
√−1
⎯⎯⎯ 

= 𝑖 𝑖ଵ = 𝑖
𝑖ଶ = −1
𝑖ଷ = −𝑖
𝑖ସ = 1
𝑖ହ = 𝑖

𝑖ଶ = ൫√−1
⎯⎯⎯ 

൯
ଶ

= −1

𝑖ଷ = √−1
⎯⎯⎯ 

× √−1
⎯⎯⎯ 

× √−1
⎯⎯⎯ 

= −𝑖

𝑖ସ = √−1
⎯⎯⎯ 

× √−1
⎯⎯⎯ 

× √−1
⎯⎯⎯ 

× √−1
⎯⎯⎯ 

= 1

𝑖ହ = √−1
⎯⎯⎯ 

× √−1
⎯⎯⎯ 

× √−1
⎯⎯⎯ 

× √−1
⎯⎯⎯ 

× √−1
⎯⎯⎯ 

= 𝑖

This pattern 
repeats itself

√−36
⎯⎯⎯⎯ 

=

ඥ36(−1)
⎯⎯⎯⎯⎯⎯⎯ 

√36
⎯⎯⎯ 

√−1
⎯⎯⎯ 

6𝑖

𝑖ିଷ =
1

𝑖ଷ
⎯⎯=

1

−1
⎯⎯⎯= −1

√−9
⎯⎯⎯ 

=

ඥ−9(−1)
⎯⎯⎯⎯⎯⎯⎯ 

√9
⎯⎯ 

× √−1 =
⎯⎯⎯⎯⎯ 

3𝑖

MODE      a+bi
Calculator

Imaginary #'s

|𝑧ଵ||𝑤| = |𝑧𝑤|

|𝑧∗| = |𝑧|
|𝑧|ଶ = 𝑧𝑧∗

|𝑧ଵ𝑧ଶ| = |𝑧ଵ||𝑧ଶ|

ቤ
𝑧ଵ

𝑧ଶ
⎯⎯ቤ =

|𝑧ଵ|

|𝑧ଶ|
⎯⎯⎯

|𝑧ଵ𝑧ଶ … 𝑧௡| = |𝑧ଵ||𝑧ଶ| … |𝑧௡|
|𝑧௡| = |𝑧|௡ 𝑛 ∈ 𝑍ା

        𝑐𝑖𝑠𝜃𝑐𝑖𝑠𝜙 = 𝑐𝑖𝑠(𝜃 + 𝜙)

                
𝑐𝑖𝑠𝜃

𝑐𝑖𝑠𝜙
⎯⎯⎯⎯ = 𝑐𝑖𝑠(𝜃 − 𝜙)

𝑐𝑖𝑠(𝜃 + 2𝜋𝑘) = 𝑐𝑖𝑠𝜃 ; 𝑘 ∈ 𝑍

𝑖௠ = 𝑖௠ ௠௢ௗ ସ 𝑚 𝑚𝑜𝑑 4 = 𝑟𝑒𝑚𝑎𝑖𝑛𝑑𝑒𝑟 𝑜𝑓
𝑚

4
⎯⎯

𝑖଼ = 𝑖଴

𝑖ଵସ = 𝑖ଶ

𝑖ଶଽ = 𝑖ଵ

8

4
⎯⎯= 2 𝑟0

14

4
⎯⎯⎯= 3 𝑟2

29

4
⎯⎯⎯= 7 𝑟1

𝑖ସ௡ାଷ , 𝑛 ∈ 𝐼
𝑖ଷ𝑖ସ௡

−𝑖(𝑖଴)
−1(1)
−1

  4 𝑚𝑜𝑑 4 =  0 
  8 𝑚𝑜𝑑 4 =  0 
14 𝑚𝑜𝑑 4 = 2
29 𝑚𝑜𝑑 4 = 1 

𝑧௡ = 𝑟௡𝑐𝑖𝑠𝑛𝜃 = ൫𝑟𝑒௜ఏ൯
௡

𝑧 = 𝑎 + 𝑏𝑖 𝑧 = 𝑟(𝑐𝑜𝑠𝜃 + 𝑖𝑠𝑖𝑛𝜃) = 𝑟𝑒௜ఏ = 𝑟௡𝑐𝑖𝑠𝑛𝜃

LA - 3.1 - Complex Numbers/Operations
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𝑧ଵ = 3 + 𝑖

