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PREFACE

Navigating the Complex: A Guide to Mastering Complex
Numbers is written based on the polythecnic Engineering
Mathematics 1 syllabus. The main objectives of this eBook is
to help students understanding the topic Complex Number
and enhance their skills and techniques to master on solving
the complex number calculation. Hence, this eBook will help
student to achieve excellent results in their examination.

This eBook consists of four chapters which are Concept of
Complex Number, Operation of Complex Number, Argand
Digram and Complex Number Form. Each chapter contains
ample work examples and video explaination that are geared
to help students give the solution in the correct way.

This interactive eBook are flexible to be used by students for
self-study in anytime and anywhere without any cost. Since
the content of this eBook is simple and compact, students will
find this eBook is useful for them to master the Complex
Number’s topic.

Azlina binti Morsidi
Ab Aziz Ikhwan bin Ab Wahab
Wida Yanti binti Mohammad Zen Umar



ABSTRACT

This eBook provides a comprehensive introduction to the
concept of complex numbers, a fundamental component in
engineering mathematics. It covers the basic definitions,
Cartesian and polar representations, and fundamental
operations such as addition, subtraction, multiplication, and
division of complex numbers. Furthermore, the eBook
explores advanced topics including the square roots of
complex numbers, De Moivre's Theorem, and represented
graphically using an Argand diagram. Each concept is
accompanied by clear examples and practice questions to
reinforce the student's understanding. With an interactive
approach that includes videos and quizzes, this eBook is
designed to help students master complex number concepts
more deeply and effectively. This eBook is suitable for
university students in engineering, mathematics, and physical
sciences who wish to strengthen their understanding of
complex numbers and their applications in engineering and
science.
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Imaginary Number

Imaginary numbers produce negative real numbers when
squared.




Navigating the Complex: A Guide to Mastering Complex Numbers “

What is Complex Number?

3 A Complex number are helpful in finding the square root of
negative numbers.

O A Complex numbers have applications in many scientific research,
signal processing, electromagnetism, fluid dynamics, quantum
mechanics and vibration analysis.

[ A complex number is the sum of a real number and an imaginary

number

Complex number form

Z = a+ bi

Real p%ll't

‘ Imaginary part

Imaginary Number




Imaginary Number

The Imaginary unit named i is the square root of -1.

So, we can solve things that need the square root of a negative
number by simply using the i.
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Imaginary Number

1. V-4 =vV4x/-1 2. /-9 =v/9 xvV/-1

— 2% =3 XIi

= 21 = 3i

3.vV—36 =36 xV—1 4.V—-64 =64 xV/—-1
—6 X i — 8 xi

— 6i = 8i

5.vV—121 =121 xv—-1
=11 X i
= 11i

6. V—9vV—-36 =19 x V-1 x/36 x /-1
=3 XixX6Xxi
— 18i?
=18(—1)
= —18

(5D



Imaginary Number

The first four powers of i establish an important pattern and should
be memorized.
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Imaginary Number

1.3 2.i% 3.i°
= (2).1 = (i%)* G
= —1xi = (—1)? = (—1)°
— — = =—1
4.8 5.i15 6.i°°
— (i2)4 — ([-14)_[-1 — (i2)45
= (-1)* = (i%)7.i = (—1)*®
=1 = (—1)".i = —1
= —i
7.i%1 8.i* — 10 9.1 — i
= ()%9;! = (i2)2 — (iz)s = (i%)3
=% =D @)
— (—1)%5i =1+1 = (—1)°—(*)%
— _ — 2 = -1 (-1)%
=—1-—1i

<D,
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Imaginary Number
Simplify each of the following.

1.4/-49 +5 2.9-+V-5 3./36 + V25
=7i+5 — 9 _+/5j =6+ 5i
4.8 — 2i3 5. —6i3 — 2§t 6.i+ 5i’
= (5)* -2  =-6i(*) —2(1) = i+ 5i(i°
=1 -2i(-1) = —6i(—1) — 2 =i +5i(i%)3
=1+ 2i = 6i — 2 =i+ 5i(—1)
=i —5i
= —4i

7.Y—9 xV/-36 8../(—9)(—25) 9.v/-25 x 2i3

= 3i X 61 _ (J—Q)(V'—ZS) = 5i X 2(—1i)

— 18i2 — (31)(50) = 5i X —2i

= 18(—1) _ 152 = —10i?

