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Gunes uzerine yapilan gozlemlerle G yildizlarinin anlasilmasi daha kolaylasmistir.

Bize en yakin yildiz sistemi a Centauri’nin bilesenlerinden biri de G2 clicesidir ve hemen
hemen Giines ile ayni yapidadir. ikinci bilesen K1 ve {iciincii bilesen (Proxima) M5 flare
yildizidir.
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Tayflar

M, K tiru yildizlardan G yildizlarina dogru gittikce Ca I'in A4226 ve Na’un D cizgileri gibi
metal cizgileri zayiflarken, iyonlasmis metal gizgileri hala kuvvetlidir.

Call’nin H&K cizgileri K yildizlarinda daha kuvvetliyken bu sinifta zayiflamaya baslar. Giines

gibi erken G yildizlarinda ise mordéte tayflari baskin olmaya baslarken daha yliksek
sicakliklarda hidrojenin Balmer cizgileri gorinmeye baslar.

M

"(3" star spectrum with weak H lines and many

W m\\ lines of other elements

"A" star spectrum with strong H absorption lines
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Daha iyi belirteclerden biri Fe | (A4144) gére HO'nin siddetidir. Bunlarin ikisi de G8'de
aynidir. Erken tayf turlerine dogru bu oran artar.

M ve K yildizlarinda gorilen hidrojene ait pozitif 1sitma etkisi G’'de goriinmez. Bilindigi
gibi bu etki, clice, dev ve stiperdevler icin iyi bir belirtectir.

Ayrica, kromun demire orani gibi degisik metallerin ¢izgi oranlari oldukga kullanishdir.

Isitma sinifi belirlemelerinde degisik metal ¢izgi oranlarini kullanmak daha iyi olur.
Ozellikle de iyonlasmis stronsiyumun nétr demire orani iyi bir belirtectir. (iyonlasmis
cizgiler yiksek i1sitmali siniflarda daha belirgindir.)

Call H&K cizgi siddet degisimi K yildizlarindaki gibi Wilson-Bappu etkisine baglh olarak
calisilabilir.

G sinifi molekdiler tayflarin gorildigi son siniftir denebilir. 5000-6000K araligindaki
sicakliklarda ancak ¢ok glicli molekdiller gorilebilir.

Kuvvetli bir molekul olan CH’in G bandi, G5’de maksimum siddete ulasir. Sonrasinda
siddeti zayiflar. CN molekili (A4215) ise cuicelerde oldukca zayif iken dev ve
siperdevlerde daha rahat gorulebilir.
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Figure 6.5. Spectral changes among the G stars. Variations through class G tend to be subtle : the differences
between the G8 and G0 main sequence stars in the upper two strips are at first glance slight. But note how Hy
and HO strengthen as temperature increases, and how neutral calcium and iron diminish. The G band is also
considerably weaker in # Comae Berenices than in & Bootis A. The lowest strip shows a G5 Ib supergiant
spectrum, intermediate in temperature between those of the dwarfs. Look at the strength of Sr I1, which is
barely visible on the main sequence, and at the development of the CN break at 14216 (which has SrIT 14216
at its longward edge), both of which are luminosity indicators. From An Atlas of Representative Stellar
Spectra by Y. Yamashita, K. Nariai, and Y. Norimoto, University of Tokyo Press, Tokyo; John Wiley &
Sons, New York, 1978. )
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Normalized Flux
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G8’de Isitma Etkisi
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Figure 26: Luminosity effects at G8. Principal features are marked. The two CN bands show
a positive luminosity effect, while the ratio of the Y II A4376 line to Fe I A4383 1s particularly
useful since it is the most metallicity independent. Spectra from DSO.



Glines Tayfi

Gunes tayfi, degisik sicaklik katmanlarina gore incelenebildiginden diger yildizlar icin
temel bir tayf olmaktadir.
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Figure 6.6. A moderate dispersion spectrogram of the Sun, between 4230 and 4540 A, in the neighborhood
of Hy and the G band of CH. The Hy hydrogen line, although prominent, is no stronger than many of the
numerous iron lines. From the Binary Stars, by R. G.-Aitken, McGraw-Hill, New York, 1935.
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Figure 6.7. A high dispersion solar spectrogram, spanning 23 A in the yellow, which shows enormously more
detail than the previous spectrum. The slit of the spectrograph is held steady on the Sun, and the horizontal
striations are caused by granulation (see Figure 6.11). The irregular wiggles in the absorption lines are the
result of vertical motions that produce minute point-to-point Doppler shifts, from which velocities can be
derived. Mt. Wilson and l.as Campanas Observatories, Carnegie Institution of Washington, photograph,

courtesy of E. C. Olson.



