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Quadratic Equations  _.
a cecond axis for numbers, co every quadratic finally has a full cet of roots
- N \

Why i exists * Algebra of complex numbers
* x%+1=0 has no solution among real numbers, since a op erft;‘oi: rule . -

real square is never neqative addition (a+bi)+(c+di)=(a+c)+(b+d)i
* define i so that i=-1: a new kind of number, built fo fill Sibirochicn (a+bi)-(c+di)=(a-c)+(b-d)i

exacily this gap multiplication (a+bi)(c+di)=(ac-bd)+(ad+bc)i
e 2=a+bi, withaand b real: a the real part, b the il =

i i ug 2=a-bi

inary part

e modulus |2l=/ a?+b?
e when b=0, 2 is purely real. when a=0 and b#0, 2 is

called purely imaginary division 2:2: = {Mb?(dc;di)

c+
’ ::;E:Pixa::::m gie <l only wen Battipars multiplication expande like binomials, then replaces
i i* with -1. Division cleare i by multiplying by the
i to the power n denominator’c own conjugate

7N , \

nel ”’f" ”’f" ”’,‘" Conjugate and modulus
! - -

conjugate of 2=a+bi: flip the sign of the

the four values i, -1, ~i, 1 that * cycles throvgh, one W . a=a-bi
for each remainder n [eaves on divicion by 4 imaginary pa
\ 3 a number times its own conjugate is always 2;=az+b2
real

modulus: distance of 2 from the origin 2] =\ a?+b?

r=|z|

2

every point at distance ¥ from the origin: fixing [z[=r
pute z comewhere on This circle
2 timeg its conjugate equals the modulus equared, co
the conjugate is alco the fast route to a modulus
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Powers of i cycle every 4

P leaves remainder | ] Eﬂ leaves remainder 2 ] {n leaves remainder 3 ] {n leaves remainder 0 J
i'=i it = -1 i== &=

to find i to any power w, divide n by 4 and match the remainder againct these four casec
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