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Abstract 

We Show that the atomic energs' levels, predicted by a recently proposed new ~eon' ef 
elementary matter, are m one-to-one correspondence with the relativistic H ~  
~If-eonsis~n. ~ field t~he~ for atomic structure. This means that this theory vdll contain 
~att~itm..s which v~_~!a~e ii~e ~,~!; Exclusion Principle, as well as neglect the important 
effec~ ef  Co~fi=m~._ra~ion Im~r-~cti~ ~ .~r structure. This would tend ~o cast doubt 
.t~ the v;,abilit3" ~f fl~e m~' lb~eory ia ~ t e ~  -mat fo~ .  

L- !rdroductfon and Discussion 

Insev.-ral recent publications, Sachs (t96t, 1963, !965, 1969, i97~) has 
made c0nstan~ reference tO the fact ~ha~tris par t icular  formuht~on o t  a 
aelf-eonsistent field theory o f  quaatmn electrodynamics,-based on uhe 
assumption that bnly "elementary, interactions' can describe, pbysiczl 
events, contains the physical effects of the Paul~ Exclusion Prindp~e as a 
direct'logical" consequence of  the basic premise of the theory. In this paper~ 
we re-examine the basic structure of  the formalism developed by Sachs, 
and show that the ~!ut ions of the field equations actually vio".~te ~.~.: Panli 
iirinciple. This will be done by showing that the energy levels predicted by 
this theoD', for atomic structure, are in one-to-one correspondence with 
relativistic Hartree self-consistent field theory for atoms. Hence the Pauli 
Principle is absent from the energy level stru~ure predicted in this theory. 
In light of  this result, Sachs's argument is re-examined and is shown to 
contain an essential error in regard to vehich quantities play the role of  
dynamical variables in the theory. 

2. An Analysis of  the Formal Sm~cmre of  the Theory, and a Proof ti~e.t the 
Pquli Principle is Violated by the Soiutions of  the Associated Field Eq:~ations 

In the t _eory und,.r exammah0n, ! electrons and positrons are described 
by c-number Dirac fields coupled to each other through a classical Lorentz 

"1" F o r  a complete introduction to the basic premise see Sachs (I 961,1963). In  partkralar, 
see the second paper  listed for an extended derivation o f  the Pauli Principle via the 'p roof  
by logic '  tectmique, which we argue is ~nvalid here. 
Copyrlght ~ 197,3 PLenum l~abtish~ng C o m ~ a y  I..J~A~d.' N~ part of this publ~t ion may ~ reprodu~.~ 
lwred in a reMewd system, or transmat~d, m any form or t~y any means, r mechamc.a/, photc~ 
COp~mg, mlmofikmiag,-re~rding or otherwise., ~dmout written perm~'ssio~ of P.~e..'~um Puh|i.c.h~mg f2omi:~y 
ldmite.d. " " 
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f o r  in ten t ' t ion  medh~ed by a classical Maxwell field va)iable associated 
�9 each  particle field qJ~/o- The  basic premise o f  the theory  requires 

tha~ only mutual  interactions b e t w e e n  particle fietd.~ and no t  seif- 
i~e rac f ions  assoda~.ed with the ac t ion o f  a particle on i ~ i f ,  are the basic 
t~fitding blocks o f  Ihe theory.  I~ t hh  analysis, we will simplify o u r  a rgument  
tryramsidering only the Lorentz  force interaction and neglecting the spinor 
~a~e'oarg im:mdaeed h ~ o  t i~  Maxv,'e~] field by Sachs. This wiii in no  way 
affect our  r since the spinor  Maxwell t e rms  have no  relationship 
i ~  ~ Pau | i  t ' r i ~ c ~ t e m  ~ e  ~em3.',  and  m a y  actually have been used in an 
i n e o n s i ~  marm~r for  olher  reasons. +, T he  Lagrangian  o f  lhe theory,  in 
ma~:y ~ a y s  ~ - - r a b i i n g  a w~-mecha~a ica l  "de!ayed' ac~ion--av-a-dis~anoc 
formalism, is 

,. N N a~ 

X 2 7. 
dr L E - !  ~,~l. J v~s  

The  a s s i s t e d  nomlinear  field equat ions ,  obtained by  taking variation? 
-of  (2.1) wi+~ r,  asp....~. *o , ~ o : ~  are  given by  

. , ) _ . , L  

( K = I . 2  . . . . .  ,zr .r 

where S+(x - .  x 3  is the t ime-~rnmgtr ie  Green funct ion o f  the D'%lember~,~aa'~ 
equat ion given b y  - -  

Ds+(x- X3 = a ' ( x -  x') (2.3) 

Equat ions (2.2) have eigenfunction solutions$ o f t h e  fo._rm 

~ r ) ( x , t )  = Z t m ( x ) e x p ( - i E ' ~ t )  ( K =  ! , 2 , . . . , N )  (2.4) 

t" For a discussion of an apparent inconsistency iv. the application of the spinor Maxwell 
S~-'ucture, as applied ~o the annihilation sta~e of posh~c~igm in this.model, see Frank, B. 
(I969). Nuovo eimemo Letters, 1 (4), 242. 

