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Abstract. This paper addresses the topic of the electro-
physiology of thought processes in a biologicnl system. A ¢lay-
sification and eriticism of definitions of “intelligence in pre.
rentod. Tho engendermont of “intoltigent”” regulitions of he-
havior is seen Lo involve stipulations concerning the relution
of metron to logon informationnl content (MacKav, 1950). The
relationship is of n nature similar to that hidden behind the
Maxwell demon (MaxwgLL, 1871), and to certain difficulties
already faced in quantum mechanics. As thought structures
observe conservation of varicty under transformations, the
conservation of entropy in thermodynamics is investigated.
Conservation oceurs in a Carnot cycle (Cannor, 1824) and only
under a Lorenz transformation subject to n symmetry gronp
formation. The symmetry group is topic neutral and could be
applied to informationnl structures. ‘Phe need for the informa-
tional equivalents of a Carnot eyele awd Lorenz transforma-
tions is described. To depict the internction of energy and
structure, equivalents of BinstrinN’s field equationy nre needed.,
The sbudy of symmetry groups by clectrophysiologien! methods
is seen to be at least feasible.

Introduction
In a general sense it may be said that if one con-
siders the strategies of adaptation used by organisms,
their derivation may be attributed to one of three
processes (Praaur, 1950, p. 12):

(1) The means of adaptation exist alveady within
the cnvironment and the organism has merely to
adopt, ready-made, the processes already existing. A
theorist of this kind is Seearman (1927), who postu-
lated the operation of intelligence to e the “appre-
hension of experience” and “the eduction of relations

and correlates”, e, a taking advautage of already
existing relations. Anothor is Raven (1968), who holds
the operation of intelligenco to be tho capacity to
grasp the “necessary information and the eapacity to
form comparisons”. It may be asked how, without
prejudging the issue, “necessary information” can be
grasped without intelligent deliberation of what is,
indeed, “necessary”. Hem (1954), also, states that
intelligence is the power of “‘grasping the essentials
and responding appropriately” and, once again, one
may question whether it is not more intelligent to
decide what is “essential”’ than to grasp it, i.e., that
which is “essential” must be relalive to a course of
action rather than autonomously existing. ‘I'hose who
belicve that the brain functions like a present-day
computer which requires programming also belong in
this class. By and large, this derivation is empiricistic
and Lamarckian.

(2) 'The means of adaptation exist already within
the organism and there is a mecre “trying out” of
hypotheses upon the environment. Such a theorist is
Tiornoiks (1927), who correlates intelligence with
“the power of good response from the point of view
of tenth or fact”. One may wonder, in the caso of
Tnornnige’s definition, whether a response is “good”
prior to “truthful” and “factnal” feedback, or only
after; if before, then why bother with the feedback:
il after, then the organism is blindly groping without
foresight. Kntane (1933) equates intelligence with the




6. Bd., Ileft 3, 1969

“capacity of relational constructive thinking directed
to the attainment of some end”. With this definition
one may remark’ that the question is begged with the
use of the adjective “constructive” and it would ap-
pear that a process is described in arvival terms. These
derivations are pragmadtic.

(3) The means of adaptation are a fabrication of
organismic activity and environmental feedback. A
theorist of this kind is Praame (1050), who states that
“behavior becomes progressively more intelligent the
more complex the lines of interaction hetween organ-
ism and environment”. Another is Virnon (1960),
who states: “We have arrived at the view that intel-
ligence corresponds to the general level of complexity
and flexibility of a person’s schemata which have been
built up cumulatively in the course of his life time.
It would follow that no sharp distinction should be
drawn between J'nl;c“igen,(_:e and atlainment”. We shall
take our start from this class of definition: namely,
that the nature of icality is a fabrication of organisin
and environment; thiat the biological system, if it is u
computer, is a self-programming computer. From con-
siderations of entropy and symmetry it will he shown
that this class of definition is correct. A by-product of
this aim will be to show exactly the logical connection
between orectic and cognitive functioning.

Not included in the three categories above are
those theorists who commence their definition with
the words “ability” or “capacity”, ete. Such defini-
tions usually substitute one definition word for another
and advocate a policy or view on intelligence. 'Ihey
must, therefore, be considered ex cathedra. 'I'ERMAN
(1916), for instance, corrclates intelligence with the
ability to “carcy on abstract thinking”. WecnsLur
(1958), also, states that intelligence is the “apgregate
or global capacity of an individual to act purposcfully,
to think rationally and to deal effectively with his
environment”. Gawrwver (1946) is of this kind, for
whom intelligence is found in “abilitics demanded in
the solution of problems which require the comprelien-
sion and use of symbols”. Ifirst, these definitions con-
sider the nature of intelligence to be a resultant effect
rather than a process (therclore they might be included
in (2)), and second, there ig a confusion of an invariable
concomitant with the thing to bo delined.

The contribution of ITesu (1949) has been to make
a distinction between intelligence A (innate potential)
and B (average level of performance), which appears
to mirror the genotype-phenotype distinction. Wis case
is supported from evidence in the case of brain injury.
An 1.Q. of 160 is possible with the loss of one frontal
lobe (M, 1939) and of 115 after hemidecortication
(Rows, 1937). On the other hand, early brain injury
will have a severe effect on later mental growth (11,
1042). His theory has prompted research with rats amd
chimpanzecs indicating that the learning of the malure
animal owes its efficiency to the slow and inefficicnt
learning that has gone before, although limited and
contained by it (Rresen, 1947; Foraus, 1954; Riusin,
1058). Tf, as Ilwss indicales, the Organism’s suceess
ab adapting is dependent upon n growth of structure
of phenotypical form, then the arguments from em-
piricism and pragmatism do nob hold water. Wor the
“slructure” was a joint enterprise of the organism
and ils environment.
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A Bridge Between the Orectic and Cognitive Realms
If the previous analysis of intclligence iy correct,
then the engenderment of effective schemata entails
meeting a certain criterion. This critevion of cffective-
ness must be of an analog or metrical nature. Thus,
for example, the structural or cognitive aspects of be-
havior regulation could be considered to be purely
digital, and we can examine the relation of analog
processes to the formation of these digital aspects.
The interdependency is of a nature reminiscent of
MacKay’s (1050) distinction between the metron and
logon content of information. Another analogy would
be the interdependoncy of velocity and state in quan-
tum mechanies, which is similar to the interdependency
of the energic and the structural in the formation of
brain structures. ‘The analog properties of the brain
within the confines of structural containment by
thermodynumie principles seem to affect the formation
of those structures themselves. If this is so, then there
is the experimental problem of explaining how. Before
this problem is attempted (and it will not be in this
paper), we shall turn to the problem of explaining why.
The reason why the analog propertics of the brain
— acting within the confines of structural containment
by thermodynamic principles — affect the formation
of thoge structures themselves, is that thore exists a
Maxwellian demon within the brain. Maybe more than
one. Maxwerl’s demon concerned himself with the
interdependency of thermodynamic logon content and
information theory logon content. ‘I'he overall logon
content or degrees of frecdom of the system remains,
of cowrse, the same. This kind of equilibrium, hetween
the thermodynamic and informational realms, is mir-
rored in the equilibrium between the logon and metron
content in both realms. [t would appear, therefore,
that Maxwuir’s demon requires two licutenants on
the logon-metron content borderlands. So the troll on
the hridge between the orectic and the cognitive realing
is Maxwen’s demon, who is hound by a set number of
degroes of frecdom and is entirely a logon-logon troll.
His two licutenants exist in both realms, each bound
hy their own set of degrees of freedom and they are
logon-metron trolls. The licutenant in the cognitive
realm presides over the formation of cognitive sche-
mata. 1t is interesting to speculate whether the three
demon-trolls are themselves bound in equilibrium by
a finite number of degrees of frecdom. As a profound
belicver in the ultimate nature of the laws of thermo-
dynamies, the writer presumes that they are.

