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ög
li-

ch
en

E
rg

eb
ni

ss
ee

in
er

M
es

su
ng

si
nd

di
e

E
ig

en
w

er
te

de
rz

ug
eḧ
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äu

m
e

un
d

lin
ea

re
G

le
ic

hu
ng

ss
ys

te
m

e
��
F

da
rg

es
te

llt
.D

ie
se

D
ar

st
el

lu
ng

is
ti

ns
be

so
nd

er
egu

tg
ee

ig
ne

tfü
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ḧ o
rig

en
M

at
riz

en
in

ve
rs

zu
ei

na
nd

er.

W
en

n
w

ir
di

e
er

st
e

de
r

be
id

en
M

at
riz

en
m

it

� be
ze

ic
hn

en
,s

o
si

nd
di

e
S

pa
lte

nv
on

� di
e

B
ild

er
de

rE
in

he
its

ve
kt

or
en

de
sR

G
B

-S
ys

te
m

s,
um

ge
re

ch
ne

tin
s

Y
C

bC
r-S

ys
te

m
;w

ir
er

ha
lte

na
ls

o
di

e
B

ez
ie

hu
ng

en

��? =

JLK� I
�

JLK

2

� 2

JQO
��W S +

1 2

� W U

��@ =

JLM��I
�

J M

2

� 2

JLO
� W S�

J M

2

� 2

JLK��W U

un
d

�BA =

JLO��I

+
1 2

��W S�
JLO

2

� 2

J K� W U .



��
d

H
öh
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ẗu

rli
ch

fa
st

im
m

er

µ =

� un
d

k =

· ,s
o

da
ß

je
de

A
bb

ild
un

gs
m

at
rix

vo
n

nu
re

in
e

rB
as

is
ab

ḧa
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ẗu

rli
ch

w
eg

la
ss

en
.

In
de

n
A

nw
en

du
ng

en
w

er
de

nw
ir

da
nn

m
ei

st
au

sg
eh

en
vo

n
ei

ne
rM

a-
tr

ix

t ¸ ,d
ie

be
z̈u

gl
ic

h
ei

ne
rg

eg
eb

en
en

B
as

is
� ei

ne
lin

ea
re

A
bb

ild
un

g

²

K
ap

.1
:V

ek
to

rr
äu
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rd

et
f ü
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Ü

be
r

de
n

ge
na

ue
nW

er
t

w
is

se
nw

ir
ni

ch
ts

,d
en

nm
it

de
te

rfü
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at
,d

ie
al

le
sf

es
tl̈a

ß
t,

un
d

di
e

V
er

ta
us

ch
un

gd
er

be
id

en
E

le
m

en
te

.L
et

ze
re

is
te

in
eT

ra
ns

po
si

ti-
on

,e
rs

te
re

ka
nn

w
ie

de
ra

ls
le

er
es

P
ro

du
kt

vo
n

T
ra

ns
po

si
tio

ne
nb

et
ra

ch
te

t
w

er
de

no
de

r,f
al

ls
m

an
da

sn
ic

ht
m

öc
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üb
er

ze
ug

en
,da

ß
w

en
ig

st
en

s
di

es
,d

.h
.a

ls
o

di
e

Pa
rit

ät
de

rA
nz

ah
l

? der
be

n̈o
tig

te
n

T
ra

ns
po

si
tio

ne
n,

ei
nd

eu
tig

be
st

im
m

tis
t:

? ist
fü
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fü

hr
en

:

D
a

di
e

D
et

er
m

in
an

te
be

ij
ed

er
V

er
ta

us
ch

un
gz

w
ei

er
E

le
m

en
te

ih
r

V
or

-
ze

ic
he

nw
ec

hs
el

t,f
ol

gt
so

fo
rt

au
s

de
n

ob
ig

en
B

et
ra

ch
tu

ng
en

,da
ß

fü
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tḧ

al
tg

e
n

a
ue

in
e

K
om

po
ne

nt
ed

es
V

ek
to

rs

��� l un
d

is
td

am
it

lin
ea

ri
n

��� l .
B

le
ib

tn
oc

h
(D

3)
,d

.h
.d

et

h ��� 1�iii
����
�j so

ll
ge

na
ud

an
n

ve
rs

ch
w

in
de

n,
w

en
n

di
e

��� l lin
ea

ra
bḧ
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fü

r
di

e
w

ir
de

t
be

re
ch

ne
nm

öc
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t

de
rA

bb
ild

un
g

gi
bt

es
da

nn
ke

in
e

an
de

re
M

ög
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Fü
re

in
e

in
ve

rt
ie

rb
ar

eM
at

rix

�
���
� � is

td
et

(�
� 1 )

=
(d

et

� )

� 1 .

