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Proposed Explanation of the Phi Phenomenon from 
a Basic Neural Viewpoint  
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A first principle representation of integrated quantum thermal correlations of autaptic neurons 
associated with conscious brain mechanisms is proposed – the former termed the retinoid 
system by Trehub. Within this formulation, one descends on a set of unitary transformations 
yielding generic symmetries of the reduced neuronal dynamics illustrating the projection of the 
abstract degrees of freedom onto 3D space. The actual spatio-temporal symmetry suggests a 
general mirroring interpretation of the autapse as given by the structure of the neuronal 
network. The theory prompts a motif for the abundance of chemical synapses from a neuron 
onto itself and provides a simple explanation of the phi phenomenon and the Necker cube 
optical illusion.   
 
234! 56#+-7!quantum mechanics,! density matrix, thermalization, heuristic self-locus, Poisson 
statistics, phi phenomenon, Necker’s cube. 
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C<*(%*(@% <28'6'1@%-2+% ,% 6*'8%+<,+%8*77%
0'% '-521(' 5%,-5% *-% +<*(% 92-+1*0.+*2-%
,++'-+*2-%8*77% 0'% 51,8-%+2%(2/'% 1'9'-+%
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321% ,-% ,77>'/01,9*-4% )*9+.1'% 23% +<'% *-+'1>
,9+*2-(% 0'+8''-% 0*2724*9,7% .-*+(% 23% (2>
called “complex enough” systems, 
*-6276*-4% (+1,-5(% 23% &HM@% +<'% 4'-'(% ,-5%
+<'% <*'1,19<*'(% 23% 9'77.7,1% ,441'4,+'(% '+9$%
+2% ,992.-+% 321% ,%)1'9*(' %1',7*=,+*2-% 23% +<'%
)<;(*9,7% 92-9')+*2- %23%92//.-*9,+*2- F$%%
K-% +<'( ' %*-6'(+*4,+*2- (@%'/)72;*-4% 2)'-%
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)2((*07;%0'%23%3.-5,/'-+,7%*/)21+,-9'% 321%
+<'%'627.+*2-%23%<./,-%92-(9*2.(-'(($ %%
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work. The word “quantum” has here a 
/21'% 4'-'1,7% /',-*-4% +<,-% .(.,7@%,(%2-' %
/.(+% 42% 0';2-5% +<'% 21*4*-,7% B9<1U5*-4'1%
                                                 
2 The ”hard problem of consciousness” was coined 
A.*+'%1'9'-+7;%DO<,7/'1( @%FPPX#%,-5%92-9'1-(%+<'%
*11'5.9*0*7*+;%23%+<'%/*-5>025;%)1207'/@%*$'$%+<'%
(.0T'9+>20T'9+%5*7'//,$% 
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Q$0&-%'(&$()# E) &(9'-9&(<) '(-/) .%$(,$+,)
%3':4$+%&2-!)0'-!2#-$+) &(%!+$2%&'(.) '*)
2'(9!(%&'($-)X'#-'05) 21$+$2%!+8)&6!6))
)
���������������������������������������������' 
L ���”
[�*�6�� �:�6�;
_���������������������������������������������������������:�t�;)
)

O-%1'#<1) %1!) ./.%!0) '4!+$%'+).1'#-,)
2'(%$&() $--) %1!) +!-!9$(%) !-!2%+'(.) $(,)
(#2-!&) '*) %1!) "#$(%#0)0!21$(&2$-) ./.%!0)
&%) &.) &() 4+&(2&4-!) 4'..&5-!) %') +!,#2!) %1!)
0'-!2#-$+ ) ,!<+!!.) '*) *+! !,'0) %') %1!)
+!-!9$(%) '(!.)%1$%)2'(2!+(.)%1!)4$+%&2#-$+)
41/.&2$-) .&%#$%&'() #(,!+) !>$0&($%&'(6)
Y(,!+) 2!+%$&() 2&+2#0.%$(2!.)�� �:�6�;),&.4-$/. )
$) -$+<!) !&<!(9$-#!) %1$%)4'+%+$/.) %1!)
!0!+<!(2!) '*) .#4!+2'(,#2%&9&%/) '+)
.#4!+*-#&,&%/8)A7$(< 8) CDVEW) Z$.$@&8) CDVNW)
X'-!0 $( 8)CDVMH6)
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!"#$% &'()*+,-#'.% /'.$#01($% 2*,.-*)%
$-,-1$% $*&&#/#1.-+3% #$'+,-10% &(')% -"1%
1.4#('.)1.-%$'%,$%.'-%01$-('3#.5%-"1%+'.56
(,.51%/'((1+,-#'.%'(01(7%%

8$% 9#++%:1%':4#'*$% :1+'9% ,% .1/1$$,(3%
&1,-*(1%9#++% :1% -'% #./'(;'(,-1<%&(')% &#($-%
;(#./#;+1$%,.0% 9#-"#.%-"1% ,/-*,+%1=#$-#.5%
&(,)19'(> <% -"1% ;(1$1./1 % ,.0 %
/'.$12*1./1 $%'&%-"1%#.&+*1./1%'&%-"1(),+ +3%
#.0*/10 %#.-1(,/-#'.$ 7%?'(% #.$-,./1% 91++6
>.'9.% �W�K�H�R�U�L�H�V�� �R�I�� �³�P�D�F�U�R�V�F�R�S�L�F�� �T�X�D�Q�W�X�P��
�W�K�H�R�U�\�´�� �H�P�D�Q�D�W�H�V�� �I�U�R�P�� �W�K�H�� �T�X�D�Q�W�X�P��
/'((1+,-#'.$% '&% 1+1/-('.% ;,#($% #.%
$*;1(/'.0*/-#4#-3% @A*..1<%BCCDE%F(G.0,$ <%
HDBIJ<%$;#.% 03.,)#/$% #.% /'.01.$10%
0#$'(01(10% ),--1(% @K",-L#0#)#-(#'*6
A(1#$),.. <%BCCDJ<%/'"1(1.- 60#$$#;,-#41%
$-(*/-*(1$% #.% ,2* 1'*$% $'+*-#'.$%
@K",-L#0#)#-(#'* 6A(1#$),.. <%BCCBJ%,.0%
#.$#01%/');+1=%1.'*5"%$3$-1)$%#.%:#'+'53%
@F(G.0,$<%HDBBJ7%%

