Kapitel 5

Hilfsmittel

In diesem Kapitel werden die Hilfsmittel fiir die im néchsten Kapitel folgende gemischte Integraldar-
stellung bereitgestellt. Im Folgenden stellen die eckigen Klammern [.] die Grofte-Ganze Funktion auf

R dar.

5.1 Allgemeine Hilfsmittel

In der Clifford Algebra gilt nicht die Produktregel der Differenziation:

Es gilt 0(2T) = J|x|* = 2z, aber fiir m > 1 gilt

(0x)T+2(0T) = (1—m)T+x(m+1)

= T4+x+m(x—7)
= 2z —I—QmZxkek

k=1
# 2.

Die Produktregel ist also nicht anwendbar, da die Kommutativitdt fehlt.

Man kann jedoch immer gemischte Potenzen von x und T durch Ausnutzung von 27 = |z|? verindern.
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5. Hilfsmittel

Es gilt (fir x € R™): |2]? =

alel) = Yoz )
- ZZekel—lxl2 ZZZekelaEl

Z 27, und deshalb

y (fj - Z .

2

k=0 1=0 k=0 1=0 =0

k=
= (1-—

bzw. (o, § € N):

(mit Z, bzw. A analog.)
Satz 5.1.1 FEs gilt
!

Z(l_ﬂ+1) Impgp=l —

p=1

Beweis :

[30+1)]

D (—p+7

= (I—p+ 1)fl_2“+1+“_1x“_1 X Z

[L0-+1)]

(
= (

m
= . |x\2+2ekzelxlzxk
k=0 1=0

0
m)|z|* + 222

Oz)|z|* + z(0|z|*)

m 9 m a m
kZ_O eka—xk <; xl€l> ( > xi)
= _ p

|21 (03) + Bx|z|’ 22"
(92%)|z|® 4+ 2%(0|z|?)

o[

[50+D)]
N (e 1T 20D
pn=1
l
+ Z (1 — p+ 1) g2 g 2Um),
n=[3+3)]

l

gt g S

n=[30+3)]

(I — p 4 1) 2= 2w

l
(l —u+ 1)x2ﬂ—l—1+l—ﬂfl—,u
n=[30+3)]

l
= Y (—p+1E e Y (= pt DT

p=1

l

pu=1

[L0+3)]

—l—p
Y

= Z (l—p+ 1)z 'z

(5.1)
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a7

da [3(1+1)] +1=[350+3)].

(d
Satz 5.1.2 (Umformung der Differenziationsregeln)
Fir 2 <k gilt
%
(%k _ (m+2k 1) —k— 1 ka 2V‘$|2V 1) + Z x2ufk’x|2(kflfz/)
= i
Fir 1 <k gilt
[3(k+1)]
orF = (1 _m> Z Tk 2V+1‘CL‘|2V 1) + Z x2u7k71|$|2(kﬂ/)
v=[3(k+3)]
Beweis :
k—2 k—2
O =(m+2k—1DF" '+ (m—-1) Y 772" =m+2%k-1)7T" '+ (m—-1)z ) 7
v=0 v=0
1.
k—2 k—1
Ek—Z—VxV _ ka—2—(u—l) v—1
v=0 v=1
k—1
_ kaflfuxufl
v=1
k
(55" —k—2v|_.12(v—1) w—(k—1)—1|,.12(k—1—v)
= Zm || ) 4+ Z x ||
v=[3(k+2)]
_ Zxk 21/’x|2 v—1) + Z 2u7k‘x|2(k71711)
v=[3 (k+2)]
2.

N

-1

k i b
Ox — fk—y—1$u — § Tk_ -1 i 1 § “VvT 1
1—
m v=1 v=1

V=

[e=]

(*)(l:k) [%(kz"'l)] Z
\u=v —k— 21/+1’x|21/ 1) + x2ufk71|m‘2(k*1’)

v=1 v=[3(k+3)]

[



o8 5. Hilfsmittel

Satz 5.1.3 Firl,ne N, 2n<l+1und1 < pu<l—2n+1 gilt
“25 l—n—v+2 n+v—1 liﬂ l—m—v+2 n+v—1
v—1 n+1 n v=l—2n—p+2 n+1 n

B l—n—p+1 n+pu—1 l—n—p+1 n+p—1
B n+1 n+1 n n .

Bewezs:

Die Aussage gilt offenbar fir p = 1.
1. Induktionsanfang (u = 2): Es gilt
i l—n—v+2 n+v—1 l—fl l—n—v+2 n+v—1
v=1 n+1 n v=Il—2n n+1 n
B l—n-+1 l—nm+2—-14+2n n—1+1—2n
n+1 n+1 n
l—n+2—-1+2n—-1 n—1+01—-2n-+1
n+1 n
[ — 1 l—n—1 [ —
n+1 n n
l—n l—n l—n—1 l—n
= + —(n+2) —
n n-+1 n n
l—n—1 l—n—1 l—n—1
= + —(n+2)
n+1 n n
l—n—1 l—n—1
_ )_<n+1>< )
n—+1 n
B l—n—1 n+1 l—n—1 n+1
n—+1 n+1 n n '

2. Induktionsvoraussetzung: Die Aussage gilt fir 2n <l+1und 1 < pu <1 —2n+ 1.

3. Induktionsschritt: Es ist
i l—nm—v+2 n+v-—1 l%l l—nm—v+2 n+v—1
v=1 n+1 n v=l—2n—p+1 n+1 n

() )
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29

zu zeigen. Ks gilt

Sf Loy ntv-1 + l=n—p+2 n+pu—1
v=1 n+1 n n+1 n

lifl (l—n—y+2>(
v=Il—2n—p+2 n + 1

l—n+2—14+2n+p—1
n+1

e n4p—1
n+1 n+1
(l_”—ﬂ+1 <n+u—1
n+p+1 [ —
n+1 n
_ l—n—p+1
n+1

)
[y ()
)

n+rv-—1
n

n—1+01—2n—pu+1
n
o (l=n—p+2 ) ntp-1 ntn+1\[l-n

J- ()
()
Jo ()

—M>
n+p—1
n

n+p—1
n+1

)
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Satz 5.1.4 Es gilt fir2n <l+1und 1 < p<Il+1—-2n
l2§+1 l—n—v+2 n+v—1 lfl l—n—v+2 n+v-—1
—y n+1 n vl n+1 n
B [l—m—p+1 n+ p
n+1 n+1 )
Beweis:

1. Induktionsanfang: p = 1: Es gilt

i l—m—v+2 n+v—1 l—%l l—nm—v+2 nt+v—1
v=1 n+l n v=l—2n+1 n+1 n

2. Induktionsschritt: Es ist

t=2npt2 l—nm—v+2 n+v—1 l—fl l—m—v+2 n4+v—1
1 n+1 n py n+1 n
B l—n—p+2 n+p—1
n+1 n+1

Zu zeigen.

Es gilt
lznz:ub l—n—v+2 n+v-—1 2 (l—n—v+2 n+v—1
ot n+1 n v=p n+1 n
B l—2§4+3 l—n—y—|—2 n4+v—1 1—2n+1 l_n_y—|—2 n+v—1
s n+1 n v—p—1 n+]. n
n+1 n n+1 n
n+1 n+1 n+1 n

L.

ll<
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+<l—n—u+3>(n+u—2)

n—+1 n

B l—mn—p+3 n+p—1 l—n—p+2 n+p—1
_< n+1 )( n+1 >_< n )( n+1 )
B l—nm—p+2 n+p—1
(et

5.2 Stammfunktionen

Um die im nichsten Kapitel folgende gemischte Integraldarstellung zu finden, wird eine allgemeine

Stammfunktion der Funktion

Zlr 2k—m—1
gy TH |
%N T] (25 —m — 1)
j=1

bzgl. J bendtigt. Weiterhin seien mit den eckigen Klammern [a] die Grofte-Ganze Funktion (von «)

gemeint.

Definition 5.2.1 Sei fiir 1 <k und 1 <m

f|x|2k7mfl

i .
2k T] (2) — m — 1)

Jj=1

F(] =

Satz 5.2.1 Dann hat die [-te Stammfunktion F; von Fy bzgl. O die Form

fl—&-l |x|2k—m—1

Fi(w) =

2641k + 1) H (2j —m—1)

an | —n—pu+1 n+p—1\_ ., 1)
(ll Z_:( )( )xIHqu 1’1;‘2(14:-5- +1) 1

l\JI»—l

n—+1 n
+ k n+1
n=0 24+ I 25—m—=1) ] {2(k+j)—m—1}
j=n+2 j=1

Beweis: (durch Induktion)

Benuzt man die Umformung nach (5.1) fir Fy, so ergibt sich
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T I+1 |:L.|2kfmfl

Fiz) = g 2)
241 (k + D[] (25 —m = 1)

|x|2(k+1)fm—1 [%(ZH)]
+ - Z (l—u+1) - 2u+1m2u 1)
W (e + DI T] (2] —m — D{2(k+1) —m—1} | »=!
j=2

LD DEN VRt

p=[3(+3)]
[50-1)] |:L,|2(k+n+1)fmfl
+ k n+1
n=b A (RO TT (2 —m—1) H {2(k +j) —m—1}
j=n+2 Jj=
[L(-2n+1)]
y Z l=n—p+1 n+p—1 T172u72n+1’x‘2(u71)
st n+1 n
p— l—n—p+1 n+pu—1
+ Z x2(n+,u)—l—1|x|2(l—2n—u) )
p=[3(1-2n+3)] n+l "
Induktionsanfang:
Es gilt
P <x> B T2 |l.|2k:fm71 N |:L.|2(k+1)fm71
T k k
241 (E+ 1)! H1(2j—m— 1) 2k (k+1)! H2(2j—m— D{2(k+1)—m—1}
j= j=
und
k |x|2k—m—1
322
+ i z(2k —m — 1)|z|?k-D-m-1
1—m

{Q(k + 1) -m- 1}1;’ ‘2k7m71
2+ —m—11 "
|I|2k m—1

= o {Em 32k —m— 1)t a(m—1+1-m)}

2(k +1) T |z|k—m1
1—m ’

+
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Also ist Fy(x) beziiglich 0 die Stammfunktion von Fy = —L—— 7 |z|?~m"L,
[T (2j—-m—1)

j=1

Nun zum Induktionsschritt:

Es gilt
7 42| [ 2k—m—1
Fi(z) = i k
2L (K + 1+ 1) [T (25 —m — 1)
j=1
|m|2(k+1)—m—1
+ k
AL+ 1+ D] (25 —m — D){2(k+1) —m — 1}
j=2
[20+2)] I+1
X Z (l — K —+ 2)f l—2u+2|x|2(,u—1) + Z (l — 1 + 2)x2u—l—2|x|2(l—u+l)
p=1 p=[3(+4)
[%] |x|2(k+n+l)fmfl
+ Z k n+1
n=t AQRHHL(E+ T4+ 1) [T (25 —m—1) [T {2(k +35) —m —1}
j=n+2 J=1
[3(1—2n+2)]
y Z l—m—p+2 n+up—1 fzf2u—2n+2‘:E’Q(;rl)
= n+1 n

1—2n+1
N Z ( l—n—p+2 ) ( n+p—1 )x2(n+u)—l_2|$‘2(l—2n—u+1) >’

p=[3(—2n+4)] n+l n
also gilt mit | — 2 [é] = [ mod 2

R (B - 1+ 1) OF 1 (2)

|| Ze—m—L [3(+2)]

