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Steady-State Accretion Disc

• thickness

• surface density
–  ( kg/m^2 )

• accretion rate
–   ( kg / s )

• inflow velocity

• viscosity
– ( m^2 / s )

– -- alpha model (hides uncertain physics)
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Anomalous Viscosity

• Viscosity arises from turbulent eddies

• largest eddie size ~ H

• largest eddie velocity ~ sound speed

• alpha = dimensionless scale factor

•            0 < alpha < 1

HcSαν =
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Magneto-Rotational Instability

Magnetic fields link
different annuli

generate MHD turbulence
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Magneto-Rotational Instability
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Timescales

• Dynamical timescale -- Kepler orbit time

• Vertical hydrostatic equilibrium timescale

• Radial inflow time
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Steady-State Disc T(R)

• Energy ( kinetic + potential ) per mass

• energy radiated = energy released

• Temperature profile

• Disc Luminosity
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Temperature Profile

• Include work done by viscous torques
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Maximum Temperature

• Including work done by viscous torques

• Maximum temperature
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Observed Temperature Profile

Eclipse lightcurve
shapes used to map
temperature profile of
disk.

Z Cha

Outburst disk
matches steady
disk theory

Quiescent disk
does not
(optically thin)
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Disc Luminosity

• Including work done by viscous torques

• Disc luminosity
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Blackbody Disc Spectrum
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Blackbody Disc Spectrum
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Blackbody Disc Spectrum
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Surface Density Evolution

( )

( )

( ) ( )

[ ] 





 Σ

∂
∂

∂
∂

=Σ

∂
Ω∂

Σ=

∂
∂

=ΩΣ
∂
∂

+ΩΣ
∂
∂

=Σ
∂
∂

+Σ

Σ=Σ∆
∂
∂

ΩΣ∆=∆

Σ∆=∆

∆+

2/12/1

2

22

2

3

:) (diffusionevolution density  surface

2),(: torqueviscous

2

1

:momentumangular 

0

22

:onconservati  mass

2

2

R
R

R
RR

R
RRtRG

R
G

RVR
R

R
t

R

VR
R

R

RVRR
t

RRR

RRm

R

R

R

RRR

ν

νπ

π

ππ

π

π

&

&

l R

R∆

2

2

:diffusion  simple

R∂
Σ∂

=Σ ν&



AS 4024 Binary Stars and Accretion Disks

Ring spreads to form a disc

Pringle, Lynden-Bell 1974
MNRAS 168 603

),( tRΣ
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Surface density
evolution

diffusion in radius


