Unit 75.1
e hoch x und co. DK, red problem, sandbox
Basis

0 1 1 1
X - = = = = = >
11 20 31 41 5! 6l
1 1 1 1 1
X - = = = = = >
ol 1 2! 3! 4! 5!
5 1 1 1 1
X - = = = = = >
1 o 1! 21 31 4
. 3 0 1 1
— = 1 1 o 1 20 3 (1.1)
€ 4 0 0 0 1 1 1
X - = = = = = >
1 1 1 o 1 2
0 0
X> = - = = = =
o1 o1 o1 o 1
0 0 0
X6 — — = = = =
o1 o1 o1 1 o
i
_vyoo ~1
1 3 5 7
= [5-5,11,-25,11, - 22,11, - 55,1,
X X X X
(1.3)
1 3 5 7 9
=[1--,-2,-,4,—-,—-6,-,8,—-,—-10,...] (1.4)
X X X X X

Aus typographischen Griinden ist in vorstehender und



in folgenden Determinanten das Element O durch % :

1 20 0
das Element 1 durch 0! = il S ...dargestellt.
1 1 1 1
xX = = = = = = =
2! 3! 4! 51 6 7
1 1 1 1 1
X - = = = = = >
11 2! 3! 4 5! 6!
2 1 1 1 1
X4 - = = = = = >
11 1 2! 3! 4! 5l
3 0 11 1
X - L - = .
— = 11 1 20 31 4l (2.1)
e’-1 4 0 1 1
X - = = = = = >
1 1 1 o1 20 3!
0 0
X° — — — = = =
o1 o1 11 2!
0 0
X6 — = = = = = =
o111 11!
B. .
— Co 1,1
= Zi=OFX (2.2)
B; - Bernoullische Zahl [1]
1 1 1
BO=1,B1=_E,B2=E,B3=O,B4=_5,

1 1
Bs =0,Bs=--.,B,=0,Bg=——.By=0,..
(2.3)

[1] Weisstein, Eric W. "Bernoulli Number." From MathWorld--A
Wolfram Web Resource.
http://mathworld.wolfram.com/BernoulliNumber.html
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http://mathworld.wolfram.com/
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0 11 >
11 31 51 71 9 11l
1 1 1 1 1
X - = = = = — >
ol 2! 41 6 8 10!
3 0 1 1 1 1
X° - = = = = = >
11 0! 2! 41 6 gl
il g 200 1111 |
tanhx = = — 11 1! o' 2! 4! ¢!
e +1 2 0 1 1 1
X! - - - = = = >
11 11 1! ol 2! 4l
9 0 0 0 © 1
XX - - - - = = >
11 1 11 11 0! 2!
0 0 0 0
T — — — — = = .
11 1! 1! 1! 11 0!
3 oy 44 i Yy

= y® 22122 _ 1) Bai _2i-1

(21)!
_ X
= 7
14 =
X
34 5
X
5+ 5
X
7+ 73
X
ERET T
1 3 5 7 9 11
=[0;-,=-,-,-,=-,—, ...] (3.1-4)
X X X X X X



1 1 1
0O — = = = = —
1 3 5 71 9 11
1 1 1 1 1
ol 2 4! 6 8 10!
3 0 1 1 1 1
X — = = = = =
11 o0 2! 4 6 8
5 0 1 1 1
: . —X°> = = = = = = -
tanx = —jtanhjx = 1 1 o 20 4 el
- o 0o 1 1 1
X! = = = = = =
111 o 20 4l
9 0 0 0 0 1
—X’ = = = — = = -
o1 o1 1 oo 2!
0 0 0 0
x11T — — = - — =
o1 o1 1 o1 o
dood 3 Y dd Y

o0 P : - Bo; .
:Zi=0(_1)1 1221(221_ 1)(2—?)!X21 1

=00 e (4.1- 4)

%(1—cosh2x)

%(1+cosh2x)



tan?x =

%(1—c052x)

%(1+c052x)




= 1 11 o 21 4l 6!
X e >
1! 1! 1! ol 2! 4!
0 O 0o 20 21
_y10 29 0 o 22 27 ,
1 1 1! 1! 0! 21
xz2 2 2 2 0 0 2
11 1l T 1 o
v W W W \; ; i’ \‘_l
(6)
o 1 1 1 1 1
X' = = = = — — >
2! 4! 6! 8! 10! 12!
> 1 1 1 1 1
X = = = = = — =
0! 2! 4! 6! 8! 10!
4 0 1 1 1 1
¥ - = = = = = -
1 o 2! 4 6 8!
6 0 0 1 1 1 1
2 X - = = = = >
— = 1 1 o 2t 4 6
ette g 0 0 0O 1 1
X = - = = = = -
1 1 1 ol 2! 4l
g0 20 0 0o 1 1
1! 1! 1! 1! 0! 2!
gz 2 2 9 0o 0 1
1! 1! 1! 1! 1! 0!
o3 Yl i iy

_ voo Ezi _2j
= Zi=o(2—j)!x : (7.1,2)



E; - Eulersche Zahl [2]
E0=1,E1=O,E2=_1,E3=0,E4=5,
Ec=0,Eq =—-61,E,=0,Eg =1385,E5=0,...