Tk <{m +2(1+2) - 1} + (m - 1z Z T2 || 2D
I[12j—m-1)

j=1

v=1

+1
+ Z szy_(l+2)|l'|2(l+2_1_y) >

v=[3(+4)]

N |x|2(k*1)*m*1x(2k —m — l)flJr2

(27 —m—1)

k
j=1
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|x|2(k+1)fmfl
_l’_

f (25 —m — D){2(k +1) —m — 1}

30+2)]
2
x < (1= p2) {0 D(07 20700 4 T2 (2 — )72}

pn=1
I+1
+ Y (= p+2) {0220 a0 — gt 1)
/L:[%(l—f—ll)]
N |z|?* ==t {2(k + 1) —m — 1}
k
(2j—m—1D{2(k+1)—m—1}
j=2
[30+2)] I+1
> < (l —u+ 2)5 l+2(17u)’x|2(u71) + Z (l — a4+ 2)$2(y1)l|x|2(lu+1)>
p=1 p=[3(+4)]
[%] |Jﬂﬂk+n+1}ﬂn—l
+ k n+1 )
ST @ =m= 1) T {20+ ) —m - 1}
j=n+2 j=1
[3(1—2n+2)]
l—n—p+2 n+u—1 N Cn
% Z H K {’x|2(u D (G2t
P n+1 n

FH 0 — 1) )

1—2n+1 _
—n—qu+ + 1
Z ( L > ( o ){|x|2(l_2n_“+1)(8x2(”+”_1)_l)

n+1 n
p=[3(—-2n+4)|

I—2n+1
l—n— 1 +p—1
N Z ( n— -+ ) ( n+ u >xQ(n-hu—l)—l|x|2(l—2n—,u+1)>

n n
p=[4(-2n+4)]

|z [Pt =m=L g L2k +n+1) —m — 1}

+ k n+1 .
[1 (2 -m—-1)T[{20k+j)-m-1}
j=n+2 J=1
[3(1—2n+2)]
l—n—p+1 —1
y Z n—pu+ n+ [ 2 =p=n) | | 20=1)
— n+1 n

1—2n+1
N Z ( l—n—;;+1 ) ( n+up—1 )xQ(n_HJ,—l)—l|x|2(l—2n—u+1)>>
p=[%(-2n+4)] ne "
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|x|2k—m—1
= — T (m+2+4—-1+2k—m—1)
Hl (2j —m—1) 2kt 1+1)
J:
1
2h—m—1 [3(+2)
- || v{2(k+1) —m — 1} < _ Z FH2(10) 7 2-)
(2j—m—1D{2(k+1)—m—1} v=1
j=2
41 [3(4+2)]
. Z l,2(z/—1)—l|x|2(l—1/+1) + Z (l — v+ 2>§l+2(1—u)’x|2(u—1)
v=[3(+4)] v=1
I+1
+ Z (l — v+ 2)1‘2(V_1)_l|l'|2(l_y+1)>
u:[%(l+4)]
‘:U|2(k+1)_m_1
T
‘ 2(2j—771—1){2(/’{—1—1)—m—l}
]:

[20+2)]
X ( Z (l —u + 2)< (\x|2(“_1){m + 2([ + 92— 2“) _ 1}51—2;1-1-1
pn=1
[30-2u+2)]
+(m . 1)|l,|2(u—1)ff{ Z fl_2”+2—2u|$|2(u_1)

v=1

1—2p+1

+ Z x?l/*lJr?,qu’x‘Q(l72u+2717V) })

V:[%(l—2,u+4)]
2 — 1)EZQ”+1]35|2(”1)>

1+1 [4(2u-1-1)]

+ Z (l —u+ 2)<|x|2(l—u+1)(1 - m){ Z fQN—l—2—2V+1|$|2(V_1)
p=[3(+4) v=1

2u—1—2

+ Z x2u72,u+2+lfl |x|2(2,u7l7271/) }

v=[3(2u+1-1)]

)
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L
2

[
AN @j-m-1) [T {20k +7) =m—1}

j=n+2

[1(-2n+2)]
y Z l—nm—p+2 n+p—1
=i n+1 n

X { (|x|2(ufl){m +2(l4+2—2u—2n) — 1}fl+1*2ﬂ*2n

|x|ﬂk+n+1yﬂn—l

[%(H—Q—Q/L—Zn)]
—|—|x|2(“_1)(m _ 1)$< Z jl+2—2u—2n—2u|I|2(u—1)

v=1
I+1-2pu—2n

+ Z x2u—l—2+2u+2n‘x’2(l+l—2u—2n—u)>) sgn{l + 2(1 — - n)}
V:[%(l+4—2,u—2n)]

+2(p — 1) sgn{2(pn — 1)} fl“2“2"]:c|2(”1)}

N lfﬂ (l—n—u—i—Q)(n—l—,u—l)
p=[3(—-2n+4)] n+l n

[3{2(n+pm)—1-1}]
% { |I|2(l—2n—p,+1)(1 _ m)< Z EQ(n+M—1)—l—2y+1|x|2(u—1)

v=1
2(n+u—1)-I1
X Z xQu—l—Q(n—l—u—l)—H|x‘2{2(n+u—1)—l—y}> sen{2(n +p— 1) — 1}

v=[32(n+p)+1-1)]

+2(l=2n—p+1)sgn{2(l —2n —pu+ 1)} xz(”+“)_1_l|x|2(l_2”_“)}>

2 D=mL (| 4+ 1) —m — 1}
+ k ) n+41 .
[1 (2 —m—1) ] {20k+5)—m—1)
j=n+2 J=1
[3(—2n+2)]
y 2 Z l—n—p+1 n+p—1 fl+1—2u—2n’x|2(u—1)
s n+1 n
I—2n+1
L (T
p=[4(1—2n+4)| n "
%(l 2
|z|2ktntD)=m=L 0 (O + 4 —m — 1)
+ k ' n+1 .
n=0 T (2j—m—1)]] {2(k+j) —m—1}
j=n+2 j=1
30-2n)
y Z l—n—p n+p =20 | 2= D)
o n+1 n+1

l—2n—1
N Z l—n—p n+ mQ("‘”‘)_l|x|2(l_2"_2_“+1)
)] n+1 n+1

p=[%(-2n+2
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2k +1+ 1)El+1]a:‘2k_m_1

k
I (2 —m=1)

2(k+1)—m—1 [3(+2)]

o L 2k ) = ) < S (1= v+ g g

[ @ —m— D2k +1)—m—1}\ =

j=2

!
+ Z (l — v+ 1)$2u11’$|2(lu)>
v=[3(+4)]

. |2 =1

(2 —m—1{2(k+1) —m—1}

X(

k
j=2

—
N

(+2)]
> <le“+1\:c]2(“l){(l — A 2)(m 420+ 3 —4p) + (1 —p+2) 2(p — 1)}
pn=1

[3(1—2p+2)]
+m—1)(—p+2) Y TPy

v=1
1—2p+1

+(m— 1) —p+2) Z x2(,u+l/)ll|x|2(l,uu)>
v=[3(-2p+4)]
I+1
+ D <(l —p+2) 2(1 — p 4 D PO
n=[5+4)]
[1(2u—1-1)]
+(1—=m)(l—p+2) Z EQ(N—V)—Z—1|$’2(I—;L+V)

v=1

2u—1-2
+1-m)l—p+2) > :EQ(”_“)+Z+1|$|2(“_”_1)>>
)]

v=[3(2pt+1-1

- B
r[2(kt)—m—1(g3 _

+ | | (3 ) <Z (l o M) Mfl72“71|$|2“
(2j —m — {2k +1) —m — 1} \u=1

|~

k
J=2
-1

+ Zi<wwmﬁﬂmmwﬂ”>

p=[30+2)]
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[3(-2)] |20kt 1)=m—1
+ Z k ] n+1
n=l [I 2j—-m-=1)]I{2(k+j)—m—1}
j=n+2 j=1

[3(1—2n+2)]
% Z El+1’2“’2”\x]2(“’1)< l—n—p+2 n+p—1
s n+1 n

x{(m—|—2l+3—4,u—4n) sgn{l +2(1 —pu—n)} +{2(p — 1>}}

l—n—p+1 n+p—1
+< i )( ; ){2(k+n+1)—m—1}>

+<l_”_“+2><”+“_1)5@g+2a—u—nn@n—u

n-+1 n

[ (14+2—2p—2n)]

« Z fl+1—2(,u+n+u) |x|2(u+u—1)
v=1
l—n—pn+2 n+pu—1
+< s )( a )smﬂ+2ﬂ—u—nﬂﬁn—n
n—+1 n
I+1-2pu—2n
« Z x2(u+u+n)—l—1 |x|2(l—u—2n—y) }
v=[3(+4-2u—2n)]
[30-2m)] l—n +
—n— n
+ Z s s (2n + 4 — m — 1)F 2t =L 20
= n+1 n+1
[—2n+1
+ Z {xZ(n+,u)ll ’x‘2(l72n7,u)
lti[%(l—2n+4)]

l—n—p+1 n+pu—1
><<< . )( ; ){Q(k—l—n—irl) m—1}

+<l—n—u+2><n+u—1>
n+1
+(“”‘“+2><”+“ 1>sgn{2n+u—1) 1} (1—m)

2( l—2n—u+1)qgn{2(l—2n—ﬂ+1)}>

n+1
% (n+p)—1— 1
« Z xZ(nﬁufu)flfl |x|2(l72n+yﬁu)
v=1
l—n—p+2 n+pu—1
+ sgn{2(n+pu—1)—1} (1 —m)
n+1 n

2(n+p—1)—1

« Z x?(unu)+1+l‘x|2(,uul)}
v=[32(n+p)—1+1)]
[—2n—1

+ Z x2(n+u)—l+1|x|2(l—2n—ﬂ—1) ( b=n—p ) ( nH > 2n+4—m—1)

p=[(2n+2) n+1 n+1
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|x|2(k+[é]+1)—m—1
_|_
k [5]+1
[1:[] (2 —m—1) 5 {2(k+j)—m—1}

[3(-2[5]+2)]=1 ZH1-2u-2[5]) 1 2(u—1) GU+D] —p+2 5] +n—1
(X e (B B

) >
_|_< ([é]+£/l—1>{2(k+{_]+1)—m—1}>
()G s e
[3(+2-2u-2[])]=(1-p)=0
« Z fz+1—2,1—2[%]—2u|x|2(#+u—1)
+< 50 —i-[il})]+_1ﬂ+2 ) ( (3] HL— 1 > sanfl +2(1— H)} (m— 1)
l+1—2u—2[§]§0
y Z x21/*l*1+2u+2[%] ’$|2(Z*M*2[é]*’/) }

1+(I mod 2

)
4 Z {$2[é]+2u—l—1|x|2(l—2[§]—u)

() (P ea e

LB (T e e
+< 20 Jr[;)L_l“Q ) < ] J[r%/]h ! > sgn{%H +p—1) =10}

[32[4]+2n—1-D)]=1

X (1 —m) Z Z2(u—v)=1—(I mod 2) ’$|2(l—2[%]—u+y)
1 _ :1 B
+< [2<l Jr[il})}—i_ 1H+ 2 ) ( [2] TL/]L 1 > sgni{2( {é} +pu—1)—1}

2[L]+2p—2—1=2p—2—(1 mod 2)

