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Abstrakt

Tato studie je vénovana vlastnostem zobecnénych rotujicich gode-
lovskych prostorocasit vyplnényich hmotnym skalarnim polem a viskoz-
nim plynem za pritomnosti tepelného toku a kosmologické konstanty.
Protoze nekteré pozorované nehomogenity v CMB mohou byt interpre-
tovany také jako indicie kosmologické rotace, je studovan kosmologicky
model expandujiciho a rotujictho vesmiru s anizotropickou expandujict
godelovskou metrikou jako alternativa standardntho kosmologického
modelu popsaného Robertson-Walkerovou metrikou. Je ukazano, Ze re-
seni Klein-Gordonouvy rovnice pro skalarni pole v takovém prostorocase
[ze vyjadrit jako superpozici Besselovych funkci pruniho a druhého dru-
hu. Hustota vizkézniho plynu v tomto vesmiru tlumené osciluje kolem
stiredni hodnoty a masivni skalarni pole zde hraje roli vakuové energie ¢i
kvintesence. Specialnim nastavenim pocatecnich podminek lze ziskat
reSeni s casove symetrickou evoluci vzhledem k vyznacné udalosti v Case
t=0-big bangu.

Kliéovaslova

Godelilv vesmir; hmotné skaldrni pole; vizkézni plyn; tepelny tok;
kosmologicka konstanta.

Uvod

Skalarni pole bylo mnohokrat diskutovano v kontextu obecné teorie relativity
v souvislosti s moznym vysvétlenim kreace hmoty v kosmologickych teoriich,
reprezentaci hmotnych bezspinovych poli i rozsifenim popisu gravitaéniho pole.
Nékteré vlastnosti skalarniho pole mohou také hrat roli pfi FeSeni problému
standardniho kosmologického modelu zaloZzeného na obecné relativité, zatim



jediné znamé teorii gravitace neodporujici experimentalnim testdm.

Koncept skalarniho pole byl poprveé pouzit Diracem [1] pri pokusu o vysvétleni
Machova principu, kdy vysledna teorie obsahovala gravitaéni konstantu zavislou
na Case. Skalarni pole se také objevuje v skalarné-tensorovych teoriich uvede-
nych Kaluzou a Kleinem [2] a poté Bransem a Dickem [3] [4]. Tato tfida teorii mo-
difikuje obecné relativistickou akci a rovnice pole zavedenim nového €lenu po-
pisujiciho novou silu dalekého dosahu. Na druhé strané ve standardnim kosmolo-
gickém modelu je souéasna zrychlujici se kosmickd expanze vysvétlovana
pusobenim skalarniho polem tzv. quintessence. Takové pole muze poskytnout
mechanismus pro inflaéni rozpinani ve velmi raném vesmiru a hrat roli galaktické
temné hmoty [6] - [7] potFebné pro objasnéni pozorovanych orbitalnich rychlosti
hvézd v galaxiich. Nejen z téchto divodu bylo vlastnostem kosmologickych
skalarnich poli vénovano mnozstvi praci [8] - [11].

Néktera observacni data tykajici se kosmickych €astic s vysokymi energiemi
indikuji kosmickou rotaci [12] - [15]. Horni mezni hodnoty kosmické rotace byly
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<4.107" pro uzavreny vesmir). Prvni kosmologické feseni
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plochy vesmir,
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Einsteinovych rovnic za pritomnosti kosmologické konstanty pro rotujici vesmir,
ovsem prozatim statické, je Godellv vesmir [17]. Pozdéji bylo provedeno mnoho
pokust o zobecnéni Godelova modelu na nestaticka reseni, ktera jiz zahrnuji
kosmickou rotaci,expanzi i viskozni efekty. Vzhledem k sou¢asnym observacnim
datim potvrzujicim kosmickou expanzi jsou takova zobecnéni obzvlasté na ne-
statické reseni kli€ové pro Zivotaschopnost téchto kosmologickych modeld.

Diky mnoha fascinujicim vlastnostem je zobecnény Godellv vesmir predmé-
tem této studie. Inherentni kosmicka rotace je pouze jednou jeho zajimavou
vlastnosti. Jesté vice prekvapujici je nepritomnost globalni chronologie a exis-
tence uzavrenych €asupodobnych geodetik, tedy potencialni mozZnost cestovani
v €ase*. Godelllv model je geodeticky kompletni a neobsahuje singularity nebo
horizonty [18]. Kopparovo a Patelovo reseni [19] - [20] reprezentuje nestatické
zobecnéni Godelova reseni pro rotujici vesmir s tepelnym tokem vyplnény viz-
kéznim plynem. Chakraborty and Bandopadhyay [21] publikovali statické reseni
pro rotujci vesmir s dokonalym plynem a skalarnim polem. Kone¢né Yavuz and
Baysal [22] zobecnili Godelovo Feseni pro nestaticky vesmir s tepelnym tokem
vyplnény dokonalym plynem.

Vétsina kosmologickych teorii predpoklada, ze hmota ve vesmiru na velkych
Skalach mize byt dobre popsana jako hmotny neinteragujici prach nebo dokonaly
plyn. Avsak jsou nékteré dobré dlivody véfit, ze zejména v ranych stadiich evolu-
ce vesmiru vizkoni efekty mohou hrat vyznamnou roli [23] - [25]. Existence bul-
kové vizkozity je ekvivalentni pomalému obnovovani rovnovaznych stavi [26]

* Kauzalni problémy vznikajiiv jinych resenich Einsteinovych rovnic, napriklad v ker-
rovskych prostorocasech.



a mechanismus vizkozity v kosmologii mize pomoci vysvétlit vysokou baryonovou
entropii v souc¢asném vesmiru [27]. Misner [28] pravdépodobné jako prvni uvazo-
val kosmologickou aplikaci viskozity pro objasnéni procesu vyhlazeni pocatec-
nich anisotropii v raném vesmiru. Nasledné byly kosmologické modely uvazujici
viskozitu studovany z mnoha Uhli pohledu. Uziteény prehled téchto modeld
v€etné referenci na starsi literaturu do roku 1990 zpracoval Gren [29]. Viskozita
hraje dulezitou roli ve vysvétleni mnoha fyzikalnich vlastnosti homogennich kos-
mologickych modeld. Murphy [30], Banerjee a Santos [31] se vénovali homogen-
nim modeldm vyplnénym viskoznim plynem, Chimento s Jakubim [32] pak doplni-
li tyto kosmologické modely o vliv skalarniho pole. Nehomogenni kosmologické
modely Bianchiho typu s magnetizovanym visk6znim plynem a proménnou kosmo-
logickou konstantou byly popsany Pradhanem [33]. Kosmologicky model s obje-
movou i smykovou viskozitou byl pak studovan v pracich Elsta [34] a Gavrilova [35].

V rannych stadiich evoluce vesmiru se nepredpoklada distribuce hmoty ve sta-
vu termalni rovnovahy, coz prirozené implikuje existenci kosmického tepelného
toku. Efekty kosmického tepelného toku byly studovany mnoha autory [36] - [37].

Z téchto dlivod( se vénujeme vlivu viskdzniho plynu, hmotného skalarniho po-
le, tepelného toku a kosmologické konstanty na evoluci vesmiru Godelova typu.

Formulace problému

Uvazujme nestatickou metriku popisujici rotujici vesmir Gédelova typu s ele-
mentem intervalu ve tvaru

ds® = dx* +dz* — (dt+Hexdy7 +L2H2e2xdy2, (1)
o

kde metricky potencial H je funkce kosmického €asu t a «« je konstanta. Ein-
steinovy rovnice lze zapsat v obvyklé formé (v jednotkach ¢=8rG =1 )

1
RHV _5 guv :Tpv’ (2)
kde tenzor energie-hybnosti T, pro kosmickou distribuci hmoty-energie zahr-
nujici hmotné skalarni pole, viskdzni plyn, tepelny tok a vakuovou energii, je
dany vztahem

Tpv = pupuv +(p_§e )va _2110“\/ +qpuv +qvup
3)
1 1 (

R UL v, V' -mvr*)-Ag,,.

Zde p je isotropicky tlak, p je hustota plynu, 7), ¢ koeficienty pro smykovou
i objemovou viskozitu a u,,, je Etyrrychlost kosmické distribuce hmoty v soupu-
tujicim referenénim systému.



Projekéni tensor P, je dan formuli

Ja

P,=uu +g,, 4

tenzor deformace je pak dan jako
_ _ (5)
Kde (6)

Zde a dale stfednik oznacuje kovariantni derivaci. Ctyrvektor tepelného toku
Q, je ortogonalnike €tyrrychlosti kosmické distribuce hmoty u, a jeho norma je
pozitivné definitni, coz je vyjadreno podminkami

(7)

Rovnice pole v lokalnim inercialnim systému

Pro zjednoduseni vypo€tl je vyhodné vyuzit transformaci do lokalniho
inercialniho systému (LIS). Metrika (1) muZe byt prepsan s pouzitim tetrady 1-
foremdo tvaru

(8)
kde 77, je Minkovského metricky tenzor a prislusné 1-formy jsou definovany
nasledovné

9)

Lokalni tenzorové komponenty budou v dalsim texty znaceny indexy s tildou.
Matice transformace kontravariantnich komponent do LIS je dana dobre
znamou formuli

(10)
kovariantni komponenty se pak transformuji pomoci inverzni a transponované
matice , ktera nabyva formy



Pro obdrZeni odpovidajici levé strany Einsteinovych rovnic v LIS je nutno Ein-
steindv tenzor, ktery je dan metrikou (1), transformovat pouzitim vyse zmi-
nénych transformacnich pravidel.

Transformace do LIS zachovava x a z souradnice a souradnici y pouze reska-
luje, takze je zfejmé, Ze v plvodni i novy referenéni systém souputuji s kos-
mickou distribuci plynu. Ctyfrychlost plynuvLIS tedy bude

ut =u* =(1,0,00),  u, =(-10,0,0). (11)

Tenzor energie - hybnosti (3) v LIS nabyva relativné jednoduchého tvaru

P 4. 49, 4.
oV’ qr ﬁ 0 0
o =] ,
(_ﬂuszrheat) qy 0 ﬁ O
. 0 0 p
kde efektivni tlak p je dan formuli )
P ofe-2n)

a ¢, jsou prostorové komponenty ¢tyrvektoru kosmického tepelného toku. Diky
podmince ortogonality ( g'u, =0 ), je Casova komponenta nulova ( qo =0).
Jestlize predpokladame homogenni €asové proménné skalarni pole, prislusna
Cast tenzoru energie - hybnosti bude nabyvat tvaru

v:-m?) 0 0 0
w1 0 02 +mr?) 0 0
(ﬁeld)_g 0 0 (sz +M2V2) 0 (13)
0 0 0 02 +m202)

Konecné, ¢ast odpovidajici vakuové energii je plné uréena kosmologickou kon-
stantou anabyvav LIS jednoduchého tvaru

A 0O 0 0

s J0 -A 0 0

(vacuum energy) O O _A O
0 0 0 -A

Diky nezavislosti skalarnich veli¢in na referenénim systému je mozno expanzni
faktor O a potencial skalarniho pole V' uré€it v plvodnim referenénim systému.



Expanzni faktor O je uréen 4-divergenci €tyfrychlosti plynu nebo ekvivalentné
jako rychlost zvétsovani vlastniho objemu U objemového elementu plynu vztahy

0=——=u'. 14
Udt " (14)
Pro danou metriku (1) pfimou kalkulaci ziskame relaci
H
0=", (15)
H

Zde adale tecka “.” znaci oby€ejnou derivaci podle t.

Aby hmotné skalarni pole bylo kompatibilni s danou prostoro€asovou
geometrii, je nutno uvazovat jeho potencial V jako reseni Klein-Gordonovy rov-
nice pro zakriveny prostorocas ve znamém tvaru

1 0 N oV
——u(g“ V-8
J—g Ox ox
kde hodnota M je svazana s hmotou m prislusné bezspinové castice relaci

m
M = —

h . O potencialu V dale predpokladame, Ze je funkci pouze kosmického
casu.

V LIS mohou byt tedy rovnice pole (2) pro metriku (1) s tenzorem energie-
hybnosti (3) zapsany ve tvaru

j—Mszo, (16)

22 H 2 OCZ 2 H 1 72 2172
G =" " -D+—=p—-(CE-"NV—-A+—V"+MTV 17
H( ) 2P ( 3n)H 8n( ) (A7)
GxtE 1-(X.2 =g (18)
—H( )=4q,
ol 2 H | 27,2 (19)
GV = =p—(CE-"MN—=-A+—T"+MTV
;P ey & )
. 44— ) H 2 H ., 21,2
G% = +@*-1D)==p—(E - —=—-A+—F*+M*V? (20)
g TemhEE Gy & )
G55=3a2—1= +A+ ! V2 M2
—y P g ¢ ) @)



Reseni rovnic pole

Z rovnic (19) a (22) okamzité ziskame, 7~ o> =2 . (22)
Pouzitim rovnic (19) a (21) spolu s rovnici (24) snadno uréime, ze H =0 , a tedy
metricky potencial mizeme zapsat ve tvaru

Ht)=Ht+H,. (23)
Klein-Gordonova rovnice pro metriku (1) maze byt zapsana ve tvaru

v Ty v —o. (24)
H

Dosazenim (23) do rovnice (24) obdrzime potencial skalarniho pole ve tvaru

V() =CJ,(A0)) + G, (A@), A1) = M(Z”

+1). (25)

1
Zde J, a 'Y, jsou Besselovy funkce prvniho a druhého druhu an-tého radu.
Zrovnice (15) a (23) lze snadno ziskat expanzni faktor jako

Ht+H,

a tedy z rovnice (18) vidime, ze x-komponenta ¢tyrvektoru kosmického tepel-
ného toku bude

(26)

q,=-9. 27)
Ostatni komponenty Etyrvektoru kosmického tepelného toku ztstavaji nulové.
Zrovnice (21) ze ziskat hustotu energie kosmické distribuce hmoty jako

1
=—-A-¢ 28
P 5 (28)
kde hustota energie ¢asoveé proménného skalarniho pole € je dana vztahem

2

& = 2 (C,(A0) + CY (D) = (G, (40) + Y, (40)) (9

Nyni muzeme redukovat pocet nezavislych parametr( v ziskanych rovnicich
pouzitim barotropni rovnice, p =(y —1)p, 0<y <2 . Nasledné tedy z rovnice
(28) ziskame tlak kosmické distribuce pro hmotu v riznych forméach.

p=w—D%~A—m G0)



p=0 Prach v=1
p=p Stiff matter =2
p=-p Temna hmota v=0
p=1/3p Zareni v=4/3

Pouzitim feSeni ziskanych vySe z rovnic pole muzeme urcit vztah mezi
koeficienty pro objemovou (&) a smykovou (1) viskozitu ve tvaru
2

@94—ﬁi(Q%0WD+QKOWDY)

2
i G1)
3 0
Pripomenme zde, Ze oba viskozni koeficienty jsou pozitivné definitni [38],
tedy, n >0, >0 . (32)

Pro libovolné reseni mize byt hodnota H, uréena z prirozené pocatecni pod-
minky pro metricky potencial, H (t = O)= 0, implikujici /=0 . Tato kon-
stanta muze byt tedy chapana jako pouhé posunuti kosmického ¢asu.

Nyni ze diskutovat obecné vlastnosti ziskaného reseni. Rovnice (21) ukazuje,
ze celkova hustota energie se v tomto vesmiru zachovava a béhem casové
evoluce se pouze méni pomér energie distribuce hmoty a energie skalarniho
pole. Energie skalarniho pole osciluje kolem nulové hodnoty a proto i hustota

1
Hmoty osciluje kolem stredni hodnoty dané jako E_A’ viz rovnice (21). Role

kosmologické konstanty v tomto modelu je relativné jednoducha, nastavuje
pouze stfedni hodnotu hustoty distribuce hmoty a muizeme ji tedy polozit rovnou
nule bez Ujmy na obecnosti. Na druhé strané, skalarni pole muze byt
interpretovano jako proménna efektivni hodnota kosmologické konstanty, pokud
zanedbame clen s ¢asovou derivaci v prislusné ¢asti tenzoru energie-hybnosti.
Dalsi vlastnosti reseni vyrazné zavisi na hodnoté superpozi¢ni konstanty C,
skalarniho pole.

