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Rytmus funkci

opakovani hodnoty po urcité konecné periodé,
vztazené k nezavislé proménné

= transla¢ni symetrie
Vx,pcE, neZ: f(x+np)="~f(x)

Estetiku tvori rytmicka repetice

Goniometrické funkce

funkce velikosti uhlu s periodou 2m nebo

uzivany v astronomii, zeméméricstvi, navigovani...




Dlouha historie...

Almagest
(Kitab al-magisti, Velka kniha)

Klaudios Ptolemaios, cca 150 n.|l.

Astronomické poznatky ve trinacti svazcich,
hodnoty sinu 0°-90° po 15 minutach

Arabska matematika zna goniometrické funkce od Indd,
kolem r. 820 preklad Almagestu do arabstiny

V 10. st. uz pouzivaji Arabové goniometrické tabulky
sesti funkci pro uhly 0°—- 180° s presnosti na 8 mist

Kosinova véta
Masud al-Kasi, 1427




sinus

COSINUS ======--
tangens -----.
SECANS =:=:=.=
cosecans — — — —
cotangens —-—-—




Nejen praktické — navic je
jejich prabéh hezky

Inklinujeme k libivosti rytmu,
opakované Iépe vnimame

Algorithmic Art - Sine Explosion B
Created by Mahesh Raghvan
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Rytmus generuje symetrii...
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Prosty efekt absolutni hodnoty aplikovaneé

dvakrat na funkci sinx s posunutim




Goniometrické funkce
v riznych variacich

Vicerozmeérné funkce
mohou byt periodicke
v kazdé dimenazi

Navrat k abstraktnim
formam konstruktivistickeé
fotografie
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Fourierovy rady

Frekvencni analyza slozitého rytmu
Joseph Fourier, 1807
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Slozity prubéh funkci umime rozlozit na jednodussi

,algebra pro praci s rytmem*

VA NYA
NN

A - iuhtfnuﬂvf
D L]
NITEANATY.
\J \
U c

R YVYTYY.

Flg. 1. The wave form A, a complex tone, is in fact the sum of the simple tones B-F.. This is an
illustration of Fourier's theorein that every vilwation of frequency [ can be analyzed mathematically into a
series of sinusnidal vibrations with frequencies £, 2f, 3, ete. These sinusoidal vibeations are called the

by
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Skladani rytmd

symetrické frekvencni vzory na vibracni desce
Ernst Chladni, 1787
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https://www.youtube.com/watch?v=1yaqUI4b974

Parametrické kmity

Jules-Antoinne Lissajous, 1857

it KT KT %T KT Trajektorie bodu
. pri navzajem kolmych

T:I; / & O % \ harmonick)'(ch kmitech
"R3IDER

y =jsin(bt+p)
=g B SES

i,j amplituda

o3 a,b uhlova frekvence
' p  fazovy posun
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Vizudlni charakteristika — pomeér a/b:

VA& 4

e racionalni cislo p/q
uzavrena krivka

e jracionalni cislo
nekoneény prubéh krivky

ohranicené obdélnikem 2i x 2j

Maly pocet parametru — velké mnozstvi variaci

Specialni pripady:

elipsa a=>b

kruznice a=b,p=mn/2
parabola a=2b, p=m/2
usecka a=b, p=0




» The Harmonograph [=]



http://2008.sub.blue/projects/harmonograph.html
http://2008.sub.blue/projects/harmonograph.html
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https://www.youtube.com/watch?v=YqSvkNjWnnQ

Lissajousovy parametrické uzly

z(t) = cos(nyt + ¢x)
y(t) = cos(nyl + ¢y)
z(t) = cos(n,t + ¢,)

—> Koeficienty n navzdjem nesoudélné
Vsechny koeficienty liché ~ stredova symetrie
Sudy koeficient ~ 180° rotace okolo prislusné osy

lodni smycka: n=(3,2,5)
ctvercovy uzel: n=(3,5,7)




Prostorové modelovani = neomezené vytvarné moznosti

piot range — |————
floor | axes [ background [
detsl [200 | = |edges (200 ~|

curve number Fﬂd‘mwbuﬂ'l I+

action  save | restore | copy | reset ||
surface Wines [ rm
colors || [
vaidth |n.s vleﬁeds v v

frequencies
|
y=sn |35 wl|ocos |2 ]
. o oW

rotate curve
ot x

connect curves F

— =
Wolfram % Demanstrations Project demonstrationswolfram.com

» Lissajous3D [=]



https://artgorithms.droppages.com/software
https://www.youtube.com/watch?v=mozkxr43Nlg
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Viroveé spiraly

