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Abstrar: t

A universal princ.iple of orcler creation in telms of Energy - En-
tropy (,)ompensatecl Transitions is postuta,t,ecl as the underlying and
unifying concept for bhe forrnation of orderly stzrtes in biology. This is
clemonstrated by cleriving a linear cort'elatory relation l>etween Energy
ancl Entropy for the EEG tratrsition clynarrrics using sinrple therrrrocly-
namic arguments. The c.onserluent, analysis of the EE(i nurnelical data
verilies lhe relationship derived.

Introduction

Concepts fronr Theltuotlynamics ancl Quantum theory have already been
used widely and successful ly to describe biological phenolr lena. Inrportant
approacltes are the lrreversible Theltrodynanrics developed l ly I.Prigogine,
the Synelgetics of H.Haken and the Biological Themrodyuamics of I(.Trincher.
One ltr inciple of Thennodynamic.s ha,s l leeu utostly neglected in the anal-
ysis of Life, ttautely the Third Larv of Therurorlynanric'.s. This Third Law
of Thennoclynaurics is the universal llrinciple of creating ordel by reducing
tlte tetttperature. One consequence of this law is that the total entropy (dis-
order) of a substatlc.e goes to zero as the ternltelatiu'e apl)l'o&ches absolute
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zero(= zet 'o deglee Kelvin). We hele in this art icle studv the application of
t ire Third Law of Themrodynanrics to Biologv in general and to Neurobi-
ology in part icular, in teruts of a thennotlyuanric analysis of the electr ical
brain a,ct ivitv. Through a sintple osci l lator urodel of the brain activity f irst
proposed bv C) .Toulenne (198i ) ,  an EE( i -ent lopy anr l  an EtrG-temperature
for the different brain aleas are defined. The delined EE(i-entlopy measures
the t legree of order antl the EE(i-tempelatule the state of the activation of
the EE(i, for only one spec.if ic. area of the brain at a t ime.

Tourenne in his approach left open the question of defining an EECI-
teutperature for al l  the brain aleas at ouce, for such a definit iou woukl have
to take into account correlations lietween clif}'ererit alea,s of the brain. In this
corttr ibutiorl ,  we l ly defining EE(i-entrop.y, and EE(i-tenrl lerature for al l  the
areas at once, derive a hidden l ineal con'elatory lelat ionship between EE(l-
energy and EE(i-entrol ly. The slope of bhe l inear lelat ioushiP l>etween EE(;-
Energv and EE(i-eutlopy has t l ie dinreusion of a teurl lela,tule and delines
the iso-equil i l>riunr tenrl lelature whir:h l l)easules the äctivatiorr of the brain
as a whole.  Accord ing to  L ine l t  ( l98 i t )  " the p l iura, ry  s ignatu le of  the iso-
eclui l ibriunt teutl leratnre is .. .  to charar:terize the therrnodynanric behavior
of the systenr within t l te tenrpela,ture range investigated, so as to afforcl the
proport ionali tv constant l letweeu enthalpv (energv) a,r ir l  entlol ly".

Energv - Entropv conlpensatiou as ureasuled l ly the iso-equil ibriurn tertr-
pe lature is  an ind icat ior r  that

1. a single source of energv is respc.nrsible fol the EE(i activity related
to t l i f ferent areas of the brain (Toureune, 1981).

2. the total brain EEG-activity is govemed by t ire Third Law of Tl ieruro-
dynanrics for the newly defined qnantit ies. Thus the lower iso-equil ibrium
tenrperature the higher the state of the total ordel of the brain.

As a consequence, the iso-equil ibriunr tet iperati lre can be understood
as a lneasure which al lows to suer: i fv an evolutiona,r 'v di lection for the l lrain
behavior .

