Stellar Properties

 positions and velocities — astrometry
o luminosities

— Inverse-square law

L
* f " 4mD?

- filters — photometry

e fo= [ te() da
- the magnitude scale

e M1 — My = —2.5 10g10 (;_;) = 2.5 lOglo (%)
em — M =5logoD(pc) —5

— colors

e U —V = my —my = ) 10g10 (;_‘;), etc.
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My = 4.8 (= Lg)

My =41 (1.9 Lg)
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My = 1.4 (23 Lg)
My =114 (2.3x1073 Lg)
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My = —26.5 (3.3x102 L)



Stellar Properties

temperatures

- “effective” blackbody temperature

— colors
— Spectra

composition
radii
masses

Tl,z_

nq

gz

g1

e

—AE, /KT (

Boltzmann)



flux F, (arbitrary units)

4000 5000 6000 7000
wavelength (A)

Fig 1.1 'Galaxies in the Universe' Sparke/Gallagher CUP 2007



flux F, (arbitrary units)

4000 5000 6000 7000
wavelength (A)

Fig 1.1 'Galaxies in the Universe' Sparke/Gallagher CUP 2007

3,300 K

5,200 K

5,800 K

9,100 K

41,000 K



650 nm 400 nm

——Hydrogen . T —

30,000 K

20,000 K

10,000 K

7000 K

6000 K

4000 K

3000 K

P
Many molecules



Spectral Type
O

B

Surface Temperature
>25,000K

10,000-25,000K
7,500-10,000K
6,000-7,500K
5,000-6,000K
3,500-5,000K
<3,500K

<3,500K

Distinguishing Features
H; Hel; Hell

H; Hel; Hell absent
H; Call; Hel and Hell absent
H; metals (Call, Fe, etc)
H; metals; some molecular species
metals; some molecular species
metals; molecular species (TiO!)

metals; molecular species (C2!)
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Stellar Properties

composition
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Stellar Properties

positions and velocities — astrometry
luminosities
temperatures
composition
radii
— direct measurement: R =DA6

- radiation laws: L = 4mR? oT*
- red giants and white dwarfs



Stellar Radii

Sunat10pc: Rg = (10pc)A8 = AB = 4.6 x 10~* arcsec
a Ori at 200 pc: 4 AU = (200 pc)A8 = A6 = 0.02 arcsec

L =4nR*oT*,  Lg=A4mREoTg

1

L R\2 /1\% R L\z [T\ 2
- — =  — — — — = — S
Lo Ro To Ro Lo To

L=10°Ly, T =3000K = R =126 Ry = 0.6 AU

L=103Ly, T =10*K = R = 0.011 Ry = 1.2 Rg

RED GIANT
WHITE DWARF



Stellar Properties

positions and velocities — astrometry
luminosities

temperatures

composition

radil

masses

- need dynamics

— binary stars



//hubblesite.org/gallery/wallpaper/pr2009025q/

http

Early-Release Image of Omega Centauri, taken by
WFC3/UVIS on board the Hubble Space Telescope

(HST)
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A close-up of the central region. This image was

made by combining separate red, green, and
blue images




The image is from filter F814W,
which sees only very red light.




The green image is from filter F336W,
which sees only blue light.




The iImage is from filter F225W,
which sees only ultraviolet light.




Let’s sort the stars by color, putting the
stars on the left and the stars on the right.




Note that most stars are nearly white.




Astronomers also characterize stars in
terms of brightness.




Let’'s sort the stars, putting the bright
stars on top and the stars on the
bottom.




This is called a Hertzsprung-Russel
(H-R) Diagram.




luminosity

temperature

The unmistakable order in diagrams like
this led astronomers to develop theories
to explain stellar evolution.




Stars lie along a few well-defined
sequences.




The vast majority of stars lie along the
Main Sequence (MS)
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Absolute VT magnitude

916832 non-HIP stars with 0 < 1.0 mas and w /0 > 5.0

-0.5 0 0.5 1 1.5
Colour index J - K (2MASS)
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A Spectroscopic Binary System

High-mass star A and lower-mass B orbit around a common centre

of mass. The observed combined spectrum shows periodic splitting
and shifting of spectral lines. The amount of shift is a function of the
alignment of the system relative to us and the orbital speed of the stars.
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Secondary Eclipse
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Stellar Properties

positions and velocities

luminosities
temperatures
composition
radii

MasSSEeS

107* — 10* L

3000 —30000K

0.001 — 10 solar

0.1 — 20 Ry at birth

WD: 10* km: RG: >1 AU
0.1 — 100 M at birth
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Key Nuclear reactions — Main Sequence

Proton-proton chain

11H + 11H —> 22He —> 21H + et + Ve

21H + 11H —> 32He

32He + 32He —> 42He + 2 (11H)

4 (1,H) > 4,He +2 e* + 2v + 24 MeV

wp nqe
SRS
P
‘\/‘

1HO @ H




Key Nuclear reactions — Main Sequence

CNO cycle

2.C+1H —> BN+y
3N — 13.C+et+v,
3.C+1H—14N+y
14N+ 1,H — 15,0 +y

10 — ;N +e* + v,

157N + 11H —> 126C + 42He

Y Gamma Ray

V  Neutrino

4 (11H) — 42He +2 e+ + 2Ve+ 24 Mev O Positron




Key Nuclear reactions — Post-Main-Sequence

Triple-alpha process
4,He + 4,He — 8,Be — 94 keV

8,Be + ,He — '%.:Be + 7.4 MeV

Alpha capture C Proton Y Gamma Ray

12,C + 4,He — 16,0 + 7.2 MeV
1650 + 4,He — 29;4Ne + 4.7 MeV
20,,Ne + 4,He — 24,,Mg + 9.3 MeV

etc.
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Fig 1.4 'Galaxies in the Universe' Sparke/Gallagher CUP 2007









Endpoints of Stellar Evolution

< 0.08 Mg brown dwarf (degenerate H)

—_

0.08-0.25 Mgy He white dwarf
0.25-8 Mg CO white dwarf —  t~ 10" yr (M/Mg)™
8-12 Mg NeO white dwarf B

12-20 Mg supernova/neutron star t~ 3-20 x 106 yr

>20 Mg supernova/black hole