[2] Weisstein, Eric W. "Euler Number." From MathWorld--A Wolfram Web
Resource. http://mathworld.wolfram.com/EulerNumber.html

1 1 1 1 1 1 ,
0!1! 112! 213! 314! 4l5! 5l6!
1 1 1 1 1 1 1
X >
0l0! 1!1! 212! 313! 4l4] 55
3 0 1 1 1 1 1
X >
11! olo! 1!1! 2121 3131 414!
0 0 1 1 1 1
[1(2%) x> >
= — 11! 111! olo!  1!1! 212! 313!
Io(2x) 2 0 o o 1 1 1 ,
T 1u 1u oo 1 22
9 O 0 0 0 1 1
X >
111! 11! 111! 111! olo! 11!
0 0 0 0 0 1
<11 ,
11! 111! 11! 11! 11! 0'o!
$ i i i i i ¢y
B X
o 2
X
1+ >
X
2+ >
X
3+ >
X
4+ 5
X
5+ >
X
6+ 5
X
7tg5m
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1 1 1 1 1 1

0 >
o'!1! 112! 213! 314! 4!5! 5le!
, 11 1 1 1 1
—x >
0!0! 111! 212! 3131 414! 5I5!
s o0 1 1 1 1 1
X >
1!1! o!o! 1!al 212 3131 414
0 0 1 1 1 1
J1(2x) _ [—x° >
—_— = 1! 1! o!o! 1!l 212! 313
Jo(2x) 7 0O 0 0o 1 1 1 ,
X 11! 111! 1!a2!  o'o! 1!1! 212!
g O 0 o0 0 1 1
it o1 112! 111! olor  1!'1!
0 0 0 0 0 1
Xll >
1!1! 12 1! 1!l 1!l 0!o!
o o o o & o N
. X
1 x*
— —
2= 2
X
3= 2
X
4 2
X
5 2
X
6= 2
X
7_8+m
~ 0 1 -2 3 -4 5 -6 7 -8
_[ ) ) ) ) ) ;]
X X X X X

(9.1-3)

[3] http://mathworld.wolfram.com/BesselFunctionoftheFirstKind.html
[4] http://mathworld.wolfram.com/ModifiedBesselFunctionoftheFirstKind.html

[5] https://keisan.casio.com/exec/system/1180573470
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4 1 1 1 1 1 1
X s i §
2 3 4 5 6 7
o 1 1 1 1 1 1
_X — — — — — J— ...)
1 2 3 4 5 6
1 o0 1 1 1 1 1
X s §
1 1 2 3 4 5
> 0 0 1 1 1 1
1 —-X* - - = - - = >
—_— = 1 1 1 2 3 4
In(1+x) s 0 0 0 1 1 1
X - - = Z Z Z .
1 1 1 1 2 3
4 0 0 0 0 1 1
_X — — — — — — -..)
1 1 1 1 1 2
5 O 0O 0 0 0 1
X - - - - - Z
1 1 1 1 1 1
S S T
1232527292
— [_;_;_)_;_;_;_;_;_,_,...] (10.1,2)
X 1'XxX 2" x°'3"'"x° 4°x'5
Zum Vergleich
1 2222 22
_(\/XZ +1—1) = [O;—,—,—,—,—,— ,] (11.1)
X X X X X X X
. X
VX + 1=1+ % (11.2)
2+ <
2 + <
2+
X
#?(X)= 1+ X (11.3)
2— X
2+ <
2— X
2 + <
2- X
2+ <
2_




#x)=1 + z_ (11.4)
X+ >
x+X+ >

X+ ..

Problem
** Welche endlichen Formelausdriicke (vgl. linke
Seite der GIn (1) bis (9)) werden durch folgende

infinite Determinanten dargestellt?
1 1 1 1 1 1

Olx? = = = = = = .5
21 31 41 51 6 7
1 1 1 1 1 1

vl - - - - = = _

11x 1! 2! 3! 4! 51 6l ’
o 1 1 1 1 1

lv2 L - - = = = ..