)
O
I
Col,PdI
|

G (o
el ©
—
Fel

Dyl1l

>

Crll
e N
— (CF Il

- o SEell

Percent Intensity
IS5 G ()
@ 1O
T T [
St VI DLAL
—
| |

W
®
T

— N
? O
-
Mn1II
<=l
—
| |

@O ] R S R O | S 585 W s 114&_

3460 34061
x (A)

Figure 6.8. An extremely high dispersion scan of the solar spectrum only 2 A wide, which shows the
remarkable detail that can be attained. The difficulty of identifying lines of low-abundance elements is
illustrated by the arrows, which indicate expected positions of lines of the rare element rhenium (no. 75),
which has not yet been found. The blending of common lines is so severe that the rhenium absorptions, if
present at all, are lost. Adapted from an article by J. W. Swensson in Solar Physics, vol. 18, D. Reidel
Publishers, Dordrecht, Holland.




92 dogal elementin 68’i Glines’te bulunur. Bunlardan biri olan helyum, Yer lizerinde
digerlerinden ayirt edilmeden 6nce bulunmustu. Kayip olan 24 elementten 10’u yuksek
dereceden radyoaktiftir ve uzun zaman 6nce Glines Sistemi’mizden tamamen gozlenemez

olmustur.

I-li Elements Found in the Sun
3 a [ observed in photosphere 5 6 7 8
Li  Be 1 only in spots BI|CINI}O
I only in chromosphere
11 | 12 B only in corona et (e T
Na Mg % elements with no stable isotopes Al |Si|P|S

19 20 21 22 23 26 27 28 29 | 30 | 31 32 33 34

24 25
K |Ca/Sc|Ti|V |Cr|Mn|Fe|Co|Ni|Cu|Zn|Ga|Ge|As|Se

37 38 39 43 48 | 49 50 51 52 53 54

40 41 42 44 45 46 47
Rb|Sr| Y |Zr Nb/Mo| Tc |Ru|Rh|Pd|Ag|Cd|In |Sn|Sb|Te| | |Xe

55 56 74 77 80 81 82 83 84 85 86

57 72 73 75 76 78 79
Cs|Ba|La[Hf| Ta| W|Re|Os| Ir [Pt AuHg|Tl Pb|Bi|Po At|Rn

87 | 88 | 89 L 104 | 105
Fr | Ra| Ac | Rf | Ha

58 59 60 61 62 63 64 66 67 70

. 65 68 69 71
# Lanthanide | oo | pr INd|Pm|Sm|Eu |Gd | Tb|Dy|Ho| Er |[Tm| Yb| Lu

series

90 91 92 93 94 95 96 97 98 99 100 101 102 103

¢ Actinide | rp | pa | y | Np | Pu|Am|Cm|Bk | Cf | Es | Fm| Md|No | Lr

series

Figure 6.9. A periodic table of the elements, indicating those observed in the Sun, coded according to

whether they are detected in the photosphere, or only in the chromosphere, corona, or sunspots. Those not

observed au: left unshaded and radioactive elements are set in italics. Atomic numbers are given above the
se S

chemical symbol. Diagram by the author.



Gunes’in bolluk oranlarinin tanimlamasi, sogurma cizgilerinin goreli siddetlerinden bulunur.
Sekilde goreli bolluklar atom numarasina gore noktalanmistir.
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Grafikte gorulen bazi ozellikler:

¢ Hidrojenin ezici bollugu, artan atom numarasina gore bolluk degerleri diser.

+ Lityum ve berilyum gibi hafif elementlerin bolluklarinda gorulen disis (bor heniiz
bulunamadi)

s Atom numaralari ¢ift olan elementlerin bolluklari yanlarindaki tek numaral atomlarin
bolluklarindan daha buyuktdr.

