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Figure 7.3 A close look at Arcturus’s spectrum. (a) A detailed spectrum between 5501 and 5518 A
taken at very high photographic dispersion appears in context with the rest of the optical spectrum in
[Figure 7.2. Note the extraordinary number of features even in this short 17 A segment. (b) A tracing
of the same spectrum in which intensity i1s plotted against wavelength. Several neutral and 1onic lines
are identified. Observatories of the Carnegie Institution of Washington, spectrogram from
A Photometric Atlas of the Spectrum of Arcturus, by R. F. Griffin, published by the Cambridge
Philosophical Society, 1968.
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Siniflama

K yildizlarinin atmosferleri M yildizlarina gére daha iliktir. On K tiirlere dogru gittikce, yaklasik
K5’de TiO bantlari goriinmez olur. K tayf tlirlinitn tim isitma siniflarinda hidrojenin sogurma

cizgileri goriunmektedir.
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lyonizasyon énemli oldukca:
notr kalsiyumun g cizgisi (4227A)
zayiflar, onun yerine Call H
(3968A) ve K (3934A) cizgileri
gorsel tayfin morote kisminda
goriulmeye bagslar.

Nal’in cok kuvvetli olan D cizgisi
(5890A ve 5896A) de notr kalsiyum
gibi davranir.

Diger metal cizgilerinin oranlari da
siniflama igin faydalidir.

Yuksek sicakliklara dogru
molekiller parcalanir, G Tayf
sinifina dogru CH (metilidin)’in G
bandi (4300A) siddeti artar.

Devlerde, optik CN (siyantr) ve
kizilote CO bantlari baskindir.
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Figure 5.7. Spectral variations through the K main sequence and their comparison with an early M dwarf.
Note the weakening of Ca I and the strengthening of Ca I1 as the temperature climbs from M to K. A photo
of 61 Cyg is shown in Figure 5.12 below. From An Atlas of Stellar Spectra, W. W. Morgan, P. C. Keenan,
and E. Kellman, University of Chicago Press, Chicago, 1943.

Figure 5.8. Luminosity changes among three early K stars. Note the strengthened cyanogen (CN)
absorption toward the supergiants, and the obvious positive luminosity effect at Hy. The weakening of the
Ca I g-line toward higher luminosity, so obvious in late K and early M stars, has disappeared. If carbon and
nitrogen are deficient in a star, the CN break at 4215 A weakens and the astronomer could be fooled into
classifying a giant as a dwarf. 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.



Viewing the Photosphere

D A
ULTRA INFRA
VIOLET RED
X-RAYS ond
GAMMA RADIO
RAYS SPECTRUM
| | I | | |
6000

Calcium Il K
393.4nm

(600-1000km above
the photosphere)

Blackbody Radiation Curves

Surface of the sun; 5000 K
i\ Carbon arc lamp, 4000 K
A Lamp fifamont max.; 3000 K

Hydrogen alpha
656.3nm

(1500km above
the photosphere)

Viewing the Chromosphere

Gunes’in Atmosferinde


https://www.google.com.tr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiIiNWi0NbWAhWCnRoKHbf3BdkQjRwIBw&url=http://solarnutcase.livejournal.com/9556.html&psig=AOvVaw2hSGddfJA9hs0eNvhQ76kt&ust=1507194767301448

Ca Il H&K cizgileri

a

|=l=|_“|m|llIlllI|¢Ln||lllIlllﬂlmlllIlllIlsLulllllIllls!mlllIlllIlslsulllllllll?Lulllllllllwlnlll
Longueur d'onde en nm

1.4

1.2

||II|II||I
3

1.0

Relative Flux (F,/F,sss + cost.)

~
{

¢

|
¢

!
L
i



https://www.google.com.tr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjG_PTtz9bWAhVEPRoKHQnZBH0QjRwIBw&url=http://inspirehep.net/record/1190326&psig=AOvVaw3NmkG-ehlE5ws-mVon-86r&ust=1507194675012989
https://www.google.com.tr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwisw93A0NbWAhXHWxoKHStAAAQQjRwIBw&url=https://commons.wikimedia.org/wiki/File:Fraunhofer_lines_FR.svg&psig=AOvVaw2hSGddfJA9hs0eNvhQ76kt&ust=1507194767301448

Na D cizgileri
2
3.04---ot /.0021 eV
3p1
2
d § §
> s &
2 & & . ose7nm
LLl
514 —— 3s1
2

Photon counts / arbitrary units

TN |||||||||||||||||| |||||||||||||||||| TN
450 S0 650 750
. 700

wavelength in nm

150728.1125 m=96 Orders: 29

0.08
—eo— Fit F Box{
—e— Measuremen
0.06 - -
i I
£
= !
5 0.04
wn
= i
o
< =
0.02
: B0 e e 6 & ¢ 56 5 opop s g paw g g g
585 580 5880 5885 5890 5895 5800

