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äu

m
e

un
d

lin
ea

re
G

le
ic

hu
ng

ss
ys

te
m

e
���

L
A

W
R

E
N

C
E

PA
G

E
w

ur
de

19
73

in
E

as
tL

an
si

ng
,M

ic
hi

-
ga

n
ge

bo
re

n;
se

in
V

at
er

w
ar

In
fo

rm
at

ik
pr

of
es

so
ra

n
de

r
M

ic
hi

ga
n

S
ta

te
U

ni
ve

rs
ity

.
E

r
se

lb
st

st
ud

ie
rt

e
an

de
r

U
ni

ve
rs

ity
of

M
ic

hi
ga

n
in

A
nn

A
rb

or
te

ch
ni

sc
he

In
-

fo
rm

at
ik

,w
as

er
19

95
m

it
ei

ne
m

B
.S

.E
.(

B
ac

he
lo

ro
f

S
ci

en
ce

in
E

ng
in

ee
rin

g)
ab

sc
hl

oß
.Z

um
an

sc
hl

ie
ß

en
de

n
P

ro
m

ot
io

ns
st

ud
iu

mg
in

g
an

di
e

S
ta

nf
or

dU
ni

ve
rs

ity
,w

o
er

SE
R

G
E

Y
B

R
IN

ke
nn

en
le

rn
teu

nd
ge

m
ei

ns
am

m
it

ih
m

üb
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rü
nd

un
g

vo
n

G
oo

gl
ei

st
au

ch
er

vo
n

se
in

em
P

ro
m

ot
io

ns
st

ud
iu

m
be

ur
la

ub
t.

D
ie

G
ru

nd
id

ee
is

te
in

fa
ch

:E
in

e
S

ei
te

is
tw

ic
ht

ig
,w

en
n

w
ic

ht
ig

e
S

ei
te

n
au

fs
ie

ve
rw

ei
se

n.
A

lle
rd

in
gs

is
te

sn
aẗ
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öc
hs

te
ns

de
n

B
et

ra
ge

in
s.

c)
Is

t

2 3 Eige
nv

ek
to

rz
u

ei
ne

m
E

ig
en

w
er

t

OP =
1,

so
is

td
ie

S
um

m
ea

lle
r

K
om

po
ne

nt
en

vo
n

2 3 gleic
h

nu
ll.

B
ew

e
is

:a
)D

a
di

e
S

um
m

ed
er

E
in

tr ä
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äc

hs
te

rḧ
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ge
vo

n
N

ul
lv

er
sc

hi
ed

en
.N

at
ür

lic
h

w
er

de
nn

ur
di

es
eE

in
trä
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fü

rd
ie

K
on

st
an

te

o di
e

Z
ah

l0

b 85a
ls

ge
ei

gn
et

er
w

äh
ne

n.
W

ie
G

oo
gl

eh
eu

te
ta

ts̈a
ch

lic
h

ar
be

ite
t,i

st
na

ẗu
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äu

m
e

un
d

lin
ea

re
G

le
ic

hu
ng

ss
ys

te
m

e
�Gy

ge
be

n
ka

nn
.S

in
d

2 3 und

2 # zwe
is

ol
ch

e
V

ek
to

re
n,

so
is

t
m

it
ob

ig
en

B
ez

ei
ch

nu
ng

en

2 3w =

2 3 und

2 #w =

2 # ,also

v 243 Q
2 #v 1

=

xWx243w'Q
2 #w
xWx

1

Yov
2 3 Q
2 #v 1

.

Fü
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äu
m

e

Im
le

tz
te

n
A

bs
ch

ni
tt

ha
be

nw
ir

ge
se

he
n,d

aß
da

sS
ka

la
rp

ro
du

kt
im

6 3
en

g
m

it
L

än
ge

nu
nd

W
in

ke
ln

zu
sa

m
m

en
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fü
r

zw
ei

ko
m

pl
ex

e
Z

ah
le

n

ª und

# istd
as

P
ro

du
kt

ª# =

#ª =
#ª im

al
lg

em
ei

ne
n

ve
rs

ch
ie

de
nv

on

#ª ,un
d

en
ts

pr
ec

he
nd

is
ta

uc
hf

ür
zw

ei
V

ek
to

re
n

2 3 ~2 # =

2 # ~2 3 .
D

er
B

eg
rif

f
de

sH
E

R
M

IT
E
sc

he
nV

ek
to

rr
au

m
sf

or
m

al
is

ie
rt

di
es

eE
ig

en
-

sc
ha

fte
n:

