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ẗu
rli

ch
e

Z
ah

le
n

� gilt
� (

� )=(
� � 1

)!
;

di
e

� -F
un

kt
io

n
is

t
al

so
ei

ne
A

rt
st

et
ig

ge
m

ac
ht

er
Fa

ku
lẗa
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ẗuc
k

du
rc

h
se

in
B

ild
im

��

vo
rs

te
lle

n,
al

le
rd

in
gs

m
uß

m
an

be
ac

ht
en

,da
ß

da
ss

el
be

B
ild

du
rc

h
ga

nz
ve

rs
ch

ie
de

ne
F

un
kt

io
ne

np
ar

am
et

ris
ie

rtw
er

de
nk

an
n.

A
ls

B
ei

sp
ie

lf
ür

ve
rs

ch
ie

de
ne

Pa
ra

m
et

ris
ie

ru
ng

ene
in

er
un

d
de

rs
el

be
nK

ur
ve

be
tr

ac
ht

en
w

ir
de

n
E

in
he

its
kr

ei
s

�2 +

(2 =
1.

S
ei

ne
be

ka
nn

te
st

eD
ar

st
el

lu
ng

al
s

K
ur

ve
ns
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üs

se
nu

ns
al

so
zu

n̈ a
ch

st
au

fe
in

K
ur

ve
ns

t ü
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ẗuc

ks
st

et
ig

di
ff

er
en

zi
er

ba
ris

t,
is

t

H IM � (� )

N 5% � (

� )
fü
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öh

er
e

M
at

he
m

at
ik

IS
S

20
04

üb
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um

lic
h

va
ria

bl
er

V
is

ko
si
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lü

be
re

in
e

K
u

rv
e

� .
D

efi
ni

tio
n:

X ST (

K )

� V he
iß

tR
IE

M
A

N
N

-S
T

IE
LT

JE
S-

In
te

gr
al

üb
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fü
r

TM � (� )

N =

HLOM � (� )

N 5% � (

� )

���% � (� )���

zu
m

In
te

gr
al

en
tla

ng

� üb
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ḧa
n

ge
n

d
,w

en
ne

s
zu

je
zw

ei
P

un
kt

en

K �p
'Q

ei
ne

K
ur

ve

� gi
bt

m
it

A
nf

an
gs

pu
nk

t

K

un
d

E
nd

pu
nk

t

p .

D
ie

se
D

efi
ni

tio
n

fo
rd

er
tz

w
ar

ge
na

ud
as

,w
as

w
ir

gl
ei

ch
br

au
ch

en
w

er
de

n,
si

e
is

ta
be

rn
ic

ht
di

e
üb
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ḧan

ge
nd

is
t,

ge
ht

da
s

nu
r,

w
en

n
ei

ne
de

r
be

id
en

M
en

ge
n

le
er

is
t.

q 0
en

tḧ
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ḧan

ge
nd

im
S

in
ne

de
ro

bi
ge

nD
efi

ni
tio

n.

D
er

fo
lg

de
nd

eS
at

zz
ei

gt
di

e
Ä
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ch
ez

w
is

ch
en

de
r

� -Ach
se

un
de

in
er

K
ur

ve
zw

is
ch

en
zw

ei
ge

ge
be

ne
n

� -K
oo

rd
in

at
en

.H
ie

r
so

ll
es

nu
n

um
be

lie
bi

ge
F

lä
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ch

e
au

f5
0

� 50
Q

ua
dr

at
en

A
bb

.7
3:

A
pp

ro
xi

m
at

io
n

ei
ne

r
H

al
bk

ug
el

du
rc

h
W

ür
fe

l

� R
Q se

ie
in

e
Te

ilm
en

ge
vo

n

Q .
D

an
n

kö
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rd
ie

E
le

m
en

ta
rm

en
ge

o� �
� be

st
e-



�C �

H
öh
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nö

ti-
ge

nf
al

ls
di

e
Pa

ra
m

et
er

in
te

rva
lle

de
rK

ur
ve

ns
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äu
ß

er
eu

nd
di

e
in

ne
re

E
le

m
en

ta
rm

en
ge

� an
n̈a

he
rn

,d
es

to
w

en
ig

er
un

te
rs

ch
ei

de
tsi

ch
di

es
e

D
if

fe
re

nz
m

en
ge

vo
m

R
an

d;
di

e
E

xi
st

en
ze

in
es

V
ol

um
en

sv
on

� is
td

a-
he

rä
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üb

er
N

or
m

al
be

re
ic

he

D
er

G
ru

nd
da

fü
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lä
ß

ts
ic

h,
w

en
n

[ (
� )
Z� (

� )
is

tf
ür

al
le

�' [

� �� ],
du

rc
h

da
se

in
di

m
en

-
si

on
al

eI
nt

eg
ra

l
�� �� ��

( =

? � @M � (

� )�
[ (� )N � �

au
sd

r̈uc
ke

n.
Ä
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ch

el
ei

ch
ta

us
-

re
ch

ne
n,

so
nd

er
na

uc
hb

el
ie

bi
ge

In
te

gr
al

e
üb
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lä
ch

ed
er

E
in

he
its

kr
ei

ss
ch

ei
be

� =

� (

� �( )

'� 2

����2 +

(2Z

1

� ,

di
e

w
ir

hi
er

um
sẗa
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ch
en

in
ha

lt

B¯ 2 � 	B¯ 2

2

D 1

�� 2

� � =

B¯ 2 � 	B¯ 2

2
co

s2

�� �
=

) ,
w

ie
er

w
ar

te
t.

E
tw

a
in

te
re

ss
an

te
ris

td
ie

B
er

ec
hn

un
gd

es
(h

of
fe

nt
lic

h
au

ch
be

ka
nn

te
n)

V
ol

um
en

sd
er

E
in

he
its

ku
ge

l

° =

� (

� �( �
� )
'� 3
����2 +

(2 +

�2Z

1

� �

H
ie

rz
u

kö
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lä

ch
ev

on

� is
ta

ls
o

�� �� ��
( =

�� �»
m� m�
a =

2

B �

0

9 :Æ �

0

m� m; <�
a =

2

B �

0

Å 2 2

� a =
)Å 2 .

Im
V

er
gl

ei
ch

zu
m

le
tz

te
nA

bs
ch

ni
tt,

w
o

w
ir

da
sI

nt
eg

ra
l(

fü
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lä

nd
er

ts
ic

h
ab

er
um

da
si

m
al

lg
em

ei
ne

nn
ic

ht
ve

rs
ch

w
in

-
de

nd
eK

ur
ve

ni
nt

eg
ra

lü
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üb
er

� zu
tu

n
ha

be
nm

üß
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üs

se
na

ls
o

no
ch

zu
s̈a

tz
lic

h
fo

rd
er

n,
da

ß
si

ch
di

e
K

ur
ve

ni
ch

ts
el

bs
tü
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ẗuc
ke

� 3
un

d

� 4
rü
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fü

r
da

s
hi

er
be

tr
ac

ht
et

es
pe

zi
el

le
V

ek
to

rf
el

d

O oh
ne

( -
K

om
po

ne
nt

eu
nd

ei
ne

n
N

or
m

al
be

re
ic

hv
om

Ty
p

I
is

t
de

r
S

at
z

al
so

ric
ht

ig
.

D
am

it
gi

lt
er

ab
er

zu
m

in
de

st
fü
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lä
ß

t:
D

as
F

l ä
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äc

ke
rs

au
sN

ot
tin

gh
am

.E
r

be
su

ch
-

te
nu

r
vo

n
18

01
bi

s
18

02
ei

ne
S

ch
ul

e,
da

na
ch

ar
be

ite
te

er
in

de
rB

äc
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iẗa

tC
am

br
id

ge
;n

ac
h

de
ss

en
A

bs
ch

lu
ß

bl
ie

b
er

in
C

am
br

id
ge

,b
is

er
18

40
w

eg
en

ge
su

nd
he

itl
ic

he
rP

ro
bl

em
en

ac
h

N
ot

tin
gh

am
zu

rü
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fü

rd
ie



�G �

H
öh
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fü
hr

td
ie

B
es

ch
r̈a

nk
un

g
au

fd
en

� 3 zu
ei

ne
rk

le
in

en
V

er
ei

nf
ac

hu
ng

:Im

� 3 ,
un

d
nu

rd
or

t,
ex

is
tie

rt
ei

n
V

ek
to

rp
ro

du
kt

;z
w

ei
V

ek
to

re
ns

in
dg

en
au

da
nn

lin
ea

ru
na

bḧ
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üb

er
ha

up
tke

in
P

ro
bl

em
:D

ie
an

ge
ge

be
ne

F
un

kt
io

n
is

ts
og

ar
au

fg
an

z

� 2 be
lie

bi
g

of
ts

te
tig

di
ff

er
en

zi
er

ba
r.