The Liewtenant in Information Theory to Mazwell’s
Demon

In 1871 dames CLerk MAXwWELL conceived . ..

- n being whose fucultics are so sharpened that he can
follow every moleculo in its course, such a being, whose atiri-
hutes wre still as essentinlly finite as our own, would be able
to do what is at present impossible to us. For we have scen
that the molecules in o vessel full of air at uniforimn temperature
are moving with velocitics by no nmieans uniform, though the
mean velocity of any great number of them, nrbitrarily selected,
is almost exaetly uniform. Now let us sipposo that such a
vossel is divided into two portions, 4 and A, by a division in
which there is a small hole, and that a being, who can see the
individual molecules, opens and closes this hole, 8o a8 to allow
only the swifter molecules to pass from A to B, and only the
slower ones o pass from B Lo A, He will thus, without ex-
penditure of work, raise the temiperature of £ and lower that
of A, in contradiction to the second law of thermodynamics.”
(Maxwiiri, 1871, pp. 328 -329)
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16 is agreed that Szruanrn (1929) first solved the
paradox by indicating the equilibrivm condition of
entropy (in thermodynamics) and negative entropy
(in later-to-he-called information theory) within the
constant sum of the overall system. 'I'he demon, there-
fore, merely withdrew “moncy’ from one bank ac-
count to place it in another, the overall sum of money
in the two accounts remaining the same with no
spending and no deposits. 'Thus, it may he said that
Maxwernt’s demon increased the temperature in one
portion of the vessel at the expense of information
(negalive entropy). We shall concern oursclves in this
section with a similue heing in the brain, who “cashes”’

his metron content for negative entropy. Paverr's .

(1963) hypothetical machine, the génétron, illustrates
this process.

1t is a feature of the psychology of Priaarr that
cognitive structures tend towards an equilibrium by
an onfogenesis of successive equilibrations. Pavepy
atlempts to show how this equilibration process may
be simulated. e begins his monograph with an cx-
position of the term “equilibrivm”’, and hig thesis is
directed against Bruner’s (1959) veview of Innsnner
and Piaawr’s book (1958). Brunrr’s complaint is that

‘... dF it be tho case that the stage of concrete oporations

develops an equilibrium at an earlier stage, how comes it thab
the child gets beyond this stage to that of formal operations.
Indeed, what is it that impels dovelopment in one direction
rather than some other 77 (p. 369.)
Paverr poinls out that a process of cquilibration
finishes by crealing the conditions for a new stale of
disequilibrium. 1t is ag if the organism, having organ-
ized ilself to take advantage of restraint in part of
the environment, finds such a stratogy unable to adapt
to variety in & wider cnvironment. 'The notion of o
wider environment may be linked with that of “span
of apprehension” or channel capacity of an organism.

LEven although operational structures are necded,
this is not a sufficient condition for their development.,
The point of difference is that Bruner wishes to use
“equilibrium™ ag descriptive of the final stage of
thought without reference to process of engenderment,
whereas Praawr wishes to describe hoth the process
(equilibration) of the development of thought and the
end state (equilibrivm).

Paverr’s definition of eyuilibrium is enlightening
(p. 145): A system S of varying state hag state S(f)
at time £ The perturbations Zgq) are composed of o
number of subprocesses, d,(t) ... d,(t) summing to
As@y. Bxternal influences B(t) induce the perturbations
Jsq as a function of the state S(t) and the influence
I(t):

8;(1)=6;(S(1), B()).

1{ the system at time ¢, arrives at an absolutely stable
slate, e.g., d;({,)=0, whatever £(t), then the state
S(t,) is a state of equilibrinm.

T'wo quite different hypotheses about the evolution
of the system arc examined:

0; (1) =16, (k(t)), 0
§i(t)=0, 1,
d;=10;(S()). (2)

(1) describes a situation in which the modifications of
the system are a function of the external influence.
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(2) deseribes a situation in which the external jn-
fluence plays no role in the evolution of the systom.

Now, Pavenr wishes to apply the term “process
of equilibration” to the second of these two cases
rather than to the first. Bruner and fellow empiricists
are aceused of relegating less autonomy to the “degree
of emergence”, i.e., in extreme cases, the empiricist
argument entails S(¢)) solely as a function of the diverse
infloences B(t). Paverr and Pracwr are Darwinian:
a rojection of empiricism entails the nceeptance of a
form of emergentism. The cmergence is, of course, a
precipitate of organismic-environmental interaction.
For Pavenrr, it is a disproof of the theory that the
evolution of Jogical structures is hy a succession of
additions to the repertoire available to the subjoct.
It cannot he, therefore, that there is a progressive
“eroding away ™ of the tabula rase or even that thero
is a tabula rasa.

he deseription of Pavere’s model will be post-
poned for the time being in order to adidress a sub-
argnment: why does a two-year-old child not grasp
logical operations cven il suitably instructed 2 Why
are there stages in thought 2 1t possibly has something
to do with the magical number seven (MrLLER, 19546),
the supposed “ultimate apprehension span”, which is
far from being seven at the age of two. The span of
apprehension displays o growth from childhood to
adoleseence. MeLavanran (1963) has shown how this
increasing propensity for conceptualising is directly
correlated with memory span. The span appears to
be of memory “chunks” to use MinLer’s term or
“foci of organization” Lo uso Lasuuey’s (1954, p. 430),
availuble for simultancous processing. The organism
acly as a filter (Broavsene, 1958) which expands
from infancy to adolescence. Memory capacity and
ablention are considered closely related.

