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Bu yiiksek lisans tez c¢alismasinda, 29 And (HD 3369, HR 154, SAO 54033,
GSC 02279-01665) ve 89 Cet (HD 17081, HR 811, SAO 148575, GSC 05292-00970)
isimli yildizlarin tayf indirgemeleri ve kimyasal bolluk analizleri gercgeklestirildi.
Yildizlar, TUBITAK Ulusal Gézlemevi (TUG) ndeki RTT150 teleskobuna bagli Coude
Esel Tayfcekeri (CET) kullanilarak Dr. Kutluay YUCE tarafindan “Chemical
Abundance Analyses using CES Spectra of A, Early F, Am and Fm Stars ” gdzlem
projesi kapsaminda Agustos 2009 tarihinde gozlendi.

Gozlemsel ham veriler, IRAF programu ile indirgenerek tek boyutlu tayflar elde edildi.
Tayflar, REDUCE ve VLINE (Hill et al. 1982a,b) programlari ile olgiilerek tayf
cizgilerinin merkez dalgaboyu, esdeger genisligi, derinligi, yar yiikseklikteki tam
genisligi bulundu. Atmosfer analizi, LINUX ortamda kisisel bilgisayarlarda isler
durumda olan yerel termodinamik denge varsayimli (LTE) paralel diizlem geometrili
ATLAS9 (Kurucz 1995) program ile gerceklestirildi. 29 And ve 89 Cet yildizlarinin
ylizey element bolluklart WIDTH9 (Kurucz 1995) programi yardimiyla hesaplandi.



Yildiz tayflarinda bulunan ¢izgilerin tanilar1 yapilarak atmosferlerindeki atom ve
iyonlar belirlendi. Atmosfer parametre degerleri, 29 And i¢in T, = 15130 K,
log g = 3.70 dex bulunurken, 89 Cet icin Fossati vd. (2009) tarafindan elde edilen
Te = 12800 K, log g = 3.75 dex giincel degerleri kullanildi. 29 And ve 89 Cet
yildizlarinin demir ¢izgilerinden elde edilen mikrotiirbiilans hizlar1 (&), sirasiyla,
0 km sn” ve 1 km sn™ olarak belirlendi. Dénme hiz1 (v sini), 29 And i¢in 14 + 0.5
km sn”' ve 89 Cet i¢in 20 + 0.5 km sn”' bulundu.

Bu ¢alisma kapsaminda 29 And yildiz1 i¢in 25 element (He, C, O, Mg, Al, Si, P, S, CI,
A, Ca, Sc, Ti, Cr, Mn, Fe, Sr, Y, Zr, La, Ce, Pr, Nd, Sm, Gd), 89 Cet i¢in 27 elemente
(He, C, N, O, Ne, Mg, Al, Si, P, S, Cl, A, Ca, Sc, Ti, Cr, Mn, Fe, Ni, Sr, Y, Zr, La, Ce,
Pr, Nd, Gd) iligskin bolluk hesabi1 yapildi.

Bu yiiksek lisans tez calismasinda 29 © And (B5 V) ve 89 = Cet (B7 1V) yildizlarinin
TUG verileri ile yapilan tayf 6l¢giimlerine ve kimyasal bolluk analizlerine iliskin ayrintili
tayfsal analizler, Kutluay Yiice’nin doktora tezi (2003), Tolgahan Kiligoglu (2008) ve
Basak Eminoglu (2009)’bun yiiksek lisans tezleri ve Canan Sahin (2008)’in donem sonu
projesi ve “Elemental abundances from DAO spectrograms (6rnek; Adelman et al.

2007)” ¢alismalarina benzer sekilde uygulandi.

Kasim 2011, 199 sayfa
Anahtar Kelimeler: 29 And, 89 Cet, TUBITAK Ulusal Gozlemevi, atmosfer

parametreleri, model atmosfer, mikrotiirbiilans hizi, element bollugu.



ABSTRACT

Master’s Thesis

SPECTRAL REDUCTIONS and CHEMICAL ABUNDANCE ANALYSES OF THE
STARS 29 And and 89 Cet USING TUBITAK NATIONAL OBSERVATORY
COUDE ECHELLE SPECTRA

Sila ERYILMAZ

Ankara University
Graduate School of Natural and Applied Science

Department of Astronomy and Space Sciences

Supervisor: Asst. Prof. Dr. Kutluay YUCE

In this thesis study the reduction of the spectrograms of 29 And (HD 3369, HR 154,
SAO 54033, GSC 02279-01665) and 89 Cet (HD 17081, HR 811, SAO 148575,
GSC 05292-00970) and chemical abundance analyses were performed. The stars were
observed with Coude Echelle Spectrograph of RTT150 telescope at the TUBITAK
National Observatory (Antalya, TURKIYE) by Dr. Kutluay Yiice within the project as
called “Chemical Abundance Analyses using CES Spectra of A, Early F, Am and Fm
Stars ” on August 2009.

The observed row spectral data were calibrated using the IRAF program, and 1-d
spectra were obtained. The spectra were measured using programs REDUCE and
VLINE (Hill et al. 1982a,b) and the stellar wavelength, equivalent width, line depth,
and line width were determined for each line. The atmosphere analyses were performed
using the the local thermodynamic equilibrium (LTE) plane parallel model atmospheres
code ATLASY9 (Kurucz 1995), which runs in the LINUX platform on personal
computers. The photospheric elemental abundances of 29 And and 89 Cet were

computed using WIDTH9 program (Kurucz 1995).



After the line identifications for 29 And and 89 Cet were done, the atoms and ions in
their stellar atmospheres were determined. The pair of the atmosphere parameters was
found as Te = 15130 K, log g = 3.70 dex for 29 And, and adopted as T. = 12800 K,
log g = 3.75 dex from Fossati vd. (2009). The microturbulent velocity (§) was derived
from the iron lines of 29 And and 89 Cet as 0 km sn” and 1 km sn™, respectively. The
rotational velocity (v sini) for 29 And and 89 Cet are 14 + 0.5 km sn” and 20 + 0.5 km

1 .
sn”, respectively.

In this study the elemental abundance computations were done for 25 elements (He, C,
0, Mg, Al, Si, P, S, Cl, A, Ca, Sc, Ti, Cr, Mn, Fe, Sr, Y, Zr, La, Ce, Pr, Nd, Sm, Gd) of
29 And and for 27 elements (He, C, N, O, Ne, Mg, Al, Si, P, S, CI, A, Ca, Sc, Ti, Cr,
Mn, Fe, Ni, Sr, Y, Zr, La, Ce, Pr, Nd, Gd) of 89 Cet.

In this master thesis the measurement techniques of TUG data and the elemental
abundances analysis of 29 And (B5 V) and 89 Cet (B7 IV) was performed in a manner
similar to that of Kutluay Yiice’s PhD thesis (2003), Tolgahan Kilicoglu’s MSc thesis
(2008), R. Canan Sahin’s work (2008), F.Basak Eminoglu’s MSc thesis (2009) and the
papers of Saul J. Adelman and associates series “Elemental abundances from DAO

spectrograms” (e.g., Adelman et al. 2007).

November 2011, 199 pages
Key Words: 29 And, 89 Cet, TUBITAK National Observatory, atmosphere

parameters, model atmosphere, microturbulence velocity, elemental abundance.
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SIMGELER DiZiNi

HR diyagrami Hertzsprung Russel diyagrami

Ia Parlak iist devler

Ib Soniik iist devler

II Parlak Devler

v Alt Devler

A% Anakol yildiz1

K Kelvin

R, Giines’in yarigapi, 6.96x1010 cm
Mg Giines’in kiitlesi, 1.99x1033 gr
L, Giines’in toplam 1s1n1m giicti, 3.86x1033 erg sn-1
m kadir; parlaklik birimi

A Angstrom

mA mili Angstrom

A Dalgaboyu

W Esdeger genislik

T. Etkin sicaklik

g Yiizey ¢cekim ivmesi

vsini Donme hizi

S/G Sinyal giiriiltii orani

HD Henry Draper katalogu
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HR Parlak yildizlar katalogu

BD Banner Draper katalogu

SAO Smithsonian Astrophysical Observartory Catalogue
HIP Hipparcos katalogu

a Sag aciklik

) Dik agiklik

| Galaktik enlem

b Galaktik boylam

M Kiitle

R Yaricap

V: Radyal (dikine) hiz

& Mikrotiirbiilans Hiz1

dex 10 tizeri anlaminda olup bolluk birimidir
FWHM Cizginin yar1 yiiksekligindeki tam genisligi
pm piko metre, 10* m

nm nano metre, 10° m

TUG TUBITAK Ulusal Gézlemevi

RTT-150 150 cm ¢apli Rus-Tiirk Teleskobu

CET Coude Esel Tayfi

R Ayirma Gticu

LTE Yerel Termodinamik Denge

non-LTE Yerel Termodinamik Denge’de olmayan

iX



uv Mordte Bolge

My Mutlak gorsel parlaklik

Amy V band1 151k degisim genligi
DAO Dominion Astrofizik Gozlemevi
RMT Revised Multiplet Table

CP Kimyasal olarak tuhaf yildizlar
ZAMS Zero-Age Main Sequence

MK Morgan Keenan siiflamasi

pc Parsek

Telektron Elektron Sicakli gl
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1. GIRIS

Yildiz astrofizigine Onemli bilgiler saglayan yildizlarin ayrintili tayfsal analizleri,
iilkemizde son zamanlarda TUBITAK Ulusal Gézlemevi'ne ait veriler kullanilarak
(HD 43836: Sahin 2008, HD 39866: Eminoglu 2009, RTT150 tayflarinin genel
karakteristigi: Yiice vd. 2009) yapilmaktadir. Ulusal Gozlemevimizden elde edilen
yildizlarin optik bolge tayflarinin Slgiimleri ve uygun atmosfer parametreleri (etkin
sicaklik, ylizey ¢ekim ivmesi, mikrotiirbiilans hizi) kullanilarak yildizlarin kimyasal

bolluk ¢alismalar1 basariyla gergeklestirilmektedir.

Bu yiiksek lisans tez c¢aligmasi, B tayf tlirlinden “29 And ve 89 Cet Yildizlarinin
TUBITAK Ulusal Gézlemevi Coude Esel Tayf Indirgemeleri ve Kimyasal Bolluk

Analizleri” lizerinedir.

Ayrintili tayfsal analiz i¢in 29 And (B5 V) ve 89 Cet (B7 1V) yildizlarin1 ¢alisma
nedenlerimiz asagidaki gibidir:

1) 29 And yildizinin literatiirde az sayida tayfsal ¢alismasi mevcuttur. Bu tez
caligmasinda, 29 And ilk kez ayrintil bir sekilde tayfsal olarak incelenmektedir.
89 Cet’in ylizey element bollugunu igeren giincel caligmasi Fossati vd. (2009)
tarafindan gergeklestirilmistir.

2) 29 And (m,= 4".3) ve 89 Cet (my= 4".2)’in parlak yildizlar olmalari, onlari,
RTT150 Coude Esel Tayfcekeri (CET) ile yiiksek Sinyal/Giiriiltii (S/G) degerlerine
sahip veriler elde etmek icin ideal kilmistir (Yiice vd. 2008: XVI. Ulusal Astronomi
Kongresi, C.0.M.U., sayfa 1077-1089).

3) Her iki yildizin diisiik donme hizina sahip olmasi bu tayf tiiriinden yildizlarin

tayf analizinde ¢ok sayida atom ve iyon ¢izgilerini saglikli inceleme imkan1 saglamistir.
Bu yiiksek tez ¢aligmasi icin belirledigimiz amaclar asagidaki gibidir:

1. 29 And ve 89 Cet isimli yildizlarin tayfsal olarak genel 6zelliklerine iligkin

literatiir taramasi yaparak yildiz sistemlerini tanimak.



2. Her iki yildizin gézlemsel ham tayflarin1 IRAF programi yardimi ile indirgemek.
RTT150-CET verilerinden yiiksek kaliteli tayt yapisi (siireklilik ve ¢izgi profili)
elde ederek yildiz ¢izgilerinin tamamindan yararlanabilmek.

3. Egsel tayflarn siirekliliklerini REDUCE programi (Hill et al. 1982a,b) yardimiyla
belirleyerek tayflari normalize etmek.

4. Yildiz tayflarinin sinyal / giiriiltii degerlerini belirlemek.

5. Aym gdzlem gecesinde tayfi alnan hizli dénen Altair (A7 V; 200 km sn™)
yildizinin tayf indirgemelerini yapmak. Bu yildizin genislemis tayf ¢izgilerinden
yararlanarak 89 Cet ve 29 And yildizlarinin tayfinda bulunan Yer atmosferinden
kaynaklanan ¢izgileri (tellurik) belirlemek.

6. 29 And ve 89 Cet’in tayfindaki ¢izgi profillerini REDUCE ve VLINE (Hill vd.
1982a,b) programlar1 yardimiyla tespit edip, yildizlarin tayf ¢izgilerini 6lgmek
(merkezi dalgaboyu, c¢izgi genisligi, ¢izgi derinligi, yar1 yiikseklikteki tam
genislik).

7. Klasik ¢izgi tam1 yontemiyle tayf cizgilerinin hangi atom ve iyonlara ait
olduklarini belirlemek. Bu islem i¢in kullanilan temel kaynak Moore (1945)’un
“A Multiplet Table of Astrophysical Interest” ¢aligmasi ve diger ¢esitli giincel
kaynaklardir.

8. Kurucz (1995)’un ATLASY programi yardimiyla her iki yildiza iligkin uygun
atmosfer modellerini liretmek.

9. Tayf ol¢timlerinden elde edilen veriler yardimiyla yildiz fotosferlerine iliskin
etkin sicaklik, ylizey ¢ekim ivmesi ve miktrotiirbiilans hizlarii belirlemek.

10. WIDTHY (Kurucz 1995) programi yardimiyla yiizey element bolluklarini

hesaplamak.

TUBITAK Ulusal Gozlemevi - Coude Esel Tayflar1 kullanilarak bu tez c¢alismasiyla
ulagilacak sonugclar, 89 Cet ve 29 And yildizlarinin literatiirde yer alan tayfsal analiz

caligsmalarindaki bilimsel sonuglarla karsilastirildi.

Bu yiiksek lisans tez ¢alismasi, B tayf tiirii anakol yildizlarinin TUG tayfsal verileri
kullanilarak optik bolgede tayf ¢izgilerinin Ol¢limiine, model atmosfer yontemiyle

atmosfer parametrelerinin ve atmosferlerindeki element bolluklarinin belirlenmesine



dayali ayrintili tayf calismasini igerir. Bu cgaligma tayf Ol¢lim teknikleri ve kullanilan
model atmosfer yontemi bakimindan Kutluay Yiice’nin doktora tezi (4 Lac: B9 Iab ve
v Cep: A2 Ia; 2003), Tolgahan Kiligoglu’nun ytiksek lisans tezi (20 CVn: F2 III; 2008),
R. Canan Sahin’in dénem sonu projesi (HD 43836: B9 II; 2008), F. Basak
Eminoglu’nun yiiksek lisans tezi (HD 39866: A2 II; 2009) ve Adelman vd. “Elemental
Abundances from DAO Spectrograms” calismalarina benzer sekilde uygulanmistir.
Yildiz astrofiziginde 6nemli bir kaynak olan DAO serisindeki yildizlarin ¢ogu ge¢ B, A
ve erken F tayf tiirii anakol ve birkag siiperdev yildizlar i¢in yapilmistir. 29 And (B5 V)
ve 89 Cet (B7 IV), literatirde daha sicak yildizlara baglanti saglayacak olmasi

bakimindan 6nemlidir.



2. KAYNAK OZETLERI

2.1 Normal B Tayf Tiirii Yildizlarin Genel Ozellikleri

29 And ve 89 Cet, normal B tayf tiirlinden anakol ve alt dev 1s1nim sinifi yildizlaridir.
Bu yildizlar evrimleri sirasinda yagamlarinin en uzun donemini anakol {izerinde ve
merkezlerinde hidrojen yakarak gecirirler. Bu yiiksek lisans tez ¢alismasinda incelenen
29 And ve 89 Cet’in karakteristigini ortaya koymak icin, bu bdliimde, B tayf tiirlinden

yildizlarin tayfsal ve kimyasal 6zellikleri ile ilgili kaynak 6zetleri yer almaktadir.

B tiirii yildizlar genel olarak 30 000 — 10 000 K araliginda yiizey sicakliklarina sahiptir.
MK smiflamasina gore yiiksek derecede uyarilan BO alt tiiriinden diisiik derecede

uyarilan B9’a kadar alt siniflar1 mevcuttur.

Bu tayf tiri icin kiitle degeri, 2 M ’den 20 M ’e kadar uzamr. Kitle tayini i¢in
kullanilan en uygun yontemler, cift ¢izgili tayfsal ciftlerin yoriingelerinden elde edilen
radyal hiz egrilerinin ¢ozlimlerine ve/veya oOrten c¢iftlerin 151k egrileri ¢oziimlerinin
birlestirilmesine dayanir (Underhill ve Doazan 1982). Popper (1978)’in calismasinda
anakol yildizlar i¢in ortalama kiitle degeri BO - B9.5 araligi i¢in 17 - 3 M olarak
verilir. Underhill vd. (1979), 160 adet O ve B tayf tiiriinden yildiz i¢in etkin sicaklik,
acisal yaricap, uzaklik, dogrusal cap degerlerini iceren bir ¢alisma gergeklestirmistir.
Anakol bandindaki B yildizlari, alt tiirlerinde daha biiyiik yaricapa sahip iken,

siiperdevlerde bu egilim tersine isler. Yaricaplar BO V’dan B9 Ia’a dogru artar.

Erken B yildizlarinin daha sakin atmosfere sahip A yildizlarindan ve konvektif
atmosferlere sahip F-G yildizlarindan farklari; atmosferlerinde yildiz riizgarlarina
rastlanmasidir. Ayni Ozellikleri nedeniyle O yildizlarina benzerlik gosterir. B tiirii
yildizlar basit 1s1nimsal atmosferleri ile yerel termodinamik denge (LTE ya da YTD) ve
yerel termodinamik dengeden sapmalarin/ayrilmalarin goriildigi (non-LTE ya da
YTDsiz) kosullar altinda model atmosferlerin ve ¢izgi olusum teorilerinin

gelistirilmesinde 6nemli yildizlardir.



Genel olarak LTE’den sapmalar zayif ¢izgiden giiclii ¢izgiye biitiin ¢izgi profillerinde
hissedilebilir. Cizgi merkezleri gorsel bolgede non-LTE altinda daha derindir, kanat
kisimlar1 belki biraz degisebilir. Non-LTE kabuliinde H, ¢izgisi, H,’dan ¢ok daha goze
carpar. Bu iki hidrojen ¢izginin atmosferde olusum katmanlar1 farkli oldugundan
etkilenmeler de farkli derecede olacaktir. Sekil 2.1’in sag panelinde goriildigi gibi,
Ha ¢izgisi i¢in non-LTE model sonuglar1 daha derin merkez, daha si§ kanatlar

tiretmekte ve siiperdevlerde bu fark daha biiytiktiir (Underhill ve Doazan 1982).
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Sekil 2.1 LTE ve nonLTE altinda (20000, 2.5) ve (2000, 4.0) i¢in H, ve H, ¢izgilerinin
degisimi (Underhill ve Doazan 1982)

B yildizlarinin tayflarinda nétr helyum (He 1) ¢izgileri bir kez iyonize olmus helyum
(He II) cizgilerine gore daha baskindir. He I ¢izgileri 1sinim simifina az duyarlidir
ve/veya hi¢ duyarl degildir. Hidrojen Balmer ¢izgileri BO’dan B9’a dogru baskin hale

gelir.

B tiirti yildizlarin tayflarinda ¢cogu metalik ¢izgiler zayiftir ve/veya yoktur. Bir kez
iyonize olmus magnezyum (Mg II) ve silisyum (Si II)’a ait sogurma c¢izgileri goriiliir.
Zayif halde O II, N II, Si II, Si IV, Mg II gibi atomik ¢izgiler alt tiirleri belirlemede
kullanilir. 3647 A dalgaboyundaki Balmer diismesi geg tiirlere gidildikce belirginlesir.



Grillo vd. (1992) B0-B9 tayf araliginda 1545 yildiz i¢in x-151n katalogu hazirlamistir.
X-151n akilarmi iceren bu katalogda sadece iist limit deger verilmekte ve 29 And ve
89 Cet yildizlarina ait bilgiler de yer almaktadir (bkz. Cizelge 2.1). log Ly degeri
L= 3.826.10% erg/sn alinarak hesaplanmustir. Geg tiir yildizlarda Giines’teki koronal
olaylara benzer olarak x-151n salmasma iligkin genel goriis; diferansiyel donme ve
konveksiyon arasindaki etkilesimler ve manyetik alanin varhigidir. Giines’in korona
sicakligi 10° K dir. Buna karsin erken tiir yildizlarda manyetik alan olusumu bu bilgilere
uygun degildir. Konveksiyonun etkisinin olmamasi manyetik dinamonun baslamasini
Onler ve ylizeyde manyetik alan biraz goriiliir ki; kimyasal olarak tuhaf yildizlarin
kokeni olabilir. Manyetik aktivitenin yoklugu nedeniyle ge¢ B ve erken A tiiri
yildizlarda

x-151n salma olusumu basglangictan beri astronominin bu dalinda diisiindiiriicti bir soru
olmustur. Gozlenen x-151n salmasi genellikle diisiik kiitleli bilesendeki koronal salmaya
dayandirilir. Erken B tiirti yildizlarda, bir ¢ok biiyiik kiitleli O yildizlarinda oldugu gibi
x-151n salmasi i¢in, ayni 1sinimsal sok mekanizmas: ile iligkilendirilen riizgar modeline
dayanan beklentiler vardir. Eger yildizdan x-151n ¢ikiyorsa kabugun dis kisminda ¢ok
sicak bir bolge var demektir (Grillo vd. 1992)

Cizelge 2.1 29 And ve 89 Cet’e ait x-151n akilar1 (Grillo vd. 1992)

HD log f, log f, log f,/f, | logL, log Lpa | log Ly/ Lo
(erg/cmzsn) (erg/cmzsn) (erg/sn) | (erg/sn)
3369 -12.608 -7.212 -5.395 29.587 36.403 -6.816
17081 -12.818 -7.173 -5.645 29.065 36.051 -6.986

MK sisteminin sonucunda, yiizey ¢ekim ivmesinin ve etkin sicakligin etkileri de goz
Oniine alinarak, anakol yildizlari i¢cin Balmer ¢izgilerinin siddeti ile 1s1nim giicii arasinda
iligki olusturulmustur. B tiirii yi1ldizlarda Hidrojen c¢izgilerinin esdeger genislikleri ve
profillerine ait ilk calismalardan bu yana goriilmiistiir ki; Balmer cizgilerinin Stark
genislemesi 1s1mnim sinifini belirlemede saglikli bir yontemdir. Anakol B yildizlarinin
atmosferlerinde Balmer ¢izgileri Stark etkisiyle daha fazla genisler dolayisiyla genis
kanatl profil yapis1 olusur. Bu ise biiyiik esdeger genislik degerlerine neden olur. Stark
etkisinin miktar1 W(Hy) ile iligkilidir. Stiperdev B yildizlart i¢in elektron basinci ve

cekim etkisi daha kiiglik ve Stark etkisi daha az hissedilir. Boylece Balmer ¢izgilerinin



kanatlar1 genis degil ve esdeger genislik degerleri azdir. Dev yildizlarinda Hy esdeger
genisliklerinin tayf tiirline baglilig1 azdir. Anakol yildizlar i¢in ise 1s1mim giicii kadar
belirgin derecede tayf tiirline de baghdir (Petrie vd. 1973). Petrie, B yildizlar i¢in H,
cizgisinin esdeger genisligi ile gorsel mutlak parlaklik arasinda diizgiin bir baginti
ortaya koymustur. Sekil 2.2°de BS5 tayf tiirtinden yildizlarin Dark Sky Goézlemevinden
elde edilen tayflarinin 1s1mim giicii ile iliskisi verilmistir. Hidrojen Balmer ¢izgileri ayirt
edici 0zellik olarak ve stiperdevler i¢in ise N II ve Si III ¢izgileri de ayirt etmek igin

kullanilabilecegi belirtilmistir.
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Sekil 2.2 BS tayf tiiriinden yildizlarin tayflarinin 1sinim giicii ile iliskisi (Gray vd. 2009)

2.229 And

J. Flamsteed tanimlamasina goére 29 And olarak anilan yildiz, gesitli kataloglarda
HD 3369, HR 154, GSC 02279-01665, HIP 2912, BD +32°101, SAO 4033
isimlendirmeleri ile bilinir. J. Bayer (1603) tanimlamasina gore Kuzey Yarikiiredeki
Andromeda takimyildizi igerisinde bulunur ve goriiniir parlaklik siralamasinda 16.
sirada olmasindan dolayr m And olarak isimlendirilmistir. Ayrica, “New Catalog of

Suspected Variable” katalogu icerisinde NSV 227 olarak yer alir.



29 And, tayf tiirii ve 1s1mim sinifi olarak Lesh (1968) tarafindan BS V, Ahmad (1952),
Herbig ve Spalding (1955), Kopylov (1958), Belyakina ve Chugailov (1960) tarafindan
B5 V SB olarak smiflandirilmistir. Murphy (1969) kuvvetli H ¢izgilerini kullanarak
HD 3369 sistemi i¢in birinci bilesenin tayf tiirinii BS V, ikinci bilesenin tayf tiiriinii FO

V ve ikinci bilesenin parlaklik farkint Am=4".3 olarak belirlemistir.

29 And’m 2000 yilina ait ekvator koordinatlar a = 00°*36%52°".85, & = +33°43'09".64
ve galaktik koordinatlari | = 119°.47, b = -29°.05 dir. Westin (1985) tarafindan yildizin
Giines’ten uzaklig1 132.1 pc ve logaritmik yas1 7.748 yil olarak verilmektedir.

29 And icin gorsel parlaklik degerleri Cizelge 2.2°de sunulmaktadir.

Cizelge 2.2 29 And i¢in gorsel parlaklik degerleri

m, (kadir) Kaynaklar
4.36 Belyakina ve Chugainov (1960), Tolbert (1964), Johnson vd. (1966)
4.35 Haggkvist ve Oja (1966)
4.38 Crawford vd. (1971)
4.33 Winzer (1974)
4.35 Mermilliod (1986)

Batten (1968) tarafindan 29 And c¢oklu sistem olarak belirtilmistir. 32 yildizin
incelendigi ¢aligmada, 29 And sistemi i¢in hesaplanan kiitle degerleri Cizelge 2.3’de yer

almaktadir.

Cizelge 2.3 29 And sistemine ait kiitle degerleri (Batten 1968)

Donem | Tayf Tiiri mlsin3i mzsin3i (m1+m2)sin3i

(giin) (M,) (M,) (M)
143.6 B3+B3 26.9 10.9 37.8

29 And’in ii¢ bileseninin varligi ilk kez Gahm’in (1982) tarafindan belirtilir. Gahm vd.
(1983) ve Jeffers vd. (1963) “Catalogue of Visual Double Stars ” katalogundan 254
sistem segerek tayfsal ve fotometrik olarak incelemistir. Bu sistemlerin ikinci bilegenleri
daha soniik ve tayf tiirleri ana bilesenden daha geg tiirdendir. Calismalarinda fotometrik

ozellikler Lindroos (1983)’dan, birinci bilesenlerin radyal hizlari Gahm (1982)’dan



alinmistir. Gozlemsel veriler Chile Gozlemevi (La Silla)’nde bulunan 1.52-m’lik
teleskop ve Haute Provence Gézlemevi’ndeki 1.9 m’lik teleskop ile alinmistir. 29 And’a
ait tayfsal Ozelliklerin verildigi Cizelge 2.4’de “SB” kodu bilesenin tayfsal cift
oldugunu, “C” kodu bilesenlerin A (ana) bileseni ile ortak hareket ettigini belirtir.
RV; Gahm’in (1982) hesapladigi radyal hiz, RV:E; birinci ve ikinci bilesenin radyal hiz

degerlerinin esit oldugu anlamina gelmektedir.

Cizelge 2.4 29 And sistemine iligkin 6zellikler (Gahm vd. 1983)

Sistemin Ayrikhk A% Referans Gahm’in calismasindan | Notlar
Bilesenleri | (yay saniyesi)| (kadir) MK sinifi MK sinifi
A SB 4.37 B5V,B6 1V - RV
B 359 C 8.61 FOV,A5V A6V RV:E
C 55.2 11.4 - F3

Lindroos (1983) calismasini gelistirerek 1985 yilinda yeniden yayinlamistir. Bu
calismada 253 ¢ift yildiz {iyesinin Stromgren uvbyf oOlceklerinin (bilgisayar programi
ile indirgeme Lindroos tarafindan 1980’de yapilmis) kalibrasyonundan astrofiziksel
parametreler hesaplanmistir. Amaglart erken yildiz evriminin karakteristiklerini
calisarak geng yildiz gruplarini belirlemektir. Bu ¢alisma sonunda, 98 adet ikinci bilesen
iceren ¢ift ve ¢oklu yildiz sisteminin 92 tanesi fiziksel olarak bulunmustur. Cogu ikinci
bilesen gec¢ tayf tlirlinden olarak belirlenmis ve evrimlerinin erken donemlerinde
olduklari, biiylik oraninin ZAMS’a erisemeyecek kadar gen¢ olduklari goriilmiis.
Li A6706 sogurma ¢izgisi siddeti ve bazi1 6zel salma c¢izgileri genclikleri ile ilgilidir.
Lindroos (1983) tarafindan 29 And sisteminin birinci bileseni B5V, ikinci bileseni A6
V ve optik bilesen olan {i¢iincii bileseni F3 tayf tiiriinden ve 1sinim giigleri 29 And igin
3.14 L, B bilesgeni i¢in 1.19 L, logaritmik olarak etkin sicaklik 29 And i¢in 4.183, B
bileseni i¢in 3.910, ayrica uzaklik 231 pc olarak verilmektedir.

29 And’in “Bright Star Catalogue 5th Revised Edition” (Hoffleit ve Jaschek 1991) ve
“The Washington Visual Double Star Catalog” Worley vd. (1996) katalog bilgileri
Cizelge 2.5 ve 2.6’da yer almaktadir.



Cizelge 2.5 29 And’in Hoffleit & Jaschek (1991) tarafindan olusturulan katalog bilgileri

\% Tayf | Radyal hiz | Déonme Hizi Ayrikhk Paralaks Bilesen
Parlakhg: | Tiirii (km/sn) (km/sn) (yay saniyesi) | (yay saniyesi) sayisi
4.36 B5V 9 34 352 -0.003 3

Cizelge 2.6 29 And’in Worley vd. (1996) tarafindan olusturulan katalog bilgileri

Bilesenler Pozisyon Acisal 1.Bilesenin | 2.Bilesenin | Tayf
$ Agist Ayrikhik | Parlakh@ Parlakhg Tiirii
AB 173° 35.9" 4.36 8.61 B5V
AC 357° 55.2" 4.36 13.01 B3

Jordan (1912), 29 And’in yoriinge parametreleri ve radyal hiz degisiminden yildizin
uzun donemli bir Helyum yildizi oldugunu belirlemistir. Gézlemler, 1907-1909 yillar
arasinda Yerkes Gozlemevi’ne aittir. Calismasinda, C, H, He, Ti ve Ca elementlerine ait
gozlenen cizgiler, evre, hiz ve O-C artiklariin yer aldig: tablolar bulunmaktadir. Evre
ve radyal hiz degisimine ait degerlerle Lehmann-Filhes yontemi kullanilarak radyal hiz
egrisi ¢izilmistir (Sekil 2.3). “Second Catalogue of Spectroscopic Binary Stars (1910)”
igerisinde yapilan gruplamaya gore donem ile dis merkezlikteki artis agik¢a goriilmekte
ve 29 And yildiz1 0.58 dismerkezligi ile uzun donemliler arasinda yer almaktadir.
Analizlerinde kullandiklar1 parametrelerinin baslangi¢ ve elde edilen sonu¢ degerleri

Cizelge 2.7°de vermistir.

Cizelge 2.7 29 And’1n yoriinge parametreleri (Jordan 1912)

Baslangic parametreleri | Hesaplanan parametreler
P=143.67 g P=143.67+0.02 g
e=0.58 e=0.573 £ 0.006
K=48 km/s K=47.66 + 0.36 km/s
V0= +8.87 km/s V()= +8.83 km/s
o= 353° &= 350°.53+0°.90
To=14.550 g To=14.144 g
A=74.60 km/s
B=20.73 km/s
a sini =77 200 000 km
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Sekil 2.3 29 And’1n radyal hiz egrisi (Jordan 1912)

Cizelge 2.8 Luyten vd. (1939), Pearce (1936) ve Pourbaix vd. (2004) tarafindan verilen
29 And’m yoriinge elemanlarini igerir. Luyten vd. (1939), Yerkes Gozlemevi’nde
n And’1n yoOriinge parametrelerini belirleyerek, Jordan’in (1910) Allegheny Gozlemevi
verilerinden buldugu degerlerle karsilastirmistir. Epoch -8°2.2 evresinde olusmus,
zaman (T) gozlemlerin ortalama “epoch” degerinden elde edilmistir. Pearce (1936), 20
tane B tiirli tayfsal ¢iftin yoriinge elemanlarinin hesabini tekrar yaparak ti¢ farkli sistem
icin yoriinge elemanlarinin degerlerini hesaplamustir. Ayrica ajsini, a,sini, msin’i,
mpsin’i degerlerini, sirastyla, 77 585 000 km, 191 760 000 km, 26.9 Mg, 10.9 M olarak
vermektedir. Jordan (1909) tarafindan bulunan degerlerle kendi sonuglarini
karsilastirdiginda sistemde hi¢bir yoriinge degisikligi gozlenmedigini kaydeder. Batten
vd. (1978) tarafindan olusturulan “Seventh Catalogue of the Orbital Elements of
Spectroscopic Binary Systems” igerisinde 29 And’in ydriinge parametreleri Batten’in de
icerisinde yer aldigi Pourbaix vd. (2004)’nin yaptigt caligmada giincellenmistir.
Dominion Astrophysical Gozlemevi’nde 2386 adet tayfsal ¢ift sistemi i¢in olusturulan
“Ninth Catalogue of the Orbital Elements of Spectroscopic Binary Systems”
katalogunda 29 And’in kiitle fonksiyonlar1 ve a;sini, a,sini degerleri, 27.1 M., 11 M,
77.7x10° km, 192x10° km olarak listelenir. Sekil 2.4’de 29 And i¢in verilen radyal hiz
egrisi goriilmektedir (Pourbaix vd. 2004).
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Cizelge 2.8 29 And sisteminin gesitli arastirmacilar tarafindan hesaplanan yoriinge

elemanlan
Yoriinge Jordan Luyten Pearce Pourbaix vd.
elemanlari (1910) (1939) (1936) (2004)
P (giin) 143 .621+0.007 | 143 .621+0.007 143.6065 143.6065
V, (km/s) + 8.8 + 8.8+ 0.7 +8.4
K; (km/s) 47.7+0.36 49.8+1.0 47.5+0.53 47.5
K, (km/s) - - 117.442.8 117.4
e 0.573+0.006 0.540+0.02 0.562+0.007 0.56
(% 350.5+0.9 352.542.1 349.03+0.98 349
®, (%) - - 169.03+0.98 169
2418133.13 2428043.08 2427898.567
T +0.17 +0.47 +0.194 27898.567
i 1 1 1 1 1 1 1 i 100-0
- 4 50.0
5
E
g 4 0.0
N
I
pl
®F 4 -50.0
o
- 4 -100.0
- 4 -150.0
C 1 | 1 1 1 | 1 1 ] 1 1 -200.0

2 4
Evre

B A

Sekil 2.4 29 And’1n radyal hiz egrisi (Pourbaix vd. 2004)
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Morgan (1956), 1953 yilinda “Conference on Galactic Research” tarafindan 6nerilen
kuzey dik ag¢ikligi -20° olan O ve B tiirii 524 parlak yildizin ve giiney yarikiiredeki 126
parlak yildizin 6z hareket degerlerini listelemistir. Cizelge 2.9’da, 29 And yildizinin 6z

hareket parametresini olasi hatasi ile birlikte vermektedir.

Cizelge 2.9 29 And’1n 6z hareket degerleri (Morgan 1956)

Kadir | Tayf tiirii | pe(.000) | p3(”.000) | Hata (”.000)
4.44 B3 +10 2 + 1.1

Gomez ve Abt (1982) Kitt Pack Coude tayfcekerini CCD dedektoriinii kullanarak tek
cizgili ciftlerin gorsel tayf bolgesindeki ikinci c¢izgilerini incelemistir. O tarihlerde
tayfsal ciftlere ait caligmalarda diger tayf bolgelerinin kullanilabilirligi, sadece mavi
bolgede cizgileri olan ikinci bilesenin kesfine neden olmustur. Ornegin, yiiksek
¢cOziintirliiklii tayflar ile mordte gozlemleri sicak bilesenlerin belirlenmesine imkan
saglar. Ayrica kirmizi ve kizilote fotografik gézlemleri ylizyillardir miimkiindiir, yiiksek
S/G oran1 ve kisa poz siiresi vasitasiyla bilinen tek c¢izgili tayfsal ciftlerde soguk
bilesenlerin incelenmesi miimkiindiir. Bu ¢alismadaki amaglari; iki bilesenin hiz
genligine bagl olarak ikinciyi kesfetmektir. Sonuglar ikinci bilesenin varligina ve
yokluguna goére sirasiyla pozitif ve negatif olarak tanimlanarak tablolar halinde
verilmigtir. Biitliin tek ¢izgili ¢iftler i¢in en son miimkiin ikinci bilesenin tayf tiiri,
yoriingenin  kiitle  fonksiyonundan, tayfsal yoriinge parametrelerinden ve
(my sini)’(m;+m,)~ ifadesinden hesaplanmistir. B2-B5 anakol yildizlarmin 22 tanenin
5’1 disinda tek ¢izgili ¢iftler gorsel bolgede iki ¢izgi gostermistir. 29 And pozitif listede
yer alip, zayif bilesenin A5876 ve JD 24444993.58’de goriildiigii belirtilmistir. Sistemin
kiitle fonksiyonu f(M) = 0.9044 M_ ve ikinci bilesen igin tayf tiiri B7 olarak

verilmektedir.

13



2.2.1 Fotometrik Calismalar

29 And’in Johnson UBYV, Stromgren uvbyp ve Geneva fotometrik sistemindeki

degerleri Cizelge 2.10-2.11-2.12 de listelenmistir.

Oblak (1978) HD 3369 bilesenleri i¢in tayf tiirlerini uvbyp fotometrisinden B6 1V ve
A5 V olarak belirlemistir. Sistemin ayrikligin1 36” ve bilesenlerin B degerlerini 2.677 ve
2.360 olarak verir. HD 3369 i¢in verilen bilgilerde A bileseninin bir Be yildiz1 oldugu,
Hg ve H,’nin sogurma yapisinda oldugu, genis ve yayilmis ¢izgiler goriildiigii yer aliyor.
He I ¢izgilerinin hidrojen ¢izgilerinden daha agik goriildiigii de belirtilir (Houziaux ve

Ringuelet 1968).

Cizelge 2.10 29 And’1in Johnson UBV fotometrik sistem degerleri

V (kadir) | B-V (kadir) | U-B (kadir) Kaynaklar
4.36 -0.14 -0.54 Tolbert (1964)
4.36 -0.16 -0.55 Johnson vd. (1966)
4.35 -0.14 - Haggkvist ve Oja (1966)
4.38 -0.13 -0.57 Crawford vd. (1971)
4.33 -0.13 -0.54 Winzer (1974)
4.35 -0.14 - Guetter (1977)
4.367 - - Oblak (1978) HD 3369 A
8.606 Oblak (1978) HD 3369 B
4.35 -0.13 -0.56 Mermilliod (1986)

Cizelge 2.11 29 And’1in Stromgren uvbyp fotometrik sistem degerleri

b-y (kadir) | m; (kadir) | ¢; (kadir) Kaynaklar
-0.055 0.098 0.433 Crawford vd. (1971)
-0.071 0.122 0.433 Oblak (1978) HD 3369 A
0.107 0.197 0.899 | Oblak (1978) HD 3369 B
-0.061 0.107 0.433 | Hauck ve Mermilliod (1998)
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Cizelge 2.12 29 And’1in Geneva fotometrik sistem degerleri

U-B | V-B | B-B | B,-B | Vi-B | G-B \4 Kaynak
0.759 | 1.115 | 0.817 | 1.583 | 1.809 | 2.338 | 4.331 | Rufener (1976)

2.2.2 Atmosfer Parametrelerine Ait Calismalar

Yildiz astrofiziginin 6nemli bir ¢calisma alani olan yildizlarin ayrintili tayfsal analizi,
onlarin atmosfer parametrelerinin (etkin sicaklik; T., yiizey ¢ekim ivmesi; log g,
mikrotiirbiilans hizini; &) belirlenmesini ve uygun model atmosfer hesabiyla ylizey
kimyasal bilesiminin ortaya ¢ikarilmasini icerir. Buradan elde edilen giivenilir bilgiler,
yildizlarin evrim durumunu ve atmosferlerinde meydana gelen fiziksel stirecleri

anlamada 6nemli bilgiler saglar.

Atmosfer parametreleri, yildizlarin fotometrik ve tayfsal verileri kullanilarak ¢esitli
yontemlerle hesaplanabilir. Ornegin, dar veya genis band fotometrisinden,
spektrofotometriden, gozlemsel Balmer ¢izgilerinin kuramsal/sentetik profillerle
karsilasgtirilmasindan ~ ve/veya metal ¢izgilerinin  iyonizasyon dengelerinden
hesaplanabilir. 29 And yildizinin literatiirde yer alan atmosfer parametrelerine ait

degerler, Cizelge 2.13’de sunulmaktadir.

Cizelge 2.13 29 And’in atmosfer parametre degerleri

Te (K) log g Kaynaklar

15 000 4.10 Heacox (1979) & Boesgaadr vd. (1982)
15276 4.10 Cenarro vd. (2007)

18 400 4.20 Henry ve Mihalas (1964: B3 V)

Henry ve Mihalas (1964), Mg II'nin A4481 cift ¢izgisinden LTE varsayimi altinda
magnezyum bollugunu hesaplayarak yildizin Giines’ten daha zengin oldugunu

bulmustur. Johnson (1963)’dan aliman renk Olgekleri ile elde ettikleri sicaklik
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parametresi Q. = (U-B)y — 0.72 (B-V), olarak verilir. Yildizin yiizey ¢ekim ivmesi,
Harris vd. (1963) tarafindan verilen kiitle-yarigap iliskisi kullanarak hesaplanmistir.

Cenarro vd. (2007), yildiz atmosfer parametrelerinin yer aldigi MILES (“Medium-
resolution Isaac Newton Telescope Library of Empirical Spectra” kisaltmasi olarak)
isimli ve AA3525-7500 A araligin1 kapsayan 2.3A (FWHM) tayfsal ¢oziiniirliiklii bir
tayfsal kiitiiphane hazirladilar. Bu tayfsal kiitiiphane metal bakimindan zengin soguk
yildizlardan, metal bakimindan fakir sicak yildizlara uzanan 985 yildizin atmosfer
parametrelerini icerir. 29 And bu ¢alismada metal bakimindan Giines’e gore bir miktar

fakir olarak listelenmistir; [Fe/H] = - 0.2 dex.

2.2.3 Element Bolluk Analizine Ait Calismalar

Ge¢ B tayf tiirinden ve yavas donen yildizlarin sicaklik aralii genel olarak
T, =11 000 - 16 000 K dir. 29 And yildiz1 bu sicaklik araliginda kalmakta ve ¢izgi
siddetlerinde anormallik gosteren Civa-Mangan (HgMn) yildizlar gibi 6zel yildizlarin

incelendigi ¢alismalarda “normal” yildiz olarak incelenmistir.

Aller (1960)’in bazi B yildizlarimin element bollugunu inceledigi ¢alismasinda bu
yildizlar ile Giines arasindaki magnezyum bollugunda gozle goriiliir sekilde farklar
bulunmustur (bkz. Sekil 2.5). Gilines’e ait bolluk degerleri Goldberg vd. (1960)’nin
calismasindan alinmustir. B tiirii yildizlarda Mg bollugunun Giines’e gore 2-10 kat daha
fazla oldugu belirlenmistir. Bunun nedenini, evrendeki maddenin evriminden ileri
geldigi, zamanla agir elementlerin bollugundaki artisin yildizlarda bu elementlerin
tiretimiyle ve gen¢ B tiirii yildizlarin olusumuyla ilgili olan yildizlararasi ortamin

zenginlesmesinin sonucu olarak agiklanmistir.
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Sekil 2.5 29 And’1n bazi element bolluklari (log N/H)' (Allen 1960)

Durrant (1970) tarafindan tuhaf (6zel) A yildizlarinin yiizey element bolluklar
incelenmistir. Durrant, ayn1 Hidrojen tiirlindeki erken tiir yildizlarda goriilen metal
cizgilerin siddetlerinde degisimin acikca goriildiigiinii belirtir. Si ¢izgisinin siddetinin
dagilimin 6zel yildizlar teshis etmek ve hizli veya yavas donmelerini hesaplamak i¢in
incelemistir. Calismasinda ¢izgi genislemesi olmayan erken tiir yildizlarin segilmesine
dikkat edilmistir. Tayfsal gozlemler, Cambridge 36 teleskobuna bagli Coude tayfcekeri
ile fotoelektriksel olarak gerceklestirmistir. Mavi bolgedeki Si ¢ifti fotoelektrik
Ol¢iimlere uygun olmayinca kirmizi bolgedeki Si II A6347.09 ve 16371.36 cizgileri
secilmigtir. Cift ¢izgili tayfsal ¢ift oldugu belirtilen 29 And yildiz1 i¢in Si II 6347-71
ciftinin ortalama esdeger genisligi [W(6347.09)+ W(6371.326)] / 2 = 130 olarak
hesaplanmis ve B-V degeri Bright Star katalogundan -0.13 olarak alinmistir.
Sekil 2.6’de B-V degerine karsilik ortalama esdeger genisligi grafigi verilmistir. Kare
isareti Si yildizlari, + sembolii Mangan yildizlari, carp1 isareti diger 6zel yildizlari,
kapal1 daire normal yildizlar1 sembolize eder. Grafikte kesikli ¢izginin iist kisminda 6zel
yildizlar, ¢izginin alt kisminda normal yildizlarin yer alir. Buna gore 29 And normal

yildiz olarak tanimlanmustir.

' Giines igin a1k daire olarak gosterilenler Goldberg vd. (1960) degerleri, B yildizlar igin dikey cizgiler
olarak gosterilenler Allen’in (1960) degerleridir.
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Sekil 2.6 B-V degerine karsilik ortalama esdeger genisligi (Durrant 1970)

29 And’in literatiirdeki tek ayrintili tayfsal calismast Heacox (1979) tarafindan
yapilmistir. Calismada incelenen 21 adet HgMn, 2 adet SiCr ve 6 adet normal yildizin
atmosfer parametreleri yildizlarin goérsel ve mordte bolgede yiiksek c¢oziiniirliiklii
tayflar1 kullamlarak hesaplanmistir. 13100-4700 A dalgaboyu araligini kapsayan ve
6.83 A/mm dispersiyonuna sahip fotografik tayflar Mauna Kea Gozlemevi’nde bulunan
2.2-m teleskobunun 1.1-m’lik coude tayfcekerinden ve uzak-mordte tayflar ise
Copernicus (OAO3) verilerinden elde edilmistir. Bu c¢alismada 29 And goriiniiste
normal olan yildizlar grubunda yer alir. Cizgi esdeger genislikleri Gauss profil fiti
uygulanarak en kiiciik kareler algoritmasi ile belirlenmistir. Fotosferik element
bolluklari, LTE kabulii altinda model atmosferler ile kimyasal olarak homojen
atmosferler géz online alinarak esdeger genisliklerden hesaplanmistir. Analiz edilen
biitlin ¢izgiler icin olusturulan biiyiime egrisi Kurucz vd. (1974)’m model
atmosferlerinden elde edilmistir. Program yildizlarmin etkin sicaklik degerini
belirlemek icin gozlemlerden elde edilen Strémgen ¢y, ve my indisleri ve Relyea ve
Kurucz (1978) tarafindan hesaplanan indisler karsilagtirilmig ve bu degerlerin birbiriyle
uyumlu olduklar1 goértilmiistiir. Yiizey ¢ekim ivmeleri, yildizlarin gozlenen H, ve Hj
profilleri ile Kurucz vd. (1974) tarafindan hesaplanan profillerin karsilagtirilmasi ile
bulunmustur. Donme hizlarimin tahmini degerleri, Wolff ve Preston’dan (1978)

almmistir. Etkin sicakliklarin bulunan degerlerden bir miktar daha disiik olarak
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kullanildig1 belirtilmektedir. Bu farkin, hesaplamalara ¢izgi 6rtiismesinin dahil edilmesi
sonucunda model atmosferlerdeki diisiik sinir sicaklik degerlerinden kaynaklanmis
olabilecegi agiklamasi getirilmistir. Ayn1 nedenle daha ¢ok anakol yildizlar i¢in temsil
edilen yiizey ¢ekim ivmeleri onceki calismalardan daha yiiksek degerde alinmustir.
Helyum bolluklar1 sicak yildizlarda olduk¢a kuvvetli olan yayilmis A4026 A ii¢liisiinden
bulunmustur. Normal yildiz grubunda yer alan 29 And i¢in T, = 15 000 K, log g = 4.1,
vsini = 35 km/sn degerleri belirtilir. Calismada Giines’e ait xenon ve civa disindaki
diger element bolluklart Cameron (1973)’dan, digerlerini Ross ve Aller (1976)’den
almistir. Bolluklar, H’nin 12 oldugu logaritmik oOl¢ekte (log (N/H) + 12) olarak
verilmistir. 29 And i¢in mikrotiirbiilans etkisi yok iken ve mikrotiirbiilans hiz1 3 km/sn
degeri alinarak elde edilen bolluk degerleri Cizelge 2.14 de verilmektedir. Yildizin her

iki mikrotiirbiilans hiz1 degeri i¢in hesaplanan bolluk degerleri birbirine yakindir.

