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Abstract

A key aspect of consciousness is that it represents bound or integrated information,
prompting an increasing conviction

that the physical substrate of consciousness must be capable of encoding integrated
information in the brain. However, as

Ralph Landauer insisted, ‘information is physical’ so integrated information must be
physically integrated.

Pestome



KntoueBbIM acnekTom CO3HaHMSA ABMSIETCS TO, YTO OHO NPEACTaBNAET COO0N CBA3AHHYO UMK
WHTErPUpPOBaHHYO NHOPMaLNIO, BbI3bIBaIOLLYHO pacTylee yoexaeHune,

4YTO (bmsmyecknin cybeTpaT co3HaHUs AOMmKeH BbITb cnOcobeH KoanpoBaTb
WHTErpmMpoBaHHy MH(OPMaLNIO B MO3TY.

OpHako, kak HactamBan Panb® JlaHgayap, «MHdopmaums aensetca ou3n4eckony», no3aToMy
WHTErpnpoBaHHas MHopMaLmMs A0MmKHA ObITb (PU3NYECKN NHTErPUPOBaHa.

| argue here that

nearly all examples of so-called ‘integrated information’, including neuronal information
processing and conventional computing, are only temporally integrated in the sense that
outputs are correlated with multiple inputs: the information integration is implemented in
time, rather than space, and thereby cannot correspond to physically integrated information.
I

point out that only energy fields are capable of integrating information in space.

£ yTBepxaato 3aechb, YTO NOYTU BCE MPUMEpPHI Tak Ha3blBaeMOW «MHTErpupoBaHHOWM
NHopMaLmny, BKrtodas 06paboTky HEMPOHHON MHPOPMaLMK N 0BbIYHBIE BbIYUCTIEHUS,
WNHTErpupyroTCsl TONbKO BO BPEMEHW B TOM CMbICIIE, YTO BbIXOAHbIE AAHHbIE KOPPENUPYIOT C
HECKONbKMMU BXOAHBLIMWU AaHHBIMUW: UHTErpauus MHopmaumm ocyLLEeCTBNSEeTCS BO
BPEMEHU, a He B NPOCTPaAHCTBE, Y NO3TOMY HE MOXET COOTBETCTBOBATL (Pr3NYeCKU
WHTErpMpoBaHHON UHGOPMaLMN.

A yTBEpX)aalo, YTO TOMbKO 3HepreTnyeckne nors CnocobHbI MHTErpupoBaTh MHAOPMaLUIO B
NPOCTPaHCTBeE.

| describe the conscious electromagnetic

information (cemi) field theory which has proposed that consciousness is physically
integrated, and causally active, information encoded in the brain’s global electromagnetic
(EM) field.

I here extend the theory to argue that consciousness implements algorithms in space, rather
than time, within the brain’s EM field. | describe how the cemi field theory accounts for

most observed features of consciousness and describe recent experimental support for the
theory.

£ onuckiBato TEOPUIO CO3HATENBHOMO ANEKTPOMAarHMTHOro MHdopmavmoHHoro (CEMI) nons,
npegnonararoLLyto, YTO CO3HaHMe npeacTaBnseT cobon PU3NYECKN NHTENPUPOBAHHYIO U
NPUYNUHHO-AKTUBHYIO MH(POPMAaLMIO, 3aKOAMPOBaHHYHO B rMobanbHOM 3N1eKTPOMarHUTHOM
(®M) none moasra.

3aecb A pacwmpso Teopuio, YTobbl AoKa3aTb, YTO CO3HAHME peanuayeT anropuTMbl B
NPOCTPaHCTBE, a HEe BO BPEMEHW, B 3NEKTPOMArHUTHOM nose mo3sra.

A onuckiBato, kak Teopust CEMI nons o6bscHseT Hanbonee HabnogaeMble 0COBEHHOCTU
CO3HaHWs, 1 ONUCbIBal0 HeaBHNE AKCNepMMeHTanbHbIE NOATBEPXAEHUS TEOPUMN.

| also describe several



untested predictions of the theory and discuss its implications for the design of artificial
consciousness. The cemi field theory proposes a scientific dualism that is rooted in the
difference between matter and energy, rather than matter and spirit.

A Takke onuckiBalo HEKOTOPbIE

HenpoBepPEeHHbIe NpeackasaHnsa Teopun n obcyxxaatro eé NocneacTBmsa Ansa ausanHa
NCKYCCTBEHHOro co3HaHusi. Teopusi nons CEMI npeanaraet Hay4HbIn gyannam, KOTOpPbIN
KOPEHUTCA B pasnmyumn Mexay matepuen u aHeprmen, a He maTepmen n oyxom.

Introduction

‘Love is a smoke made with the fume of sighs’
William Shakespeare, Romeo and Juliet

‘What’s the best way to fix a bicycle that has a rope caught in its
spokes?’
Gary Marcus ‘Deep Learning: A Critical Appraisal’ (Marcus 2018)

BeeneHune

«J1to60Bb — 3TO AbIM, CAENAHHLIN U3 Neperapa B3gOXOB»
Yuneam Wekcnup, Pomeo n [xynbeTTa

«Kak ny4ie Bcero nouMHUTL Benocunes, 3auenmBLUNACS 3a BEPEBKY CBOUMW CMLAMN?»
"apn Mapkyc «Imny6okoe obyyeHue: kputnyeckas oueHka» (Mapkyc, 2018 r.)

The ‘binding problem’ is that of understanding ‘our capacity

to integrate information across time, space, attributes, and

ideas’ (Treisman 1999) within a conscious mind. The problem

is often posed in terms of understanding how the disparate

components of a visual scene —colours, textures, lines, motion, etc.— that are processed in
distinct regions of the

brain are yet brought together to form a unified conscious percept. However, binding is a
general feature of consciousness

in all its modes.

«MNpobriema cBA3bIBAHUSA» 3AKIOYAETCA B MOHMMaHUM «HaLen CnocobHOCTH
WHTErpmpoBaTb MHAOPMaLU0 BO BpEMEHU, MPOCTPaHCTBE, aTpubyTax u

ngeax» (Treisman 1999) B co3HaTeNbHOM yme.

MNpobrnema YyacTo CTaBUTCH C TOYKM 3PEHUS MOHUMAHUSA TOrO, Kak Pa3po3HEHHbIe
KOMMOHEHTbI BU3YyallbHOW CLEHbl — LIBETA, TEKCTYPbI, NIMHUN, ABUXKEHWE U T. . — KOTOpble
obpabaTbiBaloTCsl B OTAEMNBHbIX 00nacTsx

Mo3ra, Bce e 00beanHeHbl BMecTe, YToObl ChopMMpoBaTb EAMHOE CO3HATENbHOE
BocnpuaTne. OgHako cBA3bIBaHUE SBNSETCA OOLLEN YEPTOM CO3HAHUSA BO BCEX €0 pPeXUMax.



The first text quotation above contains four

discordant nouns, one denoting an emotion, the second a dark
vapour, the third a noxious smell and the fourth, an utterance.
Yet, Shakespeare’s genius bound each word into a single line
of poetry that effortlessly evokes, in the conscious mind of the
reader or listener, a singular, integrated, yet complex insight
into the most tender of human emotions.

MepBas TeKCTOBasA UUTaTa Bbille COAEPXUT YeTbipe HeGNaro3ByyHbIE CyLLECTBUTENbHbIE,
04HO 0b0o3HavalolLee 3MOLMI0, BTOPOE — MpadHyto nap, TPETbE - AA0BUTbIN 3anax u
YyeTBepToe - MPOU3HECEHMe.

TeM He MeHee, reHuii LLlekcnvpa cBA3biBan kaxaoe CroBo B OAHY CTPOKY M033uK, KoTopast
nerko NpobyxxaaeT B CO3HAHUM YuTaTenNs UNK crnyluaTtens eauHCTBEHHOE, MHTErPUPOBaHHOE,
HO CINOXHOE MOHVMaHWE B CaMble HEXHble YernoBeYeckme YyBCcTBa.

In the second quotation, artificial intelligence (Al) researcher and pioneer of Deep
Learning, Gary Marcus, laments the fact that Al currently lacks

this ability, as illustrated by the intractability of problems,

such as untangling a rope from the wheel of a bicycle that is, nevertheless, grasped and
solved by any infant on her first exposure to the task.

Bo BTOpOW UMTaTe uccnegosarerib UCKycCTBEHHOro nHTennekTa (UMN) n nmoHep rmybokoro
obyueHus, Mapn Mapkyc, ceTyeT Ha To, 4To W B HacTosLee BpemMsa He XBaTaeT

3TON CNOCOBGHOCTU, O YeM CBUOETENLCTBYET HEPA3PELLMMOCTbL Npobnem, Hanpumep,
pacnyTbiBaHWE BEPEBKN C Koneca Benocunena, kKotopyto, TeM He MeHee, CXBaTbIBaET U
peluaet nobon MnageHew Npy NnepBoM 3HAKOMCTBE C 3aJajveln.

Our subjective experience is that this kind of problem, which
involves planning and executing several sequential steps, is
nonetheless instantly grasped and solved in its entirety, as integrated information.

Haw cyOGbeKTMBHbIN OMbIT NOKa3bIBAET, YTO TaKoro poga npobnemebl, KoTopble
npegnonararT NNaHMPOBaHME N BbINOSNIHEHME HECKOSbKUX MOCHeaoBaTenbHbIX Laros,
TEM HE MEHee MrHOBEHHO CXBaTbIBAOTCS U peLlaloTCs LENMKOM, Kak MHTErpupoBaHHasi
MHopMaLms.

This intuition is borne out by many studies

that demonstrate that the binding provided by consciousness is

indeed required to solve general intelligence problems, particularly sequential tasks that
require working memory, such as

memory trace conditioning (Carter et al. 2006), multi-step calculations (Dehaene and Cohen
2007), goal-directed behaviour and

strategic planning (Dehaene and Naccache 2001), learning over



time (Fuster 1991), language (but not word) comprehension
(Hagoort and Indefrey 2014), social intelligence and interactions
(Dunbar et al. 2010; Lieberman 2012) and creativity (Kaufman
et al. 2010).

OTa MHTYMLMA NOATBEPXKAAETCA MHOTMMU UCCNEAOBAHNAMN KOTOPbIE 4EMOHCTPUPYIOT, YTO
npuesa3ka, obecrneunBaemasi CO3HaHUEM,

AencTBuUTENbHO TpebyeTca Ans pelueHns obLmx 3agad nHTennekra, ocobeHHo
nocrnenoBaTesNbHbIX 3a4a4, TPeOyLWMX onepaTMBHON NaMATH, TaKMX Kak

dopmupoBaHue crnenoB namatu (Carter et al., 2006), MHOrowaroBble BblYNCIEHMS
(Dehaene and Cohen, 2007), ueneHanpasneHHoe NoBegeHne U cTpaTernyeckoe
nnaHuposaHue (Dehaene and Naccache, 2001), nsyyeHue

Bpems (Fuster 1991), noHMmaHwme ga3sbika (HO He crio) (Hagoort and Indefrey 2014),
coumanbHbIA UHTENNEKT Y B3aMMOAENCTBUE

(Dunbar et al., 2010; Lieberman, 2012) n tBopyectBa (Kaufman u gpyrune. 2010).

As has been pointed out by several researchers

(Tononi and Edelman 1998; Treisman 1999; Edelman and
Tononi 2008), conscious binding requires the integration of
complex information in the brain. The problem is to understand
how the brain achieves this integration.

Kak oTmeuvaloT HeKoTopble uccneagoBartenm

(Tonun n Bgenbman, 1998; Tpencman, 1999; doenbman n ToHoHn 2008), co3HaTenbHoe
cBsA3blBaHME TpebyeT nHTerpaumm KoOMnIekCHon nHdopmauus B MO3ry.

Mpobnema B TOM, YTOOLI NOHATb

Kak MO3r 4OCTUraeT 3TOM MHTerpaumu.

Results

What do we mean by physically integrated information?

‘Philosophy is a battle against the bewitchment of our intelligence
by means of our language’. Wittgenstein (2009, p. 109).

MonyyeHHble pesynbTaThl
Yto Mbl nogpasymeBaeM noa omsnyeckn MHTErPUpOBaHHONM MHGOpPMaLnNen?
«dunocodms — 310 GUTBa NPOTUB Yap HaLIEro pasyma NocpeacTBOM HaLLEro A3blkay.

ButreHwTenH (2009, ctp. 109).

What do we mean by ‘integrated information’? To answer
this question, we must first agree on a definition of information.
| will here use that described by Claude Shannon and known as



‘Shannon information’ (Shannon 1948); which is essentially a
measure of correlation between the degrees of freedom of a
sender and receiver of a message, measured in bits.

Y710 MbI NOAgpasymeBaeM Nod «MHTErpUPOBaHHON MHpopMaUmen»?

YT0ObI OTBETUTL 3TOT BONPOC, Mbl JOMKHbLI CHa4Yana JoroBoputbes 06 onpegeneHun
MHdopMaLmn.

3pecb A 6yay ucnonb3oaTb TO, YTO onucaHo Knogom LLIeHHOHOM 1 U3BECTHO Kak
«MHdpopmaunsa LeHHoHa» (Shannon 1948); 4To NO CyTn ABNAETCA MEPOW COOTHOLLEHUS
Mexay creneHsamMmu csoboabl OTNpaBUTeNs 1 nornyyarens coobLeHns, namepsemMble B butax.

Neuronal

firing rates thereby encode information about the outside world
because some of its degrees of freedom are correlated with
degrees of freedom of the outside world. | note that, in some
theories of consciousness, causation is required in addition to
correlation (Landauer 1991; Tononi et al. 1998).

HenpoHanbHbIM TEMMNbI UMMYbCaLUK, COOTBETCTBEHHO, KOOMPYHOT MHGOPMaLNIO O
BHELLHEM MUPE NOTOMY YTO HEKOTOPbLIE U3 ero cTeneHer cBO6OaAbI KOPPENMPYIOT CO
cTeneHsiMu cBoboabl BHELLHErO MUpa.

OTmeuy, 4TO B HEKOTOPbIX TEOPUAX CO3HAHMUS, NPUINHHOCTL TpebyeTcst B JONONTHEHUE K
koppenauun (llaHgayap, 1991; ToHoHU n gop., 1998).

Next, we must agree on how to distinguish conscious from

non-conscious mental activity.

I will follow the approach pioneered by Dehaene and colleagues who insisted that ‘subjective
reports are the key phenomena that a cognitive neuroscience of

consciousness purport to study’ (Dehaene and Naccache 2001).

So, bringing these two definitions together, then conscious neuronal information (the sender)
is that information encoded in

the brain that correlates with the information encoded in the

subjective reports (the receiver) of a conscious observer.

[anee, Mbl 4OMKHbI AOFOBOPUTLCA O TOM, KaK OTIINYMUTb CO3HaTENbHYIO OT HEOCO3HAHHON
ncuxu4eckomn geatenbHoCTU. A Byay cnegoBaTtb noaxoady, npeanoxeHHoMy [lexaHe u ero
Konneramu, KOTOpble HacTanBanu Ha TOM, YTO «CyObEKTUBHbIE OTYETbI SABNAOTCS KNHOYEBbLIM
hbeHOMEHOM, KOTOPbIN KOTHUTUBHAs HEMPOHayKa CO3HaHMs AormkHa nay4dartby (Dehaene and
Naccache 2001).

Takvum obpasom, ecnm 06beanHUTL 3TU ABa ONpeaerneHns, To Co3HaTernbHas HeMpoHHas
NHopMaLmsa (OTNpaBuTenb) — 3TO Ta UHpopMaums, KoTopas 3akoanpoBaHa B

MO3T, KOTOPbLIN KOppenupyeT ¢ MHpopmaumen, 3aKkogupoBaHHON B CyObEKTUBHbIE
coobueHns (NpMeMHKUK) co3HaTenbHOro Habnogarens.

However, a great deal of information, as degrees of freedom



in the brain, may be correlated with subjectively reported information, including the motion of
ions through neuronal membrane, the motion of neurotransmitters within the synaptic

cleft, the opening and closing of ion channels, blood flow or

electromagnetic (EM) field perturbations generated by the motion of electrically charged
particles.

OpgHako 6onblioe KonnyecTBo MHGOpPMaunMn B BUAE CTeneHen cBo6oa B MO3re, MOXeT
KoppennpoBaTb C CyObekTMBHO coobLLaemon nHpopmaumen, BkNovas ABMXEHNE NOHOB
yepe3 MemMOpaHy HEWPOHa, ABMXKEHNE HEMPOTPAHCMUTTEPOB B CUHANTUYECKMX

LLensiX, OTKPbITUE U 3aKPbITUE MOHHbIX KaHanoB, KPOBOTOK UITM BO3MYLLEHMS
anekTpomarHuTHoro (OM) nons, co3gaBaemMble ABMXEHUEM AMEKTPUYECKU 3apsKeHHbIX
yacTtuu,

Each of these neuronal

microstates knows, in the Shannon sense of its state being correlated with, some aspect(s)
of the visual scene or subjective

reports of that scene. Which is a likely physical substrate for the

integrated information that must be encoded by conscious

minds?

Kaxgoe 13 aTuX HeMpoHarnbHbIX MUKPOCOCTOSAHUI 3HAET, B LLIEHHOBCKOM MOHUMaHWN, 4YTO
€ro COCTOsIHME KOPPENMPYET C HEKOTOPbIMW acnekTamu B1u3yasnbHOW CLEHbl UMK
Cy6BEeKTUBHBbIMK coobLLEeHMAMN 06 3To cueHe. YTo aBnseTca BEPOATHbIM (PU3NYECKUM
cybcTpaTtoM Ans MHTErPUPOBaAHHON MHOPMaLMK, KOTopas 4OSMKHA OblTb 3aKOAMpPOBaHa
co3HaTtenbHbIM YMOM?

Before answering this question, it is first necessary to define what we mean by integrated
information. This might appear to be an easy task as the term is widely used, so much so
that

there is evidenced by the United Nations Expert Group on the Integration of Statistical and
Geospatial Information (http://ggim.un.org/UNGGIM-expert-group/), the International Society
of Information Fusion (http://isif.org/), Information Integration

Theory (Anderson 2014), data integration systems (Genesereth

et al. 1997), numerous statistical and data mining methods that

seek to integrate information from multiple sources (Maimon

and Rokach 2005), as well as the integrated circuits of computers

Mpexae 4eM OTBETUTL Ha 3TOT BONPOC, Heo6xoauMOo cHavana onpeaenuTb, YTo Mbl
nogpasymeBaeM nog UHTErpupoBaHHOM MHOPMaLMeEn. ATO MOXKET NoKa3aTbCs Nerkomn
3agayen, NOCKONbKY 3TOT TEPMUH LUMPOKO UCMONb3YETCA HAacTOMNbKO, YTO 06 3TOM
ceuaetenbcTByeT [pynna akcneptoB OOH no

WHTerpaumm cTtaTucTM4eckom n reonpocTpaHCTBEHHON HApopMaLLMn
(http://ggim.un.org/lUNGGIM-expert-group/), MexxagyHapoaHoe o6LiecTBo
nHpopmaLmoHHoro cuHTesa (http://isif.org/), nHdopmaunoHHasa nHTerpaunsa Teopus
(Anderson 2014), cuctembl MHTerpaumm gaHHbeix (Genesereth un gpyrue. 1997),
MHOrOYUCIIEHHbIE CTATUCTUYECKNE METOAbI U METOAbI MHTENNEKTYanbHOro aHanmsa AaHHbIX,



KOTOpble CTPEMATCHA UHTErpMpoBaTh MHAPOPMAaLINIO N3 HECKONBKMX MCTOYHMKOB (Maimon n
Pokau 2005), a Takke UHTerpasnbHble CXeMbl KOMIMbIOTEPOB.

However, as the physicist, Rolf Landauer, famously insisted, ‘information is physical’
(Landauer 1991) so integrated
information, if it exists at all, must be encoded by a physically integrated substrate.

OpHako, kak nssecTtHo, maunk Ponbd JlaHgayap yTBepxaan, 4To «MHdopmaunsa usndHa
(Landauer 1991), noaTomy MHTErpMpoBaHHasa nHopMaLus, ecrnv oHa BoobLLEe CyLLECTBYET,
OOMmkHa ObITb 3aKkoaMpoBaHa OU3NYECKN NHTENPUPOBAHHBIM CybCTpaToM.

Moreover, if it is to have an output then it

needs to be causally competent (Pawtowski et al. 2009): the integrated information must, as
an integrated unit, change something physical.

Yet, none of the above examples of integrated

information are physically integrated.

Bonee Toro, ecnu TpebyeTtca , 4TOObLI OHa UMErna BbIXod, TO OHA 4OSMKHA ObITb Kay3anbHO
komneteHTHOM (Pawtowski et al. 2009): uHTerpuposaHHas MHOpMaLUns OMKHa, Kak
WHTErpUpOBaHHas eauHNLAa, M3MEHSITb YTO-TO hmsmyeckoe. TeM He MeHee, H1 OOWNH U3
npuBeAeHHbIX BbilLe MPUMEPOB NHTErPUPOBAHHOW MHPOPMAaLMM (PUINYECKN He
WHTErpMpoBaH.

Their information is causally integrated in time, rather than physically integrated in space, as
I will now illustrate with a familiar problem from
philosophy.

X nHpopmaums npUYNHHO MHTErpMpOBaHa BO BpEMEHU, a He PM3NYECKN UHTErPUPOBaHa B
NPOCTPaHCTBE, KakK 9 ceryac NpounioCcTpupyo 3Hakomon npobnemon ns cdounocodum.

Ryle (2009) insisted that it is a category error to suppose that

structures, such as the University of Oxford, have material existence. To make his point, he
imagined a visitor to Oxford who

visits the library and colleges but then asks ‘But where is the

University?’

The visitor’s error is to assume that the university

is a member of the category of material objects, rather than an

institution which exists causally only in the minds of the students, staff and visitors to the
university.

Painn (2009) HacTamMBan Ha TOM, YTO MMeeTcH ownbKka KaTeropupoBaHNS B NPEANONOXKEHUN
0 TOM, YTO CTPYKTYpbI, Takne kak OKcchopackuin yHUBEPCUTET, UMEIOT MaTepuanbHoe
cyliecTBoBaHune. YTobbl JOKa3aTb CBOK TOYKY 3pEHUS, OH NPeACcTaBuIl NoceTuTens
Okcdopaa, koTopbi nocelaet GMbnNMoTeKy 1 KOMMeaxun, Ho 3aTeM CnpalumBaeT: «A rae



YHuBepcuTeT?»

Ownbka noceTnTensa COCTONT B TOM, YTOObI NPeanonoXuTb, YTO YHUBEPCUTET OTHOCUTCS K
KaTeropum matepuarnbHbIX OObEKTOB, a He yuYpexaeHnd, KOTopoe CyLLEeCTBYET Kay3alibHO
TONbKO B CO3HAHUN CTYQEHTOB, COTPYAHMKOB M NOCETUTENEN yHUBEPCUTETA.