K
ap

.1
:V

ek
to

rr
äu
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ä

n
ge

de
sV

ek
to

rs

2 3 bez
ei

ch
ne

n;a
uf

di
e

D
efi

ni
tio

n
vo

n
W

in
ke

ln
hi

ng
eg

en
w

ol
le

n
w

ir
ve

rz
ic

ht
en

,d
a

di
e

Ü
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tä

nd
er

t,s
in

d
di

e
K

on
ju

ga
tio

ns
-

st
ric

he
nu

rü
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liẗa
ts

be
-

di
ng

un
gf

ür

2 l 1
gi

bt
,k

ön
ne

nw
ir

ei
nf

ac
h

2 l 1
=

2 | 1
se

tz
en

.

N
ac

hd
em

w
ir

¸M 1
S

ch
rit

te
du

rc
hg

ef̈u
hr

th
ab

en
,h

ab
en

w
ir

¸ line
ar

un
ab

ḧa
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ra

lle

] =
1b���

b¸ .
N

ac
h

de
m

) -ten
S

ch
rit

th
ab

en
w

ir
ei

ne
O

rt
ho

go
na

lb
as

is(

2 l 1b���
b2 l ` )

vo
n

� ko
ns

tr
ui

er
t.

D
ar

au
s

w
ird

di
e

ge
w

ün
sc

ht
e

O
rt

h
o

n
o

rm
a

lb
a

si
s

(
2 � 1b���
b2 � ` ),

w
en

n
w

ir
je

de
nV

ek
to

rd
ur

ch
se

in
eL

än
ge

di
vi

di
er

en
,d

.h
.

2 � J =

2 l J U 2 l JU .

D
er

dä
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ge

de
sj

ew
ei

ls
zw

ei
te

nV
ek

to
rs

ko
m

pl
ex

zu
ko

nj
ug

ie
re

n,
d.

h.

2 | 2

~2 l 1
=

(1
+

2

] )

~ 1+(Q

2
+

] )

~] +
(Q] )

~ (Q] )+
(Q 1)

~ (Q 1
)

=
(1

+
2

] )

~ 1+(Q

2
+

] )

~ (Q] )+
(Q] )

~] +
(Q 1)

~ (Q 1
)

=
(1

+
2

] )
+

(1
+

2

] )
+

1
+

1
=

4
+

4
]

.

E
nt

sp
re

ch
en

dis
t

2 l 1

~2 l 1
=

1

~ 1+

] ~] +
(Q] )

~ (Q] )+
(Q 1)

~ (Q 1
)

=
1

~ 1+

] ~ (Q
] )

+
(Q] )

~] +
(Q 1)

~ (Q 1
)=

1
+

1
+

1
+

1
=

4
,

w
ob

ei
da

s
al

le
rd

in
gs

au
ch

m
it

w
en

ig
er

M
üh

e
ei

nz
us

eh
en

is
t:

D
a

fü
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r

O
th

og
on

al
ba

se
nfo

r-
m

ul
ie

re
n:

S
at

z:
(

2 � 1b���
b2 � ` )

se
ie

in
e

O
rt

ho
go

na
lb

as
ise

in
es

E
U

K
LI

D
is

ch
en

od
er

H
E

R
M

IT
E
sc

he
nV

ek
to

rr
au

m
s

� .
a

)S
in

d

2 3 =I 1

2 � 1
+

~~~ +

I `2 � ` u
nd

2 # =| 1

2 � 1
+

~~~ +

| `2 � ` z
w

ei
V

ek
to

re
n

au
s

� ,s
o

is
t

243 ~2 # =

` * J =
1

I J| J
U 2 � JU 2 .



�� �

H
öh
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r

Át
) muß

da
ss

og
ar

so
se

in
.

W
en

n
w

ir
ei

ne
qu

ad
ra

tis
ch

eM
at

rix

� su
ch

en
,m

üs
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fü

r
ei

ne
vo

lls
tä
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tḧ

al
tn

oc
h

ei
ne

ko
m

pl
ex

e
K

on
ju

ga
tio

n
im

zw
ei

te
nF

ak
to

r.
D

ah
er

si
nd

K
ap

.1
:V

ek
to

rr
äu
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Fü
re

)s
ch

lie
ß

lic
hs

ei
en

© 1
un

d

© 2
zw

ei
un

itä
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