Vizualizace priabéhu harmonickych funkci
v polarnich souradnicich

Jacob Bernouilli, 1691

r vzdalenost od pocatku

0 uhel k ose

kartézské — polarni polarni — kartézské
r = v(x2+ y?) X =rcosé

O@=arctgy/x + km y=rsiné




Dalsi parametry:
R mira ,rozvireni’

n slozitost, pocet ramen

f(r,8) = sin(Rcosr — né) spiralni galaxie M51a

Y S~
O[9©)

THOIC
Q.8

R =6, varn




R=6,n=5

B Virové spiraly ARTGORITMY /04 27
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Motyli krivka
Temple H. Fay

kartézsky

x = sin(t) (E‘mm — 2cos(4t) — sin” (%))
y = cos(t) (Ems{f] — 2cos(4t) — sin® (;—2))

polarné

20 —m
— _cosH_Q 46 ;0
r=Ee cos(48) + sin ( 7 )

Jenom Sest parametru prubéhu

Rytmus, variace, symetrie =
bohata esteticka forma

[=]



http://2008.sub.blue/projects/butterfly.html

Paul Bourke
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Vytvarna rotace

trochoidy, kotalnice

—> Trajektorie bodu pri valivém pohybu
tvorici krivky (hybné polodie)
po zakladni krivce (pevné polodii)

Cykloida

pohyb kruznice
po pevné primce

X =at-dsint

y= a-dcost

d <a: zkracena cykloida p = 2na
d>a: prodlouzena cykloida



Epicykloida

pohyb kruznice (epicykl)

vheé zakladni kruznice (deferent)
Hypocykloida

pohyb kruznice uvnitr zakladni kruznice

ol =




Parametricke rovnice zkracené, resp. prodlouZené epicykloidy (t e R):

x=(a+ b)cus(ét) - dcns(ﬂ * b.f.),
a a

b b
y = (a + b)sin (~t)—dsin (a+ r),
a a

Parametrické rovnice zkracené, resp. prodlouZené hypocykloidy (t € R):
b - b\
x=(a- b)cus(vt) + dcns(f—— t) ,

a a
b a-b )\
y = (a -b)cns(;;r) - dcns(—ﬂ—t),



U O<

Specialni pripady:

kardioida prosta epicykloida, a=»b

nefroida prosta epicykloida, a=2b

asteroida prosta hypocykloida, a=4b

usecka prosta hypocykloida, a=2b

elipsa prodlouzena/zkracena hypocykloida, a=2b




Vizualni charakteristikou je opet pomér a/b:

o celé Cislo
uzavreni po jediném obéhu kruznice,
a/b je pocet segmentu

e racionalni cislo p/q
uzavreni po q obeézich,
p je pocet segmentu

e jracionalni cislo
nekonecna segmentace neuzavrené krivky
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Trochoidni krivky ARTGORITMY /04
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Jak hledat hezké rozetové krivky — spirografy ?

Misto pomeéru a/b chceme spojitou zmeénu
= srozumitelnéjsi popis krivek
Rovnici prepiseme do vyhodneéjsiho tvaru

r = zolmcost + acos(nt)] — yo[msint — asin(nt)]

¥ = yo[mcost + acos(nt)] + zo[msint — asin(nt)],
m = /el
q
n = ? polomér deferentu = 1
polomér epicyklu = p/q
Zo = cos , y
vzdalenost od stredu = a
Yo = siné. pocatecni thel = 6




Katalogové listy pro variace parametri m, n
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— Spirograph

Denys Fischer, 1965




Superpozice a obarvovani
prinasi dalsi vytvarné
moznosti

144 = : 150
e . @ * 1-2-3-4-5-6-7-8-9-10 moving 5 . * 1-9-3-4-56-T

J 14
1 hru 26 moving two teeth 144,
one tooth right every hole.

right every hole. 96

« (80 * 1-2-345-67-8-910-11-12-
16-14

» Cycloids

e

—

<SS

S

» Spirorama

150
705 = @) » 1-22334455667788 -
150 i ! :
L e 1-2-3-4-5 150 o Draw with Hole 1 lined up at mark 1. Next, » 'nS ’ro3d
i s " @ g draw with Hole 2 one tooth to right, then
o 1-2-3-4- one teoth to left of mark 1. Now Hole 3 one
feie SRS tooth farther to right, then one tooth farther
@ * 1-2-3-4-5 left. Continue moving one tooth farther right

and left with each hole.



http://artgorithms.droppages.com/Software
http://artgorithms.droppages.com/Software
http://artgorithms.droppages.com/Software

Guilloché

— Ochranné prvky cenin (prakticka i esteticka funkce)
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Pri kopirovani je kontinuita kresby narusena
rozlozenim bodu do separatnich barev




Edwin William Alabone (1908)
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hanicky tisk v gilosirkach,

dnes matematicky

V4

Five pracny mec

7

D

x =19 % cos(1.001 * ) — 5 * cos(14 * ¢/5)
¥ =19 % 5in(. 999 % ) + 5 * sin(29 * £/5)

0=¢=227.

x =228 % sin{#) — 13 * 5in{228 * #/13) + 13 * sin(t)

¥ =17~ sin(t) — 13 % cos{6 * 1) — 13 * cos(?)