= —18 _ 15 = (-10)(=1)
=10
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Complex Number

The form of Complex
Number
Z—=a+ bi
Complex Number Real Part Imaginary Part

1+1 1 1

2+ 31 2 3

—a e il -2 7
5—7i 5 -7
31—9 2] 3




Let's test your
understanding by
answering this quiz

START!




Concept of a Complex Number

Sign in to Google to save your progress. Learn more

The set of is the set of all numbers written in the form a + bi, 25 points
where a and b are real numbers.

O complex numbers
O real part of a complex number
O imaginary part of a complex number

O imaginary numbers

The term a is called the real part of a complex number, and the 25 points
term bi is called the

O imaginary part of a complex number
O imaginary numbers
O pure imaginary number

O complex numbers

The set of is the set of all numbers written in the forma +bi, 25 points
where a and b are real numbers and b is not equal to 0.

O imaginary numbers
complex numbers

O real part of a complex number
"

. .
s e S T [ R
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Quiz Activity

https://forms.gle/bwhQRUyzMdGU6aex9

(12)


https://forms.gle/2GseQuGVuzfATmUJ6
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Operation of
Complex Number
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Addition and Subtraction

1).1+2i+ 3 + 5i 2).3 + 8i — 3i
=1+3+(2+5)i =3+ (8 — 3)i
=4+ 7i — 3 4 5i
3).6i+5—i+8i 4).—4i — 5 — i+ 8i
=5+(6—-1+8)i = —-5+(—4—-1+8)i
=54 13i = -5+ 3i

5).10 —5i — 12 + 3i — i
=10—-12+ (—5+ 3 — 1)i
= -2 —3i

6).20 — 5i — (4i + 3)

=20 —5i—4i—3

=20 —3+4 (=5 —4)i
=17 — 9i

(1)



Multiplication

1).(2 + 3i)(4 + 50)
= (2)(4) + (2)(51) + (3i)(4) + (3i)(50)
=8+ 10i + 12i + 15i?
=8+ 22i + 15(—1)
=8—15+ 22i
=—7 +22i

2).(6 + 70)(3 — 2i0)
= (6)(3) + (6)(—20) + (71)(3) + (7)) (—20)
=18 — 12i + 21i — 14i?
=18 +9i — 14(-1)
=18 + 14 + 9i
=32 +9i

(15)



Navigating the Complex: A Guide to Mastering Compl

Multiplication

3).(—4 + 2i)(5 — 8i)
= (=4 (5) + (=D (=8i) + (20)(5) + (2i)(—8i)
= —20 + 32i + 10i — 16i?
= —20 +42i — 16(-1)
= —20 + 16 + 42i
= —4 + 42i

4). (2 + 30)(2 + 7i)
= (2)(2) + (2)(71) + (31)(2) + (3i)(70)
=4 + 14i + 60 + 21i°
=4+ 20i + 21(-1)

— 4 — 21 + 20i
= —17 + 20i
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__4‘

Division
To divide complex numbers, we write the division as a fraction,
then multiply the top and the bottom of the fraction by the
conjugate of the denominator.
The conjugateof z=c+diisz = ¢ — di
The conjugateof z=c—diis z= c + di

a+bi_a+bi c— di
c+di_c+dixc—di

(2 + 3i)

(4 + 5i)
_z+3ix4—5.~:
T 4+45i 4-5i

_ 8—10i +12i — 15i?
16 — 20i + 20i — 25i2

~ 8+2i—15¢*
16 — 252
8+ 2i—15(-1)
16 —25(-1)
Complex
8 +2i + 15 TIISET
= form : a + bi

16 + 25

_2B+2i23 2,
T4l a1 ar

17 )



Division

(5 + 2i)
(2 — 3i)

1).

_5+Zix2+3i
T 2—-3i" 2+ 3i

_10+15i+4i+6i2
4+ 6i— 60 —9i2

10+ 19i + 6i”
- 4—09j2

10419 +6(—1)
T 4-9(-1)

_10—-6+19i
T 449

_4+19i
13

4 19
=131 13"



Division

(2 — 3i)

2)

(4 — 50)

_2—3ix4+5£
T 4—-5i 4+5i

8+ 10i — 12i — 15i?

