








o many stars are found in binary systems
o close binaries generally have circular orbits
o compact binaries are extremely important to 

astrophysics

Interacting Binary Stars



o acceleration at P due to 𝑀!

𝑎"#$% =
&'!
(# "

o differential (tidal) acceleration of P 
relative to 𝑀! due to 𝑀)

𝑎*+,- = 𝐺𝑀)
!

#.∆# " −
!
#"

≈ )&'"(#
##

o ratio
$$%&'
$()*+

= )'"
'!

(#
#

0

Interacting Binary Stars

𝑀!

𝑀"

𝑟

Δ𝑟

𝑃



o equipotentials in co-orbital frame
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Lagrangian point 𝐿"







o classification
Ø detached

- both stars lie within their Roche lobes

Ø semidetached
- one star fills its Roche lobe

Ø contact/common envelope
- both stars overflow their Roche lobes
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o mass transfer in semidetached system
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Ω ∝ 𝑟#! (conservation of angular momentum)
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Accretion Disk

o gas sinks from  r+dr to  r
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o radiates excess energy away
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Accretion Disk

o total luminosity
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o efficiency
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o neutron star

𝑀 = 1.4 𝑀⊙

𝑅 = 10 km
𝑟+@ ≈ 𝑅
⟹ 𝜂 ≈ 0.10

o black hole

𝑀 = 10𝑀⊙

𝑟+@ ≈ 3𝑟A = 90 km
⟹ 𝜂 ≈ 0.08

Accretion Efficiency

𝜂)) = 0.007



o white dwarf

𝑀 = 𝑀⊙

𝑟+@ ≈ 107 km
�̇� ≈ 10.B𝑀⊙/yr

⟹ 𝐿 ≈ 4×100CW ≈ 𝐿⊙
𝑇 ≈ 5×107K ultraviolet

Accretion Luminosity



o neutron star

𝑀 = 1.4 𝑀⊙

rDE ≈ 10 km
�̇� ≈ 10.B𝑀⊙/yr

⟹ 𝐿 ≈ 1007W ≈ 1000 𝐿⊙
𝑇 ≈ 10F K X-ray

Accretion Luminosity



o luminosity 𝐿G, spherical geometry
o photon flux
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o Thomson scattering rate on electron

𝑅A>$* = 𝑛H4𝜎I𝑐

o radiative force
,H
,*
= 𝑅A>$*

4G
>
= =0;1

7:#">

Eddington Luminosity

→ =;1
7:#">

total



o total radiative force
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o total gravitational force
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o mass transfer changes the binary separation
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o e.g. 𝑀! > 𝑀), mass transfer 1 → 2 ⟹ ,$
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o binary evolution can lead to outcomes inaccessible 
by normal stellar evolution channels

Orbital Evolution



Algol System





M31, the nearest 
large galaxy
distance 770 kpc
HST/visible

20 kpc



25 kpc



15 kpc

NGC 891, a disk 
galaxy, seen edge-on
distance 9 Mpc
HST/visible