MclLavanuan proceeds as follows: from the premiss
that problem solulion involves considering all other
classes defined by the attributes of the given classes
and i N cquals the number of attributes of classes
considered, then each relevant distinet class is defined
by onie of 2¥ possible combiunations of the presenco
or absence of those attributes. Using McLavainan's
analysis: at level 0, the demand is for the capacity
o process 2°=1 concepts at a time (i.c., memory
span s 1); at this level there can be no inferences
drawn as attention is “filled” by one concept. At
level T there is the capacity to retain 2'=2 concepts
simultancously — memory span is 2. Class concepls
can now be formed but no distinction can be made
between more than one object and ‘its environment
(which would entail three concepts). At level 2 there
is the capacity Lo process up to 22= 4 concepls — with
a memory spait of 3—d4 digits. Finally, at level 3 there
is the ability to procéss np to 29==8 concepls simul-
tancously with a memory span of 5-—8 digits. This
final stage corresponds to the formal operational in-
telligence (L1158 years) of Pragmr.

To simulate a process without building into the
model preformistie tendencies is difficult; simulation
of tho end result is not as difficult as o correct onto-
genelic simulation. Pavere’s model, to be deseribed
helow, fails in that other measures are used for the
step-by-step elaboration of cognitive operations than
the progressively increasing capacity to process in-
formational chunks simultancously. The narrow capac-
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‘ ity of the infant is not simulated by a virgin génétron;.
. time plus the relevant experience are all that is needed

for the génétron to arvive at formal operational intel-
ligence, but no amount of time or coaching will equip

g an infant of a memory span of under 3 digits with

formal operations — it docs not have the channel
* capacity. e "

Parunrt considers three stages in the growth of

’ logical thought: (1) pre-operational thought; (2) con-

crete operations; and (3) formal operations. The judg-

" ment of the infant at stage 1 is based upon a perceptual

index which, for the infant, is prepotent over other

* indices. This prepotency is determined by a process

of probabilistic selectioning. The Piagetian term
“index”’ (Praqet, 1051) is used rather than “stimulus”
and would appear to be similar to Duwny’s (1896)
definition of a stimulus arising out of a sensori-motor
co-ordination:

«

. what precedes the “stimulus’ is a wholo act, n sensori-
motor co-ordination. What.is more to the point, the “stimulus”
emerges out of this co-ordination; it is horn from it as its
matrix; it represents as it were an escape from it.”

“The stimulus is that phase of the furming co-ordination
which represents the conditions which have to he met in
bringing it to a successful issue; the response is thai phaso
of one and the same forming co-ordination which gives the
key to meeting these conditions, which serves as instrument
in effecting the successful co-ordination.”

This viewpoint is reflected in the writings of later day
anthors (cf. MiLLegr, Garanrter and Prisras, 1960).
An examyple is chosen which requires the ability
to hold two concepts simultaneously in attention. Sup-
pose three index instigated sequences: I,— R ; T,— I, ;
and J;— R,. Stage 2 occurs when the reactions I, — R,
and I, R, are combined as an clement of a group
to give an outcome of compensation when serially ap-

‘plied. Formally the successive,application of the two

transformations may result in a zero transformation
of the operand. The realization is that transformation
involved in the experiment aro one-one (cf. Asmuny,
1957, p. 135) and that variety is conserved by a one-one
transformation:

“... if mesaages of variety » ave to pass through soveral codes
in succession, and are to boe uniquely restorable Lo their original
forms, then the process must bo one that preserves the varicty
in the act at overy stage.” (Asuny, 1957, p. 142))

The infant, of course, must be able to compare the
variety after one transformation, with the variety after
another (i.c., to hold two concepts simultaneously in
attention). Varicty is, of course, related to the notion
of degrees of freedom.

Paverr's génétron combines the plasticity of
Rosennrare’s (1058) perceptron with the equilibrating
properties of a homeostat. The output of perceptrons
of a lower order is fed into those of a higher order
resulting “in transformation rules of a higher order.
I'his is illustrated in the more simple learning of com-
pensatory strategies and negative feedback, the model
proceeding by stages of compensation and not by prior
programming. There is no growth of cells in the ma-
chine (corresponding to an increasing span of appre-
hension), so the model would appear to simulate an
adult, reared in seclusion, confronted with a logical
problem for the first timo. Connections are pre-estah-
lished supposing an organism that receives the relevant
information in the correct order. Momory for the per-
ception is o “preference for a particalar response™,
which, although insufficient for explaining perceptual
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recognition, is sufficient for thought simulation. Modi-
fication without external feedback is accomplished by
ocquipping the machine with two types of cells 4 and F;
cells £ are those of tho hicrarchically arranged percep-
trons; cells 4 modify their action if the inputs , ... ,
satisfy often enough the function F(y, ... y,)=1, {y;
being the output to other cells); in this way logical
“concepts’ are formed. 'The cells F are sensitive to
disequilibrium in the machine and through feedback
connections within the machine reduce the complexity
of information. The machine acts so that (p. 151) for
the function R*=h(R; ... R,) to develop with effects
different from R, ... R,, it is sufficient to have an
approximation to every function R; to permit the
evolution of R*, If the system is disposed already to
an ensemble of N first stage functions, the probability
of the machine arriving at R* defined in terms of the
first stage of the hierarchy, because of overlapping
connections, augments rapidly with N.

Now, it should be noted that the cells F of Pavert'g
génétron are sensitive to a metron informational con.
tent, and that cells 4 modify when F(y, ... y,) =1,
Cells 4, therefore, are ‘“engenderers of logon content” |

In information theory, then, one finds a demon
who performs a function analogous to that performed
by MaxwgLt's demon in the more general realm of
thermodynamics. In the engenderment of information
structures, regulation hy metron content is replaced
by that of logon content and this lieutenant-demon
must obey the conservation of variety in its replace-
ments.

The Nalure of Reality — The Lair of Devils

T will attempt to show in this section that the meet
of entropy (thermodynamic) and negative entropy
(information) is the sane as the meet for two inter-
acting physical quantitics. The physicist, it will he
geen, pays a price for his predictions; similarly, devils
pay a price for their use of information.