Cizelge 2.14 29 And i¢in kimyasal bolluk degerleri (Heacox 1979)

log (N/H . log (N/H
Element §=g0( km/)sn Giines §=g3( km/)sn
He 11.2 10.8 -
Be <2.1 1.15 <2.2
C 8.1 8.62 -
Mg 7.0 7.60 7.0
Si 6.5 7.65 6.3
P <6.5 5.50 <6.4
S 7.2 7.20 -
Ca 5.9 6.35 5.1
Sc <4.5 3.04 <4.4
Ti <5.7 5.05 <5.6
Cr 5.2 5.71 <5.1
Mn <5.4 5.42 <5.3
Fe 7.3 7.50 7.2
Ni <6.0 6.28 <5.6
Ga <5.7 2.8 <5.7
Sr <4.0 2.9 <3.9
Y <5.1 2.10 <4.8
Zr <5.7 2.75 <5.6
Xe <6.4 341 -
Pt <5.4 1.75 -
Hg <5.2 1.11 -
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Boesgaard vd. (1982) 43 adet Civa Mangan (HgMn) yildiz1 ve 10 normal yildiz i¢in
Mauna Kea’daki Hawaii Universitesi’nin 2.24 m’lik coude tayfgekerini kullanarak Be 11
A\3130, 3131 rezonans ciftinden (6.7 A/mm) berilyuma iliskin bolluklar1 hesaplamistir.
Yildizlarin etkin sicaklik degerleri, Relyea ve Kurucz (1978)’un hesapladigi Stromgren
c; ve m; Olgeklerinin karsilagtirilmasindan elde edilmis ve yiizey ¢ekim ivmesi Balmer
cizgi profillerinden bulunmustur. Bolluklarin log g degerine ¢ok duyarli oldugu ve non-
LTE altinda bolluk hesaplarinin sadece log g = 4.0 iken yapildig1 vurgulanmaktadir.
LTE bolluklarini hesaplamada Kurucz vd. (1974)’un ¢izgi ortiismeli model atmosferleri

kullanilmistir. Cizelge 2.15°de her iki durum igin hesaplanan bolluk degerleri yer alir.

Cizelge 2.15 29 And’in LTE ve nonLTE i¢in hesaplanmig Berilyum bolluklari
(Boesgaard vd. 1982)

EW(13130) | EW(A3131) T log g v sini log Be/H +12 | log Be/H +12
(mA) (mA) 139] (km/sn) (LTE) (NLTE)
<14 <14 15000 4.1 35 <2.1 <2.2

Calismalarinin sonucu olarak Be bollugu Giines’teki ve normal yildizlardaki degerlerine
gore daha bol miktardadir. Hg-Mn yildizlarinin %75 1 i¢in Be bollugu Giines’teki
degerine gore 20-2 x 10* kat araliginda daha fazladir. 29 And i¢in verdikleri deger

Heacox (1979)’un degeri ile benzerdir.

Roby ve Lambert (1990), diisiik giirtiltiilii, yiiksek ¢oziiniirliiklii Reticon tayflarini
kullanarak bazi Am, HgMn, Ap 06zel yildizlart i¢in karbon, azot, oksijen (CNO)
bolluklarint hesaplamislardir. 29 And yildiz1 ¢alismalarinda standart grup ig¢inde yer
alir. T, ve log g degerleri Stromgren fotometrisinden, sirasiyla, 15 200 K, ve 3.6 olarak
bulunmustur. Normal ge¢ B ve erken A tiirii yildizlarda mikrotiirbiilans hiz1 0-2 km/sn
araliginda degerler aldigindan (Adelman 1984, 1985 ve Sadakane 1981), calismalarinda
yer alan biitlin standart yildizlar i¢in 2 km/sn kullanilmistir. 29 And i¢in toplam akiya
ikinci bilesenin katkist CNO cizgilerinin bulundugu 6000 ve 9000 A’da yaklasik % 6-9
olarak tahmin edilmistir. Ikinci bilesen genislemis yildiz olabilir ve bdylece toplam
akiya biiyiik oranda katki saglar. Roby ve Lambert, 29 And’m C II, N I ve O I
cizgilerinden bulunan C, N, O bolluklari, sirastyla, 8.04 £ 0.15, 7.49 + 0.16, 8.62 + 0.04
dex dir (Roby ve Lambert 1990).
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Anders ve Grevesse (1989) tarafindan verilen Giines’teki bolluk degerleri (8.56, 8.05,
8.93 dex) ile karsilagtirildiginda 29 And’in, CNO bakimindan Gilinese gore daha fakir

oldugu sonucuna ulasilir.

Cayrel de Strobel vd. (1996)’nin gelistirerek yaptiklar1 katalog calismasi galaktik disk
ve halonun veya diger galaksilerin kimyasal evrimiyle ilgilenenler i¢in yani yildizlarin
kimyasal yapilarini, yildizlar ve galaksiler aras1 maddeyi anlamak adina 6nemlidir.
3247 yildizin demir bollugu hesabini igeren katalogun gilincellenmesinin nedeni, daha
once yer alan yildizlarin [Fe/H] degerlerini yiliksek duyarlilikla elde etmektir.
Katalogdaki metal/hidrojen parametresi; yildizin atmosferindeki demirin goéreli bollugu
ile standart yildizin atmosferindeki demirin goreli bollugunun logaritmik farkini ifade
eder. HD 3369 i¢in [Fe/H] = log Fe/H (yua) — log Fe/H (standaray s€klinde hesaplanan
deger -0.2°dir.

2.2.4 Donme Hizi

Cizgi genisleme mekanizmalarindan bir tanesi yildizin donme etkisidir. Donme hizinin
artmasityla ¢izgilerin bi¢imleri Gauss profilinden ayrilir ve ¢izgi Ortiismesi etkisi daha da
etkin duruma gelir. Donmenin ¢ok daha biiyiikk oldugu durumlarda, zayif ¢izgiler
stireklilige karistiklarindan belirlenemeyebilir. Literatiirde 29 And i¢in yer alan donme

hiz1 degerleri Cizelge 2. 16 da listelenmektedir.

Cizelge 2.16 29 And’a ait donme hiz1 degerleri

Doénme hizi (km/sn) Kaynaklar
<50 Slettebak ve Howard (1955)
25 Bernacca ve Perinotto (1970)
42 Uesugi ve Fukuda (1970)
23 Day ve Warner (1975)
35 Glebocki ve Stawikowski (2000)
25 Abt vd. (2002)
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Slettebak ve Howard (1955), ¢alismasinda B2-B5 tayf tiirii araliginda, 5.51™den daha
parlak ve dik agikligi -20° olan 185 yildizin donme hizlarmi (v sini) Perkins ve Yerkes
Gozlemevi tayflarini kullanarak ¢izgi geniglemesinin derecesinden hesaplamislardir.
Bu amagla, Perkins gozlemlerindeki verilerde kullanilmak iizere en uygun ¢izgi se¢imi
Hel 24471 olsa da anakola ve komsulugundaki yildizlarda Hel 24470 yasakli ¢izgisi ile
blend olmasi ve Stark etkisine maruz kalmasi nedeniyle bu ¢izginin sec¢imini
dezavantajli kildigi belirtilmistir. Yerkes gozlemleri i¢in ise Hel A4026 c¢izgisi
kullanilmistir. Cizgi profilinden hesaplanan deger ile gozlemler birlestirilerek sonug
v sini degeri verilmistir. Her yildiz i¢in bu iki deger tutarli sonug vermistir. Ayrica bu
calismadaki ¢ogu y1ldiz i¢in her iki gézlemevinden elde edilen sonuglar uyumlu olsa da
29 And durum farklilik gostermis (Sekil 2.7); Perkins gézlemevinden elde edilen deger
50 km/sn iken Yerkes gozlemevinden elde edilen deger 250 km/sn dir. Cift ¢izgili
tayfsal cift olan yildizin Yerkes wverileri cift ¢izgili oldugundan yiiksek deger
bulunmustur. Calismada 0-50 km/sn hiz aralig1 i¢in hata degeri +20 km/sn, 205-300
km/sn aralig1 i¢in ise +£50 km/sn olarak belirtilmistir. Aynt zamanda bu g¢alismada
29 And’in doneminin 144 giin oldugu, radyal hiz degisimi gosterdigi ve hesaplanan O -
50 km/sn hiz araligi i¢in hatanin + 20 km/sn oldugu belirtilmistir (Slettebak ve Howard
1955).
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Sekil 2.7 29 And igin iki farkli vsini degeri (Slettebak ve Howard 1955)
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Abt vd. (2002), Bright Star Catalogue (BSC)’da listelenen kuzey yarikiirede gozlenen B
tayf tiiri 1092 tane yildizin dénme hizlarimi 6lgmiisler ve Slettebak vd. (1975)’nin
sistemi ile kalibre etmislerdir. Her yildiz, Kitt Peak’deki 0.9 m’lik coude telekobu ve
2.1 m’lik coude tayfcekeri ile gozlenmistir. Dispersiyon, 7.0 A/mm ve ¢oziiniirliik,
0.11A veya 7.1 km/sn dir. He 1 A4471 ve Mg 11 14481 ¢izgilerinin esdeger genisliklerini
coude tayfinda Lorentz ve Gauss profil fitlerinden hesaplamislardir. 29 And ig¢in

belirledikleri donme hiz1 degeri 25 km/sn dir.

2.2.5 Radyal Hiz

29 And yildizinin radyal hizindaki degisim ile ilgili ilk ¢alisma Frost ve Adams (1903)
tarafindan yapilmistir. Bu ¢aligmalar1 Orion tiirii tayfa sahip yildizlar1 igermekte ve
gozlemsel veriler Yerkes Gozlemevi'ndeki plaklarina aittir. Bu tiirden ¢ yildizin
analizi gercgeklestirilirken, 29 And’in radyal hizi hesaplanmis ve sonuglar Cizelge
2.17°deki gibi degerlendirilmistir. Sonu¢ olarak, 29 And’in tayfindaki ¢izgiler bu
tirdeki ¢ogu yildizin tayf ¢izgilerine gore daha keskin oldugu belirtilir. Orion tiirii
yildizlar tayfsal karakteristikleri geregi cok diisiikk radyal hiza sahiptir (Orion tiiri,
Secchi (1866) smiflamasinda Class 1 altinda alt smif olarak vermistir, modern
siniflamada karsilig1 erken B tiiriidiir). Ayrica 29 And yildizinin literatiirde yer alan
radyal hiz degerleri Cizelge 2.18 de sunulmaktadir.

Cizelge 2.17 29 And’1n radyal hiz degisimi (Frost ve Adams 1903)

Plaka Tarih Hiz (km/sn) Cizgi sayis1 | Ortalama hiz
F A F A (km/sn)
IB92 | 190317%31¢| -6 +3 2 5 -2
106 | 1903 14207 +31 +33 4 3 +32
129 [ 1903 19%30° | +58 +62 5 5 +60
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Cizelge 2.18 29 And’1n literatiirdeki radyal hiz degerleri

Radyal Hiz (km/sn) Kaynaklar

+30 Frost ve Adams (1903)
+8.8 Jordan (1910)
+43.8 Lee (1914)

+5.5 Frost vd. (1926)

+3.2 Campell (1928)

+8.4 Pearce (1936)

-4.4 Young (1939)

+8.8 Luyten vd. (1939)
+8.7 Wilson (1953)

Frost vd. (1926), ayrintilhi radyal hiz hesabim1 genislemis H c¢izgilerinin yer
degistirmelerinden elde etmistir. B ve O tayf tiirtinden 368 yildizin radyal hizi, Yerkes
Gozlemevi’'nde 1901-1925 yillar1 arasinda 2431 tane plak iizerinden Olgiilmiistiir.
Bunlarin icinden 160 tanesi ayn1 gézlemevi veya baska yazarlar tarafindan tayfsal ¢ift
olarak belirtilmistir. Calismalarinda B tiirii i¢in kullanilan elementlerin dalgaboyu listesi
yer alir. Cizelge 2.19°de Frost vd. tarafindan elde edilen radyal hiz degeri ve hatasi

verilmektedir.

Cizelge 2.19 29 And’1n Frost vd. (1926) tarafindan elde edilen radyal hiz sonuglar

Parlakhk | Tayf Tiirii | Plaka sayis1 | V (km/sn) | Olasi hata
4.4 B3 7 +5.5 +1.4

83 yildiz i¢in yliksek dispersiyonlu tayfsal gézlemler, gec B tiirlinden ¢iftlik karakterini
hesaplamak i¢in Wolff (1978) tarafindan kullanilmistir. Bir¢ok yildiz i¢in veriler bir
haftalik gozlemlerden elde edilen 10 tayfin 8 tanesi coude tayfceker 2.2 m’lik Mauna
Kea teleskobundan elde edilmistir (13.6 A/mm). Gozlemlerin, donemi birkag¢ giinden iki
aya kadar uzananlar i¢in degisimin bulunmasina uygun oldugu ama dénemi 100 giinii
asanlar icin degisimin belirlenmesinin basarisiz olabilecegini belirtilmistir. H, Si II,

Mg 1II, Fe II iyonlarin1 da igeren 10 element i¢in her tayf ¢izgisi Ol¢lilmiistiir.
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Cizelge 2.20’de Wolff ve Preston (1978) tarafindan elde edilen radyal hiz degeri,

gozlenen radyal hizlarin biitiin araligini verilmektedir.

Cizelge 2.20 29 And’in Wolff (1978) tarafindan verilen hiz degerleri

vV sini Say1 <Vr> P
(km/sn) (km/sn) (giin)
35 6 -4.4 >100
HJD (2440000+) Vr (km/sn)
2299.90 -2.2
2301.87 +3.4
2325.78 -10.1
2326.81 -7.4
2356.82 -4.5
2362.77 -5.3
23 89 Cet

J. Flamsteed tanimlamasina gore 89 Cet olarak amlan yildiz, ¢esitli kataloglarda
HD 17081, HR 811, GSC 05292-00970, HIP 12770, BD -14°519, SAO 148575 olarak
isimlendirilir. 1603 yilinda J. Bayer’in yaptig1 tanimlamaya gore Kuzey Yarikiiredeki
Cetus (Balina) takimyildizi i¢inde goriiniir parlaklik siralamasinda 16. sirada
oldugundan © Cet olarak isimlendirilmistir. Mira degisen yildiz sinifina ismini veren

prototip yildiz ile ayn1 takimyildiz i¢indedir.

89 Cet, tayf tiirli ve 191n1m sinifi olarak Johnson ve Morgan (1953), Herbig ve Spalding
(1955), Borgman (1960), Jugaku ve Sargent (1961) tarafindan B7 V ve Vaucouleurs
(1957) tarafindan B6 III ve diger bazi eski ¢alismalarda B5 V SB olarak

siniflandirilmastir.

2000 yilina ait ekvator koordinatlart a = 02544%07°".35, § = -13°51'31".31 ve galaktik
koordinatlar1 | = 191°.81, b = -60°.57 dir. Westin (1985) tarafindan Giines’ten uzakligi
100.8 pc, logaritmik yas1 7.941 yil olarak verilir.

89 Cet i¢in gorsel parlaklik ve renk 6l¢egi degerleri Cizelge 2.21°de listelenmektedir.
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Cizelge 2.21 89 Cet’e ait V bandi parlaklik ve B-V degerleri

m, (kadir) B-V Kaynaklar
4.22 -0.13 | Hogg (1958)
423 -0.14 | Cousins & Stoy (1962)
-0.13 | Moreno (1971)
4.24 .
-0.14 | Cousins & Stoy (1962)
4.25 -0.14 | Johnson vd.(1966)

89 Cet’in “Bright Star Catalogue 5th Revised Edition” (Hoffleit ve Jaschek 1991)
katalog bilgisi Cizelge 2.22°de yer almaktadir.

Cizelge 2.22 89 Cet’in Hoffleit & Jaschek (1991) tarafindan olusturulan katalog bilgileri

V band1 Tayf | Radyal hiz | Déonme Hiz1 Sag acikhik Dik acikhik
Parlakhg | Tiirii (km/sn) (km/sn) Ozhareket Ozhareket
(kadir) (yaysaniyesi/y1ll) | (yaysaniyesi/yil)
4.25 B7V 15 18 -0.008 -0.015

Eggleton ve Tokovinin (2008) Hipparcus parlakligi 6 kadirden daha parlak olan ve
yaklagik 4559 adet ¢oklu yildiz sistemini iceren bir katalog olusturarak, yoriinge
donemlerinin dagilimini incelemiglerdir. 89 Cet icin Makaraov referans gosterilerek
yildizin bir astrometrik ¢ift oldugu belirtilir. Makarov ve Kaplan (2005) Hipparcos ve
Tycho-2 kataloglarindaki 6z hareket degerlerinden astrometrik ciftler i¢in kiitle oran1 ve

yoriinge sabitleri hesapladilar. 89 Cet’in ¢esitli kaynaklarda yer alan astrometrik

bilgileri Cizelge 2.23’de verilmistir.

Cizelge 2.23 89 Cet’in Astrometrik Veriler

Paralaks Sag aqiklik Dik a¢iklik
(yaysaniyesi) Ozhareket Ozhareket Kaynaklar
yaysanty (yaysaniyesi /y1l) | (yaysaniyesi/yil)

Hipparcus 74 76 84 Makaraov ve
Tycho-2 i 8.4 126 Kaplan
) ' (2005)

Hipparcus van Leeuwen
8.30 -8.62 -9.07 (2007)
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2.3.1 Fotometrik Calismalar

89 Cet yildizinin Johnson UBV, Stromgren uvbyf ve Geneva fotometrik sistemindeki

degerleri Cizelge 2.24, 2.25, 2.26 de listelenmistir.

Parlak bir yildiz olan 89 Cet (HD 17081)’in gorsel ve mordte bolgede yapilan
calismalarinda normal B yildizlar1 i¢in hicbir tayfsal anormallik belirtilmezken, genelde
tayfsal ve fotometrik caligmalarda standart bir yildiz olarak kullanilmistir; 6rnegin
Oblak (1978) ve Whitelock vd. (1989). Kaynak taramasinda 89 Cet yildizinin bir x-151n
kaynag1 olup olmadigina veya x-151n akisini hesaplamaya yonelik bir ¢cok ¢alisma ile de
karsilagildi. Cash vd. (1979), yildizin bir x-151n kaynagi olabilecegi ve bunun genislemis
bir kabuktan kaynaklanabilecegini belirtir. Caligmalarinda erken A tiirii yildizlarin
korona katmanina sahip olup olmadiklarini incelemek i¢in diislik enerjili x-151n gokytizii
tarama verileri incelenmistir. Bu ¢alisma sonucunda iki yeni 0.25 keV x-151n kaynagi
kesfi yapilmis ve A yildizlarinin giiglii x-151n salmalarinin koronaya ait bir belirte¢
olduklart vurgulanir. 89 Cet diisiik enerjide belirgin seviyede x-151n salmasi gosteren,
hicbir bolluk ve manyetik alan anormalligi gostermeyen, Ap ve Am yildizlarindan daha

sicak, normal bir yildizdir.

Cizelge 2.24 89 Cet’in Johnson UBV fotometrik sistem degerleri

V (kadir) | B-V (kadir) | U-B (kadir) | R-I (kadir) Kaynaklar
4.22 -0.13 -0.43 - Hogg (1958)
424 -0.14 -0.43 ) Cousins ve Stoy (1962)
-0.13 -0.38 Moreno (1971)
4.25 -0.14 -0.45 -0.14 Johnson vd. (1966)
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Cizelge 2.25 89 Cet’in Stromgren uvbyp fotometrik sistem degerleri

b-y (kadir) m; (kadir) | ¢; (kadir) Kaynaklar

-0.048 0.096 0.607 | Crawford ve Barnes (1970)
-0.050 0.103 0.604 | Warren ve Hesser (1977)
-0.052 0.105 0.599 Olsen (1983)

Garrison ve Gray (1994)
-0.053 0.107 0.596 | Cousin (1987)
-0.055 0.107 0.603 | Olsen (1993)
-0.052 0.104 0.604 |Hauck ve Mermilliod (1998)

Cizelge 2.26 89 Cet’in JHKL fotometrik degerleri

J H

K L

Kaynak

4.46 | 4.51

4.55 | 451

Whitelock vd. (1989)

2.3.2 Atmosfer Parametrelerine Ait Calismalar

89 Cet yildizinin tayfsal ¢alismalari, genellikle mordte bolgede yogunluk kazanmustir.
Mordéte bolge tayflari, anormal bolluk 6zelligi sergileyen B, Be, Cu, Ga, Hg, Bi gibi
kimyasal tuhaf yildizlarin bilgisine ulagmamizi saglar. Boyle yildizlara ait bolluk

calismalarinda 89 Cet genellikle “normal” olarak siiflandirilarak karsilastirma/standart

yildiz olarak ele alinmistir.

Sicak yildizlar i¢in Paschen siirekliliginin egimi (6..) ve/veya Balmer diigmesinin

boyutu (0.p) etkin sicaklik hesabinda kullanilir. Wolff vd. (1968), 89 Cet igin

0cc = 0.4, 6. p=0.36 olarak hesaplamistir.

89 Cet yildizinin literatiirde yer alan atmosfer parametre degerleri Cizelge 2.27°de
sunulmaktadir. Wolff vd. (1968) atmosfer parametreleri hesaplarken; gézlemsel enerji
dagilimi ile model atmosferden elde edilen kuramsal enerji dagilimlarinin normalize
degerlerini karsilastirmistir. Modellerinde ¢izgi Ortiismesi modellere dahil etmistir. Bu

ozellik, hidrojen siireksizligi yakininda kiigiik sekil degisikliklerine neden olmustur.
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Norris (1971) calismasinda LTE model atmosferlerini Hy profiline ve goriiniir
bolgedeki siirekli tayfa uygular. Leckrone, Norris’in ¢alismasina benzer bir yontem ile
hesaplama yapmistir. Underhill vd. (1979) ise LTE model atmosferlerinden tek renk
akilar1 agisal yaricapt bulmak i¢in kullanarak, akinin gériilmeyen kismi i¢in integral
hesab1 yapmustir. Segilen log g degerlerinin agisal yaricap ve etkin sicakliga duyarl
olmadigin1 belirtir. Kontizas ve Thedossiou (1980) gorsel bolgeden moréteye kadar olan
gozlenen tayfi, yildizlararasi1 kizillasma etkisinden diizelttikten sonra sentetik tayfla

birlestirerek B ve erken A yildizlar1 i¢in deneysel etkin sicakliklari hesaplamistir.

Cizelge 2.27 89 Cet’in atmosfer parametre degerleri

T (K) logg Kaynaklar
13300 4 Wolff vd. (1968)
13500 3.8 Leckrone (1971)
12700 3.6 Norris (1971)

13256 - Underhill vd. (1979)
13263 3.9 Heacox (1979)

13000 - Kontizas ve Theodossiou (1980)
13263 3.65 Adelman (1984)
13200 3.70 Sadakane vd. (1988)
13150 3.85 Adelman (1991)
13100 3.85 Adelman vd. (2002)
12800 3.75 Fossati vd. (2009)

Adelman (1978) Kitt Peak ve Palomar gozlemevlerinde 33 adet normal B, A ve F
yildizlarinin stirekli enerji dagilimmi elde etmistir. Spektrofotometri yontemiyle etkin
sicaklik hesabini igeren bu calismasinda 89 Cet icin gozlenen u-b ve b-y indisleri,
sirastyla, 0.703 ve -0.048 olarak verilmektedir. Uretilen model atmosferlerde log g = 4.0
degeri i¢in yildizlarin sicakliklar elde edilmistir (Cizelge 2.28). UBV kaynagi olarak
Johnson vd. (1966)’dan alinmistir. Adelman vd. (2002) tarafindan benzer yontem ile

yapilan ¢alisma sonuglar1 Cizelge 2.29°de verilmektedir.
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Cizelge 2.28 89 Cet’in farkli yontemlerle hesaplanan etkin sicaklik degerleri
(Adelman 1978, Adelman vd. 2002)

(B-V), u-b, b-y Spektrofotometri
14 000 K 13300 K 13250 K

Cizelge 2.29 89 Cet’in spektrofotometri yontemi ile hesaplanan atmosfer parametreleri
(Adelman vd. 2002)

T.(K) log g
Stromgren uvbyp 13174 3.70
Spektrofotometri + Hy 13 100 3.85

Sargent (1966) tarafindan A bileseni normal B5 V ve B bileseni bir tuhaf/pekiiliyer
yildiz olan ADS 3910 sistemi tayfsal olarak incelenirken, ayni renge sahip 89 Cet
(B7 V) bir karsilastirma yildiz1 olarak yer almistir. Bu ¢alismada Ca II K zayif ama
goriilebilen, C II 24267 ve Si II giicli, He I baskin, Balmer ¢ok kuvvetli, Fe 1T A4233
zay1f ¢izgiler olarak belirtilir. Mg 11 A4481 / He 1 A4471 orani tayf tiirlinii belirlemede
kullanilmistir. Calisma i¢inde 89 Cet gibi baz1 B yildizlarinin etkin sicakliklari, (B-V),
renklerinden 6. =0.37, 0;,,=0.36 olarak ve log g=4.0, log P.=2.6 parametreleri

hesaplanmuistir.

Cenarro vd. (2007) tarafindan, yildiz atmosfer parametrelerinin yer aldigi MILES
(Medium-resolution Isaac Newton Telescope Library of Empirical Spectra) tayfsal

kiitiiphanede 89 Cet icin T.= 13320 K, log g = 3.64, [Fe/H] = 0.03 degerleri yer alir.

Grunhut (2009), tez calismasinda (Kanada Queen’s Universitesi) bazi Herbig Ae/Be
yildizlarinin ~ sicaklik  hesabin1  gelistirmek amaciyla ESPaDOnS  (Echelle
SpectroPolarimetric Device for the Observation of Stars ) yiiksek ¢oziiniirliiklii
tayflarindan yildizlarin atmosfer parametreleri elde etmistir. Gozlemler, R=68000
¢oziiniirliige sahip 3700-10500 A dalgaboyu araliginda 40 adet esel tayfi igeren
3.6-m Kanada-Fransa-Hawaii teleskobu ile gerceklestirilmistir. Ayrica ESO’nun
8.2-m’lik VLT (Very Large Telescop) ile 3450-5900 A dalgaboyu araliginda ek veriler
alinmigtir. Indirgeme ve tayf dlciimleri IRAF programu ile gergeklestirilmis, ATLAS9
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model atmosferler kullanilarak, VALD (Vienna Atomic Line Database) ¢izgi listesinden
yararlamlmustir. Incelenen yildizlar arasinda en sicak, tek ¢izgili, uzun dénemli bir
tayfsal ¢ift oldugu belirtilen 89 Cet icin hesaplanan atmosfer parametreleri ve dénme
hiz1 degerleri, sirasiyla, Te= 13000 + 400 K, log g= 4.0, &= 2 km/sn, Vv sini= 20 km/sn
olarak verilir. Sekil 2.8’de iki farkli gozlem gecesine ait bazi ¢izgi profillerine ait

ornekler goriilmektedir.
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Sekil 2.8 89 Cet’in ESPaDOnS tayf kesiti (Grunhut 2009)

2.3.3 Element bolluk analizlerine ait calismalar

89 Cet’in tayf ¢izgisilerine ait bazi esdeger genislik dl¢timleri, ilk kez Wolft (1967)
tarafindan verilmistir. Bu ¢aligmada incelenen Ap ve normal A yildizlarinin atmosfer
parametreleri A4000-8000 A dalgaboyu aralifindaki gdzlenen enerji dagilimlarmin
teorik modellerle karsilastirilmasindan ve H, profillerinden hesaplanmistir. B3-A8 tayf
tiirli araliginda normal anakol yildizlar1 ile benzer sonuglar verildigi goriiliir. Aym
zamanda, Balmer diigmesinin boyutunun (D), 10 000 K’den daha sicak yildizlar i¢in 1yi
bir sicaklik ve gercekte yiizey ¢cekimine duyarsiz oldugundan avantajli bir 6l¢iit oldugu

belirtilmektedir. Model atmosfer hesaplarindan elde edilen T, ve D arasindaki iligki,
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dikkate alinan modellerin non-LTE veya LTE altinda olmasina fazlasiyla baghdir.
Calismada B-V < 0 olan yildizlar i¢in biitliin gézlenen noktalar etkin sicaklik hesabinda
kullanilmigtir. 6. (=5040/ T,) < 0.6 olan yildizlar i¢in yiizey ¢ekim ivmesi hem hidrojen
cizgi profillerinden hem de esdeger genisliklerden hesaplanmustir. 6.=0.44, log g =3.2
degerine sahip olan 89 m Cet’e ait bazi esdeger genislik Slciimleri, Angstrom (A)

biriminde, Cizelge 2.30’de verilmistir.

Cizelge 2.30 89 Cet’e ait baz1 esdeger genislik degerleri (Wolff 1967)

Hel Hel | Mgl | Sill Sill Cal | Call | CrIll | CrlI | Mnl
M471 | A5876 | A4481 | A3862 | 24131 | A4227 | A3933 | A4588 | 24619 | A4034
0.305 | 0.283 | 0.340 | 0.124 | 0.163 - 0.165 | <0.041 - -
MnlIl | Fel | Fell | Fell | Till Till | Eull | Eull | Scll Sr 11
M755 | M383 | AM4508 | A4520 | 24417 | A4501 | A4129 | A4435 | A4246 | 24215
0.017 - 0.081 | 0.05 | <0.014 | <0.033 | <0.02 - <0.014 | <0.012

Heacox (1979) tarafindan bazi1 6zel ve 6 adet normal yildizin atmosfer parametrelerini
gorsel ve mordte tayflart kullanilarak model atmosferler yardimiyla hesaplanmstir.
Kontrol grubundaki yildizlar arasinda 89 Cet de bulunmaktadir. Bu ¢alismada 89 Cet
icin Te = 13100 K, log g = 3.9, v sini = 12 km/sn degerleri elde edilmistir. Yiizey
element bolluklari, esdeger genislik Ol¢limlerinden ve LTE model atmosferler
yardimiyla hesaplanmustir. 89 Cet i¢in mikrotiirbiilans hizina ait 0 ve 3 km/sn degerleri
almarak elde edilen bolluk degerleri Gilines’teki degerlerle birlikte Cizelge 2.31°de

verilmektedir.
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Cizelge 2.31 89 Cet’e ait element bolluk degerleri (Heacox 1979)

Element log (N/H) Giines log (N/H)
&= 0 km/sn &= 3 km/sn
He 11.3 10.8 _
Be <23 1.15 %)
C 8.6 8.62 -
Mg 7.4 7.60 74
Si 7.6 7.65 74
F <64 5.50 6.4
7.3 7.20 -
Ca 6.1 6.35 54
Sc <38 3.04 38
Ti <5.1 5.05 <5.0
Cr 6.6 5.71 5.7
Mn 6.8 5.42 55
Fe 8.2 7.50 75
Ni 5.9 6.28 5.4
Ga <5.6 28 356
Sr <34 2.9 33
Y <42 2.10 <41
Zr <4.7 2.75 46
Xe <6.2 3.41 )
Pt <5.0 175 -
Hg <4.4 111 -

Boesgaard vd. (1982) bazt HgMn yildiz1 ve normal yildiz i¢in Be II AA3130, 3131
rezonans ¢iftinden berilyum elementine iliskin bolluklar1 hesaplamistir. Yildizlarin etkin
sicakliklar1 Relyea ve Kurucz (1978)’un hesapladigi Stromgren ¢; ve m; 6l¢eklerinin
karsilastirilmasindan, ylizey c¢ekim ivmesi Balmer ¢izgi profillerinden bulunmustur.

LTE bolluklarin1 hesaplamada Kurucz vd. (1974)’un ¢izgi ortiismeli model atmosferleri
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kullanilmistir. Cizelge 2.32 ’de her iki durum igin hesaplanan bolluk degerleri

verilmektedir.

Cizelge 2.32 89 Cet i¢in LTE ve nonLTE durumda Berilyum bolluklar1

(Boesgaard vd. 1982)

EW(3130) | EW(X3131) T logg | vsini | log Be/H+12 | log Be/H +12
(mA) (mA) (K) (km/sn) (LTE) (NLTE)
<30 <20 13100 | 3.9 12 <24 <24

Calismalarimin sonucunda Be bollugunun normal yildiz grubundaki ¢ogu degere gore
bol miktarda oldugu belirtilir. HgMn yildizlarinin %75°1 i¢in Be miktar1 Giines’in
degerine gore daha boldur ve Heacox (1979)’un degerine yakindir. Sekil 2.9’de bir adet
normal (m Cet), dort adet HgMn, ii¢ adet giiglii Be cizgisine sahip yildizlarin Be II

bolgesinin karsilastirilmasi yapilmistir.

§ Goreli Siddet

T
Ba Il
|
= Che O . i - |
00 Z9 0 - aa

Dalgaboyu (A)

Sekil 2.9 Be II ¢izgisinin farkli tiir yildizlarda karsilastirilmasi (Boesgaard vd. 1982)
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Adelman (1984, 1985) tarafindan B5-A2 tayf tiirti araligindaki 10 keskin ¢izgili normal
yildizin model atmosferler yardimiyla atmosfer parametreleri ve ylizey element
bolluklar1 hesaplanmigtir. Mikrotiirbiilans hizlart Fe 1 ve Fe II c¢izgilerinden
belirlenmistir. Cizelge 2.33’de 89 Cet yildizina ait He, C, N, O, Mg, Si, S, Ca, Ti, Cr,
Fe, Ni elementleri i¢in hesaplanan bolluk degerleri sunulmaktadir. 89 Cet yildiz1 N, Mg,
Si III, S, Cr bakimindan Giines’ten daha fakir iken He, C, O, Si II, Ca, Ti, Fe
bakimindan zengindir. Adelman (1991) calismasinda ayrintili bolluk analizi yapilan
dort yildiz arasinda 89 n Cet de bulunmaktadir. Reticon tayflarinin analizinden bulunan
degerler Te= 13150 K, log g=3.85 dir. Mikrotiirbiilans hiz1 i¢in Fe I, Fe II ve Cr II
cizgilerinden 0 km/sn olarak elde edilmistir. Radyal hiz degeri 12.38 + 1.74 km/sn
olarak bulunmustur. Cizelge 2.34’da verilmeyen veya farkli degerde olan elementler
icin bulunan bolluk degerlerini log (Ti II/H) = -7.17, log (Ni II/H) = -5.98, log (Mg I/H)
= -4.84, log (Cr II/H)= -6.54,log (Fe II/H)= -4.62, log (Fe III/H)= -4.78 olarak
bulunmustur. Adelman’mn 1998 yilindaki c¢alismasinda incelenen yildizlar ile
karsilagtirma amach kullandigi 89 Cet’in (T, = 13 150 K, log g = 3.85, £ = 0 km/sn)

bolluk analizi de giincellenmistir.

35



Cizelge 2.33 89 Cet yildizina ait hesaplanan bolluk degerleri (Adelman 1985, 1998)

Adelman 1985 Adelman 1998

Element | 89 Cet Giines 89 Cet Giines
log N/H | log N/H | log N/H | log N/H

He I -1.09 -1.07 -1.07 -1.04
Cll -3.45 -3.33 -3.77 -3.31
NII -3.87 -4.01 -3.88 -4.01
Ol -3.50 -3.08 -3.30 -3.09
Nel - -4.15 - -4.15
Nal - -5.68 - -5.68
Mgl - -4.38 - -
Mg I1 -4.31 -4.38 -4.52 -4.42
All - - -5.81 -5.53
Al TI - -5.51 - -5.53
Al III - - -5.32 -5.53
Si Il -4.40 -4.37 -4.52 -4.45
Si IIT -4.05 -4.37 -4.99 -4.45
S1I -4.72 -4.77 -4.82 -4.79
Cal - -5.66 - -
Call -5.93 -5.66 -5.72 -5.64
Sc 1l - -8.96 - -8.96
Fe Il - - -4.62 -4.52
Fe II1 - - -4.78 -4.52
Ti 1T -7.15 -7.02 - -7.01
VII - -7.79 - -7.79
Crl - -5.88 - -5.88

Bu tez ¢aligmasi sirasinda 89 Cet’in literatiir bilgileri incelenirken morote bolgeye ait
bazi bolluk caligmalariyla karsilasildi. Sadakane vd. (1988) tarafindan 23 adet keskin
cizgili HgMn yildiz1 ve B5-A0 tayf aralifinda alt1 adet normal yildizin IUE tayflan
kullanilarak ¢inko bolluklarin1 hesaplamiglardir. Etkin sicakliklarin 15000, 13000,
10000 K ve log g = 4 degerleri i¢in hesaplanan model atmosferler ile Cu, Zn, Ga
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bolluklar1 hesaplanmistir. 89 Cet igcin W(2062A) = 115 mA esdeger genislik

Olctimiinden hesaplanan Zn bollugu +0.5 dex dir.

Cugier ve Hardorp (1988) tarafindan A0-B3 tiirlinden 8 anakol yildizinin gozlemsel
CI 11657 ve CII 11335 A ¢izgileri LTE ve non-LTE kosullar1 altinda incelenmistir.
Onemli farkliliklarin hizli dénen yildizlar arasinda oldugu gériildii. C 11 ve C 1
cizgilerinden hesaplanan karbon bolluklar1 Cizelge 2.34’de verilmektedir. C I'nin LTE
bolluk degeri C II ¢izgilerinden bulunan degerden daha az iken, C I’nin non-LTE bolluk
degeri C II ile uyumludur.

Cizelge 2.34 89 Cet ‘in karbon bollugu (Cugier ve Hardorp 1988)

C II rezonans

Te log g 5 multipleti C111657 A

(K) (km/sn) log N(C/H) log N(C/H)
LTE 13000 3.5 2 -3.63+0.15 -4.3+0.25
Non-LTE | 13000 4.0 2 -3.51£0.20 -3.45+0.25

Roby ve Lambert (1990)’in ¢alismasindaki bes adet standart yi1ldiz grubunun i¢inde yer
alan 89 Cet’in Stromgren fotometrisinden elde edilen T, ve log g degerleri, sirasiyla,
13150 K ve 3.5 dir. Tayfsal ¢ift olabilecegi SB notu ile bildirilen 89 Cet i¢in LTE
varsayimda C I, C II, N I ve O I ¢izgilerinin ortalama bolluklari, sirasiyla, 7.83 + 0.22,
8.42 + 0.16, 7.72 £ 0.17 ve 8.97 + 0.07 dex olarak bulunmugstur. Standart yildizlar
icinde sadece 89 Cet yildizinda her iki C I ve C II gizgilerini gozleyebilmiglerdir. C I
zayif bir ¢izgi olup, tayf giiriiltiilii oldugu halde C I’den elde edilen bolluk (yaklasik 0.6
dex)

C II’den elde edilenden daha azdir. Anders ve Grevesse (1989) tarafindan verilen
Glines’teki bolluk degerleri (8.56, 8.05, 8.93 dex) ile karsilagtirlldiginda 89 Cet azot
bakimindan daha fakir iken karbon ve oksijen Glines’teki bolluklara yakin degerdedir.

89 Cet, bu ii¢ element bakimindan 29 And’a goére daha zengindir.

Acke ve Waelkens (2004) tarafindan 24 adet Herbig Ae/Be ve Vega tiirii yildizin ylizey
kimyas1 analiz edilmistir. Daha 6nce optik bolgede tayfsal yaymi bulunmayan birkag

yildiz1 da iceren ¢alismada donme hizlar1 hesaplanmstir.

37



89 Cet, HAEBE grubunda incelenmis ve bolluklar dort adet O c¢izgisinden
[O] = -0.18 = 0.03 dex, bir adet kiikiirt ¢izgisinden [S] = -0.07 dex olarak
hesaplanmistir. Anders ve Grevesse (1989)’in Giines degerleriyle karsilastirildiginda;
dort adet magnezyum c¢izgisinden [Mg II] = -0.11 £ 0.02 dex, dort adet silisyum
cizgisinden [Si II] = +0.05 £ 0.28 dex, yedi adet titanyum cizgisinden [Ti II] =
-0.18 £ 0.13, 29 adet demir ¢izgisinden [Fe II] =-0.26 = 0.19 ve [Cr] =-0.21 £ 0.08 ve
[Ni] = -0.10 £ 0.02 bolluk farkliliklar1 bulunmustur.

89 Cet’e ait en gilincel ve ayrintili tayfsal ¢alisma Fossati vd. (2009) tarafindan
yapilmistir. Bu ¢alismada 2005 yilina ait ESPaDOnS (CHFT) verileri kullanilmistir.
Caligmalarinda ytiksek ¢oziintirliiklii (R = 65000), yiiksek S/G sahip, kimyasal tuhaflik
ve fotometrik degisim gostermeyen, LTE analizine uygun yavas donen HD 145788
(A1V), 21 Peg (B9.5V) yildizlarinin optik bdlge tayflar1 da incelenmistir. Fossati vd.
tarafindan 10 000 - 13 000 K sicaklik aralifinda ¢alismanin ideal oldugunu belirtilir.
Ciinkii boyle yildizlarin tayflar1 siddetli blend etkisi gostermez. 21 Peg yildizin
incelemek amagli yapilan bu ¢aligmada karsilastirma yapabilmek i¢in diger iki yildiz
secilmigtir. 89 © Cet yildiz1 geng, tek cizgili bir tayfsal ¢ift, kizilote artik gdsteren,
Herbig Ae/Be oldugundan siiphe edilen, v sini degeri ~ 20 km/sn olarak belirtilir.
Yildiz, tayfi fark edilir sekilde bileseni tarafindan bozulmadigi i¢in bu ¢alismaya dahil
edilmistir. 89 Cet’in etkin sicaklik ve yiizey ¢ekim ivmesi degerleri Adelman vd.
(2002)’nin  kullandiklar1 yontem olan gozlemsel ve kuramsal H, profillerinin
karsilagtirilmas1 ile spektrofotometri yontemlerinden hesaplanmistir. Sicakliktaki
belirsizlik +200 K, radyal hizdaki belirsizlik 0.5 km/sn olarak verilir. LTE varsayimi
ile hesaplanan bolluk degerleri Asplund vd. (2005)’den alinan Giines’e ait bolluk
degerleri karsilastirilmistir (Cizelge 2.35). Tamimlanan biitiin elementler icin yiizey
bolluklar1 genel olarak Giines’teki degerlere yakin iken, sadece O, Ne, Na, A
bakimindan belirgin olarak zengindir. iki adet ESPaDOnS tayflarinda ¢izgi profilleri
degisim gostermis; H, merkezine yakin bolgede kiiciik salma benzeri 6zellik ve yakin
kizilstede C 1 A8335 A — 19405 A bolgesinde salma gosterdigi bildirilmistir. Tayf
cizgilerinin degisimi gezegen Oncesi diskten gelen yildiz ¢evresini saran sogurma veya
salma olarak aciklanabilmistir. Diger bir goriis ise zonklama/pulsasyondur. Radyal hiz

Olctimlerinin frekans analizi gerceklestirilmis ve biri yoriinge donemine rastlayan, digeri
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~2.79 1/giin civarinda iki adet frekans kaydedilmistir. Bu deger tayfsal ¢ift i¢in
pulsasyon donemi ile uygunluk gostermektedir. Bu sekilde pulsasyon, c¢izgi profil
degisimini ve H,’daki kii¢iik salma 6zelligini yildizin etrafindaki diskin varligi ile
aciklanmigtir. Salma halindeki noétr karbon cizgileri ise disk veya non-LTE etkiler ile
aciklanmigtir. Yildizin dogasinin daha iyi anlasilmasi i¢in non-LTE analizine ve

fotometrik gozlemlere ihtiya¢ oldugu vurgulanir. Sekil 2.10°de 89 Cet’in H,, Hp, H,

profilleri gosterilmistir.

Normalize Akl

PR BT B FIR I I I S N I |
4330 4340 4330 4550 4380 4570 330 6560 €370 6380

Dalgaboyu (A)

Sekil 2.10 89 Cet i¢in H,, Hp, H, profilleri (Fossati vd. 2009)
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Cizelge 2.35 89 Cet icin bolluk degerleri (Fossati vd. 2009)

89 Cet Giines 89 Cet Giines

log N/H | log N/H log N/H | log N/H
He I -0.97+0.04 | -1.12 | PIII -6.19 -6.68
Cll -3.58+0.07 | -3.65 |SII -4.78+0.16 | -4.90
NI -4.03+0.13 | -426 |ClII -6.95 -6.54
NII -3.74+0.07 | -426 | Arl -4.86+024 | -5.86
(00| -3.06+0.14 | -3.38 | ArII |-524+0.19 | -5.86
on -3.04 -338 | Call -5.77 -5.73
Nel -3.66+0.09 | -4.20 | Scll -9.31 -8.99
Nal -5.23+0.07 | -5.87 | Till -7.42+0.08 | -7.14
Mgl -4.27 -451 | S -4.78+0.16 | -4.90
Mgll | -447+£0.16 | 451 |CrlI |-6.41+0.10| -6.40
All -5.57 -5.67 | MnII | -6.50+0.09 | -6.65
Al II -5.73+0.27 | -5.67 | Fel -4.53+0.22 | -4.59
Al | -530+0.02 | -5.67 |Fell -4.58+0.14 | -4.59
Sil -4.80 -4.53 | Felll |-4.52+0.10 | -4.59
Si Il -4.41+0.20 | -453 | Coll -6.93 -7.12
Si IIT -4.16 -4.53 | Nill -5.76+0.19 | -5.81
PII -6.38+0.19 | -6.68 | Srl1l -9.15 -9.12

Takeda vd. (2010) B2-B9 tayf tiiriinden III-V 1simim sinifina ait 4™- 6.5™ goriiniir
parlaklik araliginda ve keskin ¢izgili 64 yildizin, O 1 A6156 ve A6158 cizgilerinden
oksijen bollugunu ve Ne I 16143 ve 16163 cizgilerinden non-LTE varsayimiyla neon
bollugunu hesapladilar. 89 Cet’in de i¢inde bulundugu B tayf tiiriinden yildizlar i¢in
ortalama oksijen bollugu log N/Ny= 8.71 + 0.06 dex ve ortalama neon bollugu
8.02 = 0.09 dex olarak hesaplanmistir. Calismada Giines’in oksijen ve neon bolluk
degerleri sirastyla 8.81 ve 8.09 dir (Anders ve Grevesse 1989). Cizelge 2.36’de bu
calismanin sonucunda N/H bi¢iminde O I iigliisii ve iki adet Ne I ¢izgisinden 89 Cet igin

elde edilen degerler verilmistir.
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Cizelge 2.36 89 Cet’in O ve Ne esdeger genislik ve bolluk degerleri (Takeda vd. 2010)

A° [ Wleses | AN | W ez | W6
(mA) (mA) (mA)
8.73 104 8.00 20.9 6.7

2.3.4 Donme Hiz

Literatiirde 89 Cet i¢in belirlenen donme hiz1 degerleri Cizelge 2.37°da verilmektedir.

Cizelge 2.37 89 Cet’e ait donme hiz1 degerleri

Donme hizi (km/sn) Kaynaklar
15 Slettebak ve Howard (1955)
13 Leckrone(1971)
18 Day ve Warner (1975)
18 Hoffleit ve Jaschek (1982)
20 Adelman (1991)
25 Glebocki ve Stawikowski (2000)
25 Abt vd. (2002)
21 Fekel (2003)
18 Acke ve Waelkens (2004)
20 Fossati vd. (2009)

Adelman (1991) tarafindan keskin ¢izgili, normal ve ge¢ B tayf tiiriinden dort yildizin
(89 Cet, 134 Tau, 21 Agl ve v Cap) dénme hizlari, A4481 A bolgesindeki tayf
cizgilerinden hesaplanmistir. Bu ¢alismada 89 Cet’in donme hizinin ortalama degeri

20 km/sn dir.

