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1. INTRODUCTION 

R.P.Feynman in his work "Simulating Physics with Co.mpu
ters"111 has introduced the correlations of two photons in sin
glet state as an~example of the fact that assumption about tpe 
existence of the definite projections-of-the photon·s linear 
polariz.ations:on;;d'i'fferent -directions contradicts the quantum 

·-. • • ' ~· ., '.. } > • ' 

mechanical results. . .. -· · " 
The aim of our' 'paper is to indicate that Feynman 's proof 

can be interpreted in another way if the general transforma
tions-of. the probability measu're'of the treated systems do not 
form a gr'oup.' .. . ' .· .· . . . . ' . 

We ,shall ~tart-~ith a model of the singlet systems, descri
bed with the·help.of the relative measure of the probability 

·on the concav~',surfaces 121 •• In~ such. model. it is possible to 
form only the cyclic .. group .of~ transformations and with the pro-. . ~ 

per handling with probabilities the contradiction with quant.um 
~echanics does;no~;arise. ;t q; 

The· plan:;of•;our exposition is the following: in Sec.2 we,, 
briefly recapitulate 1 .. Feynman's·'reasoning,- in Sec.3we,pre
sentothe essential features of the·.models~ with relative; proba-
bility measure and· in, Sec. 4 we,_ analyse·. Feynman 's proof. , 

The closing' section is· devoted _to more general comments on 
the. subject. ·:. 

i ,\.' 

2. THE FEYNMAN; ·PROOF 
1i 

R~ P. Feynman in his ·consideration deals with the problem of 
modelling of: the physical phenomena with ·computers .. The, sto-

·chastic correlations of·two·subsystems can be realized in 
a way. as it is demonstrated: on Fig~ 1. We use the notations as 
in the usual scheme• of.' the· local· :hiddem variables formulated 
by J. S. Bell~ 3 1 

. , . 
:: ;'· ~ -+ •> + .. r~._;' : ::..;.J .. ~(_r .. :·, .·;,.,: 

P(a, b) = f. A( a, X)B( (b,;:X}p(X)dX •. (1) 

. '-+ + 

+Here P(a, b) 
B(b, X) are the 

,. 

denotes the.correlation-function, A(;, X) and 
t • ; t ~ • ·~ ~- . 

experimental results referring to the partie-
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Fig.i._ Modelling of the stochasticcorrelat,io~s of -t~o subsystem~ 
with a computer. The meaning of the symbols4sed is explained in· 
the text ., 
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les 11 111 ·and 11 2 11 measured by~· apparatus A orienteq along tlie-+ di
rection· ; and by apparatus· B'-od'Emted along ·the direction b, 
p(X) ·is a normalized probability' measure·;: - :' 

The operation of a computer in the:stochastic model can be 
imaginated in the: following··manner:. PC generates ,.by~ chance 
a numbers·- the values of·>.. -·with the frequencies correspon
ding:to the probability measure:p(>.,),. whichcompletely.-deter
mines both subsystems, e:g. -particles.-.'!!,'' and:. 11 2'.' .•. :The measu:-: 
rements ·of the,particle's characteristics.on,the-apparatuses 
A and B-+are given bi certain computing procedure for.evalua~ 
ting A(a, >..) and B(b, >..). 

Due to the succession of events (the considered subsystems 
firstly come to being and only then the-me~surin~'is,perfor:-· 
med) it is possible to make the choice of a and b arbitrarily 
and- independently.-: This fact: has a' l()gicaL con~~quence:, th~re 

.·must exist-the defini.te:values.of:functions:A(a, >..) andB(b;>.) 
for :each pair and' ~or· any. choice·. -~f; directions i.· and .b: -As, it 
is indicated in ·, Feynman{siconsideration, .. 'it~i.s_•the.main . · 
reason· why· such' .. a> scheme 'c-ontradicts. the: quantum mechq.nicaL; 
results. --~.,. , __ ,. ,. '-· . 

R.P.Feynman in his paper has considered the singlet two-pho
_ton system, which can be descr1bed: quaht'tm(·:mechanically, as ·. , 

' . . '. ' - ' '. 

-l£i(1 :_;2) ·~~ · .. .!-. '· {(1)~-'("'2) ' '>.f·_r(i'y<<{2):) 
. , .. •_,:·;-, ., ' /2·.:. _,., .. - x.~" ---.•-~. •:< \:.:~>~ •. Y .. ·Y, .' 
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here the indices.x andy describe the linear polarization 
along the corre'sponding axis. ·· {. ·· ', · -- ;t:, 

Using (1) we shall denote the values,of A(;, X}and·B(b; >..) 
as +1 if the linear polarization will b·e: direc'te'<Laio~g the 
corresponding axis ~nd as -1 in the .. case __ of tlte>perpendicular 
orientation. . . 

We remark here that because of the symmetry of the wave 
function (2) it must hold . , 

A(;, A) = B(i, A), ; ., · \,c: •.-'\ (3) 

for arbitr~ry·~ and>.., and'also· ·, ·' 
·.~:.' .-.J r ;) 

• ,-..... 

