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Abstraet The approach of biseybernehics and non-equilibyiion systoms dmanics G ued 1o
anahyse biological, prycholomcel anthropologica! and culisral evolition. Using experrmental dals,
pusitive feedback of biologicol ackivalion and Prigogine-Einstein fuctuation anilysis, the energy
dissthahion equations jor hological and anfhropological evolution are developed

Introduction

The evolution of Man is a culminating landmark development of the biological
evolutionary process, which began with the primordial soup of self-organising
and self-replicating bictic polymers, thereby mitiading the evolutionary chain:

Protozoa — [nvertebrates — Vertebrates — Primates — Homimds — Man,

mcluding Man's gvilization, calture and psyche and encompassing his various
cogritive states and transformations. Recently non-equilibrum thermodymamics
and its reiated field, self-orgamsabion theory, have been used to explore 2
theoretical foundation of biological evolution (Zotin, 1990; Brocks and Wiley,
1986) and of anthropological/cognitive evelution {Prigogine, 1976). The basic
modus operand is the cybermetic process of self-amphfying deviation or
evolutionary positive feedback, which s akso found in econcimic growth and
social development (Maruyama, 1963; Dutta Majumder, 1979). Qur approach 15
inspired by the rather less known investigations of Darwin, who indicated the
gradual phylogenetic evolution of emotion, dream and trunce in primates and
man {Darwin, 1878). To neurologists, psychologists and anthropologsts, the
biclogical basts of the evolutionary self-organisation of the brain and cognition,
over milkions of years, offers a caplivating arena. The diverse phenomenclogy of



altered states of consciousmess and their temporal neurobiological evolution
offers a most fasdqating pathway to the study of mental processes and the
hurnan self. As the pioneer of American psychology James (1958) emphasized:

. Our normal waking consciousness . . . is but one special type of consciousness, whilst all
abuutlt,pamdfrmn it by the ﬁimiestnfweens,thm lie patential forms of consticusness
entirely different. We may go through Ife without suapecting their existence; but apply the
requisite stimulus, and at a touch they are 21t there in all their completeness. No aooount of the
universe in its totality can be final which leaves these other forms of constiousness qtite

disregardet]

Cybernetics anid system theory: a link to theoretical
neuropsychology and anthropology

A cybernetic and informational-thermadynamic angle has been used by us
(Roy ef al, 1992, 19933, b, 1995) and by Badalamenti and Langs (1992) to
probe transformations of cognitive states or their evalution. Onsager (1968)
and Prigogine (1977) have pioneered the development of non-equilibrium
thertnodynamics, so as to elucidate biclogical processes. A number of
contemporary biologists and psychalogists have attempted to use this new
paradigmn to analyze vanous problems in psychodynamics, cognition, big-
regulation, perception, action and intention (Shaw and Kugler, 1991). The
evolution of human brain, cognition and consciousness 15 the culminating
landmark development of the biological evolutionary process. The
evolutionary process was actuated by increased supply and feedback of
energy {Zotin, 1990, and the disciplines of bigenergetics, thermodynamics
and biocybernetics, can furmish a suitable methodology. Phylogenetically
speaking, the higher the evolutionary advancement of intelligence, the
higher the level of cognition, energy dissipation or entropy preduction, and
more the organism departs from thermodynamic equilibrium or stationary
state. This 15 the well-known concept of “Dissipative Structure”, as
elucidated by the Brussels school of Glansdorff, Prigogine and Nicolis,
whereby energy dissipation, Le. entropy production, becofnes the basic
locomotive of evolution and self-organisation through pesitive feedback
(Nicolis and Prigogine, 1977) (see Figure 1 {Schema I1)):
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it should be noted that, though we use a cybernetic thermodynamic model of
evolution with a mathematical foundation, there have been other approaches to
the study of anthropological evolution, some of which, even though qualitative,
have furnished deep theoretical insights. Exzamples are Lovejoy's approach to
primibve evolution through the concept of pnmutive energetics, Levi-Bruhl's
Law of Participation characterizing primitive mentality, Freud's siggrmom opas,
Totem and Tabu, exploring the evolution of family, marmiage and social
relationships, as well as Levi-Strauss’s structwral anthropolvgy which
developed the structural-hermeneutic approach to anthropological evolution
through the siodus operandi of the myths and coliective comsciousness as the
basis of stable social structures Jung, 1989; Gardner, 1995).

Urefication of systems theory and cybernetics

The dissipative stucture formalism of biological evolution is a fluctuation-
amplifving or deviation-increasing process. This amplification & the
“evoluttonary feedback™ and can be termed aulccatalvsis: each deviation or
fluctuatiom further increases its own deviation; the dynamics of this type of
systems with posibve feedback are referred to as Type-l Cybernetics
(Maruyama, 1963), m contrast with the earlier types of systems studied, which
tend to minimize deviation or fluchuation and operate with negative feedback
(TypeI Cybernetics). Type-l sysiems were emphasized by the Nobel Laureate
econcmsts Gunnar Myrdal and Jan Tinbergen, the wel-known anthropologist
hargaret Mead and complex systems theorist Iiva Prigogine as well as by the
cognitive solentists Maturana and Varela (1992) through the concept of
“autopoiess’ ie self-creation. As the work of Prigogine and Stengers (18986)
implizs, the fluctuation-amplifying Type-l cyberetic paradigm can clanfy the
arigin of iife and Biologica! information.

One of the present authers, Dutta Majumder presented the first Norbert
Wiener Award paper on "Cybernetics and General Svstems - A Unitary Soence”
in 1977 (Dhatta Majumder, 15979, 1993); it included a panoramic vista of principles
of cybemetics and control to various beanches of science, a Typed approach. The
current Wicner Award Jecture by Prigogine (1999) skrosses the importance of
flurtuation, instability and bifurcation, a Typell cybernetic approach. Dutta
Majumnder's efforts clucidated that Cyvhernchics and General Systems Theory
form a vniversal theory of action and are applicahle fo the fu] enge of disciplines
in the life-sciences. biology, sociology and psychology, The ather author Rov
atternpted a nourocopritive application of systerns theory and thermodhmamics
Tor the mterdisciplinary program for Relex Foundation for Scientific Enterprise
Roy, 1577). In this paper we try to develop an evelution equanan to characterize
himan anthropological development and acovity over the last 100,000 years and
u=c the equation as 2 dating equation to predict historical dates from the Jevel of
activity. For the sake of comparison we just recapitulate the conventional dating
equahion m anthropoiogry using adio-carbon.

Rudin-iarben dotimg equation, The dating equatom currently nsed in
anthropelogy is through radivactive carbon |01 Nitrogen [N in the



atmosphere is the result of cosmic ray reactions, The ¢C'2 is radioactive with Evolution of
decay mnstant A = {-0.00012 and half life = 5,73 years, the decay yieiding group
again ;N ﬁ]]nrgamsmstakfmsc andamnstantlemiofth:slsotnpels

maintained; at death the ;C'* intake ceases, and its proportion decreases at a ConsSQousness
constant exponential rate (Libby, 1960). From experimental measurement of the
¢C'? level in aneient human remains it is possible to gauge. the age within 556
percent efror. Letting R dencte the fraction of undecayed C2 nucled, the dating 1243

equation is:
R= e-ﬂ.mﬂﬂ {1}

This techmique is usable up to 70,000 years. We now proceed to develop the
anthropological evolution equation separately.