21x 1! 1! 2! 31 4! 5l ’
o o 1 1 1 1

3!x3 =

?2(x) = TR TR TRETRRE TR NG bR )
0 0 0 1 1 1

41 — — — — = = .
1! 1! 1! 1! 2! 3!
O 0 0 o0 1
> 22 2 Z 2 == = .
5!x 1! 1 1 1 1 2! ’
O 0 0 0 o0 1
6! x° —

TR TR TR TR TRRET

: :
2 2 2 2 2 2 2 M

= 30 Bix! (12.2)



o 2! 2! 20 21 20 2
31 4! 51 6 7! 8l
1 20 20 20 20 20 2
2! 3! 4 51 6 7
5 0 20 20 20 21 2
1 20 31 4 5 @
3 00222 a2
77(x) = 11 11 20 31 41 5! (14.1)
4 0 0 0 20 20 2
11 120 31 4
s 0 0 0 o0 2 2!
111 o1 20 3l

1 1 1! 1 1! 2!

o Cj_j
= Xizo 7 X' (14.2)
1 1 1
Co—l,cl— __’CZ_E’CS_%,
-
Cy = e (14.3)

** Geben Sie fur ?(x) und ??(x) Graphen an und
Fiithren Sie zugehorige Kurvendiskussionen
durch.

** Stellen Sie ?(x) und ??(x) durch infinite einfache
und verzweigte Kettenbriuche dar..

** Diskutieren Sie die Dezimalwerte von ?(x) und ??(x)
fiir sehr kleine x, z.B. x=10°.
2(10°) = 0.99999950000016666667...

?22(10°°) = 0.99999966666669444445 ...



Losungsschritte fiir ??(x)
XXXXXXXXXXXXXXXXXXXXXXXXXXXXX

o 222222
31 41 51 6 7! 8
122222
20 31 4 51 6 7
2 0 22222
11 20 31 4 51 6!
200 02222
?77(1) = 1 1! 2! 31 4 5l
(4 000 0 222t
1 1 10 20 30 4l
15 & 9 0 o 2z 2 |
1 o1 1 1 20 3
16 2 20 0 o0 o 20 |
o111 12
$ood il ol Yy Yy

= 0.6961055955886664071882764392399082641869891926576435617956622835416
397852308054633458552936338064994...

= 7{1;2,1,1.4,1,1,6,1,1.8,1,1,10,1,112,1,1,...
=[0;1,2,3,2,3,1,2,1,3,4,3,1,4,1,3,6,3,1,6,1,...]

o 1
1+ L
2+ 5
3+ .
4+ B
5+ =
6+—¢
7+8+...
1
= 15.1-6
2(e—2) ( )

XXXXXX XXX XX XXX XXX XX XXX XXX XX XXX XXX XXX XXXXXX



j0 2020 20 2t 2t 2t
31 41 51 6 7 8
1 20 20 20 20 21 2
- = = = = = -
2 % 3 w8 & 7
, 0 20 20 20 20 2
- = = = = = -5
TR T RT R TR
0 o0 20 20 20 2
23 — = = =

77(2) = 1 11 20 31 4 5

2¢ 0 0 0 20 20 2 |
11 11 11 21 31 4l

5 0 0 0 0 2 2
11 11 11 11 21 3

6 0 0 0 o0 o0 20

: T ou o oz 7

oy 4y i Y

= 0.4556788418556053694538544591026103934745492184778511145848686
966256054579160393610874388603486854956

=10;2,5,7,9,11,13,15,17,19,21,23,25,27,...]
- (16.1-4)

eZ -3

XXX XXXXXXXX XXX XXX XXX XX XXX XXX XX XXX XXX XXX XXXXXX

2
1+e~2

2(-1) = -, ?%(-2) =

(17.1,2)

XXXXXXXXXXXXXXXXXXXXXXXXXXKXXXXXXXXXXXXXXXXXX
Versuchen Sie, basierend auf den Gln (1) bis (8)

und dem nachfolgenden Sandkasten nun aus den Gln

(14) bis (17) einen allgemeinen endlichen Formelausdruck
fiir 7?(x) zu extrahieren.
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
Im Umfeld



1 1 1
0 - = = — = — -
11 3! 5 71 9l 11!
1 1 1 1 1
1 = = = = = — =
ol 2! 4 6 8 10!
o 1 1 1 1
1 - = = — = = =
1 0o 2! 4 6 8!
o o 1 1 1 1
2
e2—1 1 - - = = = = >
tanh1 = — = — 1 1 o 2! 4 ¢!
e“+1 0 0 0 1 1
1 - - - = — = =
1 1 1 o 2 4
o 0 o0 o0 1 1
1 — — — — = = =
11 1! 1! 1! o! 2!
0 0 O o0 O
1 — — — — — = -
11 1! 1! 1! 1! 0!
o 4 d Yy
=10;1,3,5,7,9,11,13,15,17,19,21,23,25,27,...]
(18)
1 1 1
0 — — = = — — -5
11 3! 5 71 9 11!
1 1 1 1
-1 = = = = = = 5
ol 21 4 6! 8 10!
o 1 1 1 1
1 - = = = = — -
1 0o 21 4 e 8
o o 1 1 1 1
-1 - - = = = = 5
tanl = 1 1 0 2! 4! ¢!
o o o 1 1 1
1 - - - = = = =
1 1 1 o 2! 4!
0 0 0 1 1
-1 = = - = = = .
11 1! 1! 1! o! 2!
0 0 0 0o 1
1 — — — — — — -
11 1! 1! 1! 1! 0!
il N S N



[1;1,1,3,1,5,1,7,1,9,1,11,1,13,1,...]