Wavelength / nm Angstroms


https://www.google.com.tr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjcufHFztbWAhWGfxoKHTAqBOMQjRwIBw&url=https://www.quora.com/What-are-sodium-D-lines&psig=AOvVaw1NWqb-Ekt2oySM0cS2ZB58&ust=1507194288416063
https://www.google.com.tr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiL9OXqztbWAhUDfxoKHdqFCkMQjRwIBw&url=http://www.daviddarling.info/encyclopedia/D/D_lines.html&psig=AOvVaw1NWqb-Ekt2oySM0cS2ZB58&ust=1507194288416063
https://www.google.com.tr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi72M6qz9bWAhVCcBoKHWVSDEYQjRwIBw&url=https://www.researchgate.net/figure/251670668_fig1_Fig-1-Spectrum-of-the-Na-D-lines-in-the-nightglow-blue-points-obtained-by-co-adding&psig=AOvVaw1NWqb-Ekt2oySM0cS2ZB58&ust=1507194288416063
https://www.google.com.tr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiAmeG5z9bWAhWE0xoKHaeyCA8QjRwIBw&url=http://www.astro.sunysb.edu/fwalter/SMARTS/NovaAtlas/ch_reduce/ch_reduce.html&psig=AOvVaw1NWqb-Ekt2oySM0cS2ZB58&ust=1507194288416063

Anakol GO-K5 yildizlari icin tayflar
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Figure 24: A temperature sequence for main-sequence stars from G- to mid-K types. Features
useful mm the temperature classification of these stars are marked. DSO 1.8A resolution
spectra.



Anakol GO-K5 yildizlari icin 3.6A’luk diistik ayirma giicli tayflar
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Figure 25: The same temperature sequence for main-sequence stars illustrated in Figure
24, but with lower resolution (3.6A as opposed to 1.8A spectra) normalized flux spectra.
Features useful in the temperature classification are marked. DSO 3.6A resolution spectra.



K5 — M4.5 Anakol yildizlari icin yildiz tayflari
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Figure 30: A temperature sequence of main sequence stars from late-K to mmd-M with the
principle spectral criteria labelled. DSO 3.6A resolution spectra.
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Figure 27: K Giants with unusual CN and Cy band strengths. DSO 3.6A resolution spectra.



Normalized Flux

K5 tird yildiz taylarinda 1sitma etkisi
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Figure 29: Luminosity effects at K5. DSO 3.6A resolution spectra.
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K yildizlarinin tayflarinda hidrojen ve Ca | cizgileri M yildizlarindaki gibi davranir. iyonize
stronsiyum ve titanyum’un nétr demire oranlari (pozitif etki gosterir) iyi bir belirtectir.

En 6nemli belirtegc CN molekul bantlaridir. CN, anakol yildizlarindan daha yuksek isitma
siniflarina dogru gittikce siddetlenir. Daha disik atmosfer basinci CN olusumuna
yardimci olur. Tek bir tayfsal kriter kullanarak bir devin tayf turi saptamak yanilgil olur.
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K Cizgileri ve Kromosferler

G, Kve M gibi geri-tur yildizlar yiksek yogunluklu fotosferlerinin Ustinde, diisuk
yogunluklu gaz bolgelerinin yer aldigi kromosferlere sahiptirler. Bu terim, Giines’in carpici

kirmizi renginden gelir.

Chromosphere and activity

What is the chromosphere?

s = - @
Total hydrogen densaty (em =)

Height (km)

Indicators of chromospheric activity:

>UV lines: Ly a, O1 (1304 A), C 1(1557 A, 1561 A), Si Il (1808 A, 1817 A), Mgl h & k
(2796 A, 2803 A)

> VIS lines: CallH &K (3968 A, 3934 A)

= :
P ecbinisaa s ool Katarzyna Mikuta, Astronomical Institute, University of Wroctaw

March 24™ — April 4™, 2014, " e
k. Ping Solar and stellar chromospheric actfivity




Fotosfer, tayfin stirekli zeminini ve sogurma cizgilerini olustururlar.
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Kromosferler en kuvvetli cizgilerin ayrintili yliksek ayirma glicli tayf calismalari ile
saptanabilir. Ca II'nin H&K cizgileri en sik kullanilanlaridir. K gizgisi esasinda daha iyi bir
calisma cizgisidir. Clinku, H cizgisi hidrojen cizgisi tarafindan pecelenmektedir.

