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OZET

YILDIZ MODEL PROGRAMLARININ SON TEORIK OPAKLIK
VERILERI iLE VE GOZLEMSEL KONTROLLERLE TEST EDILMESI

Aysun BOKE
Balikesir Universitesi, Fen Bilimleri Enstitiisii,
Fizik Anabilim Dah

(Doktora Tezi / Tez Damismam : Y. Do¢. Dr. Oktay YILMAZ)
Balikesir, 2008

Paczynski ’'nin yildiz modelleme programlarinin yardimi ile zarf yapisi
lizerindeki opaklik degisimlerinin etkisi incelendi. Bunun i¢in Lagrange
interpolasyonu kullanilarak Weiss [1], Allard [1], Iglesias & Rogers [2] ve Kurucz
‘un [3] verilerinden yeni opaklik tablolar1 hazirlandi. Bu opakliklarin sonuglart,
Huebner ve grubu [4] ve Iglesias & Rogers ’in [5] benzer opaklik tablolari
kullanilarak bulunan sonuglar ile karsilastirildi.  Daha yeni opaklik verileri
kullanarak buldugumuz sonuglar, diger kaynaklarin sonuglari ile, Schwarzchild [6]

tarafindan orijinal olarak diisiiniilmiis olan yildiz kiitleleri i¢in gézden gegirildi.

Boyle hesaplamalarin, iyi gdzlemlenen gezegenlere ait tutulma sistemi olan
V376 Peg (HD 209458) ’e ait yiiksek dogruluktaki gézlemsel verileri ile nasil
iliskilendirilecegi duistiniilmiis olup yakin gelecekte benzer dogruluktaki verilere
rehber olmasi istenmektedir. Tutulan spektroskopik ¢ift yildizlardan alinan tiim
yarigaplar ve kiitlelerdeki hata paylarinin yaklasik % 1 oldugu tahmin edilmektedir.
Diizenlenen opaklik hesaplamalarinin orta kiitleli yildizlarin yarigaplan {izerindeki
etkileri % 1 "den daha biiyiiktiir. Bundan dolayi tutulan ¢ift yildizlarin verileri, y1ldiz
tiplerinin genis cesitlerine karsilik gelen opaklik teorisinin bagimsiz testleri igin iyi

bir potansiyele sahiptir.

ANAHTAR SOZCUKLER : yildizlar / genel yapt / modelleme / opaklik

tablolar1 / gozlemsel testler / tutulan ¢ift yildiz verileri
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ABSTRACT

TESTING STELLAR MODEL PROGRAMS WITH RECENT
THEORETICAL OPACITY DATA AND OBSERVATIONAL CHECKS

Aysun BOKE
Balikesir University, Institute of Science,
Department of Physics

(Ph. D. Thesis / Supervisor : Asistant Prof. Dr. Oktay YILMAZ)
Balikesir-Turkey, 2008

We have examined the effect of varying opacities on envelope structure with
the aid of Paczynski’s public domain stellar modelling programs. For this, we
prepared new opacity tables from the data of Weiss [1], Allard [1], Iglesias & Rogers
[2] and Kurucz [3], using Lagrange interpolation to obtain the tabular values. We
have compared the results of these opacities with the results of similar tabulations
from Huebner et al. [4] and Iglesias & Rogers [S]. We have checked our findings
using the newer opacity data with those of other sources for the ranges of stars

considered originally by Schwarzchild [6].

We consider how such calculations relate to high accuracy observational data,
with the well-observed planetary eclipsing system V 376 Peg (HD 209458)
providing a guideline towards data of similar accuracy in the near future. Current
accuracies on absolute radii and masses derivable from eclipsing spectroscopic
binaries are conservatively estimated at ~1 %. The effects of revised opacity
calculations on the radii of stars of intermediate mass are greater than this, so that
eclipsing binary data should have a good potential for independent tests of opacity

theory across a wide range of stellar types.

KEY WORDS : stars / general structure / modelling / opacity tables /

observational tests / eclipsing binary data
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1. GIRiS

Cogu calismalar, radyatif transferin yildizin yapisi ve evrimini sekillendirmede
anahtar rolii oynadigim, yildiz igindeki radyasyona gore maddenin opakliginin
dogrudan Sl¢iimiiniin miimkiin olmadigimi gosterir. Eger bir yildizin i¢ durumlar
yorumlaniyorsa bunun ig¢in teorik hesaplamalar gerekli olmaktadir. Yillarca gesitli
opaklik  formiilleri ve tablolari, yap1  modellerine  uygulanmaktadir.
Schwarzschild’m, “Yildizlarin yapisi ve evrimi” adli kitabinda, opakliga katkida
bulunan atomik siirecler (bagli-serbest sogurma, serbest-serbest sogurma ve elektron
sagilmasi) tartistlmistir [6]. Bagli-bagli (gizgi) sogurmalarin net etkileri sonradan
daha ¢ok dikkate alinmis ve bunun opakliga 6nemli bir bigimde katkida bulundugu
Iglesias & Rogers, Kurucz ve Carson tarafindan gosterilmistir [2, 3, 7]. Ayrica cift
yildizlarmm gozlemlerinin sonuglar1 ile teorik modeller Schwarzschild tarafindan
karsilastiriimistir.  Modellerin kontrol edilmesi ile ilgili bu yaklasim Stromgren [8]

ve ¢ogu yazarlar tarafindan desteklenmistir.

Yildiz yapisinin radyatif transfer denkleminde yer alan opaklik terimi x,

HKP =_dPrad (11)
c dr

denklemi ile verilmektedir [9]. Burada H; radyasyon akisi, c; 1s1ik hizi, p; bolgesel

yogunluk, Pq4; radyasyon basinci terimleridir. Radyasyon basinci i¢ bolgelerde

yliksek dogrulukla,
4
P, = GTT (1.2)

ile verilmektedir [9]. Burada o; Stefan sabiti, T; sicakliktir. Radyasyon basincini,

radyatif transfer denkleminde yerine koyarak elde ettigimiz radyasyon akisi,



3
p =20l dl (1.3)
3kp dr

olur [9]. Bu, birim zaman ve birim alan basina aki olup yildizin tiimii i¢in aki terimi
ise, L. (L=4nr’H) ile gosterilen kiiresel 1sitma olup enerji olusum denkleminden
gelmektedir. Boylece opaklik, toplam 1sinin bolgesel sicaklik gradiyentinden akmasi
ile iliskili olup opakhgin biiyiik oldugu bolgelerde sicaklik gradiyenti de biiyiik
olmaktadir. Tiim frekanslar tizerinden ortalama alindiginda, Rosseland ortalama

opakhig1 x, transfer denklemini sicaklik gradiyentine bagl olarak verir. Rosseland

ortalamasi,
J' (1—e™/HT ) Mdv
o K(V) dr 14
K BT,
dTr

0

denklemi ile belirlenmektedir [6]. Bu yiizden Rosseland ortalama opakliklari k
(cmz/g), ele alinan frekanstaki aki katkisi ile orantili olarak frekansa baglhdir. Daha
genel olarak, toplam 1s1 akisina radyatif saydamligin (opakligin tersi) katkilarimdan
baska ozellikle elektron iletiminin de diisiiniilmesi gerekmektedir [10]. Ancak bu
calismada, sadece radyatif transferin etkileri tizerine yogunlasilmistir. Teorinin

ornek yildizlarin gozlemsel verileri ile test edilebilmesi i¢in ¢alisilmaktadir.

Kimyasal karigima bagli olan opakliklarda karisimlar genellikle kiitle kesri
olarak ifade edilirler. Hidrojen i¢in X, helyum i¢in Y ve diger tiim elementler igin
(metaller) Z ile gosterilmektedir. Karisimi belirlemek icin genellikle X ve Z ile
gosterilen iki say1 yeterlidir (Helyum kiitle kesri Y=1-X-7). Opakliklar ayrica X ve
Z ile gosterilen karisimin yaninda p ve T ile gosterilen yogunluk ve sicaklia da

bagli olup k= ky(X,Z,p,T) ’dir.

Astrofizikte pratik uygulamalar igin, 6rnek opaklik tablolar1 genellikle iki
boyutlu formatta (Logaritmik formda, yogunluk ve sicakligm biiyiik degisimlerini

veren log pve log T icin) secilen X ve Z degerleri ile verilmektedir. Cogu



yildizlarda, yogunluk ve sicaklik degerleri (p~T3) arasinda giiclii bir iliski vardir. Bu
iliski, genel bir cizelge halinde uygun tarzda verilebilmesi icin R degiskeni ile

gOsterilmistir [5].

logR=1logp-3logT+ 18 (1.5)

Bu c¢alismada, Los Alamos Ulusal Laboratuvarinda, Cox ve Stewart’in [11]
calismasi ile olusturulan ve daha sonra Huebner ve grubu [4] tarafindan gilincellenen
opaklik tablolari ile Iglesias & Rogers [5], Weiss [1], Allard [1], Iglesias & Rogers
[2] ve Kurucz [3] opaklik tablolar1 y1ldiz model programi olan GOB (yildizin daha
dis sinir olusumlarini igeren modelleme programi) ’a uygulanmistir [12]. Yildizin
dis kisimlarindaki sicaklik gradiyentinin, yildizi olusturan elementlerin tekrar
birlesmeye basladigi zamanlarda asirt oldugu ve opaklik etkilerinin yildizin dig
kisimlarinda daha etkili oldugu iyi bilinmektedir [13]. Bu durum GOB programinin
calistirildig1 bolgelerde baskindir. Yayinlanmis opakliklarin GOB programindaki
formatina doniisturtilmesi gerekmektedir. ~ Bunun icin dort nokta Lagrange
interpolasyonu [14] kullanildi. Bdoylece, -12 *den +3 ’e kadar 0.5 ’lik araliklarla 31
adet logaritmik yogunluklara ve 3.25 *den 7 ’e kadar 0.075 ’lik araliklarla 51 adet
logaritmik sicakliklara karsilik gelen logaritmik x opaklik degerleri hesaplandi. Bu
sekilde istenilen formata doniistiiriilen opaklik hesaplamalarinin, GOB ve SCH
(yildizin kiitlesinin en biiyiikk kismi ile ilgilenen modelleme programi) [12]
programlar1 yardimiyla, orta ve diisiik kiitleli yildizlarin yaricaplar tizerindeki

etkileri incelenmistir.

Ic  opakliklar dogrudan olgiilemedigi halde, yildiz modellerindeki
hesaplamalarin farkliliklarin1 kontrol etmek miimkiindiir. Gozlemsel verilerdeki
yanlisliklarin yaricaplarda % 1, kiitle ve sicakliklarda % 2°den daha biiyiik olmamasi
opakliklarin test edilmelerine olanak vermektedir [15,16]. Bunun igin hata
paylarmin yaklasik % 1 oldugu tahmin edilen tutulan ¢ift yildiz sistemlerinin verileri

ele alinmistir.



2. HIDROSTATIK VE TERMAL DENGE

2.1 Hidrostatik Denge

Yildiz igerisinde kiiciik bir miktar hareket eden tiim kuvvetler birbirini
tamamen karsilamalhidir. Bu kuvvetler, igeriye dogru olan gravitasyonel kuvvet ve

disariya dogru olan basing kuvvetidir [17].

Yildizin merkezinden r mesafede kii¢iik bir silindir hacmi diistinelim. Merkeze
dogru ¢izilen eksen ve dr uzunlugu olsun. Bu hacim {izerinde hareket eden basing

kuvveti

~ P isar 2.1)

r

dir [17]. Burada P basing olup, merkezden rmesafede diizenli olarak azalan

fonksiyondur. Ayni hacim tizerinde hareket eden gravitasyonel kuvvet,

pdSdr oM, 2.2)

2
r

dir [17]. Burada p yogunlugu, G Kkiitle ¢ekim sabiti ve M, ise, yogunluga gore

ifade edilen r yarigapl kiire i¢indeki kiitleyi tarif etmektedir [17].
M, = j pAmr’dr 2.3)
0

Yildizin i¢ bolgesindeki biiyiik kiitlenin, dis katmanlara, onlar1 i¢eriye dogru
cekmeye calisan biiyiik bir ¢ekim kuvveti uyguladigini biliyoruz. Bu katmanlar

iceriye dogru ¢okmiiyorsa ¢okmeyi onleyen bir karsi kuvvet olmalidir. Bu kuvvet



yer atmosferinin ¢okmesini onleyen kuvvetle goriiniirde ayni olup buna basing
kuvveti diyoruz. Birbirine esit iki zit kuvveti yerlestirerek hidrostatik denge

kosulunu elde ederiz [17].

dpP GM

i Sl 2.4

o P (2.4)
Denklem (2.3) ve (2.4), yildizlarla ilgili yapiy1 yoneten temel denge denklemlerinin
ilk ikisidir [17]. Yildizlarin icindeki basing, yogunluk ve kiitle dagilimini saptamaya

yetersizdir.

Yildizlarin biiyiik bir ¢ogunlugunun sisip biiziilme yapmamasi gerceginden

yildizlarda hidrostatik dengenin gegerli oldugu sonucuna varinz [17].

2.2 Bir Yildizin Enerji Depolan

Hidrostatik dengeyi saglamak i¢in sabit bir yildiz temin etmek yeterli degildir.
Termal dengeyi ayrica diisiinmek gerekmektedir [17]. Yildizin katmanlari arasinda
enerjinin ileri akis1 meydana gelmezse ve tiim katmanlar aym sicakliga ulasirsa,
yildiz igerisinde mitkemmel bir termal denge elde edilir. BoOyle mitkemmel termal
denge y1ldiz igerisinde tutulamaz [17]. i¢ sicakliklar on milyon derece olurken yiizey
tabakalarinin bir kag¢ bin derece oldugu bilinmektedir. Ayrica, yildizin 1sitmasi ile
oleulduigu gibi yiizeye akan enerji akisini goriirtiz. Bu akinin varligi, miikemmel bir
termal dengenin olmadigini ortaya koyar. Yildizda akiy1 besleyen {ii¢ tip enerji

vardir. Bunlar: Termal enerji E,., gravitasyonel enerji E ve niikleer enerji E,, dir.

Termal enerji ve gravitasyonel enerji, yildizin tiimii i¢in bir integralle gosterilebilirler

[17]:

R
E, = j(ifT)pmﬂdr (2.5)
2m

0



To.M
E, = j(—G rypdmr’dr (2.6)
r
0
Burada, denklem (2.5) ’deki parantez, yildiz maddesinin bir grami igin tek tip
atomdan olusan ideal bir gazin termal enerjisini, denklem (2.6) *daki parantez i¢i ise,
yildiz maddesinin bir gramin1 hareket ettirmek igin gerekli olan enerjiyi vermektedir

[17]. Denklem (2.4), 47r® ile carpilip r =0 ’dan r = R ’ye kadar integre edilerek

R dP R
j—g4zrr3dr =— f p GAf “Amridr (2.7-a)
o dr 0 r
R R
- j3Pg Amridr = — j p GM, Anridr (2.7-b)
r
0 0

yukaridaki (2.7-b) esitligi bulunur [17]. Sol tarafin integrali termal enerjinin iki
mislidir. Sag taraftaki integral negatif gravitasyonel enerjidir. Boylece,

2E, =-E; (2.8)
denklemi olusmaktadir [17]. Bu yolla virial teoremi elde edilmektedir. Herhangi bir

yaklasim ya da varsayim yapilmadigindan bu baginti, yildiz, hidrostatik dengede ve
bir ideal gaz durumunda bulunduk¢a her P,(r), T(r), M (r) i¢in tam olarak

gecerlidir [17].

Denklem (2.8) ’in onemli sonuglar1 vardir. Yildiz biiziilmeye basladiginda
aciga ¢ikan ¢ekim enerjisi, 1s1 enerjisine doniisiir ve yildiz 1sinmaya baslar. Acgiga
cikan ¢ekim enerjisinin yarisi 1s1 enerjisine doniistiigiinde hidrostatik dengeye ulagir.
Cekim enerjisinin yarisindan fazlasi 1s1 enerjisi olarak depolansaydi yildizin i¢ kismi
cok 1sinacak dolayisiyla basing ¢ok yiiksek olacak, basing kuvvetleri cekim
kuvvetlerinden daha biiyiik olacak ve yildiz yeniden genislemek zorunda kalacakti.
Genisleme ve cekim enerjisinin tiiketilmesinden dolay1 denge yeniden kurulana

kadar yildiz soguyacaktir. Yildizin daha fazla biiziilmeden 1sisal enerjisinin bir



boliimiinti 1sinim olarak yiizeyden saldigini biliyoruz. Cekim enerjisinden bagka
enerji kaynagi yoksa sicaklik diisecek, yildiz ¢okmesini siirdiirecek ve bu islem
sirasinda 1siacaktir. Cokmenin her sonsuz kiigilk adiminda biiziilmeye devam
etmeden Once agiga ¢ikan ¢ekim enerjisinin yarisi 1sinim enerjisi olarak salinincaya
kadar bekleyecektir. Biiziilme sirasinda yarigapm azalmasiyla aciga ¢ikan c¢ekim
enerjisi biiyiiyecek ve artan cekim kuvvetlerini dengelemek icin E, artacak,
ylizeydeki 1sinim enerjisi kaybi1 onu sogutmaya g¢alisirken yildiz 1sinmasini

surdirecektir [17].

Bir yildizin termal ve gravitasyonel enerjileri, yildizin tiim yasami igindeki
ylizey kayiplarin1 karsilamasi igin yeterli degildir. Bu enerjiler yildiz gelisiminin

kisa ve kritik asamalarinda 6nemli rol oynamaktadir [6].

Yildizin {igiincii enerji tipi, niikleer enerjidir. Niikleer siiregler, ¢ekirdegin
kiitle esdegerinden gelen enerji agiga ¢ikarir. Termal ve gravitasyonel enerjilerden

cok daha biiyiiktiir [6].
2.3 Termal Denge Kosulu
Bir yildizin 1sitmasi ile yiizeyde dl¢iilen enerji kaybi, yildizin igerisinde bastan

sona niikleer siire¢lerden agiga ¢ikan enerji ile karsilanmaktadir. Bu asagidaki

denklemle agiklanabilir [6].
R
L= f epanrdr (2.9)
0

Burada &; gram basma ve saniye basina niikleer siireglerden aciga ¢ikan
enerjidir. Niikleer enerji tiretimi olan €, sicakliga, yogunluga ve gazin bilesimine

baghdir [6].

Denklem (2.9), bir yildizin enerji dengesini saglar. Ancak dengenin benzer

tipi, y1ldiz i¢erisindeki herhangi bir katmanda saglanmalidir. Bir katmanda kazanilan



diger katmanda kaybedilen enerji zamanla igeride sicakligin degismesine yol agacak
ve yildiz1 sabitsizlestirecektir. ryarigapl ve birim kalinlikli bir kiiresel kabuk icin

enerji dengesi,

a, _ epdmr? (2.10)
r

denklemi ile yazilabilir [6]. Burada L ; ryarigapl kiire igerisindeki enerji akisidir.
Bu denklemin sol tarafi, daha i¢ yilizeyde kabuga giren daha biiyiik degerdeki akinin
daha dis yiizeyde kabuktan ayrilan akinin farki ile net aki kaybini, sag tarafi ise,
niikleer siireglerle kabuk igerisinde iiretilen enerjiyi verir. Denklem (2.10), yildiz

icerisinde bastan sona temel denge kosullarmin tigiinciisiidiir [6].

Fiziksel olarak aki, enerji transferini saglayan mekanizma olarak saptanmistir.
Bu, 151mim, iletim ve konveksiyonla olmaktadir. Bu enerji tasinim mekanizmalarinin

ticti i¢in sicaklik gradiyenti gereklidir [6].

2.4 Isimmmla Enerji Tasimim

Enerji tasinimmin yolu ne olursa olsun sicaklik gradiyenti biiyiidiik¢e enerji
akisi da biiyiir. Tasinim gii¢ oluyorsa daha kiigiik bir enerji akisi bekleriz. Isinimla,
yani fotonlarla 1s1 tasiniminda fotonlar sik sik soguruluyor ve yeniden salintyorsa,
baska bir deyisle fotonlarin ortalama serbest yollar1 ¢ok kiigiikse, 1s1 taginimi zor

olur. Sogurma katsayisi biiylik oldugunda bu durumla karsilasiriz [17].

Yildiz igerisinde daha sicak bdlgeden disariya dogru yonlenen radyasyon, daha
soguk bolgeden iceriye dogru yoOnlenen radyasyondan daha biiyiik radyasyon
yogunluguna sahip olacaktir. Boylece disariya dogru net bir radyasyon akisi

mevcuttur. Santimetre kare basina aki H ile, tiim kiire i¢cindeki ak1 L _ ile gosterilip

her ikisi arasindaki geometrik iliski,

L =4mr’H (2.11)

r



ile verilmektedir [6]. Yildiz i¢erisindeki gazin net radyasyon akisi, gazin opakliginin

ve sicaklik gradiyentinin fonksiyonu olarak,

L =—4m? 0 22 (2.12)

denklemi ile verilmektedir [6]. Denklem (2.12), dordiincii temel denge kosuludur.
Burada, a; Stefan-Boltzmann sabitini, c; 1sitk hizin1 ve k; gram basma sogurma

katsayis1 ile opakligi verir.

2.5 Isiiletimi ile Enerji Tasimim

Verilen bir gazda sicaklik gradiyenti varsa yiiksek 1s1 enerjili ve yiiksek hizli
pargaciklar, yiiksek sicaklik bolgesinden daha diisiik sicaklik bolgesine akarak oraya
kinetik enerji tagirlar. Ayni1 zamanda, daha diisiik hizli, daha az enerjili parcaciklar
da diisiik sicaklik bolgesinden yiiksek sicaklik bolgesine akarlar. Fakat sicaklik
gradiyentine baglh olmak tizere bu parcaciklar, yiiksek sicaklik katmanlarma karsi
yonde daha az enerji tasirlar. Oyleyse, yiiksek sicaklikli gazdan daha diisiik
sicaklikli gaza net bir enerji tasinimi vardir. Enerji tagmimini miktar1 dogrudan

dogruya sicaklik gradiyenti ile orantilidir. O halde parcaciklarin 1sisal hareketleri,

dT

k., =-N—
cd ndr

2.13)

ile verilen 7F, ’lik bir 1s1 iletim akisina gotiirecektir [13]. Burada n; 1s1 iletim

katsayis1 olup negatif isaret ise, 1s1 akisinin azalan sicaklik dogrultusunda gittigini

gostermektedir [17].



2.6 Konvektif Enerji Tasinimi

Kiitleyle enerji tasiniminda sicak madde yukariya dogru yiikselir, orada sogur
ve sonra soguk madde olarak asagiya iner. Net enerji tasinimi, yukariya dogru
tasinan enerji ile asagiya dogru tasinan enerji miktari arasindaki fark ile verilir.

Boylesi kiitle hareketlerine konveksiyon da denilmektedir [17].

Konveksiyonla yildizin daha alt tabakalarindan daha {iist tabakalarma dogru
termal enerji tasmacaktir. Asagida daha sicak tabakalardaki sicaklik azalirken
yukaridaki daha soguk tabakalardaki sicaklik artacaktir. Boylece sicaklik gradiyenti
konveksiyon ile azalmisg olacaktir. Sicaklik gradiyentinin daha diisikk olmasi
denklem (2.12) ‘e gore radyasyon akisini azaltacaktir. Ayrica konvektif akiy1 da
azaltacaktir [6].
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3. OPAKLIKLAR

Iyonizasyonun cogu asamalari ve cogu elementleri iceren atomik siireglerin

coklugu opakliga sebep olmaktadir.

3.1 Atomik Sogurma Katsayilari

Opakliga katkida bulunan dort atomik stire¢ vardir. Bunlar: Bagli-bagh
sogurma, bagli-serbest sogurma, serbest-serbest sogurma ve serbest elektronlardan

sagilmadir.

3.1.1 Bagh-Bagh Sogurma

Bir atomdaki bir ¢ok kesikli enerji diizeylerinde, bagl bir elektron yine bagl
daha yiiksek enerji diizeyine gecis yapiyorsa sogurma meydana gelir. Bu iki enerji
diizeyi arasindaki enerji farki sogurulan fotonun enerjisine esittir. Her iki enerji
diizeyi bir atom veya iyona bagh elektronlara karsilik geldiginden kesikli enerji

diizeyleri arasindaki bu gegislere bagli-bagh gegisler denilmektedir [17].

3.1.2 Bagh-Serbest Sogurma

Bagli-serbest gegisler bir iyonlasma islemine karsilik gelir. Bagl bir elektron
bagli durumdan serbest duruma geger. Bunun tersi, foton salinmasiyla bagli duruma

gegme islemi de yeniden birlesme islemidir. Bagli-serbest gecis i¢in elektron n sayili

bas kuantum diizeyinden kopmussa sogurulan fotonun frekans,

11



hv =y, +%m192 3.1

ile verilir [17]. Burada, y, iyonlasma enerjisidir. Iyonlasma isleminden sonra

elektronun kinetik enerjisi 1/2m¥* *dir. Bagli-serbest doniisiimler tiim atomlar ve

hala kendilerine bagli bir elektrona sahip iyonlar i¢in olasidir .

Yildiz igerisinde hidrojen ve helyum tamamen iyonize oldugu icin bagli-serbest
doniistimlerin sadece daha agir elementler icin diistintilmesi gerekmektedir. Ciinkii
daha agir elementler, tamamen olmasa bile igeride ¢ok fazla iyonlasmislardir.
Oyleyse, sogurma katsayisi icin agir elementler ¢ok Snemlidir. Bir atoma bagh

elektron i¢in sogurma katsayisi,

410 1%
denklemi ile verilmektedir [6]. Burada, Z'; iyonun etkin yiikii, n; elektronun bas
kuantum sayisi, v ; sogurulan fotonun frekansi, e; elementer yiik, m; elektronun
kiitlesi, & ; Planck sabiti, g; Gaunt c¢arpani olarak adlandirilan boyutsuz bir faktor
olup n ve v ile yavasca degisir ve biitiinlugii saglar. Denklem (3.2), foton

enerjilerinin iyonlasma enerjisi y, ‘i astifi durumlara karsilik gelen frekanslar i¢in

yalnizca yazilabilir. Bu yiizden, baglh-serbest doniisiimler, diisiik frekansta sifir olan
kritik frekansta birdenbire maksimuma si¢rayan ve frekansin kiibiiyle orantili olarak

daha yiiksek frekanslarda gitgide azalip son bulan bir sogurmaya sebep olur.

Bagli-serbest toplam sogurma katsayisini hesaplamak igin once atom ve
iyonlarm her cesidindeki her baglh diizey icin sogurma katsayisin1 frekansin
fonksiyonu olarak hesaplamali, sonra her frekanstaki katkilarin toplamini almaliyiz.

Bagli-serbest doniisiimler i¢in toplam sogurma katsayist,

XaP
AH

Ky V)xp =) a, x XN,, (3.3)
A,n
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denklemi ile verilir [6]. Burada, A; agir elementlerin ortalama atomik agirligi, H; bir

protonun kiitlesi, p ; yogunluk, N,,; atom basma n. durumda bagl olan elektron

say1st, X, elementin bolluk orani, XaP

; santimetre kiip basina atom sayisidir.

