Review
temperature: T
flux at star surface: B(T) =s T*

radius: R area: 4p R
luminosity: L=4p R°s T*
RT distance: d area: 4p d°
luminosity: L=4pd°F
d
\ flux:| F = L =g T4EERO
ST N X S L.



White Dwarf vs Red Giant

(Earth-sized star)
R =0.01R., R, =100 Ry

O

Tl — 30’000 K T2 — 3,000 K

. 2 4
XL, 0_ER, 0T, 0
Q—T—Q—T 9—?

eL>g eRzﬂETzﬂ_
=10"°" 10°=10""°

L =4p R°s T°
log L = log( 4ps )+ 2log R+ 4log T
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log L = 2IogR+4IogT+ const

bright

A

log L

fant
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Our Sun’s Future

R/Rsun

log L

< logT
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How a Star works

Nuclear furnace H-->He-->C,N,Q, ... Fe
Hot gas pushes oui. Gravity pullsin.
Force: J, Force:

kT |\/| GM?*
F out Fin~ >
% R
M m 5" 107
Sun’s Core Temperature: k - >4 10°K
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Our Sun’s Future
He--> C,N,O,...

<€

envelope gects
(Planetary Nebula)

Ashes cool O

(white dwarf)
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envel ope expands
(red giant)

He core

71

H-->He

75% H, 25% He
(made in the Big Bang)
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Planetay Newlae ().




“ .+ Durnbell Nebula (M27)




The Eas Niskudl Egg Nebula (polarised)

L Bhy
"*h .\.mn §

wiA!

Hubb[e

Heritage




Planetary Nebula NGC 3132 N GC 3132




Hourglass




Planetary Nebula IC 418 Spi rogr aph

Fabe,




Ring (M57)

Death of a Star,
Birth of a White Dwarf




Broadband Photometry

- N\ bandpass filters

B
B(I,T) R
| Flux ratios

e.g. F(B)/F(V)

,,,,, N change with
L B e temperature T.

measure flux in each bandpass

FU) F(B) F() F(R) F(l)
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Sun-like Spectrum

S

I
- refspec=@sun
—obsmode=a@lIBWE
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Colour Indices

ek (V)
gFo(V)
absolutemag: Mv =my - 5Iog( d/10 pc)
(and smilarly forU, B, R, |, etc.)

apparent mag: V=m, =-2.5log

5
2

colour index :
- (B)/Fo(B) 8

=(V)/FoV) g
(and smilarly for U-B, V-R, R-I, etc.)

B-V:—2.5Iog§€
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Theory Observation
flux apparent mag
F U,B,V,..
luminosity absol utemag
L My =V - 5log(d/10pc)
temperature colour index
T B-V
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Hertzsprung-Russall
_ (or H-R) Diagram

* *

Faint

., A .
- -

Blue n _ Red
hot B V cool
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Diagram
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