𝐴 exp 𝑗𝑗 𝜔𝜔𝜔𝜔 − 𝛽𝛽𝛽𝛽 + 𝜙𝜙
= Re 𝐴𝐴e𝑗𝑗𝑗𝑗e−𝑗𝑗𝛽𝛽𝛽𝛽e𝑗𝑗𝜔𝜔𝜔𝜔

Define: �𝑉𝑉 𝑧𝑧 = 𝐴𝐴e𝑗𝑗𝑗𝑗e−𝑗𝑗𝑗𝑗𝑗𝑗 ≝ “The phasor of 𝑉𝑉 𝑧𝑧, 𝑡𝑡 ”
(𝑉𝑉0 = 𝐴𝐴e𝑗𝑗𝑗𝑗 is call the “complex amplitude”)

Converting back into time domain:

𝑉𝑉 𝑧𝑧, 𝑡𝑡 = Re �𝑉𝑉 𝑧𝑧 exp 𝑗𝑗𝑗𝑗𝑗𝑗
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If 𝑉𝑉 𝑧𝑧, 𝑡𝑡 = 35 sin 𝜔𝜔𝜔𝜔 − 12𝑧𝑧 + 120° , find �𝑉𝑉 𝑧𝑧 .

Example 4: Time domain to phasors

𝑉𝑉 𝑧𝑧, 𝑡𝑡 = 35 sin 𝜔𝜔𝜔𝜔 − 12𝑧𝑧 + 120°

= 35 cos 90° − 𝜔𝜔𝜔𝜔 − 12𝑧𝑧 + 120°

= 35 cos 𝜔𝜔𝜔𝜔 − 12𝑧𝑧 + 120° − 90°

= 35 cos 𝜔𝜔𝜔𝜔 − 12𝑧𝑧 + 30°

⇒ �𝑉𝑉 𝑧𝑧 = 35𝑒𝑒𝑗𝑗𝜋𝜋/6e−𝑗𝑗12𝑧𝑧
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�𝑉𝑉 𝑥𝑥,𝑦𝑦 = 3 + 𝑗𝑗𝑗 ej(16x+32y), find 𝑉𝑉 𝑥𝑥,𝑦𝑦, 𝑡𝑡 .

Example 5: Phasors to Time domain

𝑉𝑉 𝑥𝑥,𝑦𝑦, 𝑡𝑡 = Re �𝑉𝑉 𝑥𝑥,𝑦𝑦 exp 𝑗𝑗𝑗𝑗𝑗𝑗

= Re 3 + 𝑗𝑗4 e𝑗𝑗(16𝑥𝑥+32𝑦𝑦)exp 𝑗𝑗𝑗𝑗𝑗𝑗

= Re 32 + 42e𝑗𝑗 tan−1(4/3)e𝑗𝑗(16𝑥𝑥+32𝑦𝑦)exp 𝑗𝑗𝑗𝑗𝑗𝑗

= Re 5 e𝑗𝑗 0.927e𝑗𝑗(16𝑥𝑥+32𝑦𝑦)exp 𝑗𝑗𝑗𝑗𝑗𝑗

= Re 5 e𝑗𝑗 𝜔𝜔t+16x+32y+0.927

= 5 cos 𝜔𝜔t + 16x + 32y + 0.927

EE3109, Jan - Apr 2023, L01 - Introduction and Review 32



Time and Phasor Domain

It is much easier to deal 
with exponentials in the 
phasor domain than 
sinusoidal relations in 
the time domain

Just need to track 
magnitude/phase, 
knowing that 
everything is at 
frequency ω
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Phasors in Circuits
Phasor Relation for Resistors

Time Domain Frequency Domain
( )φωυ +== tRIiR cosm

φ∠= mRIV

Current through resistor  

( )φω += tIi cosm

Time domain

Phasor Domain
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Phasor Relation for Inductors

Time Domain

Time domain

Phasor Domain
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Phasor Relation for Capacitors

Time Domain

Time domain

Phasor Domain

EE3109, Jan - Apr 2023, L01 - Introduction and Review 36



AC Phasor Analysis: General 
Procedure
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Example 6:  RL Circuit

Cont.
38EE3109, Jan - Apr 2023, L01 - Introduction and Review



Example 6:  RL Circuit cont.
Instead of Steps 3-4: Solve Resistor divider problem!
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𝑉𝑉𝐿𝐿
𝑉𝑉𝑠𝑠

=
𝑗𝑗𝑗𝑗𝑗𝑗

𝑅𝑅 + 𝑗𝑗𝑗𝑗𝑗𝑗 ⇒ 𝑉𝑉𝐿𝐿 =
𝑗𝑗𝑗𝑗𝑗𝑗

𝑅𝑅 + 𝑗𝑗𝑗𝑗𝑗𝑗 𝑉𝑉𝑠𝑠

𝑉𝑉𝑠𝑠 = 15𝑒𝑒−𝑗𝑗𝑗𝑗𝑗𝑗 V; 𝑅𝑅 = 3Ω; 𝑗𝑗𝑗𝑗𝑗𝑗 = 𝑗𝑗 4 × 104 0.1 × 10−3 = 𝑗𝑗𝑗Ω;

⇒ 𝑉𝑉𝐿𝐿 =
𝑗𝑗𝑗

3 + 𝑗𝑗𝑗 15𝑒𝑒−𝑗𝑗𝑗𝑗𝑗𝑗 =
4𝑒𝑒𝑗𝑗𝑗𝑗𝑗

5𝑒𝑒𝑗𝑗𝑗𝑗.1° 15𝑒𝑒−120°

=
4 15

(5) 𝑒𝑒𝑗𝑗(−120°+90°−53.1°) = 12𝑒𝑒−𝑗𝑗𝑗𝑗.1° V.
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“Examples 7 – N”

Please go through this week’s problem set carefully!
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Summary

• In this class we:
• Introduced the course
• Reviewed some background mathematics 

required for this course, which include
• Vector Analysis
• Vector Calculus Operations
• Complex Numbers
• Phasor Analysis

EE3109, Jan - Apr 2023, L01 - Introduction and Review 42


	L01: Introduction and Review
	Outline
	Course Information
	Lecture Slide Credits
	What is Electromagnetics?
	Dimensions and Units
	Examples of EM Applications
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Course
	Tentative Course Schedule
	Evaluations
	Course Policies
	Discussion Items
	Outline
	Mathematics Review
	Slide Number 18
	The “Dell operator”
	It represents both the magnitude and the direction of the maximum space rate of increase of a scalar
	Slide Number 21
	What is the divergence / curl of the following vector functions?
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Helmholtz’s Theorem :
	Complex Numbers
	Relations for Complex Numbers
	Phasors
	Slide Number 31
	Slide Number 32
	Time and Phasor Domain
	Phasors in Circuits�Phasor Relation for Resistors
	Phasor Relation for Inductors
	Phasor Relation for Capacitors
	AC Phasor Analysis: General Procedure
	Example 6:  RL Circuit
	Example 6:  RL Circuit cont.
	Slide Number 40
	“Examples 7 – N”
	Summary