Existuji dvé odlisné tridy reseni. Prvni z nich je charakterizovana nenulovou
hodnotou C,. Energie skalarniho pole je v tomto pripadé definovana pouze pro
pozitivni hodnoty argumentu A a tedy i kosmického ¢asu a jde do nekonecna
v t=0. Evoluce takového vesmiru zacina v t=0 singularitou s nekone¢nymi hodno-
tamip, p, €,q a O .Tento pripadilustruje obrdzek 1.

Druha trida reseni disponuje zajimavéjsimi vlastnostmi. Hodnota Besselovy
funkce prvniho druhu nikdy nejde do nekonecna a je definovana pro arbitrarni
hodnotu jejiho argumentu. Energie skalarniho pole se bude takto chovat, jestlize
nastavime C,=0 a budeme tedy uvazovat pouze prvni ¢len v potencialu. V tomto
pripadé hustota hmoty p a hustota energie skalarniho pole ¢ je definovana a zUs-
tava konecna pro arbitrarni kladné i zaporné hodnoty kosmického casu. V Case



t=0 vektor tepelného toku a expanzni faktor méni znaménka a stavajici se
nespojitymi, ale konecné hodnoty hustoty energie hmoty i energie skalarniho po-
le stale zUstavaji zachovany. To lze interpretovat jako vesmir kolabujici v zapor-
nych hodnotach kosmického Casu a expandujici v kladnych. Diky vlastnostem
Besselovych funkci prvniho druhu je toto reseni ¢asové symetrické. Tento pripad
ilustruje obrdzek 2. Poznamenejme zde, Ze negativni hodnoty x-komponenty
kosmického tepelného toku pouze ukazuji smér Sireni tepla podél osy x global-
niho referen¢niho systému.
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Obrdzek 1: Chovdni prvni tfidy feSeni s C,=1, H=1, C,=1, H,=0.
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Shrnuti a zavér

V této studii diskutujeme vlastnosti rotujiciho nestatického homogenniho
a anisotropniho godelovského vesmiru za pritomnosti hmotného skalarniho pole,
viskdzniho plynu, tepelného toku a kosmologické konstanty A. Je ukazano, ze
chovani hustoty energie skalarniho pole ¢ je pro vlastnosti evoluce takového
vesmiru klicové.
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Obrdzek 2: Chovani druhé tfidy reseni s C,=0, H=1, C,=1, H,=0

Kinematické veliciny tohoto modelu nabyvaji nasledujicich hodnot.
Expanzni faktor O je dan vztahem

0= H _ H,
H T HH (33)
Skalar deformace (o 2), a rotace (Q?*) vektoru Ctyfrychlosti jsou dany vztahy .
2
o 1
36°=0%, Q'=—=— (34)
4 2

Kosmicka vorticita tedy zlstava konstantni v celé historii takového vesmiru.
, . O v P y ,
Snadno nahlédneme, ze Y = ﬁ = 0.577. Soucasny horni limit pro nas vesmir

pro pomér — =10" je ziskan pomoci nepFimych argument( uvazujicich Isotro-

0
. v oy B . . O 3 B .
pii primordialniho zareni cerneho telesa [39]. Pomer 6 v popisovaném modelu je

vyznamné vétsi nez soucasna hodnota a z(stava konstantni béhem celé kosmické
evoluce.

Hustota energie hmotného skalarniho pole je v zde primo svazana s hustotou
a tlakem kosmické distribuce hmoty. Skalarni pole hraje v tomto modelu roli
vakuové energie nebo quintessence. Potencial skalarniho pole je vyjadren po-



moci superpozice Besselovych funkci prvniho a druhého druhu. Diky vlastnostem
téchto funkci byly ziskany dvé tridy reseni, prvni bez ¢asové symetrie a s poca-
tecni singularitou, druha bez singularity a s casové symetrickou kosmickou
evoluci pro kladné i zaporné hodnoty kosmického cCasu.
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ZALUDNOSTI CCD FOTOMETRIE
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Abstrakt

Jednou z najdolezitejSich metéd vyskumu premennych hviezd je
fotometria. Pouzivanie CCD detektorov na fotometriu od 90-tych rokov
neustale vzrasta. Podobne ako pri injch metédach ¢t detektoroch, ¢im
presnejsie data chceme, tym hlbsie musime preniknit do poznania
metddy a detektoru. Je to tiez zdklad sprdvnej interpretacie ziskanych
dat. Tento ¢lanok poukazuje na niekolko vybranych charakteristik CCD
detektorov a na nie vel'mizname problémy s nimi spojené.

Uvod

Jednou z najdolezitejsich metod vyskumu premennych hviezd je fotometria.
Pozorovatelia tito metddu uprednostiuji pred ostatnymi kvoli jej niekolkym
nespornym vyhodam, ktoré ponuka. Ako by povedali teoretici, CCD kamera je
»cierna skrinka®, ktora nevyzaduje zlozitd udrzbu ani pomocné zariadenia,
okrem pocitaca, ktory aj tak vac¢sina pozorovatelov uz ma. Vd'aka znaénému roz-
voju polovodicovej technologie v poslednych rokoch sa zlepsila kvalita, citlivost
a dalsie parametre CCD detektorov. Ich cena postupne klesa, ¢im neustale
vzrasta ich dostupnost’ pre SirSiu komunitu astronémov-amatérov. Tak profe-
sionalny ako aj amatérsky pozorovatelia chcu ziskavat’ hodnotné data. To vsak
v skutoc€nosti nie je také jednoduché akoby sa na prvy pohlad zdalo, a to kvoli
vplyvu mnozstva faktorov. Vo vSeobecnosti plati, Ze ¢im viac chceme ziskat’, tym
viac detailov musime zvazit a zahrn(t, ¢€o si vyzaduje hlbsie pochopenie
problematiky. Inymi slovami, mnoZstvo detailov, ktoré treba zvazit, zavisi na tom
ako presné data chceme dostat. V tomto Elanku prediskutujeme niekolko
faktorov, ktoré sice pri beznej fotometrii nie si tak vyznamné, no stavaju sa
dolezitymi pri vysoko presnej fotometrii. Chceme vsak upozornit, Ze aplikacie
akychkolvek metod v praxi sa odvijaju od konkrétneho pozorovatelského
stanovista a pouzitého pristroja.

Dosiahnut presnost’ 0,01 mag je teoreticky jednoduché, v praxi vsak narocné.
Najlepsia presnost’ jedného CCD fotometrického merania pri pouziti malého
d’alekohladu a niekolko minltovej expozicie sa pohybuje okolo 0,003 mag. Zial
tato hodnota je stale asi trojnasobna oproti fotoelektrickym meraniam velmi
jasnych hviezd a prinajmensom 10 krat vacsia ako teoreticky limit (Howell &
Everett 2001). Je nasou ulohou odhalit' faktory obmedzujlce presnost nasich
merani a najst metody na ich eliminaciu alebo aspon ich potlaéenie.



Charakteristiky CCD

Ako ukazuje €lanok Walkera (1986, viz obrazek 1 v tomto €lanku), CCD detek-
tory sa vyznacuju dlhodobou stabilitou svojich vlastnosti a parametrov. V tejto
Casti €lanku spomenieme niektoré najdolezitejsie parametre CCD detektorov.

Zisk (ang. Gain) v jednotkach poctu elektronov na ADU je prevodny sucinitel
medzi po¢tom elektronov zaznamenanych CCD detektorom a poétom ADU na
vyslednej snimke. Je ureny predoysetkym vlastnostamiA/D prevodnika kamery
a urcuje G€innost’ A/D prevodu. Cim je zisk mensi, tym lepsi pristroj mame.
Vsetky vlastnosti prevodnika, ako rozlisenie, pocet Urovni, vzorkovacia frek-
vencia atd'., si obmedzené a prevodnik od prevodnika sa lisia. Nakoniec sa vzdy
musi zvazit' aj otazka pomeru cena/vykon.

Maximdlna nabojova kapacita (ang. Full Well Capacity, dalej len MNK)
v jednotkach poctu elektronov je maximalny naboj, ktory je jeden pixel schopny
udrzat bez saturacie veducej k degradacii signalu. Rozmerovo vadsie pixely dajd
sice nizSie geometrické rozliSenie, ale umoznuji robit' dlhsie expozicie bez
saturacie, pretoze maju vacsie MNK a teda aj vaési dynamicky rozsah. Prichad-
zajlci tok ziarenia ma plosny gradient dokonca i v ramci jedného pixelu. Tento
jav je vSak v pripade malych pixelov zanedbatelny, ¢o je velmi dblezité pre pro-
filovu fotometriu. Vlastnosti pixelov a A/D prevodnika by mali navzajom kore-
Spondovat, videalnom pripade takto:

zisk x pocet urovni A/D=MNK (1)

Vycitavaci sum (ang. Readout noise) v jednotkach poctu elektronov na ADU
a pixel je pocet elektronov, ktory sa vo vycitavacej elektronike nazbiera do
signalu pixelu. Sum pochadza z dvoch zdrojov. Prvym je vlastnost prevodniku
zvana opakovatelnost’ (ang. Repeatability): privedenie rovnakého mnozstva
naboja z toho istého pixelu na prevodnik nemusi dat vzdy tu istd hodnotu na
vystupe prevodnika. Druhym zdrojom sd nezelané nahodné signaly pochadzajlce
zo senzora a vnutornej elektroniky, ¢o sa v kone¢nom dosledku prejavi ako d’alsi
sum nazbierany pocas digitalizacného procesu. Vycitavaci sum spolu s MNK
uréuje dynamicky rozsah zariadenia.

Vhodna velkost’ pixela je mimoriadne dolezity fotometricky faktor. Pre kva-
litnd fotometriu je potrebné, aby bola velkost pixela nanajvys ¥2 FWHM (ang. Full
Width at Half Maximum) objektu sposobeného seeingom, hodnota % je idealna
(Romanishin 2006). M6Zeme definovat vzorkovaci parameter p:

FWHM

=— 2
velikostpixelu )

Ak je velkost pixela ovela vacsia ako FWHM, vysledna snimka bude pod-
vzorkovana. Naopak, ak je velkost pixela ovela mensia, vysledna snimka bude

prevzorkovana.



Binning

Vacsina dnesnych CCD kamier umoznuje tzv. binning, spajanie nabojov zo
susednych pixelov pocas vycitavacieho procesu. Tato operacia sa uskutoénuje
priamo vo vstavanej elektronike kamery. Binning prinasa dve velké vyhody.
Jednak efektivne znizuje vycitavaci Sum a teda zvysuje pomer signal/sum, jed-
nak skracuje dobu vycitavania hoci za cenu nizsSieho geometrického rozlisenia.
Vietky tieto parametre si Umerné poctu spojovanych (binnovanych) pixelov. Zial
podla rovnice (1) binning vedie bud’ k znizeniu rozliSenia A/D prevodnika alebo
nevyuzitiu vsetkych jeho A/D Grovni.

Linearita CCD a antiblooming

Jednou z najziaducejsich charakteristik astrofyzikalnych zariadeni je ich (i-
nearita. Z tohto pohladu je CCD idealnym typom detektora. CCD kamery su li-
nearne takmer v celom svojom rozsahu, hoci mierna nelinearita sa zvycajne
objavuje v oblasti pred saturaciou. Antiblooming (d’alej len ABG) sposobuje, ze
nelinearita sa objavuje uz pri ovela nizSej intenzite a pritomnost’ d'alSej brany,
elektrody, na pixely zmensuje jeho pouzitelni plochu. Zial ani bez ABG nie je
linearita pixelov dokonala. Pri nizkych intenzitach je uc¢innost A/D prevodu zvy-
¢ajne o nieco nizsia (Howell & Everett 2001).

Odlozeny naboj

Korekcia odlozeného naboja (ang. deferred-charge correction) opisuje
nelinearitu niektorych pixelov a st{pcov pixelov pri nizkych intenzitach (Gilliland
& Brown 1988). V redle to vedie k odliSnym zmenam hodnoty zisku (gainu) jedno-
tlivych pixelov v zavislosti od velkosti prichadzajlceho toku ziarenia. Velkost
tychto zmien je navyse zavisla od stredného toku Ziarenia. Pri vyssich hodnotach
strednej intenzity moze byt nelinearita charakterizovana urc¢enim konstanty,
ktora sa pripo€ita ku kazdému pixelu, ¢im sa zmeny zisku jednotlivych pixelov
stanl nezavislé na strednej intenzite.

Fotometrické metody

Vysvetlenie intenzitného profilu hviezd (King 1971) je stale nejasné. Dobra
profilova fotometria je menej citliva na také javy ako horuce pixely, kozmické
Ziarenie apod. nez aperturna fotometria, obzvlast v prehustenych poliach.
Nedavne experimenty s profilovou fotometriou naznaduju, ze Lorentzov profil
dava lepsie vysledky ako Gaussov profil (Walker 1984). Avsak hlavnou vyhodou
apertirnej fotometrie je jej rychlost’ a lahSia automatizacia redukcie dat. Me-
toda apertlrnej fotometrie je zalozena na scitavani hodnot pixelov vo vhodne
zvolenej apertire. Rozhodujucim faktorom pre presnost fotometrie je pomer
signal/sum, ktory zavisi predovsetkym na velkosti pouzitej apretdry. Ur€enie
najvhodnejsej apertlry a korekcia na rozliéné pomery signal/sum s rozhodu-
jucimi faktormi pre apertirnu fotometriu.



Pomer signdl/sum a malo-aperturna fotometria

Vyssi pomer signal/sum dava lepsiu fotometricku presnost, t.j. vysledok je
Sumom menej ovplyvneny. Pomer sa meni s velkost'ou apertury. Vacsia apertara
pokryje viac zachyteného toku ziarenia, avsak aj viac Sumu pozadia. Prispevky
vacsiny sumov rastl so Stvorcom polomeru kruhovej apertlry, a preto od
niektorého polomeru zaéne byt Sum dominantny nad zachytenym tokom (Howell
1989, Stetson 1990). T.j. pomer signal/sum dosiahne istej maximalnej hodnoty,
a potom zacne klesat'. DoleZzité je spomenut, Ze maximum dosiahne pri pomerne
malej apertare. Howell (1995) ukazal, Ze optimalny polomer apertury je pri-
blizne rovny FWHM. Vo vSeobecnosti je optimalny polomer pre rézne bodové
zdroje rozny, v zavislosti od jasnosti meranej hviezdy.

Aperturna krivka rastu

Malé apertlry vedu k lepsiemu pomeru signal/sum, ale nepokryvajl cely tok
zZiarenia hviezdy, tak ako aj pravdepodobne vyrazne zavisia na aktualnom seeingu
a presnosti montaze (Stetson 1990) a vedu k horsej presnosti ur€enia centroidu.
Dostatocne velka apertira moze pokryt takmer vsetok zachyteny tok, avsak dava
horsi pomer signal/sum. Dilema volby medzi maximalnym pomerom S/N a zapo-
¢itanim ¢o najvacsej Casti zachyteného toku sa da riesit pouzitim apertirnej
krivky rastu (ang. Aperture Growth Curve, Howell 1989, Stetson 1990). Kon-
Struuje sa z merani jasnosti osamotenych jasnych hviezd na neprehustenych po-
liach cez rozne velké apertury. Z takejto krivky je potom mozné zistit’ aka €ast’
toku sme pri konkrétnej aperture zapocitali resp. zistit kolko toku by sme pokryli
nekonecne velkou apretirou. To nam umoznuje merat’ slabsie hviezdy pomocou
malych apertir s velkym pomerom S/N a vysledok potom opravit na celkovy
zachyteny tok. Tvar apertlrnej krivky rastu celkom dobre zodpoveda teoretic-
kym ocakavaniam.

Odlisné pomery signdl/sum

V konvencnej fotoelektrickej fotometrii sa da integrac¢na doba kazdého ob-
jektu menit’ tak, aby vsetky merané objekty mali priblizne rovnaky pomer sig-
nal/sum. Takyto stav je vyhodny, pretoze data jednotlivych objektov st ovplyv-
nené sumom pribliZne v rovnakej miere. Na druhej strane integra¢na doba vset-
kych objektov na CCD snimke je rovnaka. Dosledkom toho objekty na CCD snimke
maju navzajom rozlicné pomery signal/sum, ktoré zavisia od ich jasnosti.
Napriek tomu je CCD kamera vhodnejsia pre mensie d’alekohlady kvoli jej vyssej
kvantovej G€innosti. Ako uz Howell et al. (1988) a d’alsi poznamenali, je nevyhnu-
tné najst’ skalovaci faktor a nim opravit’ nerovnaké pomery signal/sum este pred
procesom diferencialnej fotometrie (t.j. eSte pred porovnavanim napr. V - C).

