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The Atomic Radius of 

the Thonias-Fermi-Dirac Atom* 

By 

Kwai UMEDA 

(Received March 10, 1949)** 

Using the acquate table of the Thomas-Fermi-Dirac function published 

'recently, ~heatomic radius of the Thomas-Fermi-Diracatom has been calculated 

as a function of the ,atomic num~er. The discrepancy' from that of the 

Thomas-Fermi atom is of the order of several %. 

The atomic radius, i. e. the radius for the maximum radial 
density in an atoIIl is a primary quantity in the trea~ment of th~ 

, scre'ening effect. For example, in the case of the Bremsstrahlung 
Bethe(l) has taken an approximate value for the Thomas-Fermi 

atom 

Z-l a -- aH~' (1) 

For the Thomas-Fermi-Dirac atom, the atomic radius measured, 

in the Fermi unit, Xa (1'. F. D.), is the' root" of the following equation 
obtained by the differentiation of D (r), eq. (25ata

), 

3x¢'+¢+4{3v'xcp =0,(2) 

where ¢ is the Thomas-Fermi-Diracfunction and f1 is' the Thomas-
/ 

Fermi-Dirac param~ter., We have evaluated it for the neutral 
atoms by the use of our accurate table of the Thomas-Fermi-Dirac 
function(2). The obtained values decrease slowly as the atomic 

number increases, as plotted in Fig. 1, While the Thomas-Fermi 

atom has for any atomic number a constant value 

Xa (T.F.) = 0.3857653 (Matsukuma(3), (3) 

* Physical Quantities of the Thomas-Ferrni-Dirac Atom, No.2. 
M Presented preliminarily at the annual !Iiroshima m€eting of The Physico-Mathematical Society 

- of Japan, Aprii 4, 1941. The publication was delayed owing to the wartime external 
'conditions. ' 
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~ 1.rr-----~----_.------------------, which is the root of the 
equation contai~ing the 

Thomas-Fermi function cp 

U5--~ 

G",H-~-+---~-i 
~-...\T,F.D,' . 

3''i''+'I'''\~~oO. : 

!.lO'" • 

·1···:-----------
. . 

~ .. (T.F'): 

3 x cpt + ~ 0 (4) 

and is to be naturally 
'the asymptotic value of 

Xc> (T.P:D.) in the limit 
l.OO--~ 
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Fig: ,1 Atomic radius of the Thomas·T'enni-Dirac ' Conveniently' We can 
atom in the Fermi unit as a function of the 
atomic numlier. write doWn 

< " ' ,,; ~~ 
a (T.F.D.) = k • a (1'.F.) = k· 0.34153 • Z ~'. GR " (5) 

wh~re k;r~ (T.F:D.)!Xa(T.F.) 1,24-1.01 for Z 1.-...;.92. 

The discrepancy factor k predominates only for lighter elements 

and makes a (T.F.r:i.) approach slightly more to that'of the Hartree 
model in comparison to a (T. F.); as seen from the, extrem case given 
in the following table. 

TABLE I Atomic radii a of the lightest atoms ,in the unit " 

of the' Bohr radius aR'i. 

Atom T.F. Uartree 

II 0.342 0425 1 

He 0.271 0,314 .0.6 (I) 

/ In conclusion, the financial support of The Department of 

Education is gratefully acknowledged. 
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