A(i, A) = -B(b, A), •· ., .(4) 

for each_>.. and; 1 b. :; . . ~rll , 0• 

The expressions (3) and (4) can be combined as ... 
• ~ ' • • • ' -~ • • ~ j ... ~ ' 

,,Y ~j,\ 

• f. :· .. ( ~ •.,;-··· 

(5) 
A(;, A) 

:-+' 

-:-A(b, >..); 

..-B(b,.A.); 

-:__:' 

' y_:;Ji ;~-; ' .~ ' '-+ ' 

B(a, ·A) •L .,: ''X . :"; .~" 

> j '-+ t~ i :::~ : (. ,;: 

for perpendicular a and b.· . ;-.. ~;'-' _, ,; , 
·,\ In,Secs.3 and ,L.o.,we shall also use .the consequenFe:of,r:the 
rotationa1~invariance of (2) 

-~--··f . . j_ ' ~:- ,.· \ ·.-: ;·. 

p(;, b) = P(<P~~). ..., 

""""" . ' ·;~' . ~:' 

~ .. 

•. ',, 
.,/ .. j 

J6)', 

The Feynman·. reasoning~. can be expressed in. the following, 
way;-> Due to .the•·strong correlations .between· the,.projections 
of- the liriear. polarizati2ns- of:both: eaired,photons~-(3) the re
sults of measuring of A( a, >..) and- B(b, >..) .will_. .. be.the .same for 
parallel orient'atioris of. both. appa'ratuses. ·There;~~r\~es_ a' typi
cal si tuation;for EPR. correlati~ns'' 41 : · me~suring, property' of 
one particle makes possible.to'pr~dict value of-:the' second_ 
one. · . . . . -- "'" ... ; . ! . ~ .· -~ .. ' ~- . . . : 

Let-+ us sup'p.ose that' !=h~r~1 
eiist' defi~it~' values pf A(i, >..) 

and B(b, A) for ·each pair (a, b are arbitrary)--and- -let us try 
to estimate the probability.bf getting the-sam"e.result_on' both 

, ·. . . . ' ' . I ' ' . 
apparatuses· i.e. (+1, +1) or' (-1, -1), when <Pab··= 30°. · 

We cart proceed in the.followfng way. Let' us consider"first-
- ly proj ecqons: of-+ o"ne, p~ir onto' diJf~re~t clir~c~}ons for paral

lel orientations 'a an~· b.-The example o.f. such: hypothetical 
measurement is. presented, in. Fig. 2, wher~ th~ angle 30° ,_ be:tween 
neighbouring vectors \>[as _chose~n.~ .... _· _ · ... ; '·,; ! l 

3 
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Fig~2. The measuring of the ~~oJe"~tions of one pair onto diffe-

• ren} directions of par_fllel: ~ anJ, b. Notations: o - A(;, A.), 
B(b, ,\) = + 1, • - A( a,· A.)·, B(b; ,\) = -1. 

Repeating the experiment with other pairs of photons ·we ' 
shall receive the· different 'sequences of o and • at angles 0°, 
30° and 60°, while the rest of values wi~l be determined ac
cording to ( 5). In Fig. 2 this feature is taken into account: 

' The probability of getting the same results on both the. ap
paratuses A and B ~ W(.ab = 30°; A(~, A.)· B(t, A.)= +l)ris 
equal to the fraction of preferred events to the sum of all 
possibilities.· .,. ' . ;. · 1 

From the 'iri'spection ·of Fig; 2 ·it is· evid~nt ·that we can con
sider. equal or different results on 'one apparatus at orienta
tions·~ - h ='30°. The possible sequences and corresporid~ng 
probabilities· are presented in Table 1. · ' · : d '' · i. 

} -· ,.·~ '· :t.' ,) + . ~·:· '": 

Table 1. ·The possible.sequences of.'A(a; A.) measured on~A. Remaining 
possibilities.(S,;- 8) give the-same,values of W for·.O ~-.• 

. . 
'•·' ",,, 

,1 -.o0 
·, I 30° 60° J.: ... ~·-

.·' 90° 150° 180° .. ' 

~ - iW 
·,a6 'at' ,.1 

.... " :.ao 

•1 .o o l,o 1 • l,e.'l''• 0 I 2/3 

-
2 0 I 2/3 

"',; -
~:()'1 ,., 
'•' . . . 0 

-

3 : : ·: : : :: :4 ': : .: 
2/3 4 l . I ·o I~.- I e· I :e.. I :o''l~'·q·.J~_o'l . L 

4 

-~ 
.I 

.I 

-~ 
I 

·.1. 

I r. 

