
Topic 2 Topic 2 

Complex numbersComplex numbers

Purpose of lecturePurpose of lecture
Remind you of Cartesian and polar formsRemind you of Cartesian and polar forms
Conversion between themConversion between them
Powers and roots of complex numbersPowers and roots of complex numbers
Integration by partsIntegration by parts



The The ArgandArgand diagramdiagram
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Real answers from imaginary Real answers from imaginary 
numbersnumbers
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Why complex conjugate?Why complex conjugate?
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Evaluate

How do we find |z| ?
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Why complex conjugate?Why complex conjugate?
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What is |z|?
What works - z2 or zz*?



Real answers from Real answers from 
imaginary numbersimaginary numbers
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Example 2.1Example 2.1
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Example 2.1 (Example 2.1 (ansans))
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EulersEulers formulaformula
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Polar formPolar form
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Why both forms?Why both forms?

Addition:

Subtraction:
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Why both forms?Why both forms?

Multiplication?

Division?



Why both forms?Why both forms?
Multiplication & division
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Example 2.2Example 2.2
Express in polar form:
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Example 2.2 (Example 2.2 (ansans))



Powers and rootsPowers and roots

Powers are easy

φinnn erz =
Roots are trickier

npinn erz /)2(/1/1 πφ +=



Multiple rootsMultiple roots
What’s?
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Multiple rootsMultiple roots
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1,11 −+= Two roots

Three roots

Working….



Multiple rootsMultiple roots
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Multiple rootsMultiple roots

Has n rootsnn /111 =

nz /1 Has n roots



n rootsn roots

Roots are easy npinn erz /)2(/1/1 πφ +=

Step 1: how many roots will there be?

Step 2: how many values of p?

Step 3: work them out one at a time…



Example 2.3 (Q)Example 2.3 (Q)

find3/9 πiez = 2/1zIf



Example 2.3 (A)Example 2.3 (A)
Step 1: write down z in polars with the 2πp bit added on to 
the argument.   z = 9ei (π/3 + 2πp)

Step 2: say how many values of p you’ll need and write out 
the rooted expression here n = 2 so I’ll need 2 values of p; p 
= 0 and p = 1 z½ = √9 ei ( π/3 + 2πp)/2

Step 3: Work it out for each value of p:  z½ = 3ei (π/3)/2 =  
3ei (π/6) for  p = 0,  z½ = 3ei (π/3 + 2π)/2 =  3ei (π/6 + π) for p = 1

Remember that e iφ = (cosφ + isinφ) so  e iπ = -1

Therefore we could write 
z½ = 3ei (π/6 + π) = 3ei π/6(eiπ) = -3ei π/6 for p =1, and 3ei (π/6) for p = 0



Example 2.4 (Q)Example 2.4 (Q)

find2/27 πiez = 3/1zIf



Example 2.4 (A)Example 2.4 (A)



Complex trig functionsComplex trig functions

kxikxe
kxikxe

ikx

ikx

sincos
sincos

−=

+=
−

Remember



Complex trig functionsComplex trig functions

So….
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Complex differentiationComplex differentiation

Much easier than sine’s and cosine’s
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Remember that i is just a number!



Integration by partsIntegration by parts -- Remember the chain rule
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Integration by partsIntegration by parts -- example
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Substitutions
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Integration by partsIntegration by parts -- example

∫ ∫−= vduuvudv

∫ dxxex

dxdu
dx
du
xu

=

=

=

1
x

x

x

ev

dxev

dxedv

=

=

=

∫

evaluate

∫∫ −= dxexedxxe xxx

Substitutions

cxedxxe xx +−=∫ )1(



Integration by partsIntegration by parts -- example
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Complex numbersComplex numbers

SummarySummary
Remind you of Cartesian and polar formsRemind you of Cartesian and polar forms
Conversion between themConversion between them
Powers and roots of complex numbersPowers and roots of complex numbers
Integration by partsIntegration by parts