𝑧ଶ = −1 + 2𝑖

𝑧ଵ

𝑧ଶ𝑧ଷ

𝑧ଷ = 𝑧ଵ + 𝑧ଶ

𝑧ଷ = (3 + 𝑖) + (−1 + 2𝑖)
𝑧ଷ = 2 + 3𝑖

2𝑧ଶ = 2(−1 + 2𝑖)
2𝑧ଶ = −2 + 4𝑖

𝑧ଶ

𝑧ଶ

𝐼

𝑅

𝑧ଷ = 2 + 3𝑖 2𝑧ଶ = −2 + 4𝑖 𝐼

𝑅

𝑧ଶ = −1 + 2𝑖

𝑅

𝑧ସ = 𝑧ଵ − 𝑧ଶ

𝑧ସ = 3 + 𝑖 − (−1 + 2𝑖)
𝑧ସ = 4 − 1𝑖

𝐼

𝑅

𝑧ଵ

−𝑧ଶ

𝑧ସ

𝑧ଵ = 3 + 𝑖

𝑧ଵ
∗ = 3 − 𝑖

𝐼

𝑅

(3,1)

(3, −1)

𝑧ଵ𝑧ଶ = (3 + 𝑖)(−1 + 2𝑖)
𝑧ଵ𝑧ଶ = −3 + 5𝑖 + 2𝑖ଶ

𝑧ଵ𝑧ଶ = −3 + 5𝑖 + 2(−1)
𝑧ଵ𝑧ଶ = −5 + 5𝑖

Adding/Subtraction/Distribution

𝑧∗ 𝑖𝑠 𝑡ℎ𝑒 𝑐𝑜𝑛𝑗𝑢𝑔𝑎𝑡𝑒 𝑜𝑓 𝑧

Reflection in 𝑥 𝑎𝑥𝑖𝑠

𝑧ଵ𝑧ଶ

1 2 3-1

1𝑖

2𝑖

−1𝑖

𝑧ଵ = 3 + 1𝑖

(3,1)

(−1,2)

𝑅 : Real Axis

𝐼 : Imaginary
     Axis Complex Plane

𝑧 = −3 + 0𝑖 𝑧 = √2
⎯⎯ 

+ 0𝑖

𝑧 = −1 − 2𝑖

𝑧 = 𝑎 ± 𝑏𝑖

1 2-1-2-3

1𝑖

2𝑖

(√2
⎯⎯ 

, 0)(−3,0)

(−1, −2)

Aka: (Argand 
Diagram) 

(𝑅, 𝐼) 𝑎 𝑖𝑠 𝑡ℎ𝑒 𝑟𝑒𝑎𝑙 
𝑝𝑎𝑟𝑡 𝑜𝑓 𝑧.
𝑏 𝑖𝑠 𝑡ℎ𝑒 𝑖𝑚𝑎𝑔𝑖𝑛𝑎𝑟𝑦 
𝑝𝑎𝑟𝑡 𝑜𝑓 𝑧.

𝐼

(−5,5)

𝑧ଵ𝑧ଶ = −5 + 5𝑖

𝐼

𝑅

𝑧ସ = 4 − 1𝑖

(2,3) (−2, −4)

(4, −1)