Such indications were irtdepenrlently suggested l>v EEG t.oherence re-
search (D.Onne-Johnson,  et .a l .  19,31,  I t { .Di l lbec l<,  e t .a l .  1986,  ( i . ( iav lord,

e t .a l .  1989 ) .
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2 The Thermodynamic model of brain activity

To clefine an EEG-entlol ly autl a,n EE(i-ternperatule, Touleune assumed
that the EEG corresponds to electr ical osci l lat ions aloulid a thenuoclynanric
equil ibriunt state of an ensenrble of osci l lators. This sinrple nroclel of the elec-
tr ic brain activity is iu accold lvith t l ie ulderstanding of the EE(i developed
by Thatcher(1977)  anc l  Schur id t ( i978) .  I t  is  fur ther  assurne( l  that  the EEG
as ll)ea,suled at different aleas on the surface of the head is the result of
the functioning of a f inite nunrbel of hannonic osci l lators. This assump-
tion al lows the application of the folnnrlas of statist ical t tremroclynarnics for
each of these osci l latol enseurlr les lepresenting the electt ' ical l train activity
as t t to t t i tored at  t i re  s ix  d i f lerent  EE( i  leads (F lo l ta l -F3.F4:  ( lent ra l -C:J.C4:

Occ ip i t a l -O  I ,O2) .
Now we give a short sketch of the t lreuuoclyuanric uiodel developed bv

Tourenne. We wil l  t 'estr ict oulselves to the fot 'nrulas necessa,r 'y to ulderstand
the energv-entropy correlations studietl  irr the pleseut papel ' .

Let p;p t 'ept 'eseut the probabil i ty for the er)elgy of the osci l lator having
a frequeucy "f i  to be E;. Tl i is proba,bi l i ty is detennined via the number of
energy valrtes related to aspecif ic fre<prency, ft .The energy e; ciraracterizes
the state of a part iculat 'osci l lator lvith the frerlnencv, f i .  Tl i is energy is
<lerived from the powel spectmur of the EE(;.

In the thennodynatrt ic model, the enel 'gv of the osr: i l la,tor rvith frecluencv

fi.  is given by the relation:

where z1 is the total nutuirer of eriergy va,lues related to the osci l la.tor
with the frequency ft.

The correspontl ing eutrol l .y of the osci l latol rvith f lequency .ft  is given
by :

(1 )

The EEti teurpera,tut 'e
but ion law:

?l l i
, ,  s -
, ) A . =  -  

)  . l t ; t , l t t 7 t ; 1 .

f t  fol each osci l latol

(2)

is introdur:ecl via t i te distr i-

I
P i t ' =  

d
exp( -  E i lT r ) (3 )
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with Zp given b.y
? T A

2, .  -  \ -exP( -  E i lT r )-^3

which clefines the EE(i tetuperature col lesponcling to the energy sus-
taining the osci l lator with frequency f i .

Tortrertrte also definecl att avearge errtropy arrd a,n a,velage tenrperatlre
over al l  frerluencies of every EE(l lead:

Toulerlrte t l tett foit t td his data ernpil ical ly obe.ying a single l inear rela-
t ionship l letween the above ,9, and ? pertaining to a local area of the 5rain,
cottf int l i t tg his osci l lator rnodel. However he coukl not delive a theoreti-
cal relationsl i iP between the quantit ies owing to the cl i fäcult.y of the locaj
assrttt tpt ion' But in t l te l lresettt papel by extencling the a,bove f lef ipit ions
globa,l lv for the whole l train, we ale able to r lerive the r.equir.ecl l inear re-
lat ionship theoretical ly. Aud, Torit 'erute's exPet, inental clata confirnr the
derived relationship.

In order to derive the l inear rela,t ionshil t  betlvr:en ,01. and ,91., we consicler
the clei init ion of free energy F(T) whir:h is given b.y ( l i i l l tpatl ir : l i  et.al. ,  1g83):

F(T)  -  - l inTht (Z)  -  E -7 ,5 '  ( r - r )

Ft'ottt  the al love bv sintpl.y reauauging t l ie tenns we ol l taiu easily the
fol lowing l inear correlatorv relationship betweerr E1, and ,5'1.:

,e= 1i:f ,t-; 1.=r:f r, (4  )

E* = Tr( ,9 'p - ln Zs)

where fu stands for the inclividual Broup inclex.
If we consicler the l inrit T- > 0, the tenn ?,5'

slower than /(s ln(Z) although it involves fl ancl
T- > 0 we can wlite the l iutit ing r:on'elatory l ineal

(6 )

al lploar:hes zel 'o much
T. Thus in the l iniit
lelationsiri l t:

E = T1;,,r;1,9

Oontparing the definit ion of isol i irret ir:  teurper.atur.e wft ich is givel
(L iner t  and Jaureson,  lg8g) :

(7 )

by
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OE
_  - ' t ' .

a,g 
- t xs(, (8 )

we irnutetl iately identify that f i ; , , , ;1 is nothing lxrt the ft"o. Here the
d operatot '  r 'epresents the variat ion of disclete va,lues within the consit lered
series; in onl case the variat ion of the euelgy-entlopy l lai ls is lelatetl  to the
different EEG leads.

