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Section 3.9.7: Editorial Notes(Continued [rom Previous [ssues)

For a third time various problems have interrupted the publication
schedule of this magazine for more than six months. I have studied a number
of books on managing small business and some on managing magazine publi-
cations and have found that none of these books contain anything relevant to the
problems I have encountered. I have found it necessary to learn about the
Federal Register in which new government regulations and announcements are
published daily, and to follow the Congressional Record to understand what new
policies are being formulated by congressional sub-commitiecs.

In addition to delays in the publication schedule caused by external events
such as unforseen government regulations, there have becen delays caused by
my own decisions to learn more about the practical political processcs of our
country. I felt that it was important to participate in the party caucus for one
presidential candidate.

[ have also concluded that [ need to maintain eloser communication with
congressmen and state legislators. To achieve this I met with a state senator
and a congressman in connection with the COMMON CAUSE legislative program.
I also analyscd guestions being preparced for presentation to the presidential
candidates.

Now these political activities have further delayed the editing and publi-
cation of this magazine in addition to the external disturbances. In addition ]
began to feel thal the logical conclusion of extending the hypotheses developed
in CTCM so [ar would be a conflict with the policies being [ollowed by the U.S.
Central Intelligence Agency inceriain foreign countries such as Chile., The work
of the Senate Select Committee to Study Governmental Opcerations with Respect
to Inlelligence Activities under the chairmanship ol Senator Frank Church has
has helped me gain a perspective of covert action by the U.8.A. againsi Chile
during four presidents, namely John F. Kennedy, Lynden B. Johnson, Richard
Nixon, and Gerald R. Ford. There is a good summary in the Staff Report of
the above mentioned commitice titled "Covert Action In Chile 1963-1973" issued
Dec. 18, 1975(U.5. Government Printing Office, Price 50¢)

As I have become more aware of the work of the Trilateral Commission, |
have become more concerned over the emphasis on decreasing the degree of
democracy found in many ol the reports associated with the Trilateral Com-
mission. Some of the proposals made to the Trilateral Commission such as the
need for for national planning appear logically appropriate and valid, yet other
propoesals such as cutting back on education, lowering the job expectations of
of college graduates, plus this talk about "governability of democracies ' appear
to be slanted toward making our civilization less democratically controlled.
(Sec "Arc Democracies Governable ?'", Wall Street Journal, August 1, 1975,

p. 6, col. 4; Alan Wolfe, "Giving Up on Democracy: Capitalism Shows Ils
Face, ' Nation, vol. 221, no. 18, Nov. 29, 1973, pp. 557-563).
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Since a number ol proposals at the Trlateral Commission are
contradictory to the concepts being developed in CTCM, namely theorems on
maximizing entropy-like properties of social systems, [ {clt it important to be
sure that the theorems developed in CTCM be checked as rigorously as possi-
ble. However the development of discussions of quasi-completeness theorems
made the publication of CTCM more susceptible to delays from cxternal
disturbances. On the graph below, [ have plotted the publicalion schedule of
CTCM on the horizontal axis and the actual publication dates on the veriical
axis. From this plot it is apparent the rate at which I am getting the magazine
published is closer to one issuce per year instead of the scheduled four per year.

I intend tomakethis issue of CTCM a turning point on the curve such that
the next few issues cause the curve to swing back toward the scheduled line on
the plot below., Considersing past problems, I am not making any predictions as
to actual publications dates. My plan is to defer formal development of the

guasi-completeness thcorem, and publish fragmentary concepts with corrections
in subsequent issues, if errors arc made.

Frederick B. Wood
Editor and Publisher
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Notes on the Contents of this Issue of CTCM

Due to the long Ume lapse since the last issue, Section 1.3 0B, "Blue Page' Project
Summasry is being repeated to give readers a summary of the relationship of the magazine to
the book project.

Sec. 1.0,2A: The "Negentropic Imperative,” has been prepared as a k asis for discussion
of how R.B. Lindsay's oversimplified principle of the ""Thermodynamic Imperative™ can be
reformulated to take into account the differences in important "entropy-like ' properties of
natural physical systems, bio-social systems, and man-made topls and technologies which
establish communication between the physical and social systems.