From·· this Tabl~ .. it: foiiows that ... ~;.•, 
't'""' > ~' • ' : •, ;: ~. ••• •• ;~.;·;' •• ~-~·.-~.· 

~ -:· -- _, .. \ l t L···; ·~=, ~~ 

o ~·we• :::: 3oo; ·A(~,>..)·B(t~>..) ,;,·'·fl) ~ 2/3. 
-':~. r, ·~,)~b.iJ, :~: ·'<,:·~' ".:':··· -:",--: ;~ .-. ~--~{:''" ·; ~ ,.-. ~.'::j.·(iY 

~ .. ~ . ; ( 

This result contradicts the quantum mechanical' val~~~'-f>f': w; 
as f~r-as here W = cos 2 30° = 3/4. . ,.\ , ;~i :;. -, .... ,'j ~~ ; 

R!P:Feynman has concluded his reasoning: "That·~s·all~· That's 
why quantum mechanics. can~t seem/to be imitable' by a locaL · , 
clas~i~~l·compu~~r~'· ' .... ,_> ~''::':", :. :·: :·'__ -~ .'. , : :~:· -:-_> ~-_-: '' _: .::. 

As. we have.declared in':the Introdiiction,we·want to propose 
another. possibie l interpi:'~tation 'bf 'the1'm~ntioned'• contradi'ctfon. 
For that we' shall briefly· recapitulate the main. features·.of:. ,. 
the model with relative probability measure 121 '·' ih the-·n~xt-.Sec-
tion. v ,:;--.-<. 

'-

3. ~~t~!~~Es~~~!g~E~~F~P~g~~~~~~T~~~~~~~~ON" ... 
. 'LINEAR POLARIZATION') ; . - . ,,. ;;._;; ~ 

. .. ··" ··:.::.:r,"-''' .r ,h;.: i, '7 

·f,•' 

--:·:Z;:r:-"': .... r .. 
... (;~'-,',"' ~ ) .. 

In our preceding ·paper we have considered a inodel of th~ " 
singlet state of two photons or 'two 'particles with'' spin, s :::= _ 

. '. - ·"' ' i '. .. .. .'-, ., ;.\_ :'· : J' = 1/2. We have described such systems with' the relative prob:ii..::. 
bility measure on the concave •surfaces. The formulation .. of . 
this model' was motivated by the .investigation of•theBelfine'.:. 
qualities in the metric .. form. A,conjec~ure was proposed_that 
the· conflict betwee'n · quani:um-,mechi:uii~s::;:iti.d :Beil. inequa'l'it'ies 
can 'be under~tood ~~'-a :manifest~tion 'of .noh-:..metric'ity' b:f the . 
hidden· iariabl~. spci~e·~ , Tbis . htpothe,t,~cki;',non-met.t~~·-· spac~' .c~n: 
be identified at: least at one point with the metric space of, 
the relative. probability measure. and.therefore,only,the res
trict~ci":trianghiation o{~ the .me~tich1e((-~pac~ can be: realized. 
As a corisequence 'it'foi16~s thatllt!e -. c~n·· reiate''the probability 
measut!e to definite" frame -of·'reference. and >the~ C:rinception' of·(; 
the_a~solute' (indepe~dent) pr()l;>ab~lit:y:;me~sure· must .be~aban'~'''· 
doned. -' ",,. . \'> ., 

·,,The relative probability measm:e makes possible to :evaiuat~. 
th~ . cor~eiaticms . t~rough referenqe:· tram~ f, of,, apparatus). aii".i ' 

.0: ."': 

( ~. ~) f (~. -. ) (~ ) . ( ) . - -··-·. P.:. a; b = A a;·>, B·b, .>, p~ .>,d.>,·; -' .... 
a · a• 

., j,J(8) 
t ··• c • 

or through the reference frame of the apparat).ls ~.as 

P~(~~ b) =; fA(a,A.)B(b·;}.,)p~(.>,)dA.. 
b . . b 

t . ..;, I..{ 

(9) : ~ c· 

5 



Here p+(A.) and p+(A.) are normali:ie(f. r~lative p~obability' 
a . . b 

measures. . . ·: r ·1 .. 1.. ; • . , ..• , . 1 . . . . ...• ·,, ,o ,. 
. ·.Such a formulation permits one to satisfy the rotational in-

variance 
-~· ·,~:-:, ".;~ ..... ,J ..... ;~}-j ;,;~}' ~ ·' ,. ) ~ ;,; 

i 

P+(~,b) =;= P+(ii,.b), = P(cj> b~'·•··~' ~- .'. . ., , .. c. :{10) 
·· fl' •'· · .<· ·b .!•··" a ····• .. · · · • · 

:·•: ! ~-.: .,~ .- ~ {)'t ,::.-.• , +· i;.;, 

for discrete 'values of. A(a,. A.)' and B(b, A.). . ..... . 
It ,is poss,ible to restore .. th~ quan~um ~echanical results 

on the 'ba'sis "of eq. (8) 'using 'the ,following. relations' .. • . 
• ' -. ! : ' • ~ ; ' ' • -' ~) ' • ' ' ' • . y • t l ', l . : <t"f ' • ; '-' < ~ • 

A(a!L A.y.;;;,:hgn{c~sic~>:~},' ' 
'' .r~. / 4 - }': _,. -· 

B(b, A.) = sign{cos2~bA.}. 