3 Materials and Methods

3.1 Data aquis i t ion

The themroclynanric EE(l analysis of the blain activitv pleseuted in this pa-
per focuses on t l te energy-eutl 'opy c.orrelation ir the E,E(i.  We use Tourenne's
data to cleuonstrate the lelat ionship delived in e<luation (, ' t) .

Tourenne analysed the EE(i of ten male str ideuts(nrea,l age 25). Al l
the sulr jec.ts have lreen prat-.t ising 'h'anscendental Meditation for an aver-
age of 6 ye.ars. Transc.enrlental Metlitation is a sinrple urental technique to
expelience a state of least exr: i tat ion of nrental activit .y, a state of restful
alertness or. pure consciousness. TouLenne in his study analyseil  the EEtl
of the teu sull jects in series of four-secotrcl-epo<:hs r luring: (a). a l leriod of
5 minutes with eyes open(Eo) I 'ol lowed l>v (b). a period of 5 ntinutes with
eyes close(l(E,(l) and (c). a periocl of 15 nrinutes during which the subjects
prac.t iced Tlanscendental Merl i tat ion( T\{ ).

In each EECi recorcling, the recolcls wele talien fi'om the six eiectrocles
F; ] ,  F4,  C3,  (14,  O1,  and 02 of  the l0-20 systenr  rv i th  i inked eals  for  re ference
elect lode.

3.2 Data Evaluation

The evaluation of the data starts wit l i  the i lowel sl lectninr a,r ialysis of the
EE( i :

The continuous EE(i signal of ever'.y lead is subdivided into what are
c.al led elroclts. Toureune used a subdivisiou iuto 72 epochs for a 5 uinute
experimental pel iod. Each epoch is ag;r, iu subclivided into 2N cl isclete points
takeu at t 'egular intervals At. The length of an epocli  is 2/[Al = 4 seconds.
Epochs are signif ied by the index j whidr nrns f i 'om I to 72.

The funclaniental frequenc.y of the EE(i siglal is defined as .fi 
- Il2N Lt,

an t l  eve ry  o the r  f requency  f t  i s  g i ven  b .y  f i .  -  k .h  w i th  A '=  0 ,  1 ,2 , . . . ,N .
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For each t i tne t, ir t  an epoch j,  the va,lue of the anrpl i tude of t lre EECi signal
is calculated a.ccotding to the fonnula,:

N

V1(t) -DV,uex1t( j2r. fat) (9)
k=0

Tlren the power P(j,  f) for an epoch j at a f i 'equency f is:

P(j , f )  = lv , r l2  (10)

This power is consicleretl  in the present thermodynanric 1ro{el as the
enel 'gy chat'acterizing the state of an osci l lator with f lequer)c.y f i .  of the
t 'esltective epoch j.  This el)ergy is represented b.y E;1.

An another usefit l  i r t fonuation is the plobalt i l i t .y for the euer.gy of t |e
osci l lator rvith frequenc.y f i .  to be E;. This plobabil i t .y p;1. wil l  be clerive{ i1
the fol lowing analvsis.

All  the expet' i t t tetttal values of E;;r:r,r 'e dist l ibutecl a,s a set of intervals of
constant width E6 an{l centered at a sper-i l ic v;r. lue t i  such a$:

E;  =  E t ( i  -  I12 ) ( i  r )
The width of eaclt interval is choosen iu such a wa,y to nrininrize the

standard deviation of t ire temperatule rvhich is assunred to be constant for
every energy interval. Tl ie nuurber of such iutervals r i .1. depeud on the specif ic
frequency /6.