The equation of system evolulion. equikbrivm—non-equilitrium
transformafion

We have construed earlier that biological or cognitive evolution 1s associated
with increasing energy dissipation or activation, a transformation from
equilibrium or stationary state {with low disstpation ar activation) inte a non-
equilibrium state (with high dissipation or activation}. As a system departs
from the equilibrium or stabonary state and moves into the non-equilibrium
state, the thermodynamic fluctvations of the system gradually increases. Recali
Einstein's fluctuation farmula;

p = Cexp(AS/k) (2a)

where p is probability density of fiuctuation of paratneters U, . . . U, from the
equilibrium or stationary values U, ... U%; k is a constant and AS is entropy
change, i.e. AS = 55, (Einstein, 1909). Here S is the valoe of entropy at the
stationary state. Note that the Einstein equation is the inversion of the
Boltzmann entropy equation

S=klog. p.

An equation analogous to Emstein's is derived independently through
Markov analysis (Presnov, 1978} using Medawar's formulation that
hiological development is stochastic. The Brussels and Caleutta schools of
non-linear thermodynamics have extended Einstein's Equation (2a) to the
nan-equilibrium dornain (Glansdorff and Prigogine, 1971; Chakrabrty,
1974). From non-equilibrium dynamic analysis, we know that the enerpy
dissipation or systern activation of an entity at non-equilibrium state 4 and at
equilibrium or stationary state s ts related as follows (Roy ef a!, 1993a; Zotin,
1990

¥ = ¥{k’/p).(dp/dt) (2b)
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where k' = KT/V. We can consider the energy dissipation per unit volume or
per unit weight Actually we can substitute weight for volume, since the
density of the tissue or organism remaing more or less ponstant as time elapses,
Thus if we consider energy dissipation per unit vohune or weight, k' = kT. To
develop Equation (2b) further, we need to explore the nature of the function
{dp/dt). We give attention here to the "equilibrumn or stationary state — non-
equilibrium state” transformation, this transformation being assoctated with
increase or amplification of the fiuctuations, During fluchuation amplification or
increase with time, the probahility density “p® should be a function of
thermodynamic paremeters as well as time. Since, in the fluctuation process,
the thermodypamic parameters are themselves dependent on time, the
probability density would be dependent oaly on tme. Henez:

dp/dt = f(p). (3)

where the function {(p) is continuous and differentiable. Applying Taylor's
theorem to Equation (3);

dp/dt = ${pe} + [{F' (Bs)(D - P/ + {E0p) (P — BoV}/2 4-..  (4)

In the transformation in question, the system gradually departs from the
stationary state. From Equation (4), we see that at the stationary state, that
15, 88 P = pg and dpfdt = 0, then {(py) 15 zero. Then, as the system daparts
from the equilibrium or stationary state, f{pl goes on increasing. Thus the
change in the rate of probability density increases as the system transfers
away from the stationary state and proceeds to non-equilibrium state; this
implies that [1.{p.)] is pasitive. Both p and p,, being probability, are belaw 1,

since we are only moderately far (and not very far) from stationary
state,

paps, le  {D-p) <<l

Thus, in the Taylor series, we can neglect higher orders ip - pJ)° amd
oowards, 50 Equation (4) reduces to!

dp/dt = '(pe}(p — s} (5)
whence

dp/dt = —a(ps — p) (6)

whese we denate o = '(pg). As fip} is positive, o is pasitive. Substituting
Equation {6} in Equation (Zh), we see that:

¥ = e +gl(p/p) - 1] (7)



Here we define g = okT/V. However, since we are copsidering unit amount
of the system, g = okT. Integrating Equation (6);

=Dyl - Dexp (+at)] (8)
oF
Pa/D = [1 =D exp {+ex t)] )
Eliminating p,/p between Equations [7) and {9), gives:
¥ =1+ {{gD exp (+at)]/[1 — D exp (+at}j {10)

As the system is not very far from the stationary state, we can take it that
t << 0 {Figure 2(2)). In that case

Dexp (+at) << 1.
Therefore, the denominator in Equation (10} approximates unity, whenoe
Equation (10) becomes:
System Evolution: 3 = yn[l + A exp {+ot)) (11)

which is the Evolution Equation for the Equilibriurm—Non-equilibrium
transformation. Note that A and a zre positive numbers and we use "A" for
dencting gDi, and "gy” for 3. Ohserve that we can alsa derive Equation
(11} in a tifferent way (Roy and Dutta Majpumder, 2000%) by using the notfon
of time reversal, which is based on Onsager’s stochastic “detailed balance”
concept, namely the time reversal mvanance of elementary steps associated
with irreversible phencmena (Onsager, 1968; Nicolis and Prigogine, 1977). A
schematic graph of Equation (11) is shown in Figure 2(3). Transposing
Eguation (11):

Avp = Avly axp{+at) {12}

where A =y — iy, Le. Ay i3 the increase of ¢ over baseline stationary
state value o Takme the natural logarithm:

InjAY] =B+ at (13)

where B = In (Ayn}. Thus the semilog plot of In [Ay against time ¢ would
yield a straight line {Figure 2(bj} with positive gradient. Note that in the
Eguations time is measured positively into the future, and negafively into
the past (Figure 2()). We now proceed to systems analyse the biclogical,
psychological, anthropological and sociological evoloton, ie the full
speetrum of human evolution, in terms of the mathematical description of
systems evolution developed above.
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where &' = KT/V. We can consider the energy dissipation per unit volume or
per unit weight Actually we cmn substitute weight for volume, since the
density of the tissue or crganism remains more 0T less constant as time efapses,
Thus if we consider energy dissipation per unit volume gr weight, k' = kT. To
develop Equation (2b) further, we rieed to explore the mature of the fonction
{dpidt}. We give attention here fo the “equilibrivwm or stationary state — non-
etuikbriurn state” transformation, this transformation being associated with
tnerease or amphfication of the fluctuations. During flurtuation amplification or
mcrease with time, the probability density "p" should be a function of
thermodynamic parameters as well as time, Since, in the fluctuation process,
the thermedynamic parameters are themselves dependent on bime, the
probability density would be dependent only on time. Henc:

dp/dt = £(p). (3)

where the function fip) is continuous and differentiable. Applying Taylor's
theoremn to Equation {3

dp/dt = f(p.) + [{f(R}p — 1 /L +{f(psdp ~p) 1 /2 +... (@)

In the transformation in question, the system gradually departs from the
stalionary state. From Equation (4), we see that at the stationary state, that
is, a5 p = p, and dp/dt = Q, then f{p,) is zero. Then, as the system departs
from the equilibrium ar stationary state, fip) goes on increasing. Thus the
change in the rate of probabilitv density increases as the system transfers
away {rom the stationary state and proce=ds to non-equilibrium state: this
implies that [f'{p,)] is positive. Both p and p,, being probability, are belgw 1,
and since we are oaly moderately far {and not very far) from stationary
state,

priDy, e (- meb<<l

Thus, in the Taylor series, we can neglect higher orders (b — pJ? and
anwards. S0 Equation (4) reduces to:

dp/dt = {'(ps){p — ps) {5}
whence
dp/dt = —a(ps: ~ 1) (6]

where we denote o = f{p,). As f{p,) i3 positive, o is positive, Substituting
Equation {6) in Equation (2b), we see that

¥ =¥ +gl(ps/p) - 1 (7]



Here we define g = ok T/Y. However, since we are considering unit amount
of the system, g = okT. Integrating Equation (£):

p =l ~Dexp(+at)] @
Pe/D = [} - Dexp (+ort)] ()