= [0:1,-3,5,-7,9,-11,13,-15,-17,19,...] (19)
tanh+="2=10:2,6,10,14,18,22,26,30,34,...]
2 e+1
= ;— [0:1,12,5,28,9,44,13,60,17,...] (20)

tan§= [0;1,1,4,1,8,1,12,1,16,1,20.1,24,1,...] 21)

1 -1
tanh-= Ve
4 \/e+1

=[0;4,12,20,28,36,44,52,60,68,...] (22)

tan%=[0;3,1,10,1,18,1,26,1,34,1,42.1,50,1,...] (23)

1 1 1 1
0 = = — — = — .
1 3 5 70 9 11
1 1 1 1 1 1
Xt = = = = = — >
ol 2! 4 6 8 10!
3 0 1 1 1 1
X° - = = = = = >
1 0o 20 4 6 8
o 0 1 1 1 1
e?X—1 X - - = = = = -
tanhx = — = — 1 1 o 20 4 el
e +1 2 0 0 0 1 1 1
X - - - = = = >
1 1 1 o 2 4
9 0O 0 0 0 1 1
XX - = = = = = >
o111 oo 2!
0 0 O 0
Xll - — = - - = >
11 1 1 1 o
¢od v d il Yy
_ X
- 2
X
1+ 5
X
3+ 7
X
X
X
9+




=[O;_9_a_a_9_9_9"°] (241_3)

),9,9.9,9.9.9,9.0.9.9.0.9.0.9.9.0.9.0.90.9.0.9.0.0. ¢
Sandkasten.ak.er
XX XXX XXX XXX XXX XXX XXX XXX XXX XXX XXXXXXX

i_[ ) ;192,19194919196919178919191091’ ]
_ 1 (25.1,2)
2+ . 23 -
2T3L 4
T4+ >
5+ 67
6+ 3
7+m

2_16 - [0;5929392939192919374939194919336937196’1’3""]

(26)
2e—
o =10;1,3,2,3,1,2,1,3,4,3,1,4,1,3,6,3,1,6,1,3, .... |
(27)
2
=[0:1,2,1.3.1.1,1,3,3,3,1,3,1.3.5,3,1,5,1,3,7,3,1,7,1,3,9,3, 1,
9,1,3,11,3,1,11,1,3,13,3,1,13,1,3,15,3, 1,15, 1,3,17,3, 1,
17,1,3,19,3,1,19,1,3,21,3, 1,21, 1,3, 23,3, 1,23, 1,3, 25,3, 1,
25,1,3,27,3,1,27,1,3,29,3,1,29,1,3,31,3,1,31, 1, 3,33, ..]
(28)

:11: [0;1,19291,194919196919198919171091""]



= 1[1:6,10,14,18,22,26,30,...]

— ! (29.1-3)

22— [0:2,1,1,4,1,1,6,1,1,8,1,1,10,1,1,12,....]

= 2[0:5,10,14,18,22,26,30,34,...]
[0,1,3,1,1,1,3,3,3,1,3,1,3,5,...7]

U)UJU)

0;1,3,1,1,1,3,3,3,1,3,1,3,5,3,1,5,1,3,7,3,1,7,1,3,9,3,1,9, 1,3, 11,
,13,1,3,15,3,1,15,1,3,17,3,1,17,1,3, 19,3, 1, 19, 1, 3, 21,
,23,1,3,25,3,1,25,1,3,27,3,1,27,1,3,29,3, 1,29, 1, 3, 31
S

._.._.._.
w N~
._.._.._.
b—ﬁb—‘b—ﬁ
@ ww
W N —
© WL w
www
l—-h—t»—-

1,
I,
]D

_ 1 (30.1-4)

-2
=2[0;1,2,3,2,3,1,2,1.3,4,3,1,4,1.3,...]

