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O pOAOC TWV NAEKTPOVIKWV
UTTOAOYIOCTWY OTN aUyXpPovn
YOAQCIOKN EpEUVa

[1.A. latong
KEAEM, Akadnuiag ABnvwv

M.A. Nartong KEAEM



e H oulAia xpnoIdOTTOIEITAI WG APOPMN YIA
va KaTadeIXTei N AAANAEVOETN TTOPEIA TNG
QOTPOVOUIKNG £PEUVAC YEVIKA KAl TNG
ONMIOUPYIKAG XPNOoNG TwWV NAEKTPOVIKWYV
UTTOAOYIOTWV.

o AoTtpovopia < YT1roAoyioTiky (ACTPO)-
Duoikn
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AcoTtpovopia: Mia TTeipauaTikn EMIOTAUN

e Otwpia (...-1950): 0
AlaTuTTwOoN apxwy, Tr.X. 2° vouog Tou Newton, =
aAAG TTElpapaTIKn €TTaARBeUon povo otav To dt
ETTETPETTE N ATTAOTNTA TWV VOUWYV KAl N akpifela
TWV UTTOAOYIOUWV.

(mv)

TT.X. N TTPOBAEYN TS UTTAPENG KAl O UTTOAOYIONOGC TG BE0NG Tou
[Moocidwva (1846) attdé Toug Adams kai  Le Verrier (UtTToAoyIoUOi
XPOVIKNG OIAPKEIOC ETWV). [,} |
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[ToAUTTAOKOI UTTOAOYIOUOI KAl VEOI VOUOI

e To mpoBAnua Twv N=3 cwudTwv. Henri Poincaré (1887) — Octwpia
TOU Xaouc. H @ewpia Tou XAaoug avoice vEoug DPONOUG OTNV
Oupdvia Mnxaviki kai Tn FaAaglakr Auvauikn.

mX. =G
i ; |Xk_Xj

m,m, (X, —X;)
|3

]=12..n
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[Tapatnpnolakr AaTpovopia

 To avBpwTrivo Pari

* Katd 10 heYaAUTEPO NEPOGC TNG IO0TOPIAG O HOVOG aIoONTPAGC NTAV 0 0OPOAANOG.
* [lepiopiopévn euaioBnaoia.

 [lepiopiopoi AOyw avBpwTTIivig GUOIOAOYIaG KAl UTTOKEINEVIKOTNTAG.
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AoTpovopia: ‘Evag KAAOOG TNG UTTOAOYIOTIKNAG

DuoIKAC

o Ocewpia: H eTOXN TWV TTOAUTTAOKWV
uttoAoyIopwyV (1950-...) kal Twv apIBuNTIKWV
MoVvTEAWV/TTEIpAPATWY (1970-...)

| I Nl

« (Contopoulos 1958, Stockholm Ann. 20, no5)

e [lapartnpnoeic: H etroxn Twv CCDs (1969*,
1985-...). AttoBnkeuon TNG TTANPOYOpPIaC.
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ATTavTnon BewpnTIKWY EPWTNHATWY

o OI TPOXIEC TWV ACTEPWYV OF
QOTPIKA oUOTHMATA (aAOTPIKA
ouAVN Kal YyaAagieg) — AOTPIKN
Auvapikn.

e [1ARBOC TpOXIWV

o AKpifela uttoAoyiouwv

 Mn-ypauuika eaivoueva
(Bewpia Tou Xaoug)

o 2uoThuaTa N-CWPATWY

e H pon Tou agpiou Kai n
YEVVNON TWV QOTEPWV
OTOUG YOAacieg

NGC 1097
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Em@aveia Toung

e Autovopo XauiAToviavo 2uoTtnua 2D

H EH(X’y’ pxipy) :h

EmiAUoOUpE TT.X. WG TTPOG P, /

OAecg o1 TpoxiEC pye oTaBepn evEépyela h TTapapEvouy
mavw otnv 3D em@dveia Tou 4D gacikou xwpou (X, Y, P, )
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Em@aveia Toung

o Opiloupe pia emmi@avela Toung y=0
Poincarée surface of section
Ta onueia €1 TNG S(X,Y,Py,Py)=C
consequents