% (1 _ m) Z 22(v=p)+1+(l mod 2) |l,|2(u—u—1) }>

v=2



70 5. Hilfsmittel

Seien
2<k+l+ 1)fl+1‘x|2k—m—1
Tl = A ,
(2§ —m —1)
j=1
|:L.|2(k+1)7m—1 {2(/{5 + 1) - 1} [%(H—Q)]
o= (3 e g
[He—-—m-0{2k+1)—m—-1} \ v=!
=2
l
+ Z (Il—v+ 1)x2y_l_1|l’|2(l_y)>
v=[3(+4)]
N |x|2(k+1)—m71
k
(2j—m—1D{2(k+1)—m—1}
=2
3(1+2)]
X ( > <El_2“+1|x|2("_1){(l —pu+2)(m+2A+3—4dp)+ (1 —p+2)2(u — 1)}
pn=1
[3(1—2u+2)]
Hm— 1) —p+2) Y TPy
v=1
1—2p+1
+m -1 -p+2) Y :132(“+”)_l_1|x|2(l_“_”)>
IIZ[%(I72M+4)]
I+1
+ Z <(l —p+2)2(l—p+ 1)x2u*l*1|x,2(lfu)
=[50
[32n—1-1)]
HA-m)l—p+2) Y TPl
v=1
2u—1—2
+(I—m)(l —p+2) Z $2(VM)+1+1‘x’2(uvl)>>
v=[3(2pu+1-1)]
5]
D71 (3 — m) e
3 > (= p) p T
(2 —m—1){2(k+1) —m—1} \p=1
j=2

-1

2 (l—M)M$2“_l+1|$|2(l_”_l)>,

p=[30+2)]
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[

[NIES

(172)] ( ’$‘2(k+n+1)—m—1

TS - k n+1
=l [T 2j—-m-1)]]{2(k+j)—m—1}
j=n+2 j=1
[3(1—2n+2)] ]
% Z El+172u72n‘x’2(y71)< —n—jpu+2 n+p—1
st n+1 n

x{(m+2l+3—4,u—4n) sgn{l +2(1 —pu—n)} +{2(pn — 1)}}

l—n—p+1 n+p—1
+( o )( . >{2(k3+n+1)—m—1}>

-I—(l_n_u—f—z)(n—'—'u_l)sgn{l—l—Z(l—u—n)}(m—l)

n+1 n

[3(14+2—2p—2n)]

« Z El+1—2(u+n+u)|x|2(lt+u—1)
v=1
l—n—p+2 n+pu—1
—i—( s )( s >sgn{l+2(1—u—n)}(m—1)
n+1 n

+1-2p—2n

> Z $2(u+u+n)—l—1|x’2(l—u—2n—1/)}

v= [% (l+4—2u—2n)]

[3(—2n)]
l—n— +
’ Z { ( n+1 : ) ( Z+lf >(2n+4 - 1)fl—2(“+">—1|x|2“}

+ Z {x2(n+u)ll |x‘2(l72n7u)
)]

l—n—pn+1 n+p—1
><<< . )( ; ){Q(k—l—n—l—l)—m—l}

+<l_n_ﬂ+2><n+u_l)2(l—2n—u—|—1)sgn{2(l—2n—u+1)}>

n+1 n
l—n—u+2 n+up—1
+< : )( a )sgn{Z(n—i—u—l)—l}(l—m)
n—+1 n
[3(2(n+u)—1-1)]
« Z 52(n+ufz/)fl71 ’x|2(l72n+u7,u)
v=1
l—n—u+2 n+u—1
—l—( s )( H )sgn{Q(n—l—u—l)—l}(l—m)
n+1 n

2(n+p—1)—I1
« Z x2(1/7n7,u)+1+l’x|2(u7u71) }
v=[32(n+p)—1+1)]
—2n—1

4 Z xQ(ner,)fH»l|x’2(lf2n7u71) < l—n—p > < n+ [ ) 2n+4—m—1)

i [3(2n42) n+1 n+1



72 5. Hilfsmittel

und
| 2(+ [5]+1) —m—1
T = L]+
H (2j —m—1) ! {2(k+j7)—m—1}

[3(-2[5]+2)]=1 F1-20-2(5] | 1 2(0—1) GU+D] —p+2 [5] +n—1
% 2 T |z < [é] +1 [%]
)

x{(m+2l+3—4u—4H)sgn{lmu—u— [ ])}+{2(u—1)}}

+< [%<l+[;ﬂ+—1ﬂ+ 1 ) ( 2] H‘_ ! ){2(k+ H +1)—m— 1}>
1)

DO |

2

+<[%<” H‘”)([5“[5‘1>sgn{1+2<1—u—{ﬂ>}<m—1>

I+1-2p—2[4]<0

- zzv—l—mwm|g;|2<l—u—2[%1—u>}

v=2—p=1
1+(! mod 2)

I Z {xQ[%]—i—Qu—l—l|x|2(l—2[%]—u)
n=2

() e
2

5]

( ki J[rﬁ_l ) 2(1—2[%] —u+1)>
( et ) sn(2([ 5| 401~ )

[3] +1 4]
[22[4]+2u-1-D]=1

X (1 — m) Z E?(,u—l/)—l—(l mod 2)|x|2(l72[%]7u+y)

+< [5( jt[il})};lu +2 ) ( 5] J[rilf -1 ) Sgn{2(|:é:| fpu—1) -1

2[4 ]+2p—2—1=2p—2—(1 mod 2)

« (1 . m) Z x2(l/*/$)+1+(l mod 2) ‘:L,IQ(Mfl/fl) } > :

v=2
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Dann gilt

R (B I+ D) OF 1 (z) = Y1+ To+ T3+ Ty

Nun haben wir die Formel in 4 Teile zerlegt, die einzeln betrachtet werden:

1. Yy ist der erste Bruch mit |z|**=™71, er ist bereits in der gewiinschten Form.
2. Nun wird Yo betrachtet:

Mit

2082 — o+ 1=[a+1]=[5(+2)] , fallslgerade

O=1+2l-p)ep=—=3 2
( ) { wz%:oﬁk% ¢ Ny , falls [ ungerade,

und 0 =2(l —p+1) & p=10+1 gil

T, = — (T“(z F1)(m+ 20— 1)+ {2k + 1) —m — )7
(25 —m—1{2(k+1) —m — 1}

5

+ 3P - 2) {m+ 20+ 3 — 4+ 20— 2}
pn=2

k
J=2

—

(- p+r D)2k 1) —m— 1}>

—
D[~
[ty

+ ) (=t D= 1)(3 —m)z' =2+ g fUD
0
[

[l
I\

N[~
[ty

[3(-2u+2)]
+> (m=D(l—p+2) Y TP

pn=1 v=1

(1 mod 2) 2130+ 2{ [ 0] 1} {1 - B(z + 2)} + 2} {m +20+3—4 B(z + 2)} }

H2k+1) —m -1} {l - B(l + 2)] + 1} F-2lz 2] {3021}

wp-lialapptlen L Raen)] 4o} (2 [Ja+n) 1))

(I mod 2) (m — 1) {z - E(z + 2)} + 2}

[3{1-2[30r2)]42) =[50 moa 2]=0

% fl—z[%(Hz)]—Qlﬁq|x’2{[§(l+2)]+y—1}
v=1
1 l _i-afL]-1) r2[L]
+ =4+ 1) || (B=m)z 27 |z|*2
2 2
I+1 [3@u—1-1)]

+ Y em-pt2) Y Bl
v=1



74 5. Hilfsmittel

[5] I—2yt1
Y D —pt2) Y @)
p=1 v=[4(1~2u+4)]
1-2[3(142)]+1
+(l mod 2) (m — 1) {l - B(l + 2)} + 2} Z x2[%(l+2)]+2u—l—1|x|2{lf[%(l+2)]fu}

v=[3{i-2[3(1+2)]+4}]

=

!
£SO 1) - — 1} 200
p=[3(+4)]

l
+ > (= p+2) 20— o D g2
pn=[30+4)]

I+1 2pu—1-2
+ Y G-m—pt2) Y Pl
p=[4(1+4)] v=[}@u-1+1)]

l

D DR R R VCE m>x2~“rx\2<l~>> .

p=[3(1+4)]
Folgende Terme werden in einfache Summen umgewandelt:

1. Se:

] [3(—2p+2)]

S = Z (Il —p+2) Z T ) 2]

pn=1 v=1

Set \i=pu+v. Firv=1glt \=pu+1, firv= [é] —pu+1gilt \=p+ [é] —u+1, also gilt

[2] 211
Si=> (I—p+2) Y T PO,
pn=1 A=p+1

Esgit 2=1+1<p+1<A<[f]+1und1<p<X—1. Also gilt

[3]+1 A-1
S, = Z fl_2>\+1|l‘|2(>\_1) Z (l —u+ 2)
A=2 =1
3o
_ Z fl_2>‘+1|l‘|2(>\_1) {_)\()\2— 1) + (/\ _ 1)([ + 2)}
A=2
[5]+1

_ fl—2A+1|l,|2(>\—1)()\ . 1)(l . % + 2)'

>
||
I\
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75

2. KEs gilt

SE JEES S
2 2 2
{ S=-4=-[3

(1+2)] =
(1+1)]

— [3(1+3)] , fallsl gerade

- [%(z+1+2{1 — (I'mod 2)}>] :

Sei

I+1
Sy 1= Z (l—p+2)
[t
SeiAi=p—v. Firv=1qgilt \=p— 1.
Firv=p— [$(1+1+2{1— (Imod2)})] gil
A=p—p+ [E(1+1+2{1 - (Imod2)})] =

Also gilt
I+1 p—1
So= ) (—pu+2) 3 T 20,
p=[5]+2 A=[$(1+1+2{1— (1 mod 2)})]
Mit
1
ka+1+%1—ammmblgAgu—1§l+1—1:L
A+1<pu<l+1
und
1
[+1-— {§(l+1—|—2{1—(lm0d2)})
B I+1-[3(1+1+2)] =14+1—[5(1+3)] , falls [ gerade
+1-[3{l+1+2(1— 1)}} =1+1-[i(+1)] , falls! ungerade
_ [+1-82=11=[L] =[1(+1)] , fallsgerade
[+1—81 =481 =[1(1+1)] , falls [ ungerade
folgt
! I+1
S2 _ Z EQ’\_l_1|xl2(l_)‘) Z l—ﬂ+2
A=[3 (1+142{1—(1 mod 2)})] p=A+1
l I—M\+1
_ Z fZA—l—1|x|2(l—A) Z [ — = A+2
A=[3 (+142{1—(l mod 2)})] p=l1

p=[5(+1+2{1—(l mod 2)})]

72(p—v)=1-1 |x|2{l—(u—r/)}'

(]

t
11+ 14 2{1— (Imod 2)})].

, falls [ ungerade.

}



-, 5. Hilfsmittel
l
_ Z EQ)‘_Z_1|I|2(Z_)\){— (l_)\+1)(l_/\+2)—|—(l—)\—|—1)(l—)\+2)}
2
A=[4(1+142{1(1 mod 2)})]
! 1
_ > SU= A+ (1 = 34277 o0V
A=[(1+142{1—(1 mod 2)})]
l
1
— > SUFA+ DI+ A+ 2)z 2 g P
—A=[3(1+1+2{1~(l mod 2)})]
,[%(1+1+2{17(l mod 2)})] 1
_ 2. S+ A 1)1 A+ 27 P PO
A=—1
—[3(+142{1—(1 mod 2)})]+1+1 I
_ > SUAA =L =T (4 A= 1= 14 2)7 2D gy
A=—lFi+1
] |
_ Z 5(}\ i 1)51—2x\+1|$|2(>\—1)
A=1
3. Sei
4]
Syi=) (Il—p+2) Y 2P,
[ ure

Sei A= p+v.