3.1.3 Serbest-Serbest Sogurma

Serbest-serbest sogurmada, 1/ 2md,” kinetik enerjili bir elektron, bir atomu

gectigi sirada hv enerjili bir foton sogurarak 1/ 2m1922 gibi daha yiiksek bir kinetik

enerji kazanabilir. Bu sogurulan fotonun enerjisi, elektronun kinetik enerjilerinin

farki ile verilir. Bu olay Frenleme 1sinim1 (Bremsstrahlung) olayinin tersidir.

Yildiz iglerindeki milyonlarca derecelik sicakliklarda hidrojen ve helyumun
tamami iyonlasir ve agir elementler de elektronlarinin ¢ogunu kaybeder. Bu
durumda serbest-serbest gecisler 6nem kazanir. Hidrojen ve helyum c¢ekirdeklerinin
sayist agir elementlere gore ¢ok fazla olduklarindan, serbest-serbest gegisler daha

cok hidrojen ve helyum ¢ekirdeklerinin Coulomb alanindaki gegislerinden ileri gelir.

Santimetre kiip basma bir serbest elektron ve bir atom igin serbest-serbest

sogurma katsayisi,

dme®  ZV g,

a, =———— 2%
d 33chm* © V3

(3.4)

denklemi ile verilir [6]. Burada, ¢; elektronun hizi ve gy ; Gaunt ¢arpanmidir. Bu
sogurma katsayisi, diisiik frekanslarda yiiksek degerlerden yiiksek frekanslardaki
diisilk degerlere dogru yavasga degisir.  Serbest-serbest doniisiimler ile tiim

enerjideki fotonlar sogurulabildigi i¢in frekans araliginda sinirlama yoktur.

Serbest-serbest doniisiimler i¢in toplam sogurma katsayisi,
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24P
Kﬁ‘(v)Xp:zAllaﬂxﬁXNE(ﬁ)dﬁ (3.5)

denklemi ile verilir [6]. Burada, Ng; santimetre kiip basina serbest elektronlarin
sayisin1 vermektedir. Serbest-serbest doniisiimler i¢in atomik sogurma katsayisi
elektronun hizina baglh oldugu ig¢in elektronlarin sayisimi hizin fonksiyonu olarak
kullanmaliyiz ve sonra tiim hizlar iizerinden integral almaliyiz.  Tiim bu
hesaplamalardan sonra tekrar tiim ilgili elementler tizerinden toplam aliriz. Boylece

serbest-serbest doniistimler igin toplam sogurma katsayisini elde ederiz.
3.1.4 Elektron Sac¢ilmasi
Sogurma islemlerinin en sonuncusu ve en basiti elektron sagilmasidir. Gaz

icerisindeki serbest elektronlarla fotonlarin sagilmasindan meydana gelir. Tesir

kesiti oldukga kiigiiktiir. Elektron basina sogurma katsayisi,

_ 8me!

T a4 2
3¢"'m

(3.6)

E

denklemi ile verilir [6]. Bu sogurma katsayist frekanstan bagimsiz olup serbest
elektronlar tarafindan tiim acgilardaki fotonlarin toplam sagilma tesir kesitidir ve
Thomson tesir kesiti olarak isimlendirilir. Serbest elektronlarin hemen hemen tiimii
hidrojen ve helyumdan geldiginden ve bunlar da 100 000 K ’lik sicakliklarda
tamamen iyonlastiklarindan artan sicaklikla birlikte bir gramlik madde igerisindeki

serbest elektronlarin sayisi degismez.

Elektron sagilmasi igin, santimetre kiip basina elektronlarin sayisini, atomik

sogurma katsayist o ile ¢arparak santimetre kiip basina sogurma katsayisini,

K, Xp=0,XN, (3.7)

denklemi ile elde edilir [6].
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Toplam sogurma katsayisi igin, ii¢ atomik siiregten gelen katkilar eklenir ve

frekansin bir fonksiyonu olarak toplam sogurma katsayisi,
k(v)=rx,)+Kx, V)+K, (3.8)

denklemi ile elde edilir [6].

3.2 Rosseland Ortalamasi

Rosseland ortalamasi, denklem (3.8) ile verilen her bir frekansa ait toplam

sogurma katsayisinin tiim frekanslar tizerinden ortalama alinmasidir. Bu ortalama,

[ e
1_ak ) i (3.9-a)
K J-dE(v) dr
o dT dr
J‘ = /ATy dB(v,T) dv
K‘(V) dr
(3.9-b)

T B(v T)

Pﬁ
o'—,

ile verilmektedir [6]. Denklem (3.9) ile, atomik verilerden ortalama sogurma

katsayisi elde edilmektedir.
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3.2.1 Bagh-Serbest Doniisiimler icin Kramer Kanunu

Denklem (3.3) ile verilen bagli-serbest sogurma katsayisina ait kaba bir tahmin
elde edilmektedir. Bu denklemde, atom basina n. durumda bagli olan elektronlarin
ortalama sayisi, Na, iyonizasyon denklemi ile belirlenmekte olup bunun i¢in Saha
denklemi kullanilmaktadir. Saha denklemi, iyonize olmus gazlarin yiiksek oldugu
bir ortamda baglh elektronlarin sayisinin serbest elektron yogunluguna orani ile

verilmektedir [6].

h3
N, =N,n*————"%/H 3.10
An E 2(2ka)3/2 ( )
Buradaki Ng;
N, =L P L ooxiyi i x (3.10-a)
1, H i, 20 2 2

ile santimetre kiip basina serbest elektronlarin sayisini vermektedir [6].

Denklem (3.10), denklem (3.3) ’de yerine koyularak,

2 o efnr ZV|1 X, (KT Y p
K, (v)=Y =22 S x| B oz )P 311
w ) AZ;3V 3 cH'm" k> A |n kT |8 FAF s G

denklemi elde edilir [6].

Denklem (3.11) ’de, her bir elemente ait bolluk orani olan X, elementleri
tizerinden toplam alinmaktadir. Hidrojen ve helyum elementleri bagli-serbest
doniisiimlere ¢okca katkida bulunmadigi i¢cin metal elementler tizerinden toplam
alinmaktadir. En diisiik kuantum durumu olan n=1, esas katilimi sagladigi i¢in diger
kuantum durumlar iizerinden toplam alma islemi ihmal edilmektedir. Bu
yaklagimlarla denklem (3.11) ’in, denklem (3.9) ile verilen Rosseland ortalamasi

yardimi ile tiim frekanslar iizerinden ortalamasi alindiginda,
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K, =4.34x10% x§x2(1+X)T§5 (3.12)

olusur [6]. Bu, Kramer ’in bagli-serbest doniisiimler i¢in opakhk kanunudur.
Denklem (3.12) ’deki §; ortalama Gaunt faktoriinii ve t ise, denklem (3.11) ’deki

koseli parantez igindeki faktorler icin ortalamay1 vermektedir.

3.2.2 Serbest-Serbest Doniisiimler icin Kramer Kanunu

Serbest-serbest gecisler, yildizda ¢ok fazla sayida bulunan hidrojen ve helyum
cekirdeklerinin Coulomb alanindaki gegislerinden meydana geldigi igin serbest-
serbest doniistimlerde yalmizca hidrojen ve helyum elementleri diisiiniilmiis olup

daha agir elementler ihmal edilmistir.

Denklem (3.4) ile verilen atom i¢in serbest-serbest sogurma katsayisi, denklem
(3.5) ’de yerine konularak tiim hizlar {izerinden integral alinmaktadir. Daha sonra
Xa elementleri iizerinden yani hidrojen ve helyum elementleri iizerinden toplam
alindiginda, X+Y degerini vermektedir. Denklem (3.9) ile verilen Rosseland
ortalamasi yardimiyla denklem (3.5) ’in tiim frekanslar {izerinden ortalamasi

alinmaktadir. Bunun neticesinde,

2 2z R 1 p
Ky =—,— (X +Y)(A+X 3.13-a
Vi 3 3 CH2m1.5k3.5 196.5 gﬁ( )( )T3.5 ( )

p
- (3.13-b)

K, =3.68x10%g . x(X +Y)(1+X)T

denklemi ile hidrojen ve helyumun toplam serbest-serbest sogurma katsayisi kaba bir

yaklasimla elde edilmektedir [6].
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3.2.3 Elektron Sac¢ilmasi

Ug atomik siirecin en sonuncusu olan elektron sagilmasi, denklem (3.10-a) *da
verilen santimetre kiip basina serbest elektron sayisi ile denklem (3.6) 'da verilen
elektron i¢in sogurma katsayisi ifadelerinin denklem (3.7) *de yerine konulmasiyla
bulunmaktadir. Elektron sagilmasi, frekanstan bagimsiz olmasina ragmen denklem
(3.9) ile verilen Rosseland ortalamasi uygulanmaktadir. Ciinkii Rosseland ortalamasi
sadece uygun ortalama almakla kalmayip aym zamanda da uyarilmis emisyonu
hesaba katarak frekanstan bagimsiz sogurma katsayisina 1.055 degerinde bir
indirgenme faktorii verir. Bdylece herhangi bir yaklasim olmaksizin elektron

sagilmasi igin,

AT e 1
— ——x(1+X
3 ¢*Hm* 1.055 ( )

Kp =

=0.19 X (1+X) (3.14)

degeri elde edilmektedir [6].
Yildiz icerisindeki radyatif opakligin dnemli kaynagi, gaz icerisindeki serbest

elektronlar tarafindan fotonlarin sagilmasidir. Bu sagilmadan kaynaklanan opaklik,

daima serbest elektronlarin varliginda meydana gelmektedir.

18



4. MODEL OLUSUMUNDA GOB VE SCH PROGRAMLARININ
KULLANIMI

GOB ve SCH programlari, normal ana sira tipi yildizlarin sifir yas modellerinin
(ZAMS) olusumunda kullanilmaktadir. Bu modellerin evrimi i¢in ayri bir program

gerekmektedir.

Normal yildiz yap1 problemi, dort diferansiyel denklemin ¢oziimiiniin

bulunmasi ile agiklanabilir. Bu diferansiyel denklemler,

., _ 4mpr® 4.1)
dr
dp GM . p
&2 42
dr r? (42)
aL, = dnepr? 4.3)
r
4
dar_ _ kel (4.4)
dr 4rer

olarak verilmektedir [6]. Denklemler programlarda analitik ¢6ziime sahip olmayip
niimerik integrasyon ile ¢oziilmelidirler. Ayrica her bir diferansiyel denklem igin

sinir kosullar1 belirlenmelidir.
Denklemlerde ana bagimsiz degisken olan r yarigapt (0 < r < R) araliginda

degismektedir. Burada R, tiim yildizin yaricap mesafesi olarak alinmaktadir.

Boylece, r=0 ve r=R olmak iizere iki fiziksel sinir olusmustur.
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I¢ sinirda (yildizin merkezi), r=0 i¢in M,;=0 ve L,=0 olup merkezi sicaklik T, ve
merkezi yogunluk p. bilinmemektedir. Dis sinirda, r=R i¢in yi1ldizin en iyi bilinen ve
goriilen kism1 olan dis sinir sicakligi T,, ¢cok biiyiik i¢c degerleri ile karsilastirildiginda
sifir olmayip ¢ok kiigiik degerdedir. Normalde, R yaricapl bir yildizdan ziyade
toplam kiitlesi M olarak verilen bir yildiz diisiiniilmektedir. Verilen M degeri igin

dis sinir kosullari, p=po ve T=T, (atmosferin zirvesi) olmaktadir.

Dis sinir olusumlarini diizenleyen GOB programi icin iki nicelik olan 1sitma L
ve yaricap R degerleri, verilen M degeri i¢in tahmin edilmelidir. Bu iki nicelik (L ve

R), tigiincii bir nicelik olan etkin sicaklik Te "yi,

L=47R%c T." 4.5)

denklemi ile belirlemektedir [6].

Gergekte T, ve L (Herzprung Russell (HR) "in teorik formdaki diyagraminin iki
degiskeni) icin verilen tahmini degerler R degerini verecektir. Ornegin, giines
kiitlesinin iki kat1 olan ana sira bir yildiz i¢in etkin sicaklik ve 1sitma degerleri, HR
diyagramindan bilinmektedir. Bir standart model atmosferi i¢in etkin sicaklik T, ve
yildizin en dis tabaka sicakligi Ty arasinda ayrica bir iliski vardir. Eddington *1n
klasik model atmosferinde bu iliski, TO:(1/2)” “T, olarak verilmektedir [18].

Dogru degerleri igine alan Ly (L= L), Ty diizlemindeki dort kose noktalari igin,
yildiz igerisinde devam eden integrasyonlarla sonuglanan model atmosferlerini

olusturmak miimkiindiir.

GOB integrasyonlari, yildizin kiitlesinin % 10 ’u kadar iceriye dogru
ilerlemektedir (M > M, = Mg ). Bu program, yalnizca ii¢ diferansiyel denklem
(Lo=Lg=sbt) igerdigi i¢in hizli bigimde ilerlemektedir. Modellemede, gozlemsel
sonuglar ile elde edilen ylizey 1sitmasi Ly ve etkin sicaklik T. (R degeri, L ve Te
degerinden bulunur) ’ye (dis sinir) karsilik merkezi sicaklik T, ve merkezi yogunluk
pc (i¢ smir) tahmini degerleri belirtilmelidir. GOB programi, yildizin toplam

kiitlesinin 0.95Mg °lik kismindan baglayip, kullanici tarafindan belirlenip sabitlenen
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atmosfer tabakasmin taban1t Mr=Mg "ye dogru integrasyonlarla ilerler. Sicaklik ¢ok
biiyiikse veya integrasyon adimlarinin sayisi ¢ok fazla ise bazi kontrol parametreleri
ortaya ¢ikmaktadir. Alt simirda GOB, Lo=Lp 'nin de gegerli oldugu pg, Ts ve Rg
degerlerini olusturur. Verilen bu dort kse degerleri ile atmosferin taban degerlerini
bulmak amaciyla ara noktalar icin interpolasyon (lineer) yapmak miimkiindiir.

Ornegin; Lo, R genel yiizey noktasina karsilik gelen taban yogunlugu igin,

R-R

oo R =Py (L R)+ 25 0L R)~py(L, R)]+ [pB@ R)-p,L.R)  (4.6)

L-1,

bagintis1 yazilabilir [19].

Lo, To ylizey degerleri ile iceriye dogru integrasyonlarla calisan GOB
programinin sonucu olarak elde edilen dort taban deger, SCH programina giris
degerleri olarak verilmektedir. Merkezden disariya dogru integrasyonlar, 0.95Mg
diizeyinden igeriye dogru integrasyonlarla, se¢ilmis sabit bir i¢ noktada karsilastirilir
ve degiskenler arasindaki farklar belirlenip yeni baslangi¢ degerleri i¢cin programlar

tekrar calistirilir.

Merkezden disariya dogru ikinci kez calistirllan SCH programinda, yeni T, ve
p. merkezi sinir degerlerini tahmin etmek artik zor degildir. Karsilasma noktasinda,
yeni olusan degerler arasinda farkliliklar olacaktir. Bu farkliliklar, dogruluk kontrol
limitinin altinda oldugunda, karsilasma noktasindaki degiskenler arasinda bulunan

farkliliklar dereceli bigcimde azalacaktir.

GOB ve SCH integrasyonlarinin birlesimi, ana sira tipi yildizlarin sifir yas bir
giines kiitleli modeli i¢in Sekil 4.1 *de gosterilmektedir. SCH, yildiz kiitlesinin en
biiyiik kismu ile ilgilenen modelleme programi oldugu i¢in Sekil 4.1°deki artan kiitle
kesrine karsilik artan yarigap degerlerinin bilyilk ¢ogunlugunu olusturmaktadir.
Seklin geri kalan kismi ise, yi1ldizin daha dis sinir olusumlarini iceren GOB programi

ile bulunan kiitle kesrine karsilik yarigap degerleridir.
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Sekil 4.1: Sifir yas bir giines kiitleli modele ait kiitle kesri ile yaricap degisimi
icin GOB ve SCH integrasyonlarinin birlesiminin gosterimi.
(—SCH; .....GOB)
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5. OPAKLIK TABLOLARI

Belirlenen bir kimyasal karisim icin verilmis olan logaritmik opakliklar igin,
(log) sicaklik ve (log) yogunluk olmak iizere iki boyutta interpolasyonlar yapmak
mimkiindiir.  Bunun i¢in Oncelikle, sabit sicaklikta farkli yogunluk (log p)
degerlerine karsilik gelen opaklik (log k) degerleri, daha sonra da her bir log p degeri
icin farkli (log) sicakliklara karsilik gelen log k degerleri interpole edilmektedir.
Sekil (5.1), Kurucz [3] opaklik tablolarina uygulanan Lagrange interpolasyonuna bir
ornek olarak verilmis olup, interpole edilen degerlerin Kurucz tablo degerlerinin

arasinda oldugu goriilmiistiir.

—a— Kurucz tablo degerleri
—=—Lagrange interpolasyon degerleri

(=)

-15 -10 -5 D
1
log T=3.34
~_~ -2 4
)
N\
g 3
M
0
)
— -4
51
6/
3
log rho(g/cm”)

Sekil 5.1 Kurucz [3] opaklik tablolarina uygulanan Lagrange
interpolasyonundan bir 6rnek.

Sonuglarmi kullandigimiz Kurucz [3] model atmosfer programi, her biri
yaklasik 10 izotop ’a sahip 1000 °den daha fazla atom ve molekiil tiirlerini

icermektedir. Cinko elementine kadar tiim elementlerin iyonlarin1 detayl bigimde
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hesaba katmaktadir. Gelistirilmis donukluk verilerine sahip olan bu modelleme, ¢cok
sayida atom tiirleri igermesinden ziyade 6zellikle ¢izgi sogurmalarinin (bagli-bagli)
net etkilerini hesaba katmistir [20]. Bunun igin ii¢ goriis vardir. Bunlardan birincisi:
Verilen basing ve sicaklikta, 10° ayri cizgiden daha fazlasi i¢in  spektrum
hesaplamasi igermesidir. Modellemenin diger bir goriisii, belirlenen farkli bolluklar
icin sicaklik ve yogunluga bagh ¢izgi opakliklar1 icin istatistiksel dagilim
fonksiyonlarmin ¢izelgelerini icermesidir. Uclincii goriis, spektrumu detayli olarak
¢ozmeyen az sayidaki dalga boyu noktalarini kullanarak spektral ornekleme
yapilmasidir. ATLAS modelleme programmin 12. siiriimii [21], bu ii¢ goriisii
birlestiren islemleri stirekli kullanarak, verilen sicaklik ve yogunluklarda Rosseland

ortalama opakliklarmi hesaplamistir.

Iglesias & Rogers, Rosseland ortalama opakliklarini hesaplamak i¢cin OPAL
kodu olusturmuslardir [5]. Onlar, ¢esitli metalleri de dahil eden kiitle kesirlerine ait
logaritmik sicaklik ve yogunluklardaki dogru interpolasyonlari igeren Anders-
Grevesse ’'nin karisimini [22] kullanarak kapsamli sonuglar vermislerdir. Zarf
bolgesinde, sicaklik ve R (R o yogunluk/(sicaklik)?), temel degisken olarak icten
disa dogru yildiz kosullarim1 igermektedir. Iglesias & Rogers, soguk atmosferleri
incelemedikleri i¢in molekiiller tarafindan fotoabsorpsiyon hesaba katilmamaistir [5].
Yalmzca radyatif siiregler hesaplanmis olup elektron iletimi ihmal edilmistir.
Onlarin model hesaplamalari, hem degerlik elektronlari hem de i¢ elektronlari i¢eren
foton sogurmalar1 i¢in dogru olarak kabul edilmektedir. Bagli-bagh doniistimler,

iyon agsamalarinin her bir konfigiirasyonunda her alt kabuk i¢in hesaplanmaistir.

Allard [1] ve Weiss [1] OPAL kodu kullanarak farkli karisimlar i¢in Rosseland
ortalama opaklik tablolarini olusturmuslardir. Hesaplamalara dahil edilen elementler
H, He, Li, Be, B, C, N, O, F, Ne, Na, Mg, Al, Si, P, S, Cl, Ar, K, Ca, Sc, Ti, V, Cr,
Mn, Fe, Co ve Ni ’dir. Bu tablolar sicaklik ve yogunlukta oldugu gibi H, He, C, O
ve metal kiitle kesri i¢in de dogru interpolasyonlara olanak vermektedir. Tablolar log
R= log(p/T63) ve log T terimleri ile verilmektedir (Te=10° T ). R ve sicaklik araligi,
zarf bolgesi icinde olup -8 < log R < +1 ve 3.75 < logT < 8.7 olarak verilmistir [2].
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Sekil 5.2 Farkli yogunluklarda degisen sicakliklara karsilik gelen Iglesias &
Rogers [2] opaklik degerleri.

Sekil 5.2 ’de, X=0.7 ve Z=0.02 i¢in farkli yogunluklarda, degisen sicakliklara
karsilik Iglesias & Rogers opaklik degerleri (cm®/g biriminde) verilmistir [2].
Yiiksek yogunluk bolgesi, en agik bicimde log p= -4 egrisinde goriilmektedir. Bu
opaklik pikinin sag tarafindaki sicaklik bolgeleri igcin opaklik degeri, elektron
sagilmasindan dolay1 sabit bir degere dogru azalma g&stermektedir. Diisiik yogunluk
bolgesinde de yildiz yiizeyine yakin ¢ok diisiik opakliklara dogru azalma
goriilmektedir. Opaklik tablolarindaki pik degerleri, yaklasik olarak log p ~ -2.5 ve
log T ~ 4.5 degerlerinde goriilmekte olup bu pik degerine karsilik gelen opaklik
degeri de yaklasik olarak log ¥ ~ 5.5 ’dir. Daha eski opaklik tablolarindan ziyade
daha yeni opaklik hesaplamalari, daha diisiik sicakliklarda meydana gelen bu piki

gostermektedir.

Los Alamos verileri olarak da bilinen Cox & Stewart [11] opaklik tablolari,
elektron iletiminin dahil edilmedigi Rosseland ortalama opakliklaridir. Bu tablolar,
GOB programi da dahil olmak tizere yildizlara ait yap1 hesaplamalarinin ¢ogu igin
bir temel teskil etmektedir. Bu opaklik tablolari, Somerville 'nin serbest-serbest
doniisiim islemleri ile serbest elektronun foton sogurmasini ve molekiiler hidrojeni
dahil etmektedir [23]. Molekiiler hidrojen tarafindan fotonlarin Rayleigh sagilmasi,
Dalgarno ve Williams [24] tarafindan verilen bir formiil kullanilarak dahil edilmistir.

Los Alamos tablolari, Huebner ve grubu [4] (Los Alamos Opaklik Laboratuvart —
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LAOL) tarafindan yenilenmis ve Paczynski ’nin orijinal versiyonlarmdaki gibi bir

formda verilmistir.

GOB igin gerekli olan iki boyutlu interpole edilmis tablolar1 olusturmak igin iki
adim islemin yapilmasi gerekmektedir. Baska kaynaklarin opaklik tablolarinin
formatini GOB programindaki tablo formatina doniistiirmek i¢in 6ncelikle sicaklik
sabit tutularak istenilen yogunluklar i¢in daha sonra da yogunluk sabit tutularak
istenilen sicakliklar ic¢in interpolasyonlar yapilmistir. Bu sekilde GOB
programindaki formatina doniistiiriilmiis olan Huebner ve grubu [4] opaklik degerleri
(X=0.7; Z=0.03) Tablo 5.1 ’de ve Iglesias & Rogers [5] opaklik degerleri (X=0.7;
7=0.02) Tablo 5.2 de verilmistir. Bizim bu ¢alismada, farkli kaynaklarin opaklik
tablolarini interpole edip GOB programindaki formatina doniistiirdiigiimiiz Iglesias
& Rogers [2] opaklik degerleri (X=0.7; Z=0.02) Tablo 5.3 ’de, Allard [1] opaklik
degerleri (X=0.7; Z=0.01) Tablo 5.4 °de, Kurucz [3] opaklik degerleri (X=0.7;
7=0.03) Tablo 5.5 *de ve Weiss [1] in hidrojen kiitle kesri X=0.7 igin farkli metal
kiitle kesirlerine karsilik gelen opaklik degerleri Z=0.001 i¢in Tablo 5.6 *da, Z=0.002
icin Tablo 5.7 ’de, Z=0.004 icin Tablo 5.8 ’de verilmektedir. Tablo 5.1°’den Tablo
5.8’e kadar verilen tablolarda logaritmik opaklik log x (cmz/g), sabit log p’nun
stitunlart igin log T ’nin fonksiyonu olarak, -12 < log p < +3 araliginda 31 adet
yogunluk (g/cm3) ve 3.250 £ logT < 7.000 arahginda 51 adet sicaklik (K) degerleri

icin olusturulmustur.
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Tablo 5.1 GOB programindaki formatina doniistiiriilen Huebner ve grubu [4] opaklik degerleri.

log T

-12.0 -11.5 -11 -10.5 -10.0 -9.5 -9.0 -8.5 -8.0

log p=

-7.5 -70 -65 -6.0 -55 -50 -45 -40 -35 -30 -25 -2.0

-1.5

-1.0 -05 00 05 1.0 1.5 20 25 30

3.250 -4.48 -3.80 -3.20 -2.86 -2.72 -2.67 -2.64 -2.63 -2.63 -2.62 -2.62 -2.62 -2.61 -2.60 -2.60 -2.59 -2.58 -2.56 -2.54 -2.52 -2.49 -2.46 -2.42 -5.54 -4.59 -4.59 -4.59 -4.59 -4.59 -4.59 -4.59
3.325-4.73 -4.71 -4.59 -4.14 -3.52 -3.04 -2.80 -2.69 -2.65 -2.63 -2.61 -2.60 -2.59 -2.57 -2.55 -2.52 -2.49 -2.44 -2.39 -2.33 -2.26 -2.18 -2.09 -5.32 -4.41 -4.41 -4.41 -4.41 -4.41 -4.41 -4.41
3.400 -4.53 -4.51 -4.48 -4.41 -4.29 -4.05 -3.60 -3.12 -2.83 -2.69 -2.62 -2.57 -2.53 -2.48 -2.43 -2.36 -2.29 -2.20 -2.09 -1.98 -1.85 -1.72 -1.58 -5.09 -4.23 -4.23 -4.23 -4.23 -4.23 -4.23 -4.23
3.475 -4.44 -4.41 -4.38 -4.31 -4.21 -4.08 -3.90 -3.64 -3.28 -2.90 -2.60 -2.41 -2.25 -2.13 -2.01 -1.88 -1.73 -1.59 -1.43 -1.28 -1.12 -.96
3.550-4.31 -4.29 -4.32 -4.24 -4.10 -3.92 -3.68 -3.39 -3.06 -2.72 -2.38 -2.07 -1.82 -1.62 -1.45 -1.27 -1.08 -.90
3.625-4.13 -4.14 -4.23 -4.12 -3.94 -3.68 -3.37 -3.04 -2.69 -2.35 -2.03 -1.72 -1.44 -1.20 -98 -.76 -53 -30
3.700 -3.96 -3.99 -4.03 -3.92 -3.71 -3.39 -3.03 -2.69 -2.35 -2.04 -1.73 -1.43 -1.13 -.86 -.60 -.33 -06 .21
3.775 -3.31 -3.40 -3.56 -3.52 -3.37 -3.12 -2.82 -2.51 -2.17 -1.82 -1.47 -1.13 -.80
3.850-2.63 -2.79 -2.95 -2.98 -2.93 -2.78 -2.55 -2.28 -1.96 -1.59 -1.21 -.84
3.925-1.90 -2.06 -2.24 -2.37 -2.39 -2.27 -2.06 -1.81 -1.53 -1.23 -91 -.58
4.000 -1.27 -1.39 -1.49 -1.61 -1.66 -1.56 -1.39 -1.18
-.80 -73 -62 -47