Sec, 1.0.4: Steam Engine and the Macroscopic Concept of Entropy. The purpese of this
section is to continue the plan of having a brief review of the different applications of the concept
of entropy that was siarted with Sec. 1.0.3; Heating Systems and the Concept of Entropy. This
new section proceeds on to the role of entropy in understanding the conversion of heal energy
to mechanical work in the steam engine.

Sec. 2,3.5: Application of Information Theory to Social Systems for Three Boundary
Conditions, This section surnmarizea a paper presented at the International Communi cations
Conference of the Institute of Electrical and Electronic Engineers, San Francisco, California,
June 1975. Also a corrected set of curves are provided to replace the sample curves on ideal

distribution of income levels.

Sec 3,1L.E Completeness Theorems in Mathematics. The purpose of this section is to
give us a background on the nature of completeness theorems preparatory to the future
discussion of the best equivalent of completeness theorems for the application of cybernetics
to social systems.

SPECIAL NOTICE:

PERIODICALS THAT PROGRESSIVE SCIENTISTS SHOULD KNOW ABOUT.
The September 1976 edition has over 200 listings. Free with Self Addressed
Stamped Envelope (business size) from PROGRESSIVE TECHNOLOGY,
P.0O., Box 20049, Tallahassee, Florida 32304 U.S.A.

77
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Notes on the Historical Origins of this
Magazine and Book Project.

Some conflicts arise over the role of the magazine CTCM due to lack of infermation on
the historical process throgh which the underlying ideas were developed. To give the reader
a perspective I plan in the course of the next few issues of CTCM to give the background of these
developments in approximately chronological sequence.

Some of my ancestors were members of the Society of Friends in England during the time
of George Fox(l624 -169]), while others joined the Unitarian Church, which followed with some
interruptions the leadership of Miguel Serveto, also known as Michael Servetus(1511-1553).
Although I have always been interested in standing up for human freedom, I neither have as much
courage as George Fox, who spent a large part of his life in and out of jails, nor as Miguel
Serveto, who was burned at the stake after the cover was blown on his pseudonym of Dr. Vilano-
vanus. Following the sociological uncertainty principle, I have tried to maximize my observations
and analyses of the social impact of technology and engineering theory without exceeding the
bounds for which one gets ejected from the system. Part of the strategy involves working in a
large industry and discussing the social impact within church groups.

My career path was planned back in 1935 as I saw the Nazis bringing a country that had
led the worid in science, art, and literature back to barbarianism. [ had been unable to get
satisfactory answers to my questions from university sccial scientists as to why civilization
was returning to barbarianism, and as to what the role of developing technology was in this
retreat from civilization. I decided that to fight for human freedom, one had to be an engineer
or scientist at the interface between science and society where the new technologies were being
applied. I changed my plan of studies to major in electrical engineering, where I thought the
optimum place would be to understand the impact of new technology.

As World War II developed, I had o temporarily drop my long range plans, to use my
engineering knowledge in the short tun in developing RADAR at the M.I.T. Radiation Laboratory
for the immediate goal of stopping the Nazis, who were the principal agents of the return to
barbarianism. In the next few issues I shali continue these brief notes on my career path in
respect 10 the understanding of the social impact of technology.

Frederick B. Wood
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Section 1.0.0B: "Blue Pape" Project Summary. This "blue page" is included to
help the new reader of CTCM who hasn't read the preceding
issues to get a perspective of the series,

Magazine Book
'CTCM! 'CTCM?

This periodical is scheduled to be published quarterly and is planned so
that each issue will constitute a group of sections which update the loose-leaf
book, COMMUNICATION THEORY in the CAUSE of MAN. The first public edition of
the book was issued in October 1973 and consisted of Volumes I and II of the
magazine, CTCM, rearranged in "file number"” sequence. The object of both the
book and the magazine is to provide some tools from the mathematical and
engineering theory of communication, and in particular from Cybernetics and
Information Theory, to help the layman find some ideas by which he can more
easily determine his course toward a more democratic society.

Each page 1s labelled with the volume and issue numbers of the magazine,
CTCHM, and with the '"file numbers" of the book. Thus one may rearrange the
pages of the cumulated magazine issues by file numbers to put the sections in
the order of the loose-leaf book.

