Stellar Radlil
» Tocaculate R L=4p R’s T

 Observe:
. parallax p --> distance d=1/p.
. spectral type or colour index --> T
. apparent magnitude, e.qg. V.

V- M,=5log(d/10pc) M ,=M,+BC
M, - Mo (SUn) =-25log( L/ L(sur) )

* Not highly accurate (10-50%)
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Typical Radil

e Solar radius: Rsun=7x10"5 km
main-sequence stars:
R ~0.1-10 Rsun
glants: R ~upto 100 Rsun
supergiants: red: R ~up to 1000 Rsun
blue: R ~20-50
white dwarfs: R ~ 0.01 Rsun

Stars & Elementary Astrophysics: Introduction Press F1 for Help

9%



Accurate Radi|

 Most accurate radii (<1%) from
. ECLIPSING BINARY STARS
and (for nearby stars)
INTERFEROMETRY

and (for a few stars)
LUNAR OCCULTATIONS.

e Accurate R improves T via

_ e L C‘)%

" T &4pr7s 5

o |f distance (hence L) also known.
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Binary Stars

-- two stars in mutual gravitational attraction,
orbiting their common centre of mass

-- only source of empirical masses for stars

-- accurate sizes, shapes, temperatures,
luminosities (hence distances)
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Centre of Mass

primary star secondary star
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- Orbit Velocitie

a ;
a1 a?

"
«‘/

P = orbit period

a
— e V,+V, = p

Vo, a m P
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Elliptical Orbits




Visual binary

1908

1RSS5

Stars ¢

1905 ,

1890 .

1915 1920

.IHS_‘? Period = B8 vears
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Types of Binaries
 visual binary

e Spectroscopic binary
SBl1 SB2 lines from 1 or 2 stars

 eclipsing binary
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Spectroscopic binary

spectral lines of stars split by Doppler eftect

YOTY IR

merged spectral lines
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Eclipsing binary

Star sizes from timing

_ = N e B i . e . ——
(C P @ W< . @
v - - e . = . - e — =

"u, /
\ |
III'II

e

2 |

Time to cross ||
disk of large star | ||

e : L
Orbital period

b Taotal eclipse Timeg —»



Proximity Effects

ellipsoidal variations

Orbital period

¢ Tidal distortion Timeg ————p»

heating effects

COirbital period

d Hot-spot Timeg —»



Types of Binaries

detached Q )
semi-detached C Q

contact C )
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Binary Star with Accretion Disc




Computer Models of
Eclipsing Binary Stars
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Light curve of Contact Binary
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Orbital Phase
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Radl de ocCity
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d

Velocity curve
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Orbit inclination

| = Ofor face-on orhit

| = 90 degrees for edge-on orbit

Doppler shifts measure
K=Vsni
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To measure masses:

- visual
— radial velocity and light variations - spectroscopic
- eclipsing
1
velocity 2
2y 3 4 : 4
CofMM S 71, orbital
1 - \\\ >phase
7 P
p 3 N (time)
2 - 2
- 4
V4 radial velocity curves
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M asses
Observe: K1:V1Sini

K,=V,9nl P
Cadl culate masses:
M _Kz o) asini=(K,+K,) P
T K1
Kepler's Law:

am + my 0P 0 ea o
g M sun %yrﬂ_eAUﬂ
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Analysis of RV curves gives
"minimum masses"

(M, sin®i), (M, sin®i)

and projected sizes of orbits

(&, sini), (a, sini)
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e Analysis of light curves
of eclipsing binaries gives

—orbital inclination |

—radil of both stars,
relative to the size of the orbit

%10 %2

Ead &a 0
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 Hence, for eclipsing, spectroscopic

binaries, we obtain:

— masses M, anc
— radil R, and

— luminosities L, anc
e (If T, or T, known)

M,
R
L,
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—used as tests of theoretical models of

stars HR Diagram

\— high mass

main sequence
L

<~—— |ow mass

<«

T
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« Empirical MASS-LUMINOSITY
relationship for main-sequence stars:

L M ? l.e.

A
u
g for 04M_, <M <10M,,
U

see log M vs.log L plots (handout)
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Mass-luminosity and HR diagram (T-L) for detached eclipsing binaries
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Mass-radius plot for detached eclipsing binaries
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Mass-Luminosity for Main Seguence

= i Slope = +4
F LU M?
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Star Lifetimes
Energy supply: £ -pM 2 (Joules)

Rate of burning: 1 _
L W = Jouléels
Lifetime: H M ( )

. E_DM ¢ DM Mc
L L M L
-3
aoM /M paeM 0O
~10°yr¢ ' =

£ 0.0015 M an o

Stars burn for a long time.
Big stars burn out faster.
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