4.075
4.150
4.225
4.300
4.375
4.450
4.525
4.600
4.675
4.750
4.825
4.900
4.975
5.050
5.125
5.200
5.275
5.350
5.425

-79
-.40
-44
-47
-47
-47
-47
-47
-47
-47
-47
-47
-47
-47
-47
-47
-47
-47
-47

=19
-.32
-.26
-.28
-.40
-47
-47
-47
-47
-47
-47
-47
-47
-47
-47
-47
-47
-47
-47

=17
-.23
-.07
-.08
-31
-48
-49
-47
-47
-47
-47
-47
-47
-47
-47
-47
-47
-47
-47

-79
-.16
A8
22
.01

-.18
-.26
-.30
-.35
-.39
-40
-.40
-41
-42
-44
-46
-47
-.49
-49

-.08
42
.55
43
24
.09
-.04
-.15
-.23
-.26
-.28
-.29
-.32
-.36
-.40
-.44
-47
-.48

-01 .07
59 74
.89 1.19
.86 1.28
.68 1.14
49 .93
29 .70
A5 .53
.03 .38
-.04 27
-10 .17
-.14 .09
-18 .03
-23 -.02
-28 -.07
=32 -12
-36 -.16
-39 -23

19
.86
1.39
1.62
1.59
1.42
1.19
1.01
.83
.69
.56
46
.38
32
.26
.20
14
.01

-.96
-.30
.33
97
1.54
1.90
2.00
1.90
1.71
1.53
1.34
1.18
1.04
91
.82
15
.68
.60
52
.35

=72
-.10
49
1.10
1.66
2.09
2.31
2.33
222
2.07
1.89
1.73
1.57
1.43
1.33
1.26
1.18
1.10
1.00
.80

-47 -20
A1 .33
.67 .86
1.24 1.39
1.77 1.90
2.24 2.37
2.56 2.74
2.69 2.96
2.68 3.04
2.58 3.01
243 291
2.28 2.79
2.13 2.66
1.99 2.53
1.88 2.42
1.80 2.33
1.72 2.24
1.63 2.14
1.52 2.02
1.31 1.82

-50
-.26
.09
.56
1.06
1.56
2.05
2.50
2.88
3.16
3.32
3.37
333
3.26
3.17
3.05
2.95
2.86
2.76
2.65
2.52
2.34

-51 -24 .05 33 .61
-20 .08 .37 .66 .96
05 36 .67 .98 1.29
38 .68 .97 1.28 1.58
.81 1.06 1.32 1.59 1.85
1.29 1.52 1.76 2.01 2.25
1.76 1.97 2.18 240 2.62
2.21 2.38 2.58 2.78 2.97
2.63 2.78 2.95 3.12 3.31
3.01 3.14 3.28 3.44 3.60
3.32 3.45 3.58 3.72 3.87
3.54 3.71 3.85 3.98 4.12
3.66 3.89 4.07 421 4.36
371 4.02 424 441 4.58
3.69 4.06 4.34 4.57 4.78
3.64 4.06 4.41 4.69 4.94
3.56 4.02 4.43 4.77 5.06
3.46 3.95 4.40 4.79 5.11
3.38 3.88 4.34 476 5.10
3.28 3.78 4.26 4.68 5.05
3.16 3.67 4.15 4.58 4.95
3.04 3.54 4.01 4.44 482
2.87 3.39 3.87 4.30 4.67

27

-.80-4.87 -4.05 -4.05 -4.05 -4.05 -4.05 -4.05 -4.05

-71 -52 -33 -14 .00-4.65-3.87-3.87-3.87-3.87-3.87 -3.87 -3.87

-08 .15

47 74

.89 1.17
1.25 1.54
1.60 1.91
1.88 2.18
2.12 2.38
249 2.73
2.83 3.05
3.17 3.36
3.49 3.67
3.78 3.97
4.04 4.23
4.28 4.43
4.50 4.57
4.70 4.70
492 494
5.11 5.14
5.27 5.32
5.35 541
5.34 5.39
5.30 5.32
5.20 5.22
5.07 5.06
492 493

.38

.61

.66 -4.43 -3.70 -3.70 -3.70 -3.70 -3.70 -3.70 -3.70

1.01 1.26 1.06-4.21 -3.52-3.52-3.52-3.52 -3.52 -3.52 -3.52
1.461.72

1.83
222
247
2.64
2.96
3.25
3.52
3.80
4.07
4.30
443
4.49
4.53
4.72
4.87
5.00
5.08
5.09
5.07
5.00
4.88
4.81

2.08
245
2.66
2.78
3.01
3.19
3.35
3.49
3.62
3.73
3.80
3.86
3.92

1.25-3.99 -3.34 -3.34 -3.34 -3.34 -3.34 -3.34 -3.34
1.39-3.77-3.16 -3.16 -3.16 -3.16 -3.16 -3.16 -3.16
1.51-3.55-2.98 -2.98 -2.98 -2.98 -2.98 -2.98 -2.98
1.61-3.33 -2.80 -2.80 -2.80 -2.80 -2.80 -2.80 -2.80
1.71-3.11 -2.62 -2.62 -2.62 -2.62 -2.62 -2.62 -2.62
1.82-2.89-2.44 -2.44 -2.44 -2.44 -2.44 -2.44 -2.44
1.92-2.66 -2.26 -2.26 -2.26 -2.26 -2.26 -2.26 -2.26
2.02-2.44 -2.08 -2.08 -2.08 -2.08 -2.08 -2.08 -2.08
2.12-2.22-1.90-1.90 -1.90 -1.90 -1.90 -1.90 -1.90
2.23-2.00-1.72-1.72-1.72-1.72 -1.72 -1.72 -1.72
2.33-1.78 -1.54 -1.54 -1.54 -1.54 -1.54 -1.54 -1.54
2.43-1.56-1.36 -1.36 -1.36 -1.36 -1.36 -1.36 -1.36
2.52-1.34-1.19-1.19-1.19-1.19-1.19 -1.19 -1.19
2.62-1.12-1.01-1.01-1.01 -1.01 -1.01 -1.01 -1.01

402 272 -90 -.83 -.83 -83 -83 -83 -.83 -83
411 2.82 -68 -65 -.65 -65 -65 -65 -.65 -.65
4.19 293 -46 -47 -47 -47 -47 -47 -47 -47
427 3.03 -24 -29 -29 -29 -29 -29 -29 -29
433 312 -01 -11 -11 -11 -11 -11 -11 -.11
438 322 21 .07 .07 .07 .07 .07 .07 .07
442 332 43 25 25 25 25 25 25 25
443 341 65 43 43 43 43 43 43 43
445 351 87 61 .61 .61 .61 .61 .61 .61



Tablo 5.1 ’in devami

log T log p=

-12.0 -11.5 -11 -10.5 -10.0 -9.5 9.0 -85 -80 -7.5 -7.0 -6.5 -6.0 -55 -50 -45 40 -35 -3.0 -25 -20 -1.5 -1.0 -05 00 05 1.0 1.5 2.0 25 3.0
5500 -47 -47 -47 -49 -48 -42 -30 -.11 .17 .60 1.10 1.61 2.15 2.70 3.22 3.71 4.14 450 4.76 480 4.73 446 3.60 1.09 .79 .79 79 .79 .79 .79 .79
5575 -47 -47 -47 -48 -47 -44 -36 -22 01 39 87 1.39 194 2.50 3.04 3.54 397 434 459 468 4.66 447 3.69 131 97 97 97 97 97 97 .97
5.650 -47 -47 -47 -48 -47 -46 -41 -30 -09 25 .68 1.18 1.72 2.29 2.85 3.36 3.81 4.19 4.47 4.58 4.59 444 3.77 1.53 1.151.15 1.15 1.15 1.15 1.15 1.15
5725 -47 -47 -47 -47 -47 -47 -44 -35 -17 .12 51 98 1.50 2.07 2.64 3.17 3.65 4.05 435 4.49 4.52 439 3.82 1.75 1.3211.32 1.32 1.32 1.32 1.32 1.32
5.800 -47 -47 -47 -47 -47 -49 -47 -39 -23 01 34 78 1.29 1.85 2.43 2.98 3.48 391 423 439 4.43 430 3.84 197 1.501.20 .71 -27-1.20-2.29 -3.39
5875 -47 -47 -47 -47 -47 -48 -49 -46 -40 -30 -.13 .16 .56 1.07 1.63 2.22 2.76 3.21 3.54 3.74 3.82 3.79 3.65 2.79 2.201.75 1.19 .24 -70-1.77 -2.86
5950 -47 -47 -47 -47 -47 -47 -47 -47 -47 -44 -37 -22 .02 .38 .83 1.36 1.91 2.39 2.77 3.01 3.15 3.18 3.18 3.11 2.782.27 1.67 .74 -.19-1.25 -2.33
6.025 -47 -47 -47 -47 -47 -47 -47 -48 -48 -48 -46 -42 -31-14 13 54 1.02 1.53 1.99 2.31 2.54 2.64 2.71 2.83 2912.69 2.15 125 .32 -74 -1.81
6.100 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -45-41 -29 -06 27 .70 1.17 1.60 1.96 2.19 2.36 2.52 2.702.81 2.55 1.74 .81 -.24 -1.29
6.175 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -46 -46 -42 -36 -22 .06 .43 .92 1.40 1.77 2.06 2.23 2.362.52 2.57 2.12 1.29 26 -79
6.250 -47 -47 -47 -47 -47 -47 -47 -4T7 -47 -47 -47 -47 -47 -47 -47 -45 -39 -26 -03 34 77 1.23 1.64 1.89 2.052.16 224 2.22 1.70 .75 -30
6.325 -47 -47 -47 -4T7 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -44 -40 -30 -10 .19 .59 1.01 1.31 1.531.65 1.74 1.89 1.84 1.18 .19
6.400 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -48 -48 -47 -47 -43 -37 -23 01 30 .59 .85 1.01 1.15 1.33 1.50 1.41 .65
6475 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -47 -44 -35 -21-02 20 39 57 74 93115 97
6.550 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -47 -46 -43 -35-24 -09 .07 22 41 .66 .86
6.625 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -47 -43 -35-26 -15 -01 20 43
6.700 -50 -.50 -50 -.50 -50 -.50 -50 -.50 -50 -50 -50 -50 -.50-50 -50 -50-50-50 -50 -50 -50-50 -.50-.50-49 -47 -43 -37 -28 -.14 .03
6.775 -51 -51 -51 -51 -51 -51 -51 -51 -51-51 -51 -51 -51-51 -51 -51-51-51 -51 -51 -51-51 -51-52-52 -52-50 -48 -44 -36 -.26
6.850 -.53 -.53 -53 -53 -53 -53 -53 -53 -53-53 -53 -53 -53-53 -53 -53-53-53 -53 -53 -53-53 -53-53-53 -53-53 -53 -51-49 -43
6.925 -56 -56 -56 -56 -56 -56 -56 -56 -56 -56 -56 -56 -.56-56 -56 -56-56-56 -56 -56 -.56-56 -56-56-56 -56-56 -56 -56 -55 -.53
7.000 -61 -.61 -61 -61 -.61 -61 -61 -61 -61-61 -61 -61 -61-61 -61 -61 -61 -61 -61 -61 -61-61 -61-61-61 -61-61 -61 -.61 -60 -.60
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Tablo 5.2 GOB programindaki formatina doniistiiriilen Iglesias & Rogers [S] opaklik degerleri.

log T log p=

-12.0 -11.5 -11 -10.5 -10.0 -9.5 -9.0 -85 -8.0 -7.5 -7.0 -65 -6.0 -55 -50 -45 -40 -35 -30-25 -20 -1.5 -1.0 -05 00 05 1.0 15 20 25 3.0

3.250-4.94 -4.94 -4.94 -4 88 -4.82 -4.73 -4.64 -4.53 -4.42 -4.32 -4.21 -4.09 -3.97 -3.86 -3.74 -3.63 -3.52 -3.40 -3.29 -3.18 -3.06 -2.95 -2.83 -5.54 -4.60 -4.60 -4.60 -4.60 -4.60 -4.60 -4.60
3.325-4.73 -4.72 -4.71 -4.64 -4.57 -4.46 -4.35 -4.23 -4.10 -3.98 -3.86 -3.72 -3.58 -3.44 -3.31 -3.17 -3.04 -2.90 -2.77 -2.64 -2.50 -2.37 -2.23 -5.32 -4.41 -4.41 -4.41 -4.41 -4.41 -4.41 -4.41
3.400 -4.53 -4.51 -4.48 -4.41 -4.32 -4.20 -4.07 -3.93 -3.78 -3.64 -3.50 -3.33 -3.17 -3.01 -2.86 -2.70 -2.55 -2.39 -2.24 -2.09 -1.93 -1.78 -1.62 -5.09 -4.23 -4.23 -4.23 -4.23 -4.23 -4.23 -4.23
3.475 -4.44 -4.41 -4.38 -4.31 -4.21 -4.08 -3.91 -3.69 -3.44 -3.17 -2.91 -2.67 -2.45 -2.28 -2.12-1.96 -1.79 -1.63 -1.46 -1.30 -1.13 -97 -.81-4.87 -4.05 -4.05 -4.05 -4.05 -4.05 -4.05 -4.05
3.550-4.31 -4.29 -4.28 -4.24 -4.10 -3.92 -3.68 -3.39 -3.07 -2.73 -2.40 -2.11 -1.86 -1.66 -1.48 -1.29 -1.10 -91 -72 -53 -34 -15 .00-4.65-3.87-3.87-3.87-3.87-3.87-3.87-3.87
3.625-4.13 -4.14 -4.15 -4.12 -3.94 -3.68 -3.37 -3.04 -2.69 -2.35-2.03 -1.72 -1.45 -1.21 -99 -76 -53 -30 -08 .15 .38 .61 .66-4.43-3.70-3.70-3.70-3.70-3.70 -3.70 -3.70
3.700 -3.96 -3.99 -4.03 -3.92 -3.71 -3.39 -3.03 -2.69 -2.35 -2.04 -1.73 -1.43 -1.13 -.86 -.60 -33 -06 .20 .47 .74 1.01 1.26 1.06-4.21-3.52-3.52-3.52-3.52-3.52-3.52-3.52
3.775-3.31 -3.40 -3.50 -3.52 -3.37 -3.12 -2.82 -2.51 -2.17-1.82 -1.47 -1.13 -80 -51 -24 .05 .33 .61 .89 1.17 1.46 1.72 1.25-3.99 -3.34 -3.34 -3.34 -3.34 -3.34 -3.34 -3.34
3.850-2.63-2.79 -2.95 -2.98 -2.93 -2.78 -2.55 -2.28 -1.96 -1.59 -1.21 -84 -50 -20 .08 .37 .66 .96 1.25 1.54 1.83 2.08 1.39-3.77-3.16-3.16-3.16 -3.16 -3.16 -3.16 -3.16
3.925-1.90-2.06 -2.23 -2.37 -2.39 -2.27 -2.06 -1.81 -1.53 -1.23 -91 -58 -26 .05 .36 .67 .98 1.29 1.60 1.91 2.22 2.45 1.51-3.55-2.98-2.98 -2.98 -2.98 -2.98 -2.98 -2.98
4.000-1.27 -1.39 -1.50 -1.61 -1.66 -1.56 -1.39 -1.18 -96 -72 -47 -20 .09 38 .68 .97 1.28 1.58 1.88 2.18 2.47 2.66 1.61-3.33-2.80-2.80-2.80 -2.80 -2.80 -2.80 -2.80
4075 -79 -79 -78 -79 -80 -73 -62 -47 -30 -10 .11 .33 56 .81 1.06 1.32 1.59 1.85 2.12 2.38 2.64 2.78 1.71-3.11-2.62-2.62 -2.62 -2.62 -2.62 -2.62 -2.62
4.150 -40 -32 -24 -16 -08 -01 .07 .19 .33 49 .67 .86 1.06 1.29 1.52 1.76 2.01 2.25 2.49 2.73 2.96 3.01 1.82-2.89-2.44 -2.44 -2.44 -2.44 -2.44 -2.44 -2.44
4225 -44 -26 -08 .18 42 59 74 86 .97 1.10 1.24 1.39 1.56 1.76 1.97 2.18 2.40 2.62 2.83 3.05 3.25 3.19 1.92-2.66 -2.26 -2.26 -2.26 -2.26 -2.26 -2.26 -2.26
4300 -47 -28 -08 .22 55 .89 1.19 1.39 1.54 1.66 1.77 1.90 2.05 2.21 2.38 2.58 2.78 2.97 3.17 3.36 3.52 3.35 2.02-2.44 -2.08 -2.08 -2.08 -2.08 -2.08 -2.08 -2.08
4375 -47 -40 -32 .01 .43 .86 1.28 1.62 1.90 2.09 2.24 2.37 2.50 2.63 2.78 2.95 3.12 3.31 3.49 3.67 3.80 3.49 2.12-2.22-1.90-1.90-1.90 -1.90 -1.90-1.90 -1.90
4450 -47 -47 -46 -18 24 .68 1.14 1.59 2.00 2.31 2.56 2.74 2.88 3.01 3.14 3.28 3.44 3.60 3.78 3.97 4.07 3.62 2.23-2.00-1.72-1.72-1.72-1.72-1.72 -1.72 -1.72
4525 -47 -47 -47 -26 .09 49 93 142 1.90 2.33 2.69 2.96 3.16 3.32 3.45 3.58 3.72 3.87 4.04 423 4.30 3.73 2.33-1.78 -1.54 -1.54 -1.54 -1.54 -1.54 -1.54 -1.54
4.600 -47 -47 -47 -30 -.04 29 .70 1.19 1.71 2.22 2.68 3.04 3.32 3.54 3.71 3.85 3.98 4.12 4.28 443 4.43 3.80 2.43-1.56-1.36-1.36-1.36-1.36 -1.36 -1.36 -1.36
4.675 -47 -47 -47 -35 -15 .15 .53 1.01 1.53 2.07 2.58 3.01 3.37 3.66 3.89 4.07 4.21 4.36 4.50 4.57 4.49 3.86 2.52-1.34-1.19-1.19-1.19 -1.19-1.19 -1.19 -1.19
4750 -47 -47 -47 -39 -23 .03 .38 .83 1.34 1.89 243 291 3.33 3.71 4.02 424 4.41 4.58 4.70 470 4.53 3.92 2.62-1.12-1.01 -1.01 -1.01 -1.01 -1.01 -1.01 -1.01
4.825 -47 -47 -47 -40 -26 -04 27 .69 1.18 1.73 2.28 2.79 3.26 3.69 4.06 4.34 4.57 4.78 492 494 472 402 2.72 -90 -83 -83 -83 -83 -83 -83 -83
4900 -47 -47 -47 -40 -28 -.10 .17 .56 1.04 1.57 2.13 2.66 3.17 3.64 4.06 4.41 4.69 494 5.11 5.14 4.87 4.11 2.82 -68 -.65 -65 -65 -.65 -65 -65 -.65
4975 -47 -47 -47 -41 -29 -14 09 46 91 1.43 1.99 2.53 3.05 3.56 4.02 4.43 4.77 5.06 527 532 5.00 4.19 2.93 -46 -47 -47 -47 -47 -47 -47 -47
5.050 -47 -47 -47 -42 -32 -18 .03 38 .82 1.33 1.88 242 2.95 346 3.95 440 4.79 5.11 535 541 5.08 4.27 3.03 -24 -29 -29 -29 -29 -29 -29 -29
5.125 -47 -47 -47 -44 -36 -23 -02 32 .75 1.26 1.80 2.33 2.86 3.38 3.88 4.34 4.76 5.10 534 539 5.09 433 3.12 -01 -11 -.11 -11 -11 -11 -.11 -.11
5200 -47 -47 -47 -46 -40 -28 -07 .26 .68 1.18 1.72 2.24 2.76 3.28 3.78 4.26 4.68 5.05 5.30 5.32 5.07 438 3.22 21 .07 .07 .07 .07 .07 .07 .07
5275 -47 -47 -47 -47 -44 -32 -12 20 .60 1.10 1.63 2.14 2.65 3.16 3.67 4.15 4.58 4.95 520 522 5.00 442 332 43 25 25 25 25 25 25 25
5.350 -47 -47 -47 -49 -47 -36 -.16 .14 .52 1.00 1.52 2.02 2.52 3.04 3.54 4.01 4.44 482 5.07 5.06 4.88 443 341 .65 43 43 43 43 43 43 43
5425 -47 -47 -47 -49 -48 -39 -23 .01 .35 .80 1.31 1.82 2.34 2.87 3.39 3.87 4.30 4.67 492 493 4.81 445 351 .87 .61 .61 .61 .61 .61 .61 .61
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Tablo 5.2 ’nin devami

log T log p=

-12.0 -11.5 -11 -10.5 -10.0 -9.5 -9.0 -85 -80 -7.5 -7.0 -6.5 -6.0 -55 -5.0 -45 -40 -35-30 -25 -20 -15 -1.0 -05 00 05 10 15 20 25 3.0

5500 -47 -47 -47 -49 -48 -42 -30 -11 .17 .60 1.10 1.61 2.15 2.70 3.22 3.71 4.14 4.50 4.76 480 4.73 446 3.60 1.09 .79 .79 .79 .79 .79 79 .79
5.575 -47 -47 -47 -48 -47 -44 -36 -22 01 .39 .87 1.39 1.94 2.50 3.04 3.54 3.97 434 459 4.68 4.66 4.47 3.69 1.31 97 97 97 97 97 97 .97
5.650 -47 -47 -47 -48 -47 -46 -41 -30-09 .25 .68 1.18 1.72 2.29 2.85 3.36 3.81 4.19 4.47 458 4.59 4.44 3.77 1.53 1.15 1.15 1.15 1.15 1.15 1.15 1.15
5725 -47 -47 -47 -47 -47 -47 -44 -35-17 12 51 98 1.50 2.07 2.64 3.17 3.65 4.05 435 449 4.52 439 3.82 1.75 1.32 1.32 1.32 1.32 1.32 1.32 1.32
5.800 -47 -47 -47 -47 -47 -49 -47 -39 -23 .01 34 .78 1.29 1.85 2.43 2.98 3.48 3.91 4.23 439 443 430 3.84 1.97 1.50 1.20 .71 -27-1.20-2.29 -3.39
5.875 -47 -47 -47 -47 -47 -48 -49 -46 -40 -30 -13 .16 .56 1.07 1.63 2.22 2.76 3.21 3.54 3.74 3.82 3.79 3.65 2.79 2.20 1.75 1.19 .24 -70 -1.77 -2.86
5950 -47 -47 -47 -47 -47 -47 -47 -47 -47 -44 -37 -22 .02 .38 .83 1.36 191 2.39 2.77 3.01 3.15 3.18 3.18 3.11 2.78 2.27 1.67 .74 -.19 -1.25-2.33
6.025 -47 -47 -47 -47 -47 -47 -47 -48 -48 -48 -46 -42 -31 -14 .13 .54 1.02 1.53 1.99 2.31 2.54 2.64 2.71 2.83 291 2.69 2.15 1.25 .32 -74 -1.81
6.100 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -45-41-29 -06 .27 .70 1.17 1.60 1.96 2.19 2.36 2.52 2.70 2.81 2.55 1.74 .81 -.24 -1.29
6.175 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -46 -46 -42 -36 -22 .06 43 .92 140 1.77 2.06 2.23 2.36 2.52 2.57 2.12 1.29 26 -.79
6.250 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -45 -39 -26-03 34 77 123 1.64 1.89 2.05 2.16 2.24 2.22 1.70 .75 -.30
6.325 -47 -47 -47 -47 -47 -47 -47 -47 -47 -4T -47 -47 -47 -47 -47 -47 -44 -40-30 -10 .19 .59 1.01 1.31 1.53 1.65 1.74 1.89 1.84 1.18 .19
6.400 -47 -47 -47 -47 -47 -47 -47 -47 -4AT -47 -47 -47 -47 -47 -48 -48 -47 -47-43 -37 -23 01 30 .59 .85 1.01 1.15 1.33 1.50 1.41 .65
6.475 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48-48 -47 -44 -35 -21-02 20 .39 57 74 93 115 97
6.550 -.48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48-48 -48 -47 -46 -43 -35-24 -09 .07 22 41 .66 .86
6.625 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49-49 -49 -49 -49 -49 -47 -43 -35 -26 -15 -01 20 .43
6.700 -50 -.50 -50 -50 -50 -50 -50 -.50-50 -50 -50 -50 -50-50-50 -50 -50 -50-50 -50 -50 -50 -50-.50-49 -47 -43 -37 -28 -.14 .03
6.775 -51 -51 -51 -51 -51 -51 -51 -51-51 -51 -51 -51 -51-51-51 -51 -51 -51-51 -51 -51 -51 -.51-52-52 -52 -50 -48 -44 -36 -.26
6.850 -.53 -53 -53 -53 -53 -53 -53 -53-53 -53 -53 -53 -53-53-53 -53 -53 -53-53 -53 -53 -53 -53-53-53 -53 -53 -53 -51 -49 -43
6.925 -56 -56 -56 -56 -56 -56 -56 -56 -56 -56 -56 -56 -.56-56-56 -56 -56 -56-56 -56 -56 -56 -.56-56-56 -56 -56 -56 -56 -55 -53
7.000 -.61 -.61 -.61 -61 -61 -61 -61 -61-61 -61 -61 -61 -61-61 -61 -61 -61 -61-61 -61 -61 -61 -61-61-61 -61 -61 -61 -61 -60 -.60

30



Tablo 5.3 interpole edilip GOB programindaki formatina déniistiiriilen Iglesias & Rogers [2] opaklik degerleri.

log T

-12.0 -11.5 -11 -10.5 -10.0 -9.5 -9.0 -85 -8.0 -7.5 -7.0 -6.5 -6.0 -55 -5.0

log

p:

-45 40 -35 -30-25 -20 -1.5 -1.0 -05 0.0 05

1.0

1.5

2.0

25 3.0

3.250-4.94 -4.94 -4.94 -4.88 -4.82 -4.73 -4.64 -4.53 -4.42 -4.32 -4.21 -4.09 -3.97 -3.86 -3.74 -3.63 -3.52 -3.40 -3.29 -3.18 -3.06 -2.95 -2.83 -5.54 -4.60 -4.60 -4.60 -4.60 -4.60 -4.60 -4.60
3.325-4.73 -4.72 -4.71 -4.64 -4.57 -4.46 -4.35 -4.23 -4.10 -3.98 -3.86 -3.72 -3.58 -3.44 -3.31 -3.17 -3.04 -2.90 -2.77 -2.64 -2.50 -2.37 -2.23 -5.32 -4.41 -4.41 -4.41 -4.41 -4.41 -4.41 -4.41
3.400 -4.53 -4.51 -4.48 -4.41 -4.32 -4.20 -4.07 -3.93 -3.78 -3.64 -3.50 -3.33 -3.17 -3.01 -2.86 -2.70 -2.55 -2.39 -2.24 -2.09 -1.93 -1.78 -1.62 -5.09 -4.23 -4.23 -4.23 -4.23 -4.23 -4.23 -4.23