Citizen? and/for Decision-Maker? andfor Scientist?

Who is going to benefit from research in General Systems Theory, Cyter-
netics, and Information Theory? Arvre these fields of science and engineering
goire to be used for the benefit of all mankind? Or are they going to be used
primarily for the private benefit of particular ruling classes? How do we
insure the use of such knowledge in the interests of strengthening democratic
institutions? T have an intuitive feeling that to protect the interests of
the people, some way must be found to combine general articles, technical
applications articles, and basic scientific articles into the same journals
and books, while maintaining proper labels as to the nature of the different
sections. The three sroups of readers are illustrated by the following diagram:

GREEN
PAGES

I

Citizen,
Layman

1

Scientist,
Philosopher, PINK
ll Engineer PAGES

Pecision-
Maker, Social
Technician
. ’ YELLOW
Political PAGES

Leader

Update F-23
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For the benefit of the new reader who has not followed the earlier issues,
an abridged outline of the projected loose-leaf book is displayed below, For
a more detailed outline and listing of which sections have been printed to

date, see CTCM, Vol. II, No. 6-A, pp. 11-21 (Section 1.0.1).

Short Outline of the Proposed Book

COMMUNICATION THEORY in the CAUSE of MAN:

Book One: Interpretation of Cybernetics, Etc., for the Layman-Citizen

1.0 Background Material and Basic Concepts

1.1 General Introduction

Analogies in Sociological Problems from the Technical Level
Problems on the Semantic Level

Problems on the Effective Level

More Complex Problems

An Integrative Framework for a New Frontier

e
ot LW ho

Book Two: Application of Principles of Information Theory, Etc., to
Practical Problems for the Social Technician and Systems Engineer

2.1 Implications of Multidisciplinary Conecpts

2.2 Application of Cybernetic Technologies

2.3 Applications for Implementing Ethical Principles

2.4 Theories of Social Evolution

2.5 Stimulation of Creative Evolution in Human Society

2.6 Application of Cybernetics to Human Communication Problems

Book Three: Mathematical and Scientific Background for the Philosopher
and Scientist

Mathematical Concepts

Sample Calculations

Status of Entropy and Information
Information Theory

Cybernetics

Simulation

Physical Science

Glossary

Bibliography, Notes & Index

W w0 W W W W
-
O oo = Oh o B oW R
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Section 1.0.2A: The "Negentropic Imperative."

The Thermodynamic Imperative of R, B. Lindsay gave us a start on the way to
developing a relationship between the physical sciences and optimizing principles
(or ethics) of social systems. I anticipated that modifications would have to be
made when I first referred to the "Thermodynamic Imperative' in the first issue
of the magazine CTCM (Book Section 3.3.0 or Magazine I/1-2, June-July 1970):

"I think that future historians of science will conclude that Lindsay
made an important contribution, but that carrying a concept from
physics through chemistry, biology, psychology and sociology requires
a number of refinements,"

In 1970 when I prepared the first issue of the Magazine CTCM 1 debated
whether to start from the discussions of applying the concept of maximizing
the '"megentropy'" of social systems that had been discussed in a discussion
group at the First Unitarian Church of San Jose in 1956-1957 or to start with
the first published paper on the subject, namely the paper on "Entropy Con-
sumption and Values in Physical Science,' by R. B. Lindsay in American
Scientist, September 1959, pp. 376-385. I decided to refer to the published
paper by R, B, Lindsay in which he first stated the principle as follows:

"While we do live we ought always to act in all things in such a way as
to produce as much order in our environment as possible, in other
words to maximize the consumption of entropy. This is the thermo-
dynamic imperative, a normative principle which may serve as the
basis for a persuasive ethic in the spirit of the Golden Rule and Kant's
categorical imperative,"

Dr. Lindsay presented this concept at a number of conferences and restated it
in 1963 in The Role of Science in Civilization (N.Y.: Harper & Row), pp. 290-
298,

"All men should fight as vigorously as possible to increase the degree

of order in their environment, i.e., consume as much entropy as
possible, in order to combat the natural tendency for entropy to increase
and for order in the universe to be transformed into disorder, in accord-
ance with the second law of thermodynamics."