Temel sogurma cizgisi K1 olarak adlandirilir. Sogurma c¢izgisi icindeki dar bir salma
cizgisi K2'dir. Hatta kromosfer yeterince opaksa, kendi isinimini bile sogurur ve
salmanin merkezinde dar dar bir sogurma (K3) goézlenir. Bu olaya self sogurma denir

ve B yildizlarinda da gorilmektedir.
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Morote Mg Il h&k (L2796 ve A2802) cizgileri de benzer 6zellikleri gosterir.
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Kromosferik K-cizgisi salmasi tayf siniflamalarinda iyi bir kriterdir. K2'nin genisligi G, K ve M
yildizlarinin salt parlakhklari ile iyi bir iliski icindedir.
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Orten Ciiceler, Devler ve Siiperdevler

K yildizlari bize yildiz atmosferlerinin (fotosfer, kromosfer ve korona) ayrintili
calisilabilmesini saglar. Eger bir ciftin yoriinge geometrisi tam bakis dogrultumuzda ise
yildizlardan biri digerinin 6ntinden gecerken sistemin toplam 15181 zamanla dusecektir.

Zeta Aurigae sisteminde 972 glinde bir B8V bileseni K4ll devinin arkasina gecer.
Sistemin tutulma siiresi 38 glindir. Tam tutulmadan 2 hafta oncesinde ve sonrasinda
K yildizinin genislemis atmosferini gorebiliriz. Bu bize gaz hareketleri ve yapisi
hakkinda bilgi kazandirir.

1985 zeta Aurigae Eclipse
UBV Data

JD 2,440,000

Magnitude



https://www.google.com.tr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjRkPuGsvLWAhWLWBQKHaviDmcQjRwIBw&url=http://www.imagekind.com/art/stunning/eclipsing-binary-stars/artwork-on/fine-art-prints&psig=AOvVaw1SX6xPLO9jYwnuDjdOvHkU&ust=1508148305750329

V471 Tauri
K2V+WD

v Magnitude

10.80+

10.85

10.90+

10.95

11.00

11.05}

02 01 00 01 02 03 04 05 06 07
PHASE




Kimyasal yapi degisimleri

S yildizlari, K tayf tirtinde de gorindrler ve Baryum Yildizlari adini alirlar. Bu yildizlar
Ba Il (A4554) ve kuvvetli Sr Il (L4077 ve A4216) sogurma cizgileri gosterirler.

CN Ayrikhigi

CN degisimi i1sinim guicline ¢cok duyarlidir. Devlerde cok siddetli iken cicelerde hemen
hemen gorilmez. Bir ara salt parlaklik saptamasinda kullanilirdi. Fakat daha sonra tayf
bilimciler, diger tim kriterler tarafindan dev olarak siniflandirilan bazi yildizlarin,
yalniz CN'yi kriter aldiklarinda ciice olduklarini buldular. Yani 4215A cizgisi 1sitma sinifi
icin cok zayif kaliyordu.

Bu olaya neden olan sey, karbon ve azot bolluklarinin Glines’e ait degerlerden daha
asagida olmasi idi. Bu da onlarin metalce zayif Obek Il yildizlari oldugunu
gosteriyordu. Gozlenen CN siddeti ile verilen bir 1sitma icin Glines’e gore bolluklar
arasindaki farka CN Ayrikhgi denir.



Daha diisiik 1sitmalara dogru: T Tauri yildizlari

K devlerinden cucelerine dogru gittikce , M yildizlari arasinda oldugu gibi blylk bir bosluk
yoktur. Burada IV numaral alt devler bulunur. Gines’ten 4-5 kat daha buyuktdrler.

Anakolun yukarisindaki bu bélgede T Tauri yildizlari bulunur. Salma cizgili tayflar ve
diizensiz i1sik degisimleri gosterirler.

Bazen T Oymaklari olarak gruplandirilirlar ve yildizlararasi gaz ile iliskilidirler. Yeni olusan
yildizlardir. Kiitleleri genelde 0.5-0.7 guines kutlesi kadardir.
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Model for T Tauri stars

Ries”

s o \
“y y S

T Tauri star forms out of gas cloud. Accretiondisk supplies mass to the forming
star. X-ray flares result from blobs of material falling into star from disk. A
powerful stellar wind flows from the main star.

hot boundary
layer

stellar wind
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Star formation in clusters

Embedded clusters
T associations e.g. Taurus

R associations (AB stars) e.g. Mon
R1 g .
OB associations (massive stars - * . -
e.g. BN-KL in Orion) - e
Open clusters (e.g. Hyades,
Pleiades) can be very old




More on Group Behavior

Associations:
T Type: Contain pre-main sequence stars.
O-B Type: Contain O,B stars

Trapezium
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