3.475 -4.44 -4.41 -4.38 -4.31 -4.21 -4.08 -3.91 -3.69 -3.44 -3.17 -2.91 -2.67 -2.45 -2.28 -2.12 -1.96 -1.79 -1.63 -1.46 -1.30 -1.13 -.97

3.550-4.31 -4.29 -4.28 -4.24 -4.10 -3.92 -3.68 -3.39 -3.07 -2.73 -2.40 -2.11 -1.86 -1.66 -1.48 -1.29 -1.10
3.625-4.13 -4.14 -4.15 -4.12 -3.94 -3.68 -3.37 -3.04 -2.69 -2.35 -2.03 -1.72 -1.45 -1.21 -99 -.76
3.700 -3.96 -3.99 -4.03 -3.92 -3.71 -3.39 -3.03 -2.69 -2.35 -2.04 -1.73 -1.43 -1.13
3.775-1.48 -1.67 -1.81 -1.88 -1.86 -1.75-1.59 -1.38 -1.16 -90 -.62 -31 -.80
-.63 -70 -.73

3.850
3.925
4.000
4.075
4.150
4.225
4.300
4.375
4.450
4.525
4.600
4.675
4.750
4.825
4.900
4.975
5.050
5.125
5.200
5.275
5.350
5.425

-.58
-.34
-41
-44
-42
-42
-43
-42
-.40
-40
-41
-47
-47
-47
-47
-47
-47
-47
-47
-47
-47
-47

-.20
-.27
-.35
-.37
-.38
-.40
-.39
-.37
-.38
-.39
-.40
-.40
-47
-47
-47
-47
-47
-47
-47
-47
-47

-.03
-.03
-.18
-.26
-.30
-.34
-.34
-.33
-.34
-.36
-.38
-.38
-39
-39
-.36
-47
-47
-47
-47
-47
-47

15

.29

.10
-.07
-.16
-24
=27
-26
=27
-31
-.34
-.36
-37
-.38
-.35
-.26
-.17
-.46
-47
-49
-49

=72 -.67
29 41
.65 .99
47 91
22 .59
.06 .37
-.06 .19
-.15 .05
-.15 .01
-.15 .01
-21-.04
-28-.15
-32-23
-.34-28
-.35-31
-.33-30
-25-23
-.14-.11
-.12-.07
-23-.16
-47-31
-48-.42

-56 -42 -26 -07 .14 36 .60
S50 .60 71 .83 .98 1.14 1.32
1.26 1.45 1.59 1.70 1.81 1.91 2.04
1.35 1.74 2.06 2.29 2.45 2.58 2.69
1.04 1.52 1.99 240 2.74 2.97 3.15
75 1.19 1.68 2.17 2.64 3.06 3.38
53 .94 1.41 190 2.40 2.90 3.36
35 .74 119 1.69 220 2.71 3.22
25 .59 1.03 1.51 2.03 2.56 3.09
23 .53 91 1.37 1.88 2.41 2.96
200 .52 90 1.32 1.79 2.29 281
06 37 77 1.22 1.69 2.18 2.67
-08 .17 51 93 1.41 192 244
-18 .01 .29 .65 1.08 1.57 2.08
-23 -09 .12 43 .82 1.26 1.75
-25 -15 .02 .28 .62 1.03 1.49
-20 -13 -01 .19 48 .86 1.29
-07 -02 .06 .20 42 .72 1.12
-01 .07 .17 30 48 .72 1.03
-09 01 .12 27 46 .69 .96
-24 -16 -05 .10 .29 53 .81
-38-32 -24 -13 .03 .26 .55

-86 -.60 -.33
-51 -24 .05
86 .08 .37
1.51 36 .67
2.18 235 .97
2.80 2.92 1.32
3.29 341 1.76
3.62 3.80 3.95
3.74 4.04 4.27
3.71 4.12 445
3.62 4.10 4.52
3.51 4.04 4.51
3.36 3.90 4.41
3.18 3.70 4.20
2.94 343 391
2.60 3.12 3.60
226 2.79 3.30
1.98 2.50 3.02
1.77 2.27 2.77
1.57 2.05 2.54
1.42 1.87 2.33
1.29 1.68 2.11
1.13 1.48 1.86
.88 1.24 1.61

31

-.53
-.06
33
.66
.98
1.28
1.59
2.01

-91
-.30
.20
.61
.96
1.29
1.58
1.85
2.25

-72 -.53
-.08 .15

47 74

.89 1.17
1.25 1.54
1.60 1.91
1.88 2.18
2.12 2.38
2.49 2.73

2.40 2.62 2.83 3.05

2.78
4.71

297
3.31

3.17 3.36
3.49 3.67

4.86 3.60 3.78 3.97

491
4.85
4.56
4.36

5.23
5.20
5.00
4.75

4.04 4.23
4.28 4.43
4.50 4.57
5.08 4.70

-.81-4.87 -4.05 -4.05 -4.05 -4.05 -4.05 -4.05 -4.05

-34 -15 .00-4.65-3.87-3.87-3.87-3.87 -3.87 -3.87 -3.87

38 .61 .66-4.43-3.70-3.70 -3.70 -3.70 -3.70 -3.70 -3.70
1.01 1.26 1.06 -4.21 -3.52 -3.52-3.52-3.52 -3.52 -3.52 -3.52
1.46 1.72 1.25-3.99 -3.34 -3.34 -3.34 -3.34 -3.34 -3.34 -3.34
1.83 2.08 1.39-3.77-3.16-3.16-3.16 -3.16 -3.16 -3.16 -3.16
2.22 245 1.51-3.55-2.98-2.98 -2.98 -2.98 -2.98 -2.98 -2.98
2.47 2.66 1.61-3.33-2.80-2.80-2.80-2.80 -2.80 -2.80 -2.80
2.64 2.78 1.71-3.11-2.62-2.62 -2.62 -2.62 -2.62 -2.62 -2.62
2.96 3.01 1.82-2.89-2.44-2.44-2.44 -2.44 -2.44 -2.44 -2.44
3.25 3.19 1.92-2.66-2.26-2.26 -2.26 -2.26 -2.26 -2.26 -2.26
3.52 3.35 2.02-2.44-2.08 -2.08 -2.08 -2.08 -2.08 -2.08 -2.08
3.80 349 2.12-2.22-1.90-1.90-1.90-1.90-1.90 -1.90 -1.90
4.07 3.62 2.23-2.00-1.72-1.72-1.72-1.72-1.72 -1.72 -1.72
4.30 3.73 2.33-1.78-1.54-1.54-1.54 -1.54 -1.54 -1.54 -1.54
443 3.80 2.43-1.56-1.36-1.36-1.36-1.36-1.36-1.36 -1.36
449 3.86 2.52-1.34-1.19-1.19-1.19-1.19-1.19-1.19 -1.19
4.53 392 2.62-1.12-1.01-1.01-1.01-1.01 -1.01 -1.01 -1.01

4.05 4.46 4.81 494 472 402 2.72 -90

3.77 4.20
3.52 3.97
3.27 3.74
3.03 3.49
2.79 3.21
2.54 2.92
2.26 2.64
1.99 2.35

4.57 4.86

-.83 -83 -.83 -83 -.83 -83 -83
487 411 2.82 -.68 -.65 -.65 -.65 -.65 -.65 -.65 -.65
436 4.66 5.00 4.19 293 -46 -47 -47 -47 -47 -47 -47 -47

4.14 445 4.67 427 3.03 -24 -29 -29
3.88 4.19 4.42 433 3.12 -01 -.11 -.11
3.57 3.87 4.10 431 322 21 .07 .07
3.25 353 3.77 4.02 332 43 25 .25
295 320 3.44 3.66 3.41 .65 43 43
2.66 291 3.14 336 351 .87 .61 .61

-29 -29 -29
-11 -11 -.11
.07 .07 .07
25 .25 25
43 43 43
.61 .61 .61

-29 -.29
-11-.11
.07 .07
25 .25
43 43
.61 .61



Tablo 5.3 ’iin devami

log T log p=

-12.0 -11.5 -11 -10.5 -10.0 -9.5 9.0 -85 -8.0 -7.5 -7.0 -6.5 -6.0 -55 -50 -4.5 -40 -3.5 -3.0 25 2.0 -1.5 -1.0 -05 00 05 1.0 15 20 25 3.0
5500 -47 -47 -47 -49 -48 -46 -45 -42 -38 -31 -19 -01 24 .57 96 135 1.73 2.08 2.39 2.64 2.86 3.08 3.31 3.51 .79 .79 79 .79 .79 .79 .79
5575 -47 -47 -47 -48 -47 -44 -46 -46 -44 -41 -35 -23 -03 27 .66 1.08 1.48 1.84 2.15 2.41 2.62 2.83 3.06 327 97 97 97 97 97 97 97
5.650 -47 -47 -47 -48 -47 -46 -47 -46 -46 -45 -43 -38 -26 -04 31 76 120 1.59 1.92 2.19 2.41 2.61 2.833.04 1.15 1.15 1.15 1.15 1.15 115 1.15
5725 -A47 -47 -47 -47 -4T -47 -44 -47 -46 -46 -45 -42 -37 -26-02 .38 .86 1.32 1.70 1.99 2.22 2.43 2.63 2.84 1.32 1.32 1.32 1.32 1.32 1.32 1.32
5800 -47 -47 -A47 -47 -47 -49 -47 -47 -46 -46 -45 -44 -41 -35-22 .04 .48 .98 1.43 1.78 2.04 2.26 2.46 2.66 1.50 1.20 .71 -27-1.20-2.29 -3.39
5875 -47 -47 -47 -47 -47 -48 -49 -46 -47 -46 -46 -45 -43 -39 -32 -15 .16 .61 1.10 1.52 1.84 2.09 2.30 2.49 2.70 1.75 1.19 24 -70-1.77-2.86
5950 -47 -47 -AT -4T7 -47 -4T -4T7 -47 -4T -46 -46 -45 -44 -41 -36 -26 -05 30 77 1.23 1.62 1.91 2.14 2.35 2.54 2.27 1.67 .74 -.19-1.25-2.33
6.025 -47 -47 -47 -47 -4T7 -47 -47 -48 -48 -46 -46 -45 -44 -42 -39 -32 -17 .10 .50 .96 1.38 1.72 1.99 2.21 2.39 2.58 2.78 125 .32 -74-1.81
6.100 -47 -47 -AT7 -47 -47 -4T -47 -47 -47 -46 -46 -45 -44 -42 -40 -35 -25 -06 26 .69 1.13 1.52 1.83 2.07 2.56 2.42 2.60 1.74 .81 -24-1.29
6.175 -47 -47 -AT -47 -47 -47 -4T -47 -47 -47 -47 -46 -45 -43 -40 -36 -29 -16 .08 .44 .88 1.30 1.65 1.91 2.10 2.25 2.41 2.12 1.29 .26 -.79
6.250 -47 -47 -AT -4T -4T -AT -4T -47 -4T -A4T -47 -47 -46 -45-43 -39 -32 -21 -03 26 .64 1.07 1.44 1.73 1.93 2.07 2.22 2.39 1.70 .75 -.30
6.325 -47 -47 -47 -47 -4T -4 -AT -47 -47 -47 -47 -47 -47 -47 -46 -43 -37 -27 -12 .12 46 .85 1.23 1.52 1.73 1.88 2.02 2.20 1.84 1.18 .19
6.400 -47 -A47 -AT -4T -47 -AT -4T -47 -4T -4T -47 -47 -47 -47 -47 -46 -43 -37 -23 00 .30 .65 1.00 1.29 1.50 1.66 1.81 2.00 2.23 1.41 .65
6.475 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -47 -47 -47 -47 -47 -46 -43 -35-18 .10 44 77 1.05 1.26 1.43 1.59 1.78 2.01 1.15 .97
6.550 -.48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -47 -47 -47 -47 -47 -46 -42 -32 -11 .19 52 .80 1.02 1.19 1.36 1.55 1.79 2.06 .86
6.625 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -47 -47 -4T -47 -47 -45-40 -29 -06 25 54 77 95 1.13 1.32 1.561.83 .43
6.700 -.50 -.50 -50 -.50 -.50 -.50 -.50 -50 -50 -50 -.50 -.50 -50 -48 -48 -48 -47 -47 -46 -44 -38 -24 -01 27 52 71 .89 1.09 1.331.60 1.88
6.775 -51 -51 -51 -51 -51 -51 -51 -51 -51 -51 -51 -51 -51 -48 -48 -48 -48 -48 -47 -46 -43 -36 -20 .03 27 47 .67 .86 1.101.38 1.66
6.850 -.53 -.53 -53 -53 -53 -53 -53 -53 -53 -53 -53 -53 -53 -53 -48 -48 -48 -48 -47 -47 -46 -42 -33 -17 04 25 45 65 .88 1.16 1.44
6.925 -.56 -.56 -56 -.56 -.56 -.56 -56 -56 -56 -56 -56 -.56 -56 -56 -48 -48 -48 -48 -48 -47 -47 -45 40 -30 -.14 .05 24 45 68 .94 1.23
7.000 -61 -61 -61 -61 -61 -61 -61 -61 -61 -61 -61 -61 -61 -61 -48 -48 -48 -48 -48 -48 -47 -46 -43 -37 -27 -12 .07 27 49 .74 1.02
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Tablo 5.4 interpole edilip GOB programindaki formatina doniistiiriilen Allard [1] opakhk degerleri.

log T log p=

-12.0 -11.5 -11 -10.5 -10.0 -9.5 -9.0 -85 -8.0 -7.5-70 -6.5 -6.0 -55-50 -45 -40 -35 -30 -25 -20 -1.5 -1.0 -05 00 05 10 15 20 25 3.0

3.250-4.48 -3.80 -3.20 -2.86 -2.72 -2.67 -2.64 -2.63 -2.63 -2.62 -2.62 -2.62 -2.61 -2.60 -2.60 -2.59 -2.58 -2.56 -2.54 -2.52 -2.49 -2.46 -2.42 -5.54 -4.59 -4.59 -4.59 -4.59 -4.59 -4.59 -4.59
3.325-4.73 -4.71 -4.59 -4.14 -3.52 -3.04 -2.80 -2.69 -2.65 -2.63 -2.61 -2.60 -2.59 -2.57 -2.55 -2.52 -2.49 -2.44 -2.39 -2.33 -2.26 -2.18 -2.09 -5.32 -4.41 -4.41 -4.41 -4.41 -4.41 -4.41 -4.41
3.400-4.53 -4.51 -4.48 -4.41 -4.29 -4.05 -3.60 -3.12 -2.83 -2.69 -2.62 -2.57 -2.53 -2.48 -2.43 -2.36 -2.29 -2.20 -2.09 -1.98 -1.85 -1.72 -1.58 -5.09 -4.23 -4.23 -4.23 -4.23 -4.23 -4.23 -4.23
3.475-4.44 -4.41 -4.38 -4.31 -4.21 -4.08 -3.90 -3.64 -3.28 -2.90 -2.60 -2.41 -2.25 -2.13 -2.01 -1.88 -1.73 -1.59 -1.43 -1.28 -1.12 -.96 -.80-4.87-4.05-4.05-4.05 -4.05 -4.05 -4.05 -4.05
3.550-4.31-4.29 -4.32 -4.24 -4.10 -3.92 -3.68 -3.39 -3.06 -2.72 -2.38 -2.07 -1.82 -1.62 -1.45-1.27 -1.08 -.90 -.71 -.52 -33 -.14 .00-4.65-3.87-3.87-3.87-3.87-3.87 -3.87 -3.87
3.625-4.13 -4.14 -4.23 -4.12 -3.94 -3.68 -3.37 -3.04 -2.69 -2.35 -2.03 -1.72 -1.44 -1.20 -98 -76 -53 -30 -.08 .15 .38 .61 .66-4.43-3.70-3.70-3.70-3.70-3.70 -3.70 -3.70
3.700 -3.96 -3.99 -4.03 -3.92 -3.71 -3.39 -3.03 -2.69 -2.35 -2.04 -1.73-1.43 -1.13 -86 -.60 -33 -06 .21 .47 .74 1.01 1.26 1.06-4.21-3.52-3.52-3.52-3.52-3.52 -3.52-3.52
3.775-1.49-1.67-1.82-1.90-1.88-1.78 -1.62 -1.42-1.21 -97 -71 -44 -80 -51 -24 .05 .33 .61 .89 1.17 1.46 1.72 1.25 -3.99-3.34-3.34-3.34-3.34-3.34 -3.34 -3.34
3850 -59 -64 -71 -74 -73 -.68 -58 -44 -28 -10 .09 31 .53 .77 .08 37 .66 .96 125 1.54 1.83 2.08 1.39 -3.77-3.16-3.16-3.16 -3.16 -3.16 -3.16-3.16
3925 -36 -21 -.04 .13 28 39 49 59 .69 .81 94 1.10 1.27 1.45 36 .67 .98 1.29 1.60 1.91 2.22 2.45 1.51 -3.55-2.98-2.98 -2.98 -2.98 -2.98 -2.98 -2.98
4.000 -43 -29 -06 .26 .63 97 1.24 143 1.56 1.671.77 1.87 1.99 2.12 2.28 .97 1.28 1.58 1.88 2.18 2.47 2.66 1.61 -3.33-2.80-2.80-2.80-2.80 -2.80 -2.80 -2.80
4075 -45 -37 -21 .06 .42 .86 130 1.70 2.02 2.252.41 2.53 2.63 2.74 2.85 1.32 1.59 1.85 2.12 2.38 2.64 2.78 1.71 -3.11-2.62-2.62-2.62 -2.62 -2.62 -2.62 -2.62
4.150 -44 -40 -29 -11 .17 .53 97 1.46 1.93 2352.69 2.93 3.10 3.24 3.36 1.76 2.01 2.25 2.49 2.73 2.96 3.01 1.82 -2.89-2.44-2.44 -2.44 -2.44 -2.44 -2.44 -2.44
4225 -45 -41 -34 -21 .00 30 .68 1.13 1.61 2.112.58 3.01 3.33 3.57 3.76 3.91 2.40 2.62 2.83 3.05 3.25 3.19 1.92 -2.66-2.26 -2.26 -2.26 -2.26 -2.26 -2.26 -2.26
4300 -45 -42 -38 -28 -13 .12 45 .88 1.35 1.842.34 285 3.31 3.71 4.014.24 278 297 3.17 3.36 3.52 3.35 2.02 -2.44-2.08 -2.08 -2.08 -2.08 -2.08 -2.08 -2.08
4375 -45 -42 -38 -31 -20 -.01 .28 .67 1.13 1.63 2.15 2.67 3.19 3.68 4.104.44 4.70 3.31 3.49 3.67 3.80 3.49 2.12 -2.22-1.90-1.90-1.90-1.90 -1.90 -1.90 -1.90
4450 -42 -40 -37 -30 -20 -06 .18 .52 .96 1.45 198 2.51 3.05 3.59 4.084.50 4.85 3.60 3.78 3.97 4.07 3.62 223 -2.00-1.72-1.72-1.72-1.72-1.72 -1.72 -1.72
4525 -42 -40 -37 -31 -20 -05 .16 .45 .85 1.31 1.83 2.37 292 3.48 4.014.49 490 522 4.04 4.23 430 3.73 2.33 -1.78-1.54-1.54 -1.54 -1.54 -1.54 -1.54 -1.54
4600 -43 -41 -39 -34 -25 -10 .14 46 .83 1.26 1.74 2.25 2.78 3.33 3.884.39 4.84 520 4.28 4.43 4.43 3.80 243 -1.56-1.36-1.36-1.36-1.36-1.36 -1.36 -1.36
4.675 -47 -42 -40 -37 -31 -20 .00 .30 .70 1.16 1.64 2.13 2.63 3.15 3.674.18 4.64 5.02 4.50 4.57 4.49 3.86 2.52 -1.34-1.19-1.19-1.19-1.19-1.19 -1.19 -1.19
4750 -47 -42 -40 -38 -35 -27 -13 .10 .44 .86 1.34 1.86 2.38 2.89 3.393.88 4.34 474 5.08 4.70 4.53 3.92 2.62 -1.12-1.01-1.01-1.01-1.01-1.01 -1.01 -1.01
4.825 -47 -47 -41 -40 -37 -32 -22 -05 .21 .57 1.00 1.48 2.00 2.53 3.053.55 4.02 4.44 480 494 472 402 272 -90 -83 -83 -83 -83 -83 -83 -83
4900 -47 -47 -42 -40 -38 -34 -28 -15 .05 .34 .72 1.16 1.66 2.18 2.713.23 3.73 4.17 4.55 4.86 4.87 4.11 2.82 -68 -65 -65 -65 -65 -.65 -.65 -.65
4975 -47 -47 -40 -39 -38 -35 -30 -21 -06 .18 .52 .93 1.39 1.89 242295 3.46 3.94 434 4.65 5.00 4.19 293 -46 -47 -47 -47 -47 -47 -47 -47
5.050 -47 -47 -47 -34 -34 -32 -29 -22 -11 .08 37 .75 1.19 1.67 2.182.70 3.22 3.70 4.12 444 4.67 427 3.03 -24 -29 -29 -29 -29 -29 -29 -29
5.125 -47 -47 -47 -29 -27 -25 -22 -17 -09 .05 .27 .59 1.00 147 196247 297 3.44 3.85 4.17 441 433 3.12 -01 -11 -11 -11 -11 -11 -11 -.11
5200 -47 -47 -47 -46 -25 -22 -18 -12 -05 .07 .25 .51 .86 1.28 1.752.24 270 3.13 3.51 3.84 4.08 430 322 .21 .07 .07 .07 .07 .07 .07 .07
5275 -47 -47 -47 -47 -32 -28 -23 -17 -08 .03 .19 .42 .71 1.08 151197 241 2.81 3.15 346 3.73 399 332 43 25 25 25 25 25 25 25
5350 -47 -47 -47 -49 -47 -37 -33 -27 -20 -09 .05 .26 .53 86 1.251.67 2.09 2.48 2.81 3.10 3.38 3.63 341 .65 43 43 43 43 43 43 43
5425 -47 -47 -47 -49 -48 -44 -42 -38 -33 -25-13 .05 29 .61 .98 138 1.78 2.16 2.49 2.77 3.04 3.30 3.51 .87 .61 .61 .61 .61 .61 .61 .61
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Tablo 5.4 ’iin devami

log T log p=

-12.0 -11.5 -11 -10.5 -10.0 -9.5 -9.0 -85 -80 -75 -7.0 -6.5 -6.0 -55 -50 -45 -40 -35 -3.0 -25 -20 -1.5 -1.0 -05 00 05 1.0 15 20 25 3.0
5500 -47 -47 -47 -49 -48 -46 -46 -44 -42 -37 -29 -15 .06 35 .71 1.10 1.49 1.87 2.20 247 2.72 2.99 324 347 79 79 79 79 .79 .79 .79
5.575 -47 -47 -47 -48 -47 -44 -47 -46 -45 -43 -40 -32 -17 .09 43 83 1.22 1.59 249 220 245 270 296 321 .97 97 97 97 97 97 .97
5.650 -47 -47 -47 -48 -47 -46 -47 -47 -46 -45 -44 -40 -33 -17 .12 51 94 133 1.68 1.96 220 2.44 2.70 296 1.15 1.15 1.15 1.15 1.15 1.15 1.15
5725 -47 -47 -47 -47 -47 -47 -44 -47 -46 -46 -45 -43 -40 -32 -14 .18 .61 1.05 143 1.74 1.99 2.22 246 2.71 1.32 1.32 1.32 1.32 1.32 1.32 1.32
5800 -47 -47 -47 -47 -47 -49 -47 -47 -47 -46 -46 -45 -43 -38-28 -08 27 .72 1.16 1.51 1.78 2.01 2.25 249 1.50 1.20 .71 -.27-1.20 -2.29-3.39
5875 -47 -47 -47 -47 -47 -48 -49 -46 -47 -47 -46 -45 -44 -41-35 -23 .02 40 .85 1.25 1.56 1.82 2.06 2.30 2.55 1.75 1.19 .24 -70 -1.77-2.86
5950 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -46 -46 -45-43-39 -31 -15 .14 55 98 134 1.63 1.89 2.13 237 227 1.67 .74 -19 -1.25-2.33
6.025 -47 -47 -47 -47 -47 -47 -47 -48 -48 -46 -46 -46 -45-44-42 -36 -25 -04 30 .73 1.13 145 1.73 1.98 2.21 243 2.68 1.25 .32 -74 -1.81
6.100 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -46 -46 -45-44-42 -39 -32 -18 .09 47 90 1.27 1.58 1.84 2.05 2.25 2.48 1.74 81 -24 -1.29
6.175 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -46 -44-43 -40 -35 -25 -06 .25 .65 1.06 1.41 1.68 1.88 2.06 2.27 2.12 1.29 .26 -.79
6.250 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -46-44 -42 -37 -29 -15 09 44 84 121149 1.70 1.86 2.06 2.28 1.70 .75 -.30
6.325 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47-46 -45 -41 -34 -23 -03 26 .62 99 1.27 1.49 1.66 1.84 2.08 1.84 1.18 .19
6.400 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -4T7 -47 -47 -47-47 -47 -45 -41 -32 -15 10 42 75 1.03 125 143 1.62 1.86 2.14 1.41 .65
6.475 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -47 -47 -47-47 -47 -47 -45 -40 -29 -08 21 .52 79 1.01 1.20 140 1.64 1.92 1.15 .97
6.550 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -47 -47-47 -47 -47 -46 -44 -38 -24 -01 27 54 77 96 1.16 1.40 1.69 2.00 .86
6.625 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -47-47 -47 -47 -47 -46 -43 -36 -20 .04 30 .53 73 .93 1.17 146 1.77 .43
6.700 -50 -50 -50 -50 -50 -50 -50 -50 -50 -50 -50 -50 -.50 -48-48 -48 -48 -47 -47 -45 -42 -33 -15 .08 30 51 .71 .94 122 1.54 1.84
6.775 -51 -51 -51 -51 -51 -51 -51 -51 -51 -51 -51 -51 -51-48-48 -48 -48 -48 -47 -47 -45 -40 -29 -12 .09 29 49 71 .99 1.31 1.62
6.850 -53 -.53 -53 -53 -53 -53 -53 -53 -53 -53 -53 -53 -53-53-48 -48 -48 -48 -48 -47 -46 -44 -38-26 -09 .09 .29 50 .77 1.08 1.39
6.925 -56 -56 -56 -56 -56 -56 -56 -56 -.56 -56 -56 -56 -.56 -56-48 -48 -48 -48 -48 -48 -47 -46 -43 -35 -23 -07 .10 31 .56 86 1.17
7.000 -61 -.61 -61 -61 -61 -61 -61 -61 -61 -61 -61 -61 -.61 -61-48 -48 -48 -48 -48 -48 -48 -47 -45-41 -33 -21 -05.14 37 .64 .95
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Tablo 5.5 Interpole edilip GOB programindaki formatina déniistiiriilen Kurucz [3] opakhk degerleri.

log T log p=

-12.0 -11.5 -11 -10.5 -10.0 -9.5 -9.0 -85 -8.0 -7.5 -7.0 -65 -6.0 -55 -50 -45 -40 -35 -3.0-25 -20 -1.5 -1.0 -05 00 05 1.0 1.5 20 25 3.0