Fiir v = [é} —p+2 gilt da,nn)\:u—l—[%} —pu+2 = [%}+21mdf7'11r1/:

A=p+l-2p+1=10—p+1.

Also gilt
%
Z l—,u+2 Z J/,2)\7lfl|x|2(lf)\)‘

Es gelten [%]—|—2§)\§l—u+1§lundlgugl—/\—l—l.

[ —2u+1 gilt
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Also gilt
l I—2+1
53 _ Z x2>\—l—1|$|2(l—)\) Z l—[L+2
A=[4]+2 p=1
!
I—= A+l —X+2
= 2 x”“|:c|2<“>{ AR DUZARE g 1)(l+2)}
=l
!
_ Z xz,\—l—1|xl2(1—x){(l A1) 2l+4—l—|—)\—2}
2
A=[3]+2
Lo
= Z 5(1_)\+ 1)(1 4+ A+ 2)a =L g2
A=[4]+2
4. Sei
141 2p—1—2
Sy = Z (l—p+2) Z gH=2nmv) | g |2y =L)
e =i [30-0)

Sei weiterhin \ == p — v.
Dann gilt firv=p+ [s(1=0]: A=p—p—-[201-0] =—[5(1=1)] und firv=2p—1-2
qlt \=p—2p+1+2=101—p+2.

Also gilt
I+1 ~[30-0]
S, = Z (1= p+2) Z P | PO
p=[4]+2 A=l—p+2

und mit 1 =1—1-1+2<l—p+2< A< -0 —=D] undl = X+2<p<I1+1 gilt

-[30-0)] I+1
S, = Z x172A+1|x‘2(A71) Z [ — 42
A=1 p=l—A+2
~[30-0)] H1—14A—1=X
_ Z xl—2>\+1|x|2()\—1) Z I+2—pu—14+X1-1
A=1 p=1
—[3-0)] A
_ Z xl_Q’\+1|x|2()‘_1) Z A—p+1
A=1 pu=1
~[30-0)
AA+1
= a:l_2’\+1|x|2()‘_1){ _ A+ 2+ ) + AN+ 1)}
A=1
0]
_ 5(/\ + 1){L‘l_2>\+1|l’|2(>\_1).



78 5. Hilfsmittel

Mt

41+ Bu—n} ~ 424 [%(—1—1)] 42— B(z+1+2{(zm0d2)})]

Li+2)] | falls] gerad 1
- [?( + )} , Talls [ gerade Z[—{l+2+2(5m0d2)}}
[E(l + 4)} , falls [ ungerade 2
folgt
~[$-0] }
S, = Z _5(1 ) 21
—1
P _
= D Sty
p=[40-D)
—141+1
- Z _H_THH — p4 14 1)l P2 g =20
p=l4+1+[ 5 (1-0)]
!
[ — 1
— Z ++(l — + 2)$2u—l—1’x‘2(l_u)
p=[4{1+2+2( mod 2)}]
!
1
- SU—p+D(l—p+ 2) 211200
p=[4{1+2+2( mod 2)}]
Also gilt

|x|2(k+1)—m—1
T, = T4+ D (m+20—-1)+1{2(k+1) —m—1}7!

(2j —m — D){2(k+1) —m —1}
(5]

+ fl*2“+1|x|2(“*1><(l —p+2){m+2(0—p)+ 1} + (- p+D{2(k+1) —m— 1}>

k
Jj=2

— =

W~ ||
-

+ ) (L= p+ 1) (= 1)(3 —m)z 2 gD
n=2
[5]+1
Hm—1) Y T P (- 1)1 -
n=2

+(! mod 2) gl mod 2)_1|:13|2[%] {%(Z + 3)} {m —1+4+2(l mod 2)}

+
o=

+2)

+{2(k+1)—m — 1} [%(l + 1)} (1 mod 2)_1|$|2[é]

4t mod 2)-1112]5] B(z + 3)} 2 H + F(z + 1)] H (3 — m)z mod 21| 2[2]
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[30+1)]
+(1 —m) Z g(ﬂ + 1)51*2#+1‘x|2(u71)

p=1
l

1
+m—1) > U=t D+ pt 2) 2211 [20=0)
p=[%]+2
1 (I mod 2)—1<0
L
+(l mod 2) (m — 1) [50 + 3)1 D A e e (i

p=1

l
+ Y (= D2k + 1) —m — T g 20

p=[50+4)]
l
- (1= o+ 2) 200 — o 1) o200
p=[3(+4)]
I
1
+(1—m) Z §(l — A+ 1)1 = p+ 2?2

p=[3{1+2+2( mod 2)}|
!
+ Y. (—p+DE-1)B- m)fﬂ”"“!ﬂf\”‘”)

’$‘2(k+1)—m—1

ﬁ(?j—m—l){?(k—l—l)—m—l}

i=2

><<5H<lm+2l2—l+m+2l—1+2kl+21—lm—l+1—m>

N[~

+ §Z*2“+1\xl2(“*1)<lm + 20 = 2L+ L — pm — 2L+ 2% — 4 2m + AL — A+ 2
/J/:

[\

2kl + 20 —Im — 1 —2kp —2pu+pm +p+2k+2—m—1
+(lp—l—p+p+p—1)(3—m)

1 1
Hm =)= St 42—+ 5= (=)t + )

gl mod 2>—1|x|2[%1<(m —1)( B(z + 2)} —1) {z - % B(z + 2)} + 2}
(I mod 2) B(lJr?))} (m+1)+ {2k +1) —m—1) [%(lntl)] + B(l+3)] ) M

+ B(z + 1)] [é] (3—m)+(1—m) % E(l + 1)] B(l +3>}

HOL—m){1— (mod 2)} (z - [%(Hz)] + 1) (z - B(Z+2)] +2> )



80 5. Hilfsmittel

l
1
- x2u—l—1‘x,2(l—u)<§(12+lu+2l—lu—u2—2u+l+u+2)(m—1)

p=[5(+4)]
+2kl4+20 —Im — 1 = 2kp —2u+pum +p+2k+2—m
—1 4202 — 2+ 21 — 2+ 2u* — 2p + 4l — 4y + 4
1
—l—(l—m)i(l2—1u+2l—lu+u2—2u—|—l—u—|—2)
+(lu—l—u2+u+u—1)(3—m)>>
2(k+1)—m—1
= - i (21(k +1+1)7 !
(2j —m—D){2(k+1) —m — 1}
j=2

[5]
+ f’*2u+1|xy2<ﬂfl><2z2 — 4l + 61 4 2p% — 6 +m + 3 + 2kl — 2k + 2k + 3l — 31
pn=2

N~

1
—3u2+6u—3—ml,u+ml+mu2—2mu+m+ml,u—im,uQ

1 1 1 1
+2mu—lm+5mu—2m—lu+§u2—2u+l—§u—|—2—l—§u2

R N >
—p— =mp° —=m
gH T MK T Ik

420 mod DAl (o — 1) B(z + 2)} Y {z _ % B(z + 2)} + 2}
(I mod 2) E(z + 3)} (m+1) + {2k +1) —m—1} B(z + 1)]
—%BU+34Q{Q—FBU+14[ﬂ(3—m)+@—nﬁ%{;k+m]EU+34>

!
1 1 1 1 1 1 1
+ ) x2“’l’1|:v|2(l’“)<—ml2 — =P+ omlp — Zlp+Im — 1 — —mlp+ =lp — =mp?

2 2 2 2 2 2 2
M:[%(H-‘l)]
1, 1 1.1 1
—u2 - “ml— =1+ —mp — = —1+2
+2u mu+u—|—2ml 21+2mu 2u+m + 2kl

+71—Im — 2kp — Tp + pm + 2k +5 — m + 2% — dlp + 247
+112 11 +1 lz +1 2 +1z L +1 1 12

— —_— — —_— — — J— — —_— — __m

ot T gtH Tl mHT Rt TGk 2

. L+ Sl — Lo + L4
2mu m 2m,u 2mu mu 2m 2m,u m

+3lu—3l—3u2+6u—3—ml,u+ml—|—mu2—2mu—|—m>>.
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Seien

Yo = 20 —Alp+ 61+ 2u* — 6 +m + 3 + 2kl — 2k + 2k + 3lp — 31 — 3p® + 6 — 3 — mip

1 1 1
—i—ml—i—m,u2—2m,u+m+mlu—im,u2+2m,u—lm+§mu—2m—lu+§,u2—2u

I S T P B

Ty, = Flmod 2>*1\x12[%]<(m —1)( B(z + 2)} —1) {z - % E(z + 2)} + 2}

+(Imod 2) B(z + 3)] (m+1) +{2(k+1) —m—1) B(z + 1)]

foso] o[ Boss] [o-msa-m s o)

und
1 1 1 1 1 1 1 1 1 1
Yos = —ml*— =P+ —mlp— =lp+1Im—1——mip+ =lp — =mp® + = p* — —ml — =1
2.3 2m 5 —|—2mu Q/H—m 2mu+2,u 2mu +2u m/H—;H—Qm 5
1 1
—l—ém,u—§u+m—1+2kl+7l—lm—2ku—7u+um+2k+5—m+2l2—4lu+2u2
1 1 1 1 1 1 1 1 1 1
S T - =l - = 1 — —ml® 4+ =mlp — ml + =mlp — =mpy?
—1—2 2u—|— 2u—|—2u u+2 2u+ 2m —|—2mu m—l—zmp Qm,u
1 1
—l—mu—5ml+§mu—m+3lu—3l—3,u2—|—6u—3—ml,u+ml—l—mp2—2mp+m.
Dann gilt
|x’2(k+1)—m—1 [é]
T, = — A(k + 14 D@14y g2t g2,
(2 —m— {2k +1) —m — 1}
j=2
!
+T2,2 + Z wQﬂ_l_l‘l"Q(l_u)Tz’g) .
p=[5(+4)]
Es gelten
9 9 1 1 1 1
Ty = l(2)+lu(—4+3—1)+l(6—3+1)+u(2—3+§+§)+u(—6+6—2—§+§)

+m(1+1-2)4+ (3 —=3+2)+kl(2) + ku(—2) + k(2) + miu(—1+1) + mi(1 — 1)
11 11

2 —_ —— - J— —_—— -
+mp(1 5 2)+m,u( 2+2+2 2)

= 2% —2p+ 4l — 2+ 2 + 2kl — 2kp + 2k

= 2kl — 2kp 4 2k + 21 — 2l 4 20 4 21 — 24 + 2
= (l—p+1)2k+1+1)



82 5. Hilfsmittel

und
1 1 1 1 1 1 1 1 11 1 1
Tos = mi*(= — )+ 1P*(—=+2+= e B | —— 4=
23 7M(2 Q+l(2+ +2%Hmm2 5t5 T3 )+ Lu( 513 5 2+$
1 1 1 1 1 1
Iml+=-—-1—-1—=+1)+1(-1-= 14+=— (= —-+1
+m(—|—2 2+)+( 2+7+ +5 3) + mu’( 5 2+)
+2@+2+1—$+nz@1+1+1+1+1—m+ 0—1—7—1—1+®
oy 2 a 2 2 A3 2
+m(l=1—=141)+ (1 4+5+1—3) 4 ku(=2) + kI(2) + k(2)
= 2% —2p+ 4l —2u+ 2 — 2kp + 2kl + 2k
= (l—p+1)2k+1+1).
Fallunterscheidung:

1. Sei | ungerade. Dann gilt mit [é} = =L ynd [%(l + 1)} = 4l

I+1 1141 I+3 I+1
Too = (m—l){T—l}{l §T+2}+T(m+1) (2k’+1—m)T
1—1
2
1+3 1—1 I+4+11—1 11411+3
5 23 5 g Bmmt-mo———

1 1 11 1,1 1 3 3
= <§ml—§m—§l—|—§) (l_ll_1+2>+§ l+—l+2m+2+kl—i—k+—l

N

By
1, 1. 1 1
+———ml——m+—l2——l gz §+(—12——l+—1——>(3—m)

1 1 1

2 2 2 2 4 4 4 4

1 12 3 1 3

l

3 7 3 7 3 7 3 7 1 1
= mlP+-ml—ml—-m—P——-1+21+—-+2 4 kl+k+ =P

8m +8m 8m 8m 3 8+8+8—|— +m—|—2—|— + +2

3 1 3 1 1 3 1 1 3

12— -ml>-= P4 Zl4+=—-—ml®>—-ml— =

T gt tglitgttg g T g

31 1
= 2lZ_-Z-_= l
" (8 1 8)+m
3 01 3 1 7 3 1 7 1 3 3
AP+ -+ )+l —c+=+2+ )+ s+ -+ | +kl+k
8 2 4 8
= P+20+1+kl+k
= 22— P14 —1—1+2+2kl— Kkl —k+2k

_ 1—2zl+71 4Z—2Z+Tl+2+2kz_2kl+71+2k
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::2?—24%@+24+4L—2EU+2%+2+2M—2kBU+2ﬂ+2k

[30+2)]
= Y 20— 2pu Al -2+ 2 — b+ 2kl + 2k
n=[5(+2)]
[30+2)]
= > (—pt+D2Ak+1+1).
n=30+2)]

Da ,
2(k +1+ 1)z Z (I = p+ T2 g 2o,
l [30+2)]
f(l mod 2)—1|x|2[§] — |x|l—1 — Z 5172u+1|x|2(p—1)

p=[30+2)]
und [L(1+2)] = 5L gilt, wird T, zu

2(k+l+ 1)|x|2(k+1)7m71

141

Z [ —p+1) 71 2,u+1‘l,|2,u, 1)
k

[1@2j—m-1D{2(k+1)—m—1} (#=

Jj=2

l
+ Y (= p P PO

p= % l+4)

N)\»—‘

. [L0+1)]
_ 2(k+l+1>’x‘2(k+l) ! Z l_lu_l_l - 2u+1|l.|2u 1)

1i[(2j—m—1){2(k;+1)_m_1} =1

j=2

!
+ Z (I — po+ 1)z~ g 20=m)
(i

In diesem Fall ist Yo in der gewiinschten Form.



84

5. Hilfsmittel

2. Sei | gerade. Dann gilt mit [é] :é und [%(l + 1)} =<
l

T272 = (m —

J/

3 3
13

L1+2

N —
N |
M‘

3

L l+2_1 1

l +2
=-<l——=42 2k+1—m)-+—2-+-1*)3-
)2{ Tt }+(—+ 7m2+ 5 2+4( m)

3 1 1 1 3 1 1 1
9 52 9 4, 9 9 L 12 O L o9 Lo 1
= —ml°+ -ml 8l l+kl+2l 2ml+2l +l+4l 4ml + =l +4l

4

8

L1y, p(3,1,8,1
2 4 8 2 48

= 22— 12— +4l—1—2+4+2—kl—2k+ 2kl + 2k

[+2 [+2

[+2

= 2? —QZT+4Z—QT+2—21€—+21{:Z+2]€

=2

I
M
v ofg

[+

42

H

I

~ ‘

Dq 7 mod 2)—1|x|2[é] _

202 — 2+ 4l —2u+2—2

(l—p+1)2k+1+1).

T Hz|t = xjz|? =

wird Yo in diesem Fall zu

2k + 1+ 1)]z[2h+D=m—1

k

[ (2 —m

Jj=2

— {2k +1) —m— 1}

2(k+l+ 1)|x|2(l€+1)—m—l

7j=2

11 (2~ m

{2k +1) —m—1}

kgt + 2k1 + 2k

Z g2 und [L]) = [A(+1)] gilt,

l+2

4
S (= e+ 1)z

p=1

l
+ > (= p+ ) P

w=[30+2)
[30+D)]

Z (l—,u+1) I— 2u+1’x‘2u 1)
p=1

l
+ Y (= p+ ) PO
p=[3(+3)]

In diesem Fall ist Yo in der gewiinschten Form.
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3. Nun wird T3 betrachtet:
Es qilt

% |$|2(k+n+1)fmfl

(I-
Ty = Z ( n+1
n=l H (Qj—m—l)l;ll{Q(/Hj)—m—l}

j=n+2

<fl_1_2”{< mnd )(m+2l—1—4n)+ ( o > {2(k+n+1)—m—1}}
n+1 n+1

[z —n—pu+2 n+p—1
+ Z —H—l 2u— Qn’ ‘2;1 1) ( )( )

n+1 n
X(m+204+3—4p—4n+ 2 — 2)

-2
l+1—n— —1
+ Z 5”12#2%12(“1)( FhonoH ) ( nEH >{2(k+n+1)—m—1}

n+1 n
%(l ) +1 tpu—1
n Z n—p na [ (2n+3— m)flfz(wn)ﬂ‘xp(ufl)
n+1 n+1
[%(l—Zn)] [%]—H—u—n
n l—n—p+2 n+p—1 (m —1) Z fl+1*2(#+n+u)|x’2(u+ufl)
= n+1 n —1

1
—2n+
l—m—pu—+2 n+u—1
pm[3 (20 n+1 n

ntp+[ 5 (=1-1)]

X Z f2(n+,u—u)—l—1 ’x‘Q(l_2n+V—ﬂ)
(1 moa 2y 12022 2m {22} (U] (]3]
n+1 n

x{m+21+3—4[%(l—2n+2)} —4n}

2B u-men]-2n {50 2"“)]—1}( [%fj:f’)} ) ( [i] ) 2{[%(1 - 2n+2)} - 1}

+{2(k’+n+1)—m—1}< l+1 )( >_z+1 —2[3(1-2n+2)]- 2n|x’2{[ (1-2n+2)]-1}

n+1

+(lmod2)(m—1)< [%fj:’ )( i )

[3{i+2-2[5(1—2n+2)]
% Z Zl+1-2([5 (- 2n+2)]+n+u)| | 2([3(1—2n42)]-1)

v=1
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+< [%(l—i-l)] )( [%} >(2n+3_m)fl—2([§(z 2n)]+n)— 1| | 2[L(1-2n)]
n—+1 n—+1

5—" I+1—-2u—2n
l—m—p+2 n+pu—1 )] o
+§:< )( )(m—l) 2: $2(u++)ll|x|2(lp2 )
v=|

n+l " = %(H—4 20— 2n)]

(I mod 2)(m—1)< [%S:f’)] )( [i} >

14+1-2[ (1-2n+2)] —2n=(l mod 2)—1<0
% Z " 2([30- 2n+2)]+u+n)—l—1‘x|2(l—[%(l—2n+2)]—2n—u)

v=[3{1+4-2[] (-2n+2)]-2n}]|=1

[—2n
l+1—n— +u—1
n Z ( n—u > ( n-—pn ){Q(k +n+ 1) - 1}x2(n+u)7171|x|2(172n7;¢)
)]

p=[L(—2n+a n+1 n

+0 ( l=n >{2(k‘ +n4+ 1) —m - 1}$2(n+l—2n+1)—l—1|x|2(l—2n—l+2n—1)

n
[—2n
. Z [—n—p+2 n+p—1 21— 2m — pu 4 1)a2 )11 | 20=2np)
) n+1 n
p=[3(—2n+4)]

—2n+1 2(n+p—1)—1
4 Z (1 _m)< l —n—u+2 > ( n4+u— 1 > Z x2(yfn7u)+l+l‘x|2(,ufufl)
)] [

p=3(1—2n+4 n+l " v=[3{2(n+pu)—1+1}]

[—2n
. Z ( l—n—p+1 >( n+p—1 >(2n+3_m)l,Q(n—i-u)—l—l|$|2(l—2n—u).

[%(l 2n+4)] n+1 n-+1

1. Sei
[£(1—2n) [3{1+2(1—p—n)}]
Ss = Z l—n—p+2 n+p—1 Z L2kt | g 21
= n+1 n -

Sei X\ == p—+v. Firv=1gqglt \=p+1; firv=[s{+2(1-n)}] —pgilt X\ = p+
B{l+2(1—n)}] —p=[5{l+2(1—n)}], also

[L-2n)] [2{i+2(1-n)}]

S = Z ( l—n—p+2 ><n+u—1 > Z Tl+1—2(n+/\)|$|2(/\—1).
=) n+1 n Nt

Esqilt2=14+1<pu+1<X< [%{Z—O—Q(l—n)}} und 1 < pu < X—1, also
[3{1+2(1-n)}|

A-1
Ii1-2(n _ l—n—p+2 n+u—1
Ss — Z i 1-2( +’\)|x|2(>‘ 1)2( )( )
p=1

2 n+1 n
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2. Ses

S(;:

S6

p=[3(-2n+4)]

I—2n+1 ntpt[5(=1-1)]
:: Z ( l—n—p+2 ) < n+pu—1 ) Z 52(n+u—u)—l—1|x|2(l—2n—p+u)'

p=[%(-2n+4)] n+l n v=1

Sei N\ :=pu —v. Dann gilt firv=1, A\ =pu—1 und mit

(-] =-[3+1+2{1 = (Imod2)})] gilt fir v=n+p+ [3(—1—1)],
A=p—n—p—[3(-1=1] =[3{+1+2{1 = (Imod 2)})] —n.