Eliminating p./p between Equations (7) and (9, gives:
¥ = ¢y + [{gD exp (+at)] /[l - D exp (+at)] (10)

As the system is not very far from the stationary state, we can take it that
t << G (Frgure 2(a)). In that case

Drexp {+at) << L

Therefore, the denominator in Equation {10} approximates unity, whence
Equatiot {10} becomes:

System Bvoiution: v = iyl + A exp {+ot)] {11)

which i3 the Evolution Equation for the Equilibrium—Non-equilibrium
transformation. Note that A and « are positive numbers and we use “A” for
denoting gD, and "y for ¢,. Observe that we can also derive Equation
{11} in a different way Roy and Dutta Majumder, 2000a) by using the notiqn
of time reversal, which is hased on Onsager's stochastic "detailed balance®
concept, namely the time reversal invariance of elementary steps associated
with irreversible phenomena (Onsager, 1968; Nicolis and Pripogine, 1977). A
schematic graph of Equation (11) is shown in Figure 2(a). Transposing
Equation (11):

At = Adfl expl+at] (12)

where A =19 — ofn, 12, Ay 15 the increase of ¢ over baseline stationary
state value vy Taking the natural loganthm:

In[Ay] = B+ ot (13)

where B = In (Ady). Thus the semilog plot of In {A] against time £ would
yvield a straight line (Figure 2(b)) with positive gradient. Note that in the
Equations time 18 measured positively into the future, and negatively into
the past (Figure 2(b)). We aow proceed to systems analyse Lhe biological,
psychological, anthropolopical and sociclogical ewolubion, Le the full
spectrum of human evolubon, in tenms of the mathematical description of
systems evolution developed above
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Biological evolution of life

Ireversible thermodynamics of open systems and non-linear processes of
flactusation-dissipation have been a basic facet of guantitative and dynamical
analysis of evolubon Figure 3a} displays the “Aromorphosis development”,
namely the incessant increase of winl activity, as estimated by energy disspation.
Le. entropy production per unit mass of tissue, as anmmal evalution coours across
almost a hillion years. Note that in Figure 3 time 18 measured in negative years
before the present; this follows the conventional practice: future time is denoted as
positive, whereas past time is negative Figure 3a) is constructed from
experimental or empirical data, namely calonmetnc measurements of adult
organism, furnishing energy dissipation per gram of the organism’s tissue, i.e. ¢
value Roy and Duttz Majumder, 2000; Lamprecht and Zotin, 1996). This valoe is
plotted against the evolutionary time when the type of animal first appeared on
the earth, which is known from radicactive dating of fossils,

For the entry “man with fire®, the 4value can be gauged from paleo-
anthropological studies, Figure 3(b) constructs the semilog plot and shows that
the empirical biological evolutionary data obey our theoretically-derived
evolution Equation (13), and kence Equation {11). Line of best fit 15 drawm in
Figure 2(b). For calculating A+, we take 4y to be the o value (energy
production) of amoeba, G.098mW (Hemmingsen, 1960). This protozoon is
reminigcent of the prototype primary organism which is taken to be the mitial
stationary state from which animal evolution started about 1,500 million years
ago, producing sponge-like organisms about 1000 million years ago. The
terminal entry “Intelligent man with fire” mdicates the event of nvention of fire
occurring about 750,000 years ago.

The charactenisbic equakion

By measuring the slope (e} and the intercept [B = In (As)] from Figure 4(b), we
calculate that o = + 0.0087/million year and A = 1,887 thus Equation (11)
becomes:

Aisnal etolution: = 0.008(1 + 1887 exp (4000878  (14)

where 1 i5 energy dissipation index in milliwatts and t is time in {negative)
million years before the present time, expressed as say —50 million years.

Biological evelution eguation as a dating equation for neuro-
cybernetic thermoregulation

During the evoluticn of vertebrate intelligence and ultimately man, cne of the
most important biclogical transformations was the evolution of the
hiacybernetic property of thermoregulation or control over body temperature
and activity. This was one of the most crucial neurocybernetic attainments
through the brain's hypothalamus, which controls the body temperature-
regulating centre in preoptic-anterior hypothalamic area. We can also use the
evolution Equation (14) as a dating equation for determming the time of this
biocybemnetic evolutionary development from cold-blooded (poikilothermal)
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animals to warm-blooded (homeothermai) animals. This tramsition corresponds
to the heterothermal stage, the intermediary sequence of vertebrate evolution:

Polkilotherms — Heterotherms — Homeothetis.

Homsotherms are animals, jike birds and mammals, having proper biocybernetic
thermal homenstasis and constant body temperature, which may vary very
shightly {say within 1-2°C of mean} according to seasors or day-night cycle.
Poikilotherms are animais, like anmphibia and fishes, whose body temperatute
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vanes in direct proportion to the external environiment temperature of the seasons
or day-night cycle. Heterotherms are those transifion creatures in between, whose
body temperature shows some partial thermorepulation; the body temperature
varies with the environmental temperature, but the emperatire variation is
damped and smoothed out and 15 much lower than that of poikilotherms; the
heterothermal temperature variation is much lower than direct proportionality.
The appearance of metal thermoregulation, namely the evolutionary
development of poikilotherms into heterotherms, crossed a critical metabolic
energy threshold and heat barmer and was a decisive development which paved
the way for the more advanced homeothermal vertebrates {inchiding manj, who
maintain much higher entropy produchon rates and evolutionary speed. We
empirically know that + value of this heat barrier is SmW (Zotin &f 2L, 1998), So
we put 4 = 5mW in Equation {11). Solving it, we ammive at.

t = {—) 301 million years ago. (14a)

[s there any fossit evidence implying that there originated amimals, showing signs
of heterothermicity and temperature damping at that distant time of the
Carbonifercus geclogical ema? Circumstantial paleo-physiological evidence
indicates that there were comparatively smaller carnivorous Cellosautic reptiles
{BO-100kg), about a man's size, which appeared about 230 million years ago
{Lamprecht and Zotin, 1996). They had maximum bran development index
among reptiles:

Cellosauric rephles Bram encephalization coefficient ¢, = 0.126.
This value remarkably approaches the mean encephalizahon of today’s advanced
animals: .

Modern Mammals cy = 0127
which originated about 208 million years after cellosauric reptiles. Hence we may
adduce that the fossil existence of celiosauric repliles corroborates our
mathematical prediction of an early origin, 300 million years ago, ﬂf the
neurncybernetic progression, regarding the intermediate “missing-link” animais
bridging the

“cold blooded — warm blooded” transition threshold
of the beat barmer. Indeed the difference between the time predicted by our
equation and that of cellosaurian fossils is only 10 million years, ie,
Error = 4%.
We thus see that our neurocybernetic evolution model furnishes some valuable

insights into some contentious issues and that the model can be used ag a dating
equahicn with a span of 2 billion years,



Psychological evolution and psychotaxonomy: cybermetic state
representation of consciousness