Ansambel fotometria

Je to diferencialna fotometria, ktora pouziva ,,umel(* porovnavaciu hviezdu
namiesto ,,skutocnej* ako je to pri beznej fotometrii. Tato ansambel hviezda sa



ziska priemerovanim alebo podobnou statistickou metodou niekolkych skutoc-
nych porovnavacich hviezd (Honeycutt 1992). Pouzitie viacerych porovnavacich
hviezd namiesto jednej statisticky zvySuje presnost’ merania jasnosti premennej
hviezdy. Tiez zmensuje vplyv rezidui, ktoré zostavaju na snimke po opraveni
o stredny ,flat-field” (tzv. ,master flat-field”). Je to velmi uzitoéna metoda
v pripade fotometrie velkych poli a datovych siborov s nerovnakymi expozi¢nymi
dobami.

Robustné statistické metody

Robustné statistické metody s matematicky komplikovanejsie a vyzaduju
viacej strojového €asu, ale ponUkaju mnoZstvo vyhod. SU menej citlivé na rozptyl
dat v porovnani so Standardnou metodou najmensich Stvorcov a jej derivatmi.
Spomenme aspon metddu znamu ako metoda maximalnej entropie (ang. Maxi-
mum Entropy Method, Walker 1986, pozri obr. 7 v tomto ¢lanku). Robustné me-
tody su velmi mocnym nastrojom pri vypocte strednych kalibraénych snimok, na
potlacenie vplyvu slabych hviezd vnutri medzikruzia, z ktorého sa urcuje jasnost’
oblohy apod.

Limitujace faktory

Presnost’ a rozptyl vyslednych fotometrickych dat je obmedzena ndhodnymi
chybami (ako vy¢itavaci Sum, rozptyl oblohy, chyby ,flat-fieldu* a d'alSie) a sys-
tematickymi chybami (nespravne urcenie jasnosti oblohy, kontaminacia jasom
inych objektov apod.). Opravy tychto chyb zvaésa zahriaju pouzitie
kalibraénych snimok. Nakolko su vsak tieto metddy spravne? V skuto€nosti
nemozeme zaned-bat casovl zavislost jednotlivych surovych kalibraénych
snimok. Akakolvek Sta-tisticka metoda, ktora sa aplikuje na surové kalibracné
snimky, moze zlepsit’ presnost’ stredného kalibraéného snimku, ale v Ziadnom
pripade nemoze viest k idealnemu vysledku. Pouzitie takychto snimok
odstrani iba strednu chybu, avsak fluktuacie od strednej hodnoty zostanu, a to
prave kvoli tomu, Ze v skuto-¢nosti pracujeme s casovymi radmi. Napr. ak
hviezda meni svoju polohu na me-ranej snimke a kalibracny ,flat-field”
nezodpoveda farbe hviezdy, vznikne d'alSia chyba, tym Ze jednotlivé pixely budd
navzajom inak farebne kalibrované (Howell & Everett 2001). To je jeden z
dovodov preco sa doporucuje, aby sa pocas pozoro-vania zabranilo pozi¢nym
zmenach hviezdy. Ukazuje sa, ze rozhodujucim reduk-énym krokom je od¢itanie
oblohy a sumu (Howell 1989). Kalibracie su velmi zlo-zité a dominantnym
faktorom je stabilita pristrojov, ako napr. teplota ¢ipu a ex-tinkcia. Preto treba
merania pocas fotometrickych noci.

Najjasnejsie hviezdy

Presnost’ merani najjasnejsich hviezd obmedzuje saturacia resp. dynamicky
rozsah a tiez linearita €ipu . Velmi kratkymi expoziciami sa mézeme dostat az na
Uroven doby zatvarania a otvarania uzavierky kamery, ¢o by pravdepodobne



viedlo ku spornym vysledkom. Navyse dlhSie expozicie potlacaju vplyv pohybu
oblakov po snimke pocas expozicie. Kratkou expozi¢nou dobou tdto vyhodu stra-
time. Samozrejme mozeme pouzit’ Specialny redukény filter na oslabenie toku
Ziarenia hviezdy avsak za podmienky, ze zachova povodné spektralne rozlozenie
hviezdy. Inym rieSenim je pouzit velmi maly d'alekohlad.

Jasné hviezdy

Presnost’ je limitovana vonkajsimi javmi ako Statistika fotonov z hviezdy,
scintilacia a priehladnost’ atmosféry. Scintilacia je Umerna jasnosti, preto je vy-
raznejSia u tych jasnejsich hviezd. Sposobuje chybu v rozlozeni ,flat-fieldu®
(Walker 1984, Gilliland & Brown 1988), preto je vyhodnejsie pouzit’ dlhsie expo-
zicie a pozorovat slabsie hviezdy. U tychto hviezd vsak zase dominuje Sum spo-
sobeny Statistikou foténov (dokonca aj v pripade vaésich apertur). Je to funda-
mentalna vlastnost fotdnov a neda sa odstranit ziadnymi technickymi prostried-
kami.

Slabé hviezdy

Kvoli nizkemu pomeru signal/sum slabych hviezd si limitujacimi faktormi
Statistika foténov oblohy a vnatorny sum pristrojov (Gilliland & Brown 1988,
Howell 1989). Je vyhodnejsie uprednostnit malé apertury, ktoré zahrn( podstat-
ne menej oblohy a Sumu pozadia. Ak je nahromadeny Sum pomerne maly, vysled-
né data nie su natolko zavislé na vybere redukénej metody dat. Kvalita ,,dark-
framov*, ,flat-fieldov" a od¢itania jasnosti oblohy sa v pripade slabych hviezd
stava d’aleko vyznamnejsSou. Na rekonstrukciu celkového toku hviezdy sa da pou-
Zit apertdrnakrivka rastu.

Zaver

Ak chceme presnejsie data, musime skutoCne pochopit podstatu a pocitat
s mnohymi detailmi. Vysoko presné CCD data nie su iba fikciou, avsak je potrebné
urobit’ niekolko zlep3eni pri ich ziskavani. Era fotoelektrickej fotometrie zacala
pred viac ako 50 rokmi, takze mala d’aleko viac €asu zlepsit proces redukcie dat
nez podstatne mladsia CCD fotometria. Fotometrické pozorovania pomocou CCD
sa od fotoelektrickej lisia v niekolkych vyznamnych detailoch. Nie st nevyhnutne
intuitivne, ale musia sa pochopit’ a zaclenit’ do redukcie dat, aby sa dali ziskat’
zmysluplné data. Vrelo doporucujeme preskimat skuto€ne aktualne parametre
pristrojov a stavu prostredia a ich spravanie v €ase pre kazdy pristroj na danom
pozorovatelskom stanovisti. Zial kvoli nedostatku pozorovacieho ¢asu mavajd
astronomické merania prednost’, hoci sa tym riskuje, Zze data budi sporné a ne-
spravne kalibrované. Velmi €astym problémom je tieZ nedostatok technickych
informacii o pristrojoch. Casto su totiz chranené obchodnym tajomstvom a pa-
tentmi. Po domacky vyrobené zariadenia maji podobné problémy sposobené ob-
medzenym ¢asom ich konstruktérov. Avsak dokladné stadium tychto Udajov je
rozhodujlce pri ziskavani vysoko presnych dat.
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Abstrakt

V prispévku je strucéné shrnut postup redukce spekter Bfe] hvézd.
Spektra téchto hvézd jsou charakteristicka piitomnosti zakaza-
nych céar, které jsou blendovany ¢arami nocni oblohy. Jejich re-
dukce proto vyzaduje zvlastni postup pii némz je vliv téchto ¢ar

odstranén.



Uvod

B[e] hvézdy jsou hvézdy spektralniho typu B, jejichz spektra jsou charakte-
risticka silnymi emisnimi balmerovskymi Earami a emisnimi €arami kovu nizkého
stupné ionizace (napr. Fe Il). Ve viditelné ¢asti spektra jsou pritomny zakazané
cary zeleza [Fe 1] a kysliku [O I] a je zde rovnéz napadny nadbytek infracerve-
ného zareni (predevsim v blizké a stfedni ir oblasti), ktery je zpUsoben pritom-
nosti horkého prachu kolem hvézdy (lamers a kol. 1998). B[e] hvézdy tvori hete-
rogenni skupinu, do které lze radit jak masivni veleobry, tak kompaktni plane-
tarni mlhoviny nebo herbigovy ae/be hvézdy pred hlavni posloupnosti. U témér
50% (mozna az 70%) B[e] hvézd neni dosud znama jejich vzdalenost a z ni plynouci
pozice na H-R digramu a zUstavaji tak zatim neklasifikovany.

NaSe prace je zamérena prevazné na studium B[e] veleobri. U téchto objektu
neni dosud vytvoren uspokojivy model hvézdného vétru, ktery je zodpovédny za
vznik prachoplynné obalky v okoli hvézdy. K vytvoreni takového modelu mohou
byt pouzity zakazané emisni spektralni ¢ary, které jsou vsak blendovany ¢arami
noéni oblohy. V pribéhu redukce spekter B[e] hvézd je proto nutné &ary noéni
oblohy bezpeéné a efektivné odstranit. Postup redukce spekter téchto hvézd se
proto li$i od klasickych redukénich procedur (napr. Kawka 2005, Skoda & Slechta
2002a, 2002b). Cilem této prace je stru¢né tento postup popsat a shrnout jeho
jednotlivé faze.

Redukce spekter

Vétsina naSich dat byla porizena stérbinovym spektrografem ondrejovského
2m dalekohledu. Proto se dale popsany postup tyka praveé klasického stérbinové-
ho spektrografu. K redukci spekter pouzivame software IRAF (Massey 1992, 1997).
K odstranéni vnéjsich vlivi je nezbytné exponovat kromé spektra samotné
hvézdy i dalsi tri spektra. (i) ,Zero®, které slouzi k odfiltrovani vlastniho Sumu
detektoru, (ii) ,flat-field" slouzici k odstranéni rozdild v uéinnosti jednotlivych
¢asti spektrografu a detektoru, predevsim pak pixeld na €ipu, a (iii) ,,srovnavaci
spektrum laboratornich €ar® (thorium-argonova vybojka), které umoziuje
okalibrovat spektrum hvézdy na vinové délky.

Nasledujici schéma ukazuje jednotlivé kroky redukce:

- korekce zera

- korekce flat-fieldu

- odstranéni kosmiku

- vytrasovani spektra hvézdy a srovnavaciho spektra na ¢ipu + odecteni
pozadi

- kalibrace na vinovou délku

- opravao heliocentrickou korekci

- normovani kontinua

Pred zacatkem redukce je vhodné kazdy CCD snimek nejprve oriznout, pro-
toze se nevyuziva cela oblast €ipu. Docilime tim zmenseni velikosti soubor(
a tedy i urychleni redukéniho procesu.
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Obrdzek 1: CCD Cip s exponovanou (svétlou) a ofezanou (tmavou) Cdsti.

Prvnim krokem redukce je odeéteni zera od vSech ostatnich snimk( (task
imarith), pri€emz odeé&itana hodnota je bud’ primérem nebo medianem vsech
zero nasnimanych béhem pozorovani (task zerocombine). Druhym krokem je
podéleni snimkd hvézdy a srovnavacich spekter vyslednou hodnotou flat-fieldu
(task imarith), ktera je opét primérem nebo medianem (task flatcombine) ze
vSech nasnimanych flat-fieldd.

Standardni postup redukce dale pokracuje vytrasovanim spektra a jeho vycte-
nim, pricemz zaroven dochazi k odec¢teni pozadi. Vzhledem k tomu, Ze €ary hvéz-
dy jsou blendovany Gzkymi atmosférickymi ¢arami, je nutné odecitat pozadi
vzdy jen po jednom sloupci pixell. V tomto pripadé vsak dochazi ke $Spatnému
elimi-novani kosmiku. Proto je zapotrebi jesté pred vy&tenim spektra ze snimku
odstra-nit kosmiky. Na obrazku 2 jsou pro srovnani dva zplsoby, kterymi je lze
odstranit. Jednim ze zpusobU je pouziti programu dcr - detect cosmic rays (Pych
2004) adruhym je vyuziti baliku cosmicrays v IRAFU.

320 - ; .
COSMICEYS -

310 . der

orgiral spectrum
s0g ; Obrdzek 2:
= f , ' srovndni dvou metod
EER , i k odstranéni kosmi-
L ; [ || ka; balik cosmicrays
260 A~ AN I A e AT A A (IRAF) @ program dr.
250
” 560 580 600 620 640 680 680 700 720

rumbur o pixals



Ve srovnani s balikem cosmicrays (IRAF) odstranuje program dcr nezadouci
kosmiky s vétsi efektivitou a produkuje vérohodnéjsi vysledna spektra.

Nyni lze jiz spektrum vytrasovat a vy€ist. Pro tyto procedury IRAF standardné
nabizi na vybér jednu ze ¢tyr funkci: Legendrovu nebo Chebyshevovu funkci
a funkce spline1 a spline3 (funkce spline1 je pouze lomena ¢ara spojujici jedno-
tlivé body, spline3 je klasicky polynom). Pro vytrasovani spektra se pro nase data
nejvice osvédcila Legendrova funkce tretiho radu., pro fitovani hodnoty pozadi
v jednotlivych sloupcich pak Chebyshevova funkce druhého nebo tretiho radu.

Zbytek redukce probiha klasickym zpusobem, kdy je nutné okalibrovat
spektrum na vlnové délky (tasky identify, refspectra a dispcor) a opravit je o he-
liocentrickou korekci (tasky rvcorrect and dopcor). Zavére¢nou fazi redukce je
normovani kontinua (tasky continuum nebo spectool). Tento krok je mozné
provést kromé softwaru IRAF také napr. pomoci softwaru SPLAT (Draper 2004).

Vyse popsany postup redukce je omezen pouze na spektra, ktera jsou na €ipu
naexponovana témér rovnobézné s radky nebo sloupci pixell. Pokud tomu tak
neni a spektra jsou viéi sloupcim & radkam pixeld pootoéena & deformovana, je
nutné pred zahajenim redukce nejprve provést transformaci souradnic (napF.
Kelson 2003).

Zaveér

Zakazané emisni cary vyskytujici se u B[e] hvézd jsou casto blendovany
¢arami noc¢ni oblohy, proto je nutné pri redukci spekter téchto hvézd dbat
zvysené pozornosti pri jejich odstranovani. Nami pouzita metoda je zaloZena na
odeéitani pozadi po jednotlivych sloupcich pixeld na €ipu. Pfi tomto postupu
dochéazi k horsi eliminaci kosmiki, proto je pred vlastnim vy&tenim spekter
aplikovan program dcr (Pych 2004), ktery vétsinu nezadoucich kosmiku odstrani.

Postup je kromé u B[e] hvézd pouzitelny také pro hvézdy, do jejichz spektra se
promita emisni zareni mlhoviny. Spektralni ¢ary z mlhoviny mohou byt
odstranény podobné jako ¢ary no¢ni oblohy (Kubat a kol. 2007). Detailni odecteni
hodnoty pozadi je v téchto pripadech nezbytné pro dalsi analyzu spekter
studovanych objekta.
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POZOROVANI RYCHLE
PULZUJICIHO HORKEHO
PODTRPASLIKA V338 Ser

Ondrej Pejcha

Abstrakt

Clanek kromé zakladnich 1idajit o RPHS hvézdach (typ pulzuji-
cich promeénnych hvézd) prredklada i pozorovani jednoho spise extrém-
ntho objektu z této tiridy. Zjisténé periody priblizné souhlasi s drive
publikovanymi.