Also gilt

—2n+1

l—n—u+2><n+ﬂ—1> #Z_l 2(n+A)—1—11,.12(1—2n—X
2 TN g,
( A=|

n-+1 n - %<[+1+2{1—(l mod 2)})]—77,

Mit [$(+14+2{1—(Imod2)})] —n<A<p—1<1-2n, A+1<pu<l—2n+1 und
+1—[3(0+1+2{1—(mod2)})] = [5(1+1)] folgt

I=2n —2n+1
Z FAFN ==L 1 2(0=2n-3) Z < l—n—p+2 ) ( n+u—1 )

A=[L(+1+2{1~( mod 2)})]-n p=A+1 n+l n

l_il TQ(H+>\)fl—1|x‘2(l72nf)\) Hi_A ( l=n—p—XA+1 ) < n+ 4 A )
A=[3(1+1+2{1—( mod 2)})]—n p=0 n+l "

%L TZ(TL*A)fl—l‘x’?(lanJr)\) l_fl ( l=n—p+2 > ( n+p—1 >
A=[ L (+142{1~(l mod 2)})]—n p=1- n+l "

n—[4(+14+2{1— (1 mod 2)})] I—2nt
Z T2 AT g 22n) ( l=n—p+2 ) ( n+p—1 )
A=2n—1 p=1-A n+1 n
1+1—2n+4n—[§ (I+142{1—(l mod 2)})]
Z —2(n—2n+l+1-X)—I—1 ’x|2(172n+)\+2n7l71)

—

X
A=2n—1—2n+I1+1

" lffl (l—n—,u+2><n+u—1>
p=1—A—2n+1+1=1—A—2n+2 n+1 n
[3(+D)]-n

Z =2t N)+1 |x’2(/\71)
A=1

l—2n+1—zl+:>\+2n—1 l—nm+2—p—1l+A+2n—-1 n+pu—1+l—-X=2n+1
X
n+1

pu=l—A—2n+2—1+1+2n—1
Ban]n

A
Z 51—2(n+x)+1|x|2(x—1)z<”+1_N+>\)(l—n+ﬂ—)\ )

=1 = n—+1 n

n
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3. Sei

[5]—” I+1-2u—2n
l—n—pu+2 n+p—1
57 = E ( H > ( H ) 2 : :L,Q(u-‘rl/—‘rn)—l—l|I|2(l—u—2n—y)'
v=|

n+l n 3 (+4—2p—2n)]

Sei X := p-+v, dann gilt firv = [L(1+4—2p—2n)], A = p+ 31+ 4 —2p —2n)] = [L]—n+2
und firv=14+1-=2(u+n), \=p+1l+1—-2u—-2n=1—2n—pu+1, also

(]

[%]_” I—2n—p+1
5 - ( l—m—p+2 ) < n+p—1 ) Z m2(>\+n)—l—1|x|2(l—)\—2n)'

p=1 n+l n A=[L]-n+2

Es gilt [é}—n+2§/\§l—2n—u+1Sl—2nund1§,u§l—2n+1—)\, also gilt

1—2n I—2n—A+1
)l 32 l—n—pu+2 n+u—1
S Z p2(Fn)— 1|x’2(l A—2n) Z ( )( >

A= [L]ons2 st n+1 n

4. Sei

I—2n+1 2(ntpu—1)—1
l—n—pn+2 n+pu—1
SS — E : ( H > ( H ) § :L_Z(nyfn)+l+1|x|2(,u,fl/71).
)] v=]

1
p=[3(1—2n+4 nt+ " $H2(n+p)—1+1}]

Sei X := p — v. Dann gilt firv=n+p+ [2(1—=1)],
A=p—-n—p—[31-0]=-n—{A(-1-1)]+1} =—n—1+[1{+1+2{1 — (I mod 2)})]
und firv=2n+pu—1)—l, A=p—2n—-2u+2+1=101-2n—p+2, also gilt

—9n41 [L(+14+2{1- (I mod 2)})]|—n—1
l—n—pn+2 n+pu—1
Sy = 2: < K ) ( H ) Z =200 | [20-1),

u=[L]-n+2 n+1 n A=1—2n—p+2

Esgilt1=1-2n4+2—1+42n—1<l-2n—p+2< X< [2(I+1+2{1 - (Imod2)})] —n—1
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und l —2n —A+2 < u<Il—2n+1, also

[L(1+1+2{1—(l mod 2)})]-n—1 N
Sy = Z xl+1—2()\+n)’x|2()\—1) Z ( l—m—p+2 ) ( n+pu—1 )

A—=1 p=l—2n—A+2 n+1 n

[3(1+1+2{1—(1 mod 2)})]—n—1 I—2nt1
_ Z xl+1+2()\—n)’x|—2(/\+1) Z ( l—n—p+2 ) < n+p—1 )

=1 p=1—2n+A+2 n+1 n
—1 [—2n+1
_ Z l,l+1+2()\—n)|x|—2()\+1) Z ( l—n—p+2 ) ( n+p—1 )
A=n+1-[3(I+1+2{1—(l mod 2)})] p=l—2n+A+2 n+l n
—1-2n+I1+1
_ Z 20 2n—l-1-n) |x|72(x+2n7171+1)

A=n+1—[3(1+1+2{1—(I mod 2)})]—2n+1+1

o l_fl (l—n—u—i-Z)(n—l—u—l)
u=l—2n4242n—1—14X n+1 n
[—2n

= > 2N 2020
A=l+2—n—[2(1+1+2{1—(l mod 2)})]=l+2-n—{1—(I mod 2)}~[3 (I+1)]
Xliﬂ l=n—p+2 \ [ ntp—1
p=14 n+1 n
—2n
= > 2~ 2(-2n)
A:[é]+2_”_{1_(l mod 2)}:[%(l—2n+4)]—{1—(l mod 2)}
Xliﬂ l—n—p+2 \ [ ntpu—1
p=14+X n+1 n

Fiir gerade | gilt

—2n [—2n+1
l—-m—v+2 n+v—1
Sg = Z 1‘2(”4’/")7Z71‘I‘|2(172n7#) Z ( N . ) < )
n

p=[3(-2n+2)] v=p-+1 n
[—2n [—2n+1
= Z xQ(n+M)*l*1‘x|2(l72nflu) Z [—n—v+2 n+v—1

1 — 1 n + 1 n

u:[5(1—2n+4)] v=p+
[—2n+1
[l—n—v+2 n+v—1
—l—f—lml—zn Z ( ) ( )
! n+1 n
V:§7TL+2

Seien

n+1
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T3

[3(—2n)]

Z El+172u72n’x|2(u71) l—n—p+2 n+p—1
n+1 n

n=2
x(m+20+3 —4p—4n+2p — 2)

[3(—2n)]
l+1—n— -1
+ ) El+1_2“_2n|x|2(“_1)< Tlmn—p ) ( n+p ){2(k+n+ 1) —m—1}
p=2

n+1 n
[1(-2n)] l X :
+ Z —n— M + n + IU/ - (2” + 3 o m)EZ_Q(M+n)+1|x|2(M_1)
n=2 n+ 1 n —+ 1
(3022 [{]+1-p-n
+ l—n— [ 2 n—+ p— 1 (m B 1) Z fl+1—2(;t+n+u) |x|2(u+y_1)
e n L n v=1
1—2n+1 I —n— 42 w1
* Z 1 (1 —m)
p=[3(1-2n+4)] n+ n
ntpt [ 5 (=1-1)]
X (ntp—v)—l 1‘ |2z 2n+v—p)
v=1
_(1_m)i n+l—-p+1 l—n+p—1
p=1 n+1 n
[L{1+201-n)}] 1
_( _1) (I mod 2) 1‘$| [%lQn)]2 Z l—n—y—|—2 n—l—y—l
v=1 n -+ 1 n

n+1 n

v=1

[3(—2n+1)] ntl—ut I m—

(I mod 2)@”1—2[%(1—2”“)]—2”\xyz{[%(l—%m]—l}( [3(1+3)] )( 5] )

!
2
n+1 n

x{m—l—2l+3—4B(l—2n+2)] —4n}

—l+1-2[3 (1—2n42)|-2n| . 12{ |3 (1—2n+2)| -1 [%(ZWL?’)} [%} 1
i) oy o (020 }( o )( : )2{{5(1—2n+2)]—1}
+{2(l<;+n—|—1)—m—1}< [%(lJrl)] )( [é} >El+l—2[%(l 2n+2)]- 2l |2{[§z 2n+2)|-1}

n+1 n

+< [%(l + 1)} ) ( [%] )(Qn 13- m)fle([%(len)}Jrn)fl|x|2[%(172n)]
n+1 n+1

[${+20-n)}] -1
+( _1) (I mod 2) 1| |[%l2n)] <l—n—y—|—2><n+y_1>

n+1 n

[y

v=
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Li-2n+1
_ - L [3(—2n+1)] n+1l—v+p l—n—v+tu
—(I'mod 2)(m — 1)z med 2) 1|x\2[2(l 2n)| Z

st n+1 n
[—2n+1
l—n—v+2 +rv—1
+{1— (Imod 2)} (1 —m) afz| 2 Y ( e ) ( e )
n+1 n
v=>Lt_n42
2
und
[5]-n [ —mn— 42 -1 I+1-2u—2n
T34 — ( n—u > ( n—-p )(m N 1) Z x?(u-‘ru-‘rn)—l—l|x|2(l—p,—2n—u)
=1 n+1 n v=[4(+4-2u-2n))
—2n
l+1—n— +p—1
+ > TR 2+ 0 1) = m - 1yttt 22
L n+1 n
p=[1(-2n+4)|

[—2n
[—n—p+2 +pu—1
+ ) ( e > ( . ) 2(1 = 2n — pu 1)a?H =g 202w

p=[L(—2n+4)] n+1 n

l—2n+1 2(n+p—1)—1
n Z (1—m) ( [—n—p+2 > ( n+pu—1 ) Z xQ(z/fnf,u)+l+1‘x|2(,ufufl)
)] v=

p=[3(1—2n+4 ntl " 2+ —1+1}]

[—2n
N Z ( [—m—p+1 > ( n+p—1 )(2n+3—m)x2("+“)11\5612([2”“)

= [3 (20 +4)] n+1 n+1

—{1 = (Imod 2)} (1 —m) z|z| 22 72 (l—n—v+2><n+u—1 )

l n+1 n
1/:§7n+2

Dann gilt

Ts=T31+ T30+ Tg3+ Vs34.

Fiir T371 gllt

(l—n—l—l )(m+2l—1—4n)—l—<l_n )(2k+2n—|—1—m)

n+1 n+1
L) Yo
(l—n+1) (I —2n)!
(n+1)!<l_2n)!(m+2l—1—4n)+ (n+1)!<l_2n_1)!(2k+2n—|—1—m)
(I —n)!

(I —n)! (l—n+1)(m+21—1—4n)+2/{:+2n+1—m+1—m
n!(l —2n —1)! (n+1)(l —2n) n+1 [—2n
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(Il —n)! 1
nl(l—2n— 1) (n+ 1)(l — 2n)
X +20 —1—4n + 2kl 4+ 2n +1 —Ilm — 4kn — 4n* — 2n 4+ 2nm +n —mn + 1 —m)

(Im + 2% =1 —4ln —nm — 2n +n + 4n* +m

— ( l;q )l_12n{zm(1—1)+l2(2)+Z(—1+2+1)+ln(—4—2+2)+”m(—1+2_1)

+n(l—4—-2+1)+n*(4—4)+m(l—1)+ 2kl —4kn+ (-1 + 1)}

- 1
= ( " ) {2kl — 4kn + 2% — Aln + 21 — 4n)}
n+1 )Jl—2n

( I—n )2(k;+l+1)(l—2n)

n+1 [ —2n

l—n—1+1 1-1
- ( o ><"+ )2(k;+l+1).
n—+1 n

Also hat Y31 die richtige Form.

Seien
Sé:Z(m—1)§<Z—Z;Z+2>(n+z—1) (Me{z,..[%(z—mm)”)

und

s = (1_m)§:(n+ilq+u><l—n;y—u>

poH-2n kL <n+1+u—y+l—2n—u+1)(l—n—,u—i—u—l—i—Zn—l—,u—l)
n

= (1-m Z n—+1

v=1+1—2n—p+1
1—2n+1
l—n—v+2 n+v—1
v=l—2n—p+2 n+1 n
1 1 1
(VE{Z—QTH—l— {§(l—2n+2)} = [§(l+1)] —n= {E(l—2n+1)} ,...,l—2n+1}).