3.250 -4.48 -3.80 -3.20 -2.86 -2.72 -2.67 -2.64 -2.63 -2.63 -2.62 -2.62 -2.62 -2.61 -2.60 -2.60 -2.59 -2.58 -2.56 -2.54 -2.52 -2.49 -2.46 -2.42 -5.54 -4.59 -4.59 -4.59 -4.59 -4.59 -4.59 -4.59
3.325-5.37-5.40 -5.41 -5.41 -5.38 -5.35 -5.31 -5.27 -5.20 -5.11 -4.97 -4.82 -4.65 -4.45 -4.17 -3.85 -3.41 -3.18 -2.99 -2.33 -2.26 -2.18 -2.09 -5.32 -4.41 -4.41 -4.41 -4.41 -4.41 -4.41 -4.41
3.400 -5.00 -5.04 -5.03 -4.96 -4.83 -4.66 -4.45 -4.26 -4.08 -3.93 -3.80 -3.69 -3.59 -3.47 -3.32 -3.16 -2.98 -2.81 -2.64 -1.98 -1.85 -1.72 -1.58 -5.09 -4.23 -4.23 -4.23 -4.23 -4.23 -4.23 -4.23
3.475-4.41 -4.43 -4.44 -4.41 -4.32 -4.15 -3.89 -3.58 -3.25 -2.95 -2.70 -2.51 -2.35 -2.24 -2.13 -2.03 -1.91 -1.78 -1.43 -1.28 -1.12 -.96 -.80-4.87 -4.05 -4.05 -4.05 -4.05 -4.05 -4.05 -4.05
3.550-4.22 -4.18 -4.09 -3.93 -3.71 -3.45 -3.17 -2.87 -2.57 -2.27 -1.97 -1.69 -1.44 -1.24 -1.08 -95 -84 -75 -71 -52 -33 -.14 .00-4.65-3.87-3.87-3.87-3.87-3.87-3.87-3.87
3.625-3.70 -3.81 -3.86 -3.80 -3.60 -3.28 -2.88 -2.46 -2.06 -1.69 -1.34 -1.02 -.74 -48 -28 -11 .03 .14 -08 .15 .38 .61 .66-4.43-3.70-3.70-3.70-3.70-3.70 -3.70 -3.70
3.700 -2.60 -2.78 -2.90 -2.94 -2.87 -2.71 -2.49 -2.21 -1.88 -1.51 -1.09 -.68 -29 .05 .34 .56 .73 .86 .47 .74 1.01 1.26 1.06-4.21-3.52-3.52-3.52-3.52-3.52-3.52-3.52
3.775-1.48 -1.66 -1.80 -1.87 -1.84 -1.73 -1.56 -1.36 -1.13 -.89 -.63 -34 -02 33 .66 .97 1.23 .61 .89 1.17 1.46 1.72 1.25-3.99 -3.34 -3.34 -3.34 -3.34 -3.34 -3.34 -3.34
3.850 -.58 -64 -70 -73 -72 -65 -55 -40 -23 -05 .16 38 .62 .87 1.12 1.38 1.64 .96 1.25 1.54 1.83 2.08 1.39-3.77-3.16-3.16 -3.16 -3.16 -3.16 -3.16 -3.16
3925 -35 -20 -.02 .16 30 42 .51 .61 .72 84 98 1.14 1.31 1.51 1.72 1.93 2.16 1.29 1.60 1.91 2.22 2.45 1.51-3.55-2.98 -2.98 -2.98 -2.98 -2.98 -2.98 -2.98
4.000 -42 -28 -05 .28 .65 1.00 1.26 1.45 1.58 1.68 1.78 1.89 2.01 2.15 2.30 2.48 2.67 1.58 1.88 2.18 2.47 2.66 1.61 -3.33-2.80 -2.80 -2.80 -2.80 -2.80 -2.80 -2.80
4.075 -45 -38 -22 .04 .42 .86 1.31 1.68 2.02 2.25 2.40 2.52 2.63 2.74 2.86 3.00 3.16 1.85 2.12 2.38 2.64 2.78 1.71-3.11 -2.62 -2.62 -2.62 -2.62 -2.62 -2.62 -2.62
4.150 -44 -39 -30 -.12 .15 .52 97 1.45 192 234 2.67 2.92 3.09 3.23 3.36 3.49 3.64 2.25 2.49 2.73 2.96 3.01 1.82-2.89 -2.44 -2.44 -2.44 -2.44 -2.44 -2.44-2.44
4225 -43 -39 -33 -21-01 29 .67 1.12 1.60 2.09 2.57 2.99 3.32 3.56 3.75 391 2.40 2.62 2.83 3.05 3.25 3.19 1.92-2.66 -2.26 -2.26 -2.26 -2.26 -2.26 -2.26 -2.26
4300 -44 -41 -36 -27 -.12 .12 44 .86 1.33 1.82 2.32 2.82 3.29 3.69 3.99 4.23 2.78 2.97 3.17 3.36 3.52 3.35 2.02-2.44 -2.08 -2.08 -2.08 -2.08 -2.08 -2.08 -2.08
4375 -43 -40 -36 -30 -.19 -01 27 .64 1.10 1.59 2.11 2.63 3.15 3.64 4.07 4.42 3.12 3.31 3.49 3.67 3.80 3.49 2.12-2.22-1.90-1.90-1.90-1.90 -1.90 -1.90 -1.90
4450 -41 -39 -35 -29 -19 -05 .17 49 .92 140 192 246 3.00 3.54 4.04 3.28 3.44 3.60 3.78 3.97 4.07 3.62 2.23-2.00-1.72-1.72-1.72-1.72 -1.72 -1.72 -1.72
4525 -41 -39 -36 -30-.19 -04 .17 45 .82 1.27 1.78 231 2.85 3.40 3.95 3.58 3.72 3.87 4.04 423 430 3.73 2.33-1.78-1.54 -1.54 -1.54 -1.54 -1.54 -1.54 -1.54
4600 -41 -40 -38 -33 -25 -10 .13 44 80 1.22 1.68 2.18 2.70 3.24 3.79 3.85 398 4.12 428 443 443 3.80 2.43-1.56-1.36-1.36 -1.36-1.36-1.36 -1.36 -1.36
4.675 -42 -41 -40 -37 -31 -21 -01 28 .67 1.12 1.58 2.06 2.54 3.04 3.56 4.07 4.21 4.36 4.50 4.57 4.49 3.86 2.52-1.34-1.19-1.19-1.19-1.19-1.19-1.19 -1.19
4750 -41 -41 -40 -39 -36 -29 -17 .06 .40 .83 1.31 1.80 2.30 2.78 3.26 4.24 4.41 4.58 4.70 4.70 4.53 3.92 2.62-1.12-1.01 -1.01 -1.01 -1.01 -1.01 -1.01 -1.01
4.825 -42 -41 -40 -39 -37 -33 -26 -.11 .14 50 95 1.43 193 242 291 4.34 457 4.78 492 494 472 402 2.72 -90 -83 -83 -83 -83 -83 -83 -83
4900 -42 -41 -41 -40 -38 -34 -29 -20-03 24 .62 1.08 156 2.05 4.06 441 4.69 494 5.11 5.14 4.87 4.11 2.82 -68 -.65 -.65 -65 -.65 -65 -65 -.65
4975 -42 -41 -41 -40 -38 -36 -32 -24 -11 .09 39 .80 125 1.74 4.02 443 4.77 5.06 527 532 5.00 4.19 2.93 -46 -47 -47 -47 -47 -47 -47 -47
5.050 -43 -42 -42 -40 -39 -37 -33 -28 -.18 -.01 .25 .61 1.02 149 3.95 440 4.79 5.11 535 541 5.08 4.27 3.03 -24 -29 -29 -29 -29 -29 -29 -29
5.125 -43 -42 -42 -42 -41 -39 -36 -31-22 -08 .14 45 .85 130 3.88 4.34 476 5.10 534 5.39 5.09 433 3.12 -01 -.11 -.11 -11 -11 -.11 -11 -.11
5200 -41 -41 -41 -41-41 -40 -39 -36 -29 -18 .02 .31 .67 1.10 3.78 4.26 4.68 5.05 5.30 5.32 5.07 438 3.22 .21 .07 .07 .07 .07 .07 .07 .07
5275 -38 -38 -38 -38 -38 -38 -37 -36-32 -25 -11 .14 .48 .89 3.67 4.15 458 495 520 522 5.00 442 332 43 25 25 25 25 25 25 25
5350 -47 -47 -47 -49 -47 -36 -16 .14 52 1.00 1.52 2.02 2.52 3.04 3.54 4.01 4.44 482 5.07 5.06 4.88 443 341 .65 43 43 43 43 43 43 43
5425 -47 -47 -47 -49 -48 -39 -23 .01 .35 .80 1.31 1.82 2.34 2.87 3.39 3.87 4.30 4.67 492 493 481 445 351 .87 .61 .61 .61 .61 .61 .61 .61
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Tablo 5.5 ’in devami

log T log p=

-12.0 -11.5 -11 -105 -10.0 -95 -9.0 -85 -80 -7.5 -70 -6.5 -6.0 -55 -50 -45 -40 -35-30 -25 -20 -1.5 -1.0 -05 00 05 1.0 15 20 25 3.0

5500 -.47 -47 -47 -49 -48 -42 -30 -11 .17 .60 1.10 1.61 2.15 2.70 3.22 3.71 4.14 450 4.76 4.80 4.73 4.46 3.60 1.09 .79 .79 79 .79 .79 .79 .79
5575 -47 -47 -47 -48 -47 -44 -36 -22 01 39 .87 139 1.94 2.50 3.04 3.54 3.97 4.34 459 4.68 4.66 447 3.69 131 97 97 97 97 97 97 .97
5.650 -47 -47 -47 -48 -47 -46 -41 -30 -.09 25 .68 1.18 1.72 2.29 2.85 3.36 3.81 4.19 4.47 4.58 4.59 444 377 1.53 1.15 1.15 1.15 1.15 1.15 1.15 1.15
5725 -47 -47 -47 -47 -47 -47 -44 -35-17 12 .51 .98 1.50 2.07 2.64 3.17 3.65 4.05 4.35 449 4.52 439 3.82 1.75 1.32 1.32 1.32 1.32 1.32 1.32 1.32
5.800 -.47 -47 -47 -47 -47 -49 -47 -39 -23 01 34 78 1.29 1.85 2.43 2.98 3.48 3.91 4.23 439 443 430 3.84 1.97 1.50 1.20 .71 -.27-1.20-2.29-3.39
5.875 -47 -47 -47 -47 -47 -48 -49 -46 -40 -30 -.13 .16 .56 1.07 1.63 2.22 2.76 3.21 3.54 3.74 3.82 3.79 3.65 2.79 2.20 1.75 1.19 .24 -70 -1.77 -2.86
5950 -.47 -47 -47 -47 -47 -47 -47 -47 -47 -44 -37 -22 .02 38 .83 1.36 1.91 2.39 2.77 3.01 3.15 3.18 3.18 3.11 2.78 2.27 1.67 .74 -.19 -1.25-2.33
6.025 -47 -47 -47 -47 -47 -47 -47 -48 -48 -48 -46 -42 -31-14 .13 .54 1.02 1.53 1.99 2.31 2.54 2.64 2.71 2.83 291 2.69 2.15 1.25 .32 -74 -1.81
6.100 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -45-41 -29 -06 27 .70 1.17 1.60 1.96 2.19 2.36 2.52 2.70 2.81 2.55 1.74 .81 -.24 -1.29
6.175 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -46-46 -42 -36 -22 06 .43 92 140 1.77 2.06 2.23 2.36 2.52 2.57 2.12 1.29 26 -.79
6.250 -47 -47 -47 -47 -47 -47 -47 -47 -47 -4T -47 -47 -47-47 -47 -45-39 -26 -03 34 77 1.23 1.64 1.89 2.05 2.16 2.24 222 1.70 .75 -.30
6.325 -47 -47 -47 -47 -47 -47 -47 -47 -4T -4T -47 -47 -4T7-47 -47 -47 -44 -40 -30 -.10 .19 .59 1.01 1.31 1.53 1.65 1.74 1.89 1.84 1.18 .19
6.400 -.47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47-47 -48 -48 -47 -47 -43 -37 -23 01 .30 .59 .85 1.01 1.151.33 1.50 1.41 .65
6.475 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48-48 -48 -48 -48 -48 -48 -47 -44 -35 -21 -02 20 .39 57 74 93 115 97
6.550 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48-48 -48 -.48 -48 -48 -48 -48 -47 -46 -43 -35-24 -09 07 22 41 .66 .86
6.625 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49-49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -47 -43 -35 -26-15 -01 20 43
6.700 -.50 -50 -50 -50 -50 -50 -50 -50-50 -50 -50 -50 -50-.50 -50 -.50-50-.50-50-50 -50 -50 -50 -50-49 -47 -43 -37 -28 -14 .03
6.775 -51 -51 -51 -51 -51 -51 -51 -51-51 -51 -51 -51 -51-51 -51 -51-51-51-51-51 -51 -51 -51 -52-52 -52 -50-48 -44 -36 -.26
6.850 -.53 -53 -53 -53 -53 -53 -53 -53-53 -53 -53 -53 -53-53 -53 -53-53-53-53-53 -53 -53 -53 -53-53 -53 -53-53 -51 -49 -43
6.925 -.56 -56 -56 -56 -56 -56 -56 -56-56 -56 -56 -56 -56-56 -.56 -.56 -.56 -.56 -.56 -56 -56 -56 -56 -.56 -56 -56 -.56-56 -56 -55 -53
7.000 -.61 -.61 -61 -61 -61 -61 -61 -61-61 -61 -61 -61 -61-61 -61 -61-61 -61-61-61 -61 -61 -61 -61 -61 -.61 -61 -61 -61 -60 -.60
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Tablo 5.6 Interpole edilip GOB programindaki formatina doniistiiriilen Weiss ’in Z=0.001 icin [1] opakhk degerleri.

log T

-12.0 -11.5 -11 -10.5 -10.0 -9.5 -9.0 -85 -8.0 -7.5 -7.0 -6.5 -6.0

log p=

-55 -50 -45 40 -35 -3.0 -25 -20

-1.5 -1.0 -0.5 0.0 0.5

1.0

1.5

20 25 3.0

3.250-4.48 -3.80 -3.20 -2.86 -2.72 -2.67 -2.64 -2.63 -2.63 -2.62 -2.62 -2.62 -2.61 -2.60 -2.60 -2.59 -2.58 -2.56 -2.54 -2.52 -2.49 -2.46 -2.42 -5.54 -4.59 -4.59 -4.59 -4.59 -4.59 -4.59 -4.59
3.325-4.73 -4.71 -4.59 -4.14 -3.52 -3.04 -2.80 -2.69 -2.65 -2.63 -2.61 -2.60 -2.59 -2.57 -2.55 -2.52 -2.49 -2.44 -2.39 -2.33 -2.26 -2.18 -2.09 -5.32 -4.41 -4.41 -4.41 -4.41 -4.41 -4.41 -4.41
3.400 -4.53 -4.51 -4.48 -4.41 -4.29 -4.05 -3.60 -3.12 -2.83 -2.69 -2.62 -2.57 -2.53 -2.48 -2.43 -2.36 -2.29 -2.20 -2.09 -1.98 -1.85 -1.72 -1.58 -5.09 -4.23 -4.23 -4.23 -4.23 -4.23 -4.23 -4.23

3.475 -4.44 -4.41 -4.38 -4.31 -4.21 -4.08 -3.90 -3.64 -3.28 -2.90 -2.60 -2.41 -2.25 -2.13 -2.01 -1.88 -1.73 -1.59 -1.43 -1.28 -1.12 -.96 -.80 -4.87 -4.05 -4.05 -4.05 -4.05 -4.05 -4.05 -4.05
3.550-4.31 -4.29 -4.32 -4.24 -4.10 -3.92 -3.68 -3.39 -3.06 -2.72 -2.38 -2.07 -1.82 -1.62 -1.45 -1.27 -1.08 -.90

3.625-4.13 -4.14 -4.23 -4.12 -3.94 -3.68 -3.37 -3.04 -2.69 -2.35 -2.03 -1.72 -1.44 -1.20 -98 -.76 -.53

3.700 -3.96 -3.99 -4.03 -3.92 -3.71 -3.39 -3.03 -2.69 -2.35 -2.04 -1.73 -1.43 -1.13 -.86 -.60

3.775-1.50 -1.68 -1.83 -1.91 -1.90 -1.80 -1.65 -1.46 -1.25 -1.04

3.850
3.925
4.000
4.075
4.150
4.225
4.300
4.375
4.450
4.525
4.600
4.675
4.750
4.825
4.900
4.975
5.050
5.125
5.200
5.275
5.350
5.425

-.60
-.37
-45
-48
-47
-47
-48
-48
-45
-45
-46
-47
-47
-47
-47
-47
-47
-47
-47
-47
-47
-47

-.65 -72 -6
-23 -05 .12
-32 -09 .23
-40 -25 .00
-43 -33 -.16
-45 -39 -27
-45 -41 -34
-45 -42 -36
-44 -41 -35
-44 -42 -36
-45 -43 -40
-45 -44 -42
-45 -44 -43
-47 -45 -44
-47 -45 -44
-47 -45 -45
-47 -47 -43
-47 -47 -42
-47 -47 -.46
-47 -47 -.47
-47 -47 -.49
-47 -47 -.49

=75 -70 -.60

27 38 47

.60 .95 1.22

36 .80 1.25
.10 46 .90
-07 23 .61
-20 .04 38
-26 -.08 .20
-26 -13 .10
=26 -.11 .09
=32 -17 .07
-38 -28 -.09
-41 -35 -23
-42 -39 -31
-43 -40 -35
-44 -42 -38
-43 -42 -40
-41 -40 -39
-40 -39 -38
-43 -41 -40
-47 -44 -43
-48 -46 -46

-47
57
1.41
1.65
1.39
1.06
.81
.59
44
.38
.38
21
-.01
-.16
-.25
-.30
-.34
-.36
-.36
-.38
-41

-45

-31
.66
1.54
1.98
1.87
1.55
1.29
1.07
.89
78
.76
.61
31
.08
-.08
-.17
-.23
-.29
-31
-.34
-.38
-43

-.81 -.58
.04 24
77 .90 1.05
1.64 1.74 1.82
2.21 2.36 247
2.30 2.64 2.89
2.05 2.53 2.96
1.78 2.29 2.80
1.57 2.10 2.62
1.39 1.92 2.46
1.25 1.78 2.32
1.19 1.68 2.20
1.08 1.57 2.08
73 1.23 1.76
42 85 1.34
19 .57 1.02
04 36 .77
-06 21 .58
-15 .08 42
-21 -.04 25
-28 -.15 .06
=34 -25 -11
-40 -34

-.14

-24 -.06 .20

-.80 -.51
45 .67 .08
1.20 1.38 .36
1.93 2.05 2.20
2.57 2.67 2.78
3.06 3.19 3.32
3.30 3.54 3.73
3.28 3.68 3.99
3.15 3.65 4.08
3.01 3.56 4.06
2.88 3.45 3.99
2.74 3.30 3.86
2.59 3.11 3.64
2.31 2.83 3.35
1.88 2.43 2.98
1.52 2.06 2.61
1.25 1.77 2.31
1.04 1.54 2.07

.85 1.33 1.84

.63 1.09 1.57

37 78 1.22
14 47 86
.53

-.24

37

-.30
21
.61
.96
1.29
1.58
1.85
2.25
2.62
297
3.31
3.60
5.22

-.33 -.06
.05 .33
37 .66
.67 .98
97 1.28

1.32 1.59
1.76 2.01

3.89 2.40

422 278
4.42 4.69

4.49 4.84

4.48 4.89

4.38 4.83 5.20

4.16 4.63 5.02

3.85 4.32 4.73

-71 -52
-.08 .15
47 74
.89 1.17
1.25 1.54
1.60 1.91
1.88 2.18
2.12 2.38
2.49 2.73
2.83 3.05
3.17 3.36
3.49 3.67
3.78 3.97
4.04 4.23
4.28 4.43
4.50 4.57
5.07 4.70

3.50 3.98 4.42 4.79 4.94
3.15 3.68 4.15 4.54 4.86
2.86 3.40 3.90 4.33 4.65
2.61 3.15 3.66 4.10 4.43
2.36 2.88 3.38 3.82 4.15
2.05 2.53 3.00 3.43 3.79
1.68 2.12 2.56 2.98 3.36
1.28 1.70 2.12 2.53 2.92 3.28 3.57 3.4l
91 131 1.70 2.10 2.49 2.87 3.21 3.51

-33 -.14 .00-4.65-3.87-3.87 -3.87 -3.87 -3.87 -3.87-3.87

38 .61

.66 -4.43 -3.70 -3.70 -3.70 -3.70 -3.70 -3.70 -3.70

1.01 1.26 1.06 -4.21 -3.52 -3.52 -3.52 -3.52 -3.52 -3.52-3.52

1.46 1.72
1.83 2.08
222 245
2.47 2.66
2.64 2.78
2.96 3.01
3.25 3.19
3.52 3.35
3.80 3.49
4.07 3.62
4.30 3.73
4.43 3.80
4.49 3.86
4.53 3.92

4.72 4.02 2.72 -90
4.87 4.11 2.82 -.68 -.65
5.00 4.19 2.93 -46 -47
4.67 4.27 3.03 -24
4.40 433 3.12 -.01 -.11

4.06 4.28 3.22
3.68 3.96 3.32

21
43
.65
.87

-.83

-.29

.07
25
43
.61

-.65
-47
-29
-.11
.07
25
43
.61

-.65
-47
-.29
-.11
.07
.25
43
.61

-.65
-47
-.29
-.11
.07
25
43
.61

1.25-3.99 -3.34 -3.34 -3.34 -3.34 -3.34 -3.34 -3.34
1.39-3.77-3.16 -3.16 -3.16 -3.16 -3.16 -3.16 -3.16
1.51-3.55-2.98 -2.98 -2.98 -2.98 -2.98 -2.98 -2.98
1.61-3.33 -2.80 -2.80 -2.80 -2.80 -2.80 -2.80 -2.80
1.71 -3.11 -2.62 -2.62 -2.62 -2.62 -2.62 -2.62 -2.62
1.82-2.89 -2.44 -2.44 -2.44 -2.44 -2.44 -2.44-2.44
1.92-2.66 -2.26 -2.26 -2.26 -2.26 -2.26 -2.26-2.26
2.02 -2.44 -2.08 -2.08 -2.08 -2.08 -2.08 -2.08-2.08
2.12-2.22-1.90-1.90 -1.90 -1.90 -1.90 -1.90-1.90
2.23-2.00-1.72-1.72-1.72 -1.72 -1.72 -1.72-1.72
2.33-1.78 -1.54 -1.54 -1.54 -1.54 -1.54 -1.54-1.54
2.43-1.56-1.36-1.36-1.36 -1.36 -1.36 -1.36-1.36
2.52-1.34-1.19-1.19-1.19-1.19-1.19 -1.19-1.19
2.62-1.12-1.01-1.01-1.01 -1.01 -1.01 -1.01-1.01
-.83 -83 -83 -83

-.83 -.83
-.65 -.65 -.65
-47 -47 -47
-29 -29 -29
-11 -11 -.11
.07 .07 .07
25 25 25
43 43 43
.61 .61 .61



Tablo 5.6 *nin devami

log T log p=

-12.0 -11.5 -11 -10.5 -10.0 -95 -9.0 -85 -80 -7.5 -70 -6.5 -6.0 -55 -50 45 -40-35 -30 -25 -20 -1.5 -1.0 -05 00 05 1.0 15 20 25 3.0

5500 -47 -47 -47 -49 -48 -47 -47 -46 -46 -44 -41 -34 -22-02 26 .60 96 133 171 2.09 248 2.84 3.16 342 79 .79 .79 .79 .79 .79 .79
5575 -47 -47 -47 -48 -47 -44 -47 -47 -47 -46 -45 -41 -34-20 .02 32 .66 1.01 1.37 1.73 2.11 2.55 2.83 3.12 97 97 97 97 97 97 97
5.650 -47 -47 -47 -48 -47 -46 -47 -47 -47 -47 -46 -44 -41 -33 -18 .06 .38 .72 1.06 141 1.77 1.15 2.52 2.83 1.15 1.15 1.15 1.15 1.15 1.15 1.15
5725 -47 -47 -47 -47 -47 -47 -44 -47 -47 -47 -46 -46 -44 -40 -31 -15 12 45 79 1.12 1.47 190 2.21 2.55 1.32 1.32 1.32 1.32 1.32 1.32 1.32
5.800 -47 -47 -47 -47 -47 -49 -47 -47 -47 -47 -47 -46 -45-43 -38 -28 -09 .19 52 86 1.19 1.55 192 227150 1.20 .71 -.27-1.20-2.29-3.39
5.875 -47 -47 -47 -47 -47 -48 -49 -46 -47 -47 -47 -47 -46 -45 -42 -36 -23 -02 28 .61 .95 1.30 1.66 2.01 2.34 1.75 1.19 .24 -70 -1.77-2.86
5950 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -46 -46 -44 -40 -32 -16 .08 .39 .74 1.08 1.43 1.77 2.09 2.27 1.67 .74 -.19-1.25-2.33
6.025 -47 -47 -47 -47 -47 -47 -47 -48 -48 -47 -47 -47 -46 -46 -45 -43 -37 -27 -07 21 54 89 1.23 1.54 1.85 2.18 2.531.25 .32 -74-1.81
6.100 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -46 -46 -45 -44 -41 -34 -20 .04 36 .71 1.03 1.31 1.60 1.93 2.281.74 .81 -24-1.29
6.175 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -46 -46 -45 -42 -38 -28 -10 .17 50 .81 1.09 1.36 1.68 2.032.12 1.29 .26 -.79
6.250 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -46 -44 -41 -34 -21 .00 .29 .58 .85 1.12 1.43 1.782.14 1.70 .75 -.30
6.325 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -46 -43 -39 -29 -14 09 35 .61 .87 1.18 1.531.91 1.84 1.18 .19
6.400 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -46 -43 -37 -25 -08 .14 38 .64 .93 1.281.67 2.05 141 .65
6475 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -47 -47 -4T7 -47 -47 -47 -47 -45 -42 -34 -22-04 .17 41 .70 1.031.42 1.81 1.15 .97
6.550 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -47 -47 -47 -47 -47 -47 -46 -45 -40 -32-18 .00 .21 47 .791.17 1.56 193 .86
6.625 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -47 -47 -47 -47 -47 -47 -46 -44 -38 -29 -.14 .04 27 57 93 132 1.69 .43
6.700 -50 -50 -50 -50 -50 -.50-50 -50 -50 -.50 -50 -.50 -50 -48 -48 -48 -48 -48 -47 -47 -45 -42-36-25 -10 .10 .36 .70 1.08 1.45 1.79
6.775 -51 -51 -51 -51 -51 -51-51 -51 -51 -51 -51 -51 -51-48 -48 -48 -48 -48 -48 -47 -47 -45-41-33 -21 -05 .18 48 .84 1.22 1.57
6.850 -53 -53 -53 -53 -53 -53-53 -53 -53 -53 -53 -53 -53-53 -48 -48 -48 -48 -48 -48 -47 -46 -44 -39 -30 -17 .03 29 .62 .99 1.34
6.925 -56 -.56 -56 -56 -56 -.56-56 -56 -56 -.56 -56 -56 -56 -56 -48 -48 -48 -48 -48 -48 -48 -47 -45-42 -36 -26 -.11 .12 41 .76 1.11
7.000 -61 -61 -61 -61 -61 -61-61 -61 -61 -61 -61 -61 -61 -.61 -48 -48 -48 -48 -48 -48 -48 -48 -47 -44 -40 -33 -21-03 23 .55 .89
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Tablo 5.7 Interpole edilip GOB programindaki formatina doniistiiriilen Weiss ’in Z=0.002 icin [1] opakhk degerleri.