' I -~ L·_..; 

:_. ',j 

• (ll) 

The probability measure,\of the pho'ton. singlet is described 
as a system' of vectors''~· with'b~ginnirigs''in,'the ,centre an~. 
their ends' dist~ibuted 'on the ~·irCle (such meas~~e. can be ,pre
sented as a measure on the concave surface _'·see''preceding pa-
per},', · .,.;.,. , : ~· .,. 

.P~(.:i:)dA. :::.11 ~in 2c~> j d~; . . ,,.,' 
·a . :• 4;: ''·' ... .. 

Q < :: .(''2.. :·· .. ,, :;;;;'.:!!. •L 
= ~;=. 1f, ~a< .. 4•, •C. ·, 'C' < 

' __ t ' • . ...... 

(12) 
,: J.., 

~ ' .- \ )< \. ~ '' ~· ' • ,.. •• • ' : + ' " -+ ' .. . 
'Using '(9) wemust'replace 'a by b in (12): . 
Re~arkin additio~"that:·-r~ies (11) ensur~ that each photon 

has'·~ de9nit~. pr~jecti~n .cif lin~ar · ppla:d~ation onto diffe;
rent directions and that 'conditions ( 3)- ( 5) 'are also"' satis-

1 J ,: 

fie'd .. ), ' . .. .: ,.. . . ' ", '/ ',,. r,,· '}'~-· ' .. '· . . ' .. ,. 

.. Now, we··w~nt ·to (fisciiss iri'somedetail the' tf~~sf~fmations 
o(p~~·:First'iy we shailsearcli far·tl1e·reiatiar'l between· · .. 
.... >J.tJla,··, .<<i··~ ··~-~.i-· .· :t ... ::. ;::_:;.._. ~-:> .:.:..~~-;·- ... <-r·_~'. ':J:t. ~ ; --~·~< 

'p .. ~ .. h . 1 t t 'th . t" 1 .. "1"· d t "2" ;"+- ~i>' w et;~:cP~:r~ a .. _es,<~:. e·par ~c e . ,an ,pb,o ~ .. , 
which'· corresponds cto :the; connection between 'frames of·: referen-
ce A{a) and B(b). . .· . . ' .. , .. ; ·.' 

:. ' . . . ! . .' . -- ' " ··' :· . ,.·. ' \ .. __ ,- .. ' . ,;_ \' .· . '·l 
-For the sake of brevity we shall'denotethe relative .proba-

. bility measure as·p~(X )··and'p+(\).''We''shall try'to·find~a'. 
' . :a ;a .. · b . 

procedure which relates P+ and l• P+. for one.:; definite experimen-. 
tal set a b ; · · 

,.. . ' !--·· ''' ~ ·,·,.; ~: !,;; 

p +(\) = 
b ;; . 

R(~ b )p+(A. ) • 
a a a 

(13) 
.. , 
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I 
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In our prec'eding·paper 121 .:we have inferred:the properties 
... ~ . .; "- . - : ' • ' . . ·. ' ' . . ·. ::: • " . : ; .-. ·: .. . ' • • ''" _. 1 • 

of R(cj)ab) ~on; t}le basis :c)f t:he fol,:towing natural requirements. 
A1 •. ·The ;equivalence of. the· referenc~ frames ,related to. ap

paratlises A arid B:'.',the:function. p~ must.: have a,'covar'L:uit' form, 
i.e.'. P+ must be. the same' :f\.ui~tio'h "a X :~s it is P+: with res-' 

a · ·a· b · 
pect to A. b . • . . . ·. 

A2 • The invariance of each event: each experimental event 
( +1, +1 );, .. ( +1·, ·.:: 1.}, · .. ~; iriU:st·: he 'independent· of the frame of re-
ference us'eci: · · ..... .:.: ... :,;.·.;.:: t. •• '.·'".;.. .. : .. ;~ .: ••• .:..:.. • · '•· 

We po'i.nt .. out.' that requirements A'1 ·arid'A 2 establish unambi
guous relations· A. ~, +-+ A.b only ·for some values of cj> ab. ·For the 
full explicitness still another principle is needed~ There can 
be used, e:g;, the: f~ll?wing one: small changes of cl>ab result 

' ", { ... ~, ~~"' ~ • , , ~ r ·" ! 

in small changes.:of .R( cj> b.) .. The discussed .. implications, · howe-a . 
ver, do not'" depend·· on ·such--specifications. .., .... .; 1 

On Tabie:"2 ~ ther~ kre; presented ;examples o:f thEttransforffia..: 
tions. P+. +:7 P+ --for. some, values. of cj> ab. For si~plicity we pere 

a , :·b._ : . ,_ ,, ... ., .. · .... , . , • . 
used the' discrete· represenfation- of- hidden ·~variables A. as befo-
re. It is supposed ~~atcpro_cedure,. ~A;·;~;O ear;t ·be u~ed which may 
hide thediscreteness-'used.' .. .''J.~·~·-·•: .. ~ ... ·. ; •• ·~ : 

' From Tab~e 2 th~ f~ll<;>.~ing ;impo~t.a~~- I>r9p,er;ti,es <;>J 'R(cj>: ab ) 
can be deduced; ··~ · .. ·:.',"· · : _: ··, ·· ·· 

P1 • In geneFal~ ;~(cl>,,ab·) ,do; no\ fC?r!l\.a ,gr~y,P,> 
Cf. the rows 2, .. 3 and the .. last .one ............... . 