! "1%,:$-(,/-% M#+:1(-% N;,/1%9#++% :1%
01&#.10%,$% ,%$1-% '&% :,$#$% 41/-'($%�±%-"13%
/'*+0%:1%-"1%&1()#'.#/%015(11$%'&%&(110')%
#.%/1++$<%+#>1%.1*('.$ %:1#.5%1=/#-10%0*(#.5%
;1(/1;-#'. <%,.0 %#.%;,(-#/*+,(%-"1%/"1)#/,+%
$3.,;$1 %>.'9.%,$%,.%,*-,;$1%�±%-"1%$;1/#&#/%
(1,$'.% :1#.5% 1=;+,#.10% #.%)'(1% 01-,#+% #.%
,.% *; /')#.5% $1/-#'.7 % !"1% ;1(-#.1.-%
015(11$% /'*+0% :1%+#5"-% /,((#1($% +#>1%
1+1/-('.$% '(% 1+1/-('.% "'+1$<% .*/+1,(%
)'41)1.-$% +#>1% -"1% 0'*:+1% ;('-'.%
-* ..1++#.5% )'-#'.% #.% AO8%'(% .1*('%
-(,.$)#--1($% ,((,.5#.5 %&'(%-"1% /"1)#/,+%
$#5.,+$% #.% -"1% $3.,;-#/% /+1&-7% P.% -"#$%
)'01++#.5% '.1% $"'*+0% .'-1% -"1% )#(('(#.5%
(1+,-#'.% :1-911.% -"1% /'((1+,-#'.$% '&% -"1%
+#5"-% /,((#1($% +#>1% 1+1/-('.$% ,.0% -"1%
)'41)1.-$% #.% -"1% .*/+1,(% $>1+1-'.%
;('4#010% :3% -"1% ;(';1(% 2*,.-*)% -"1(),+%
/'((1+,-#'.$% -",-% $*(4#41$% #.% -"1% /",'-#/%
"'-%,.0%91-%1.4#('.)1.-%#.%1757%-"1%:(,#. %
@F(G.0,$<%BCCQJ7%

! "1$1% 2*,$#6:'$'.#/% 015(11$ % '&%
&(110')% @2*,$#% :1/,*$1% -"13% ,(1% ;,#(10%
&1()#'.$% &(')% ,% 2*,.-*)% $- ,-#$-#/,+% ;1(6
$;1/-#41J%&'()%,%:,$1%$1-%Rℎ𝑖⟩<%!%� �����������«" <%
9"1(1%" %#$%-"1%$;,/1%0#)1.$#'.7%!"1%:,$1%
$1-% #$% &'(),++3% 9(#--1.% ,$% ,% :'+0% &,/1% ('9%
41/-'(% |𝒉⟩%9#-"% /');'.1.-$% R ℎ𝑖⟩<%&'(%
.'-,-#'.% $11%&''-.'-1%:1+'9 S7%N#./1%'.1%#$%

                                                 
3 !"1%$3):'+%| ⟩0'1$%.'-%)1,.%,.3-"#.5%;,(-#/*+,(%
"1(1<%'.+3%9"1.%'.1 %-,>1$%-"1%$/,+,(%;('0*/-%⟨ | ⟩7%
%

01,+#.5% 9#-"% ,.% ';1.% $3$-1)% -"1%
0#)1.$#'. %" %9#++% /",.51%,.0% &+*/-*,-1%
&(')% /,$1% -'% /,$17%?'(% ,% $;1/#&#10%
M,)#+-'.#,.% -"1% $3$-1)% ';1(,-'(% ,.0% #-$%
(10*/10%;,(-.1($%/,.%:1%':-,#.10%&(')%-"1%
T#'*4#++1% U2*,-#'.<%9"#/"% #.% 1&&1/-%#$%
;'(-(,310% , $% ,% /'))*-,-'(% (1+,-#'.%
:1-911.% -"1% M,)#+-'.#,.% @-"1% &*++%
M,)#+-'.#,.% # %'(% -"1% (10*/10% '.1<%𝐻𝑞%
01;1.0#.5% '.%$J%,.0% -"1% 01.$#-3% ),-(#=<%
#717%%

𝑖ℏ
   𝜕Γ(𝑞)

𝜕𝑡 = ℒΓ(𝑞)%

(3)%
= [𝐻Γ(𝑞) − Γ(𝑞)𝐻] %

%
%

!'%$1-%*;%,%(1+14,.-%(1;(1$1.-,-#'.% &'(%
)'01++#.5%'*(% ';1.%$3$-1)%#.%,%�³�F�R�P�S�O�H�[��
�H�Q�R�X�J�K�´�� �H�Q�Y�L�U�R�Q�P�H�Q�W�� �D�W��,% "*),.% :'03%
-1);1(,-*(1<% '.1 %)*$ -% *$1% -"1% F+'/"%
12*,-#'.%&'(%-"1%;(';1(%-"1(),+#L,-#'.<%#717%
&'(%Γ(2) = 𝜚%:1+'97% P./'(;'(,-#.5% ;(';1( %
,.,+3-#/% 1=-1.$#'.$% '.1% 9(#-1$% @-"1% $,)1%
$3):'+ %#$%>1;-%&'(%-"1 %-"1(),+#L10%𝜚%(,-"1(%
-",.%#.$1(-#.5%,%.19%.'-,-#'.J%
%

−
𝜕𝜚
𝜕𝛽 = ℒB𝜚  %

(4)%

=
1
2

(𝐻𝜚 + 𝜚𝐻)%

%
9#-"% %𝛽 = 1

𝑘𝐵𝑇<% 9"1(1%𝑘𝐵%�L�V�� �%�R�O�W�]�P�D�Q�Q�¶�V��

/'.$-,.-% ,.0% %%-"1% ,:$'+*-1% -1);1(,-*(1%
,.0% ℒB%#$% -"1% V(#5'5#.1% 1.1(53% $*;1(%
';1(,-'( %@V(#5'5#.1<% BCQDJ7! ?'(-*.,-1+3%
U2$7%@S<IJ%",41 %,% $#);+1%51.1(,+%$'+*-#'.%
*.01(% -"1%(1+14,.-%:'*.0,(3% /'.0#-#'.$%
&'(% -"1% .'.6M1()#-#,.% 1=-1.$#'.% '&% -"1%
';1.% 0#$$#;,-#41% 03.,)#/$% #.% ,% &,(% &(')%
12*#+#:(#*)% $#-*,-#'.7% !"1% /(*/#,+% /'.6
$-(,#.-%#$%-"1%/'.0#-#'.%&'(%-"1%14'+*-#'. %'&%
:,$#/ %2*,.-*) 6-"1(),+% /'((1+,-#'.$ %&(')%
&#($-%;(#./#;+1$7%

