In 1977 Tully and Fisher showed that there was a linear relation between the luminosity of galaxies and their circular velocity to the fourth power.   It this relationship can be calibrated then the distances to galaxies can be determined just on the basis of their observed circular velocity.  This is potentially a Big Deal.
But, how does this relation exist?  What properties must galaxies have for this relation to exist?

Well we know from Newtonian Mechanics that:
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We can then us the M/L ratio to convert M to L since M  = L*(M/L) ( so now we just assume that M/L is constant for all galaxies.   Now if galaxies contain no dark matter, this is actually a reasonable assumption since most old stellar populations converge to a constant value of M/L.  However, in the case where most of the M is dark matter then constant M/L requires constant baryonic mass fraction per galaxy, which on the surface, seems ridiculous.

Now we want to rewrite the radius in other terms.  The surface brightness of a galaxy (which is not dependent on distance) is simply luminosity per unit area or     L/R2    So that means that L = SB*R2     or
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Assuming that SB is constant from galaxy to galaxy; which is also ridiculous.  Despite all this, the relation seems to work
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