We now proceed to explore the concept of evolution and ransformation of
consciousness  through  increasing  activation, positive feedback and
amplification of fluchuation aprepos the Prigominian paradigm of Dissipative
Structure; which incisively elucidates m the Wiener Lecture (Prigogme, 1889,
We contend that one of the most systernatic ways to classify the bewildering
variety of alternate states of awareness is using the activation level of the
particular state, where activation denotes the neuropsychological arousal level
{Figire 4¢a)). The arousal estimates an important cogmitive variable, viz.
cognitive information-processing rate (Fischer and Rockey, 1970, Fischer,
1986). Activation 15 very accurately correlated (p = 0.89) with the subject’s
respiratory consumption rate ([Tuffy, 1972) and respiatory oxygen
consumption rate corresponds to entropy production, e energry dissipation
(Zotin, 1967). Hence neuropsychological activabion 15 a measure of the subject’s
entropy production or energy dissipation rate, ie. cognitive information
processing rate. Fipure 4(b) shows the neurocyberpetic conponents of pur
medde] based on hypothalamic tuming, which regulates activation; we base our
formalism on Hess's {1949, 1994) pionecering work on arousal and its
hypothalamusmodulaled.comirol. As per eur formalism, psychological states
fall into the lollowing two categories (Figare da)k

() Ergotropic fransforsation with activation or cerebral information
processing level hogher than normal baseline of the waking state
Ergotropic  fransformation 15 mediated through the sympathetic
autonomiv provess vig noradrenergic chenncal newrotransnutter, the
coordinating centre being the anterior midbrain. Ergotropizm s
associated wirh beta or fast EEG activity {Carby ef &f, 1978) and an be
mduced by techniques which inerease cortical vigilance or cogmitive
activity such as actively focused or selective contemplation on a single
object of concentration (zctive “foveal attention™). There is intense
mental absorption, called “concentrative conteraplation”. Other well-
known procedures are autogenic arousal discharges, Ishiguro, Koy
contemplation and intense concentrative meditation (Roy and Duttz
Majumder, 2000u; Ludwig, 1985). Prince {1968) has explored the
cyhernetic basis of ecstasis trance.

{2) Trophotraptc transformation with arousal and information precessing
rate lower than normat baseline level, Traphotropism is reciprocai of
ergotropistm and is mediated through the parasympathetic autonomic
process via acstycholinergie neurchormone, the coordinating centre
being the anterior hypothalamus. Trophotropism is associated with
alpha or slow EEG activity and with relaxation of fluctuation of skan
resistance, ie. psychogalvanic respomse (Bemson ef af, 1974}
Trophotropism can be induced by passive "macular” attention with
increased quiescence, there is no effort of focusing and the awareness
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settles down to an equipoise level without any discursive or purposeful
activity; this is the called “mindfulness contemplation” or relaxative
meditation (Roy ef &l, 1993a; Goleman, 1972). Trophotropism is attained
through autogenic relaxation, biofeedback, zazen, greecian passive
ligatural meditation, hesychasim and ecotention. Pegand (1984) has
developed a penetrating cybernetic analysis of the trophotropic process.

Evolution equation for ecstasis stage of conscipusness

The psychodynamic illustration of emlutmnary transition of conscigusness
and of “brain as a dlSS]patWE struchure” model 1s evidently the ergotropic
transformation engendering increase of activation and mformation processing
rate {(Figure 5(a)). We construct Figure Ba) by utilizing the findings of the
Stanferd group (Corby et at,, 1978). The extreme hyper-activation state is called
“ecstasts” in Greek. Activation or energy dissipation is estimated by xespiratory
oxygen consumption rate, ie product of respiratory rate and respiratory
amphtude. Since the spirometric respiratory amplitude is nearly constant for
the subject being studied (Corby ef af, 1978}, we can estimate activation here by
respiratory rate. In ergotropic transformation the rate of entropy production,
cognitive activity, problem solving and intelligence increases; In exireme
hyper-activation, there are profound insight, grasp and inspiration along with
the Eureka expenience (Mandell, 1990).

Ecstasis is experientially felt as surge or rush of arpusal a high release or
rapt peak of exaltation; experimentally this has been observed through
Positron  Ermission  Tomographic (PET) newc-dmaging or  Polycontrast
Interphase Photography (Galbraith, 1995). We find that this observation of
arousal surge 18 universal, by whatever technique the peak or ecstasis is
induced, eg. concentrative contemplation {Krishna, 1980), psycho-analeptic
drugs (Grof, 1993) or hyper-kinetic trance (Fabing, 1956). In Figure 5(b} we
graph the semiog plot and the clearly chserved lineanity m Figure S() satisfies
Equation (13), thus confirming that our non-equilibrium cybermetic analysis
applies to evolutionary psychodynamics. By measuring slope and miercept of
Fignire S{b), we find that o = +0424 and A = 5.45. Se Equation (11) becomes

Exstasis evolution: p=451+545exp (+0.0248)  (14)

where 1 is activation in respiratory ratefminute and t is time in (pegative)
seconds before the peak, expressed as, say, -3 sec. From Equation {14), half life =
26 1 seconds, progression constant = +0,024, From Figure 5(b), we find that yZ =
(105 (statistical chi-test), implying that our system'’s dynatmical model appears to
be correct. Note that the paraimeter 4y, A, B and o in Equations (11) and (13}
depend on the subject’s neurological constitution and autonomic tone, 2nd does
vary somewhat from person to person. There may be some who will reach the
peak slowly ("stabilizers”) and some rapidly (“responders”). From Fischer's (1971,
1986) investigations, we may say that persons, having high sooes i
introversion and intuition indices of the Myer-Bnggs psychometric test, would
be “responders”, and low scorers "stabilizers”. However, all subjects would have
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an exponential rising curve like Equation (13), though the steepness (o) may
differ.

Biooyberngie peak rafio: dialtroptc coefficient

The Yyuxs¥o activation ratio in ecstasis (Figure 5(a)) is 44/45, ie. 9.9. This
precisely concords with a fundamesntal biothermedynamic constant, Tiapason
coefficient [ defined as ratio of maximum metabolism atfainable by any
organism to that of its basal metabolism. I = 99 + 0.3 (Zotin, 1990). D is an
ubiquitous parameter acruss all vertebrates, from fish, amphibia and reptiles,
to birds, mammals and man. Hence we call our ergotropic peak ratin ¥, .1, a5
Digtraptc coefficient 8. The concordance between the two coefficients
underscores the deep evolutionary biclogical basis of the ecstasis state of
ponscrousness. Our evolutionary view has been comroborated by animal
behaviour studies (Hunt, 1984). The &'s limiting value is & clear manifestation
of neurs-cybernetic homeostasis (Figure 4(b)), preventing unlimited excessive
hyper-activation and damage to brain. It may be observed that owr
biocybernetic formahsm insightfully analyses the equilibrium — non-
equilibrium tranzformation, whethet in phylogenic evolution of consciouzness
acrass a billion years (Figure 3a)) or in the development of ecstasic
consciousness actoss mimufes (Figure 5z)). Such ubiquity i= an expression of
the universality of thermodynamies from nesrona’ processes to development of
life. Nicolis and Prigogine (1577} predicted some evolubionary relationship and
mechanism m the development of life through thermodynamic principles.
Through the resulis presented mn Figures 4 and 5 we extend their concept o
evolution of human psyche and predict the existence of some miversal
prnciples similar to that of systems energetics or systems thermudyamics.
We know that vy, the basal mefabolic rate (BMR) value of physinlogical
baseline man, 1s 22.5 milliwatee (Lamprecht and Zotin, 1996}. So

Pner = 9.9 % 225 = 220 milliwatts (15}

Anthropological evolution

Did progressive Darwinian evolution acthually reach a final level in the ordinary
{normo-activational) psychological state of the intelligent mam of 750,000 years
ago (Figure 3)? Or conversely, whether further intersification of neurncognitive
aciivation was subsequently possible in extracrdinary psychological states later
in history? ¥rom cur analysis of current anthropolagical, paleopsychologicat and
ethno-pharmacclogical data, the answer to the latter question appears to be in the
affirmatve (Roy and Dutta Majumder, 2060h). Actually, Natare found a
possibility to increase energy dissipation still further through hyper-arousal
ergolttopic trance or copiemplative rituals and techniques which evolved in man
during the ancient prehistoric Eurasian culbure in the post-Neolithic age. Thus
there was effected the ergotropic transformation of human consciousness long
back m pre-history. We now elucidate concrete evidence and non-equilibrial
cybernetic analysis.