EE_-::[1;2319194919196919198919191091919129“']

= ~[213,1,1,1,3,33,1,3,1,35,...7]

1
— 2_ [2; L311,1,3,3,3,1,3,1,3,5,3,1,5,1,3,7,3, 1,7,

1,3,9,3,1,9,1,3,11,3,1, 11, 1,3, 13,3, 1, 13, 1, 3, 15,
3,1,15,1,3,17,3,1,17, 1,3, 19,3, 1,19, 1, 3, 21, 3, 1, 21,
1,3,23,3,1,23,1,3,25,3,1,25,1,3,27,3, 1,27, 1, 3, 29,
3,1,29,1,3,31,3,1,31,1,3,33,3, 1, ...]DS



=1+ ! (31.1-5)

Frage: Ist die Teilsequenz ,,1,3,1,1,1,3,3,3,1,3,1,3“ in
einem scf ein ,,e-Marker* (vgl. ,,Bernoulli-Marker* 691)?
Finden Sie weitere Beispiele. Diskussion!

\/el_l — [ ; 3195919199)191,13,1,1,17,1,1,21,1,1,...]

= % [3;12,20,28,36,44,52,60,...]

=2[0;1.,3,2,1,3,4,1,3,6,1,3,8,1,3,10,...]

=1+ . (32.1-4)
" 6
St 8
7T9 1012
H 13+ 1416
15+
2 [0:1,1,5,1.9,1,13,1, 117,11 21,L1....]

=~[1;12,20,28,36,44,52,60,...]
= 2[0;3.1,2,3.1,4,3.1,6,3,1,8,3.1,10,...]
~ 2 (33.1-4)

11+537

XXXXXX XXX XX XXX XXX XX XXX XXX XX XXX XXX XXX XXXXXXX



1 1 1 1
0 = = — = — — -
11 3! 51 71 9 11!
1 1 1 1 1
1 = = = = = —
ol 2! 4 6 8 10!
o 1 1 1 1
1 - = = — = = =
1 0o 2! 4 6 8!
o o 1 1 1 1
2
e2—1 1 - - = = = = >
tanhl = — = — 1 1 o 2! 4 ¢!
e“+1 0 0 0 1 1
1 - - - = = = -
1 1 1 o 2! 4!
o o0 o0 o0 1 1
1 — — — — = = =
11 1! 1! 1! o! 2!
0O 0 0 0 0
1 — — — — — =
11 1! 1! 1! 11 0!
o 4 d Yy
=10;1,3,5,7,9,11,13,15,17,19,21,23,25,27,...]
1
:E[l;1’1’10’3’1’1’4’22’6’1’1’7’34’9’1’1""] (18)
1 1 1
0 = — = = = — -
11 3! 5 71 9 11!
1 1 1 1
1 = = = = = — .5
ol 2! 4 6 8 10!
o 1 1 1 1
1 - = = = = = -
1 0 2! 4! 6 8
o o 1 1 1 1
1 - - = = = = .
tanl = 1 1 0 2! 4! ¢!
o o o 1 1 1
1 - - - - = =
1 1 1 o 2! 4!
o 0o o o0 1 1
_1 —_ —_ —_ — - — >
11 1! 1! 1! o! 2!
0 0 0 0
1 — — — — — = -
11 11 11 1! 1! 0!
¢ 4 A S N

=[1;1,1,3,1,5,1,7,1,9,1,11,1,13,1,...]



= [0:1,-3,5,-7.9,-11,13,-15,-17,19,..] (19)

tanh% — % —[0:2,6,10,14,18,22.26,30,34,...]

e+

= = [0;1,12,5,28,9,44,13,60,17,...]
= 2[0:4,3,20,7,36,11,52,15,68,19,...] (20)
tan—=[0;1,1,4,1,8,1,12,1,16,1,20.1,24,1,...] 1)

tanh 2 =Ye=1 = [0:4,12,20,28,36,44,52,60.68....] (22)
4 +e+1

tan% [0:3,1,10,1,18,1,26,1,34,1,42.1,50,1,...]  (23)
XX XXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Verallgemeinerungen

%1_1= [n-1;1,1,3n-1,1,1,5n-1,1,1,7n-1,1,1,...]

[2n;6n,10n,14n,18n,22n,26n,30n,...] (34)

N |-

=10;1,1,3n-1,1,1,5n-1,1,1,7n-1,1,1,...]
= % [0;2n,6n,10n,14n,18n,22n,26n,30n,...]

= 2 [1;n,12n,5n,28n,9n,44n,13n,60n,...] (35)

[0;1,1,a,1,1,a+b,1,1,a+2b,1,1,a+3b,1,1,a+4b,1,1,...] =
“{[12(at+1).2(atb+1),2(at2b+ 1), 2(a+3b+1),2(at4bt 1), ..
(50.1)



1
f(n) = . n¥i —
14 Zn+1
30F1
anF1
5N+l

6n+1
Sn+1+g—rr—

n+1+

2n+1+
3n+1+

4n+1+

[0;1,1,n+1,1,1,3n+1,1,1,5n+1,1,1,7n+1,1,1,...

1520+4,6n1+4,10n0+4, 14n+4, 180+4, .