T1,4#.5% '*-%-"1%01-,#+$<%$*/"% ,$%-"1%
1)1(51./1% '&%';1.%$3$-1)%03.,)#/$<% .'.%
"1()#-#,.% 2*,.-*)% )1/",.#/$ <%
,//');,.3#.5 %$;,-#' 6-1);'(,+% :'*.0,(3%
/'.0#-#'.$<% #./+*0#.5% -1);1(,-*(1%
(1+,-#'.$<%&#.#-1%+#&1-#)1$<%V'#$$'.%$-,-#$-#/$%
1-/7<% 9"#/"% ,++% /,.% :1% 01&#.10% ;(';1(+3%
@F(G.0,$<% HDBSJ<! ' .1% &#.0$% -",-% -"1%
$'+*-#'.% 𝜚%",$% ,% 41(3%$#);+1% &'()<% 31-%
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!"#$%$&#!"'()$*+,!-.% /(0-#$(#*+#(𝜆𝐿, 𝜆𝑆(+%$(
$!'$",+1.$&( -2( Γ(2)( )$2-%$(#*$%3+1!4+#!-"(
"-#( #-( )$( 5-"2.&$6( 7!#*( #*$( -"$&( -2( #*$(
#%+"&!#!-"(3+#%!8(𝜚(!"( 9:/ ;<=()$1-7>((
((
𝜚 = 𝜆𝐿|𝑓1⟩⟨𝑓𝑛| + 𝜆𝑆{|𝑓1⟩⟨𝑓2| + |𝑓2⟩⟨𝑓3| + ⋯

+ |𝑓𝑛−1⟩⟨𝑓𝑛|} = 𝜚𝐿 + 𝜚𝑆     (5)(
(
7!#*(#*$(6$'$"$%+#$($"$%'?(1$,$1(5*-&$"(#-(
)$ @(𝐸 = 0@((+&(6$2!"$6( )?(9:/( ;A=@( +"6( #*$(
&!3!1+%!#?( #%+"&2-%3+#!-"( ?!$16!"'( #*$(
&-1.#!-" (|𝒇⟩@(!/$(
(
                              |𝒇⟩𝑩 = |𝒉⟩                             (6)(
((((((((((((((((((((((((((((((((((((((((((((
(
+&('!,$"()?(#*$(."!#+%?(3+#%!8(𝑩!;3$+"!"'(
#*+#( !#&( !",$%&$( )$!"'( #*$( 5-3B1$8(
5-"C.'+#$( -2( !#&( #%+"&B-&$( '!,$&( #*$(
$8B+"&!-"( 5-$22!5!$"#&( !"( #*$( ! D)+&!&=!
6$2!"$6()?(
(

𝑩 = 1
√𝑛

!

(7)(
(

(

 
 
1      𝜔
   1

  
 ∙
∙
1

   𝜔3
∙
∙

𝜔2𝑛−1

𝜔2          ∙   𝜔𝑛−1
  𝜔6           ∙ 𝜔3(𝑛−1)
∙
∙

          𝜔2(2𝑛−1)

∙
∙
∙

∙
∙

𝜔(𝑛−1)(2𝑛−1))

 
 

!

(
(
7!#*( 𝜔 = 𝑒𝑖𝜋/𝑛/( E%+6!#!-"+11?(𝜆𝐿, 𝜆𝑆(
5-%%$&B-"6&(#-(#*$(1+%'$@(&3+11($!'$",+1.$ &(
-2( Γ(2)/( E*$?( 6$B$"6( -"( #*$( +5#.+1(
"-%3+1!4+#!-"( -2( #*$( %$6.5$6( 6$"&!#?(
3+#%!8( ;F+"' @( GHIA@( J+&+K!@( GHI<@(
L-1$3+" @( GHIM=@( ).#( #*$!%( %$1+#!,$(
3+'"!#.6$( !&( # *$( &+3$/( N-%( !"&#+"5$(
$&#!3+#!"' ( #*$( B%-)+)!1!#?( ! ( 2-%(#*$(
+,$%+'$(#!3$@(𝜏 = 𝜏corr(-.#(-2(#*$(#-#+1(#!3$(
𝜏rel@(&$$()$1-7@(#*+#($+5*(+"6($,$%?("$.%-"(
!&( !"( 5-"#+5#( 7!#*($,$%?)-6?( $1&$( !"( #*$(
"$#7-%K( -2( " ( "$.%-"&@( -"$ ( -)#+!"&(
𝜆𝐿 ≈ 𝑛(𝑝 − 𝑝2); 𝜆𝑆 ≈ 𝑝2@( 2-%(1+%'$( " (
;O%P"6+&@(AQGG=/(((
(

                                                 
4 R"&$%#!"'(𝜚( !"#-( #*$( S-.!,!11$( $:.+#!-"( %$:.!%$&(
Tr{ 𝜚†𝜚} = 1( +&(#*$( "-%3+1!4+#!-"( 5-"6!#!-"@( "-#(
!"6!5+#$6(+)-,$/ (

N-%( 6$%!,+#!-"&( -2( 9:/; <=@( &$$(
;O%P"6+&@( AQGA@(AQGM=@( +"6( 2-%( #*$(
#%+"&2-%3+#!-"(9:/ (;T=@(;U$!6(+"6(O%P"6+&@(
GHVH=/( E*$( ".3)$%( " @( #*$( %$1$,+"#(
3-1$5.1+%( 6$'%$$&( -2( 2%$$6-3@( #*$(
5-%%$1+#!-"D(+"6( %$1+8+#!-"( #!3$&(+"6( #*$(
#$3B$%+#.%$( +%$( %$1+#$6( )?( #*$( 2-11-7!"'(
)-."6+%?(5-"6!#!-" (
(

