Math 16 ¥ W

: Thursday, 14 October
Do this now.
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Where Is the point
z = 8cos(n/6) + 8sin(x/6) 1

on the complex plane? . = ¥(/ + ?{1/2)&;

(44/3) 4i
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Where Is the point
z = 8cos(n/6) + 8sin(x/6) 1

on the complex plane? . = ¥(/ - ‘K(l/&)&

(44/3) + 4i




Magnitude and arqument

The magnitude (also called modulus or Euclidean norm) of a
complex number is its distance from 0.

o We write |z| for the modulus of a complex number z.

° Formula: |a + bi| =+ a’ + b* ifaandb are real

The argument of a complex number is the angle between the positive real
axis and the line from O to that complex number.

o We write arg(z) for the modulus of a complex number Z.

Example: | 44/3 + 4| = 8 and arg(4y/3 + 4i) = 30" = Z.



T

Example: | 41/3 + 4| = 8 and arg(4y/3 + 4i) = 30" = £,

(4y/3) + 4i = 8 cos(Z) + 8sin(Z)

If we can write a complex number z = a + bi as
z=rcos(f)+ rsin(f)i
then we get | z| = rand arg(z) = 0 easily.



Polar notakion

rcos(0) + rsi(60) i is a useful way to write a complex number zZ (it makes
it easy to find | z| and arg z), and there is a shorter way to write it:

c1s(6)) means cos(6) + i sin(6)
and so
rci1s(6@) = rcos(6) + rsin(0) 1.

There is another, even shorter way to write this same number. Before
showing Polar nokation #2, let's look at zZ in this format.



For
z =8 cos(xn/6) + 8sin(x/6) 1,

calculate 22.

: ((4v3) + 4L
: (4v3)? + 24v3)(4i) + (4L)?
(42*3 — 42 + (2:4+4+V 3

+ (32731
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de Moivre’s Formula (version 1)

For any integer n,
(rcos(@) + rsm(0)1)" = r" cos(nf) + r" sin(nb)i.

What does this formula look like if we use “c1S”?

de Moivre’s Formula (version 2)

For any integer n, (rcis(é’))n = r" c18(nd).




Polar notkakion

We will write 0
re’

instead of  c1s(€) or the long version rcos(&) + rsin(f) i.

Now 1+

de Moivre’s Formula (version 2)

For any integer n, (rcis(é’))n = r" c18(nd).




Polar notkakion

7.616’

instead of  c1s(€) or the long version rcos(&) + rsin(f) i.

We will write

de Moivre’s Formula (version 2)
For any integer n, (rcis(é’))n = r" c1s(nd).

de Moivre’s Formula (version 3)

For any integer n, (r eel) = Ot algebra
rules




Polar notatiown

Example: Write 5 + 5i in polar form £/2 (29,
o Hint: find |5 + 5i| and arg(5 + i) first.




Licakion

Mu Lk Lp

Multiplying (— + —l) (2 2503 l) IS possible, but it takes a lot of

algebra work.

2T — T

Multiplying (7671) (46 : Z) iS very easy:

(7-4)6(%”%) 28¢(30).
=i

We can then expand this to 28( ol 14 + 14\/5 1 if we need to.



Mo Lk E;pli;aaﬁ LOWN

In general, (re?) - (se?") = (rs)el?+P)

What does this mean visually?

Let’s draw a dot * at zw below.




C.om F’i. ex Co Mj 20 ate

The complex conjugate (or just conjugate) of a complex number Z is
the reflection of Z across the real axis.

It is written Z and spoken as “z bar”. ‘ 7 *
Im




Com PL ex conjugate

The complex conjugate (or just conjugate) of a complex number Z is
the reflection of Z across the real axis.

What are rectangular and polar formulas for conjugates?
> a+ bi =a— bi
—0i

@;/'gei:re




How easy it is to do calculations in rectangular form and in polar form?

a+bi re#t

real part Rel(z) 8 ®
imaginary part Ina(z) ® o
modulus |z] o 8
arqument arg(z) 3 o
con jugate 2 8 @
sum/difference z tw - A
product Zw ® @
quotient 2./ w B @