Fekel (2003) yiiksek ¢oziiniirliiklii A6430-A14500 A araligindaki KPNO tayflarindan 58
adet y1ldiz (v sini < 60 km/sn) i¢in donme hizlarini belirlemistir. A ve erken F yildizlar
icin A6430 A bolgesinde Fe I, Fe II, Ca I cizgileri kullanilmis, B ve erken A tiirii
yildizlarda bu ¢izgilerin donme hiz1 belirlenmesinde ¢ok zayif kaldig: belirtilir. Erken B
yildizlarinda Al III, N III, daha geg tiirlerde daha biiyiik esdeger genislige sahip olan Fe
I ve Ti II ¢izgileri kullamlmustir. Her yildiz igin 26430 A ve 24500 A bolgelerindeki
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bircok metal ¢izgisinin FWHM’leri Gauss fiti ve polinom fiti yapilarak hesaplanmis,
ortalamas1 almmistir. 89 Cet igin A4500 A ¢izgisinden 6lgiilen vsini degeri 21.2 km/sn
dir.

2.3.5 Radyal Hiz

Ayrica 89 Cet yildizinin radyal hiz degerleri Cizelge 2.38 de verilmektedir.

Cizelge 2.38 89 Cet’in radyal hiz degerleri

Gozlem tarihi Hiz Olcen Arastirmacilar
1903 Ekim +7.7 Campbell ve Albrecht (1909)
1903 Aralik +11.6
1905 Agustos | +20.2
1906 Agustos | +15.9
1906 Eyliil +20
1906 Eyliil +18
1908 Ocak +16
1915 Ekim +18.2 Frost vd. (1926)
1915 Aralik +15.6
1916 Aralik +17.3

+15.3 Campbell (1909)
+17 Frost vd. (1926)
+15 Campbell (1928)

+154+1.2 Wilson (1953)
+154+2.8 Morse vd. (1991)
+12.38 + 1.74 | Adelman (1991)

+15.4 Duflot vd. (1995)
19+1 Lacy vd. (1997)

+15.4 Wielen vd. (1999)
12.5+0.5 Fossati vd. (2009)

89 Cet’in ilk radyal hiz gbzlemi Lick gozlemevinde 1903 yilinda yapilmistir. J.H.Moore
tarafindan radyal hiz degisimi oldugu diisiiniilmiis ve bu degisim Campbell ve Albrecht
(1909) tarafindan duyurulmustur. Campbell (1928) ve Frost vd. (1926) degisim
genliginin kiiclik oldugunu belirtir. Sekil 2.11°de Lacy vd. (1997) tarafindan verilen
radyal hiz egrisi goriilmektedir. Bu egri, ¢esitli gozlemciler tarafindan hesaplanan radyal
hizlar ve bunlara uygulanan fitlere dayanir. Dolu daireler Fekel’in, acik daireler

Campbell (1928) ve Frost (1926), artilar Lacy, iicgenler Mathieu ve Morse’un, kareler
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Morrell ve Willmarth’in gézlemlerini belirtmektedir. Lacy vd. 89 Cet’in radyal hiz
degisiminin uzun zamandir bilindigini ancak, uzun yoriinge donemi ve kiiciik degisim
genligi nedeniyle yoriinge hesabinin zor oldugunu belirtir. Yildizin ydriinge donemi
7.45 yil ve yart genligi 4.3 km/sn dir. Yoriinge elemanlar1 Cizelge 2.39°da verilmistir.
Donme hizi degeri i¢in 450 nm bolgesinden 19+1 km/sn bulunmustur (Lacy vd. 1997).

Daha onceki ¢aligsmalar ile uyumlu oldugu belirtilmektedir.
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Sekil 2.11 89 Cet’in radyal hiz degisimi (Lacy vd. 1997)

Lacy vd. tarafindan 89 Cet’in yoriinge ¢ozlimiinde ulastiklar1 en ilging sonug, “bdyle
uzun donemli bir ¢ift sistemin dairesel ya da daireye yakin yoriingeye sahip oldugudur.
Buna gore, A tayf tiiriinden ve donemi 10 giinden uzun olan ¢iftler ekseni merkezden
gecmeyen yoriingeye sahiptir. 89 Cet anormal bolluk gostermez. Kiitle fonksiyonu
0.023 M, dairesel veya daireye yakin yoriingesi olan Baryum yildizlarina uygun
ozellikleri vardir. Eger B tiirti birinci bilesen 3 M ve ikinci bilesen kiitlesi 0.7 M ise
beyaz ciice olma ihtimali vardir. 89 Cet sisteminde, dev yildizin beyaz ciice ikinci
bileseni mordte bolgede belirlendiginde, B tiirii birinci bilesenin 15181 bir beyaz ciiceyi
maskelemelidir. Bu ¢alismanin sonucuna gore “89 Cet, beyaz ciice ikinci bilesene ve
dairesel yoriingeye sahiptir” denilebilir ancak simdilik tek ¢izgili tayfsal ¢ift olarak

yoriingesi hesaplanmistir”.
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Cizelge 2.39 89 Cet’in yoriinge elemanlar (Lacy vd. 1997)

Yoriinge elemanlan
P (giin) 2722 + 14

Vo (km/sn) | +14.98 +0.25
K (km/sn) |4.33 £0.25

e 0

asini (AB) | 1.08 £0.07
f(M) 0.023 +0.004
T 2444852 + 29
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3. MATERYAL VE YONTEM

Bu ytiksek lisans tez ¢aligmasinda incelenen 29 And ve 89 Cet isimli yildizlar ile Yer
atmosferindeki oksijen, su buhari ve karbondioksitten kaynaklanan (tellurik) ¢izgilerden
arindirmak i¢in kullanilan Altair yildizinin goriiniir bolge tayflar, TUBITAK Ulusal
Gozlemevi’'ndeki (TUG) 1.5-metrelik Rus Tiirk ortak teleskobuna (RTT 150) bagh
Coude Esel Tayfcekeri (CET) kullanilarak gozlemci Dr. Kutluay Yiice tarafindan
30 Agustos 2009 tarihinde elde edilmistir.

RTT150, Ritchey-Chrétien optik sistemine sahip, Cassegrain ve Coude odaklarinda
calisilabilen bir teleskoptur. Coude kamerasi olarak R = 40 000 ayirma giiciine sahip
2k x 2k Andor CCD dedektorii kullanmilmistir. Optik ve yakin kizildte bolgenin
3800-10000 A dalgaboyu araligmi iceren Andor CCD’nin sagladigi en biiyiik avantaj
sinyal giirliltii oraninda (S/G) artisa egilimli olmasidir. Elektromanyetik tayfin bu araligi
85 adet esel tayf order iizerine dagilmis olup, 3800-8000 A bdlgesinde iist iiste binen ve
8000 -10 000 A ise kiigiik aralikli davranislar gdstermektedir.

29 Cet i¢in 2 adet 1200 sn ve 5 adet 1800 sn, 89 Cet i¢in 5 adet 1200 sn poz siireleri
verilerek tayfsal veriler alinmistir. Her bir yildiz i¢in ayni elektromanyetik tayf
bolgesine ait bu esel tayflar “coaddition” teknigi ile birlestirilerek, bu tez ¢alismasinda

analiz edilen sonug tayf elde edilmistir.

3.1 29 And Yildizinin RTT150-CET Gézlemsel Verilerinin indirgeme Islemleri

29 And’in ham tayf indirgemelerinde kullanilan gozlemsel veriler, FITS (Flexible
Image Transport System) formatinda olup, poz siiresi 1200 saniye olan 2 adet ve poz
stiresi 1800 saniye olan 5 adet olmak {izere toplam 7 yildiz (“object”), 60 bias, 40 flat, 6
Toryum-Argon (Th-Ar) lamba, 5 gokytizii flat (“skyflat”), poz siiresi 1200 saniye olan
10 adet dark ve poz siiresi 1800 saniye olan 4 adet dark goriintileridir.
30 Agustos 2009 tarihinde aliman 29 And goriintiileri bu ¢alisma sirasinda birlestirme

teknigi ile (coaddition) tek boyutlu bir tek sonug tayf haline getirildi.
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RTT150 CET indirgemesi i¢in IRAF (Image Reduction and Analysis Facility) programi
kullanildi. Veri indirgeme ve analiz programi olan IRAF, genel amaglar i¢in 1980’li
yillarda bir grup bilim insani tarafindan Tuscon, Arizona’daki National Optical
Astronomy Observatories (NOAO)’de yazilmis ve halen gelistirme ¢alismalar1 devam
etmektedir. Bu tez ¢aligmasinda UNIX benzeri isletim sistemleri i¢in yazilan IRAF 2.14
stiriimlii program Linux iizerinde kullanildi. Programin kendisi, egitim aligtirmalar1 ve

metinler licretsiz olarak resmi internet adresinden “iraf.noao.edu” elde edilmistir.

IRAF kendine 6zgii program diline CL (cl>) sahiptir ve bircok komut (task) igeren
paketler ile ¢alismaktadir. IRAF’ta bir komut iki yontem ile uygulamaya konulabilir;
birinci yontem komut satirmma dogrudan yazmak, ikinci yontem “epar” komutu
icerisinde yer alan parametreleri degistirip “:go” yazilarak calistirilmaktir. “epar” ve
“help” komutlar1 parametrelerin ve komutlarin ne anlama geldigini, nasil kullanilacagin
ogrenmek icin kullanilir. Calismamizda “xgterm” terminalini agildiktan sonra “cl”

komutu ile IRAF 2.14 siiriimii ¢alistirildi.

Bu boliimde, esel tayf indirgemeleri sirasinda gergeklestirilen iglemler ayrintili olarak

verildi.

IIk olarak biitiin verilerin basliklar1 “imhead” komutu ile incelendi (Cizelge 3.1).
Basliklarda dedektor, gozlemevi ve yildiz bilgileri yer alir. Eger gerekli ise “gozlemevi
adi, dispersiyon ekseni, gorilintii tiirli, poz siiresi, evrensel zaman” gibi baslikta yer
almayan Onemli anahtarlar “hedit” komutu ile goriintii basliklarina eklenir. Jilyen
giinleri “noao.astutil.setjd” komutu ile hesaplanir (Cizelge 3.1 ve 3.2°de “(1)”).
Goriintiilere en bilinen CCD goriintii saglayict SAO ds9 ile “display” komutu ile
bakilarak (Sekil 3.1), ayrica “imexamine” ve “implot” komutlar1 yardimiyla inceleyerek
goriintli kesilme (trimming) islemine gerek olmadigi belirlendi. “noao.imred.ccdred”
paketindeki komutlar, veri kalitesini iyilestirmek ve kozmik 151n etkisinden arindirmak
icin goriintiileri birlesme isleminde kullanildi. 60 adet “Bias” verilerini “zerocombine”
komutu ile birlestirip tek master bias goriintiisii elde edildi. “Zero.fits” isimli goriintii
incelendiginde satirda hi¢ bir degisim gostermez ve elektriksel giiriiltiiniin derecesini

veren goriintiidiir. Ayn1 yontem ile 40 adet flat, 5 skyflat ve toplam 14 dark goriintiileri
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icin “flatcombine” ve “darkcombine” komutlar1 ile birlestirme islemi yapildiginda

“Flat.fits, SkyFlat.fits, Dark1200.fits, Dark1800.fits” goriintiileri elde edildi (Sekil 3.2).

Sekil 3.1 29 And yildizina ait ham goriintii

Sekil 3.2 Birlestirilmis master flat goriintiisii (Flat.fits)
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Cizelge 3.1 29 And ham goriintii basligina 6rnek

29_And_1800_0001.fit[2048,2048][real]: 29 And

No bad pixels, min=0., max=0. (old)

Line storage mode, physdim [2048,2048], length of user area 2673 s.u.

Created Sat 00:03:17 05-Dec-2009, Last modified Sat 00:16:15 05-Dec-2009

Pixel file "29_And_1800_0001.fit" [ok]

EXTEND = T / File may contain extensions

ORIGIN ='NOAO-IRAF FITS Image Kernel July 2003' / FITS file originator

DATE ='2009-12-04T22:03:17' / Date FITS file was generated

IRAF-TLM="00:16:15 (05/12/2009)' / Time of last modification

OBJECT ="29_And ' / Name of the object observed

COMMENT FITS (Flexible Image Transport System) format defined in Astronomy and
COMMENT Astrophysics Supplement Series v44/p363, v44/p371, v73/p359, v73/p365.
COMMENT Contact the NASA Science Office of Standards and Technology for the
COMMENT FITS Definition document #100 and other FITS information.

HEAD ='DV436 ' / Head model
ACQMODE = 'Single Scan' / Acquisition mode
READMODE-= "Tmage ' / Readout mode
IMGRECT ="1, 2048, 2048, 1' /Image format
HBIN = 1 / Horizontal binning

VBIN = 1/ Vertical binning

SUBRECT ="'1, 2048, 2048, 1' / Subimage format
XTYPE ='Pixel number' / Calibration type

XUNIT = 0/ Type of system

TRIGGER ="Internal' / Trigger mode

CALIB ='0,1,0,0"' / Calibration

EXPOSURE= 1.800000E+03 / Total Exposure Time

TEMP = -6.000000E+01 / Temperature

READTIME= 3.200000E-05 / Pixel readout time
OPERATN = 4/ Type of system

OBSERVAT= tug /National Observatory of Turkey (1)

LOCATION= L:2h01m20s, Phi:36d49m30s

TELESCOP= Russian-Turkish 1.5-m Telescope (RTT150)

INSTRUME= ANDOR CCD DV436

PI  ='K.Yuce'

OBSERVER='K.Yuce, I. Khamitov'

DATE-OBS="2009-08-30' /[YYYY-MM-DD] Observation start date
TIME-OBS="23:20:08.000'  /[hh:mm:ss] Observation start time

EXPTIME = 1800 / [sec] Exposure
IMAGETYP= object (1)

FILTER =

ZENITH =33 / [deg] Telescope Zenith
AIRMASS =1.0016569

AZIMUTH = 337.0 / [deg] Telescope Azimuth

RA  ='00:36:53.000'" /Right Ascension
DEC ='33:43:09.000' /Declination

EPOCH =2000 / Epoch

ST ='00:31:13.426'  /Siderial Time

JD = 2455074.48273148 / Julian Date (1)

FOCUS =20.000 / Telescope focus

TELTEMPR= 14.3 / [C dg] Temperature of Telescope Construction
DOMTEMPR=11.3 /[C dg] Temperature under the Dome
AIRTEMPR=11.2 /[C dg] Air temperature

PRESSURE= 757.0 /[mB] Air Pressure

HUMIDITY= 58.0 /[%] Humidity

DEWPOINT=3.3 /[%] Dew Point

WINDDIR = 180.0 /[dg] Wind Direction
WINDSPED=2.8 / [m per sec] Wind speed
DETECTOR="'Andor-DW436' / Andor CCD Model

GAIN =1.8 / e per ADU

RDNOISE =2.0 / e readout noise

UT  ='23:20:08.000'(1)

HID = 2455074.48639033(1)

LID = 2455074. (1)
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Tim bu islemlerden sonra 6n indirgeme olarak da adlandirilan CCD indirgemesinin ilk
adimi gerceklestirildi. Ortalama degeri 240 olan Zero, goriintii tiirli object, flat, dark,
comp olan biitiin verilerden ¢ikartildi. Bilimsel goriintiilerimiz ile yakin UT zamanli iki

lamba verisi secildi.

Ayni pakette bulunan “ccdproc” komutu ile 6n indirgeme gerceklestirildi. 29 And
“object”leri girdi parametresi olarak verilerek “dz object.fits” isimli yeni goriintiiler

olusturuldu.

Bilimsel goriintiiniin poz siiresi ile dark goriintiilerinin ayni olmasina dikkat edildi.
“z Flat.fits, z SkyFlat.fits, z thar 0023.fits, z thar 0101.fits” goriintiileri ayn1 yolla
elde edildi.

Zero diizeltmesi, Dark goriintiileri iizerinde otomatik olarak gerceklesir. Calismamizda
flat ve lamba tiirii goriintiiler i¢in dark diizeltmesi islemi gerceklestirilmedi. Bu islem
sonunda yapilanlar Cizelge 3.2°de “(2)” olarak gosterildi. Yapilan islemleri belirtmenin
diger yolu olarak goriintii isimlerinin basina, islemlerin ilk harflerini koyarak yeniden

isimlendirme yapmaktir.

Her piksel, iizerine diisen 1518a esit yanit vermez. Tayfsal gozlemlerde elde edilen
master flat goriintiisii bilimsel verilere dogrudan bdliinemez. Amag¢ tim goriintiiye
karsilik 1.000 ortalama degeriyle bir diiz alan elde etmektir. Bu nedenle diiz alan (flat
flating) diizeltmesi CCD indirgemesinin 6nemli bir adimidir. Cok aciklikli tayflarda
tayfin bulundugu bolgeyi belirlemek problem olabildiginden, islemi dikkatle yapmak
gerekmektedir. IRAF programi ile esel tayflarin indirgenmesinde kullanilan
“noao.imred.echelle” paketi icinde bulunan ‘“apall” komutu, veriden agiklik bulan,
boyutlandiran, fit belirleyen, acikliklara tanimlama yapan ve tayf cikarma islemi
gergeklestiren ¢oklu tayf komutudur. Program, agikliklar1 otomatik bulur ama kullanici
acikliklar iizerinde elle ekleme ve silme islemi yapabilmektedir. Agiklik belirlemede
bilimsel goriintii veya SkyFlat goriintiisii kullanimi tercihe baghdir. Bu tez calismasinda

“z_Flat.fits” normalizasyonu i¢in yarim agikliklar1 dikkate almayarak “z_SkyFlat.fits”
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icin 80 aciklik belirlendi. Amacimiz her aciklik i¢in referans konum olacak sekilde

dogru tanimlama yapmaktir. (Sekil 3.3 ve 3.4).

MOAD/ IRAF W2 . 14EXPORT

:ESFHSBU&L SBREBEINTIZIFTETTBO
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T

Sekil 3.3 z_SkyFlat.fits i¢in apall taski ¢alistiktan sonra agikliklar

Agikliklarin kirmizi bolgede daha yakin, mavi bolgede daha ayrik oldugu goriiliir.
Ayarlamalar yapildiktan sonra acgikligin goriintii boyunca konumunun belirlenmesi
islemi olan ‘trace’ adimina gegcilir. Birgok aciklik i¢in fit fonksiyonlar:i uyumlu olsa da
bazilar1 i¢in uyum gostermedi, bdyle durumlarda grafik iizerinde bazi parametreleri
degistirilerek diizeltmeler yapildi. Amag ortalama karekdk (RMS) degerini her order
icin 0.2 degerinin miimkiin oldugunca altinda tutmaktir (Sekil 3.5). “apall” ile yapilan
islem sonunda z SkyFlat.fits i¢cin belirlenen agikliklarin bilgileri ayni dizindeki

“database” alt dizinine yazildu.
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Sekil 3.5 z_SkyFlat.fits’de 46. aciklik i¢in fit 6rnegi
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Acgikliklar igindeki kalan flat sayimmlarmmin  dogrudan normalizasyonu ig¢in
“noao.imred.echelle” paketi i¢indeki “apflatten” komutu kullanilmaktadir. Daha once
belirlenen agikliklar1 veritabanina yazilan z SkyFlat.fits burada referans olarak
kullanild1. Program, referanstan aciklik bilgilerinin konum ve biiyiiklerini dikkate alir.
“z_Flat.fits” gorlintiisii incelendiginde bazi agikliklarin az seviyede oldugu goriiliir, bu
halojen lambanin kisa dalgaboyundaki az siddetinden kaynaklidir. Fit isleminde amag
pikselden piksele degisimi modellemek degil, genel degisime uyum saglamaktir.
Sonugta normalize diiz alan goriintiisiinii ifade eden “nFlat.fits” elde edildi (Sekil 3.6 ve
3.7). “implot” komutu ile nFlat goriintiisii incelendiginde piksel degerlerinin 1 etrafinda

dagilmasi islemin dogru gerceklestigini gosterir (Sekil 3.8).

173 SR B MR et B 2R v ilaa 2 aaai e F80

i il

3.00ES

1.00ES

|

Sekil 3.6 apflatten komutu ¢aligtiktan sonra nFlat.fits agikliklart
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Sekil 3.7 apflatten komutunda nFlat.fits’de 51.ve 69. acikliklar i¢in fit 6rnekleri

NOARO/IRAF VZ.14EXPORT rootBlocalh

Sekil 3.8 implot komutu ile normalize flat grafigi

nFlat.fits icin CCDMEAN baglik anahtar1 1.003659 olup, bu deger “hedit” komutu
yardimiyla 1’e esitlenmelidir (Cizelge 3.2°de “(3)”). Ciinkii “ccdproc” komutu, bu
degeri diiz alan diizeltmesinin ortalamasi olarak Ol¢eklendirme islemi yapar.
Bilimsel goriintiileri normalize flat’e bolme islemi “ccdproc” komutu ile gergeklestirilir.

Bu islemlerin sonunda “fdz objects.fits” olarak adlandirilmis yeni goriintiiler elde
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edildi. Boylece gercgeklestirilen biitiin temel CCD 6n indirgeme islemleri basliga eklendi

(Cizelge 3.2°de “(3)”).

Olusan fdz objects goriintlilerinden sacilmis 151k etkisi “noao.imred.echell”
paketindeki “apscatter” komutu ile ¢ikarildi. Ciinkii apall komutunda gokyiizli ¢ikarma
isleminin gergeklestirilmemesi tercih edildi. Ayrica bilimsel goriintiilerden herhangi
birini implot komutu ile inceledigimizde oOzellikle acikliklarin altindaki kisimlarinin
siddet farkindan kaynaklanan egri yapisi bu etkiyi ¢ikartmamiz gerektigini gosterdi.
Referans parametresi olarak bir kez daha z SkyFlat.fits ve girdi parametresi olarak
bilimsel goriintiileri kullandik. Acikliklarin yeterince biiyiik se¢ilmesine dikkat edildi.
Fit islemi yukarida apall komutunda dikkat edilmesi gerektigi gibi yapildi (Sekil 3.9 ve
3.10). “sfdz_object.fits” olarak isimlendirdigimiz yeni goriintiilerimizde sacilmis 151k
etsinin giderilip giderilmedigini kontrol etmek i¢in yeniden “implot” komutu ile
inceleme yapildi. Sekil 3.10°da dikkat etmemiz gereken acikliklarin alt kisimlardaki
diizgiinliiglin saglanmasidir (Cizelge 3.2°de “(4)”).

Sekil 3.9 apscatter komutu calistiktan sonra yapilan fitler

54



HOAOAIRAF V2. 14EXFORT

Lin

Sekil 3.10 29 And igin sagilmis 151k etkisi giderilmis bir yildiz grafigi

Yildiz, zero, dark, flat, skyflat goriintiilerini “imexamine” komutu ile inceledigimizde
kotii kolonlar oldugu goriildii (Sekil 3.11). Bu etkiden kurtulmak i¢in kotii piksellerin
konumlar1 dikkatlice belirlenerek “X1. X2. Y1. Y2.” seklinde metin dosyalar

olusturulur ve “ccdproc” komutunda “fixfile” parametresine girdi olarak tanitilir.

Sekil 3.11 29 And gézlem verileri i¢in kotii piksel konumlari
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Harici etkilerin giderildigi bilimsel goriintiilerden tayfin ¢ikarimi tekrar “apall” komutu
ile gerceklestirilir. Onemli parametrelerden “extract=yes” olarak diizenlenir.
z SkyFlat.fits i¢in belirlenen agiklilar1 aynen korumaya dikkat edilmelidir. Her order
icin fitin RMS degeri 0.2’den kii¢iik olarak ayarlandi. Bu islem sonunda veri tabanina
80 tane agikliklar i¢in yeni bilgiler yazildi ve “bsfdz_object.ec.fits” isimli tayf verileri

elde edildi.

Referans olarak verilen ve agikliklarin tanimli oldugu z SkyFlat.fits goriintiisiinii
kullanarak ayni acikliklar igerisinde kalan z thar.fits lamba goriintiilerinden tayf
cikartma islemi i¢in apall komutu kullanilir. Bu islem sonunda lamba goriintiiler igin
bulunan agiklik verileri ayni dizinde altdizin olarak olusan veritabani i¢ine yazildi ve

“z_thar 0023.ec.fits ve z_thar 0101.ec.fits” tayflar1 olustu.

Esel tayflarinin orderlar1 “noao.imred.echell” paketi i¢indeki “splot” veya “specplot”
komutlar ile goriintiilenip, incelenme yapilabilir. “specplot” komutu ile biitiin orderlar

bir arada gortilebilecegi gibi tek tek yakinlagtirma islemi gerceklestirilebilir.

Dalgaboyu kalibrasyonu icin gergeklestirilen biitiin islemler ii¢ adimda verildi. ilk
olarak, dalgaboyu ile CCD piksel numaralar1 arasindaki iligkiyi saglamak i¢in Th Ar
lamba tayfi ¢izgilerinin ayr1 ayri1 laboratuvar dalgaboylarinin bilinmesi gerekir.
Dalgaboyu ¢06ziimii i¢in tanimlamalart yaparken RTT150 CES-ANDOR ThAr
SPECTRAL ATLAS (B.Giirol, 2009) kaynag kullanildi. Karsilastirma olarak
kullanilan lamba tayfinin ¢izgilerinin belirlenme islemi “noao.imred.echell” paketi
icindeki “ecidentify” komutu ile yapilir. Her esel order i¢in en az 3-4 ¢izgi, dalgaboyu
degeri A biriminde olacak sekilde girilmelidir. Eger biitiin veri i¢in ¢izgi tanimlamasi
islemi tamamlandiysa, detektordeki ¢izgi konumlar1 ile dalgaboyu arasindaki iligkiyi
veren tanimlanmis ¢izgilere fit fonksiyonu belirlenir. Daha fazla ¢izgi tanimlamak i¢in
grafik ekrani iizerinde RMS degerinin 2-3 kat1 alinip *“: match number” yazilir. Daha

‘51”

sonra en Oonemli agamalardan biri olan tusuna basilir. Boylece IRAF igerisindeki
veritabaninda bulunan Th-Ar ¢izgi listesi kullanilarak otomatik olarak ¢izgi tanimlamasi

yapilir. RMS degeri 0.01 olmasi dalgaboyu ¢dziimiiniin iyi yapildigin1 gosterir. Uzun
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siiren islem sonunda z thar 0023.ec.fits i¢cin dalgaboyu c¢oziimiinii gerceklestirilmis

olur ve veriler veritabani i¢ine metin dosyasi olarak yazilir (Sekil 3.12, Sekil 3.13).
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Sekil 3.12 z_thar 0023 lambasi i¢cin ThAr atlas1 kullanilarak dalgaboyu tanimlamasi

|

n

il

e
i

|
1

[E T

Sekil 3.13 z_thar 0023 lambasinin dalgaboyu kalibrasyonu fiti
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Diger lamba tayflarinin dalgaboyu c¢oziimlemesi komut satirina dogrudan yazilan
” >ecidentfy z thar 0101.ec.fits” komutu ile yapilabilir. Sonra, grafik ekrani {izerinde
“rread z thar 0023.ec “ yazip, daha Once belirlenen ¢oziimiin okunmasini saglamak

yeterlidir. Yapilan dalgaboyu tanimlamalar1 veritabani igine yazilir (Sekil 3.14-3.15).

1500 Z000

el

Honom

oo

Sekil 3.15 Ikinci lamba i¢in dalgaboyu kalibrasyonu fiti
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Dalgaboyu kalibrasyonunda ikinci adim olan lamba tayflarinin bilimsel tayflarla
eslestirilmesi i¢in “noao.imred.echelle” paketindeki “refspectra” komutu kullanildi.
Komut ¢alistirilmadan 6nce birbiriyle yakin UT degerlerine sahip bsfdz_object.ec.fits
isimli  tayflart ve lamba tayflarm1 igeren  “refspectra list”  olusturuldu.
Komut c¢aligtiktan sonra en son elde edilen tayf goriintiilerinin basliklarinda

“REFSPECI ve REFSPEC2” anahtarlar1 yer aldi (Cizelge 3.2 “(5)”).

Son adim olarak, “dispcor” komutu, bilimsel goriintiilerin bagliginda yazilan referans
lamba tayflarina gore dalgaboyu ¢oziimiiniin object tayflarina aktarilmasi i¢in kullanilir.
Bu komut etkilesimli olmadan, otomatik olarak calisir. “linearize” parametresi “yes”
olarak ayarlanir. Ciinkii eger iki tane Th Ar belirlenmis ise, bilimsel tayflarin
dalgaboyu 6lgegini dogrusal sekilde en ideal dispersiyon ¢oziimiinii bulmak amaciyla

interpolasyon yapar. Bu islem sonunda “wbsfdz object.ec.fits“tayflar1 elde edildi.

Bilimsel tayflarda radyal hizlardaki Giines merkezli diizeltmeyi hesaplamak ig¢in
“noao.astutil” paketindeki “rvcorrcet” komutu ve Diinya’nin hareketinden kaynaklanan
Doppler kaymasini ¢ikartmak icin ise “noao.imred.echelle” paketi i¢indeki “dopcor”
komutlar1 kullanilir. Verilerimiz i¢in sadece rvcorrcet kullanildi ve Cizelge 3.2°de (6)
ile gosterildi. Boylece bu tekniklerle 29 And’a ait yedi adet tek boyutlu yildiz tayfi elde
edildi: 1800 1, 1800 2, 1800 3, 1800 4, 1800 5, 1200 1, 1200 2.

Indirgeme ve dalgaboyu ¢dziimleme islemlerinin sonunda &ncelikle “scombine” ile
birlestirme, poz siiresi 1200 saniye olan 2 tayf ve poz siiresi 1800 saniye olan 5 adet tayf
i¢in ayri ayri gerceklestirildi. Daha sonra birlesmis tayflar
(wbsfdz_29 And 1200 all.ec.fits ve wbsfdz 29 And 1800 all.ec.fits) kalite Ol¢limii
icin karsilastirildi. Uzun poz siiresi verilerek alinan tayflarin daha az giiriiltiiye ve daha

belirgin tayf ¢izgilerine sahip oldugu goriildii.

29 And’a ait mevcut yedi adet tayfin, sinyal giirliltii oranin1 yiikseltmek i¢in tayflar
(coaddition)  birlestirme  islemine tabi  tutulup bir tek sonug¢ tayfi
“wbsfdz 29 And ALL.ec.fits” elde edildi. (Cizelge 3.2°de “(7)”). Bu islemler sirasinda
atma ve birlestirme fonksiyonlarina dikkat etmek gerektigi denemeler sonucunda

goriildii.
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Islemler bittikten sonra “wbsfdz object.ec.fits” tayflarindan herhangi birini “specplot”
komutu ile incelendiginde agikliklar arasi cakisma oldugu goriildii. Bu 6zellik son
orderlarda gecerliligini korumasa da dalgaboyu kalibrasyonun dogru oranda yapildigini
gosterir (Sekil 3.16 ve 3.17). IRAF program ile indirgemesi gergeklestirilen 29 And
yildizina ait birlestirilmis tayfin baslik bilgisini ¢izelge 3.2’de verilmektedir.

A0/ IRAF W2, 14EXPORT eryilmaz@dernar

Sekil 3.16 specplot komutu kullanilarak wbsfdz 29 And_All.ec.fits tayfina ait
3800-10 000 A araligindaki 80 agikligin tamami

AOSIRAF W2, 14EXPORT eryilma = Thu 21:09:10 18-Aug—20

Sekil 3.17 29 And yi1ldizinin 5200-6500 A araliginda birlestirilmis tayfi
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Cizelge 3.2 Birlestirilmis tayf olan wbsfdz 29 And ALL.ec.fits’a ait baslik bilgisi

wbsfdz_29And_ALL_19012010.ec.fits[2051,80][real]: 29_And (7)

No bad pixels, min=0., max=0. (old)

Line storage mode, physdim [2051,80], length of user area 7047 s.u.

Created Mon 16:34:05 04-Apr-2011, Last modified Mon 17:27:36 04-Apr-2011

Pixel file "wbsfdz 29And ALL 19012010.ec.fits" [ok]

EXTEND = T / File may contain extensions

ORIGIN ='NOAO-IRAF FITS Image Kernel July 2003' / FITS file originator

DATE ='2011-04-04T13:34:05' / Date FITS file was generated
IRAF-TLM="2011-04-04T14:27:36' / Time of last modification

OBJECT ="29 And ' / Name of the object observed

COMMENT FITS (Flexible Image Transport System) format defined in Astronomy and
COMMENT Astrophysics Supplement Series v44/p363, v44/p371, v73/p359, v73/p365.
COMMENT Contact the NASA Science Office of Standards and Technology for the
COMMENT FITS Definition document #100 and other FITS information.

HEAD ='DV436 ' / Head model
ACQMODE = 'Single Scan' / Acquisition mode
READMODE= "Image ' / Readout mode
IMGRECT =1, 2048, 2048, 1' /Image format
HBIN = 1 / Horizontal binning

VBIN = 1 / Vertical binning

SUBRECT ="1, 2048, 2048, 1' / Subimage format
XTYPE ='Pixel number' / Calibration type

XUNIT = 0/ Type of system

TRIGGER = 'Internal' / Trigger mode

CALIB ='0,1,0,0"' / Calibration

EXPOSURE= 1.200000E+03 / Total Exposure Time

TEMP = -6.000000E+01 / Temperature

READTIME= 3.200000E-05 / Pixel readout time
OPERATN = 4 / Type of system

OBSERVAT= tug /National Observatory of Turkey (1)

LOCATION= L:2h01m20s, Phi:36d49m30s

TELESCOP= Russian-Turkish 1.5-m Telescope (RTT150)

INSTRUME= ANDOR CCD DV436

PI ='K.Yuce'

OBSERVER= 'K.Yuce, I.Khamitov'

DATE-OBS= "2009-08-30' /[YYYY-MM-DD] Observation start date
TIME-OBS="22:30:54.000'  /[hh:mm:ss] Observation start time

EXPTIME = 1628.571 / [sec] Exposure
IMAGETYP= object (1)

FILTER =

ZENITH =13.7 / [deg] Telescope Zenith
AIRMASS =1.0292106

AZIMUTH = 278.0 / [deg] Telescope Azimuth

RA  ='00:36:53.000" /Right Ascension
DEC ='33:43:09.000' / Declination

EPOCH =2000 / Epoch

ST  ='23:31:49.595' / Siderial Time

JD = 2455074.44506944 / Julian Date

FOCUS =20.000 / Telescope focus

TELTEMPR= 15.2 /[C dg] Temperature of Telescope Construction
DOMTEMPR=11.4 /[C dg] Temperature under the Dome
AIRTEMPR=11.4 /[C dg] Air temperature

PRESSURE= 758.0 /[mB] Air Pressure

HUMIDITY= 60.0 /[%] Humidity

DEWPOINT= 3.9 /[%] Dew Point

WINDDIR =207.0 /[dg] Wind Direction

WINDSPED= 2.2 / [m per sec] Wind speed

DETECTOR="Andor-DW436' / Andor CCD Model
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Cizelge 3.2 Devami

GAIN =138 / e per ADU
RDNOISE =2.0 / e readout noise
UT ="22:30:54.000' (1)

HID = 2455074.44178112 (1)

LID = 2455074. (1)

WCSDIM = 2

LTMI1 I = 1.

LTM2 2 = 1.

WATO0_001='system=multispec'

WATI1 _001="wtype=multispec label=Wavelength units=angstroms units_display=Angst'
WAT2 001="wtype=multispec specl ="149 0 9709.439453125 0.077744775128236 204'
ZEROCOR ="Jan 19 17:37 Zero level correction image is Zero.fits' (2)

DARKCOR = "Jan 19 17:37 Dark count correction image is Dark1200.fits with scale' (2)
CCDSEC ='[1:2048,1:2048]'

CCDPROC = "Jan 19 18:20 CCD processing done' (2)

FLATCOR ="Jan 19 17:55 Flat field image is nFlat.fits with scale=1.005061' (3)
APSCATTE='Scattered light subtracted' (4)

FIXPIX ='Jan 19 18:20 Bad pixel file is badpix.dat'

BANDID1 = 'spectrum - background none, weights none, clean no'

CTYPEl ='MULTISPE'

CTYPE2 ='MULTISPE'

CDELTI = 1.
CDELT2 = 1.
CDI 1 = 1.
CD22 = 1

WAT2_002="'8 0. 238.14 252.79" spec2 = "2 50 0 9515.2568359375 0.07619048073400'
WAT2_003="12048 0. 254.86 269.52" spec3 ="3 51 0 9328.689453125 0.0746967742'
WAT2_004='42794 2048 0. 271.16 285.81" spec4 = "4 52 0 9149.296875 0.073261270'
WAT2_005="'304104 2048 0. 287.25 301.90" spec5 ="5 53 0 8976.6728515625 0.0718'
WAT2_006="80152357108 2048 0. 303.44 318.09" spec6 ="6 54 0 8810.44140625 0.0'
WAT2_007="70550557981192 2048 0. 319.18 333.83" spec7 ="7 55 0 8650.255859375'
WAT2_008="0.069269147685638 2048 0. 335.04 349.69" spec8 = "8 56 0 8495.79101"
WAT2_009="5625 0.068033536119932 2048 0. 350.89 365.54" spec9 ="9 57 0 8346.7'
WAT2_010="4609375 0.066840860863459 2048 0. 366.51 381.16" spec10="1058 0 &'
WAT2_011="202.8408203125 0.065689690705911 2048 0. 382.20 396.85" specl1 ="11'
WAT2_012="59 0 8063.8134765625 0.064577163226673 2048 0. 397.56 412.22" specl’
WAT2_013="2="12 60 0 7929.4208984375 0.063502085750489 2048 0. 413.26 427.92'
WAT2_014=""specl13 ="13 61 0 7799.4345703125 0.062461834391793 2048 0. 428.81"
WAT2_015="443.46" spec14 ="14 62 0 7673.6416015625 0.06145521647533 2048 0.
WAT2_016="'444.37 459.02" spec15 ="15 63 0 7551.841796875 0.060480800790791 20'
WAT2 _017="48 0. 460.00 474.65" spec16 ="16 64 0 7433.8486328125 0.05953644052'
WAT2 018="2716 2048 0. 475.80 490.45" spec17 ="17 65 0 7319.4858398438 0.0586'
WAT2_019= 2142006595 2048 0. 491.44 506.09" spec18 ="18 66 0 7208.5888671875 '
WAT2_020="'0.057733831140083 2048 0. 507.28 521.93" spec19 ="19 67 0 7101.0024'
WAT2_021="'414062 0.05687271960491 2048 0. 523.23 537.89" spec20 = "20 68 0 699"
WAT2_022="'6.5805664062 0.056036892785173 2048 0. 539.19 553.84" spec21 ="21 6'
WAT2_023="9 0 6895.1850585937 0.055225396540669 2048 0. 555.18 569.83" spec22 '
WAT2_024="="2270 0 6796.6870117187 0.054437038196141 2048 0. 571.37 586.02" "'
WAT2_025="spec23 ="23 71 0 6700.9633789063 0.053670863611383 2048 0. 587.65 6'
WAT2_026="02.30" spec24 = "24 72 0 6607.8989257812 0.05292591864619 2048 0. 60'
WAT2_027="'4.07 618.73" spec25 ="25 73 0 6517.3842773437 0.052201249160357 204"
WAT2_028="'8 0. 620.57 635.22" spec26 = "26 74 0 6429.31640625 0.05149613954873'
WAT2_029="2048 0. 637.22 651.87" spec27 ="27 75 0 6343.5966796875 0.05080987'
WAT2_030="'4206155 2048 0. 653.97 668.62" spec28 = "28 76 0 6260.1328125 0.0501"
WAT2_031="'41498992428 2048 0. 670.95 685.61" spec29 ="29 77 0 6178.8369140625'
WAT2_032="0.049490775372496 2048 0. 687.97 702.62" spec30 ="30 78 0 6099.625'
WAT2_033="9765625 0.048856272136053 2048 0. 705.17 719.82" spec31 ="3179 0 6'
WAT2 034="022.419921875 0.048238227818149 2048 0. 722.53 737.18" spec32 ="32"
WAT2_035="30 0 5947.14453125 0.047635449743527 2048 0. 740.10 754.75" spec33 ='
WAT2 036=""33 81 05873.7275390625 0.047047460842086 2048 0. 757.84 772.49" &'
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Cizelge 3.2 Devami

WAT2_037="pec34 ="34 82 0 5802.1015625 0.046473784043723 2048 0. 775.70 790.3'
WAT2_038="'5" spec35 ="35 83 0 5732.2016601562 0.045913942278334 2048 0. 793.7'
WAT2_039="6 808.41" spec36 = "36 84 0 5663.9658203125 0.045367458475818 2048 0'
WAT2_040=". 812.03 826.68" spec37 ="37 85 0 5597.3354492187 0.044833855566072'
WAT2_041="2048 0. 830.39 845.04" spec38 ="38 86 0 5532.2553710937 0.04431217'
WAT2_042="'9408891 2048 0. 849.02 863.67" spec39 = "39 87 0 5468.6708984375 0.0'
WAT2_043="'43802907074377 2048 0. 867.86 882.51" spec40 = "40 88 0 5406.5317382'
WAT2_044="812 0.043305084422325 2048 0. 886.82 901.48" spec41 = "41 89 0 5345.
WAT2_045="7890625 0.042818472917684 2048 0. 906.03 920.68" spec42 ="4290 0 5'
WAT2_046="286.3959960937 0.042342834025403 2048 0. 925.40 940.05" spec43 = "43'
WAT2_047="91 0 5228.3090820312 0.041877213605276 2048 0. 945.03 959.68" spec4'
WAT2_048='4="4492 05171.484375 0.041421850192355 2048 0. 964.88 979.53" sp'
WAT2_049="ec45="4593 0 5115.8818359375 0.040956497192383 2049 0. 984.88 999'
WAT2_050="53" spec46 = "46 94 0 5061.4624023438 0.040520429611206 2049 0. 100'
WAT2_051="5.10 1019.75" spec47 ="47 95 0 5008.1889648437 0.040093660354614 20'
WAT2_052="'49 0. 1025.55 1040.21" spec48 = "48 96 0 4956.025390625 0.0396757125'
WAT2_053='85449 2049 0. 1046.25 1060.91" spec49 = "49 97 0 4904.9370117187 0.0'
WAT2_054='39266586303711 2049 0. 1067.21 1081.86" spec50 = "50 98 0 4854.89208'
WAT2_055="98437 0.038865566253662 2049 0. 1088.30 1102.95" spec51 ="51 99 0 4'
WAT2_056="805.857421875 0.038472652435303 2049 0. 1109.65 1124.31" spec52 ="5'
WAT2_057="2 100 0 4757.8041992188 0.038087606430054 2049 0. 1131.31 1145.96" s'
WAT2_058="pec53 ="53 101 04710.7021484375 0.037710189819336 2049 0. 1153.15"
WAT2_059="1167.80" spec54 ="54 102 0 4664.5239257812 0.03734016418457 2049 0.'
WAT2 060="1175.22 1189.88" spec55 ="55 103 0 4619.2421875 0.036977291107178 "'
WAT2 _061="2049 0. 1197.54 1212.19" spec56 = "56 104 0 4574.8315429688 0.036621'
WAT2_062="'332168579 2049 0. 1220.11 1234.76" spec57 ="57 105 0 4531.266601562"
WAT2_063="5 0.036272287368774 2049 0. 1242.97 1257.63" spec58 = "58 106 0 4488'
WAT2_064="5239257812 0.035929441452026 2049 0. 1266.06 1280.72" spec59 ="59'
WAT2_065="107 0 4446.5805664062 0.035593032836914 2049 0. 1289.38 1304.03" spe'
WAT2_066="c60 ="60 108 0 4405.4135742187 0.035263061523437 2049 0. 1313.02 13'
WAT2_067="27.67" spec61 ="61 109 0 4365.001953125 0.034939289093018 2049 0. 1'
WAT2_068="'336.86 1351.51" spec62 ="62 110 0 4325.3251953125 0.034621000289917"
WAT2_069="2049 0. 1360.97 1375.62" spec63 ="63 111 0 4286.3637695313 0.03430'
WAT2_070="8433532715 2049 0. 1385.33 1399.98" spec64 = "64 112 0 4248.09765625'
WAT2_071="0.03400182723999 2049 0. 1410.02 1424.67" spec65 = "65 113 0 4210.5'
WAT2_072="'087890625 0.033700466156006 2049 0. 1434.97 1449.62" spec66 = "66 11'
WAT2_073="'404173.580078125 0.033387809220961 2050 0. 1460.17 1476.89" spec67'
WAT2_074="="67 115 0 4137.29296875 0.033097080511835 2050 0. 1485.60 1501.46'
WAT2_075=""spec68 ="68 116 0 4101.6318359375 0.032811117847121 2050 0. 1511.
WAT2_076="38 1528.43" spec69 ="69 117 0 4066.5805664062 0.032529921226818 205'
WAT2 _077="00. 1537.51 1554.02" spec70 ="70 118 0 4032.1232910156 0.032253609"'
WAT2_078='802038 2050 0. 1563.76 1579.68" spec71 ="71 119 0 3998.2451171875 ('
WAT2_079=".031981945270559 2050 0. 1590.45 1606.65" spec72 ="72 120 0 3964.93'
WAT2_080="1640625 0.031714808481271 2050 0. 1617.39 1633.62" spec73 ="73 121"
WAT2_081="03932.1689453125 0.031452080283065 2050 0. 1644.42 1661.24" spec74 '
WAT2_082="="74 122 0 3899.9431152344 0.031193641524829 2050 0. 1672.22 1686.8'
WAT2_083="7" spec75 ="75 123 0 3868.2416992187 0.030939253904344 2050 0. 1700
WAT2_084=".08 1714.73" spec76 ="76 124 0 3837.0515136719 0.030674066310976 20'
WAT2 _085="510. 1728.06 1742.72" spec77 ="77 125 0 3806.3603515625 0.03042802'
WAT2 _086="0198171 2051 0. 1756.54 1771.20" spec78 ="78 126 0 3776.1564941406 '
WAT2_087="'0.030185785060976 2051 0. 1785.40 1800.05" spec79 ="79 127 0 3746.4'
WAT2_088= 282226563 0.02994736089939 2051 0. 1814.39 1829.04" spec80 = "80 128'
WAT2_089="03717.1645507813 0.029712628620427 2051 0. 1843.79 1858.44™
DCLOG1 ='REFSPECI =z_thar_0023.ec' (5)

VHELIO = 18.4560754294407 (6)

VLSR = 21.9380688736413 (6)
VSUN ="' 20. 18. 30. 1900.'(6)
NCOMBINE= 7
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IRAF programu ile yapilan indirgeme isleme islemi sonucunda 29 And’in tayflar “.fits”
formatinda ve agikliklar “scopy” komutu ile ayr1 ayr elde edilmis oldu (Sekil 3.18 ve

Sekil 3.19).

Sekil 3.19 wbsfdz 29 And ALL.ec.fits’in 59. agiklifina ait tayf
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3.2 89 Cet Yildizimn RTT150-CET Gézlemsel Verilerinin Indirgeme Islemleri

89 Cet yildizinin RTT150 CET tayf indirgemelerinde kullanilan gézlemsel veriler, poz
stiresi 1200 saniye olan 5 adet yildiz (“object”), 60 adet bias, 60 flat, 10 Toryum-Argon
(Th-Ar) lamba, 5 gokyiizi flat (“skyflat”), poz siiresi 1200 saniye olan 10 adet dark
goriintiileridir. 30 Agustos 2009 tarihinde alinan gozlemsel veriler, IRAF 2.14 programi
yardimiyla indirgenerek birlestirme igleminden sonra tek tayf haline getirildi. Bu
islemler, Bolim 3.1°de ayrintili olarak verilen 29 And yildizininkine benzer sekilde

yapilmistir. Bu boliimde 89 Cet i¢in indirgemenin 6nemli adimlar1 vurgulanmaktadir.

89 Cet yildizina ait ham verilerin hepsinin bagliklar1 “imhead” komutu ile incelendi.
Gozlemsel veri bagliklarinda yer almayan gozlemevi adi, dispersiyon ekseni, goriintii
tiirli, poz siiresi, evrensel zaman gibi onemli anahtarlar “hedit” komutu ile bashga
eklendi. Sekil 3.20°de yildizin 1200 sn poz siiresi ile elde edilen bir ham goriintiisiiniin
“display” komutu ile elde edilen goriintli ¢iktis1 sunulmaktadir. Yildiz goriintiilerinin
kenar bolgelerinde bias seridine ait izler bulunmadigindan, 89 Cet gozlem verileri igin

goriintii kesilme (trimming) islemine gerek gortilmedi.

=  —  —

11(1

tl

Sekil 3.20 89 Cet yildizina ait bir ham goriintii
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Daha sonra, 60 bias, 10 dark, 60 flat i¢in birlestirilmis (master) goriintiiler elde edildi.
Kotii piksel diizelmesi object, zero, dark, flat, skyflat, comp verileri i¢in “ccdproc”

komutu ile 6n indirgemenin son adimi olarak gerceklestirildi (Sekil 3.21).