The anthropological significance of ecstasis and ils ergotropte bransformation
Ecstasis state and the peak trance phenomenslogy induced thereby are one of
the most significant cogmtive states in human sociology, anthropology and
prefistory, as shown by vast empirical evidence (Laski, 1972; Krishna, 1980;
Gackenbach and Bosveld, 1980; Furst, 1982). Before man iearned to cultivate
plants for food, he long knew how to care for herbs that provided him with
psychotropic extracts for dnnking, which could induce exaltation through
ergotropic hyper-arousal trance states in him. This evidence comes from
numerous caves, such ag the Samdar caves in Mesopotarma, Northern Irag,
which were inhabited by man as long as 50,000 years ago (Hoffman, 1990}
Ethno-pharmacelogical analysis indicates that these plants have mclecules
which contain the indole ring, which 15 closely related to nor-adrenalin, the
newrotransmitter of ergotropic hyper-activation, Hyper-aronsal france of
exaltation was a lecomotive of human evelution dunng the post-Neolithic-
Chalcolithic era, through the pnimary ceremonial clans centered on the actvity
of organizing ntual ecstasis trances, remnants of which are still found in
Central Eurasian tribes and mythologies. This activity spurred the nidiments
of agriculture, clan bonding, rtwal worship, shamamsm and group
participation, as shown by a host of anthropological, paleo-sociological and
ethno-pharmacelogical findings across various cultures m Central Europe and
Asia. We mention the studies of the paleo-pharmacognosists Le Barre and
Wasson and of the Harvard school of Eliade wath field observations in
Romania, Caucasia and India (Eliade, 1962, 1887; La Barre, 1970, 1985 Wasson,
1958, 1965).

Fsymetry: evobdion equation for dating anthropological development

We can suggest a term “psi-metry” [y-metry] ta imply measurement and
application of the y-function of entropy production or energy dissipation. The
mathematical analysis of psi-meatry developed above can be used to lluminate
the phenomenclogy of anthropological evolution and help develop a dating and
forecasting equation usefyl for either dating some historical events or
predicting future trends. The non-equilibrium biocybernetic formalism we
developed (Roy and Dutta Majumder, 2000a) enables us to quantitatively
approach the origin of the primordial Burasian avilization mentioned earlier,
using the concept of psimetry of neuro-psychological transformations. We
desire to know at which date in history did man attain the peak ergotropic state
by means of the hyper-activational trance procedure using orgatised ritualistic
practices of ingesting plant extracts. We need to construct the anthropological
evolution equation duning the recent several hundred thousand years. Note that
the energy dissipation 3 is in milliwatts per unit mass (L.e. gram) of the human
organism. Hereunder, we will omit saying the “per unit mass’ specifically every
time; this characteristic will remain implied. To determine the exact form of
Equation (11) in the anthropological domain, we need to find the values of A, o
and ¥y, where gy unplies the energy dissipation at the start of psycho-cultural
and anthropological evolution, which started with the discovery of fire by
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“intelligent man”, The value of this energy dissipation on the discovery of fire,
which happened 750,000 years ago, is 552mW {Lamprecht and Zotin, 1996:
Eppler, 1990} and this is our vy value.

We observe that there are two important biothermodynamic evotutionary
advancements in anthropological progression, associated with motive power
and energy dissipation for memn:

Schema Z: Energy dissibation al veference evenls of anthropofogical svoltion

(1) Antmal domestication, which ensured large availability of animal

motive ensrgy, the Agro-metal Revolution, enablmg cultivation of kinds
with animal-driven metalbe plonghs;

() Industrial revolution, the imtiation of steam engines as a substitute for

animal power.

Observe that we should not mix up anthropological evolution with the
biological evolution of Figure 4. The fime scale of the first process runs into
several hundred thousand years, whereas the latter process spans over a
thousand miliion years. The scales of the two processes are encrmously
different {of the order of 1,000) and hence we tan take (hese two processes as
being separate from each other, Nicolis and Prigogine (1977 have shown fhat
processes with far divergent time scales can be treated indepemdently of one
another, We shil have two unkmown parameters A and a. To know these two
unknowns, we now require two significant anthropelogical events, whose
energy dissipation levels 1 and time of occurrence { are known
circumstaniially, From historical and anthropological data, we know the valuzs
of energy dissipation and time of ocourrence of the stean industrial revolution
and the agrometal animal domestication revolution mentioned earlier
(Lamprecht end Zotin, 1056; Eppler, 1990} (see Schema 2 and Figure 6). We take
1990 as aur zero point of the tme-axis where £ = 0. Observe that we have used a
negative sign to denote time in the past, following our standard convention of
using time measured negatively:

(1) Anima demestization (our Point M) 6000sc, i.e. ! = —7.990 years ago, where the energy
dissipation index = 135mW (for a productive individisz] using animal motive power).

(D Irdusing revolation (oo Fomt M 4p1B00, it § = 1% years ago, where energy
dissipation index  866mW (for a productive employed industrial workes).

in Equation (11), we substitute these two sets of values, and ¢u's value (56.6
milliwvatts). Solving for A atd o we obtain:

A=15.36 2 = +0.0003.
Hence:

Anthropolugical evolulion = S6.2[L + 15.36 exp (-+0.0003 £)] (16)
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where 1 is energy-dmssipation in milhiwatts; past tme ¢ before 1990 is prefixed
by a negative sign, whereas fubure time after 1990 is prefixed by a positive
sign. All time iz measured in years. As per convention, the half life T is defined
as In 2/e and the mean life + as T/n 2 Thus we calcilate the mean life of
anthropological evolution to be 3,332 years. Since energy dissipation of work
tensity of the oultare is myvolved, we can cal! the apprvach an “ergometric”
procedure (Greek: Ergon = work). We now desire to use the anthropological
evolution Equation (16) as a dating equation and find the date of ocourrence of
the peak titne of the ecstasis trance qulture in the human evolution of group
conscipusiess. We know the ¥ value of ecstasis trance as 220 milliwatis
(Equation (15}). We put this value in Equation (16), and solving the ergumetric
equation:

f = 5,493 vears ago,
ie.

| = 3509zc. (7)
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This is the mathematically predicted age of the anthropotogical trance culture,
With 5 percent tolerance the range becomes;

Furasian: Trance Cultural Civilization = 33708z to 3640nc,

Empirical evidesce confirming the mathematical model and the
Ergometric equation

(1) Comparafive philology and knguistics
Ore of the widely known plant extracts used for the organised ecstasis ritual trance
was the hops shrub, having indole neurochenmcal devivatives, Stll today, various
Indo-Eurcpean languages use dialectc vanabons of the same root term Kax:

In Polish, the dialectic word is “Konop” (indicating the hops plant, with
betanical name C ruderalis);

In OMd Russian, the word 1s “Konoply™;

In French, “Chanvre™

In (ld Bulgarian, “Konopla™;

In Persian - "Kanab™;

In Irish - “Canaib”;

In Sanskrit - “Cana™;

In Lithuanian, the relict and extant language closest to Sansknt -

*Canap”.
This etymology shows the great antiquity of the psychotropic extract. The
hops plant stil] grows widely m the central Eurastan region even today. From
comparative philology one knows that this reot word Ken evolved during the
early Bronze age we know from archaeological excavation thai the early
Bronze age was from 3600-3500ac (Hoffman, 1990).

