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• Page 4-5: Flat rotation curves imply the existence of dark matter, as 
the surface mass density of the luminous part is exponentially 
declining, as seen in the surface brightness profile of disc galaxies.

• Page 6: Bessel functions are canonical solutions y(x) of Bessel’s 
differential equation, a gives the order of the Bessel function:  
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• Page 6: Bessel functions of the first kind Ja(x):

• Page 6: Modified Bessel functions are solutions to: 
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• Page 11: Angular momentum transport:

• Page 13: Disk mass derivation: 
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• Page 14: Total energy using the virial theorem:

• Page 15: Disk angular momentum: 
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• Page 15: Disc scale radius:

• Page 16: Total rotation curve is a combination of the disc component, 
Vc,d and the adiabatically contracted dark matter halo component, Vc,h. 

13.11.2020 6

Lecture 10 additional notes V

Matemaattis-luonnontieteellinen tiedekunta /                       
Peter Johansson / Galaxy formation and evolution Lecture 10

Jd =
p
2jd�MvirRvirVvir & Jd = 2MdRdVvir

Rd =
1p
2
�

✓
jd
md

◆
Rvir

V 2
c (R) = V 2

c,d(R) + V 2
c,h(R) = V 2

c,d(R) +
GMh,ac(R)

R



www.helsinki.fi/yliopisto

• Page 17: Adiabatic contraction. Assuming that rM(r) is conserved and that 
initially the baryons and dark matter follow the same NFW density profile we 
get after disc formation: 
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