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Az Orion csillagai
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Orion

10. BTOK tabor Visznek 2017. julius 6. Csillagfejlodés, Kiss Miklos BNJG Gyodngyos 5.




Lacerta

Vi
L - iy

& -2
| ] ¥y 4

© Shingo TAKEI

10. BTOK tébor Visznek 2017. julius 6. Csillagfejlodés, Kiss Miklés BNJG Gyongyos 6.




A nyari haromszog

og

;. DeepskiCylorsicom
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4 e Milky Way Galaxy
) - i About 13.2 billion years old.
200-400 billion Stars with at Ieast 100 blllmn anets 500 I'I'll||l0|'l of which may support Life

125,000 Light Years -
in Diameter.

The Milky Way is moving at a rate of 552 to 630 km per -
second, being pushed away from the Local Void at : ' -You Are Here
600,000 mph. Our Solar System travels at 447,000 MPH
and takes 250 Million years to complete one Galactic
Rotation.

26 000 light years away from the
Black Hole at the center of the Milkyway
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Dark Blue

28,000 - 50,000 K

lonized Atoms, especially helium
Example: Mintaka (O1-3111)

Yellow

5.000-6,000 K

lonized calcium, both neutral and
iomized metals

Example: Sol (G2V)
SPECTRAL CLASS <

Csillagok szinkeptipusa

SPECTRARECILASS B

Blue

10.000 - 28.000 K

Neutral helium, some hydrogen
Alpha Eridani A (B3V-1V)

Orange

3.500-5.000K

Neutral Metals

Alpha Centauri B (K0-3V)
SPECTRAL CI ASS K

SPECTRAL CILASS A
Light Blue

7,500 - 10,000 K

Strong hvdrogen, some ionized metals
Sirius A (A0-1V)

Red

2,500 - 3.500K

lonized atoms, especially helium
Wolf 359 (M5-8V)

White

6,000 - 7,500 K

Hydrogen and ionized metals,
calcium and iron

Procyon A (F5V-1V)

_— y
Non-Main Sequence Types

Class W Wolf-Rayet Star
Lip to 70,000 K
Carbon, nitrogen, or oxygen
Gamma Velorum A (W)
Class L Dwarf Srar
1.300- 2,000 K
Metal hyvdndes and alkali metals
VW Hye
Class T: Methane Dwarf
700 - 100G K
Methane
Epsilon Indi Ba
Class Y Ammonta Dwarl
<700 K
Ammonta
Not vet observed
Class C: Carbon
Class 8: Zirconum Oxide
Classes MS and SC
Class D Dwarf
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A Citizen Science Project
http://scope.pari.edu/

SCOPE

STELLAR CLASSIFICATION ONLINE

Otthoni lehetOseg:
I

PUBLIC EXPLORATION

ének elemzése

kollimator

kamera tikor
""" korrektor lencse

A csillagok szinkép

detektor
belépd rés
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Feketetest sugarzas (Planck-gorbe)

e,

anas

—
th

e S e S B O,

=
Ultraviolet

7000 K (blue star)
5270 K (white star like our sun)

4000 K (red star)

2
=
I
=
g
=
7
-
@
O
| &
@
S
.

n

100 1000 1500 2000
Wavelength (nm)
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Feketetest sugarzas ¢s szinek

ey
i
P
—
—
—_

500 1000 1500 SO0 TG00 1500 2000 SO0 1000 1500 2000
Wavelengeh (nmp—e Wavelength (nmp—s Wavelength (nmjp—e
a Thas star looks red This star looks vellow-white

This star looks blue-white

Wien-f¢le eltolddasi torveény:

0,29 cm
T(K)
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Szinképosztalyok

Spectral classification

Astronomers have classified T Fall
M Hy B Rl HS F  Hell Hell I'?I- Hel
P F 4 8 4 B [

stars according to their spectra
into spectral classes (also

called spectral type).

The major spectral classes are
type O, B, A, F, G, K, M where
the O-class is the most
luminous (and hottest) and the
M-class is the faintest (and
coolest). Each type is
subdivided into 10 finer
divisions (0-9), as AB or FO.

This picture shows standard
spectra for each class.

Image from
odin. physastro.mnsu.edu
I T i ] 1 | t |
-':.IM r.:leu !E::I {::TI{:‘\H 1‘Fiﬁll F«l:-l MI]H F‘-LI T MgH CalFel TO T Ml Fal Ted Ted
Ko H) TiLFel
e e el ) .
; : ; B0 00
The historical reason why this 400 hml-".-'"at-’efengfh (nm) i

sequences seems arbitrary, is
that initially the classes were defined alphabetically according to strength of the spectral lines. Later it was discovered
that this is not directly related to temperature. So the original sequence was re-arranged according to temperature.
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Annie Jump Cannon

Classifying stars used to be something of an art form that
comes with practice. Each spectral class is defined by the
spectrum of a standard star (above), against which the other
stars are compared. The classifier eventually memorizes the
standards and can classify the spectrum of a random star
very quickly.