Uvod
V prvni poloviné devadesatych let byl pomérné necekané objeven novy typ
pulzujicich proménnych hvézd. David Kilkenny a jeho tym sledovali objekty vyti-



pované z prehlidky z mysu Edinburgh zamérené na hledani modrych hvézd. Pro kaz-
dy objeveny modry objekt bylo pofizeno spektrum s nizkym rozlisenim (10 nm mm’)
a jedna série UBV méreni. V pripadé, ze se jedna o bilého trpaslika prichazi na
radu rychla fotometrie s cilem nalézt pulzace. Tak bylo objeveno nékolik novych
proménnych typu ZZ Ceti. Asi 53% procent vSech objevenych modrych objektd
jsou vsak horci podtrpaslici. Asi u 14% z nich byla pozorovana spektralni ¢ara
vapniku, coz je béznym znakem hvézd se sluneénim spektrem. Prirozenym
zavérem je, ze se jedna o dvojhvézdu se spektrem sdB + F. Spektrum hvézdy ¢asto
odhaduje primo u dalekohledu pozorovatel, aby mohla byt ihned zahajena rychla
fotometrie. V pripadé podtrpaslika EC 14026-2647 urcil pozorovatel typ spektra
na F nebo G (nevsiml si horké casti spektra). Normalné by se o takovou hvézdu
nikdo dale nestaral, ale u EC 14026-2647 byla porizena jesté série UBV méreni. Ta
vsak ukazovala presné opacéné vysledky! Hvézda byla daleko modrejsi nez se pri-
slusi pro hvézdy slunecniho typu (index U-B byl zaporny). Proto bylo porizeno
kva-litnéjsi spektrum. V ném dominovaly Balmerovy ¢ary vodiku, jejichz tvar se
velmi podobal tvaru téchto &ar u bilych trpasliki. Hvézda EC 14026-2647 byla
proto zarazena do seznamu bilych trpasliki podezrelych z proménnosti typu ZZ
Ceti. Rychla fotometrie provedena 1 m dalekohledem Jihoafrické astronomické
obser-vatore na stanici Sutherland pri prvni prohlidce neukazala nic zajimavého.
Ale nasledna Fourierova transformace odhalila velmi vysokou pravdépodobnost
pe-riody 144 sekund. Objevovou svételnou krivku znazornuje obrazek 1. Nutno
priz-nat, Ze 144 sekund neni jedina perioda v EC 14026-2647. Kromé ni jesté
urcité existuje perioda 134 sekund a nékteré dalsi se objevuji a mizi.

Takto nahodné doslo k objevu nového typu proménnosti, ktery se od té doby
nazyva bud RPHS (Rapidly Pulsating Hot Subdwarf - rychle pulzujici horky podtr-
paslik) nebo po prvnim objeveném objektu EC14026. Pulzace horkych podtrpas-
likd jsou s nejvétsi pravdépodobnosti neradialni (hvézda se tedy rizné Sisati),
protoZe tak velky po€et riznych modd neni schopna radialné pulzujici hvézda
zvladnout. Mozna je vSak kombinace jedné hlavni radialni periody a nékolika dal-
Sich neradialnich Po&et period je velmi riznorody. Hvézda vétsinou pulzuje v né-
kolika malo stabilnich periodach (2 az asi 10) a ve vétsim poctu dalsich period,
které soustavné mizi a objevuji se. Rozpéti jejich hodnot se vétsinou pohybuje
kolem 20 sekund. Vysoky pocet period vykazuje hvézda PG 1605+072 (V338 Ser),
ktera pulzuje najednou v 20 periodach a dalsi se objevuji a mizi (celkem tedy
pres 30 period). Svételnou krivku této jasné (12,8 mag v oboru V) proménné s po-
mérné velkou amplitudou (0,25 mag) ukazuje obrazek 2. Jeji pomérné nizka
teplota (32 000 K) a nizka povrchova gravitace (log g = 5,3) naznacuje, zZe se jed-
na o vyvinutéjsi objekt. Periody se u ni kupi v pomérné sirokém rozmezi 400 se-
kund a jsou delsi a s vétsi amplitudou nez u jinych proménnych tohoto typu. €im
jsou pulzace zplisobovany? Podle poslednich modeld zapri€inuje takové mnozstvi
neradialnich pulzaénich madu lokalni narust zastoupeni Zeleza v podpovrchovych
vrstvach hvézdy (Fontaine et al. 1998).

Dalsi zajimavou vlastnosti rapidné pulzujicich podtrpasliki je u vétSiny
zastupcu pritomnost chladnéjsiho pravodce spektralniho typu F aZ G. Obé€as se



tedy musi stat, Ze soustava je vhodné orientovana a dochazi k zakrytim. A pravé
takovym objektem je PG 1336-018 (NY Vir); i kdyz privodce podtrpaslika neni
spektra F az G, ale trpaslik spektra M5. Orbitalni perioda 0,1010174 dne patri
k jedném z nejkratsich znamych u oddélenych dvojhvézd. Svételna krivka je na
obrazku 3.

Pozorovani a analyza dat

Zdalo by se, ze ke sledovani proménnych hvézd s takovymi parametry svétel-
nych zmén je potreba velkych dalekohled a rychlych fotoelektrickych fotomet-
rd (nebo specialnich CCD kamer) pomoci nichz byly tyto hvézdy také objeveny.
Nastésti se vSak mezi RPHS hvézdami nachazi nékolik jedincu, jejichZ vlastnosti
jsou natolik extrémni, ze sledovani pomoci bézné CCD kamery neni vylouceno.
Jmenovité se jedna o hvézdy Balloon 090100001 (= GSC 2248 1751) a V338 Ser
(=PG1605+072 = GSC 0379 0781, souradnice 16:08:03.8 +07:04:29 (J2000)),
znichz jsem si pro sledovani vybral tu druhou.

Detailni informace o V338 Ser publikovali Koen a kol. (1998), kteri zjistili vice
nez 30 riznych pulzaénich period, z nichz ta hlavni ma délku 480 sekund.
Amplituda svételnych zmén €ini 0.25 mag a stredni jasnost asi 12.8 mag v oboru V.

Hvézdu jsem po nékolik hodin pozoroval 2. éervence 2005 pomoci 40 cm
dalekohledu brnénské hvézdarny a nefiltrované CCD kamery ST-7. Nejprve jsem
zvolil expozi¢ni dobu 60 s, ale posléze jsem ji snizil na polovinu, aby byly svételné
zmény lépe pokryty. Zpracovani dat probéhlo standardnim zpGsobem pomoci
programu Muniwin metodou aperturni fotometrie. Namérenou svételnou krivku
ukazuje Obrazek 4. Periodova analyza pomoci programu Period04 (Lenz, 2005)
odhalila bezesporné hlavni periodu o délce 480 sekund a amplitudé 57 mmag.
Kromeé toho se v datech nachazi naznaky period o délkach 364 sekund a amplitudé
33 mmag (stejnou délku a udava i Koen a kol. 1998, jeho amplituda je 14 mmag)
a 452 s a amplitudé 27 mmag (pro tuto periodu zjistili Koen a kol. 1998 amplitudu
pouze 2.2 mmag).

Diskuse a zavér

Vysledky ziskané z tak kratké a ridké Casové rady nejsou samozrejmé
smérodatné, ale ukazuji, Ze svételné zmény jsou dobre citelné a sledovani
béhem delsiho ¢asového obdobi by umoznilo relativné spolehlivé monitorovat
»periodovou aktivitu” této hvézdy. To, ze se amplituda méné vyraznych period
neshoduje plné s (daji v Koen a kol. (1998) je nejspi$ zplsobeno pritomnosti
mnoha dalSich period, které se v kratké radé plné neprojevi, anebo téz
»periodovou aktivitou* hvézdy.

| takto exoticky typ proménnych hvézd je otevien zkoumani amatérskych

astronomu.
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Obrdzek 1: Objevova svételnd krfivka objektu EC 14026-2647 (V361 Hya) z noci
16./17. 5. 1994. Znacky na ose y jsou od sebe vzddleny 0,05 mag a délka kaZzdé
vertikdlni Edsti panelu je 0,02 dne. Prevzato z Kilkenny et al. (1997).
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Obrdzek 2: Svételnd krivka PG 1605+072 (V338 Ser) z HID 2450227.
Prevzato z Koen et al. (1998).
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Obrdzek 3: Svételnd krivka hvézdy PG 1336-018 (NY Vir) v oboru V podle
pozorovdni z 1 m SAAO teleskopu. Prevzato z Kilkenny et al. (1998)
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Obrdzek 4: Svéetelnad kfivka V338 Ser z pozorovdni porizenych autorem.

PET LET INTEGRALU

Skupina Astrofyziky vysokych energii, ASU AV CR, Ondrejov

Pred péti lety vynesla ruska raketa Proton do vesmiru étyrtunovy kolos astro-
fyzikalni druzici INTEGRAL. Na tomto projektu se podili védecka pracoviste za-
padni Evropy, CR, Polska, Ruska (které dopravilo druzici na obéZnou drahu) a
USA. Nazev druzice INTEGRAL vznikl z prvnich pismen anglického nazvu
International Gamma-Ray Astrophysics Laboratory, tedy Mezinarodni laborator
pro astrofyziku zareni gama. Druzice patfi ke kli¢ovym programm ESAi evropské
astrofyziky.

Odstartovala 17. rijna 2002 a na palubé nese dva dalekohledy na detekci gama
zareni. Ty jsou velmi hmotné, kazdy z nich vazi priblizné jednu tunu. Dale ma dva
mensi rentgenové dalekohledy a jeden na sledovani optického zareni.

Hlavnim cilem druzice je studium vesmiru v oboru nejvyssich energii, tzn.
v gama zareni. Ale smyslem je také doplnit tyto informace o simultanni méreni
v rentgenovém zareni a optickém zareni. Druzice pozoruje jak objekty v nasi ga-
laxii, napr. ¢erné diry nebo neutronové hvézdy, tak ve vzdaleném vesmiru pre-
devsim aktivni galakticka jadra nebo stale jesté trochu zahadné gama zablesky.
Zatim napozorovala asi 50 gama zablesku, takze priblizné jeden mésiéné.



Zivotnost sondy byla pivodné planovana asi na pét let, ale v sou€¢asné dobé je
mnozstvi paliva dostacujici jesté na dalSich deset let.

Cesti astronomové se podili na optické monitorovaci kamefe OMC. Je to sice
maly pristroj, ale je pomérné slozity. Neni hlavnim pristrojem druzice, poskytuje
jen doplikové informace, ale ty se daji v nékterych pripadech pouzit k samostat-
nym védeckym publikacim. Velké vyuziti ma OMC jako doplnék meéreni tfeba pre-
hlidek oblohy. V Fidicim centru druzice ve Svycarsku v malé obci u Zenevy, na je-
hoz provozu se rovnéz podilime, ma Ceska republika svého zastupce, ktery tak
ma pristup primo ke zdroji. Malé centrum druzice je také v Astronomickém Usta-
vuAV CR v OndFejové a zapojeni do néj jsou predevsim mladi védci a studenti pod
vedenim Doc. Reného Hudce.

Kromé zpracovém’ dat z druzice se tym zabyva také gama zablesky, pFedev§1’m
jejich pozorovamm pomoci pozemmch robotickych dalekohled(l. Téch &esti véd-
ci vyuzivaji hned nékolik. Cesky tym vyvinul maly roboticky dalekohled BART,
ktery béhem noc¢niho pozorovam ¢eka na email. V ném se dozvi souradnice gama
zablesku a sam se oto€i na spravné misto oblohy a za€ne bez zasahu Eloveka
pozo-rovat. Ve Spanelsko -Ceské spolupraci byly vybudovany dva dalekohledy
BOOTES | a Il, které maji stejny Ukol jako prototyp BART. Dalekohledy jsou asi
dvakrat vétsi, a tim se také zvysila Sance na detekci slabsich gama zableskd. V
ramci budované observatore Pierra Augera v Argentiné je vyuzivan opticky
dalekohled FRAM Fyzikalniho Gstavu AV CR. Pomoci ného se podafrilo pocatkem
roku 2006 objevit opticky protéjsek gama zablesku, ktery byl druhym
nejjasnéjsim v histo-rii. Ceska skupina se podili i na dalSim robotickém
dalekohledu WATCHER v jizni Africe, ktery ma z vyse uvedenych nejlepsi
vysledky. Pozoruji se zablesky dete-kované jak druzici INTEGRAL tak i dalSimi
satelity.

Ve vyhledu jsou i dal$i navazujici kosmické experimenty. Ve spolupraci s CVUT
a dalsimi subjekty vznika unikatni rentgenovy dalekohled LOBSTER typu Raci
oko. Soucasné rentgenové detektory dokazi prijimat zareni jen z velmi malého
prostorového Ghlu. Rentgenové zareni ma navic oproti viditelnému velmi odlisné
optické vlastnosti a rentgenovy dalekohled v sobé nema jedno kulaté zrcadlo
jako optické dalekohledy. Funguje na principu totalniho odrazu svétla a védci se
nechali inspirovat prirodou, ktera nadélila rakim a humrdm unikatni zrak.
Dalekohled LOBSTER dokaze vnimat najednou zareni ze vsech sméru a sledovat
tak souCasne déni na celé obloze. Vyvoj dalekohledu pokra€uje a v soucasné
dobé se jedna o moznosti jeho umisténi na mezinarodni nebo Cinské druzici.

Pro ceskou skupinu spolupracu31c1 na druzici INTEGRAL jsou dulezité také
vyhledy do budoucna. Po Uspésné spoluprac1 na INTEGRALU byla Eeskym védcim
ze skupiny astrofyziky vysokych energii ASU AV CR a spolupracujicich pracovist
nabidnuta moznost spoluprace na dalSich vyznamnych vesmirnych druzicich
Gaia, XEUS a Constellation-X. Evropska druzice Gaia bude zamérena na méreni
poloh a jasnosti hvézd a odstartovat by méla roku 2011. Pijde o nejlepsi druzici
svého druhu v historii. Méla by mimo jiné prispét ke konstrukci 3D mapy okoli
Slunce zahrnuyu az miliardu hvézd. XEUS je planovana velka rentgenova druzice
ESA. Prizvani Ceské republiky k obéma evropskym projektim je velkym prislibem



do budoucna. Constellation-X je projekt NASA a v kv&tnu navstivilo Cesku
republiku 6 odborniku z USA na rentgenovou astronomii, aby s nami zahajili kon-
krétni spolupraci. Ctyri identické rentgenové druzice budou sledovat cerné diry,
skrytou hmotu ve vesmiru,supernovy a resit kosmologické problémy, a i u toho
projektu se nyni zac¢ina rysovat moznost nasi Ucasti, a to na vyvoji unikatnich
optickych technologii.

hypernova je zdrojem
gama zdreni

_druzice INTEGRAL



MULTIREZONANCNI MODELY
KVAZIPERIODICKYCH OSCILACI
V SYSTEMECH OBSAHUJICICH
CERNOU DIRU NEBO
NEUTRONOVOU HVEZDU

Zdenek Stuchlik, Gabriel Torok a Petr Slany

Ustav fyziky, Filozoficko-pfirodovédecka fakulta, Slezské univerzita

Abstrakt

Shrnujeme multirezonancni modely, které mohou vysveétlovat kom-
plexni kvaziperiodické oscilace (QPOs) pozorované v nékterych sys-
témech obsahujicich cerné diry a neutronové hvézdy. Tyto modely pied-
pokladaji nelinearni rezonance oscilaci diskii s keplerovskou nebo epicy-
klickou frekvenct, projevujici se na riizniyjch polomérech disku. Pro rotujici
Kerrovy cerné diry se specialnimi hodnotami bezrozmérného momentu
hybnosti (spinu ¢erné diry) se mohou riizné rezonance objevit na témze
polomeéru. V takovych situacich mohou vznikat silné rezonancni efekty.
Specialni rozsah spinu ¢erné diry je vyzadovan také v pripadé rozsi-
reného rezonancéntho modelu piedpokladajici pridavné ,,hrbolaté” osci-
lace rezonujici s epicyklickymi oscilacemi na prislusném polomeéru.

Uvod

Nelinearni rezonance mezi nékterymi mody oscilaci v akre€nich discich kolem
¢ernych dér mohou mit kli€ovou roli pri excitovani detekovatelnych modulaci
rentgenovského zareni. Tato idea je podporena pozorovanimi ve vsech €tyrech
mikrokvasarech projevujicich dvojité piky v kvaziperiodickych oscilacich (QPOs);
pomér frekvenci odpovidajicich témto pikdm je 3:2. Pouzijeme-li znamé frek-
vence téchto dvojitych pikd a znamou hmotnost centralni &erné diry, mizeme na
zakladé konkrétniho rezonanéniho modelu uréit bezrozmérny spin. Toto je jiz
realizovano pro dnes znamé zdroje a nékolik rezonanénich modeld, avsak vzhle-
dem k velkému rozsahu observaéné povolenych hodnot hmotnosti ¢erné diry, ma-
ji odhady spinu pouze nizkou presnost. Nicméné, v soucasnosti jsou slozitéjsi
struktury QPOs pozorovany jak v nékterych systémech obsahujicich €erné diry,
tak v systémech obsahujicich neutronové hvézdy. Mikrokvazar GRS 1915+105 pro-
jevuje vysokofrekvenéni QPO na ¢tyrech frekvencich priéemz v obou dvojicich je
pomér frekvenci blizky 3:2 a byla oznamena detekce paté frekvence. V Sgr A*
byly pravdépodobné pozorovany tri frekvence s pomérem blizkym 3:2:1. V gala-



ktickych jadrech MCG-6-30-15 a NGC 4051 byly detekovany dva pary QPO s po-
meéry blizkymi 3:2 a 2:1. V binarnich systémech obsahujicich neutronové hvézdy
maji oscilace s dvéma piky frekvence a jejich poméry pomérné znacné rozptyle-
né, ale koncentrované kolem poméru 3:2, 4:3, 5:4 (prehled observacnich dat je
uveden v McClintock & Remillard, 2004, 2005, and in van der Klis, 2005).