(50.2.1)

Untersuchen Sie den Verlauf von f(n): Graph, spezielle

Werte.
f(0) =~ (V5 -1); (1) = = ; f(400) =

1!
E""

(50.2.2)

XX XX XX XXX XXX XX XXX XX XXX XXX XXX XXX XXXXXXXXXXX

Kettenbruchdarstellungen von 1 und 2

2 3 3
1 o
1+ - 2+ >
34 3 44 9
54 - 10 6+ | 11
74 12 8+ 13
9+ 1% 104 1S
11+—16 12+ 17
13+m 14+16+"'
2
f— 3 — 1
1+ .
24 E
3+ 3
44+ i
5+ 3
6+ 9
7+m
+1 -1
3 + 1 =2
1+ i 3+ 5
3+ 5 5+ >

7+ﬁ 9+

(36)



XXX XXX XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

o 222222
31 41 51 6 7' 8
o222 22
20 31 4 51 6 7
2 022222
11 20 31 4 51 6!
200 02222
?77(1) = 1 1! 2! 31 4 5l
(4 0 0 ooztozto2t
1 1 1 20 31 4l
15 L 2 0 0z o2
1 o1 1 1 20 3
16 2 2 2 o0 o0 2
o1 o111 2
dood d il il Yy

= 0.6961055955886664071882764392399082641869891926576435617956622835416
397852308054633458552936338064994...

=%[1;2,1,1,4,1,1,6,1,1,8,1,1,10,1,1,12,1,1,,,,
=[0;1,7,3,2,3,1,2,1,3,4,3,1,4,1,3,6,3,1,6,1,...]

. 1
1+ L
24 7
34 3
4+ Z
5+ E
6+ 3
7'FE;;:jj
1
= — 38.1-5
2(e—2) ( )

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

77(2)=10;2,5,7,9,11,13,15,17,19,21,23,25,27,...]

= 0.4556788418556053694538544591026103934745492184778511145848686



966256054579160393610874388603486854956
= 2 (39.1,2)
)

e2 -3

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Im Umfeld

1 1 1 1
0 — = = = = —
11 31 51 71 9 11!
1 1 1 1 1
1 — = 2 = = — .
ol 21 4! 6! 8 10!
o 1 1 1 1
1 = = = = = = .
1 0 2! 4 6 gl
o o 1 1 1 1
2
e?-1 1 = 2 2 2 2 = o
tanh1 = — = — 1 1 0 2! 4! ¢
e“+1 1 o o o 1 1 1 ,
1 1 1 0 2 4l
0 0 0 1 1
1 — = = 2 = = .
11 1! 1t 1! o! 2!
0 0 0 0 1
1 — — = 2 = = .
11 1! 1! 1! 1! 0!
4 Ll Yy

=10;1,3,5,7,9,11,13,15,17,19,21,23,25,27,...]



tanl =

1
tanh-=
2

tan%= [0;1,1,4,1,8,1,12,1,16,1,20.1,24,1,...]
tanhzz\/

tan%z [0;3,1,10,1,18,1,26,1,34,1,42.1,50,1,...]

11(2)
Ip(2)

1

1 1 1
0 =— =— =— =
1! 3! 5! 7!

1 1 1
-1 = = =~ =
ol 2! 4! !
0o 1 1 1
1 - = = =
1 ol 2! 4!
0o 0 1 1
-1 = = = =
1 1 o 2

0 0 O
1 = 2 = =
1 1 1 o
0O 0 0 0
-1 = = = =
1 1 1! 1!
0o 0 0 0
1 — — = =
1! 1 1 1!

e—1
e+1

1

2!
1

0!

v

>
Yy

[1;1,1,3,1,5,1,7,1,9,1,11,1,13,1,...]
[0;1,-3,5,-7,9,-11,13,-15,-17,19,...]

10;2,6,10,14,18,22,26,30,34,...]

— % [0;1,12,5,28,9,44,13,60,17,...]

Ve—1
e+1

10;1,2,3,4,5,6,7,8,9,10,11,12,13,14,...]

=[0;4,12,20,28,36,44,52,60,68,...]

(18-23)

(8.4)



O [21,12,13,14,15,16,17,18,1.9,1,10,L1LL,...]
0

(9.4)

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXKXXXXXXXXXXXXX
Verdoppeln, Halbieren, Vorzeichenwechsel, Eskortieren;

predictive coding

Ideeneinzugsgebiete:

[6] M. Pauque. Universal Scaling. Teil 1: Eine Schallwelle strukturiert die
Zahlen.
raumé&zeit 219/2019, S. 62-67

[7] https://www.spektrum.de/news/sagt-unser-gehirn-die-zukunft-

voraus/16136667utm_source=pocket-newtab

[8] Th. Lin (Ed.). The Prime Number Conspiracy. A Collection of the Best
Quanta Math Stories.
MIT Press 2018, ISBN-13: 978-0262536356

XXXXXXXXXXXXXXXXXXXXKXXXXXXXXXXXXXXXXXXXXXXX
Es e-t so e, wenn Kettenbriiche ...
e=[1;0,1,1,2,1,1,4,1,1,6,1,1,8,1, 1,10, ...]