P2 • The tr1~.11~forma~~?~S.LR .. ffLJ> fo~.;~·;:_O,il,-.2. ·.··form 
a eye 1c group.. . . , .. 

ci>~;ox1Ll1~;:;~<~~67:... ~-<~: '.~ . . 1T • .... '.> .... · ~ . 1T , • 

P 3 • For each ccj>~b~· 1Lholds R( cl>ab + _n- 2 t ~·; R( cl> ab) • R (n 2) · 
c'f. rows 1 ~·· 2 a'~d 3 with that of 4' : s·: and 6. . ' -

Before dfscuss'ing the· consequences of.P1 : :.:." P3 we recall. he're 
t_ha~ up to now',we interpretedR(~ ~~)as ~ t~~nsfor~~tio.n from .. 
'one1 of the reference frames - P+ (related) to'. apparatus :A measu-

a ·' 'r''"-'-·'. ,_: . . '· .. - ,, . -. 
lring the particle "1") to P+ (related''to apparatus Band measu-::. 

.. ··,_:. .. ;·.r·:b ::, ;"•:• . ··. ,. ·:<:~· 

ring the particle "2"). The,reversaltransformation:can be'rea-
lized ~ith {R(cj>ab)}· 1 :·~~d;:. ~at~rally .. :. . . . ... 

R(~ab)•{R{cj>ab)}-l = 1. :: 
--· .. .r j. 

(14) ~·u .. 

- ,l.,' ' .. ,t • • ·.,'."'" ' '. ~._··~ ·'7\~4'" ·~~·· '_)( 

It is evident, however-,, that because of .the, symmetry, between.· 
'particle it 1" and "2i' 'the. 'trat1sformations, of' the same' ~eference 
fraine (s_a.yA) . :~, -,; ,.·; . . ,

1 
• ..,. 

7 



Table 2. Exilmples ~f the. tran~form'itions p~·o: ) =· R( <P )p~ ( >.. ) 
··~.·,., .. : ·:.· ,.· .. ~b a+. aba a 
'f01; some .value~ of <Pab" ~e. placement. of fl. and b ~d the relative 
frequencies' of boxes are defined" in accord 'with ( iz ). The 'positions 
of X b'in the traced' squares are determined un.:unbiguously · . ' 

'' . ! !. ..-~ ~' ~ ;,. '~ .•. ' • ~:; 

; ; .~ '::. 

0 "' , .. 
' ·r. . r ~ ·h! :~-. 

i ' "' { I' ·, .1 ~-- e,. • . ~ _"· • •• 

p . ;' c >.. > = ii c <t> • > ~ + C>.. > , . . . . . . . ' · .. ·. (15) 
. ·).i. a' . . .. aa' a } {' '·. ' . . . . :. ·. '/! '·~ 

·jl \-4 ~ 

l 

I 

~ 
:~ 

'will have. the same properties as the transformations defined · 
by (13). we· do not:·· especially d'iscus~' the transformations C 15) 
here, as a far as its physical'·me~min'g can be understood only. '· 
on the base of (13). ~ 

·From the group char~ct~ristics of R(<Pab) it follows· tha.t '' 
general expression P+(a, b) does not fulfile the conditions 
of rotational invari!lnce (10) 'and therefore it caimot be trea
ted as a· ~orrelation function~ :The reason for this behaviour · 
follows from the fact that the transformations of A(a,' >..)'and 

8 

B(b, >..)· form the rotational group, while the general .transfor-
mations of. P+ do not. have this property. ~·,; ... n ______ , ___ ··- ., , >~-. ~-

, Actually, ~sing (11) and :(12) 'on~ .. C<l:Il show that ,expression 
P ~(a~ b) depends in general on the :reiative 'order ~n·d orien-

n ·_ 1 ; • - •. • • • ~ - ·; • -·~ ~ • • -+ 

tations of all three vectors; e.g. 'for vectors n; 'a and b, 
--~ ,. ~ ~. 1T .~.,_:·· . ·--~-~ --~~-.. . -->'~:-.<..::.s,. ... 

:· <P nb < 4we. have 

P+(a, b)';;,: 1·- cos2<jl · +:·~os2<jl b. 
·· ·n' · · . na J n 

(16) 

In our model th,e ."true" corr'elations are only those, which 
we have used in the definition 

•• ::..> 
~ . ,. .... 

P ca,, b) = p':(1,. t) '= 'P~Ca~ b·)~·: 
true · .. : a · .: b • · · 

:.\ u; 

or as.i,t;: :can. be checked, those given by cyclic transformation 
-~-··· •'' ' ,, . ... . .,,_--: ' 

R( . 1T ·) ' ' f . 2:· 0 p<,:. 
. . n 

'-1.- ~ ... -, .. ~ i. 

