
Maths ( Lecture  12)
Complex Numbers

Dr Mohamed Bennasar



What is a complex number?



What is a complex number?



What is a complex number?



The Need For Complex Numbers

When b2 − 4ac > 0 then these two roots are real and distinct; graphically they are where the curve 

y = ax2 +bx+c cuts the x-axis. When b2 − 4ac = 0 then we have one real root and the curve just 

touches the x-axis here. But what happens when b2 − 4ac < 0?



The Need For Complex Numbers

Example 

Solve the following equation 𝑥2 + 2𝑥 + 5 = 0

−2 ± 4 − 20

2
=
−2 ± −16

2
−1 ± 2 −1
𝑥 = −1 + 2𝑖
𝑥 = −1 − 2𝑖



Complex conjugate

Example: 



Exercise 



Solution 



The algebra of complex numbers



Example 

Solution: 



Examples



Examples



Exercise 

Solution 



Exercise 

Solution 

(a)

(b)

(c)

➔



Dividing one complex number by another

𝑧

𝑤
=

𝑧𝑤∗

𝑤𝑤∗

𝑎 + 𝑖𝑏

𝑐 + 𝑖𝑑
=

𝑎 + 𝑖𝑏 (𝑐 − 𝑖𝑑)

(𝑐 + 𝑖𝑑)(𝑐 − 𝑖𝑑)
=
𝑎𝑐 + 𝑏𝑑 + 𝑏𝑐 − 𝑎𝑑 𝑖

𝑐2 + 𝑏2

To make denominator real we multiply 
denominator and numerator by the conjugate 
of the denominator.



Examples



Examples



Exercise 



The polar form of a complex number
the complex number z = a+ib can be represented by a line pointing out

from the origin and ending at a point with Cartesian coordinates (a, b).



The polar form of a complex number



Example

Find the polar coordinate form of (a) z = 3 + 4i (b) z = −3 − i



Exercise 



Complex numbers and rotations



The Exponential Form of a Complex Number

There is another form of denoting a complex number which the exponential form 



Example



The exponential form



Example



Exercises 







Trigonometric functions



MATLAB



MATLAB Functions
abs Absolute value and complex magnitude

angle Phase angle

complex Create complex array

conj Complex conjugate

cplxpair Sort complex numbers into complex conjugate pairs

i Imaginary unit

imag Imaginary part of complex number

isreal Determine whether array uses complex storage

j Imaginary unit

real Real part of complex number

sign Sign function (signum function)

unwrap Shift phase angles

https://uk.mathworks.com/help/matlab/ref/abs.html
https://uk.mathworks.com/help/matlab/ref/angle.html
https://uk.mathworks.com/help/matlab/ref/complex.html
https://uk.mathworks.com/help/matlab/ref/conj.html
https://uk.mathworks.com/help/matlab/ref/cplxpair.html
https://uk.mathworks.com/help/matlab/ref/i.html
https://uk.mathworks.com/help/matlab/ref/imag.html
https://uk.mathworks.com/help/matlab/ref/isreal.html
https://uk.mathworks.com/help/matlab/ref/j.html
https://uk.mathworks.com/help/matlab/ref/real.html
https://uk.mathworks.com/help/matlab/ref/sign.html
https://uk.mathworks.com/help/matlab/ref/unwrap.html


Example

Supose we have two complex numbers; z1 = 3 + 4i (b) z2 = −3 − i

z = complex(a,b) creates a complex output, z, from two real inputs, such that z = a + bi.

https://uk.mathworks.com/help/matlab/ref/complex.html#bt4jyjw-1-z
https://uk.mathworks.com/help/matlab/ref/complex.html#bt4jyjw-1-a
https://uk.mathworks.com/help/matlab/ref/complex.html#bt4jyjw-1-b


Arithmetic operations 

W1=z1+z2

W2=z1-z2

W3=z1*z2

W4=z1/z2



Extract imaginary and real part in a complex number 



Phase angle



Complex conjugate

Absolute value and complex magnitude



MATLAB Exercise 

𝑑 (𝑧 + 5𝑤)∗, (e) 𝐼𝑚 3𝑧 − 𝑤 , 𝑓 𝑅𝑒 3𝑧 − 𝑤 ,
𝑔 𝑎𝑛𝑔𝑙𝑒 𝑎𝑛𝑑 𝑚𝑜𝑑𝑢𝑙𝑢𝑠 𝑜𝑓 (2𝑧 + 3𝑤)