Ryle calls this kind of
mistake a ‘category error’. An analogous argument can be made
for integrated information.

University institutions, such as registry, finance, the libraries, exam boards, colleges or
executives,

integrate and process vast amounts of varied information ranging from student entry criteria,
applicant qualifications, book

catalogues, exam performance, timetables or salaries.

Pann HasbiBaeT 3TOT BUA MPUHATL «OLLMOKY KaTeropumny. AHanorMyYHbI apryMeHT MOXHO
NPUBECTU AN UHTErPUPOBAHHOW MHGOPMaLINN.

YHUBEPCUTETCKUE YUpPEXAEHUS, TaKMe Kak pernctpatypa, uHaHchl, 6ubnmoteku,
9K3aMeHaLMOHHbIE KOMUCCUM, KONMEeOKN UM PyKOBOAUTENMW, UHTErPUPYIOT U 06pabaTbiBatoT
OrPOMHOE KONMYEeCTBO pa3HoobpasHoi UHOPMaLIMK, HAYNHAS OT KpUTEPUEB NOCTYMNEHMUS
CTYOEHTOB, KBanuduKaumin couckaTtenei, Katanory KHUr, pesynstaTbl 9K3aMeHOB,
pacnucaHus unv 3apnnarbl.

However, this integration, like the institution itself, is causal, rather than

physical, in the sense that downstream effects, such as the

posting of offers of university places, depend on a multiplicity

of upstream informational causes, such as the arrival of application forms and their scrutiny
by academics and administrators. The integration is via a causal chain of operations in time,
rather than physical integration in space.

OpaHako, aTa uHTerpaums, Kak u caMm MHCTUTYT, ABNFEeTCS Kay3arnbHoK, a He hu3ndeckomn, B
TOM CMbICIE, YTO nocneayowmne apdekTbl, Takne Kak pasmelleHne npeasioxXeHnn
YHUBEPCUTETCKMUX MECT, 3aBUCAT OT MHOXECTBA BOCXOAALLNX MHAOPMALMOHHBLIX NPUYMH,
Takux Kak noctynneHne popm 3asBOK U UX NMpoBepKa HayYHbIMW COTPYOHUKaAMU U
agMuHuCTpaTopamu.

MHTerpaums ocyllectBndaeTcs Yepes NPUYNHHO-CIIEACTBEHHYIO LIEMOYKY onepauumn Bo
BPEMEHU, a He PU3NYECKYI0 MHTErpaumio B NPOCTPaHCTBE.

This form of temporal integrated information is also a universal feature of computation, such
as those performed by

Boolean logic gates and instantiated in Turing machines, such

as modern computers.

For example, the single bit output of an



AND logic gate integrates the two bits of information encoded
in its two inputs (Fig. 1a) to output a single bit that represents
an integration of the gate’s inputs.

OTa hopma MHTErPUPOBAHHOW BO BpeMeHU MHPopMaLMn TakkKe ABMSETCS YHMBepCcanbHON
0COBEHHOCTbBIO BbIYMCIEHWUI, TAKUX KaK Te, KOTOpble BbIMOMHAKTCS nocpeacTBoM bynesbix
NOrMYECKNX BEHTUMNEN, CO3[AaHHbIX Ha MalUMHaxX TbIOpUHra, TakNxX Kak COBPEMEHHbIe
KOMNbIOTEPDI.

Hanpumep, ogHOGUTOBLIN BbIBOA ornyeckoro BeHTuns "N" obbeanHseT gea buta
NHcopMaL MK, 3aKogMPOBaHHOM Ha ABYX ero Bxogax (puc. 1a) onsa BbiBoga ogHoro 6uta,
npeacTaBnsaLWero MHTerpaLmm BXo4os.

In reality, the integration is

causal in the sense that the state of the output bit at time t2 is

dependent on both input bits at time t1. Of course, the single

output bit cannot encode both input bits: it is not physically integrated information. Note also
that, once a signal has been

transmitted from input to output via, for example, a current or

voltage change, then the inputs are free to accept new data.

Ha camom gene vHTerpaumst NpUYNHHO B TOM CMbICIE, YTO COCTOSIHUE BbIXOAHOro 61Ta B
MOMEHT BpeMeHU t2 paBHO 3aBUCUT OT 06OMX BXOAHbLIX OUTOB B MOMEHT BpeMeHu t1.
KoHeuHo, eAVHUYHBIN BbIXOAHOW OUT HEe MOXET koaupoBaTh 06a BXoAHbIX 6uTa: 310 He
r3nyeckn nHTerpmpoBaHHas nHopmauus. ObpaTuTe Takke BHUMaHUE Ha TO, YTO MoKa
curHan nepegaertcs OT BXOAa K BbIXOAY Yepes, Hanpumep, TOK UM M3MEHEHUE HaMPSKEHUS,
TO BXOAbl MOTYT NPUHMMATb HOBbIE AAHHbIE.

So,

by the time the signal has reached the output (t2), its state may

no longer be correlated with the inputs. There is therefore no

physical state that corresponds to the integration of information performed by the gate.
This does not, of course, prevent the

gate from participating in any complex algorithmic operation

that can be considered to integrate information in the sense of

the conventional temporal use of the term.

Tak, K MOMEHTY, Koraa curHan JOCTUrHeT Bbixoda (t2), ero coctosiHe MoXeT

OonbLle He KoppenMpoBaTh C NUCXOA4HLIMW AaHHBIMK. [103TOMY HET PU3NYECKOrO COCTOSHUA,
COOTBETCTBYIOLLIEro UHTErpauumn MHopmaLmMm, BbINONHAEMON BEHTUMNEM.

OT0, KOHEYHO, HE MELLAET BEHTUIIO Y4aCTBOBATL B KAKOW-ITMOO CITIOXKHOW anropuTMNYECKON
onepaumm, KOTOPYH MOXHO paccMaTtpuBaTh Kak UHTerpaunio UHopmMaLmMm B CMbICrie
0ObLIYHOrO BpEMEHHOIO UCMONbL30BaHMS TEPMUHA.



Consider, for example, a computer connected to a camera and running an image recognition
program whose job is to identify photographs of the actress Jennifer Anniston amongst
hundreds of electronic images presented to the camera.

PaccmoTpum, Hanpumep, KOMMbOTEP, MOAKITYEHHbIV K Kamepe 1 paboTarowmn ¢
nporpamMmmMou pacno3HaBaHUsa N3obpakeHuI, 3agada KOTopor COCTOUT B TOM, YTOObI
naeHTuduumpoatb dotorpadmm aktpuck xeHHndep SHUCTOH cpean CoTeH
3MNEKTPOHHbIX hoTorpachmii, NpeacTaBnsiemMbiX Ha kKaMmepy.

By the time the complex series of computations that analyse and integrate features such as
hair colour, eye colour, shape of nose, chin, complexion, orientation of the image, etc., have
reached a gate that finally commits the program to deliver an audio output of ‘this is Jennifer
Aniston’, the input logic gates may have gone on to the

next photograph.

K Tomy BpemeHu, Korga CnoxHas cepus BblYMCNEHUIN, KOTOPbIE aHaANU3NPYT U 06beanHSOT
Takve xapakTepuCcTUKN, Kak LBET BOSOC, LBET rnas, goopma Hoca, nogdopoaok, LBeT nmua,
OpMeHTaUMNsA N300paKeHNs 1 T.4. HOCTUTHYT NOTMYECKOro BEHTUS, NOCEe KOTOPOro
nporpaMmMa BblAacT ayaAnoBbIXO4 «3TO [KeHHUep DHUCTOHY», BXOAHbIE Nornyeckue
BEHTUMN, BO3MOXHO, NepeLunm K

cnegyowen gotorpadcdun.

There can therefore be no physical state that

corresponds to the integrated information at any single point in
time. The integration exists as a correlation in time, not as a
physical integration in space.

CnepoBaTenbHo, He MOXET ObITb (OM3NYECKOrO COCTOSIHUSI, COOTBETCTBYHOLLIETO
NHTErpnpoBaHHOW MHGOPMaLMK B NoOOIN ToOYKe OIHOBPEMEHHO. IHTerpaums cyLecTeyeT
Kak KoppensiLms Bo BpeMeHM, a He Kak puanyeckasi UHTerpaumsi B npocTpaHCTBe.

Do neurons integrate information?

It is important to stress that no EM field theory of consciousness

denies that much or most brain information processing proceeds via conventional
neuron/synapse transmission. However,

the same argument described above for integrated circuits,

applies to the processing of complex information along complex

neuronal pathways.

MHTerpupytoT N1 HEMpPOHbI MHdOpMaLUno?

BaxHO nogyepkHyTb, YTO TEOPUS ANEKTPOMArHUTHOMO MOMS CO3HAHUS He

oTpuUaeT, 4To BGonbLuas YacTb 06paboTKM MO3roBON MHOPMAaLIMK MpoMCXoanT
nocpencTeomM 06bl4HON Nepefayvm HEMPOHOB/CMHAMNCOB.

OaHako, TOT Ke apryMeHT, ONUCaHHbIN BbILLE ANA UHTEerpanbHbIX CXeM, MPUMEHSIETCS K
00paboTke CNoXHOM MHAOPMaLMN BAOMb CNOXHbIX HEPBHbIX NyTEN.



They, like logic gates, input sensory information, such as photographs, and process that
information

along chains of neuronal networks until they reach a group of

neurons, or even a single neuron that fires to generate a verbal

output of ‘this is Jennifer Aniston’.

OHu, KaK 1 norm4yeckme BEHTUNKN, BBOAAT CEHCOPHYIO MHGOpMaLno, Hanpumep
doTorpacdum, n obpabatbiBaloT 3Ty MHOPMaLMIO MO LienovYkam HEMPOHHbIX CETEN, NOKa He
OOCTUrHYT rpynnbl HEMPOHOB NN AaXKe OAHOro HeMpOoHa, KOTOpbIN cpabaTtbiBaeT, YTOObI
reHepupoBaTb BepOarbHbIn

BbIX04 «3TO [xeHHUdep DHUCTOHY.

Nevertheless, just as for logic gates, once a neuron has done its job of processing its many
inputs to generate the single output of a firing rate, it is free to

accept new data.

Downstream neurons involved in the triggering motor output need not be correlated with the
simultaneous

state of input neurons or neurons involved in the processing of

that sensory information by the time the output signal is generated.

TeM He MeHee, KaK 1 ANsa NOrmYecknx BEHTUIEN, Kak TONbKO HEMPOH BbINOSHW CBOKO
paboTy no o6paboTke CBOMX MHOFOYUCIIEHHbLIX BXOAHbLIX AaHHbIX, YTOObI CreHEpPMpPOBaTh
€OWHCTBEHHbIV BbIXO4HOW CUrHan 4actoTbl BO30YXaeHWs, OH MOXXeT cBOO6O4HO

NPVHATbL HOBbIE JAHHbIE.

Hucxoaswmne HerMpoHbl, yyacTBytoLmMe B 3anycke ABUraTenbHOro MMMyrnbca, He AOMKHbI
KoppenupoBaTtb C O4HOBPEMEHHbIM

COCTOSIHNE BXOAHbBIX HEMPOHOB USN HEMPOHOB, Y4acCTBYOLLMX B 06paboTKke 3TOM CEHCOPHOM
NMHOPMaLMM K MOMEHTY reHepaLun BbIXOQHOIO curHana.

A hypothetical neuron that prompts the final output of a

verbal report is also no more physically linked to its sensory

inputs such, as in the retina or ear, than it is to a subject’s digestive system or skull.

And even neurons that respond to highly

processed and integrated information, such as the famous

Jennifer Aniston neuron (Quiroga et al. 2005), only encode a single firing rate that cannot
represent anything more than a tiny

fraction of the information present in conscious percept.

MMNoTeTNYECKNN HEMPOH, KOTOPbIN BblAAET OKOHYATENbHbIA CITOBECHLIN OTHET Takke 6onee
He cBA3aH (PU3MYEeCKM C ero CEHCOPHbIMU BXO4aMU, HaNpUMep, C CETYaTKON Unn YyXoM, B
OonbLUen cTeNeHn, YEM C NULLIEBAPUTENBHOM CUCTEMOW UMK YepernoMm cybbekTa.

W paxe HeNpOHbI, pearvpyroLine Ha CUIbHO

06paboTaHHy0 N UHTErPUPOBAHHYIO HPOPMAaLMIO, TakMe Kak 3HAMEHUTLIN



HenpoH xeHHndep SHUCToH (Quiroga et al. 2005) koanpyeT TONMbLKO OAHY YacToTy
cpabaTbiBaHUSA, KOTOPAs HE MOXET NPeaCcTaBNATb HAYETO, KPOME KPOLLEYHOW
YacTn MHOpMaLUN, NPUCYTCTBYHOLLIEN B CO3HATENbHOM BOCMPUATUN.

Its firing rate is, of course, all that any single neuron can know.

Neurons integrate information but, as for logic gates, the integration is temporal, not
physical, as the information to be integrated is separated in both space and time.

Also, the so-called

integrated information is far more complex than a single neuron’s coding capacity. This kind
of temporal integration cannot

correspond to ‘our capacity to integrate information across

time, space, attributes and ideas’ (Treisman 1999).

CkopocTb ero cpabartbiBaHNA — 3TO, KOHEYHO, BCE, YTO MOXET 3HATbL 000N OTAENbHbIN
HEeNPOH.

HelpoHbl MHTErpUPYT MHAOPMALMIO, HO, TaK e KakK U JTOTMYECKUX BEHTUNW, MHTerpauus
HOCUT BPEMEHHOW, a He (PU3NYECKNIA XapaKTep, NOCKOSbKY MHTerpupyemMas nHdopmaums
pasgerneHa kak B NPOCTPaHCTBE, Tak 1 BO BPEMEHM.

Takke Tak HasblBaeMasi MHTErpupoBaHHasi MHPOPMaLNA HAMHOTO CITOXXHEE, YeM
Koavpytowasa cnocobHOCTb OTAENbHOIO HerpoHa. Takoro pofga BpeEMEHHas UHTerpauns He
MOXET COOTBETCTBOBATb «Hallel CNoCOBHOCTU MHTErpMpOBaTb MHGOPMaLNIO Yepes Bpems,
NpPOCTPaHCTBO, aTpnbyThl M ngen» (Treisman 1999).

Of course, a huge number of firing neurons may fire in response to Jennifer Aniston’s face or
some other potentially integrated conscious percept.

It may be that each of these firing

neurons encodes different aspects of the conscious perceptt—

perhaps the particular colour of the actress’ eyes, the shape of

her nose or the texture of her hair.

KoHeyHo, orpoMHOE KonNnyecTBo BO30YXAEHHbBIX HEMPOHOB MOXET aKTMBMPOBATLCHA B OTBET
Ha nuuo [keHHndep SHUCTOH UK Kakoe-nMbo Apyroe NoTeHuManbHO NHTErPUPOBaHHOE
CO3HaTenbHOEe BOCMpUATHE.

MoxeT ObITb, KaXabli U3 3TUX aKTUBUMPOBAHHbLIX HEMPOHOB KOAMPYIOT pasnnyHble acnekTbl
CO3HaATENbHOIro BOCNPUATUS — BO3MOXHO, OCOObIN LBET rna3 akTpuchl, opmy €€ Hoca nnm
TEKCTYpY €é BoroC.

One could imagine a network

of such neurons that, together, encode and ‘integrate’ the conscious percept. But how do
the firing neurons integrate their information? From the perspective of functionality, they
need not

even be physically connected so long as they, collectively, deliver their signals to a motor
neuron(s) that execute(s) the verbal

report ‘that is Jennifer Anniston’s face’. In reality, they need be



no more physically connected to each other than are the different colleges of the University
of Oxford. All that is required is a
causal chain.

MoXXHO npeacTaBUTb CETb TaKMX HEMPOHOB, KOTOPLIE BMECTE KOAUPYIOT U KUHTErPUPYHOT»
co3HaTenbHoe BoCnpuaTne. Ho Kak akTMBMPYHOLLMECS HEMPOHbI MHTErPUPYHOT CBOKO
nHgpopmaumio? C TOUKN 3peHNst PYHKLUMOHANBHOCTU OHWN HE OOMKHbI Aaxe OblTb (U3nNYeCcKm
CBSI3aHHbIMW, MOKa OHWM BMECTEe NepeaarnT CBOM CUrHamnbl MOTOPHOMY HENMPOHY(aMm), KoTopble
BbINOMHSAOT(10T) BepbanbHoe coobLueHne «3To nuuo [keHHndep SHUCTOHY.

Ha camom gene oHu JomxkHbl 6biTb

dm3nyeckn cea3aHbl Apyr ¢ ApyroM He Gonblue, YeM pasHble konnemxmn Okcdopackoro
yHuBepcuTeTa. Bee, 4to TpebyeTtcsi, 3TO NPUYNHHO-CNEACTBEHHAS LieMNoYKa.

Nevertheless, nerves are, of course, physical connected, but,

in the example, those encoding Jennifer Anniston’s face are no

more physically connected to each other than they are to any

other neurons or even cells of the body, particularly as matterbased signals, such as
hormones, neurotransmitters or action

potentials, do not attenuate with distance.

Tem He MeHee, HEpPBbI, KOHEYHO, CBA3aHbl U3MYECKN, HO, B NPUBEOEHHOM NpUMepe Te,
KOTopble KoanpytoT nuuo [keHHndep OHUCTOH, He Bornee unsnyeckn cessaHbl Apyr C
APYroM, Yem ¢ nobbiMK ApYrMMU HEMPOHaMK UK Aaxe KrneTkamy Tena, ocobeHHOo B BUAe
CUrHanoB, OCHOBaHHbIX HA MaTepunn, TakMxX Kak FOPMOHbI, HEMPOTPAHCMUTTEPBI UK
noteHumanbl AeNCTBUSA, He 3aTyXaroLme ¢ pacCTOSIHUEM.

If physical connectedness was sufficient for consciousness, then we would be aware of all of
the information encoded in our entire body at all

times. Neural networks, on their own, cannot be responsible for physically integrating
conscious information because, like integrated circuits, they integrate information only
temporally, not physically.

Ecnun 6bl dm3smyeckon cBA3aHHOCTU ObINTO AOCTATOMHO A1t CO3HAaHMUS, TO Mbl Obl BOOOLLIE
0CO3HaBanu BCO MHOpMaLMIO, 3aKOAMPOBaHHYO BO BCEM HaLLEM Tene OAHOBPEMEHHO.
HenpoHHble ceTn cammn nNo cebe He MOryT HECTU OTBETCTBEHHOCTb 3a (hU3MNYECKYIO
WHTerpauunto cosHaTenbHon nHdopmauumn, NOTOMY YTO, Kak U MHTErparnbHble CXEMbI, OHU
NHTErpupytoT MHOPMaLMIO TONbKO BO BPEMEHMN, @ HE ON3NYECKN.

Integrating information in space, rather than in time

MHTeraLl,I/IFI I/IHCbOpMaLI,I/IVI B NPOCTpaHCTBE, a HE BO BpeMeHU

There are, however, physical systems that encode information
integrated over space in a single moment of time.



We know this form of information as force fields. The most obvious is the gravitational field
that, at any point on the Earth’s surface, provides a force that effectively integrates the
magnitude and distribution of local masses such as those of the Earth, Moon and

Sun.

OaHako cyLecTBYHT (hnsndeckme CUCTeMbI, KOTOPbIE KOOUPYOT MHdopMaLnIo,
WHTErPUPOBAHHYIO MO MPOCTPAHCTBY B €ANHbIA MOMEHT BPEMEHM.

Mebl 3Haem aty popmy nHdopmaumm Kak cunosble nons. Hambonee o4eBMAHBIM ABASETCSA
rpaBMTaLMOHHOE MNore, KOTOpoe B Moo TOYKE 3€MHON NOBEPXHOCTWN CO3AAET CUny,
3(P(PEKTMBHO MHTETPUPYIOLLYIO BENTMUNHY U pacnpenernieHme MeCTHbIX Macc, Takmx Kak
maccbl 3emnu, JlyHel 1 ConHua.

Similarly, the EM field at any point in space represents an integration of information
concerning the type, distribution and
motion of local charges.

To4YHO TaK e aNeKTpoOMarHMTHOE none B Nobon Touke NPOCTPaHCTBa NpeacTaBnsaeT cobom
WHTEerpaunio MHopmaLmMm o Tune, pacrnpeneneHum u ABMKEHUN MeCTHbIX 3apsaoB.

In contrast to the temporal integration

described above, force fields physically integrate complex information that may be
simultaneously downloaded from any point in the field.

This is apparent to anyone who views a TV show that has been transmitted from a single
transmitter to their

smartphone, alongside a thousand other people who may simultaneously view the same
program on their phones in a thousand different locations. Moreover, an EM field can, like an
integrated circuit, compute.

B oTnuyne OT BpeMEHHOW MHTEerpauumn, oNnMcaHHoOM BbIlE, CUNOBbIE NONS U3NYECKN
NHTErpupyoT CNOXHYI0 MHOPMaLMIO, KOTopast MOXET ObiTb OAHOBPEMEHHO 3arpy>keHa n3
nobor ToYkM nons.

OT10 o4eBNAHO anga noboro, KTo CMOTPUT Tenenepeaady, kKotopas 6bina nepegaHa ¢ O4HOro
nepegarymka Ha nx cMapTdOH, Hapaay C ThiICAYEN OPYrnX N0Aen, KOTopble MOryT
OLHOBPEMEHHO NMpocMaTpmBaTb O4HY U Ty XXe NporpamMmmy Ha cBoux TenedoHax B Tbicaye
pa3Hbix MecT. bonee Toro, 3M none moxeT, NOAOOHO MHTErpanbHOW CXeme, BbIYUCNAT.

Consider for example, the arrangement of iron filings sprinkled over a magnet. A
conventional computer could calculate

their configuration by inputting the initial random configurations of the filings into an algorithm
that implements either

Maxwell’s equations or the equations of quantum electrodynamics to output their final
equilibrium configuration.

PaccmoTpum, Hanpumep, pacnonoXeHne XenesHblX OnuIok, pa3bpocaHHbIX MO MarHUTY.
OGbIYHbBIV KOMNBIOTEP MOXET BbIYMCNNTD



NX KOHUIypaLmio nyTeM BBOAA HaYarbHbIX ClyYaHbIX KOHUIypaLuii pacrnonioxeHus B
anropuTM, KOTOpbI peanuayeTt NMbo ypaBHeHUs MakcBenna unm ypaBHeHUs KBaHTOBOW
3MNEeKTPOANHaMUKN ANsi BbIBOAA X OKOHYaTENbHON PaBHOBECHOWM KOHMUIypaLui.

Yet the

EM field at each point in space, generated by the electron spin

of iron atoms within the magnet, instantly computes this solution. In this sense, the field
represents an algorithm in space,

rather than the algorithms in time that are implemented by

Turing machines.