0=t=101
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http://goo.gl/QtSb5H
http://2008.sub.blue/projects/guilloche.html
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Definice vneéjsi a vnitrni obrysoveé krivky, usporadani,
zpusobu repetice a superpozice dekorativnich vzoru
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Lamého krivka

»superelipsa”
Gabriel Lamé, 1818

y

b

r r

e

'.’B
/]

Specialni pripady:
r = 2/3 asteroida

r=1
r=2
r>2

Pri r=5/2 dostavame estetickou krivku
s dalsimi dobrymi matematickymi vlastnostmi

kosodélnik
elipsa
oval




Superegg
— Piet Hein, 1965

rotacni elipsoid tvoreny krivkou
(x/3)3/2 + (y/4)5/2 = 1

s

ABCDEabcde




Pris: DKK 299,-

Man is the animal that draws lines which he himself then stumbles over. In the whole pattern of civilization there have been two
tendencies, one toward straight lines and rectangular patterns and one toward circular lines. There are reasons, mechanical and
psychological, for both tendencies. Things made with straight lines fit well together and save space. And we can move easily —
physically or mentally — around things made with round lines. But we are in a straitjacket, having to accept one or the other,
when often some intermediate form would be better. To draw something freehand — such as the patchwork traffic circle they tried
in Stockholm — will not do. It isn't fixed, isn't definite like a circle or square. You don't know what it is. It isn't esthetically

satisfying. The super-ellipse solved the problem. It is neither round nor rectangular, but in between. Yet it is fixed, it is definite — it
has a unity.

Piet Hein




Zobecnéni superelipsy

lz|” + |y <1

4000
0000
0006
0086

p=1..4,qg=1..4

20 £

Paul Bourke: ' .
A Geometric Primitive |

for CAD




Katalog prostorovych superelipsoidu
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Superrovnice
Johan Gielis & Bert Beirinck, 2003

Modifikace superelipsy v poldarnich souradnicich,
dalsi zobecnéni — Sest parametru

cos(3mb) sin(+m6)

a

r(@) = -

Vyuziti:

elegantni modelovani prirodnich forem
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es superfunction i .‘I. =10 x|

File Genetic Algorithm
Population size [200 — Ji
M, of generations [100] Ji
Prob, of mutation[1.00] ————— J
Prob. of crossover [0,01] Ji
P. of Replacement [0,25] — J—

Mumber of offspring [2] ——— J

Conkinue |

Cpen Image | Save Image l
Glies Superfunction Formula: A |4|5010241503
-1
: P : . |13 A B |6, 2635884094
() = cos(1/4*m* g)™ i sin(1/4*m* ¢) ] M [7.9752764702
a | b N1 |5 8353500366

N2 |3,0328500271

N3 o, 7870215178

Show | Save ]
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Prostorova projekce pomoci sférického soucinu
dvou superrovnicr, ar,

X =1r,(0)cosO -r,(p)cos o
y = r,(0)sin@ - ry,(¢)cos ¢ 6 =-m.. mdélky
Z = ry(g)sing ¢ = —1/2 .30y

— Superformulz 1

Ise the mouse to rotate the object ] i ) 3 — Curves
: |_1_ ] i | .t 1 (") Superelipses
|_1_| = I 1 h2 (¥} Supetroses
!__III | 1 . | N3 () Superspirals
s
— Superformula 2
S— z — Curves
] 2 !_1_} Ll (&) Superelipses
o EEE | 1 | M2 () Superroses
| 0o [ l"—' M3 () Superspirals
o 0.
— Plot Coloriap
: T
0s (®) Surf O Flat |hsv _'_J
N O Ptz @ Inferpoi.
() Faceted




3D superrovnice pro parametry r: (m, a, b, n,, n,, n;)

kde r,: (5,1, 1, 0.2, 6, 6)
r,: (19,1, 1, 9, 14, 11)




——

Width: 18 mm | Diameter: 50 mm
Cooking Time: 7 min

Length: 30 mm | Width: 20 mm
Cooking Time: 4 min

Length: 45 mm | Width: 30 mm
Cooking Time: 10 min

SR ;
\ Wi ji

George L. Legendre (2011)
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