Conjugate

10

2 − 𝑖
⎯⎯⎯⎯

10

2 − 𝑖
⎯⎯⎯⎯ ×

2 + 𝑖

2 − 𝑖
⎯⎯⎯⎯

20 + 10𝑖

5
⎯⎯⎯⎯⎯⎯⎯⎯

4 + 2𝑖

(2 − 𝑖)(2 + 𝑖)
4 + 2𝑖 − 2𝑖 − 𝑖ଶ

4 − 𝑖ଶ

4 − (−1)
4 + 1 = 5

√5 + 12𝑖
⎯⎯⎯⎯⎯⎯⎯ 

ඥ(3 + 2𝑖)ଶ
⎯⎯⎯⎯⎯⎯⎯⎯ 

3 + 2𝑖

5 + 12𝑖 =
5 + 12𝑖 + 4 − 4
5 + 12𝑖 + 4 + 4𝑖ଶ

9 + 12𝑖 + 4𝑖ଶ

(3 + 2𝑖)(3 + 2𝑖)
(3 + 2𝑖)ଶ

Square Roots

Factor

Conjugate

Distribution

−1𝑖

−2𝑖

Cartesian/Recta
ngular Form

𝑥
y

−1
−2

LA - 3.2 - Graphs/Operations Complex Numbers
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𝐼

𝑅

𝑃(2,3)

𝑄(6,1)

𝑧

𝑤

𝑧 = 2 + 3𝑖

𝑤 = 6 + 𝑖

𝑤 − 𝑧 = 6 + 𝑖 − (2 + 3𝑖)
𝑤 − 𝑧 = 4 − 2𝑖

|𝑤 − 𝑧| = ඥ4ଶ + (−2)ଶ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 

|𝑤 − 𝑧| = √20
⎯⎯⎯ 

= 2√5
⎯⎯ 

Midpoint 𝑃𝑄 =
௪ା௭

ଶ
⎯⎯⎯

                         =
6 + 𝑖 + 2 + 3𝑖

2
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

                         =
8 + 4𝑖

2
⎯⎯⎯⎯⎯⎯

Midpoint 𝑃𝑄 = 4 + 2𝑖

𝑀(4,2)

𝑀 = 4 + 2𝑖

𝐼

𝑅

𝑧ଵ

𝑧ଶ

𝑧ଵ − 𝑧ଶ

𝑤

𝑧

𝑤

𝑧

𝑂

𝑅

𝑂𝑅ሬሬሬሬሬ⃗ = 𝑤 + 𝑧

𝑀

𝑂𝑀ሬሬሬሬሬሬ⃗ =
𝑤 + 𝑧

2
⎯⎯⎯⎯⎯

𝑄

𝑃
𝑂𝑄𝑅𝑃 is a 
parallelgram

𝑃ଶ

𝑃ଵ

𝑂

   𝑃ଶ𝑃ଵ
ሬሬሬሬሬሬሬሬ⃗ = 𝑃ଶ𝑂ሬሬሬሬሬሬሬ⃗ + 𝑂𝑃ଵ

ሬሬሬሬሬሬሬ⃗

   𝑃ଶ𝑃ଵ
ሬሬሬሬሬሬሬሬ⃗ = −𝑧ଶ + 𝑧ଵ

   𝑃ଶ𝑃ଵ
ሬሬሬሬሬሬሬሬ⃗ = 𝑧ଵ − 𝑧ଶ

ห𝑃ଶ𝑃ଵ
ሬሬሬሬሬሬሬሬ⃗ ห = |𝑧ଵ − 𝑧ଶ|−𝑧ଶ

𝑧ଵ − 𝑧ଶ

𝐼

𝑅

Distance
M : Midpoint

Distance/Midpoint

LA - 3.3 - Distance/Midpoint Complex Numbers
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𝑧 = 𝑥 + 𝑦𝑖

Imaginary
     Axis

Real Axis

𝑧 = 2 + 𝑖
𝑖𝑧 = 𝑖(2 + 1𝑖)
𝑖𝑧 = 2𝑖 + 𝑖ଶ

𝑖𝑧 = 2𝑖 + (−1)
𝑖𝑧 = −1 + 2𝑖

𝑧: (2,1)

𝑖𝑧: (−1,2)