~ 16 + 20i — 20i — 25i2

_ 8—2i—15i?
16 — 25i2

_ 8-2i—15(-1)
~ 16 —25(-1)

_ 8+15—2i
T 16 + 25




Division

(5 + 4i)
(6 — 20)

_5+4ix6+2£
T 6—2i 6+2i

30 +10i + 24i + 8i?
"~ 36+ 12i — 12i — 4i2

30 + 34i + 8i”
36— 4i2

30+ 34i +8(—1)
T 36—4(-1)

30 — 8+ 34i
T 36+4

224 34i
T 40



Division

(10 + 3i)
(4 — 3i)

4).

_10+3£x4+3|';
T 4-—3i 4+ 3i

40 +30i + 12i + 9i?
16+ 12i — 12i —9i2

_40+42i+9i2
16— 9i2

40 +42i +9(-1)
T 16—-9(-1)

40— 9+ 42i
1649

31+ 42i
25

_31 42
=25 235"

(1)



Let's test your
understanding by
answering this quiz

START!




Complex Number

Sign in to Google to save your progress. Learn more

What is (3 - 5i) + (-4 + 7i) 20 points

O -1+2i
O 7-12i
O 1+2i
O 2+3i

What is (4 - 5i)(-2 + 7i)? 20 points

27 +18i
-43+ 38i

-43 + 18i

O O OO0

27 + 38i

What is (-5 + 3i) - (4 + 7i)? 20 points

O -1-4i
O -9-4i
O -1+4i
O -9+4i
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Quiz Activity

https://forms.gle/bwhQRUyzMdGU6aex9

24


https://forms.gle/wPdU8Y41QqqvcweZ6

s
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Argand Diagram




Graphical Representation

Imaginary axis(y)

b

1
a  Real axis(x)




Navigating the Complex: A Guide to Mastering Complex N

Graphical Representation

Representz = 4 + 3i inan Argand Diagram and find its modulus
and argument.

Im(y) 4

3 L =4+ 3i

4 Re(

Modulus: Argument:

r=|Z| =+a? + b2 arg(z) =6

a

_ VT6F9
—tan‘lg
=25 - 4
=5 — 36.87°
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Graphical Representation

Representz = —3 + 4i inan Argand Diagram and find its modulus
and argument.

tIm(y)

Z= 344 g 4

\& 126.87°

Modulus: Argument:

r=1Z| = Ja? + b2 arg(z) = B
=/ (—3)2+4? = ru::r.a*“.',_’lE

a

— Vo716

4

_ =tan"1-
_Vz5 an™'

=5 = 53.13°

6 = (180° — 53.13°)
= 126.87°

(28 )



Navigating the Complex: A Guide to Mastering Complex Num

Graphical Representation

Representz = —6 — 5i inan Argand Diagram and find its modulus
and argument.

Re (3::3:]

Z=—6-—>5i

Modulus: Argument:

r=1Z| = Ja? + b2 arg(z) = B
= J(=6)>+(-5)? - tan12
a

= V36 + 25 c

= -1=

=61 tan 6

= 39.8°

6 = (180° + 39.8°)
= 219.8°

(29
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Graphical Representation

Representz = 4 — 7i inan Argand Diagram and find its modulus
and argument.

6 = 299.74°

ﬁ = 60.255°

- [ Z=4-7i
7
Im(y)
Modulus: Argument:
r=1Z| = Ja? + b2 arg(z) = B
= J(=7)2+(4)? _ m—lg
— V49 + 16
7
_ JeE =tan™1 -
= V65 4
= 60.255°
0 = (360° — 60.26°)
— 299.74°

©
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Graphical Representation

Example:

GivenZ, = 5+ 3iand Z, = 4 — 6i, represent each of the following
in an Argand Diagram and find its modulus and argument.