Orbitalni rezonan¢ni model a jeho multirezonancni verze

Standardni orbitalni rezonanéni model (Abramowicz & Kluzniak 2000, 2001)
predpoklada oscilace akrecniho disku obihajiciho kolem centralniho objektu
o némz predpokladame, Ze je to bud’ rotujici cerna dira nebo neutronova hvézda.
V pripadé Kerrovy &erné diry akreéni disk muze byt bud’ tenky s keplerovskym
profilem Uhlové rychlosti, nebo tlusty toroidalni disk s profilem thlové rychlosti
danym rozlozenim specifického momentu hybnosti kapaliny tvorici disk. Frek-
vence oscilaci disku odpovida bud’ keplerovské frekvenci (orbitalni frekvenci
toru) nebo radialni a vertikalni epicyklické frekvenci kruhového pohybu testovaci
Castice. Epicyklické frekvence mohou byt relevantni jak pro tenké keplerovské
disky s kvazikruhovym geodetickym pohybem, tak pro tlusté toroidalni disky.
Detaily excita¢niho mechanismu eventualnich rezonanci jesté stale nejsou plné
pochopeny, nicméné lze opravnéné predpokladat, ze v akreénim disku mlze byt
excitovano vice nez jedna rezonanci. Diky tomu se objevuje moznost mnohem
presnéjsiho urcovani bezrozmérného spinu cerné diry, predpokladame-li, ze
neli-nearni rezonance jsou excitovany na riiznych polomérech akreéniho disku, s
riz-nymi poméry frekvenci, jak naznaluji pozorovani v mikrokvasaru GRS
1915+105, v galaktickém jadre Sgr A*, a v extragalaktickych objektech NGC 4051
a MCG-6-30-15, nebo za predpokladu, Ze rezonance sdileji tentyz polomér.
Mizeme zavést rGzné multirezonanéni modely umoznujici vysvétleni
komplexnich frekvenénich posloupnosti pozorovanych u nékterych zdroja.

Multirezonan¢ni modely mohou byt klasifikovany nasledujicim zpisobem:

A) Orbitalni rezonancni modely zaloZzené na keplerovskych a epicyklickych
oscilacich
A1) Samostatnd rezonance spojend s jednim specifickym polomérem

V tomto nejjednodussim pripadé jsme schopni urcit zavislost spinu na hmot-
nosti pro rezonujici dvojité frekvence jak pro parametrickou (vnitfni), tak pro vy-
nucenou nelinearni rezonanci oscilaci s epicyklickymi a keplerovskymi frekven-
cemi, nebo s jednoduchymi kombinacemi téchto frekvenci, pro jakykoliv pripad
celociselného poméru frekvenci n:m. Modely parametrickych i vynucenych rezo-
nacni davaji presné a jasné predpovédi hodnot pozorovanych frekvenci v zavi-
slosti na spinu a hmotnosti centralniho objektu. Proto miZeme nalézt vztah mezi
spinem a hmotnosti ¢erné diry a pomoci odhadu hmotnosti ¢erné diry z jinych
pozorovani nalézt omezeni na spin ¢erné diry (Kluzniak & Abramowicz, 2001,
Torok et al., 2005).

A2) Projevy dané rezonance na nékolika specifickych polomérech

Tento pripad multirezonanciho modelu je pravdépodobné relevantni v binar-
nich systémech obsahujicich neutronovou hvézdu. Existuje nékolik rezonanénich



modell, jez jsou schopny dobre vysvétlit fitovani observaénich dat ze systému
s neutronovou hvézdou; dilezité je, Ze vSechny z téchto modell obsahuji
kombinaéni frekvence napriklad model totalni precese vychazejici z rezonance
oscilaci s keplerovskou frekvenci a s frekvenci odpovidajici totalni precesi dané
rozdilem vertikalni a radialni epicyklické frekvence. | v tomto pripadé lze
fitovani pozorovanych rozlozeni dvojitych frekvenci s predpovéd'mi modelu
pouzit k presnému uréeni parametr( neutronové hvézdy (Stuchlik et al. 2007a).

A3) Vice rezonanci sdilejicich tentyZ polomér

Tento specialni pripad pripousti existenci silnych rezonaénich efektl, nebot
na daném poloméru je pomér keplerovské a obou epicyklickych frekvenci pomé-
rem malych celych Cisel, takZze se mohou projevovat kooperativni efekty mezi
riznymi typy rezonanci. Takova situace je samozfejmé pripustna pouze pro &er-
né diry se specifickou hodnotou spinu. Velmi dalezity trojity frekvenéni soubor
s poméry frekvenci 3:2:1 se objevuje v pripadé , magického" spinu a=0.983, kdy
rezonance sdileji polomér r/M = 2.395 (Stuchlik et al. 2007b). V tomto magickém
pripadé davaji vsechny jednoduché kombinaéni frekvence tytéz frekvenéni
poméry jako primé frekvence. Proto oscilace s kombinaénimi a primymi frek-
vencemi mohou byt v poméru 1:1, odpovidajicim nejsilnéjsim rezonanénim
efektlm. V takovém pripadé rozptyl rezonujicich frekvenci muize byt nejvétsi,
coz naznacuje mozné pouziti pri vysvétleni frekvenéniho souboru pozorovaného
v Sgr A*. Pripustné hodnoty hmotnosti tohoto objektu jsou pak v souladu s ome-
zenimi danymi dalSimi pozorovanimi.

A4/ Rezonance objevujici se na vice polomérech (,,05klivy“ pfipad)

Obecné mizeme predpokladat, Ze oscilace jsou excitovany na dvou riiznych
polomérech akre&niho disku a vstupuji do rezonance v ramci rdznych verzi rezo-
nanéniho modelu. V takovych situacich odhadujeme spin pomoci dvou vhodné
vybranych verzi rezonanéniho modelu, coz v principu dava presnéjsi uréeni spinu
nez v pripadé, kdy je pozorovana pouze jedna dvojice frekvenci. Ve specialnich
pripadech, kdy pozorujeme spole¢nou horni (spodni nebo mixovanou) frekvenci
ve dvou frekvenénich parech (nebo pozorujeme tfi riizné frekvence), trojity sou-
bor frekvenci je urcen presné pro specifické hodnoty spinu ¢erné diry, a to neza-
visle na hmotnosti této ¢erné diry. V takovém pripadé je spin uréen presné (s pres-
nosti danou mérenim frekvence) ale nejednoznaéné, nebot’ obecné se muize
tentyz soubor frekvenci objevit pro rizné hodnoty spinu, za predpokladu riiznych
verzi rezonan¢niho modelu. Je jasné, Ze v takovych situacich musime pouzit
odhady spinu vychazejici z fitovani spekter nebo profilovanych spektralnich €ar,
abychom mohli urcit spravnou verzi rezonanéniho modelu. Kdyz uréime spin
cerné diry, jeji hmotnost miZeme snadno nalézt z velikosti pozorovanych
frekvenci. Pro kazdy typ primych a prostych kombinaénich rezonanci mezi
oscilacemi na epicyklickych a keplerovskych frekvencich, miZeme uréit presné
relace mezi trojitymi soubory frekvenci a prislusSnym bezrozmérnym spinem
cerné diry (Stuchlik & Torok, 2005, Stuchlik et al., 2007c). Rezonance vétsinou
uvazujeme az do radu n=5, nebot’ excitace rezonanci vyssiho radu je vysoce

nepravdépodobna.



B) RozSireny rezonanc¢ni model s oscilacemi indukovanymi hrbem rychlost-
niho profilu akreéniho disku

V mikrokvasaru GRS1915+105 ocekavame témeér extrémni Kerrovu €ernou diru
se spinem a=1, priéemz viechny ¢tyri (pét) frekvence QPOs lze vysvétlit v ramci
tzv. rozsireného rezonanéniho modelu s oscilacemi indukovanymi hrbolem v ry-
chlostnim profilu akreéniho disku (Stuchlik et al. 2007d, 2007¢e). V tomto modelu
predpokladame vynucené rezonance epicyklickych oscilaci s oscilacemi induko-
vanymi hrbem v profilu orbitalnich rychlosti (vztazenych k lokalné nerotujicim
systémum), ktery se objevuje v keplerovskych discich obihajicich kolem Kerrovy
c¢erné diry sa>0.9953 (Stuchlik et al., 2005). Tyto hrbem indukované oscilace se
mohou objevit také v tlustych akre€nich discich, ale kriticka hodnota spinu ¢erné
diry je jesté vyssi, nez v pripadé keplerovskych diskl. V ,hrbatém® rozsifeném
rezonanénim modelu se vsechny rezonujici oscilace objevuji na jediném, tzv.
hrbatém poloméru, v némz gradient orbitalni rychlosti hrbatého profilu nabyva
maximalni hodnoty. Spin a hmotnost ¢erné diry mohou byt v ramci tohoto modelu
urcovany s velkou presnosti, ovsem tento model je relevantni pouze pro témér
extrémni Kerrovy €erné diry se spinema > 0.9953.

Shrnuti

V pripadé dvojitych QPOs spojenych s orbitalnimi rezonancemi mize byt spin
cerné diry uréen pokud zname hmotnost (a naopak). V pripadé QPOs spojenych
s rezonancemi excitovanymi na dvou ruznych polomérech se spoleénou horni
nebo dolni frekvenci, je spin €erné diry dan souborem pomeéru tri frekvenci. V ta-
kovém pripadé je spin uréen presné, ale nikoliv jednoznaéné, nebot tentyz sou-
bor frekvenci mize odpovidat nékolika hodnotam spinu. Hmotnost &erné diry
muZze byt uréena z velikosti frekvenci.

Existuje ,,magicky* spin a=0.983043, kdy nejsilnéjsi rezonance oscilaci na ke-
plerovskych, vertikalnich a radialnich epicyklickych frekvencich v poméru 3:2:1
se mohou objevit na stejném polomeéru.

Specialni oblast spinu ¢erné diry je uvaZzovana také v rozsireném rezonanénim
modelu predpokladajicim pridavné oscilace indukované hrbatym rychlostnim
profilem akre¢niho disku, jez rezonuji na daném poloméru s oscilacemi
epicyklickymi. Tento model je pouzitelny pouze v pripadé témér extrémnich
Kerrovych ¢ernych dér.

Rezonan¢ni modely QPOs pozorovanych u neutronovych hvézd nam rovnéz
umoznuji testovani jejich parametrd. Jako nejslibnéjsi model se zda byt model
orbitalnich rezonanci téhoz typu projevujicich se na riznych mistech akre€niho
disku. Tyto modely davaji plausibilni vysledky, pokud je konfrontujeme s obser-
vacnimi daty a vyzaduji tedy dalsi pozornost. Nicméné stale postradame detailni
popis fyzikalnich mechanismi v rezonanénich procesech, jez predstavuji ak-
tualni otevreny problém v relativistické astrofyzice.
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CCD FOTOMETRIE NOVY V 2362 Cyg
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Abstrakt
V praci jsou zverejnéeny vysledky CCD fotometrie novy V 2362 Cyg

-----

14.12.2006, tj. v obdobijejiho druhého maximajasnosti.

Uvod

V 2362 Cyg byla objevena Hideo Nishimurou 2. dubna 2006 a objev potvrzen
Richardem Milesem 4. dubna 2006 (Nakano, 2006), kdy hvézda dosahovala jas-
nosti V = 8,5 mag. Tento objekt byl zarazen do kategorie nov a bylo ji pridéleno



vyse zminéné oznaceni. Tento objekt byl zarazen do kategorie nov a bylo ji
pridéleno vyse zminéné oznaceni. Nyni tato hvézda opét pouta pozornost vsech
astronomU z celého svéta.

Jako vsechny klasické novy, tak i V 2362 Cyg dosahla pravdépodobné velké
svitivosti v maximu. Danny Steeghs a kol. nalezli progenitora z dat IPHAS Project
survey, coz byl objekt o jasnosti cca 20,3 mag. Minimalni amplitudu zjasnéni ¢ini
12 magnitud. Prvni podivnosti byl pokles jasnosti - V 2362 Cyg se jevila jako rychla
nova, kdy jasnost klesla b€hem 20 dni. Ale jesté podivnéjsi bylo postupna faze
zjasnéni v poslednim obdobi, kdy dosahla k 10 magnitudé. To je stale témér o 10
magnitud nad jeji pravdépodobnou klidovou Grovni.

Vitalij Goranskij a kol. navrhli, ze tato hvézda by mohla byt analogicka se
zvlastni hvézdou Aquilae 2000 (V 1493 Aql), u které byl také pozorovan prudky
pokles a nasledovalo vyrazné dalsi zjasnéni o nékolik tydn( pozdéji. A€koliv jsou
€asové horizonty této udalosti rizné (nékolik tydnt u 'V 1493 Agl a nékolik mésich
u 'V 2362 Cyg), svételné krivky jsou si velmi podobné. Co mohlo zpusobit toto
chovani? Nikdo si zatim neni jisty. Mohlo dojit k sekundarnimu termonuklearnimu
vzplanuti? Jednalo se o vzplanuti jako u kategorie trpasli¢ich nov? Nebo jsou
pri¢inou nezvyklé zmény ve stavbé nové vytvorené obalky? Je proto potrebné
pokra¢ovat v pozorovani této hvézdy.

Arne Henden nyni pilné pracuje s nékolika dalSimi astronomy na Sonoita Re-
search Observatory, kde provadi fotometrii, a skupina kolem Silveria na obser-
vatori Asiago provadi fotometrii a spektroskopii. Podle poslednich zprav se uka-
zuje, ze obdobi druhého zjasnéni je u konce. Pokud je tato nova stejny pripad
jako V 1493 Aql, Goranskij predpoklada, ze V 2362 Cyg vstoupi do faze prudkého

poklesu jasnosti.
AAVS0 DATA FOR V2362 CYG - WWW.AAVSO.0RG
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Obrdzek 1: svételnd krivka novy V 2362 Cyg z databdze AAVSO - Cerné
Ctverelky jsou vizudlni pozorovdni, Sedé CCD ve filtru V.
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Prvni je svételnd krivka pres filtr V (svétle Sedé body) v uvedeném
obdobi, horni tmavésedé body je kfivka podle kontrolni srovndvaci
hvézdy. Zajimavy je rychly pokles mezi dny 5. a 8. 12. 0 0,7 mag
(to odpovidd predpokladu uvedenému vyse).
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Druhy obrdzek je detail svételné krivky z noci 8.12., kdy se
nova v pomérné krdtké dobé zjasnila o 0,1 mag.

Nékolik poznamek k vlastnimu pozorovani
Vétsinou jsem se novam nevénoval, ale vyjimecné jsem tuto hvézdu par
dni po maximu pozoroval.



V nasledujicich dnech, tydnech a mésicich jasnost postupné klesala, jak se
dalo predpokladat.

V poslednich tydnech jsem se k fotometrii novy v Labuti vratil. Na astroforu se
objevila informace, Ze tato hvézda opét zjasnuje. V obdobi mezi 24. listopadem
az 8. prosincem se naskytlo nékolik prilezitosti, kdy se udélala na kratkou chvili
zvecera skulinka v mracich. Vysledky jsou vidét na predchazejicich obrazcich.

MULTICOLOR STUDY
OF THE DWARF NOVA NY SER
IN 2004 AND 2006

Antonyuk O., Pavlenko E., Vasiliskov K.

Abstract

The multicolor study of the dwarfnova NY Ser in 2004 and 2006
is presented. The observations were done with 38-cm cassegrain
telescope of the Crimean astrophysical observatory. They revealed
6 outbursts with the shortest interval between them close to 6 days
during 68 days in 2004 and 4 outbursts in 2006. The mean
amplitude of outbursts was 2.5 stellar magnitudes and the system
became redder when fainter. No superoutbursts were detected on
the 68-day timescale, but a short-time light variability with typical
time of ~2 hours was found at some phases of the outbursts.