Tem He MmeHee DM none B KaXgow ToO4Ke NPOCTPaHCTBa, Co3AaBaeMoe CrMHOM 3fEKTPOHA
aTOMOB >Kenesa BHYTPW MarHuTa MrHOBEHHO BbIYUCIISET 9TO pelleHne. B aTom cMbicre none
npeactaensgeT cobon anropuTM B MPOCTPaAHCTBE, a HE anropuTMbl BO BPEMEHU, KOTOPbIE
peanuaytotcsa MawmnHamu TelopuHra.

And, most importantly, the information involved in the computation is simultaneously
available in the space of the magnet and its surroundings. It is spatially, rather

than temporarily, integrated information. The EM field’s information is complex information
that is physically bound.

W, camoe rmaBHoe, HpopmaLms, 3a4eCTBOBaHHAA B BbIYUCIIEHUN, OOHOBPEMEHHO
AOCTYMNHa B NPOCTPAHCTBE MarHUTa u ero OKPY>KEeHUs.

Mony4aeTtcs, ckopee, NPOCTPaHCTBEHHO, YeM BPEMEHHO, MHTErpupoBaHHas MHdopMaLums.
NHdopmaumsa anekTpoMarHMTHOro nomns NpeacTaBnsieT coOoM CrOXHY MHpopMaLMIO,
KoTopas hn3nyeckn cBa3aHa.

Magnets can also encode visual information. The artist,

Andrzej Lenard, paints magnetic pictures, such as the portrait of Robert Downey Jr (Fig. 2
from https://www.youtube.com/

watch? v/4PHzz81yapcc).

MarHuTbl Takke MOryT KOQUPOBATb BU3yarbHY UHOPMALMIO.

XynoxHuk Angxen JleHapg pycyeT marHeTudeckue KapTuHbl, Hanpumep, noptpeT PobepTa
HayHu-mnaglwero (puc. 2 ¢ canta https://www.youtube.com/).

cmoTpeTb? vVaPHzz81yapcc).

Note that the magnetic field-encoded

information would be present whether the iron filings were

there or not. The coding of the image would exist in space as invisible integrated information.
This kind of coding is, | argue,

much closer to the physical reality of our thoughts, than a firing

neuron.

However, it is static, rather than dynamic, and, unlike



the signal from a WIFI router, the visual information is locally
discrete rather than distributed throughout the space of the
image.

O6patnTte BHUMaHME, YTO 3aKOAMPOBAHHAA MArHUTHbIM NonemM MHAOPMaLNSa NPUCYTCTBYET
He3aBMCUMO OT TOrO, UMEIKTCH XKenesHble ONUITKN UMK HeT.

KoanpoBaHue obpasa cywectsoBano 6bl B NPOCTPAHCTBE Kak HeBUANMAsA MHTErpUpoBaHHas
MHopMaLms.

A yTBEpXKAato, YTO TakoW BUA KOAMPOBaHMUSA

ropasgo 6nmxe Kk rsnMyeckon peanbHOCTM HAWNX MbICIIEN, YeM MMMyNbCcauum

HENPOHOB.

OpaHako OHO CTaTMYHO, a He AUHAMUYHO, U, B oTnnymne oT curHan poytepa WIFI, BudyanbHas
WMHOpMaLMs NOKanbHO ANCKPETHA, @ He pacnpenerneHa no Bcemy npocTpaHCcTBy
n3obpakeHue.

Figure 1b illustrates how dynamic EM field information can
integrate information and function as a logic gate.

The figure

illustrates an EM field AND gate with two inputs and a single
output, each encoding either a zero or one. The inputs are
dipoles that act as EMF transmitters that oscillate between two
states.

Ha puc. 1b nokasaHo, Kak MHpopMauunsa AMHAMUYECKOro ANEKTPOMAarHUTHOMO Nosist MOXeT
WHTEerpmpoBaTb MHOPMAaLUNIO U OYHKLUMOHNPOBATL Kak NorM4ecknin BeHTunb. Ha pucyHke
nokasaH norn4yecknin BeHTunb "U" anekTpomarHMTHOro nons ¢ ABymMs BXogamu U O4HUM
BbIXOAOM, KaXKabI U3 KOTOPbIX KogUpyeT nnbo Homb, NMnbo eauHULy.

Bxoabl — gmMnonu, koTopble AENCTBYIOT Kak nepeaatymkn AMI, koTopble KonebnoTca mexay
OBYMS1 COCTOSIHUSIMU.

For ease of presentation, Fig. 1b illustrates the different

inputs represented as firing (oscillating corresponding to input
Ya 1) or non-firing (not oscillating, input 2 0) states. The output
is then an EMF receiver that implements the AND rule to output
a signal. Note that the receiving node can be located anywhere
in the space of the field.

So, and most importantly, the entire

AND computation is distributed throughout the space of the
overlapping field of the inputs.

[na npocToTebl npeacTaBnenns Ha puc. 16 nokasaHbl pa3nuyHble

BXOAbl, NPeAcTaBreHHble Kak cpabaTbiBaHue (konebaHus, COOTBETCTBYOLLME BXOOY

= 1) unu 6e3 cpabaTbiBaHus (He konebnetcs, Bxog = 0).

Bbixog 3aTeM siBNSETCA NPUEMHUKOM 3NEKTPOMArHUTHOMO Nofsi, KOTOPbIA peanuayet
npasuno M ans eeiBoga curHana. Obpatute BHUMaHWe, YTO NPUHUMAIOLLUIA y3en MOXeT



HaxXoaMUTbLCA rae yrodHo B NpocTpaHcTBe nons. UTak, n camoe rnaeHoe, Bcé M BbluMcneHne
pacnpeaeneHo no BCcemy npocTpaHCTBy
nepekpbiBaloLLIeecs rnorne BXoAos.

The computation and integration of input information is implemented in space, rather than
time. It is physically integrated information processing.

BbluncneHne n MHTErpupoBaHne BXoAHON MHAOPMaLMKN OCYLLEECTBIISIETCSA B MPOCTPAHCTBE, a
He BO BpeMeHU. ITO hn3NYECKN NHTErpMpoBaHHasa obpaboTka nHdbopmauuu.

Combinations of EMF transmitters and receivers that implement different logical functions
could, in principle, implement any complex algorithm, for example, an algorithm that
recognizes images of Jennifer Aniston. In contrast to the above static magnetic image of
Robert Downey Jr, this EM field algorithm

would be distributed throughout the space of the field; such that, like a WIFI signal, it could
be downloaded from any point in the space of the field.

KomburHaumm nepegatymnkoB n npueMHmnkoB OMI1, peannsyrowmnx pasHble normdeckue
dYHKUMK, B NPUHLMUNE MOMNKN Obl peanu3oBath NoO0M CIIOXHLIN anropuTM, Hanpumep,
anropuTM pacnos3HaBaHus obpa3oB [keHHndep IHUCTOH. B oTnnumne ot npnBegeHHOro
BblLLE CTAaTUYECKOr0 MarHUTHOro n3obpaxeHusi Pobepta [JayHu-mnagliero, aToT anroputm
3MNeKTPOMarHUTHOro nons GyaeT pacnpeaerneH no BCceMy NpoCTPaHCTBY Nons; YTobbl, Kak u
curdHan WIFI, ero MoxHoO 6bino 3arpy3nTb 13 noboN TOYKM NPOCTPaAHCTBA Nofs.

In this sense, the field possesses features in common with holograms that similarly store
distributed information. But in the case of the cemi field, the

information exists as an algorithm in space, rather than time. It

is physically integrated information. Field-implemented algorithms such as these, but in the
brain, are, | argue, the physical

substrate of conscious thoughts.

B aTom cMmbicne none nmeet obLime YepTbl C roriorpaMmMmamMuy, aHanornyHbiM obpasom
XpaHALWMMKU pacnpeneneHHyto nigopmaunio. Ho B cnyydae cemi-nonsi MHopmMauns
CYLLLECTBYET KaK afiropuTM B NPOCTPaHCTBE, a He BO BpeEMeHU. ITO ABNAeTCs U3nYecku
WHTErPUpPOBaHHOM MHOpMaUMen. ANropnTMbl, peanm3yemMmble Ha OCHOBE nosen, NogooHbIX
3TUM, HO B MO3rYy, SIBMNAIOTCS, KaK a1 yTBep)aato, msmyeckum cybCcTpaTtoM 0CO3HaHHbIX
MbICrien.

It is, however, important to recognize that, although EM

fields are maximally connected—the universe has a single EM

field EM — waves travel at the speed of light across huge distances. However, their strength
is subject to an inverse square

(electric component) or cube (magnetic component) law so that

the EM field perturbation of a single neuron rapidly falls off with distance.



OpHako BaXkHO NoHMMaTb, YTo XoTs OM

nonsi MakcMMarnbHO CBs3aHbl — BO BceneHHom ecTb eANHCTBEHHOE 3MEeKTPOMarHUTHoe
norne — BOSHbl PAcNpOCTPAHSIKOTCS CO CKOPOCTbO CBETA HA OrPOMHbIE PaCCTOSHMS.

OpaHako 1x cuna 3aBucuT OT 0OpaTHOro KBagpaTa (aneKkTpuyeckasi coctasnsoLLas) unm
KyOGu4eckmin (MarHMTHasa COCTaBsaoLLas) 3aKoHa Tak, YTO BO3MYLLEHNE INIEKTPOMArHUTHOIO
nons OTAENbHOrO HEMPOHA ObICTPO NadaeT ¢ PacCTOSTHUEM.

In my earlier paper, | estimated that the EM field

electrical perturbation from the firing of a single neuron
extends into a volume of only about 80 mm encompassing a
maximum of about 200 neurons (McFadden 2002a).

B moel 6onee paHHen cTaTtbe S OLEHWUIT, YTO ANEKTPUYECKNE BO3MYLLIEHNS
3MNEKTPOMArHUTHOrO MO OT BO30YXAEHMA OOHOro HEMPOHa NPOCTMPaloTCA B o6bemMe BCero
okono 80 MUKpPOH, oxBaThIBas

Makcmym okono 200 HenpoHoB (McFadden 2002a).

So, in contrast to matter-based signals that do not attenuate with distance, signals passing
through the cemi field will tend to act

only locally, unless boosted by chains of synchronization (see

below).

Takmum obpasom, B OTNIMYME OT CUTHASOB, OCHOBAHHbIX HA MaTepun, KOTopble He 3aTyXatoT C
paccToaHueM, curHansl, npoxogswme Yyepe3 CEMI none, 6yayT nmeTb TeHOEHUNIO
OEeNCcTBOBaTb TOMbKO FIOKanbHO, €CNKU He ByayT yCunmBaTbhCA LieNOYKamMm CUHXPOHU3auum
(cm. Huxe).

Note however, and very importantly, that, in contrast to

temporally integrated information, an algorithm in space can

function only when its computational nodes fire synchronously

so that their inputs are simultaneously available to all the components of the network.
Therefore, a key prediction of the proposal that consciousness is distributed EM field-based
algorithms is that conscious information will be correlated with

synchronously firing neurons.

3amMeTuM, 0HaKO, M 3TO OY€Hb BaXXHO, YTO, B OT/INYMNE OT MHTErPUPOBAHHOW BO BPEMEHMU
nHOpMaLMK, anropuTM B NPOCTPaHCTBE MOXET paboTaTb TONbKO TOraa, Korga ero
BblMUCIIUTENbHbIE Y3Nbl CpabaTbliBatOT CUHXPOHHO, YTODLI MX BXOAb! OblNM O4HOBPEMEHHO
AOCTYMHbI BCEM KOMMOHEHTaM ceTu. Takum o6pasom, KnoYeBoe npeackasaHve
npeanorioXeHnsa 0 TOM, YTO CO3HaHWe pacnpoCTPaHAETCA Ha OCHOBE anropuTMOB
3MNeKTPOMarHUTHOrO MOSsl, 3aKM4aeTcs B TOM, YTO Co3HaTenbHas nHdopmauus oynet
KoppenupoBathb ¢

CUHXPOHHO BO30Y>XAarLWLUMNCS HEMPOHAMMU.



EMF transmitters and receivers in the brain

It has been known since the 19th century that the brain generates its own EM field, which
can be detected by electrodes

inserted to the brain. Its source is electrical dipoles within the

neuronal membranes caused by the motion of ions in and out

of those membranes during action potentials and synaptic

potentials.

Mepepatynkn n npuemHunkn MM B ronoBHOM MoO3re

C 19 Beka U3BECTHO, YTO MO3r reHepupyeT COBCTBEHHOE 3M1eKTPOMarHUTHOE nore, KoTopoe
MOXXHO OGHapPY>XWTb C MOMOLLIbIO 3NEKTPOAOB, BCTaBMNEHHbIX B MO3T.

Ero MCTOYHUKOM SIBNAIOTCS SNEeKTpUYecknue Aunonu BHyTpyu MembpaH HEMPOHOB, Bbl3BaHHbLIE
ABWXEHNEM MOHOB BHYTPb M HapyXy 3TUX MeMbpaH BO BPEMS MOTEHLMArIOB AEUCTBUS U
CUHaMNTUYeCKMX NoTeHLManos.

The periodic discharge of neurons — firing or action

potentials — generates EMF waves that propagate out of the neuron and into the
surrounding inter-neuronal spaces where they

overlap and combine to generate the brain’s global EM field that

is routinely measured by brain scanning techniques such as
electroencephalography (EEG) and magnetoencephalography

(MEG). The human brain therefore possesses around 100 billion

EMF transmitters.

Mepuognyeckasn paspsgka HEMPOHOB — BO30YXXAEHWE Unn NoTeHuManbl 4eNCTBUS —
reHepupytoT BorHbl QMI1, kOTOopble pacnpoCTPaHSAOTCA OT HEMPOHA B OKpyXXatoLwme
MEXHENPOHHbIE NPOCTPAHCTBA, [4e OHW NepeKkpbIBaOTCA N 06begnHAKTCS, YTOObI
reHepupoBaTtb rnobanbHoe 3NeKTpoOMarHMTHOE nosne Mosara, KoTopoe

00bI4YHO U3MepseTCca MeTogamMn CKaHUPOBAHUS MO3ra, TakMMK Kak
anekTpoaHuedanorpadpusa (331N n marHuTosHUedanorpadms

(M3I). Taknm obpasom, YernoBedecknin Mo3r cogepxnt okorno 100 mnpg nepegaTymkoB
OMI.

The human brain also possesses at least 100 billion EMF
receivers as each neuron in bounded by a membrane embedded
with thousands of voltage-gated ion channels whose firing is
triggered by EM field fluctuation across the membrane.

Uenoseyeckuit Mo3r Takke obrnagaet no meHblen mepe 100 munnuapgamu npuEMHNKOB

3ANEKTPOMArHUTHbIX NOMEN, TaK KaK KaXkabl HEMPOH OrpaHNYeH BCTPOEHHON MeMOBpaHon ¢
ThiCiMaMM NOTEHLMNanN3aBUCMMbIX MOHHbBIX KaHanoB, cpabaTbiBaHMe KOTOPbIX 3anycKaeTcs
dnyKTyaunsamm aneKTpoMarHMTHOro nonsi Yepes memopany.



Although these channels are generally assumed to respond

only to large fluctuations of tens of millivolts across the membrane, much larger than the
global EM field strength, EM field

potential changes of less than 1 mV across the neuronal membrane are nevertheless
capable of modulating neuronal firing (Schmitt et al. 1976).

XoTs 00bIYHO NpeanonaraeTcs, YTo 3T KaHarbl OTBEYAtOT TONbKO Ha Bonblune rnyKTyaunm

B AECATKN MUNIMBONLT HA MemMbpaHe, HAMHOrO NPeBbILALWUM 00LLYI0 HanpsKeHHOCTb OM
nong, NnoTeHumManbHble nameHeHns AM nonst meHee 1 MB Ha HeEMpPOHHON MembpaHe, TEM He

MeHee, cnocobHbl MoaynMpoBaTh Bo30yxaeHne HempoHoB (LUmuTtT n gp., 1976).

Moreover, for neurons poised close to the

critical firing potential, the opening of just a single ion channel

may be sulfficient to trigger firing (Arhem and Johansson 1996).

This degree of sensitivity suggests that very tiny changes in

membrane potential, of similar strength to spontaneous fluctuations in the brain’s
endogenous EM field, may influence the firing of neurons that are already close to firing.

Bonee TOro, ons HEMPOHOB, HaXOAALMXCA BONN3N KPUTUYECKOrO NoTeHumMana Bo3oyxaeHus,
OTKPbITUSI TONMbKO OAHOIO MOHHOTO KaHana MOXET ObITb 4OCTATOYHO, YTOObI BbI3BaTh
cpabatbiBaHue (Apxem n MoxaHccoH, 1996).

Takasa cTeneHb YyBCTBUTENBHOCTU NpeAnonaraet, YTO O4eHb HE3HAYNTENbHbBIE N3MEHEHNS B
MembBpaHHOM MoTeHumane, cuna KoToporo aHanormyHa CrnoHTaHHbIM KonebaHusam
9HOOrEHHOro 3MeKTPOMarHUTHOrO NMons Mo3ra, MOXET BNUATb Ha BO30YyXAeHe HEMPOHOB,
KoTopble yXe 6rim3ku Kk Bo30yXaeHuio.

The cemi field theory of consciousness

The conscious electromagnetic information (cemi) field theory

claims that the brain’s EM field is the physical substrate of consciousness. It was first
outlined in a book published in 2000 in

which | proposed that the brain’s ‘EM field ... integrate[s] information from all of the
calculations ... performed by ... [its] logic

gates (McFadden 2000).

CEMI-Teopusa cosHaHus

Teopus co3HaTeNbHOro anekTpoMarHMTHoro nHgopmaumoHHoro (CEMI) nons

yTBEPXOAET, YTO ANEeKTPOMarHMTHOE Nnosie Mo3ara sBnsieTca omandeckum cybctpatom
Co3HaHus. BrniepBble oHa Gbina nanoxeHa B kHure, onybnmkosaHHon B 2000 ., rae 4
npeanonoxus, 4to «3AM-none Moara ... UHTerpmpyeT MHoOpMaLmIo N3 BCEX BbIYNUCTIEHUMN ...
BbINOMHAEMbIX ... [ero] normyeckumu BeHTUnamm» (MakdaaneH 2000).

The theory was further developed in



two papers published in 2002 (McFadden 2002a,b). Similar theories were proposed around
the same time by neurobiologist

Pockett (2000, 2002), the neurophysiologist John (2001, 2002) and

the neurophysiologists Fingelkurts and Fingelkurts (2008) and

Fingelkurts et al. (2001).

[anbHenwee pa3sutne Teopud nonyyuna B

OBYX cTaTtbsax, onybnukoBaHHbIx B 2002 r. (McFadden 2002a,b).

MopobHble Teopum BbINM NPeanoXeHbl NPUMEPHO B TO Xe BpeMsi Henpobrnonorom
MokeTtTom (2000, 2002), Henpodunanonorom [xoHom (2001, 2002) n Henpoduanonoramm
®uHrenskypTcoM u duHrenbkyptcom (2008) n

®duHrenbkyptcom 1 ap. (2001).

In 2013, | provided an update on the cemi field theory incorporating more recent
experimental evidence (McFadden 2013a) as well as arguing that the theory accounts for
the gestalt properties of meaning, in an accompanying paper (McFadden 2013b). In 2014,
Adam Barrett similarly argued that the brain’s EM field integrates neuronal information to
provide the substrate of consciousness (Barrett 2014).

B 2013 rogy s npeactasun oGHOBNEHHYO nHdopmauuio o Teopun nonsg CEMI,
BKNtoYaroLyto bonee ceexue akcnepumeHTanbHble gaHHble (McFadden 2013a), a Takke
aprymMeHTMpoBar, 4To Teopus 06bsACHAET relTansT-CBOMCTBa CMbICa, B CONPOBOANTENBHOM
ctatbe (McFadden 2013b). B 2014 rogy Agam BappeTTt aHanornyHbivm obpasom yTeepxaan,
YTO 3MEKTPOMAarHUTHOE More Mo3ra UHTErpupyeT HEMPOHHYIO MHOpMaLMIO, YTOObI
obecneunTb cybeTpat cosHaHus (Barrett 2014).

The idea that the seat of consciousness is simply the brain’s EM field may initially sound
outlandish but is no more extraordinary than the claim that the seat of consciousness is the
matter of the brain.

Mpoes o Tom, 4TO BMECTUNMLLE CO3HaHNA — 3TO NPOCTO ANeKTpoMarHMTHoOe norne Moara,
MOXET NMoHa4ary noka3atbCA OVKOBWHHOW, HO OHa He bonee SKCTpaopaunHapHa, 4emMm
yTBEPXAEHNE, YTO BMECTUINNLLE CO3HAHNA — 3TO MaTepud Mmoasra.

All it involves is going from the right to the left

hand side of Einstein’s famous equation, E 4 mc2 thereby replacing the notion that
consciousness is encoded by matter of the

brain, with that of proposing that it is encoded by the energy of

the EM fields generated by the motions of its charged matter.

Bce, 4TO Ons 3TOro HYXXHO, 3TO ABWXKEHUE crpaBa HaneBo 3HaAMEHUTOrO YpaBHEHMS
ONMHWTENHA, E = mc2, TeM cambiM 3aMeHsisi NpeacTaBieHne 0 TOM, YTO CO3HaHUe
3aKogMpOBaHO MaTepuen Moara, npeanonaras, YTo OHO KOgMpPYeTCs aHeprmen
3MEKTPOMArHMUTHbLIX NOSEN, CoO3naBaeMbIX ABUMKEHNEM €ro 3apsiKeHHOW MaTepumn.



(Note that, by illustrating this idea with Einstein’s equation, | am not, of course, proposing
any interconversion of matter and energy in the brain.) Matter and energy are equally
physical;

but, instead of being composed of material, the cemi field theory proposes that our thoughts
are composed of the brains EM field energy.

(O6patute BHUMaHWe, Y4TO, UNMNOCTPUPYS 3TY UAEK YpaBHEHWEM SNHLUTENHA, S, KOHEYHO,
He npegnonararo Kakoro-nnbo B3aMmMonpeBpaLleHnus MaTepumn 1 3HEPrnm B MO3ry.)
MaTtepusi n 3Heprus B paBHON cTeneHn n3nyHbl; HO BMECTO TOro, YTOObLI COCTOATL M3
matepuu, Teopus CEMI-nona npegnonaraert, Y4TO HaLW MbICIY COCTOST U3 3Hepruu
3MeKTPOMarHUTHOro Nons Moasra.

This is a kind of dualism, but it is scientific dualism

based on the physical difference between matter and energy,
rather than a metaphysical distinction between matter and
spirit.

OT0 CBOEro poga Ayanuam, HO 3TO HayYHbIN gyannuam, OCHOBAHHbIN Ha pU3NYECKOM
pasnuunn Mexay maTepuen n aHepruen,
a He MeTadUn3nYecKoe pasnmyume Mexay Mmatepuen nu ayxXom.

Although, as | have argued, shifting from matter to energy of the brain is conceptually trivial,
when searching for an appropriate substrate in the brain that can physically integrated
complex information, the move draws an immediate payoff, as it effortlessly solves the
binding problem.