' "·· 

p ca; ··b) = p)a:~t5;'· 
true ·.· n·; ,,. '• ,., ·' · 

•) 

·: '(17) 
;"'-

• . 1T • . 

where <Pan o~ <~>.~n a~e:equal.t~. ~.::z·~.n.~ 1,'~··:~)·,·.~ .... , .. "· 
After th1.s prel1.m1.nary ·comments :we are: ready;,to recons1.der 

the Feynmann proof. 
l 

~~' 

4. THE ANALYSIS OF THE FEYNMAN PROOF..:····· 
~ . ~ ' f·. . --· 1 :. J ' 

The model' presented in the ,pr'ecedihg section· is capable to 
restore the· qt{antum' mechanidl. 'correi~tions~ :andithe -·rules ( 11) 
make it possible. to assign the 'definit'e v'al\l'es of. the' projec
tions to each photon. How·: to .eva.lu-ate corre'ctiy the value. of 
W("" = 30° • A( a · >..) 1B(·b ·>..) '= +1)? : · ·· ·· · · 

't' ab ' · ' : · ' . · · · · · , 
' . ' ··. ·, \ 

Let us return.for a moment to Fig.2 and Table 1. Due to the 
logic of therel~tive probability measure·we.·cari:relate P+ on-
ly to one definfte· vector·; l~t it be; re-~g~ ,·;a~·. With·:~uchn a re"7 
lative measu~e'we can describe the possible projections onto 
all vectors b. • buf' as a'' consequence of tlie limitations' ( 11) 

,J. ~ ' ' . ; j .. • '+ 
we can~tre~t ,as a qu~ntum cor:r~lations .. P(30oJ;only.,.P(a1 , 'b 0 ) 

-and P(a 1 , b2). The analogical'situation arises when we choose 
another reference Jeetof ·.i i or b: ;·· . 1 

..... •. ''"' l. 

~-- L-- 1· ~ 
'' ...... _:·. .. '"'· __ l ; . ·''':, 
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''····-a:···· ,~1- ·: 

.. ;i 

'c~'" 

;A)' 

a.o. ~ •6 o·o· w ~tao· 

\ .;:;~ ') ;... ! 

l: 

'· a) ) ~ ... 

Fig.3. The example of projections ~f orie pai~~d ;hoton'o~to diffe
rent directions with the relative measure of.the probability; 
a) ll<jl = 30°, b) ll<jl = 45° . . i ~ · '' · • ; 

,! 

' ~ 

,, According· to (i7) we· dan·use the 'cyclic 'transformation: of,., 
P+• i.e., rotation'about n/2 and then we receive the situation 

w'hich is presented in Fig. 3a. · '' 
; , , ~ence, it is +evident~ that for the ev~l~a}~qg. 1 the •'l,alue of . 
W(<jlb = 30°; A(a, >..)·B(b,>.. ) = +1) we can use the same procedu-. a 

Table 3. The' possible sequences of A(~, ; A) :measured on: A, 
: corresponding to Fig.3a. Remairiing'possibilities (5 -· 8) give 

"·;,'the same values of·W for o' ·~· • '·" ' . '' ' .. " 

•i 

!J. 

·.; .... 

~- ~ 

..... 
·~· .. 

j 

'•(,_ 

Seq. 60° 
.W· 

... ";, ,. 
"' t,.,.. 

•'.! 

.. 1. 

-a .p 
~. .. ; ') ~ :;":I·:· ·; ·r ~ 

O .... , ... ,·o·.· .. > ~ .-' •• 

:·. \ ~ • ~ • > ' • 

-+ e 
.. 2 ,:1 ' ·.c• 

"·.· ' .• ,,. ,, . 'I• . ) ... ' ._.).. . ~ ·o·d .1;(. 
i : ..• ~. ' ' •• ·' . /i .; 

< ' 

.o.:.J'~·• 1
·.;·'2 '•1'0 
;. ; .. :. •. : -. '; ·. ~ 

'·1;2 
·,.>-:. i' 

t., 

•' 

-
,. 'i,~ 

-

Q ~.~ . o· 
.. ; I :Cii 

"'(f" "' .:· . 
--·\ 

---

~ ' • 1',-::-t'', 

4 - d ···a' ::1/2·; •, 

10. 

~ : 

!; 

'.;t;-

. '· 
,·, 

f-:. 

re as in Sec.2;• but equal o'r:different results received on: one 
apparatus may be sunuried orily on triads '(i.e:·, for three 'neigh..: 
·bouring vectors).· ·· ;d~ :>. · 

Thus. the properties i of· the·· relati v'e pi~babili ty measure •·pro
duce a disintegration of the. universal image represented by .. 
the absolute measur'e. 'in the s'ame. way' as in the case 'of. the 
Bell inequalities ( Cf. 1 2 I). 

The possible· results obtained on triads of vectors are ·pre-

sent:e.d An, Table 3. l: . •:;' ·"! 