log T

-12.0 -11.5 -11 -10.5 -10.0 -9.5 -9.0 -85 -8.0 -7.5 -7.0

log p=

-65 -60 -55-50 -45 -40 -35 -30 -25 -20 -15 -1.0 -05 00 05 1.0 15 20 25 30

3.250-4.48 -3.80 -3.20 -2.86 -2.72 -2.67 -2.64 -2.63 -2.63 -2.62 -2.62 -2.62 -2.61 -2.60 -2.60 -2.59 -2.58 -2.56 -2.54 -2.52 -2.49 -2.46 -2.42 -5.54 -4.59 -4.59 -4.59 -4.59 -4.59 -4.59 -4.59
3.325-4.73 -4.71 -4.59 -4.14 -3.52 -3.04 -2.80 -2.69 -2.65 -2.63 -2.61 -2.60 -2.59 -2.57 -2.55 -2.52 -2.49 -2.44 -2.39 -2.33 -2.26 -2.18 -2.09 -5.32 -4.41 -4.41 -4.41 -4.41 -4.41 -4.41 -4.41
3.400 -4.53 -4.51 -4.48 -4.41 -4.29 -4.05 -3.60 -3.12 -2.83 -2.69 -2.62 -2.57 -2.53 -2.48 -2.43 -2.36 -2.29 -2.20 -2.09 -1.98 -1.85 -1.72 -1.58 -5.09 -4.23 -4.23 -4.23 -4.23 -4.23 -4.23 -4.23
3.475 -4.44 -4.41 -4.38 -4.31 -4.21 -4.08 -3.90 -3.64 -3.28 -2.90 -2.60 -2.41 -2.25 -2.13 -2.01 -1.88 -1.73 -1.59 -1.43 -1.28 -1.12 -.96 -.80 -4.87 -4.05 -4.05 -4.05 -4.05 -4.05 -4.05 -4.05
3.550-4.31 -4.29 -4.32 -4.24 -4.10 -3.92 -3.68 -3.39 -3.06 -2.72 -2.38 -2.07 -1.82 -1.62 -1.45 -1.27 -1.08 -90 -.71 -.52
3.625-4.13 -4.14 -4.23 -4.12 -3.94 -3.68 -3.37 -3.04 -2.69 -2.35 -2.03 -1.72 -1.44 -1.20 -.98
3.700 -3.96 -3.99 -4.03 -3.92 -3.71 -3.39 -3.03 -2.69 -2.35 -2.04 -1.73 -1.43 -1.13 -.86 -.60
3.775-1.50-1.68 -1.83 -1.91 -1.89 -1.80 -1.64 -1.45 -1.25 -1.03 -.80
=74 -770 -.59

3.850 -.59
3.925 -37
4.000 -.45
4.075 -47
4.150 -.47
4225 -47
4300 -.47
4375 -47
4450 -.45
4.525 -.45
4.600 -.45
4.675 -.47
4750 -.47
4.825 -.47
4900 -.47
4975 -.47
5.050 -.47
5.125 -.47
5.200 -.47
5275 -.47
5.350 -.47
5.425 -.47

-.65 -72 -5

-.23
-.31
-.40
-42
-.44
-.45
-.45
-43
-.44
-.44
-44
-44
-47
-47
-47
-47
-47
-47
-47
-47
-47

-.05
-.09
-.24
-.33
-.38
-41
-41
-40
-41
-43
-43
-44
-44
-44
-44
-47
-47
-47
-47
-47
-47

A2

.24

.01
-.15
-.26
-33
-35
-.34
-35
-39
-41
-42
-43
-44
-44
-42
-.39
-.46
-47
-49
-49

27

.60

37

A1
-.06
-.18
-.25
-.25
-.25
-.31
-.37
-.40
-41
-42
-43
-41
-.39
-.38
-41
-47
-.48

.38

95

.81

A7

24

.05
-.07
-12
-.10
-.15
-.26
-.34
-37
-39
-40
-40
-.38
-.36
-39
-43
-.46

47
1.22
1.25

91

.62

.39

21

A1

.10

.08

-.07
-21
-29
-.34
-.36
-.38
-.36
-.34
-.37
-41
-45

-.46
57
1.41
1.66
1.40
1.07
.82
.61
46
.39
.39
22
.01
-.15
-.24
-.28
-.32
-32
-.31
-.34
-.39
-44

10 .45 .88 1.37 1.90 2.45 2.99 3.51 3.99
1.04 1.54 2.08 2.62 3.17 3.68
.80 1.27 1.79 2.33 2.87 3.41
.61 1.06 1.56 2.09 2.63 3.16
45 .87 1.36 1.86 2.38 2.90

-31 -13 .05
.67 78 91
1.54 1.65 1.74
1.99 221 2.37
1.88 2.31 2.65
1.56 2.05 2.54
1.30 1.79 2.30
1.08 1.58 2.10
90 1.40 1.93
79 1.26 1.78
77 1.20 1.69
.62 1.09 1.58
34 .76 1.25
-06 22 .59
-15 .07 .39
-21 -.03 24
-25 -11 .12
-26 -.16 .01
-29 -22 -.09
-35 -29 -20
-41 -37 -30

-56 -.80 -.51

25 47 .69
1.05 1.211.39
1.83 1.942.06
248 2.582.68
2.89 3.063.20
2.97 3.30 3.55
2.81 3.28 3.68
2.63 3.15 3.65
2.47 3.02 3.56
232 2.88 3.45
221 275 3.31
2.08 2.59 3.12
1.78 2.32 2.84

-.24
.08
.36

221

-76 -53 -30 -.08 .15
-33 -06 21 47 .74
.05 33 .61 .89 1.17
37 .66 .96 1.25 1.54
.67 .98 1.29 1.60 191
97 1.28 1.58 1.88 2.18

2.79 1.32 1.59 1.85 2.12 2.38
3.32 1.76 2.01 2.25 2.49 2.73
3.73 3.89 2.40 2.62 2.83 3.05
3.99 4.23 2.78 2.97 3.17 3.36
4.08 4.42 4.69 3.31 3.49 3.67
4.06 4.49 484 3.60 3.78 3.97
3.99 448 4.89 522 4.04 423
3.86 4.38 4.83 5.20 428 4.43
3.65 4.16 4.63 5.02 450 4.57
3.35 3.85 4.32 4.73 5.07 4.70

-33 -.14 .00-4.65-3.87-3.87 -3.87 -3.87 -3.87 -3.87 -3.87

38 .61 .66 -4.43-3.70-3.70 -3.70 -3.70 -3.70 -3.70 -3.70
1.01 1.26 1.06 -4.21-3.52-3.52-3.52-3.52-3.52 -3.52 -3.52
1.46 1.72 1.25 -3.99 -3.34 -3.34 -3.34 -3.34 -3.34 -3.34 -3.34
1.83 2.08 1.39 -3.77-3.16 -3.16 -3.16 -3.16 -3.16 -3.16 -3.16
222 2.45 1.51 -3.55-2.98 -2.98 -2.98 -2.98 -2.98 -2.98 -2.98
2.47 2.66 1.61 -3.33-2.80-2.80-2.80 -2.80 -2.80 -2.80 -2.80
2.64 2.78 1.71 -3.11-2.62-2.62 -2.62 -2.62 -2.62 -2.62 -2.62
2.96 3.01 1.82 -2.89-2.44 -2.44 -2.44 -2.44 -2.44 -2.44 -2.44
3.25 3.19 1.92 -2.66 -2.26 -2.26 -2.26 -2.26 -2.26 -2.26 -2.26
3.52 3.35 2.02 -2.44 -2.08 -2.08 -2.08 -2.08 -2.08 -2.08 -2.08
3.80 3.49 2.12 -2.22-1.90-1.90-1.90 -1.90 -1.90 -1.90 -1.90
4.07 3.62 2.23 -2.00-1.72-1.72-1.72 -1.72 -1.72 -1.72 -1.72
4.30 3.73 2.33 -1.78 -1.54 -1.54 -1.54 -1.54 -1.54 -1.54 -1.54
4.43 3.80 2.43 -1.56-1.36-1.36-1.36 -1.36 -1.36 -1.36 -1.36
449 3.86 2.52 -1.34-1.19-1.19-1.19-1.19-1.19 -1.19 -1.19
4.53 392 2.62 -1.12-1.01 -1.01 -1.01 -1.01 -1.01 -1.01 -1.01

443 479 494 472 402 2.72 -90 -83 -.83 -83 -83 -83 -83 -.83
4.15 454 486 4.87 4.11 2.82 -68 -.65 -.65 -65 -.65 -65 -65 -.65
391 433 4.65 5.00 4.19 293 -46 -47 -47 -47 -47 -47 -47 -47
3.67 4.11 4.43 4.67 427 3.03 -24 -29 -29 -29 -29 -29 -29 -29
3.39 3.82 4.16 4.40 433 3.12 -01 -.11 -11 -11 -11 -11 -11 -.11

29 .67 1.12 1.61 2.09 2.57 3.02 3.44 3.80 4.06 428 322 .21 .07 .07 .07 .07 .07 .07 .07
A2 44 84 129 1.74 2.18 2.60 3.01 338 3.69 397 332 43 25 25 25 25 25 25 25
1.37 1.79 2.19 2.57 295 329 358 341 .65 43 43 43 43 43 43 43
-18 .01 .29 .63 1.02 142 1.80 2.17 2.53 2.89 3.22 351 .87 .61 .61 .61 .61 .61 .61 .61

-04 21 55 95
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Tablo 5.7 ’nin devami

log T log p=

-120 -11.5 -11 -10.5 -10.0 -9.5 -90 -85 -8.0 -7.5 -7.0 -65 -6.0 -55 -5.0 -45 -40 -3.5 -3.0 -25 -20 -1.5 -1.0 -05 00 05 1.0 15 20 25 3.0

5500 -.47 -47 -47 -49 -48 -47 -46 -46 -45 -43 -39 -31 -17 .06 36 .71 1.08 145 1.80 2.15 2.51 2.86 3.17 3.43 .79 79 .79 .79 .79 .79 .79
5575 -47 -47 -47 -48 -47 -44 -47 -47 -46 -45 -44 -40 -31-15 .11 43 79 1.14 1.48 1.81 2.16 2.52 2.85 3.13 97 97 97 97 97 97 .97
5.650 -47 -47 -47 -48 -47 -46 -47 -47 -47 -46 -46 -44 -40 -30 -.13 .15 50 .86 1.20 1.52 1.84 2.19 2.54 2.851.15 1.15 1.15 1.15 1.15 1.15 1.15
5725 -47 -47 -4T7 -47 -47 -47 -44 -47 -47 -47 -46 -45 -43 -39 -29 -09 22 58 93 125 156 190 2.25 2.571.32 1.32 1.32 1.32 1.32 1.32 1.32
5.800 -47 -47 -47 -47 -47 -49 -47 -47 -47 -47 -46 -46 -45-42 -37-25 -02 30 .66 99 131 1.63 198 231150 1.20 .71 -.27-1.20-2.29 -3.39
5.875 -47 -47 -47 -47 -47 -48 -49 -46 -47 -47 -47 -46 -46 -44 -41 -34 -19 .06 .40 .75 1.07 140 1.74 2.072.38 1.75 1.19 24 -70-1.77 -2.86
5950 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -46 -45 -43 -38 -29 -11 .17 51 .86 1.19 1.52 1.842.15 227 1.67 .74 -.19-1.25 -2.33
6.025 -47 -47 -47 -47 -47 -47 -47 -48 -48 -47 -47 -47 -46 -46 -44 -41 -35 -23 .00 31 .67 1.01 134 1.641.92 2.22 2.55 1.25 .32 -74 -1.81
6.100 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -46 -46 -45-43 -39 -31-14 .13 48 .84 1.16 1.451.70 1.99 2.31 1.74 .81 -.24 -1.29
6.175 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -46 -45 -44 -41 -35-24 -03 28 .64 97 1.24148 1.75 2.07 2.12 1.29 26 -.79
6.250 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -46 -45 -43 -38 -30 -.15 .11 43 75 1.011.25 1.51 1.83 2.16 1.70 .75 -.30
6.325 -47 -47 -4T7 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -46 -45 -42 -36 -24 -05 22 .51 77 1.01 1.27 1.58 1.93 1.84 1.18 .19
6.400 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -46 -45-41 -33 -18 .03 .28 .52 .76 1.03 1.34 1.69 2.06 1.41 .65
6.475 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -47 -47 -47 -47 -47 -47 -46 -45 -40 -30 -14 .07 30 .53 .79 1.09 1.45 1.82 1.15 .97
6.550 -.48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -47 -47 -47 -47 -47 -47 -46 -44 -38 -27 -10 .10 31 .56 .85 1.20 1.58 1.93 .86
6.625 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -47 -47 -47 -47 -47 -47 -46 -43 -36 -24 -07 .12 34 62 96 134 1.70 43
6.700 -.50 -50 -.50 -50 -50 -50 -.50 -50 -.50 -.50 -50 -50 -50 -48 -48 -48 -48 -47 -47 -47 -45 -41 -33-21 -04 .16 41 .73 1.10 1.46 1.80
6.775 -51 -51 -51 -51 -51 -51 -51 -51 -51 -51 -51 -51 -51-48 -48 -48 -48 -48 -48 -47 -46 -44 -39 -30 -.18 .00 .22 .51 .86 1.22 1.56
6.850 -.53 -53 -53 -53 -53 -53 -53 -53 -53 -53 -53 -53 -53-53 -48 -48 -48 -48 -48 -47 -47 -46 -42 -36 -25 -10 .09 35 .68 1.04 1.39
6.925 -.56 -56 -.56 -56 -56 -56 -56 -56 -56 -56 -56 -56 -56-56 -48 -48 -48 -48 -48 -48 -47 -46 -44 -39 -31 -18 -.01 .22 .51 .86 1.23
7.000 -.61 -.61 -.61 -.61 -61 -61 -61 -61 -61 -61 -61 -61 -.61-61 -48 -48 -48 -48 -48 -48 -48 -47 -46 -43 -37 -28 -15 .05 31 .63 .99
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Tablo 5.8 Interpole edilip GOB programindaki formatina doniistiiriilen Weiss ’in Z=0.004 icin [1] opakhk degerleri.

log T

-12.0 -11.5 -11 -10.5 -10.0 -9.5 -9.0 -8.5 -8.0

-7.5 -7.0 -6.5 -6.0

log p=

-55 -50 -45 -40 -35 -3.0 -25 -2.0

-1.5 -1.0 -0.5 0.0 0.5

1.0

1.5 20 25 3.0

3.250-4.48 -3.80 -3.20 -2.86 -2.72 -2.67 -2.64 -2.63 -2.63 -2.62 -2.62 -2.62 -2.61 -2.60 -2.60 -2.59 -2.58 -2.56 -2.54 -2.52 -2.49 -2.46 -2.42 -5.54 -4.59 -4.59 -4.59 -4.59 -4.59 -4.59 -4.59
3.325-4.73 -4.71 -4.59 -4.14 -3.52 -3.04 -2.80 -2.69 -2.65 -2.63 -2.61 -2.60 -2.59 -2.57 -2.55 -2.52 -2.49 -2.44 -2.39 -2.33 -2.26 -2.18 -2.09 -5.32 -4.41 -4.41 -4.41 -4.41 -4.41 -4.41 -4.41
3.400 -4.53 -4.51 -4.48 -4.41 -4.29 -4.05 -3.60 -3.12 -2.83 -2.69 -2.62 -2.57 -2.53 -2.48 -2.43 -2.36 -2.29 -2.20 -2.09 -1.98 -1.85 -1.72 -1.58 -5.09 -4.23 -4.23 -4.23 -4.23 -4.23 -4.23 -4.23
3.475 -4.44 -4.41 -4.38 -4.31 -4.21 -4.08 -3.90 -3.64 -3.28 -2.90 -2.60 -2.41 -2.25 -2.13 -2.01 -1.88 -1.73 -1.59 -1.43 -1.28 -1.12 -.96
3.550-4.31 -4.29 -4.32 -4.24 -4.10 -3.92 -3.68 -3.39 -3.06 -2.72 -2.38 -2.07 -1.82 -1.62 -1.45 -1.27 -1.08 -.90
3.625-4.13 -4.14 -4.23 -4.12 -3.94 -3.68 -3.37 -3.04 -2.69 -2.35 -2.03 -1.72 -1.44 -1.20 -98 -.76 -.53 -.30
3.700 -3.96 -3.99 -4.03 -3.92 -3.71 -3.39 -3.03 -2.69 -2.35 -2.04 -1.73 -1.43 -1.13 -.86 -.60
3.775-1.49 -1.68 -1.82 -1.90 -1.89 -1.79 -1.64 -1.44 -1.24 -1.01
-.65 -72 -5

3.850 -.59
3.925 -37
4.000 -.44
4.075 -47
4.150 -.46
4225 -.46
4300 -.47
4375 -.46
4.450 -.44
4525 -.44
4.600 -.44
4.675 -.47
4750 -.47
4.825 -.47
4900 -.47
4975 -.47
5.050 -.47
5.125 -.47
5.200 -.47
5275 -.47
5.350 -.47
5.425 -.47

-22
-.31
-.39
-42
-43
-44
-.44
-43
-43
-43
-44
-44
-47
-47
-47
-47
-47
-47
-47
-47
-47

-.05
-.08
-.24
-.32
-37
-40
-40
-39
-40
-42
-42
-43
-43
-44
-43
-47
-47
-47
-47
-47
-47

13

24

.03
-.14
-.25
-32
-34
-.33
-34
-.38
-.40
-41
-42
-43
-42
-40
-.36
-.46
-47
-49
-49

-74 -.69 -.59
27 38 48
.61 .96 1.23
39 .82 1.27
A3 .49 .93
-.04 .26 .64
-17 .07 41
-24 -06 .23
-24 -10 .13
-23 -.09 .12
-29 -.14 .10
-35 -24 -.05
-38 -32-19
-40 -36 -27
-41 -38 -32
-41 -39 -34
-39 -38 -35
-35 -34 -32
-34 -32-29
-38 -.36 -.33
-47 -42 -39
-48 -45 -44

-46 -30 -.12

57
1.42
1.67
1.42
1.09

.83

.62

47

41

41

25

.04
-.12
-21
-.26
-.29
-.28
-.26
-29
-.35
-42

.67
1.55
2.00
1.90
1.57
1.31
1.09

92

.80

79

.65

37

.14
-.02
-.12
-.18
-.20
-.20
-.23
-.30
-.39

19
1.65
2.22
2.32
2.07
1.81
1.60
1.41
1.28
1.22
1.11

79

49

.26
.10
.00

-.07

-.09

-.15

-.23

-.33

-78
.06
92

1.75

2.38
2.66
2.55
2.31
2.12

1.94

1.80

1.70

1.60

1.27
91
.63
43
.28

.16
.08

-.01

-.12

-.25

-53
27
1.07
1.84
2.49
2.90
2.98
2.82
2.64
2.48

-.80 -.51
48 .71
1.23 1.41
1.95 2.08
2.59 2.70
3.07 3.21
3.31 3.55
3.29 3.69
3.16 3.66
3.03 3.57

2.33 2.89 3.46
2.22 2.76 3.31
2.10 2.60 3.12
1.80 2.34 2.86

1.40
1.08
.84
.66
49
.36
21
.05
-.11

1.93 2.47
1.58 2.11
1.31 1.82
1.10 1.60
91 1.39
73 1.18
52 .92
31 .65
100 .39

-.24
.08
.36

2.23
2.81
333
3.74
3.99
4.08
4.07
4.00
3.87
3.65
3.36

3.01

2.65

2.35

2.12
1.89
1.66
1.36
1.05

5

41

-33 -06 21

05 33 .61
37 .66 .96
.67 .98 1.29
97 1.28 1.58
1.32 1.59 1.85
1.76 2.01 2.25
3.89 240 2.62
4.23 2.78 2.97
443 4.69 3.31
4.50 4.84 3.60
449 489 522
438 4.83 5.20
4.17 4.63 5.02
3.86 432 4.74

3.19 3.70 4.16 4.55 4.86 4.87 4.11

-71
-.08
A7
.89
1.25
1.60
1.88
2.12
2.49
2.83
3.17
3.49
3.78
4.04
4.28
4.50
5.07

-.52
15
74

1.17
1.54
1.91
2.18
2.38
2.73
3.05
3.36
3.67
3.97
4.23
4.43
4.57
4.70

-33 -14

38 .61
1.01 1.26
1.46 1.72
1.83 2.08
222 245
2.47 2.66
2.64 2.78
2.96 3.01
3.25 3.19
3.52 3.35
3.80 3.49
4.07 3.62
4.30 3.73
4.43 3.80
4.49 3.86
4.53 3.92

-.80 -4.87 -4.05 -4.05 -4.05 -4.05 -4.05 -4.05 -4.05
.00 -4.65 -3.87 -3.87 -3.87 -3.87 -3.87 -3.87 -3.87
.66 -4.43 -3.70 -3.70 -3.70 -3.70 -3.70 -3.70 -3.70

1.06 -4.21 -3.52 -3.52 -3.52 -3.52 -3.52 -3.52 -3.52

1.25-3.99 -3.34 -3.34 -3.34 -3.34 -3.34 -3.34 -3.34

1.39-3.77-3.16-3.16 -3.16 -3.16 -3.16 -3.16 -3.16

1.51-3.55-2.98 -2.98 -2.98 -2.98 -2.98 -2.98 -2.98

1.61-3.33 -2.80 -2.80 -2.80 -2.80 -2.80 -2.80 -2.80

1.71 -3.11 -2.62 -2.62 -2.62 -2.62 -2.62 -2.62 -2.62

1.82-2.89-2.44 -2.44 -2.44 -2.44 -2.44 -2.44 -2.44

1.92-2.66 -2.26 -2.26 -2.26 -2.26 -2.26 -2.26 -2.26

2.02-2.44 -2.08 -2.08 -2.08 -2.08 -2.08 -2.08 -2.08

2.12-2.22-1.90-1.90-1.90-1.90 -1.90 -1.90 -1.90

2.23-2.00-1.72-1.72-1.72-1.72 -1.72 -1.72 -1.72

2.33-1.78 -1.54 -1.54 -1.54 -1.54 -1.54 -1.54 -1.54

2.43-1.56-1.36-1.36-1.36 -1.36 -1.36 -1.36 -1.36

2.52-1.34-1.19-1.19-1.19-1.19-1.19 -1.19 -1.19

2.62-1.12-1.01-1.01 -1.01 -1.01 -1.01 -1.01 -1.01

3.52 400 4.43 479 494 472 4.02 2.72 -90 -.83

2.82 -.68 -.65

2.89 3.42 391 4.33 4.65 5.00 4.19 2.93 -.46 -47
2.65 3.18 3.68 4.11 4.43 4.67 427 3.03 -.24 -29
241 292 3.40 3.83 4.16 4.41 433 3.12 -.01 -.11
2.14 2.61 3.06 3.46 3.81 4.07 429 322 .21 .07
1.82 2.26 2.67 3.05 3.40 3.70 3.97 3.32 43 .25
1.48 1.90 2.29 2.64 2.99 3.31 3.59 341 .65 43
1.15 1.55 1.92 2.27 2.60 2.93 3.24 3.51 .87 .61

-.83 -.83
-.65 -.65
-47 -47
-29 -29
-11 -.11
.07 .07
25 .25
43 43
.61 .61

-.83 -83
-.65 -.65
-47 -47
-29 -29
-11 -.11
.07 .07
25 25
43 43
.61 .61

-.83
-.65
-47
-.29
-.11
.07
25
43
.61

-.83
-.65
-47
-.29
-.11
.07
.25
43
.61



Tablo 5.8 ’in devami

log T

log p=

-12.0 -11.5 -11 -105 -10.0 -95 -90 -85 -80 -75 -7.0 -65 -6.0 -55 -5.0 -45 -4.0

-35 -3.0 -25 20 -15 -1.0

-05 00 05 1.0 15 20 25 3.0

5.500
5.575
5.650
5.725
5.800
5.875
5.950
6.025
6.100
6.175
6.250
6.325
6.400
6.475
6.550
6.625
6.700
6.775
6.850
6.925
7.000

-47 -47 -47 -49 -48 -47 -46 -45 -44 -41 -36 -26 -10 .15 48 .85 1.23
-A4T7 -47 -4T7 -48 -47 -44 -47 -47 -46 -45 -43 -37 -27 -08 22 57 94
-47 -47 -47 -48 -47 -46 -47 -47 -47 -46 -45 -43 -38 -27 -05 27 .65
-47 -47 -47 -4T7 -47 -47 -44 -47 -47 -46 -46 -45 -42 -37 -25 -01 .34
-47 -47 -4T -4T -47 -49 -47 -47 -47 -47 -46 -46 -44 -41 -34 -20 .06
-47 -47 -47 -4T7 -47 -48 -49 -46 -47 -47 -47 -46 -45 -43 -39 -31 -.13
-47 -47 4T -4T -4T -47 -47 -47 -47 -47 -47 -46 -46 -45 -42 -36 -25
-47 -47 -47 -4T7 -4T7 -47 -47 -48 -48 -47 -47 -46 -46 -45 -43 -40 -32
-47 -47 -4T7 -4T7 -47 -47 -47 -47 -47 -47 -47 -46 -46 -45 -44 -42 -37
-47 -47 -4T -4T7 -47 -47 -47 -47 -47 -47 -47 -47 -46 -46 -44 -42 -39
-47 -47 4T -4T -4T7 -47 -47 -47 -47 -47 -47 -47 -47 -47 -46 -44 -41
-47 -47 -4T7 -4T -4T -47 -4T7 -47 -4T7 -4T7 -4T -47 -4T7 -47 -47 -46 -44
-47 -47 -4T7 -4T -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -47 -46
-48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -47 -47 -47 -47 -47 -47
-48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -48 -47 -47 -47 -47 -47
-49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -49 -47 -47 -47 -47
-50 -50 -50 -50 -50 -50 -50 -50 -50 -.50 -50 -.50 -50 -.48 -48 -.48 -.48
-51 -51 -51 -51 -51 -51 -51 -51 -51 -51 -51 -51 -51 -48 -48 -48 -48
-53 -53 -53 -53 -53 -53 -53 -53 -53 -53 -53 -53 -53 -53 -48 -.48 -48
-56 -56 -56 -56 -56 -56 -56 -56 -56 -56 -56 -56 -56 -.56 -48 -.48 -48
-61 -61 -61 -61 -61 -61 -61 -61 -61 -61 -61 -61 -.61 -.61 -48 -48 -48
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1.60 1.93 225 2.57 2.89 3.19
1.30 1.63 1.93 2.24 2.56 2.87
1.02 1.36 1.66 1.95 2.26 2.58
73 110 141 1.69 1.99 2.30
43 .82 1.16 1.46 1.75 2.05
A7 .54 91 1.23 1.53 1.83
-04 29 .66 1.02 1.33 1.64
-17 .09 44 82 1.16 1.48
-27 -07 24 .62 .99 132
-32 -18 .06 41 .80 1.14
-36 -25 -07 23 59 93
-40 -32 -17 .06 37 .69
-44 -39 -28 -09 .17 45
-46 -43 -37 -24 -03 22
-47 -46 -43 -35 -20 .01
-47 -47 -45 -41 -32 -16
-47 -47 -46 -44 -39 -29
-48 -48 -47 -46 -43 -37
-48 -48 -48 -47 -45 -42
-48 -48 -48 -48 -47 -45
-48 -48 -48 -48 -47 -46

344 79 79 79 19 79 19 .79
3.15 97 97 97 97 97 97 97
2.871.151.15 1.15 1.15 1.15 1.15 1.15
2,61 1.321.32 1.32 1.32 1.32 1.32 1.32
2.361.501.20 .71 -.27-1.20-2.29 -3.39
2.142.431.75 1.19 24 -70-1.77-2.86
1.94 2.232.27 1.67 .74 -.19-1.25-2.33
1.77 2.032.29 2.59 1.25 .32 -74-1.81
1.60 1.832.08 2.37 1.74 .81 -.24-1.29
1.41 1.631.86 2.14 2.12 1.29 .26 -.79
1.20 1.421.63 1.90 2.19 1.70 .75 -.30
97 1.191.40 1.66 1.97 1.84 1.18 .19
71 .94 1.17 143 1.74 2.08 1.41 .65
47 .69 92 1.18 1.50 1.85 1.15 .97
24 46 .68 94 1.26 1.61 1.95 .86

.04 24 46 .71 1.02 1.37 1.71 43
-13 .06 26 .49 .78 1.13 1.481.81
-26 -.10 .08 .29 .56 .89 1.251.58
-34-23 -08 .12 36 .67 1.021.36
-40 -32 -20 -.04 .18 .46 .791.13
-43 -38 -29 -16 .03 .27 .58 91



6. MODEL INTEGRASYONLARDAKi FARKLI OPAKLIKLARIN
SONUCLARI

Bu c¢alismada, Schwarzchild *in kitabinda [6] yer alan giines kiitle modelleri
kullanilmis ve bu giines kiitle modelleri i¢in Tablo 6.1 ’de, 1sitma ve etkin sicaklik
degerlerine karsilik gelen GOB atmosfer taban yaricaplari ve SCH sinir yarigap
degerleri listelenmistir. Tablo 6.1, segilebilir farkli interpolasyon adimlarina karsilik
olarak iki alt tablo halinde sunulmustur. Kabul edilen teoriksel belirsizlikler ile
birlikte farkli kaynaklarin opakliklarinin yarigaplar iizerindeki etkileri arasindaki
farkliliklarin, degisen interpolasyon adimlarinda bile degismemesi ile modelin

dogrulugunun arttiramayacagi anlasilmistir.