In 1935 IinsrriN, PonoLsky and Rosen asked if
a quantnm mechanical description of physical reality
could be considered complete. Since, in the:case of
two physical quantitics described by non-commuting
operators, knowledge of one precludes knowledge of the
other (implying that these two guantitics cannot have
simultanoous reality), quantum mechanics cannot be
complete. When the momentum of a particle is known,
its coordinate is not predictable and may be obtained
only by a direct measure, With such a measure, the
particle is disturbed and its state is altered. LE the
operators corresponding to two physical quantities do
not commute, then the precise knowledge of one of
them precludes such a knowledge of the other.

A similar thought might occur to an experimental
epistemologist. 1Tow is it possible to know the “real”
world, if the means whereby the input from this world
is processed arose (as I showed in the previous section)
by interaction with this very world? Let us suppose
that the Lwo “physical quantitics” described helow
are an epistemologist and hig environment, or the two
portions of MaxwiLL's vessel.

An immediate reply to TinsreinN, Pobousky and
Rosen came from Bounr (1935) who objected to their
criterion of reality:

- S
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“U, without in any way disturbing a s atem, we can predict
! ! any way JIng a8y A I
with certainty (i.c., with probability equal to unity) the value
of & physical quantity, then thero exists an clement. of physical
reality corresponding to this physical quantity.” (BinsTEy,
Povorsky and Roskn, 1935, p. 771.)
Bonr’s point is:
“... the finite interaction between object and measnuring agencies
conditioned by the very existenco of the quantum of action
entails — because of the impossibility of controlling the ronc-
tion of the object on the mensuring instruments if these are
to serve their purpose — the necessity of a final renuncintion
of the clussical ideal of causality and a radical rovision of our
attitndo towards the problem of physical reality.” (p. 697.)
Thus the meaning of Finsriin ot al. “without in any
way disturbing a system” can be termed ambiguous.
For one must take into account the influence excrtod
by the measurement on the very condilions which
determine the possible types of measurcments. Bonw's
viewpoint of “complementarity ” of physical quanti-
ties obviates the need to consider quantum mechanics
a8 providing an inadequate description of physical
reality:
“... it is only the mutual exclusion of any two experimental
procedures, permitting tho unambiguous definition of com-
plementary physical quantitics, which provides room for new
physical laws, the coexistenco of which might at firat, sight
appear irreconcilablo with the hasic principles of science. 14,
in just this entirely new situation ns regards tho description
of physical phenomena, that the notion of complementarity
aims at characterising.” (p. 700.)
The unambiguous use in quantum theory of the con-
cepts of position and momentum implies their mutually
exclusive character. Bonn considers that the discrimi-
nation in every experimental arrangement;. hetween
those parts of the physical system considered measur-
ing instruments and those the objects under investiga-
tion may be said to form the principle distinction be-
tween classical and quantum mechanical descriptions
of physical phenomena. T'his being the case, one might
hold that the relation of entropy (thermodynamic) to
negative entropy (information) is (quantum mechani-
cal, as is that hetween tho epistemologist and his
environment.,

Senuropinaer (1935) called this the characteristic
trait of quantum mechanics:

“When two systems, of which we know the stalcs by their
respeclive representatives, enter into temporary physical intor-
action due 1o known foreces between them, and when nfter a
time of mutual influence the aystems separate again, then
thoy can no longer ho described in the same way as before,
viz. by endowing each of them with a representative of its
own.” (p. 565.)

The procedure whereby one system is known separately
from the other is known as the “disentanglement”’,
SCHRODINGER points out that the process involves a
regressus ad infinibum, since the procedure itself in-
volves measurement.

SeHRODINGER proves that the represenlalive ar-
rived at for one system depends on the programme of
observations to be taken with the other one. 2 and y
stand for all the coordinates of the first and second
systems respectively and ¥(x, y) for the normalized
representative of the state of the composed system,
when the two have separated again, after the inter-
action has taken place. After the performance on the
second system of certain observations so that its re-
presentative at disentanglement is sure o turn up as
onc out of the known complele set of normalized
orthogonal functions f, (1), if all the variables measured
commute, Y(x, y) may he developed into a series with

respech Lo the f,,,
Pl y)= 3, ,0,() [, (y) (1)

so that the representative of the other system may
be known. If measurements on the y-system indicate
{1 (1), then g, () is the representative of tho x-gystem,
"The ¢, enter in order that tho g may be assumed
normalized :

fok @) gp(v)da=1. 2)
The equation:

) s (1% (0 Yo
e () = [ [¥(y) W(x, y)dy (3)
together with (2) deternvine the ¢'s and y's.
Scurionivaer admits no reason for the g to be
orthogonal to each other, hut asks when they are, i.c.,

how must the f, be chosen for that purpose ¥ "T'he con-
dition for this is:

ok ¢ 0= [du [dy [dy [u(y) V¥, ¥') (K () (2, y). ()

Or, for every &, the function:

()= [dw [dy [ (y) V*(, y') P, y) ()

is to be orthogonal to all the fi(y), with tho possible
exception of fi(y). Thus u,(y) must be a numerical
multiple of [ (). From (4) with L=k, it is scon that
the numerical multiplier iy [ |2 Therefore:

lel® fu(y) = [da: [y’ fu(y) U¥ (e, y') Wi, ). (6)
,l'nl.roducing the [unction:
K(y, y'y= [da\U*(x, y') V(x, y) (M

which has. Hermitian. symmetey, it is seon from (6)
that the reciprocals of the ¢ |? and the functions fi(y)
are required to be the cigenvalues and a system of
eigenfunctions respectively of the homogeneous equa-
tion ‘

@) =A[K(y, ¥') [(y)dy'. (8)

Provided that the intoegral in (7) converges, so that
K is defined, a complete solution of (8) exists. By using
the eigenfunctions for the development of (1) one sees
that the A7t are all non-negative and sum to unity.

The general case is that all the A7 are different
from one another except maybe for an arbitrary set
of them vanishing. ‘Then the relevant [i(¥) are uniquely
determined and so are the g, (x). Hence there is always
one development of YW(x, y) of the type which might
suitably be called “biorthogonal .