¢ Demirin bollugunda goriilen belirgin bir yikselis

Solar Element Abundances

| | | [ ] |
1 100 107 10% 108 10'°

Atoms per 1I]E Si Atoms

Gunes’in yasamina baslamasiyla
birlikte karisim baslar. Daha agir
elementler, diger yildizlarin
cekirdeklerinde olusan ve yildiz
rizgarlari veya patlamalari ile
gokada icine yayilan
elementlerden olusmustur.

Obek | ve Il arasindaki farkhhklar,
yildizlarin atomik bolluklar

arasindaki degisimlerden

Rb (Sr) Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te
O o =) + + + ] e}

Cs Ba La*Hf Ta W Re Os Ir Pt Au Hg TI Ph Bi Po At Rn
kaynaklanir. )s Ir R g P

Fr Ra Ac* Ce Pr- Nd Pm Sm Eu Gd Tb Dy Ho Er Tm ¥b Lu|
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Cliceler ve Glines

Bu tayf turiinde Gunes’e benzer ¢ok yildiz bulunur. Bunlara giines-tiirii (solar type)
yildizlar denir. B-V renk olcekleri 0.48 ile 0.80 arasindadir. Giines’inki 0.65°dir. Glines-tur
yildizlar donme hizlari, kromosferik aktiviteleri (Call H&K salmasi) ve koronal aktiviteleri
(X-1sin salmasi) diizeyinden dolayl Glines’e benzerlik gosterirler.

Glines-benzeri (solar analog) yildizlar ise Glines’e fotometrik olarak benzeyen yildizlardir.
Ornegin sicakliklari 5278K ile 6278K arasinda olan yildizlardir; yani Giines’in sicakligina
gore £500K farkh olanlardir. Ayrica metal bollugu agisindan da yakin olmalidirlar. Bunun
anlami benzer ilkel gezegenimsi disk yapilara sahip olmaktir. Yoringe dénemi 10 glin
veya daha kicuk olan bir gezegene sahip olmamak bir diger kriterdir. Cliinkt bu gibi
gezegenlerin yildiz aktivitesini tetikleyebilir.

Bunlarin disinda Giines ikizi (solar twin) yildizlar heniz tam olarak bulunamamis olsa da
bazi yildizlarin parametreleri olduk¢a yakin degerler vermektedir.



Gunes-turu yildizlara ornekler

Yildiz

Glnes

Alpha Centauri A

Tau Ceti

82 Eridani

Delta Pavonis

V538 Aurigae

HD 14412

HR 45871

HD 172051

72 Herculis

HD 196761

Nu? Lupi

J2000 Koordinatlari

Sagacikhk

15" 49™ 36.4940

OS

01h 44m 04.1¢

03h 19m 55.7¢

20" 08™ 43.6°

05h 41m 20.3¢

02h 18m 58.5¢

12h 00™ 44.3¢

18h 38™m 53.4s

17" 20™m 39.6°

20" 40™ 11.8°

15" 21m 48.1¢

Dikacikhk

-60° 50" 02.3737

n

-15°56' 15"

-43°04'11.2"

-66° 10’ 55"

+53°28'51.8"

-25°56' 45"

-10° 26’ 45.7"

-21°03' 07"

+32°28' 04"

-23°46' 26"

-48°19' 03"

Uzaklik
(ly)

0.00

4.37
11.9

19.8

19.9

39.9

41.3

42.1

42.7

46.9

46.9

47.5

Tayf tiri

G2v

G2v

G8vV

G8vV

G8IV

K1V

G5V

G8IV

G5V

Gov

G8vV

G4v

Sicakhk
(K)

5,778

5,790

5,344

5,338

5,604

5,257

5,432

5,538

5,610

5,662

5,415

5,664

Metal bollugu
(dex)

+0.00

+0.20

-0.52

—-0.54

+0.33

-0.20

-0.46

0.18

-0.32

-0.37

-0.31

-0.34

(Gyr)

4.6

4.4
5.8

6.1

~7

3.7

9.6

8.5

4.3

6.6

10.3
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Gunes benzeri yildizlara ornekler