Introduction

Dwarf novae are a subtype of cataclysmic variables. These close systems con-
tain from a Roche-lobe-filling late-type star that loses mass and a white dwarf



accreting it. The orbital periods of cataclysmic variables typically lie between
80 min and 9 hr with a striking dearth between roughly 2 and 3 hr, the so-called
“period gap”.

NY Ser (PG 1510+234) was discovered as an ultraviolet excess object from the
Palomar-Creen survey and was be confirmed to be a cataclysmic variable by
subsequent spectroscopy [1, 2]. Spectral [3] and photometrical [4] observations
allow to suggested this star to be a dwarf nova. Following photometrical research
[5, 6] show this star is the first in-the-gap SU UMa-type dwarf nova.

Observation

We present observations of the dwarf nova NY Ser in 2004 and 2006. The
observations have been carried out at the 38-cm cassegrain telescope of the
Crimean Astrophysical Observatory using the CCD-camera SBIG ST-7. The star
observed in the standard R and V (Johnson) bands during 68 nights in 2004 and 29
nights in 2006.

Results

Supercycles NY Ser are last 85-100 days on other observations. We observed
just normal outbursts and analyzed there. In Fig.1 the light curve for 2004 is
presented. We observed 6 outbursts in 2004 and 4 outbursts in 2006, the mean
amplitude of outbursts was 2.5 stellar magnitudes in R bands and 3 stellar
magnitudes in V bands. The recurrence of outbursts is about 6 days. They last 3
days.

During outbursts were detected a short-time periodical light variability with
typical time of ~2 hours at some phases of the outbursts. For example, in fig.2 is
presented the motion of two outbursts. During the first outburst variability is
appear on second day, while for another outburst on last day. The similar
behavior of system was described in [5].

Change of color index V-R versus V is presented in fig.3. All normal outbursts
are redder when fainter. This behavior is explained by theory of tidal instability.

Publication

[1] GreenF., FergusonD., Liebert J., Schmidt M. PASP no.94, 560, 1982.
[2] GreenF., Schmidt M., Liebert J. ApJSno.61, 305, 1986.

[3] RingwaldF. Ph.D. thesis, Dartmouth College, 1993.

[4] MisseltK., ShafterA.AJ, 109, 1757, 1995.

[5] lidal., NogamiD, KatoT. IBVS no.4208, 1995.

[6] NogamiD., KatoT., BabaH., MasudaS. PASJ no.50, L1-L4, 1998.
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Figure 1: The light curve for 2004, the filled circles mark the data in R band
and the hollow circles mark the data in V.
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ASTRONOMICAL OBSERVATORY
AT KOLONICA SADDLE

Igor Kudzej

Vihorlat Astronomical Observatory Humenné, Slovakia, vihorlatobs1@stonline.sk

Abstract:

Brief report on actual equipment of the Astronomical
Observatory on Kolonica saddle is presented. Description of
Vihorlat National Telescope with main mirror diameter 1 meter,
two channel photoelectric photometer, the autoguiding system,
various small telescopes capabilities and atmospheric conditions
statistics is included.

Introduction

Astronomical Observatory of Odessa National University (AO ONU, Ukraine)
and Vihorlat Astronomical Observatory (VAO, Slovakia) participate on new
astronomical observatory named Kolonica Observatory (KO), which is located at
the Kolonicke Sedlo in north east of Slovakia. The location of the observatory is:
latitude=48D 57'N, longitude=22D 16'E and its altitude is 465m above sea level.

The biggest telescope installed at observatory, named Vihorlat National Tele-
scope (VNT) has diameter 1m and now it is the biggest astronomical instrument in
Slovakia. It is placed in 5 m dome, which motion is synchronized with the motion
of the telescope tube. Observational instruments could be installed in two
focuses, Cassegrain and Nasmyth. The Cassegrain focus is equipped by the high
speed two-star photometer which was constructed in AO ONU. The Nasmyth
focus is in preparation at this time and it is planned for CCD multicolor
photometry and/or for spectroscopy. The guiding of the telescope is realised by
CCD through 30 cm Ritchey-Chrétien telescope or could be applied also as the
third channel of the photometer for sky background or reference star
measurements. KO is now a full featured astronomical complex with complete
infrastructure and accomodation for about 20 persons in its area. It is used for
astronomical observations as well as for educational purposes covering winter
and summer schools for young astronomers from local region and practical
excercises for students of astronomy at Safarik University in Ko3ice. The main
observational program is focused to eclipsing binary, cataclysmic and symbiotic
stars research. The work is realizing within the program context and standards of
the global asteroseismic networks DSN (Delta Scuti Network) and WET (Whole

Earth Telescope).



The layout of the observatory
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Figure 1: The schematic layout of the observatory.

. Main Building

. Dome of VNT

. New pavilion of small telescopes
. Observing platform

. Old pavilion

. Observing point

. Meteo station

. Hilton - accommodation

. Lux - accommodation
10.Garde - accommodation

11. Plechovica accommodation
12. External toilets

13. Wood store

14. Store

15. Summer dinning-room

16. Workshop wagon

17. Artificial lake

18. Sun clocks

19. Entrance gate-up

20. Entrance gate-down

21. Road

22. To the seismic station - 200m
23. To the magnetic station - 90m
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More detailed description of the observatory, as well as available astrono-
mical tools is presented at the Observatory website:
http://www.astrokolonica.sk.

Instrumentation

The main telescope of the observatory is Vihorlat National Telescope (VNT). Its
optical layout is shown in Figure 2. and main characteristics are given in Table 1.
The view to VNT in dome is given on Figure 3. Optical system is corrected by two
lenses situated in front of the secondary mirror.

The guiding of the system is installed on the 30 cm Ritchey-Chretien telescope. It
was developed by Martin Myslivec and is provided by Mintron CCD camera.

Table 1: Main characteristics of VNT

Optical system Modified Argunov - Faschevsky
Main mirror shape spherical

Diameter of the main mirror 1m

Diameter of the secondary mirror 0.3m

Effective focal length: 9m

Length from the main mirror to 2.03m

secondary

Field of view FOV 0.5°

FOV diameter in focal plane 78 mm

Scale of FOV 0.043 mm/arcsec

Figure 2



Figure 3

The Cassegrain focus of the telescope is equipped by the high speed two-star
photometer, which was constructed in AO ONU. Optical scheme of this instru-
ment is shovn in Figure 4.

The description of the instrument is given: 1 - diaphragm (6 different diame-
ters), 1°- diaphragm for sky measurement, 2 - cover automatically uncover
diaphragm 1 and 1", 3 - mirrors reflecting the light to the photomultiplier,
4 - filter wheel, 5 - Fabry lens 6 - photomultiplier, 7 - simultaneous turning of
filter wheels, 8 - neutral filter, 9 - photomultiplier cooling, 10- mechanical
displacement of mirrors 3, 11- microscope.
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In Table 2 we give descriptions

of other telescopes used at obser-
vatory. Meade DSI Pro cameras with
Sony® ExView HAD™ Monochrome
! CCD Sensor with 510 x 492 pixels

are used with these telescopes.

Table 2: Characteristics of other telescopes used at KO.

Pointer Chermelin Hugo Pupava
Optical system Ritchey- Newton Newton Newton/Cassegrain
Chrétien
Diameter [nm] |300 300 265 280
Focal lenghth 2400 1500 1360 1500/3500
[mm]
Mount Fork Alt/Az German equatorial |German equatorial
equatorial
Constructor AO Odessa AO Odessa / CVUT | AO Odessa / Uniwersal Poland /
(telescope/moun Prague Uniwersal Poland AO Odessa
t)
Exploitation Autoguiding of | Automated CCD photometry - | Time series color
VNT monitoring of times of minima of |CCD photometry of
cataclysmic variable | eclipsing variable |cataclismic variable
stars (future) stars stars

Observing program of KO

Observing program of KO is pointed to variable stars research. Historically,
the first observations were visual estimates of the minima times of eclipsing
binaries. Later the physical variables were included. The observations were
made mainly during summer campaigns and astronomical practical exercises for
young astronomers. CCD observations started after permanent observer arrival
in March 2006. Actually the photoelectric photometry is in testing regime. The
future development of observing activities will be done according to following
table. There is an alternative to install the spectrograph into the Nasmyth focus

of VNT.




Table 3: Observing program of KO

Observed objects Equipment Actual situation
Asteroseismology VNT + photometer Testing observations
Flickering in Cvs with photometer

Fine effects on light curves of EBs

Four color photometry of VNT + CCD camera BVRI Nasmyth focus of VNT
faint variables (in preparation)
Monitoring of faint CVs Chermelin + CCD
High speed photometry of Cvs Pupava + CCD Observing
Times of minima of EBs with Hugo + CCD Observing
strange O-C
Times of minima of EBs 400 mm telephoto lens Observing
+ CCD
Monitoring of bright CVs Newton 20cm visually Until now using
Chermelin telescope
Semi regular variables Newton 20cm visually Observing
Be stars Somet binocular
Symbiotic variables DB binocular

EBs without known elements
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ECLIPSING BINARY STARS' STUDIES:
PRESENT AND FUTURE

P. G. Niarchos

National and Kapodistrian University of Athens, Greece

Introduction

Binary stars are pairs of stars, with the two components moving in bound
orbits about their common center of mass. They are as common as single stars in



the Universe. In the solar neighborhood more than 50% of stars are members of
binary or multiple stars systems. Binary stars are the primary source of our
knowledge of the fundamental properties of stars. Their studies allow direct
determination of stellar masses (star-star, star-planet cases), stellar radii and
stellar luminosities.

The evolution of binary stars helps to explain a host of diverse and energetic
phenomena such as: cataclysmic variables, novae, symbiotic stars, some types of
supernovae and X-ray binaries. These binaries are classic examples of the
fundamental contribution that stellar astrophysics makes to our general
understanding of physical processes in the universe. Particularly, recent studies
of Eclipsing Binaries (EBs) in other galaxies and clusters make it possible to
explore stellar evolution and establish mass-luminosity laws for galaxies with
vastly different evolutionary and chemical histories from our Galaxy (such as LMC
and SMC). Moreover, EBs are beginning to play an important role in cosmology as
distant indicators to nearby galaxies. As more data are accumulated, the studies
of these systems may lead to an improvement in the extragalactic distance scale.

The types of binaries described by observational techniques are: visual,
astrometric, spectroscopic, and eclipsing binary systems.

Categories of Close Binary Systems

Close binaries (also called Interacting binaries) are two stars that do not pass
through all stages of their evolution independently of each other, but in fact each
has its evolutionary path significantly altered by the presence of its companion.
Processes of interaction include: gravitational effects, mutual irradiation, mass
exchange and mass loss from the system. This is not the case in visual binaries
(e.g. Sirius A and B) where the evolution of each component is independent of
eachother.

The zoo of Close Binaries contains
- Detached systems
- Semi-detached systems
- Contact systems
- High-Mass X-ray Binaries (HMXB); spectrum of primary OBI-Il, secondary:
NS, BH
- Low-Mass X-ray Binaries (LMXB); spectrum of primary: AMV, secondary: NS, BH
- Cataclysmic Variables; primary: WD, spectrum of secondary: KMV
- RS CVnsystems; spectrum of primary: GV, spectrum of secondary: KIV
- Pulsar Binaries; primary: NS, secondary: WD or NS
- Symbiotic stars; primary: red giant, secondary: MS, WD or SD
(NS: neutron star; BH: black hole, WD: white dwarf; SD: subdwarf; MS: Main Sequence)



Table 1: Categories of close eclipsing binary systems
with non-degenerate components

Type of system
Mass ratio g=m,/m,

Spectral range
Orbital period

Photometric features

Spectral
features

Two MS stars, not
necessarily equal.

O-M
Days to 100s

Normal eclipses
of spherical stars,

Normal absorption-
line spectra

Detached, q~ 0.1-1.0 of days except some O-B

Algol systems Pr/sec: Very different depths of | Emission lines of H,
Classical (e.g. Algol) B-AV / F—KIV eclipses; Ca ll, in optical; C IV
O-B type (e.g. u Her) O-B / B-A Reflection effect + etc. in UV; accretion
Semi-detached distortion; often streams; occasional
Classical: g~ 0.1- 0.3 Days asymmetric light curves | discs; mass loss

0O-B type: q~0.3-0.7 due to gas streaming

W UMa systems F-K Continuous light Rotationally

(e.g. W UMa) variation due to broadened and
Contact systems <0.7 day ellipticity; some- times | blended absorption
q~0.08-0.9 asymmetric due to lines; emission lines in

starspots; soft X-ray
sources

UV (chromospheri-
cally active

The classification of Eclipsing Binaries according to Roche model geometry
and according to the shape of their light curves is given below:

Morphological
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Derivation of physical parameters

The ultimate goal for observational astronomers who study the properties of
binary stars is to make a direct determination of the astrophysical parameters:
masses, radii, shapes, temperatures and luminosities.

The absolute dimensions or physical parameters are the parameters,
derived from the analyses of light and radial velocity curves, which describe the
component stars in Sl units, regardless of the distances of the binaries from us.
Much effort has been devoted so that the data derived from spectroscopy and
photometry should be free from systematic errors and have the smallest possible
random errors.

Requirements for the physical parameters

During the last two decades two distinct developments had a great impact in
deriving the basic astrophysical quantities describing the Close Binary systems:
The first was the development of the Roche model for light curve analysis, and
the second one was the invention of new modern methods in deriving radial
velocities for Close Binary systems.

Photometry

Photoelectric photometry is still the most precise and accurate means of
obtaining flux measurements in optical astronomy photoelectric photometers
(single and two-star photometers, etc). Higher precision than present-day
imaging devices can be obtained by using pulse counting technique with various
filter systems (UBVRI, uuby, others). The CCDs have major advantages in doing
photometric studies of multiple faint objects in crowded fields. The significance
of cluster photometry should be also stressed. Variable stars in clusters can
provide independent assessments of cluster distance and permit checks on
luminosity calibrations. The expected precision can be 12%, if the photometric
observations are carefully reduced and well transformed.

From light curve solutions we obtain the inclination i, the fractional radiir, ,,
the component temperatures T, , and the mass ratio q. Second-order parameters,
such as limb darkening (u,,u,), gravity darkening (g,, g,) and bolometric albedos
(A,, A,) are assigned theoretical values. If the spectroscopic mass-ratio is
available, this is the case that masses and radii are the most accurately
determined fundamental parameters for stars in binaries. The relative radii
determined from solutions of good light curves are accurate to +1% or better, and
the major source of uncertainty about masses and radii arises from the
accuracies of the radial velocity semi-amplitudes.

Spectroscopy

For spectroscopy the resolution is usually R> 1000 and R~10° or higher for
extra-solar planet research. The kinds of studies include: spectral classification,



line profile analysis and radial velocity determinations. The low resolution is for
spectral classification, while higher resolutions are desirable for precise RV work
for binary star modelling. Particularly, highest resolution is needed for the
analysis of spectral line profiles.

Radial velocity surveys can provide: the mass ratio, the separation of
components in physical units (if the inclination i is known), the orbital dimensions
(if i known) and the period P (also from light curve). Typical radial velocity
uncertaintiesare ~ 1km/s.

The second development with a great impact on deriving the stellar
parameters is the invention and use of modern methods in deriving radial velocity
curves for close binary systems. It has been difficult to study contact binary
systems spectroscopically with good precision because

- thespectral lines are very broad (V,,.~150 km s™) and blended (3A~2 A)

- also because the systems are very faint for good spectral resolution
(0.01 P ~5min).

The above problems have been overcome in the last 20 years by reducing the
spectra in a digitised form using modern techniques (Cross-Correlation
Technique, Broadening Function Approach), and by introduction of image
intensifiers and high quantum efficiency CCD detectors.

A combination of the photometric and spectroscopic observations yields the
fundamental source of information about sizes, masses, luminosities and
distances or parallaxes of stars. If adequate model and modelling code is used
(provided that no intrinsic variation exists and second order effects are properly
modelled), the geometric elements (i, r,, r,), the masses and luminosities of the
components can be determined to below the 1% level.

Prospects and expectations
Ground-based and space observations

Thousands of new candidates of Eclipsing Binaries have been discovered
through surveys looking for micro-lensing events, like the MACHO project, EROS,
OGLE and others in very crowded fields. In different areas, devoted all-sky
surveys have recently started searching for variability patterns using robotic
telescopes. The number of observed light curves will continue to exceed the
number analyzed (use of CCDs etc.).

Space experiments in operation or under development (like COROT, Kepler,
Gaia) will discover huge numbers of eclipsing binaries. The numbers are orders of
magnitude larger than everything collected in the last century from ground
(Niarchos 2006).

