
 
LectureXXXV 59.6ComplexNumbers complexvectorspans

TODAY's GOAL Definecomplex numbers its use in the EV Problem

si Complex Numbers

The set Q has t multiplication operations definedbelow

A is a set enlarging R that contains the root of all polynomials
in Rex Example x 1 1 2 x z i 1

I can be identified with R2 gives a multiplication operationto IR
Definition A complexmember Z corresponds to a vector g u R written

as Z at ib is placeholder Intl gib a
Names a Refl realpartof z

tell
b Im 12 imaginarypartofz

Obs Two complex members agree when the corresponding real imaginary
parts match at its at id a c b d

IR c d a at i o real line x axis in thepicture

Addition at i b i ti d hatch tilbtd

Add Real Imaginary parts separately
Example Il ti t 2 53 11 21 211 3 3 59

Multiplication at 2 b atid Iac bd ti ad the

In particular i Loti lo ti 10 i ti o 1

Example I Iti 2 531 4.2 1 3 i 11 3 1 2 it is

Q Why this formula It's theunique way to make it associalise disturb
commutative extending multiplicationMR to have E I



a

fm
hctiadltibctibid

Lactiladtbc tI bdrearrange w

ngong
9C bd ti lady be

Modulus Z at its my 121 lat modulesofZ
17170

It is the magnitude of the rector I

KeyProperty IZ Wl 1211W

Why Z ati b u iz payt
12 wi let iwi

W c ti d un Iwl let

Zw fatibl atid as bdl tiled tbc

few I Iac sd t Ladtba

law acts'd at a'd't b'c't.at bc

I a 1 2 22 b data lats c't d 121 Iwi

2 New operation ComplexConjugation

Definition Gren Z at its its complex conjugate is E a i b

Visually
Z atib at it b

I conjugate minor image aboutx ax

E at it s

In particular Z Z if andonly it Z is a real member b o

Properties Z W Eta

why Z ati b E at it b I cti t d



Ztw latch tilbtd m zit ate if b d at it b It at its
It I

Z W E I

why ZT fac bait i lad be fac bdl ti l ad by
E T fat it b let it d lac bdl til ad be

Z Z 121

Why Z at ib Z E ftibl at its a 1 5 til abt ebay
E at it b a'tb's 121

Consequence Etery 240 in Q has an intense Z Ey
2 to means eitherRaitt or Im 12 to so 12170

Application Usethis to write ratios of amflex numbers as a complexmember

I qtit.ci lac bd titadtbe gfftitadtsccat d C't d

ply divide
bycomplexconjugate

EXAMPLES I Z It E E i i 121 iti z 0

so Z É If I I ICheck Itil 11 E i

12 3t Yt Ig 12 11 it 2 11 3 I2

3 Z I is my z

w at is I I us EE 24127 21 4 6
19 52

Zt W 3 ti m Ztw 3 i E tw

Z W 12 12 i 14 6 14 22 m ET tht iz E I

Conclusion Difficulty one operating with Q us IR is arithmetic is Triche



2 RootsofPolynomials

FundamentalTheoremof Algebra Every non constant polynomial in one

variable one I has all its roots in A l d is algebraicallyclosed

In particular f in Gex ofdegree u o has a factorization

fix al x d x ta x bn when Xi t ay thecool

Example QuadraticPolynomials

Pax ax't b xtc a b c in Q at o

Roots b I Ibkat in A via quadraticformula
2 a

Q Whatdoes it mean in E

Ex IT i Fa 2 It Zi

In general Z 121EQapfggtf.tw
where we E hasmodules

Z

It w in f has Iwl i it lies in theunit circle m IR 10

m w GO t 2 SenO for 0 E O E 21T

IT as E t i sent
check two ti g Lose in

LIFFEY tangy

Q What about polynomials with real coefficients

A aTypes of roots 11 real roots
k complexroots theycome in conjugatepairs

Why f an x t Cn x t t to with co C m IR



If Z at ib is a root

O ca la ti b t en atis t x c la ti bl t c

Take complex conjugation use the properties to simplifythe expression

0 5 ca la ti b t en atis t x c la ti bl t c

I ca i b t I la ib t f la ib too

I ca la ib t en a ib t x c la ib co flat
Moffinents so a ib is also a rootof f