Let JV;1 l le the nrtrtt l tet of experiuteutal values 8,1 contai le{ in evel,y
interval for a sliecific frequenc.y 

"fi.. Then the probabilitv for the energy of
the osci l lator with f i 'e<luency f t ,  to l te E; is:

1{,1
P i k=  p

This probabil i tv is necessaly
tor with frerlueucy f i . ,  but also
oscil lator (f i .) .

tu il,l r
l L k

, ,  -  \ -  nr . .
l t  -  /  l r  t L '' u

fol calculating the entropy ,9 of the osci l la-
used in  the r :a lcu lat ion of  the energv of  the

(12)

The energ.y and the r.esltective l l loltabi l i ty aLe two dif lelent entries for
the thenuodynanric EE(j a,nalysis. They are relatecl to ea,r:h other but clo
not rePresent the sall le iufomration. This poinI is inrl tortaul l tec.ause it
estal l l ishes the reali ty of the lesult ing errergv-eutlol).y conlpeusatiou.
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4 Results and Discussion on the thermodynamic
EEG-Analysis

From the data of  s ix  EEG-leads(F3,F-4, ( l ; i , ( l r1 ,Ol ,O2)  of  l0  hrunau subjects
the avelage enelgy anrl entropy of these EE(i-signals were courputed accort l-
ing to the thennodynauiic urodel. The lesult ing values of the EE(i-elerg.y
and EEG-entropy for the ten sull jects were again averaged to a,r 'r ive at one
value of EEG-energy and EE(i-entropv for every EE(l- lead and al l  the sul>-
jects. By plott ing the energ.y agailst eutropy for the six EECi leacls F3,
F4,  (13,  C4,  O1,  O2,  a l iueal  energy-eut lopv corupensat ing behavior  resul ts
( f igures 1- ; t ) .

Of course further research rvi l l  be trecessa,r ' .y to delive the established
linear lelat ionslt i l l  fronr courrrete theoletir:al leasouing suyrl lolte<l l ly a sri i t-
able biological rnodell ing of the blain ar:t ivi t .v and the data at:clui led using
ll)ol 'e sul l jects and rigorous statist ical testing prr;cedules. The f indings of
o1u'resealclt ale pointing in t l ie r igl i t  di ler:t ion arrcl thelefore are olreuing a
new alea of EE(l lesearch.

The iso-eclui l ibrium teurperature va,r ' ies f i 'orn a, highel va,lue to the low-
est anrong the three states of coucionsucss sturl ied in t l ie fol lowing older:
1 )  eyes  open  (EO)  -  h ighes t ,2 )  eves  c losed  (E ( j )  -  i n te lu rec l i a te ,  and  3 )
Tlanscenclental Metl i tat ion (TM) - the lowest. The lowest iso-eclui l ibriunr
teurperatnle of Transcendental lvleditat iou (TM) t ' .onfir 'urs t l ie high degree
of coherence in phase relatioriships found through other eler:trol lh.ysiological
s tudies of  TM (Di l l l>ed< et .a l ,  1986,  Orrnr : -Jo l i r rsorr  a , ld  FIa.yr res,  l98 i  ) .

The l lresent analvsis purptrrts to irrdir:a1,e that al l  these f indings ca,n l ie
in terpreted as the lesul t  o f  the Thi r r l  Law of  Thernrodynaur ics appl ied to
brain activity. The iso-erlui l ibl iunr teurl.rerature is ou a hieralchicai ly cl i l fer-
ertt level then the tenrperature r lel ined thlougli  the thelnrodvnantic nrodel of
the EE(i. Therefore i t  is possil l le that the iso-erlui l ibt ' iunr tenrperatule ap-
proaches absolute zero while the thernrodynanric teurperature lenrains rnuch
above the absolute zero. This is a hint towalcls a possible "two-f luid" stAte
of l lrain activity i f  one fol lows the l lhenoureuological descli l l t ion for ordeled
systenrs developed l ly  Enz (1974) .
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5 Simulated annealing and Optimization in brain
activitv