B
ei

de
rI

nj
ek

tiv
it ä
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r

Ì =
0

un
d

Ì =

)

is
ts

in

Ì =
0;

da
he

rw
er

de
na

lle
Pa

ra
m

et
er

pa
ar

e(

a�� 0)a
uf

(0

� 0�
Å )

un
d

al
le

rP
ar

am
et

er
pa

ar
e(

a��) )
au

f(
0� 0�

�Å )
ab

ge
bi

ld
et

.

D
as

is
ta

be
rg

lü
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öh

er
e

M
at

he
m

at
ik

IS
S

20
04

hi
er

se
hr

vo
rs

ic
ht

ig
se

in
;h

ie
ri

n
di

es
er

V
or

le
su

ng
so

lle
n

en
ts

pr
ec

he
nd

e
In

te
gr

al
e

de
sh

al
bv

or
si

ch
ts

ha
lb

erg
le

ic
h

ga
rn

ic
ht

er
st

de
fin

ie
rt

w
er

de
n.

N
ac

hd
em

w
ir

nu
nw

is
se

n,
w

as
ei

n
re

gu
lä
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üs
se

nw
ir

al
sn

äc
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sẗu

ck
s.

K
ap

.2
:M

eh
rd

im
en

si
on

al
e

A
na

ly
si

s
� �C

D
efi

ni
tio

n:
D

er
F

lä
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sẗa

nd
lic

h
un

d
se

hr
an

f̈a
lli

g
fü
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cḧ
at

zu
ng

de
rF

eh
le

rt
er

m
e)

de
n

fo
lg

en
de

nS
at

zb
ew

ie
se

n:

S
at

z:
D

as
V

ek
to

rf
el

d

H O :j
�� 3

ha
be

ei
ne

sy
m

m
et

ris
ch

eJ
A

C
O

B
I-

M
at

rix
,

d.
h.

ro
t

H O se
i

id
en

tis
ch

nu
ll.

D
an

n
gi

lt
fü

r
je

de
s

re
gu

lä
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öh

er
e

M
at

he
m

at
ik

IS
S

20
04

F
lä
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ḧa
n

ge
n

d
,w

en
nj

ed
eg

es
ch

lo
ss

en
eK

ur
ve

� inj R
an

d
ei

ne
sr

eg
ul

är
en

F
lä

ch
en

sẗu
ck

s
is

t.
A

ns
ch

au
lic

hk
an

n
m

an
di

es
au

ch
so

in
te

rp
re

tie
re

n,
da

ß
di

e
K

ur
ve

in
ne

rh
al

bv
on

j au
fe

in
en

P
un

kt
zu

sa
m

-
m

en
ge

zo
ge

nw
er

de
n

ka
nn

:M
an

de
nk

e
si

ch
di

e
K

ur
ve

al
s

ei
ne

n
st

ar
k

an
ge

sp
an

nt
enG

um
m

iri
ng

;w
en

n
m

an
di

es
en

au
fe

in
F

lä
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ḧo

rt
ha

be
nu

nd
fo

lg
er

n,
da

ß
na

ch
(

� )fü
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fü
ri

m
m

er
kl

ei
ne

rw
er

de
nd

eW
er

te
vo

n

m stim
m

td
ie

si
m

m
er

be
ss

er
üb
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lä
ch

ei
st

,l
äß
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lä
ch

e,
di

e
au

se
nd

lic
h

vi
el

en
re

gu
lä
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üb
er

di
e

� ! ist
al

so
gl

ei
ch

de
rS

um
m

eü
be

ra
lle

O
be

rfl̈
ac

he
ni

nt
eg

ra
le

üb
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lä

ß
ts

ic
h

w
ie

de
ra

ns
ch

au
lic

hin
te

rp
re

tie
re

n:
B

ei
de

rD
efi

ni
tio

n
de

rD
iv

er
ge

nz
ha

be
nw

ir
un

s
be

re
its

üb
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