B
ew

e
is

:a
)D

ie
D

et
er

m
in

an
tev

on

�
E is

td
ie

D
et

er
m

in
an

ted
er

S
pa

lte
n-

ve
kt

or
en

��� 1�iii
����
� von

�
E ,d

ie
vo

n

E is
tg

le
ic

h
de

rD
et

er
m

in
an

ted
er

S
pa

lte
nv

ek
to

re
n

�XA 1�iii
��XA � vo

n

E ,
un

d
na

ch
D

efi
ni

tio
n

de
rM

at
riz

en
-

m
ul

tip
lik

at
io

n
is

tm
it�

=
(

m lo ) � � l =

� n o

=
1

m lo�XA
o .



F��

H
öh
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fü
rg

ro
ß

e

f

w
ei

ta
us

g ü
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at
de

rD
et

er
m

in
an

tei
n

ih
re

m

� -t
en

A
rg

um
en

t

de
t� =

de
th ��� 1�iii

����
o �iii
����
�j =

de
th � � 1�iii

�
� n l =

1

m lo� ¤ l
�iii
�� �
�j

=

�Ån l =
1

m lo d
et

h ��� 1�iii
�� ¤ l �i
ii�

� � �j .

U
m

da
ra

us
di

e
D

et
er

m
in

an
te

vo
n�

zu
be

re
ch

ne
n,m

üs
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tä
nd

ig
en

B
er

ec
hn

un
gv

on

g (

m 1�iii
�m
� )fe

hl
t

un
s

je
tz

t
nu

r
no

ch
ei

n
In

du
kt

io
ns

an
fan

g;
di

re
kt

es
N

ac
hr

ec
hn

en
ze

ig
ts

of
or

t,
da

ß

g (

m � )=
de

t(
1)

un
d

g (

m � � 1

�m
� )=

ð
ð
ð
ð1

m � � 1
1

m �
ð
ð
ð
ð=

m �
�m �
� 1

is
t,

al
so

fo
lg

ti
nd

uk
tiv

g (

m 1�iii
�m
� )=

Õ o ÿl(

m l�
m o ).



FH�

H
öh
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Fü
r

G
en

au
er

es
se

ia
uf

di
e

N
um

er
ik

vo
rle

su
ng

ve
rw

ie
se

n.

A
ls

B
ei

sp
ie

lf
ür

di
e

B
er

ec
hn

un
gv

on
E

ig
en

w
er

te
nu

nd
E

ig
en

ve
kt

or
en

na
ch

ob
ig

er
M

et
ho

de
be

tr
ac

ht
en

w
ir

di
e

M
at

rix

� =

� �ï	1
2

3
4

5
6

7
8

8
7

6
5

4
3

2
1

� 
ï�.

K
ap

.1
:V

ek
to

rr
äu
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Fü
rd

ie
V

ek
to

re
n

� A 1
=

�� �
	1 � 2 1 0

� 

��
� A 2

=

� �
	2 � 3 0 1

� 

��
�BA 3

=

� �
	� 1 � 1 1 1
� 

�un

d
�BA 4

=

� �
	5 13 13 5

� 

�

is
t

² (�XA 1
)

=
0

�XA 1�
² (� A 2

)
=

0

� A 2�
² (�XA 3

)
=

� 4� A 3
un

d

² (� A 4
)

=
18

� A 4
;

be
z̈u

gl
ic

h
de

rn
eu

en
B

as
is

(

�XA 1��XA 2��XA 3��XA 4
)h

at

² dah
er

di
e

A
bb

ild
un

gs
m

a-
tr

ix

� �
	0
0

0
0

0
0

0
0

0
0

� 4
0

0
0

0
18

� 

�,
be

id
er

di
e

E
ig

en
w

er
te

vo
n

� in
de

rH
au

pt
di

ag
on

al
en

st
eh

en
un

d
al

le
so

ns
tig

en
E

in
trä
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nä

ch
st

en
S

em
es

te
rw

er
de

nw
ir

un
sa

us
f̈u

hr
lic

he
rm

it
de

rT
he

or
ie

vo
n

E
ig

en
w

er
te

nu
nd

E
ig

en
ve

kt
or

en
be

sc
ḧa
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