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The weak constant electric field effect at the hydrogen atom is considered in the 
new Dirac field theory. The difference from the standard theory is found. They 
begin with the Z2a2 term. 

1. Introduction

The new Dirac field theory O applied to the relativistic hydrogen atom 2>
gives different the electron space probability distribution from the standard theory. 
In Ref. 3 we have analysed the influence of this difference on the Zeeman effect. 
In this article we investigate the same influence on the Stark effect. 

A short presentation of the new relativistic hydrogen atom theory is given 
in Section 2. The interaction with a constant electric field and corresponding per­
turbation method is considered in Section 3. The energy splitting of the ground 
state and the first higher states (2S 112, 2P 112) is evaluated in Section 4. Conclusions 
are given in Section S.

* This work was supported by the SIZ of Science of SR Bosna and Hercegovina., Sarajevo.
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2. The new relativistic hydrogen atom theory

The new Dirac field is defined by the Lagrangian density 1 > 
!i' = " cc-. i arr. tPytr.) (i a11 ,,a '1>) - "

2 �1, (1) 
where '1> is a bispinor field and " is a constant. We use the coordinates x<'- = = (x0

, x 1, x2
, x3), the metric 
Coo

= -gu = -c22 = -g33 = 1, C«tJ = 0, a 'I:. p, (2) 
the representation of the y matrices

y' = L :. �). y" = G _ � ). y• = - i y" y' ,,. y•. . _ (3)
and units c = Ii = 1. The new Dirac field interacting with external electromagnetic field is definedby the substitution i arr. -+ i arr. - eAa, e = - le I,
and the corresponding Lagrange' s . density is 

(4) 

.:R =" {[( - i arr. - eArr.) �yi] [(i a11 ·- eA11) l'a '1>] - ,e 2 iitf>} + !'Rem (5)where .. · · · · 
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!i'em = - l�n (But�/J - 011 Ao) (arr. Aa - aa A«). (6).
The corresponding canonical equations are 

[(i a« - e.Ar:) yac -:::- "] 'P1 = O, 
[(i a« - eA«) yx + ,e] 'Pn = 0, 

(- i au - .eAJ 'Prr Y°' + ,e'tJl11 = O. 
The . stationary states of the relativistic hydrogen atom are given by2> 

[ko + i a} a1 - eAo - ,ey0] 'Pr (;) � 0,
[ko + i QJ ai - �Ao + ,ey0] 'Pn (;), = 0 ,(8) 
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or written in the form 

where 

Ze and A0 = - -.r

... ' ... ' 

HP (r)= k0 'J'· (r)," 

The normal solutions we take in this article as in Ref. 3. 

3. The hydrogen atom· in constant electric field
,. 

For a constant electric field 8 oriented in z-directio� 

A . Ze ;. Ze iP . ,f} .. 0 = -___;_-0z= ---0rcos . · 
r r 

. .-(�O)

The canonical equation of the hydrogen atom, according to (7) and (8), are 
then 

·,. .. t,t � - • .... . . .. • 

. �·ze2··, .• ·' _. ,  
[k0 + i aJ aJ +- + e <fr cos{} - ,e] P1 (r) = 0, .,,. 

Using the operator .(9) it � be 'written' in the form ..

(Ho·+ h) P = ko 1P,

where 'HO is the operator (9) and 

(
- e 8r cos{} 0 )

h =. . ' .- 0 - elrcosD 

We consider ll weak :field and ·apply the; perturbation method. Writing 

(11) 

(12) 

(13) 

., .P = 'fJ'<o> + 'P�l) .+ .,.,  (14) 
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Eq. (12) goes over into 

H pm+ hlJl<O> 
= k<o> pco + km lJl<O> 

0 l O O > 

The first order correction to k0 for nondegenerate states is 

J lJl<O>+ ,.. h'J'<O) d3 X _ L(l) I "+ I - "ol> 

(15) 

(16) 

(17) 

where 1 stands for indices of the nonperturbed states. 