Dann gilt mit Satz 5.1.3

pn—1
[—n— 2 —1
S+ 8 = (m—1) n—v4+ n-+v
- n+1 n
l_irl (l—n—y—|—2><n+y—1>}
v=l—2n—p+2 n+1 n
— m-1) 2l —n—vt1 n+v
= n—+1 n
l_im (l—n—u—l—l)(n—i—y)}
v=l—2n—p+1 n+1 n
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[—2n 1—2n
l—nm—v+1 n+v l—n—v+1 n+v
SRS oy
=0 n+1 n Nl n+1 n
l_il <l—n—u+1>(n+u>}
v=Il—-2n—p+1 TL+1 n

[3(—2n)]
Damit sind die Koeffizienten von > T 17207203 2=1) jn Ty,
n=2

n+1 n

[+1—n-— —1
+< - " ,u)(n—l—,u )(2k+2n—|—1—m)
n+1 n

l—n—p+1 1
T TR ) ont3—m)
n—+1 n—+1

l—n—p+2 -1
%+5@+< noR ><n+” >0n+m+1—2u—mn

_ gag, Uenopa ) (a4 2041 =2 = dn)(l == pt2)
B ST (n D) —2n—p)! nl(p—2)! (l=2n—p+1)(p—1)
2k+2n+1—m 2n+3—m
+ +
w—1 n+1
I—n—p+1)! —1)! 1
Sy (—n—p+1)! (+p-1)

m+DIl=2n—p)! nl(p—2)! (—2n—p+1)(p—1)(n+1)
x{(n+1)(lm—mn—um—|—2m+2l2—2ln—2l,u+4l+l—n—,u+2—2lu+2;m+2u2
—4y — 4ln + 4n® + 4un — 8n)
+(I—2n — p+1)(2kn + 2k +2n* + 2n +n+ 1 —mn —m)
+(l—2n—u+1)(2n,u—2n+3u—3—um+m)}

(l—n—p+1)! (n+p—1)! 1
m+DIl=2n—p)! nl(p—2)! (—2n—p+1)(p—1)(n+1)

x{(n+1)(lm—mn—um+2m+2l2—6ln—4lu+5l—9n—5,u—|—2+6un+2,u2+4n2)

= Si+Sg+

+(l—2n—u—|—1)(2k;n+2k‘+2n2—|—n—mn—|—2n,u+3,u—2—um)}

(l—n—p+1)! (n+p—1) 1
m+DI—=2n—p)! nl(p—2)! (—2n—p+1)(p—1)(n+1)

X {lmn — mn® — pmn + 2mn + 20*n — 6In* — 4un + 5ln — In* — Sun + 2n + 6un® + 2u*n

= Si+S5+

+4n3 + Im — mn — pm 4 2m + 20* — 6ln — 4l + 51 — In — 5+ 2 + 6un + 2u® + 4n?
+2knl + 2kl + 2n%1 + In — mnl + 2npul + 3ul — 21 — pml — 4kn® — 4kn — 4n® — 2n?
+2mn? — 4un® — 6un + 4n + 2umn — 2knp — 2kp — 2un? — pn + pmn — 2np® — 37
—|—2u~|—u2m+2kn+2k—l—2n2—|—n—mn+2nu—|—3,u—2—um}
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(l—n—p+1)! nm+p—1) 1

m+Dl—=2n—p)! nl(p—2)! (—2n—p+1)(p—1)(n+1)

x{zmn(1 ) e mn(—1 4+ 2) + pmn(—1 £ 24 1) Fmn(2 —1— 1)+ 2n(2) + In2(—6 + 2)
Hlpn(—4+2)+In(5—-6+1)+n*(-9+4—2+2)+un(—-5+6—-6—1+2)
+n(2—9+4+ 1)+ pun®(6 —4 —2) + p*n(2 — 2) +n*(4 — 4) + Im(1) + pm(—1 - 1)
+m(2) + (=4 +3) +1(5 — 2) + 1*(2) + (=5 + 2 + 3) + (2 — 2) + 2knl + 2kl + pml(-1)
hn?(—4) + kn(—4 + 2) + knp(—2) + ku(—=2) + 122 — 3) + p2m(1) + Qk}

(l—n—p+1)! (n+p—1) 1
m+D—=2n—p)! nl(p—2)! (—2n—p+1)(p—1)(n+1)

X {mn2 + 2umn + 20%n — 4in* — 2lun — 5n* — 4un — 2n + Im — 2pm 4 2m — L + 31

= St + Sg +

= S;+ S5+

212 4 2knl + 2kl — pml — 4kn? — 2kn — 2knp — 2kp — @ + pPm + Qk}

Fiir Y39 sind noch die letzten Summanden von (m — 1) Sy und (1 —m) Sg zu beachten:

Es gilt

[3(1—2n)]
l—n—p+1 n+p—1 1
T — =l4+1-2p—2n,.12(p—1)
3.2 >, T 2] na1 n (I—2n—p+1)(n+1)

H=2

x{n2m+2nmu+2l2n—4l2n—2lnu—5n2—4nu—2n+lm—2mu
+2m—l,u+3l+2l2+2k:ln+2k:l—lm,u—4kn2—an—an,u—Qk:,u}
-1
l—n—v+2 n+v-—1
+(m —1
( );< n+1 >( n >
n+l—v+pu l—n+v—p
1 n+1 n

[sr20-my)-1 , 1
+(m_ 1)f(l mod 2)—1|x|2[%(l72n)] Z ( —-_n—v—+ > ( n+v— >

=

+(1—m)

M=

v

v=1 n+1 n
[%(Z—Qn—i-l)] l
—(I'mod 2)(m — 1)5(1 mod 2)_1|x]2[%(l’2”)] Z ( n+l—v+pu ) ( —n—v+pu )
v=1 n + 1 n
[Hv20-my]-1 , 1
—(m — 1)g! med 2)—1|x|2[%(l—2n)] Z —n-—v+ n+v—
v=1 n+1 n

[%(l—?n—&-l)] 1 N l .
3 n -V —-n—v
st et 5 () (1)

n+1 n

v=1
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)
— Z El—u—?nxu—l l_n_ll"L_{_]‘ n_*—ﬂ_]- 1
s ntl W )T ar D

X {an + 2nmyp + 20°n — 4% — 2np — 5n® — dnp — 2n + Im — 2mpu

+2m — Ly 4 31+ 21 + 2kin + 2kl — Imp — 4kn? — 2kn — 2knp — 2/@;&}

+(m_1)§:<l—2111+2><n+;—1>

v=1

l-2n+1
l—m—v+2 n+v-—1
v=l—2n—p+2 n+1 n

B [%uim]jl_u_%ﬂ_l (l—n—p+1)! (m+p—1) 1
B o nll—2n—pu) nl(p—2) \((—2n—p+1)(n+1)%2(p—1)

X {an + 2nmyp 4 20%n — 41%n — 2np — 5n® — dnp — 2n + Ilm — 2mpu

+2m — e+ 31+ 21% + 2kIn + 2kl — Imp — 4kn* — 2kn — 2knp — 2/{#}

J/

+m—1 B m—1
_(n+1)? (l—zn—wrl)(u—l)

_mp—p—m+1l nm—n+m—1
(n—1)(n+12) (n+1)(I—2n—p+1)(p—1)

B [%“in)]fl_u_%u_l (l—n—p+1)! (m+p—1) |
nl(l—2n—pu) nl(p—2) \(—2n—p+1)(n+1)%(p—1)

n=2
x{n2m+2nmu+2l2n—4lzn—2lnu—5n2 —dnp — 2n + Im — 2mp -+ 2m

—lp+ 31+ 202 + 2kln + 2kl — lmp — 4kn® — 2kn — 2knp — 2kp + Imp — lp

—Im 41— 2nmpu + 2np + 2nm — 2n — mp® 4+ p® + mp — 4+ mp — p—m

—|—1—n2m+n2—nm+n—nm+n—m+l}>>

S e (U n =t 11 (=) 1
o nll—2n—pu) nl(p—2) \(—2n—p+1)(n+1)%(p—1)

X {an(l — 1) + nmu(2 — 2) + Pn(2) + In*(—4) + Inp(=2) + n*(=5+1)
+nu(—4+2)+n(—2-24+2)+Iim(l —1)+mu(—2+1+1)+m(2—-1-1)
Flp(—=1 = 1) + 13+ 1) + 2(2) + kin(2) + KI(2) + Imu(—1 + 1) + kn*(—4)
+hn(=2) + knp(=2) + kp(=2) + @2 (=1 + 1) + mp?(1 — 1) + k(2) + (1 + 1)

fnm(2—1—1)+ p(l — 1)}>>
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[3(1—2n)]
= Z fl*uf2nx,ufl l_n_u+1 ”“‘M‘l 1
01 n ) U—2n—p+ D+

pn=2
X (20%n — 4In? — 2np — 4n® — 2np — 2n — 2p + 4l + 21 + 2kin + 2kl — 4kn?

—2kn — 2knp — 2kp + 2k + 2 — 2,u)>

[3(1—2n)]
= Z jl*uf2nx,ufl l_n_u+1 n+M_1 1
n 1 n ) U—2n—p+ D+

n=2
x 2(kln 4 Pn +In + kl + 1> + 1 — 2kn® — 2In* — 2n* — 2kn — 2In — 2n

—k’nu—lnu—n,u—ku—lu—u+kn+ln—l—n+k+l—l—1)>

[3(1—2n)]
— Z jl—u—2nx,u—1 l_n_u+1 n+M_1 1
il S Ty VR

n=2

><2(1—2n—u+1)(l<:n+ln+n+k+l+1)>

[3(1—2n)]
— Z jl—u—2nx,u—1 l_n_u+1 n+M_1 1
il S By y

p=2

><(l—2n—u+1)(n+1)2(k:—|—l~l—1)>

1

[30-20) l—n—p+1 n+p—1
B G L)

= n n

Damit hat Y39 die gewiinschte Form.

Nun wird Y33 betrachtet:

1. Sei | ungerade.
Es gilt p = [3(1—2n+1)] = [3(0 —2n+2)].
Mit (5.2), Satz 5.1.3,

“Zl l—nm—v+2 n+v-—1 l%l l—nm—v+2 n+v-—1
v=1 n+1 n v=l—2n—p+2 n+1 n

B l—n—p+1 n+pu—1 l—m—p+1 n+pu—1
n+1 n+1 n n
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Tl+1—2n—2[%(l—2n+2)]‘x|2{[%(l—2n+2)]—1} — (1 mod 2) 1‘1,’ [30- Qn)]’

und 7 mod 2)—1|$|2[%(Z—2n)] _

T3 il = Ll =
[l R -1 _ 1
|z|t=2nt (m ) n+1 n+1 (m ) n n

143 -1 143
+ 21>< 2 ){m—1+2(zmod2)}+< 21>
n —+ n n +
141 -1 141 -1
+(2k +2n+1—m) 2 2]+ 2 2 (2n+3—m)
n+1 n n+1 n+1
_ (%) (l%l)' m— 1 m—1
nl(B—n—Dal(5—n-D (n+1)2 (B —n)(5—n)
N (m+ 1)42 N (I—2n—1)43
A DE -G -0 e DG -G -
2k—|—2n+1—m+2n+3—m
(n+1)(5L —n) (n+1)2
_ (HTI)' (I_Tl)' In+l4+n+1-—2n%>—-2n
(B —n— 1! nl(5 —n—1)! (n+1)2(% —n)
—2n+ 3 + 30° + 20 + kl + k — 2kn — 2n
(D (5 )
_ (5)! (&)
nl(B —n— 1! nl(5E—n—1)!
WPn+ir+l—m?—din—1tin—L—-14n’+ln—In>—In—n+2n°+n?
X

(n+ 125 —n)(5 —n)