Yildiz

Gines

Sigma
Draconis

Beta Canum
Venaticorum

61 Virginis
Zeta Tucanae

Beta Comae
Berenices

61 Ursae
Majoris
HR 511

Alpha Mensae

HD 69830
HD 10307
HD 147513
58 Eridani
47 Ursae
Majoris

Psi Serpentis
HD 84117
HD 4391

20 Leonis
Minoris
Nu Phoenicis

51 Pegasi

J2000 Koordinatlar

Sagacikhk

19"32m 21.6°

12h33m 44.5s

13h18m24.3¢
00M 20™ 04.35

13h11m 52.4s

11h41m 03.0°
01h 47™ 44.85
o6h 10™ 14.53

08h 18m 23.95
01h 41m 47.15
16" 24m 01.3¢
04h 47™ 36.3¢

10" 59™ 28.0°

15h 44m 01.8°
09h 42m 14.45
00" 45™ 45.65

10" 01™ 00.7¢

01h15m11.1°
22h 57m 28.0°

Dikagikhk

+69° 39’ 40"

+41°21' 27"
-18° 18’ 40"
—64° 52" 29"

+27°52' 41"

+34° 12’ 06"
+63° 51’ 09"
—74° 45' 11"
-12° 37’ 56"
+42° 36’ 48"
-39°11' 35"
-16° 56’ 04"
+40° 25" 49"
+02° 30’ 54.6"
—23° 54" 56"
-47°33' 07"
+31° 55’ 25"
—45° 31' 54"
+20° 46’ 08"

Uzaklik
(ly)
0.00

18.8

27.4

27.8
28.0

29.8

31.1
32.8
33.1

40.6
41.2
42.0
43.3

45.9

47.8
48.5
48.6

49.1

49.3
50.9

Tayf Turd

G2v

KoV

GOV

G5V
F9.5V

GOV

G8vV
KOV
G5V

KoV
G1.5V
G1lv
G3V

G1lv

G5V
F8V
G3V

G3V

F8V
G2.51Va

Sicaklik
(K)
5,778

5,297

5,930

5,558
5,956

5,970

5,483
5,333
5,594

5,410
5,848
5,858
5,868

5,954

5,683
6,167
5,878

5,741

6,140
5,804

Metal bollugu
(dex)

+0.00

-0.20

-0.30

-0.02
-0.14

-0.06

-0.12
+0.05
+0.10

-0.03
-0.05
+0.03
+0.02

+0.06

0.04
-0.03
-0.03

+0.20

+0.18
+0.20

(Gyr)
4.6

4.7

6.0

6.3
2.5

2.0

1.0
3.0
54

10.6
7.0
0.4
0.6

6.0

3.2
3.1
1.2

6.5

5.7
7.0



Gunes ikizi yildizlara ornekler

Yildiz
Glnes

18 Scorpii
HD 150248
HD 164595
HD 195034
HD 117939
HD 138573
HD 71334
HD 98649
HD 143436
HD 129357
HD 133600
HIP 11915
HD 101364

HD 197027
Kepler-452

YBP 1194

J2000 Koordinatlar

Sagaciklik

16h 15m 37.3¢
16h 41m 49.8¢
18" 00™ 38.9°
20" 28m 11.8°
13h34m32.6°
15h 32m43.7¢
08" 25m 49.53
11 20m 51.769°
16h 00™ 18.8°
14h 41m 22.45
15h 05m 13.2s
02h 33m49.02°
11h 40™ 28.5°

20" 41™ 54.6°
19" 44™ 00.89¢

08" 51m 00.8°

Dikagikhk

—-08° 22' 06"
—45°22' 07"
+29°34'19”
+22°07' 44"
—38° 54’ 26"
+10° 58' 06"
-29° 55’ 50"
—-23°13'02"
+00° 08" 13"
+29° 03" 32"
+06° 17' 24"
-19° 36’ 42.5"
+69° 00" 31"
-27°12'57"
+44° 16’ 39.2"

+11° 48’ 53"

Uzakhk
(ly)

0.00
45.1

88
91
92
98
101
124
135
141
154
171
190
208

250
1400

2934

Tayf turl
G2v
G2Va
G2

G2

G5

G3
G5IV-v
G2
G4V
GO
G2v
GO
G5V
G5V

G3V
G2v

G5V

Sicaklik
(K)

5,778
5,790

5,750
5,810
5,760
5,730
5689
5,701
5759
5,768
5,749
5,808
5,760
5,795

5,723
5,757

5,780

Metal bollugu
(dex)