According to Andersen (2002), for less than 100 separate stars of binary
systems the fundamental parameters are determined to 2% or better. Harries et
al. (2003) and Hilditch et al. (2005) have determined the fundamental
parameters of 50 EBs of spectral types O and B in SMC. (Typical uncertainties:



+ 10% on masses, + 4% on radii, and + 0.07% on log L - remarkably good values
considering the limited spectral resolution and data quality available).

In the frame of the W UMa program (Canada Poland Greece) accurate
physical parameters of > 100 W UMa systems will be determined from high-
quality spectroscopic and photometric observations (see Kreiner et al. 2003).

Future developments

The quality of light curve analyses can also be expected to improve. New
techniques of analyzing data should be invented. Such programs will treat
phenomena of extended atmospheres, semi-transparent atmospheric clouds,
variable thickness disks, and gas streams. Targets of modeling work: besides the
determination of orbits, stellar sizes and masses, it seems likely that the detailed
physics of stellar surfaces, including those arising from activity cycles will be
included.

Reduction and Interpretation procedures

Large data set (hundred-thousands or even millions of systems) requires an
automation of all stages of reduction and interpretation. The interpretation and
classification has to be completely automatic (with only the most unusual cases
to be marked for human inspection). Semi-automatic procedures exist, e.g. for
classification of EBs in the OGLE database (Wyithe & Wilson 2002). The
development of reliable classification and analysis procedures is one of the
major tasks facing the scientific community before the launch of the astrometric
satellite Gaia (Pace 2003).

Advice to observers of Close Eclipsing Binaries
- Mid-range to long-period binaries (P > 5°, but especially P>50°) need
observations of all kinds. The longer period binaries are nearly unexplored
territory.
- Infrared light curves are especially needed for binaries with large
temperature differences between the two components. Simultaneous
observations in the optical and infrared are critically important.

- Individual observations should be published or archived with easy access to
them. Binaries with active mass flow need to be followed continuously
over at least several orbits. They are suitable targets for automatic
photoelectric telescopes (APTs).

- Polarimetric observations are equally important. Although light curves are
nearly periodic, polarization curves mainly show transient events

- Spectrophotometry provides an even greater potential bounty, and, in
principle, thousands of light curves, if proper star spectra are taken (not
easy and seldom done).



Concluding Remarks

There are many theoretical and observational areas in the field of Binary Stars
that remain practically unexplored, mysteries that are interesting, challenging,
and important. We expect to make great advances on the observational front
with (1) opticalinterferometers and (2) large-scale photometric surveys. With
the optical interferometers now operating or nearing completion, we will be able
to resolve many more interacting binaries and complement our current
photometric and spectroscopic data, allowing us to answer questions that
currently remain out of reach. Driven by the interest in detecting transits of
extra-solar planets, large-scale photometric surveys (from ground and space)
will monitor huge numbers of stars for photometric variability, revealing
thousands of new EBs.

Space missions with the required photometric precision are currently under
development in Europe and USA. The proposed techniques will allow that shallow
or even marginal stellar eclipses will be very easy to detect.

The observational determination of fundamental parameters of binaries (e.g.
masses, radii, luminosities) carries a deep satisfaction of its own: Provided the
work is properly done and the errors kept to ~ 1%, the results preserve their value
and form the basis for front-line research even today (Terrell 2001). Prospects
are that they will remain useful for another few decades.
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Abstract

The outburst of the cataclysmic variable SDSS J080434.20
+510349.2 (SDSS J0804) was first discovered in 2006, March 4 as
the star of 13th mag. During the outburst the system exhibited four
types of variability: 1) the first series of the “early” 11 rebrighte-
nings appearing every 2.548 days immediately after the main
outburst finished; 2) the second series of the “late’rebrightenings
appearing every 13 14 days with smaller amplitude than the first
series, during the slow outburst decay; 3) superhumps during the
main outburst and rebrightenings; 4) orbital period during the late
outburst decay. The observational peculiarities of this system are
discussed.

Introduction
SDSS J0804 (V review) first was discovered as the cataclysmic variable by
P. Szkody (2006) on the base of the spectral and photometric observations when
the star was ~18 mag. Spectroscopical orbital period was found to be 0.0592 d.
First in the superoutburst the star was found by Pavlenko (Pavlenko et al.,
2007 - Prague). Later Baklanov inspecting the Odessa plate collection has seen
the star in the outburst in 1979, but Shugarov did not find outbursts after



inspection about 900 Zonneberg plates. The rarity of the outburst together with
large outburst amplitude and short superhump period pointed this system as
anew member of the WZ Sge stars (1, 2)

Observations

The photometrical observations of the SDSS J0804 have been carried out at
the 2.6-m and 38 cm telescopes of the Crimean astrophysical observatory
(Ukraine), 70-cm, 60 cm and 50-cm telescopes of the Crimean laboratory of the
Sternberg Astronomical institute (Russia), 60-cm telescope of the Peak Terskol
observatory (Russia), 50-cm telescope of the Tatranska Lomnica observatory
(Slovakia), 25-cm telescopes of VSOLJ (Japan).

All the data where obtained in the B, V (Johnson) or R (Cousins) photometrical
system. Some the data are taken from the AAVSO.

In a whole SDSS J0804 was monitored over 73 nights during 1 year in 2006
2007. All measurements were done relatively comparison star HD 18778 (Men-
doza, 1967)

The outburst light curve

The 1-year outburst light curve is presented in Fig.1. It has the exponential
shape with eleven rebrightenings superimposed. The light curve could be
devided onto the several stages. We difined stage ,,A" as the plateau of the main
outburst; ,,B* following rapid decline; ,,C* rebrightenings; ,,D* following rapid
declineand ,,E* alongslow returntoits pre-outburst state.
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Peculiarities during separate stages

Obviously we first found the star at the end of the stage ,,A”. The short-term light
variations that we interpreted as superhumps with period 0.06 d and 0".1 0".2
amplitude have been observed during this time. The example of the nightly
lightcurves for the ,,A" and the beginning of ,,B* stages is shown in Fig. 2. It is seen
that the superhump profile is one-humped and sometimes slightly distorted one-
humped one.

During the stage ,,B” the system has been faded with rate of 1.4 mag/day.
11 rebrightenings following the “A” and “B” stages is the main detail of the stage
*C”. The typical time of these events as it is seen from the periodogram (Fig. 3) is
2. 548 d and the mean amplitude is 1".4.
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Figure 3: The Fourier periodogram for the rebrightenings.

Stage ,,D" lasted ~20 days, the system faded with rate ~0.05 mag/day. During
this time the 0.06-d light variations are still observed but their profile became to
be two-humped with unequel height of neighbour humps or depth of neighbor

minima (see examplesin Fig. 4).
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Figure 4: Example of the data folded on the 0.058963 d
period during the ,,D“ stage.

This short-term light variations were continued during the ,E* stage. The
profile of the light curve was also the two-humped one with more equal
amplitude of the neighbour humps (Fig. 5).
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Sometimes during the stage ,,E* another kind of rebrightening have been
observed, but with less amplitude (-0™.5) and longer typical time ~13 - 14d.

The nature of the short-termlight variations

In order to determine the nature of the short-term light variations we
calculated the series of periodogram for all caurse of the outburst. For this we
selected from all the data those data sets which include neighbour 2 - 3 nights
where the duration of observations was longer than 2 cycles of light variations for
every night. The values of the best period for each data set are shown in Fig. 6.
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Itis seen that during the ,A* - B* -, C" stages the period suffered dramatic
variations, during the stage ,,D* it has been decreased to the stable value 0.
058963 d. Note that this period coinsides with those found by Szkody et al (2006).

The variations of the periodical light variations during the time scale of
decades of days is the typical character of the superhumps contrary to the orbital
period. So one could conclude that since ,,E* stage the superhumps were fully
exchanged by the orbital light variations.
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ACCRETION DISCS AROUND US

Department of Theoretical Physics and Astrophysics, Masaryk University, CZ-611 37 Brno, Czech Republic

Abstract

Accretion disc is ubiquitous phenomenon in astrophysics usually
connected with close binaries, active galactic nuclei and planetary
system evolution. In this review, I will briefly discuss basic physical
characteristics of various types of accretion discs. I will also
provide a short description of available models and finally, I will
point out actual theoretical challenges in this field.

Introduction

The gas settled in the circular orbit around central gravitating body forms
stable circular ring. If one extracts its energy and angular momentum, the gas
slowly spirals inward. Maximal energy that can be extracted by such a process is
equal to the binding energy of the innermost accessible orbit. If we consider
sufficiently compact massive objects, a reasonable fraction of the particle's rest
mass energy can be emitted, up to 10% of rest mass in case of neutron star and up
to 42% in case of black hole (Pringle 1981; Israel 1996). This makes accretion the
most effective way to extract energy in the universe. Indeed, if accretion
releases 15% of rest mass, it produces 20 times the value one can get by the fusion
of hydrogen to helium (Hammer 2004).

Now we assume existence of a process that is able to extract the angular
momentum from the gas. If there is a steady mass transfer rate M onto a compact
object (white dwarf or neutron star) with mass M and radius R, we can estimate
resulting radiative flux, so-called "accretion luminosity”, as follows:

GMM

— acc (1)

LCICC
R

where G is the gravitational constant (Israel 1996).

The mechanism of angular momentum redistribution among the gas particles
is still not well understood; nevertheless, the superior efficiency of the accretion
process explains, why it has already become an essential part of the models of
cataclysmic variables (hereafter CVs), active galactic nuclei and young stellar

objects.
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Basic physics of accretion discs

The key mechanism of accretion discs is the angular momentum redistri-
bution. The semi-analytic model, developed over the past thirty years is sup-
ported by theoretical studies of magnetized accretion discs. These have shown
that the magnetohydrodynamical turbulence is able to generate the viscous
stresses able to transport the angular momentum outwards (Menou 2000). This
allows matter to fall down and convert its gravitational energy into heat. Due to
virial theorem, the 50% of the gained internal energy is radiated away, and the
accretion disc consequently cools down. This behavior is largely independent of
the nature of central body in the region above innermost stable orbit, which
defines inner boundary of the accretion disc. Thus the accretion efficiency in this
region is fixed by virial theorem.

If the central object is a white dwarf or a neutron star, the accreting gas must
slow down at the stellar surface. The efficiency of this process is also fixed and
the emitted spectrum depends on the mechanisms responsible for slowing down.
The presence of strong surface magnetic field defines a region (magnetosphere)
where the accretion flow is quasi-radial, following the field lines.

In case of accretion onto a black hole, two approximations can be adopted.
The first one considers the disc, which extends up to the inner boundary.
Accretion efficiency in this type of boundary layer is fixed in the same way as
mentioned above. The second one adopts spherically symmetric accretion flow.
In this case the accretion efficiency is extremely low; however, it may be
substantially enhanced if the accreting plasma is even weakly magnetized
(Treves at al. 1988).

Nevertheless, neither the observed spectra, nor the observed variabilities,
agree with the contemporary accretion disc theory, although, there is a good
qualitative agreement. It seems that to describe the accretion discs we need
a complex model involving three-dimensional magnetohydrodynamics and radia-
tive transfer at the same time. Unfortunately, this is far beyond potential of the
present computers and we have to satisfy ourselves with an approximation.

The first simple analytic solution was published by Bondi (1952). The solution
of an accretion considered a steady, radial and spherically symmetrical accretion
of the gas with zero angular momentum onto the point mass central object
(Schreiber 2001). This so-called Bondi's solution was indeed an important step in
the accretion theory development; however it was also relevant for the case of
outflow, i.e., for the theory of stellar winds (Treves at al. 1988).

The next important milestone came after discovery of quasars and X-ray
sources. The so-called thin disc model, described by classic work by Shakura &
Sunyaev (1973), is assuming axisymmetric, steady, geometrically thin accretion
flow and without vertical component motion. Usually assuming radial-azimuthal
component of the shear tensor being proportional the the total pressure, what is
equivalent to the equation:

v=acH 2)



where v is the kinematic viscosity, ¢, speed of sound, H the pressure scale height

and 0 <a <1 is the constant viscosity parameter. These assumptions lead to self-
consistent solution. The thin disk model is often called the standard accretion
disc model (Schreiber 2001).

Magneto-rotational instability

As shown by Pringle (1981), the viscous forces can effectively transfer angular
momentum outwards and rotating mass inwards (see Fig. 1), but the origin of the
viscous stresses still remains puzzling. Balbus & Hawley (1991) found out that
they can be provided by turbulence originating from the magneto-rotational
instability (MRI), as far as the gas in the disc rotates non-rigidly in weak magnetic
field.
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Figure 1: The viscous evolution of a ring of matter of mass m. The surface density
2 is shown as a function of dimensionless radius x = R/R, , where R, is the initial
radius of the ring and of dimensionless time t= 12vt/R, where v is the viscosity.
(Pringle 1981)

However, nobody has a clue how strong are the resulting viscous stresses.
Substantial part of our knowledge about the role of MRI turbulence in accretion
discs comes from the time consuming numerical supercomputer simulations. The
significant disagreement between numerical and analytic models of accretion
discs reminds us that this field still represents a serious computational challenge.



Analytic models of accretion discs

The steady mass flux through the disc M, the accretion rate, is usually
compared to the characteristic Edington accretion rate:

M, =L,/ c=15x10"(M/M,)g/s] 3)

where M, is the solar mass and L,,, refers to the Eddington luminosity.

Due to accretion rate, we distinguish between sub-Edington and super-
Edington analytic models of accretion discs.

Models of sub-Eddington accretion discs

When the accretion rate is sub-Eddington and the opacity very high, the
standard thin accretion disc is formed. This is made of a relatively cold gas with
negligible radiation pressure. The gas is falling down, following very tight spirals,
almost Keplerian orbits. These discs have usually thermal spectra, similar to sum
of blackbodies, and they are very luminous (Pringle 1981).

On the other way when the opacity is very low, the n the so-called adaf
(advection dominated accretion flows) is formed, which is typically cooled by
advection. These accretion discs are rather spherical and geometrically
extended (like “corona”). They are very hot; however, due to their low accretion
efficiency, they are much less luminous than the thin discs. The adafs emit
power-low non-thermal radiation.
where MO is the solar mass and LEdd refers to the Eddington luminosity.

Due to accretion rate, we distinguish between sub-Edington and super-Edington
analytic models of accretion discs.

Models of super-Eddington accretion discs

In case of super-Eddington accretion we get so-called “Polish doughnuts”, the
fat torus with two narrow funnels along the rotation axis. These low viscosity,
optically thick and radiation pressure supported accretion discs are cooled by
advection. The funnels collimate the radiation into beams, producing jets with
super-Eddington luminosities.

However, only slightly super-Eddington accretion rates produces so-called

“slim discs “, with disc-like shapes and almost thermal spectra. These discs are
also cooled by advection (Abramowicz et al. 1988).

Formation of the accretiondisc at CVs

The regular cataclysmic variable is a semi-detached close binary system
where mass can flow through Lagrangian point L1 from donor star into the
potential well of accretor. The stream of mass is located in strongly non-inertial
system, thus it settles onto Keplerian orbits around accretor instead of direct fall
onto the accretor due to Coriolis force.



The same process is shown by an ordinary urinal bowl, which represents just
another case of stream of fluid falling down into potential well in a non-inertial
system (see Fig. 2).
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Figure 2: Accretion disc formation mechanism at cataclysmic
variables demonstrated on the bowl urinal.



After this the viscous forces are necessary get accretion flow down from the
circular orbits. The differential rotation and the shear rate are also responsible
for flattening of the accretion disk (Pringle 1981).

Conclusions

Accretion is the most effective known way how to release energy in the
universe. These processes are claimed to be responsible for high luminosities of
AGNs and X-ray sources. Nevertheless, the intrinsic processes responsible for the
accretion still remains unclear.

Most of the people consider viscous forces as the cause of accretion process;
however, nobody really understands where is the origin of these forces. The
proposed magneto-rotational instability turbulences still represents serious
computational challenge. The serious mismatch between prediction of analytic
and numeric models reminds us, that we are still at the beginning.