XoTsl, KaK S y)xe roBopuIl, Nepexof OT MaTepum K 3HEPrM MO3ra KOHLIENTYyarbHO TPUBUANEH,
npu Noncke B MO3ry noaxoasilero cybctpara, KOTopbl MOXET (DU3NYECKN MHTErPUPOBaTh
CIOXHY0 MHpOpMaLMto, STOT LWar NPUHOCUT HEMEAJIEHHYO OTAAuY, NOCKOSbKY OH

nerko peLuaeT NpobnemMy NprBS3KU.

Whereas information

encoded in the matter of neurons is, as | have argued, always localized and discrete both in
space and time, information in the

field, as illustrated in Fig. 1b, is always integrated yet distributed, in the sense that it may be
downloaded from any point

within the field.

MprHUMaga BO BHUMaHWE, YTO MHpopMauus

3aKogMpoBaHHada B Matepum HEMPOHOB, Kak s y>ke roBOpwWr, BCerga rokanusoBaHa u
ANCKPETHA Kak B NPOCTPAHCTBE, Tak U BO BPEMEHU, MHpOPMaLMS B NONEe, Kak NoKaszaHo Ha
puc. 1b, Bcerga uHTerpnpoBaHa, HO pacnpeaerneHa, B TOM CMbICIE, YTO €€ MOXHO 3arpysuTb
13 nobom TOUKN BHYTPU NONS.



Since, in this case, ‘the field’ is the brain’s

global EM field, it also provides a feasible physical substrate for
the notions of working memory and/or the global workspace
that have been proposed in many other theories of conscious
(Baars 2005). And, as illustrated in Fig. 1(b) EM fields may also
implement algorithms.

MockorbKy B 4aHHOM Criyyae «none» — 3710

rnmobanbHOe aneKTpoMarHMTHOE NMone Mo3ra, OHO Takke obecneynBaeT BO3MOXHYIO
dm3nyeckyro OCHOBY AN NOHATUA paboyven namaTu u/unm rnobanbHoro paboyero
MPOCTPaHCTBA, KOTOPble ObiNV NpeanoKeHbl BO MHOTUX APYrMx Teopusix co3HaHus (Baars
2005). N, kak nokasaHo Ha puc. 1(b), anekTpoMarHMTHbIE NONA Takke MoryT
peanunsoBaTb anropuTMbl.

This capacity, known as ‘field computing’ (MacLennan 1999) sometimes as quantum-like
computing

(Khrennikov 2011), has several features in common with quantum computing such as ease
of implementation of mathematical functions such as Fourier transforms, compared to digital
computers.

OTa cnocobHOCTb, N3BeCcTHas Kak «nonesble Bbluncnenns» (MacLennan 1999), nHorga kak
KBaHTOBOMOAOOHbIE BbIYNCIIEHMSI.

(XpeHHukoB, 2011), UMEET HECKOSbKO OBLLMX YEPT C KBAHTOBLIMU BbIYUCIIEHUSIMU, TAKUX KaK
NpocToTa peanusauun MateMaTudecknx yHKUMI, Taknx Kak npeobpasosaHue Pypbe, no
CPaBHEHMIO C LNPPOBLIMU LINPPOBLIMU KOMMbIOTEPAMM.

Moreover, as illustrated in Fig. 1b, this form of field

computing—algorithms in space rather than in time—could

only be implemented by neurons (either EMF transmitters or

receivers) that fire synchronously.

So, the theory predicts that,

if consciousness is implementing field computing, then consciousness should be highly
correlated with the synchrony of

neural firing rather than firing rates.

Bonee Toro, kak nokasaHo Ha puc. 16, ata dhopma NonNeBoro BbIYUCIIEHNS — anropnuTMoB B
NPOCTPaHCTBE, @ He BO BPEMEHN — MOXET

peanuayoTcst TONbKO HerpoHamu (nnbo nepegatymkamm MM, nnbo npuemHmnkamm),
KoTopble cpabaTbiBalOT CUHXPOHHO.

WNTak, Teopusi npeackasbiBaeT, YTO eCnNn CoO3HaHNe peannsyeT NorneBble BblYUCIIEHUS, TO
CO3HaHWe AO0MKHO BbITb CUNBHO KOPPENMPOBAHO C CUHXPOHHOCTLID HEMPOHHOTO
BO30YXXOEHUS, @ HE CKOPOCTLIO BO30YKOEHMS.



Several decades ago, work conducted by Wolf Singer and colleagues demonstrated that
neurons in the monkey brain fire

synchronously when the animal attends to the stimulus

(Kreiter and Singer 1996). Many additional studies confirmed

and extended these findings to many different experimental

systems.

Heckonbko aecatunetnin Hasaa paboTta, nposegeHHasa Bonbdom CuHrepom n ero
Konneramu, nokasarna, YTo HEVMPOHbI B MO3ry 06e3bsH akTUBMPYOTCA CUHXPOHHO, Koraa
XUBOTHOE obpaLyaet BHMMaHune Ha ctumyn (Kreiter and Singer, 1996). MHorne
OOMNONHUTENBHLIE UCCNefoBaHWS NOATBEPAUIIN U PACNPOCTPAHUNK 3TU pe3ynbTaThl Ha
MHOXECTBO Pa3fiMyHbIX 9KCMEPUMEHTArNbHbIX

cucrtem.

For example, work in David Leopold’s laboratory at Max Planck Institute for Biological
Cybernetics, in Tubingen,

Germany (Wilke et al. 2006) investigated awake monkeys trained

to respond to a visual stimulus—the removal of a red dot from a

target area—by pulling a lever (to receive their fruit juice reward).

Hanpumep, pabota B naboparopumn Oasuga lleononbga B IHCTUTYTE BUonornyeckon
knbepHeTukn Makca NnaHka B TioGuHreHe,

lepmanusa (Wilke et al., 2006) nccnegosana 6oapctBytoLmnx 06e3bsH, 06y4eHHbIX
pearnpoBaTb Ha 3pUTENbHbIN CTUMYJST — yOaneHne KpacHOM TOYKM C LeneBon obnactn —
NOTSHYB 3a pblvar (4Tobbl NONYy4YMTh Harpagy 3a PYKTOBbLIN COK).

The researchers monitored both neuron spiking and changes in local EM field potentials in
V1, V2 and V4 regions of the monkey’s visual cortex. They demonstrated that spiking of
neurons in cortical areas V1 and V2 was totally uncorrelated

with the monkey’s perception of the target; however, low frequency (alpha range, particularly
9-30 Hz) modulation of local field potentials—presumed to be generated by synchronously
firing neurons—in these same regions did correlate with perception. It seems that though
neuron firing rate in the primary visual cortex does not see the stimulus, synchronicity of
neuron firing does indeed see the target.

WccnepoBaTtenu oTcnexmnBany Kak Cnankm HEMPOHOB, Tak U U3MEHEHUS NoKarbHbIX
noTeHUManoB anekTpoMarHMTHoro nong B obnactsax V1, V2 u V4 3putensHom Kopbl
06e3bsiHbl. OHM MPOOEMOHCTPUPOBANMN, YTO CNanku HEMPOHOB B obnacTax kopbl V1 n V2
COBEPLUEHHO HE KOPPENNPOBaHbI.

C BOCMnpusiTueM Lenu o6e3bsaHon; 0OgHaKo HU3KoYacToTHas (anbga-guanasoH, 0CobeHHO
9-30 lN'y) moaynsauMs NOTEHUMANOoB JIOKanNbHOIo Nons, NPeanonoXNTENbHO reHepnpyemast
CUHXPOHHO BO30YXOEHHBIMWU HEMPOHaMU, B 3TUX e obnacTax koppenuposana ¢
BOCMPUATUEM.

KaxeTtcs, 4To, XoTa YacToTa cpabaTtbiBaHNS HEMPOHOB B NEPBUYHON 3PUTENBHON KOpe He
BMAWT CTMMYNa, CUHXPOHHOCTb cpabaTbiBaHNA HEMPOHOB AENCTBUTENBHO BUAUT LiESb.



Many subsequent studies have also demonstrated that neural synchrony also correlates with
conscious perception in

humans. For example, neural synchrony patterns were found to correlate with conscious
recognition by subjects exposed to optical illusions (Lutz et al. 2002).

MHorve nocneayowme nccnegoBaHns Takke NPOAEMOHCTPUPOBANM, YTO HEMPOHHAs
CVHXPOHUSA TaKXKe KOppenupyeT C co3HaTeNbHbIM BOCNpUATUEM Yy ntogen. Hanpumep, 6bino
0BHapy>XeHO, YTO HEMPOHHbIE CUHXPOHHbIE NATTEPHbI KOPPENUPYHOT C CO3HATENbHBIM
pacrno3HaBaHneM cybbekTamu, nogeepriummmncsa ontudeckum unnosmsm (Lutz et al., 2002).

More recent work has demonstrated that conscious auditory perception is correlated with
long-range synchrony of gamma oscillations (Steinmann et al.

2014). Synchronization between the anterior and posterior cortex has been shown to
correlate with consciousness levels of

patients who have suffered traumatic brain injury (LeonCarrion et al. 2012).

Bonee no3gHas paboTta npogeMoHCTpMpoBana, YTo CO3HaTeNbHOEe CIyxOBOe BOCNpUsiTne
KOppenupyeT ¢ garnbHen CUHXPOHHOCTbIO raMma-konebaHumi (Steinmann et al., 2014). beino
MokKasaHo, YTO CUHXPOHM3aUUs Mexay nepegHen n 3agHen Kopor KoppenupyeT C ypOBHAMMU
CO3HaHuWs NaUMEHTOB, NEPEHECLLNX YepenHo-Mo3roByto TpaBmMy (LeonCarrion et al., 2012).

Of course, there may be several different and often contradictory signals being
simultaneously projected into the cemi

field by networks or clusters of synchronizing neurons.

Even so,

what is distinctive about the cemi field in contrast to many

other theories of consciousness is that, because EM fields are always unified, there is only
ever one EM field in the brain.

KoHe4vHO, MOXeT BbITb HECKOMNBKO pasHbIX M 4acTo NPOTMBOpeYaLmX Apyr Apyry CUrHanos,
OfHOBpPEeMeHHO npoeumpyembix B CEMI

none ceTaAMmn N Knactepamm CUHXPOHU3NPYIOLLMXCH HENPOHOB.

HecmoTp4 Ha 370, oTnnyune Teopun nonent CEMI oT MHOMMX ApyrMx TEOPUA CO3HaAHUSA
3aKrnyaeTcd B TOM, YTO, NMOCKOSMNbKY 9reKTPpOMarHUTHble Nons Bceraa eavHbl, B MO3ry
CYLLeCTBYET TOMNbKO OAHO 3MeKTpOMarHUTHoe nore.

The dominant information in consciousness will then be the one that is associated with the
strongest EM field perturbation capable of modulating neural firing within that singular field.
This has been demonstrated in numerous studies, for example this 2005 study (Doesburg et
al. 2005) demonstrated that increased gamma-band synchrony predicts switching of
conscious perceptual objects in classic binocular rivalry.



Torga goMuHMpYyoLLEen MHdOpMaumen B CO3HaHnM Byaet nHgopmauns, ceasaHHas ¢
CUNbHENLLVM BO3MYLLIEHNEM 3NIEKTPOMArHUTHOrO Nossi, CNoCO6HbIM MOLYNMPOBAaTb
BO3OyXQeHMe HEMPOHOB B 3TOM €OUHCTBEHHOM Mnorne.

9710 6bINO NPOAEMOHCTPUPOBAHO B MHOTOYMCIIEHHBIX UCCIEQOBaHNAX, HANPUMEp, 3TO
nccnegosanue 2005 roga (Doesburg et al. 2005) npogemMoHCTpupoBano, YTo NOBbILLEHHASs
CUHXPOHHOCTbL raMma-auanasoHa NpeackasbiBaeT NePEKITOMEHNE CO3HATENbHbLIX 0ObEKTOB
BOCMPUATUS B KITACCUYECKOM OMHOKYNAPHOM COMEPHUYECTBE.

Similar switches in

EEG or MEG patterns have been shown to predict conscious percepts in numerous studies
(Sterzer et al. 2009) opening the possibility of ‘mind-reading’ by decoding brain EM field
signals.

Mogo6Hble nepekntodarenu natrepHoB O3 nnn M3AIT npefckasbiBaloT CO3HATENbHbIE
BocnpuaTus (Sterzer et al. 2009), 4To BbINO NOKA3aHO B MHOrOYMCMEHHbIX UCCNEA0OBaHMSX,
OTKPbIBas BO3MOXHOCTb «4YTEHUSA MbICNEN» NyTeM AeKOANPOBAHUS CUrHANOB
3NEeKTPOMarHUTHOrO Norsi Mo3ra.

In

nearly all of these studies, the conscious percept corresponds to

the dominant EM field signal suggesting that competition between rival percepts is resolved
through positive feeding back loops within re-entrant circuits leading to what Dehaene calls a
‘global ignition’ or ‘avalanche’ of the dominant signal (Dehaene 2014).

MouTn BO BCEX 3TUX UCCMNEQOBaHNSX CO3HATENbHOE BOCNPUSATNE COOTBETCTBYET
AOMUHUPYIOLLEMY CUTHary SreKTpoMarHUTHOro nons, npeanonarasi, YTo KOHKYpeHLus
Mexay COMepHUYaoLMMN BOCMPUATUSIMU pa3peLLaeTcs 3a CHET MNONMOXUTENbHbLIX NeTenb
0oBpaTHOW CBSA3M BHYTPWU KOHTYPOB MOBTOPHOTO BXOAA, YTO NPUBOAUT K TOMY, 4TO [lexaHe
HasblBaeT

«rnobanbHoe 3axuraHme» unu «naevHa» JomMuHupytoulero curHana (Dehaene 2014).

Therefore, in contrast to other theories of consciousness, such as global workspace or
Integrated Information Theory

(II'T), that use arbitrary or ill-defined thresholds for access to

consciousness, the cemi field relies on a measurable physical

parameter—the strength of EM field perturbations that are capable of modulating neural
firing—to differentiate between conscious and non-conscious brain information.

MoaTomy, B OTnMYMe OT OPYrnx TEOPUI CO3HAHUS, TakMxX Kak rmobanbHoe paboyee
NPOCTPaHCTBO unun Teopus uHTerpnpoBaHHon nHgopmaumm (IIT), koTopble NCNONb3yIOT
NPOW3BOIIbHbIE UMK NSIOXO OnpeaerieHHbIe Noporn Ans OCTyna K CO3HaHWUI0, Teopus nonemn
CEMI onupaetca Ha n3amepumMbIin nU3NYECKNn NapameTp — CUINY BO3MYLLIEHWI
3NEKTPOMArHMTHOrO Morsi, KOTOpble CNOCOOHLI MOAYNNMPOBaTb BO30YXAEeHNE HEMPOHOB —
ANSA pasnuyeHns co3HaTenbHon n 6eccosHaTenbHon nHpopMaLmm Moara.



From a neuronal perspective there appears to be no obvious

reason why synchrony should make a difference to neural processing: neurons deliver the
same information and perform the

same informational processing, whether or not they are firing

synchronously.

C TOYKU 3PEHUSI HEVMPOHOB, NO-BUAMMOMY, HET O4EBUAHOW NPUYMHBI, MO KOTOPOM
CUHXPOHHOCTb JOIMKHA UMETb 3HAYeHUe ANt HeMpPOHHOWM 06paboTKM: HEMPOHLI NepeaatoT
OOHY U Ty e MHPOPMALMIO U BbIMOMHSAT OANHAKOBY MHOPMALIMOHHYI0 06paboTky,
He3aBUCMMO OT TOr0, CUHXPOHHO OHW aKTUBUPYHOTCS UIN HET.

Of course, many theories of consciousness do incorporate neural synchrony by, for example,
viewing it as a signature of the re-entrant neural connectivity characteristic of

globally distributed neuronal circuits that are proposed to underpin consciousness (Tononi
and Edelman 1998; Seth et al. 2004), or

a consequence of coincidence detection within neurons involved

in conscious thoughts.

KoHe4Ho, MHOrMe Teopun CO3HaHUA BKITOYAKOT HEMPOHHYO CUHXPOHUIO, paccMaTpuBas ee,
Hanpumep, Kak Npu3Hak peeHTepabenbHOM HENPOHHOW CBSI3HOCTU, XapaKTepHOW Ans
CO3HaHus rnobanbHO pacnpeaerneHHbIX HEMPOHHBIX Lienen, KoTopble, Kak npeanonaraercs,
nexat B ocHoBe co3HaHusA (Tononi and Edelman 1998; Seth et al. 2004) unu asnstoTca
cnefcTeumemM obHapy>XeHUst CoBNageHnii BHyTPU HEMPOHOB, YYaCTBYIOLLMX B CO3HATENbHbIX
MbICIISIX.

Yet neurons need not fire synchronously to distribute information globally and re-entrant
circuits need not, necessarily, fire synchronously. Similarly, there seems to be no obvious
reason why conscious neural processing requires coincidence detection any more than
non-conscious neural processing as they both perform temporal information integration.

TeM He MeHee, HEMPOHbI He HY>XAatTCsA B TOM, YTOObI cpabaTbiBaTb CUHXPOHHO, ANs
pacnpocTpaHeHus nHdopMaLum rmobdanbHo, a CxemMbl MOBTOPHOMO BXoAa He 06s13aTenbHO
OOMKHbI cpabaTtbiBaTb CUHXPOHHO.

TOYHO TakK e KaXXeTcs, YTO HET OYEBUAHOM NPUYMHBI, MO KOTOPOW CO3HaTENbHAA HEMPOHHAas
obpaboTka TpebyeT obHapyXeHus1 coBnageHnn 6onblue, Yem beccosHaTernbHas HEMPOHHast
06paboTka, NOCKOMbKY OHM 06a BbINOMHSAT BPEMEHHYHO MHTErpaumnio nHpopmMaymu.

So, synchrony, per se, is neither a necessary nor sufficient requirement for consciousness in
matter-based neuronal models of consciousness. As far as | am aware, it is only in the EM
field theories that synchrony plays an obligatory role in consciousness information
processing.



Taknm 06pas3oM, CMHXPOHHOCTbL cama Mo cebe He ABNAETCA HU HeoBXoaNMbIM, HK
[OCTaTOYHbIM TpebOBaHMEM AN CO3HAHMSA B HEMPOHHBLIX MOZENAX CO3HAHWSI, OCHOBAHHbIX
Ha maTepumn.

Hackonbko MHe M3BECTHO, TOSbKO B TEOPUSX NEKTPOMArHUTHOIO MOSSi CUHXPOHMUS UrpaeT
0bs3aTenbHyo porb B 06paboTke MHopmaL MM CO3HaAHNEM.

Note however that the EM field theories of consciousness are entirely compatible with the
observation that highly synchronized brain activity, such as is typical for epileptic seizures,
disrupt consciousness. Conscious brain states necessarily encode complex information that
correlates with features of the outside world.

O6paT|/|Te BHUMaHMWe, 0OgHaKO, YTO TeOpUnN ANEKTPOMArHMTHOro NonAa Co3HaHMA NONMHOCTbIO
COBMECTUMbI C HAabnoaeHNEM, YTO BbICOKOCUHXPOHN3NPOBAHHAaA akKTUBHOCTb MO3ra,
TUNNYHaAa ang anunenTun4ecknx npmnnagkos, HapyLwaeT CO3HaHue. CosHarernbHble COCTOSAHUS
Mo3ra obsa3aTenbHO KOOUPYKT CITOXHYH I/IHd)OpMaLI,I/IPO, KOPPENMPYHOLYH C 0COBEHHOCTAMM
BHeLlHero mmpa.

Widespread neuronal synchrony—such as experienced during an epileptic seizure—is
empty of informational content that correlates with the outside world and is thereby only
consistent with a non-conscious state.

LLInpoko pacnpocTpaHsioLLasics HEMPOHHAsA CUHXPOHUS, HanpuMep, Nepexmeaemasi Bo
BpPEMSsI ANUNenTUYecKoro npunagka, nuweHa MHpopMaLMOHHOIO coaepXKaHmus, KoTopoe
KOPPEenupyeT C BHELLHUM MUPOM M, TakuM 06pa3om, COOTBETCTBYET TOSbKO
6ecco3HaTenbHOMY COCTOSIHUIO.

‘Free will’ as the output node of the cemi field

The cemi field theory differs from some other field theories of

consciousness (Pockett 2000, 2002) in that it proposes that consciousness—as the brain’s
EM field—has outputs as well as

inputs.

In the theory, the brain’s endogenous EM field influences brain activity in a feedback loop
(note that, despite its ‘free’ adjective, the cemi field’s proposed influence is entirely causal
(McFadden 2002a)) acting on voltage-gated ion channels in neuronal membranes to trigger
neural firing

«CBoboga Bonm» Kak BbIXOAHOW y3en nons cemi

Cemi-Teopua nonst OTNMYAETCsl OT HEKOTOPLIX APYrMX NorneBbix Teopun cosHaHus (Pockett
2000, 2002) B TOM, 4YTO NpegnonaraeT, YTO CO3HAHNE — KaK ANEeKTPOMarHMTHoOe nose mMoara
— MMEET BbIX0Abl, TAKKE KaK

BXO[bl.

B Teopun sHaoreHHoe OM-none mMo3sra BNusieT Ha akTMBHOCTbL MO3ra B NneTne obpaTHom
cBsA3n (obpaTuTe BHUMaHWE, YTO, HECMOTPS Ha ero «cBoboaHOe» npunaraTensHoe,



npegnonaraemoe BAnsiHUE cemi-nons sBNAeTCH NOMHOCTbIO Kay3anbHbiM (McFadden
2002a)), aencTeys Ha NOTEHLManN3aBMCMbIE NOHHbBIE KaHarbl B MeMOpaHax HEMPOHOB,
Bbl3blBas BO3byxaeHNe HENPOHOB.

This assertion is supported by abundant theoretical work and experimental data.
Experimental evidence for the brain’s endogenous EM field influencing neural firing was
scanty when | first described the

theory in 2000 (McFadden 2000) and 2002 (McFadden 2002a,b), but included evidence that
transcranial magnetic stimulation (TMS), which generate EM fields in the brain of similar
magnitude to the brain’s endogenous EM fields can influence behaviour (Beckers

and Ho'mberg 1992; Amassian et al. 1998; Hallett 2000; McFadden

2002a).

9710 yTBEPXKAEHUE NOATBEPKOAETCA MHOMOUNCIIEHHBIMIN TEOPETUYECKMMM paboTamm n
3KcnepuMeHTanbHbIMU AaHHbIMMW.

OKcnepuMeHTarnbHble goKa3aTenbCTBa TOro, YTo saHaoreHHoe OM-none mo3ra BNusieT Ha
BO30yXXaeHne HeMpoHoOB, BbINKN CKyaHbIMU, KOrAa s BNepBble onncan aty Teoputo B 2000
(McFadden 2000) n 2002 (McFadden 2002a,b) rogax, HO BKrtodana gokasarenscrsa Toro,
4YTO TpaHCKpaHnanbHasi MarHuTHasi ctumynsaums (TMC), koTopasi reHepupyeT
3NeKTPOMarHUTHbIE NONsi B MO3re, aHanorMyHble No BeNUYMHE 3HO0MEeHHbLIM
3MNEeKTPOMarHUTHbLIM NOMSIM MO3ra, MOXET BNUSTb Ha noBegeHune (Beckers n Xombepr, 1992
r.; AmaccuaH u gp. 1998 rog; Xannet 2000; MakdagaeH 2002a).