As a result of correspondence received objecting to the above formulation and
some sample calculations I made for the negentropy of certain properties of
social systems, I proposed the following modification in the Magazine CTCM
I/3-4 (Book Sections 2.3.2A & 2,3.2C):

"All men should fight always as vigorously as possible to optimize the
order-diversity balance in their environment, i.e., consume as much

Update F-23A
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entropy as possible, in order to combat the natural tendency for entropy
to increase and for order in the universe to be transformed into disorder,
and diversity to be transformed into conformity, in accordance with the
second law of thermodynamics."

In the meantime Professor Lindsay continued to state the principle in an over-
simplified way, such as the following in '""The Larger Cybernetics,' in ZYGON
June 1971, pp. 126-134:

"We as individuals should endeavor to consume as much entropy as possible
to increase the order in our environment. This is the thermodynamic
imperative, possibly not unworthy to rank alongside the categorical
imperative of Kant or even the Golden Rule, "

Since further objections to the thermodynamic imperative have been received,
such as the note by Byron Hale in CTCM 1I1/2, p. 27 (Book Section 3.3.1), I
feel it is necessary to develop an equivalent statement that distinguishes be-
tween entropy-like properties in three areas: physical systems, social systems,
and human-to-machine systems. The nature of these three categories of
systems are illustrated in the figure on the next page.

The new extension of the "Thermodynamic Imperative', which I shall call the
"Negentropic Imperative' is stated as follows:

Negentropic Imperative: The developmental potential of present and future
generations of human beings on the planet Earth can best be nurtured by choice
of decisions which maximize the negentropy of distributions of properties of
social systems; which increase the communication entropy of bic-social
systems and which use scarce energy and matter in methods which cause the
least increase in physical entropy.

The table of hierarchies in Nature and of Man-Made Technologies on the next page
displays the general domains of the three entropy-like properties used in the
above theorem.

Physical entropy is a measure of the unavailability of energy for useful work in
physical systems from the quantum level up through inorganic molecules, and also
in the geoid systems of astronomy.

On the macroscopic level, such as in Q
the measurement of of the efficiency S = d
of a steam engine, entropy is defined by:

where dQ is the heat transferred, and
T is the absolute temperature.
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On the microscopic level of accounting for

the distributions of individual gas molecules

the entropy is defined as:

where k is a constant known as the Boltzmann

constant (1.38 x 10716 ergs per degree C), S -71&/&1 P
In means the natural logarithm, and P is the

number of "elementary complexions' or

distribution structures that the gas molecules

can be in,

Communication entropy is equivalent to the average inf ormation transfer in
Bio-Social Systems(language, alphabets, etc.) or in Communication Devices
(technological artifacts used in communication) and in Telegraph, RADAR,
Computer-Communication Systems(codes and instruction sets),

Entropy as defined by Shannon, equivalent

to the negentropy defined by Brillouin, le”

and the same as '""communication entropy" H - K 'P‘: ‘P'
. 2~

defined by Fano:

where K is a positive constant, By is the

probability of occurence of the i-th letter,

code, message, or instruction, and In,
means the logarithm to the base 2.

In biological and social systems the '"negentropy' is a measure of the complex-
ity of the organization of the system. Maximizing the negentropy where the
correct boundary conditions are used works toward a more advanced state of
development of the biological or social system.

Negentropy as defined by Brillouin is: -

where the parameters are the same as N = =-K P"% p"
in communication entropy. Negeniropy

(N) is here defined as the negative of N - S

the entropy(3). Note that here the -

negentropy in the same formula as the

communication entropy used in engineer- S = 4+ K E f‘:é? ﬂ'.-

ing.

There is not vet general agreement among scientists on the extension of
concepts of entropy-like properties to social systems. In fact some scientists
have coined new names such as "ectropy™ and ''syniropy' for certain entropy-
like properties of social systems. We plan to examine such special definitions
in future issues of CTCM,

A bibliography of references is tabulated in Section 3.9.1 on pages 22A through
22F of this issue of CTCM.
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Section 1.0.4: Steam Engine and the Macroscopic
Systems Concept of Entropy.

