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The effect of electron-electron collisions on thermal conductivity of a degenerate plasma is
calculated by the perturbation method. Because of this effect, the conductivity is considerably
reduced. In the case of a highly degenerate plasma, this effect becomes predominant and the
usua formula, which is obtained by taking into account onlu the effect of ion-electron
collisions, becomes useless.

O efeito das colisdes el étron-el étron sobre a condutividade térmica de um plasma degenerado
foi calculado pelo método de perturbagdes. Verificamos que por causa desse efeito, a condu-
tividade é consideravelmente reduzida. No caso de um plasma altamente degenerado, esse
efeito torna-se predominante e a férmula usual, que é obtida levando-se em conta apenas
o efeito das colisdes el étron-ion, perde o significado.

I ntroduction

Many works on the thermal conductivity d degenerate plasmas have
been presented until now', becauseit plays an important role in the study
of the internal structures of white-dwarf stars. In dl of them, however,
only the effect of electron-ion collisions is taken into account, the effect
o electron-electron collisions being neglected. On the other hand, in
our recent work?, we found that the mass-luminosity relation for white-
-dwarf stars depends very sendtively on the thermal conductivity o the
stellar matter, so that it is interesting to examine the contribution of the
latter effect to the conductivity.

In this preliminary report, we studied this effect in a simple way, that is,

supposing that the electron-electron collision is a minor effect, we cal culated
the conductivity by applying the perturbation method. In conclusion, we
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obtained the surprising result, that such effect is predominant for highly
degenerate matter, the usual formula being unapplicable in this case.

Calculations

Boltzmann's transport equation for the present probiem is written® as
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and all other notations are the same of reference 3. The second term
of Eq. (1) means the effect of electron-ion collisions and is given, according
to Ref. 1, by
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where I = 2V/N)[In 2/(1 —cos O )17 p.x. = f(p)- f, and 0, is the
minimum scattering angle. Here, we are using Heaviside units.

The third term of Eg. (1) is the effect of electron-electron collisions in
question. This can bz written, using the Méller scattering cross section”. as
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and q and q ts are the initia (final) momenta of electrons and p and
q *s are the fina (initiad) momenta. From the integrand of Eq. (4), we
know that the main contribution to the integral comes from the region of
smal s? and (g-p)*.

However, when both s? and (q - p)* are small at the same time, Fisextremely
small, so that the interference term 1/s2 (p- q)* may be neglected compared
to the terms 1/s* and 1/(p - q)*. Furthermore, observing that F(q,-s) =
= F(s T p, q-p), Eq. (4) is written as

2 4 i

Now, we substitute f(p) = f, + p. 7., €tc., into F, collect the terms o
the first-order in x, and expand the result with respect to S, retaining the
terms up to the second-order in s. Then, it becomes possible to perform
the integral of Eq. (5) anayticaly and, after some lengthy calculation,
we have the following result:
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wheret = q22mu, J, = — x. T Y(Q2f, - 1) 1., U> (U<) isthe larper (smaller)
of u and t, g’ = (m,*/2n°h*) In(s,/s,) and s, and s, are, respectively, the
lower and upper limits of s, about which we shall discuss later.

Substituting Egs. (2), (3) and (6) into Eq. (1) we have now a rather simple

integro-differential equation for y,. When o r ¢'/g << 1, we can solve
it by the perturbation method. The first-order solution is given by
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where, assuming that  is sufficiently large, we have applied the following
asymptotic expansions:
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retaining only the higher order terms.

Now, the thermal conductivity 4 is given by
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where Q is the thermal current. Substituting Eqg. (7) into Eq. (9) and elimi-
nating R by using the condition that the electric current Jis equal to zero,

namely,
= |ap> fp
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- “i‘ S QKT f duw? 7, = 0, (10)

[}

20

we obtain the following thermal conductivity:
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where we have used Eq. (8) again and
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is the usual thermal c¢anductivity given in Ref. 1.

98



Conclusons
When ¢ is sufficiently large, the expansion parameter o may be written as

L 6 In(s,/s,) |

7 =7 n(2/b,)

The determination o the cut-off parameterss, and s, would requirea more
thorough examination o the collison problem but, since only their
logarithms appear in the above expression for ¢, a rough estimation will
be sufficient. Here we use s, = ./2mu 8, for the minimum momentum
transfer and s, = 2./2mu for the maximum momentum transfer for the
sake d simplicity. (This choice o s, is beyond the limit under which the
expansion of F with respect to sis vaid. However, if we choose this upper
limit as s, , theintegrand in Eq. (5) must be very small, so that, extrapolating
the expanded result, we can choose the above value for s). Then, we
may put o ~ 6/Z. Substituting this value into Eqg. (11), we have

~ v
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For example, for y = 6 and Z = 12, the thermal conductivity is reduced
by 25°;. Perhaps, the temperature gradient inside the white-dwarf stars
may be larger than that considered until now.

Since the above result was obtained by using the perturbation method, our
result is valid only when /2Z < 1. This means that, when the electron
gas is highly degenerate, the effect of electron-electron collisions becomes
predominant and the usual formula, which is obtained by taking into
account only the effect d electron-ion collisions, becomes usdess. In
such a case, we must solve the integro-differential equation obtained
above in a completely opposite way, taking the electron-ion collision as
a perturbation.

One of us (J. R. M. Bonilha) is indebted to FAPESP (Sdo Paulo, Brasil) for a feliowship.
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