AuTa opilouv TTi TNG S €va Poincaré map

Poincaré 1899, Birkhoff 1927
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TpoxIEC o€ Eva JOVTEAO paFdou
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[Tapdadelyua (ouveXEIQ)
H E%(X2 +V)+V(X,y)=h

e V APTIO WG TTPOG Y
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IOOOUVANIKEC
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[Tapdadelyua (ouveXEIQ)

H E%(X2 +y2)+V (X, y)=h
* V APTIO WG TTPOG Y

Emdveia topurig Y = O 8nA. (X, X)
Tpoxiéc evidoc inc Zve V (X, y) — N e Yo > 0

Tépvouv 1o emrimedo Y =0  dameipeg popég
(av Ogv TTPOKEITAI
VIO TPOXIEC DIAPUYNG)
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KAgeioTn CZV

% 2 +V (x,0) = h

AV TO ApXIKO ONMEIO EVTOG TNG KAMTTUANG TOTE
OAa Ta utTOAOITT Ba €ival EVTOC TNG idIAC
KAUTTUANG.
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TOTTIKEG €.7. KAI ETTIPAVEIEC UN-TOKNG
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Mn-oAoKANpwaoIya cucTAUaTa
TpOXIEC

TPOXIEG: TTEPIODIKEG — N TTEPIODIKEG
[Tepi0dIKEG 1. : EuoTaBeic - AoTaBeic

X=X,(t) +&
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EuoTtaBeia TEPIOdIKWYV TPOXIWV

y

~
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Tagn kal Xaog g€ pia €TIPAVEIA TOUNG

e ‘Evac apiBuntikog kwodlkag trepitrou 100 ypaupwyv
(avaAoya Pe TNV TTOAUTTAOKOTNTO TOU BAPUTIKOU
OUVAMIKOU) —A0KNON YIA EVAV JETATITUXIAKO QOITNTH.

o Kupiwg pia apiBunTikn oAoKANpwaon evo¢ oUaTUATOC
OIAPOPIKWYV ECIOWOEWV (ECICWOEWV Kivnong).

e T1.X. 10° onueia o€ éva TTOAUTTAOKO OUVANIKO paBdwTou
vaAagia (Ferrers, 1887 Q.J. Pure Appl. Math. 14,1) — 8
WPEG (TTPAYUATIKOU XPOVOU) UTTOAOYIOUWY OUVOAIKA JE
eva auvnBec PC. Ev yevel TTOAU AiyoTepo.
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1052  G. Contopoulos and P. A. Patsis

400

Figure 18. (a)The orbit described in Fig. 17 plotied in a non-rotating frame of reference. (h) The corresponding variation of the energy with time.
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F1G. Al. The stable curve S and the unstable curve U intersect at
O, the fixed point.




F1G. A6. First attempt at continuing U beyond H.

F1G. A7. Second attempt at continuing U.

F1G. A8. Third and last attempt at continuing U. The drawing is
incomplete: the curve U must fold and accumulate indefinitely
along the arc OH of S, so that a host of new homoclinic points
appears.

that come earlier, H,_,H,, or H,H,, for instance, cannot meet S be-
tween O and H. So S has to meet them at some point later than H,
that is, the curve S has to fold back along itself to intersect all the
earlier arcs.

From the modest beginning of Figure Al, the stable and unstable
curves have knitted a web, intricate beyond our wildest imagination.
As Poincaré put it: “The reader will be struck by the complexity of
this figure, which I am not even attempting to draw. Nothing could




H. Poincare: ,
Les methodes nouvelles de la mécanique céleste (1899)

vol.3, chap. 3, sec. 397.

 The reader will be struck by the complexity of this figure,
which | am not even attempting to draw.