In 2013 (McFadden 2013a), | summarized more recent experimental evidence obtained from
several lab demonstrating that artificially generated external EM fields, of similar strength to
those of endogenous brain EM fields, do indeed change firing patterns in whole animals,
brain tissue slices and neuronal cells (Fujisawa et al. 2004; Frohlich and McCormick 2010;
Anastassiou et al. 2011).

B 2013 rogy (McFadden 2013a) a8 cymmupoBan 6onee ceexue akcrnepyMeHTanbHble
AaHHble, NOoNyYeHHbIe N3 HECKOIbKUX NabopaTopuin, AEMOHCTPUPYIOLLMX, YTO NCKYCCTBEHHO
reHepupyemsble BHelwHue EM-nons, cxogHble ¢ cune ¢ aHaoreHHsiMn EM -nonamu,
AENCTBUTENBHO M3MEHSIOT NaTTEPHbI BO30YXOEHWS Y LierbHbIX XXUBOTHbIX, B Cpe3ax Mo3ra u
oTaenbHbIX HenpoHax (Fujisawa et al. 2004; Frohlich n McCormick 2010; Anastassiou et al.
2011).

Since then, a wealth of additional experimental evidence has accumulated which clearly
demonstrates that the brain’s endogenous EM fields do indeed play a role in communicating
between brain neurons (Qiu et al. 2015; Anastassiou and

Koch 2015; Han et al. 2018); prompting some researchers to propose ‘that our visual
experience may at least some times be coming through in waves.” (Mathewson et al. 2011).

C Tex nop HaKOMMUIOCb MHOXECTBO SOMOSTHUTENbHbIX AKCMEPUMEHTarbHbIX AAHHbIX,
KOTOpble ICHO AEMOHCTPUPYIOT, YTO 3HOOrMEHHbIE 3NEKTPOMarHUTHbIE NONs Mo3ra
OENCTBUTENBHO UIpakoT posfb B KOMMYHMKaUMN Mexay HerpoHamu mo3ra (Qiu et al., 2015;



Anastassiou n Kox 2015; XaH n gp. 2018 r.); 4To nobyanno HEKOTOPLIX UccneaoBaTenen
NpeanonoXuTb, YTO «HALL BM3yarbHbIN OMNbIT MOXET XOTsl Obl MHOTAA NPOXOAUTL B BOMTHAX»
(Mathewson et al. 2011).

In summary, there is now, at the very least, abundant evidence

that, as well as standard synaptic transmission, brain neurons also communicate through
endogenous EM fields.

It is a small step from this realization to the cemi field theory, which proposes that the action
of the brain’s (conscious) endogenous EM field on neural firing rates is experienced as
conscious thoughts that influence our actions.

Taknum obpa3som, B HAcTosILLIEE BPEMSI UMEETCS, MO KpalHen mepe, MHOXXECTBO
JoKasaTenbCcTB

4YTO, MOMUMO CTaHAAPTHOM CUHAMTUYECKOM Nepenaydn, HEMPOHbI MO3ra Takke obLiarTcs
yepes 3HAOreHHble anekTpoMarHuTHele nonsa. OcTaéTcst COBCEM HEDONMbLLLIONW Lar OT 3TOro
oco3HaHus go Teopum nons CEMI, kotopas npegnonaraet, YTo AencTBmne (CO3HATENbHOIO)
3HOOrEeHHOro ANEKTPOMArHMTHOMO MOMSi MO3ra Ha CKOPOCTb BO30YXKAEHWNS HEMPOHOB
nepexmnBaeTcst Kak Co3HaTemNbHbIe MbICIN, KOTOPbIE BNUAIOT HA HalUK OENCTBUS.

Curiously, the kind of influence proposed for the brain’s EM field in the cemi field theory is
very similar to the role proposed for consciousness by William James more than a century
ago.

JTlo6onbITHO, YTO TMM BAUSHUA, NpeanonaraeMbli AN ANEKTPOMarHMTHOro Nong mMosra B
Teopun CEMI-nons, o4eHb NOXOX Ha porb, NPEANOXEHHYIO ANst CO3HAHUSA YNNbAMOM
[>xerimcom bGonee Beka Has3af.

James proposed that the cortex is delicately balanced with a ‘hair-trigger’ such that the
slightest jar or accident could set it firing erratically, yet ‘if consciousness can load the dice,
can exert a constant pressure in the right direction, can feel what nerve processes

are leading to the goal, can reinforce and strengthen these and at the same time inhibit
those that threaten to lead astray, why, consciousness will be of invaluable service.” (James
1988, p. 26)

I[bkerMmc NnpeanonoXus, Y4To Kopa roffloBHOMO MO3ra TOHKO YpaBHOBELLIEHA CO «CMYCKOBbLIM
KPHOYKOM», TaK YTO Manenwmnin ToN4YoK Unu crny4amnHoCTb MOXET Bbl3BaTb BecnopsagodHoe
cpabaTtbiBaHME, HO «ECINU CO3HAHME MOXET 3arpy3vTb KOCTU, MOXKET 0Ka3blBaTb MOCTOSIHHOE
AaBreHne B NPaBUIbHOM HanpaBrneHNN, MOXET YyBCTBOBATb, Kakne HEpBHbIE NPOLECCHI
BeOyT K Lienn, MOXeT YCUNnBaTb N YKPENNATb UX N B TO XXe BpeMs COepXuBaTb Tex, KTO
yrpoxaet couTb C NyTn, NOSTOMY CO3HaAHUE OKaXEeT HeoueHnmyto ycnyry» (xxenmc, 1988,
CTp. 26).

I now discuss how the cemi field theory solves most of the
puzzling features of consciousness.



Tenepb 9 pacckaxy o Tom, kak Teopusa CEMI-nons peluaeT GonbLWMHCTBO 3arago4vHbiX
0CoBEeHHOCTEN CO3HaHMS.

The difference between conscious and non-conscious brain states

One of the most profoundly puzzling features of the brain
is that it operates simultaneously in both conscious and non-conscious streams, at least in
man.

PasHuua MeXxay co3HaTeslbHbIM U Gecco3HaTternbHbIM COCTOSTHUSIMU MO3ra

OpHa 13 camblx 3arafiouHbIX 0COBGEHHOCTEN Mo3ra 3akr4aeTcs B TOM, YTO OH AeUCTBYyeT
OOHOBPEMEHHO KakK B CO3HaTeNbHOM, Tak U B 6ecco3HaTenbHOM NOTOKax, No KpavHen mepe,
Yy Yyernoeeka.

Most theories of consciousness attempt to account for this difference in terms of

some arbitrary critical threshold in the degree of complexity (Seth et al. 2006), integration
(Tononi and Edelman 1998; Tononi et al. 1998; Srinivasan et al. 1999), selection (Edelman
and Tononi 2008), long distance integration (Dehaene et al. 2014) or access to some kind of
hypothetical global workspace (Baars 1988;

Dehaene et al. 1998), that is necessary for conscious awareness.

BonblWMHCTBO TEeopUin CO3HaHMA NbiTatOTCSt OOBbACHUTDL 3TO pasnnyne C TOYKU 3peHns
HEKOEero NPon3BONbHOIO KPUTUYECKOro nopora cteneHn cnoxHoctn (Cet u gp., 2006),
nHTerpaunm (ToHoHn n Baenbman, 1998; ToHoHM 1 ap., 1998; CpuHuBacaH u gp., 1999),
oTbopa (OaenbmaH n ToHoHu, 2008), yoaneHHon nHterpaumm (Oexarne v gp., 2014) unu
A0CTyna K HEKOeMY rMnoTeTu4eckomy rnobanbHomy pabouemy npoctpaHcTBy (baapc, 1988;
HexaHe n gp. 1998), uto HeobBxoaMMo Ana BOAPCTBYIOLLENO CO3HAHMS.

Yet these theories have difficulty accounting for why some highly complex and integrated
neuronal activities, such as those involved in decoding grammatical rules within a sentence,
are performed without awareness; whereas others that should be much simpler, such as
those involved in long multiplication, can only be performed consciously.

TeM He MeHee aTu Teopuun ¢ TPYAOM OOBSCHSIOT, NOYEMY HEKOTOPbIE OYEHb CIOXHbIE U
WMHTErpMpoBaHHbIE HEMPOHHbIE AENCTBUA, TakNe Kak Te, KOTopble CBs3aHbl C pacLungpoOBKON
rpaMmmMaTmyeckmx NpaBun B NPeasioKeHnn, BbINONHAKTCA 6€3 0COo3HaHWs; Toraa Kak gpyrue,
KOTOpble LOIMKHbI ObiTb HAMHOIO MpoLLE, HanpUMep, CBA3aHHbIE C ANMHHBIM YMHOXEHNEM,
MOTYT BbINOSHATLCH TONbKO CO3HATENbHO.

In contrast to the threshold models above, once it is accepted that EM fields influence neural
firing patterns (as evidenced in TMS and external EM field studies, described above)



then the evolutionary emergence of both conscious and nonconscious mental streams
becomes inevitable. This follows because the impact of the brain’s endogenous EM field on
neuronal computations is likely to be both positive and negative.

B oTnuuyme ot noporoBbIX MoAenen, onNMcaHHbIX Bbillie, eCrn NPU3HaTh, YTO
3MeKTPOMarHUTHbIE MO BAMSIOT Ha NaTTePHbl BO30YXXAEHMS HEMPOHOB (Kak NnokasaHo B
nccnenosaHmax TMC 1 BHELLHUX 3NEKTPOMAarHUTHbIX NOMen, ONncaHHbIX Bbile), Toraa
3BOMIOLMOHHOE NOSABIEHNE KaK CO3HATENMbHbIX, Tak U 6ecco3HaTenbHbIX MeHTanbHbIX
NMOTOKOB CTAHOBUTCSA HEU3OEXHBIM.

Q70 cneagyeT U3 Toro, YTo BNUsIHWUE SHAONEHHOIO 3NEKTPOMArHMTHOMO NoMsi Mo3ra Ha
HEMPOHHbIE BbIYNCINEHUS, BEPOATHO, MOXET ObITb KaK NONMOXUTENbHLIM, TaK U
oTpuuaTenbHbIM.

Positive influences could result from phase-locking of multiple downstream EM
field-sensitive neurons to the same stimulus; or rapid distribution of EM-field-encoded
information to many regions of the brain (as in the global workspace model). Also, as argued
above, ‘field computing’ may provide computation capabilities that are hard to emulate in the
neuronal brain.

MonoxuntenbHoe BNNAHNE MOXET BbITb pe3ynbLTatoM (PasoBON CUHXPOHU3ALMN HECKOMNBKMX
HWKECTOSILLNX YYBCTBUTENbBHLIX K 9NIEKTPOMAarHUTHOMY MOS0 HENPOHOB MO OTHOLLIEHMIO K
OLHOMY M TOMY € CTUMYY; unm ObiCTpoe pacnpocTpaHeHne MHopMaLmK,
3akoampoBaHHon B OM-none, BO MHOrne obnactu mo3ara (Kak B rnmobanbHov moaenm
paboyero npoctpaHcTBa). Kpome Toro, Kak yTBepX4asnoch BbllLE, «MOJIEBbIE BbIYNCIEHUSI»
MOryT NPeAoCTaBnsATb BblYUCANTENbHbIE BO3MOXHOCTU, KOTOPbIE TPYAHO BOCNPON3BECTU B
HENPOHHOM MO3TrYy.

Negative influences of EM fields would include all the varieties of undesirable ‘feedback’
familiar to both sound and electrical engineers.

HeratuBHoe BNusiHWe anekTpoMarHMTHbIX nonen byaeT Bkntovatb B cebsi Bce
Pa3HOBWUAHOCTU HeXXenaTenbHON «obpaTHOM CBA3MY, 3HAKOMOM Kak 3ByKOpEeXMccepam, Tak 1
NHXeHepaM-3rekTpuKam.

Having both positive and negative influences on brain function, then the brain’s EM field
would have become visible to

natural selection. Mutations in genes that enhanced sensitivity,

perhaps by increasing synchronous firing, in neuronal circuits in which EM fields enhance
fitness would have been positively selected; as would genes that decrease EM field
sensitivity in neuronal circuits in which EM fields decreased fitness.

O6nagas kak NonoXuTerbHbIM, TakK U oTpuuatenbHbIM BIIMAHNEM Ha (*)yHKLI,VI}O Moa3ra,
ANEeKTpoMarHnTHoe none mMmoara ctano npeaMeTom eCteCTBeHHOro 0T6opa.

MyTaLI,VII/I B reHax, nosbiliaowine 4yBCTBUTESNIbHOCTb, BO3MOXHO, 3a CHET yBEJIIM4YEeHUA
CUHXPOHHOIo Cpa6aTbIBaHVIFI B HeVIpOHHbIX uenax, B KOTOPbIX 3J1eKTPOMarHMTHble nonA



yny4yuwawT I'IpI/lCI'IOCO6J'IeHHOCTb, ObIn1 Obl NONOXUTENBHO Bbl6paH; KaK 1 reHbl, KoTopble
CHMXAKT YyBCTBUTEJIbHOCTb K 3JTIEKTPOMArHUTHOMY MOJ1H0 B HeVIpOHHbIX uensx, B KOTOPbIX
ANEeKTpoMarHnTHble NoJyid CHWXKaKoT I'IpI/ICI'IOCO6J'IeHHOCTb.

The brain would then have inevitably evolved into an EM fieldsensitive and conscious stream
associated with synchronous

neural firing; together with and an EM field-insensitive but nonconscious stream associated
with asynchronously firing neurons. This is of course precisely what we find in the human
mind.

Toraa Mo3r HensGexxHO NpeBpaThcs Obl B YyBCTBUTENbHbIN K 3NIEKTPOMAarHMTHOMY MOS0 1
CO3HaTenNbHbIV NOTOK, CBSA3AHHbIN C CUHXPOHHbLIM HEMPOHHBLIM BO30YXAEeHNEeM; BMECTE C
HEYYBCTBUTENMbHbIM K 3M1€KTPOMarHUTHOMY Nosto, HO 6ecco3HaTenbHbIM NOTOKOM,
CBSI3aHHbIM C aCMHXPOHHO BO30Y>XAaOLLMMUCS HEMPOHAMW. DTO, KOHEYHO, UMEHHO TO, YTO
Mbl HaX04MM B YENOBEYECKOM pasyMe.

Indeed, once it is accepted that EM fields influence fitness both positively and negatively
through their impact on neural firing rates—as seems evident from the evidence outlined
above—the theory of natural selection predicts that brains will evolve in precisely this way.

B camom gene, ecnu npuaHaTtbh, 4To AM-nons BAMSIOT HA NPUCNOCOBNEHHOCTb Kak
NONOXMWTENBbHO, TaK N OTPULLATENBHO 3a CYET UX BO3OENCTBUSI HA CKOPOCTb BO30OYXaeHUA
HEMPOHOB — YTO OYEBUOHO U3 NPUBEAEHHLIX BhILE OAHHbIX, — TEOPUsS1 ECTECTBEHHOIO
oTOOpa npeackasbiBaeT, YTO MO3r ByaeT pa3BnBaTbCs UMEHHO Taknum 0Bpas3om.

The cemi field theory also naturally accounts for the fact that the non-conscious mind
appears to operate as a parallel processor that can perform several tasks simultaneously,
such

as whistling a tune whilst riding a bicycle; whereas the conscious mind appears to operate
as a serial computer incapable

of, for example, reading whilst simultaneously engaging in a conversation.

Teopus nonss CEMI Takke ectecTBeHHbIM 06pa3oM OOBACHSET TOT AaKT, YTO
Geccos3HaTenbHbIN pasym AENCTBYET Kak napansernbHbii NPoLeccop, KOTOPbI MOXET
O[HOBPEMEHHO BbIMNOSHATL HECKOMBLKO 3aay, TakuxX Kak HAaCBUCTLIBATb MENOAMIO BO BPEMS
e3[bl Ha Benocuneae; B TO BPEMS Kak CO3HaATENbHbIN pasyM, No-BMAMMOMY, paboTaeT Kak
nocreaoBaTernbHbIN KOMMNbIOTEP, HECMOCOBHLIN, HANPUMEP, K YTEHUIO U OOQHOBPEMEHHOMY
yyacTtuio B becege.

That the non-conscious mind can operate in parallel is not problematic. With 100 billion
neurons at its disposal, it is easy to see how the brain can partition operations amongst
them. The puzzle is to understand why conscious tasks always interfere with one another.
As far as | am aware, this is not accounted for by any matter-based neuronal theory of



consciousness but is easily accounted for in the cemi field theory as the brain’s conscious
EM field, as already pointed out, is always singular.

To, 4To 6ecco3HaTenNbHLIN pa3yM MOXET AENCTBOBATbL NapannenbHo, He SIBNSIETCA
npobnemon. Mimes B ceoem pacnopskeHmn 100 MunnmapgoB HEMPOHOB, NErKo MOHSATb, Kak
MO3I MOXET pacnpeaenaTb onepaumm Mexay HAMW. 3aragka COCTOMT B TOM, YTOObI NMOHATD,
noyemy cosHaTenbHble 3a4a4n Bcerga MeLwatoT apyr Apyry. Hackonbko MHe M3BECTHO, 3TO
He 06bACHSETCA Kakon-Nnnbo HEMPOHHOW TEOPUEN CO3HAHUSA, OCHOBAHHOW Ha MaTtepuu, HO
nerko obbscHaeTcsa B Teopum CEMI, nockonbKy co3HaTenbHOE 3aNeKTpoMarHMTHoOe none
MO3ra, KaK y>e yKasblBarnocCb, Bceraa CUHIYnspHO.

Just as tossing two stones into the same still pond will generate waves that interfere with
each other; so two thoughts

emerging within a brain’s global EM field will always interfere with one another.

So, within the cemi field theory, the brain naturally divides into a non-conscious neuronal
parallel processor capable of implementing lots of independent tasks without interference;
and a conscious EM field-based serial processor

that can only do one thing at a time.

To4HO Tak e, Kak bpocaHne ABYX KaMHEN B OOUH U TOT XXe TUXUIN NpyS BbI3OBET BOSHbI,
KoTopble OyoyT nHTepdeprpoBaTh APYr C APYrOM; TaK YTO ABE MbICIM, BO3HUKAOLLNE B
rnoGanbHOM 3MeKTpOMarHMTHOM none Mmo3ra Bcerga 6yayT mewatb Apyr Apyry.

WNtak, B pamkax Teopumn nonst CEMI mo3r ectecTBeHHbIM 00pa3oM AennTcs Ha
©ecco3HaTernbHbI HENPOHHbBIN NapansenbHbI NpoLueccop, CnocobHbIN 6e3 nomex
BbINOMNHATbL MHOXECTBO HE3aBMCUMbIX 3a[ady; U CO3HATENbHbIN NocneaoBaTenbHbIN
npoLeccop Ha OCHOBE 3fIEKTPOMArHUTHOIO MOJIS, KOTOPbIM MOXET AenaTb TONbKO OAHY Bellb
3a pas.

| should also point out that, in contrast to other theories of

consciousness, such as IIT, although information integration is central to the cemi field
theory, the theory does not predict that, as understood in its usual temporal or computational
sense, information integration is either exclusive to, or maximal in, consciousness.

A Takke OOMmMKEH OTMETUTb, YTO, B OTNMYME OT APYrMX TEOPUIA CO3HaHUS, Takmx Kak IIT, xoTs
WMHTEerpaumnsa MHopmMaLumm 3aHUMMaEeT LeHTpanbHOe MECTO B TEOPUM MO cemi, Teopusi He
npeackasbIBaeT, YTo B ee 06bIYHOM BPEMEHHOM UITW BbIYUCIIUTENBHOM CMbICIE UHTErpauuns
MHdopmaumm NMbo UCKNYUTENbHA, NMOO0 MakCuManbHa B CO3HaHUM.

In fact, it is perfectly possible that the simplest

thoughts may sometimes dominate consciousness, consistent with the finding that
meditative states are often associated with slower and more rhythmic patterns in EEG
(Banquet 1973) and MEG (Dor-Ziderman et al. 2013).

Ha camom pgene BnomnHe BO3MOXHO, YTO I'IpOCTGVILUVIG MbICIT MOTYT MHorga AOMMHUPOBATL B
CO3HaHMK, 4YTO cornacyeTca C OTKpbITUEM, YTO MeAUTaTUBHbIE COCTOAHNA HaCTO CBA3aHbI C



6onee meaneHHbIMM 1 6onee pUuTMMYHBIMK NatTepHamu A3l (Banquet, 1973) n M3l
(Dor-Ziderman et al., 2013).

Conversely, the theory is also consistent with the finding that tasks that require a
considerable degree of information integration, such as recognizing words, or whether one
number is greater or less than another, may be performed without awareness; whereas more
complex operations, such as multiplication or natural language understanding appear to
require consciousness (Dehaene et al. 2006).

N HaobopoT, Teopusa Takke cornacyeTcs ¢ BbIBOAOM O TOM, YTO 3adauun, Tpebytowme
3HaAYMTENBHOW CTENEHN MHTerpaunm NHopMaLnn, Takme Kak pacno3HaBaHue CrioB nnm
onpegeneHne Toro, SBMSeTcsa M 0gHO YNCo 6orbLle UM MeHbLLEe APYroro, MoryT
BbINOMHATLCA 6€3 0CO3HaHMSA; Toraa Kak 6onee CrnoXxHble onepaumm, Takme Kak yMHOXeHne
UIM NOHMMaHMe eCTECTBEHHOIO A3blka, NO-BUAUMOMY, TpebytoT co3HaHus (Dehaene et al.
2006)

The lack of correlation between complexity of information integration and conscious thought
is also apparent in the commonplace observation that tasks that must surely require a
massive degree of information integration, such as the locomotory actions needed to run
across a rugged terrain, may be performed without awareness but simple sensory inputs,
such as stubbing your toe, will over-ride your conscious thoughts.

OTcyTCcTBME KOPPENALMM MEXAY CIOXHOCTLIO MHTErpauumM nHcopmMaumm 1 co3HaTenbHbIM
MbILLMEHMEM TaKxe NPosBrsSieTcs B 00LWEN3BECTHOM HabNAEHUN, YTO 3a4a4m, KOTOpblE
obsi3aTenbHO TPeBbYT 3HAYUTENBHOW CTENEHW MHTErpauumn MHoOpMaLum, Takme Kak
ABUratenbHasi akTUBHOCTb, Heobxoaumas ansi 6era no nepece4eHHon MeCTHOCTU, MOTyT
BbIMOMHATLCS HEOCO3HAHHO, HO NPOCTLIE CEHCOPHbIE CUrHASbI, TaKMe Kak yaap nanbuamm
HOMW, NEPECUNAT BalUM CO3HATENbHbIE MbICIN.