~+ #mother problem with the Sachs theory lies in the s~ability of these stationary." states; 
as w,fll as that of the "positronium annihilation sta~e' e!aborated by Sachs (1961, 1963, 
1965, 1969, 1971}. TbSs is because of the presence of the time-symmetric potentials 
the nomlLnear field equations. The.so are present, {n ana!ogy to forms1 structure o f'action- 
at-a.<listance " electrod~mamics, where the classical point trajectori~ am replaced by 
spinor wave mechan-~cai de~ees of freedom for each particle. However, in ~he SaChs 
theory, ~o 'complete ab~orger" assumption is made (a la Whee{er-Fevnma~) ~.erwe no 
retardation o r  radiation reaction effects occur in the ~beor~, co~se~ue~tly no net 
transfer of ~ergy ca~n oczur wben tl~e system is in a transient sta ~e, sir~r fime-s.~tmetric 
poienfials do not yield a ne~ t~ansfer of energT. For this reasoa we speculate ~hat the 
stationary states of the theory, if slightly perturbed, would not be staNe in time. The 
starve goes for fine vacuum a~,.nit-AJation state of positronium solution exkdbhed by Sae1~s. 
"l'his instability of the eigenlevets would be a time-symmemc one and wouid not propb, rly 
account for the slyontaneo:as ins:ability of atomic eige~evels observed ia Na.'.u re Ct~ecause 
&tOmS ~ y  ~Ownwa~as m e~igy, *u a ,ae~.~u~uy alua~-ta*at~ ~ffatma~tt*~. aa.~uwu ~; 
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applk~ali,~ _ t N-- '*  . . . . .  ~ *  
f~rt the to!a] ener~'H~ot~ermam te~_s~ ~f  the theory the conservation law 

which in an eigen~ate implies ~ �9 l - r . ;. that J~_ t o ~  ene . .~  . . . .  

" [  ~ f ~  e,~ga,~,( , , (x ,w. . . , , .~- , .s) ,y . , . ,Z ' ~ ]_  

(2.7) 

The eigenfuncl:if~ st~iud,a>.~s . f tb ,  c theory play the role of  quant~am levels. 
this formztism, and r io  ma~if~l-ai .~ of the Pau|i Principle occurs if 

...... 7_ , ~  -c. ~ v,., required by equa- 
. . . . .  �9 " ~ *7" ~ -  " -,"'3 "P~ t iom (2.2), (ZS), and (2.7). Howe,-er, equa~m~as (2 . -4- -~  \-.  ,, are related 

el',.-- f (-! ]=0 
which implies that thetotal  ener~, is stafiona~', in an eigenstate, to ar-Ntra~" 
variations in the matter wave functions 6;( ~> s~bject to the cor, straint 

.fdaaiXm(ff)l" = 1 (2.9) 

This is identical tO the result obtained from coaventionai " ' ~ ' , ~  :;~" 
quantum mechanics, by requiring that the expectation value of ti~e er~ergy 
lvz stationary to arbitrary.variations in the:relativistic Hartree wave function 

/q 

~V(:~)... x ~  L I~ X(~ (2.10) 
J - I  

In this sen~, equai~ons (2.5) and (2.7) are to be recognized as the relativistie 
"Hat-tree self-consistent fie!d equations for N interacting charged Dh-ac 

particles. In the special case of  a so;ngle poskronium inte,'~action (we have 
N = 2  in (2.2) ~hrough (2.7)) sed-con~stent ttartree solutions will. exist 
since, in this case, e ~ e ~) is negative. However, as is well known, the Hartree 
~olutions eamaot accotmt for the Pauli PH~.~eiple, nor ~ n  they account for 

"]" See ~'~gofiubov, N.  N .  and  SMrkov. D. V. (1959). Introduction to the Theory o f  
Quant&ed Fier.ds, ~c'~'cfion 2 (New York),  for  a d~cuss~on of  conservat ion laws and  
~var~an~-. pri~cJ.p!es re la ted  to  act ion p~-iciples. 

f.in e~uat i0n f2.8), it is ass~'maed f ~ 1  (2.5) is subst i tuted ~.ato (2.7) so tha t  the  ftm~ion.a~, t 
&pe~de~e~  of, :~(x) [-; explicit be lbre  the  var ia t ion  is taken.  
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'correlatiOn m~wacfion'+, :inherent in atomic sm~c~ure, h) partk~o,!ar 

,~rgferreg in t.he case o f  the ~ositronium a_om,~ lee t s .  Hence we ~ tha~ 
the l~ttli Principle is absent from this theo~ ,  and no amoum of  'logic" 
can force, it to appear w~thout majgr changes ir~. the formalism. This 
difl~cu!ty is unchanged, evenff the fl~eory is applied to  many-electron atoms, 

