
n 
i 

1.6 

eus for iron 

e electron 
nching of 

n nucleus 
, 9, which 

to -±, re-
1 lIlcrease 
expect­
t large r . 

: is quan­
gure, the 
kT from 

'hayior is 
he higher 
t that in 

tep func­
. than 1'0, 

e volume 
-I). 
seen . At 

on (19), 

-~ 

t normal 
of nuclei 

to 

Q U .. \ X T U ~I S TAT I S TIC A L THE 0 R Y 0 F P L :\ S ~r A S .\ X D ~f E T :\. L S 271 

TAllLE L Atomic binding- encrg-y, E(T=O, p=O), ev/atom. 

Z TF" TFD" DHTF 

1 -20.91 -28 .07 - 26 .3 
6 -1 368 - l·t92 -1475 

26 - ·.18S5 - 43280 - 43590 
92 - 799150 -810500 -824000 

a Reference 2. 

Since J/.-!- is everywhere greater than the average value 
11-0, it follo\\'s tkn the volume inside rl must be less 
than the average volume per atom and hence r1 < roo 
Indeed, at T= 0, the differenti:d equation (16) and 
boundar;: conditions (17) reduce precisely to the 
Th01l1;):-- :"~rmi equ3.tions for an atom of radius rl. 5 

In the C3.se of iron. \"i th ro corresponding to ten times 
normal density, the TF pressure for an atom of radius 
YI is about five times that for radius rD.! The fact that 
the DIITF pressure is only forty percent greater 
than the TF value (Jow-temperature portion of Fig. 2) 
"ho\\'s that the DHTF theory compensates in large 
de;;ree jor the small value of r ! . Nonetheless, it is felt 
Lhat the DHTF results should be viewed with reserva­
tions up to temperatures at which the distribution 
iunction n++ (r ) begins to exhibit some semblance of 
symmetry about the point r=ro. 

c. Energy 

In Fig. 10, the energy difference E(T, p)-E(T= O, 
PiI) (\\'here Po is the normal density of the material) is 
plotted again,," T for normal density iron, for both the 
DHTF and T1-' theorie:i . The curves arc similar to those 
of ri~. 3 jor tne pressure--at high temperatures the 
DHTF curve lies close to the TF one, but at low 
temperatures, the DHTF curve may lie as much as a 
factor two above the other. 

Rough values of the binding ener~y of some atoms 
arc given in Table J. It may 1;' "c;en th:Lt (except at 
10\\''%) the [) IITF theory give" even grea.ter va lues for 
I I~ (T=O, P,.. 0) 1 than docs the TF[) theory. This may 
],C parLly due to the correlation energy, which at low 
densitie:o is greater (in magnitude) than the exchange 
energy of the TFD theory\ probably it is also partly 
the result of the contraction of the electrons around a 
nucleus (the fact that r! < ro, discussed above). 

It may b~ noted that whereas the TFD theory gives 
greater binding and lower specific hc~ct t:-,:.:n the TF 
theory,2 the DHTF theory gives abou: the same or 
even greater binding than the TIo'D theory but ap­
parently a higher specilic heat than the TIo' theory. 

5. DISCUSSION 

It should perhaps be pointed out that the DI- TF 
theory as presented in Sec. 2 is inconsisttnt in tbat the 
electron correlation energy is not included in the 
exponent of the encrgy-di::,tribution functions ustd :n 
calcuiating the electron densi tics, Eqs. (6), (2 .. ), and 
(26) . 

The theory is also thermodynamically inconsistent 
in the manner of all non linearized Debye-Hiickcl 
theories .lo This inconsistency is the result of Llpproxi­
mating the interaction energy lVa;! between tll'O charged 
particles ex and {3 by the expression, 

(53) 

for use in (5), (6), and (26) . As defined earlier, the 
potential fa is the potential a distance r from the 
particle a averaged over all configurations of all par­
ticles a her than ex, including the particle (3 . The correct 
value of TVa,) is, however, the work requirtd to bring {3 
from infinity to r, the force involved at each stage in 
this process being that obtained by averaging over all 
coilfigurations of particles other than ex (!lid {3.IS The 
approximation (53) is therefore best when q:; is small, 
the density of other charged particle::; is high, :md tl e 
temperature is high; for then qp makes it nesligible 
contribution to fa, and in bringing {3 up from infinity t.o 
evaluate Waf! the position of (3 will hayc only a negligible 
effect on the configuration of the c..' ch:trges. IG This, 
too, throws doubt on the physical Slg liGeance of the 
plateaus in Figs. 3 and -±, whi.:h appear at large Z, low 
density, ancllow ttmperature. 

J; R. J L l-'owlt:r and E. -'I, . Gugg('nh,'; d, .'i/ali."ical 'l'lifrll,m!\,· 
1I!t1l1ics (Camilritig-e university Press, London, 1956), Ch • .cjl . IX 
(ef'pcci41Iy §923) . 

16 In the limit of very low densities of char;,'c! particles, then 
for not too large r the potential 'faCT) beCOl:lCS just Lr.C Coulomb 
potential of the cbarge a. Equation (53) :J.g,,!r, Lccom<.:s a g-ood "p. 
proximation, resulting- in the well-known \' .... Jity oi the Dcu}'c, 
Hiickel theory in the limit 0; very low electrolyte conccntf.ltions. 