The limitatiOf!"Whichwe get in this case· ... ~ r; {-.-~:· 

0 ~ W( . .i." := 30° · A( a·' >..) ~B(b >..) :=:::: :fl) ~ 1 
- · '~'.ab t • • • - ' 

(18) 

' 
is trivial.and does not contradict the quanturri mechanical va...:· 
lue:· "'; ::·:;:.. ··:· "' 

'As an•:example of 'the plausible explbi tat ion of· the cycl:ic 
tranmsformatiori the choice of value <I> 'ab = 45° can be presen~: 
ted. In this case it is possible to use the procedure indica
ted by Feynman without restriction (Cf. Fig.3b and Table 4). 

. Here we obtain for the value of W the unambiguous relati~n·· 
' + + 1 

W(<Pab = 45°; A( a, >..) ·B(b" >..~·:= +1) = :2, .• , ,,,(19) 
·> '} ~ 

which can be :compared with.,tlie quantum ,mechqnicaL.value 
cos 2 45~ = V2. · '·'' ~·. ·;, ·~ . . . ','[;. :.' .. 

Table 4. The possible seq~ences of A'{~, >..) for ll<jl' '= t 45° 

r 
o0 I 45° 90° I 135° 

., ~ ~ .-;· 

,180° 
,._ w· . ' - I. a; 8' a2 .4 . 

1- ,"~ 

Seq. 
·a+· 

0 -al 

I 

.1 0 0 e I··•· 0: 
"· 

2' 0 
\-

0 ··~1.:0 ·l/2 • 
\ -~'' • "•, ·.. .'· ;,. c .· ·"t I ''I "'~·,'I ,,l" .2. ..::.;Iii 

O ··O·· e I· '' ~.. ; ' .. - :? ; .- '"' ;: 'i > -'t >' :: ' :· ~ .~ • ' • . ~ ' . '. • .• f • .. I; ' 

~-:4 I • ·• ., I ·;·~• ·: .. ·,. }/2 
·t .··-~-" ~ '. ;' ,:_ ... :., -·.· : ~~::'J 

-., ..... ,. 
"' )J ·-< ~ "'}< 

··o·.,,· .. "o 
~. ~- ~;: ;. <· ;': } .. 
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. ·-In .. conclusion of,_the se.c_tion we ~want. to • J?rese~t- ~ theorem . 
ab~ut the maximum of .the., function W(<jl ab; A(a, A.)•B(b,A.) = +1) 
for which we shall use the shortened notation W( <P ab; A~ B.= +1). 
.Thistheorem.is;analogical,torthat.which,we_have presented in 
the preceding .paper 12J. It. is _possible in~ this way to demon-:;£ 
strate the inner consistency,of our approach. 

,,,, 

Theorem . f. 

The functions P(<P~b) and .W<<Pab; A·B = +1) ~each the~r'iffiaxi:.. 
rna for arbitrary p(A.J > O·and'<P·ab in the 'interval 0;::; <PabL::; ~ 

only iLfor each A. the ·sequence A(i 0 .,A.), A(i 1 ,A.)·, .••. A(a ,A.), • . ..... n 

q, aaan ;::; I changes i~s ,sign no more th,~~ once. \: r , 
If the functions p(A.), A(i, A.) and B(b, A.) guarantee the ro

tational invariance of P(i, b) •for any vectors ;,,and.b, ,then ·· 
th~ pr~ce1in~ condition is also sufficient and t6e~maximal va-

. lue .. of P(a, b) is equal to 

+ · + . 4<Pab 
P(a; b) = 1 - --

1T 

· .. "] 
{~. 

" n r -~ ~ . , 1T , 
for <Pab in the intervaL Qr::; <Pab ;::; 2· •!• 

We fir~tly;indictite: that' the-relation between'P(;, b) and! 
W(<Pab; A·B = +1) can be obtained from the evident equations 

W(• • A•B = +1). + W(• ~. A•B = "'ab' . ·· · . . "'ab' -1) = 1, 
:;,'.::: 

(20a) 

and ······ 

• \ . ' : i ••• ·~ ~ 

W ( <P ab ; · A • B .= - 1 ) . = P (a ; . b) •. W(• 1 • A•B = +1) '~'ab' · ·(20b) 

Fro~(20) we:have 

W(<Pa~; A·B·· = +1) = ~{1 + P(~ab )} (21) 

F~om (21)•it follows th~t maximal values of P(<Pa~) and 
W( <P ab; A • B =; +1) will c<;>incide · for each <P ab • 

T~e meaning of. ·the presented theorem and. its motivation can 
be understood bythe exploring Tables 1,3 and 4.We restrict 
oU:rselvesonly.to a~short commentary. · 
Table_l..Here.the presented th~qrem can J:>e applied in_1:he full 
extent. The conditions of maximum are satisfied on the rows 1, 
2 and 4. In the general.cas'e, :when'the interval oo - 180° is 
divided onto n:subiritervals (~ even), we receive for W fol-