The fi(y) and g, (2) have o mutual implication, as
is revealed in Scuropinani’s proof of non-invariance
in the response of the other system:

“Whenever (and of course only when) the cigenfunctions of
& programme to bo enriied out on tho y-system includo the
relovant functions fi(y), or.the cigenlunctions properly speak-
ing of (8), the programme will lead to the biorthogonal develop-
ment and imply the relevant 71(x} a8 the other sct. Now if
for an arbitrarily fixed programmo of measurements on the
y-system iho ropresentative nrrived at for the x-system was
tho same in all individual cases, the same gp(x) would have
to turn up (and even with the same probabilitics) as in the
biorthogonal development; forin two infinito series of repoti-
tions ab ovo of ono and of the other programmo respectively
overy possiblo result, occurs according 1o its due probability.
Henco the relevant functions gr(2) would have (o be implied
whatever programme is carried oub. But #ince, of course, they
also dctermine the biorthogonal development. uniquely and
thereby require the rolevant. [x(¥) ns the other set, theso would
have to he included in the oigenfunctions of every programme
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which cannot be, since the latier aro, by principle, an entiroly
arbitrary complete orthogonal set. Hence the non-invariance
is proved.” (pp- 557-—H58.)

Thus the entanglement consists in that one and only
one observable (or set of commuting observables) of
ono system is uniquely determined by o definite ob-
gervable (or set of commuting observables) of the other
system. Thus there is always one and as a rule only
one development of the normalized representative of
iho state of the composed system, when the two have
separated ngain and after the interaction has taken
place.

If one considers, therefore, the two systems in
question to he either:

(1) asystem of negative entropy (information) and
o system of entropy (thermodynamic), ot

(2) the external environment and the cpistemo-
logist, then one might say that the entanglements aro
not arbitrary. 1t is also true that our knowledge of the
external world is of the nature of Vi, y) and if we
are each an “x”’, then we can never know a “‘y” —
which could be'a reason for believing in the noumenal
world of Kant! Again, the nature of the amalgams of
cognitions and “wants” known generally as “inten-
tions’’ must also he of the nature of Y, y). So, if our
“yants” are “a’s’’, then the various means we have
for satisfying these “wants” which are stored in our
memories, are “y’s”. So far, all the computers huilt
have been ““y”’-machines: Only when a V(x, y) ma-
chine is built will the biological organism even begin
1o be approximately gimulated: Ior it is of the nature
of the organism to be Y'(x, ).

Relativity tn T hermod ynamics and Information Theory
1n this section I willattempt to show that relativity
must Do taken into account in describing  thonght
processes. We shall begin by introducing the terminol-
ogy of Torman (1934) where:
1 = cnergy; S = entropy; @ = heat; W = work;

p = volume; p == pressure; 10 == thermodynaiic po-
tontinl; I = heat content; A = free encrgy; 1 =
femperature; 14 = clectric field strength; and M ==

magnetic ficld strength.
Then: Al =0Q — 1 for the encrgy change of a
system in terms of heat absorbed and work done, and

-0 .
AS = l d {7, for the entropy change in termsof heat.

absorbed and temperature. Considering the lorenz
transformation for physical quantities, the transfor-
mation equation for entropy ig simply:

§=5S,.

This is because if a thermodynamic system ab rest.
with the entropy S, is aceelerated Lo the velocity
reversibly and adiabatically withoul change in ity
internal state, then there is no change with respect
to the coordinate system in its entropy 9. 'This agrees
with the interpretation of statistical mechanies of
entropy in terms of prohability, since the probability
of finding a system in a given state should be independ-
ent of the velocity of the observer relative to it.
Cognitive structures tend towards an equilibrivm
of compensatory operations. For this reason it is pos-
sible to talk of “equivalent observers'” within the
electrical activity of the marmmalian brain. Animals

tend to take short cuts to their destination. By the
fact that “equivalent observers™ are possible, then
the following two principles of physical phenomena
must find application in the biological study of nervous
systems: (1) T'he Principle of Covariance: physical laws
can be oxpressed in a form which is independent of the
coordinate system. (2) The Principle of Equivalence:
there is o corrrespondence between the result which
would ho obtained hy an observer who makes measure-
ments in a gravitational fickl using o frame of reference
which is held stationary, and the results obtained by o
second observer who malkes measurements in the ab-
sence of a gravitational field by using an accelerated
frame of reference.

'fo make my point clear at the beginning: [ am
suggesting that what gravity is to the cosmologist,
knowledge or information contoext is to the experimen-
tal epistemologist; both provide context. What veloe-
ity is for the cosmologist, value or temperature or the
degree to which essential variables in the system have
exceeded their limits, is for the student of thermo-
dynamics. In defence of the former equation: there
seems no reason why one cannot, at a level of ab-
straction, equate a physical system with its gravita-
tional context. Similarly, a biological regulative struc-
ture of the nervous system (‘‘iden’) may be equated
with informational context. In the defence of the laticr
equation: I see no reason why one cannot equate the
phenomenological  term “yalue” with the physical
description of how much it takes to bring a system to
equilibrivm. {f this is correct, then one has a measurc-
ment which is relative to the system considered and
this is the case with velocity and also with temperature.

The “Mach Hypothesis” proposes the idea that the
geometry of space-time is determined by the distribu-
tion of mutter and energy, so that some kind of ficld
equations connecting the components of the metricul
tensor ¢, with those of the energy momentum tensor
T, nro implicd.

Now the Ricmann-Christoffel tensor expressed by
the cquation:

");lvu = {H o, 0-} {_f/‘ ”, ‘t} - {:“ v, 0(} {“’ a, T}

0 2
too ety — g5 n 7

where: g = magnebic permeability; o = clectrical
conductivity; a = degree of dissociation; ¥ = fre-
(quency; T o= period; is constructed solely from the

components of the metrical tensor g,,,. The condition:

R =0

is sufficient and necessary condition for the validity
of tlLo special theory of relativity, as the components
of g, are then constants and gravitational fields are
transformed away by a suitable choice of coordinates.
To obtain a less stringent condition for the case of a
gravitational field in the empty spaco in the neighbor-
hood of gravitating bodics the contracted Riemann-
Christoffel tensor is obtained by getting o =1 and
summing:

I, = {jeo,o) {0} — (v, o} (o)

8
_9 v
+ 5,5 o0
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The relativistic analog of Poisson’s equation:

2wy oy '
oai v gy T g =dake

which in the Newtonian thieory of gravitation connects
the single gravitational potential ¥/ with the density
of matter g and the gravitational constant k£ was pro-
posed by EinstrIN to bo:

R, — %_Rglw +Ag,, = — LT,
where R, is the contracted Riemann-Christoffel ten-
sor, R is the invariant obtained by the further con-
traction of the tensor, / is the cosmological constant,
k is a constant which is related to the ordinary constant
of gravitation.