Gortintii isimlerinin basina, gergeklestirilen islemlerin ilk harflerini ekleyerek goriintii
dosyalar1 yeniden isimlendirildi. IRAF programi yardimiyla 89 Cet yildizina ait esel
tayflarin indirgenmesinde de ‘“noao.imred.echelle” paketi i¢inde bulunan “apall”,

“apflatten”, “apscatter” (Sekil 3.22), “ecidentify”, “refspectra” ve “dispcor” komutlar1
kullanildi.

ero-1

Sekil 3.21 89 Cet gozlem verileri i¢in kotii piksel diizeltmesi
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MORO/IRAF W2 .1¢

Lin

Sekil 3.22 89 Cet i¢in sag¢ilmis 151k etkisi giderilmis bir y1ldiz grafigi

Dalgaboyu kalibrasyonu, indirgeme isleminin 6nemli bir adimidir. Sekil 3.23’de
89 Cet’in indirgemesinde kullanilan ThAr lambasina ait dalgaboyu tanimlamasi

(sol taraf) ve kalibrasyon fitine (sag taraf) ait goriintiiler verilmektedir.

Sekil 3.23 z_thar 0031 lambasi i¢in dalgaboyu tanimlamalari

Indirgeme islemi sonunda wsfdbz object.ec.fits isimli bes adet yildiz tayflar1 elde
edildi. Daha yiiksek S/G degerine sahip bir yildiz tayfi elde etmek i¢in 1200 1, 1200 2,
1200 3, 1200 4, 1200 5 isimli 89 Cet tayflar1 “scombine” ile (coaddition)
birlestirilerek, “wsfdbz 89 Cet ALL.ec.fits” ismi ile sonug tayf elde edildi. Daha sonra

yildiz tayfi, kozmik 1s1n etkisinden arindirildi.
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RTT150 CET’in tanimli oldugu genis dalgaboyu araligindaki yildiz tayfi, “specplot”
komutu ile Sekil 3.24 sekliyle elde edildi. Dalgaboyu kalibrasyonun dogru bir sekilde
yapildigin1 gérebilmek i¢in, tayfin tamamina kiiclik araliklarla ayrintili olarak bakildi.
15250-6750 A dalgaboyu araligni Sekil 3.25°de goriilmektedir. 89 Cet yildizina ait
birlestirilmis tayfin baglik bilgisi Cizelge 3.3’de verilmektedir. Cizelgede birlestirme

isleminde kullanilan tiim iglem adimlar1 kayitlidir.

FOAIRAF W2, 14EXPORT eryilmazlderman tr Thu 21:12:03 18-Aug-20

il

4000 S 8000 Q000 10000

Sekil 3.24 89 Cet’in 3800 - 10000 A dalgaboyu araligindaki indirgenmis ve
birlestirilmis sonug tayfi “wbsfdz 89 Cet All.ec.fits”
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Sekil 3.25 89 Cet’in 15200-6750 A araligindaki birlestirilmis tayfi

Cizelge 3.3 89 Cet’in birlestirilmis tayfina ait baslik bilgisi

wsfdbz 89 Cet ALLk 042011.ec.fits[2048,80][real]: 89_Cet

No bad pixels, min=0., max=0. (old)

Line storage mode, physdim [2048,80], length of user area 7047 s.u.

Created Mon 19:09:17 04-Apr-2011, Last modified Mon 19:43:56 04-Apr-2011

Pixel file "wsfdbz 89 Cet ALLk 042011.ec.fits" [ok]

EXTEND = T / File may contain extensions

ORIGIN ='NOAO-IRAF FITS Image Kernel July 2003' / FITS file originator

DATE ='2011-04-04T16:09:17' / Date FITS file was generated
IRAF-TLM="2011-04-04T16:43:56' / Time of last modification

OBJECT ='89_Cet ' / Name of the object observed

COMMENT FITS (Flexible Image Transport System) format defined in Astronomy and
COMMENT Astrophysics Supplement Series v44/p363, v44/p371, v73/p359, v73/p365.
COMMENT Contact the NASA Science Office of Standards and Technology for the
COMMENT FITS Definition document #100 and other FITS information.

HEAD ='DV436 ' / Head model
ACQMODE = 'Single Scan' / Acquisition mode
READMODE="Tmage ' / Readout mode
IMGRECT ="1, 2048, 2048, 1' /Image format
HBIN = 1 / Horizontal binning

VBIN = 1/ Vertical binning

SUBRECT ="'1, 2048, 2048, 1' / Subimage format
XTYPE ='Pixel number' / Calibration type

XUNIT = 0/ Type of system

TRIGGER ="Internal' / Trigger mode

CALIB ='0,1,0,0' / Calibration

EXPOSURE= 1.200000E+03 / Total Exposure Time
TEMP = -6.000000E+01 / Temperature

READTIME= 3.200000E-05 / Pixel readout time
OPERATN = 4/ Type of system

OBSERVAT= tug /National Observatory of Turkey

LOCATION= L:2h01m20s, Phi:36d49m30s

TELESCOP= Russian-Turkish 1.5-m Telescope (RTT150)
INSTRUME= ANDOR CCD DV436

Pl ="K.Yuce'
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Cizelge 3.3 devamu

OBSERVER='K.Yuce, I.Khamitov'
DATE-OBS= 2009-08-30' /[YYYY-MM-DD] Observation start date
TIME-OBS="'00:44:59.000'  /[hh:mm:ss] Observation start time

EXPTIME = 1200. / [sec] Exposure
IMAGETYP= object

FILTER =

ZENITH =52.7 / [deg] Telescope Zenith
AIRMASS = 1.6467844

AZIMUTH = 341.0 / [deg] Telescope Azimuth

RA  ='02:44:07.000' /Right Ascension
DEC ='-13:51:31.000' / Declination

EPOCH =2000 / Epoch

ST ='01:42:20.668' /Siderial Time

JD = 2455073.53818287 / Julian Date

FOCUS =20.100 / Telescope focus
TELTEMPR= 13.7 /[C dg] Temperature of Telescope Construction
DOMTEMPR= 10.5 /[C dg] Temperature under the Dome
AIRTEMPR= 10.5 /[C dg] Air temperature
PRESSURE= 757.0 /[mB] Air Pressure
HUMIDITY= 64.0 /[%] Humidity
DEWPOINT= 4.0 /[%] Dew Point
WINDDIR = 180.0 /[dg] Wind Direction
WINDSPED= 3.1 / [m per sec] Wind speed
DETECTOR="'Andor-DW436' / Andor CCD Model
GAIN =1.8 / e per ADU

RDNOISE =2.0 / e readout noise

UT  ='00:44:59.000'

HID = 2455073.53402685

LID = 2455073.

WCSDIM = 2

LTM1_1 = 1.

LTM2 2 = 1

WATO_001="system=multispec’

WATI1_001="wtype=multispec label=Wavelength units=angstroms units_display=Angst'
WAT2_001="wtype=multispec specl ="149 0 9709.3671875 0.077765289142648 2048 '
FIXPIX ='Apr 4 9:03 Bad pixel file is badpix.dat'

ZEROCOR ="'Apr 4 9:03 Zero level correction image is b_Zero.fits'

DARKCOR ='Apr 4 9:03 Dark count correction image is b_Dark.fits with scale=1'
CCDSEC ="[1:2048,1:2048]'

CCDPROC ="Apr 4 9:36 CCD processing done'

FLATCOR ='"Apr 4 9:36 Flat field image is nbz_Flat.fits with scale=1.01443'
APSCATTE-="Scattered light subtracted'

BANDIDI1 = 'spectrum - background none, weights none, clean no'

CTYPEl ='MULTISPE'

CTYPE2 ='MULTISPE'

CDELTI1 = 1
CDELT2 = 1
CDI 1 = 1.
D22 = 1.
DISPAXIS= 1

WAT2_002="0.241.16 250.43" spec2 = "2 50 0 9515.1875 0.07621051767831 2048 0.'
WAT2_003="257.95267.20" spec3 ="3 51 0 9328.6240234375 0.074715857046898 20'
WAT2_004="48 0. 274.31 283.52" spec4 = "4 52 0 9149.2353515625 0.0732789218978'
WAT2_005="'99 2048 0. 290.30 299.57" spec5 ="5 53 0 8976.6162109375 0.07189637"
WAT2_006="2740596 2048 0. 305.85 315.81" spec6 = "6 54 0 8810.390625 0.0705648'
WAT2_007="7008427 2048 0. 321.38 331.52" spec7 ="7 55 0 8650.208984375 0.0692"
WAT2_008="82028578407 2048 0. 337.75 347.35" spec8 = "8 56 0 8495.7490234375 0'
WAT2_009="068044508732291 2048 0. 353.29 363.26" spec9 = "9 57 0 8346.7080078'
WAT2_010="125 0.066850879335613 2048 0. 368.83 378.87" spec10 ="10 58 0 8202.'
WAT2_011="806640625 0.065698277967758 2048 0. 383.83 394.58" specl1 ="11590'
WAT2_012="8063.7827148438 0.064585034883366 2048 0. 399.91 409.96" spec12 ="'
WAT2_013="12 60 0 7929.3935546875 0.063508526196873 2048 0. 415.19 425.61" spe'
WAT2_014="c13="13 61 0 7799.41015625 0.062467559233024 2048 0. 430.99 441.13'
WAT2_015=""specl4 ="14 62 0 7673.6201171875 0.061459748641304 2048 0. 446.27"
WAT2_016="456.71" spec15 ="15 63 0 7551.8232421875 0.060484378816561 2048 0.'
WAT2_017="462.60 472.55" spec16 ="16 64 0 7433.8325195312 0.059539302943332"'
WAT2_018="2048 0. 477.88 488.15" spec17="17 65 0 7319.4721679687 0.058623328'
WAT2_019="346361 2048 0. 493.76 503.82" spec18 ="18 66 0 7208.5776367187 0.05"
WAT2_020="773502381534 2048 0. 510.11 519.66" spec19 ="19 67 0 7100.993164062"
WAT2_021="50.056873435210064 2048 0. 525.20 535.57" spec20 = "20 68 0 6996.57"'
WAT2_022="27539062 0.056037131320225 2048 0. 541.28 551.53" spec21 ="2169 0"
WAT2_023="6895.1791992187 0.055224919470567 2048 0. 557.47 567.55" spec22 = "2'
WAT2_024="270 0 6796.6831054688 0.054435845520884 2048 0. 573.61 583.69" spec'
WAT2_025="23 ="23 71 0 6700.9609375 0.053669193866023 2048 0. 589.85 600.06" '
WAT2_026="spec24 ="24 72 0 6607.8979492188 0.052923771830728 2048 0. 606.00 6'
WAT2_027="16.44" spec25 ="25 73 0 6517.3842773437 0.052198863809844 2048 0. 6'
WAT2_028="22.26 632.92" spec26 = "26 74 0 6429.3173828125 0.051493277128114 20'
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Cizelge 3.3 devamu

WAT2_029="48 0. 639.16 649.54" spec27 ="27 75 0 6343.5986328125 0.05080677325'
WAT2_030="0489 2048 0. 656.04 666.88" spec28 ="28 76 0 6260.1357421875 0.0501"
WAT2_031="38398036761 2048 0. 672.75 683.28" spec29 ="29 77 0 6178.8408203125"
WAT2_032="0.049487197346727 2048 0. 689.36 700.38" spec30 = "30 78 0 6099.630'
WAT2_033="3710938 0.048852694110283 2048 0. 707.08 717.53" spec31 ="3179 0 6'
WAT2_034="'022.4252929687 0.048234172722277 2048 0. 724.35 734.91" spec32 = "32'
WAT2_035="80 0 5947.1499023438 0.047631394647655 2048 0. 742.20 752.47" spec3'
WAT2_036="3="33 81 0 5873.7333984375 0.047043405746214 2048 0. 759.17 770.18'
WAT2_037=""spec34 ="34 82 0 5802.1079101563 0.046469728947851 2048 0. 777.04'
WAT2_038="788.06" spec35 ="35 83 0 5732.2080078125 0.045909887182462 2048 0.'
WAT2_039="795.10 806.57" spec36 = "36 84 0 5663.97265625 0.045363164844895 20'
WAT2_040="48 0. 813.38 824.70" spec37 ="37 85 0 5597.3422851563 0.04482956193'
WAT2_041="5149 2048 0. 831.78 843.33" spec38 = "38 86 0 5532.26171875 0.044308'
WAT2_042="36284807 2048 0. 850.44 862.28" spec39 ="39 87 0 5468.677734375 0.0'
WAT2_043="'43798851978505 2048 0. 869.28 880.29" spec40 = "40 88 0 5406.5380859"
WAT2_044="375 0.043301267861505 2048 0. 888.25 899.96" spec41 ="41 89 0 5345."
WAT2_045="7954101562 0.042814656356864 2048 0. 907.41 919.00" spec42 ="42 90"
WAT2_046="0 5286.40234375 0.042339017464582 2048 0. 926.85 938.47" spec43 = "4'
WAT2_047="'3 91 0 5228.314453125 0.041873874114558 2048 0. 946.39 958.52" spec4'
WAT2_048="'4="44 920 5171.4897460938 0.041418510701637 2048 0. 966.30 977.84'
WAT2_049=""spec45 ="4593 0 5115.88671875 0.04097316576087 2048 0. 986.31 99'
WAT2_050="7.96" spec46 = "46 94 0 5061.466796875 0.040537362222154 2048 0. 100’
WAT2_051="6.56 1017.57" spec47 ="47 95 0 5008.1928710938 0.040110623015388 20"
WAT2_052="48 0. 1027.00 1038.68" spec48 = "48 96 0 4956.0283203125 0.039692948'
WAT2_053="140572 2048 0. 1047.70 1059.88" spec49 = "49 97 0 4904.939453125 0.0'
WAT2_054="3928362199255 2048 0. 1068.63 1080.34" spec50 = "50 98 0 4854.893554'
WAT2_055="6875 0.038882644571324 2048 0. 1089.75 1101.35" spec51 ="51 99 0 48'
WAT2_056="05.8583984375 0.038490015876893 2048 0. 1111.14 1122.89" spec52 ="5'
WAT2_057="2 100 0 4757.8041992188 0.038105020304104 2048 0. 1132.75 1144.26" §'
WAT2_058="pec53 ="53 101 0 4710.701171875 0.037727896388007 2048 0. 1154.58 1'
WAT2_059="167.03" spec54 ="54 102 0 4664.5219726563 0.037357928523449 2048 0.'
WAT2_060="1176.67 1188.90" spec55 ="55 103 0 4619.2392578125 0.0369953552454'
WAT2_061="812048 0. 1198.97 1211.23" spec56 ="56 104 0 4574.8276367187 0.036'
WAT2_062="639699484001 2048 0. 1221.54 1234.12" spec57 ="57 105 0 4531.262207"
WAT2_063="0312 0.036290484168906 2048 0. 1244.38 1257.20" spec58 = "58 106 0 4'
WAT2_064="'488.5180664063 0.035948186370298 2048 0. 1267.48 1279.99" spec59 ="'
WAT2_065="59 107 0 4446.5732421875 0.035612329018075 2048 0. 1290.80 1303.66" '
WAT2_066="spec60 = "60 108 0 4405.4052734375 0.035282435042135 2048 0. 1314.34'
WAT2_067="1326.69" spec61 ="61 109 0 4364.9926757813 0.034958742977528 2048 '
WAT2_068="0. 1338.22 1350.69" spec62 = "62 110 0 4325.314453125 0.034641014289"
WAT2_069="204 2048 0. 1362.36 1375.59" spec63 ="63 111 0 4286.3515625 0.03432'
WAT2_070="901044211 2048 0. 1386.71 1399.08" spec64 ="64 112 0 4248.084472656'
WAT2_071="2 0.034022254366146 2048 0. 1411.35 1423.66" spec65 = "65 113 0 4210'
WAT2_072=".4946289063 0.033721223131412 2048 0. 1436.29 1449.41" spec66 ="66"
WAT2_073="114 0 4173.5639648437 0.033425439667807 2048 0. 1461.46 1473.73" spe'
WAT2_074="c67 ="67 115 0 4137.2758789062 0.03313490397533 2048 0. 1486.89 149’
WAT2_075="8.61" spec68 ="68 116 0 4101.61328125 0.032849138983879 2048 0. 151"
WAT2_076="2.67 1526.60" spec69 ="69 117 0 4066.5603027344 0.032568502496031 2'
WAT2_077="048 0. 1538.73 1551.23" spec70 ="70 118 0 4032.1013183594 0.0322925'
WAT2_078="17441683 2048 0. 1565.00 1578.56" spec71 ="71 119 0 3998.2216796875'
WAT2_079="0.032021183820835 2048 0. 1591.65 1605.78" spec72 ="72 120 0 3964.'
WAT2_080="9067382813 0.031754263098437 2048 0. 1618.59 1631.76" spec73 ="73 1'
WAT2_081="2103932.1423339844 0.031491874542013 2048 0. 1645.53 1658.53" spec’
WAT2_082="74 ="74 122 0 3899.9152832031 0.031233660348986 2048 0. 1673.28 168'
WAT2_083="6.03" spec75 ="75 123 0 3868.2119140625 0.030979739786883 2048 0. 1'
WAT2_084="701.45 1714.06" spec76 = "76 124 0 3837.0200195312 0.030729993588178'
WAT2_085="2048 0. 1729.51 1742.49" spec77 ="77 125 0 3806.3273925781 0.03048'
WAT2_086='4063950293 2048 0. 1757.91 1768.92" spec78 ="78 126 0 3776.12158203'
WAT2_087="12 0.03024218940828 2048 0. 1786.75 1797.76" spec79 ="79 127 0 3746'
WAT2_088="3918457031 0.030004012159563 2048 0. 1815.73 1826.74" spec80 ="80 '
WAT2_089="128 0 3717.1262207031 0.029769651471666 2048 0. 1845.17 1856.18"
DCLOGI1 ='REFSPECI =bz_thar 0021.ec'

VHELIO = 21.7422642054158

VLSR = 8.52216038232993
VSUN ="' 20. 18. 30. 1900.'
NCOMBINE= 5

Daha sonra bes adet yildiz tayfinin birlestirilmesiyle elde edilen (bkz. Sekil 3.24) sonug

tayfin tamamindan esel acikliklar (order) tek tek ayrildi. Bdylece “apall” isleminde

kullanicinin belirledigi 80 adet esel acgiklik “scopy” komutu ile “.fits” formatinda ayri

ayr1 elde edilmis oldu. Sekil 3.26 ve Sekil 3.27 de yildizin birlestirilmis sonu¢ tayfina
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“wsfdbz 89 Cet ALL.ec.fits” ait iki aciklik bolgesi (25 ve 59) i¢in elde edilen esel

tayflar goriilmektedir.

Sekil 3.27 89 Cet’in 59. acikligina ait indirgenmis tayfi
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3.3 Tayflarin Ol¢iimii

29 And (HD 3369) ve 89 Cet (HD 17081) yildizlarinin tayf 6l¢iim ve analizlerinde her
iki yildizin AA3800-10000 A dalgaboyu araligindaki indirgenmis sonug¢ tayflari
kullanildi.

Tayflar, ¢cok amach interaktif grafik programi olan REDUCE (Hill vd. 1982a, b)
yardimiyla dl¢iildii. Olgiimler sirasinda asagidaki islem adimlari takip edildi:

1) Her bir esel order/aciklik ig¢in stireklilikler belirlenerek normalize islemi
gergeklestirildi.

2) Normalize tayfin kalitesi incelenerek, her bir esel aciklik boyunca yani
acikliklarin kisa ve merkez ve uzun taraf i¢in S/G degerleri belirlendi.

3) Yildiz ¢izgilerinden ¢ok daha dar bir yapiya sahip profil 6zelligindeki Yer
atmosferinden kaynaklanan (telliirik) cizgilerin varlig1 dzellikle > 5000A bolgesinde
irdelendi. Bunlarin tespit edilme ve ayiklanma islemi, yiiksek donme hizina sahip Altair
(Abt ve Morrell, 1995: 200 km/sn) yildizinin esel tayfi dikkate alinarak gerceklestirildi.

4) REDUCE’in bir alt programi olan VLINE ve onun “Fix Parameter Mode”
ozelligi yardimiyla, tayfta yer alan tiim ¢izgi profilleri tespit edildi. Tahmini dénme hiz1
degeri kullanilarak olusturulan kuramsal fitlerle karsilastirilmasi/cakistirilmasi yapildi.
89 Cet icin ‘Rotational’, 29 And i¢in ‘Gaussian’ profil fitlerinin tiim tayflara en iyi
uyumu sagladigr goriildii. Helyum ¢izgilerinde ise ‘Lorentzian’ profilleri kullanildi.
Boylece esel tayflar, yaklasik 6-10 A’luk bolgeler halinde incelendi. Tayf dl¢iimleri
sonucunda, cizgilerin merkezi dalgaboyu (Agssenen), €sdeger genisligi (EW), c¢izgi
derinligi ve yari-yiikseklikteki tam genisligi (FWHM) tespit edildi.

3.4 Cizgi Tanis1

Tayt c¢izgilerinin hangi atom ve iyonlara ait olduklar1 klasik ¢izgi tam1 yontemiyle
belirlendi. Cizgi tanisi i¢in, Oncelikle, giiriiltilye ¢ok fazla maruz kalmamis, keskin ve
orta siddetli, temiz ve kolaylikla tanimlanabilen tayf ¢izgilerinden yararlanildi. Bu
calismada ¢ok zayif cizgiler (< 2 mA) kullanilmamaya dikkat edildi. Cizgi tamsinda
uygulanan baglica kriterler asagidaki gibidir (Saul Adelman & Kutluay Yiice):
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1) Aday atomlarin ve/veya iyonlarin listesini belirlemek icin benzer tayf tiiriindeki
yildizlarin listelerinden yararlanilir.

2) Bireysel tanilar1 yapmak i¢in multiplet tablosu (RMT; Revised Multipled Tables,
Moore 1972) kaynak olarak kullanilir.

a. Yildizil dalgaboylari ile laboratuvar dalgaboylarinin uyumlu olmasi gerekir.

b. Benzer tiirdeki yildizlarin tani listeleri kullanighdir.

c¢. Verilmis atomlar/iyonlar i¢in zayif oldugu kadar bazilarinin siddet limitinin biraz
daha asagisinda olmasi beklenir.

d. Multipletler igerisinde goreli ¢izgi siddetleri siklikla RMT igerisinde dogru
olarak verilmistir.

3) Yapilan tanilar1 genisletmek i¢in RMT’den bagka giincel, son tani listeleri
kullanilir.

4) Tanilar1 olabildigince istikrarli yapmak gerekir.

a. Mevcut ¢izgiler, mevcut olmas1 miimkiin ¢izgiler ve mevcut olmayan c¢izgiler
icin her atomda/iyonda yogunluk derecesi belirlenir. Bunlar biraz dalgaboyuna ve
eksitasyon potansiyeline bagimli olabilirler. Tanis1 kesin olarak ortaya konulamayan
fakat mevcut olmas1 miimkiin ¢izgiler varsa, o atom veya iyona ait bilgiler, ¢izgi tani
listesinde parantez i¢inde yazilarak verilir.

b. Her aday atomlari/iyonlar1; ¢ok cizgi, baz1 ¢izgi veya sadece birkag ¢izgi olup
olmadigina gore karakterize etmek gerekir ve beklenen c¢ok giiclii ¢izgilerin goriiliip
goriilmedigi not edilir.

¢. Olusturulan ¢izgi tan listesi yararlanilan kaynaklar ve mevcut ¢izgi profilleri ile
birlikte son bir kez kontrol edilir. Tiim bu islemler yapilirken, neler yapmis oldugumuzu
aciklayan notlar almak isimizi kolaylastirir. Bunlar ¢izgi tani listeleri yayinlanirken

bizlere yardimci olmaktadir.

Cizgi tanis1 sirasinda yararlandigimiz en genel kaynaklar “A Multiplet Table of
Astrophysical Interest” (Moore 1945), Wavelengths and Transition Probabilities for
Atoms and Atomic lons, Part I (Reader & Corliss 1980) dir. Yararlanilan diger atomik
veri kaynaklar1 Cizelge 3.4’de listelenmistir. Cizgi tanilar ile yi1ldiz ¢izgilerinin hangi
element/atom/iyona ait olduklar1 tespit edildi. Cizgi tanilar1 Cizelge 3.5’dekine benzer
sekilde elde edildi: “Gozlenen ¢izgi profilinin merkezine karsilik gelen dalgaboyu

74



(Agszienen)”, “mA biriminde gozlenen ¢izgi profili ile cakistirilan kuramsal profilin
esdeger genisligi (W,)”, “kuramsal c¢izgi profilinin goreli derinligi (derinlik)”,
“A biriminde kuramsal ¢izgi profilinin yari-maksimumdaki tam genisligi (FWHM)”,
“tanimlanan ¢izgilerin ait olduklar1 element”, “multiplet numarasi”, ‘“laboratuvar
dalgaboyu” ve “siddeti’ seklindedir. Blend olmayan ve temiz birka¢ c¢izgiden
hesaplanan ortalama radyal hiz degerleri, o bolgedeki ¢izgilere ayn1 oranda uygulanarak
“radyal hiz farkindan kaynaklanan diizelmis dalgaboyu (Adgizeliimis)” parametresi olarak
verildi. 29 And’in esel tayflarindan hesaplanan ortalama radyal hiz degeri yaklasik
11 km/sn dir.

Cizelge 3.4 Atomik veri kaynaklari

AlIl/ 1T Fuhr & Wiese (1990)

Cl/II /11 Wiese, Fuhr ve Deters (1996)

Cal Wiese, Smith ve Glennon (1966), Wiese, Smith ve Miles (1969)

Call Black, Wisheit, Laviana (1972)

Ce Il Dream Database (Palmeri vd.2000, Zhang vd.2001)

Crll Blackwell-Whitehead ve Bergemann (2007), Martin, Fuhr ve Wiese (1988), Kiess (1951)
CrIII Martin, Fuhr ve Wiese (1988), Kurucz & Bell (1995)

Fel /II/II | Fuhr & Wiese (2005), Martin vd. (1988) , Fuhr vd. (1988), Kurucz & Bell (1995)

Gd1I Den Hartog vd. (2006), Meggers, Corliss ve Scribner (1975)

Lall Lawler vd. (2001a)

Blackwell-Whitehead ve Bergemann (2007), Catalan vd. (1963)

Mol Martin, Fuhr ve Wiese (1988), Fuhr vd. (1988)

Mn II Iglesias & Velasco (1964), Kling vd. (2001)

NI/11/ I Wiese, Fuhr ve Deters (1996) ve Kurucz ve Peytremann (1975)

Nd II Den Hartog vd. (2003), Ward vd. (1985)

Nil/II Litzen vd. (1993)

Ol Wiese, Fuhr ve Deters (1996) ve Wiese, Smith ve Glennon(1966)
S1I Wiese, Smith ve Glennon (1966)

Sc Il Lawler & Dakin (1989)

Sill Lanz & Artru (1985)

Sm II Lawler vd. (2006)

Sr 1T Wiese & Martin (1980)

Till Huldt vd. (1982)

VI Biemont vd. (1989), Martin vd. (1988), Fuhr vd. (1988), Iglesias vd. (1988)
Y Hannaford vd. (1982), Cowley & Corliss (1983), Nilsson vd. (1991)
Zr 11 Ljung vd. (2006)

Digerleri Kurucz & Bell (1995)
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Cizelge 3.5 29 And (B5) ¢izgi tani listesi 6rnegi

Agiztenen(A) | Wy (mA) | Derinlik | FWHM | Agigeriimis(A) | Tam

4613.808 | 4.3 0.009 0.43 4613.991 Zr 11 (67)4613.95(5)
4621.127 | 4.8 0.010 0.43 4621.311 Si 11 (7.05)4621.418((100))
4621461 | 5.8 0.013 0.43 4621.645 | Sill(7.05)4621.721((150))
4628888 | 10.4 0.023 0.43 4629072 | Fe 1 (219)4628.821(0n)
4629.304 11.7 0.025 0.43 4629.488 Fe I1 (37)4629.336(7)
4629.813 11.9 0.026 0.43 4629.997 C1I (49)4629.98(2 h)
4630.332 18.3 0.040 0.43 4630.516 N II (5)4630.543(14)

3.5 Atmosfer Parametreleri

Bu calismada 29 And yildizina ait T. ve log g degerleri yildizin Stromgren
fotometrisinden (Hauck ve Mermilliod, 1998) elde edildi. 89 Cet i¢in Fossati vd.
(2009)’in y1ldizin Stromgren fotometrisinden, gézlemsel Hg ve H, ¢izgilerinin kuramsal

profillerle karsilastirilmasindan belirledikleri giincel degerler kullanildi.

Mikrotiirbiilans hizin1 belirlemek igin, esdeger genisligi 5 mA den biiyiik en az 20 ¢izgi
ve esdeger genislikleri 90 — 150 mA arasinda olan en az bes ¢izgi iceren atom ve iyon
cizgileri incelendi (Yiice 2005). Normal ge¢ B ve erken A tiirii araliginda ¢ok sayida
yildizin ayrintili tayfsal analizlerinden, yildizlarin yiizey sicakligina bagli olarak
mikrotiirbiilans hizlar1 0.0 - 2.0 (km/sn) aralifindadir (6rnegin Adelman 1984, 1985,
2002 ve Sadakane 1981). Bu tez ¢alismamizda her iki yildizin mikrotiirbiilans hizi, en
fazla ¢izgiye sahip demir ¢izgilerinden belirlenebildi: Olast mikrotiirbiilans hiz degerleri
icin demir bollugu hesaplandi. Bolluk degerlerinin esdeger genislige gore degisimleri
incelendiginde, bagliligin en az oldugu dagilimlar i¢in mikrotiibiilans hiz degerine karar

verildi.
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3.6 Kimyasal Bolluklar

Yildizlarin evrim durumunu ve hidrodinamik yapisini anlamak icin 6zellikle B ve A
anakol yildizlarinin element bolluk analizini yapmak avantaj saglar: Ciinkii bu tiir
yildizlarda konveksiyon neredeyse yok, yildiz riizgarlar1 zayif ve diisiik (ve/veya hig)

mikrotiirbiilans hareketine sahiptirler (Adelman 2004).

Her iki yildizin ylizey element bollugunu hesaplamak icin, bu tez ¢alismasinda
olusturulan ¢izgi tani listesi dikkate alindi. Bu liste yardimiyla tanisi yapilan
elementlerin mevcut atom ve iyonlarina ait ayri ayri ¢izgi kartlar1 hazirlandi (6rnegin

Mg I, Mg 11, Fe 1, Fe II, Fe III).

Cizgi kartlari, ii¢ boliimden olugmaktadir:

1) Mikrotiirbiilans hizi: Tek satirla temsil edilir ve hesaplamalarda kullanilacak
mikrotiirbiilans hizina iliskin bilgi(ler). Tek isletimde ii¢ farkli mikrotiirbiilans hiz
degeri i¢in bolluk hesaplama imkan1 vermektedir.

ii) Atomik veri: Ug satirdan olusan ve o atom veya iyona ait atomik verileri ve
cizginin gozlemsel esdeger genislik bilgileri. Esdeger genislik (pm), dalgaboyu (nm),
yildiz ismi, multiplet numarasi, log gf degeri, gecise ait alt seviyenin J degeri, gecise ait
alt seviyenin enerjisi, Uist seviyenin J degeri, iist seviyenin enerjisi, Z tiir numarasi
[(Z- 1).6]+1+x, ¢arpisma sabitlerini igerir.

i11) Model atmosfer: Atmosfer parametreleri icin hesaplanan bir model atmosfer.

29 And ve 89 Cet yildizlarinin model atmosfer hesaplamalart ATLAS9 (Kurucz 1995)
programu ile gerceklestirildi. Helyum bollugu SYNSPEC (Hubeny vd. 1994) ve diger
element bolluklart WIDTH9 (Kurucz 1995) programlar1 yardimiyla hesaplandi.
Bolluklar o atom veya iyona iliskin esdeger genislik degerlerini, atomik verileri ve
model atmosfer girdilerini kullanarak hesaplanir. Cizgi listelerinde yer verilen her
cizgiden o elemente ait log (N/N) formatinda bolluk degeri elde edilir. Atom ve iyonun
birden fazla ¢izgisinden hesap yapildiginda, o element i¢in ortalama bir bolluk degeri ve

standart sapma miktar1 elde edilir.
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4. BULGULAR
4.1 Donme Hizlan

29 And ve 89 Cet’in donme hiz1 degerleri, yildizlarin blend olmamis ve giiriiltiiden en
az etkilenmis orta siddetli (S0>EW>20 mA) metal cizgilerinden (Fe II, Al II, Cr II)
tespit edildi. 29 And’in “Gauss” ve 89 Cet’in “Rotational” fit ¢akistirilmasindan elde

edilen tahmini donme hiz1 degerleri, sirasiyla, 14 + 0.5 km sn”' ve 20 + 0.5 km sn™' dir.

Cizelge 4.1°de 89 Cet’in donme hizi belirlemelerinde kullandigimiz ¢izgilere ait bilgiler
listelenmektedir: Olgiilen ¢izginin merkezi dalgaboyu, element, ¢izgi siddeti, o ¢izgiden
belirlenen donme hizi degeri. Dénme hizi1 degeri, ¢izgi profillerinin tamamina

uygulanarak tayf 6l¢iimleri gergeklestirildi.

Cizelge 4.1 89 Cet’in donme hiz1 degerinin belirlenmesinde kullanilan ¢izgiler

Agszlenen Element Esdeger Genislik vV sini
(&) | (Multiplet) (mA) (km sn™)
4508.238 | Fe II (38) 44.5 19.9
4576.270 | FeII (38) 22.8 20.4
4583.776 | Fe Il (38) 57.9 19.8
4662.996 | AlIl (2) 33.8 20.2
4489.129 | Fe Il (37) 223 20.3
4491.337 | Fe Il (37) 31.3 21.0
4515.269 | Fell (37) 35.8 20.2
4520.162 | Fe II (37) 33.9 20.3
4522.574 | Fe Il (38) 47.8 19.0
4555.847 | Fe Il (37) 38.7 19.8
4588.234 | Cr1I (44) 23.6 20.5
4635.261 | FeII (186) 27.7 20.1
Ortalama deger = | 20.13 + 0.48
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4.2 Tayflarin Ol¢iilmesi

29 And ve 89 Cet yildizlarinin esel tayflarina iliskin siirekliliklerini gosteren ornekler
A6610-6710A ve A4810-4880 A dalgaboyu araliklar igin Sekil 4.1, 4.2, 4.3, 4.4°de
verilmektedir. Yer atmosferinden kaynaklanan ¢izgilerin yildiz tayflarindaki etkileri 21.
esel bolgesinde (A6900-7000 A) acikga goriilmektedir (bkz. Sekil 4.5 ve Sekil 4.6).
Yildizlarin RTT150-CET verilerinden S/G degerleri, esel bolgelerinin kisa dalgaboyu,
merkezi bolgesi ve uzun dalgaboyu tarafinda, toplam dokuz Olgiimiin ortalamasi
almarak belirlendi (A4000-6900A; bkz. Cizelge 4.2). Her iki yildiz i¢in S/G degeri >
250 dir. 89 Cet’in S/G belirlemelerine iliskin bir 6rnek Sekil 4.8’de verilmektedir. S/G
degerinin yiliksek olmasi, siireklilik ve c¢izgi profillerinin daha iyi belirlenmesinde

kolaylik saglamistir.

HD 3369 24.order
1357CCH>SWLMNOPTRAW, =b /w #=d pt,R=replot,D=new,H=hard,A=all, /=S5/N,@l+— E=End
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Wavelength & No smaathing

Sekil 4.1 29 And’in REDUCE programu ile belirlenen siirekliligi (24. agiklik)

79



Intensity

0.5

HD 17081 24.order
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Sekil 4.2 89 Cet’in REDUCE programu ile belirlenen siirekliligi (24. aciklik)
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Sekil 4.3 29 And’in REDUCE programu ile belirlenen stirekliligi (51. agiklik)
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Intensity
0.5

HD 17081 51.order
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Sekil 4.4 89 Cet’in REDUCE programu ile belirlenen siirekliligi (51. aciklik)
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HD 3369 21.order
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Sekil 4.5 29 And’1n tayfindaki telliirik ¢izgilere iliskin bir kesit (21. agiklik)
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HD 17081 21.oder
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Sekil 4.6 89 Cet’in tayfindaki telliirik cizgilere iligkin bir kesit (21. aciklik)

Grunhut (2009)’un lisansiistii tez ¢alismasinda (bkz. Boliim 2.3.2) yer alan 89 Cet’in
A5013-5020 A ¢izgi profil yapisi (sol tarafta, kiigiik sekil) ile RTT150-CET verisinin
karsilastirilmast Sekil 4.7°de goriilmektedir. Bagka gézlemevinden elde edilmis yiiksek
kaliteli bir tayf ile TUG verilerimizin karsilastirilmasi, 29 And ve 89 Cet’in gézlemsel

ve indirgenmis tayf kalitesini gorebilmek agisindan 6nemlidir.

R4

13670 >SVLMNOPTHREN, ~=b/w #=d pt,R=replot,D=new,H=hard A=all,/=5/N,@l+— E=End

0.9

0.85

0.85

AT
g"i 1 s"JI

Intensity

A S G (... S
5014 5016 5018 5020

Q.9

4.85

1
1450 1500 1550 1600
Data paint number

016 s01e 5020 ¥
Wavelength & Ne smaathing

I
S014

Sekil 4.7 89 Cet’in Grunhut (2009) ve RTT150 CET c¢izgi profil karsilagtirilmasi
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Cizelge 4.2 29 And ve 89 Cet’in kaliteli esel agikliklarina ait S/G belirlemeleri

Order Dalgaboyu 29 And (S/G) 89 Cet (S/G)
numarasi (A) mavi | merkez | kirmizi | mavi | merkez | kirmizi
21 6900 - 7000 - - - - - -
22 6800 - 6900 354 1216 - 353 660 -
23 6720 - 6800 507 971 598 660 847 537
24 6620 - 6700 388 1126 577 401 872 680
25 6520 - 6620 314 - 632 533 1410 822
26 6440 - 6520 431 - - - - -
27 6360 - 6440 383 1180 617 557 876 841
28 6280 - 6360 - - 749 - - 626
29 6180 - 6280 698 1206 705 551 1181 515
30 6100 - 6180 474 981 558 620 943 535
31 6040 - 6120 624 1038 643 362 1029 676
32 5960 - 6040 - 712 779 - - 553
33 5880 - 5960 - - - - - -
34 5820 - 5880 489 1196 - 507 1438 -
35 5740 - 5820 630 1108 651 535 1170 714
36 5680 - 5740 550 951 582 355 1083 607
37 5600 - 5680 910 1133 630 496 1145 754
38 5540 - 5620 730 1361 791 554 888 629
39 5480 - 5540 769 1207 552 449 1004 614
40 5420 - 5480 411 977 622 442 985 747
41 5360 - 5420 550 1113 540 472 947 604
42 5300 - 5360 463 1111 435 387 1070 742
43 5240 - 5300 531 1032 595 499 1174 701
44 5180 - 5240 635 1045 540 437 789 561
45 5120 - 5180 582 1329 766 400 862 517
46 5080 - 5140 429 972 628 349 763 521
47 5020 - 5080 504 626 517 704 736 -
48 4960 - 5020 753 1007 378 369 770 415
49 4920 - 4980 500 1025 509 339 980 524
50 4860 - 4920 454 872 323 318 773 604
51 4810 - 4880 444 844 414 465 630 506
52 4760 - 4830 420 1255 621 313 831 433
53 4720 - 4780 279 665 437 268 730 434
54 4670 - 4740 309 862 396 382 840 471
55 4620 - 4690 401 1055 482 - 887 426
56 4580 - 4640 366 730 390 354 900 443
57 4540 - 4600 347 676 357 315 689 366
58 4490 - 4560 - 642 285 360 507 335
59 4450 - 4510 - 677 353 - 574 588
60 4410 - 4470 - 622 433 243 692 386
61 4370 - 4430 - 598 - - 492 370
62 4330 - 4390 - 478 - - 525 288
63 4290 - 4350 - 405 - - 562 -
64 4250 - 4310 - 332 - - 488 -
65 4220 - 4270 - - - - 405 -
66 4180 - 4240 - 287 - - 602 366
67 4140 - 4200 - 323 - - 337 -
68 4110 -4160 - - - - - -
69 4070 - 4120 - 342 - - - -
(S/G) minimum 279 287 285 243 337 288
(S/G) maksimum 877 1361 791 704 1438 841
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29 And ve 89 Cet’in gozlemsel ¢izgi profillerine yapilan kuramsal fitlere ve ¢izgi 6l¢tim
sonuglarina iliskin 6rnekler Sekil 4.9 ve 4.10°da verilmektedir. Iki y1ldizin ¢izgi profil
yapisindaki fark (29 And: Gauss, 89 Cet: Rotational) agikca goriilmektedir.

29 And -R45

Fix parameter mode
5 ]
AT i
Bl o
=

i (order 4 i
i # Lam err RV EW O EW 1 D fit FWHM Beta Comment |
5168.761 0.003 28.8 30.8 0.060 0.48f Gaus mA ck
o 1 1 1 | 1 |
5167 5168 5169 5170C 5171 5172

Wavelength &

Sekil 4.9 29 And’1n tayf ¢izgilerinin Sl¢iimiine ait 6rnekler (45.ag¢iklik)

89 Cet-R44
Fix parameter mode
= 89 Cet (order 44) -4
e wl i
L] L= H L erc RV EW O EW 1 D fit vsini Beta Comment
£ 5195.51% 0.013 7.5 7.6 0.015 20.0f 0.8 mk
5197.504 0.002 44.5 43.9 0.085 Z0.0f 0.6 mk
5199.027 0.00%9 10.6 10.8 0.021 ZO.Of 0.6 mk
Merkezi Hata Gazlenen ve Dennlik FWHM  profi|
Dalgaboyu Profil Egdeger veya
Geniglikleri Vsin i
o 1 | 1 | 1
5196 5197 3158 2199 5200

Wavelength &

Sekil 4.10 89 Cet’in tayf cizgilerinin dl¢limiine ait 6rnekler (44.aciklik)
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Yiiksek hizla donen Altair (RTT150 CET)’in genislemis ¢izgilerine iliskin bir kesit
Sekil 4.11°de ve ince yapidaki tellurik cizgilerin Altair tayfina etkisi Sekil 4.12°de

goriilmektedir.

Altair - R53
1357C<H > SWLMNOPTZEW, ~=b /w #=d pt,R=replot,D=new,H=hord A=all, /=5 /N,&|+— E=End
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Sekil 4.11 Altair’in REDUCE programi ile belirlenen stirekliligi (53. aciklik)

Altair - R20
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Sekil 4.12 Altair’in REDUCE programu ile belirlenen siirekliligi (20. acgiklik)
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4.3 Cizgi Tanilan

B tayf tiirtinden 29 And ve 89 Cet’in RTT150 Cet tayflarinda 500’iin lizerinde atom ve

iyona ait ¢izgi profili tanimlandi.

89 Cet tayflarinda kesin olarak tanimlanan ¢izgiler; Paschen serisi ¢izgiler, H,, Hp, Hy,
Hs, He I, C I, C II, C IIll, N I, N II, O I, Ne I, Mg I, Mg II, Al II,
AL SiL Sill, Silll, PIL SIL CII, AIL Cal, Call, Sc I, Ti I, V II, Cr I, Cr 11,
Mn I, Mn II, Fe I, Fe I, Fe I, Ni I, Ni I, Zn I, Sr II, Y I, Zr I, La I,
Ce I, Pr I, Nd II, Sm II, Gd II, Er II atom ve iyonlarina aittir.

29 And’mn tayflarinda belirlenen atom ve iyon ¢izgileri; Paschen serisi ¢izgiler, H,, Hp,
Hy,,Hs, He , CI, CII, NII, O I, O II Ne II, Mg II, A II, Al II, Al I, Si II, Si III, P II,
SILCIIL, Cal,Call,ScIl, Ti [, Ti I, VI, Cr I, Cr I, Mn [, Mn 11, Fe I, Fe II, Fe III,
Nil,Srll, YII, Zr I, La I1, Ce II, Pr II, Nd II, Sm II, Gd II dur.

RTT150-CET esel tayflarinin AA6900-9850 A dalgaboyu araliginda yogun bir sekilde
Yer atmosfer kaynakli cizgiler mevcuttur (Sekil 4.13 ve 4.14). Ayn1 zamanda
A3720-4130A araligindaki gozlemsel tayflarda yer yer ¢okiintii benzeri yapilar vardir
(Sekil 4.15). Bu yapinin, indirgemenin 6nemli bir adimi olan “flat diizeltme” igleminde

olustugunu diistinmekteyiz.

