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complex numbers

ax? + bx + c

ax"2+bx+c=0

ax* +bx+c=0

~b+v b?-4ac
X =



complex numbers

ax? + bx + c

ax"2+bx+c=0

2 I OJ=S I 4

Input:
ax* +bx+c=0

Solutions:

~b+Vy b*-4ac

X = (a I
2a

Alternate form:

_ 3 3
nEmax X>+mx—n
Solutions:
2
#ﬁ\/4m3+2?n2 +9n Jysm
x:
V7

#ﬁ\(4m3+2?n2 +9n

(1+iV3)m [l—xﬁ}dﬁ\/4m3+2?n2 +9n
X = -
3 ,
2v2 323
22-’33’3\3fﬁxf4m3+2?n2 +9n
(1-iV3)m [1+:ﬁ}§/ﬁ\f4m3+2?n2 +9n
X = —
2V2 323

2-’--’33’§\3fﬁ\/4m3+2?n’- +9n



complex numbers

Alternate form:

2 n=mx+x 3 —

ax“ + bx + c X +mx —n
Solutions:

3 Vam? 2 3 2 m

ax"2+bx+c=0 V3 Vam®+27n® +9n 3

X = _
3 2/3
B R E V2 3%
- #ﬁ\(4m3+2?n2 +9n
Input: at least one real solution exists
ax* +bx+c=0
T (1+iV3)m [l—xﬁ}dﬁ\/4m3+2?n2 +9n
X = —
S 2 V2 3%°
S 233 IV Vam+27n® +9n
-b+V b*-4ac 1
= 2a : ;
(1-iV3)m (1+iV3) V3 Vam?+27n +9n
X = —
237 323

2-’--’33’§\3fﬁ\/4m3+2?n2 +9n



complex numbers

3 —
ax’ + bx + ¢ X°t+mx=n
del Ferro’s solution:

ax"2+bx+c=0

*In N n? N m3 N

2 \ 4 27

\
ax’+bx+c=0

x3 —15x = 4

—_—

~b+v b?-4ac
2a

X




complex numbers

3 _
ax’ + bx + ¢ x3+mx=n
del Ferro’s solution:
ax"2+bx+c=0
*In n2 m3 °|n n¢ ms3
—+ |[—+—=+ [z— |[—+
2 \ 4 27 2 \ 4 27
,1 \ \
ax" +bx+c=0
x3 —15x =4

3 3
~b+Vb*-4ac X = JZ +v—121 — \/—2 +vV—-121



complex numbers

x3 — 15y = 4 x3+mx =n
del Ferro’s solution:
x*-15x=4
*In nz2 md3 °n nz m3
—+ |[—+—=+ [z— |[—+
2 \ 4 27 2 \ 4 27
\ \

3 3
X = J2+V—12 — \/—2+\/—121



complex numbers

x3 —15x = 4 XEmx=n
del Ferro’s solution:
x*-15x=4
In In2 m3 “|n |n2 m3
— 4 |[—4+— 4+ |=—= +
2 (4 27 2 4 27
a\ \

3 3
X = J2+v—12 — \/—2"‘ v—121

= x = 3\/(2 +V—1)3— 3\/(—2 +V-1)3



complex numbers

x3 —15x = 4
x> =15x+4
_1'|_'r“)—]5| 4

x34+mx =n

del Ferro’s solution:

3 n¢ ms3 n n¢2 ms3
—+—=+ == |+
4 27 2

N[ S
+

3 3
X = J2+V—12 — \/—2+\/—121

X = 3\/(2 +V-1)3— 3\/(—2 +/-1)3



complex numbers
i =+v-1




complex numbers
i =+v-1

a+bi=Z a€R;bER




complex numbers
i =+v-1

O+1i =2z

(0,1)




complex numbers
i =+v-1

1+0i=2z
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complex numbers
i =+v—1 N

, (0,1)
14+0i =2z

O+ 1i =12z




complex numbers
i =+v-1

14+0i =2z
O+ 1i =2z

—1 + 0i = zii (=10)




complex numbers
i =+v—1 N

1+0i=2z
O+ 1i =2z
—1 4+ 0i = zii

0 — 1i = ziii

(O' _1)



complex numbers

i =vV—1 Y,
14+0i =2z
O+ 1i =2z
—1 4+ 0i = zii

0 — 1i = ziii

1+ 0i = ziiii (1,0)



complex numbers
i =+v-1

1+1i=2z

(1, 1)




complex numbers
i =+v-1

1+i=2z E:(_E%
3 1. _
S toi=c

zZc =7

(1,1)




complex numbers
i =+v-1

1+i=z f= (=31
3 1 2 2
—§+§i=c

~, 3 1
zc = (1+ l)(—E-FEl)