This equation connects the ten gravitational po-
tentials of g,, and their derivatives with the compo-
nents of the energy momentum tensor 1,,,. 1t satisfies
the principle of covariance by being a teusor equation
valid in all systems of coordinates if valid in one.

From the electromagnetic stresses Pij and the den-
sitics of clectromagnetic mass e and of momentum Tis
the electromagnetic energy-niomenbum tensor [1"),
can be constructed (ToLman, 1934, p. 99):

[T )oms P Pey Pe. [E X,
Pyz pl/t/ Py [nglllyv
Pz Pry P (EX,,
- . X 2112
LEXH), [ExI),|Ex ), e

where the Maxwoll stresses have the values:
Pii=—5(B}— B — B} 3 — 11} — 11},
pliz - (El Ej ‘l' III II,).

‘These expressions are, of course, in the four-dimensions
of space-time.

TormaN (1934, p.119) hag written:

*“In connexion with the phenomenalogical charactor of thormo.
dynamics it is also of intorest o emphasize once more the
phenomenologicul character of relativistic congiderations, In-
deed, the formulation of tho firat postulato of rolativity, as a
genernlization of failures to debect the motion of the earth
through a suppositious other, has an interesting parallelism
with tho formulation of the sccond lnw of thermodynamics
a8 o genoralization of failures to construct perpetual motion
machines of the second kind. And the formulation of the second
postulate of relativity as oxpressing the results of measnre-
ments on the velocity of light from moving sources, has some-
thing in common with the formulation of the firat Inw of thermo-
dynamics as oxpressing tho results obtained in measurements
auch as those on the mochanical oquivalent of heat.”
Similarly, if one can provide clectromagnetic daia to
determine |77}, then by an equation similar to
L1INsTEIN'S equation ahove, one might determine the
clectromagnetic equivalent of tensors similar to g,,.
This, I postulate, would be g physical description of
cognitive structures relnted to the degrees of frecdom
of a logical structure. Thus, instead of reducing the
electromagnetic field to geometry, the geometry of
logical structures would be reduced to electromagnet-
ism — which, incidentally, is the exact opposibe to the
aim of the unified field theory. 1t is helpful to remind
the reader that J.» 18 & syminetrical tensor, i.e.,
Juv=0s,- The symmetry of logical structures thus
would find a physical countberpart.

ntropy and Symmetry — Their Relation to Thought Processes

Kybernetik

Now, heat content, freo energy and thermodynamie

potential may be defined according to the following
relations:

H=E pv, '
A=06-13,
F=FE—-T8-pv=H_1g.

1f n system ig kept ab constant lemperature and constant
pressure then the following relation is obtained:

AF = AR — 1 A8 -pdv
and the condition for thermodynamic equilibrium s
when:
0F =0

Le., when there is no thermodynamic potential. With
Av=0, dd=TF. 1t can bo proposed that the con-
dition for the occurrence of a symnetric tensor urs
is when there is no freo cnergy and

AB =kAS.
I negative ontropy (NS) is correlatod with entropy,
then
AdBE=kJANS
in these conditions. 1t then remains to investigato the
conditions and for this one must turn to the Carnot
Cycle. )
|
Carnot’s Cycle and the Conservation of Variety
Using the terminology of Guaansimsin (1967) one
may define a Carnot cycle (cf. Cannor, 1824) by the
following steps: alter a system is takon through a

complete cyclo of states its entropy romaing the same
ab the end as at the beginning :

I A48=0.

At all stages the system is in equilibrium, so no ir-

reversible changes take place and:

2. A8=3q,/T; where ¢ 48 the heat absorbed by the
sysbeml.

Substituting 2. into 1.:

3. 2 ¢:/T; =0 which may bo replaced Ly:
1

4 20T =3 Q1

where each ¢, is a positive quantity of heat taken in
at the temperature 7! and each Qs is a positive quantity
of heat given out at temperature 7.
The work done is:
b, —w = Zqi:ZQr—ZQs
1 r L
and the ratio 3 defined by:

6. n= “'U/quz (quh—z(b)a)/zqr
r r L] r
=1- Z QJ/Z qr
L r

is called the thermodynamic efficiency of the cycle.

Suppose that there is a maximum temporature
Tinax and & minimum tomporaturo 7}, hetween which
the eycle is confined. Subject to this restriction on the

temperatures, the maximum possible value for 5 is
obtained by making:

T 0= Thay (all 7),

8. 7’12 '”mIn (ﬂ,” S),
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The cyecle thus consists of isothermal absorption of
heat at 7, x, isothermal emission of heat at 13, and
adiabatic changes from 7y, to T\, and from T\,
to 7',.¢- This cycle would be a Carnot cycle.

Substituting 7. and 8. into 4. one obtains:
9. 3 g/ Tnax= 2, Qs/Tin (Carnot’s cycle).
r 8

Substituting 9. into 0. one has:
10. =1~ T/Tx (Carnot’s cycle).

So far, of course, we have been dealing with thermo-
dynamic expressions. To: indicate the analogy in in-
formation theory, which I should like to draw, the
following expression by SwanNoN (1948) is a definition
for redundancy which should be compared with ex-
pression 10. for the Carnot cycle:

11. R=1 —log,n/logy Nya, where the terin
logy nflog, Niax i e

is the definition for the term constraint (C').

Paralleling the conservation of entropy under trans-
formations of reversible changes, one may point to
the conservalion of degrees of freedom under phase
contrast and amplitude contrast changes (Gason,
1961). This is also an information theory analysis.

My point is this: although one may draw the
paralicls between thermodynamies and information
theory terms, if the fabrication of information struc-
tures proceeds in a way similar to that outlined by
Parurr, then equations similar to insTrIN’S fiold
equations, which unite metrical tensors with energy
momentum tensors, must he considered in order to
find out how the thermodynamic may interact with
the structural. Tt may be that the achievement of a
Carnot cycle entails the fabrication of an adiabatic wall
to conserve the cyclo in the biological organism. Such
o structure would consist of an unknown biological
material. However, its electrophysiological observation
could procecd in the following way:

1t has been shown (Gasor, 1961) that an electrical
structure described in terma of amplitude, frequency
and phase, will retain the number of degrees of frecdom
available to it under transformation, provided that
amplitnde and phase operalors are both available to
provide compensatory- operations. ‘There is thus a con-
servation of degrees of freedom. The study, e.g., of
cortical structures, with respect to frequency and phase
could be achieved electrophysiologically. "This would
be a preliminary suggestion. .