Zi+ 7, Modulus: Argument:
=54+3i+4—6i ?":|21+ZZ| arg(z):ﬁ
=9 —3i = /92 4 (—=3)2 b
V92 +(=3) = tan"1—
=+v81+9 %
6 = 341.56° _ _
1 -
3° = 18.43°
|
) 7]
| = (360°
— 18.43°)
= 341.56°
Ly — 2y Modulus: Argument:
=54+ 3i — (4 — 6i) r=|Z| arg(z) :bﬁ
=1+9i = 12 + (9)? = tan" 1 —
im(y) =+1+81 %
y _ -1
— /82 = tan 1
= 83.66°
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Graphical Representation

Example:

RepresentZ; = 5+ 3iand Z, = 4 — 6i in an Argand Diagramand
find its modulus and argument.

a. zyZ>
= (5+ 3i))(4 —61) Modulus:
= 20 — 30i + 12i — 18i2 r=|Z|
=20 — 18i — 18(—1) — /382 + (—18)2
=20+ 1818 — V1444 + 324
— 38 — 18i
— 1768
=42.05
Argument:

arg(z) = = t{m_la

118
— lan 38
= 25.35°

m(y)
8 = (360° — 25.35°)
— 334.65°

%
/

32 )
A
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Graphical Representation

Example:

RepresentZ; = 5+ 3iand Z, = 4 — 6i in an Argand Diagramand

find its modulus and argument.

_ (5+30)
- (4-60)

(4 + 6i)
@+ 60)

20 +30i +12i + 18i?
B 16 — 36i2

20 + 42i + 18i2
16 — 36i2

20 +42i +18(—1)
16 -36(-1)

Im(y) |

12
52"

21/26

_2+420 2
52 52

Modulus:
r=|Z|

J )2+( )2

442
676

= 0.8086

Argument:

-1

arg(z) = B = tan

— tan 1(ﬂ—i‘)
26 26

= 87.27°

N

1 21
26 26"

1726 Re(x)
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Video Explanation

Graphical Representation

Represent z = 4 — 7i in an Argand Diagram and find its modulus and argument.

2847

you have to draw an Argand diagram and find its modulus

D



https://youtu.be/guxr4PtU0ic

Let's test your
understanding by
answering this quiz

START!




The Argand Diagram

Sign in to Google to save your progress. Learn more

What complex number is shown on the graph? 25 points
2
-4 -2 0 2 4
-2
L ]
O 2.3
(O -2-3i
O 2-3i
O si2
Find the Argument for z = -6 + 9i. 25 points
O 13.94°

() 166.06°
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Quiz Activity

https://forms.gle/bwhQRUyzMdGU6aex9

37


https://forms.gle/bwhQKUyzMdGU6aex9
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Complex Number
Form




Form of Complex Number

Polar Form
Z=|z|£0

@
=120
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Convert Form

Example:
Convertz = 3 + 5i into trigonometric form, polar form and
exponential form.

Step 1: Find the values of modulus and argument.

_ [32 2 5
r=y3°+5 0 =tan" 1=
=9 + 25 3

_m :5903629

Step 2: Substitute the values of r and 0 into the formula.

Trigonometric Form
z =r(cos@ +isin @)
=34 (c0s59.0362° + isin59.0362°)

Polar Form

zZ=rs60
—+/34,59.0362°

Exponential Form

B, = 59.0362 X 180° = 1.0304 rad
z=re? o
— J/34el0304, ~ [ Must
' change to

radian |

:':/--40 )
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Convert Form

Example:

Convertz = 4 + 6i into trigonometric form, polar form and
exponential form

Step 1: Find the values of modulus and argument.

_ [a2 2 6
r=y4°+6 0 =tan"1-
= /16 + 36 4

_@ :5630990

Step 2: Substitute the values of r and 0 into the formula.

Trigonometric Form
z =r(cos@ +isin @)
—V52(c0s56.3099° + isin 56.3099°)

Polar Form

zZ=rs60
—/52256.3099°

Exponential Form

By = 56.3099 x — 0.9828 rad

180°
z=re?

_ /5209828

:{-le )
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Convert Form

Example:

Convertz = 5248° into trigonometric form, cartesian form and
exponential form.

Tri :F
z=7r(cosf +isinf)
— 5(cos48° + isin 48°)

Cartesian Formn
z=1r(cosf +isinf)
— 5(cos48° + isin 48°)
— 3.346 + 3.716i

Exponential Form
6y = 48 X

505~ 0-83778 rad
z=re?
_ £ 0.8378i

)
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Convert Form

Exercise:

1. GiventhatR =5 — 10i and § = —8 + 2i. Calculate the modulus and
the argument for R+S. Then sketch the Argand diagram for R+S.