The thennoclynaut ic  for tua. l isur  o f  ar r  iso-k inet i t '  EE( i  r r ro<le l  o l ' l l ra in  act iv i tv
preset t te t l  in  the I )a l )er  car t  l le  e . r ter r r ler l  i r r t r - r  a  s i r r r r r ia tet l  auneai i r rg  scenar io  of
opt i ru izat ion of  l l ra in  act iv i tv .  This  resrr i ts  r i i rect lv  i ronr  i< lent i l . r ' ing er luat ior r
(3)  a^s t l te  pro l>al l i l i ty  for  a  conf igu lat ior r  in  t l rp  l r ra i r r  a . t : t iv i tv  s l )ace rv i r ich
invoives rnany varial l les in the l)resptrt r lsci l lator. rrrrtr lel.  [ lere f;ro l lecornes
sequentially lowered as orrler increa..ses.

Thus the esser t t ia l  lorver ing of  the "e l l 'ec t ive tenr l lera, ture"  in  the an-
neal i r tg  proceclure of  o l l t i r r r izar ior r  is  achieve<l  b .v  t l re  low'pr ing o l ' the iso-
equiübriunr tenrperature.

Energy-entro l )y  co l l rpe l l . \a t ior r  as .genera i iset i  bv E. [ ,ear .ock- l ,o1 lez aur l
H.Sohl  (1982)  inc iudes a iso iu  a genera l ize<l  tb lnr  the " iso- invcrs ion teu l l )er -
a lure"  < lescr i l l iug the se lect ion < lour inatp<l  l l io- r r ro ler :u lar  syut i r i I ic  act iv i t ies
in a hierarchy frortt rI Iore to less eutrol l .v control lerl  chiral reat:t ion channels
(Brrsc i r rnant t  e t .a l . .  l9 l t9 .  l99 l  ) .  (2)  In  arnphiphi le  se i f - r . r rgauisat iou (Evan.s
aud  N iuhaur .  I 9 l l 6 )  anc l  i u  p ro te i r r  r l - l ' ua . ru i cs  (L r r r r r r l ' an< l  Ra jender .  1070)
; rs  rve l l  as in  rpact ion k inet ics (Slaniua.  l9r i9)  r 'onr l lensat ion is  the genera l
case.

In  the o1>en l iv ing svstenl  s t r r rc tures.  f lorvs of  euero- . r ' .  l r ra t te l  ar r r l  lorv  en-
tropy nrttr iettts entai l  e.xpansion of thp zpro-entt 'op-v. zero-kelvin. iso-kinetic.
iso-enthalp ic  case of  Energy-Entropy co l l t l )pnsat iou (L i r rer t  p t .a l . .  lgs i r ;  1" t , -
resentet l  bv para i le l  l ines in  t l tc  Arr l ten ius l lLr t  o f  ( [ l rautu ln cheur ica l  tunnel -
ing s tates in to greater  s l lact io  teur l l r t ra l  s ta l l i l i tv .

F l t rc tuat ions of  h . igh aut l  lorv  energf  in  corr r ; ;eusater i  r " i f -o , .g-o, , i r i t ,g ,yr -
te t r ts  se l le l 'a te  out  pro l l ler t ts  /  act iv i t ies on < l i f ferenI  scales l i r rker l  to  < i i f ferent
f i ro  va l t tes.  In  h ig l r  e t le t 'ö- .y  p l ta .ses.  h ig l r  er r t lopv s ta. tpr -  o f  va l ia t ior r  as por , -
e l t -v-  creat io t t  are; loss i l l le .  Of  these r r r> i 'e l t ies.  iu  lorv  errer .q . \ '  l lhases onlv  lo iv
en t rop l ' . s ta tes  co t t f i r t t t i l t g ' t r>  thp  i so -k i r re r i t ' s ceuar io  ( ' ; l n  ( ' on t i r r r r c .  a r r r l  t he
other  s tates ler lur ing lnore c l lers^y natr ra l l . r '  r l ie  or r r .  Oniv  r l r is  a l lor r . ,  for  the
lorv"1;n*  o i ' the i .so-et lu i l i l l r iur r r  ter r r l )erat r l rp  as i r  iu i l i l i r , r r r l  r .or r r l i t ion for  t l re
t l ta in t i r i r ta t tce of  the co l terent  gro lu l ( l  s ta tes , ' r t ' l i v i r rs  r r r l r [ [er  (Del  ( i iv t i ice.
1gss .  l 99 l )as  i nd i ca ted  l t . r 'EE( i  ( ' o l n l )p r r sa , t i on : r r r< l  i r r  < ' , r r r r , r ' a . s r  ro  t l r e  ex i s t -
i ne . ,  u r tde l s ta .nc l i ng  l l ase r l  o r r  cha .o t i c  t l vnan r i cs  ( . \ 1 .  Pa l r r s  e t .a l . .  l gg2 .  R . \ , 1 .
Du i i k i .  1991 ) .
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6 Summary of Results and Conclusion on the
compensation between EEc-energy and EEG-
entropy