To understand the proper application of ‘'entropy-like' properties
to physical, chemical, biological, psychological and social systems, it
is first desirable to have an understanding of how the concept of "entropy"
was first applied. The concept of entropy was developed by Clausius in
1850 in which he aynthesized the work of Mayer, Joule, and Helmholtz with
that of Carnot and Claperyron to form a well organized theory of
thermodynamics.

The concept of antropy was very useful in aiding engineers and
aciantists in the development of an understanding of the working of
the steam engines of that era. Particularly Carnct's concept of an
ideal engine cycle gave the engineers a limit in the way of an ideal
efficiency for a steam engine working between two temperatures. On the
next two pages we will outline the working cycle of an elementary steam
engine based upon the Rankine cycle and compare it with an ideal Carnot

cycle.
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Operaticn of a Steam Engines
The diagram on the previous page illustrates the basic operation of a
steam engine. Below the functional diagram are two sets of graphs of
the cyeling of the water-steam system. The Rankine Cycle represents a
practically realizable steam engine. The Carnot Cycle is an ideal
system that illustrates the operation of an ideal steam engine. In these
two sets of graphs the pressure vs, volume graphs are directly measurable
by simple instrucments that can be mounted on the steam engine pisaton and
cylinder. The second set of graphs, namely the temperature vs. entropy
graphs, indicate more clearly the efficiency of the steam engine.

However the parameter “"entropy"” must be computed from the sum of the
incremental gains and losses of heat by the steam divided by the
the instantaneous values of the absolute temperature of the steam.

Cycle Step Function 7
A -B The pressure and temperature of the water is raised by
the pump and heat under the bdoiler.
B -C The valve opens, letting the steam enter the cylinder

to push the piston to the fight.

C ~D When the piston has moved approximately halfway the valve
closes, The steam expands, doing more work on the piston,
and decreases in temperature due to the transfer of enerqgy
to the piston.

D -a At the end of the travel of the piston, the valve opens to
exhaust port so that as the flywheel moves the piston back,
the piston forces the steam out the exhaust port to the
cooling water condenser and to the pump to repeat the cycle,

Magazine OI/3, p. 14 is blank,
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PRCOBABILITY or LEVEL &r INCOME

'BOUNDARY CONDITICNS FGR MAXIMUM NEGENTROPY

Fazlollah M, Reza summarizes the different boundary conditions
for probability distributions that represent the principal different
cases for maximizing entmpy7 in Fig. 2.

I

Limds: wop 40

Limits: @b T Limiis: 4,0

plv}

c',_,V A > i
UNiIFORM EXPONENTIAL NormAL~PROEASILITY
DISTELRGTION DISTRIBU DI ON DISTRIBUTION

Fig. 2 Comparison of the Three Sets of Boundary
Conditions for Maximizing Negentropy

What features of a sociolagical system might correspond to these
three sets of boundary conditions? For the finite limits (a,b) it seems
logical that the votes of people in a political system would have finite
Yimits related to the finite number of people in a political state. Also,
if we were to count the number of human freedoms pecple like to
have, we would have a finite number of such freedoms to evaluate.

Mext consider the boundary conditions (a,~). The income dis-
tribution in a country might approximately meet these boundary
conditions. Actually the boundary conditions for the income distri-
bution at most would be (a,X), where X is a large number, but not
really as large as infinity. For the boundary conditions { oo, +o0), the
scale of political philosophies is a candidate, except that they never
reach infinity, but have the boundary conditions {-¥,+Y), where -X
represents the extreme left-wing political philosophy, or extreme corn-
munist views, and +Y represents the extreme right-wing conservative
views or possibly anarchist views.

EXAMPLES FOR DIFFERENT BOUNDS

Case B: Finite Lower Bound and Infinite Upper Bound

o 5000

e et

10,000 15,000 20,000 15,000

LEVEL of INCOME (DoLLARS /vear/ cabiTa)

Fig. 5. Ideal Distribution of Income Levels for Two States

Assuming 1973 Mean Income and 1973 Welfare Statistics
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Case A: Finite Lower and Upper Dounds

Negentropy of Probability Distribution
of Human Freedom as Measure of Degree
of Democracy in a Social System:

These calculations based on estimated
probabilities of the following freedoms:

Freedom of speech, Freedom of religion,

Freedom tc publish, Freedom to find

Freedom to chtain sexual partner,
education,

Right to vote,

Freedom from job
discrimination on

Freedom to establish
a small business or

account of race, farm.
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Comparison of Entropies of City
States of 100,000 pPopulation for Cases:
() 1deal Democracy (B) Demecracy
(¢} Bartial Democracy(D) oligarchy
{E) Caste System (F) Dictatorship

freedom %o build home,
Right to trial by jury

- NEGENTRQPY OR COMMUNICATION ENTROPY

Fig. 4, List of Ten Human Freedoms and Resultant
Values of Negentropy for Six Different
Distributions of Human Freedoms

Qase C: Upper and Lower Infinite Limits
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Fig. 6. » I_deaf Distribution of Power Versus
Political Ideas for a Set of Countries
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There is an error in the curves of Figure 5.

substituted for the published Fig. 5.
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A corrected set of curves is shown below to be
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Section 3.1l.1l: Completeness Theorems in Mathematics.

When mathematicians represent a physical or chemical property such
as the temperature variation through a metal plate with different tempera
tures specified on the boundaries {(boundsmry conditions), or the electro-
magnetic field in a waveguide they attempt to find mathematical functions

which satisfy conditions of {1l) orthogonality, and (2) completeness.
For a discussion of orthogonality, see the chapter on "Eigenvalues and

Eigenfunctions" in Margenau and Murphy. (1)

In our ceoncern over the lack of a completeness theorem for biologica
and social systems, wa need to understand what a completeness theorem is

in the domain of mathematics where such theorems rigorously can be proved.

A set of functions,-sn(x). where n goes from 1 to oo, is said
to be complete if an arbitrary function, £(x}, satisfying the
same boundary conditions as the functions of this set, can be

expanded as follows: Q0
fix) = 2: 2 '3 {x}

n=)
where a, are constant coefficients. (2)

An alternative reference to a "complete set of orthogonal functiens" is

the definition in The International Dictionary of Ppplied Mathematics. {3)

The simplest orthonormal set of functions is the Fourier Series:

S,‘: Sim nx, Cn = a5 nX s where
o o
. . 1 .
46 = 2 ams'“ nXx +1-bo -{-E.bMCOS nx for -wex =T
me= mTf R

and the coefficients are defined as:

1. Margenau and Murphy, The Mathematics of Physics and Chemigtry, NY:
Van Nostrand(1943), pp. 240-267.

2, Ibid, p.243. _ .

3. The International Dictionary of Applied Mathematics, Princeton, NJ: Van
Nostrand(1960), p. 154, '"Complete Set of Orthogonal Functions, Expansion
In."
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Now we shall examine a simple example, using for f({%) the sawtooth
waveform of Fig. 1.

Fig. 1 Sawtooth Function

‘,In Figures 2a, 2B, 2C, & 2D the effect of including one, two, three, and
four terms of the Fourier series are shown. From the increasingly closer
approximation of the series to the sawtooth function, excegt at the
discontinuities at .fnr?l one can see that as n approaches infinity that
the sum ¢f the Fourier series approaches arbitraily close to the function
fix).

° Fig.2A- ONE TERM T 9 Fy2B- Two TERMS T
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1 Fig 2C- THREE TERMS . ‘Fi 2D - FovR TERMS

The above four illustrations show how successively adding one more
term of the Fourier Series increases the accuracy.

. ntl
For the above example: a_=z 0; b > 0 bn= (-1 (2 /7 n)

It has been stated that it is not poseible to prove a completeness
theorem for the mathematical representation of biological or social
system. (ZYGON, veol. 3, no. 3, Sept. 1968, p. 329)

As we move from "macro" or large scale phenomena to "micro” or
gquantum mechanics in atomic physics, we find that we no longer have a

rigorous completeness theorem. Margenau and Murphy state that to the

author's knowledge, a rigorous proof of the completeness of the eigen-

functions of all operators used in gquantum mechanics has not been given,
but is usually assumed.{4)

4, Margenau and Murphy, loc. cit., pp. 329-330.

Magazine III/3, p. 22 is blank.
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Section 3.9.1: Bibliography on Entropy-Like Properties of
Systems and on Information Theory.
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