𝑛 ∝
𝜏rel
𝜏corr

                            (8)(

(
7*$%$(#*$(#*$%3+1(5-%%$1+#!-"(#!3$(!&('!,$"(
)?( (𝜏corr = ℏ/𝑘𝐵𝑇(+"6( 𝜏rel(!&(#*$(%$1+8+#!-"(
#!3$<(-%(1!2$(#!3$(-2(+(B+%#!5.1+%()!-1-'!5+1(
B%-5$&&( 1!K$( +( ,!&.+1( $85!#+#!-"( 5-%%$D
&B-"6!"'(#-( +(B$%5$B#!-"(-2($/'/(AQDAQQ(3&((
-%(#*$(6.%+#!-"(-2(+(&+55+6$/(W#(#*$(MGQX@(
#*$(*.3+"()-6?( #$3B$%+#.%$@(𝜏corr ≈ 0,3 ×
10−13&/( E*!&( !3B+%#&( #*+#( 6.%!"'( +"( $?$(
3-,$3$"#( -2( AQ3&( " ($:.+1&(#*$(-%6$%( -2(
1011@(7*!1$(2-%(+(21+'$11+%(7*!B(-2(#?B!5+11?(
M@<3&@(" ()$5-3$&(-2(#*$( -%6$%(-2(3 × 109/(
E*$&$(1!2$(#!3$&(6-(3+#5*(#*$("$. %+1(2!%!"'(
#!3$&()$!"'(-2(#*$(-%6$%(-2(GD<Q3&/#

O$2-%$(1--K!"'( +#( #*$( +3+4!"'(
B%-B$%#!$&( -2(" @(-%( %+#*$%(𝑩−1"(-"$ ("- #$&(
#*+#(#*$( 1+##$%( ?!$16&@( +&( &+!6( +)-,$@( +(
."!:.$(1!"$+%(5-3)!"+#!-"(-2(#*$ ($%�¶�V����E*.&(
#*$(."!#+%?(#%+"&2-%3+#!-"(-2(𝜚(!"(#$%3&(-2(
#*$( 51+&&!5+1( 5+"-"!5+1( 2-%3( -2( #*$(
"!1B-#$"#(-%(&*!2#(-B$%+#-%I (𝒩(!"(#*$()+&!&(
#@(&$$(9:/;<=@(?!$16&(#

(
(
𝜚𝑆 = |𝒇⟩⟨𝒇|𝒩|𝒇⟩⟨𝒇| =|𝒉⟩⟨𝒉|𝒩|𝒉⟩⟨𝒉|   (9)(

(
7!#* (#*$( -B$%+#-%(𝒩(!"( '!,$"( !"( 5-3B1$8(
&?33$#%!5( 2-%3( !"( #*$( )+&!&(! ( 7!#*( +"(
+"+1-'-.&(2-%3(2-%(𝜚𝐿/$(
(

         𝑩⟨𝒉|𝒩|𝒉⟩𝑩−1 = ⟨𝒇|𝒩|𝒇⟩          (10)(
(

E*!&( 1!##1$( $8$%5!&$( 6$3-"&#%+#$&( #*$(
+"#!5!B+#!-"(#*+#(𝑩−1 = 𝑩†@(+&(3$"#!-"$6@(
?!$16&( #*$( %$1$,+"#($8B+"&!-"( 5-$22!5!$"#&(
2-%(+(B$%5$B#!-"@($85!#!"'(" ("$.%-"&@(7*!1$(
" (%$1+#$&(#-(&#-%+'$(+"6(3$3-%?/(
                                                 
<( E*$( 6!3$"&!-"( " ( 3+?( )$( !"#$%B%$#$6( +&( #*$(
".3)$%(-2( 3-1$5.1+%(6$'%$$&(-2(2%$$6-3(!",-1,$6(!"(
#*$(B%-5$&&(5*+%+5#$%!4$6( )?(𝜏rel(+&(B%-B-%#!-"+1(#-(
#*$( :.-#!$"#( !"( 9:/;V=/( E*$( %$1+#!-"( 5+"( )$( '!,$"( +(
3-%$(%!'-%-.&(6$%!,+#!-"(7!#*!"(#*$(3!%%-%(#*$-%$3/(
I (𝒩!&(3+#*$3+#!5+11?(6$2!"$6(+&(𝒩𝑝(Y(𝛰(!2(!#�•��"#+"6(
𝒩𝑛−1 ≠ 𝛰@(7*$%$(𝛰(!&(#*$(4$%-(-B$%+#-%/  
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! "#$ %&'()&('#$ *+$ &"#$ ,'#%#-&$
+*'.(/0&1*- $21//$ 3#$ 4#-*&#4$0$ 5*''#/0&#4$
61%%1,0&17#$8-%#.3/#9$568:$;&$+*//*2%$&"0&$
568$#7*/7#%$0))*'41-<$&*$0$4#/0=#4$4#)0=$
'(/#9!"#$#9$*+$&"#$>*1%%*-10-$&=,#9$$


l
�P
�ì

p

�á �s
�J�è

�A�?�ç����$ $

2 "1)"$ 30%1)0//=$,'*/*-<%$ &"#$ /1+#&1.#9$
,'*&#)&1-<$1-$ *,,*%1&1*-$ &*$4#)*"#'#-)#9$
(-)*7#' 1-<$)*..(-1)0&1*-$ )"0--#/%$ +*'$
<#-#'0/$)#//(/0'$#7*/(&1*-$1-$/171-<$%=%&#.%$
?@'A-40%9$BCDE9$BCDFG:$

!"#$H#=$&*$&"#$2"*/#$&"1-<$21//$3#$&"#$
,'*,#'&1#%$*+$�ñ9$ 2"1)"$ 4#%)'13#$%$,*1-&%$
%1&(0&#4$*-$ &"#$ (-1&$ )1')/#$1-$ &"#$ )*.,/#I$
,/0-# :$J#-)#$&"#$7#)&*'%$1-$8K:?LG$#I"131&$0$
%1.,/#$)=)/1)$%&'()&('#9$2"1)"$ 4#,#-4%$*-$
&"#$41%&'13(&#4$ 70/(#%$*+$&"#$�ñM#I,*-#-&% $
*+$ &"#$ 7#)&*'%$1-$8K:?LG:$ N"#-$ #I)##41-<$
B%$&"#$ %#&$ *+$ ,*1-&%$ *-$ &"#$ (-1&$ )1')/#$
'#,#0&$0))*'41-<$ &*$&"#$20=$%$+0)&*'1O#%:$