(1,1)




complex numbers
i =+v-1

1+i=1z f= (=21
3 1 2’2
—§+§i=c
3 1 3 1
ZC=—5s+sl—5l—3

2 2 2 2
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complex numbers
i =+v-1

1+i= f= (=21

3 1 2 2
Tt
4 2
ZC=——=-—=1
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complex numbers

i =vV—1 Y,
- 3 1
1+i=1z c=(=33)
3+1__
> Zl—C
zc = —2 —1i @

W= (=2,—1)
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I =vV—1
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complex numbers

i =vV—1 Y,
- 3 1
1+i=1z c=(=33)
3+1__
> Zl—C
zc = —2 —1i @
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complex numbers

i =vV—1 Y,
- 3 1
1+i=1z c=(=33)
3+1__
> Zl—C
zc = —2 —1i @

W= (=2,—1)
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complex numbers

I =vV—1
1+i=2z
3+1__
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-
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complex numbers

I =+vV—1 Y,
=z
V2 W2
3 1 _
2Ty ¢ p
—4 —2i -
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24/2 w
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complex numbers
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complex numbers
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complex numbers
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complex numbers
i =V—1 Y, lw| = 2] ||

. . . _ 7l =1
cosa + (sina)i =z 7 = (cos a, sin @) 7]
xX+ylL=c . €] = Vx? +y?
‘= (%) vty
a - -
< . 121 18] = Jx? + y?
a X

W = yx2 + y?

w= (xcosa —ysina,xsina + y cos a)

zc =xcosa—ysina + (xsina + y cos a)i



complex numbers

x3=1

plot x*3=1 from -1 to 1

plot x*=1 -1



complex numbers

x3=1

x]_:l

plot x*3=1 from -1 to 1

plot x*=1 -1



complex numbers

x3=1

2T



complex numbers

x3=1

X1:1

2n+_ o 2m
X>» = COS— 1SIN —
2 3 3

x3 =?

2T



complex numbers

x3=1

X1:1

27T+_ o 2m
X>» = COS— 1SIN —
2 3 3

x3 =?

X2 X2
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complex numbers

x3 =1 v,
X>X>»X
5 =1 2X2X2
B 27T+__ 21T
Xz = Os—+isin—

x3 =?



complex numbers

x3 =1
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xz—c053 1sm3
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complex numbers

x3=1

x1 —_ 1
2n+_ o 2m
Xy = — —
> = COS 3 isin 3
47‘[+_ 4m
X3 = — —
3 = COS 3 isin 3

X3 X3




complex numbers
x3 =1 Y,

X3 X3 X
=1 3 X3 X3

47‘[+_ 4m
X2 = COS— 1SIN —
3 3 3

2n+_ o 2m
X, = COS— + isin—
2 3 3
41T »y
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guaternions
=j* =k*=ijk = -1

Ch LS \Oxkl&&:
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guaternions
i*=j*=k*=ijk=-1

ik =—1
i%jk = —i
—jk = —i




guaternions
i*=j*=k*=ijk=-1

ijk = —1
i2jk = —i
—jk = —i

jk =i

2k = ji

—k =ji




guaternions
i*=j*=k*=ijk=-1

ijk = —1
i2jk = —i
—jk = —i

jk =i

2k = ji

—k = ji
—ki = ji?

ki=]




guaternions
i*=j*=k*=ijk=-1

ijk=—-1| [kj =—i
iZjk=—i |ij=k
—jk=—i [ik=—j

jk =i

2k = ji

—k =ji

—ki = ji?

ki=]




guaternions
i?=j2=k?=ijk=-1

kj = —i

ijk = —1
i2jk = —i
—jk = —i

ij =k

jk=1i

ik =—j

j2k = ji

—k = ji

—ki = ji?

ki=]




guaternions

i’ =j*=k*=1ijk=-1

kj = —i

ijk =—1
iZjk = —i
—jk = —i
k=i

j2k = ji

ij =k

ik =—j

—k = ji

—ki = ji?

ki=]




guaternions
i?=j2=k?=ijk=-1

kj = —i

ijk = —1
i2jk = —i
—jk = —i

ij=k

jk=1i

ik =—j

j2k = ji

—k = ji

—ki = ji?
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guaternions
i*=j*=k*=ijk=-1

kj = —i
ij=k
ik = —j

ijk = —1
i%jk = —i
—jk = —i
jk =i
jok = ji
—k = ji
—ki = ji?
ki=]

kk = —1

N\

fourth dimension

https://www.youtube.com/watch?v=d4EgbgTmOBg
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