


Eddington luminosity



X-rays

Ultraviolet



















Sound speed Mach number

Rotation velocity should be much greater than the 
local sound speed

i.e. cool gas in our spiral galaxy plane



Landau & Lifshiftz 1987



Exercise: Show this relation



Find this number using Longair 3rd edition, page 454







Exercise: Show that





Energy per rate per unit area

Exercise: Show that



ሶ𝑚





Temperature distribution and emission of thin discs





Frank, King & Raine 2002

𝑟 → 𝑅













Rosseland mean opacity is well 
approximated by Kramers’ law



Use Eq. 5, Eq. 6, and Kramers’ Law

Use Eq. 7 and Eq. 8



Frank, Andrew, Raine 2002, derive page 93



Explain the figure

Kramers opacity,
bound-free and
free-free absorption

Electron scattering opacity
Thomson scattering



inner discouter disc









Exercise: Show one of the slopes using 
Frank, King, Raine 2002

(a)

(b)











(a) (b)







Exercise: Show that









Maximum spin-up line, van den Heuvel 1987

Exercise: Show that 



High Mass X-ray Binary



Nagase 1989



Low Mass X-ray Binary







Low-mass X-ray 
binary

QPO: «beats» 
between the
rotation frequency
and Keplerian disk
frequency at the 
inner edge of the
disc

milliseconds



Black Holes in X ray Binaries



































LEdd ~ 2.6×1038 erg/s
Lcrit ~ 8.8×1037 erg/s
Lcoul ~ 7×1036 erg/s

Lcoul

Lcrit

Swift J0243.6+6124: Pulse Profiles

NICER/XTI
Gaia EDR3: 

5.2 kpc

























Dönmez et al. 2026, in preparation
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