29 And ve 89 Cet’in temiz bdlgelerinden saglikli tayf Ol¢iimlerden belirlenen ¢izgi
tanilar1 Ek 1 ve Ek 2°de listelendi. Bu listelerde, ¢izgi profilinin merkezi dalgaboyu (A),
gbzlenmis profil ile ¢akistirilan kuramsal profilin esdeger genisligi (mA), kuramsal
profilin derinligi, yar1 genisligi (A), gozlenen tayf ¢izgilerine uygulanan radyal hiz
diizeltmesi sonucunda elde edilen dalgaboyu (A), tanimlanan ¢izgilerin ait olduklar:

element, multiplet numarasi, laboratuvar dalgaboyu ve siddeti yer alir.
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Sekil 4.13 29 And’in telliirik ¢izgilerine ait 6rnekler (1. agiklik)
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Sekil 4.14 29 And’m telliirik ¢izgilerine ait 6rnekler (21. agiklik)
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Sekil 4.15 89 Cet’in tayfindaki ¢okiintii yapilara ait 6rnek (72. agiklik)

43.1 89 Cet’in RTT150-CET ¢izgi genisliklerinin Fossati vd. (2009) ile
karsilastirilmasi

Gozlemsel ve indirgenmis RTT150 CET verisinin giivenilirligi ve ¢izgi dl¢limlerinin
kalitesini (basarisini1) gorebilmek i¢in Fe II, Si II, N II, Ni II, S II, Cr II ve Ti II’nin ¢izgi
siddetlerini Fossati vd. (2009)’ninkilerle karsilastirildi (bkz. Cizelge 4.3). Her iki
calismadaki esdeger genislik degerlerindeki degisim Sekil 4.16 da goriilmektedir.
Karsilagtirma yapilan veriler arasinda en iyi uyum, katsayinin 1 ve/veya sabitin 0’a
yakin oldugu durumdur. Olusan farkliliklar; tayfsal verilerin farkli gozlemevlerinden
elde edilmis olmasindan, indirgeme ve ¢izgi Olglimlerinde kullanilan yoOntem
farkliligindan kaynaklanabilir. En fazla ¢izgi Fe II elementine ait oldugundan uyum fiti
demir ¢izgilerine gore yapildi. Fossati vd.’nin ¢alismasinda 142 adet Fe II ¢izgisi yer
almakta, bu cizgilerin en kiiciik ve en biiyiik esdeger genislikler sirastyla 1.2 mA ve
91.8 mA dir. RTT150 CET’de ise en kiiciik ve en biiyiik esdeger genislikleri sirasiyla
2.5 mA ve 83.6 mA olmak iizere 107 adet Fe II ¢izgisi kullanildi.
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Cizelge 4.3 89 Cet’in RTTI150-CET esdeger genisliklerinin Fossati vd.(2009) ile

karsilastirilmasi

EW (mA) | EW (mA) EW (mA) | EW (mA)

Element Cizgi | Fossati vd. | Bu calisma | Cizgi | Fossati vd. | Bu calisma

(2009) (2011) (2009) (2011)

Fe I1 4173.461 38.4 41.714984.488 11.3 8.9
4177.692 14.5 14.714990.509 13.9 12.4
4178.862 42.8 39.0]4993.358 9.7 9.3
4250.437 5.6 4.114999.180 4.9 5.5
4263.869 6 6.815001.959 37.6 34.4
4273.326 13.7 15.65009.022 33 3.9
4286.280 5.9 5.815018.440 88.3 83.6
4296.572 24.9 24.615030.630 19.4 21.2
4303.176 39.9 40.5]5035.708 26 30.5
4369.411 7 7.515045.114 9.6 9.3
4416.830 36.7 43.6|5060.257 3.6 7
4451.551 13.8 12.915061.718 15 13.8
4455.266 8.4 9.715067.893 7 6.5
4461.706 9.1 9.515070.899 17.6 14.3
4489.183 23.9 22.1[5075.764 12.7 12.9
4491.405 29.7 30.5]5097.271 17.2 17.6
4499.688 4.1 11.3]5113.004 4.5 2.7
4508.288 44.1 44.615117.034 5.3 7.4
4515.339 38.7 36.1]5119.341 2.5 2.6
4520.224 35.6 33.6]5120.352 2 4.7
4522.634 51 48.6]5132.669 4.6 4.5
4541.524 22.2 27.5|5144.355 9.8 9.0
4555.893 42.9 48.3]15150.489 6.9 5.5
4576.340 21.7 21.2|5180.314 8.1 5.0
4579.527 7.6 6.1]5199.122 13 10.8
4580.063 5.4 4.6|5203.638 8.4 9.3
4582.835 15.7 14.1]5237.950 11.2 12.6
4583.837 62.3 58.315247.952 15.3 15.3
4596.015 14.8 19.815260.259 39.3 39.8
4598.494 5.9 6.7]5270.027 4.2 33
4620.521 13.3 12.2]5276.002 48.3 46.7
4625.893 5.8 5.5[15284.109 17 17.6
4628.786 3.7 6.2]5291.666 21 20.9
4629.339 41.6 43.5]5306.180 9.3 2.7
4635.316 26.6 27.1|5318.057 7.5 6.9
4638.050 6.9 6.3]5325.553 13.9 12.0
4640.812 3 6.5]5339.585 20.5 20.1
4663.708 4.3 4.315355.419 3.5 33
4666.758 12.9 12.8]5387.063 22.1 214
4731.453 17.1 17.05393.847 7.2 6.0
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Cizelge 4.3 89 Cet’in RTTI150-CET esdeger genisliklerinin Fossati vd.(2009) ile
karsilastirilmasi (devam)

EW (mA) | EW (mA) EW (mA) | EW (mA)
Element Cizgi | Fossati vd. | Bu cahisma | Cizgi | Fossati vd. | Bu calisma
(2009) (2011) (2009) (2011)
Fe Il 4826.683 5 3.6|5408.811 4.5 3.9
4913.292 12 13.8]5411.375 5.3 2.5
4948.096 6 5.515427.826 12.4 11.6
4948.793 7.2 7.715429.988 15.6 12.3
4951.584 14.8 16.3 |5457.730 5 5.1
4953.987 3 4.3 5475.829 6 6.4
4977.035 8.9 9.7]5482.308 16.8 15.8
4977.923 3.1 4.1|5487.619 14.8 16.5
5506.195 29.7 29.4(5567.842 6.9 6.7
5507.072 54 5.915643.880 6.2 54
5529.053 6.4 8.0]5726.557 6.5 5.8
5532.088 5.1 6.9]5783.630 10.1 8.4
5544.763 13.5 13.7]5784.448 5.3 5.2
5549.001 6.7 5.1
Si I 4190.707 11.8 16.315669.563 10.6 7.0
4198.134 8.5 11.1]5688.817 7.8 4.7
5469.451 6.2 5.015701.370 6.4 5.7
5576.661 3.7 4.315800.454 4.7 10.8
5632.966 2.5 2.3
NII 4607.149 2.6 3.914643.090 3.6 4.3
4613.868 1.7 2.5/5005.154 3.5 2.2
4630.543 6.4 11.9]5679.554 3.9 4.8
Till 4171.904 4.5 13.1]4395.031 11.5 10.3
4290.215 4.5 5.314563.757 5.6 2.8
4300.042 10.4 11.1]4571.971 10.6 10.3
4301.922 2.2 7.414779.985 1.3 10.8
Crll 4261.913 6.7 7.014616.629 5.5 53
4275.567 4.4 6.314618.803 15.1 14.1
4284.188 3.7 6.7]14634.070 11.6 13.0
4554.988 7.3 12.314812.337 2.2 11.7
4558.650 27.9 27.315237.329 6.8 7.8
4588.199 24 .4 25.1(5274.964 7.8 6.9
4592.049 6.7 9.0]5334.869 4.1 2.5
Nill 4187.849 8 8.415003.414 2.9 1.6
4665.548 3.4 3.0]15052.997 2.2 2.7
4679.159 3.8 3.915058.376 2.4 5.6
4898.945 1.3 3.1]15059.200 3.1 3.8
4932.658 2.4 3.815066.328 5.2 5.5
4974.130 2.5 1.4
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Cizelge 4.3 89 Cet’in RTT150-CET esdeger genisliklerinin Fossati vd.(2009) ile

karsilastirilmasi (devam)

EW (mA) | EW (mA) EW EW
Element| Cizgi |Fossativd.|Bucahsma| Cizgi (mA) (mA)
(2009) (2011) Fossati Bu
S II 4153.068 18.9 24.85428.655 13.3 17.4
4230.943 4 11.3]5453.855 28.7 26.0
4269.725 5.5 6.415509.705 11.5 10.5
4463.581 7.2 9.815526.243 3.6 2.2
4716.271 11.3 10.3|5564.958 9 7.6
4792.007 2.6 3.2|5578.870 4.4 4.4
4815.552 18.7 28.6(5606.151 16.7 15.4
4917.198 9.6 8.7|5616.633 4.2 3.8
5009.567 12.6 12.1]5647.020 13 13.2
5014.042 16.9 14.8|5664.773 6.9 6.1
5103.332 7.1 5.5]15819.254 3 1.6
5320.723 13.3 11.4
RTT - ESPaDonS
Esdeger Genislikleri (mA)
100
30 * Elementler
¢ Fe
E g 60 m Si
52 A
Eg 40 X Ti
£ Cr
20 Ni

R?=0.9775

y=0.9769x+0.3551

20

40
ESPaDONS

60

80

Fossati vd. (2009)

100

S

—— Dogrusal (Fe)

Sekil

karsilastirilmast

92

4.16 89 Cet’in RTT150-CET esdeger genisliklerinin Fossati vd.(2009) ile




4.4 Atmosfer Parametreleri

29 And yildizinin atmosfer parametre degerleri, Stromgren uvbyf fotometrisinden
(Hauck ve Mermilliod, 1998) V =4.335, (b-y) = -0.061, c; = 0.433, m; = 0.107,
HP =2.683, T. = 15130 K, log g = 3.70 dex ve E (b-y) = 0.009 olarak belirlendi. 89 Cet
icin, Fossati vd. (2009) tarafindan elde edilen T. = 12800 K, log g = 3.75 dex giincel
degerleri kullanildi.

Mikrotiirbiilans hiz degerleri, tayflarda en c¢ok ¢izgisi tanimlanan demir elementinin
cizgilerinden arastirildi: Bu tez calismasi i¢in kabul edilen atmosfer parametre ¢ifti ve
olast mikrotiirbiilans hiz degerleri kullanilarak demir elementine ait bolluk degeri
hesaplandi. Demir ¢izgilerinden bulunan bolluklarin esdeger genisliklere gore
degisimlerinde, bagliligin en az oldugu dagilimlardan mikrotiirbiilans hiz1 (&), 29 And
icin 0 km sn™ ve 89 Cet icin 1 km sn™' olarak belirlendi. Bu degerler, model atmosfer

olusturulmasinda ve diger element bolluklarinin hesaplamalarinda kullanildu.

4.5 Element Bolluk Analizi

89 Cet ve 29 And’1n yiizey element bolluk hesabinda kullanilmak tizere her iki yildizin
ayr1 ayrt model atmosferleri hesaplandi. Cizelge 4.4 ve 4.5’de 29 And igin
T. =15130 K, log g = 3.70, { = 0 km sn’! ve 89 Cet icin T, = 12800 K, log g = 3.75,
£ =1 km sn”' degerleri kullamlarak olusturulan Giines bolluklu model atmosferler

verilmektedir.

Helyum bollugu belirleyebilmek i¢in her iki yildizin incelenen tayflarinda blend
olmayan He I ¢izgileri se¢ildi. Bu c¢izgilerin kuramsal profilleri ¢esitli He/H degerleri
icin olusturuldu. Kuramsal ve gozlemsel He I cizgilerinin en iyi uyumundan He/H

degerleri belirlendi.

29 And icin He/H degerleri 0.07 (A4387), 0.06 (A4438), 0.07 (A4713), 0.11 (A5016)
olarak belirlendi, ortalama deger 0.08 olup, helyum bollugu log (He/H) = -1.11 + 0.02
dir. 89 Cet i¢in He/H degerleri 0.12 (A4121), 0.08 (A4387), 0.10 (A4438), 0.05 (A4472),
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0.14 (A4713), 0.07 (A4922) olarak belirlendi, ortalama deger 0.09 olup, helyum bollugu
log (He/H) = -1.03 + 0.03 dir.

Atmosfer parametre degerleri, olusturulan model atmosfer ve c¢izgi siddetleri
kullanilarak hesaplanan diger elementlerin bolluklarma iliskin sonuglar, 29 And ve
89 Cet icin, sirastyla, Ek 3 ve Ek 4’te listelenmistir. Burada log N/Nt parametresi o
cizgiden hesaplanan bollugun toplam element bolluguna oranini ifade etmektedir. Her
iki yildizin elementler i¢in ortalama yiizey element bolluklar1 Giines’in degerleriyle
(Grevesse vd. 1996) Cizelge 4.6’de karsilastirildi. Yiizey bolluklarinin Giines’teki
degerlerden olan farklari, [x] = log € (X)yidz - 10g € (X)Gines, Yapisinda Sekil 4.17 da

verildi.
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farklar1
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Cizelge 4.4 29 And’mn (15130K, log g=3.70, £=0) i¢in olusturulan model atmosferi

TEFF 15130. GRAVITY 3.70000 LTE

TITLE [0.0] VTURB=0 L/H=1.25 NOVER NEW ODF

OPACITY IFOP 11111111111110100000

CONVECTION ON  1.25 TURBULENCE OFF 0.00 0.00 0.00 0.00

ABUNDANCE SCALE  1.00000 ABUNDANCE CHANGE 1 0.92040 2 0.07834

ABUNDANCE CHANGE 3-10.94 4-10.64 5 -9.49 6 -3.52 7 -4.12 8 -3.21

ABUNDANCE CHANGE 9 -7.48 10 -3.96 11 -5.71 12 -4.46 13 -5.57 14 -4.49

ABUNDANCE CHANGE 15 -6.59 16 -4.71 17 -6.54 18 -5.64 19 -6.92 20 -5.68

ABUNDANCE CHANGE 21 -8.87 22 -7.0223 -8.04 24 -6.3725 -6.65 26 -4.54

ABUNDANCE CHANGE 27 -7.12 28 -5.7929 -7.83 30 -7.4431 -9.16 32 -8.63

ABUNDANCE CHANGE 33 -9.67 34 -8.63 35 -9.41 36 -8.73 37 -9.44 38 -9.07

ABUNDANCE CHANGE 39 -9.80 40 -9.44 41 -10.62 42 -10.12 43 -20.00 44 -10.20

ABUNDANCE CHANGE 45 -10.92 46 -10.35 47 -11.10 48 -10.27 49 -10.38 50 -10.04

ABUNDANCE CHANGE 51 -11.04 52 -9.80 53 -10.53 54 -9.87 55 -10.91 56 -9.91

ABUNDANCE CHANGE 57 -10.87 58 -10.46 59 -11.33 60 -10.54 61 -20.00 62 -11.03

ABUNDANCE CHANGE 63 -11.53 64 -10.92 65 -11.69 66 -10.90 67 -11.78 68 -11.11

ABUNDANCE CHANGE 69 -12.04 70 -10.96 71 -11.98 72 -11.16 73 -12.17 74 -10.93

ABUNDANCE CHANGE 75 -11.76 76 -10.59 77 -10.69 78 -10.24 79 -11.03 80 -10.91

ABUNDANCE CHANGE 81 -11.14 82 -10.09 83 -11.33 84 -20.00 85 -20.00 86 -20.00

ABUNDANCE CHANGE 87 -20.00 88 -20.00 89 -20.00 90 -11.95 91 -20.00 92 -12.54

ABUNDANCE CHANGE 93 -20.00 94 -20.00 95 -20.00 96 -20.00 97 -20.00 98 -20.00

ABUNDANCE CHANGE 99 -20.00

READ DECKG6 72 RHOX,T,P,XNE,ABROSS,ACCRAD,VTURB, FLXCNV,VCONV,VELSND

4.41845862E-07 8881.2 2.199E-03 8.638E+08 3.018E-01 3.456E+01 0.000E+00 0.000E+00 0.000E+00 1.722E+08
5.89177382E-07 8894.3 2.933E-03 1.149E+09 3.019E-01 3.486E+01 0.000E+00 0.000E+00 0.000E+00 1.591E+08
7.85499767E-07 8902.6 3.910E-03 1.530E+09 3.023E-01 3.530E+01 0.000E+00 0.000E+00 0.000E+00 1.473E+08
1.04694268E-06 8912.4 5.211E-03 2.035E+09 3.028E-01 3.589E+01 0.000E+00 0.000E+00 3.778E+08 1.358E+08
1.39489790E-06 8921.1 6.942E-03 2.707E+09 3.035E-01 3.664E+01 0.000E+00 0.000E+00 2.620E+08 1.248E+08
1.85772064E-06 8929.4 9.244E-03 3.601E+09 3.043E-01 3.759E+01 0.000E+00 0.000E+00 1.909E+08 1.140E+08
2.47289516E-06 8938.6 1.230E-02 4.786E+09 3.054E-01 3.888E+01 0.000E+00 0.000E+00 1.495E+08 1.036E+08
3.28989731E-06 8950.0 1.637E-02 6.356E+09 3.068E-01 4.048E+01 0.000E+00 0.000E+00 1.213E+08 9.340E+07
4.37408053E-06 8964.3 2.176E-02 8.434E+09 3.084E-01 4.239E+01 0.000E+00 0.000E+00 9.729E+07 8.366E+07
5.81159684E-06 8981.6 2.890E-02 1.118E+10 3.103E-01 4.46[E+01 0.000E+00 0.000E+00 7.543E+07 7.449E+07
7.71556457E-06 9001.6 3.835E-02 1.480E+10 3.126E-01 4.729E+01 0.000E+00 0.000E+00 5.539E+07 6.601E+07
1.02340409E-05 9022.8 5.085E-02 1.958E+10 3.154E-01 5.048E+01 0.000E+00 0.000E+00 3.748E+07 5.827E+07
1.35602824E-05 9043.2 6.735E-02 2.587E+10 3.187E-01 5.428E+01 0.000E+00 0.000E+00 2.476E+07 5.128E+07
1.79456474E-05 9065.8 8.908E-02 3.412E+10 3.227E-01 5.870E+01 0.000E+00 0.000E+00 1.652E+07 4.498E+07
2.37151934E-05 9089.2 1.176E-01 4.494E+10 3.274E-01 6.393E+01 0.000E+00 0.000E+00 1.062E+07 3.935E+07
3.12866379E-05 9114.6 1.551E-01 5.907E+10 3.332E-01 7.008E+01 0.000E+00 0.000E+00 6.723E+06 3.435E+07
4.11935440E-05 9141.3 2.040E-01 7.747E+10 3 401E-01 7.744E+01 0.000E+00 0.000E+00 4.268E+06 2.993E+07
5.41133687E-05 9171.7 2.677E-01 1.013E+11 3.483E-01 8.601E+01 0.000E+00 0.000E+00 2.978E+06 2.604E+07
7.09049144E-05 9210.9 3.503E-01 1.320E+11 3.579E-01 9.497E+01 0.000E+00 0.000E+00 2.265E+06 2.265E+07
9.26583987E-05 9264.1 4.572E-01 1.712E+11 3.690E-01 1.032E+02 0.000E+00 0.000E+00 1.669E+06 1.973E+07
1.20744944E-04 9328.4 5.949E-01 2.212E+11 3.818E-01 1.110E+02 0.000E+00 0.000E+00 1.171E+06 1.723E+07
1.56890847E-04 9409.1 7.720E-01 2.846E+11 3.961E-01 1.167E+02 0.000E+00 0.000E+00 7.819E+05 1.510E+07
2.03260007E-04 9498.7 9.989E-01 3.647E-+11 4.125E-01 1.211E+02 0.000E+00 0.000E+00 4.918E+05 1.327E+07
2.62570665E-04 9601.0 1.289E+00 4.655E+11 4.306E-01 1.224E+02 0.000E+00 0.000E+00 2.980E+05 1.171E+07
3.38174240E-04 9707.1 1.658E+00 5.924E+11 4.514E-01 1.236E+02 0.000E+00 0.000E+00 1.71 1E+05 1.036E+07
4.34152971E-04 9818.6 2.128E+00 7.513E+11 4.750E-01 1.247E+02 0.000E+00 0.000E+00 9.765E+04 9.188E+06
5.55507342E-04 9933.3 2.721E+00 9.495E+11 5.020E-01 1.258E+02 0.000E+00 0.000E+00 5.500E+04 8.169E+06
7.08325044E-04 10052.2 3. 467E+00 1.196E+12 5.326E-01 1.265E+02 0.000E+00 0.000E+00 3.054E+04 7.285E+06
8.99986800E-04 10172.5 4.404E+00 1.501E+12 5.675E-01 1.266E+02 0.000E+00 0.000E+00 1.606E+04 6.512E+06
1.13926632E-03 10289.0 5.572E+00 1.877E+12 6.076E-01 1.274E+02 0.000E+00 0.000E+00 7.922E+03 5.835E+06
1.43651633E-03 10401.1 7.024E+00 2.341E+12 6.538E-01 1.291E+02 0.000E+00 0.000E+00 3.652E+03 5.242E+06
1.80391320E-03 10507.6 8.817E+00 2.908E+12 7.071E-01 1.321E+02 0.000E+00 0.000E+00 1.479E+03 4.724E+06
2.25578502E-03 10609.3 1.102E+01 3.600E+12 7.684E-01 1.363E+02 0.000E+00 0.000E+00 4.233E+02 4.271E+06
2.80889508E-03 10705.8 1.372E+01 4.439E+12 8.391E-01 1.419E+02 0.000E+00 0.000E+00 0.000E+00 3.879E+06
3.48266942E-03 10798.0 1.700E+01 5.452E+12 9.206E-01 1.494E+02 0.000E+00 0.000E+00 0.000E+00 3.537E+06
4.29991982E-03 10887.8 2.097E+01 6.668E+12 1.014E+00 1.587E+02 0.000E+00 0.000E+00 0.000E+00 3.241E+06
5.28777367E-03 10976.8 2.575E+01 8.123E+12 1.120E+00 1.696E+02 0.000E+00 0.000E+00 0.000E+00 2.987E+06
6.47840011E-03 11065.6 3.151E+01 9.857E+12 1.241E+00 1.822E+02 0.000E+00 0.000E+00 0.000E+00 2.767E+06
7.91076740E-03 11157.1 3.842E+01 1.192E+13 1.376E+00 1.959E+02 0.000E+00 0.000E+00 0.000E+00 2.579E+06
9.63078470E-03 11248.8 4.669E+01 1.436E+13 1.530E+00 2.118E+02 0.000E+00 0.000E+00 0.000E+00 2.418E+06
1.16930382E-02 11342.7 5.657E+01 1.725E+13 1.702E+00 2.296E+02 0.000E+00 0.000E+00 0.000E+00 2.281E+06
1.41648503E-02 11440.4 6.837E+01 2.067E+13 1.894E+00 2.496E+02 0.000E+00 0.000E+00 0.000E+00 2.164E+06
1.71297513E-02 11545.1 8.245E+01 2.470E+13 2.104E+00 2.716E+02 0.000E+00 0.000E+00 0.000E+00 2.067E+06
2.06934020E-02 11660.4 9.930E+01 2.945E+13 2.330E+00 2.954E+02 0.000E+00 0.000E+00 0.000E+00 1.986E+06
2.49946485E-02 11793.0 1.195E+02 3.505E+13 2.568E+00 3.194E+02 0.000E+00 0.000E+00 0.000E+00 1.920E+06
3.02139127E-02 11945.0 1.440E+02 4.167E+13 2.815E+00 3.442E+02 0.000E+00 0.000E+00 0.000E+00 1.867E+06
3.65870188E-02 12122.9 1.736E+02 4.953E+13 3.062E+00 3.689E+02 0.000E+00 0.000E+00 0.000E+00 1.824E+06
4.44341437E-02 12333.5 2.100E+02 5.890E+13 3.302E+00 3.922E+02 0.000E+00 0.000E+00 0.000E+00 1.789E+06
5.41934469E-02 12583.7 2.549E+02 7.014E+13 3.522E+00 4.131E+02 0.000E+00 0.000E+00 0.000E+00 1.759E+06
6.64620403E-02 12882.7 3.112E+02 8.372E+13 3.716E+00 4.313E+02 0.000E+00 0.000E+00 0.000E+00 1.732E+06
8.20743402E-02 13238.2 3.826E+02 1.003E-+14 3.869E+00 4.443E+02 0.000E+00 0.000E+00 0.000E+00 1.704E+06
1.02199297E-01 13656.2 4.745E+02 1.208E+14 3.980E+00 4.524E+02 0.000E+00 0.000E+00 0.000E+00 1.679E+06
1.28454107E-01 14144.6 5.941E+02 1.465E+14 4.051E+00 4.558E+02 0.000E+00 0.000E+00 0.000E+00 1.660E+06
1.62843958E-01 14716.4 7.507E+02 1.788E+14 4.124E+00 4.604E+02 0.000E+00 6.483E-12 0.000E+00 1.658E+06
2.08111080E-01 15371.5 9.568E+02 2.197E+14 4.160E+00 4.597E+02 0.000E+00 1.297E-11 3.440E-01 1.681E+06
2.68000121E-01 16117.5 1.229E+03 2.712E+14 4.190E+00 4.583E+02 0.000E+00 6.483E-12 0.000E+00 1.735E+06
3.47325101E-01 16960.9 1.591E+03 3.357E+14 4.214E+00 4.568E+02 0.000E+00 0.000E+00 0.000E+00 1.818E+06
4.53139825E-01 17900.9 2.073E+03 4.164E+14 4.192E+00 4.508E+02 0.000E+00 0.000E+00 0.000E+00 1.920E+06
5.92738849E-01 18947.2 2.710E+03 5.156E+14 4.313E+00 4.530E+02 0.000E+00 0.000E+00 0.000E+00 2.021E+06
7.72108174E-01 20064.6 3.527E+03 6.346E+14 4.506E-+00 4.582E+02 0.000E+00 0.000E+00 0.000E+00 2.108E+06
1.00831435E+00 21288.5 4.604E+03 7.812E+14 4.424E+00 4.492E+02 0.000E+00 0.000E+00 0.000E+00 2.185E+06
1.32381193E+00 22626.9 6.043E+03 9.652E+14 4.492E+00 4.496E+02 0.000E+00 0.000E+00 0.000E+00 2.259E+06
1.74764511E+00 24104.6 7.979E+03 1.197E+15 4.359E+00 4.370E+02 0.000E+00 0.000E+00 0.000E+00 2.334E+06
2.32033520E+00 25718.9 1.060E+04 1.490E+15 4.400E+00 4.392E+02 0.000E+00 0.000E+00 0.000E+00 2.413E+06
3.06156421E+00 27479.8 1.398E+04 1.840E+15 4.607E+00 4.543E+02 0.000E+00 0.000E+00 0.000E+00 2.493E+06
3.99631959E+00 29383.9 1.823E+04 2.244E+15 4.909E+00 4.823E+02 0.000E+00 0.000E+00 0.000E+00 2.573E+06
5.16352285E+00 31462.4 2.350E+04 2.702E+15 5.254E+00 5.150E+02 0.000E+00 0.000E+00 0.000E+00 2.646E+06
6.60247129E+00 33708.3 2.994E+04 3.216E+15 5.739E+00 5.621E+02 0.000E+00 7.383E-01 0.000E+00 2.702E+06
8.35203455E+00 36156.9 3.767E+04 3.784E+15 6.313E+00 6.175E+02 0.000E+00 5.031E+01 7.272E+02 2.721E+06
1.04706569E+01 38787.3 4.691E+04 4.420E+15 6.946E+00 6.796E+02 0.000E+00 3.319E+02 2.684E+03 2.764E+06
1.30736654E+01 41675.9 5.813E+04 5.146E+15 7.406E+00 7.215E+02 0.000E+00 8 492E+02 4.293E+03 2.880E+06
1.64346189E+01 44761.2 7.260E+04 6.034E+15 7.478E+00 6.921E+02 0.000E+00 9.491E+02 4.763E+03 3.067E+06
PRADK 7.1236E+01
BEGIN ITERATION 15 COMPLETED
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Cizelge 4.5 89 Cet’in (12800K, log g=3.75, &=1) i¢in olusturulan model atmosferi

TEFF 12800. GRAVITY 3.75000 LTE
TITLE [0.0] VTURB=1 L/H=1.25 NOVER NEW ODF
OPACITY IFOP 11111111111110100000
CONVECTION ON  1.25 TURBULENCE OFF 0.00 0.00 0.00 0.00
ABUNDANCE SCALE  1.00000 ABUNDANCE CHANGE 1 0.92040 2 0.07834
ABUNDANCE CHANGE 3-10.94 4-10.64 5 -9.49 6 -3.52 7 -4.12 8 -3.21
ABUNDANCE CHANGE 9 -7.48 10 -3.96 11 -5.71 12 -4.46 13 -5.57 14 -4.49
ABUNDANCE CHANGE 15 -6.59 16 -4.71 17 -6.54 18 -5.64 19 -6.92 20 -5.68
ABUNDANCE CHANGE 21 -8.87 22 -7.0223 -8.04 24 -6.3725 -6.65 26 -4.54
ABUNDANCE CHANGE 27 -7.12 28 -5.7929 -7.83 30 -7.4431 -9.16 32 -8.63
ABUNDANCE CHANGE 33 -9.67 34 -8.63 35 -9.41 36 -8.73 37 -9.44 38 -9.07
ABUNDANCE CHANGE 39 -9.80 40 -9.44 41 -10.62 42 -10.12 43 -20.00 44 -10.20
ABUNDANCE CHANGE 45 -10.92 46 -10.35 47 -11.10 48 -10.27 49 -10.38 50 -10.04
ABUNDANCE CHANGE 51 -11.04 52 -9.80 53 -10.53 54 -9.87 55 -10.91 56 -9.91
ABUNDANCE CHANGE 57 -10.87 58 -10.46 59 -11.33 60 -10.54 61 -20.00 62 -11.03
ABUNDANCE CHANGE 63 -11.53 64 -10.92 65 -11.69 66 -10.90 67 -11.78 68 -11.11
ABUNDANCE CHANGE 69 -12.04 70 -10.96 71 -11.98 72 -11.16 73 -12.17 74 -10.93
ABUNDANCE CHANGE 75 -11.76 76 -10.59 77 -10.69 78 -10.24 79 -11.03 80 -10.91
ABUNDANCE CHANGE 81 -11.14 82 -10.09 83 -11.33 84 -20.00 85 -20.00 86 -20.00
ABUNDANCE CHANGE 87 -20.00 88 -20.00 89 -20.00 90 -11.95 91 -20.00 92 -12.54
ABUNDANCE CHANGE 93 -20.00 94 -20.00 95 -20.00 96 -20.00 97 -20.00 98 -20.00
ABUNDANCE CHANGE 99 -20.00
READ DECKG6 72 RHOX,T,P,XNE,ABROSS,ACCRAD,VTURB, FLXCNV,VCONV,VELSND
4.35074864E-07 7368.2 2.430E-03 1.145E+09 3.067E-01 3.424E+01 1.000E+05 0.000E+00 0.000E+00 1.795E+08
5.79813059E-07 7369.2 3.239E-03 1.525E+09 3.081E-01 3.928E+01 1.000E+05 0.000E+00 0.000E+00 1.500E+08
7.71857460E-07 7370.2 4.311E-03 2.029E+09 3.096E-01 4.468E+01 1.000E+05 0.000E+00 0.000E+00 1.248E+08
1.02663058E-06 7371.2 5.731E-03 2.696E+09 3.113E-01 5.128E+01 1.000E+05 0.000E+00 4.892E+07 1.034E+08
1.36440907E-06 7372.2 7.612E-03 3.578E+09 3.131E-01 5.935E+01 1.000E+05 0.000E+00 5.327E+07 8.507E+07
1.81199588E-06 7375.4 1.010E-02 4.742E+09 3.152E-01 6.885E+01 1.000E+05 0.000E+00 8.214E+07 6.972E+07
2.40501839E-06 7387.4 1.339E-02 6.271E+09 3.173E-01 7.631E+01 1.000E+05 0.000E+00 8.760E+07 5.728E+07
3.19036580E-06 7402.6 1.774E-02 8.284E+09 3.196E-01 8. 468E+01 1.000E+05 0.000E+00 7.731E+07 4.703E+07
4.22921539E-06 7424.6 2.349E-02 1.092E+10 3.224E-01 9.373E+01 1.000E+05 0.000E+00 6.683E+07 3.878E+07
5.60133849E-06 7450.6 3.107E-02 1.438E+10 3.258E-01 1.041E+02 1.000E+05 0.000E+00 5.764E+07 3.208E+07
7.41156084E-06 7488.0 4.106E-02 1.888E-+10 3.294E-01 1.100E+02 1.000E+05 0.000E+00 4.866E+07 2.683E+07
9.79604618E-06 7528.9 5.420E-02 2.475E+10 3.339E-01 1.167E+02 1.000E+05 0.000E+00 3.874E+07 2.253E+07
1.29286521E-05 7578.0 7.144E-02 3.236E+10 3.394E-01 1.242E+02 1.000E+05 0.000E+00 3.156E+07 1.910E+07
1.70340728E-05 7637.1 9.401E-02 4.221E+10 3.456E-01 1.265E+02 1.000E+05 0.000E+00 2.494E+07 1.636E+07
2.24049158E-05 7703.2 1.235E-01 5.493E+10 3.527E-01 1.238E+02 1.000E+05 0.000E+00 1.861E+07 1.413E+07
2.94121015E-05 7773.0 1.621E-01 7.136E+10 3.611E-01 1.215E+02 1.000E+05 0.000E+00 1.332E+07 1.225E+07
3.85189724E-05 7846.9 2.122E-01 9.247E+10 3.712E-01 1.209E+02 1.000E+05 0.000E+00 9.329E+06 1.068E+07
5.03032204E-05 7925.8 2.770E-01 1.194E+11 3.834E-01 1.221E+02 1.000E+05 0.000E+00 6.364E+06 9.361E+06
6.54888911E-05 8011.1 3.606E-01 1.537E+11 3.975E-01 1.222E+02 1.000E+05 0.000E+00 4.159E+06 8.267E+06
8.49817534E-05 8100.6 4.678E-01 1.972E+11 4.137E-01 1.211E+02 1.000E+05 0.000E+00 2.565E+06 7.340E+06
1.09919423E-04 8193.3 6.051E-01 2.521E+11 4318E-01 1.164E+02 1.000E+05 0.000E+00 1.483E+06 6.544E+06
1.41707369E-04 8285.1 7.802E-01 3.214E+11 4.528E-01 1.123E+02 1.000E+05 0.000E+00 5.776E+05 5.840E+06
1.82027115E-04 8376.2 1.002E+00 4.084E+11 4.772E-01 1.107E+02 1.000E+05 0.000E+00 3.164E+05 5.221E+06
2.32944703E-04 8468.0 1.283E+00 5.170E+11 5.048E-01 1.074E+02 1.000E+05 0.000E+00 1.724E+05 4.683E+06
2.96946840E-04 8557.6 1.636E+00 6.520E+11 5.370E-01 1.064E+02 1.000E+05 0.000E+00 9.259E+04 4.207E+06
3.76948110E-04 8647.0 2.078E+00 8.190E+11 5.744E-01 1.074E+02 1.000E+05 0.000E+00 5.054E+04 3.790E+06
4.76458558E-04 8737.1 2.626E+00 1.024E+12 6.170E-01 1.087E+02 1.000E+05 0.000E+00 2.761E+04 3.436E+06
5.99816594E-04 8828.5 3.307E+00 1.276E+12 6.646E-01 1.078E+02 1.000E+05 0.000E+00 1.448E+04 3.128E+06
7.52242677E-04 8917.9 4.148E+00 1.583E+12 7.187E-01 1.065E+02 1.000E+05 0.000E+00 6.889E+03 2.858E+06
9.39664363E-04 9003.1 5.182E+00 1.958E+12 7.816E-01 1.072E+02 1.000E+05 0.000E+00 2.908E+03 2.617E+06
1.16887926E-03 9085.4 6.446E+00 2.412E+12 8.543E-01 1.098E+02 1.000E+05 0.000E+00 9.824E+02 2.407E+06
1.44784280E-03 9165.5 7.983E+00 2.959E+12 9.381E-01 1.141E+02 1.000E+05 0.000E+00 8.249E+01 2.226E+06
1.78583118E-03  9244.5 9.844E+00 3.614E+12 1.034E+00 1.202E+02 1.000E+05 0.000E+00 0.000E+00 2.071E+06
2.19413405E-03  9325.4 1.209E+01 4.396E+12 1.143E+00 1.254E+02 1.000E+05 0.000E+00 0.000E+00 1.941E+06
2.68665442E-03  9405.5 1.480E+01 5.330E+12 1.265E+00 1.296E+02 1.000E+05 0.000E+00 0.000E+00 1.831E+06
3.27899758E-03 9481.4 1.805E+01 6.442E+12 1.405E+00 1.356E+02 1.000E+05 0.000E+00 0.000E+00 1.734E+06
3.98872486E-03 9555.1 2.194E+01 7.762E+12 1.566E+00 1.436E+02 1.000E+05 0.000E-+00 0.000E+00 1.652E+06
4.83654385E-03  9627.9 2.658E+01 9.321E+12 1.750E+00 1.534E+02 1.000E+05 0.000E+00 0.000E+00 1.584E+06
5.84688860E-03 9700.4 3.210E+01 1.116E+13 1.960E+00 1.652E+02 1.000E+05 0.000E+00 0.000E+00 1.526E+06
7.05002453E-03 9775.4 3.866E+01 1.332E+13 2.195E+00 1.773E+02 1.000E+05 0.000E-+00 0.000E+00 1.480E+06
8.48154642E-03 9850.5 4.645E+01 1.586E+13 2.462E+00 1.918E+02 1.000E+05 0.000E-+00 0.000E+00 1.442E+06
1.01827136E-02 9929.5 5.567E+01 1.884E+13 2.764E+00 2.088E+02 1.000E+05 0.000E+00 0.000E+00 1.412E+06
1.22046662E-02 10015.8 6.660E+01 2.232E+13 3.099E+00 2.277E+02 1.000E+05 0.000E+00 0.000E+00 1.389E+06
1.46138637E-02 10111.6 7.958E+01 2.642E+13 3.462E+00 2.466E+02 1.000E+05 0.000E+00 0.000E+00 1.374E+06
1.74930547E-02 10220.3 9.503E+01 3.122E+13 3.858E+00 2.672E+02 1.000E+05 0.000E+00 0.000E+00 1.365E+06
2.09468489E-02 10347.6 1.135E+02 3.688E+13 4.278E+00 2.876E+02 1.000E+05 0.000E+00 0.000E+00 1.363E+06
2.51109408E-02 10495.3 1.357E+02 4.355E+13 4.720E+00 3.084E+02 1.000E+05 0.000E+00 0.000E+00 1.368E+06
3.01593070E-02 10668.4 1.624E+02 5.144E+13 5.175E+00 3.294E+02 1.000E+05 0.000E+00 0.000E+00 1.379E+06
3.63240619E-02 10872.6 1.950E+02 6.079E+13 5.628E+00 3.498E+02 1.000E+05 0.000E+00 0.000E+00 1.398E+06
4.39216730E-02 11115.1 2.350E+02 7.193E+13 6.057E+00 3.686E+02 1.000E+05 0.000E+00 0.000E+00 1.425E+06
5.34132231E-02 11398.6 2.848E+02 8.533E+13 6.413E+00 3.813E+02 1.000E+05 0.000E+00 0.000E+00 1.459E+06
6.54781834E-02 11728.5 3.480E+02 1.017E+14 6.673E+00 3.875E+02 1.000E+05 0.000E+00 0.000E+00 1.499E+06
8.10591318E-02 12112.9 4.296E+02 1.219E+14 6.844E+00 3.899E+02 1.000E+05 0.000E+00 0.000E+00 1.542E+06
1.01462874E-01 12560.9 5.364E+02 1.472E+14 6.923E+00 3.890E+02 1.000E+05 0.000E+00 0.000E+00 1.582E+06
1.28586925E-01 13079.6 6.784E+02 1.792E+14 6.894E+00 3.828E+02 1.000E+05 0.000E+00 0.000E+00 1.612E+06
1.65171476E-01 13674.8 8.703E+02 2.205E+14 6.779E+00 3.731E+02 1.000E+05 0.000E+00 0.000E+00 1.624E+06
2.14910935E-01 14359.3 1.132E+03 2.742E+14 6.636E+00 3.622E+02 1.000E+05 0.000E+00 0.000E+00 1.625E+06
2.82367524E-01 15127.6 1.487E+03 3.441E+14 6.554E+00 3.548E+02 1.000E+05 1.267E-07 0.000E+00 1.636E+06
3.73546585E-01 15994.4 1.968E+03 4.344E+14 6.461E+00 3.454E+02 1.000E+05 2.534E-07 7.393E+00 1.675E+06
4.96114424E-01 16944.4 2.615E+03 5.498E+14 6.444E-+00 3.406E+02 1.000E+05 1.267E-07 1.759E-01 1.749E+06
6.60491448E-01 17998.3 3.484E+03 6.942E+14 6.388E+00 3.340E+02 1.000E+05 1.967E-12 0.000E+00 1.854E+06
8.78035998E-01 19138.4 4.634E+03 8.718E+14 6.542E+00 3.362E+02 1.000E+05 0.000E+00 0.000E+00 1.970E+06
1.16497660E+00 20388.6 6.152E+03 1.088E+15 6.530E+00 3.345E+02 1.000E+05 0.000E+00 0.000E+00 2.080E+06
1.54338811E+00 21745.2 8.152E+03 1.354E+15 6.688E+00 3.383E+02 1.000E+05 0.000E+00 0.000E+00 2.172E+06
2.04402751E+00 23230.1 1.080E+04 1.679E+15 6.621E+00 3.344E+02 1.000E+05 0.000E+00 0.000E+00 2.260E+06
2.72456988E+00 24845.9 1.440E+04 2,095E+15 6.450E+00 3.288E+02 1.000E+05 0.000E+00 0.000E+00 2.343E+06
3.62892809E+00 26607.0 1.919E+04 2.606E+15 6.670E+00 3.359E+02 1.000E+05 0.000E+00 0.000E+00 2.429E+06
4.78927834E+00 28507.3 2.531E+04 3.210E+15 6.967E+00 3.503E+02 1.000E+05 0.000E+00 0.000E+00 2.514E+06
6.25462606E+00 30574.4 3.302E+04 3.905E+15 7.440E+00 3.731E+02 1.000E+05 0.000E+00 0.000E+00 2.596E+06
8.06587675E+00 32797.0 4.250E+04 4.688E+15 8.091E+00 4.054E+02 1.000E+05 0.000E+00 0.000E+00 2.663E+06
1.02775935E+01 35216.2 5.400E+04 5.555E+15 8.864E+00 4.433E+02 1.000E+05 1.635E+02 0.000E+00 2.711E+06
1.29672685E+01 37811.0 6.793E+04 6.531E+15 9.734E+00 4.442E+02 1.000E+05 3.270E+02 3.646E+03 2.723E+06
PRADK 3.6394E+01
BEGIN ITERATION 15 COMPLETED
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Cizelge 4.6 29 And ve 89 Cet yildizlarinin element bolluklar1 ve Giines’teki degerlerle

karsilastirilmasi
Element 29 And (B5 V) ; 89 Cet (B71V) ; Giines'
n lOg N/NT [X] 20 | N lOg N/NT [X] 89 lOg N/H
Cl - - - 21-3.86+0.15 -0.37 -3.45
Cll 3] -3.85+0.05 |1-0.36[4]-3.76£0.18 -0.27 -3.45
CIII - - - 1 -3.51 -0.02 -3.45
NI - - - 81-4.16+0.13 -0.09 -4.03
NII - - - 71-3.54+0.11 +0.53 -4.03
(0] 71 -3.19+£0.20 |-0.02| 7 ]-3.00£0.11 +0.17 -3.13
Ne l - - - 21-3.72+0.15 +0.24 [[-3.92]
Mg I - - - 2 |-4.35+0.07 +0.11 -4.42
Mg 11 31 -492+0.13 1-046( 3 |-4.52+0.14 -0.06 -4.42
Al Il - - - 1 -5.69 -0.12 -5.53
Al 11 3] -533+0.17 |+0.24[ 2 ]-5.12+0.11 +0.45 -5.53
Si 11 41 -540+0.18 | -0.91 23] -4.47+0.20 +0.02 -4.45
Si I 31| -444+0.19 |+0.05| 2 | -4.14+£0.07 +0.35 -4.45
PII 3] -621+0.18 |+0.38] 3 ]-6.36+0.15 +0.23 -6.55
S1I 14] -5.23+0.17 |-0.52 [30] -4.72 £0.20 -0.01 -4.67
CllI 2| -438+0.14 |+2.16] 1 -6.49 +0.05 [[-6.50]
All 1 -4.54 +0.98] 2 | -4.88 £0.15 +0.64 |[[-5.48]
Call 1 -4.83 +0.85] 2 [ -5.83+0.17 -0.15 -5.64
Sc Il 1 -6.99 +1.88] 1 -9.35 -0.48 -8.83
Ti Il 4 1<-6.30+0.22|+0.72] 9 | -7.38 £ 0.12 -0.36 -6.98
Crll 3] -5.65+0.04 |+0.72(20] -6.54 +£0.19 -0.17 -6.33
Mn 11 2| -537+0.07 |+1.28] 4] -6.47+0.07 +0.18 -6.61
Fel - - - 51-4.51+0.07 +0.03 -4.50
Fe Il 20| -5.28+0.17 | -0.74 11| -4.59 + 0.20 -0.05 -4.50
Fe 111 - - - 41-451+0.11 +0.03 -4.50
Ni Il - - - |14]-5.64 +0.19 +0.15 -5.75
Sr 11 1 -8.47 +0.60] 1 -9.04 +0.03 -9.03
Y II 2] -644+0.01 |+3.36] 2| -7.58+0.22 +2.22 -9.76
Zr 11 6| -6.05+0.20 |+3.39( 2| -7.41 £0.34 +2.03 -9.40
Lall 3| -545+0.17 |+5.42| 4] -6.87+0.14 +4.00 -10.83
Cell 8| -532+0.21 [+5.14[ 6 | -6.40 £0.15 +4.06 -10.42
Pr 1l 31 -444+0.19 |+6.89]| 1 -6.02 +5.31 -11.29
Nd 11 31-520+0.11 |+5.34( 1 -6.34 +4.2 -10.50
Sm 11 31 -531+0.26 |+5.72] - - - -10.99
Gd 11 1 -6.45 +4.47] 1 -6.60 +4.34 |-10.88

! Grevesse vd. (1996)’den alinmustir. *[x] = log € (X)yiaiz - 10g € (X)Giines

97




4.5.1 Bolluk sonu¢larmin diger cahismalarla karsilastirilmasi

Kimyasal bolluk analizleri konusunda yapilan 6nceki ¢aligmalara bakildiginda 89 Cet
Heacox (1979), Adelman (1991), Fossati vd. (2009) ve 29 And Heacox (1979)
tarafindan incelenmistir. 89 Cet’in yiizey element bolluk degerlerinin karsilastirilmasi
Cizelge 4.7°de verilmektedir. Bu tez ¢alismasinda kullandigimiz tayflar, digerlerinden
daha yiiksek sinyal giiriiltii oranina ve ¢oziiniirliigline sahiptir. Yiiksek kaliteli tayf,
stirekliligin yerlestirilmesinde ve blend ¢izgilerin ayirt edilebilmesinde kolaylik

saglamigtir. Ayrica ¢aligmamizda daha giincel atomik veriler de kullanildu.

Cizelge 4.7 89 Cet’in bu calismada bulunan bolluk degerlerinin literatiirdekilerle

karsilastirilmasi
Bu calisma Bu calisma Heacox Adelman Fossati vd.
(2011) (2011) (1979) (1991) (2009)
T.=12800K | T.=12800K | T=13100K | T.=13150K | T.=12800 K | Cizclge 4.7
Element | log g=3.75 log g =3.75 logg=3.9 logg=3.85 | logg=3.75 89  (Cet’in
& =1 km/sn & =1 km/sn E=0km/sn | E=0km/sn | £=1Kkm/sn bu
3800 —10000A | 3800—10000A | 3100-4700A | 3300-7100A | 3700-7400A alismada
log (N/Ny) log (N/H) log (N/H) log (NH) | log (N/Ny) ¢ Y 51
C 3.67+0.16 | -3.63+0.16 34 3.77+0.07 | -3.58£0.07 uiunan
bolluk
NII -3.54+0.11 -3.50+0.11 - -3.88+0.15 | -3.74£0.07 | degerlerinin
o1 300011 | -2.96%0.10 i 330 | -3.06=0.14 hterat“rierll‘;
Ne I -3.72+0.15 | -3.68+0.15 - - -3.66 +0.09 | karsilastiril
masi
Mgl | -435+0.07 | -431£0.07 - -4.84 427 | (devam)
Mgl 1772771 Bu'calisma | Bu calisma Heacox | Adelman | Kossati vd.
AL El&69it (201565 (2011) (1979 (5991} 0.27 | (2009)
log (N/ Nv) og (N/ H) og (N/H) oe-(NMH)——1tpg (N/Ny)
ALTII B2+ 01— o 08+ DAt =, 21532 5 30+0-02— .
AFIT 488015 " -4.84+0.15 - : -3.24+0.19
Stll T P SR S 79017 RO R S e S -5.77
SiHl Tt Y7 1 348 F9Y T 931" <827 R -9.31
Pl ORGP 5 38201 P 734 0718 <69 | 41936529742 =0.08
SH S TR T B N T R 1 R C) =00 g SR 155 106 41 < 0.10
cn MRl | 6470807 | -6.43 +0.07 52 SO 650 £ 0.09
Fel 451+0.07 | -447+0.07 - - -4.53+0.22
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Fe Il -4.59 +0.20 -4.55+0.20 -3.8 -4.62+0.20 | -4.58+0.14
Fe 111 -4.51+0.11 -4.47+0.11 - -4.78 -4.52 +£0.10
Ni Il -5.64+0.19 | -5.60+0.19 <-6.1 -598+0.14 | -5.76 £0.19
Sr 11 -9.04 -9.00 -8.6 - -9.15
Y1 -7.58 £0.22 -7.54 £0.22 <-7.8 - -

Zr 11 -741+0.34 | -7.37+0.34 <-73 - -

Cell -6.40 £ 0.15 -6.36 £0.15 - - -

Nd II -6.34 -6.30 - - -

Gd I -6.60 -6.56 - - -

La Il -6.87 +£0.14 -6.83 +0.14 - - -

Prll -6.02 -5.98 - - -

89 Cet’in diger calismalardan farkli olarak, bu tez ¢alismasinda Ce II, Nd II, Gd II,
La II, Pr II cizgilerinden seryum, neodimyum, gadolinyum, lantan, praseodim
elementlerinin bolluk degerleri ilk kez hesaplanmaya calisildi. Heacox (1979) fotografik
tayflar kullanmistir. Adelman (1991) calismasindaki ¢ogu element icin elde edilen
sonuglar TUG verilerinden elde edilenlerle uyumlu veya daha boldur. Fossati vd.
(2009)’nin bolluk sonuglarina bakildiginda; C, O, Ne, Mg, Al, Si, P, S, Ca, Sc, Ti, Mn,
Fe elementleri icin hesaplanan bolluk degerleri RTT150 CET’inkilerle oldukca
uyumludur.

29 And yildizinin RTTI150 CET’den elde edilen bolluk degerleri
(1979)’unkilerle birlikte Cizelge 4.8’da verildi. O, Al, Cl, A, La, Ce, Pr, Nd, Sm, Gd

Heacox

elementlerinin bolluk degerleri bu tez ¢alismasinda ilk kez hesaplanmistir. Yildizin
Glines’e gore P, Sc, Ti, Sr, Y, Zr bakimindan zengin ve C, Mg, Si, Fe bakimindan fakir

oldugu sonucu her iki ¢alismanin ortak sonuglari arasindadir.

Cizelge 4.8 29 And’in bu calismada bulunan bolluk degerlerinin literatiirdekiler ile

karsilastirilmasi
Bu calisma Heacox Bu calisma Heacox
(2011) (1979) (2011) (1979)
T.=15130 K | Te=15000 K T.=15130 K | T.=15000 K
Elementler | log g = 3.70 log g =4.1 Elementler | logg= 3.70 | logg=4.1
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& =0 km/sn & =0 km/sn E=0km/sn | £=0km/sn
log (N/ H) log (N/ H) log (N/ H) log (N/ H)

cl -3.81+£ 0.05 -3.9 Crll -5.61 +0.04 <-6.8
(00 -3.15+0.20 - Mn II -5.33 £ 0.07 <-6.6
Mg II -4.88+0.13 -5.0 Fell -5.24+0.17 -4.7

Al 1T -5.29+0.17 - Ni II - <-6.0
Sill -536+0.18 -5.5 Sr 11 -8.43 <-8.0
Si 11T -4.40+0.19 - Y1I -6.40 + 0.01 <-6.9
PII -6.17+0.18 <-55 Zr 11 -6.01 +0.20 <-6.3
S1I -5.19+0.17 -4.8 Lall -5.41+0.17 -
cll -4.34+0.14 - Cell -5.28 +0.21 -

Ar 11 -4.50 - Pril -4.40+0.19 -
Call -4.79 -6.1 Nd II -5.16 £ 0.11 -
ScIl -6.95 <-7.5 Sm II -5.27+0.26 -

Ti II -6.26+0.22 <-6.3 GdII -6.41 -

Her iki yildiz i¢in karbon, azot ve oksijen bolluklari, Roby ve Lambert (1990)

tarafindan hesaplanmistir. Bu tez ¢alismasinda elde edilen CNO bolluk degerleri, Roby

ve Lambert’in degerleri ile birlikte Cizelge 4.9’da verilmektedir. Bolluklarin hata

siirlart igerisinde her iki yildiz i¢in saglandigi her iki c¢alismanin ortak sonucu:

“29 And i¢in C II ve O I gizgilerinden elde edilen karbon ve oksijen bolluklar1 Gilines’in

degerine gore daha biiyiik, 89 Cet icin karbon ve oksijen bolluk degerleri uyumlu iken

azot elementi daha bol miktardadir”.