&) Archaeology

Indeed herbal extract for ritualistic or medicinal purposes was used in ancient
Egypt, ¢ 3500ac. Note the critical excavated ceremonial urn of the Bronze age
{c. 3600-34008c) from Wilmersdorf, Germany, with hops plant (La Barre, 1985),

(3) Ethnology

It transpires that the pristine form of the hyper-arousal trance culture was
based on “soma” herbal psychotropic extract of the central Evrasian/Burzle-
indic civikization. This potion was extracted from the botanica) mycotic species
Anamita muscaria, which grows widely in Central Eurasia, whence the Indo-
Europeans originated. Ever since the extinct proto-Sanskrit and proto-Eurasian
languages of the Caucasian-Vedic-Aryen era were discovered by modemn
Western linguists, one knows that thus state of ecstasis was ritually induced by
the primeval practice of trance induced by ingestion of the well-known potion



"soma” in the ancient culture, This practice has been found to be the basis of the
whole metaphenomenology of the above Eurasian civilization from the Atlantic
to the Pacific {La Barre, 1985; Wasson, 1968; Furst, 1982). A similar conclusion
comes from the elaborate studies of the French philologist Renou, the German
indologist Max Muller and the Irish comparative language scholar O'Flaherty.
It is now known that the effective molecular constituent of extract “sama” are
alkaloids Muscimol and Tbatenol, based structurzlly on the tryptamine nucleus,
which is psycho-pharmacologically allied to the indole molecule, and is related
to the basic molecules which mediate the hyperarousal transformation via the
brain's hypothalamus, namely noradrenalin/serotonin  neurotvansmitiérs
(Figure 7 {Schema 3) and Figure 8 (schema 4)).
Let us paraphrase La Barre {1985):

. All religions begin in the hyper-arousal vision through trance of an individual, who is
accounted “charismatic* to the degree that his message coincides with the unconscious
wishes of hie clientale . . . The long mysterious drink called “soma” and “ambeosia” in the Rig
Veda and Greek: cultures respectively, was without question the major religious psychotropic
hyper-arousal extract of ancient Eurasia. The extract exerted an incaloylable nfluence on
various later religwns, including Hellenistic Orphism and Euchanst sacramental drink that
shaped Christianity. In their oral form, the earliest Vedic hymns date from abowt 18008c but
e the Aryans entered India aroumd 15006c, the identity of the plant, which does pot grow
Scuth of the Hmmalayas, was lost and never rediscovered in Hinduism, despite much
discusssion in the endless priestly commentaries. [n the Rig Veda only priests drank ritually
prepared soma, which was supposesd ko confer religious powers ... much as in the Greek
legends of “ambrosia” (probably pan-Inde-Edropean mead, traces of whose use reach even as
far as hack as Mesclithic wall engravings)

Since the disoovery of the sxtinct Eurasian mother knguages Sanskrit and Uralic by
eighteenth cemtury Europeans, soma has been the apparently nsoluble riddle lying at the heart
of Eurasiatic-Vedic studies The Rig Veda relimon s dramatically manifested in the acstasis
hymns to soma, all Aryan-dndic practices of mysticam wers merely attermpts to replage the
missions granted by the lost soma. And mysticiam is indubitably the core and foundation of the
ancient Caucasian-Indian religion. Soma, 2 suspected plant psychotropic hyper-arousal drpg, is
thus at the roat of visionary Indian Vedantism and European Mysticism, In 1968, armed with
only the prehistoric etymology of the word “soma” and the Rig Vedda ecstasis hymns to proczad
on, R Wasson solved the riddle, throngh 2 meticulous intercontinentsl anthropological

NH CH; .CH-N-~R"

MNaote: The molecular groups K, B, R" and R vary in different
Eraotrpic extracts
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Figure B.
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suvey and amaiysie of primifive reces and praotices acmes Furasia He displayed
overwhelming evidence that illumitrates much of ancient Eurasiatic religion and civilization, in
one of the most admirable triumphs of modern schalarship in ethnodogy and pharmacogmosy,
shawing that soma‘ambrosia was the potion made from the botanic species A mimsconia
{Wasson, 1558) ... The whale thrust of ancent Caucasim-Furasian religion znd cubhure
costres to be the specialized goal of obtaining hyper-arousal france and visime, through
drinking such psychotropic extracts. Behind all the later religious traditins, both Indie ang
European, looms the very old Eurasiabe strma-embrosia of antiquity.

Hellenic and Indic evidence

The term “soma” is linguisticatly cognate and similar to the weli reported extract
"ambrosia” of Greek or “amrita” of Sansirit, or “haoma” of the Caspian region, as
studied by anthropologists. Indeed the Mediterranean culture referved to the use
of ambrosia to produce hyper-arousal before warfare or athletics. Hence the



ecsiasis practice should at least date from the time when the undivided Indo-
Ewropeans were Eving together as a single stock in Central Eurasia of the
Caspian region. Contemporary gepetic and ethnological findings indicate that
Indo-Europeans broke up and dispersed from Central Eurasia during the
Chalrolithic era (Mazumder, 1950}, s0 as to spread from India and Iran to Ireland
and leeland. Historieal findings put the range of the Chalcolithic era from 3800-
3500mc (Hoffman, 1990). Thus we see that the date 36008c (5,5%) vears before the
present) is the one date which is common to the three empirical findings (1)-(3)
above. This vaiue falls well within the range of the Eurasian trance culture we
mathematically deduced earlier. Comgparing the definitive value of 5590 years
{say 5,600 years) with the mathematically produced time 5,493 years (say 5,500
years ) of Equation {17), the difference is only 100 years, Le.

Error = 2%.

Hence we propose that the date of the deftmitive peak of the Eurasian civilization
can be taken as 5,900-5,600 years ago, that is 3500-3600Bc approximately, A
notable manifestation of the commonality in the erigin of this trance culture is that
the ritual pantheon of ancient Greek and of Indo-Iranian people iz equivalent. For
mstance, the primordial indo-ewropean “diw” nitual transformed into the rituals
associated with the “deus’ sanctum in Greece and the “dwija” sanctum m Aryo-
Indics. “Diw” means “the illuminating experience”, an gbvious reference o the
synaesthetic cross-modal visual sersation ohserved in ecstasis trance peak. The
neurocybernetic and information processing foundabion of such coss-modality in
ecstasis has been developed by us elsewhere (Roy and Dutiz Majumder, 2000b).

Peak date: It may be mentioned that the date given above is the date of the
proper development of the herbal extract-based trance culture. There may have
been sporadic evidence of usage of psychotropic plants earber, but we are
concetted with the date when the tratice culture reached proper development,
as in the ambrosia-soma civilization in Greek and Aryan people. Note that this
condition of proper development of anthropelogical event is intrinsk to
derivation of our equation. For example, we date the steam industrial age to
reach proper development at apl800, only when the efficient steam engine of
Tames Watt became readily available. We de not consider earlier sporadic uses
of steam power like Newcomen's engine of the 1720s or Heron's stearn jt
device of ancient Macedonia.