Astronomer Annie
Cannon classified well
over 300,000 stars in
her lifetime.

Modern classifiers are
now using automated
systems with
computers and
complex software, that
will give more '
objective results.

Anmie Jump Cannon at
work. Photo from

Collection of photographic spectra.
Image Wellesley Women in Science
www.wellesley.edu
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Szin, homeérséklet, spektrum

650 nm 400 nm

Hydrogen
30,000 K E |

—Helium-———

i

Carbon — “—— Helium

10,000 }{l || | | ‘1 ’
i BEt | f

Iron ——— Calcium —~

o Itk

Sodium—* Magnesium® “— Oxygen -

ol |11 (1 | Lo

—— Oxygen

ol 1L
=

W
Many molecules

W.0,BA,F.G,K.M,R,N,S,L. T,Y
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Main Sequence Stars
Spectral Type: O B A F G K
Temperature: 40 000K 20 000K 8500K 6500K 5T00K 4500K
Radius {Sun=1): 10 5 1.7 1.8 1.0 08

Mass (Sun=1): 50 10 2.0 15 1.0 0.7 :
Luminosity (Sun=1): 100 000 1000 20 4 1.0 0.2 0.01
Lifetime {million yrs); 10 100 1000 3000 10 000 50 000

Abundance: 0.00001% 0.1%% 0.7% 2% 36% 8% 307

Giant Stars White Dwarfs

mass stars near Dying remnant of an
nd of their lives. imploded star.

Supergiant

pe:Mainly G. K or M Spectral Type: D
ture: 3000 to10 000K Temperature: Under 80 000K
n=1). 10to 50 Radius (Sun=1): Under 0.01
SuUpP=1): 1tob Mass (Sun=1): Under 1 4
SuUn=1); 5010 1000  Luminosity (Sun=1): Under 0.01
lon Yrs). 1000 Lifetime (million yrs): -
Abundance: 0.4% Abundance: 5%

10. BTOK tabor Visznek 2017. julius 6. Csillagfejlodés, Kiss Miklos BNJG Gyongyos 18.




Fenyesseg

Hipparkhosz
(1. e. 1807 160-125)

Hipparkhosz nevéhez flizddik az elsd csillagkatalogus, amely
1022 allocsillagot tartalmaz. A katalogust Ptolemaiosz
kozolte az Almagesztben. A kataldgus elkészitésének

valdsziniileg az volt az oka, hogy Kr. e. 134-ben Uj csillag

jelent meg a Skorpio csillagképben, amely feltehetdleg egy

szupernova volt. Hipparkhosz vezette be a csillagok

fenyességskalajat (magnitudoskala). A csillagokat hat

fényrendbe sorolta. Az els6 fényrendbe a legfényesebbek, a
masodikba a kevesbé fényesek tartoztak stb. A hatodik

fényrend tagjait a szabad szemmel még €ppen €szrevehetd

csillagok jelentették.

(http://tudasbazis.sulinet.hu/hu/termeszettudomanyok/foldrajz/csillagaszat/csillagaszat-az-okori-gorogorszagban-arisztarkhosztol-
ptolemaioszig/hipparkhosz-munkassaga)

Csillagkataldgus 1. e. 129.
1022 allécsillag

Csillagok fényessége: 1-6
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Latszolagos fényesség (magnitido)

Norman Robert Pogson, (1829 —1891)

1856

I, =100-1I,

~(m—m")

lg I'= lg' 2.5 2 (m-m’) II

lgI'=(m-m'")-1g 2,52 +1g' I
lgI'=04-(m-m")+l1gI
I !
lg 7= —0,4-(m'-m)
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Abszolut fényesség (magnitado) I.

* m

Amit latunk
az égen

*
K

1 000 fenyev .

rF

http://www.khadley.com/courses/Astronomy/ph_206/topics/stars/

Alnitak, Alnilam €s Mintaka az 6v harom csillaga.
Mindhéarom kék szuperorias.
Kozel egyforma fényesek, de a kozépso (Alnilam) 500 fényevvel tdvolabb van.
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Abszolut fényesség (magnitado) I1.

1 parszek = 3,25 fényév

Abszolut magnitudo: a csillag fényessége 10 parszek tavolsagbol.