The cemi field theory proposes that the non-conscious neural processing involves temporal
(computational) integration whereas

operations, such as natural language comprehension, require the simultaneous spatial
integration provided by the cemi field.

The theory is also consistent with the finding that nonconscious neural processing may be
more robust to disruption by external EM fields than conscious processing as is evidenced
by, for example, the finding that TMS to V1 induces blindsight (Dehaene et al. 2006).

Teopus nona CEMI npegnonaraet, 4to 6eccosHaTtenbHasa HempoHHast 06paboTka BkIo4aeT
BPEMEHHYIO (BbIYMCNNTENBHYI) MHTErpauuio, Torga Kak onepaumm, Takme Kak NoHMmvaHue
€CTECTBEHHOIO fA3blka, TPEOYHT OQHOBPEMEHHOW NPOCTPAHCTBEHHOW MHTErpauuu,
obecneunsaemon CEMI-nonem.

Teopus Takke cornacyercs ¢ OTKpbITUEM, YTO Becco3HaTernbHasa HepoHHast 0bpaboTka
MOXET ObITb Gonee yCToN4MBOM K HAPYLLEHWNIO BHELLHUMMW 3M1EKTPOMArHUTHLIMU NOMSIMMU,
4yeM co3HaTernbHaa 0bpaboTka, 0 YeM CBUAETENLCTBYET, HaNnpumMep, obHapyXeHne Toro, Y4To
TMC Ha V1 Bbi3biBaeT cnenoe 3peHne (Dehaene et al. 2006).



Signatures of consciousness

Dehaene (2014) has recently described four key signatures of consciousness: (i) a sudden
ignition of parietal and prefrontal

circuits; (ii) a slow P3 wave in EEG; (iii) a late and sudden burst

of high-frequency oscillations; and (iv) exchange of bidirectional

and synchronized messages over long distances in the cortex.

M PU3HaKM Co3HaHuA

Dehaene (2014) HegaBHO onucan YeTbIpe KNtoYeBbIX NPU3HaKa co3HaHus: (i) BHe3anHoe
BKJTIOMEHME TEMEHHOMN 1 NpedpPOHTaNbHOM

n3BWUNuH; (ii) MegneHHast BonHa P3 Ha O3 (iii) no3gHMiA 1 BHe3anHbIA BCnneck
BbICOKOYACTOTHbIX kKonebaHun; n (iv) obMeH aByHanpaBneHHbIMU 1 CUHXPOHU3MPOBAHHBLIMN
coobLeHnsIMKN Ha BonbluMe pacCTOAHUS B KOPE roflIoBHOro Mo3ra.

It is notable that the only feature common to each of these signatures—aspects of what
Dehaene calls a ‘global ignition’ or

‘avalanche’—is large endogenous EM field perturbations in the brain, entirely consistent with
the cemi field theory. It is also interesting to consider how EM fields may play a causal role in
generating these signatures.

MpumevatenbHoO, YTO eAUHCTBEHHAA 06l as YepTa Kaxxaoro U3 aTux NpM3HakoB — acnekThbl
TOro, 4Yto [lesHe Ha3bIBaeT «rnobanbHbIM BOCNNAMEHEHNEM» UMW «JTABUHON» — 3TO
OonbLne 3HOOreHHbIE BO3MYLLEHNS 3NEKTPOMArHMTHOrO Nofsi B rOfIOBHOM MO3re,
NOMNHOCTLIO cornacyowuecs ¢ Teopuern CEMI nons. Takke MHTEPECHO PacCMOTPETh, Kak
3ANEKTPOMAarHUTHbIE MOMNSI MOTYT UrpaTh NPUYNHHYIO POSb B reHepauumn 3TUX NPU3HAKOB.

Firstly, as has been recognized in many studies, conscious neuronal processing tends to be
associated with re-entrant circuits, essentially closed loops of neuronal activity whereby
neuronal outputs are fed back into input neurons. The function of these re-entrant circuits
remains controversial, but they could be analogous to amplifier circuits in

electronics that boost and phase-lock oscillations by feeding outputs back into inputs.

Bo-nepBbix, kak ObINo NpM3HaHO BO MHOMMX UCCNeA0BaHUsIX, CO3HATENbHas HEMPOHHAas
obpaboTka, kKak NpaBuno, CBs3aHa C LiensiMy NOBTOPHOIO BXOAA, MO CYLLECTBY, 3aMKHYTbIMU
NeTnsMyU HEMPOHHOWN aKTUBHOCTW, NMOCPEACTBOM KOTOPbIX HEMPOHHbIE BbIXOAbI
BO3BpAaLLatTCA BO BXOAHbIE HEMPOHbI. PYHKLMS STUX NOBTOPHO BXOAALLMX Lienel ocTaeTcs
CMOPHON, HO OHN MOTYT ObITb aHANOIMMYHbI CXEMaM yCUNUTENS B

3MEeKTPOHUKE, KOTOpast YCUIMBAET U CUHXPOHM3NPYET konebaHus no dase, Bo3Bpallas
BbIXOAbl HA BXOAb.



However, in standard electronics, amplifier circuits respond linearly; whereas, as Dehaene
and others have shown, consciousness demonstrates a non-linear all-ornothing response in
which increasing signal strength leads to a

sudden transition from non-conscious to conscious perception.

OpHako B CTaHOAPTHOWN AMEKTPOHMKE CXEMbl YCUNUTENS pearupyoT NMMHENHO; Torga Kak, kak
nokasanu [lexaHe u apyrue, co3HaHue AeMOHCTPUPYET HENMMHENHYIO peakLmo «BCE UMK
HMUYero», NPy KOTOPOW YCUIEHME CUrHana NpUBOAUT K BHE3anHOMYy nepexony oT
Gecco3HaTenNbHOro K Co3HaTeNbHOMY BOCMPUSITULO.

This is precisely the kind of behaviour—more like a phase transition—that would be
expected for EM field-sensitive neuronal circuits that are acting as both transmitters and
receivers of EM field information.

MmeHHO Takoe noBegeHne — Oonblle noxoxee Ha Cba3OBbIIZ nepexog — MOXHO ObIno 6bl
oXXnaatb OT YYyBCTBUTESbHbIX K 3J1EKTPOMAarHUTHOMY MOJto HeVIpOHHbIX uenen, KOTOpble
Ll,eI7ICTByI-0T KaK nepegat4ymnkm n npuemMHunKun I/IHCbOpMaLWII/I (o]6] ANEeKTpoOMarHUMTHOM normne.

If only a few neurons are firing synchronously then the EM fields generated by their firing will
be too weak to influence firing. However, as more neurons are recruited into

the re-entrant synchronously firing amplifier circuits then a

threshold will be reached when the output EM field will be sufficiently strong to stimulate
firing of multiple receiver neurons

and thereby recruit more neurons into the amplifier network in a positive feedback loop.

Ecnu TonbKo HECKONbKO HEMPOHOB BO36YXXOAKTCA CUHXPOHHO, TO 3fIeKTPOMarHUTHbIE NOns,
reHepupyemble nx Bo3byxaeHnem, byayt cnuwkom cnabbiMm, 4ToObl BMUATL Ha
BO30yXaeHue.

OpaHako 4em Bornblie HeMpOHOB BOBIIEKAETCH B

MOBTOPHO BXOAHbIE CUHXPOHHO 3anycKaloLlme CXembl yeunutens, satem nopor éyger
OOCTUrHYT, KOrAa BbIXOAHOE 3reKTpoOMarHMTHoe none 6yaeTt 4OCTaTOYHO CUMbHBIM, YTOObI
CTMMYNMpoBaTb BO3OY>XAeHNE HECKOIbKUX HEMPOHOB-MPUEMHUKOB M TEM CaMbIM NPUBIIEYb
OornblLle HENPOHOB B CETb YCUIUTENS B NETIIE NONOXUTENBHOW 06paTHOM CBSA3MW.

This EM field loop will rapidly amplify and expand the network of synchronous oscillations to
create the kind of global ignition or neuronal avalanche that, by Dehaene and others, have
described as a key signature of

consciousness.

OTa neTnsi anekTpoMarHMTHOro nonsi byaeTt GbICTPO YCUNMBATL U PacLUMPATL CETb
CUHXPOHHbIX KonebaHuii, co3naeas CBOero poaa rnobanbHoe 3axuraHme Unm HEMpPOHHYH
naBuWHy, KoTopyto [lexaHe v apyrMe onucanu Kak KntouYeBy XapaKTepUCTUKy

CO3HaHue.



The role of consciousness in learning and memory

It is well established that conscious awareness or attention appears to be a prerequisite to
laying down long-term memories and for learning complex tasks (Baars and Gage 2010), but
the mechanism remains obscure. Most theories account for this

fact by simply incorporating a requirement for consciousness in

laying down memories, without any physical justification for that rule.

Ponb co3HaHua B o6yquvw| N namAaTun

XOpOLLO M3BECTHO, YTO CO3HATENbHOE OCO3HAHME UMK BHUMaHWeE, No-BUANMOMY, ABMSIOTCA
NpeanocCbINKOM AN 3anOMUHAaHNS JONTOBPEMEHHbLIX BOCMIOMUHAHWUIA U ANSA U3yYeHUsI
CNoXHbIX 3agad (Baars and Gage 2010), HO MexaHM3M OCTaeTCcs HEACHbIM. BOMNbLINMHCTBO
Teopuii OOBACHSIOT 3TO

dakT, NpocTo BKMOYMB TpeOOBaHME CO3HAHMSA B COXPaAHEHME BOCMIOMMHaHWI 6e3
Kakoro-nmoo cdmamyeckoro 060CHOBaHUS 3TOro NpaBuna.

However, in the cemi field theory, a role for consciousness in memory and learning emerges
as a natural consequence of the theory. For example, when learning a new motor skill, such
as playing the piano, the small conscious pushes and pulls towards or away from neural
firing (as anticipated by William James) provided by the brain’s endogenous EM field may be
essential for delivering the fine motor control needed to hit the

right notes at the right times.

OgpHako B Teopun nona CEMI ponb co3HaHus B namMaTu U oBy4eHnn BO3HMKAET Kak
€CTECTBEHHOE CneacTBUE TEOPUN.

Hanpumep, npyn o6y4yeHnn HOBOMY ABUraTENlbHOMY HaBbIKY, TAKOMY KaK Urpa Ha
dopTennaHo, HebonbluMe Co3HaTENbHbIE TONMYKM U OTTATMBAHUA B CTOPOHY U OT
BO30YyXOeHus HEMPOHOB (Kak 1 npeanonaran Yunbam [xenmc), obecrnevmBaemMbie
3HOOrEeHHbIM 3NEKTPOMAarHUTHLIM NOfIEM MO3ra, MOryT UMETb BaXXHOE 3HaYeHue ans
obecneyeHnst KOHTPONSA HaZ MENKON MOTOPMKOWN, HEOBXOONUMOWN ANA HAXaTUSA HY>KHbIX
KNaBuLL B HY>XHOE BPEMS.

However, if the target neurones for EM augmentation are connected by Hebbian synapses
then the influence of the brain’s EM field will tend to either increase [long-term potentiation
(LTP)] or decreased [long-term depression (LTD)] neural connectivity: networks that deliver
the skill will become hard-wired. After repeated augmentation by the brain’s EM field,
conscious motor actions will become increasingly independent of EM field influences.

OpHako, ecnun HeMpoHbI-MuLeHn Ans yeunernms OM coeamHeHbl cnHancamm Xe66a, Torga
BnnaHne 3M-nonga mosra 6yaeT MMeTb TEHOEHUMIO NGO K YBENMYEHUIO [LONTOBPEMEHHAs
noteHumaumsa (OM)], nuéo K ymeHbLIeHMO [gonroBpemeHHada aenpeccus (O)] HempoHHoR
CBS13U: CETU, KOTOpLIE 06ecnevnBatoT HaBblK, CTAHYT XECTKO cBA3aHHbIMK. [Mocne
MHOIOKPaTHOIo YCUNEHUS 3NIEKTPOMAarHMTHbIM MOSIEM MO3ra CO3HaTerbHble ABUraTenbHbIe
aencTeusa 6yayT cTaHOBUTLCS Bee H6ornee He3aBUCMMbIMU OT BITMSIHUSE 9NEKTPOMarHUTHOMO
nonsi.



The motor activity will be ‘learned’ in the sense that it will thereafter be capable of being
performed without (conscious) EM field input. Indeed, because the networks will then be
hard-wired into their optimal configuration, conscious EM field inputs will then tend to perturb
the learned skill, exactly as we experience.

[lBuratenbHas akTUBHOCTb BYAET «BblydeHa» B TOM CMbICIE, YTO MOCIe 3TOr0 OHa CMOXET
BbINONHATLCS 63 (CO3HATENbLHOM0) BO3AENCTBUSI ANEKTpOMarHUTHoro nonsi. B camom aene,
MOCKOINbKY TOr4a ceTu ByayT XeCTKO NPUBsi3aHbl K CBOEN ONTUMarbHOM KOHUrypaumm,
co3HaTenbHble BXOAHbIE AaHHble AM-nons GyayT UMETb TEHAEHLUMIO BbIMOMHATb YCBOEHHbIV
HaBbIK, TOYHO TaK Xe, Kak Mbl Mepexxnsaem.

With only the recognition that EM fields influence neuron firing and the rule ‘neurons that fire
together wire together’, a role for consciousness in memory thereby becomes inevitable.
This proposed mechanism makes a clear prediction, that external EM fields will tend to
interfere—positively or negatively—

with memory and learning; which has been demonstrated in many TMS studies (Gagnon et
al. 2011; Morgan et al. 2013).

Tonbko Nocne NpuaHaHKs TOro, YTO SNEKTPOMArHUTHBLIE MONS BMAIOT HA aKTUBALMIO
HEMpPOHOB, 1 NpaBuna «HENPOHbI, KOTOPbIE aKTUBUPYHOTCA BMECTE, COEANHSIIOTCA BMECTEY,
CTAHOBMUTCSA HEN3BEXHOW POrib CO3HAHMSA B MaMATH.

OTOT NPeanOXEHHbI MEXaHN3M JaEeT YeTKoe nNpeackasaHne Toro, YTO BHELUHME
3M1eKTPOMarHUTHbIE Nonsa 6yayT UMETb TEHAEHLMIO B3aMMOLENCTBOBATbL — MOMOXUTENbHO
NN OTpULATENBHO — C NaMATBIO U 00yYEHUEM; YTO ObINO NPOAEMOHCTPUPOBAHO BO MHOTUX
nccnegosarusax TMC (Gagnon et al. 2011; Morgan et al. 2013).

Objections to EM field theories of consciousness

| dealt with many of the most obvious objections to the cemi field theory in my earlier papers
(McFadden 2002a,b), and Susan Pockett has reviewed most within an informative curated
scholarpaedia page dedicated to EM field theories of consciousness
(http://www.scholarpedia.org/article/Field_theories_of consciousness).

BospaxxeHusi NpoTMB 3MeKTPOMarHUTHO-MOMEBbLIX TEOPUIA CO3HaHNS

A vmen geno co MHOrMmMu U3 Hambornee o4eEBMAHBIX BO3paXXeHUI nNpoTue Teopumn nonst CEMI
B cBoMx bonee paHHux ctatbsax (McFadden 2002a,b), n Coto3aH NMokeTT paccmoTtpena
BGONbLUNMHCTBO U3 HUX Ha MHAPOPMATMBHOW KYpUpyEeMOWN Hay4YHOW CTpaHuLe, NOCBSLLEHHON
TEOPUSIM INEKTPOMArHUTHOIO MOMS CO3HAHWUS.
(http://www.scholarpedia.org/article/Field_theories_of cosHaHus).

For example, it is often claimed that external EM fields incorrectly predict that external EM
fields perturb our thoughts. As Pockett points out, this is easily refuted by the routine



observation that they do not significantly influence EEG signals from the brain, presumably
because their frequencies and strength do not couple with brain waves.

Hanpumep, 4acto yTBepXaaeTcsi, YTO BHELUHWE 3MeKTPOMarHUTHbIE NoMsi HEBEPHO
NpeacKasbiBaloT, YTO BHELLHWE 3NEKTPOMarHMTHbIE MO BO3MYLLAKT HalLW MbICIN.

Kak yka3sbiBaeT [NOKeTT, 3TO Nerko onpoBepraeTcs pPyTUHHbLIM HabnoaeHeM, YTO OHU He
0Ka3blBalT 3HAYMTENBbHOMO BNSHUSE HA curHanbl 3B OoT Mo3ra, NPeAnonNoXUTENBHO
NOTOMY, YTO UX YaCTOTa U CUIa He COYETaEeTC C MO3roBbIMM BOSTHAMMU.

The, by now, wellestablished neurophysiological (Pell et al. 2011) and cognitive (Guse et al.
2010; Rounis et al. 2010) effects of TMS do however provide strong evidence that,
appropriately structured, external EM fields do indeed influence our thoughts.

K HacTosiLemMy BpeMeHM XOpOoLLO 3apekoMeHgoBaBLune cebs Henmpodmnanonorndeckne (Pell
et al. 2011) u korHuTuBHbIE (Guse et al. 2010; Rounis et al. 2010) acpcpekTel TMC, TeM He
MeHee, ybeamTenbHO [0Ka3bIBatoT, YTO AOMKHBIM 06pa3oM CTPYKTYPUPOBAHHbIE BHELLHUE
3MNeKTPOMarHUTHbIE MO 4eNCTBUTENBHO BAUSIOT HA HaLUW MbICN.

Nevertheless,

whereas both evolution and development have, according to

the cemi field theory, tuned the brain to both encode and decode

EM field-base information to form coherent ideas, external EM fields from, say, TMS or MRI
scanners, will, from the perspective of the brain, be incoherent signals, perhaps capable of
disrupting, but not forming coherent thoughts.

Tem He MeHee, Torga Kak 1 3BOMUNS, N pasBuTue, cornacHo Teopun nons CEMI
HaCTpOWM MO3r Kak Ha KOAMpOBaHWeE, Tak U Ha AeKoampoBaHMe UHpopmaumm o6
9MNEeKTPOMAarHUTHbIX NONSAX ANA PopMUPOBaAHMS CBA3HbIX NOEWN, BHELLHME
3NEeKTPOMarHUTHbIE NOMs, CkaxeM, oT ckaHepoB TMC munn MPT, 6yayT, ¢ TOYKM 3peHus
Mo3ra, NpeacTaBnATb cobon 6eccBA3HbIE CUTHArbI, BO3MOXHO, CNOCOOHbIE HAapyLaTb, HO He
dopmmnpoBaTh CBSA3HbIE MbICIN.

Another common objection to EM field theories of consciousness is that ‘split brain’ patients
with severed corpus callosum appear to possess two separated consciousnesses,

despite, presumably, retaining a single intact brain EM field.

However, although EM waves can indeed travel huge distance,

their strength is subject to an inverse or cube law so that, as

outlined above, EM field perturbations rapidly fall off with distance.

Ele oaHO pacnpocTpaHeHHoe Bo3paxeHne NpoTUB TEOPUI STIEKTPOMarHUTHOrO Noss
CO3HaHWA 3aKNYaeTCcs B TOM, YTO NALUMEHTbI C «pacLlensieHHbIM MO3TOM» C PacCEYEHHbBIM
MO30/IMCTLIM TEMOM, MO-BUAUMOMY, 06nanatoT ABYMS OTAENbHLIMU CO3HAHMSIMU.
HECMOTPS Ha, NO-BUANMOMY, COXPaHEHNe equHOro MHTAKTHOO MEKTPOMAarHUTHOro norns
moasra.



OpHako, XOTS 3MeKTPOMarHUTHbIE BOSHbI AENCTBUTENIbHO MOFYT PacnpoCTPaHSATLCS Ha
OrPOMHbIE PACCTOSIHUS, UX CUa NogYMHAETCH 06paTHOMY UK KyBru4eckoMmy 3aKOHy, Tak
YTO, KaK yKasaHo Bbllle, BO3MYLLEHUS ANEKTPOMAarHMTHOroO Nosns GbICTPO 3aTyxatoT C
pacCcTosiHMEM.

For consciousness to be global, conscious information in EM fields thereby must to be
amplified and transmitted by relays of in recurrent oscillations of synchronously firing
neurons. It is these recurrent neuronal networks that are severed by the cutting of the corpus
callosum in split brain patients, thereby preventing conscious EM field information in the right
hemisphere from reaching speech centres in the left hemisphere (Fig. 3) and vice versa.
Without the unification provided by networks of synchronously firing neurons, EM field
information in each hemisphere will remain locked in each hemisphere.

UToObl co3HaHme Obino rmobanbHbiM, CoO3HaTeNbHas MHpopMaLms B 3NIEKTPOMarHMTHbIX
nonsix, Takum obpasom, JOSMKHA YCUINMBATBLCA U NepeaaBaTbCs pene B PEKYPPEHTHbIX
konebaHnsiX CMHXPOHHO BO36Y>aatoLLMXCS HEMPOHOB. VIMEHHO 3TN PEKYPPEHTHbIE
HEMpPOHHbIE CETU Nepepes3atnTcs NPy paspesaHn MO30NIMCTOro Tena y NauneHToB C
pacLLensieHHbIM MO3roM, TEM CaMbIM NPENATCTBYSI TOMY, YTOObI CO3HaTENbHaa nHPopmMauus
OM-nons B npaBoM Nofywapun gocturana pedeBbiX LEeHTPOB B IEBOM nonywapum (puc. 3)
1 HaobopoT. be3 06beanHeHns, obecneymBaemMoro CETAMU CUHXPOHHO BO30YXOakoLUXCS
HENPOHOB, NHOPMALNS SNTEKTPOMArHUTHOIO NOMSA B KaXXAOM MONyLlapumn ocTaHeTcs
3anepTon B Kax oM nosnyLapum.

Finally, there is the question why only some EM fields—

those found inside brains—are conscious; whereas other EM fields, such as those
generated by a toaster, are presumed to be

non-conscious. Yet, just as people and toasters are made of matter but not all matter is alive,
similarly, though consciousness may be made of EM fields, not all EM fields are conscious.

HakoHel, BO3HMKaET BOMNpPOC, No4YemMy TOJIbKO HEKOTOpPbIe 3N1IEKTPOMarHnTHble NonAa — Te,
YTO HaxogATCA BHYTPU MO3ra, — CO3HaTtellbHbl; B TO BpeMs KaK apyrne anekrpoMarHnTHble
nomnsd, HanpumMep, reHepunpyembie TOCTEPOM, CHUTAKOTCA OeccosHaTtenbHbIMU. TeM He MeHee,
Kak ntogn n Toctepbl caenaHbl U3 Matepun, HO He BCA MaTepua XnBad, TO4HO TakK XKe, XOTA
CO3HaHUE MOXeT COCTOATb U3 ANNEKTPOMArHNTHbIX nonen, He Bce ANEeKTpoOMarHnTHbIe Nond
CO3HaTeJ1bHbI.

