9 - CONTINUUM
Let us first discuss mean free path and mean free time.

Consider photons emitted at z = 0 travelling in the +z direction. Let the initial number be
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NOTE: I MFP corresponds to an optical depth change At of 1.

For matter particles with cross section ¢ travelling with velocity v, in time t the particles
sweep out a volume Gvt cm’ , or 6v cm’ per second.
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If there are n particles/cm’, the particles will collide at a rate of ovn collisions/sec.
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How do Xx,,; and X,,,4,,, compare in the Sun? First we need to estimate o .

KE|= ‘PE‘

Let o = tb” where b = impact parameter for |KE| =|PE
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In the solar photosphere,
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This means that conduction is insignificant, as photons have a much larger MFP than
particles. It also means that even if matter particles are in TE, the radiation may not be, if

d
the MFP of the photons is comparable to the temperature gradient scale T ﬁ

Is there equilibrium?
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Note that this is shorter than the time between electronic transitions within atoms, so that
the atomic energy levels are "thermalized".
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If T = constant over these values of X and 7 , we have TE.

Since x,, = 10™*cm, 1, = 1079 sec, we can be fairly certain that we have mechanical
equilibrium for the matter particles.

What about the radiation? As a VERY crude estimate,
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Hence, a given location “sees” photons from regions where the T’s differ by over 1000K.
NOT in TE!