2. Solve the following expression in an exponential form. (6 marks)

10(cos 200° 4+ i sin200°) X 6(cos 10° + i sin 10°)
20(cos70° + isin70°)

3. Giventhat
Z, = 10(cos12° +isin12°) and Z, = 20£125°".

Zy . .. .
Solve z—z in trigonometric form.
1

(43)
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Convert Form

Answer:

1. GiventhatR =5 — 10i and § = —8 + 2i. Calculate the modulus and
the argument for R+S. Then sketch the Argand diagram for R+S.

R+S
= (5 —10i) + (—8 + 2i)
— 5 —10i — 8 + 2i
— _3-8i

Modulus:
r=1Z| = a? + b?
= V(=3)7+(-8)?

=9 + 64
=73

Argument:

b
arg(z) = B = tan‘la

8
= tan~ 1=
3
= 69.44"°

6 = (180° + 69.44°)
= 249.44°

Re {xj{

Z=-3-8i b

@



Convert Form

Answer:

Solve the following expression in an exponential form.

10(cos 200° + i sin 200°) X 6(cos 10° + i sin 10°)
20(cos70° + isin70°)

_ 60(cos 210° + isin210°)
"~ 20(cos70° + isin70°)

= 3(cos 140° + i sin 140°)

Convert 140° to radian

s
140° X —— = 2.443
180

2.443i

Exponential form = 3e




Convert Form

Answer:

Given that
Z, = 10(cos12°+isin12°) and Z, = 20£125°.

Z . .. .
Solve z—z in trigonometric form.
1

Trigonometric form : Z, = 20(cos 125° + i sin 125°)

Z;  20(cos125°+ isin125°)
Z,  10(cos12° + isin12°)

=2(cos113°+ isin113°)
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Video Explanation

Polar Form, Exponential Form and Trigonometric Form

guestion regarding to the complex number form

D

X

Y
SCAN ME

https://youtu.be/OUcHBxKkdOw


https://youtu.be/0UcHBxKkdOw

Let's test your
understanding by
answering this quiz

START!




Complex Number Form

Sign in to Google to save your progress. Learn more

Express z =6 - 9i in polar form. 25 points

(O 2=166.06.10.81°
2=13.95.10.81°

z=10.81 .~ 303.69°

O OO

2=10.87 213.9%°

The product of the following complex number in polar form v5(cos130° +i 25 points
sin130°) - ¥45(cos15" +i sin15°%) is...

(O 50(cos145° +isin145°)
O 15(cos145° +isin145°)
O 81(cos100° + i 5in100°)

(O Al Options are Correct

Z = 3e5.2134i Express z in polar form 25 points

O z=3.:52n3
O z=3:298.71°
O z=5:298.71"
O 3.298.75

(O option 5

z1 = 2(cos60"+isin60°), 22 = 3 275" find z1z2 in trigonometric form 25 points
(O 6(cos125°+isin125%)
(O 6(cos135°+isin135°)

(O 5(cos135°+isin135%)
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Quiz Activity

https://forms.gle/bwhQRUyzMdGU6aex9

P

i 50 \ﬁ


https://forms.gle/4pcF99XMCBiwA7qu6
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Conclusion

In conclusion, this eBook has provided a thorough exploration
of complex numbers, an essential topic in engineering
mathematics. By delving into the fundamental concepts, such
as the definition and representation of complex numbers, as
well as performing basic operations like addition, subtraction,
multiplication, and division, we have laid a strong foundation
for understanding this critical area of mathematics. The
interactive elements incorporated throughout this eBook, such
as videos explanation and online quiz, have been designed to
enhance engagement and facilitate a better grasp of complex
concepts. By actively participating in the learning process,
students are better equipped to apply their knowledge in
practical engineering contexts. As you advance in your studies
and professional career, the understanding of complex
numbers gained from this eBook will serve as a vital tool in
tackling a wide range of engineering problems. We hope this
resource has been both informative and inspiring, and that it
will contribute significantly to your success in the field of
engineering mathematics.

51 )
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