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\\'e shall a::;sume that the nuclei can be trea:.ed 
,'i:;s::;ically, so that 

(5) 

j'!H: elenrons must, however, be described by Fermi­
jJir"c :,tatistics . In the Thomas-Fermi approximation, 
Ir..: have' 

I,','h crc 

8"J"" fdp 
1I-+-= ft3 0 1+ exp[ (p~/2m-A!J1/;+-J.l.)/kT] 

=-±"(2mkTft-2) 1~(1)+), (6) 

1", (1) = 10
00 

y"'(1 +eY-~) -ldy, 

1)+= C'Ae1/;++J.I.)/kT, 

(7) 

(8) 

:1I1l the free-el ectron chemical potential J.I. is such that 

1'-0= 4r. (2I11kTh-2)l1i (1)",,) , 

1)oo=J.I./ kT. 

(9) 

(10) 

For purposes of numerical calculation, it i::; con­
\'cnicllt to introduce the following units of length and 
encrgy· 

(11) 

and 

e~ = 321J1A4e,l /t-2= 22.0532A4ev, (12) 

and also the quantities 

Stoner.7 The differential equ:aioll (16) C2.1": thcn bc 
integrated to give ¢+(x), and hencc 1)-r(:c) :dm (15) . 
Thl: distribution of particles c.:.Lvu t :1 gi \'Cll nuclcus 
then follows from (6) and the eqt.:iva]cnl of (5) 

11++= 11-+0 exp[ - Z (7)+ - 7)",)]. (18) 

The net ch: rge surround;ng the give:n nt.:c!eL:s is 

q,.= -hr~~1oco (r...Zell-h- - AelLr ) x~d:.; . (19) 

Using (6) , (18), and the differelltial el.uation (16), 
this can be written 

q.,.= - r...Zc1oco¢/'XJ,\; 

= -AZe[x¢,' - ¢+Joco= - AZC, (20) 

from the boundary conditions (17) . TIm::. i.J.+ i::;, as it 
should be, the negative of the ch~rge on t.he given 
nucleus. 

b , Particle Distributions about an E!ectron 

Singling out a specific electron, let the average 
electrostatic potemiaJ (due to all char,,;cs, including the 
electron in question) and the average charge density 
abom this electron be, res;)ectivcly, -.f;_(r) and 

These quantities are related through l.he Poi~::;on 
equation 

(22) 

x=r/r~, O=ltT/O)., (13) wi h :)ouncbry conditions 

-tE= (6/,,2Z") 1= 0.8471308..J.Z-1, (1-1) 

1)+ = 0-1 (-±f) -2 (4)'1'/ x) . (15) -
('(jnJbin ing all the alJove, the I)oisson equation (3) 
reduces to 

9/' (,\;) = .~ (-±f) 30:,\;l I } (1)+) - 1: (7)co) exp[ - Z (1),. - 7)co) Jl , 
(16) 

wilh boundary conditions 

4>+(0) = 1, 

lim rif;-(r) = -r...e 
1"...;", 0 

lim 1/;_(r) =0. (23) 
r -ioo 

For a neutral p!a,.;ma., it follow::. :rom ,.,ym,]1l:1ry 
considerations that the distribution or po~iLiv;,; chan,;e 
about an electron mu:;t be iclcuical in ,'orm to the 
distribution of negative charge about a nucl(;u~ . Thus 
from (6) , 

n+-= Z-1 IL,= -rr.Z-· (21ilk Th-~) ;1; (7)+). (2..J.) 

lim 4>+ (x ) = x (4)/X) a.> = X<Pco'. 
x-:.c.o 

(17) . Letting 

1"01' given temperature, bulk density of mate:rial, 7)-= (k.f;_+J.I.)/ltT= A!J1/;_/kT-T1)"., (25) 

(26) 

and \":tlue of A, the procedure is as follows : 1Lo can be then analogously to (() 
read ily calculated from the bulk density, 0 found from 
(13),1](7),.,) from (9), and 7)"" from the table!". :u d }L_= -J.7r(2J11/~T!c~r/:(7)_) . 
.l';YIl1]ltotic exp<msions for I J given by ~'IcDougall and I n troducing a function 4>-(x) delined by 

i See, illr eX:ln,pic-, Fcynman, :'Ifetropoiis, and Teller, l'hys. 
Re\". 75, 1561 ( t949), Sec. V . 

7)- =u l (-±f) -~( 'i>-/x) , (27) 

'The,e arc the usual Thomas-Fermi units except t ha t e has 
:Jccn rejJlaced uy Ae. 
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