Cizelge 4.9 RTTI150-CET CNO bolluklarinin Roby ve Lambert (1990) ile
karsilastirilmasi
29 And 89 Cet
Bu ¢alisma Roby&Lambert Bu ¢alisma Roby&Lambert
(2011) (1990) (2011) (1990)
T.=15130 K T, =15200 K T, =12800 K T.=13150 K
Element log g= 3.70 log g = 3.60 log g = 3.75 log g = 3.50
& =0 km/sn &=2 km/sn &=1km/sn £ =2 km/sn
log N/ H log N/ H log N/ H log N/ H
Cl - - -3.82+0.15 -4.17+£0.22
CIl -3.81 £ 0.005 -3.96 £0.15 -3.72 £0.18 -3.58£0.16
NI - -4.51 £0.16 -4.12+0.13 -428 +0.17
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|01 | -3.15+£020 | -338+0.04 [ -296+0.11 | -3.03£0.07 |
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5. TARTISMA VE SONUCLAR

Bu calisma Ankara Universitesi Fen Bilimleri Enstitiisii Astronomi ve Uzay Bilimleri
Anabilim Dali’nda gergeklestirilen, 29 And ve 89 Cet yildizlarinin goriiniir bolgede

tayfsal olarak incelendigi bir yiiksek lisans tez ¢alismasidir:

1- Calisilan yildizlarin normal B tiirii yildizlar olmalar1 nedeniyle, yildiz tiiriiniin
tayfsal karakteristikleri, 29 And ve 89 Cet yildizlarinin genel ozellikleri

arastirildi ve bazi yildiz parametreleri listelendi.

2- Uluslararas1 ortakli bir proje kapsaminda TUBITAK Ulusal Gdzlemevi’'nde
gozlenen 29 And ve 89 Cet’in tayf kalitesini (stireklilik ve c¢izgi profili)
yukseltmek icin, ayn1 gecede ve ardisik olarak alinmis ¢ok sayidaki gézlemsel
ham tayflar iizerinde birlestirme teknigi ile tayf indirgemeleri gergeklestirildi.
Birlestirilmis sonu¢ esel tayfin merkez & mavi & kirmizi bélgelerinden
belirlenen sinyal giiriiltii oranlar1 > 250 dir (250 — 1400 araliginda) ve tek tayf

tizerinde belirlenen degerlerden daha yiiksektir.

3- Bu c¢aligmada kullanilan esel tayfin en onemli avantaji, 29 And ve 89 Cet’i
elektromanyetik tayfin genis bir dalgaboyu arahiginda (M3720 — 9850 A)

inceleme imkan1 saglamis olmasidir.

4- RTT150-CET verilerinin tayf analizlerinde giivenilir/saglikli kullanilabilmesi
icin her iki yildizin tayf indirgemelerine zaman ve emek olarak agirlik verildi.
Bu durum indirgenmis tayflar {izerinden siirekliligin belirlenmesinde, baz1 blend
yapilarin ve zayif tayf cizgilerin ortaya ¢ikarilmasinda yarar saglamistir. Benzer
sekilde RTT150 Coude esel tayflarinin kimyasal bolluk analizlerinden elde

edilen bolluk sonuglar literatiirdeki degerlerle uyum icindedir.

102



5-

8-

RTT150 CET esel tayflarindan kesin olarak tanimlanabilen ¢izgiler;

29 And i¢in Paschen serisi ¢izgiler, Hy, Hg, H,, Hs, He , CI, CIL NI, O I, O I
Ne II, Mg I1, A 11, AL II, AL III, Si II, Si M0, P II, S II, C1 II, Ca I, Ca II, Sc 1I,
TILTiILVILCe L, Cr I, Mn [, Mn 1, Fe [, Fe II, Fe III, Ni I, Sr II, Y II, Zr I,
La II, Ce II, Pr II, Nd II, Sm II, Gd II iken, 89 Cet i¢in Paschen serisi ¢izgiler,
Hq, Hg, Hy, Hs, He [, CL, CII, CII, NI, N II, O I, Ne I, Mg I, Mg II, Al II,
AL SiLSiILSiILPIL STL CLIL ATL Cal, Call, Sc I, Ti I, VIO, Cr 1,
CrII, Mn I, Mn II, Fe I, Fe I, Fe III, Ni I, Ni II, Zn I, Sr II, Y II, Zr II, La II,
Ce II, PrII, Nd II, Sm II, Gd II, Er II dir. Analiz edilen tayflardaki en zayif ve en
kuvvetli cizgilerin esdeger genislikleri 29 And icin 2 mA & 409 mA ve
89 Cet igin 1 mA & 310 mA dur.

RTT150 CET’den 6l¢iilen ¢izgi siddetleri bir bagka gozlemevinin kaliteli verileri
ile karsilastirildi. Bu tiirden bir karsilastirma RTT150 CET Andor CCD’den
Olciilen esdeger genisliklerin Fossati vd.’den yaklasik % 10’dan daha kiigiik
oldugunu ortaya koydu. RTT150 i¢in benzer bir karsilastirma Adelman ve Yiice
(2010) tarafindan yapilmis ve SAO-RAS CCD igin %12 olarak belirlenmistir.

Her iki yildizin donme hizlari, Fe II ¢izgilerinden elde edildi: 89 Cet i¢in
20 + 0.5 km sn”' ve 29 And icin 14 + 0.5 km sn”' dir. 89 Cet i¢in bulunan bu
deger, Fekel (2002: 21 km sn™) ve Fossati vd. (2009: 20 km sn™) degerleri ile
uyumludur. Heacox (1979), 29 And’in dénme hizim1 yildizin fotografik
tayflarindan 35 km sn™ olarak belirlemistir.

29 And’1n etkin sicaklik ve yiizey ¢ekim ivmesine ait degerler, Stromgren uvbyf
fotometrisinden T.=15130 K, log g = 4.0 olarak bulundu. 89 Cet i¢in Fossati vd.
(2009) tarafindan yildizin gozlemsel ve kuramsal H, ve Hp profil
karsilagtirilmasindan ve Stromgren fotometrisinden kabul ettikleri atmosfer

parametresi ¢ifti kullanildi: T, = 12800 K, log g = 3.75 dex.

9- Mikrotiirbiilans hiz degeri, 29 And ve 89 Cet i¢in en fazla ¢izgiye sahip demir

elementinden elde edilen, sirasiyla, 0 km sn! ve 1 km sn™! dir.
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10- Bu atmosfer parametre degerleri i¢in (Te, log g, &), her iki yildizin model
atmosferi, ATLAS9 (Kurucz 1995) programinin Linux versiyonu (Sbordone vd.

2004) ile hesaplandi.

11- Her iki yildizin yilizey element bolluklar1 atmosfer parametreler, dlciilen ¢izgi
esdeger genislik degerleri, olusturulan model atmosfer ve giincel atomik veriler
kullanilarak WIDTHY (Kurucz 1995) programinin Linux versiyonu (Castelli
2005) ile hesaplandi.

1) 29 And’in kimyasal bolluk analiziyle ilk kez ayrintili olarak element bolluk
sonuclar1 elde edilmis oldu. Heacox (1979) 29 And’in fotografik verileri
kullanarak biiylime egrisi yontemiyle bolluk belirlemeleri gerceklesmisti. 89
Cet’in Fossati vd. (2009)’nin belirledigi element bolluklar1 disinda Y, Zr,
Ce, Nd, Gd, La, Pr icin bolluklar ilk kez bu tez caligmasinda hesaplandi.

i1) Giines’teki degerlerle karsilastirildiginda; 29 And karbon bakimindan
olduk¢a fakir ve oksijen bakimindan Gilines bollugunda olup, Roby ve
Lambert (1990) ile uyumludur. 89 Cet yildiz1 karbon bakimindan oldukca
fakir, azot bakimindan fakir olma ve oksijen bakimindan Giines’teki miktara
gore zengin olmaya egiliminde olup, Roby ve Lambert (1990) ile
uyumludur.

iii) 89 Cet yildizinin magnezyum, siilfiir, klor, kalsiyum, krom, mangan, demir,
nikel, stronsiyum bolluklar1 Giineg’in degerlerine yakin yani normal
bolluktadir. 29 And yildizi Giines’e goére asir1 bolluga sahip olma
egilimindedir.

iv) Her iki yildizin nadir toprak elementler bakimindan Giines’e gore asiri
bolluk gosterdikleri bulundu. Bu elementlere ait bolluklar Fossati vd.

(2009)’de yer almamaktadir.
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EK 1 29 And yildizinin ¢izgi tani listesi

Order 66
)“;'gi;"“ (El‘g]) Derinlik Genislik f )‘dﬁ(ziit;'mis Tani

4185.783 17.3  0.042 0.39 f 4185939 SII(P)4185.917(14)

4186.288 27.6  0.066 0.39 f 4186.444

4186.768 20.5  0.049 0.39 f  4186.924

4187.234 20.3  0.049 0.39 f 4187390 Cell (86)4187.32(530)

4188.432 7.3 0.018 0.39 f  4188.588

4189.032 11.8  0.028 0.39 f  4189.188 Cell (L)4189.183

4189.585 9.9 0.024 0.39 f 4189.741 O11(36)4189.79(450)

4201.602 44 0011 039 f 4201758 Fel(799)4201.73((1))

4201.863 5.5 0.013 0.39 f  4202.019 Fel(42)4202.0292(30)

4203.513 5.6 0.013 0.39 f  4203.670

4204.168 199  0.048 039 f 4204325 VII(25)4204.211(80)

4205.063 6.0 0.014 0.39 f 4205220 A 11 (111)4205.19(00n)

4206.355 7.9 0.019 0.39 f  4206.512 NI (74)4206.51(2)

4206.898 9.8 0.023 0.39 f  4207.055 Cell (L)4207.028

4207.390 9.2 0.022 0.39 f  4207.547 NI1I(74)4207.50(3)

4211.107 6.3 0.015 0.39 f 4211264 NdAII(57)4211.29(470)

4211.640 7.8 0.019 0.39 f  4211.797 Fell (21)4211.80 (p),
Zr 11 (15)4211.88(12)

4212.166 5.6 0.013 0.39 f  4212.323

4214.787 4.6 0.011 0.39 f 4214944  Gd]II(32)4215.023(600)

4215378 33 0.008 039 f 4215535  Srll(1)4215.524 (300r),
Mn II (I4215.54(1H)

4216.831 7.2 0.017 0.39 f  4216.988

4220.285 7.6 0.018 0.39 f  4220.442  Fe II1I(-)4220.32(5)
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EK 1 29 And yildizinin ¢izgi tani1 listesi devami

)“;'g";e“ (]121\27) Derinlik Genislik f )‘dﬁ(zl‘i&“;'mis Tani

4220982 6.4 0.015 0.39 f 4221.139

4224849 2.6 0.006 0.39 f 4225.006 Cl111(83)4224.92(15)

4225.668 3.0 0.007 0.39 f 4225.825 Fe I (118)4225.79(p)

4226299 35 0008 039  f 4226456  Fel(352)4226.4240(3)

4228236 3.3 0.008 0.39 f 4228.393 C1(17)4228.326(5)

4228.695 3.2 0.008 0.39 f 4228.852

4230.854 144 0.034 0.40 f 4231.012 S 11 (67)4230.952(17)

4233.072 168 0040 040  f 4233230  Fell (27)4233.167(11)

4233.688 22.3 0.053 0.40 f 4233.846

4235288 9.3 0.022 0.40 f 4235446 Cl1I(71,83)4235.49(25,25)

4236.260 24.6 0.058 0.40 f 4236418 N II(21.02)4236.356(-),
Ce Il (L)4236.354

4236.844 23.0 0.055 0.40 f 4237.002 N II (48)4236.91(8)

4237.607 22.6 0.054 0.40 f 4237.765 Sm II (8)4237.66(500),
Mn 11 (1)4237.866(20)

4239.039 6.6 0.016 0.40 f 4239.197 Mn II (I)4239.187(60)

4239.998 12.9 0.031 0.40 f 4240.156

4241.375 13.2 0.031 0.40 f 4241.533

Order 65

4219.763 31.7 0.076 0.39 f 42190916

4220.233 46.6 0.111 0.39 f 4220.386 Fe III (-)4220.32(5)

4220.702 36.4 0.087 0.39 f 4220.855

4222.185 24.1 0.058 0.39 f 4222.339
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}“;‘gi;e“ (Fn‘z) Derinlik Genislik f }‘dﬁ(zg“)“mi? Tani

4223310 17.6 0.042 039  f 4223.464
4223706 244 0.058 039  f 4223.860  CelI (L)4223.881
4224.151 22.9 0055 039  f 4224305  Fel(689)4224.1717(6n)
4224606 144 0034 039  f 4224760  (CrlI(162)4224.85(20))
4227201 69 0016 039  f 4227355  Till(33)4227.3336(11)
4229344 13.0 0.031 039  f 4229.498

4229.905 21.9 0.052 040  f 4230.059

4230.424 233 0.055 040  f 4230.578

4230.963 25.5 0.061 040  f 4231.117  SII(67)4230.952(17)
4231.520 26.1 0.062 040  f 4231.674  ZrlI(99)4231.640(8)
4232.027 21.6 0.051 040  f 4232.181

4232.859 22.7 0.054 040  f 4233.013  CrlI(180)4232.96(p)
4234523 43 0010 040  f 4234.677

4236413 64 0015 040  f 4236567  ZrlI(110)4236.56(5)
4236.835 5.5 0.013 040  f 4236989  NII(48)4236.91(8)
4237954 68 0.016 040  f 4238.108 P II(S)4238.074(0)
4239.585 7.7 0.018 040  f 4239739  TilI (L)4239.6646(32)
4241577 48 0011 040  f 4241731 NI (48,48)4241.784(10,1C
4243874 10.5 0.025 040  f 4244.028

4244471 139 0.033 040  f 4244625  Fell(12)4244.53(p)
4245124 162 0.038 040  f 4245278  Fel(352)4245.2572(6)
4245837 172 0.041 040  f 4245991  Mn I (I) 4245.94(5)

4246.398 17.4 0.041 0.40 f 4246.552 Crl1l (31)4246.41(2)
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)‘«iﬂgﬁlen

EW

;\vdiizeltilmis

(X) (mA) Derinlik Genislik f (X) Tam
4247.039 9.7  0.023 0.40 £ 4247.193 N 1T (48)4247.20(1)
4247.771 8.0  0.019 0.40 f 4247925 Mn II (1)4247.952(80)
4250.547 6.4 0.015 0.40 f  4250.702 Ti I (L)4250.6450(7),

Ce II (L)4250.692,

Ne 11(52)4250.68(4)
4251.441 9.1 0.021 0.40 f  4251.596 Fe 11 (12)4251.49(p)
4252305 8.4 0.020 0.40 f  4252.460
4252.880 9.4  0.022 0.40 f  4253.035 Mn 11 (7) 4252.964(150)
4253.353 8.8  0.021 0.40 f  4253.508
4257.035 7.7 0.018 0.40 £ 4257.190 Ce 11 (L)4257.119
4259.386 5.7 0.014 0.40 f  4259.541
4259.886 9.4  0.022 0.40 f  4260.041 Fe I (689)4259.988((2))
4260.331 9.8 0.023 0.40 f  4260.486 Mn II (T) 4260.465(40)
4260.976 6.8 0.016 0.40 f  4261.131 (Ce 11(19)4261.17(110))
4266.945 85.2 0.143 0.56 A 4267.100 C1I (6,6)4267.003(18,20)
4267.576 10.8 0.026 0.40 f  4267.731 S 11 (49)4267.759(21)
4268.823 15.0 0.035 0.40 f  4268.978 CrlI (192) 4268.93(1)
4269.420 22.6 0.053 0.40 f  4269.575 La 11(76)4269.50(300)
4269.874 16.3 0.038 0.40 f  4270.029 S 11(49)4269.724(18)
4270.343 12.1 0.029 0.40 f  4270.498
4271.675 5.8 0.014 0.40 f  4271.830 Fe 1(42)4271.7605(35)
4274.158 30.2 0.071 0.40 f 4274313
4274716 29.8 0.070 0.40 f 4274871 CrI(1)4274.803(800R)
4275.250 34.3 0.081 0.40 £\ 4275405 Cr11(31)4275.58(30),

Ce 11(206)4275.57(140)
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}“;‘gi;e“ (Em‘g]) Derinlik Genislik f ;‘dﬁ(ll‘ix"‘;lmis Tan

4275.807 24.5 0.058 0.40 f 4275.962 Mn II (I)4275.87(15)
4277.253 15.1 0.036 0.40 f 4277.409 Zr 11 (40)4277.37(4)
4277.777 23.6 0.055 0.40 f 4277.933

Order 64

4254.045 20.3 0.048 0.40 f 4254.209

4254.649 19.1 0.045 0.40 f 4254813 Ce Il (L)4254.728
4255.208 15.9 0.037 0.40 f 4255.372 Ce II (L)4255.358
4257.160 20.5 0.048 0.40 f 4257324

4258.797 4.5 0.011 0.40 f 4258.961

4260.239 26.7 0.063 0.40 f 4260.403 Mn II (I) 4260.465(40)

4260.687 32.5 0.077 040  f 4260.851  FeI(351)4260.7289(p),
V 11(18,24)4260.758(20d)

4261.070 36.2 0.085 0.40 f 4261.234 Ce 11 (19)4261.17(110)

4261.511 37.0 0.087 040  f 4261.675  Til(252)4261.609(5n)
4261.986 29.5 0.070 040  f 4262.150  CrlI(31)4261.92(20)

4262504 21.6 0.051 040  f 4262.668  SmII (37)4262.68(1300)
4265.075 12.5 0.030 040  f 4265239  Fel(693,694)4265.2361,.2681((2))
4265521 18.8 0.044 040  f 4265.685

4265937 224 0.053 040  f 4266.101  Mn I (23)4265.928(400)
4266382 22.6 0.053 040  f 4266.546

4266.817 56.8 0.134 040  f 4266981  Fel(273)4266.9645(3)

4267.117 46.7 0.110 040  f 4267281  CII(6,6)4267.003,.258(18,20)
4267.607 21.6 0.051 040  f 4267771  Fel(649)4268.7488(2)

4268.139 13.3 0.031 0.40 f 4268.303 (Fe III (120.13)4268.15(3 h))
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)“‘;‘gi;e“ (Fn‘z) Derinlik Genislik f )“dﬁ(zle&“)“mi? Tani
4269.541 3.0 0.007 0.40 f 4269.705 S 11(49)4269.724(18)
4274.657 6.9 0.016 0.40 f 4274.821 Cr1(1)4274.803(800R)
4275385 6.6 0.016 040  f 4275549  CrlI(31)4275.58 (30)
4282.458 49 0.012 0.40 f 4282.623 S 11(49)4282.595(18)
4284.106 42 0010 040  f 4284271  Crll(31)4284.21(20)
4285.509 6.6 0.015 0.40 f 4285.674 C1I(42)4285.704(3 h)
4288.658 5.6 0.013 0.40 f 4288.823 V 1I (17)4288.760(1 H)
4294196 17.1 0.040 040 4294361 S II(49)4294.398(22)
4300.000 6.8 0.016 0.40 f 4300.165 Ti 1l (41) 4300.0422(1270)
4300.989 6.9 0.016 0.40 f 4301.154 V 1I (225)4301.120(60)
4306.762 16.8 0.039 040  f 4306928  (CrlI (K)4306.95(10))
4307.213 20.8 0.049 0.40 f 4307.379 O 1II (53)4307.31(1n)
4307.728 20.6 0.048 0.40 f 4307.894 Ti1I (41)4307.8657(300)
4308.216 23.6 0.055 0.40 f 4308.382
4308.676 23.9 0.056 0.40 f 4308.842
4309.124 23.8 0.056 0.40 f 4309.290 A 11 (99)4309.25(3)
4309.626 20.1 0.047 0.40 f 4309.792 Ce 11 (126)4309.739(50)
4311.081 16.9 0.039 0.40 f 4311.247 Gd I1(15)4310.98(85),

Mn 11 (1)4311.23(15)
4312.930 18.7 0.044 0.40 f 4313.096 Ce 11 (L)4313.099,

C 11 (28)4313.100(6)
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Order 63
)“‘;'gi;"“ (El‘g]‘ Derinlik Genislik f }“dﬁ(zl‘i&“;‘mis Tani
4293.974 219 0.051 0.40 f 4294.118 Ti I (20)4294.0939(730)
4298.315 11.6 0.027 0.40 f 4298.460
4299.168 10.4 0.024 0.40 f 4299.313 Fe I1(152) 4299.2349(18)
4299873 7.6  0.018 0.40 f 4300.018 TiII (41) 4300.0422(1270)
4308.952 6.7 0.016 0.40 f 4309.097 Zr 11 (88)4308.94(4),
Fe 1 (849)4309.0307((2))
4312918 4.8 0.011 0.40 f 4313.063 Ce 11 (L)4313.099,
C 11 (28)4313.100(6)
4315478 3.5 0.008 0.40 f 4315.623 Ce 11 (L)4313.592
4318.400 10.8 0.025 0.40 f 4318.545 C II (28)4318.600(5),
Mn 1T (1)4318.52(60))
4319337 7.6 0018 040  f 4319482  Fel(214)4319.45(p)),
Fe 11 (D)4319.42(p)
4340.233 128.3 0.170 0.71 A 4340.379 H gammA 4340.468
4344424 9.3 0.021 041 f 4344.570
4349.198 11.1 0.026 0.41 f 4349.344
Order 62
4329.088 21.1 0.049 0.40 f 4329.249
4329.701 27.5 0.064 0.40 f 4329.862
4330.241 19.6 0.045 0.40 f 4330.402 Ce 11 (82)4330.441(30)
4331.471 204 0.047 0.40 f 4331.632 VII (36)4331.554(30)
4349.185 9.0 0.021 0.41 f 4349.347
4351577 97 0023 041  f 4351739  Fell (27) 4351.764(9)
4352293 3.6  0.008 0.41 f 4352.455 Fe III (4)4352.568(6)
4361938 3.9 0009 041  f 4362100  Nill(9)4362.10(1)
4365.848 42 0010 041  f 4366011  Fel (415)4365.8967((1))

126



EK 1 29 And yildizinin ¢izgi tani1 listesi devami

)“;'g";e“ (1121‘27) Derinlik Genislik f kdﬁ;g‘;‘mis Tani

4368.020 5.9 0.014 0.41 f 4368.183 Cr IT (KX)4368.107(p),
01(5,5)4368.1933,.2467(8,1
4375.792 7.1 0.016 0.41 f 4375955 Ce II (134)4375.92(530),
Fe 1(2)4375.9301(9)
4376.260 11.3 0.026 0.41 f 4376.423
4376.702 14.5 0.033 0.41 f 4376.865 Ce I (L)4376.868
4377.145 18.0 0.041 0.41 f 4377.308 Fe 1(990)4377.330((1))
4377.602 14.7 0.034 0.41 f 4377.765 Mn II (1)4377.74(50)
4378.053 9.1 0.021 0.41 f 4378.216 Sm II (53)4378.24(880)
4391.817 12.8 0.029 0.41 f 4391.980 Mn II (I)4391.955(5)
4392307 11.9 0.027 0.41 f 4392.470 Fe 1(973) 4392.58((1))
Order 61
4378284 149 0.034 0.41 f 4378.453 O 1I(102)4378.41(0)
4378.884 19.5 0.045 0.41 f 4379.053
4379.430 21.2 0.049 0.41 f 4379.600 N II (16)4379.59(-)
4379.897 16.2 0.037 0.41 f 4380.067 Ce II (155)4380.060((30))
4380.409 13.1 0.030 0.41 f 4380.579 Cr1(130)4380.552(10)
4384.497 16.9 0.039 0.41 f 4384.667 Mg II (10) 4384.654(8)
4385.197 17.7 0.041 0.41 f 4385.367 Fe I1 (27) 4385.381(7)
4385.524 16.8 0.039 0.41 f 4385.694 Nd II (50) 4385.663 (710),
Mn II (D4385.733(10)
4386.008 17.7 0.041 0.41 f 4386.178
4386.459 16.9 0.039 0.41 f 4386.629 Fe 11(26)4386.57(10),
Mn II (1)4386.567(5)
4386.888 16.4 0.038 0.41 f 4387.058 Ce I1(L)4387.059

4387.742  409.7 0.197 1.32 A 4387912 He 1 (51) 4387.928((3))
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)“;'g";e“ (1121‘27) Derinlik Genislik f )‘dﬁ(zl‘i&“;'mis Tam

4390.378 16.3 0.037 0.41 f 4390.548 Mg II (10) 4390.585(10)
4395.595 6.6 0.015 0.41 f 4395.765 Fe III (4)4395.759(9)
4414.682 12.2 0.028 0.41 f 4414.853 Mn I (22)4414.879(10)
4415921 12.7 0.029 0.41 f 4416.092

4416.601 24.7 0.056 0.41 f 4416.772 Fe II (27) 4416.817(7)
4417.115 20.6 0.047 0.41 f 4417.286 P II(S)4417.336(9)
4417.668 18.0 0.041 0.41 f 4417.839 Ti Il (40) 4417.7137(353)
4418.223 13.9 0.032 0.41 f 4418.394 TiII (51)4418.3313(37)
4419.400 10.9 0.025 0.41 f 4419.571 Fe I11 (4)4419.599(12)
4427772  14.3 0.033 0.41 f 4427.943 Mg I1 (9) 4427.995(7)
4432.079 19.0 0.043 0.41 f 4432.251

4432.675 17.4 0.039 0.41 f 4432.847 AlII (84)4432.82(0.5)
4433923 25.8 0.058 0.41 f 4434.095 Mg II (9)4433.991(8)
4434.538 26.0 0.059 0.41 f 4434.710

Order 60

4410.441 23.3 0.053 0.41 f 4410.615

4410978 312 0.071 0.4l £ 4411.152  TiII (115) 4411.0724(60),
Nd 11(8)4411.08(120)

4412.153  22.0 0.050 0.41 f 4412.327 Ti Il (L)4412.3304(23)
4413.772  13.7 0.031 0.41 f 4413.946

4414.380 13.1 0.030 0.41 f 4414.554 Zr 11 (79) 4414.54(5)
4414918 10.2 0.023 0.41 f 4415.092 FeI(41)4415.1225(30)

4416.718 27.1 0.062 0.41 f 4416.892 Fe 11 (27) 4416.817(7)
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)“;'g";e“ (]121\27) Derinlik Genislik f )‘dﬁ(zz“;‘mis Tani

4417.394 20.5 0.047 0.41 f 4417.568

4418.012 22.7 0.052 0.41 f 4418.186

4418.618 222 0.051 0.41 f 4418.792 Ce 11 (2)4418.78(980)
4419.400 233 0.053 0.41 f 4419.574 Fe III (4)4419.599(12)
4420.880 3.2 0.007 0.41 f 4421.054 Sm 11(37)4421.14(960)
4421900 7.7 0.018 0.41 f  4422.074 Ti11(93) 4421.9384(32)
4425.526 10.2 0.023 0.41 f 4425.700

4426.060 14.5 0.033 0.41 f 4426.234 Gd 11(14)4426.15(55)
4426.665 12.6 0.029 0.41 f 4426.839

4427.289 12.6 0.029 0.41 f 4427.463

4427.812 12.7 0.029 0.41 f 4427.986 Mg 11 (9) 4427.995(7)
4430.760 5.8 0.013 0.41 f 4430.935 Fe I1I (4)4430.95(7)
4432.402 4.1  0.009 0.41 f 4432.577 Fe 1(797)4432.5678((3))
4433.769 9.7  0.022 0.41 f 4433.944 Mg 11 (9)4433.991(8)
4437.382 63.2 0.079 0.51 A 4437.557 He I (50)4437.549((1))
4442.690 6.2 0.014 0.41 f 4442.865 Zr 11 (88) 4442.99(25)
4457.999 10.1 0.023 0.42 f 4458.175 Fe 1(992)4458.0802((3))
4458.551 11.3 0.025 0.42 f 4458.727

4459.057 103 0.023 0.42 f 4459.233 Fe I(68)4459.1176(10)
Order 59

4449.119 27.1 0.061 0.42 f 4449.287

4451455 13.3 0.030 0.42 f 4451.623 (Fe 11 (J) 4451.545(4))

4452213  20.4 0.046 0.42 f 4452.381 P II (S)4452.474(10)
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)Viilg:iilen

EW

) (&) Derinlik Genislik f }‘dﬁ(zzt;'m“ Tan
4452.737 16.6  0.037 0.42 f 4452.905
4455.043 9.7 0.022 0.42 f 4455211 Fell (J)4455.258(3)
4456.294 12.2  0.028 0.42 f 4456.462 NdII (50) 4456.394(300)
4456.730 16.7 0.038 0.42 f 4456.898
4457.190 15.7  0.036 0.42 f 4457.358
4457.743 124  0.028 0.42 f 4457911
4459.948 6.1 0.014 0.42 f 4460.117
4460.621 7.3 0.017 0.42 f 4460.790
4461.194 8.1 0.018 0.42 f 4461363 Zrll(67)4461.22(10),
SiIII (12.03)4461.27(0)
4461.879 6.2 0.014 0.42 f 4462.048 Cell (L)4462.032
4463.251 134 0.030 0.42 f 4463.420
4464194 44 0010 042  f 4464363 V II(199)4464.310(50)
4467.300 7.7 0.017 0.42 f 4467.469
4467827 114 0.026 042  f 4467.996 Fe Il (D)4467.97(p)
4468324 133 0.030 042  f 4468493 Till (31)4468.4924(1540)
4468.819 8.7 0.019 0.42 f 4468.988
4471319 3395 0216 083 A 4471488 Hel(14,14)4471.472,.688((6,1))
4472.756 5.4 0.012 0.42 f 4472925 Fell (37)4472.921 (2)
4479.712 6.6 0.015 0.42 f 4479.881 AlIII (8)4479.891, .968(3,4)
4481.002 143.0 0.249 0.54 A 4481.171 Mg II (4,4)
4481 170 2770100 100
4483.229 6.4 0.014 0.42 f 4483.398 (Gd 11(62)4483.33(220)
4484.341 3.9 0.009 0.42 f 4484.510
4491.191 3.2 0.007 0.42 f 4491361 Fell (37)4491.401 (5)
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)\t('ilq:iilen

EW

) (&) Derinlik Genislik f ;‘dﬁ(ll‘ix"‘;lmis Tanm
4498.842 6.5 0.015 042  f 4499.012 Mn(22)4498.897(7)
4499.848 10.8 0024 042 f 4500.018
4500427 117 0026 042 f 4500.597 Mn II (1)4500.55(10)
4500.993 8.1 0.018 042 f 4501.163 Till (31)4501.2699(1170)
4501.565 42 0009 042 f 4501.735
4512360 188  0.042 042 £ 4512531 AlTI (3)4512.535((8))
4513.141 12.6  0.028 042 f 4513312
4514909 9.6  0.021 042 £ 4515.080 P II(S)4515.004(0)
4516539 150  0.033 042 f 4516710
4517.154 17.1 0038 042 f 4517.325 VII(211)4517.352(10)
4518.657 168  0.037 042 f 4518828 NII(54.01)4518.780(-)
Order 58
4495935 167 0037 042 f 4496101 Fel(825)4495.9531((1))
4496428 159 0036 042 f 4496.594
4497.026 92  0.021 042 f 4497.192
4498781 14.6  0.033 042 f 4498947 Mn 1 (22)4498.897(7)
4499450 157  0.035 042 f 4499.616 Ce Il (L)4499.507
4499991 161  0.036 042  f 4500.157
4500485 107 0024 042 f 4500.651 Mn II (1)4500.55(10)
4515131 50 0011 042 f 4515298 FelI(37)4515.337(7)
4520002 40 0009 042 f 4520169 Fell (37)4520.225(7)
4522381 9.0 0020 042 f 4522.548 Fell (38)4522.634(9)
4524679 114 0025 042 f 4524.846 g;llllgg)))jgzzifgg(g)’
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)“;'g";e“ (]121\27) Derinlik Genislik f )‘dﬁ(zgt;‘mis Tani

4526.552 5.6 0.013 042  f 4526719 Fell (171)4526.58(Fe)

4528917 9.7 0.022 042  f 4529.084 AlIII (3)4529.176((10))
4541.406 7.7 0.017 042  f 4541.573 Fell (38)4541.523 (4)

4541989 100  0.022 042  f 4542.157

4542593 12.0  0.027 042  f 4542761 Fel(827)4542.6986((1))

4543.157 7.8 0.017 0.42 f 4543.325

Fe I1 (186)4549.214(4) ,
Fe 11 (38)4549.467(10)

4552.394 20.6 0.046 0.43 f  4552.562 Silll(2)4552.616(30)

4549.244 18.4 0.041 0.42 f 4549412

4555.714 19.9 0.044 0.43 f 4555.882 Fell (37)4555.890 (8)
4556.225 19.0 0.042 0.43 f 4556.393

4556.671 26.2 0.058 0.43 f 4556.839 VI (198)4556.743(20)
4557.180 34.9 0.077 0.43 f 4557.348

4557.738 29.1 0.064 0.43 f 4557.906

4559.746 14.6 0.032 0.43 f 4559914

4560.267 21.2 0.047 0.43 f 4560.435

4560.752 14.8 0.033 0.43 f 4560.920 Cell (1)4560.96(310)
Order 57

4540.421 10.3 0.023 0.42 f 4540.601

4541.185 13.9 0.031 0.42 f 4541365 NdII(58)4541.269(340)
4541.951 8.9 0.020 0.42 f 4542.132

4544220 10.5 0.023 0.42 f 4544.401

4549.262 12.0 0.027 0.42 f 4549.443 Fell (38)4549.467(10)

4552.361 81.1 0.068 0.76 A 4552542 Silll (2)4552.616(30)
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EW
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4553.253 53 0.012 0.43 f 4553.434

4553.691 7.4 0.016 0.43 f 4553.872

4554240 5.5 0.012 0.43 f 4554421

4555719 37 0.008 043 f 4555.900 Fe II (37) 4555.890(8)

4558.390 3.4 0.008 0.43 f 4558.571 Crll(44)4558.66(100)

4567.634 15.6 0.034 043 f 4567.816 Silll (2)4567.823(25)

4569.295 3.6 0.008 0.43 f 4569.477

4569.644 3.0 0.007 0.43 f 4569.826 Felll (82)4569.722(5)

4574517 18.6 0.021 0.43 f 4574.699 Silll (2)4574.759(30)

4583.601 20.6 0.045 0.43 f 4583.783 Fell (38)4583.829(11)

4584.289 9.8 0.021 0.43 f 4584471

4584.890 13.3 0.029 0.43 f 4585.072

4585410 16.7 0.037 0.43 f 4585.592

4585966 18.8 0.041 0.43 f 4586.148

4586.516 15.5 0.034 0.43 f 4586.698

4587.096 10.0 0022  0.43 f 4587.278 Fel(795)4587.132((2)),
P 11 (S)4587.371(4)

4587.719 10.5 0.023 0.43 f 4587.901 PII(15,35)4588.037(13)

4589.636 3.2 0.007 0.43 f 4589.818 P 11(24,36)4589.839(12)

4595878 72 0016  0.43 f 4596.061 Fe II (D)4596.02(p)

4596.808 4.3 0.010 0.43 f 4596.991 Gd11(44)4596.98(220),
Nd I11(51)4597.02(200)
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Order 56

)“;'gi;"“ (El‘g]‘ Derinlik Genislik f }“dﬁ(zg“;‘mis Tani
4575864 140 0031 043 f 4576.046

4580.843 72 0016 043 f 4581.025

4583.146 160 0035 043  f 4583.328 Till (39)4583.4087(10)
4583.616 29.5 0065 043 f 4583.798 Fe Il (38)4583.829(11)
4584.120 19.1 0042 043  f 4584302

4584.666 133 0029 043 f 4584.848 Fel (822)4584.824((2))
4586.949 45 0010 043 f 4587.131 Fel(795)4587.1276((2)
4589.850 114 0025 043  f 4590.032 Crll (44)4589.89(4)
4590540 10.1 0022 043  f 4590.722 Fe Il (52)4590.68(tr)
4591.109 84 0019 043  f 4591.291 Fe Il (17)4591.26(p)
4594498 33 0007 043 f 4594681 C III(6)4594.62(13)
4595219 62 0014 043 f 4595.402

4595852 111 0024 043 f 4596.035 Fe II(D)4596.02(p)
4596379 73 0016 043 f 4596.562

4596902 5.6 0012 043 f 4597.085 ggggﬁjﬁgggggggz
4598373 40 0009 043 f 4598.556 Fe Il (219)4598.528 (In)
4599.067 3.9 0009 043 f 4599.250

4601244 3.7 0008 043 f 4601.427 iﬂ?ﬁﬁiégﬁ)ﬁig?fi’)
4606923 3.1 0007 043 f 4607.106 N II(5)4607.157(10)
4609290 2.8 0006 043 f 4609.473

4613323 38 0008 043 f 4613.506 Ce Il (L)4613.528
4613.808 43 0009 043 f 4613.991 ZrlIl (67)4613.95(5)
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kﬁ(‘g‘;"“ (f:n‘g]) Derinlik Genislik f ;‘dﬁ;‘;gi)‘mis Tani
4621.127 4.8 0.010 0.43 f 4621.311 Si1I (7.05) 4621.418((100))
4621.461 5.8 0.013 0.43 f 4621.645 Si1I (7.05) 4621.721((150))
4628.888 104 0.023 0.43 f 4629.072 Fe I (219) 4628.821(0n)

4629304 11.7 0.025 0.43 f 4629.488 Fe I1 (37) 4629.336(7)
4629.813 11.9 0.026 0.43 f 4629.997 C II (49)4629.98(2 h)
4630.332 18.3 0.040 0.43 f 4630.516 N 11(5)4630.543(14)
4630.897 6.5 0.014 0.43 f 4631.081

4635.156 54  0.012 0.43 f 4635.340 Fe II (186) 4635.328(5)
4645.873 10.6  0.023 0.43 f 4646.058

Order 55

4620.219 11.4 0.025 0.43 f 4620.391

4622.833 7.0  0.015 0.43 f 4623.005

4624.633 16.8 0.036 0.43 f 4624.805 Er II (MCS)4624.78(30))
4625.180 12.2  0.026 0.43 f 4625.352 Ce II (L)4625.290
4625816 11.9 0.026 0.43 f 4625.988 Fe I1 (186) 4625.911(1)
4626.370 8.1  0.018 0.43 f  4626.542

4629.193 9.0  0.020 0.43 f 4629.365 Fe 11 (37)4629.336(7)
4629.715 4.2 0.009 0.43 f 4629.887

4634.063 49  0.011 0.43 f 4634.236

4637315 4.5 0.010 0.43 f 4637.488 Fe I (554)4637.5034(3)

4643.142 9.7  0.021 0.43 4643.315 P II (S)4643.239(0)

4650.789 5.6  0.012 0.43 4650.962
4655.644 4.2  0.009 0.43 4655.817 Ti1I (38) 4655.7771(5)

4657221  Till (59)4657.2005(33)

o=k ok -k

4657.048 124 0.027 0.43

135



EK 1 29 And yildizinin ¢izgi tani1 listesi devami

)\t('ilq:iilen

EW

) (mA) Derinlik Genislik f )‘dﬁ(zgt;‘mis Tan
4666.941 59 0.013 0.44 f 4667.115
4667.445 9.7 0.021 0.44 f 4667.619
4668.000 11.3 0.024 0.44 f 4668.174 Fel(554)4668.1344(6)
4668.620 13.9 0.030 0.44 f 4668.794
4669.185 14.2 0.031 0.44 f 4669.359
4669.764 10.0 0.022 0.44 f 4669.938 Silll (14)4669.89(1)
4670.332 8.4 0.018 0.44 f 4670.506 SclI (24)4670.404 (15)
4679.637 10.8 0.023 0.44 f 4679.811
4680.198 17.0 0.037 0.44 f 4680.372
4680.794 19.2 0.041 0.44 f 4680.968 Cell (L)4680.986
4681.352 17.1 0.037 0.44 f 4681.526
4683.682 7.5 0.016 0.44 f 4683.856 Silll (13)4683.797(7)
4684218 11.2 0.024 0.44 f 4684.392
4684.935 4.4 0.010 0.44 f 4685.109 Zrll (129)4685.19(4)
Order 54
4668.877 11.3 0.024 0.44 f 4669.051 Lall(76)4668.91(250)
4669.510 12.1 0.026 0.44 f 4669.684 Sm Il (26)4669.65(620)
4670.711 15.8 0.034 0.44 f 4670.885
4671.248 15.1 0.033 0.44 f 4671.422 Cell(L)4671.395
4675.866 7.8 0.017 0.44 f 4676.040
4682.149 32 0007 044  f 4682.323 Y II(12)4682.321(794)
4686.651 4.3 0.009 0.44 f 4686.825 Cell (L)4686.770
4687.721 8.2 0.018 0.44 f 4687.896
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;\viilg:iilen

EW

) (mA) Derinlik Genislik f )‘dﬁ(zl‘i&“;'mis Tam
4688.425 9.6 0.021 0.44 f 4688.600
4689.075 8.4 0.018 0.44 f 4689.250
4704014 3.0 0006 044 f 4704189 N II (68)4704.24(2)
4712961 1352 0.162 0.53 A 4713.136 Hel(12,12)4713.143,.373((3,1)
4716.069 11.5 0.025 0.44 f 4716.245 S11(9)4716.267(20)
4720902 7.7 0016 044 f 4721.078 Fel(107,409)4721.0006((1)))
4731.321 7.7 0.016 0.44 f 4731.497 Fell (43)4731.439(3)
4733.737 10.8 0.023 0.44 f 4733913
4734.427 13.7 0.029 0.44 f 4734.603 CII(48)4734.60(2 hp)
4735.055 19.2 0.041 0.44 f 4735.231
4735.758 16.6 0.035 0.44 f 4735.934
Order 53
4712.946 1443  0.158 0.86 A 4713.121 He I

(12.12)4713.143..373((3.1)))

4715962 12.5 0.027 0.44 f 4716.138
4721483 7.0 0015 044 f 4721.659 A II(85)4721.62(4)
4734.462 6.1 0.013 0.44 f 4734.638
4734921 5.7 0.012 0.44 f 4735.097
4735.540 6.2 0.013 0.44 f 4735.716
4739.388 3.7 0.008 0.44 f 4739.564 MgII (18)4739.59(5)
4765.617 8.8 0.018 0.44 f 4765.794
4766.208 11.2 0.024 0.45 f 4766.385
4766.804 15.0 0.032 0.45 f 4766.981
4767.387 16.3 0.034 0.45 f 4767.565
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)\t('ilq:iilen

EW

) (&) Derinlik Genislik f ;‘dﬁ(ll‘ix"‘;lmis Tam
4767941 152 0.032 0.45 f 4768.119
4768.452 11.7 0.025 0.45 f 4768.630
4769.613 5.9 0.013 0.45 f 4769.791 Cell (L)4769.782
4779.755 7.9 0.017 0.45 f 4779.933
Order 52
4759.634 8.8 0.019 0.44 f 4759811
4760.232 11.3 0.024 0.44 f 4760.409
4760.754 7.9 0.017 0.44 f 4760.931
4762.628 7.9 0.017 0.44 f 4762.805 Till(17)4762.7777(9)
4763.250 12.7 0.027 0.44 f 4763.427
4764.015 109 0.023 0.44 f 4764.192
4764.628 9.2 0.019 0.45 f 4764.805 Mnll(5)4764.73(100)
4767427 7.1 0.015 0.45 f 4767.605
4768231 49 0010 045 £ 4768.409 Fel(821)4768.3203((3n))
4769.684 3.2 0.007 0.45 f 4769.862 Cell (L)4769.782
4804.630 3.0 0.006 0.45 f 4804.809 FelII(J)4804.729(1)
4808.157 7.6 0.016 0.45 f 4808.336
4808.879 10.5 0.022 0.45 f 4809.058 Lall(37)4809.01(160)
4809.485 12.8 0.027 0.45 f 4809.664
4810.099 31.8 0.067 0.45 f 4810.278 NII(20)4810.306(4)
4810.619 12.6 0.026 0.45 f 4810.798 Fell (J)4810.734(2)
4811.266 8.9 0.019 0.45 f 4811.445 NdII(3)4811.34(240)
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Order 51

)“;'gi;"“ (f:n‘g]) Derinlik Genislik f }“dﬁ(zg“;‘mis Tam
4810.622 13.6  0.028 0.45 f 4810.834 Fell (J)4810.734(2)
4811.293 7.6 0.016 0.45 f 4811.505
4812.345 6.6 0.014 0.45 f 4812.557 Cell (L)4812.505
4815.339 26.7 0.056 0.45 f 4815.551 S1I(9)4815.549(22)
4815933 129  0.027 0.45 f 4816.145
4816.517 9.2 0.019 0.45 f 4816.729
4819.338 9.9 0.021 0.45 f 4819.551 SII(P)4819.575(15b)
4823.123 4.3 0.009 0.45 f 4823.336 Y II(22)4823.304(646),

(V11 (223)4823.365(30))

4823.856 8.9 0.019 0.45 f 4824.069 SII(P)4824.066(16)
4828.750 4.3 0.009 0.45 f 4828.963 Silll (9)4828.968(18)
4829938 3.8 0.008 0.45 f 4830.151 MnII (1)4830.08(10)
4846.145 4.1  0.009 045 f 4846359 Fe I1(25)4846.47(p)
4846.668 5.1 0.011 0.45 f 4846.882
4861.096 205.2 0.230 0.84 A 4861310 H beta 4861.332
4864.178 3.9 0.008 0.45 f 4864.392 Crll (30)4864.32(60)
4877.690 11.9  0.025 0.46 f 4877.905
4881.200 12.6  0.026 0.46 f 4881.415 Y II(12)4881.433(59)
4881.762 147  0.030 0.46 f 4881.977
Order 50
4861.095 202.5 0.215 0.89 A 4861.283 H beta 4861.332
4885.434 5.6 0.012 0.46 f 4885.622 SII(P)4885.648(17)
4913.208 4.2 0.009 0.46 f 4913.398 Fell (J)4913.295 (8w)
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)“;'g";e“ (Em‘g]) Derinlik Genislik f ;‘dﬁ(ll‘ix"‘;lmis Tani
4913.830 4.3 0.009 0.46 f 4914.020 N11(132)4913.9732(2446)
4916.945 10.6  0.022 0.46 f 4917.135 SII(P)4917.212(19)
4920.176 7.4 0.015 0.46 f 4920.366 Mn II (1)4920.48(5)
4921748 160.1 0.170  0.60 A 4921.938 He (48) 4921.929((4))
4923.745 253  0.052 0.46 f 4923.935 Fell (42)4923.925(30)
4925.147 13.6  0.028 0.46 f 4925337 S1I(7)4925.347(19)
Order 49
4911.957 6.8 0.014 0.46 f 4912.135
4920311 45  0.009 046 f 4920489 Mn II (1)4920.48(5)
4921.738 173.8 0.172 0.64 A 4921916 Hel (48)4921.929((4))
4922488 10.0  0.020 0.46 f 4922.666
4923.742 26.6  0.054 0.46 f 4923920 Fe11(42)4923.925(30)
4925.081 10.6  0.020 0.46 f 4925.259 Fel (1065)4925.2834((1)),

