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.\ Dcbyc-lJiickcl-typc thcory is de~cril,ed for an assembly of compktdy ionized 'Ltoms, ,he nudei I;c!ng 
treated cla:i~ica:ly and the c ectrvns by the Thomas-Fermi method. The thermodynamic iunctio::, "rc de­
rived by conoidl'ring thl.! Del,)'c charging process, and the virialthcorem is shown to hold. Xun:"rica! rl';;i .. is 

arc ~ivcn lor hydrogen and iron nellr normal solid densities, and arc probahly accurak onlY:lt high tCll1per'~­
tures (I,T>5 ev for hydrogen and kT>100 ev for iron). At these: temperatures, the resdts do not cilia 
grcatly frum those of the ordinary Thomas-Fermi theory of the atom cxcept for the auditional contril) lio! s 
of the nuclei. 

1. INTRODUCTION 

TT'\HE t..:mperature-dL:Jo(:ndent Thom:;s-Fermi (TF) 1 

~ ,nd Thomas-Fermi-Dirac (TFD)2 theories oi the 
atom have been r(: c":l~ly discussed in detail, and used to 
,'alcuJalc e'luatiol'" 0: "t..~e of the elemeats at high 
lemper.ltures and pressur,:.;. These theories involvl.: a 
number of approximalions, among w]-.;ch are the 
foilo,,'ing . (1) TLe properties of bulk material are 
approximated by .1:0"c u: ... i isolated, spherically 
symmetric atom whose nucleus is at rest. There are 
thus no contributions due to nuclear motion nor to 
interactions between neighboring atoms. en The 
electrons ;\rl: a~sumed to be quasi-free, and their dis­
tribution about the nucleus is calculated :;latistit:ally, 
::;0 that the shell structure of tbe ~Ltom is in no W~Ly 
reproduced . The electron density at the nuckus turns 
out to be infinite, re::;ulting in absolute bindinci energies 
which are considerably too great in magnitudc;. (3) 
The electrons are treated in !.he one-electron approxi­
mation, so that there are no correlations in the motions 
of the electrons due to their mutual electrostatic re­
pu}"ion , though in the TFD theo )' some correlation 
among electrons of parallel spin results from effects of 
the Pauli exclusion principle. 

The Debye-Huckel, Thomas-Fermi (DHTF) theory 
developed recen tly by Plock and Kirkwuoci' removes 
to some extent several of th .. ,.bove approximations. 
)'Iattc-r is treated in bulk with associated nuclear effects 
and interactions between atoms, and electrostatic 
correhtions among the electrons are present. Exchange 
effects arc not included . These can be incorporated in a 
manner similar to that of the TFD theory [the prin­
cipal change in the equa.tions given below is to replace 
~O·/2Il/2(7]) by the function G2 (07], 8) defmed in reference 
2J; however, this would introduce fairly serious nu­
merical complications and would probably not greatly 
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change the calculated results since at low dens:tic". 
the correlation effects include most or all of the ex­
change energy.4 

2. THEORY 

vVe consider an infinite as.3em~ly of atoms (of oni: 
element) at uniform temperature .• nd density, such 
. . ?articles (both nuclei 8.W electrons) arc frti: 

to move about under the influence or their mutua: 
electrostatic forces . In order to be ab:e to evaluate 
the thermodyn2.mic functions ior this system by con­
sidering t.he Debye ch:ngi;;g jJrocess, we suppo::;e eac~ 
p3.rllc.i carry an arbitrary fraction A oi its trUe 
physical ch~lrge, the charge on each p:uticle thus being 
AZe and - AC for nuclei and c!ectrons, re:;pectiYely. 
The average densities of nuclei and electrons will be 
denoted by n+o and 11-0; for [n electrical y neutral 
system 

Zn-rfj=1L,{). (1) 

a. Particle Distributions about a Nucleus 

Singling out one particular nucleus, let the average 
electrostatic potential (resulting from all p~nic:e:i, 
including the nucleus in question) and the averc_ge 
charge density about this nucleus be rt;;pec iYely 
1/I+(r) and 

(2) 

where 11,.1-+ and n-+ are the <wcrage ,.",nsi tics of nue!\:: 
and elect.rons at a distance r from LlC; g~\'en ;'Jcku,. 
The potential and ch:Hge density arc related through 
the Poisson equation 

!J.tj;+= - hp+= --I-7rAC (Zil+. - il-;-), (3) 

the boundary conditions being 

lim n/;+ (r) = "Ze, 
T-)O 

lim 1/I,(r) = 0. 
T-leo 
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