P%$ 0-$ #I0.,/#$&"#$ '#%(/&$ +*'$%! &$DB$
21//$3#$<17#-$3#/*29$ '#.*71-<$&"#$*-#%$*+$
&"#$+1'%&$)*/(.-$*+$?LG$+*'$%1.,/1)1&=$
$
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�x

�v
���v��
�v

�u
�u
�u
�u

���s�t��

�t
�t
�t
�t
�t
�t

���s�t��

�u
�u
�u
�u

�v
���v��
�v

�x
�x
���s�t�����������������������:�s�s�;$

$
Q*$ 3=$ 1-%,#)&1*-$*-# $+1-4%$&"#$ +1'%&$

7#)&*'$1-$?LG$?0+&#'$&"#$*-#%G9$21//$R(%&$'(-$
&"'*(<"$ &"#$DB$,*1-&%$*+$&"#$(-1&$)1')/#:$

!"#$-#I&$7#)&*'$21//$0)&(0//=$*-/=$&0H#$
every other point and thus will “go 
around” the unit circle twice. The vectors 
1-$ ?LG$ 21//$ 3#$ +0)&*'1O#4$1-&*$ %(3M3/*)H%$
'#+/#)&1-<$0//$&"#$,*%%13/#$20=%$&"#$-(.3#'$
%$)0-$3#$+0)&*'1O#4:$!"#$%&'()&('#$?DDG$0/%*$
41%,/0=%$0$)('1*(% $.1''*'$ %=..#&'= L:$

!"#'#$0'#$%#7#'0/$1-&#'#%&1-<$,*1-&%$&*$
)*-%14#'$"#'# $1-)/(41-<$1.,/1)0&1*-%$+'*.$
Gödel’s theorem(s) and associated Gödel 
-(.3#'1-<$ 0-4$ &"#$ ,*%%131/1&=$ +*'$
#-)*41-<$ .#%%0<#%$3#&2##-$ .1)'*%)*,1)$
#-&1&1#%$*-$ 0$+(-40 .#-&0/$ /#7#/$?@'A-40%9$
BCCS9$BCDD9$BCDB9$BCDE9$BCDFG9$+*'$1-%&0-)#$

                                                 
7 The symmetry concerns the columns on each side 
of the middle (the column of 2:s for n even) �± not 
be confused with the mirror theorem referred to 
earlier. In the following it will be shown the 
importance and consequences of this symmetry. 

)*41-<$ +*'$ .*&1+%$ *+$ -#('*&'0-%.1&&#'%$ 1-$
,0'&1)(/0'$0-4$,#,&14#%$1-$<#-#'0/$?!*.,0 9$$
BCDTG:$;-$,0%%1-<$1&$%"*(/4$3#$#.,"0%1O#4$
&"0&$ %&'()&('#%9$ /1H#$ 8K:?DDG$ 03*7#9$
%(,,*'&%$ &#/#*-*.1)$ &'01&%$ *+$ &"#$
)*-)#,&(0/$ .*4#%$*+$31*/*<=9$1:#:$1-$&#'.%$
*+$ ,'*)#%%#%$ <*7#'-#4$ 3=$ 0-$ #7*/7#4$
,'*<'0.$ ?U0='9$BCCTG:$J*2 #7#'9$0%$-*&#4$
1-$&"#$1-&'*4()&1*-$&"#$-#I&$%#)&1*-$21//$3#$
+*)(%#4$*-$ &"#$-#('0/$ 0)&171&1#%$ 0%$ &"#$
71%(0/$ %&1.(/1$ 0'#$%(,#'1.,*%#4$ *-$ &"#$
+*7#0:$
$
!" #"$%&"'&()*+",-)-+. "'&/0*)1 ""

P%$ 0/'#04=$ %&'#%%#4$ &"#$ +*'.(/0&1*-$
03*7#$ *'1<1-0&#%$ 0&$ 0$ +(-40.#-&0/$
.1)'*%)*,1)$ /#7#/:$ P- $ 1-1&10/$ %)#-0'1*$
2*(/4$ &"#-$3#$ &*$ '#,'#%#-&$ &"#$ .*/#)(/0'$
4#<'##%$*+$ +'##4*.$ '#/0&#4$ &*$ &"#$%&#04=$
%&0&#$ *+$.*/#)(/0'$ &'0-%1&1*-%$ 1-$0$ 30%1)$
%=-0,%#:$!"#$ 4#'170&1*-$ *+$ 8K:?VG$ 03*7#$
)0-$&"#-$3#$71#2#4$0%$0$&"#'.0//=$1-4()#4$
K(0-&(.$%)0&&#'1-<$,'*)#%%:$!"#$1-)*.1-<$
“beam” or action potential pulses from$&"#$
)/(%&#'$ *+$&"#$%$-#('*-%$ 0'#$ )*'' #/0&#4$ 1-$
&"#$%=-0,&1)$)/#+&$*-$0$'#/0I0&1*-$&1.#$%)0/#$
�ì�p�c�j. The “scattering process” is formulated 
710$ &"#$ #K(0&1*-%$ *+$ &"#$ ,'#71*(%$ %#)&1*-9$
2"#'#$ &"#$ 30%1%$���D�Ü�ç$'#+#'%$ &*$0%%*)10&#4$
)*''#/0&#4$ #/#)&'*-1)$ &'0-%+#'%$ 1-$ &"#$
.*/#)(/0'$ %&'()&('#%$ *+$ &"#$ 0)&(0/$
-#('*&'0-%.1&&#'%$#I)1&#4$1-$&"#$ -#('*-0/$
+1'1-< :$$

