Imag'marj Numbers

The universe of numbers  Keeps expanding
Whole numbers * 1,2, 3,4,5,06, ...
" addition 4 muMiplication work 3rea+
can be pro blemathc ...
Introdluce ____ numbers and ___¢
= 6,-5,-4.-3.-2,-1,0, [,2,3, 4,5, @, ...
* added loonus ‘ Use zevo as ___ e*FFicienH)/ Reep track

of laxger 3 larﬁcr numbers, addition (n columng, mubtiplication ...

con e Problemah‘c

Totroduce 3
U wonder aloout decimal expansions thot never end & never
repeat oo +he5 any thi g (need notion of )
" geometyi ueshons diog. _
3 ©gueste s'\\o\e, -

= side length 3, of  sguare _
grvc
- diameter 3 of circle @ =

Tatoduce  irrational Numbers.  Now have ComP\e-\-e number line.
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Arithmehc on  +he number line.
“ Adddhon ¢ r(3h+ or left.
2t3 ¢ Start ot 2 & shift 3 units right
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2+(-3): Start ot 2 & shift 3 units left.
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© Muthplication b‘j a PosHWe number )
2*3  Stack on r\‘g‘n'\', stretch 3 Himes farther 4o r(gh-l-.

-2%3 ¢ Stack on \eft, stretch 3 Himes farther o (eft.
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: M\A\'\'\P(C&‘Hon by negative flip 8 Stretch (o shrink)
L Negahve Himes nega‘h\/e is
(Start left, flip 8 end wp on . )




Notice : For ony Number %,
" if «x s posihive, xK s

2
) . . is not
©if ¢ is negative, 2« is XIS
n ang cose

i« i3 zevo, x* s

So if there is a bhumber 2 with 2°=-1, +hen X IS not

, hot , and not «o not on the J

Enlarging Fhe universe of numbers to include “iY with ¥ =-l.
* Cannot live on +he humber line.
“ Add an extra dimension to  accommodate i+!

Once we include L, we may include move nNumbers , obtained

“"j oddition 8 multiplication... ("hbbr\'o\") numbers
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Can alse thin® of i+ as ___ rotation.




Plot the complex numbers ,
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Plot the complex numbers
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OKay .. bout wha?
- HiS'\DT((‘Q“lA: The seardh for of "
13- % +1\% =6 = (=D (X-D(%-3)
T How o ﬁaure out?
Now just as "real "a in+egra+eol into modern math as any other

Kind of number.

~ Prackical Applications
~ electromagnetic  waves, Vilbrations on bridges, --
* Dirac, the positron, 8 TET scans

- Beauﬂl, Newhn's Method —> Complex Dynamics (Hubbard )

Eulecs Formula -

— Another benefit of doinﬁ maoth | stretches +he