Nothing could give us a better idea of the intricacy of the
3-body problem, and of most problems of dynamics

BA. Ivar Ekeland (1988). Mathematics and the unexpected Chicago, IL,: University
Of Chicago Pres
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H doun Tou paoikou Xwpou o€ 3-01aoTaTd
XAUIATOVIOVA CUCTHMOTO
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OLaTETS
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To mpoBAnua Twv N cwudTwy

m,m, (X, —X;)

mX; =G

K+ ] |Xk_xj |3

O1 yahagieg €xouv 1010 — 10H
aotépeg | =1,2...n

Patsis & Kaufmann
1999, A&A 352, 469

10° cwpdTia
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5x10° cwudTIa
http://www.youtube.com/watch?v=DYpI9NptNYdY&NR=1
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 ATO TIGC HOVOAIBIKEC KaTappeUoelS (To
MovTéAo ELS. -Olin Eggen, Donald
Lynden-Bell, Allan Sandage, 1960)
OTA IEPAPYXIKA OEVAPIAL.

e O pOAOC TWV OUYKPOUCEWV TTOAU
ONMAvTIKOG, 101aITEPA OE TTAAQIOTEPES
ETTOXEG.

 EI101k6 software
 Kwdikeg TTAEyHATOG
» Kwdikeg tree O(NlogN)
TPALEIG
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Ei1d01kO hardware (Mg agova 1o TTpoBANpa Twv N-CWHATWYV)
2. XEOEIC KOOTOUC - UTTOAQYIOUWV

 GRAPE (G RAvity piPE) (Makino & Taiji 1996, Comp. in Phys. 10, 352)
O(N?) duvapueic + O(N) utréAoITTeg TTPALEIC OTOV KWOIKA

(BA. Patsis 1998, in ASTRONOMY 2000+, Kontizas et al., [TET)
« GPUs (Programmable Graphics Processing Units)

[TapaAAnAol uttoAoyiopoi cuvoualovTag HOVADEC
HVAMNG
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CCDs Kal eTTeceEpyaaia EIKOVAC

Figure 1.8 Electronic detectors have revolutionized astronomy. They are compact,
highly sensitive to light, and—unlike a photographic emulsion—an electronic
sensor can be used over and over again. Shown here is a Texas Instruments
TC237, a 640x480-pixel CCD in a package just half-an-inch long.

This is Pixel (0,0)

This is the +X direction

Y

This

is the
+Y
direction

[]

This is Pixel (Xmax.Ymax)

Figure 1.14 Each pixel in a digital image has an “address” corresponding its place in the
image and the location of a photosite on the detector. The first pixel to be
read from the detector is pixel (0,0) and the last is pixel (Xpa0Y=s). The
image shown here is 16 pixels wide by 12 pixels high.

atrd 10 BIBAiIo Tou Christian Buil, “CCD
Astronomy”, Willmann-Bell, (1991)
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ANy TPOTTOU TTAPATNPNONG
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ATTOBNKEUON KAl ETTECEPYOATIO OEQOUEVWV.
O NGC 3223 o10 €yyUcg UTTEPUBPO

a

-

;‘q". deprojected relative K’
= e e e 1,

T
ol |

'?‘-..r =

i

. b.'. H.:L
TR e ek

Grosbol & Patsis 1998
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[TpO@IA TTIQAVEIOKNS AQUTTPOTNTAC

14 T T T T | T T
§ €
16 -+ —
e 18 —+ -
€L
3 L
o
b 20 - \ .
m | NGC 3223 1 H&C 5085 1 NGC 5247 1 NGC 5861 1 Ne&C vpas _
£ AC e — —————— — R e e e
- -+ - -H-_K:' 4 —+ v_K} -
I-K (I-K) ML&_____J;K
"'_‘-—u—'—"‘—"‘——\_.—\_._\_\_“_ _E= _ i _ —_ _
2 =D e B ] o i
S e 5V = 0 BV (8-vy T BV )
i 1 1 1 1 ] 1 1 1 1 1 1 1 1 1 1 1 1 1 ] 1 1 1 1 1 1 ] 1 1 1 1 1 1 ] 1 1
0 50 0 50 o 50 0 80 Ly O 50

11/9/2011 M.A. Narong KEAEM 42




The potential has been calculated using near-infrared observa-
tions in the J, H and K bands under the assumption of a constant
mass-to-light (M/L) ratio. In the z = 00 plane it can be approximated
by the function

Bir.0) = Dolr) + Y Dpelr) costmb) + By (r) sinms), (1)

m=0

where m = 2. 4, 6.