P/&"*(<"$ &"#$ ,'#%#-&$ +*'.(/0&1*-$
)*-)#'-%$ &"#$ -#('*-0/$ -#&2*'H$ *'$ &"#$
-#('*-0/$ 4*)&'1-# $ 30%#4$ *-$ &"#$
1-&#'0)&1*-%$3#&2##-$&"#$,'#%=-0,&1)M$0-4$
,*%&%=-0,&1)$ #/#.#-&%9$ *-#$ %"*(/4$ -*&$
+*'<#&$0$&"1'4$)*-&'13(&*' $&*$ &"1%$ ,'*)#%%9$
71O:$ &"#$ 4*.1-*$ #++#)&$ *+$ %1<-0/$
,'*,0<0&1*-$1-$&"#$0%&'*)=&1)$ -#&2*'H9$+*'$
.*'#$ 4#&01/%$ *-$ &"#$ -#('*M0%&'*</10/$
1-&#'0)&1*-%$%##$?>#'#1'09$BCDTG:$! "# %#$&2*$
-#&2*'H%$0'#$)#'&01-/=$)*.,/#.#-&0'=$ 0-4$
&"#$4#&01/%$'#.01-$&*$3#$4#7#/*,#4 $+('&"#': $

W#7#'&"#/#%%$+*'$ 1-%&0-)#$</(&0.0&#9$
&"#$ ,'1-)1,0/$ #I)1&0&*'=$ -#('*&'0-%.1&&#'$
1-$ &"#$ 3'01-9$#-)*4#4$ 3=$ 0$ <#-#$ +0.1/=9$
41++(%#%$ 0)'*%%$ &"#$ %=-0,&1)$ )/#+&$
%&1.(/0&1-<$*'$1-"131&1-<$&"#$&'0-%.1%%1*-$
3=$&"#$1-&#'0)&1*-$21&"$0$'#)#,&*'$,'*&#1-:$

!"1%9$ 1-$ ,'1-)1,/#$ 0$ 7#'=$ )*.,/#I$
)"#.1) 0/$ 0-4$ ,"=%1)0/$ ,'*)#%%9$ )0-$ 3#$
4#%)'13#4$ 3=$ &"#$ %#K(#-)#$ *+$ K(0-&(.$
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transitions, Eq.(5), appropriately modelled 
via the aforementioned CDE.  

In what follows the neural network 
will be considered as higher-level 
structure, where the representation (5) will 
constitute a quantum-dot-like basis for a 
Liouville dynamical formulation. It is 
interesting to observe that one may derive 
an analogous linear algebra structure, i.e. 
using the theory of a Correlated 
Dissipative Ensemble, CDE, on a higher 
level order or organisation, yet resonating 
in terms of compatible dimensionalities, 
with the lower ones, where the important 
interactions are the communication 
between the dynamic entities, from 
primary molecular aggregates to the cell, 
with the neuron network contributing to 
the phenomenal experience, or in the 
terminology of Trehub, registering an 
egocentric representation of the brain 
mechanism, which he denoted as the 
retinoid system of autaptic neurons. It has 
not escaped my awareness that the specific 
symmetry of the postulated CDE suggests 
a possible mechanism for the binding 
problem. The model does not distinguish 
between one or several neurons in 
communication with the rest of the 
network. Hence each and every neuron as 
an open dissipative entity contains the 
program for its function, albeit its 
communicative properties being crucially 
dependent on its position in the cellular 
hierarchy.  

For discussions on the bound 
conscious experience and the inference 
that every neuron has some form of 
sentience, see (Edwards, 2005). A more 
general appraisal of the understanding of 
consciousness was presented at an invited 
workshop hosted by the Nature Network 
Groups (Pereira, 2010). Various 3D default 
space theories have recently been 
discussed and unified in connection with 
currently accepted consciousness models 
(Jerath, 2015). An interesting connection 
between logic and geometry, relating a 
geometric Clifford algebra of space-time 
with logic algebraic structures, 
incorporating the Kantian imagination of 
the forms of nature, has been presented in 
�³�)�R�X�U���I�R�U�P�V���0�D�N�H���D���8�Q�L�Y�H�U�V�H�´��(Schmeikal,  
2015), representing also an essential basic 
self-reference property. 

Assume that a perception ! 1 excites a 
certain number, ! , of neurons, creating the 
map �n�?�5, see Eqs.(6,7). For instance the 
photons, that reach the eye, are absorbed 
by a photoreceptor, e.g. rhodopsin, 
generating a potential in the rod cells. The 
Opsin-Cis-Retinal upon excitation 
becomes Opsin-Trans Retinal and the 
visual information is transduced via 
intermediate neuron-types to the �E�U�D�L�Q�¶�V��
neural network. As mentioned earlier, the 
number !  might be large, but in order to 
study the detailed dynamics of ! 1, the case 
! =6 will be considered.  

It is moreover important to 
understand that our representation will be 
basically different from the retinoid array 
of Trehub, see Fig. 1 in (Trehub, 2007). 
The ! -dimensional quantum (transition) 
state is properly characterised by products 
of particle states (antisymmetrized for 
fermions or symmetrized for bosonic 
degrees of freedom) in order to represent 
the entire communicative interactions 
between all neurons involved in the 
perception ! 1. However, tracing out all the 
neuronic degrees of freedom, except for 
one neuron, as depicted by the Correlated 
Dissipative Ensemble, the CDE, the 
dynamical quantum-thermal correlations 
progress spatio-temporally between 
locations of the neurons in the network, 
while rigorously incorporating the reduced 
dynamics sequentially ordered8. 

Fig. 1 displays for simplicity the causal 
set of 6 neuron sites on the (half) unit 
circle in the complex "-plane, where 
"=#+$%. Note that a 90-degree left-hand 
rotation has been made so the neuron 
locations numbered 1 to 6 are situated to  
the right of the rotated x-axis in the figure. 

The numbers 7-12, completing the 
unit circle, are mirror images of the causal 
set as can be easily seen from Eq.(12) 
below. For the case ! =12, discussed above 
and corresponding to Eq.(11), the total 
 
                                                 
8 Note that the present representation of a neural 
communication network is neither Boolean, 
Bayesian, decision making- or any other classical 
version. It is neither strictly a quantum network, cf. 
quantum computational schemes lacking self-
referentiability. Since the nodes here are self-
referential and communicative they should be 
called a Gšdelian network. 
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number of the causal set and the 
mirror points amounts t0 24. 