It has been pointed out (Darnow, 1942) that there
is no conservatiolf of entropy except under the re-
striction that all of the proceeds of the system and in
the outside world are reversible. Further, no transfer
of heat is reversible unless the hody whence it comes
and the body whence it goes are of identical tempern-
ture. One might recall, in this regard, that a system
transmitting without information loss implies that
both receiver and transmitter have an equal repertoire
of signals. Gruus (1964, Chapter 16) lias proven that

the assumption of a set of equivalent observers implics

the existence of an abstract symmetry group, and an
observer can determine the nature of this symmetry
gronp by a method which depends only on the pos-
sibility of communication hetween obscrvers. 'The
thermodynamic implications of symmetry are that

they can all be expressed in terms of a certain re-
presentation of the symmetry group. This leads us to
the next section, where we shall examine the nature
of symmeiry and the consequences of the analogy
between temperature and signal repertoire sets.

Temperature in T'hermodynamics Considered Analogous
to A Priori and A Posteriori Information

Only under a Lorenz transformation does there
exist an cntropy function which is invariant, GiLry
(1964) considered the thermodynamic implications of
Newtonian space-time. By recoguizing that symmetry
amounts to the oquivalence of all inertial referenco
frames by the principle of equivalence, the existence
of moving systems must be taken into consideration.
‘I'his entails components of content such as the three
components of momentum. Gines shows that the
equilibrium surface is determined as a function of two
parameters only: the non-translational energy U and
the spin o. It follows that the eleven components of
potentinl of an cquilibrium state are functions of two
parameters: a temperature 1' and an angular velocity .

The components of content (conserved quantitics)
are derived as follows: 4 is a thermodynamic system;
4 denotes the momentum of A and 7 its angulur
momentum about the origin with respect to a definite
initinl reference frame. Thus, the energy K and the
components py, py, Py and my, my, my of £ and 2 are
components of content. Let the vector 7~ be the position
vector of A's centroid. Multiplying » by the mass M
an additive function of state is obtained which is not,
however, constant for an isolated system. A linear
combination  is formed of the two additive functions
of state A » and £ thus: w= Mr — at where t denotes
time. Since p=Mdr[dl, » iz not only an additive
function of state but also a constant of motion, so
that its components wy, w,, w, are components of con-
tent, and w is called the moment of muss. 'There aro
thus 11 linearly independent components of content:
M, B, and the components of g, 2, and w».

Tet S ==S"(E, g, »n, ») be the equation of the equi-
librimn surface of a system 4. Remembering that we
are dealing with Galilean transformations, GiLus shows
that as the property of being in an equilibrium state
is objectivo, i.e., independent of the observer, then the
equation for S must continue to hold whenever the
quantities S, B, p, 2, w are transformed in accordance
with a change of reference frame. But S is invariant,
so the value of the function S*(F, #, 2, w) must be
invariant under such a transformation. :

Tt is shown that this condition severely limits the
form of the function S*: let 4, be an equilibrium state
of content (K, a4, 7, w). With a new observer 4, is at
rest at the origin. By NEwroniaN dynamics of a sys-
tem of particles, relative to this observer the con-
tent of A, is (K —g2[2M,0, m—wXxa[M,0). Thus
SR, o om, w)y=S"(U,0,q,0) where U= —gp*2.M
is the non-translational eneryy of the system and
C=m—@Xp i8 ils spin angular momentum, i.ec., the
angular momentum about the centroid. ‘The invariance
of 8* under rotations shows that S* can depend only
on the magnitude of ¢ of a@. Thus GiLis shows that
S+ is a function of Ltwo parameters only : S*(F, a, m, w)
= SH(U, o). o is called the spin of the system.
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where 7' is a temperature and w an angular velocity.
I'hen Grues indicates thal for any cquilibrium stale
there is a corresponding temperature 7' and an angular
velocity o which are quantities independent of the
observer since they arve functions of the invariants U
and g.

If the quantities @ and 1" suffice to deterniine the
components of potential corresponding to %, p,, p,, 1y,
My, My, My, W, , 105,10, These are denoted by Py s P,
respeclively and ¢, denotes the veetor with com-
ponents @,,,, ¢, 3, ¢, 3 respectively and similarly for ¢,
and ¢, Seling w=mafs and v=g[M, from tho
above equation for 1'dsS one obtains:

TdS=dE —(r—wxz)-dpg—w-dm—wxv-dw,
so that
rp=—UT,
@,= (r—wxy)/T,
Pu=w[T,
P, = wxv/T.

Let us return to our analogy. 1t was suggested
above that temperature in thermodynamies corre-

— "Their Relation to Thought Processes K ybernetik
sponded to degrees of freedom in information theory.
The angular velocity of the thermodynamic system
may be equated with the electrical potential energy of
the system. Tt remains to investigate the conceptions
of symmetry in thermodynamics.

A set @ of equivalent observers is postulated, it

being agsumed that these observers can communicate
with each other. 1t is then shown how any observer
ean discover an abstract group ¢ which characterizes
the symmetry of the set @ without regard to thermo-
dynamics. Gruus (1964, p. 151) states:

“Now, ng Wry1 (1952) has emphasised, whenever wo are con-
cerned with a symmetric structure it behoves us to investigale
the corresponding transformation group. What is transformed
by is not at first important; it is tho abstract group itself which,
in large measure, characterises the structure. Thus the sym-
melry of a gphere is described by the 3-dimengional rotation
group, of Newtoninn space-time by the Galilean group, of
Miukowski space-time by the inhomogencous Lorentz group,
and 8o on. It seems desirable, then, that our primitive observer
should at least bo able to discover the abstract group which
characterises the symmetry of his world.” .

Grnes proceeds in a fashion which is more intuitive
than mathematical. A sot @ of observers is postulated
who can communicate with each other, also o “prin.
ciple of equivalence” is decreed, wherchy no observer
occupies a distinguished position in the set @. The
assumptlion of free communication between observers
implies that they should be able to distinguish between
the other observers — in terms of messages received.

T'he problem of how an observer. 0 can define and
delermine the structure of the symmetry group %
which characterizes his world is next attacked. Let ¢/
be any other observer and let ¢ denote the appearance
presented by 0° to 0. Let 9 denote the set of all such
g where 0" ranges over the set @ of all possible ob-
servers. 'Uhe appearance which is presented to 0 by 0
itsclf is denoted by 1; thig is the identity sign.