.~.Jea t a ~ n  as a-first approximation~ In this ~ i w ~ J e l y ~ s d W e  "--" : . . . .  
Ih~ s~tw~ttrae of*he eigenstates is idemicM to tha ,  office relativistic Hariree 

for  ~,w~ny-eb~ctron atoms. As is well known) the HaTtree ~heoD' is 
vai:ah~. :tO a ~ u n t  for ~.b~e,r Ihe PaJ~l~ Principle or the "corre/atio~ i n t ~  
actmns in atoms, Since the energyteve!s o f  the theory ar~ m o,~4,~ ~ne 
eorrespondence with the relativistic Hartree theory, i n s  means that the 
Pauli Principle is absent from the Sad~s fi3~m)latiov, and no appea! te  
"logic" can cause it to appear without major modifications in the fonT~l 
structure of  the model. 

I ff i~s is so, then how was it possible for the Pauli Principle to be derived 
fro.~ Lh~ t2~eo~, in r~revious work ? (See footnote ~', page 199.) The answer 
is  becal~e a "fuada.m~m~. ~.~,~"a" ~ r ~ )  ~ ( /g )  - ( /J) ,  ant!syfnmeffic in the 
~arfiele field !abe!s. vows ~s te~te~i  h y  Sachs in an ad hoe manner, as 
required in order to describe the physics o~ t~e e~ementaw in~.~:~;~c,~ian~ in 
space-time. From the properties of-this "fundameatM field' g,~x~ ~<:~ 
arguments containing non-relativistic, quas2i~ear assumpt~o,~s, he was 
able to 'derive '  ~he Pauli ~ n d p l e  by so-called ~ argumems appealing 
to the basic paradigm of  the ~eoD' ,  However, the fundarm:n~a~ field 
~<~r~ is not a dynamical variable in the action principle for the theory. 
For  this reason k neverappears  explicitly in the conserved energy-momen- 
tum tensor of  the theory. On the.other hand ~b ~:) is a dynamical variable 
and d o ~  appear in the e.nergy-momentum tensor. For  this reason it is 
~o:) and not q " ~ )  whkh controls *he energy e h a r ~ t ~ i s t i c s ,  e+,. . . . . .  ..., 
t o the  associated non-linear field equations. Since his proof  ~as based o~ 
a quantity which is not a dynamical variable of the theory', it is not aur- 

�9 " _ "t .'~ to the actual energy properties of the solutions prising that resuLs unr . , . ted 
to the associated non-!inear fietd equations were deri'~ed. 

The author ctoes .not b-asica{!y disagree with Sac~s in relation to his 
philosophical point of  view ~n regard to physics, it may wel! be true that 
Nature may be describable by a )ran-linear ~eid theory, whose basic 
elements are etementau interactions between 'observer fields' and 'obse~'ed 
fields'; The author objects to the fact that the pi'esent theory is mis- 
represented as containing all of  the predictive potential of  quantum 
mechanics. This is certainly not true, at least as regards the Pauli Principie. 
I f  Sachs were to recast his theory into a new form where the fundamental 

This property occurs in cor~entional quantum mechanics because of the presence 
of the r potential, in'~C;ing differences of panicle coordinates, in the many- 
electron HamAltonian. The Ha~-tree approxLmation, in addition to lacking a Pauli �9 
Prmdple, also neglects the correlation effect bemuse it assumes a product wave function 
form for the total wave function of the atom. (See j. C. Sia~er). 



field ptzJ} appeared in the action prh~c~pte as a dynaTa~c~| variabt~, ther~ 
~perhaps ~mcthJrig l~ke a Pau|i Principie m~ght occur io the soh~ti~ns to 
the theory~ Bulh is not at  all obvious, and the research on this remains::to 
be done. Mso, the [o~g .-.A~ah~ of  rest, lts derived from this present formula- 
fion,~ may thern~lves be inc<~tre~ .if they rely on the assumed Pauti 
Principle property of  ~he the~3,. 
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"t Additiona! dc~ivntidns which may be affected by the absence o[a Pauli Principle s 
f l~  the,~-~rj, ~ fi-~e e ~ c e  of the annihilation state of positronium, the derivatiot~ 
of  the black-body radiat;,o:~ form,J.!~ from the ~ropenies of this positronium vacuum, 
and the derivation o f  the nc.n~re]a*,iv~s~c, c.~::~y~metr~zed SchrSdinger wave function 
$o1" a ~,riy..e]eetrcrct atom, a~ a t~,ae, at ~ze.,~ tim~fi~g ~o~ z,,.~ ~ tLe non-linear self-consistent 
fie..Id equations o f  this tl-~eory. For  inc~nsi.~encie~ m~a~'~ t;~ ; ~  ~ic ; :~ t lon  of the  Lamb 
stds w:'~ktin ~ e  framework oftt~r ~,K~hs ~ q  s ~  Mar.z.P.o A~ 0 ~ )  ~.~m~t~ eimento, 
ST-lt (0;77. 


