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The Qiamagnetic, Susceptibilityot 

the' Thomas=Fermi=Dirac Atom* 

By 

Kwai UMEDA 

(Received FebruarY,15, 1949)'*'* , 

,As a test of ,the v~lidity of the Thomas Fermi-Dirac atom the diamagnetic 

susceptibility of the neutral atom has been evaluated as a function of the atomic 

number, on' using the recently published accurate table of the Thom.as-:termi­

Dirac function. The results are in better accord with the experimental values. 

The atomic diamagnetic susceptibility Xat is 'given by the well­

known' formula of Langevin, and Pa uli(l) 

Le2 
--

Xat = - 6-----:i 1:, r 2 = -2.832 ·10'0 Zr2, (1) 
. rn.c 

This is sensibly influenced by the charge distribution. As shown 

,by Sommerfeld(2l, the Thomas-Fermi atom results too large values, 

which can be easily understood by the infinite extension of the 

Thomas-Fermi function. ,Taking the Amaldi-Fermi correction into 

account, Jensen(3) has ohtained remarkably better values. For the 
" , 

Thomas-Fermi-Dirac atom, however, it is to be expected that the' 

• theoretical values may give a -much better, agreement with the 

expe:mmental ones" because the Thomas":Fermi-Dirac function has 
only a finite domain(4). Recently an accurate table of the Thomas: 

Fermi-Dirac function(5
) has been published. By the use of it we 

have calculated the expression (1). Referring tQ the eq ua tions (17) 

and (27a) given in the table for L, r2, Xat becomes for the Thomas­

Fermi-Dirac atom with ~he atomic number Z=18ifjo 

* Physical Quantities of the Tbomas- Fermi-Dirac Atom, No.1. 
** Presented ill part at ~he semiannual meeting of The Institute of Physical and Chemical 

~ Research il} Tokyo, June 14, 1940, and ilt fhe a'lllual Hiroshima meeting of. The Physico -
Mathematical Society of Jopan, April 4, 1941. The publicatiori was delayed owing to the 

wartime external conditions. -
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TABLE 1. Diama,gnetic susceptibility 

of the Thomq,s-Fermi-Dirac atom in IO-6 cms 

z I -Xat I z I -Xat I z ! -Xat I z I -x.atl z -Xat 
0' 

1 , 1.77 21 23.41 4[ ,36.24 61 46.16 81 54.45 
2 3,50 22 24.16 42 36.79' 62 46.60 82 54.83 
3 5.09 23 24.89 43 37.33 63 47.04 83 55.20 
4 6.56 24 25.62 44 37.86 64 47.48 84 55!58 
5 7.92 25 26.33 45 38.39 65 47.92 85 55.96 

6 9.21 26 27.03 " 46 38.91' 66 48.35 86 • 56.33 
7 10.42 27 27.72 47 39.43 67 48.78 87 56.70 
8 11.57 28 '. 28.39 48 39.94 68 49.20 88 57.07 
9 12.67 29 29.04 49 40A5 69 49.62 89 57.44 

10 13.73 30 29.69 50 40.95 70 5004 90 57.80 

11 14.75 31 30.33 51 41.45 71, 50.46 91 58.]6 
12 15.73 32 30.96 52 41.94 72 50,86 9J 58.52 
13 16.68 33 31.58 53 42.42 73 51.27 
14 17.60 34 32.19 54 42.90 74 51.68 
]5 18.50 35 32.80 55 43.38 75 52.08 

16 19.37 36 33.38 56 43.85 76 52.48 
17 20.21 37 . 33.97 57 ·4;1-.32 77 52.88 
18 21.04 38 34.55 58 44.79 78 53.28 
19 21.85 39 35.]2 59 45.25 

I 
79 53.67 

20, 22.64 40 35.68 60 45.71 80 54.06 
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Fig. 1. Diamagnetic susceptibility of ti,e Thol11as-Fermi-DiTac ato;n in JO-6 l1,,3 • 

. Le2 
2 ~xo Xat = - -6 -2 6 Zp X if; dx , ' 

me '0' 

eXJ 

= -9.738 • 10-6)0 x 7f dx cmS
• (2) 

The numerical values for all elements are tabulated in TABLE l. 
Fig. 1. shows-their dependence on the at~mic number, The direct 

comparison with the experimental data is limited only for the 
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TABLE II. 

Atomic diamagnetic susceptibility of iner,t gases in .10-6 mlis• 

Atomic number 2 10 18 36 54 

Inert gas 
" 

. He Ne Ar ICr Xe 

Thomas· Fermi (Sommerfeld (2)) -67 -81 -102 -117 

T~mas-Fermi-Amaldi (Jensen(S) -13.7 -:-22.0 -36.5 -48.5 

Thomas-Fermi-Uirac (Umeda, Eg. 2) .,...3.51 -13.73 -21.04 -33.38 -42.90 

.. 

Experiment (Mann(6) -1.9 -6.75 -19.54 -28.0 -42.4 

AU the other theoretical values are collected in :'>fann's paper. 

inert gases for which several different theoretical values and the 
experimental ones are given in TABLE II. So f~r as the diamagnetic 

-susceptibility is concerned, the Thomas-Fermi-Dira.~·atomic model 
seems to be primarily one-o:f~the best. 

In conclusion, The Department of Education and The .Found­
ation for the Promotion of Scientific and Industrial Research of 
Japan (Gakujutsushinkokai) are for the financial supports gratefully 

ackno w ledged. 
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