After all, the obtained spectroscopic and photometric data fits contemporary
accretion disc theory only qualitatively.
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THE STUDY OF SYMBIOTIC
STAR BF CYGNI

Lubomir Urbancok

Astronomical observatory Hlohovec, SLOVAKIA
Private Astronomical observatory Sid, Sid 130, 986 01 Filakovo, SLOVAKIA
Slovak Union of amateur Astronomers, Tomasovska 63, Rimavska Sobota, SLOVAKIA

Introduction

The aims of this work is to present and interpret own visual and CCD
observations of the symbiotic star BF Cyg. In 1.st part are visual observations
made by author and observations from International database Medlza, however
last observations in Meduza database are made by author. There are observations
which confirm bright changes model which which were published in the author
work ,The study of selected symbiotic stars”. In Med(za database are
observations since 1995. To calculate the brightness we used magnitudes from
Meduza charts, because those in AAVSO charts are erronerous.

In the second part are CCD observations in BVR bands made by author at the
Hlohovec observatory by the CCD camera SBIG ST9XE attached at the cassegrein
focus of the 0.6-m telecsope. Observations was made after outburst of this starin
summer 2006 (18.8.) From BVR CCD observations we determined B-V and V-R
colour indixes of BF Cygni, which are important to understand the light variations
and to derive other parameters of this symbiotic star. We carried out
observations indicating the presence of flickering.

BF Cygni

BF Cyg is a symbiotic variable star of S type. It’s position on te shky for the
year 2000 in the equator items is as follows:

RA (2000) : 19h23m53.4s
Dec (2000): +29°40°25.1"°
Spectrum BF Cygni was determined as M5

The star was discovered as variable in 1915 by the astronomer D’ Esterre and
Merril&Burwell (1933). It was classified as an irreugular variable star with
brightness changes 9,4-11,2 magnitudes. Jacita“s (1941) has analysed 50 years
old photographs of BF Cygni and he has discovered 754 years days boug period of
brighteness changes. Later, the more accurate periods 757,3 ( Mikolajewska
1987) were published. She published ephemeris for timing of the minima in the
light curve of BF Cygnias MinV=JD 2415058+ 756.8x E.

The first eclipse model of BF Cygni was published by Skopal (1992). In 1997
was BF Cygni affiliated to the Z and type of symbiotic stars. Accord GCVS
appertaining BF Cygni towards Z AND stars with bright changing of 9,3 into 13,4.



For BF Cygni is characteristic some outbursts. At the outburst star has bright
about 9-10 magnitudes.

Leibowitz E. and Formiggini L. In their work published in Astronomy&
Astrophysics near 753,7 days period, 798,8 days period too. First period is binary
period of system and second period is time of rotation of large star in star
system.

Visual observations
Method

All the mentioned visual observations were obtainedby a classical method
Niljand- Blazkova.

The working with the datas was done by the software Meddat and Medform
which are developed for the needs of observational group Mediza.

Eech visual observation, apart observations from observer URB (L. Urbancok)
and DPV (P. Dubovsky) was made by the classical observational method. Observers
URB and DPV use new observational method for visual observations made by
Argentinian observer Sebastian Otero. This method use for observations some sort
of glance.

The author “s observations were done by the following device:

Newton 152/903, (A better than 1/17), the own construction including the
optics
Newton 128/1090

Results
In Meduza group data )Addition 3.3.1(, which are made since 1997, I used 3
maxima and 2 minima of the BF Cygni brightness. Maxima were : JD 2451753
2452600
2453480
In Medlza group data of regressive element are above data made by author
(see graph 3.2.2; 3.2.3). According to author's data the star had maximum
brightness about 11.6 magnitude.
Since 1997, we observed at least 2 jumps of the brightness:  JD 2452085
2452950
The difference between maximum 51753 and minimum 52 085 is 332 days,

while between maximum 52600 and minimum 52900 it is 350 days. The time which
is between maximum and minimum of bright of BF Cygni is 341days +- 36 days.
The gap between minimum 52085 and maximum 52600 is 515 days and
between minimum 52950 and maximum 53480 it is 530 days. Diametral time
between minimum and maximum is 522,5 days +- 30 days. The period of system
from our data is 863,5 days +- 30 days. I predict next minimum of BF Cygni on



JD 53821 +- 36days and we see, that was this maximum in table with data and in
the light curve (3.2.2 and 3.2.3 from AAVSO). I predict the next minimum of the
brightness on JD 2454343+- 33 days.

CCD Observations
Method

All CCD observations were made by 60 cm professional telescope with focal
lenght 2400mm in primary focus, with CCD camera SBIG ST9 XE.

In CCD camera is carusel with UBVRI filters, however we didn 't use I filter,
because of large humidity. Observations were made by software Maxim DL 5.51.
Photometry and the data reduction was made by software.

The symbiotic star was observed after its outburst 18.8.2006. We observed this
star in 6 nights from 19.8.2006 to 6.10.2006. Comparision stars were NSV 24774,
GSC2137. 726,GSC2137.1762,NSV 11981.

For next reduction we didn "t use stars comparision and chcek 3, because we
detected that they are variable.

Results

At first sight it seems, that the outburst in summer 2006 could dislocate the
obscuration model and the prediction of the star’s maximum to JD 2454343 +- 33
days. However, the star outburst has a physical origin, while the orbital period is
given by geometric properties (outburst=a sudden abrupt increase of the
brightness of the star in a short period of time). The outburst is shown in the 4.3.1
graph, which was constructed following the AAVSO observations). BF Cyg
inflamed in august 2006 by a value of 3,1 magnitudes, from 12 mag to a brightness
achieved in the JD 2453968 maximum with a brightness of 9,9 mag in the V band.
Unfortunately it is not possible to use the CCD data for a longer study, because
the star was observed for only 6 nights, nevertheless they can be used to obtain
interesting results.

We were trying to find out if flickering can be spotted in a 3 hour-long quick
photometry in the night of August 29, 2006, which was very interesting. The
chance to see this event could help us to explain the flickering of some symbiotic
stars, to which we applied in our work realized in the last year.

Although we noticed no flickering, we can see the decreasing brightness of
the star overnight in the luminous curve in the supplement (4.3.2 graph). The
curve with the scatter of several hundred of magnitude is not quite smooth,
which is caused by the sensitivity edge of the used equipment and by negative
observantional conditions. We obtained a concrete value of 0.179259 mag/day
from linear regresion (see the supplement - 4.3.1 graph).

We used the http://www.phys.unsw.edu.au/3rdyearlab/graphing/graph.html
web page and the Golden Software Grapher program to enumerate the linear
regression. It is interesting to see the long-time B-V and V-R index behaviour,



where the B-V - V-R disinction is almost the same. We can see how the colour
index of the star changes, since the outburst until circa JD 2453980 into the red
field and from JD 2453980 its colour index changes to the blue field.

We also brought our CCD observations out to the luminous curve along with
the visual observations (see the supplement - 4.3.3 graph).

Explicitely the check 1 and check 2 stars were used to account the indices as
well as for the preparation of the luminous curve, because the stars comparison
and check 3 were marked in the GCVS catalogue as variable.

Conclusion

In our work ‘Study of the symbiotic star BF Cyg’ we have dealt with the ana-
lysis of available data together with our new ones. Based on the archive obser-
vations of the group Jellyfish, we successfully counted the probable orbital
period of the system 863.5 days. When we calculated Meduza group and author
data, we obtained the orbital period of system 767,9 days. On the base of these
calculations further maxima and minima of brightness were predicted and we
were able to successfully observe one minimum at Julian date 24 53821. We have
to remark that the period offered by us is coming up with more satisfactory
results for the contemporary observation season than the period which has been
published so far.

The JD 24 54343 maximum, predicted by the author, awaits us and it would be
usefull to observe it with the help of a CCD camera at the author’s observatory as
well as at other observatories.

Regarding the CCD observations, we managed to obtain observations in BVR
filters during 6 nights and for one night we were realizing a fast photometry for 3
hours in the R filter. This photometry suggested the absence of the flickering.
Even if we didn’t notice any flickering, this knowledge will be helpful to explain
this not quite known effect. Having used these data we assessed - after we had
put it on the curve of linear regress - that in the time of JD 2453977 the star’s
brightness has been decreasing at the rate of 0.179259 mag/ d.

We have also had the chance to observe the changes in the BVR passbands and
came to the conclusion that the brightest is constant in the red part of the
spectrum. On the base of this fact and by using Wien’s law of shift we determined
the surface temperature of the red giant of the system to 4000 K. The assum-
ption, that in the period of reddening of the system it has come to temporary
covering of the observed system with clouds of gas and dust, which happened
during the eruption of the system, is also important.

References

[1]  BruchA., Niehuls M., Jones, A., 1994, A&A, 287, 829

[2] GromadzkiM., etall, 2006, Astro-ph

[3] KenyonS.J., Fernandez- CastroT., 1987,AJ 93,938

[4] Muerset U., Schmidt H.M., 1999, A&AS 137, 473 Skopal A., et all, 1997,

MNRAS, 292, 703



Next references

[1]  SobotkaP., Sest druhu svetelnych zmén SPH, 2000, CirkulaF Meduza,s. 1

[2] SkopalA., 1998, A&A, 338, 599

Thanks

Karol Petrik, Augustin Skopal, Jozef Kristofovic,
Slovak Union of amateur Astronomers

BF Cyg light curve

JD 2450000+
3300 3400 3500 3600 3700 3800 3900 4000
11 | | | 1 1 1
* +
+
11,5 W
o *e Y &
= P o *0 »
5 12 B e W s = «»e -
2 * e * + Viz
= L4 JPVE B ¢
o * 23 m URB
&g 12,5 ea,
= 5 e
.
13 4 %
| |
13,5
L
B chi3
o . ®
c;nmp wvar

“BF Cygni CCD Chdrt




MAG

1.15
-
-
2
i’
s
'O
*%
-1.00
095
-0.50
G3377.38 R3377.39 53377.40 53377.41 G3377.42 53977.43 G3377.44 G3377.45 53977 46 5337747 G3977.48
D
Flickering Linear regresion
MAG
030
032
03
. . . - -
L
d-.-n:_ Y r 'o'.:;-l- we
a’ J .-,.-_,.-.-.-......
¥ L fOT IS O A
\ ) + - Ae b e
I:I'm,.. ?‘\'-:;:.'.ioo' ." ® 'of \"l‘ {"\'.? * ““3 .'_;'ﬁ; *¥:?.
--f.‘ :,.f“ >t -'_ i_‘d.-g: A Ty %3 * . ‘.“" “'.;‘-.'3
PR dhmaale s Teltiem JST0UT B LAY, e Tyt
n42 s e g T el e AR e e ot R G
* . = ]
044
048
043
G3377.38 R3377.39 53377.40 53377.41 G3377.42 53977.43 G3377.44 G3377.45 53977 46 5337747 G3977.48
D

Difference C1-C2



BF Cygin BVR

{a)]
1)
=
JD 2450000+
B-V ; V-R index
JD 2450000+
3967 3973 3979 3980 4015
P ——B-V
=)
£ —u—V-R




Mag

AAVSO DATA FOR BF CYG - WWW.AAVS0.CRG

Do TS ! T T —
2 |- -
4 =}
5 - -
B - =
10 | 6 S AP s .
ks PR .

i . g o ; . ,‘- ]

121 % b bodumamiling oINS
2
14 1 1 1 1
2453800 2453000 2454000 2454100
Julian Date
Visual Unvalidated o Fainter-Than
Visual Validated . v

BF Cyg Light Curve visual + CCD

JD 2450000+

3900 3920 3940 3960 3980 4000 4020 4040
9
9,5
10
10,5
11

4,

Magnitude

see®t,

Y
(%]

12,5
13
13,5




OBSERVATIONAL PROGRAM
AND THE LAST YEAR RESULTS
AT THE KOLONICA OBSERVATORY

Pavol Dubovsky

Vihorlat Astronomical Observatory Humenné, Slovakia, e-mail: vihorlatobs1@stonline.sk

Abstract

The results of CCD and PEP observations in Astronomical
observatory at Kolonicke sedlo (KO) are presented. The plans for
future observational programs are presented as well.

Observing program of KO:

Observing program of KO is pointed to variable stars research. Historically,
the first observations were visual estimates of the minima times of eclipsing
binaries. Later the physical variables were included. The observations were
made mainly during summer campaigns and astronomical practical exercises for
young astronomers. CCD observations started after permanent observer arrival
in March 2006. Actually the photoelectric photometry is in testing regime. The
future development of observing activities will be done according to following
table.

Table 1: Observing program of KO

Observed objects Equipment Actual situation

Asteroseismology 1 meter VNT + photometer Testing observations with

Flickering in Cvs photometer

Fine effects on light curves of

EBs

Four color photometry of CVs 1 meter VNT + CCD camera BVRI | Nasmyth focus of VNT (in

(Polars) preparation)

Monitoring of faint CVs 30 cm Chermelin + CCD In preparation of alt-azimuthal
mount

High speed photometry of CVs |28 cm Plpava + CCD Observing

Times of minima of EBs with 26,5 cm Hugo + CCD Observing

strange O-C

Times of minima of bright EBs 400 mm telephoto lens + CCD Observing

Monitoring of bright CVs Visually with Newton 30 cm Until now using 30 cm

Chermelin telescope
Semi regular variables, Be stars, | Newton 20cm visually, Observing
Symbiotic variables, EBs Somet binocular,

without known elements DB binocular




Table 2: Observing program for two-channel photometer,
according the Kolos seminar in 2006

Object type Observational purposes |Targets Researchers
Interacting binaries Flickering in symbiotic V694 Mon, T CrB, Hric, Parimucha,
binaries RS Oph, V404 Cyg, Dobrotka
V627 Cas
Pulsations of cold IU Per, TW Dra Hric, Zejda
components
Chemically peculiar Multicolor photometry | AR Aur, V624 Her, Zverko, Zizriovsky,
stars HD 37776 Mikulasek
Algol type EB Rotation velocity BW Boo Glazunova
Pulsating variables Asteroseizmology V2314 Oph, V959 Oph | Dorokhova
campaigns
Be stars, Novalike, Outbursts, rapid V725 Tau, X Per, V831 | Dorokhova
X ray variations Cas, V635 Cas, TT Ari
Eclipsing binaries The shape of light AK Her, RV Oph, V729 |Kudzej
curve Cyg, EE Peg, BM Ori,
AW UMa, BH UMa, V577
Oph, KP And, FF Cnc

All the observation are done within the international cooperation of four
institutions:

- Vihorlat Observatory, Humenné

- Astronomical Observatory of Odessa National University, Odessa
- Astronomical Institute of Slovak Academy of Science, T. Lomnica
- Institute of Physics, Safarik University, KoSice

First test of two-stars photoelectric photometer:

The photometer was finished during the summer 2006 stage of experts from
Odessa. We have hade no suitable software for managing the observation in these
days. We made only observations in one filter (V) with few sky observations. The
first measurement was performed on 28th October 2006. We have observed
primary minimum of DI Peg. Resulting light curve is shown on Figure 1. We have
to note that this observations was done with no autoguiding and we pointed only
manualy with CCD camera mounted on 30cm pointer.

During the spring 2007 we made more testing observations with autoguiding
on 30 cm pointer telescope. An example you can see on the Figure 2. Observation
of two constant stars in M44 open cluster shows the main problem of the
instrument. The pointing telescope changes its direction in respect the main
telescope. So the stars are not in the center of diafragmas during all the night.
The problem is solved now. We are guiding directly through the photometer.
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CCD photometry at KO:
First CCD measurement in VAO KS was made on 07 April 2006.

Camera Meade DSI Pro on Lichtenckencker telescope 150 mm from 07 April
to 09 May 2006.

Camera on Pupava telescope 285 mm from 12 May 2006.

Actually 3 CCD cameras on Hugo, Pipava telescopes and 400 mm telephoto
lense.

Few nights we try the CCD camera also on the VNT.

From 07 April to 31 March 2007 we observe in 112 nights.

We have collected 132 times of minima in 49 eclipsing binaries.

Totally we take 81797 images.

We have observed superoutbursts of SU UMa type stars IY UMa, MR UMa,

V419 Lyr, Cl UMa, RXSJ053234, VY Aqr, V844 Her. The last one was first
visually discovered by Dubovsky.

We take part in CBAcampaigns on stars V603 Agl and V Sge.

We have published two papers in OEJV at this time and few other papers
arein preparation.

Atmospheric conditions:

Atmospheric conditions are relatively good in spite of low altitude, in com-
parison with other places in Slovak Republic. About 100 nights per a year are
usable for a photometry. The average seeing is about 2.5 in the best nights.
Statistics of observational conditions in 2006 is depicted in Figure 3. During one
year of observations from 01.04.2006 to 31.03.2007 we have had 85 clear nights,
56 partially clear, 105 cloudy nights. Total 112 nights with an observing run.

Atmosferic conditions at Kolonicke sedlo 2006
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