da/— 1l ecd’ 1
CelTed 03524093611

e,/ 1
o 1 ocd =0.6+0.8v/—1
®cd -
1 0c=0.8+0.6V—1
®cd’
L | ®d=0.96+0.28—1
e
! 0.6 1

£ ) —-0.8
1T z=0.6—0.8V—1
=i
i
Bvale ew=0.406+0.792+/—1

¢c=0.8+0.6V—1
w=0.84+0.39v—1

ow'® 8 Q.CMC/TX |C| =1 |W| =(0.89
oW =089 |ew?| = 0.7921
lew| = [c|[w)
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arg m = 45°
argn~161.6°
arg mn = 206.6°

arg mn = arg m + arg n

mn| = |m|-|n]

g=23+2y-1
gV—1 = —2+4234/-1

<

arg g = 30°

q

o arg v—1 =90°
|

Lesson 3

arg g vV—1 =30°+90°

g1

arg \V—1"=90° + 90° + 90°



The Unit Circle <+ L, g [

l P=7

1 arg p = 60°

1 A cos 60° = %
St sin 60° = ¥3
A :

E] :
2 ~ T p=cos 60°41isin 60°
-+ p =cis 60°
—p=—d BT = p = cis (60° + 180°)
arg i = 90°

cis 90° =

s 1-3,=cis -60° = cis 300°
esson



120°

60°

6 = 60°
20 =120°

Zz=cis 8 + cis 20

O
\J

360° 720°

6 =360°
20 ="720°

Lesson 6
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—le 3|
12, i6, ZIO, lO, i4, i8,
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§ 4i4
N\ e
A
x\)},. 7t
D4 4
|2 2]
+ A—F + + A+ + +
-4 22 2 4
/N .
ik i
4 |
7® 1 2
- =1
4i} /
.2 _
jo=-1
-2i
3k/" k?=-1
: 4]'__
\ "51 j=k Jji=—k
O\ | G
SN ) jk=1 kj=-i
S 2k
| | L | | | | |, . . . .
—441 ’ —fz ’ ’ 241 ’ El kl :] lk - _]
% ] |
'2]7L .]
4k )_
1 i
k
4j }
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3-D Vectors

4}

(2i + 4)(2)) (2)(2i + 4)) Multiply 2 ways
4ij + §;* 4ji + 8;* Distribute

4k + 8(—1) 4(-k) + 8(—=1)  ij=kandji=—kand;*=-1
-8 + 4k -8 -4k Simplify and rearrange

2 cross products: (2i + 4j)x(2j) = 4k and (2j)*(2i + 4j) = —4k

1 dot product: (2i + 4j)*(2j) = 8 or (2j)*(2i + 4)) = 8

Lesson 9



2

<
20 I 2i 1.1i 09 c1s30° 1+1i
zi -1 —4 -1.21  —0.81 ci1s60° 2i
Z) 1 16 1.4641 0.6561 cis120° 4
Z3 1 256  2.1436 0.4305 cis 240° 16
Z4 1 65,536 4.5950 0.1853 cis 120° 256
I
Orbit for zo = 2i: {2i, -4, 16, 256, ...}
Attracted to infinity
Orbit forzo=1i: {i,-1,1, 1, ...}
Not attracted to infinity -1
Gaston Julia: Boundary of numbers
attracted to infinity =
I
-1
Ty S
(ijf;w@ e g wﬁ)y Ao
‘}L(X? g \%ﬂ“\% j’y \Ji‘ ; |
KKK ; b4 |
g U}}h%_l P A )<>§ | £ | 1
Fay A £ e { :
() 5?% gﬁﬂé
1
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Lesson 14

22+ 0.26 + 0.5




(”Ebﬂm’)m“ T A }
o 2 e % I
Lo 9 g
i{ o Y ‘-{1’ 7)3 | " |
*n&u__,;) N I )\}; T
|
AT ,r'"‘“‘\rs al
e L9 ™ ak WQ\;
% )
S o)
'\“.k@ @_,,«7
© ] &
&H’“’ﬁ ‘Q\;Jw%Diiii}uuj Q"‘JJ
Disconnected Connected

2+ c
c=0.3 c=1

z2—0.83 +0.17i

Connected
c=-0.83+0.17i
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Ty, I8 fer '
&@g%% @ Sk I o F z =0
TELWIEG Al e z1 = —02+0.7i
| . z = —0.65+0.42i
zz ~ 0.05+0.15i
zo = 0 bW :
zi = —02+0.67i ‘ Zoot = 0.13+0.14i
z, & —0.61 + 0.40i In these lessons, [c| <2.  zm = —0.20+0.74i
zz = 0.01 +0.18i Zos & —0.70 + 0.40i
: 2204 ~ 0.13+0.14;
Zs =~ —1.97 + 3.80i ‘—197 + 3801| ~428>2 Zros = —0.20 +0.74i
26 ~ —10.79 — 14.33i 2206 ~ —0.70 + 0.40;

Zos = 0.44 + 0.19i
Z9g ~ 0.44 + 0.18;
Zg7 = 0.44 + 0.18;
Zogg ~ 0.44 + 0.18i
Zgg ~ 0.44 + 0.18;

c=0.28 +0.02;

ZOZO

For the other Julia set, ¢ = 0.28 + 0.011.

25036 +0.69i A) s B)
=_075+0.11; 2»=-1.09-0.39i A
=028 +096i & g@g @ e
z,=0 225 = —1.58 +0.65i e
Zy9 =~ 1.33 —1.95;

For the other Julia set, c =-0.74 + 0.111.
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L=
Benoit B. Mandelbrot: Map of connected Julia sets

Cardioid: ¢ =% cis@ —% cis26
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2N

What is the denominator of the fraction for the bud

ted with each Julia set?
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%bud & surroundings ¥ i Lok

Lessons 19 & 20

This miniature Mandelbrot
is a small part of the spiral
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Lesson 20

c=-0.789278 +0.163134i

Magnified view of th

e center of the abo
are W‘%’? IR
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Lesson 20

What are the denominators
for the bud fractions?