12 

. n-2 n-:-6 2 ·' n-2 
lowing values:---,---, ... - (or 0). The value--- is maxi-

n n. n. n 
mal in accord with our theorem. 
Table 3.Here only the first part .. of the theorem can be applied • 
Due to the prescriptions (1l) and (12), the model used fulfils 
the conditions for the maxima of P(<PaQ) an~ W and, therefore, 
the evaluation of W can be precisied tthe 3rd row with W = 0 
does not·satisfy (11) and (12)) 
1 . . . ~ + 

2 ~ ~(<P ab = 30°; A~ a, A.) •B(b, A.) = +1) ~ 1. .· .. (22) 

In· our model .of the relative measure both the variants W = 1 
and w = 1'/2 have eq~al weightsand 'the correct quantum mecha-
nical value of W is obtained. . · ' . · 
Table 4. Here we met the analogic situation as· in th~ case of 
Table 1. As far as.the number of treated vectors is small, 
each sequence of A(a,A.)' satisfies the-conditions of maximum. 
Moreover, the correct values·of P(i~ b) and W follow directly 
from the conditions of symmetry (3) - (6) 

P(<P·~~ = 4S~) ~ ·8. ' '· -~ }:.{ 

11 ~' i ; 

-; '· Jl·r ; ~ ~ 

and 

r. ;;·~·: . '• • +· . ··'":.,.>, '; ',"i ' .,,,, 1 
W(~ab =.4~o; M~· A.)~B(b, .A.) =;=.:+-,q;~-·2~ 

.::;.,· .. 
h'")\f '~ i ".• f'f '·. j f! 

,;t r l f·~, \/ · , "· .· r _ _.. • ·· ~ :.· t_. , • : -. J 

5. :. DISCUSSION '• ; :'1 

' --~ ;t • '. ' • ' • ; { .. l. :. ; 

.··We: incline; to the opinion th'ilt the _modelling ~fth~,quap.ti.nn 
correlations with, computers· is. possible· •. ,The price which, we, 
must: pay· for: .it·;-. it. is, .the necessityj_to abandon' the, conce;pt'" 
of the absolute,. independ~nt probab.ility measure:. ·. . 

• In suchJ:a. case the function. of;, PC can: be represented. a~. it~ 
is·done•.inLFig.'4. · ... :,~: '' '··. ,., .. · i ... r· •. , ·•·• 

We suppose that ea'ch pair of correlated photons .. is· .descri:
bed~ in the: definite reference frame,;(A; or. B) •.• Both fr'alnes,are 
equivalent and their re'lation is defined ·thr~ugh the. trans-for
mation (13). 

In•the conclusion we consider.a.situation, when.one or~both 
- appar~tuses :.shapge. their. or~er.tta.tiijns~ duri~g ,th~· experill!~~t' ~ 1 • 

. Let:.US ~t_udy firstly the, case when A, is in"thi:t r~~t and B' 
changes its orientation.·. Here it is natural to. descdbe the' 
singlet system with P~· We cari use die 'preceding :tule~' (ii) 

a 

13 



~: 

--- Bth;,f.a) 

'" ------ ··-------- ~- ·~-::::_,_ -- Bib,f.'aL Ara,l.a) -:.__-.:.. ___ _ 
i,t --.... ........ . 

Aca.,t..b) -
·;'.;-- \b("l' 

'""" 
Bib,t.bi " ~ ' ~.---- -~~·--:- »:::::::.= 

· Ara·t..b) · '" ':.--, -----
'· : ; ~ ... --- ---; ·A_b 

• ~ :! 

Fig.4: The modelling .of•the.qi.tantum'correlations with a computer .in . 
the scheme of the relative pro\)ability m~a~ure .~. · · •· 

f! 

,. ( 

; I 

for evaluating A(a, A) and B(b, A), but now b depends on the 
time b = b(t) and we must determine the value·ofB(b(t),A) at 
the moment,"'wheri theparticle "2" is interacting with the cor-

responding analyser. 
Nevertheless, we shall obtain the same results, when we .. 

shaH treat as a "rest references frame"'- B with its p~.In 
this case a = a(t) (the orientation of a is defined relcPtive· 
to the "rest" vector b) and we must evaluate a value of 
A( a( t), A) in such a moment when the particle "1".dnteracted 
with the corresponding analyser. 
· ' . In~'gen~ral, when' b'oth. the apparatuses change their. orienta
tions;. we can also 'choice·: the'' ''rest" reference' frame as' desi.-:-, 
red. :The evaluation; of A(i;~;>.:) and ·B(b, A) according' to the 
rules ( 11) must be done in> such: ·a way •:that ·the mutual orienta
tion; of i arid b wiH; be· equalL.to .that: which has•. taken· both ?P
paratuses when particles "1" and "2" interacted.,~ith: correspon-
ding 'i-.malysers · • ' · ·· : • ,.,,.,.; 

. This ·permit~' one' to understand· received e~~~rl~~ktal .results. 
'' iJ ,;_ ,', ' '"-;. . -; I '/3'',' !·,~- ;· . ; - f.: '; ;: ~. 
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