Forecasting technique: psi-metry in sociological development

Could we use Equation (16) which describes human progress, for forecasting?
What would happen if we put tirme ¢ = 0, which implies the contemporary time,
namely 1990, as per our convention for the equation. In that case we arrive at:

W = 921 milhwatts

Hence the energy dissipation or # value of the average working productive
individual of the world should be 921 milliwatts. Note that, 4s mentioned in the
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Tirst portion of this chapter, this value is actually energy dissipation in milliwatts
per gram. We should observe that the ferm “working” individual specifies that
we are considering the popufation segment which is warking ¢ productive and
actively contributes to the economy. This segment is the workmg age group of
the adult sactor, Le. 18 to 60 yvears of age excluding retired older people ahowve 60
years or children up to 17 years. Note that this is the same conmotation of the
hasic value of energy dissipation of the Industrial Revolution (366 milliwatts)
which we use to construct our Equation (Equation [16)). The latter basic value is
actually that of the industrial productive worker at the steam age of Ap1800, this
value is not the value of non-productive individuals as retired old people or
children of that time. To check the correctness of the predicted value of Eguation
(18), we need to oompare it with the empirical value of the global per capita
energy disstpation obtained from economic data. We now proceed to find ot the
latter value. From demographic data this adult segment G (18-60 years of age)
can be caloulated for the whele world popwlation (Hoffmen, 1950k

G = 52.0%.

We should also subtract the unemployed people who do not cantribute to
prochchvity. This percentage is 6 percent of the fofel population. Hence the
nnemployed percentage U of the adul population is; U = § percent of 52 percent
= 3.1 percent. Therefore the employed productive segment E is:

E=025%31% =494%.

Frome empincal economic data, i is kmown that the enecgy dissination index for
the world, inclusive of its whole population, is 448 rulliwatts per head i 1990
{Epplar, 1990 Lamprecht and Zotin, 1996). Actually the latter authors give the
1993 value (495 millwatts) and inform that the annual value of increase is abour
25 peroent, from which we coroputs the 1990 value to be 448 milliwatts. The value
i5 world average; there may be nations with higher or lower values. However, we
are here concerned with the overall global value, Hence, we caloulate the energy
dissipaton index for average productive individual of the world in 1090

1 = 458 milliwatts/49.4% = 927 milliwatts,

Olmerve the close correspondence between this value and the theoretically
predicted value of 921mW (Equation {18)). Difference is anly BmW. Hence

Emor = 0.6%.

We thus note that the anthropological equation is fairly accurate, and can be
nged for estimating past dates as well as for energy dissipation level in the
future, the errors being only 2.5 percent and 0.6 percent respectively, in our
illustration. However, same corvectional factors may need to be incorporated if
the equation 15 used for future forecasting. Since this anthropolegical equation
is for mankind as a whale, it deacribes global individuai energy dissipation by



the productive individual There may be different nations and different
geographical regions within a single nation, which may depar! from the
Ecuation {eg. cities vis-d-¢is rurality). The equation may be useful to global
planners, ecologists and futurologists, and its parameters are:

Half life = 2,310 vears, exponenttal constant = +0.0003 per year,
relaxation time = 2,580 years, mean life = 3,330 years.

Companing ergomeinc dating with radiomeinc dafing

Let us compare the ergometric dating Equation {Equation (16)) with the
radiometric dating Equation (Equation (1)). The latter's half life is 5,730 years,
Since the half-lfe of our ergomeinic dating equation for anthropology is
nomerically less at 2,310 years, there is much more change in the graph within
the last 10,000 years; hence it appears te be mathematically more sensitive for
use within the last 10,000 yvears, Le. from the Neohthic age onwards. Gne should
discern that the ergometric equation is a rising growth equation with
a = +0.0003, while the radiometric equation is a falling decay equation with
a = -0.00012, However, In contrast with the ergometric equation, the
radiometric equation caunot be used for forecasting or futurclogy.

Histonicel and cudtural evolulion

The time hot1zon for anthropotogical evolution above, encompassing almost a
million years, is too vast for historians wha deal with time horizons of the order
of 1,000 years. Can a similar non-equiltbrium transformation be found in the
rultural realm as man progressed along historical time, say during the last
millennium? Of particular interest to us here is whether we could discern
anything comparable with the change of 4 or its components i or ¢» function
as time alters, Actually 3 consists of two components: ¢ and 4, the intrinsic
and extrinsic activation respectively:

o= o {19}
We can obtain the pattern of equations of the components by suppiemental
calculation hike that we followed in deriving Equation (11) and using boundary
conditions (Roy &f &, 1993b; Roy and Dutta Majurnder, 2000b):
¢ =1 +e . (20)
and
¥ = yyfl + e, (21)

In Figure 9(a), we draw the pattern of the time evolution of 4 and +" from
Equations (20) and {21); the y curve is obtained by adding + arnd 4" as per

Evolution of

_ group
CONSCIOUSNess

1263




Kybemetes #Statirmary state - Nen-equliibrives stete” Trawforoiation

30,910 :
v
’ Enevgy dissipaton
MY oo nensly
1264 A
Stavomy . . L Y2
HHE L - - _|l-"' "
P - P
f R ]
T' _________ T
-3 -2 -1 0
Tame =*
(x) The two components, 4, and , fanchiens, during the
“Stationary state —+ Nog-equilibrium state” transformation {Schematic figans;
w:bitrary unitr in axes used)
Fayrho-rultura] evolntion during the miliennim;
Primary precess in aesthetics - portry
15
= 10
Primary Process
Inkensity
{standardizad)
- &
I 1 T E ¥
1400 1550 1700 1850 2000

Time (ARD) —~»

(h) Increase of primary process intensity (yr, function) in poeiry scross the milleoniom. The
perturbative line depotes the acmal valors due 1o stylistic oecillations {ses text]). The solid
Figure 9. line is the basic trend, whose close correspanderce with the W, curve may be noled




Equation (19), both the components go on monotonically increasing and
infersact sach other. From various experimental investigations (Lapkin, 1983;
Zotin, 1950; Lurie and Wagenshurg, 1978), we infer that 1“and ¢ correlate
respectively with the two basic modes of fanctioning of the organism, namely
equilibrium and non-equilibrium medes:
(1} o function correlates with the non-equilibriwn situation and process of
differentiation in organisms.
@ " function correlates with equilibrium or stationary situation and
condition of non-differenbation,

From empirical findings (Sperry, 1981 Darwin, 1878; Bogen, 1920}, we can
likewise infer the two basic cognitive modes:

(1) Non-equiibrium or propositional and differentioting mode, which is
concrete, hierarchically-evolved and ... organized cognitive activity
(sacondary process thinking); it is the analytic and objective mode of
thought,

(Y Equthbrim or apposttional and de-differentiating modz, which 1s
symbolic or imaginal-type, ... Merarchicaily-earlier cognitive activity
{primary process thinking); ltlsthemtmmeand subjuctive mode

Hence ¢/ and ¢ fimction would regpectively correlate with sccondary and
prizrary process thinking, With historical evolution the intensity of both
processes would increase, as shown in Figure 9(z). We now explore this in
millennial history.