2 + 1𝑖

−1 + 2𝑖

    𝑧
   𝑖𝑧 ∶  90୭ Rotation
𝑖ଶ𝑧 ∶ 180௢ 𝑅𝑜𝑡𝑎𝑡𝑖𝑜𝑛 (𝐹𝑟𝑜𝑚 𝑧)
𝑖ଶ𝑧 ∶ 180௢ 𝑅𝑜𝑡𝑎𝑡𝑖𝑜𝑛 (𝐹𝑟𝑜𝑚 𝑧)
𝑖ଷ𝑧 ∶ 270௢ 𝑅𝑜𝑡𝑎𝑡𝑖𝑜𝑛 (𝐹𝑟𝑜𝑚 𝑧)
𝑖ସ𝑧 ∶ 𝑧

−2 − 1𝑖

𝑧 = 2 + 𝑖
𝑖ଶ𝑧 = 𝑖ଶ(2 + 1𝑖)
𝑖ଶ𝑧 = −1(2 + 1𝑖)
𝑖ଶ𝑧 = −2 − 1𝑖

𝑖𝑧 = −1 + 2𝑖
𝑖𝑖𝑧 = 𝑖(−1 + 2𝑖)
𝑖𝑖𝑧 = −1𝑖 + 2𝑖ଶ

𝑖𝑖𝑧 = −1𝑖 + 2(−1)
𝑖𝑖𝑧 = −2 − 1𝑖

𝑑

𝑧 = 2 + 𝑖
𝑖ଷ𝑧 = 𝑖ଷ(2 + 1𝑖)
𝑖ଷ𝑧 = −𝑖(2 + 1𝑖)
𝑖ଷ𝑧 = −2𝑖 + 1𝑖ଶ

𝑖ଷ𝑧 = −2𝑖 + 1(−1)
𝑖ଷ𝑧 = −1 − 2𝑖

1 − 2𝑖

𝑧: (1, −2)

𝑧: (−2, −1)

𝑧 = 2 + 𝑖
𝑖ସ𝑧 = 𝑖ସ(2 + 1𝑖)
𝑖ସ𝑧 = 1(2 + 1𝑖)
𝑖ସ𝑧 = 2 + 1𝑖

OR

𝑧 ∶ (𝑥, 𝑦)

LA - 3.4 - Rotations Complex Numbers
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𝑟 ∶ 𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑣𝑒𝑐𝑡𝑜𝑟 ∶ (𝑀𝑜𝑑𝑢𝑙𝑢𝑠)
𝜃 ∶ 𝑎𝑛𝑔𝑙𝑒 (𝑎𝑟𝑔𝑢𝑚𝑒𝑛𝑡 :  arg 𝑧)

𝜃𝑟

Pole (Origin : O)

𝑐𝑜𝑠𝜃 =
𝑎

𝑟
⎯⎯

       𝑎 = 𝑟𝑐𝑜𝑠𝜃

𝑠𝑖𝑛𝜃 =
𝑏

𝑟
⎯⎯

       𝑏 = 𝑟𝑠𝑖𝑛𝜃
𝑡𝑎𝑛𝜃 =

𝑏

𝑎
⎯⎯|𝑧| = ඥ𝑎ଶ + 𝑏ଶ

⎯⎯⎯⎯⎯⎯⎯ 

(−1,90௢) = (1,270௢)

Note :

𝐼

𝑅

(𝑟𝑠𝑖𝑛𝜃, 𝑟𝑐𝑜𝑠𝜃)

𝑧 = 𝑎 + 𝑏𝑖
𝑧 = 𝑟𝑐𝑜𝑠𝜃 + 𝑖𝑟𝑠𝑖𝑛𝜃
𝑧 = 𝑟(𝑐𝑜𝑠𝜃 + 𝑖𝑠𝑖𝑛𝜃)