+0.00
-0.03

-0.04
-0.06
-0.04
-0.10
+0.10
-0.075
-0.02
+0.00
-0.02
+0.02
—0.059
+0.02

-0.013
+0.21

+0.023

Yas
(Gyr)

4.6
2.9

6.2
4.5
2.9
6.1
5.6
8.1
2.3
3.8
8.2
6.3
4.1
3.5

8.2
6.0

~4.2



Gunes, uzaya tam bir kara cisim isinimi yaymaz.
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Kompleks, aktif ve tabakalasmis bir yapiya sahiptir. Isik en alttaki katman olan fotosferden
yayilir. Ayni zamanda Glines’in ylzeyi olarak da adlandirilir. Cok opak (donuk) bir gaz
katmanidir.

Yiksek opaklik, bize Glines’in keskin kenarl gériinmesini saglar. Bu opakligi yaratan H™
(negatif hidrojen iyonu)’dur. Yoriingede dolanan iki elektron ve protonlu hidrojendir. Disa
cikan 1sinim fotosferdeki atomlar tarafindan sogurulur ve bloklanir, dolayisiyla belli bir
derinlige kadar ici gorulebilir,

Negative hydrogen ion

H
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Source of photospheric opacity

Why is the Sun so opaque?

In the Sun’s photosphere, where T=6400K, there are neutral
atoms (of H, He, etc.) and some ions (once-ionized Na, Mg,
Fe) and free electrons e-.

The free electrons attach themselves to neutral H atoms to
form a negative hydrogenion, H :

H+e 2> H
Then an H™ ion absorbs photons hv with wavelength
< 1600nm, i.e. from the visible to the infrared:
H+hv->H+e

In the photosphere, there are only 10 H- ions to every H
atom, but this is still enough to be the main cause of solar
opacity (i.e. the absorption of photons).



The Sun’s effective and surface temperature
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Sun’s effective temperature is a measure of the Sun’s radiation coming from the
deepest photosphere (T = 6400K) visible at Sun centre to the “upper photosphere” or
temperature minimum region (T = 4400K) visible at the limb. Thus, there is a limb
darkening (decrease of solar intensity with angle 8).

T.is a kind of average of the kinetictemperaturesin the photosphere.



Fotosferin filtre edilmis gorintisu dogal bir calkanti ve bulgurlanma (granulation)
gosterir. Bunlar ylzey Uzerinde kaynamalar halinde gorulur. Bir isinir bir sogur. Gaz
surekli olarak kendini yeniler. Onlarin tayflarindaki Doppler kaymasi gazin strekli
olarak yukselip-alcaldigini gosterir. Sicak akiskan ylkselirken soguyarak tekrar geri
doner.
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Solar Granulation

o

FIGURE 11.15 A spectrum of a portion of the photospheric granulation showing absorption lines
that indicate the presence of radial motions. Wiggles to the left are toward shorter wavelengths and are
blueshifted while wiggles to the right are redshifted. The wavelengths shown at the top of the image are
given in angstroms. (Courtesy of W. Livingston and the National Optical Astronomy Observatories.)



Relative Flux
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Gunes’in kromosferi ve koronasi

Fotosferin Uzerinde dusuk yogunluklu, 2000 km kalinliginda kalin bir kromosferik bolge yer
alir. M ve K yildizlarinda da bu bolgeye rastlanir. Burada sicaklik fotosferin 5800 K'lik
sicakligindan yaklasik 1500K daha soguktur. Fakat disa dogru gittikce sicaklik tekrar artmaya
baslar. Burasi da koronadir.
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Bu bolgede karmasik uglak ve eslek akintilari, delikler ve ilmikler vardir. Sicaklik birka¢ milyon dereceye
kadar ulasabilir. Dusuk yogunluk yuzunden kara c15|m glbl davranamaz ve optik olarak cok séntik

Katmancdkiyole e @& paréé;é-"k',§~.’ yiksek hizindan ve enerjisinden kaynaklanir. Buradaki
atomlar yiksek dereceden iyonlagmistir.



Open flux tube

Corona T 10°K

Photosphere



Enerjik korona, glines riizgarinin kaynagidir. Yiksek hizli parcacik akintisi Yer’den ve diger
gezegenler arasindan gecerken auroralari olusturur.
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