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Microscopic examination

« Shape and form
* Arrangement
« Structure
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Fibonacci numbers, binary
guadratic forms and topographs

e Univ. of Tokyo

* 9/Nov, 2025

* [kuro SATO

* Miyagi Cancer Center



1B &

° 1I315)719)11I13I 277
*1,2,4,8,16,32,64,L 1,,,
¢ 11112131518I13121I 277




Fibonacci numbers

Fibonacci numbers: F[n+1]=F[n]+F[n-1], F1=1, F2=1

Fln] 1 1 2 3 5 8 13 21 34 55
F[2n-1] 1 2 13 34

F[2n] 1 3 8 21 55

Fln] 89 144 233 377 610 987 1597 2584 4181 6765
F[2n-1] 89 233 610 1597 4181

F[2n] 144 377 987 2584 6765




Fibonacci numbers

¢ 113I5)719)111 77)
«1,2,48,16,32,1,,, exponential, 2"
*1,1,2,3,5,8,13,L 1,,, quasi-exponential, ~¢"

* Golden ratio: d=(1+V5)/2=1.618

e bl=¢p-1=(-1+V5)/2=0.618
+ p2=p+1=(3+V/5)/2=2.618




Fibonacci numbers
° {Fn}={11112131518113121134155I11}

* f(p/q)=(p+q)/p (Diophantine approximation)

° pn+1=pn+qn' qn+1=pn
* 1/1,2/1,3/2,5/3,8/5,13/8,21/13,,,> d=(1+/5)/2



Fibonacci numbers
° {Fn}z{ll112131518113121134155111}

* f(p/q)=(p+q)/p (Diophantine approximation)

* Pr+1=PnT4,, dn+1=Ph
*1/1,2/1,3/2,5/3,8/5,13/8,21/13,, > b=(1+V5)/2
* Denominator of best approximating fraction



Fibonacci numbers
. {Fn}={1,1,2,3,5,8,13,21,34,55,,,}

* f(p/q)=(p+q)/p (Diophantine approximation)

* Pne17Pntdy,, 9541=Py

. 1/1,2/1,3/2,5/3,8/5,13/8,21/13,,,-> b=(1+V5)/2
* Denominator of best approximating fraction

* p*(p+q)g=p*-pg-q*=(-1)", p=F,,, a=F,

e p2-pg-g2#0, if (2p-q)2-5¢2=0 then /5 is rational.
» 1/1<3/2<8/5<21/13<<<p<<<13/8<5/3<2/1
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Schimper-Braun @ Z£]

12 12628
2-3 13289
34 13834
4-5 14404
56 13311
6-7 15249
78 12780
B3 13510
9-10 14187
10-11 13550
11-12 13460
1213 13762
13-14 13786
1415 14362

>
FHEE 13723 &
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Fibonacci tiling (8/13)
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Fibonacchi Tree, collaboration with
Image Mission Inc.

How to Play

T Manually rotate all petals ./ ' {
clockwise to form a helix ;_é

shape.

"f\

s= 2 Quickly twist the handle
=" -r(} ~* in counter-clockwise
ﬁ* direction, and hold until
Lollipopter transforms
into a pinecone shape.

*

The creator of
Fibonacchi Tree:

3 Twist in reverse direction
JOhn Edmark to transform back to a

helix shape.

©iMI https://youtu.be/nHLD2cbzulw?feature=shared



https://youtu.be/nHLD2cbzulw?feature=shared

Image Mission Inc.
(BRAEHA A —2 2 v > 3 > KEBH)

* What does Image Mission Inc. do?
* A Japanese company based in Shizuoka.
* Make, Import & Sell scientific and educational toys.

e Other products of Image Mission Inc.

§
Imaginary Cube Puzzle Pentadron GeoBalls Radiolaria Cards



Please look at web page for more information of
Image Mission Inc.  Thank youl

[m] oki[m]
[m] 2k

WWwWw.imagemission.com




Fibonacci spiral (21/34)
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a] Bernoullibt A :r=a®

b] Archimedesibt As:r=ab
c] Fermatiot A :r’=ab
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(r.,6,)=(n,2mmna), a(0,1)




Question asked by a high school student

« EXRDYDIEIFIMAIZRMN>TEREINSD
A REIDLIERIER SN DD HV?




A REITBOPILZHY




Fibonacci numbers (2/3)




Fibonacci numbers (3/5)




Fibonacci numbers (5/8)




Fibonacci numbers (8/13)




Fibonacci numbers (13/21)

54
36 49 62 ;5 67

57 70 %




Fibonacci numbers (21/34




Fibonacci numbers (34/55)

-
oo
B

an o o
49 5 e
" o
o -
o4 00 B0 50 »4
-
0 A

1 g e 22 1D
R o e 1w )

3
“ ""‘\ﬂ‘lﬁ‘-"""
0 254 s 340 4ty 410 4™
518 5o 10 3y g 49 1S ot
P
70 1) e ol S ST g
N o 0 m
RHs= :




a=137.5" [222.5°




a=137.5" [222.5°
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LEALDREE

« HEEALIL360° #1090l LE=ATHS
(137.5/222.5° )

. BEHIETILEAT RS A(r=ab)
e AT TIILY—DE A(r2=20)

« ERIETZILXTATALEFAETIIILY—HHE
ADHRBIMGELEALD REE (r'-°=a0)?

s BLRIZCDONTHEANEILT H?




HEADMRETS

s mEA:360%x1/(1+9)=137.5°
« HEA: 360 X p/(1+9)=222.5°

» Lucasff: 360 x 1/(2+¢)=99.5°
. 2272248 360 X 1/(4-¢)=151.1°
. 2222745: 360 X 1/(5-¢)=106.4°




[ The Lucas divergence angle =99.5° Thisis360/(1 + @2).]

This is found in 1.5% of observed phyllotaxis plant patterns including:

some sunflowers, certain cedars, sequoias, balsam trees and other species.




mEA, a=1/(p+1)
=[0;2,1,1,1,1,1,1,1,- -~
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Lucasf, a=1/(p+2)
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Question asked by a high school student

s HEALANBDEEIIIFEAEELLL
LND T /\VERDITHDITEELLY.

« TNTEMAZELOT.EXT)DHDORFHET
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Lucasf, a=1/(p+2)
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Lucasfs, a=1/(p+2)
=[R20 &B 5 ;8 73 ]




EoEER, o=[1;1,1,1,1,1,- -]




& 57 BB, o= &5 7 ]




¢=[1;1,1,1,1,1,---]=1.618




©-1=[0:1,1,1,1,1,1,-++]1=0.618




oD 12 53 2N B B

V2=[1;2,2,2,2,2,2,** *] V3=[1;1,2,1,2,1,2,-- -]

. 1
24 1 1+
+ 1 24 1
2+ 1 1+ 2
e - 24 3
94 1 1+ 1
241 24



Expansion into continued fraction

a=[a0;a1,a2,a3, .= '] 1T=[3;7!1 5!1 !292!1 !1 ) -t .]
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a=13/21=[0;1,1,1,1,1,2]

222.9



Margaret (21=8+13)




a=3/20=[0:6,1,2]
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1/¢=(v5-1)/2=[0;1,1,1,1,1,1,---]=0.618
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