The urost itttportant conclusiou orre can tlrarv fr,rru this observation of a l in-
ear relationship betrveen euergy an<l entropy of the EE(l is that all the EE(i
oscil lators are sustained by a.siugle energy sorrrce(T,lrrenue, l9lt l ). Energy-
Entropy Coutpensation clefiues the iso-etluil i l l l irrur t.eurperature as slope of
the linear relationship between energy and entrop3'. This iso-equiübriuur
teutperature can be used to classif.y different slates of or<lerl iness (health)of
the brain and can therefore lle understootl as an olljective nleasure for the
different states of c.onsciousness.

Frout the actual clistri l tution of the energy-eutropy values on the l inear
conrpensation graph the follorving conclusions can lle rlrawu: the closeness
of the occipital energy'entropy values to the lorv euüropy reginre(fiS.2) is
indicative of a high state of order iu the optical cor[ex region during the
eyes open period. An even higher level of orrterliuess is found duriug Tran-
scendental Meclitatiou in the frontal aud ceutral regions. The related cortex
areas have been strongly eurllhasised in theories on the evolntion of the hu-
uran brain. Onr findings could prove to l le nrost valuable in un<lersüancling
the evolutionary origin of species specific nrorllhology, the high degree of
coguitive abiiity and creative intelligence irt tlte speeclt of ruetr froru an inate
de'activating "diving" resllonse (Bujatti Narbeshuber. 1987. l98iJ. 1989 and
1992) in syrubol self-elicitatiou. In the l ight of our stucly, this is telatetl to
the lowering of ?,'"o and rueclitatiou ph.r'siologl'.

The optinrization characteristics of the l iuear relationshil l l letrveeu en-
ergr and entropy is also seen [o holcl ou the ura,croscoll it:-urorphological
optiruization level of life.
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This is rnanifestecl in the ph.yJogenetic evoiutiorr of uranrurals e.g., in
the brain-weiglrt to body-size relationshilr rnult ipl ied by the weight specif ic
utetabolic rate (E. Annstlong, 1983). I t  shows isouretry of the two infomra-
tion anrl el)el'By linked parauretet's cltarar:terized b.y an ;r"llontetric equation
with a close similari ty to equation (6).

In this ult i trately quantunif ield theoletical f lanre for coustriousness de-
scribing for the f irst t inre the energv-entlol ly (:olnpelisating uticroprocessor
of l i l 'e, steurnring fronr isoenthalpic plotou tunneling trausit ions of the sol-
vent, the neo-clarwinian theory is a necessaly but not sufl icieut subtheory
describing the fabricatiou of the clata carrying rl iscettes as genes.

The obselvetl Energy-Entropv Oonrpeusation could plav the lole of the
long searched inner selection urechanisur of l l iological organization (Bujatt i-
Narbeshuber ,  1976)  instmurenta l  in  the b io log ica l  rea l izat ion of  the Thi rd
Law of ' Ihernrodynarl l ics, 

The enti le colupellsatic,rn prr-rcess o1;elates through
a bipolar braiu nrecl ianisru of activation and rleactivation which repeate<lly
laises (corresponding to clea,t ive val iat ion) and lowers (r:orlesponding to in-
ner selection) the iso-kinetic teutpelature tha.t is very nruch sinri lar to the
plocess of sinrulated anuealing ( l( irklta,tr icl i ,  S., et.a, l . ,  1983) for ol l t irniza-
t ion in physical systeurs. The selective role of energy-entlopy comllensatiori
which unti l  now has been mainly sulrstantiated in the f ield of cheuristry (see
fot 'exaurp le H. [Juschura,nn,  e t .a l . ,  l99 l )can be extende<l  to  genera l  b io log.y
as olu' r 'esealch indicates.
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Caption to Figures.