The amplitudes of the various components in equation (1) are
written in the form Z:zuuﬂr". The values of the coefhcients o,
in (km s7')* can be found in table 1 of Quillen et al. (1994). Re-




2. (pAIPOEION TOU TTUPNVO AV KOUTIA

Galaxy with Warped Dust Lane
(VLT ANTU + FORS1) European Southem Obscrvatory IR
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KouTia Kal puaTiKIa

Hickson Compact Group 87

friubble,

PRC99-31 » Space Telescope Science Institute » Hubble Heritage Team (AURA/STScl/NASA)
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H oupfoAn TnS Bewpiag Twv TpoXIWV

« MTTOpOUV 01 BiOKOI VA UTTOOTNPICOUV TPOXIOKA TA KOUTIQ,;
 [lola N oxéon METACU KOUTIWYV Kal paBowv;

o [10Ti UTTAPXOUV OXNUOTIOUOI «X» HECO O JEPIKA KOUTIQ;

* [lola N avTioTOIXiO METACU XOPAKTNPIOTIKWY TTOU
TTAPATNPOUME aTTO TO TTAAI KOl TNG Jop@oAoyiac “en face”;
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Building Edge-on profiles of disk galaxies

Panos Patsis (RCoA)
Charis Skokos (RCoA)

Lia Athanassoula (Observatoire de Marseille)
Preben Grosbgl (ESO)

(2002-2004)

[ ———— \ _ .-

11/9/2011 M.A. MNarong KEAEM 47



The relation between orbital shapes and morphological features

weighted profiles
(orbits from the stable parts of the families)
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The relation between orbital shapes and morphological features
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AVAKAAUTITOVTAC KPUMEVEC OOMEC

It 2531 1-Band

NGC 4013
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Residual imag €S (Patsis & Xilouris 2006, MNRAS 366, 1121)

NGC 4013

11/9/2011 M.A. MNarong KEAEM 51



11/9/2011

AQaipeon VEAPWY AVTIKEINEVWV

Patsis, Heraudeau,
Grosbol 2001, A&A
370, 875
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2.UYKpIon Bewpiag Pe TTapaTnpnoeic:
O vopog Tou Newton 1oxUel 0TO KEVTPO ToU [aAacia.

R. Genzel et al. (MPE)
http://www.eso.org/public/news/eso0226/

.y
10 hght days
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AoTpovouia. H untépa tnS BaciKnG Epeuvac.

o A6 10V aAIAaio oTn 2uyxpovn Puoikl — ATTO Tov
Poincare otn Bewpia Tou XAoug (ME EQAPUOYEC OE OAEC
TIG ETTIOTAMEG)

o ATO 1Ic CCDs kal TNV avaAucn aoTPOVOUIKWY
TTAPATNPNCEWY OTIC EQPAPMOYEC OTNV IATPIKI)
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2.XEON UTTOAOYIOTWYV KAl EKTTAIOEUONG VEWV
QOTPOVOUWV.

O ouUyXpoVvOoG aOTPOVOUOG — £vacg £10IKOG OTA
UTTOAOYIOTIKG CUCTAUATA.

* AvAAuon aoTPOVOWMIKNG EIKOVOC

o 2UYYPAPN ECEIDIKEUPNEVOU AOYIOUIKOU

o XpNnon €10IKwV TTaKETWYV (T1.X. Mathematica, Mapple kA1)

o EupUTEPN €TTAYYEAUATIKI ATTOKATACTAON
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