S 11 (7) 4925.347(19)
4942309 4.0 0.008 0.46 f 4942.488 SII(P)4942.466(16)
4964961 7.8 0.016 0.46 f 4965.141 A I (14)4965.12(7)
4982.258 8.6 0.017 0.47 f 4982.438 Fel(1067)4982.4999(6n)
4982.980 4.7 0.009 0.47 f 4983.160 Till (L)4983.1554(36)
Order 48
4991.720 10.9  0.022 0.47 f 4991.901 SII(7)4991.974(20)
4993.250 5.7 0.011 0.47 f 4993431 FeI1(J)4993.347(8)
4998.111 4.8 0.010 0.47 f  4998.292 (Nil(111)4998.2239(3564))
5001340 122 0.010 047 £ 5001521 Call (19) 5001.489((1))
5003.942 5.2 0.010 0.47 f 5004.124 Fell (J)5004.197(11)
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)“;'g";e“ (Em‘g]) Derinlik Genislik f }‘dﬁ(zzt;'m“ Tani
5004833 5.7 0011 047 £ 5005.015 Till (71) 5005.18(-)
5009.299 13.6  0.027 0.47 f 5009.481 SII(7)5009.564(21)
5013.821 21.2  0.042 0.47 f 5014.003 SII(15)5014.069(21)
5015.466 187.6 0.183 0.65 A 5015.648 Hel (4)5015.675(6)
5018.200 29.0 0.058 0.47 f 5018.382 Fell (42) 5018.450(25)
5026.763 8.3 0.017 0.47 f  5026.945
5032.200 194  0.039 0.47 f 5032383 S1I(7)5032.447(23)
Order 47
5013.829 9.7 0.020 047 f 5014024 STI(15)5014.069(21)
5015.406 1494 0.182  0.52 A 5015.601 He I (4)5015.675((6))
5018.205 29.7  0.060 0.47 f 5018.400 Fell(J)5018.450(25)
5026.758 7.3 0.015 0.47 f 5026.954
5032.240 21.7  0.043 0.47 f 5032.436 S11(7)5032.447(23)
5034.380 7.2 0.014 0.47 f 5034.576 PrlI(37)5034.41(270)
5035.486 7.7 0015 047 £ 5035.682 Fe Il (J) 5035.708(12)
5040.763 359 0.072 0.47 f 5040959 Sill(5)5041.026(1000)
5047.500 753  0.088 0.5 A 5047.697 Hel (47)5947.736((2))
5050.530 6.4 0.013 0.47 f 5050.727
5055748 454 0.090  0.47 £ 5055.945 Sill(5)5055.981(1000)
5056.163 17.8  0.035 047 £ 5056.360 Sill (5) 5056.314((30))
5068.843 4.5 0.009 0.47 f 5069.040 Till(113)5069.0921(9)
5079.181 5.3 0.011 0.47 f 5079.379 Fe 1(66)5079.2230(6)
5086.500 9.8 0.019 0.48 f 5086.698 PII(S)5086.693(2),

Fe 111 (5)5086.69(3)
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Order 46
)“;'gi;"“ (f:n‘g]) Derinlik Genislik f )“dﬁ;i&";'mif’ Tani

5068.503 122  0.024 0.47 f  5068.692

5073.567 84 0017 047 f 5073756  Fe III (5)5073.836(7)

5086.563 5.4 0.011 0.47 f 5086.752 PII(S)5086.693(2),
Fe III (5)5086.69(3)

5100.500 7.6 0.015 0.48 f 5100.690 Fell (J)5100.735(18 w)

5103.091 8.8 0.017 0.48 f 5103.281

5104281 7.4 0015 048 f 5104471 NII(34)5104.437(5)

5121706 53  0.010  0.48 £ 5121.897 CII(12)5121.82(5)

5122.723 5.2 0.010 0.48 f 5122914

5127.258 9.8 0.019 0.48 f 5127.449 Felll (5)5127.352(9)

5132.877 2.1 0.004 0.48 f 5133.068 CII(16)5132.94(12)

Order 45

5122.837 10.2  0.020 0.48 f 5123.033 PII(S)5123.067(1)

5125.835 5.4 0.011 0.48 f 5126.031 SII(P)5126.130(13)

5127.183 55 0011 048 f 5127379  Fe Il (5)5127.352(9)

5128.958 3.2 0.006 0.48 f 5129.154 Till(86)5129.1563(180)

5130.596 4.6 0.009 0.48 f 5130.792

5132.844 3.2 0.006 0.48 f 5133.040 CII(16)5132.94(12)

5142.086 5.9 0.011 0.48 f 5142.283

5143244 4.1 0008  0.48 f 5143441 CI1(16)5143.49(12)

5144.902 9.1 0.018 0.48 f 5145.099 CII(16)5145.16(15)
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)\t('ilq:iilen

EW

) (&) Derinlik Genislik f ;‘dﬁ(ll‘ix"‘;lmis Tan
5150.806 3.6 0.005 0.48 f 5151.003 CII(16)5151.09(13)
5155.963 8.2 0.016 0.48 f 5156.160 Felll (5)5156.117(12)
5160901 3.5  0.007 048 f 5161.099 Fell (35)5161.18(p)
5168.761 30.8 0.060 0.48 f 5168.959 Fell (42)5169.000(30)
5177235 63 0012 0.48 f 5177433 Fell (J)5177.392(6)
5179.215 5.7 0.011 0.48 f 5179.413
5185276 7.5 0015 048 f 5185474 Fell (J)5185.407(1)
Order 44
5181.392 7.8 0.015 0.48 f 5181.582
5185.287 4.8 0.009 0.48 f 5185.477 Fell (J)5185.407(1)
5197267 7.1 0.014 049 £ 5197.458 NI (66)5197.52(7),

Fe 11 (49) 5197.559 (15)
5200.618 10.3 0.020 0.49 f 5200.809 Fell (J)5200.807 (7)
5202.199 6.5 0.013 0.49 f 5202.390 Sill(23)5202.413(500 h)
5212381 114 0.022 0.49 f 5212.572
5215.013 6.5 0.013 0.49 f 5215.204
5215523 55 0011 049 f 5215714 Sill(31)5215.67(1 h)
5216.703 3.1 0.006 0.49 f 5216.894 Fell (J) 5216.850(18w)
5227.233 7.4 0.014 0.49 f 5227.425 Fell (J)5227.487(13)
5234093 95 0018 049 f 5234285 Fell (J)5234.287(5)
5245.213 4.7 0.009 0.49 f 5245.406
5245987 5.8 0.011 0.49 f 5246.180
5246.784 4.0 0.008 0.49 f 5246.977
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)\t('ilq:iilen

EW

)\tdiizeltilmis

(X) (mA) Derinlik Genislik f (X) Tam
Order 43
5243.124 44 0.008 0.49 f 5243332  Felll (113) 5243.306(18)
5251.088 4.0 0.008 0.49 f 5251296 Fell (J) 5251.234(13)
5253.220 6.2 0.012 0.49 f  5253.429 PI1(10)5253.471(16)
5260.006 8.4 0.016 0.49 f  5260.215 Fell(J)5260.261(18)
5264.093 8.8 0.017 0.49 f 5264302 Cal(22)5264.239(20)
5272.165 6.5 0.012 0.49 f 5272374  Felll (113)5272.370(9)
5272.740 6.2 0.012 0.49 f 5272949  Felll (120.07)5272.98(14)
5275.728 8.7 0.017 0.49 f 5275937 Fell (49)5275.999(18)
5283.871 2.3 0.004 0.49 f  5284.081 Fell(41)5284.098(11)
5286.549 4.1 0.008 0.49 f  5286.759  Fe Il (110)5286.74(tr)
5291316 7.3 0.014 0.49 f 5291526 Fell(J)5291.666 (15)
5291971 33 0.006 0.49 f 5292181 PII(S)5292.242(0)
5295.810 2.2 0.004 0.49 f  5296.020 P II(S)5296.073(14)
5298.609 2.7 0.005 0.49 f  5298.819 Fell (J)5298.844(8w bl I)
Order 42
5293.383 9.7 0.018 0.49 f  5293.580
5298.777 6.5 0.012 0.49 f 5298974 Fell (J)5298.844(8w bl I)
5308.304 4.0 0.008 0.49 f  5308.502 CrlI(43)5308.46(35)
5316.331 12.1 0.023 0.50 f  5316.529
5320.469 14.6 0.028 0.50 f  5320.667
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)\t('ilq:iilen

EW

)\tdiizeltilmis

(X) (mA) Derinlik Genislik f (X) Tam
5329.245 4.1 0.008 0.50 f 5329.443
5330.580 9.0 0.017 0.50 f 5330.778 O 1(12) 5330.7396(13),

Fe 111 (120.03)5330.73(8)

5331.245 5.1 0.010 0.50 f 5331.443
5339325 3.9 0.007 0.50 f 5339.524 Fe I1 (J) 5339.589(14)
5345.452 15.6  0.029 0.50 f 5345.651
5371.745 1.5 0.014 0.50 f 5371.945 Al Il (42)5371.84(6)
Order 41
5386.766 3.3 0.006 0.50 f 5386.967 Fe I1 (J) 5387.065(14)
5390.743 4.8 0.009 0.50 f 5390.944
5391.265 4.2 0.008 0.50 f 5391.466 Fe 1(1062)5391.4585((1))
5401.341 7.0 0.013 0.50 f 5401.542
5405.676 4.3 0.008 0.50 f 5405.877
5409.500 5.3 0.010 0.51 f 5409.701
5428.405 14.0  0.026 0.51 f 5428.607 S 11 (P)5428.667(23)
5432.588 24.8  0.046 0.51 f 5432.790 S 11 (P)5432.815(25)
Order 40
5419.346 6.9 0.013 0.51 f 5419.600
5428390 13.8  0.026 0.51 f 5428.644 S 11 (P)5428.667(23)
5432.508 23.8  0.044 0.51 f 5432.762 S 1T (P)5432.815(25)
5452.255 6.3 0.012 0.51 f 5452.510
5453.591 26.1 0.048 0.51 f 5453.846 S 1T (P)5453.828(27)
5466.208 6.3 0.012 0.51 f 5466.464 Si11(7.03)5466.432 (500H)
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)“;'g";e“ (]121\27) Derinlik Genislik f ;‘dﬁ(ll‘ix"‘;lmis Tani

Si 11 (7.03)5466.868(500 H)
Fe II (J)5466.916(11)

Fe I1 (J)5473.599(4),
S 11 (6) 5473.620(23)

5482.062 4.0 0.007 0.51 f 5482.319 Fell (J) 5482.310(16)

5466.705 11.3 0.021 0.51 f 5466.961

5473.347 14.6 0.027 0.51 f 5473.603

Order 39

5469.958 8.1 0.015 0.51 f 5470.149

5474.852 9.0 0.016 0.51 f 5475.044 SII(P)5475.011(11)
5477.964 6.8 0.012 0.51 f 5478.156 SI1I(P)5478.194(10)
5478.603 5.1 0.009 0.51 f 5478.795 Sill (30)5478.73(5 H)
5502.490 5.7 0.010 0.51 f 5502.683 Fell (J)5502.677(10)
5506.101 12.4 0.023 0.51 f 5506.294 Fell (J) 5506.196(18)
5511.209 3.8 0.007 0.51 f 5511.402 Mn I (I)5511.48(3)
5511.805 5.8 0.011 0.51 f 5511998 Cell (24)5512.08(260)
5526.548 5.2 0.010 0.52 f 5526.741 SclI (31) 5526.809(75)
Order 38

5561.916 9.5 0.017 0.52 f 5562.100 V II(247)5562.130(40)

5564.792 3.0 0.005 052 f 5564.976 SII(P)5564.976(21)

SilIl (7.21) 5575.973((5)),
Y 11 (S)5576.042(2)

5576.506 6.7 0.012 0.52 f 5576.691 Sill(9)5576.661(150 h)

5575.905 9.5 0.017 0.52 f 5576.090

Order 37
5606937 2.4 0.004 0.52 f 5607.128 Fe Il (24)5607.12(p)
5634.375 17.0 0.030 0.53 f 5634.567 VII (1)5634.520(20)

5638.764 6.2 0.011 0.53 f 5638.957
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)\«'ilq:iilen

EW

) (&) Derinlik Genislik f ;‘dﬁ(lz“;lmis Tan
5639.450 8.0 0.014 0.53 f 5639.643 Fell (J) 5639.690(4)
5641.061 19.2 0.034 0.53 f 5641.254
5654.013 11.7 0.021 0.53 f 5654206 Cell (L)5654.219
5658.733 6.9 0.012 0.53 f 5658.926 Fel(686)5658.8164(10)
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Order 69
)“;'gi;"“ (f:n‘g]) Derinlik Genislik f Tam
4101.658 H delta 4101.737
4106.485 3.6 0.009 20 £ Fel(697)4106.4229((1))
4120.799 61.2 0.112 0.35 He 1(16)4120.8110, .8240,.9910,
4121.896 9.2 0.022 20 f Fel(356)4121.8026(5),
Cr1(108)4121.815(45)
4122.615 109.8 0.095 0.30 Fe II (28) 4122.638(4)
4124701 178 0.043 20 f  Fell (22)4124.793 (1),
Ce II (MCS)4124.79(510)
4125249 124 0.030 20 f
4127999 113.7 0.273 0.39 SilI(3) 4128.067(300H)
4130.084 164 0.040 20 f
4130.839 99.8 0.258 18.8 SilI (3) 4130.893 (500H)
Order 68
4111.285 27.1 0.066 20 f Cell MCS)4111.39(250)
4111758 312 0076 20 £ (Fe IT (188)4111.902(1))
4114862 9.4 0.023 20 f  Fel(695)4114.9376((1w))
4115.275 11.8 0.029 20 f Cell(22)4115.37(420)
4116.692 114 0.028 20 f
4117.112 9.9 0.024 20 f Cell(35)4117.01(250)
4118.097 16.9 0.041 20 f Cell(11)4118.144(770)
4120.830 79.1 0.125 0.40 He 1(16) 4120.8240,
Ce Il (112)4120.830(450)
4122.230 10.8 0.026 20 f
4122.632 36.9 0.090 20 f Fell (28)4122.638(4)
4123.091 20.9 0.051 20 f NII(16.01)4123.13(-)
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k‘;‘g‘;"“ (f:n‘g]) Derinlik  Genislik f Tam
4123.551 12.7  0.031 20 f Cell(22)4123.49(520)
4125530 146 0025 20 f Fel(1103)4125.6175((1))
4126.096 22.2  0.038 20 f Fel(695)4126.1827(3n)
4126.672 6.5 0.011 20 f
4127995 1184 0.270 0.41 SilI (3) 4128.067(300H)
4128.684 259 0.044 0.55 f Fell (27)4128.735(3)
4129.348 185 0032  0.55 £ Fel(695)4129.4611(p)
4130.033 154 0.026 0.55 f
4130.816 141.3 0.307 0.43 SilI (3) 4130.893(500H)
4132733 97 0017 20 f (Fel(357)4132.8992(8))
4133.178 13.8  0.024 20 f
4133.605 24.7 0.042 20 f NII(65)4133.672(5)
4134.143 316 0054 20 f  (Fe 1(698)4133.869((2)))
4134.680 31.0 0.053 20 f Fel(357)4134.6776(12)
4135.221 19.5 0.033 20 f
4135900 10.8 0.018 20 £ (Crll(163)4135.77(p)),

(Fe 1(1073)4135.77((1))
4136469 123 0021 20 f Fel(694)4136.5213((1))
4138443 77 0019 20 £ Fe 11 (39) 4138.40(p)
4138970 8.1 0.020 20 f
4139.655 8.8 0.021 20 f
4140.827 4.8 0.012 20 f
4142283 12.2  0.030 20 f SII(44)4142.256(21)
4142.836 129 0031 20 £V II(228)4142.913(3)

149



EK 2 89 Cet yildizinin ¢izgi tani listesi devami

)\t('ilq:iilen EW

(X) (mA) Derinlik Genislik f Tani
4143.335 21.4 0.052 20 f Fel(523)4143.4146(15)
4143.794 33.0 0.080 20 f Hel(53)4143.759((2))
4144221 21.5 0.052 20 f
4144871 74 0.018 20 f SI1I(44)4145.067(22)
4145.865 10.1 0.024 20 f Crll(162)4145.77(25)
4146.352 12.0 0.029 20 f Crll(KX)4146.388(p)
4146.851 163 0.039 20 f SII(P)4146.910(17)
4147.336 147 0.036 20 f Fel(693)4147.3420(p)
4147.838 13.2 0.032 20 f CI1(3)4147.976(1)
4148.294 13.8 0.033 20 f
4148.817 13.4 0.033 20 f Cell(28)4148.90(280)
4149.302 119 0.029 20 f Zrll(41)4149.22(75),

Fe 1(694)4149.3650(5n)
4149.792 9.6 0.023 20 f
4153.031 24.8 0.060 20 f SI1I(44)4153.064(23)
4153.553 8.2 0.020 20 f
Order 67
4170.871 5.5 0.013 20 TilI (L) 4170.8632(18)

4171338 9.5  0.023 20
4171.841 13.1 0.032 20 Ti 11 (105) 4171.9039(259)
4172347 108 0.026 20
4172.833 8.8  0.021 20 Fe 1(19)4172.749(4)

4173.368 41.7 0.100 20 Fe I1(27) 4173.450(8)

= = e+ e

4173.761 7.2 0.017 20
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)“;'g";e“ (]121\27) Derinlik  Genislik f Tam
4174169 11.1 0027 20 f STl (P)4174.26521)
4176.028 4.0 0.010 20 f NII43)4176.161(8)
4176.446 3.4 0008 20 £ Till (21)4173.5332(50),

Fe 1(695) 4176.5659(7n)
4177615 147 0035 20 f Fell (21)4177.70 (p)
4178.288 2.1 0.005 20 f
4178.787 39.0 0.094 20 f Fell (28)4178.855(8)
4182243 47 0011 20 f Fel(4762)4182.3826(4)
4182.699 3.1 0.007 20 f Fel(694)4182.790(2b,gn)
4186.052 4.5 0011 20 £ SII(P)4185.917(14)
4186.666 7.8 0.019 20 f Zr11(97)4186.70(12)
4187.080 8.1 0019 20 f Fel(152)4187.0390(20)
4187.715 8.4 0.020 20 f Nill4187.8490
4188.851 4.8 0012 20 £ Ti 1 (H)4188.984(10)
4189.649 4.5 0.011 20 f SII(P)4189.676(18)
4190.724 16.3 0.039 20 f Sill(7.26)4190.724(100h)
4191.230 8.6 0.021 20 f (Zr11(108)4191.50(6))
4198.040 7.9 0.019 20 f Sill(7.26)4198.133(50)
Order 66
4198.112 11.1 0.026 20 f Sill(7.26)4198.133(50)
4198.639 65 0016 20 f Fel(693)4198.6431(4n)
4199.070 4.6 0.011 20 f Fel(522)4199.0952(20)
4200748 7.5 0018 20 £ Si Il (7.06)4200.898((40))
4202.034 3.5 0.008 20 f Fel(42)4202.0292(30)

151



EK 2 89 Cet yildizinin ¢izgi tani listesi devami

)“;'g";e“ (]121\27) Derinlik  Genislik f Tam
4204.108 7.6 0.018 20 f Fel(355)4203.9848(10)
4208.804 1.6 0.003 20 f Zrl11(41)4208.99(30)
4211362 2.6 0006 20 £ Nd I (57)4211.29(470)
4212.169 3.0 0007 20 £ (CT(18.12)4212.342(4))
4215559 3.8 0.009 20 £ Srll (1) 4215.524(300r)
4220.382 4.1 0.010 20 f Fel(482)4220.3417(4)
4221.031 3.4 0.008 20 f
4228.806 5.1 0012 20 £ Fel(690)4228.7184(p)
4230919 113 0027 20 £ SII(P)4230.952(17)
4233.121 65.7 0.156 20 f Fell (27)4233.167(11)
4233.620 10.2 0.024 20 f Fel(152)4233.6028(18)
Order 65
4222.184 8.7 0.021 20 f Fel(152)4222.2131(12)
4223.590 10.7 0.025 20 f
4227235 9.8 0023 20 £ Till(33)4227.3336(11)
4231.798 6.2 0.015 20 f ZrIl(99)4231.64(8)
4232828 65 0016 20 £ Sill(7.01)4232.864((10))
4233.098 60.8 0.144 20 f Fell (27)4233.167(11)
4234432 6.6 0.016 20 f
4236.928 4.5 0.011 20 f NII(48)4236.91(8)
4238.111 5.2 0.012 20 f Fel(689,696)4238.0238(4)
4242353 11.9 0.028 20 f Crll(31)4242.36(30)
4244704 43 0010 20 £ Ni 11 (9)4244.80(1)
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x‘?g";e“ (ﬁl‘g]) Derinlik  Genislik f Tam
4246.764 2.3 0.006 20 f Scll(7)4246.829(100)
4249.820 3.3 0.008 20 f SI1I(P)4249.873(10)
4250.381 4.1 0.010 20 f Fell(J)4250.4370
4252618 22 0.005 20 £ Crll (31)4252.62(10)
4252965 2.0  0.005 20 £ Mn 11 (7) 4252.964(150)
4258.095 103 0.024 20 f Fell (28)4258.155(3)
4260337 48 0011 20 f Fel(152)4260.4744(25)
4261.861 7.0 0.017 20 f Crll(31)4261.92(30)
4263783 68 0016 20 f  Fe Il (J) 4263.895(1)
4267.005 39.2 0.092 20 f CII(6)4267.003(18)
4267246 272 0064 20 £ CII(6) 4267.258(20)
4269.624 81 0019 20 £ STI(P)4269.724(18)
4271.667 13.0 0.031 20 f Fel(42)4271.7605(35)
Order 64
4266993 319 0075 20 £ CI1(6)4267.003(18)
4267.194 247 0.058 20 f CII(6)4267.258(20)
4269707 6.4 0015 20 £ SII(P)4269.724(18)
4273.230 15.6 0.037 20 f Fell(27)4273.317(3)
4273.606 2.8 0.007 20 f
4274.651 5.3 0.012 20 f Crl(1)4274.803(800R)
4275439 6.3 0.015 20 f Crll(31)4275.58(30)
4278193 59 0014 20 f Fell (32) 4278.128((1))
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)“;'g";e“ (]121\27) Derinlik  Genislik f Tam
4282.548 8.5 0.020 20 f Mnll(I)4282.469(60),
S 11 (P)4282.595(18)
4284.131 6.7 0.016 20 f Crll(31)4284.21(20)
4286.165 58 0014 20 £ Fell (J)4286.311(1)
4288.544 3.1 0.007 20 f
4290206 53 0012 20 £ Ti Il (41) 4290.2149(499)
4290.754 2.8 0.007 20 f
4292307 4.6 0011 20 £ Mn II (I) 4292.237(200)
4293784 44 0010 20 £ (C I (41)4293.904(p))
4294296 159 0.037 20 £ STI(49) 4294.398(22)
4294777 3.0 0.007 20 f Scll(15)4294.767(8)
4296532 24.6 0058 20 f Fe I (28) 4296.567(6)
4300.000 11.1 0.026 20 £ Till(41) 4300.0422(1270)
4300.805 42 0010 20 f Fel(976)4300.828((1))
4302.611 4.7 0.011 20 f Cal(5)4302.527(60r)
4303.125 405 0094 20 f Fell (27) 4303.166(8)
4306.885 7.5 0017 20 £ CrlI(K)4306.95(10)
4307871 51 0012 20 £ Till(41) 4307.8657(300),
Fe 1(42)4307.9023(35)
Order 63
4294423 114 0.027 20 f S1I(49)4294.398(22)
4296.059 8.9 0.021 20 f Lall(53)4296.05(600),
Cell (172)4296.07(200),
Gd 1 (46)4296.076(1000)
4296.487 312 0073 20 f Fe I1 (28)4296.567(6)
4299983 7.0 0.014 20 f Till(41)4300.0422(1270)
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)“;'g";e“ (]121\27) Derinlik  Genislik f Tam
4301.701 7.4 0009 20 £ Till (41) 4301.9225(226)
4303.113 36.0 0.084 20 f Fell (27)4303.166(8)
4307.036 2.8 0060 20 £ Crll (K)4306.95(10)
4308903 3.4 0008 20 f Fel(849)4309.0307((2))
4312886 65 0015 20 £ Till(41) 4312.8600(270)
4314.237 10.7 0.025 20 f Fell (32)4314.289(4)
4314905 3.1 0007 20 £ Till (41)4314.9707(253)
4318.009 3.5  0.008 20 f  Fe I1 (220) 4318.216(0N)
4318.560 6.2 0.014 20 f Cal(5)4318.652(45),

S 11(49) 4318.645(18)
4319.555 6.0 0.014 20 f Crl1(96)4319.659(40)
4321.166 3.8 0.009 20 f
4322.671 3.7 0.009 20 f Lall(25)4322.51(440)
4323.845 3.8 0.009 20 f NI1(14.05)4323.964(5)
4325.506 8.6 0.020 20 f Zrl11(108)4325.64(3)
4326515 48 0011 20 £ Mn II (I) 4326.633(500)
4331912 24 0.006 20 f
4340.438 H gamma 4340.468
4351.718 47.4 0.109 20 f Fell (27)4351.764(9)
Order 62
4331.318 144 0.033 20 f
4334.176  15.2 0.035 20 f SmlI(27)4334.15(1300)
4340.376 H gamma 4340.468
4344486 5.3 0.012 20 f GdII(31)4344.46(2200)
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)“;'g";e“ (Em‘g]) Derinlik Genislik f Tam
4351.709 459  0.106 20 f Fell(27)4351.764(9)
4352.736 3.1 0.007 20 f Fel(71)4352.7341(9)
4354295 7.0 0016 20 £ Fell (213) 4354.358(2n)
4357497 115 0027 20 f  Fell (J)4357.574(4)
4361.187 6.6 0015 20 f  Fell (J) 4361.249(2)
4362.018 9.2 0.021 20 f  Nill(9)4362.10(1)
4368.192 11.7  0.027 20 f O01(5,54368.1933,.2467(8,11)
4369.355 7.5 0017 20 f Fell (28) 4369.404(2)
4371311 29  0.007 20 f  Fe I1(4)4371.339(4)
4376942 87  0.013 20 £ Sill(7.16)4376.957((5h))
4382.366 3.8 0.009 20 f
4384.609 314 0072 20 £ Mg I1(10) 4384.654(8)
4385.338 343 0.078 20 f Fell(27)4385.381(7)
4387.990 352  0.080 20 £ Hel(51)4387.928((3))
4389.724 9.1 0.021 20 f
4390.512 59.2  0.135 20 f Mgl (10)4390.585(10)
4393.241 9.2 0.021 20 f
Order 61
4376.862 113 0.026 20 £ Sill(7.16)4376.957((5h))
4377.111 9.8 0.023 20 f
4383.398 6.9 0.016 20 f Lall(76)4383.44(280)
4384565 34.1 0.078 20 £ Mg I (10) 4384.654(8)
4385315 32.0 0073 20 £ Fell (27) 4385.381(7)
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;\viilg:iilen EW

Derinlik Genislik Tam
(A (mA)

4387.934 217.0 0.140 0.99 L Hel(51)4387.928((3))
4390.516 48.6 0.111 20 f  Mgll(10)4390.585(10)
4394958 103  0.023 20 f  Till(19)4395.0311(2090)
4395.687 5.1 0.012 20 f Felll (4)4395.78(6)
4398.041 2.2 0.005 20 f Y II(5)4398.008(2048)
4399.751 3.1 0.007 20 f  Till(51)4399.7652 (242)
4402.041 5.5 0.013 20 f
4402.883 7.3 0.017 20 f  Fell (J)4402.875(2),

S II (P) 4402.841(13)
4404.765 5.4 0.012 20 f SII(P)4404.730(12),

Fe 1(41)4404.7504 (30)
4407.711 4.7 0.011 20 f Till(51)4407.6722(9),

Fe I (68) 4407.7092 (5)
4409.478 6.2 0.014 20 f Till(61)4409.5197(5)
4411.171 2.9 0.007 20 f  Till(115)4411.0724(60)
4411.837 2.0 0.004 20 f Till(61)4411.9291(7)
4413.512 1.9 0.004 20 f Fell(32)4413.600(0)
4416.769 43.6  0.099 20 f Fell(27)4416.817(7)
4417.265 114  0.026 20 f
4417.767 11.5 0.026 20 f Till(40)4417.7137(353)
4418.255 6.0 0.014 20 f Till(51)4418.3313(37)
4418.781 3.8 0.009 20 f Cell(2)4418.78(980)
4419.545 6.5 0.015 20 f  Felll (4)4419.599(10)
4420.812 1.6 0.004 20 f  PII(S)4420.711(16)
4424.057 3.6 0.008 20 f
4426.043 7.4 0.017 20 f  AIl(7)4426.01(15)
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)\t('ilq:iilen EW

(X) (mA) Derinlik Genislik f Tam
4427.945 26.0 0.059 20 f  Mgll(9)4427.995(7)
4432.552 54 0.012 20 f SII(P)4432.372(18)
4433936 37.0 0.084 20 f Mgl (9)4433.991(8),

Mn II (T) 4434.063(60)
Order 60
4415990 5.6 0.013 20 f
4416.725 385  0.087 20 f Fell (27)4416.817(7)
4419.577 7.6 0.017 20 f  Felll (4)4419.599(10)
4427952 199  0.045 20 f Mgl (9)4427.995(7)
4433941 28.8  0.065 20 f  Mgll(9)4433.991(8),
Mn 1II (1) 4434.063(60)
4436.527 6.1 0.014 20 f
4437.553 38.2  0.054 0.45 L HelI(50)4437.549((1))
4451488 129  0.029 20 f Fell (J)4451.545(4)
4455.189 9.7 0.022 20 f Fell (J)4455.258(3)
4461.579 9.5 0.021 20 f Fell(26)4461.43(-)
4463.544 9.8 0.022 20 f  SII(43)4463.579(20)
4464.349 5.2 0.012 20 f  Till(40)4464.4486(92)
4469.729 9.2 0.021 20 f
4471.512  306.9 0.307 0.64 L Hel(14,14)4471.472,.688((6,1))
4472.852 142  0.032 20 f Fell(37)4472.921(2)
Order 59
4481.170  310.6  0.537 0.54 G Mgll (4)4481.129, .327 (100,100)
4483431 5.8 0.013 20 f SII(P)4483.429(19)
4484247 3.8 0.009 20 f Fel(828)4484.2198(4)
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)\t('ilq:iilen EW

(X) (mA) Derinlik Genislik f Tani
4489.129 22.1 0.049 20 f Fell (37)4489.185(4)
4491.337 30.5 0.068 20 f Fell(37)4491.401(5)
4499.238 79  0.018 20 f PII(11)4499.231(12)
4499.722  11.3  0.025 20 f Fell (J)4499.709(0)
4500.372 9.1 0.020 20 f Till(18)4500.369(5)
4501.170 9.8 0.022 20 f Till(31)4501.2699(1170)
4508.238 44.6 0.099 20 f Fell (38)4508.283(8)
4510.690 5.8  0.013 20 f
4511.595 84  0.019 20 f
4515.269 39.3  0.087 20 f Fell (37)4515.337(7)
Order 58
4508.224 439 0.098 20 f Fell (38)4508.283(8)
4510.482 3.5  0.008 20 f
4511.133 2.5 0.006 20 f
4515.291 36.1 0.08 20 f Fell(37)4515.337(7)
4520.162 33.6 0.075 20 f Fell (37)4520.225(7)
4522.574 48.6 0.108 20 f FeII(38)4522.634(9)
4524.863 124 0.027 20 f S 1I(40)4524.947(21)
4526.540 5.7  0.013 20 f Fell(171)4526.58(Fe)
4529.167 6.5  0.014 20 f AL (3)4529.176((10))
4533.881 11.2  0.025 20 f Till(50)4533.9600(1690)
4534.166 129 0.028 20 f Fell (37)4534.166(2)
4534.032 19.8 0.044 20 f  Till(50)4533.9600(1605)
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)\t('ilq:iilen EW

(X) (mA) Derinlik Genislik f Tani
4541467 275 0.054 20 f Fell (38)4541.523(4)
4549.163 21.7 0.048 20 f Fell (186)4549.214(4)
4549423 519 0.114 20 f Fell (38)4549.467(10)
4549.550 15.0 0.033 20 f Till(82)4549.6216(2020)
4552.500 20.4 0.045 20 f Silll (2)4552.654(9)
4554953 123 0.027 20 f Crll(44)4555.01(30)
4555.847 483 0.106 20 f Fell (37)4555.890(8)
4558.566  28.1 0.062 20 f Crll(44)4558.66(100)
Order 57
4541424 245 0.054 20 f Fell (38)4541.523(4)
4549.125 255 0.056 20 f Fell (186)4549.214(4)
4549416 56.7 0.125 20 f Fell (38)4549.467(10)
4549.570 16.8 0.037 20 f  Till(82)4549.6216(2020)
4552487 104 0.032 20 f  Silll (2)4552.654(9)
4554.956 8.0 0.018 20 f Crll(44)4555.01(30)
4555.831 38.6 0.085 20 f Fell (37)4555.890(8)
4558.585 27.3 0.060 20 f  Crll(44)4558.66(100)
4563.721 2.8 0.006 20 f Till(50)4563.7576(1050)
4567.800 10.8 0.024 20 f Silll (2)4567.823(7)
4568.283 4.0 0.009 20 f Till (60)4568.3237(10)
4569.511 4.6 0.010 20 f
4571911 103 0.023 20 f Till(82)4571.9714(1700)
4576.270 21.2 0.046 20 f Fell(38)4576.331(4)
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4579.491 6.1 0.013 20 f Fell(3)4579.523(1)
4580.008 4.6 0.010 20 f Fell (26)4580.051(1)
4582761 14.1 0031 20 f Fell (37) 4582.836(3)
4583776 583 0127 20 f Fell (38)4583.829(11)
4588.234 233 0.051 20 f Crll(44) 4588.22(75)
4591.043 2.5 0005 20 £ Fe I1 (KX) 4591.004(p)
4592013 8.1 0018 20 £ Crll (44) 4592.07(25)
4595973 19.8 0043 20 £ Fe Il (D)4596.02(p)
4598409 6.7 0015 20 f Fell (219)4598.528(1n)
Order 56
4582749 243 0053 20 f Fell (37) 4582.836(3)
4583766 657 0.144 20 £ Fell (38)4583.829(11)
4588.111 25.1 0.055 20 f Crll(44) 4588.22(75)
4591.076 6.4 0014 20 £ Fe I1 (KX) 4591.004(p)
4592076 9.0  0.020 20 £ Crll (44) 4592.07(25)
4595947 167 0037 20 £ Fe Il (D)4596.02(p)
4598420 9.1  0.020 20 f Fell (219)4598.528(1n)
4601.359 4.5 0.010 20 f NII(5)4601.478(8)
4602.021 43 0009 20 £ PII(15)4602.071(14)
4607.073 39 0009 20 £ NII(5)4607.158(10)
4609.555 2.0 0.004 20 f AII(31)4609.60(15)
4613.278 2.2 0.005 20 f Fel(554)4613.2027(2n)
4613744 2.5 0005 20 £ NI (5)4613.868(6)
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4616.541 5.3 0.012 20 f Crll(44)4616.64(18)
4618.751 14.1 0.031 20 f Crll(44)4618.82(35)
4620454 122 0026 20 f Fe Il (38) 4620.513 (3)
4621419 157 0034 20 £ Sill(7.05)4621.418((150))
4621718 118 0026 20 £ Sill(7.05)4621.721((100))
4625.828 5.5 0.012 20 f Fell (186)4625.911(1)
4628758 62 0014 20 f Fell (219) 4628.821(0n)
4629.278 43,5 0.094 20 f Fell(37)4629.336(7)
4629.833 7.8 0017 20 f (Zn1(8)4629.814(12))
4630.412 11.9 0.026 20 f NII(5)4630.537(14)
4633749 41 0009 20 f Fel(410)4633.7558((1))
4634.082 88 0019 20 f Crll (44) 4634.11(25)
4635261 27.1 0059 20 f Fe Il (186) 4635.328 (5)
4638.000 6.3 0014 20 f  Fe Il (D) 4638.11(p)
4640.675 65 0014 20 £ (Fe II (J)4640.843(0))
4643.014 9.8 0.021 20 f NII(5)4643.086(8)
Order 55
4628.764 8.3 0.018 20 f Fell (219)4628.821(0n)
4629271 456 0099 20 £ Fell (37) 4629.336(7)
4629.840 62 0013 20 £ (Zn1(8)4629.814(12))
4630375 12.5 0027 20 £ NI (5)4630.537(14)
4634.013 13.0 0.028 20 f Crll(44) 4634.11(25)
4635267 29.5 0064 20 f Fe I1 (186) 4635.328(5)
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4637990 7.1 0015 20 f  Fe Il (D) 4638.11(p)
4640755 6.1 0013 20 £ (Fe II (J)4640.843(0))
4643.082 43 0009 20 £ N IL(5)4643.086(8)
4649.060 3.7 0.008 20 f Fell(25)4648.933(67)
4656.821 115 0.025 20 f Fe Il (43)4656.974(1)
4657.341 1.8 0.004 20 f Till(59)4657.2005(33)
4662.996 33.6 0072 20 £ ALTL(2) 4663.054(0)
4663.615 4.3 0.009 20 f Fell(44) 4663.700(0)
4665485 3.0 0006 20 £ Ni Il (KX) 4665.548(p)
4666.700 12.8 0.027 20 f Fell (37)4666.750(2)
4670.111 4.1 0009 20 £ Fell (25) 4670.175(0)
4672778 5.6 0012 20 f  Fel(40)4672.8305(p)
4673262 174 0037 20 f  Fel(820)4673.1636((4))
4673.815 10.5 0.023 20 f CII(5)4673.95(6)
4674526 10.9 0023 20 f  Fel(40)4674.65(p)
4674992 113 0.024 20 f NI (11)4674.909(5)
4675575 64 0014 20 £ Nil(115)4675.5929(286)
4679.092 2.9 0006 20 £ Ni Il (KX)4679.159(p))
4686.201 4.4 0.010 20 f  Nil(98)4686.2131(2592)
4687.043 4.6 0.010 20 f
Order 54
4673265 11.7 0025 20 f Fel(820)4673.1636((4))
4673919 2.1 0.005 20 £ CIII(5)4673.95(6)
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4679.169 3.9 0.008 20 f  Nill (KX)4679.159(p))
4680.844 2.8 0.006 20 f Crl(170)4680.864(35)
4690.719 2.2 0.005 20 f
4691.539 2.1 0.005 20 f Fel(409)4691.4117(6)
4697.203 2.1 0.004 20 f
4713.028 537  0.098 0.35 L Hel(12)4713.1390(3)
4713.209 36.7  0.072 0.32 L Hel(12)4713.1560(3)
4713.357 11.2  0.035 0.20 L Hel(12)4713.3760(1)
4716.219 103  0.022 20 f S (9)4716.267(20)
4719.712 5.5 0.012 20 f
4720.236 8.0 0.017 20 f Fell (54)4720.15(p)
4720.750 9.9 0.021 20 f
4721.262 7.7 0.016 20 f
4721.828 5.5 0.012 20 f
4729.003 2.5 0.005 20 f  Fel(n)4729.0192((1))
4729.515 34 0.007 20 f SII(P)4729.444(14)
4730.500 2.0 0.004 20 f Mnll(5)4730.38(40)
4731.396 17.0 0.036 20 f Fell(43)4731.439(3)
4732.137 6.0 0.013 20 f
4732.792 5.1 0.011 20 f
Order 53
4713.136  213.8 0.171 0.79 L Hel(12,12,12)4713.1390,.1560, .3760 (3,.
4716.219 4.6 0.010 20 f SI(9)4716.267(20)
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4731.383 154 0.033 20 f Fell (43)4731.439(3)
4739.186 3.2 0.007 20 f Mnl(21)4739.110(25)
4739.643 123 0026 20 £ Mg I (18)4739.59(5)
4740129 3.7 0008 20 £ Lall (8)4740.28(500)
4755672 42 0009 20 £ Mn II (1) 4755.733(200)
4764.679 3.3 0.007 20 f Mnll(5)4764.73(100)
4779.075 9.8 0.020 20 f
4779.887 10.8 0.023 20 f Till(92)4779.9790(109)
4780.449 7.4 0.016 20 f
4782300 8.4 0.018 20 f
Order 52
4761.856 10.7 0.023 20 f
4762.362 9.7 0.020 20 f C1(6,6)4762.314,.541(5,5)
4770.713 4.0 0.008 20 f C1(6)4770.032(5)
4775.180 3.1 0.007 20 f
4775.828 2.7 0.006 20 £ CI(6)4775.907(6)
4779.011 2.7 0.006 20 £ SII(P)4779.094(16)
4779.748 1.6 0.003 20 f  Till(92)4779.9790(109)
4784.671 2.4 0.004 20 f
4786.619 1.6 0.001 20 f Nil(98)4786.541(15),

Y 11 (22)4786.576(490)
4791.927 32 0.007 20 £ SII(P)4792.012(17)
4803.236 1.5 0.003 20 f NII(20)4803.289(10)
4804.840 1.4 0.003 20 £ Fe Il (J)4804.729(1)
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4809.980 1.3  0.003 20 £ CI1I(1)4810.06(225)
4812.409 4.5 0.009 20 f  Crll(30)4812.34(25)
4814.575 11.6  0.024 20 £ STI(9)4815.549(22)
4815.087 11.2  0.023 20 f
4815.533 28.6  0.060 20 f S11(9)4815.549(22)
4816.108 7.2 0.015 20 f
4824.068 17.6  0.037 20 f CrlII(30)4824.12(100)
Order 51
4812.403 117  0.024 20 £ CrlI(30)4812.34(25)
4815.479 20.6  0.043 20 f SI1(9)4815.549(22)
4819490 6.7 0014 20 £ ClII (1)4819.46(200)
4824.065 19.0 0.040 20 f Crll(30)4824.13(75)
4826.631 3.6 0.007 20 f Fell (J)4826.684(6)
4839.886 1.5 0.003 20 f  Fell(30)4839.998(1)
4848.199 9.6 0.020 20 f CrlII(30)4848.24(60)
4851.039 110 0017 20 £ Mgl (25) 4851.10(5)
4861.253 H beta 4861.332
Order 50
4861.222 H beta 4861.332
4876.364 7.0 0.014 20 f CrllI(30,30)4876.37,.41(40,20)
4883.191 5.2 0.011 20 f  Sill (24)4883.20(15h)
4885.653 4.8 0.010 20 f SII(P)4885.648(17)
4895509 32 0.006 20 f  SilI(7.04)4895.558(0h)
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4896.629 2.0  0.004 20 £ (NI (9)4896.63(1))
4898.928 3.1 0.006 20 £ Nill(??)4898.9448
4908.054 53 0011 20 f  Fell (J) 4908.146(5)
4913.257 13.8  0.028 20 f Fell (J)4913.295(8w)
4913857 2.6  0.005 20 £ Ni(132)4913.9732(2446)
4917.155 8.7 0.018 20 f S (P)4917.212(19),

Fe 1(1066)4917.2300((1))
4921.945 1502 0.172 056 L He I (48)4921.929 ((4))
4923.892 82.1 0.167 20 f  Fell (42)4923.925(30)
4925315 14.6  0.030 20 f SII(P)4925.347(19)
4928.506 4.6 0.009 20 f
Order 49
4913.268 8.3 0.017 20 f Fell (J)4913.295 (8w)
4917.155 92 0.019 20 £ STI(P)4917.212(19),

Fe I(1066)4917.2300((1))
4921.926  160.1 0.179 057 L He I (48)4921.929((4))
4923.879 815 0.166 20 £ Fe Il (42)4923.925(30)
4925298 107 0.022 20 £ STI(P)4925.347(19)
4931.967 2.2 0.005 20 f  (CI(13)4932.00(5))
4932.683 3.8 0.008 20 £ Nill(??)4932.6580
4948.034 55 0011 20 f  Fe Il (J) 4948.096(6)
4948716 7.7 0016 20 f  Fell (J) 4948.796(7)
4951.531 163  0.033 20 f Fell (J)4951.586(10)
4953951 4.3 0.009 20 f  Fell (168)4953.978(4)
4957469 2.0  0.004 20 £ Fel(318)4957.598(60)

167



EK 2 89 Cet yildizinin ¢izgi tani listesi devami

)“;'g";e“ (Em‘g]) Derinlik Genislik f Tam
4963.238 5.9 0.012 20 f
4963.854 7.6 0.015 20 f  NI1(37)4963.98(20.6)
4964.412 6.1 0.012 20 f
4968.808 3.7 0.007 20 f  O1(14)4968.7931(8)
4971.233 3.9 0.008 20 f
4974.156 1.4 0.003 20 f  Nill(??)4974.1300
4976996 9.7  0.020 20 f  Fell (J)4977.034(10)
4977.735 41 0.008 20 £ Fell J)4977.921(4)
Order 48
4962.817 8.7 0.018 20 f
4967.882 3.5  0.007 20 £ O1(14)4967.8821(7)
4968.749 6.2 0.013 20 f  O1(14)4968.7931(8)
4976.998 8.6  0.017 20 f Fell (J)4977.034(10)
4977939 1.9 0.004 20 f  Fell (J)4977.921(4)
4984.403 89 0018 20 f  Fell (J) 4984.493(10)
4990.456 124  0.025 20 f  Fell (J)4990.500(11)
4991335 34 0007 20 f  Fell (J) 4991.462(7 aff I)
4991.943 13.7 0.027 20 f SII(P)4991.974(20)
4993373 93 0019 20 f  Fell (J) 4993.347(8)
4999.102 55 0011 20 £ Fell (J)4999.156 (9w bl )
5001.262 3.9  0.008 20 £ Call(19)5001.489((1))
5001.885 344  0.069 20 f Fell (J)5001.915(18)
5003.407 1.6 0.003 20 f  Nill(??)5003.4141
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5004.126 21.3  0.043 20 f Fell (J)5004.197(11)
5005.063 2.2 0.004 20 f  NII(19,64)5005.149(14,14)
5006.762 7.7 0.015 20 f  Fe I1(J)5006.842(7)
5007.567 9.0  0.018 20 £ Fell (J) 5007.451(6)
5008.921 3.9 0.008 20 f  Fell (J) 5009.000(5 aff g)
5009.510 12.1 0.024 20 f  SII(7)5009.564(21)
5011.596 2.6 0.005 20 £ Fell (J)5011.046(1)
5013.990 148 0.030 20 £ STI(15)5014.069(21)
5015.615 1269 0.172 0.47 A Hel(4)5015.675
5018.384 83.6 0.167 20 f Fell (J)5018.450(25)
5019.345 45  0.009 20 £ Fell (168)5019.453(5)
5020.097 54 0011 20 £ Call (15)5019.979 (2))
5021.481 99 0.020 20 f  Nill(??)5021.4712
5022.423 8.5 0.017 20 f  Fell(J)5022.423(8)
5022788 7.5 0.017 20 £ Fell (J) 5022.794 (10)
5026.780 6.1 0.012 20 f  Fell (J)5026.800(7)
5027212 8.7 0017 20 £ SII(P)5027.221(20)
5030.589 21.2  0.042 20 f  Fell (J)5030.642(11)
5032469 24.0  0.048 20 £ STI(7)5032.447(23)
5034473 63 0013 20 £ PriI(37)5034.41(270)
5035.628 30.5 0.061 20 f Fell(J)5035.708(12)
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5009.538 9.2 0.018 20 f  SII(7)5009.564(21)
5013.955 12.0 0.024 20 £ STI(15)5014.069(21)
5015.040 10.5 0.021 20 f
5015574 762 0.152 20 £ (Fell(J)5015.749(10))
5015.966 16.7 0.033 20 f
5018376 822  0.164 20 £ Fell (J) 5018.450(25)
5019.318 1.9 0.004 20 f  Fell (168)5019.453(5)
5020.003 32 0006 20 £ Call(15)5019.979((2))
5021.378 6.6 0.013 20 f\ Nill(??)5021.4712
5021.595 4.6  0.009 20 £/ Fell (J)5021.593(10)
5022383 93 0019 20 £ Fell (J) 5022.423(8)
5022.783 104 0.021 20 f Fe Il (J) 5022.794(10)
5026.972 9.2 0.018 20 f  Fell (J)5026.800(7)
5028969 63 0013 20 £ Er Il (MCS)5028.91(120)
5030.567 17.4  0.035 20 £ Fell (J)5030.642(11)
5032.406 22.6  0.045 20 f  S1I(7)5032.447(23)
5032.666 7.7 0.015 20 f Fell (J)5032.708(10)
5035.626 288  0.057 20 £ Fell (J) 5035.708(12)
5040.440 7.9 0.016 20 f  Nill(??)5040.3452
5040.967 89.4  0.178 20 f  Sill(5)5041.026(1000)
5045.067 9.3 0.018 20 f Fell (J)5045.113(8)
5047301 11.1 0022 20 £ STI(15)5047.292(18)
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5047.658 26.2  0.052 20 f Fell (J) 5047.642(8)
5047.890 11.0  0.022 20 f
5052.935 2.7 0.005 20 f  Nill(??)5052.9971
5053.869 3.1 0.006 20 f
5055.946 129.8 0.239 0.51 A SilI(5)5055.981(1000)
5056.309 412  0.082 20 £ Sill(5)5056.314 ((30))
5058.295 5.6 0.011 20 f  Nill(??)5058.3760
5059.216 3.8 0.007 20 f  Nill(??)5059.2002
5060.104 7.0 0014 20 £ (Fe I (J) 5060.259(6))
5061.660 13.8  0.027 20 f Fell (J)5061.724 (9)
5066.339 5.5 0.011 20 f  Nill(??)5066.3281
5067.832 6.5  0.013 20 f  Fell (J) 5067.887(8)
5070.843 143  0.028 20 f Fell (J)5070.887(8)
5073.883 5.5 0.011 20 f Fell (J)5073.914(0)
5075.735 12.9  0.025 20 £ Fell (J) 5075.765(16)
5081.960 6.1 0012 20 f  Fell (J) 5081.897(4)
5082.256 7.3 0.014 20 f Fell (J)5082.231(9)
5089.094 94 0.019 20 f Fell (J)5089.220(9)
Order 46
5070.799 122 0.024 20 f  Fell (J) 5070.887(8)
5073.907 6.8 0.013 20 f Fell (J)5073.914(0)
5075.716  13.0  0.026 20 f Fell (J)5075.765(16)
5082.136 82  0.016 20 f  Fell (J) 5081.897(4)
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5086.443 8.2  0.016 20 f Fell (J)5086.307(7)
5087.247 84  0.017 20 f Fell (J)5087.261(9 w)
5089.163 8.4  0.016 20 f Fell (J)5089.220(9)
5093.543 16.4 0.032 20 f Fell (J)5093.569(9)
5094.452 2.4  0.005 20 f Nil(164)5094.4110(733)
5097.188 17.6  0.035 20 f Fell (J)5097.270(10)
5098.649 4.3  0.009 20 f Fel(66)5098.6981(8)
5100.697 45.5 0.089 20 f Fell (J)5100.735(18 w)
5103.284 5.5  0.011 20 f SII(P)5103.340(19)
5106.065 4.5  0.009 20 f Fell (J)5106.110(8)
5107.385 4.0  0.008 20 f Fel(16)5107.4474(6)
5109919 3.0  0.006 20 f
5112923 2.7  0.005 20 f Fell (J)5112.989(7)
5114937 2.8  0.005 20 f Fell (J)5115.062(6)
5116318 3.2 0.006 20 f
5116.951 74  0.014 20 f Fell(J)5117.033(9)
5119.243 2.6 0.005 20 f Fell (J)5119.342(4)
5120364 4.7  0.009 20 f Fell (J)5120.339(3)
5121.029 5.5  0.011 20 f Fell (J)5121.107(1)
5121.823 8.0  0.016 20 f CII(12)5121.82(5)
5123.188 7.0  0.014 20 f Fell (J)5123.187(7),