For degenerate states the corrections is given by 

(lllT+ hill) - k�l> (lllT+ hll2) ... (lllT+ hllf,) 

<lf,IT + hill) ... <lf,IT+ hllf,> - k�0 

= _o, (18) 

where /, denotes degree of degeneracy. The higher order corrections we do not 
consider here. 

4. Erungy splitting. of the ground and first excited states

The general matrix element of the perturbation, according to Ref. 3 and ( 13) is 

(n,kjlml-r + hln; k' j' l' m') = = e 8 J r3 cos 1> sin 1> dr di dq,.

Two states belong to the ground state energy of the unperturbed atom: 

( 

1 l 
10 -1 -o->-

2 2 
I n;.kilm) = I . 1 

10 -120 -2>· 

(19) 

(20) 

Since for these states 11'11 = 0 the energy correction due to the perturbation is 
the same as in the standard theory. As it is well known there are no the first 
order energy correction. Indeed, 

78 FIZIKA 15 (1983) 1, 75-81 



BRANA AND LJ'OLJE: STARK EFFECT AT THE HYDROGEN ATOM ... 

(0 - 1 ! 0 ± ! IT+ hi O - 1 � 0 ± ! ) = (0 -1 ; 0 ! IT+ h I 
I 1 I 1 1 I 

I 0-120 -2> = (0 - 1 20 -2 IT+ hi 0-1 TOT)= 0 (21) 
because of 

The first higher energy level contains four states: 

1 . I 
-

J=-
n -1 k-/ 2 

r- , -� . .  I 
(23) 

+l J=-
2 

The nonzero matrix elements of the perturbation for these states are 
I I I . 1 (l-lT0 2IT+h ll ITI2>= 

2-z1---

( 1 ) 2+z = -etf -4,eZa .Vz2- 1 z2
{1·-2 2-zz2 + 1 + (·2-z)2}112 =.a,

2 + zz2 
- 1 2 + z 

(2 4) 

where 

(I 1 � 1 � I T + h 11 - 1 ! 0 ! ) = a, 

(I_ - 1 � 0 - ! I T + h 11 1 � I - � ) = -a, (25) 

(I l ..!._ I -..!.. IT+ hi I ..:.. 1 _!_ 0 -_!_) = -a 2 2 2 2 

Za,e 

z=T· 

A = V ,e2 -k!' ko = 1/ z2 a2 '
y I + (r + 1)2 
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Eq. (18) is then
- kLn 0 a 0

0 -kt O' -a -

a 0 -k�I) 0 
0 -a 0 -kif>

From here ·one finds
k�l) = ± �· 

In the standard theory4•5 > (a � a.,,)

=0.

a.,= - etf (- 4,.1za) JI z2 
- I z2

• 

(26)

(27) 

(28) 

Making expansion of a. and a.,, with respect to Va2 and keeping the firsttwo elements one gets 

a= J,'3e8:-1-(1--�z2 a2), 
,e Za 24 

The difference· between the new and the standard theory is then;
t • •• ·- , I 

5. Conclusions

(29)

(30)

(31)

Eq. (31) shows that the first difference between the new and the standardtheory of the Starl,< effect at the J1ydr9gen 1atom appears �n·�e terms Z2a2
• Thenew theory gives slightly· larger this term. Consequently the energy splitting islarger. 

The experimental verification of this diff�rence is Qifficult as .ip the cas' of theZeeman. effect�>. Due to the f irst order approximation tlie, electric field strenghtis restricted .to .the energy :�ffects much less then the energy difference of the 2P 312 and 2P11�· states. The corresponding frequency is 10 969.13 ± 0.10 MHz 6 '7>.For the hydrogen atom Z2a2 == S • 10-s. The difference Lia iS' 1then much lessthen 0.02 MHz and this is within experimental errors at the p,;esent time. 
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Originalni znanstveni rad 

Razmatran je utjecaj slabog konstantnog elektricnog polja na energetske nivoe 
relativistickog vodikovog atoma u novoj teoriji Diracovog polja. Proracunate su 
nove energije u prvoj aproksimaciji osnovnog i prvog pobudenog stanja. Nadeno 
je da su razlike u odnosu na standardnu teoriju manje od 10- 6 relativistickih po­
pravki energija. 
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