The minimal characteristic of an EM field to qualify as conscious must

surely be that it possesses sufficient complexity to encode complex computations together
with causal power capable of transferring thoughts to another conscious being. Neither of
these conditions is satisfied by the EM fields of a toaster or any other EM field, other than
those inside brains. The cemi field theory thereby does not predict panpsychism for such
objects.

MuHUManbHas XxapakTepucTUKa aNeKTPOMarHUTHOro Nons, YTo6bl OHO MOTMO
KBanMuUUMpoBaTbCs Kak cCo3HaTenbHOe, AOMKHO HECOMHEHHO, ObITb 0bnagaHue



O0CTaTOMHOWN CNOXHOCTBIO A5 KOOUPOBAHUA CIIOXHbIX BbIYUCIIEHUIA BMECTE C Kay3alibHOW
cunou, cnocobHon nepefasaTtb MbICNN APYrOMYy CO3HATENbHOMY CcyLecTBy. HM 0gHO 13 aTux
YCIOBUI HE YOOBMETBOPSETCA 3MEKTPOMarHMTHbIMM NONSMU TOCTepa Unu nodeiMn apyrumm
9MNEKTPOMArHUTHLIMUN NOMSIMU, KPOME TEX, KOTOPblEe HaXo4ATCA BHYTPU MO3ra. Taknm
obpasom, Teopust CEMI nons He npeackasbiBaeT NaHNCUXM3M 4SS TakKnX 06bEKTOB.

Testing the cemi field theory

Many of the predictions of the cemi field theory, such as that appropriately structured
external EM fields will influence neural firing patterns and thoughts, have already been
confirmed, as described above.

Mposepka Teopun nonsg CEMI

MHorune n3 npeackasanun Teopun nonss CEMI, Hanpumep, 0 TOM, YTO Hagnexalumm obpasom
CTPYKTYPUPOBAHHbLIE BHELLHME 3NEKTPOMArHUTHbIE Nonst OyayT BNUATbL HA NaTTEPHbI
BO30YXXOEHUS HEMPOHOB U MbICIIN, Y>Ke ObIfv NOATBEPXKAEHbI, KaK ONMCAaHO BhbiLle.

The recent development of brain—computer interfaces (Mashat et al. 2017; Lazarou et al.
2018; Nuyujukian et al. 2018) that measure EEG signals and analyse those signals to
generate limb motor outputs via TMS, effectively operates the same informational loop from
neuron to neuron via the brain’s EM fields, as is proposed in the cemi field theory.

HepaBHas paspaboTtka nHtepdgencoB mosr-komnbtotep (Mashat et al. 2017; Lazarou et al.
2018; Nuyujukian et al. 2018), koTopble n3amepstoT curHansl 33 1 aHaNU3MpPYOT 3TN
CUrHanbl Ang reHepaummy BbIXOAHbLIX CUrHANOB MOTOPUKM KOHEYHOCTeN ¢ nomoLbio TMC,
3(P(PEKTUBHO YNPaBnSAIOT TOM Xe NH(POPMaLVOHHON NeTRen OT HEMPOHa K HENMPOHY Yepes
3NEeKTpPOMarHUTHbIE NOMNsl MO3ra, Kak 3To npeanaraetca B Teopun CEMI-nons.

Patients trained to use these devices experience EM field mediated motor control as their
conscious actions. The cemi field theory merely proposes that the same information loop
exists in all of us: we call it free will.

MaumneHTbl, 06y4YeHHbIE NONb30BaTbLCA ATUMWN YCTPONCTBAMU, UCMbITLIBAKOT ABUraTeNbHbIN
KOHTPOJ1b, ONOCPEAOBAHHbIN 3NIEKTPOMArHUTHLIM MOSIEM, Kak CBOM CO3HaTENbHbIE AENCTBUS.
Teopus nona CEMI npocTto npeanonaraeT, YTO BO BCEX HAC CYLLECTBYET Takas e
MHOPMaLIMOHHAas NETS: Mbl Ha3blBaeM 3TO CBOOOOONM BONM.

However, the cemi field theory also makes predictions that have yet to be tested, such as the
possibility of inhibiting specific responses through specific external EM field perturbations.
For example, it is well established that stimulus-provoked decision-making is accompanied
by characteristic event related potentials (ERPs), such as the P300 (P3) wave that is
associated with higher-level processing of incoming sensory information.



Tem He meHee, Teopua CEMI-nonsa Takke genaeT npeackasaHus, KOTopble ele NpeacTouT
NpoBEpPUTb, HAaNpUmMep, BO3MOXHOCTb NodaBreHnsa cneumuyeckmx peakumi nocpeacTsom
cneunnyeckmx BO3MYLLEHNIA BHELLHErO 3NeKTPOMarHMTHOro nons.

Hanpumep, XopoLo N3BECTHO, YTO MPUHATUE PELLUEHUI, CNPOBOLUPOBAHHOE CTUMYIIOM,
COMPOBOXAAETCA XapakTePHbIMU NOTEHLMaNamm, cBs3aHHbIMK ¢ cobbiTuamm (ERP), Takumm
kak BonHa P300 (P3), koTopas cBs3aHa ¢ 06paboTkon nocTynatoLLen CEHCOPHOW
nHopmMaLmmn Ha 6onee BbICOKOM YPOBHE.

The cemi field theory predicts that appropriately shaped artificial radio frequency or
microwave EM fields that penetrate brain tissue should either reinforce of inhibit the motor
response normally associated with the ERPs in a frequency and phasedependent manner.

Teopus nona CEMI npeackasbiBaeT, YUTO UCKYCCTBEHHbIE pagnoYacTOTHbIE UMK
MMWKPOBOJSTHOBLIE SfIEKTPOMArHUTHbLIE MOt COOTBETCTBYIOLLEN (POPMbI, KOTOPbIE MPOHMKAIOT
B TKaHW rOfIOBHOro Mo3ra, AOSMKHbI NMnbo yeunueaTb, MMbo MHrMbupoBaTh ABUraTeENbHYHO
peakuuto, 06bIMHO CBs3aHHY0 ¢ ERP, B 3aBUCMMOCTM OT 4acToThl U gasbl.

The cemi theory also has potentially transformative implications for the engineering of
artificial consciousness. It accounts for why conventional computers, despite their undoubted
computational skills, have not exhibited the slightest spark of consciousness, nor any signs
of the general intelligence endowed by conscious minds.

CEMI-Teopusi Takke MMEET NoTeHUManbHO npeobpasyolme nocneacTeus ansi paspaboTku
NCKYCCTBEHHOIO CO3HaHMA. ATO 0OBACHAET, NoYEMY OObIYHbIE KOMMNbIOTEPLI, HECMOTPS Ha UX
HECOMHEHHbIE BbIMUCITUTENBbHbIE CMNOCOBHOCTUN, HE MPOAEMOHCTPUPOBANM HN MarenLen
NCKPbl CO3HAHWS, HU KakuxX-nnbo NpM3HaKoB OBLLEro MHTENNEeKTa, KOTOpPbIM HageNeHb!
CO3HaTeNbHbIE YMbI.

Many Al enthusiasts argue that artificial consciousness will emerge when computers
eventually overtake the computational speed of the brain. The cemi theory predicts instead
that no computer that computes solely through matter will ever be conscious, irrespective of
its complexity, architecture or computational speed.

MHorune aHTy3unacTbl I yTBEpXaatoT, YTO UCKYCCTBEHHOE CO3HaHWe NosiBUTCS, koraa
KOMMbIOTEPbI B KOHEYHOM UTOre NPEB30MAYT BbIYMCIIMTENbHYIO CKOPOCTb Mo3ra. Teopusi
CEMI BMecTO 3TOro npeAckasbiBaeT, YTO HU OAMH KOMMbIOTEP, KOTOPLIN BblY4MCTISET
UCKIMHOUYUTENBHO C MOMOLLbIO MaTepun, HUKoraa He ByaeT co3HaTeNlbHbIM, He3aBUCUMMO OT
€ro CMOXHOCTU, apXUTEKTYPbI MU CKOPOCTU BbIMUCTIEHMIA.

The human brain is estimated to operate at about 1 exaFLOP capable of performing a billion
billion calculations per second, about 20 times faster than the world’s fastest (in 2019)
computer, the US Department of Energy’s Oak Ridge National Laboratory’s Summit, or
OLCF-4 supercomputer. With computer speed continuing to follow



Moore’s law, this prediction of the cemi field theory is likely to be tested within a decade or
SO.

Mo oueHkam, 4YernoBeYveckmii Mo3r paboTaeT co CKOPOCTbIO okoro 1 ak3adhnon, cnocobHom
BbINOMHATL MUNNUAPA MUNNNAPAOB BbIYUCIIEHNA B CEKYHAY, YTO npuMepHo B 20 pas
GbicTpee, Yem cambln BbiCTpbIV B Mype (B 2019 rogy) komnbtotep, Cammut HauroHansHowm
na6bopatopum Ok-Pugxa Munuctepctea saHepretnkm CLUA nnn cynepkomnbtotep OLCF-4.
Co ckopocCTbio KOMMbIOTEPA, MPOAOIMKAOLLEN CnefoBaTh

CornacHo 3akoHy Mypa, 310 npeackasaHue Teopun cemunonsi, ckopee Bcero, byaet
NPOBEPEHO B TE4YEHNEe OeCATUNETUSA NN OKONO TOro.

However, although the cemi field theory insists that conventional computers will never be
conscious, it does provide a route towards artificial consciousness through designing an EM
field-sensitive computer. In fact, one may already have been constructed, albeit accidently.

OpaHako, HecMoTps Ha To, YTo Teopust CEMI-nonsa HacTanBaeT Ha TOM, YTO OObIYHbIE
KOMMbIOTEPbI HAKOrAA He ByayT co3HaTeNbHbI, OHa NpeanaraeT NyTb K UCKYyCCTBEHHOMY
CO3HaHMIO NyTeM pa3paboTKkn KOMMNbIOTEPA, YYBCTBUTENBHOMO K 3NEKTPOMarHUTHOMY MOSTH.
Ha camom gene, BO3MOXHO, OH Y€ Oblfl MOCTPOEH, XOTS U CNyYanHo.

| previously described (McFadden 2002a) experiments performed by the School of Cognitive
& Computing Sciences (COGS) group at the University of Sussex (Thompson et al. 1996;
Davidson 1997), that group appears to have evolved an electronic circuit that computes
through EM field interactions.

PaHee s onucekiBan (McFadden 2002a) akcnepumeHTbl, NpoBeneHHble rpynnown LLkonbi
KOrHUTUBHbLIX U BbluncnuTernbHblX Hayk (COGS) YHusepcuteta Caccekca (Thompson et al.
1996; Davidson 1997), ata rpynna, no-eugmMmomy, paspaboTarna afeKTPOHHYIO CXEMY,
KOTOpas BblMUCNSAET NOCPEACTBOM B3aMMOLENCTBUS SMEKTPOMarHUTHOro Nons.

The team used a silicon chip known as a field-programmable gate array (FPGA), comprised
of an array of cells and software-configurable switches. Starting

from a population of random configurations, the team selected for those better able to solve
the toy task of distinguishing between two musical tones.

KomaHga ncnonb3oBana KpeMHUEBBIN YuM, U3BECTHbIN Kak nporpaMmmupyemMasi nornem
BeHTUNbHas matpuua (FPGA), cocToswas 13 maccmBa sS4eek u
NporpaMMHO-KOHMUIypupyemblix nepekroyatenen. HaunHas

N3 MHOXeCTBa CIy4alHbIX KOHUrypaumim KomaHaa otobpana Tex, KTo ny4ile cnpaensieTcs
C UrpyLieyHon 3agadyen no pasnuyeHnio AByX My3blkanbHbIX TOHOB.

After 5000 generations of this artificial selection, they succeeded in evolving a chip that
could efficiently perform this task. However, when they examined its circuit diagram they
discovered that some of its components which, if removed, impaired function, yet were not



connected by wires to either inputs or outputs. Also, the performance of the chip was erratic
and tended to work best at night.

Mocne 5000 nokoneHuin 3TOro MCKyCCTBEHHOTO 0T6opa nm yganoch paspaborarb umn,
KOTOpbI MOr Bbl 3 (EKTUBHO BbINOMHATL 3Ty 3agady. OgHako, U3yumns ero
NPUHLUMNNANbHYI0 CXEMY, OHM OBHapPY>XUMNn, YTO HEKOTOPbIE U3 €ro KOMMOHEHTOB, KOTOPbIe
npu yaaneHun HapyLianu paborty, Bce Xe He 6blnin coeanHeHbl NPOBOAAMW HU C BXOAAMM,
HW ¢ BbIxogamu. Kpome TOro, Npov3BOAUTENBHOCTL Yuna Oblna HeyCTONYMBOM U, Kak
npasuno, nyyile Bcero paboTtana HoYbHo.

The solution to both these puzzles came from their realization that they had evolved the chip
during experiments performed mostly at night when the researchers tended to listen to the
radio. They concluded that their evolutionary process had not only optimized the wired
connection of the chip, but also harnessed EMF coupling between the FPGA chip and the
radio: they had evolved an algorithm in space, rather than time. | previously proposed
(McFadden 2002a) that an analogous, though natural process, led to the evolution of
consciousness in the human lineage.

PewweHne obenx aTnx 3aragok NpuyLLNo, Korga OHW NOHSANW, Y4To pa3paboTtanu 4vn B xoae
3KCNEePUMEHTOB, NPOBOAMMbIX B OCHOBHOM HOYbLIO, KOrda nccrnegosatenn obbI4HO cnyLianm
paano. OHM NPULLINK K BbIBOAY, YTO MX 3BOJIOLMOHHbIN NPOLIECC HE TONbKO ONTUMU3MPOBan
NPOBOA4HOE COeANHEHMNE YMMna, HO TaKKe UCMONb30Bar 3NeKTPOMAarHMTHYHO CBSI3b MeXay
ynnom FPGA 1 pagmo: oHn 3BOMNIOLUOHUPOBaNn anroputM B NPOCTPaHCTBE, a He BO
BpemeHu. Panee a npegnonaran (McFadden 2002a), 4To aHanornyHbIn, XoTs 1
€CTECTBEHHbIN NPOLEeCC, NPMBEN K 3BOMOLUN CO3HAHMSA B YENOBEYECKOM POAOCITOBHON.

As far as | know, the approach of the COGS group has not been explored further; but, if the
cemi field theory is correct, it provides
a possible route towards building an artificial conscious mind.

Hackonbko MHe n3BecTHO, nogxog rpynnel COGS 6onblue He U3yyarncs; HO, ecriv Teopus
CEMI nons BepHa, oHa obecneunsaet

BO3MOXHbIV NMYTb K CO30aHNI0 MCKYCCTBEHHOMO CO3HaTENbHOro pasyma.

The physics of consciousness

Further insights into why we need EM fields to encode integrated conscious information can
be gained directly from consideration of the physics of matter and energy. Matter is
particulate whereas EM energy, such as light, is composed of waves.

dunsnka cosHaHus

[anbHenwee noHUMMaHue Toro, no4yemMy HaMm HY>XHbl 3NTEKTPOMArHUTHbIEe Nona anA
KoanpoBaHUA MHTerMpOBaHHOVI CO3HaTenbHON VIH(bOpMaLl,I/IVI, MOXET ObITb nony4eHo



HenocpeacTtBEHHO U3 paCCMOTPEHUA CbVISI/IKVI MaTtepun n IHEpPrun. MaTepvm COCTOMUT 13
4acTul, Toraa Kak ariekKTpoMarHnTHaa aHeprud, Takad Kak cBeT, COCTOUT U3 BOJIH.

Nevertheless, the foundational experiments of quantum mechanics demonstrated that
particles have wave-like properties and waves have associated particle properties. The
information encoded in a particle is then also encoded in the wave associated with the
particle. Physically unified integrated information could then potentially be encoded in matter,
if their associated matter waves overlap.

Tem He MeHee, ocHOBOMoOMaraLLMe 3KCNeEPUMEHTbI KBAHTOBOW MEXaHWKU
NPOAEMOHCTPMPOBAsu, YTO YacTuLbl 06nagatoT BofIHOOGpa3HbIMU CBOMCTBAMMU, @ BOSHbI
MMEIOT CBA3aHHbIE C HUMK CBOMCTBA YacTul. MHdopmaums, 3akoampoBaHHas B YacTuue,
3aTeM Takke 3akoaupoBaHa B BOSHE, CBA3aHHOM ¢ YacTuuein. Pusmyeckm eguHas
NHTEerpupoBaHHasi MHopMaLmMs NOTEHLMANBLHO MOXET ObiTb 3aKO4MPOBaHa B MaTepuu,
€CIN CBSI3aHHble C Hell MaTepuarnbHble BOMHbI NePEKPbIBaOTCS.

The wave-like properties of matter particles are however limited by their de Broglie
wavelength, which is inversely proportional to their momentum (product of mass velocity).
So, an electron with rest mass energy of 0.511 MeV and kinetic energy of 1 eV will have an
associated de Broglie wavelength of 1.23 nm.

OpaHako BOSTHOBLIE CBOMCTBA YacTuL, MaTtepun orpaHnyeHbl UX ANUHOK BOMHbI Ae bponns,
KoTopasi 06paTHO NponopumMoHanbHa NX UMNyrnbey (MPOM3BESEHNIO MAaCCOBOW CKOPOCTH).
Taknm obpa3om, aNeKTPOH ¢ aHeprmen maccel nokosi 0,511 MaB 1 knHeTnyeckon aHepruen 1
3B 6yneT umeTb COOTBETCTBYHOLLYIO ANMHY BOMHbI Ae bponna 1,23 Hm.

This is larger than the

typical size of atoms, so electrons are delocalized in atomic orbitals of molecules such as
benzene whose three pi electrons are delocalized across all six carbon atoms in the
molecule. The electronic information encoded in the matter of electrons is thereby physically
unified within molecules. However, the proton is about 1800 times more massive than an
electron so its de Broglie wavelength and thereby its wave-like properties, when travelling at
the same speed as the electron, is 1800 times smaller.

OT10 Bonblue, YeM TUMUYHbIA pasMep aTOMOB, NMO3TOMY 3EKTPOHbI AeNnoKann3oBaHbl Ha
aTOMHbIX OpOUTaNsax MoneKyrn, Taknx Kak 6eH30rn, TpU NKU-3neKTpoHa KOTOPOro
[AEenoKan1M3oBaHbl MO BCEM LLECTM aToMaMm yrnepoaa B Monekyrne.

Taknum 0b6pasoM, anekTpoHHas MHpopMaums, 3akogMpoBaHHasA B MaTepumM SMEKTPOHOB,
dmsnyeckn obbeanHaeTcs BHyTpy monekyn. OgHako npoToH npumepHo B 1800 pa3
MacCMBHee 3eKTpoHa, MO3TOMY ero AnvHa BOrHbl Ae bponnsa n, cnegoBaTenbHoO, ero
BOMNHOBbLIE CBOMCTBA NPW ABMXEHWM C TOW e CKOPOCTLIO, YTO U anekTpoH, B 1800 pa3s
MeHbLUE.



The matter of protons is thereby localized entirely within the nucleus of each atom of a
molecule such as benzene.

Imagine writing either a 1 or 0 on each of three protons, or each of three pi electrons, in a
single benzene molecule. To examine the three proton bits, it would be necessary to
interrogate all three atoms within the molecule because each bit is locked within the de
Broglie wavelength of each particle: their information is discrete and localized, not
integrated.

Takum o6pasom, MaTepusi IPOTOHOB MOSHOCTLIO FIOKanM3oBaHa BHYTPU siapa Kaxaoro atoma
MOSEeKyIbl, Takoln kak 6eH3orn.

MpeacrtasbTe, YTO Bbl NMWeTe 1 unm 0 Ha KaXKaoMm U3 TPeX NPOTOHOB, UMK Ha KaXaoM

N3 TPEX NU-3NEKTPOHOB B 0OAHONM Mornekyrne 6eH3ona. UTobbl U3y4nTb TPU NPOTOHHLIX 6UTA,
HeobXxoaMMO ONpPOCUTL BCe TPU aToMa BHYTPU MOMEKYIbl, MOTOMY YTO Kaxablil GUT 3anepT B
npeaenax AnvHbl BONHbI Ae Bponns kaxaon YyacTuubl: UX MHpopMaLuns OUCKPeTHa U
nokanusoBaHa, a He MHTerpupoBaHa.

Yet all three electrons bits could be recovered by examining the pi electron configuration at
any of the six atoms within the benzene ring: their information is delocalized and thereby
integrated and unified across each of the atoms within the molecule. Essentially,

each pi electron behaves like a wave within each benzene molecule: the information of all
three electrons is bound within the molecule.

Tem He MeHee, Bce Tpu BMTa 3NEKTPOHOB MOXXHO BOCCTAHOBUTb, U3YYMB NN-3MEKTPOHHYIO
KOHurypaumio noboro n3 wectn atoMmoB B 6€H30MbHOM KorbLe: Ux nHdopmaums
AernokanusoBaHa un, Takum obpasomM, MHTErpMpoBaHa 1 yHuguumpoBaHa Ans Kaxgoro 13
aTomMoB B Monekyre. o cytn,

KaXkabl NMN-3MeKTPOH BedeT cebs Kak BONHa BHYTPU KaXkaon Mornekynbl 6eHsona:
NMHPOpPMaLMSA BCEX TPEX SNEKTPOHOB CBsi3aHa BHYTPU MOJIEKYIbI.

Yet, this electron particle information molecule

would not be available from an adjacent benzene molecule in, say, a crystal of benzene;
unless the crystal is cooled to close to absolute zero so that the kinetic energy and thereby
momentum of each particle is drastically reduced thereby lengthening its de Broglie
wavelength and its wave-like properties, beyond individual molecules.

Tem He MeHee, aTa MHOPMALMS U3 ANEKTPOHHbIX YacTuL, Morekysbl He bbina 6bl 4OCTyNHa
13 cocefiHel Morekyrnbl 6eH3ona, ckaxem, B Kpuctanne GeHs3ona; ecrnv Kpuctann He
OXNaguTb NOYTU A0 aBCOMTHOMO HyMs, YTOObI KUHETUYECKAs SHEPTUSt U, crnedoBaTenbHo,
MUMMYNbC KaXXO0W YacTULbl Pe3KO YMEHbLLUIUCE, TEM CaMbIM YANUHUB ANUHY BOMHbI e
Bpoiinsa 1 BonHoobpasHble CBOWCTBA 3a Npedenamu oTAenbHbIX MOMNeKyI.

Since de Broglie wavelength is inversely proportionally to mass, molecules become more
and more particle-like as they become more massive and detection of their wave nature, and
thereby their ability to encode physically integrated information, becomes correspondingly
difficult.



Mockonbky anuHa BonHbl Ae bponnsa obpaTHO nponopuMoHanbHa Macce, MOMeKynbl
cTaHoBATCA BCe Honee n 6onee NOXOXMMN Ha YacTuLbl MO MepPe TOro, Kak OHW CTaHOBSATCS
Gonee maccuMBHbIMU, U OGHaPY>XEHNE UX BONTHOBOW NpMpoabl, U, CrieaoBaTenbHO, UX
CNOCOBHOCTM KOOMpPOBaTh (PU3NYECKN NHTETPUPOBAHHYO MHEOPMALINIO COOTBETCTBEHHO
CTaHOBATCA 3aTPYAHUTENbHON.