Denklem (1.3) °'ten de goriilecegi gibi, modellerin dis tabakalarindaki
opakliklarm artisi, bu tabakalara karsilik gelen sicaklik gradiyenti ile ilskilidir. Tablo
6.1 *deki GOB programi ile igeriye dogru integrasyonlardan olusan taban tabaka
yarigap degerleri (Rp) arasindaki farkliliklar ile SCH programi ile igten disariya
dogru integrasyonlarla elde edilen dis sinir degerleri (Rog) arasindaki farkliliklar,

farkli opaklik tablolarinin kullanilmasi ile meydana gelmektedir.

Tam bir model olusturmak i¢in atmosferik taban ve SCH integrasyon degerleri
birlestirilmelidir. Bu durum, dis sinir sicakliginda bazi ayarlamalarin yapilmasini
gerektirir. GOB programi igerisine yerlestirilen opakliklarin giderek artmasi, taban
tabaka sicakligmi arttirip zarf bolgesini genisletmektedir. Sayet orijinal GOB ve
SCH integrasyonlarini taban tabakada denklestirirsek, benzer taban sicakligini elde
edebilmek igin yeni opakliklarla (verilen i1sitmada) GOB integrasyonu igin Ty
degerini azaltmak zorunda olacaktik. Sabit Ly icin Ty *daki bu azalma, yildizin
yarigapinin bilyiimesi anlamina gelmektedir [7]. Bu tarzda olusturulan hesaplanmis

yarigapsal degisiklikler % 5-10 olup Tablo 6.1 *de verilmistir.
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Tablo 6.1 Farkli opaklik tablolar1 kullanilarak olusturulan yarigaplara ait GOB
ve SCH program sonuglari: (a)interpolasyon adimi= 0.1 igin, (b)
interpolasyon adimi= 0.05 igin.

(a) Parametre Degeri

M (Giines) 0.6 1 2.5 5 10
Ry (Huebner) 0.3287 0.4886 0.982 1.7216 2.3481
Rp (Ig1.1991) 0.3287 0.4886 0.982 1.7216 2.3481
Rgp (Igl.1996) 0.3589 0.5318 1.0656 1.8286 2.4540
Rp (Kurucz) 0.3529 0.5263 1.0231 1.7311 2.3575
R (Allard) 0.3532 0.5300 1.0228 1.7656 2.3781

Rp (Weiss Z=0.001) 0.3434 0.5195 1.0118 1.7219 2.3571
Rp (Weiss Z=0.002) 0.3480 0.5220 1.0127 1.7500 2.3584
Rp (Weiss 7=0.004) 0.3491 0.5272 1.0194 1.7552 2.3601

log L 0.8276  0.0409  1.6068  2.8296 3.6749
log T. 3.6520 3.7692  4.0115 42085 = 4.3545
Rop (Huebner) 0.5680  0.6131  1.1270 19660  3.3490
Rop (Igl.1991) 0.5680  0.6131  1.1270 19660  3.3490
Ros (Igl.1996) 0.6335 0.6896  1.7190  2.5270  3.4180
Rop (Kurucz) 0.5980  0.6232  1.7140 23160  3.4010
Rop (Allard) 0.6241  0.6638  1.7160  2.4970  3.4130

Rop (Weiss Z=0.001) 0.5508 0.6025 1.5110 1.9770 3.2850
Rop (Weiss Z=0.002) 0.5671 0.6216 1.5260 2.0110 3.3070
Rop (Weiss Z=0.004) 0.5734 0.6247 1.6320 2.2830 3.4220

(b) Parametre Degeri

M (Giines) 0.6 1 2.5 5 10
Ry (Huebner) 0.3741 0.5523 1.0300 1.7317 2.3565
Rp (Igl.1991) 0.3741 0.5523 1.0300 1.7317 2.3565
R (Igl.1996) 0.3805 0.5592 1.1092 1.8317 2.4610
Ry (Kurucz) 0.3742 0.5459 1.0384 1.7423 2.3604
Rz (Allard) 0.3803 0.5589 1.0864 1.7834 2.4052

Rp (Weiss Z=0.001) 0.3789 0.5541 1.0412 1.7591 2.3672
Rp (Weiss Z=0.002) 0.3790 0.5562 1.0457 1.7603 2.3711
Rp (Weiss Z=0.004) 0.3801 0.5574 1.0463 1.7687 2.3769

logL 0.8276  0.0409  1.6068  2.8296 3.6749
log T. 3.6520  3.7692  4.0115  4.2085 4.3545
Rop (Huebner) 0.5736  0.6301  1.1660  1.9680 3.3890
Rop (Igl.1991) 0.5736  0.6301  1.1660  1.9680 3.3890
Ros (Ig].1996) 0.6414 07380  1.8790  2.6380 3.9260
Rop (Kurucz) 0.6398 07221  1.7920  2.4130 3.5170
Rop (Allard) 0.6387  0.7298  1.7850  2.5880 3.8770

Rop (Weiss Zz=0.001)  0.5798 0.6311 1.2813 1.9910 3.3350
Rop (Weiss Z=0.002)  0.5881 0.6346 1.6348 2.0180 3.4960
Rop (Weiss 7z=0.004)  0.6146 0.7180 1.7711 2.4090 3.6810
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Stothers ve Chin [25], yarigaplardaki benzer artisi (% 5-10), metal oranindaki
% 50 artis ile verilen Los Alamos opaklig1 [4] ve daha eski opaklik [11] arasinda
gormiislerdir. Stothers ve Chin e gbre yarigap artislari orta ve diisiik kiitleli yildizlar
icin % 5-10 olup, yarigap artislarmin gozlemler ve teori arasindaki goriilebilir
farkliliklarint ¢6zmek icin etkili oldugunu agiklamislardir [25]. Bu yarigap
degerlerindeki artislar i¢in Stothers & Chin [25] ve Claret & Gimenez [26] tarafindan
verilen sonuglar, bizim buldugumuz sonuglarla karsilastirmali olarak Tablo 6.2 *de

verilmektedir.

Tablo 6.2 Opaklik artislarma gore yaricap degerlerindeki artislarin

karsilastirilmasi.

0.6 Mo 1 Mo 2.5 Mo 5 Mo 10 Mo
S & C (1991) - - 0.10 0.07 0.05
C & G (1992) - - 0.08 0.07 0.10
Bu calisma 0.092 0.088 0.085 0.062 0.045
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7. GOZLEMSEL MATERYAL

Diizenlenmis opaklik tablolarmin sonuglarini mevcut gozlemsel verilerle
iliskilendirmek miimkiindiir. Bunun i¢in V376 Peg = HD 209458 yildiz1 segilmistir.
Sekil 7.1 °de, 1999 ve 2000 yillarinda, Hawaii ’den gozlemlenen bu sistemde,
gezegenlere ait gecislerin B fotometresi, uygun bir egri uyumu ile birlikte
gosterilmistir. Bu gozlemler hakkindaki bilgiler Jha ve grubu tarafindan verilmistir

[27]. HD 209458, kisa periyotlu ve diisiik kiitleli yildizlardan biridir [28].
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Sekil 7.1 Sullivan & Sullivan [29] tarafindan gozlemlenen HD 209458
yildizina ait 151k egrisi.

Sekil 7.1 “deki veriler, uygun bir egri uyumu ile birlikte analiz edilmistir [30].
Bu egri, tutulma fotometresinden es yildizlarin ayrilma dénemlerindeki yarigaplarini

verir. Sonuglar Tablo 7.1-a "da verilmektedir. V376 Peg yildizinin parametrelerine
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ait baslangi¢ kosullart [29] ve [31]’den alinmistir. Bu yildiza ait tiim parametreler,
Henry ve grubu ’'nun [31] yaricapsal hiz verileri ile birlikte Tablo 7.1-b’de
verilmistir. Hizlar, tiim birimlerde (6rnegin; km s™) 6l¢iildiigii ve yoriinge periyodu
bilindigi i¢in yoriinge yarigapt (km) biriminde bulunmus olmaktadir. Daha sonra
Kepler ’in kanunu ile es yildizlarin kiitleleri belirlenir. Tablo 7.1-b ’de verilen
yarigaplar bu tarz bir yaklasimla hesaplanmistir. X2 Olctimii ile, y1ldiz yarigap1 % 1
’lik bir hata ile tahmin edilmektedir. Tablo 7.1 ’de verilen sonuglar, Brown ve
grubunun [32] hata limitleri icerisindedir. Tutulan ¢ift yildizlarin 151k egrilerinin
boyle bir dogrulukla analizleri, yildizlardaki teorik sonuglara iliskin duyarl testler

vermektedir.

Tablo 7.1 HD 209458 yildizina ait (a) 151k egrisinin parametre degerleri ve hata
paylar1 [30]; (b) tiim parametreler [29, 31].

(a) Parametre Degeri Hata Pay1
U 1.0012 0.0009
I 0.1172 0.001
I 0.0145 0.0006
i 86.3 0.4
u 0.574
Al 0.001
v 0.93

(b) Parametre Degeri Hata Pay1
Periyod 3.52474 giin 0.00001 giin
Dénem (HID) 2451497.7993
A 9.837 0.04 Ro
R, 1.15 0.01Ro
R, 1.39 0.03 Ryyp
i 86.3 0.3 deg
u 0.57 0.14
M, 1.03 Mo
M, 0.62 My,

V Abs 4.31

\Y 7.653

B-V 0.594

T 5920 K

Mesafe 46.7 0.8 pc

Bu gozlemsel materyale ait sonug, sonug ve tartisma bdliimiinde, sayfa 50 *de
verilmistir.

47



8. SONUC VE TARTISMA

Bu calismada, yildizlarin zarf yapisi iizerindeki opakliklarin degisimlerinin
etkisi incelenmistir. Bunun ic¢in Paczynski’nin yildiz modelleme programlari olan
GOB ve SCH kullanilmistir. Bu programlar, normal ana sira tipi yildizlarin sifir yas
modellerini olusturmaktadir. Modelleme, yildizlara ait yapr denklemleri olarak
bilinen Denklem (4.1), (4.2), (4.3) ve (4.4)’iin, program icerisinde niimerik
integrasyonla ¢ozlimiinden olusmaktadir. Modellemeler, 0.6, 1, 2.5, 5 ve 10 giines

kiitlesi icin yapilmistir.

Zarf yapisma uygulanan GOB programi ile modellemeler yapabilmek igin
opaklik tablolar1 hazirlanmistir. Bunun i¢in, Weiss [1], Allard [1], Iglesias & Rogers
[2] ve Kurucz’'un [3] yaymnlanmis opaklik tablolari, Lagrange interpolasyonu
kullanilarak GOB programindaki formatina doniistirtilmiistiir. -12’den +3’e kadar
0.5’lik araliklarla degisen 31 adet logaritmik yogunluklara ve 3.25°den 7’e kadar
0.075°1ik araliklarla degisen 51 adet logaritmik sicakliklara karsilik gelen logaritmik
opakliklar hesaplanmis ve Tablo 5.3 — Tablo 5.8°de verilmistir. GOB programindaki
formatina uygun olan Huebner ve grubu [4] ve Iglesias & Rogers [5]'m opaklik
tablolar1 ise Tablo 5.1 ve Tablo 5.2’de verilmistir. Tablo 5.3 — Tablo 5.8’deki
opaklik tablolari ile olusturulan modellemeler, Tablo 5.1 ve Tablo 5.2°deki opaklik
tablolari ile olusturulan modellemelerle karsilastirilmistir. Karsilastirma durumu

olarak yarigaplar ele alinmistir.

Farkli kiitle modelleri i¢in verilen 1sitma ve etkin sicaklik degerlerine karsilik
GOB’un verdigi atmosfer tabakasinin taban yarigaplar1 (Rg) ve GOB’un sonuglarimi
kullanan SCH programinin verdigi dis sinir yaricap degerleri (Rog), Tablo 6.1°de
listelenmistir. Tablo 6.1°deki iki alt tablo, dis zarfin niimerik integrasyonunda
kullanilan segilebilir iki farkl interpolasyon adimi i¢in verilmistir. Gergekte ana
yapi degiskenlerinin her biri i¢in ayr1 interpolasyon adim limitleri vardir. Ornegin;
log p degeri, tablolarda —12°den +3°’e¢ ve log T’nin degeri, 3.25°den 7’e¢ kadar

degistigi i¢in log p ’nun interpolasyon adimi log T 'ninkinden daha biiyiik olacaktir.
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Degiskenlerin yavasca degistigi bolgelerde interpolasyon adimlari kiiciik olup
lineerdir. Sogurmalarin arttig1 ve opaklik hesaplamalarinin en zor oldugu boélgelerde
degiskenler hizli bicimde degismekte olup degisim lineer degildir.  Teorik
belirsizlikler ve ayrica farkli kaynaklarin opakliklar1 arasindaki farkliliklar,
interpolasyon adimlari ¢ok kiiciik degerlere dogru azaltilsa bile modelin dogrulugunu
arttiramayacagint  gostermektedir. ~ Tablo 6.1°de verilen secilmis iki farkh
interpolasyon adimi i¢in, farkli kaynaklarin opaklik tablolar1 kullanilarak hesaplanan

yarigaplar arasindaki farkliliklarin degismedigi goriilmiistiir.

Opaklik, yildiz maddesinin fotonlar1 sogurma derecesinin bir ol¢iisii olup
ozellikle orta ve daha agir kiitleli yildizlardaki opaklik degisimi, yildiz yapisini ve
evrimini etkilemektedir [33, 34, 35, 36]. Denklem (1.3)’ten goriildiigii gibi,
modellerin dis tabakalarindaki gittikge artan opakliklar, bu tabakalardaki sicaklik
gradiyentini onemli bigimde artirmaktadir. Bagli — serbest sogurma, serbest — serbest
sogurma ve elektron sagilmasi opakliga katkida bulunan atomik siireclerdir. Daha
sonradan dikkate alinan bagli — bagh (¢izgi) sogurmalarin opaklhiga Onemli bir
bicimde katki sagladig1 gosterilmistir [2, 3, 7]. Cizgi sogurmalarinin dahil edilmesi
ile opakliktaki artis, radyasyonun gerekli miktarinin iletilmesi icin yildizin daha dis
tabakasmi genisletmektedir. Bu durum yarigapta farkedilebilir bir artis meydana
getirmektedir [37]. Tablo 6.1°de, opaklik artislari ile goriilen radyal artiglar, daha
onceleri hesaplanan LAOL opaklik tablolarimdan daha sonralari hesaplanan daha
yeni opaklik tablolarina dogru gidildikce, detayli ¢izgi sogurma etkilerinin dahil

edilmesinden kaynaklanmaktadir.

Tablo 6.1°deki taban degerleri (Rg), farkli opaklik tablolari ile ayni sinirdan
iceriye dogru ilerleyen integrasyonlarla sonuglanmaktadir.  Tam bir model
olusturmak i¢in, bu atmosferik taban degerlerini kullanarak igten disariya dogru
ilerleyen SCH integrasyon degerlerinin Sekil 4.1°deki gibi birlesmesi gerekmektedir.
GOB programi igerisine yerlestirilen yeni opakliklarin giderek artmasi, taban tabaka
sicakhigin1 arttirmakta ve zarf bolgesini genisletmektedir. Opakligin artis1 yildiz
yarigapinin artisi ile sonuglanmaktadir [38, 39]. Eger GOB ve SCH integrasyonlari
taban tabakada denklesirlerse, ayni giines kiitlesi icin verilen ayni degerdeki isitmaya

karsilik giderek artan yeni opaklikli GOB integrasyonu i¢in Ty degerinin, ayni taban
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sicakhigin1 elde etmek igin azaltilmasi gerekmektedir. Sabit 1sitma ig¢in Ty
degerindeki bu azalma, yildizin yarigapinin biiylimesi anlamina gelmektedir [7].
Farkli opakliklar kullanilarak, distan igeriye dogru GOB integrasyonlar1 ile elde
edilen taban tabaka yaricaplarindaki (Rp) artislarla, icten digsariya dogru SCH
integrasyonlar1 ile elde edilen dis sinir yarigaplarindaki (Rog) artislar % 5- 10
kadardir. Bu yarigapsal degisimler, farkli yildiz modelleri (0.6, 1, 2.5, 5, 10) i¢in

hesaplanmstir.

Stothers ve Chin [25], yarigaplardaki benzer artisi, Cox ve Stewart’in
olusturdugu eski opaklklarla [11], Huebner ve grubunun metal oranini % 50
arttirarak olusturdugu opakliklar [4] arasinda bulmuslardir. Stothers ve Chin’e gore,
uygun kiitleler [40] kullanilarak bulunan radyal artislar, gézlemler ve teori arasindaki
farkliliklar1 ¢6zmek i¢in 6nemlidir [25]. Stothers ve Chin [25] ve ayrica Claret ve
Gimenez [26] tarafindan hesaplanan radyal artislar, bu ¢calismada hesaplanan radyal
artislarla birlikte, 2.5, 5, 10 giines kiitlesi i¢in Tablo 6.2°de verilmistir. Tablo
6.2°den de goriildiigii gibi, bu calismada bulunan sonuglar, Claret ve Gimenez’in 10

giines kiitlesi i¢in hesapladigi radyal artisin haricinde uyum igerisindedir.

Yildiz modellerindeki hesaplamalarin farkliliklarii g6zlemsel sonuglarla
kontrol etmek amaciyla, yaricaplar ve kiitlelerdeki hata paylarimin yaklasik % 1
oldugu tahmin edilen, tutulan spektroskopik ¢ift y1ldiz sistemlerinden biri olan V376
Peg= HD 209458 yildiz1 segilmistir. ~ Sullivan & Sullivan [29] tarafindan
gozlemlenen bu yildiza ait 1s1k egrisi Sekil 7.1°de verilmis olup, Budding ve
Demircan [30] tarafindan da uygun bir egri fit edilerek analiz edilmis ve bu analize
ait sonuglar Tablo 71-a’da verilmistir. HD 209458 c¢ift yildiz sistemine ait tiim
parametreler, Henry ve grubu’nun [31] yaricapsal hiz verileri ile birlikte Tablo 7.1-
b’de sunulmustur. Bu calismada, yildizin zarf yapisindaki opakliklarin degisiminin
yarigaplar iizerindeki etkisi incelendigi i¢in test durumu olarak bu yildiza ait
gozlemlenen yaricap degeri ele alinmistir. HD 209458 yildizinin kiitle degeri, giines
kiitle degerine ¢ok yakin oldugu igin bu yildiza ait gozlemsel yaricap degeri,
hesaplanan yildiz modellerinden 1 giines kiitlesi i¢in buldugumuz yarigap degerleri
ile karsilastirilmistir. HD 209458 yildizinin gézlemsel yarigap degeri, Tablo 6.1°de

verilen 1 giines kiitlesine ait, farkli kaynaklarin opakliklari icin hesaplanan Rp ve
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Rop yarigap degerlerinin toplanmasi ile elde edilen yildiz yarigap degerlerinin

arasinda bulunmustur.

Yakin gelecekte, Guo ve grubunun [36] yaptig1 gibi, farkli metal oranlari igin
yeni opaklik tablolar1 olusturulabilir. Bu yeni tablolar kullanilarak, Paczynski ’nin
yildiz modelleme programlar ile ya da baska teorik programlarla, farkli yildizlar i¢in

modellemeler yapilabilir.

Iglesias ve Rogers’in hazirladigi opaklik tablolari molekiiler fotoabsorpsiyonu
icermemektedir. Tam bir opaklik tablosu olusturabilmek i¢in molekiiler etkilerin
hesaplamalara dahil edilmesi gerekmektedir. Bunun ig¢in, daha diisiik sicaklik
degerlerini de icine alan genis sicaklik araliginda ¢alisiimahdir.  Gelecekte,
molekiiler etkilerin de dahil edildigi yeni opaklik tablolar1 ile benzer teorik

calismalar yapilabilir.
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Abstract

We have examined the effect of varying opacities on envelope structure with the aid of Paczynski’s
public domain stellar modelling programs. For this, we prepared new opacity tables from the data of
Kurucz [1], using Lagrange interpolation to obtain the tabular values. We compare the results of these
Kurucz opacities with similar tabulations from Huebner et al. [2], Iglesias and Rogers [3], Rogers and
Iglesias [4] and Iglesias and Rogers [5]. We have checked calculations for the same ranges of stars con-
sidered originally by Schwarzschild [6], and compared our findings, using newer opacity data, with those
of other sources. We consider how such calculations relate to high accuracy observational data, with the
well-observed planetary eclipsing system V 376 Peg (HD 209458), providing a guideline towards data
of similar accuracy in the near future. Current accuracies on absolute radii and masses derivable from
eclipsing spectroscopic binaries are conservatively estimated at ~1%. The effects of revised opacity calcu-
lations on the radii of stars of intermediate mass are several times greater than this (5-10% for constant
values of other parameters), so that eclipsing binary data should have good potential for independent
tests of opacity theory across a wide range of stellar types.

Key Words: Stars: general-structure: modelling, opacity tables, observational tests, eclipsing binary
data

1. Introduction

While many studies show that radiative transport plays a key role in shaping the structure and evolution
of stars, no direct measurements of the opacity of matter to radiation in stellar interiors are possible.
Theoretical calculations are required if a star’s internal conditions are to be interpreted. Over the years,
various opacity formulae and tables have been applied to structural models. In his seminal book, The
Structure and Evolution of the Stars, Schwarzschild discussed effects associated with the ionization of different
atomic species, i.e. bound-free transitions, free-free absorption and electron scattering [6]. The net effects
of bound-bound (line) absorptions subsequently received closer attention, and have been shown to make
a significant contribution [7, 5, 1]. Schwarzschild also compared theoretical models with results from the
observations of binary stars. This approach to checking models was supported by Stromgren [8] and many
subsequent authors.

Opacity appears in the radiative transfer equation of stellar structure [9], which can be put in a form

such as IK
o= —kpH = —kpL /16712, (1)

r
where K and H are the Eddington radiation pressure and flux terms, respectively, and L is the global

luminosity, coming from the separate energy generation equation (all functions of the radius r, as are the
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local density p and temperature T'). K is given in the internal regions, to high accuracy by

oT?
K=— 2
3 ) ( )
where o is Stefan’s constant. The opacity thus relates the total heat flow to the local temperature gradient,
the latter being greater in regions of greater local opacity. In averaging over all frequencies, the ‘Rosseland

mean’ opacity, Kk = kg, yields a temperature gradient form of the transfer equation; thus

o3 ar — 3pL 3)
kr ) dr  64mr?’
since the Rosseland mean is defined by
oT? * 1 dB,(T)
— = ————dv. 4
KR i /0 Ky, dT Y )

Rosseland mean opacities £ (in units of cm?g~!) therefore weight the effect of frequency in proportion to
g

the flux contribution at that frequency. In a more general context, we should consider other contributions
than radiative transparency (inverse of opacity) to the total flow of heat, particularly electron conductivity
[10], but in this article we concentrate only on the effects of radiative transfer. We especially seek to clarify
the extent to which observational data on representative stars can test theory on this.

It is feasible, in a general way, that the radiative opacity of the plasma in stellar interiors may tend to
idealized forms in certain limiting conditions. For example, we could anticipate that a totally ionized hydro-
gen medium, characterized only by free-free transitions, would have a transparency component proportional
to the radiative energy density per unit material density. But, in traversing a layer of such a medium, the
outward flux receives a contribution proportional to the linear velocity of the electrons, associated with the
decrease of the Debye screening length. From such a view, a form such as

ko pT /2 (5)

(Kramers’ law) appears reasonable [6]. Similarly, another limit, that of Thomson scattering by electrons
(log k ~ —0.47), should take over in fairly high temperature (but not too high density) plasma conditions
when the foregoing formula gives low enough opacity values [6].

More generally, we can expect the net opacity to be dependent of the (varying) composition, initially set
by the fractional proportions of hydrogen X, helium Y and other atoms Z (= metallicity), where X + Y + Z
=1,aswellas pand T i.e. K, = K, (X, Z, p, T). The nature of this dependence, in detail, involves modelling
the way electromagnetic waves interact with the local field configurations around the plasma’s constituent
particles. Procedures have developed from the early Thomas-Fermi treatment towards long and complex
calculations that have become the reserve of certain patient specialists; a point made in the review of Carson
[11]. Carson also noted that the results of separately published calculations of apparently similar situations
did not always agree with each other (within factors of the order of unity). Moreover, the necessity to use
both physical and mathematical approximations to describe the inherently complex interactions implies that
such calculations cannot be regarded as a closed subject. The onward progress of computational capabilities
should allow continued advances in the modelling of absorption and consequently stellar structure.

