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The donor star is a solar-type star. We can therefore assume that it has the same
radius as the Sun, 1 R,. The donor star fills its Roche lobe, so therefore the size of
its Roche lobe is 1 R5. The two stars have the same mass, 1 M), so the centre of
mass and the L; point lie midway between the two stars. The size of the Roche lobe
of the white dwarf therefore must be the same as that of the donor star, 1 R;. The
accretion disc has a radius 2/3 of the Roche lobe radius. Therefore the disc radius
is Rg = 2Ry = 4.7 x 105 m.

We must know the number density n of molecules/atoms to calculate the mean free
path. (In reality, the particles here will be atoms, because the temperatures are so
hot that molecules will dissociate into their constituent atoms.)

The surface density X is assumed to be constant across the disc. Therefore ¥ W]\i/l[l be
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where R, is the radius of the disc. The density in the disc is p ~ S where H(R)

given by the total mass M, of the disc divided by its surface area, giving > =

is the thickness of the disc at a radius R. However, H(R) = <@> R. Using
the assumption that H/R is constant through the disc (we have H/R = 0.03), and
assuming that R ~ R4 over much of the disc, we can estimate the density using
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on substituting for ¥. Using a mass of the disc at outburst of My = 107 M, =
2 x 10Y kg, Ry = 4.7 x 108m and H/R = 0.03, we get p ~ 5 x 10737 My m™3 ~
1 x 107% kg m™3. The number density is then n = p/my, where mg is the mass of
the hydrogen atom. This gives, n ~ 1 x 107%/1.67 x 107> m=3 ~ 6 x 102 m—3. So
the mean free path is
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where a is the radius of the H atom.
The kinematic viscosity is v ~ Lcg, where ¢, is the sound speed in the gas. We have
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where R is the gas constant, 71" is the absolute temperature and p is the mean
molecular weight. Use u = 1 for atomic hydrogen (assuming that the gas is atomic
at these temperatures). So

ms ' = 23x10* ms™!
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(note the use of 0.001 kg for the molecular weight in this equation because of the
need to convert to S.I. units in which the mass of an Avogadro number of particles
is 0.001 kg =1 g).

The kinematic viscosity is therefore v ~ Leg ~ 0.05x2.3x 10*m? s~ 1x103m2s .
The evolutionary timescale will be
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So the timescale implied by molecular viscosity is much too long to account for the
~ 5 day observed variation in brightness.
Another, much greater, source of viscosity is required.
Observations show that 7., ~ R2/3v ~ 5days ~ 4.3 x 10* s. This gives
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The ‘alpha’ model of turbulence represents the kinematic viscosity as v = aHc,.
From this we can estimate the o parameter as

v v 2 x 101 0.5
a = ~ ~ ~ 0.5.
He, (%) Rac, 0.03 x 4.7 x 108 x 2.3 x 104

We require o >~ 0.5 to explain the timescale of the observed outbursts.