Evolutivnary sesthetics: lexical statistics

We prezent Figure 9b) to show that empirical ebservations follow our model. In
the psychocultural realmn, the primary process and secondary process intensities
may be pauged by textaal and hinguistic analysis of the aesthetic compasition,
especially poetry, made during the successive generations as ke progresses. We
have uced the records and data of Martindale and ro-workers ar the University of
Maine (Martindale, 1984 ta construct our graph. In their records, primary process
mdex i sraled sn that mean is zero. In our graph we have rescaled the primary
process index so that the mean is 10. This is juat a matter of convenience to give
grealer clarity to the primary process axic. Nevertheless, the shape of the graph
and its tempnra] increase remain invariant. Using 2 kind of linguistic content
analysis using SEMIS and LEXSTAT (exical b..l:ahsncs} computer Progravs,
those experimenters have developed an elaborate mvtstgahun ta explore the
alteration in the intensity of dedifferentiated primary process acﬂwty,
aesthetic poetic narratives across te past millennin, Thereby we can arrive at
the primary process and secondary process content expressed as a percentage of
total words. The Maine group also finds that secondary process mode ako
iniTeases with time; this mrresprngs to the progression of the 4 curve in our
mathernatical model (Figure Hal.
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Evolution in poetry: o activalion funclion

Actuzlly poetry is a constituent of aesthetics, and it is in poetry where one ¢an
most acourately gauge the mental state of the culture which created it: music
and art are ambigutus, as they are more of an emblem and more diffienlt to
understand in detail than poetry which is plain verbal. Figure 9fb) shows the
change in primary process intensity (.e. our ¢ function)in poetry, as there is a
hyper-activational transformation, from the hypo-aroused tranquil state of
1490 to an invigorated hyper-aroused state of 1950, Kepresentative samples of
poetry across every hterary generation of 20 years during this span were
analysed statistically as mentioned. Note that the curve in Figure 9(b)
corresponds closely o the mathematically-predicted rurve of 4" in Figure Xa}.
(Jbserve that there are small undulations in the curve of Figure 9(b); this is
achuatly due to the stylistic variation: primary process dechines during temporal
periods of imbation of any new style and rises once the style is established.
Apropos Berlyme (1588}, we may constroe that perturbations are achuated by
periodic skylistic changes. Indeed the objectrvely-measured arousal potenhial of
literary productions appears to be the catalyst of aesthetic developmeni
associated with mcreased cogmbtve activabion or entropy production. Actually
our non-equilibrium cybemetic model can furnish quantafive analysis and
mstght into the evolulionary process, indrinsic to the zesthetic progression of
the huarnan psyche,

Evohition of language

The first experimental evolubeonary theory was mvestigated and pubhshed
by the Calcutta school of Hurasian language studies, namely from the
researches of Sir William Jones and coworkers of the Calcutia centre of The
Koyal Asiatic Soctety in the 1770-17%0k. Surprisingiy, these inveshgalors
observed evolutionary operations in the development of language, 70 vears
before Darwin formulated the model of evolutionary operations in biology.
Indeed we car develup 2 development equation for language. Modern
comparztive linguistic studies indicate that the rate of evolutionary change of
different languages 1 about the same; two languages have approximately 85
percent of their features i common after 1,000 years of separation (Jones f
af, 1992), That is, as one language onginates from another, 100 percent
commonzlity between the two languages at the start reduces to 85 percent
commonality after 1000 years. This is a decay equation whose general form
i& N = Np e ", where Np and N are the commonalities in percentage at the
start and at any later time £ Evidently at the start, we see that N, = 100
percent, whereas, when ¢ = 1,000 years, N = 85 perceat. Substituting these
values in the decay eguation, we solve and obtain o' = 000016, Hence the
equation expression linking N and 1 is N = 100 ¢ =" The percentage of
new words ¥ in the language is [100-N1. Thus we arrive at the development
equation for language:

Language development: ¥ = 100 -- (100 o008



Iere Y is the pescentage of newer wards which separates two languages which
earlier had a common origin, and the elapsing time £ is in years From the value
of o we mlculate the mean life of the language developnent process to be 6,250
years. Compare this with the mean life of the anthropological development
process of 3,330 years deduced earlier. We clearly see that the former 15 roughly
the double of the latter. Achoally doubling the latter gives 6,560 years, which
differs from 6,250 years by only about 400 years, i.e. only & percent. This
margin 15 acceptable because in decay equations used for dating (eg
radinactive dating), 5-6 percent is the aceeptable margin of error, as mentioned
earlier. Thus it appears that lanpuage progression is the subbarmonic of
anthropological evelution, the two processes being quantitatively linked, and
both processes may be the manifastation of a mmon deeper dynamic systent.
Such a dynamic system could Ge the primate evolubionary process, especially
beruwse the radiments of sign language and intelligence are present n primate
evolution. Indeed there can be a mathematical basis of this Iinkage between
anthropological and linguistic development through the concept of Stochastic
Kesonance, a non-linear dynamical property of comnplex systems, whereby a
hinlogical or evoluhonary process can generate, or be linked with, a2 harmonic
of another process (Bulsara and Gammaitoni, 1996) We have elsewhere
developed the application of stochastc resonance and ifs  harmonic
implications in the evohition of human inteliigence and copnitive actvity ina
biothermodynamic ¢ontext (Koy and Dutta Mzjumder, 2000a). To sum up, we
zan discern that language is thus an "Evolutionary Clock” spanning tens of
thousancs of years, and can be used to date past cultures and their narratives
by comparing language divergence.

Concluding remarks

Utilizing the approach of non-equilibrivm cybermetics which encompazses tha
Prigogine-Elnstem fluctuation formalism and the re'ated self-organization and
gvolutionary paradigm, cur analysis aideavours o offer a3 perocybernetic
hasis of primitive trance, ritoal and onigin of theopraxis and religion. This
mathematical approach furnishes a systems dynamical model of biclogical and
human evolution in general, and anthropological and cogutive evolution in
partindar. This anceni progression was engendered by the increase of
activation and entropy production in the prehlustorie Eurasian race when they
practiced the ecstasic lrance, a central feature of post-Neolithic Caucasian
civilization, which developed into the ritual of ingesting the psychotropic
herbal extract *ambrosia” in Greek-Mediterranean culture and “sama® in
Arvan Indic culture. The extracls contain the neuromodulaters butenol and
muscimel, containing the phenylethylamine or 4-aminotetraline stnxchue, and
15 reflated psychopharmacolowically to nor-adrenal, the neurstransmther
which mediates psychophysiclogical hyper-activation, energy dissipation and
eniropy production. Indeed the biocybornetic analysis developed determmes
the peak of the ambrosia-soma culture to be at 3600Rc and {ntegrates into &
single equation the mayor evenys of human evolution:
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Fre — Ritual clan-bonding — Agricwllure — Industnalzabom —
Comlemporary informahion oge

The equation is constructed using energy dissipation index values at the
invention of fire, of agnoalture realized by amimal power, and of indusirial
revolution. The mode! also quantitatively tluminates the two othes events:
Ritual clan-bonding enabled by ecstasis trance, and the postmodern age of
electronics and information. The equation can alse be used as a nove! dating
equatien in contrast with the conventional tadio-carben dating equation of
anthropology. Furthermore, we develop an equation for evolution of life for the
last billion years, starting from unicellular organism to intelligent man, This
equaticn helps to dafe a critical biocybernetic advancement in the orgamism,
viz. tnermo-regulation of warm blooded animals, which occurred through the
mmtermediate stage of heterothermal control about 300,000,000 years ago. Fossil
evidance of cellosaur reptiles corroborates the correctness of the equation. Non-
equilibrial cyberuetic anaiysis also clarifies the histoncal cultural evolution
during the last millensium through intrinsic aclivativn fonction in arts and
aesthetics. We also muathemnaticaly analyze and deduce the equation of the
process of language evolution end exploce how it could be linkad to the process
of anthropological evolution through the welbknown process of stochastc
resonance obacrved in complex systens dyramics.
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