For practical applications in astrophysics, tables of representative opacity values are generally presented
in two-dimensional format (for logp and logT, given the large variation of density and temperature and
the regular use of variables in logarithmic form), with selected values of X and Z. Since there is, in most
stars, a strong correlation between the runs of density and temperature values (p ~ T?), the variable R was
introduced for convenient general tabulation [3], where

logR =logp — 3logT + 18. (6)

In our present study we have applied opacity tables that originated in the work of Cox and Stewart [12] at
Los Alamos National Laboratory (as modified by later authors); Iglesias and Rogers [3], Rogers and Iglesias
[4], Iglesias and Rogers [5] and Kurucz [1], to the stellar model code GOB [13]. We have discussed previously
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how we used and checked this program [14] and we say more about its use in the following subsection. It is
well-known that opacity effects are strongest in the outer parts of the star where the temperature gradient
steepens as the major constituent elements start to recombine [15] . This is predominantly in the regions
dealt with by GOB. It was necessary to tailor published opacities [1] to the format required by GOB and
to do this we used four point Lagrange interpolation. We thus calculated k for the required 31 values of log
density in the range of =12 to 43 in steps of 0.5 and 51 values of log temperature from 3.25 in steps of 0.075.
We discuss more about this in section 2 and in section 3 present the results of different opacity tables in the
outputs of the programs GOB and also SCH, a second modelling program that deals with the bulk of the
stellar mass [13].

While we cannot measure internal opacities directly, the possibility to check different sets of calculations
from resultant models of stars is challenging. There are various options about this, but our present study
addresses the data on eclipsing binary systems. Nowadays, such data are entering a new phase of very
high accuracy [16], stimulated, in part, by the search for new planetary systems. The prototype V 376
Peg (HD 209458) has attained particular significance in this regard, and while the extraordinary accuracy
of HST photometry is not expected to be available in a wholesale way, it provides guidelines not only for
future space-based photometry, but also for well-selected terrestrial facilities. On that point, we examine
the milli-magnitude accuracy light curve of the primary transit of V 376 Peg by [17], as observed at Mauna
Kea. We combine 3 data sets of [17] and discuss how such results relate to stellar modelling in section 4.

Of course, other things than opacity affect the measured parameters of observed stars, the overall mass
usually being regarded as the first determinant of these. The positions of stars of given masses in colour-
magnitude diagrams have then been usually related to evolutionary effects. Evolutionary paths, as well as
their starting positions, are themselves different in dependence on the composition of the stellar material
[18]. The main question for our present study, however, is what precision of observational results would
allow alternative models for the opacities through the envelope, to be effectively discriminated. Andersen
et al. proposed that parameter estimation errors should be no larger that about 1% in the radius, and
2% in the mass and temperature, to enable useful checks on opacities; this for stars whose metallicity can
be assigned to within about 25% of its real value [19]. Coevally formed eclipsing spectrographic binaries,
whose components have not had significant interactive evolution, should permit isochronal tests of theory in
which some of the indeterminacy is removed, as noted by Stromgren [8]. Andersen [20], and other authors
in similar programmes, have thus used high quality observational data of such binaries to test modelling. A
recent discussion was that of Claret [21]. Persistent differences between older models and data led to further
theoretical inferences, for example regarding more generalized versions of the treatment of convection [22,
23]. But opacity theory itself has not been static, and various new sets of calculations were published since
the early nineties. A summary discussion (section 5) comments on the interplay between data-analysis and
the results of theoretical modelling, and implications for both activities.

1.1. Use of the programs GOB and SCH in model construction

It is well-known that the construction of a simple stellar model in one spatial dimension reduces, generally,
to a two-point boundary value problem involving the (numerical) quadrature of 4 simultaneous linear first-
order differential equations (cf. e.g. Schwarzschild [6]. A short introduction to the programs discussed in
this paper is given by [24]; demonstration versions have also been produced by Odell [25]).

Regarding the imposed boundary conditions: the inner boundary is conceptually simpler. The indepen-
dent variable, normally the internal mass M,., is here zero, along with the radius » and luminosity L,. The
boundary values of central temperature and density, T, and p., are assigned preliminary estimates, so the
quadrature can proceed to some internal point, where the outward integration will be matched with the
inward one from the outer boundary.

The outer boundary is more complicated for various reasons. One is that a main aim in the ‘solution’ of
the modelling problem is to relate observational results to the two outer boundary values determined by a
self-consistent quadrature. Normally, two quantities that can be directly matched to measurements are the
surface luminosity Ly and effective temperature T,. The structure equations themselves should primarily
specify Lo and R, as paired opposites to the central density and temperature (the inner boundary); but
since R can be expressed as R = \/Lo/4wcT?, it appears this point can be dealt with, although the R in
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question should really be that at the actual outer ‘boundary’ of the star (at a slightly different radius), where
the density pg becomes formally zero. Note that a separate relation connecting 7. to the boundary layer
temperature Ty comes from model atmosphere theory [14]. Another point is that, in these outer layers, the
problem has degenerated to one involving only 3 variables, since Lg settles to an essentially constant value
outside the central energy-generating regions.

The program GOB (generates the outer boundary) is intended to take care of these issues. The program
constructs a set of model atmospheres for four corner points in the Lg, Ty plane that should enclose the
true final values resulting from a self-consistent complete model. The GOB inward integration proceeds, in
principle, down to a user-set base-of-atmosphere layer M, = Mpg, which is typically 0.95 x Mg, the total
mass of the star. In practice, some control parameters intervene if the temperature becomes too high or the
number of integration steps unmanageably large. Since there are only 3 differential equations to integrate
and no match-point fitting, this program proceeds quickly. At the lower boundary GOB produces a set of
pB, T and Rp values, with Ly = Lp also holding valid. Given these 4 corner values, it is possible to make
(linear) interpolations for intermediate points to find base of atmosphere values. We can thus write, for a
base density corresponding to a general surface point Lo, R, say (R being derived from the assigned T)

Lo—L
pB(Lo,R) = pp(L1,R1)+ 7[/0 Ll [pB(L2, R1) — pp(L1, R1)] +
o— Ly
R—R
+———[p5(L1, Ra) — pp(L1, R1)]. (7)
Ry — R

The 4 base values for such surface Lo;, Tp; pairs, enclosing a particular trial Lo, R pair, are given, together
with the trial pair itself, by GOB as input for the inward integration in SCH. The outward integration from
the centre is compared with the inward integration from this 0.95Mg level at a selected inner fitting point,
which is typically M, = Mpg/2. The averages of the 4 pairs of variables at this fitting point are taken as
new starting values for backward integrations to the boundaries, and an iteration process thus started.

12

0 01 02 03 04 05 06 07 08 02 1
Mass fraction

Figure 1. Combination of SCH and GOB integrations for the radial variation with mass of a zero-age 1 solar mass
model.

It is easy to visualize new central values of T, and p. being substituted back in a second outward run from
the centre. At the outer boundary of the SCH run, however, there will be new values for all four variables;
but it is really only the Ly and R surface pair that are independently corrected by the integrations of this
two-point problem. The new surface Ly is obtained directly, since it does not vary through the outer layers.
The corresponding new surface value of R can be derived, using the new Ly and the original GOB surface
values Ry and Rs, for which corresponding values of Rp1, Rp2 are known. These Rp1 2 values are compared
with the Rp newly obtained from the outward integration. A corresponding corrected surface value of R
may then be interpolated. Having the new surface values of Ly and R allows a new set of base values to be
obtained, with p and T starting values derived from equation (7) (for pp, with a corresponding equation for
Tg) for a second, corrected, inward integration. In a convergent problem, the differences between the four
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Figure 2. Example of Lagrange-interpolation through Kurucz tabulated opacities.

pairs of variables at the inner matching point become progressively less and the sequence is terminated when
these differences pass below some set accuracy control limit. Convergence is normally found in practice, if
the starting values are not too far from the final ones. Initial errors of more than 20 percent in the logarithms
of trial parameters may cause lack of convergence. Figure 1 shows that there is a good agreement between
SCH and GOB integrations.

2. Opacity Tables

We require interpolations in the two dimensions of (log) temperature and (log) density for given (log)
opacities for a fixed chemical composition: so we first interpolated log kr for different log p values at constant
temperature and then interpolated for the log temperatures with logp at each tabular value. Figure 2 shows
such Lagrange interpolated points passing smoothly through the Kurucz [1] tabular values.

The Kurucz [1] model atmosphere program, whose results we have used, includes more than 1000 atomic
and molecular species, each having up to 10 isotopic forms. It deals in detail with the ions of all elements
up to zinc. This modelling has improved opacity values particularly from including such a large number of
atomic species, especially accounting for the net effect of their line (bound-bound) absorptions [26]. There are
three aspects to this. The first involves direct calculation of the spectrum at given pressure and temperature
to include more than 10® separate lines. This involves a wavelength resolution high enough to resolve natural
spectral features smaller than observed widths associated with the Doppler effect in thermal and rotational
motions. Another aspect of the modelling involves tabulating statistical distribution functions for the line
opacities in dependence on temperature and pressure over suitably wide ranges of values for various assigned
abundances. The third aspect is the spectral sampling, using a relatively small number of wavelength points
that do not resolve the spectrum in detail. In computing an atmospheric model, the relevant quantity of
interest is a spectral integral, where detailed broadening effects have been smoothed out. This is referred to
as ‘opacity sampling’. The twelfth edition of the program ATLAS [27] computes Rosseland mean opacities
at given temperatures and densities using iterative procedures incorporating these three procedures.

Iglesias and Rogers constructed the OPAL code to calculate Rosseland mean opacities [3]. They gave
extensive results for the mixture of [28], which allow accurate interpolation in (log) temperature and den-
sity, with given hydrogen with various metal mass fractions. They used temperature as the basic variable
and also R o density/(temperature)? (see above). The range of R and temperature are such as to cover
typical stellar conditions from the interior through the envelope to extended outer regions. Iglesias and
Rogers did not review cool atmospheres, because, at that time, they were unable to revise photoabsorption
by molecules [3]. Only radiative processes were taken into account, so that electron conduction was also
neglected. Their approach regarded distant many-particle correlations as highly classical, and their detailed
radiative interaction calculations were applied to regions where the de Broglie wavelength is less than the
plasma screening length. Here, they introduced systematic quantum mechanical methods for many-particle
correlations. Their model calculations are generally accepted to be accurate, both for valence electrons and
photon absorptions involving inner core electrons, as well as multiply excited ions. Bound-bound transitions
were calculated for every subshell in each configuration of the various ion stages explicitly.
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The Cox and Stewart [12] opacity tables, sometimes known as the (older) Los Alamos data, presented
Rosseland mean opacities also without allowance for electron conduction. These tables have provided a
basis for many stellar structure calculations, including the original GOB program. They include molecular-
hydrogen and free-electron absorption of radiation by the free-free process from [29]. Rayleigh scattering
of photons by molecular hydrogen, using a formula given by [30] was also included. The older Los Alamos
tables were presented in an updated form by [2] (the Los Alamos Opacity Library — LAOL), and in this
form appeared in the original versions of the Paczyniski code available to our group.

Creation of full two-dimensional interpolated tables needed for GOB involves a two-step procedure: first
interpolating density values from the source (in their format) to the required (GOB) table format, e.g.
first for the required densities at set temperatures. These opacities are then interpolated to the required
temperatures at the new tabular densities.

—¢—logrho=-10 @ logg=-4 —— logg=2
—=— logg=-8 — logg=-2
—A— Jogg=-6 —— logg=0
6
5
23
52 Iglesias & Rogers 1996
M ] 1*5'5._
2o
-1 4 1 2 3 4 5
2
-3

log T(K)

Figure 3. Iglesias and Rogers (1996) opacity values (in cm? g™ '), for X = 0.70, Y = 0.27, Z = 0.03, with changing
temperatures at different densities.

The inset in Figure 3 shows the density values for each run of opacities. The high density region, to the
right of the opacity peak, shows reversion to a Kramers’ type form. This seems most clear for the log p = —4
curve. This declines to the simple electron scattering constant form (k ~ constant) for high temperatures.
At the low density side, there is the expected decline to very low opacities near the surface. Peak values of
the opacity in the tables occur at about log p ~ —2.5 and log T' ~ 4.5 and are typically around log x ~ 5.5.
Newer opacity calculations show this peak occurring at somewhat lower temperatures than the older tables.

Figure 4 shows three dimensional presentation of different opacity tables we have used in GOB pro-
gramme.

It can be seen that the Iglesias and Rogers opacities are basically similar to the LAOL ones, except
in the outer parts of the atmosphere where densities and temperatures are low. The Kurucz [1] opacities
also show differences in the outer envelope. This can be associated with the more detailed treatment of
line absorptions by Kurucz. Our presentation reflects some discontinuity towards the higher densities and
temperatures for the Kurucz opacities. This is because the available tabulations did not cover the complete
ranges of variables required for all feasible stellar conditions, but they are sufficient for the important outer
ranges of the envelope.

3. Results of Different Opacities in Model Integrations

Schwarzschild’s book [6] considered 10, 5 and 2.5 solar mass models (at zero age), and for the lower Main
Sequence, 1 and 0.6 solar masses. We follow the same selection in Table 1, where corresponding SCH output
boundary radii, luminosities and effective temperatures have been tabulated in Table 1(c) for comparison.
We also list GOB base-of-atmosphere radii corresponding to these luminosities and effective temperatures.
Three sub-tables are given corresponding to a selectable (mean) interpolation step used in the numerical
integration of the outer envelope. Actually, there are separate interpolation step limits set for each of the
main structural variables, and that for log p, for example, will be greater than that for log T, given the range
of variation of the corresponding values. The values shown, however, represent a user-set control over the
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Figure 4. Three-dimensional representation of opacity tables: (a) Huebner et al. (1977); (b) Iglesias and Rogers
(1991); and (c) Kurucz (1998).

inherent accuracy of the quadrature. There appears no exact basis for the selection of this control. In some
regions, the underlying variables are changing relatively slowly and the cumulative effects of departures from
linearity over small integration steps should be small, perhaps even self-cancelling. It is in the regions close
to absorption edges, where changes are rapid and non-linear, that opacity calculations are most difficult.
Twenty percent differences between the opacities of different sources, together with admitted theoretical
uncertainties of this order, imply that decreasing the interpolation steps to very small values cannot increase
the inherent accuracy of the model. We have presented the subtables in order to view the effect of the
selected interpolation step size in relation to the scale of effects from different opacity tables.

It is clear from Table 1 that the significantly greater opacities in the outer layers of the models increases
the corresponding temperature gradient in these layers, as can be anticipated from equation (3). The
tables show that the differences between corresponding base layer values of the variables resulting from the
different opacity tables are re of the order several percent (of their values). It is noticeable, however, that
these differences are comparable to numerical effects in the way the integration may be performed in relation
to step sizes. A similar point was made by Stothers [31].

The base values in Table 1 result from inward integrations with different opacities, but from the same
outer boundary. For a complete model, the atmospheric base and perimeter of the SCH integration values
should join up, as indicated in Figure 1, although this requires some adjustment of the outer boundary
temperature. What happens when more recent, increased, opacities are put into the GOB program is that
the base layer temperature increases and locates itself further out in the envelope. If the original GOB and
SCH integrations had matched at the base layer, therefore, we would have to decrease the value of Ty for the
GOB integration with the new opacities (at given luminosity) to achieve the same base temperature. This
decrease of Ty for constant L means that the effective radius of the star should expand [7]. The proportional
effect is of the same order as the proportional changes to the base temperatures for small changes, i.e. 5-10
%. Calculated radial changes produced in this way for the examples given are also provided in Table 1.

From Stothers and Chin [32] it follows that about the same increase in radius (5-10%) between the
older [12] and newer [2] Los Alamos opacities is given by a 50% increase in metallicity. We did not study
changes of metallicity for the present work, but Stothers and Chin’s finding is in keeping with Andersen’s
[20] point that if the metallicity can be correctly assigned to within 25%, and we know the age of the star
(i.e. its probable evolution), then it should be possible independently to check the effects of opacity. In this
connection, it is interesting that this scale of radial increase (5-10% — for intermediate-low mass stars) was
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Table 1. GOB and SCH results for base layer radii using different opacity tables: (a) for mean interpolation step =
0.1; (b) for step size = 0.05; and (c) for step size = 0.02.

(a) Parameter Value
M 0.60 1 2.5 5 10
5 (Huebner) 0.3287 0.4836 0.982 1.7216 2.3481
5 (Igl. 1991) 0.3287 0.4886 0.982 1.7216 2.3481
5 (Igl. 1996) 0.3589 0.5318 1.0656 1.8286 2.4540
RB (Kurucz) 0.3529 0.5263 1.0231 1.7311 2.3575
log L -0.8276 0.0409 1.6068 2.8296 3.6749
10g T, 3.652  3.7692 4.0115 4.2085 4.3545

R (OB Huebner) 0.5680 0.6131 1.127  1.966  3.349
OB Igl. 1991) 0.5680 0.6131 1.127 1966  3.349

B (
R (OB Igl. 1996) 0.6335 0.6896 1.719  2.527  3.418
R (OB Kurucz) 0.598 0.6232 1.714  2.316 3.401
(b) Parameter Value
M@ 0.6 1 25 5 10
5 (Huebner) 0.3741 0.5523 1.0300 1.7317 2.3565
5 (Igl. 1991) 0.3741 0.5523 1.0300 1.7317 2.3565
5 (Igl. 1996) 0.3805 0.5592 1.1092 1.8317 2.4610
RB (Kurucz) 0.3742 0.5459 1.0384 1.7423 2.3604
log L -0.8276 0.0409 1.6068 2.8296 3.6749
10gTe 3.652  3.7692 4.0115 4.2085 4.3545

R (OB Huebner) 0.5736  0.6301 1.166  1.968  3.389

R (OB Igl. 1991) 0.5736  0.6301 1.166  1.968  3.389
R (OB Igl. 1996) 0.6414 0.7380 1.879  2.638  3.926
R (OB Kurucz) 0.6398 0.7221 1.792 2413  3.517
(c) Parameter Value
M@ 0.6 1 25 5 10

5 (Huebner) 0.3871 0.5733 1.1357 1.8710 2.5258
5 (Igl. 1991) 0.3871 0.5733 1.1357 1.8710 2.5258
5 (Igl. 1996) 0.3869 0.5728 1.1379 1.8755 2.5345
RB (Kurucz) 0.3869 0.5728 1.1381 1.8768 2.5340
log L -0.8276 0.0409 1.6068 2.8296 3.6749
10gTe 3.652  3.7692 4.0115 4.2085 4.3545

R (OB Sch. 1958)  0.644 1.021 1.591 2381  3.622
R (OB Huebner) 0.6484 0.6998 1.176  1.978  3.457
R (OB Igl. 1991) 0.6484 0.6998 1.176  1.978  3.457
R (OB Igl. 1996) 0.6716 0.7590 1.963 2.736  3.996
R (OB Kurucz) 0.6511 0.7988 1.896  2.517  3.687

sufficient to resolve remaining apparent discrepencies between observations and theory, according to Stothers
and Chin [32] (given appropriate masses[33]). In Table 2 we present results for these radial increases as given
by Stothers and Chin [32] and also Claret and Gimenez [34].

A key question is whether the measured values of luminosity and effective temperature, at given mass and
(surface) composition, are sufficient uniquely to resolve the internal run of all parameters affecting the heat
flow (in particular, radiative opacities) as well as the age. It has been argued by [21] that, given detached
eclipsing binaries with separately measurable radial velocities and no interactive evolution, the age can be
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Table 2. Comparison of radial increases associated with increase in opacity.

(a) Parameter Value

Mo, 0.6 1 25 5 10

S & C (1991) — — 0.10 0.07  0.05

C & G (1992) — — 0.08 0.07 0.10

Present 0.092 0.088 0.085 0.062 0.045
1.005 T T T T T

0.995

Relative flux

0.99

0.985

098 L L L L L
-20 -25 -10 -5 0 5 10

Phase (deg)

Figure 5. B light curve combining data from three transits across the disk of V376 Peg by its ‘planetary’ companion
as observed by Sullivan and Sullivan (2003).

effectively eliminated by combining one pair of measures (luminosities, say), leaving the other pair (e.g. ratio
of effective temperatures) to fix the heat-flow regime. But since approximations used in the calculations of
opacities are in a process of steady refinement, this question cannot be regarded as having a fixed answer,
although at any particular time the latest models can be tested.

4. Observational Tests

It is well-known that, regarding the properties of pulsating stars, the opacity distribution has a sensitive
relationship to behaviour [35]). But applications of data on eclipsing binary stars to general tests of theory
have also been discussed, at least since H.N. Russell’s [36] centennial symposium on the ‘Royal Road’ to
determine absolute stellar properties, and with much more precision available in recent years. The coeval
origin of binary stars also offers special convenience, as mentioned before.

A significant part of our present article is to assess how well currently available data are able to relate
to the results of improved opacity tabulations. We have selected V376 Peg = HD 209458 as an interesting
test case. In Figure 5, B photometry of the ‘planetary’ transits in this system observed from Hawaii in
1999 and 2000 have been combined and shown together with an optimal curve fit. Background information
about these observations was given by [37]. HD 209458 was one of a small number of selected stars showing
spectral evidence of low mass companions with reasonably short periods, some proportion of which would
be likely to show eclipses [38]). These particular data were considered previously, as individual light curves,
by Budding [39].

The data in Figure 5 were analysed using the CURVEFIT package [40]. The fitting function in this
package comes from an approximate solution, using spherical harmonics, to the underlying Poisson equation
for the distortion of figure caused by tidal interactions and rotation, along classical lines. Speed of evaluation
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of an algebraic form of fitting function is an advantage when exploring a wide range of parameter space and
evaluating the corresponding error matrix. That this matrix corresponds, geometrically, to a closed ellipsoid
is sufficient and necessary for formal determinacy of the underlying model. The properties of the error matrix
allow us to check that the parametrization neither surpasses nor under-utilizes the information content of
the data (hence the general name ‘information limit optimization technique’ (ILOT) cf., e.g. Banks and
Budding [41]). Initial guidelines for the parameters of V376 Peg were taken from [42] and [17].

Table 3. V376 Peg (a) curve-fit details: optimal parameters and errors; (b) absolute parameters.

(a) Parameter Value Err. (o)
U 1.0012 0.0009
71 0.1172 0.001
79 0.0145 0.0006
1 86.3 0.4
u 0.574
Al 0.001
X2 /v 0.93
(b) Parameter Value p.e.
Period 3.52474d 0.00001 d
Epoch (HID) 2451497.7993
A 9.837  0.04 Ry
R 1.15  0.01 Ro
Ro 139 0.03 Ryup
i 86.3 0.3 deg
U 0.57 0.14
M, 1.03 Mg, *
Mo 0.62 Myup *
Vabs 4.31
v 7.653
B-V 0.594
T 5920 K
Dist. 46.7 0.8 pc

* cf. Henry et al. 2000

CURVEFIT provides radii, in terms of the separation of the component stars, as well as the orbital
inclination, from the eclipse photometry. Results are given in the upper part of Table 3. These parameters
can be combined with the high quality radial velocity data of [42]. Since the projected velocities are measured
in absolute units (e.g. km-sec™!) and the orbital period is known independently, the orbital radius can be
deduced in km. Kepler’s law will then furnish the masses of the components. In this way we calculated
the absolute radii in the lower part of Table 3. From the goodness of fit measure x2, the stellar radius is
estimated probably to within 1 percent of its true value.

The results given in Table 3 are within their error limits of those of Brown et al. [43], using the much more
sophisticated facilities of the Hubble Space Telescope. They are a thus a fair indication of generally available
good observational accuracy of the present time, when sufficient precautions are taken. It is worth noting that
the ~millimag accuracy presented by [17] was achievable even with a 0.6 m telescope and 2 min integrations
from a ground-based site, although at an altitude of ~4000 m, so advantageous for photometry. On this
basis, longer integrations with a >1 m telescope from similar locations would approach pmag accuracy data
for brighter stars. Analysis of eclipsing binary light curves with such an accuracy should allow sensitive tests
of theoretical results on stars, and, for the present context, the opacity of stellar material
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5. Discussion and Summary

The present study supports the point that changes in schemes for carrying out the numerical integration
of structure equations, say of order a few per cent, may have as great, or greater, effect then some of the
earlier changes to opacity tables (see also [44]). On the face of it, this looks at variance with the implication of
opacity model predictions, testable, in principle, to very high accuracy when suitable observational material
is available. Parameters thought to be within ~10~% of their real values have been specified [45], but this
was when a detailed vibration spectrum also was known. In general, information about stars obtained from
direct measurement is less specific: but a useful broad range of data comes from eclipsing binary stars with
double-lined spectra, to which the present article is closely related.

Our main findings concern the increase of radius associated with increasing envelope opacity. In this
study, changes from the earlier LAOL opacity tables to later ones that include more detailed line absorption
effects, have changed calculated radii by up to ~5-10%. This scale of effect in the radius is now able to
be checked by careful analysis of good observations of eclipsing binary stars, even taking into account the
interdependence of parameters in the fitting of their light curves. In this way, detailed atomic modelling
becomes open to empirical testing from observations. It is interesting that the small difference between the
older Iglesias and Rogers opacities and the observations in Figure 1 of Stothers and Chin [32] is about the
same as the difference between the effects of opacity from the 1992 to the 1996 OPAL opacities (including
more line absorption effects). However, alternative possibilities exist that can also account for changes of
this order, in particular the role of convective ‘overshooting’ [46-48, 21].

On this point, Claret and Gimenez [34, 49] showed that a moderate core overshoot improves the compari-
son between theoretical apsidal motion constants and observational data. Results for the structural constant
(a weighted average of both stars) coming from analysis of apsidal motions observed in certain close binary
systems with eccentric orbits were often found to be too large in earlier studies, implying that observed
mean radii were greater than predicted by models. But here it should be noted that the radii in the relevant
formulae are raised to the fifth power. A 2% error of estimation in the radius would therefore become a 10%
error in the estimation of the mean structural constant. This should render the mean structural constant
too insensitive to test opacity models on the basis of, say, the Andersen [20] criteria. The role of the most
appropriate dynamically stable mean rotation rate for the stars in such eccentric binaries is also likely to be
underestimated if the mean orbital angular velocity were used [50]. Light curve analysis models also have
often referred to ‘Roche model’ configurations for the stars, (for example with the Wilson-Devinney 1972
code, or its later developments). But, strictly speaking, there is no ‘Roche model’ for an eccentric binary
system, a point stressed already by [51]. Such comments aside, there will remain the issue of whether any
model of a continuum of heat-flow related variables can be uniquely established by observables dependent
only on the integrals of such variables.

We note some limitations about the generality of our findings: (a) the role of numerical accuracy effects
in the calculations (particularly where there have been some discontinuities in tailoring the Kurucz envelope
opacities into the general run of values throughout the star (cf. Figure 4c¢); and (b) the application of the
changed opacities only in the GOB program. In addition to opacity-related effects the GOB+SCH program
results show some small effects associated with the location of the internal fitting point and also the adopted
convective mixing-length parameter ‘alpha’. Nevertheless, we contend that more recent opacities, including
fuller treatment of line absorptions, produce effects that can be discriminated from detailed analysis of
double-lined eclipsing binary systems observed with modern, high-quality facilities.
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OZET

Bu c¢alismada, Kurucz Modeli (1998) opaklik tablolarindan Rosseland absorpsiyon
katsayilarinin yogunluga gore degisimi, farkli sicakliklar igin Lagrange interpolasyon yontemiyle

Fortran programinda hesaplanmistir ve sonuglar Kurucz opaklik verileri ile karsilagtirilmistir.



