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A particle with spin has an associated magnetic moment  vector parallel to the 
spin vector. In  particular, for an electron and a nucleus one can write, respectively, 
,ue : ge~UBS, ~uI ~-- gn[~NI, where ge and gn are the electronic and nuclear gyromag- 
netie ratios,/~B and #N are the Bohr and nuclear magnetons, and s and I are the 
respective spin vectors (corresponding to the electron and nuclear spin quantum 
numbers, s and I).  

FErmi [2, 3] has shown tha t  the interaction between the magnetic moment  of 
an electron and the magnetic moment  of a nucleus leads to a term in the hyperfine 
structure splitting of the atomic energy levels. This interaction term is called the 
Fermi contact term because it is effective only at extremely short ranges. As only 
the s-type orbitals have non-zero values, and therefore finite non-zero densities, at  
the nucleus, the contributions to the Fermi contact term arise only from the orbi- 
tals with s-character. 

The Hamiltonian for the contact term, as derived by  FErmi [2, 3], is 

He = -- (8n/3) gegn/~B~iV ~ (I'S~) ~(ri) 

= - (s~/3) (~js) (/~i/I) Y~ (1.s~) ~(n), 

where ~(rl) is a three-dimensional delta-function, and the summation extends over 
all the s-electrons (for the reasons mentioned above). For an s-electron with cr spin 
the value of the corresponding term in the summation is positive, while it is negative 
for an s-electron with fl spin, and therefore the closed shells give no contribution 
to the Fermi contact. Therefore, only unpaired electrons need be considered and 
consequently one can write 

He = - (s~/3) (~Js) (~ /I )  (X.s) ~ s~ ~(r~), 

where ~r takes the value •  depending on whether the spin of the unpaired elec- 
trons considered is ~ or ft. Taking into account tha t  for an s-electron l = 0, 
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j = s = �89 one obtains 

2 ( l . s )  = 2 ( l . j )  = / ( ]  + l)  -- I ( I  + l)  -- s(s + i ) ,  

where the tota l  angular m o m e n t u m  quan tum number  f assumes only the values 
I ~ �89 and therefore 

I ,  
2 ( I . s )  = _ ( 1  + ~), 

Thus the energy splitting is then given b y  

for/=X+~, 
for/=~--~. 

zJE = (8z/3)#e/~I(2 + J_/I)@(0) 

where @(0) is the electronic densi ty  at  the nucleus corresponding to the s-orbital 
occupied by  the unpaired electron. The corresponding hyperfine structure constant  
ac is defined as 

ac = 2AE/ (2 I  + l) = (t6~/a) ~ t~z(i/I) e(o) 

= 0 . s 0 0 2 1 .  i 0  ~ ~ •  e ( 0 ) ,  

with/~z expressed in the last te rm of  this equat ion in milts of  nuclear magnetons.  
The Table collects the value of ae for the groundstates  (2S) of  some neutral  

atoms, positive ions, and negative ions, evaluated f rom Har t ree-Fock  functions. The 
agreement  between the present results and those of  SAC~S [10], evaluated from 
accurate analytical  t t a r t ree -Fock  functions, is excellent; e.g., while SAc~s [10] 
reports for Li 7 a value 289.55 l~e/see for ac, the value obtained in the present 
calculation is 290.87i Me/see. Bu t  unfor tuna te ly  the experimental  value, deter- 
mined by  KuscK and TAVB [6], is 401.756 Me/see, and therefore it seems t h a t  
Har t ree -Fock  functions are not  appropriate  for the evaluat ion of  the hyperfine 
s tructure constants  ac. 

Table. Hyper]ine structure constants a~ ]or the groundstates o[ various neutral atoms, positive 
ions, and negative ionsa. ~ (in Me/see) 

System M a~ System M a~ 

Li 

Na 

K 

6 110 K 42 380 
7 29i: Cu 63 3561 

22 246 64 959 
23 625 a 65 3813 
24 178 Be + 9 512 
38 259 ~g+ 25 465 
39 145r Zn + 67 1689 
40 180 Ca+ 43 580 
41 80 Ni- 61 82 

Evaluated using the Hartree-Foek functions of CL~E~TI [1] and M~TI [7]. The values 
used for I and/~ in these calculations are those quoted by l~25SEY [9]. 

b Existing experimental values, determined by Kvscg and TAU• [6], are: Li (M = 7), 
401.756 ]Vie/sec; Ha (M = 23), 885.805 Me/see; K (M = 39), 230.862 Mc/see. 

c SAchs [10] has calculated the values 289.55, 390.50, and 354.795 Me/see, using different 
functions (see the text), while NESBET [8] found a yalue of 396.7465 Me/see. 

a SAcgs [10] has obtained a value of 636.34 Me/see, and GOODI~GS [5] reports the values 
669 and 764 Me/see. 

e GOGDISGS [5] has reported the values 143 and 178 ~e/sec. 
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On the other hand SACHS [10], using projected unrestricted and unrestricted 
Hartree-Fock (PUHF and UHF,  respectively) functions, obtains the values 
354.795 a n d  390.50 Me/see, which represent a noteworthy improvement  over the 
Hartree-Foek functions. NESB~T [8], using a configuration interaction (CI) func- 
tion, obtains a value within i %  of the experimental value. 

Furthermore it can be seen from the Table that  the agreement between the 
values of ac, calculated from Hartree-Fock functions, and the experimental values 
becomes worse and worse for heavier atoms. However, an improvement  for the ac 
is achieved using PUHF,  UHF,  and CI functions, but  unfortunately the improved 
values are still far away from the experimental values. 

Mention can also be made of the values of ac evaluated, using the SCF func- 
tions of F ~ G A  and B ~ s s  [4], for the 1,aS states corresponding to the configuration 
(is) (2s) of He. These values are 9508 and 8348 Me/see, respectively. 
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