Suppose an observer 0,, then there is one and only
one observer whose appearance to 0, is ¢ and this
observer is denoted by ¢ 0,. With cvery cloment g of ¢
there is thus associated a transformation 0, — ¢ 0, of
the set @. 'These transformations form a group. In
Fig. 1 (from Giris, 1964, p. 156), g, and g, are two
clements of @ and 0, any observer., g, is the appearance
presented to O, by g, ¢, 04, 1.0., ¢, 0, =g, ¢, 0,. It should
be noted that g, is independent of 0, rather g, =¢, g,.
The asgociative Jaw is satisfied for &, i.c., (g, 95) gs =
91(95 g3)-

A set ¥ of states (denoted by a, b, ¢, ...) is postu-
lated and the group ¢ is realized as a group of automat-
isms of the set & A state @ will present different ap-
pearances to distinet observers 0, and 0,. Let @ be any
state and g, an clement of % leb ¢, be that state which
presents o O the same appearance as does « Lo g, 0
(¢f. Fig. 2, from Giugs, 1964, p. 158). The principle
of cquivalence implies that the correspondence a—+q,
is o 1:1 mapping of G onto itself. I'his is‘denoted by
0(gy), i.c., a,=10(g,)a. R

1t is next shown that the mapping ¢—0(y) is a
vealization of the group ¢ in terms of automatisms
of .7, i.c., il g, is any other clement of ¢,

0(gs) 0(g,) =0(g2 9,)-

Thig is accomplished by noting that 0(g,) 0(y,) a=a,
must be debermined. According to Fig. 3 (from G,
1964, 1. 158). ay=0(g,) a, is that state which presents
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to 0 the same appearance as a, does to g,0. But a,
and g, 0 present, respectively, the snme appearances to
0 as ¢ and g, g, 0 do to g, 0. By the principlo of equi-
valence, the appearance presented by a, to g,0 is the
same as that presented by a to g, 9, 0. Also, the ob-
server ¢, g, 0 presents to 0 the appearance g, g, . There-
fore a,=0(g,¢,) a. As the state @ was arbitrary, this
means that 0(g,) 0(g,)=0(gy¢,) which completes the
proof.

Tunctions of states may also he transformed. Let
X be a proper additive function of state and g any
eloment of 4. X, denotes that function of state which
hears the same relution to 0 as X does to g0, ie.,
X, is defined by

X - 0@)a=X"a

X, thus defined is a proper additive function of state
and is a lincar function of X. Yo every element g
of %, thercfore, there corresponds a linear mapping
Y(g) of #~ onto itself, ie., P(g).X = X, that is valid
for every state D,

Pg)X-b=X-0(g7")b.

Thus if %7 is a finite-dimensional vector space, then
a function ¥ determines o matrix representation of .

Tt can be shown (Gres, 1964, pp. 134—135) that
an in the case of Galilean thermodynamics an invariant
entropy function may not exist. An equilibrium state
involves a uniform homogeneous expansion or con-
traction in this case. However, the entropy function
is in fact invariant under every proper Lorenz trans-
formation (Gieus, 1964, pp. 1756—177).

Now, it is shown by Girus (1964, pp. 160—161),
that if X is a component of content (conserved quantily)
then Y(g) X is one also, for any element ¢ of . ‘Ihus
the subspace ¥~ of % is invariant under P(g). Similar-
ly, if X is an entropy function then so is W(g) X and
the subspace 2" of #7 is invariant under ¥/(g).

Suppose ¥ is m-dimensional and %" hus o hase
(8, Qy, ..., @) where S is an entropy function and
Q, ..., Q, are components of content, then any cle-
ment of %7 is then represented hy a column malbrix
(g, @y, ..., @,) and belongs to 77 if qg=10 or to £ if
a, ..., a,=0. For each clement g of & the lincar
operator ¥(g) may then be writlen as n scnare malrix
of the form shown in Fig. 4. (Gines, 1964, p. 161):
where »(g) is a square matrix of order n and A(y) is
a real numerical function of g. As ¥ is an (n-]-1)-
dimensional representation of @, it follows that v is
an n-dimensional representation of &, and 1 is a
1-dimensional representation of &,

I'he point to be emphasized is that this analysis
of & matrix represeiitation of the symmetry group ¢
is accomplished without regard to thermodynamics. 1f,
however, ¥ =9, where ¥, is the inhomogencous
Lorenz group and v of ¥ is an adjoint representation,
it can be shown (Chiies, 1964, pp. 175—177) that the
representation W in the vector space #7 is necessarily
the direct sum of », the representation in the vector
space ¥7, and the trivial I-dimensional representation.
"This means: there always exists an entropy function
which is invariant under every Lorenz transformation.

Tf this is the case then there always exists a neyative
entropy function which is invariant under an analogous
Lorenz transformation. "Thig is beeanse the symmetry
group was derived without respect to thermodynamics.

If o Lorenz transformation is indeed needed in the
realm of information theory in order that information
structures be adequately studied, then remembering
that we are dealing with space-time, it would seem
that it is sufficient to study I the clectric field. This
is because the resolution of the electromagnetic field
into electric and magnetic components is wholly
dependent on the motion of the observer. Thus an
observer moving with a fixed charge ohserves a purely
clectrostatic ficld but an observer, relative to whom
the charge is moving, sees a magnetic field and identi-
fies the moving charge with current (Jones, 1964,
p. 129). By the study of the inhomogeneous Lorenz
group, ¥, or rather its analogy in information theory,

Alg) 0

y’(g): pla) vig)

Fig. 4. By permission

we may be concerned solely with E, space (in x, y
and z coordination), and time. ''his is not beyond the
capabilitics of present-day electrophysiology.

Conclusion

1. Cognitive structures hiave a symmetrical aspect.

2. Tn the engenderment of cognitive structures,
there exists a metron-logon content exchange develop-
ing into the informational equivalent of o Carnot eycle.

3. Lorenz transformations ave needed to describe
the changes which leave negative entropy invariant.

4. Bquations analogous to KinsTeIN'S field equa-
tions must be devised in order that the relations be-
tween structural regulation of biological processes and
energic be defined.

5. Lorenz transformations within the confines of
an abstract symmetry group may be described by
clectrical potentind, spatinl coordinates and time. "I'his
kind of study is not beyond the capabilities of present-
day electrophysiology.
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