6%2 =[1;2,1,1,4,1,1,6,1,1,8,1,1,10,1, 1,12, ...]

1)
Ye=[1;1,1,1,5,1,1,9,1,1,13,1, 1,17,1, 1,21, ...]
l l l | | |
0+2-1 2+4-1 4+6-1 6+8-1 8+10-1 10+12-1
2)
Ve=[1;2,1,1,8,1,1,14,1,1,20,1, 1,26,1, 1,32, ...]
| l l | | |
D¥0+2 2*¥2+4 2*%4+6 2*%6+8 2*8+10 2%10+12
3)
22=01;1,1,1,3,1,1,51,1,7,1,1,9, 1, 1,11, ...]
| | l l |


https://www.spektrum.de/news/sagt-unser-gehirn-die-zukunft-%20voraus/1613666?utm_source=pocket-newtab
https://www.spektrum.de/news/sagt-unser-gehirn-die-zukunft-%20voraus/1613666?utm_source=pocket-newtab

0+2 2+4 4+6 6+8 8+10 10+12
2 2 2 2 2 2

4)
f(a,b) =
[0;1.1,a,1,1,a+b,1.1,a+2b,1,1,a+3b,1.1,a+4b,1,1,...] =
“[12(at+1).2(atb+1),2(at2b+ 1), 2(a+3b+1),2(at4bH 1), ..
5)
f(5,4)=[0;1,1,5,1,1,9,1,1,13,1,1,17,1,1,21,1,1,...]
= %[1;12,20,28,36,44,52,. ]
=200;7.1,2,7 1,47°1,6,7.1,8°1,10,7.1,...]
_2-ve
=2

6)
f(8,6)=[0;1,1,8,1,1,14,1,1,20,1,1,26,1,1,32,1.1,...]
= %[1;18,30,42,54,66,78,. ]
:2[09 939 779 9119 9159 9199 9]

:3—2%
3e—1
7)
f(3,4)=1[0;1,1,3,1,1,7,1,1,11,1,1,15,1,1...]
=777
8)
2% =[1;2k-1,1,1,6k-1,1,1,10k-1,1,1,14k-1,1,1,...]
_1 .
= 2;77..]
= 2[0;7?7?...]

(40-49)
49999999999999999999999999999999999999



= . =1 (51.12
24 23 e—2 ) 1+ 34 ( 9 )
3+ Z 2+ =
4+5+L 3+4+L
2 1 1
3 =e—2; 1+ 5 = —
2+ ) 2+ 3 e—2
34+ £ 3+4 )
4+5+L +5+L
(52.1,2)

T e ey rrr T rrrrrrrrrrr Y rrrrrrrYr

[0;(1,3)per]
[0:(3,1)per]

=3 (53)

[5;(1,1,1,10)per]
[;;(10,1,1,1)per]

=7 (54)

BRBRBRBARBARBAARBABARBABARBABABRABABAALBAARAAAAM
Triaden

1

2
3
4
5
6

7+8+m

[0;(3,2,3),(1,2,1),(3,4,3),(1,4,1),(3,6,3),(1,6,1),(3,8,3),(1,8,1),...]

3+

4+

5+

6+




Ry (55.1-3)
1 pr—
24— ==
4t 2
54—
6+m
[0;291’ (1’4’1)’(17691)’(1,8,1)’(1’1091)’(]"12’]‘)’(1’14’1)””]
3—e
I (56.1-3)
[0:6.2),1,1,(3,18,5).1 ,1,(6,30.8),1,1,(9,42,11),1,1,....] = 5
(57)

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

A collection of scf-,,myriapods*, complete it:

e =[0;1,—~,-2,2,4—2,-6, 2,8,—=,-10,..]
X X X

X X

2 2 2 2 2 2

In(x+ 1) =[0; 1,;, 3,§,5, 3:,7,&,9,&,11,&,13,...]
tanhx} _ [0;1ai§,§,i1,2, iE,E,...]

tanx X' T X X X' X x ' X
Il(zx):[0133f591§ ]

Io(2x) "'x'"x'x'"x"x’'x’x’'x"’

1@ 19l 22 3 223 207 28]
Jo(2%) 'x? x 'x" x'x’"x '"x’ x '’



—(VEH1-1)=[0;55,5,222 )
(58-63)
** Wie verandern sich die Verlaufe der durch
vorstehende scf dargestellten Funktionen, wenn
in diesen scf die Folge der natiirlichen Zahlen
durch die Primzahlfolge ersetzt wird?
** Welche neue Qualitat konnte entstehen, wenn
** vorstehende scf in dhnlicher Weise wie die
DNA eines Genoms zu (systematisch aus
Schlingenstrukturen aufgebauten) Knaueln
aufgewickelt wiirde (vgl. [9]),
** wobei durch ,,dichte Packung* zusatzliche
lokale numerische ,,Wechselwirkungen*
und damit neue intrinsische Verkniipfungen

entstehen wiirden?