M=m+5(gp+1)

]
P= d(parszekben)
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Hertzsprung-Russell Diagram HRD

Effective Temperature, K 1905-1913 kOZOtt
101000 7.(1111 6,000

: O Deneb
Rigel o

GIANTS (1,1
Fosorozat:
SUBGIANTS (IV)

" 0,08 My, <M < 60 M,

Colour Index (B-V)
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] g

luminosity (solar units)

102

Libatime
0" yrs

ll'u,-ﬂ- -
1074 }—
[ '
0
30,000 10,000 6,000 3,000
4— increasing surface temperature (Kelvin) geaessns . Henry Norris Russell (1 877 1957)
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Betelgeuse ( Red Star in the night Sky) Arcturus

Antaras

Batalgause

Arcturus
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Kozmikus elemgyakorisag

egyéb (“fém")
2%

He
26%

http://astronomy.swin.edu.au/sao/downloads/HET603-M05A01.pdf alapjan
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Csillagsziiletés

Theoretical Hayashi Tracks of Protostars

lathato fény

WFPC2 - § P
Visible Light - g ‘ '% { b, s o
- -
-
9 solar mass star ] . .
e
.
NICMOS
Infrared & e
. | 2 .
L) -
-
VS
2
T
-/ . .
; » ¥, ) 4
30 Doradus Nebula Details HST « WFPC2 » NICMOS

PRC99-33b * STScl OPO » N. Walborn (STScl), R. Barba (La Plata Observatory) and NASA

in Large Magellanic Cloud
infravoros
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e AGB

Hydrogen shell Helium shell
source ) source

T Expanding

1 } outer

_%) - layers w Carbon

K core

= Zero-age

§ main sequence

E

= 1

Stars reach this dashed

line when core hydrogen

fusion comes to an end.

P % = Helium flash (occurs for
107 = relatively low-mass stars only)

N 0
40,000 20,000 10,000 5000 2500
<— Temperature (K)
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Mitol forro a csillag?
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A gravitacios 0sszehuzodas miatt!
M1 a 10z10 szerepe:

1. kesleltet1 az 0sszeomlast
2. magszintezis, elemkeletkezes
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Csillag és tomeg

Kezdet: gravitacio ->felmelegedes -> egyensuly

0,0125 My< M < 0,08 M, barna torpe Li, D f0z16

0,08 M. <M < 0,5 M. voros torpe -> He fehér torpe

0,5 Mo <M < 8 M. -> C-O fehér torpe
8 Mo <M < 10 Mo -=> O-Ne-Mg fehér torpe vagy nova

fuz10 a vasig 3 alfa folyamat

fehér torpe: M < 1,4 M. (Chandrasekar-limit)

Anyagvesztés: feheér torpe €s planetaris kod
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Macskaszem-kod 1.

William Herschel 1786.
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Macskaszem-kod II.
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Gytiris-kéd

Charles Messier 1779.
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Szupernova

SN elott SN utan
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SN 1987a

Approximately two to three hours before
the visible light from SN 1987A reached
Earth, a burst of neutrinos was observed
at three separate neutrino observatories.
This is likely due to neutrino emission,
which occurs simultaneously with core
collapse, but preceding the emission of
visible light. Transmission of visible light
is a slower process that occurs only after
the shock wave reaches the stellar
surface.[12] At 07:35 UT, Kamiokande Il
detected 12 antineutrinos; IMB, 8
antineutrinos; and Baksan, 5
antineutrinos; in a burst lasting less than
13 seconds. Approximately three hours
earlier, the Mont Blanc liquid scintillator
detected a five-neutrino burst, but this is
generally not believed to be associated
with SN 1987A

10. BTOK tabor Visznek 2017. julius 6.

Csillagfejlodés, Kiss Miklos BNJG Gyongyos 37.




Rak-kod: SN 1054

. Tavolsag: 6500 fényév
kozepén pulzar
-> SN II
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SNIa
kettdscsillag, fehér torpe €s kiséro (pl. voros oOrias)

Figure 3. Supernova explosion. A white dwarf steals gas from its When the white dwarf has grown to 1.4 solar masses, it explodes

neighbour using its gravity. as a type la supernova.
KUNGL.
VETENSKAPS-
e THE NOBEL PRIZE IN PHYSICS 2011

INFORMATION FOR THE PUBLIC

Supernovae — star explosions — became the new standard candles.

http://www.nobelprize.org/nobel prizes/physics/laureates/2011/popular-physicsprize2011.pdf
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Csillag,

tomeg €s cletut

- STELLAR NURSERY
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The Cycle of Star Formation

New Stars &

.

®  Heavy

3.

" Elements

ot
2t 2l
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Low-mass stars High-mass stars

. Mid-sized star 4 .
The Sun P W Massive star
oo Spica

Red giant
« Arcturus - Superg|ant
- Red Eaislge
dwarf
N Proxima
Centauri
® .
Blue dwarf
*"‘ . - > "
P:]aenbeJ?aW '. ' Neutron star
pumbbell White . LGM-1 pulsar
Nebula dwarf Bl -
- Black
'Smus B -
Black hole
Cygnus X-1
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K0szonOm a figyelmet!

10. BTOK tabor Visznek 2017. julius 6. Csillagfejlodés, Kiss Miklos BNJG Gyongyos 43.