In summary each neuron has been 
pictured as an effective entity �L�Q�� �W�K�H�� �³�V�H�D�´��
of all the others, which are communicating 
through the network of quantum thermal 
correlations. The CDE is protected, see 
above, against decoherence and exhibits 
time scales commensurate with the 
biological environment of e.g. humans. 
Hence the perception ! 1, is represented by 
�÷ and the transformation matrix �n�?�5 
L �n�±, 
i.e. by the vectors in the superposition 
���Œ�ç
L ���Ž�ç�n�?�5 (for simplicity one may 
redefine �ñ 
L �A�?�Ü�����á respecting the 
unitarity of �n�?�5). The projection of the six 
elements of Fig.1 in actual space may look 
as follows9 see Fig 2 
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9 Note that showing the neurons as placed in a 
vertical plane perpendicular the X-axis, see below, 
it is not suggested that they actually will be 
materially positioned in one plane.  
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However, as noted by Eq.(12) and Fig.1, 
there exists 12 locations, i.e. 6 extra mirror 
locations see Fig.3. The mirror points are 
numbered 7-12 with the original site 
number put in parenthesis. One may 
envision the mirroring plane to contain the 
! -axis (the line from the pupil to the fovea 
centralis) orthogonal to the horizontal 
plane, the " -plane10. Utilizing the 
terminology of Trehub, the coordinate 
�R�U�L�J�L�Q�� �R�I�� �W�K�L�V�� �³�H�J�R�F�H�Q�W�U�L�F�� �V�S�D�F�H�´��
corresponds to a so-called Self-Locus, SL, 
and the #-planes orthogonal to the ! -axis 
would contribute to the 3D retinoid 
egocentric space. Note that ! ,"  and #$have 
nothing to do with the complex plane 
discussed in Fig. 1. 

At this point one recognizes the 
crucial property of the autapse. Since the 
latter is equipped with a chemical synapse 
from a neuron onto itself, the transitions 
generated by the action potential give rise 
to feedback loops, which is equivalent to 
incorporating mirroring sites according to 
Eq.(12).

                                                 
10 One reason for establishing such a symmetry 
plane is the gravitational field exerted on the 
retinoid system. 
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!
!

"#! $%%&'&(#! )*)+,! '+$-).'(+,! &#!
) /(.)#'+&.! 01$.)! )23&4&'0! $! '&5) 6+)*)+0)%!
.(1,! &#! $/+))5)#'! 7&'3 ! '3)! .(518)2!
.(#-9/$')! 0,55)'+,!%&018$,)%!4, !:;<=>?@<!

A&/<! B! %&018$,0! '3)! *).'(+0! >6C! $#%!
'3)&+! .(#-9/$')0D! )21(0&#/! '3)! .$90$8!
' +$-).'(+, !(E!'+$#05&00&(#!E+(5!(#)!#)9+$8!

8(.$'&(#! '(! '3)!#)2'<!F(')! '3$'!8(.$'&(#0!G!
$#%! >>, not “visited”, 7&88! 4)!&#.(+1(+$')%!
&#! '3)!#)'7(+H !4,! ! B!$#%!! I D!0))!$80(!A&/<!
JD! 73)+)!! >"$#%"! I D!.(++)01(#%&#/! '(! '3)!
&#&'&$8!1)+.)1'&(#!8((1D!$+)!%&018$,)%<!
!

!
J)8F'C'�t'KL%"#4'&)<<*<'+-%'*M'5N5'-4-&-$%+'

!
K3)! 0,55)'+&)0! )21(0)%! $4(*)!

&#%&.$')! $! 0&518)! $#%! 09+1+&0&#/!
&#')+1+)'$'&(#! (E! '3)! 0(6.$88)%!
13)#(5)#(#! (E! &5&'$'&*)! +)0(#$#.)!
4)3$*&(9+0! %&+).'8,! (40)+*)%! &#! 1+&5$')!
01).&)0!09//)0'&#/!'3)!1+)0)#.)! (E!$!5&++(+!
#)9+(#! 0,0')5 <! L&#.)! )*)+,! 1)+.)1'&(#! &0!
$00(.&$')%! 7&'3! $#! );9&*$8)#'! )2.&'$'&(#!
0'+9.'9+)! E(+! $#,! /&*)#! *$89) ! (E! ! D! &'!
E(88(70! 4,! #).)00&',! '3$'! '3)! 5&++(+!
0,55)'+,D! &8890'+$')%! $4(*)D! 590' ! $87$,0!
4)! $9'(5$'&.$88,! &#.(+1(+$')%<! "#! A&/<! ?!
'3),!%(!#('! 0))5! '(! $11)$+D!49'!&#!A&/<!CD!
73&.3!+)1+(%9.)0!'3 )!E988!%,#$5&.0!(E! '3)!
MN: D!'3),! %(!)5)+/) !$0!$!1$+&',!+)E8).'&(#!
(E!'3)!(+&/&#$8!.$90$8!#)9+(#$8!0&')0<!!

K3&0!+)$%&#/! &0! .(55)#09+$')! 7&'3!
'3)! 09+1+&0&#/! )EE).'0! '3$'!%&%! 1+(%9.)!
01).98$'&(#0! '3$'! '3)+)! 5&/3'! )2&0' ! $!
1$+'&.98$+! .8$00! (E!5&++(+6#)9+(# 0>>D! 0))!
)</<!=O&PP(8$''&!$#%!M+$&/3)+(D!?QQB@<!R9+!
&#')+1+)'$'&(#D! 3(7)*)+D!)21(9#%0! (#! $!
/)#)+$8! 0,55)'+,! )23&4&')%! 4,! '3)!
$9'$10)< 
 

                                                 
11 Since the neuronal sites and their mirror images 
are excited in reverse in any perception, they might 
cause the “empathic” property associated with the 
mind’s mirror. 
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!"#$ %#&&' ()*%) $ +",$ +"#)*-#)*) .$
/#0,)#/$ 12$ 345$ 6#78"#,-#7$ - *7#$ 8"4)$
9:: $2#47;$ 4<*.$"4;$ 1##)$ 4$ =#&#1748#/$ 8#;8$
<7*>)/ $0*7$->&8,/,;=,+&,)472$7#;#47="$*?#7$
8"#$2#47;.$;##$#@<@$AB);8,; .$9CD:E@$$B)*8"#7$
04-*>;$ ,&&>;,*)$,;$ 8"#$ F#=(#7$ 4-1,<>*>;$
&,)#$/74%,)<.$/,;=*?#7#/$4&-*;8$G::$2#47;$
4<*@$H#?#74&$ -4I*7$*+#)$ J>#;8,*);$ "4 ?#$
1##)$ 0*7->&48#/$ ,)$ 8#7-;$ *0$ ->&8,;841&#$
+#7=#+8,*);.$ #@<@$ %"48$ /*$ )#>74&$
7#+7#;#)848,*);$ &**($ &,(#$–$4)/$ %"2$ 47#$
8"#2$ ;*-#8,-#;$ >);841&#K$ AL*7)-#,#7 .$
G:9GE@$M)/*>18#/&2 $ Trehub’s retinoid 
;2;8#-$"4 ; $1##)$*)#$*0$8"#$-*;8$;>==#;;0>&$
-*/#&;$8*$>)=*? #7$0>)/4 -#)84&$4);%#7;$8*$

