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for the cl1~nge in sign. The solution can therefore be 
wrillen 

(49) 
where 

bo= - liZ, 

bz= cf>-' (0) = arbitrary, 

bi= - ai, ·i:2: 3. 

At lar~e x, (28) can be wriUen 

the solution to which is 

cf>-(X) = x(¢/ x)", - E _2(K+2- X _2)-1 Ae- x+x+&-K-z, 

(SO) 
where 

(51) 

The value of bz was iterated h. "-1ntil (SO) matched the 
numerical solution both as to value and slope at some 
suitably large x. 

The uniqueness of the solution can again be seen 
from a qualitative examination of the difjerential 
equation, though the situation is somewhat more 
complicated than before in that two qualitative:y 
different forms of the solution are possible : (1) cf>-(x) < 
X¢oo/ , cf>-/(X) >cf>",', and cf>-" (X) <0 for all X; (2) cf>-(x) 
not only cros"es the line xcf>",', but also crosses the curve 
cf>+Cx) at some point Xl with a slope such that ¢,I (XI) < 
c,L/(xl) <cf>.oo/, with ¢_" (x) <0 for X< Xl and cf>-"(X) >0 
for X>Xl' For Z = 1, only the first type solution has 
been observed; for Z = 2, either type may occur, 
depending on the density and temperature; and for 
somewhat larger Z, only the second type has been 
found . The reason for this will be discussed in Sec. 40. 

In all cases, the numerical results checked Eq. (30) 
wi th about the same accuracy as for Eq. (19) . 
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FIG. 1. \'ari ;c(ion of pressure WiLh lcmpcrat.ure according t? t1:~ 
DHTF and Tl; :lj('l'~:(S "f the atom for deuterIum at normal hqU1C 
dcnsity, p=O.J'i glee (or for i'.","rr. :~I: at p=O.085 g/ee).'p; is 
the pressure of a mixture of uncharged (iloltzmann) nuclcl and 
(quan tu Ill.dcgcnerate) electrons. 
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FIG. 2. Variation of prcs:;ure with l<':llll)l:rJ.lur~ for iron aL t~11 
Limes nOrI~lal density (p = 78.5 glee) . 

c. Evaluation of the Thennodyn:l~;::ic Functions 

As pointed oul earlier, the integr:mds of the exprb
sions (34) and (35) for .11, can be con::;ider"d <\:; func
tions of only the two parameters vT~ and Tt-.-·:. HC;II'. 

ever, A. was actually computed l)y the more time· 
consuming but more straigh t[onl·,.rd procedure'" of 
integrating the d'fferential c(:uations for th de:;irccl 
v and T and for each of twelve values of ,,2, and evalu
ating the ,,2 integrals with the aid of Simpson':; :,.:]e. 

In order to evaluate p and L, .:culations were not 
actually 1 ile at the V== p-l and T of inLerest but rather 
at [CL':"'v.l)p, TJ and at [p, (1===0.1) TJ, and p and 5 
calculated from (36) by numerical dilier(:;.:~iation in a 
linear approximation. The associated error is roughly 
one percent, compared with which the cr:ors in Simp
son's rule and in integrating the differential equation:, 
are negligible. 

In a few cases, the pre::;sure was also evaluated from 
the virial theorem (37) . In e:lch case, the result agreed 
with that obtained from (36) within the one percent 
uncertainty in the latter. 

4. RESULTS 

a. Pressure 

Some numerical result::; for the pn;ssure are ::;hown 
_ Figs. 1-4, which include ior compari:;on curve~ 

~>llOwing the pre::;sure of the uncharged ideal ga::;· 

p.,v= - v(CU ;fav) l' 

= kT +~Zl~TJ~ ('1)<..,)/1:('1) .. ,,) (52) 

(where v i::; volume per atom), and also curves ~hOW : :16 
the electronic pressure a.s calculated from Lhe TF theory 
of the atom.l 

It may be seen, c~pecially from Fi~. 1, lhaL '.t hig:l 
temperatures, the value of pv/hT lor the DHTF theory 
is greater than that for th t.: TF theory by approxi
mately unity, as i::; to be expected since the olle Lh.::u:y 
includes the nuclear cOIllr:',. d to the pres:;un: 
\\·hereas the ocher docs noL. 

12 This proc.:durc is almost csscntial to ill"ur~ consistent \'allies 
of A, for usc in c\'aluating the dcrivati\'cs \iJA ,/ iJ~) ,1llJ (iJA .'iJT). 


