
���

H
öh
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öh

er
e

M
at

he
m

at
ik

m
üs
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üs

se
nw

ir
di

e
W

el
le

nz
ah

l

- er
se

tz
en

du
rc

h
ei

ne
n

V
ek

to
r

M - de
rL

än
ge

- ,
de

n
W

e
lle

n
za

h
lv

e
kt

o
r,
un

d
be

tr
ac

ht
en

di
e

F
un

kt
io

n

� (

X )=

S 0

�<Y * CY �

.

(D
ie

W
el

le
nl̈

an
ge

be
tr

ac
ht

en
w

ir
w

ei
te

rh
in

nu
ra

ls
S

ka
la

r.)

E
in

e
W

el
le

so
ll

ze
itl

ic
h

u
n

d
rä
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fü

nf
st

el
lig

en
Fa

kt
or

gr
ös

er
is

ta
ls

di
e

im
er

st
en

;d
er

zw
ei

te
Te

rm
ze

ig
t

al
so

er
st

da
nn

ei
ne

ne
nn

en
sw

er
teV

ar
ia

tio
n,

w
en

n
w

ir
im

er
st

en
Fa

kt
or

K
ap

.3
:H

ar
m

on
is

ch
e

A
na

ly
se

un
d

In
te

gr
al

tr
an

sf
or

m
at

io
ne

n
�_ 2

m
eh

re
re

Ta
us

en
dL

in
ie

n
be

tr
ac

ht
en

.In
de

m
B

er
ei

ch
,d

en
w

ir
re

al
is

ti-
sc

he
rw

ei
se

be
ob

ac
ht

en
k ö
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hö
he

re
T

E
M

-M
od

en
an

ge
reg

tw
er

de
n

(T
E

M
=

tr
a

n
sv

e
rsa

le
le

kt
ro

m
ag

n
e

tis
ch

).
B

ei
ei

ne
m

d ü
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üb
er

de
n

W
er

td
er

ze
itl

ic
he

nA
bl

ei
tu

ng
de

rZ
us

ta
nd

sg
r̈oß

en
in

A
bh

än
gi

gk
ei

tv
om

ge
ge

nẅ
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fü

llt
,w

an
ni

m
m

er

� (Q )u
nd

 (Q )l
in

ea
re

F
un

k-
tio

ne
n

vo
n

Q si
nd

un
d

P (Q )
ei

ne
qu

ad
ra

tis
ch

eF
un

kt
io

n
m

it
fü
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kö

nn
en

di
e

fü
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lö

st
al

so
in

de
rT

at
da

sz
ug

eḧ
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üs

se
nd

en
V

ek
to

rr
au

m
de

rL
ös

un
ge

nd
es

ho
m

og
en

en
S

ys
te

m
s

be
st

im
m

en
.

2.
)

W
ir

m
üs
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üb
er

leg
en

,o
b

b
zw

.u
nt

er
w

el
ch

en
B

ed
in

gu
ng

en
di

e
ob

ig
e

Fo
rm

el
ko

rr
ek

ti
st

.

K
ap

.4
:D

iff
er

en
tia

lg
le

ic
hu

ng
en

�d
�

e)
D

ie
M

at
rix

ex
po

ne
nt

ia
lfu

nk
tio

n

W
ir

or
ie

nt
ie

re
nu

ns
w

ie
de

ra
m

E
in

di
m

en
si

on
al

en
:F ü
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r

S =

® 0
1

0
0

¯ un
d

R =

® 0
0

1
0

¯

so
w

oh
l

S 2 al
s

au
ch

R 2 gl
ei

ch
de

rN
ul

lm
at

rix
,d

.h
.

�¨ =

N +

S =

® 1
1

0
1

¯ �
� =

N +

R =

® 1
0

1
1

¯

un
d

�¨ �
� =

® 2
1

1
1

¯ .

D
as

Q
ua

dr
at

vo
n

� =

S +

R =

® 0
1

1
0

¯ is
ta

be
rg

le
ic

h
de

rE
in

he
its

-

m
at

rix
un

d
da

he
ris

t

�¨ +

 =

N +

� +
1 2!

N +
1 3!

� +
1 4!

N +
1 5!

� +

���
=

° h ( < =
0

1
(2

s )!

± �N

+

° h ( < =
0

1
(2

s +
1)

!

± ��
=

co
sh

1

�N

+
si

nh
1

��

=

® co
sh

1
si

nh
1

si
nh

1
co

sh
1

¯

=
1 2

® � +

�� 1

� �
�� 1

� �
�� 1

� +�
� 1¯ .

K
ap

.4
:D

iff
er

en
tia

lg
le

ic
hu

ng
en

�d
_

A
llg

em
ei

ne
ris

t

�¨ T =

N +

QS =

® 1

Q

0
1

¯ un
d

� T =

N +
QR =

® 1
0 Q 1

¯

un
d �  T =

h ( < =
0

1 s !

�< =

° h ( < =
0

1
(2

s )!

± �N +

° h ( < =
0

1
(2

s +
1)

!

± �� =

® co
sh

Q si
nh

Q

si
nh

Q co
sh

Q¯ .

Z
um

G
lü
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rj
ed

e

�©
� -Ma

tr
ix

S is
td

ie
F

un
kt

io
n

L #
$#�
² �

Q :$
�¨ T

st
et

ig
di

ff
er

en
zi

er
ba

rm
it

A
bl

ei
tu

ng

Q :$
S ��¨
T =

�¨ T �
S .

B
ew

e
is

:D
ie

A
bl

ei
tu

ng
is

td
efi

ni
er

ta
ls

lim £ ´ 0

�¨ (

T +

£ )

��¨
T

¤

.

D
a

di
e

M
at

riz
en

S Q un
d

S ¤ m
ite

in
an

de
rv

er
ta

us
ch

ba
rsi

nd
,is

tn
ac

hd
em

ge
ra

de
be

w
ie

se
ne

nL
em

m
a

�¨ (

T +

£ )
=

�¨ T �
�¨ £ ,a
ls

o

�¨ (

T +

£ )

��¨
T

¤

=

�¨ T �
�¨ £
�N ¤

.

D
ab

ei
is

t

�¨ £
�N ¤

=
1 ¤�

h ( < =
1

(

S ¤ )

< s !
=

S +

S 2¤
h ( < =

2

(

S ¤ )

< � 2 s !
=

S +

S 2¤
h ( < =

0

(

S ¤ )

<

(

s +
2)

!
.

N
ac

h
de

ro
bi

ge
n

D
is

ku
ss

io
ni

st
je

de
rE

in
tr

ag
de

rM
at

rix
in

de
rr

ec
ht

s-
st

eh
en

de
nS

um
m

en
m

at
rix

h ö
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nä

ch
st

en
A

bs
ch

ni
ttk

en
ne

nl
er

ne
nw

er
de

n,
kö
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fü

rd
en

U
m

ga
ng

m
it

A
bl

ei
tu

ng
en

vo
n

M
at

rix
fu

nk
tio

ne
n;

fü
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