;>="$ +7*1&#-;$ 4;$ %#&&$ 4;$ #5+&4,),)<$ 4$
?47,#82$ *0$ ,&&>;,*);$ 4)/$ "4&&>=,)48,*);$
A!7#">1 .$ 9CC9N$ G::D E@$ B&8"*><"$ 8"#$
+7#;#)8$ 8"#*72$4++#47$ 8*$ ;>++*78$ 8"#$
4;;>-#/$+7*+#78,#;$*0$4$;#&0' &*=>;$*7,#)8#/$
4)/$4$=*7#' ;#&0$"#>7,;8,=$;#&0' &*=>;$7#8,)*,/$
;2;8#- .$ =*)0,7- ,)< $ many of Trehub’s 
#5+&4)48*72$ -*/#&$ *0$ ,&&>;,*);$ 4)/$
"4&&>=,)48,*);.$ ,8$ "4;$8"#$+*%#7$8*$#58#)/$
0>78"#7$ 8*%47/;$ 4$ 0,7;8$ +7,)=,+&#$ *7,<,)$
7**8#/$ ,)$ J>4)8>-$ 8"#*72@$! ",;$ 4;;#78,*)$
%,&&$ 1#$ #5#-+&,0,#/$1#&*%$ ,)$ =*))#=8,*)$
%,8"$8"#$+7*+*;4&$*0$4)$#5+&4)48,*).$14;#/$
*)$ 8"#$ O*77#&48#/$ P,;;,+48,?#$ Q);#-1&#.$
OPQ.$*0$8"#$+",$4)/$8"#$1#84$+"#)*-#)*)$
4)/$ 8"#$ =&4;;,=4&$ F#=(#7$ =>1#$ *+8,=4&$
,&&>;,*)@$$

$
$

B;;>- #$ 0,7;8$ 8"48$ 4$ +#7=#+8,*)$! 9$
#5=,8#;$ 4$ =#784,)$ )>-1#7.$! .$ *0$ )#>7*);@$
F*8#$8"48$8"#$4;;*=, 48#/$/2)4-,=;$*0$ ! 9$,;$
0>)/4-#)84&&2$14;#/$ *)$ 8"#$ ;87>=8>7#$ *0$
8"#$ OPQ@$!"#$ 4;;*=,48#/$ ;+48,*' 8#-+*74&$
R,&1#78$ H+4=#$,;$ <,?#)$ 12$ 8"#$ ;848#;$���B�Ü�ç$
41*?#.$ %"#7#$8"#$ ;>+#7+*;,8,*)$ ���Œ�ç
L
���Ž�ç�n�?�5$"4;$ 4$ =#784,)$ /#&*=4&,S48,*)$ 4)/$
8,-#$/,7#=8,*)@$T7*-$8"#$+7*+#78,#;$*0$8"#$
?#=8*7;$" "$,)$QJ@A9GE.$,@#@$8"48$#?#72$?#=8*7$
,)$4$<#)#74&$! ' /,-#);,*)4&$;87>=8>7#$->;8$
"4?#.$ %,8"$ 7#;+#=8$ 8*$ 8"#$ -,77*7$ +&4)#$
=*)84,),)<$8"#$5' 45,;$,)$#<*=#)87,=$;+4=#.$4$
+47,82$ 7#0&#=8#/$ +478)#7@$ H,)=#$ 8"#$ +",$
+"#)*-#)*)$ ,;$ +# 7=#,?#/$ 8*$ *==>7$ %"#)$
8"#$ &>-,)*>;$ ,-+>&;#;$ -*?#$ 48$ 47*>)/$
U:-;.$ 8"#$ -*8,*)$ ,&&>;,*)$ ->;8$ *==>7$
%,8",)$ *)#$ ;#8$ *0$ =*77#&48#/$ )#>7*)$
/#<7##;$ *0$ 07##/*-@$ H,)=#$ 8"#$ 8%*$

=*);#=>8,?#$+478)#7;$" "$4)/$ " "#$$4;$%#&&$4;$
8"#,7$ =*-+&#5$ =*)I><48#; $ *==>7$ ,)$ 8"#$
;4-#$ +#7=#+8,*)$! 9.$8"#2$=*77#&48#$,)$;>="$
4$ -4))#7$ 8"48$ 8"#,7$4==*-+4)2,)< $
*?#7&4++,)<$ +7*+#782$ ,)=&>/,)<$ 8"#,7$
-,77*7$ ="474=8#7,;8,=; .$ ;##$ T,<; @$ V$4)/$ W.$
&#4/ $ 8*$ 3*8,*)$ X#7=#+8,*)9G@$ Y)$ *8"#7$
%*7/;$ ,0$8"#$0&4;"#;$0*&&*%$4)$4++7*+7,48#$
1&4)($ ,)8#7?4&.$ 8"#$874I#=8*7,#;$+*78742#/$
12$8"#$?#=8*7;$" "$4)/$ =*77#;+*)/,)<$8*$8"#$
“spatial locus” of ! 9$*?#7&4+;$ ,)$ 8,-#$ 4)/$
,)8#74=8;$%,8"$ ,8;$-,77*7$+478)#7;$=7#48,)<$
4$ =*)8,)>*>;$ -*8,*)$ +#7=#+8,*) @$ !"#$
7#;>&8$ ,;$ 8"#$ +",$+"#)*-#)*)@$Z)#$ -,<"8$
;>7-,;#$ 8"48$ 8",;$ -#="4),;-$ 4&;*$
=*)87,1>8#;$ 8*$ 8"#$ 174,)$ ,)8#7+*&48,*)$ *0$
                                                 
12 In Fig. 5 the straight arrows, corresponding to d1 
go from 1 - 6, while the curly ones of d6 go from  
12 (1) -  7 (6). 
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