Hence, although the

wave properties of electrons was demonstrated in 1927, detecting the wave properties of a
molecule consisting of up to 2000 atoms with de Broglie wavelengths of around 53 fm, five
orders of magnitude smaller than the diameter of the molecule, was achieved only in 2019 in
a stunning tour de force of interferometry (Fein et al. 2019).

CnepoBarternbHO, XOTS BOITHOBbIE CBOWCTBA 3NIEKTPOHOB ObIN NPOAEMOHCTPUPOBaHbI B 1927
., OBHapy>xeHne BOMHOBbIX CBOMCTB MOSeKyrbl, cocToden n3 go 2000 atoMoB ¢ ASIMHON
BONHbI e bponnsg okono 53 M, 4To Ha NATbL NOPSLAKOB MEHbLUE AMameTpa MONeKyrbl,
ObIfI0 AOCTUTHYTO TONbKO B 2019 I. B OLLEeNoMAAoLWLEM NPOSABIEHNN CUNbI
uHTepdepometpumn (PerH n ap., 2019).

However, under normal circumstances the information encoded within matter particles is
integrated only within atoms and molecules, not between them (Fig. 4). This is what we
mean by ‘matter’. So information encoded in the matter particles of neurons, their ions,
neurotransmitters or other biomolecules, is always discrete and localized within each
molecule.

OpHako B HOpMarbHbIX YCNOBUSIX MHCbOpMaLMS, 3aKoAMpPOBaHHas B YacTuLax matepum,
NHTErpupyeTCs TONMbKO BHYTPU aTOMOB U MOJEKYI, a He MeXay HUMmu (puc. 4). 3To To, 4TO
Mbl NogpasymMmeBaem noa «Martepuein». Tak YTo MHgopmaLmsl, 3aKkoaMpoBaHHasa B YacTuLax
BELLECTBa HEMPOHOB, UX MOHaX, HEMPOTPaHCMUTTEepax Unu aApyrux Guomonekynax, sceraa
AVCKPETHa M NokanusoBaHa BHYTPU KaXaoW MONeKyrbl.

This kind of information, although perfectly functional for temporal information processing,
cannot be the substrate of physically integrated, unified and bound conscious information.

OT10T BMA MHdOpMaUnn, XoTd N ngeanbHO NoaAxoauT Ansi BpeMeHHon o6paboTku
MHopMaLMK, HE MOXET ObITb CybCcTpaToOM OU3NYECKN NHTENPUPOBAHHON,
YHUOULUNPOBAHHOW U CBA3AaHHOW CO3HATENbHOW MHGOPMaLMN.

However, the situation is very different if, instead of the particles themselves, we consider
the EM fields generated by charged particles, such as electrons. The EM field particle, the
photon, has zero mass (photons do possess ‘relativistic mass’ but this is irrelevant to this
argument.) so has no de Broglie wavelength.



OpaHako cuTyaums cUnbHO U3MEHNUTCH, €Criv BMECTO caMuX YacTul, paccmatpmeaTse M
nosnsi, cosgaBaeMble 3apsKeEHHbIMU YacTuLaMn, HanpumMmep anekTpoHamu. Yactuua
3NEKTPOMAarHUTHOrO Norsi, POTOH UMEET HyneByto Maccy (POTOHbI 4ENCTBUTENBHO
obnagatoT «pensiTMBUCTCKOM MacCony, HO 3TO HE UMEET OTHOLLEHWS K AAHHOMY apryMeHTy),
NO3TOMY He UMeeT ASMHbI BOMHbI Ae bponns.

Instead, its wave potentially extends to infinity.
The EM field of charged particles consist of virtual photons whose waves similarly extend to
infinity, though decreasing in intensity according to an inverse square and cube laws (Fig. 4).

BmecTo aToro ero BosiHa noTeHUManbHO NPOCTUpPaeTcs A0 6ECKOHEYHOCTMW.

OM none 3apsikeHHbIX YacTUL, COCTOUT N3 BUPTYyarbHbIX (POTOHOB, BOSHbI KOTOPbIX Tak Xe
npocTuparTcsi B 6€CKOHEYHOCTb, HO YMEHbLUAKTCS MO MHTEHCMBHOCTU MO 3aKOHAM
obpatHoro kBagpata u kyba (puc. 4).

Therefore, information encoded in charged particles of the brain, such as the ions involved in
generating action potentials, is integrated, unified and bound within the overlapping EM
fields generated by their motion. The brain’s EM field, rather than its matter, is thereby the
only feasible physical substrate for conscious integrated information. Consciousness is what
physically integrated information feels like, from the frame of the photons encoding that
information.

CnepoBaTenbHO, MHOPMaLUUs, 3aKoauUpOoBaHHas B 3apsKeHHbIX YacTuuax Mo3ra, Takmx Kak
MOHbI, y4acTByIOLLME B reHepaLuum noTeHumManoB eNCTBUS, MHTErPUPYETCS, YHUULMpPYETCS
N CBSI3bIBAETCS B NEPEKPbIBAOLLMXCS 3NEKTPOMArHUTHBLIX MOMSX, FreHEPUPYEMbIX UX
ABukeHneM. Takum obpasoM, anekTpoMarHUTHOE Norne Mo3ra, a He ero MaTepusi, SIBMsieTcs
€[VHCTBEHHbIM BO3MOXHbIM (PU3NYECKMM CYyGCTpaTOM ANt OCO3HAHHOM UHTErpUPOBaHHOM
nHgopmaummn. Co3HaHNe — 3TO TO, Ha YTO Noxoxa PU3NYECKM UHTErPUPOBaHHAaS
NHopMaLUms 13 kKaapa POTOHOB, KOAMPYIOLLMX 3TY NHAOPMALIMIO.

Discussion and Conclusions

Nagel famously asked us to imagine what it is like being a bat and insisted that we never
can. The cemi field theory asks us to imagine what it would be like to be an EM field with
inputs from oscillating electrons in neuronal membranes and outputs to oscillating electrons
in neuronal membranes.

O6cyxaeHune n BoiBOabI

Harenb, kak M3BeCTHO, npeasiaran HaMm NpeacTaBuUTh, KAKOBO 3TO ObITb NIETYYEN MbILWbLO, U
HacTamBan Ha TOM, YTO Mbl HAKOFda He cMoXxeMm aToro caenatb. Teopusa CEMI-nons
npeanaraet Ham NpeacTaBUTb, YTO Bbino Gbl, ecnu 6bl 310 6bINo0 AM-none ¢ Bxogamu ot
KonebnoLmxcs anekTpoHOB B MeMBpaHax HEMPOHOB M BbIXO4aMK 4151 KONebnoLwmnxes
3NEeKTPOHOB B MeMbpaHax HEMPOHOB.



Our tendency is to view this from a third person perspective looking down on the EM field
and asking what its properties are. However, we must instead imagine moving to the frame
of the brain’s EM field.

This will be very different, analogous to how an EM field may be experienced as magnetic,
from a stationary frame, but electric, from a moving frame, and vice versa.

Hawa TeHaeHUMs COCTOMT B TOM, YTOObI CMOTPETL Ha 3TO C TOYKU 3PEHUSI TPETLErO Nnua,
rMaas CBepxy BHWU3 Ha 3NEKTPOMarHUTHOE More 1 crpallnBasi, KakoBbl ero CBOWCTBA.
OpHako BMeCTO 3TOro Mbl JOMMKHbI NpeacTaBuTb cebe nepemMelLeHre B paMku
3MeKTPOMarHMTHOro nons Moasra.

370 ByaeT coBceM No-Apyromy, aHanorMyHo ToMy, Kak a1eKTpoOMarHUTHoOe nosie MoXeT
BOCMPUHMMATBLCS Kak MarHUTHOE B HEMOABMKHON CUCTEME OTCYETa, HO Kak aMeKTpUYeckoe B
ABUXYLLENCS cUCTEME oTcyeTa, M HaobopoT.

Einstein came up with special relativity through his gedanken experiment of considering
what the universe would look like from the frame of a photon.

Understanding awareness requires a similar shift to the frame of the EM field of the brain.
We can, for example, consider what

it would be like to be one photon in the cloud of photons (the cemi field) that travel from
emitting to receiving electrons in neuronal membranes of the brain.

OVHWTENH Nnpuayman crneumanbHy0 TEOPU0 OTHOCUTENBHOCTU B XO4Ee CBOEro
BOOGpaXkaemMoro akCnepmMMeHTa, B KOTOPOM OH paccMaTpuBar, Kak byaert BbirnsaeTb
BceneHHas ¢ TOYKM 3peHnst POToHa.

MoHumaHne co3HaHusa TpebyeT aHanorM4YHOro Nepexoaa K CTPyKType 3NeKTpOMarHMTHOro
nons moara. Mel MOXeM, Hanpumep, pacCMOTPETb, YTO 3TO BCE PaBHO, YTO ObITb OAHUM
doToHOM B 0briake bOTOHOB (None cemi), KOTopble NepeMeLLatoTCst OT UCMYCKaoLWMX K
NPYHMMaOLLNM 3reKTpoHaM B MeMBpaHax HEMPOHOB MoO3ra.

From their frame, since they

are massless particles that travel at the speed of light, they experience neither space nor
time between emission and reception. Between these points, they may carry, say, up to 10
bits of information encoded in the photon’s energy, spin and direction (Tentrup et al. 2017).

C nX TOYKM 3peHuns, TaK Kak OHM ABMAOTCA 6e3mMaccoBbIMU YacTMLaMu, ABUXKYLMMUCS CO
CKOPOCTbIO CBETA, OHWN HE UCTbITLIBAKOT HX MPOCTPaAHCTBA, HU BPEMEHU MEXAY UCMyCKaHWeM
1 nonyyeHnem. Mexay sTMMm TOMKamMm OHM MOTYT HECTU, ckaxkeMm, 0o 10 6uTt nHdopmaumn,
3aKoAMpPOBaHHOW B 3HEPruu1, BpaLleHnn 1 HanpasneHun dpotoHa (TeHTpyn u ap., 2017).

However, between emission and absorption, photons are more properly considered as
delocalized waves that obey Maxwell’s laws. The cemi field is then the superposition of
trillions of photon waves whose information is encoded in their ensuing pattern of
constructive and destructive interference.



OpHako mexay usnydyeHvem 1 norrnoweHnem poToHbl NpaBuIibHEE paccMaTpuBaTh Kak
Aenokanu3oBaHHble BOMHbI, NOAYNHSIOWLMEC 3akoHaM Makcsenna. Takum obpasom,
Cemi-none siBnseTcsa cynepnosnunen TpunimoHoB (POTOHHBLIX BOMH, MHPOPMaLMS KOTOPbIX
3aKoaMpoBaHa B UX nocneayroLlem natrepHe KOHCTPYKTUBHOW M [EeCTPYKTUBHON
UHTepdepeHUnn.

That information is present at all points in the

field, in the sense that the information encoded in a single photon emitted by an oscillating
electron, say in the hypothalamus,

can materialize—be absorbed by—any charged particle in its light cone, though with
probability subject to the inverse square law and attenuation due to absorption events
between emitter and receiver.

OTa MHgopmaums NPUCYTCTBYET BO BCEX TOYKAX MOMs B TOM CMbICNeE, YTO MHopMaums,
3aKoaMpoBaHHasa B 0O4HOM (POTOHE, UCMyCKaeMOM KONeOmnoLMMCSA aNEeKTPOHOM, CKaXXeM, B
rmnoTtanamyce, MOXeT MaTepunanua3oBaTbCsl - ObITb NOrMOLLEHHOW - N06OoN 3apsiKeHHOM
4YacTuLEen B ee CBETOBOM KOHYCE, XOTH C BEPOSITHOCTbIO NOAYNHAETCS 3aKOHY 00paTHbIX
KBagpaToB M 3aTyXaHWIo U3-3a COObITUI MOMMOLLEHNA MeXay n3nyyarenem n npueMHUKOM.

Nevertheless, within the brain, the light cones of all the trillions of emitted photon will almost
entirely overlap. Any charged particle in the brain (or outside, but with rapidly diminishing
probability) can potentially be the receiver of any of the trillions of emitted 10 bit packages of
information available in the entire field.

Tem He MeHee BHYTpM MO3ra CBETOBbIE KOHYCbl BCEX TPUITIIMOHOB MCMycKaeMblX (DOTOHOB
OyayT NOYTH NOMHOCTbLIO NepekpbiBaTbes. JllobGasi 3apsbkeHHasi YacTuua B MO3ry (M BHE
€ro, HO C ObICTPO YMEHbLLAKLWENCA BEPOATHOCTbLIO) NOTEHUMANBHO MOXET OblTh
NPUEMHUKOM 1OBOro 13 TPUNNMOHOB M3ny4vaemMblix 10-6MTHbLIX NakeToB MHOPMaLIMK,
[AOCTYMHbIX BO BCEM Tore.

So, each point in the field represents the integrations of trillions of bits of physically encoded
information instantaneously present at each point in the field. | previously proposed that
‘Nearly all qualia—the sound of C minor,

the meaning of the number seven, the image of a triangle, the concept of a motor car, the
feeling of anger, etc.—are similarly complex ... conscious states [that] integrate parallel
information streams to form a model that is both complex and physically unified within the
cemi field.’

Taknum obpasom, Kaxkgaa Todka nonsa npeacrasnset cobor COBOKYNHOCTb TPUISTIMOHOB
OMTOB PU3NYECKM 3aKO4MPOBAHHOWM MHpOPMALMM, MTHOBEHHO NMPUCYTCTBYIOLLIEN B KaXXO0M
TouKe nons. PaHee A NpeanonoXun, YTo «MOYTK BCe KBanna — 3BYK 40 MUHOP, 3HaYeHne
yucna cemb, N3006pakeHne TpeyrornbHUKa, NOHATME aBTOMOOUNSA, YyBCTBO rHEBa U T. 4.
CNOXHbIE ... CO3HATENbHbIE COCTOSIHUS, [KOTOpbIE] 0O0bEANHSAIOT NapansenbHble
NHPOPMaLMOHHbBIE NOTOKN, YTOObI ChOpMMPOBaTb MOAESb, KOTOPasi OAHOBPEMEHHO CIOXHA
n dmsnveckn egmnHa B none CEMI».



That is, the qualia associated with hearing the musical note middle C is what an a EM field
perturbation in the brain that correlates with the sensory input of middle C feels like, from the
inside. IIT theory has also proposed that qualia are the experience of integrated information
(Balduzzi and Tononi 2009); although Barrett argued that IIT cannot capture intrinsic
(independent of an observer’s frame of reference) integrated information yet that could be
captured by an EM field-based consciousness (Barrett 2014).

To ecTb KBanua, cBsisaHHbIE CO CryLaHneM cpegHen My3blKarnbHOW HOTbI «40», — 3TO TO,
Ha YTO NOXOXEe BHYTPEHHEE BO3MYLLEHME SNEKTPOMArHUTHOrO Mosis B MO3ry, KOTOpoe
KOppEennpyeT C CEHCOPHbIM BXOAOM cpeaHen «ao». Teopusa AT Takke npegnonaraet, YTo
KBanma — 37O OMnbIT UHTErpUpoBaHHon nHdopmMaumn (baneayuum n ToHoHK, 2009); xoTs
BappetT ytBepxaan, 4to UNT He MOXET ynoBuUTb BHYTPEHHIOK (HE3aBUCUMYIO OT CUCTEMbI
oTcyeTa HabnogaTtens) MHTErpUpPoBaHHY0 MHPOPMALMIO, HO KOTOpas MOXET ObITb
yrnoBrieHa co3HaHMeM, OCHOBaHHbIM Ha anekTpomarHuTHoM none (bappertT, 2014).

In this sense, the cemi theory incorporates Chalmers’ (Chalmers 1995) ‘double-aspect’
principle that information has both a physical, and a phenomenal or experiential aspect. At
the particulate level, a molecule of the neurotransmitter glutamate encodes bond energies,
angles, etc. but nothing extrinsic to itself. Awareness makes no sense for this kind
matterencoded information: what can glutamate be aware of except itself?

B aTom cMbIcne Teopusi cemi BKNoYaeT B ceba npuHUmMN «ABOMHOro acnekta» Yanmepca
(Chalmers 1995), cornacHo KOTOpoMy MHAOPMaLNA UMEET Kak (OU3NYECKNIA, TaK U
beHoMeHarnbHbIN UM AMNUPUYECKNin acnekTt. Ha ypoBHe YacTuL, Monekyna
HepoTpaHCcMUTTEpa rinyTamaTta KogupyeT SHepruto CBA3N, yribl U T. ., HO HUYero
NOCTOPOHHero Ansi cebs. Oco3HaHMe He MMEET CMbICNa AN Takoro poda 3akoaupoBaHHOW B
MaTepumn MHpopMaLmmn: YTO MOXET OCO3HaBaTb rryTamart, Kpome caMoro cebs?

Conversely, at the wave level, information encoded in physical fields is physically unified and
can encode extrinsic information, as utilized in TV and radio signals. This EM fieldbased
information will, according to the double-aspect principle, be a suitable substrate for
experience. As proposed in my earlier paper (McFadden 2002a) ‘awareness will be a
property of any system in which information is integrated into an information field that is
complex enough to encode representations of real objects in the outside world (such as a
face)

HanpoTtus, Ha BONHOBOM ypOBHE MH(hopMaLus, 3aKkoampoBaHHasa B PU3NYECKUX NOSISIX,
du3nyeckn yHUrLUMpoBaHa N MOXET KOANPOBATb BHELLHIOW MHAOPMaLMIO, UCMOMb3yeMyHo
B TEMEBU3NOHHbLIX 1 pagnocurHanax. 3ta OM-nonesasa nHgpopmauns 6yaet, B COOTBETCTBUN
C NPUHUMMNOM ABONHOIO acnekrta, NoAxXoAsLen OCHOBOW ANns onbiTa. Kak 6b1no npeanoxeHo
B Moel bonee paHHen ctatbe (McFadden 2002a), «oco3HaHHOCTb ByaeT CBOMCTBOM Sto6on
CUCTEMbI, B KOTOPOW UHDOpMaLMS UHTerpuposaHa B MIHPOPMaLMOHHOE nore, 40CTaTOMHO
CNOXHOE AN1S KOQUPOBaHUA NPeACTaBNeHn peanbHbiX 0OGbEeKTOB BHELLHEro Mypa
(Hanpumep, nuua)».



Nevertheless, awareness is meaningless unless it can communicate so only fields that have
access to a motor system, such

as the cemi field, are candidates for any scientific notion of

consciousness.

TeM He MeHee, 0co3HaHNe 6eCCMbICIIEHHO, ECIIN OHO HE MOXET KOMMYHULMPOBAThL, MO3TOMY
TOMbKO NONS, UMEKLLME AOCTYN K ABUraTeNbHOM CUCTEME, TaKMe Kak
kak none CEMI, sBnswTca kaHgngatamum Ha noboe HaydHoe 06bsCHEHME CO3HaHWS.

| previously proposed (McFadden 2013b), that complex information acquires its meaning, in
the sense of binding of all of the varied aspects of a mental object, in the brain’s EM field.

Here, | extend this idea to propose that meaning is an algorithm experienced, in its entirety
from problem to its solution, as a single percept in the global workspace of brain’s EM field.

Panee s npegnonoxumn (McFadden 2013b), yto cnoxHasa nHgpopmauusa npnobpetaeT cBoe
3Ha4YeHne B CMbICIe CBA3bIBaHWS BCEX Ppa3HOOOpa3HbIX aCNeKTOB MEHTanbHOro oobekTa B
OM-none moara.

34ecb A pacwmpsto 3Ty ugeto, npegnonaras, YTo CMbICI — 3TO anropuTM, NepexxmBaeMbin
BO BCEW €ro NornHoTe, OT NpobnemMbl 40 ee peLleHus, Kak eanHoe BoCcnpuaTme B mobanbHOM
paboyem NpoCTpaHCTBE ANEKTPOMArHUTHOIO Nonsi MO3ra.

This is where distributed information encoded in millions of physically separated neurons
comes together. It is where Shakespeare’s words are turned into his poetry. It is also, where
problems and solutions, such as how to untangle a rope from

the wheels of a bicycle are grasped in their entirety.

NmeHHO 3aeck 06beanHsieTcs pacnpeaeneHHas nHgpopmaums, 3aKkoaMpoBaHHas B
MUNIMOHaX pM3nYecKn pasaeneHHbIX HepoHoB. VIMeHHO 3aechk criosa Lekcnupa
NpeBpaLlalTCs B €ro CTUXM. ATO Takke MeCTo, rae Npobnembl U peLleHusl, Hanpumep, Kak
pacnyTaTb BEPEBKY C KOMNeC Benocuneaa, CXBaTbiBalTCs BO BCEW NOSHOTE.

There are of course many unanswered questions, such as degree and extent of synchrony
required to encode conscious thoughts, the influence of drugs or anaesthetics on the cemi
field or whether cemi fields are causally active in animal brains. Yet the cemi theory provides
a new paradigm in which consciousness is rooted in an entirely physical, measurable and
artificially malleable physical structure and is amenable to experimental testing.

KoHe4HOo, ocTaeTcst MHOro BonpocoB 6e3 oTBeTa, Takmx Kak ypoBeHb 1 CTeNeHb
CUHXPOHHOCTU, HEOBXOAMMOW AN1S1 KOANPOBAHUS CO3HATENbHbBIX MbICAEN, BIIUSHMUE NeKapCTB
unun aHectetukoB Ha CEMI none nnn aensatotca nuv CEMI nons npuyMHHO-CNeACTBEHHOM
aKTUBHOCTbBIO B MO3re XMBOTHbIX. TeM He meHee, Teopus CEMI npegnaraet HoByto
napagurmy, B KOTOPOW CO3HaHMEe YKOPEHEHO B NMOMHOCTLIO PU3NYECKON, N3MEPUMON U



MCKYCCTBEHHO NOAaTMBOM oM3NYECKON CTPYKTYpe M NOAAAeTCsa SKCrepuMeHTanbHoM
npoBepKe.

The cemi field theory thereby delivers a kind of dualism, but it is a scientific dualism built on
the distinction between matter and energy, rather than matter and spirit. Consciousness is
what algorithms that exist simultaneously in the space of the brain’s EM field, feel like.

Takum obpasom, Teopmsi CEMI nonsa gaet ceoero poga Ayannam, HO 3TO Hay4YHbIN Ayanuam,
NMOCTPOEHHbLIN Ha PasnNUuNN MeXay MaTtepuen n aHepruen, a He MaTepmen n Qyxom.
Co3HaHne — 37O TO, YTO OLLYLLAKT anropuTMbl, CyLLIECTBYIOLLME OAHOBPEMEHHO B
npocTtpaHcTBe OM nonsi mo3sra.
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