[9] E.L. Aiden. Biologie. Die Entwirrung des Genoms.
Spektrum der Wissenschaft 6.19, S. 32-38

https://www.spektrum.de/magazin/die-entwirrung-des-genoms/1640012

** In diesem Abschnitt .,A collection of ...“ ist ein
weiteres Kettenbruchproblem codiert. Finden
Sie den hier benutzten Algorithmus und fiihren
Sie die zugehorige Dekodierung durch.

ddddddddddddddddddddddddddddddddddddddddddd
Go to Unit 60.
ddddddddddddddddddddddddddddddddddddddddddd

scf(e/n)-Strukturen
scf(e/2) =

1D Zeichenketten-Darstellung:


https://www.spektrum.de/magazin/die-entwirrung-des-genoms/1640012

2 33 1’ 2 b b 9 b 2 2 b b 2 9 2 b 9 b b 9 b b 2 9 b b 9
19 3, 2
17,1,3,19,3,1,19, 1,
2D Muster-Darstellung:

25,1,3,27,3,1,27,1, 3,

9,1,3,1
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1; 2,8,
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25, 3,3,

[0;2,4,1,4,1,2,3,3,

scf(e/6)
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scf(e/8)

[0;2,1,16,1,1,4,16,6,3,1,15,2,2,4, 1,

10, 5,3, 11,15, 1,
10,1,2, 4, 1,
11,15, 1,

11,5,3, 12,15, 1,
11,1,2, 4,1,

12, 15, 1,

12,5,3,13,15, 1,



12,1,2, 4,1,
13,15, 1,

13,5,3,14, 15, 1,
13,1,2,4,1,
14, 15, 1,

14, 5,3, 15, 15, 1,
14,1,2, 4, 1,
15,15, 1,

15, 5,3, 16, 15, 1,
15,1,2,4,1,
16, 15, 1,

16, 5,3,17,15, 1,
16,1,2,4,1,
17, 15, 1,

17,5,3,18,15, 1,

17,1, ..

]

scf(e’/n)-Strukturen

scf(e’/2)
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5048, 1, 1,567, 1, 5,575, 1, 1,
5246,1,1,589,1,5,597,1, 1,
5444,1,1,611,1,5,619,1, 1, ...]
(64-77)
Eine jeweils geeignete 2D-Darstellung der scf der
vorliegenden e-Derivate offenbart in jedem Falle
eine charakteristische Struktur (vgl. auch [10]):
** L backbone® = gebiindelte synchrone infinite Folgen
von natiirlichen Zahlen
** mit systematisch angelagerten kurzen ,,snips* aus
natiirlichen Zahlen als ,,Verbindungselementen®,
** eine gewisse Ahnlichkeit mit acyklischen Molekiil-
Strukturen, im Gegensatz zu cyklischen <
z.B. V19 =[4:(2,1,3,1,2,8)per] ,
#* eine gewisse Ahnlichkeit mit der DNA-Struktur.
** Vgl. auch Unit 67 und Unit 79.3 .
Diskutieren Sie ein entsprechendes 3D-Modell, z.B.
,,Datenzylinder* in Unit 19.
Diskutieren Sie
** Zahl — scf(Zahl) = eindimensionale Zeichenkette —
2D-Darstellung = Zahlen-Muster
** Wie steht es mit der Umkehrung Muster — Zahl?,
Anwendungen?

[10] E.P. Stoschek, D. Schonfeld. Computergraphik im
Spannungsfeld zwischen Algorithmus und Phantasie.
Thun, Frankfurt am Main 2000, ISBN 3-8171-1640-3

Probleme

** Struturanalyse fiir
scf(e*(3/5)) =

[1;1,1,1,2,2,4,8, 3, 1,

29,1,2,3,4,3,3,5,3,1,2, 1 1,
29,3,3,3,2,3,3,2,1,4,3,1,1,1,4,3,1,1,1,2, 1,2, 1,
1,1,1,2,3,3,1,1,2,3,3,1,1,1,1,3,4,2,4,3, 1, 1, 2,
29,1,1,1,3,3,2,2,2,3,3,1,2,4,3,1,1,2,1, 1, 3,4, 3,



4,4,3,1,1,4,

1

b ]" ]"3’ 4’ 3’ ]" ]"3’ 2’
1

(78)
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