3 1
—2n2—|—§n+§k2n+2ln+kln—|—lm—2kn2—2n3—2n+§+%l2+2l

+kl+k —2kn — 2n2}
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! (5 1

nl(5 =) nl(52—n—1) (n+ 125 —n)(BL —n)

x{kln—k:n—2k:n2+kl+k+l2n—2ln2—I—l2—|—2l—n—2n2+1}
5! (5 1

(5 —n) (5 —n—1) (n+ 125 —n)(%L —n)

x{kln —kn —2kn® + kl + k+ I’n —2In* + > + 2l —n — 2n* + 1}
Sa (5 1

(B —n) (52 —n—1) (n+ 125 —n)(BL —n)

x{kln +kn —2kn® + kl + k — 2kn+ Pn+In =2l + > + 1 = 2In+In+n

—2n* +1+1-2n}

l+1! 071! 1
1

Elon)l (5 —n—1) (n+1)2(5 —n) (5 —n)

X
—N
—

[+1
2kn 4 2k + 2ln + 20 + 2n + 2) (T—n>}

bl (54 2k +1+1)(n+1)(BL —n)
(5L —n)! n‘(l_T1 —n—1) (n+ 1)(1_71 —n)(n+ 1)(l+71 —n)

T .
141 -1
= 2 2 )2(k+1+1)
n+1 n
[—1+1-—HL 4 + 8L —p—1
- R T 2(k + 1+ 1)
n+1 n
i, (l—n—p+1 +pu—1
g ek n 2k +1+1)
n+1 n
In diesem Fall hat Y33 also die gewwiinschte Form.
2. Sei 1 gerade. Also gilt mit,u:[%(Z—2n+2)}:%—n—i—lundSa,tz 5.1.8
Ly,
T3 l—m—v+2 n+v—1
—on—2 W‘”Z
z|z| ) n+1 n
1—2n+1 1+2 !
l—n— 2 -1 == 2
NS SN (et | Gt P (e (L [
Lo n+1 n n+1 n
v=g5-n

L L L L
+(2k+2n+1—m)<n+1)<n>+<n+1><n+1>(2n+3—m)
g l—-m—v+2 n+v-—1
B (m—l);( n+1 )( n )
et l—m—v+2 n+v-—1
~(m=1) Z ( n+1 )( n )

V:%—n+1
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l-n+2-Lf+n-1 n—1+i-n+1
n+1 n

() (l—2n)%2 2k4+2n+1-m 2n+3—-m
l + l +
n—nl(i—n-1] ({-n)? 53— N n+1

(5)"
l
2

ORI
Calaka l—n—v+2 n+v—1
= (m=1) ; ( n+1 )( n )

o S () e () ()

u:172n+275+n71

(é)' (é)' %l2+l—ln—2n

n+ D! —n—-1! nl(t —n-1)! (£ —n)?
kl+ln—|—§—§lm—2kn—2n2—n~|—nm+ln+%l— 1lm—2n2—3n+nm}

(5 —n)? (n+1)(5 —n)

AN EANNETERTE
-e{( ) -0) - ()G
(L) () P+ 31— 3n+kl — {lm — 2kn — 2n® + nm
A — ) Al — 1) T —np

sPn+4 302 — 1Pm — In® — 3ln + 5lnm — In* — 3in + 3lnm + 2n® 4 3n® — n’m
(n+ 1)(% —n)?

B (4)! ’ mo1  m-1  (m-D5
nl(f —n—1)! (n+12 (L-n)?2 (n+1)(L—n)?

A2+ 31— 3n+kl — $lm — 2kn — 2n + nm
(n+ 1)(— —n)?
sPn+ 302 — 1Pm — In® — 3ln + 3lnm — In* — 3in + Slnm + 2n® + 3n* — ngm}
-+ DAL — P

_ (3)! 2 am—%—”m+”+_mn+n—m+1+§m+m—é—1
- \nlG—n-1)! (n+1)2(1 —n) (n+1)(L —n)?

1Pn+ 3in — 3n® + kin — lnm — 2kn® — 2n® + n®m + 312 4+ 31 — 3n + ki
(2L~ )2

—%lm —2kn — 2n% +nm
(n+ 17(L =P
%l2n + %lQ — ilQm —In?— %ln + %lnm —In? — %ln + %lnm +2n% + 3n% —n’m
(n+ D2 —n)?

2

(5! i 1 1 1, 1 11 1

— 2/ “Pm— =1 — Zlnm + =In — =lnm + =In +n*m —

<n!(%—n—1)!) (n+1)2(é—n)2{4 m 1 2nm 2n 2nm 2n n‘m-—n
2 2 1

+ lnm + g + +limy + 1 l
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1 5 3 1 1
—2n% + kin + §lnm — 2kn?% + Zl2 + 51 —3n+kl— §lm —2kn +nm — 1l2m — 2ln2}

Y 2
= 12—) 12 —1In—2n+1—2n%+Pn+ kin — 2kn? + kl — 2kn — 2In?
nl(z —n—1)!
1
2

(L) (3)

Xkln—riﬂ—|—kl—2lm—|—12n—2ln2+l2—ln—2n2—i—l—2n
(n+ 1)(% —n)?
(3)! (3)!

Xk:ln—Qk:n2—|—kl—2kn—|—l2n—2ln2+l2—2ln—i—ln—2n2—|—l—2n
(n—i—l)(%—n)Q

B (4! (4! (2kn + 2k + 2In + 21 + 2n + 2)($ — n)
B (n+DE—n—-1! nl(t —n-1)! (n+1)( —n)?
_ (3)! (3)! 2(k +1+1) (n+1)(5—n)
B m+DE—n-Dnlt—n-1! L-n m+1)(E-n)
AN

n+1 n

Also hat auch in diesem Fall Y53 die gewiinschte Form.

Fiir Ty 4 gilt

[—2n —2n—p+1
- —9n [l—n—v+2 n+v—1
Yoy = (m—1) Z p2(utn)—1 1|$‘2(l p—2n) Z ( )( )

u=[é}—n+2 v=1 n+1 n
[—2n
—(m _ 1) Z IQ(u+n)fl71‘x|2(l72nju)
u:[%]—n+2j{1 — (I mod 2)}:

~"~
in T3y3

lerl ( l—m—v+2 > ( n+v—1 )
v n+1 n
[—2n
l—n—p+1 +pu—1
+ Z ( non > ( nTH ){2k +2n+1— m}xQ(‘”")’l’l]x\Q(l’Q"’“)

i [L] otz n+1 n

[—2n
l—n—p+2 +u—1
+ > ( re ) ( r ) 21— 20— pu 4 1)z 2020

i [L] o2 n+1 n
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—2n
n Z ( l—n—p+1 > ( n+p—1 >(2n+3_m)x2(u+n)—l—1|x|2(l—2n—u)_

n+1 n
u:[%]fn+2

Also gilt

T3

1—2n
r2(ntp)—1-1 |x|2(l—,u,—2n)

el

I—2n—p41
l—m—v+2 n+v—1
— n+1 n
li’:ﬂ l—m—v+2 n+v-—1
v n+1 n

[l—n—p+1 n+p—1

+ (2k+2n+1—m)
n+1 n
l—n—p+2 n+pu—1
+ s s 21— 2n — pu+ 1)
n+1 n

l—m—pu—+1 n+u—1
+ s s (2n+3 —m)
n+1 n+1

atz l—n—p+1 +pu—1
Satz 5.1.4 (m—l) n—u n-rw n+u
n+1 n n—+1

l—n—p+1 n+pu—1

+ (2k+2n+1—m)
n+1 n
l—n—p+2 +p—1
+ s e 20— 2n — p+ 1)
n+1 n
l—n—p+1 n+pu—1
+ s s (2n+ 3 —m)
n+1 n+1

B (Il—n—p+1) (n+u—1)!{(m—1>(”+“)+2k+2n+1—m

(n+ DI —2n—p)! nl(p—1)! n+1
+(l—n—,u—|—2)2(l—2n—u+1)+(2n+3—m)(,u—1)
[—2n—p+1 n+1
B l—n—p+1)! (+p-—1 1 )
= L D= 2n— )1 al(p 1)1 n+1(nm+mu—n—u+2kn+2n +n—nm
—|—2k‘+2n—|—1—m+2nu—2n+3,u—|—m+2ln—2n2—2nu—|—4n+2l—2n—2,u+4>

U=n—p+D! (+p-D' 1
- 2kn + 2n + 2k + 2 + 21
(n+ D —2n—p)! nl(p—1) n+1( n+2n + 2k + 2+ 2in + 21)
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(=n—p+1)! (+p-1) nt 1
2 21 +2) ——
(n+ DI —2n—p)! nl(p—1) (2K + 21 + >n—|—1

l—n— 1 -1
_ ( moET )("” >2(k+l+1).
n+1 n

Damit hat T34 die gewiinschte Form.
4. Nun wird Y4 betrachtet:
1. Fall: 1 ist gerade, d.h. es gilt [L] = [2(1+1)] = L.

In diesem Fall gilt

2(k+[4]+1)-m—1

T, = || —
'_[f[] (2j —m—1) :1;[1 {20k +j) —m—1}
x{f(z mod 2)—1<1 {m — 14 2(l mod 2)} sgn(l mod 2) + 0 {2(k; + [%] 4 1) o 1}>}

|x|2(k+[%]+l)—m—1
0.
s+t

b [
[[ 2j-m-1) l;[1 {2(k +j) —m -1}

=i+

In diesem Fall hat Y4 also die gewtinschte Form.

2. Fall: | ist ungerade, d.h. es gilt [%} = 1—71 und [%(l + 1)} = HTI

Also gilt
=1 ) e
T, — a2+ 34D
4 k Z_Tl—i-l
[[ Z-m=-1) 1] {2(k+35)-m—-1}
=5t +2 j=1

—1
><<f<lm°d2>—1{HT3{m—1+2(lmod2)}sgn(lmod2)+1 (2]{;—1—2%—#2—1%—1)}
_|_:E3—(lmod2)|l,|2{(lmod2)—2}<0 2 (k- 1 1) —m—1 >
2
+<
+<

T
=

N
L

) 2{(I mod 2) — 1} sgn{2(l mod 2) — 2}

N
+ o
AN

—
Iw‘
—

) Sgn{2 o (l mod 2)} (1 . m) T 2—1—(! mod 2)’I|2{(l mod 2)—1} + O>

N ‘
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2(k+ 5 +1)—m—1 [+3 I1+1
- — || ;H { 5 (m+1)+2k+l—m+T(l—m)}
2
I @m0 I {20k+j)—m-1)
j=15t+2 i=

|$|2(k+l_71+1)—m—1

11—

[

k +1
[[ 2i-m-1) II {2(k+j)-m—-1}

=5 7

m|

Il
—

2 2 )
|x|2(k+l_71+1)—m—1

1 1 3 3 [—1 1 1
X <§lm—|—§l+—m+—+2k‘+l—m+7§lm+———m)

= — 2k +1+1)
k Tz
I Zj-m-1) I 2(k+j)-m~—1;
=5 +2 J=1

7
A

|$|2(k+l_71+1)—m—1

: w2

N
+ o
LN

k 541
[ @i-m=1) 11 (2k+5)-m-1)

- =
w’l w‘\
= =

j=15E+2
|x‘2(k+l‘71+1)—m—1
N k By
[I 2j-m-1) {2k +j) —m—1}
j=5t+2 j=1
-5 —1+41 11 _ _
X2k +1+1) ( 131 ? 1 A 1711‘171’1"2(16—’—%4_1)_7”_1.
5 +1 o

Auch in diesem Fall hat 4 die gewtinschte Form.
Daher ist Fi1 die Stammfunktion von F) bzgl. 0, d.h. der Satz 5.2.1 ist bewiesen. d