𝑧 = |𝑧|𝑐𝑖𝑠𝜃 𝑟 = |𝑧| 𝑐𝑖𝑠𝜃 = 𝑐𝑜𝑠𝜃 + 𝑖𝑠𝑖𝑛𝜃 = 𝑒௜ఏ

1𝑖

1 2−1−2

(−2,1)
𝑧 = −2 + 1𝑖

|𝑧| = ඥ(−2)ଶ + 1ଶ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 

|𝑧| = √5
⎯⎯ 

𝑡𝑎𝑛𝜙 =
1

−2
⎯⎯⎯

      𝜙 = tanିଵ ቆ
1

2
⎯⎯ቇ

      𝜙 = 0.46
𝜃 = 𝜋 − 0.46
𝜃 = 2.68

𝜙

   (𝑟, 𝜃)

(√5
⎯⎯ 

, 2.68)

𝑧 = √5
⎯⎯ 

𝑐𝑖𝑠2.68 = √5
⎯⎯ 

𝑒ଶ.଺଼௜

Domain : 𝜋 < 𝜃 ≤ 𝜋

Polar Form

Polar 
Coordinates

𝑒௜గ = −1

𝑒 ∶ 𝐸𝑢𝑙𝑒𝑟𝑠 # = 2.71 …Exponential 
Form

R
1

-1
𝑖

2𝑖 (1, √3
⎯⎯ 

)

𝑧 = 1 + √3
⎯⎯ 

𝑖

𝐼

𝜃 =
𝜋

3
⎯⎯

2

|𝑟| = ට(1)ଶ+(√3
⎯⎯ 

)ଶ

⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯
 

|𝑟| = √4
⎯⎯ 

|𝑟| = 2

Convert to Polar & Exponential Form 

𝑡𝑎𝑛𝜃 =
√3

⎯⎯ 

1
⎯⎯⎯

       𝜃 =
𝜋

3
⎯⎯

𝑧 = 2𝑐𝑖𝑠 ቀ
𝜋

3
⎯⎯ቁ = 2𝑒

గ
ଷ
⎯⎯௜

𝑧 = 2𝑖

𝑧 = 2𝑐𝑖𝑠(90௢) = 2𝑒
గ
ଶ
⎯⎯௜

1-1

𝑖

2𝑖

𝐼

𝑅

R
1

-1
𝑖

2𝑖 (1, √3
⎯⎯ 

)

𝑧 = 1 + √3
⎯⎯ 

𝑖

𝐼

𝜃 =
𝜋

3
⎯⎯

2

Convert to Rectangular Form

𝑧 = 2𝑐𝑖𝑠
π

3
⎯⎯

𝑧 = 2(cos
π

3
⎯⎯+ 𝑖𝑠𝑖𝑛

𝜋

3
⎯⎯)

𝑧 = 2 ቆ
1

2
⎯⎯+ 𝑖

√3
⎯⎯ 

2
⎯⎯⎯ቇ

𝑧 = 1 + √3
⎯⎯ 

𝑖

𝑧 = 4𝑐𝑖𝑠 ቆ
−5𝜋

6
⎯⎯⎯⎯ቇ

𝑧 = 4 ൭cos ቆ
−5𝜋

6
⎯⎯⎯⎯ቇ + 𝑖𝑠𝑖𝑛 ቆ

−5𝜋

6
⎯⎯⎯⎯ቇ൱

𝑧 = 4 ቌ
−√3

⎯⎯ 

2
⎯⎯⎯⎯ + 𝑖 ቆ

−1

2
⎯⎯⎯ቇቍ

𝑧 = −2√3
⎯⎯ 

− 2𝑖

𝐼

𝑅

𝑧 = −2√3
⎯⎯ 

− 2𝑖

(−2√3
⎯⎯ 

, −2) 𝜋/6

Conjugate

𝑧∗ = |𝑧|𝑐𝑖𝑠(−𝜃)

𝑅

|𝑧|

𝜃

−𝜃

|𝑧|

𝑧

𝑧∗

𝐼

𝑧∗ 𝑖𝑠 𝑡ℎ𝑒 𝑐𝑜𝑛𝑗𝑢𝑔𝑎𝑡𝑒 𝑜𝑓 𝑧

Reflection in 𝑥 𝑎𝑥𝑖𝑠

MODE      a+bi

re^i𝜃

MATH      CPX        Polar

Calculator

MATH      CPX        Rect
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