Y 11(21)5123.209(1351)
5127328 4.2 0.008 20 f Felll (5)5127.352(9)
5127.662 4.2 0.008 20 f Fell (J)5127.854(9)
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5130.075 3.1 0.006 20 f Fell(J)5130.011(1)
5132.606 4.5 0.009 20 f Fell (J)5132.657(4)
5134.148 8.5 0.017 20 f
Order 45
5122.683 7.2 0.014 20 f
5123.233 8.2 0.016 20 f Fell (J)5123.187(7),

Y I1(21)5123.209(1351)
5127.262 7.6 0.015 20 f Felll (5)5127.352(9)
5127.689 9.2 0.018 20 f Fell (J)5127.854(9)
5130.077 6.5 0.013 20 f Fell (J)5130.011(1)
5134.087 4.5 0.009 20 f
5136.194 3.0 0.006 20 f Fell (J)5136.240(1)
5139.257 4.4 0.009 20 f
5140.057 3.3 0.006 20 f
5142.329 5.7 0.011 20 f SII(1)5142.341(18)
5144.205 9.0 0.018 20 f Fell (J)5144.361(11)
5145732 7.9 0.015 20 f
5148.789 7.9 0.015 20 f
5149332 183 0.036 20 f Fell (J)5149.461(12)
5150.416 5.5 0.011 20 f Fell (J)5150.490(7)
5152.786 6.8 0.013 20 f Fell (J)5152.710(5)
5153.767 3.0 0.006 20 f NI(35)5153.76(1.3)
5154.429 35 0.007 20 f Fell (J)5154.428(2w)
5156.107 6.9 0.013 20 f Felll (5)5156.0(4)
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5157309 89 0017 20 £ Fell (J) 5157.280(8)
5157.961 4.9 0.010 20 f
5160.834 7.4 0014 20 f Fell (167) 5160.846(6)
5162.891 4.1 0.008 20 f NI1(32)5162.920(4)
5163.486 7.2 0.014 20 f
5165.706 5.0 0.010 20 f NI(32)5165.77(8.5)
5166.371 7.1 0.014 20 f
5167368 3.2 0.006 20 £ Mgl (2)5167.3216(40)
5168.959 875 0.170 20 £ NI (61.23)5168.99(1)
5170.042 28  0.005 20 £ (NII(70)5170.168(4))
5172679 97  0.019 20 £ Mgl (2)5172.6843(80)
5176.948 9.6  0.019 20 f Fell (J)5177.024(5)
5177.430 166 0.032 20 f Fell (J) 5177.392(6)
5178.323 5.2 0.010 20 f Fell (J)5178.371(3)
5179237 5.0 0010 20 £ NII(70)5179.35(7)
5180.277 5.0 0.010 20 f Fell (J)5180.314(8)
5183.568 155 0.030 20 £ Mgl (2)5183.6042(125)
5185.498 20.8 0.040 20 f Fell(J)5185.407(1)
5186.096 2.0  0.004 20 £ Till (86) 5185.9019(155)
5186.823 5.4 0.010 20 f Fell (J)5186.876(7)
5189.932 35 0007 20 f Fell (J)5190.013(3)
5192.555 6.2 0.012 20 f
5194183 3.9  0.008 20 f Fe I (5)5194.07(8)
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5197.501 47.1 0.091 20 f Fell (J)5197.559(15)
Order 44
5172.610 8.3  0.016 20 f Mgl (2)5172.6843(80)
5181.695 5.6  0.011 20 f
5183.509 16.6 0.032 20 f Mgl (2)5183.6042(125)
5185.493 183 0.035 20 f Fell (J)5185.407(1)
5186.724 3.1 0.006 20 f Fell (J)5186.876(7)
5192.658 6.9  0.013 20 f
5193.733 5.2  0.010 20 f
5194346 4.5  0.009 20 f Felll (5)5194.43(4)
5194923 6.2  0.012 20 f
5195919 7.6  0.015 20 f NI1(30)5195.992(4)
5197.504 439 0.085 20 f Fell (J)5197.559(15)
5199.027 10.8 0.021 20 f Fell (J)5199.123(10)
5200.813 12.0 0.023 20 f Fell (J)5200.807(7)
5201.327 83  0.016 20 f SII(P)5201.387(15)
5202.387 12.2  0.024 20 f Fel(66)5202.3360(8)
5203.000 2.5  0.005 20 f
5203.589 9.3  0.018 20 f Fell (J)5203.643(8)
5210.470 7.4  0.014 20 f
5212.576  11.0  0.021 20 f SII(P)5212.623(21)
5213923 113  0.022 20 f Fell (J)5213.994 (9w)
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5232716 10.6 0.020 20 f Sill(31)5232.76(0h),

Fe 11())5232.778(4)

5234193 87  0.017 20 £V II(55)5234.28(p)
5234523 422 0081 20 f Fell (J) 5234.619(16)
5237.238 7.8 0.015 20 f Crll(43)5237.35(100)
5237.893 12.6 0.024 20 f Fell (J)5237.950(9)
5239.567 3.9 0.007 20 f
5241117 39 0007 20 f  Fell (J) 5241.188(2)
5245140 7.0 0013 20 £ Fell (J) 5245.085(3)
5247.887 15.3  0.029 20 f Fell (J)5247.952(13)
5249309 3.5 0.007 20 £ Fell (J) 5249.336(3)
5251.187 208 0.040 20 f Fe Il (J) 5251.234(13)
5253.486 123 0024 20 £ (C I (4)5253.58(5)
5254.871 10.2 0.020 20 f Fell (J)5254.928(9)
5257.024 7.1 0013 20 £ Fell (J) 5257.112(7)
5260.189 39.8 0.076 20 £ Fell (J) 5260.261(18)
5260.755 32 0.006 20 £ (NI (15)5260.83(5))
5264.163 31.5 0.060 20 f Fell(J)5264.176(11)
5264.610 143 0.027 20 f
5264772 83 0016 20 £ Fell (J) 5264.805(12)
5269.931 33 0006 20 £ Fell (J) 5270.030(3)
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5272331 137 0.026 20 f Fell (J)5272.395(11)
5274.837 6.9 0.013 20 f Crll(43)5274.99(75)
5275257 2.9  0.005 20 £ O1(27)5275.121(4)
5275.937 467 0.089 20 £ Fell (J) 5275.999(18)
5284.040 17.6 0.033 20 f Fell (J) 5284.098(11)
5284.534 1.5 0.003 20 f
5286.647 3.3 0.006 20 £ (CII(56)5286.47(1h))
5291594 209 0.040 20 f Fell (J) 5291.666 (15)
5295980 1.7  0.003 20 £ PII(7)5296.09(8W)
5298.819 34 0.006 20 f 01(26)5298.8876(4)
5299.895 1.4  0.003 20 £ Fell (J)5299.980(2)
5302.241 3.2 0.006 20 f Fel(553)5302.307(10)
5306.128 27 0.005 20 f  Fell (J) 5306.180(11)
5308.386 5.2 0.010 20 f Fell (J)5308.359(3),

Cr 11(43)5308.46(35)
5310557 6.1 0.012 20 £ Silll(32)5310.390(1)
Order 42
5291570 205 0.039 20 f Fell (J) 5291.666(15)
5298.842 5.6 0.011 20 f 01(26)5298.8876(4)
5299.776 4.6 0.009 20 f
5302.409 45 0009 20 £ Mn 1L (1) 5302.44(100h)
5303.354 5.3 0.010 20 f Fell (J)5303.390(7)
5306.099 7.4 0.014 20 f Fell(J)5306.180(11)
5308329 5.1 0010 20 £ CrI1(43)5308.46(35)
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5310.453 4.0 0.008 20 f Silll(32)5310.390(1)
5313.152 3.2 0.006 20 f Fell (J)5313.111(3)
5313.640 4.0 0007 20 £ Crll (43) 5313.61(40)
5315.596 2.4 0.004 20 f Fell (225)5315.561(8)
5316.172  19.3  0.036 20 f Fell(J)5316.231(13)
5316.551 55.8 0.105 20 f Fell (J)5316.624(19)
5316.746 182  0.034 20 f Fell (J)5316.783(16)
5318015 6.9 0013 20 f  Fell (J) 5318.058 (10)
5320.683 11.4  0.021 20 f SII(38)5320.732(3)
5321.914 5.0 0.009 20 f Fell (J)5321.844(5),

Fe 1(112)5322.0408((2))
5325480 120 0.023 20 f Fell (J) 5325.559(12)
5329.050 8.1  0.015 20 £ OT1(12)5329.1012(11)
5329.641 12.0  0.023 20 f O1(12)5329.6855(12)
5330.689 18.1  0.034 20 f O1(12)5330.7396(13)
5334.824 25 0005 20 £ Crll (43) 5334.89(50)
5337.641 5.6 0011 20 f Fell (J)5337.727(8)
5339.532 20.1  0.038 20 f Fell (J)5339.589(14)
5340.222 44 0.008 20 f NII(69)5340.213(3)
5344.843 2.7 0.005 20 £ P I1(6)5344.73(7TW)
5345.644 156 0.029 20 f ST (P)5345.721(22)
5346.282 4.3 0.008 20 f
5346.984 6.7 0.012 20 f NI1(67)5346.96(2.3)
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5350.201 2.2 0.004 20 f
5353.069 2.1  0.004 20 £ (C I (13.01)5353.12(0p))
5355357 3.3 0.006 20 £ Fell (J) 5355.416(6)
5362.810 377 0.071 20 £ STI(P)5362.703(10)
5363.357 2.6 0.005 20 f
Order 41
5362.797 374 0070 20 £ SII(P)5362.703(10)
5370286 7.3 0.014 20 £ Fell (J) 5370.295(9 w)
5373.831 2.2 0.004 20 f
5375.840 8.2 0.015 20 f Fell(J)5375.841(10)
5377607 27  0.005 20 £ Mn I (42)5377.634(100)
5379.129 3.0  0.006 20 £ Fell (J) 5379.232(2)
5383.233 1.8 0.003 20 f Fel(1146)5383.3692 (35n)
5386.358 2.2 0.004 20 f
5386.995 214 0.040 20 f Fell (J) 5387.065(14)
5387.939 2.1 0.004 20 f Fell (J) 5388.024(3)
5393.804 6.0 0.011 20 f Fell (J)5393.846(4)
5395.802 13.6 0.025 20 f Fell(J)5395.858(12)
5401.060 6.5 0.012 20 f
5401.423 149 0.028 20 f NI(131)5401.456(5)
5401.658 10.9 0.020 20 f
5402.004 204 0.038 20 f Fell (J)5402.059(15)
5402.625 2.6  0.005 20 f Y I (35) 5402.733(625)
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5405.014 7.1 0.013 20 f Fell (J) 5405.096(8)
5405.670 4.6 0.009 20 f Fel(15)5405.778(40)
5408.755 3.9 0.007 20 f Fell (J) 5408.808(7)
5409.615 4.7 0.009 20 f PII(6)5409.66(7w)
5411335 2.5 0.005 20 f Fell (J)5411.362(8)
5414.178 4.5 0.008 20 f
5414.823 5.1 0.010 20 f Fell (J) 5414.845 (8)
5422951 5.7 0.011 20 f
5427.710 12.9 0.024 20 f Fell (J) 5427.816(11)
5428.618 17.4 0.032 20 f SII(P)5428.667(23)
5429948 123 0.023 20 f Fell (J) 5429.994(13)
5432.724  21.2 0.039 20 f SII(P)5432.815(25)
Order 40
5409.633 7.3 0.014 20 f PII(6)5409.66(7w)
5414.144 5.5 0.010 20 f
5414.765 5.0 0.009 20 f Fell (J) 5414.845(8)
5418.149 6.1 0.011 20 f
5419.229 6.7 0.012 20 f
5425.051 8.3 0.015 20 f
5425.685 3.8 0.007 20 f
5427.759 11.6 0.021 20 f Fell (J) 5427.816(11)
5428.585 14.0 0.026 20 f SII(P)5428.667(23)
5429919 14.2 0.026 20 f Fell (J) 5429.994(13)
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5432.778 14.1 0.026 20 f SII(P)5432.815(25)
5432.858 11.4 0.021 20 f Fe Il (55) 5432.98(p)
5435.639 6.6 0.012 20 f OI(11)5435.7756(10)
5436912 7.3 0.014 20 f OI(11)5436.8616(11)
5442303 5.4 0.010 20 f
5444312 4.1 0.007 20 f
5445.655 3.9 0.007 20 f
5450.108 2.0 0.004 20 f
5451.200 2.5 0.005 20 f Sill (30)5451.18(0 h)
5453.787 26.0 0.048 20 f SII(P)5453.828(27)
5455.801 4.0 0.007 20 f CrlI(50)5455.80(1)
5456.272 3.5 0.006 20 f Cl1I(2)5456.27(50)
5457.602 5.1 0.009 20 f Fell (J)5457.719(9 w)
5462.224 3.5 0.006 20 f Sill(7.22)5462.146((10))
5462.249 4.4 0.008 20 f
5465.700 7.0 0.013 20 f
5465987 11.0 0.020 20 f Fell (J) 5465.929 (16)
5466.781 28.8 0.053 20 f
5466.350 15.4 0.028 20 f SilIl(7.03) 5466.432(500H)
5468.747 2.8 0.005 20 f
5469.368 5.0 0.009 20 f Sill(7.22)5469.450((30))
5473.547 10.5 0.019 20 f SII(6)5473.620(23)
5475.749 6.4 0.012 20 f Fell (J)5375.830(9)
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5476.623 1.9 0.004 20 f
5478.186 4.3 0.008 20 f SII(P)5478.194(10)
5481.141 3.3 0.006 20 f
5482234 158 0029 20 £ Fell (J) 5482.310(16)
5484.010 2.9 0.005 20 f
5486.845 5.2 0.009 20 f
5487517 165 0.030 20 £ Fe Il (J)5487.625(14)
5492165 7.4 0014 20 £ (C11(34)5492.36(p))
5493746 11.0 0020 20 £ Fe 1(464,1062)5493.850((0))
Order 39
5473518 152 0.028 20 £ STI(6) 5473.620(23)
5475786 67  0.012 20 f Fe Il (J)5375.830(9)
5478204 45 0008 20 £ STI(P)5478.194(10)
5482.211 13.6 0.025 20 f Fell (J)5482.310(16)
5487517 154 0.028 20 f Fe Il (J)5487.625(14)
5488.530 3.4 0.006 20 f
5492.134 88 0016 20 £ (C11(34)5492.36(p))
5493788 107 0.020 20 f Fe (464, 1062) 5493.850 ((0))
5502588 5.5  0.010 20 £ Fell (J) 5502.677(10)
5503.154 100 0.018 20 £ Crll(50) 5503.21(25),
Fe I1 (J) 5503.215(10)
5506.138 29.4 0.054 20 f Fell (J)5506.196 (18)
5506.962 5.9 0.011 20 f Fell (J)5507.060(5)
5509.625 10.5 0.019 20 £ STI(P)5509.718(23)
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5510.753 11.2 0.020 20 f Crll(23)5510.71(20),
Fe II () 5510.781(12)
5512.813 1.1 0.002 20 f O1(25)5512.7709 (8)
5526.132 2.2 0.004 20 f SII(P)5526.253(18)
5528988 8.0 0.014 20 f Fell (J)5529.061(12)
5529.833 9.4 0.017 20 f Fell(J)5529.925(10),
Ti I (68) 5529.983(10)
5531.268 3.2 0.006 20 f
5532.023 6.9 0.013 20 f Fell (J)5532.085(10)
5534.768 22.7 0.041 20 f Fell (55)5534.834(15)
5540.659 2.3 0.004 20 f Sill(9)5540.74(100h)
5544.675 6.2 0.011 20 f Fell (J)5544.760(13w)
5553910 2.0 0.004 20 f
5554.769 4.1 0.007 20 f
Order 38
5534.744 199 0.036 20 f Fell (55)5534.834(15)
5544.005 4.7 0.009 20 f
5544.683 13.7 0.025 20 f Fell (J)5544.760(13w)
5548.952 5.1 0.009 20 f Fell (J)5549.001(10)
5554.837 2.1 0.004 20 f 0O1(24)5554.8322(8)
5561.453 2.5 0.005 20 f
5564.876 7.6 0.014 20 f SII(P)5564.976(21)
5567.783 6.7 0.012 20 f Fell (J)5567.838(10)
5568.401 1.3 0.002 20 f Sill(7.21)5568.355((2))
5570390 1.5 0.003 20 f Mnll()5570.51(30)

183



EK 2 89 Cet yildizinin ¢izgi tani listesi devami

)“;'g";e“ (]121\27) Derinlik  Genislik f Tam
5576.530 4.3 0.008 20 f Sill(9)5576.661(150 h)
5577.900 9.0 0.016 20 f Fell (J)5577.919(9)
5578.837 4.4  0.008 20 £ SII(P)5578.889(18)
5579.908 2.5  0.005 20 £ Fell (J) 5579.924(4)
5581.626 4.0  0.007 20 £ Fell (J) 5581.630(6)
5583.759 1.7 0.003 20 f
5587.010 4.5  0.008 20 £ Fe Il (J) 5587.084(8 aff )
5588.105 9.9  0.018 20 £ Fell (J) 5588.225(10)
5591324 34 0006 20 f FelI(55)5591.38(p)
5593.235 134 0.024 20 f AlII(16)5593.23(10)
5594.153 33 0.006 20 f
5598.236 2.6 0.005 20 f Fel(1183)5598.303(4)
5606.090 154 0.028 20 £ SII(P)5606.151(23)
Order 37
5604.817 4.5 0.005 20 f
5606.081 18.8 0.033 20 f ST (P)5606.151(23)
5616.483 3.8 0.007 20 f SII(P)5606.639(18)
5633.018 2.3 0.004 20 f Sill(7.33)5632.973(100 h)
5639.491 54 0013 20 £ Sill(9)5639.478(200 h)
5639.960 17.9 0.032 20 f SII(P)5639.972(23)
5640.293 104 0.019 20 f SII(P)5640.333(21)
5643.767 5.4 0.010 20 f Fell (J)5643.884(00)
5645341 122 0.022 20 £ Fell (J) 5645.399(12)
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5646.098 2.1 0.004 20 f
5646.962 13.2 0.023 20 f SII(P)5647.033(21)
5648.794 6.2 0.011 20 f
5651478 2.6 0.005 20 f
5656.597 1.0 0002 20 f Nel(24)5656.6585((10))
5659.924 137 0.024 20 f SII(P)5659.985(21)
5660.499 49 0.009 20 f Sil(21.19)5660.502(10)
5663.683 3.1 0.005 20 f
5664700 6.1 0011 20 £ SII(P) 5664.780(20)
5669.479 104 0.018 20 f Sill(7.33)5669.562(1000h)
5676.812 3.2 0.006 20 f
5679.602 4.8  0.008 20 £ NII(3)5679.562(14)
Order 36
5669.509 7.0 0.012 20 f Sill(7.33)5669.562(1000h)
5676.777 3.6 0.006 20 f
5679.601 5.0  0.009 20 £ NII(3)5679.562(14)
5688.712 4.7 0.008 20 f Sill(7.33)5688.811(300 h)
5696.583 6.5 0.011 20 f AILII(2)5696.47(8)
5701346 57  0.010 20 £ Sill(7.33)5701.374(200 h)
5703338 2.9  0.005 20 f Fell (J)5703.261(4)
5706.368 4.7 0.008 20 f Sill(7.33)5706.370(100 h)
5726.645 5.8 0.010 20 f Fell (J)5726.561(10)
5745.037 6.8 0.012 20 f

185



EK 2 89 Cet yildizinin ¢izgi tani listesi devami

)“;'g";e“ (]121\27) Derinlik  Genislik f Tam
5746.491 3.3 0.006 20 f Fell (J)5746.578(9)
Order 35
5747.804 49  0.009 20 f Fe 11 (164)5747.898(7)
5764.386 4.9 0.008 20 f Nel5764.4190
5768.433 2.5 0.004 20 f NI1(62)5768.49(4.4)
5780.093 15.3 0.027 20 f Fell(J)5780.122(10)
5783552 84  0.015 20 £ Fell (J)5783.629 (11)
5784390 52 0.009 20 £ Fell (J) 5784.446(10)
5788.907 4.9 0.008 20 f
5800.381 7.5 0.019 20 f  Sill(8)5800.468(150 h)
5802711 3.6  0.006 20 £ Fell (J)5802.765(4)
5806.672 6.9 0.012 20 f Sill(8)5806.738(200),

Sc 11 (21)5806.77(p)
5816234 3.1 0005 20 £ (Fe1(1179)5816.3735((3d)))
5819.243 1.6 0.003 20 f SII(P)5819.272(19)
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Tiir Multiplet L (A) loggf EW(mA) log N/Ny
ch 6.01 16 514.3490 -0.21 0.41 -3.83
6.01 16 5145160 0.19 0.91 -3.80
6.01 16 515.1080 -0.19 0.36 -3.91
log C/Nt =-3.85+£0.05
Ol 8.00 10 615.8190 -0.41 1.64 -3.53
8.00 10 615.6780 -0.69 1.23 -3.39
8.00 10 615.5990 -1.12 0.69 -3.24
8.00 12 533.0740 -1.12 0.90 -3.09
8.00 - 777.1940  0.37 9.99 -2.99
8.00 - 777.4170  0.22 9.42 -2.95
8.00 - 777.5390  0.00 6.98 -3.16
log O/Ny = -3.19 +
0.20
Mgll 12.01 10 438.4640 -0.79 1.69 -4.74
12.01 10 439.0540 -0.50 1.63 -5.04
12.01 18 473.9590 -0.66 0.37 -4.96
log Mg/Nr = -492 +
0.13
ALl 13.02 3 451.2560  0.41 1.78 -5.10
13.02 8 447.9880  0.90 0.66 -5.39
13.02 8 447.9970  1.02 0.66 -5.51
log AlI/Ny = -533 =+
0.17
Sill  14.01 5 504.1020  0.03 3.59 -5.37
14.01 5 505.5980  0.52 4.54 -5.68
14.01 5 505.6320 -0.49 1.78 -5.35
14.01 7.03 546.6430 -0.19 0.63 -5.18
log Si/Ny = -540 =+
0.18
Silll  14.02 2 456.7840  0.07 1.56 -4.65
14.02 2 457.4760 -0.41 1.00 -4.48
14.02 9 482.8950  1.09 0.43 -4.19
log Si/Ny = -444 =+
0.19
PII 15.01 10 525.3470  0.32 1.02 -6.32
15.01 24 458.9840  0.40 0.32 -6.36
15.01 S 458.8030  0.57 1.05 -5.95
log P/Ny =-6.21 £0.18
SII 16.01 6 5473610 -0.12 1.46 -5.21
16.01 7 499.1970  -0.25 1.09 -5.31
16.01 7 500.9560 -0.28 1.36 -5.16
16.01 9 471.6270 -0.41 1.15 -5.17
16.01 9 481.5550  0.09 2.67 -5.07
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16.01 49 426.7760  0.29 1.08 -5.12
16.01 49 4269720  -0.12 0.30 -5.35
16.01 49 4282590  -0.01 0.49 -5.22
16.01 49 429.4400  0.55 1.71 -5.10
16.01 P 488.5640  -0.61 0.56 -5.16
16.01 P 491.7200  -0.32 1.06 -5.13
16.01 P 4942470  -0.96 0.40 5.1
16.01 P 5453850  0.48 2.61 -5.34
16.01 P 556.4960  -0.32 0.30 -5.75
log S/Nt =-523+0.17
CIII  17.01 71 423.5450  0.03 0.93 -4.24
17.01 83 4224910  0.04 0.26 -4.52
log CI/Nt =-4.38+0.14
ATl 18.01 14 496.5060  -0.20 0.78 -4.54
log A/Nt =-4.54
Call  20.01 19 500.1480  -0.52 1.22 -4.83
log Ca/Ny = -4.83
ScIl  21.01 24 467.0410  -0.37 0.84 -6.99
log Sc/Nt =-6.99
Till  22.01 31 446.8490  -0.60 1.33 -6.50
22.01 31 450.1270  -0.75 0.81 -6.60
22.01 86 5129150 -1.24 0.32 -6.22
22.01 L 429.4090  -0.93 2.19 -5.92
log Ti/Nt =-6.32+0.27
CrlI  24.01 31 4275570  -1.71 0.66 -5.64
24.01 31 428.4190 -1.86 0.42 -5.71
24.01 43 530.8410  -1.88 0.40 -5.60
log Cr/Nt =-5.65+0.04
MnIl 25.01 5 476.4730  -1.35 0.92 -5.43
25.01 7 4252960  -1.17 0.94 -5.30
log Mn/Nt =-5.37 £ 0.07
Fell  26.01 27 435.1760  -2.08 0.97 -5.45
26.01 37 449.1400  -2.64 0.32 -5.37
26.01 37 451.5340 -2.36 0.50 -5.39
26.01 37 452.0220  -2.62 0.40 -5.39
26.01 38 4522630  -2.03 0.90 -5.48
26.01 186 463.5330  -1.58 0.54 -4.92
26.01 J 500.4190  0.50 0.52 -5.29
26.01 J 501.8450  -1.35 2.97 -5.37
26.01 J 503.5710  0.61 0.77 -5.20
26.01 J 510.0730  0.67 0.76 -5.22
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Ek 3 29 And yildizinin element bolluk listesi devami

Tiir Multiplet L (A) loggf EW(mA) log N/Ny
26.01 J 517.7380  1.17 0.63 -4.85
26.01 J 521.6850  0.40 0.31 -5.33
26.01 J 522.7480  0.83 0.74 -5.36
26.01 J 525.1230  0.42 0.40 -5.22
26.01 J 526.0260 1.07 0.84 -5.54
26.01 J 529.1670  0.57 0.73 -5.09
26.01 J 533.9580  0.54 0.39 -5.37
26.01 J 538.7060  0.51 0.33 -5.39
26.01 J 5482310 0.43 0.40 -5.19
26.01 J 550.6190  0.95 1.24 -5.14
log Fe/Nr = -5.28 =+
0.17
Sr1I  38.01 1 421.5520 -0.17 0.33 -8.47
log St/Nt = -8.47
YII 39.01 12 4682320 -1.51 0.32 -6.43
39.01 22 482.3300 -1.11 0.43 -6.45
log Y/Nt=-6.44 + 0.01
Zr1l  40.01 15 421.1880 -1.04 0.78 -6.34
40.01 67 446.1220 -1.13 0.81 -6.04
40.01 67 461.3950 -1.54 0.43 -5.94
40.01 79 441.4530 -1.08 1.31 -5.75
40.01 88 430.8910 -0.80 0.67 -6.27
40.01 129 468.5190 -0.90 0.44 -5.98
log Zr/Nt = -6.05 + 0.20
Lall 57.01 37 480.9000 -1.50 1.05 -5.21
57.01 76 426.9500  0.03 2.26 -5.52
57.01 76 466.8900 -0.43 1.13 -5.62
log La/Nt = -545 =+
0.17
58.01 1 456.0960 -0.55 1.48 -5.17
58.01 2 441.8780  0.18 2.22 -5.47
Cell 58.01 86 418.7320 -0.31 2.03 -5.21
58.01 126 430.9730 -0.58 2.01 -4.98
58.01 155 438.0050 -0.10 1.62 -5.59
58.01 L 4257120 -1.12 0.77 -5.12
58.01 L 468.6770  -0.86 0.43 -5.42
58.01 L 551.2060 -0.52 0.58 -5.60

log Ce/Nt =-5.32+0.21
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Ek 3 29 And yildizinin element bolluk listesi devami

Tiir Multiplet L (A) loggf EW(mA) log N/Ny
PriI  59.01 2 456.7840  0.07 1.56 -4.65
59.01 2 457.4760 -0.41 1.00 -4.48
59.01 9 482.8950  1.09 0.43 -4.18
log Pr/Nt=-4.44 + 0.19
NdII 60.01 50 438.5660 -0.30 1.68 -5.30
60.01 50 445.6390 -0.52 1.22 -5.04
60.01 57 421.1290 -0.86 0.63 -5.26
log Nd/Nr = -5.20 =+
0.11
SmII 62.01 26 466.9640 -1.21 1.21 -5.04
62.01 37 4262670 -0.66 2.16 -5.22
62.01 53 437.8230 -0.59 0.91 -5.66
log Sm/Nt = -5.31 =+
0.26
GdII 64.01 32 421.5020 -0.55 0.46 -6.45

log Gd/Nt = -6.45
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Ek 4 89 Cet yildizinin element bolluk listesi

Tiir Multiplet A (A) loggf EW(mA) log N/Ny
CI 6.00 13 493.2050 -1.66 0.22 -3.70
6.00 - 911.1810 -0.30 2.65 -4.01
log C/Nr =-3.86+0.15
CII 6.0l - 426.7001  0.56 3.92 -3.51
6.01 - 426.7261  0.71 3.72 -3.71
6.01 - 657.8050 -0.02 2.37 -3.99
6.01 - 658.2880 -0.33 1.97 -3.81
log C/Nt =-3.76 £ 0.18
CIl 6.02 - 426.7001  0.56 3.92 -3.51
log C/Nt =-3.51
N1 7.00 1 870.3250 -0.32 1.55 -4.25
7.00 1 871.1700 -2.80 2.98 -4.25
7.00 1 871.8830 -0.34 1.63 -4.20
7.00 3 746.8310 -0.19 1.44 -4.14
7.00 3 7442300 -0.45 0.93 -4.09
7.00 - 868.0280  0.35 4.79 -4.17
7.00 - 868.3400  0.09 5.08 -3.86
7.00 - 824.2390 -0.38 1.29 -4.30
log N/Np =-4.16 +£0.13
NII  7.01 5 460.1470 -0.43 0.45 -3.57
7.01 5 460.7150 -0.51 0.39 -3.57
7.01 5 461.3860 -0.66 0.25 -3.65
7.01 5 463.0530  0.09 1.19 -3.47
7.01 5 4643080 -0.36 0.43 -3.64
7.01 20 480.3280 -0.12 0.15 -3.58
7.01 43 417.6160  0.60 0.40 -3.31
log N/Nt =-3.54+0.11
Ol 8.00 10 615.8190 -0.41 427 -3.08
8.00 10 615.6780 -0.69 3.49 -2.94
8.00 10 615.5990 -1.12 2.26 -2.81
8.00 11 543.5770 -1.54 0.66 -3.07
8.00 11 543.6860 -1.39 0.73 3.18
8.00 12 533.0740 -1.12 1.81 -3.00
8.00 24 555.4830 -2.09 0.21 2.92
log O/Nt =-3.00+0.11
Nel 10.00 24 565.6650  -0.83 0.10 -3.87
10.00 - 576.4410 -0.37 0.49 -3.57
log Ne/Nt =-3.72 £0.15
Mgl 12.00 2 516.7320  -1.03 0.32 -4.28
12.00 2 517.2680 -0.38 0.97 -4.42

log Mg/Nt =-4.35+0.07
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Ek 4 89 Cet yildizinin element bolluk listesi

Tiir Multiplet A (A) loggf EW(mA) log N/Ny
MgIl 12.01 9 4427990 -1.20 2.60 -3.46
12.01 10 438.4640 -0.79 3.14 -4.46
12.01 10 439.0540 -0.50 4.86 -4.46
log Mg/Nt =-4.52+0.14
AlIl  13.01 2 466.3050 -0.28 3.36 -5.69
log Al/Nt =-5.69
AlLIIl  13.02 2 569.6600  0.23 0.65 -5.01
13.02 3 4529190  0.66 0.65 -5.23
log AI/Ny =-5.12+0.11
Sill  14.01 3 412.8050  0.36 11.84 -4.61
14.01 3 413.0870  0.55 14.13 -4.56
14.01 5 504.1020  0.03 8.94 -4.40
14.01 5 505.5980  0.52 12.98 -4.37
14.01 5 505.6320 -0.49 4.12 -4.49
14.01 7.01 4232860 -1.23 0.65 -4.44
14.01 7.03 546.6460 -0.19 1.54 -4.69
14.01 7.05  462.1420 -0.54 1.57 -4.48
14.01 7.05  462.1720 -0.39 1.18 -4.78
14.01 7.21 556.8360 -1.56 0.13 -4.32
14.01 722 5462150 -1.00 0.35 -4.45
14.01 722 546.9450 -0.75 0.50 -4.54
14.01 726  419.0700 -0.35 1.63 -4.37
14.01 726  419.8130 -0.61 1.11 -4.30
14.01 7.33 563.2970  -0.67 0.23 -4.39
14.01 7.33 566.9560  0.27 0.70 -4.80
14.01 7.33 568.8820  0.13 0.47 -4.84
14.01 7.33 570.1370  -0.06 0.57 -4.56
14.01 8 580.0470 -0.14 0.75 -4.19
14.01 8 580.6730 -0.18 0.69 -4.19
14.01 9 554.0740 -0.72 0.23 -4.23
14.01 9 557.6660 -0.42 0.43 -4.23
14.01 9 563.9470 -0.24 0.54 -4.27
log Si/Nt =-4.47+0.20
Silll 14.02 2 4552620 0.18 1.04 -4.22
14.02 2 456.7840  0.07 1.08 -4.07
log Si/Nt =-4.14+0.07
PII  15.01 6 534.4730 -0.39 0.27 -6.17
15.01 15 460.2070  0.74 0.43 -6.38
15.01 S 442.0710 -0.33 0.16 -6.53

log P/Nt =-6.36£0.15
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Ek 4 89 Cet yildizinin element bolluk listesi devami

Tiir Multiplet A (A) loggf EW(mA) log N/Ny
ST 16.01 6 5473610 -0.12 1.05 -4.92
16.01 7 499.1970  -0.25 1.37 -4.76
16.01 7 500.9560 -0.28 1.21 -4.80
16.01 7 503.2430 0.27 2.40 -4.84
16.01 9 471.6270 -0.41 1.03 -4.87
16.01 9 481.5550  0.09 2.86 -4.57
16.01 38 532.0720  0.49 1.14 -4.93
16.01 40 452.4940  0.17 1.24 -4.84
16.01 43 4463580  0.13 0.98 -4.64
16.01 44 4142250 0.24 1.22 -4.77
16.01 44 414.5060  0.23 0.74 -5.06
16.01 44 415.3060  0.39 2.48 -4.37
16.01 49 4269720 -0.12 0.64 -4.66
16.01 49 429.4400  0.55 1.59 -4.73
16.01 49 431.8640 -0.08 0.62 -4.69
16.01 P 414.6910  0.66 1.63 -4.41
16.01 P 417.4260  0.76 1.11 -4.77
16.01 P 428.2590 -0.01 0.85 -4.60
16.01 P 4432370 -0.47 0.54 -4.43
16.01 P 448.3420 -0.43 0.58 -4.39
16.01 P 472.9440 -0.49 0.34 -4.45
16.01 P 488.5640 -0.61 0.48 -4.89
16.01 p 492.5340 -0.46 1.46 -4.54
16.01 P 521.2620  0.32 1.10 -4.83
16.01 p 534.5710  0.35 1.56 -4.58
16.01 P 542.8650 -0.13 1.74 -4.59
16.01 p 560.6150  0.31 1.54 -5.00
16.01 P 561.6630 -0.64 0.38 -4.89
16.01 p 563.9970  0.28 1.79 -4.72
16.01 P 564.0340 0.15 1.04 -5.10
log S/Nt =-4.72+0.20
CIII  17.01 1 481.0070 0.24 0.13 -6.49
log CI/Nt =-6.49
ATl 18.01 442.6000 0.24 0.74 -4.72
18.01 31 460.9570  0.46 0.20 -5.03
log A/Nt =-4.88+0.15
Call 20.01 15 501.9970 -0.26 0.32 -6.00
20.01 19 500.1480 -0.52 0.39 -5.66
log Ca/Nt =-5.83+0.17
ScIl  21.01 7 424.6830 0.24 0.23 9.35

log Sc/Nt =-9.35
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Ek 4 89 Cet yildizinin element bolluk listesi devami

Tiir Multiplet A (A) loggf EW(mA) log N/Ny
Till 2201 19 439.5030 -0.54 1.03 -7.45
22.01 31 450.1270  -0.75 0.98 -7.25
22.01 41 429.0220 -0.85 0.53 -7.42
22.01 41 430.0050 -0.44 1.11 -7.46
22.01 41 430.7860 -1.07 0.51 -7.22
22.01 41 431.4970 -1.10 0.31 -7.42
22.01 50 456.3760  -0.96 0.28 -7.58
22.01 82 4549620 -0.11 1.68 -7.38
22.01 82 457.1970  -0.53 1.03 -7.23
log Ti/Ny =-7.38 £0.12
MnlIl 25.01 7 4252960 -1.17 0.20 -6.56
25.01 I 432.6640 -1.25 0.48 -6.44
25.01 I 4755720 -1.24 0.42 -6.50
25.01 I 557.0540 -1.44 0.15 -6.38
log Mn/Nt =-6.47 + 0.07
Fel  26.00 41 440.4750 -0.14 0.44 -4.56
26.00 42 4202020 -0.71 0.15 -4.51
26.00 42 427.1760 -0.16 0.40 -4.62
26.00 522 4199100 0.16 0.25 -4.42
26.00 1146 5383370 0.65 0.18 -4.46
log Fe/Nt =-4.51+0.07
Fell 26.01 3 4579530 -2.51 0.61 427
26.01 26 458.0060 -3.73 0.46 -4.86
26.01 27 412.8740 -3.58 2.59 -4.08
26.01 27 4273330 -3.30 1.56 -4.62
26.01 27 430.3170 -2.61 4.05 -4.62
26.01 27 438.5390 -2.58 3.43 -4.77
26.01 27 441.6830 -2.60 436 -4.52
26.01 28 417.8860 -2.44 3.90 -4.88
26.01 28 425.8150 -3.48 1.03 -4.66
26.01 28 429.6560 -2.93 2.46 -4.71
26.01 28 436.9400 -3.58 0.75 -4.68
26.01 30 483.9990 -4.90 0.15 -4.15
26.01 32 431.4310 -3.48 1.07 -4.65
26.01 32 4413600 -4.19 0.19 -4.75
26.01 37 4472930 -3.53 1.42 -4.37
26.01 37 4489180 -2.97 2.21 -4.68
26.01 37 449.1400 -2.64 3.05 -4.77
26.01 37 451.5340 -2.36 3.61 -4.85
26.01 37 452.0220 -2.62 3.36 -4.73
26.01 37 455.5890 -2.25 4.83 -4.72
26.01 37 458.2840 -3.06 1.41 -4.84
26.01 37 458.2840 -3.06 2.43 -4.52
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Ek 4 89 Cet yildizinin element bolluk listesi devami

Tiir Multiplet L(A) loggf EW(mA) log N/Ny
26.01 37 462.9340 -2.26 435 -4.84
26.01 37 466.6750 -3.33 1.28 -4.63
26.01 38 450.8280 -2.34 4.46 -4.72
26.01 38 4522630 -2.03 4.86 -4.93
26.01 38 454.1520 -2.97 2.75 -4.52
26.01 38 457.6330 -2.92 2.12 -4.75
26.01 38 4583830 -1.74 5.83 -4.98
26.01 38 462.0510 -3.19 1.22 -4.80
26.01 42 4923930 -1.21 8.21 -4.79
26.01 43 465.6980 -3.57 1.15 -4.42
26.01 43 473.1440 -3.13 1.70 -4.65
26.01 167 516.0840 -2.64 0.74 -4.32
26.01 168 4953970 -2.76 0.43 -4.46
26.01 186 4549190 -1.77 2.17 -4.46
26.01 186 462.5910 -2.22 0.55 -4.73
26.01 186 463.5330 -1.58 2.71 -4.47
26.01 213 435.4340 -1.40 0.70 -4.50
26.01 219 459.8490 -1.50 0.67 -4.52
26.01 220 431.8190 -1.98 0.35 -4.33
26.01 J 4263870 -1.71 0.68 -4.37
26.01 J 4357580 -2.11 1.15 -4.42
26.01 J 4402870 -2.72 0.73 -4.02
26.01 J 4455270 -2.14 0.97 -4.41
26.01 J 464.0840 -1.88 0.65 -4.20
26.01 J 482.6680 -0.44 0.36 -4.77
26.01 J 490.8150 -0.30 0.53 -4.70
26.01 J 4913290  0.01 1.38 -4.53
26.01 J 494.8090 -0.32 0.55 -4.67
26.01 J 494.8790 -0.01 0.77 -4.80
26.01 J 495.1590  0.17 1.63 -4.58
26.01 J 498.4490  0.01 0.89 -4.75
26.01 J 499.0500  0.18 1.24 -4.73
26.01 J 500.4190  0.50 2.13 -4.74
26.01 J 501.8450 -1.35 8.36 -4.62
26.01 J 502.2420  -0.06 0.85 -4.69
26.01 J 503.5710  0.61 3.05 -4.56
26.01 J 504.5110 -0.13 0.93 -4.59
26.01 J 504.7640  -0.07 2.62 -4.01
26.01 J 506.1720  0.22 1.38 -4.72
26.01 J 506.7880  -0.20 0.65 -4.69
26.01 J 507.0900  0.24 1.43 -4.71
26.01 J 507.5760  0.27 1.29 -4.74
26.01 J 508.9220  -0.03 0.94 -4.67
26.01 J 509.3560  0.11 1.64 -4.47
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Ek 4 89 Cet yildizinin element bolluk listesi devami

Tiir Multiplet L(A) loggf EW(mA) log N/Ny
26.01 J 510.6110 -0.28 0.45 -4.78
26.01 J 511.7030 -0.13 0.74 -4.64
26.01 J 511.9340 -0.56 0.26 -4.73
26.01 J 512.0330 -4.21 0.47 -4.24
26.01 J 513.2660  -4.09 0.45 -4.39
26.01 J 514.9460  0.40 1.83 -4.65
26.01 J 515.4420 -4.14 0.35 -4.44
26.01 J 518.0310  0.04 0.50 -5.02
26.01 J 519.7570  -2.12 4.71 -4.70
26.01 J 519.9120  0.10 1.08 -4.69
26.01 J 520.0800 -0.37 1.20 -4.15
26.01 J 520.3640  -0.05 0.93 -4.61
26.01 J 523.4620 -2.21 422 -4.70
26.01 J 523.7950  0.13 1.26 -4.60
26.01 J 525.4920 -3.23 1.02 -4.65
26.01 J 525.7110  0.03 0.71 -4.78
26.01 J 526.0260 1.07 3.98 -4.67
26.01 J 526.4800 -3.22 0.83 -4.76
26.01 J 528.4100 -3.20 1.76 -4.54
26.01 J 529.1670  0.57 2.09 -4.70
26.01 J 531.6230  0.33 1.93 -4.54
26.01 J 531.6620 -1.78 5.58 -4.81
26.01 J 531.6780 -2.91 1.82 -4.66
26.01 J 531.8060 -0.14 0.69 -4.62
26.01 J 533.9580 0.54 2.01 -4.70
26.01 J 537.5840  -0.29 0.82 -4.40
26.01 J 538.7060  0.51 2.14 -4.59
26.01 J 539.3840  -0.30 0.60 -4.54
26.01 J 539.5850  0.36 1.36 -4.70
26.01 J 540.2060  0.50 2.04 -4.59
26.01 J 540.8810 -2.39 0.39 -4.68
26.01 J 543.2980 -3.63 1.14 -4.17
26.01 J 548.2310  0.43 1.58 -4.68
26.01 J 550.2670 -0.14 1.65 -4.09
26.01 J 550.7060  -0.33 0.59 -4.47
26.01 J 552.9060 -0.25 1.12 -4.22
26.01 J 553.2080 -0.33 0.69 -4.39
26.01 J 553.4830 -2.86 2.27 -4.55
26.01 J 556.7830  -1.89 0.67 -4.56
26.01 J 557.7910  -0.15 0.90 -4.40
26.01 J 558.1630 -0.48 0.40 -4.47
26.01 J 558.8220  0.09 0.99 -4.59
26.01 J 564.3880 -1.46 0.54 -4.66
26.01 J 564.5390  0.09 1.22 -4.49
26.01 J 578.3630  0.21 0.84 -4.72
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Ek 4 89 Cet yildizinin element bolluk listesi devami

Tiir Multiplet A (A) loggf EW(mA) log N/Ny
26.01 KX 459.1000 -2.25 0.25 -4.22
26.01 - 436.1250 -2.11 0.89 -4.53
log Fe/Nt=-4.59 + 0.20
Felll 26.02 4 437.1340 -3.03 0.29 -4.34
26.02 4 439.5760  -2.59 0.51 -4.47
26.02 4 441.9600 -2.21 0.76 -4.62
26.02 4 512.7350 -2.20 0.42 -4.60
log Fe/Nt = -4.51 +
0.11
Nill 28.01 9 424.4780 -3.09 0.43 -5.63
28.01 9 436.2100 -2.72 0.92 -5.63
28.01 K 466.5550 -1.82 0.30 -5.79
28.01 KX 4679150 -1.75 0.39 -5.68
28.01 - 489.8940  0.43 0.31 -5.70
28.01 - 4932650  0.18 0.38 -5.34
28.01 - 497.4130  0.63 0.14 -5.52
28.01 - 502.1470  0.92 0.99 -5.49
28.01 - 500.3410  0.70 0.16 -6.12
28.01 - 504.0340  0.57 0.79 -5.33
28.01 - 505.2990  0.37 0.27 -5.64
28.01 - 505.8370  0.85 0.56 -5.66
28.01 - 505.9200  0.54 0.38 -5.65
28.01 - 506.6330 -1.79 0.55 -5.74
log Ni/Ny = -5.64 +
0.19
Sr1I  38.01 1 421.5520 -0.17 0.38 -9.04
log St/Nt =-9.04
YII  39.01 5 439.8010 -1.00 0.22 -7.95
39.01 21 512.3200 -0.83 0.40 -7.43
39.01 22 478.6570  -1.29 0.16 -7.38
39.01 35 540.2770  -0.51 0.26 -7.55
log Y/Np=-7.58 £0.22
Zr1l  40.01 41 414.9200 -0.04 1.19 -7.75
40.01 99 423.1630 -0.79 0.42 -7.07
log Zr/Ny = -741 +
0.34
Lall 57.01 8 474.0280 -0.94 0.37 -7.08
57.01 25 4322670 -1.12 0.37 -6.88
57.01 53 429.6050 -0.58 0.89 -6.69
57.01 76 438.3450 -0.17 0.69 -6.80

log La/Nr = -6.87 +
0.14
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Ek 4 89 Cet yildizinin element bolluk listesi devami

Tiir Multiplet AL (A) loggf EW(mA) log N/Ny
Cell 58.01 11 411.8140  0.02 1.69 -6.38
58.01 22 411.5370  -0.02 1.18 -6.45
58.01 22 4123490  0.16 1.27 -6.58
58.01 28 414.8900 -0.05 1.34 -6.27
58.01 35 411.7010  0.19 0.99 -6.56
58.01 MCS 412.4780 -0.18 1.78 -6.15
log Ce/Nt = -6.40 +
0.15
PriI  59.01 37 503.4410 -0.09 0.63 -6.02
log Pr/Nt =-6.02
NdII 60.01 57 421.1290 -0.86 0.26 -6.34
log Nd/Nt =-6.34
GdII 64.01 46 429.6070 -0.76 0.89 -6.60

log Gd/Nt = -6.60
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