INTRODUCTION TO FIGURES I to 4

Data were taken from a computerised statistical EEG - analysis of 6 EEG -

leads (F3, F4; C3, C4; Ol, or2) averaged over all frequencies in 10 human

subjects and transformed to energy-entropy values for us by C.Tourenne. See

text for details.

The preliminary rezult is the most compressed EEG-data representation, the

compensatd Iso-Equilibrium Encephalo-Crraph (IEEG). It is interpreted on

epistemological grounrl-s. Thgy are based on bio-wolutionary bottom up bio-

chemical kinetical as well as on top down tOleonomic brain-behavior

compensation arguments for IFF.G as the statistical physical representation

of the consciousness experience.

This interpretation finds a first prelirninary experimental confirmation here,

requiring further rigorous statistical testing. The indication is that the

diversity of EEG- data has an underlying linear pattern. It is characterisitic

of the holistic self-interacting unity O that is defined according to onto-

epistemology as ontic invariant consciousness here. It is directly measurable

by: the IEEG-self- (interaction)-awareness-parameter of linearity.

Consciousness consists further of 1. an observer- or subject- aspect : IEEG-

vigilance-parameter of T iso. 2. an observation- or interaction- process

aspect: IEEG-attention-pararneter of lowest entropy domain EEGJeads. 3.

an observed- or object- aspect: IEEG-content parameter of brain area

represented by that EEGlead.

Figure.l

TM . DR: EMPHASIS ON THE SEIJ, TI{F OBSERVER AS PURE
TRAI.ISCENDENTAL CONSCIOUSNESS AT IEEG T r*i,

0. Best linear regression result (firll line) or Enagy - Enrropy Compensated
Transition (EECT) in the IEEG - results (squares) during Transcendental
Meditation - Diving Response (TI4 - DR). It indicates the highest holistic
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self-(interaction-) -arilareness or consciousness (IEEG-self-interaction-

awareness parameter).

1. The iso-equilibrium temperature (T iso = 0,79 K) of TM-DR is the lowest

of the compared three states (TM-DR, EO, EC). It is marked in the graph as

the holistic vigilance parameter or clarity pafilmeter for the sensitivity of the
pure observer or the pure subjectivity aspect ofconsciousness. kr the TM -

DR state indeed the sensitivity and the pure observer or the subjective aspect
of consciousness is dominant (IEEc-vigilance parameter).
2. On the IEEG-graph during TM-DR the C3, F3 EEGJeads compared to
the other EEGleads (F4, C4, Ol, 02) is in the domain of lowest eartropy.
This lowest entropy domain position is the position highest in the hierarchy

of EEG-self-organisation. It defines in the hierarchical attention-interaction
parameter the focus of the "observation-'interaction"- process aspect of

consciousness (IEEG-attention parameter).
3. During TM-DR the above low entropy left hemispheric frontal and central
(F3, C3) EEGJeads of the human brain record activity of the brain areas
under highest selective pressure during hominid evolution whose content is

closely related to speech. These brain area activities, represented by the
respective EEG-lead are the content paxameters for the objective or

observed aspect of consciousness (IEEG-content pararneter).

Fisure.2:

EYES OPEN: EMPHASIS ON TIIE OBSERVED WIlf{IN THE
OBSERVER OBSERVED AI{D OBSERVATION PROCESS I.JNITY OF
CONSCIOUSNESS

0. Medium linear regression rezult (dotted line) or Energy-Entropy
Compersated Transition @ECT) in the IEEG-results (dots) during the eyes
open @O) period. EO reproduces and confirrrs the TM - DR rezult of
linearity but with a lower IEEG holistic self-interaction-awareness parameter
as in Fig L This is conceptualised as due to the constraints imposed on
unimpeded self-interaction from the observed (optical) data.
L During eyes open the iso-equilibrium temperature (T iso : 1,38 K) is the
higbest: consciousness as the observer is least vigilant or pure. This falsifies
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intuitive hypotheses but is easily understood since this Eo-state is both more
constrained and damped in its sensitivity or amplification as vigilance. This is
a necessity since emphasis is on the more unpredictable, the obsewed, as
compared to the relaxed-vigilant emergency-state of TM - DR with highest
emphasis on the most predictable, the observer himse[ allowing highest self-
referential awareness and vigilance for amplification.
2. Compared to the other EEG-leads (C3, C4;F3, F4), this relative shift to
the lowest entropy domain of now the optical region (O1, 02) during eyes
open (EO) confirms the interpretation of the equivalent shift in hierarchy of
the sensori-motor speech-region (C3, F3) during TM-DR. This confirms
further the IEEG-attention parameter role as indicator of the focus of the
attention or observation precess of cdnsciousness.
3. As expected during an EO-period, the content parameters (O1, 02)
representiirg optical region contentE now shift into the domain of lowest
entropy. During TM-DR the speech centers occupy this hierarchical position
and during EC the frontal region (a suggessted transition brain guiding the
inter- hemispheric and sensori-motor and spino-cortical observation-
interaction activity).

Fieure.3

EYES CLOSED: EMPHASIS ON TIIE OBSERVATION-INTERACTION
PROCESS WITTI MINIMAL ATTENTION IN MEDIUM VIGILA}ICE &
I{A)OMLJM RIGHT HEMISPHERIC CONTENT OF CONSCIOUSNESS

0. Minimal linear regression result (broken line) or Energy-Entropy
Compensated Transition (EECT) in the IEEG results (triangles) during the
eyes closed @C) period. The Self as self-referal consciousness or the holistic
self-interaction awareness is minimal if compared to EO and TM-DR.
l. The iso-equilibrium temperature (T iso : 0,88 K) is highea indicating a
less vigilant or sensitive consciousness compared to TM - DR. But this
higher T iso is not as bad as could be expected, since most probabely most
practitioners slip into the clearer TM-DR state already during this EC-period
before.
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2. For easy comparison a superposition of the EC -graph with TM - DR (Fig.
l) and EO-graptu (Fig. 2), allows to demonstrate the relative hierarchical
progression of the optical region (Ol,O2) to the low entropy domain from
EC to TM-DR to EO. This increasing self-organisation interpreted as an
increasing focus of attention on this region in the progression of the states as
measured by this pariuneter is empirically thus fully justified.

3. During EC right hemispheric content as reflected by frontal, central and
occipital EEG-leads (F4, c4, o2) is in the anention parameter slightly
dominant over the left hernisphere represented by leads (F3, C3, Ot). This
form of right hemispheric (especially frontal and central) self-organisation is
contrary to that of the also much more pronounced attention of the TM -

DR state confirming the latters speech centered nature.

Figure.4

Tiso LIMIT: EMPIIASIS ON TELEONOMY A){D CONSCIOUSNESS
AS HIDDEN PARA]vIETERS OF CHEMICAL EVOLUTION

This graph, by showing the iso-equilibrium temperature (Tiso) decline
towards T limit (Tlimit > o K), in three EEG-states studied experimentally,
brings out the salient theoretical results ofthe paper.
This result suggests EEG-self-organisation as a simulated annealing process
that leads to macroscopic stabilisation in space+ime of microscopic zero
entropy components @ujatti-Narbshuber and Riederer, 1976\ of coherent
aquatic solvent quantum-states. This microscopic solvent two-fluid stabilises
tlis zero-entropy component via solute dynarnics. As the essence of bio-
evolution this happeru in a solvent-solute co-evolution involving isokinetic
transitions beginning with compensated proton tunneling of hydrogen
bonding in hydrophobicity up to the IEEG'dynamics. This initial state
stabilisation defining teleonomy for biological purposes is paraneterised as
Tiso lowering towards T limit .
Teleonomy progresses througb the characteristic fluctuations of the
simulated annealing procedure. These fluctuatioru are e.g. at first high
enerry phase kinetics with inoeased reaction product variations as mutations
(oeativity) and secondly this variety of reaction products is brought under
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selection (intelligence) in the ensuing low energy phase that allowes only the
more energy independent auto-catalytic reaction products in compensated
transitions (teleonomic consciousness) to reproduce.


