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By ALBERT G. WILSON

What the astronomer finds when he studies the cosmic

disasters which could end the existence of mankind

A FTER PASSING SEVERAL centures in a state of neglect,
the ancient art of prophesying is again becoming quite
fashionable. This is easily verified by going into any
book store and looking over the drove of books cur-
rently appearing on such subjeets as human destiny, the
next million years, the end of the world, etc., etc. The
men behind these books, the modern Jeremiahs and
Daniels, do not get their source material from hand-
writing on walls, but from the data science has accumu-
lated. concerning the evolutionary processes of stars,
rocks, and living organisms. And unlike their ancient
predecessors, modern prophets generally avoid forecast-
ing the time and place at which a specific event will
occur; they prefer to confine their prophesying to the
delineation of rough bounds within which future events
must lie, . : '

But in spite of this dilution, prophecy is still as popu-
lar as ever. For example, an informal sampling of the

‘thousands who every year visit Palomar to view the
~world’s Ilargest telescope reveals that most of these

people look on Palomar as a sort of 20th century Delphi,
and are primarily interested in those phases of astron-
omy which are relevant to the old questions of the pur-
pose, significance, and destiny of man in the universe.

Traditionally such questions as these have been. the
monopoly of theologians, who have gone into these mat-

ters in great detail, even giving a name to the subject—
eschatology, the study of the ultimate destiny of man

and the world. But with the great progress which

science has made during the past few decades in disen-
tangling evolutionary processes, it was inevitable that
scientists should invade this field.

Though science has accumulated enough facts to en-
able certain types of long-range predictions to be made,

-the picture is still extremely fragmentary and fraught

with uncertainties. The largest uncertainties in the pre-
dictions do not arise from the incompleteness of science’s
picture of nature and its evolutionary processes, -but
from the fact that intelligent life, through its increasing
control over nature, can alter the course of future de-
velopment to conform with its own purposes. If man’s
control of his environment were complete, and if his
goals were well established and intelligently pursued,
then a prophet could simply say that the future is cir-
cumscribed by these goals and he would be close to
being right.

But this is not the case. The present situation is
somewhat between that of the past, in which the laws of
organic and inorganic evolution alone determined the
course of events, and the case described above in which
an intelligent organism possessing complete control of
itself and its environment determines the future.
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'I‘lus uncertamty factor zmposed upon evoluuonary
development by the impact of intelligence is neghgxble
in those areas of the natural order wh:ch lie beyond the
cantrol of men. In such areas-science may predict the
future from natural-laws thh confidence,

The extraterrestrial universe stands as a region where-
in man’s influence will in all hkelzhgod -forever remain
of minute importance. When the limited extent of man’s
domain is compared to the background of the vast dis-
tances of space, it is quite evident that the cosmic stage
is almost completely unaffected by what man does .on
this planet. Even if he should choose to blow tlie earth
to bits, the effects would be of no cosmic consequence.
The cosmic order i"emains indifferent to the aspirations

. and efforts of man, And though man may eventually

completely subdue nature on this planet, his ultimate
destiny on earth is circumscribéd by the earth’s destiny
in the cosmic order, And the 'earthsvdestmy, in turn,
is circumscribed by the evolutionary processes of the

. universe.

The role of dstronom)}

It is then the role of astronomy, in science’s prophecy
of the future for man, to ascertain the earth’s probable
future as determined by the action of cosmic forces.
Specifically, astronomy must seek to discover what the
prospects are for the earth’s continuing as a suitable
abode for life, and study those events which could end
the existence of mankind.

It is difficult to imagine life being obliterated by
purely terrestrial forces. Cataclysmic earthquakes or

.meteorological changes which would ierminate all

human life ¢ould occur only as a resul! of a change in
our cesmic environment.

What, then, are the cosmic evenis whose occurrence
would either direcily by their own action, or indirectly
through the riggering of terrestrial forces, effect a ter-
mination of the delicate conditions necessary for life?
Two types of such cosmic disasters are conceivable:

first, a collision or a close encounter between the earth .

and another celestial body which could disrupt the

_earth, or cause gigantic earthquakes, tides, and/or loss

of the earth’s atmosphere, or perhaps even cause the
earth to assume a new orbit which would slter its mean

. temperature; second, a change in the intensity or nature

of radiation received by the earth from the sun, as for

. example would occur if the sun’ s luminosity or tempera-

ture were to change.

This array of A“Sunday Supplement” material has been
carefully considered by astronomers and it is now pos-
sible to make some evaluations and predictions.

First, the likelihood of collisions and encounters:
Every day the earth’s mass is increased by severa! thou-
sand tons through its collisions with meteoritic material.
For the most part, this accreted material consists of fine
dust or of small grains which, striking the earth’s atmos-
phere with velocities of the order of 30 miles per second,

are immediately consumed by friction. Larger particles,
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| weighing up to about 200 pounds, may strike the earth

with frequencies of perhaps five or six each day. But
this material poses no threat to human life, although
a meteorite about the size of a fist struck a garage in
Illinois a few years ago and, passing through the top

- of & car, came to rest in the car seat.

But larger masses frequently strike the earth. Twice
during the present century two large meteorite falls have

“ oceurred, both fortunately in relatively uninhabited re-
"gions. In 1908 a group of large meteorites, estimated as

having a mass of a few hundred tons, struck in the
Tunguska River region in Siberia. The resulting hot air
blast devasted an area of some 3000 square miles. And
again in 1947 a fall of comparable size occurred in
eastern Siberia. It has been estimated that meteorite
falls of this size occur once every 50 to 100 years,

But what is the chance of the earth’s colliding with a

‘really large body? Within the past few years about a

dozen new asteroids have been found whose orbits cross

" that of the earth. In October of 1937 one of these ob-

jects passed at a distance only three times that of the
moon, 2 near miss on the celestial scale. If the number

~ of these asteroids whose orbits bring them close to the

earth is no greater than the number observed up to the
present time, E. J. Opik {of the Armagh Observatory
in North Ireland) then estimates that a direct hit would
occur about once every 30 million years. If, as is more
likely, there exist several hundred such asteroids, the
estimate is every two million years.

But even a collision with one of these asteroids whose
mass is comparable to that of a mountain would not be
a total disaster. One recently discevered at Palomar is
the smallest yet observed, having an estimated diameter
of only a quarter of a mile. A collision with such a body
would create a crater perhaps 25 miles across and deva-
state an area about the size of Texas. This is about the
worst that could happen. The orbits of all objects sig-
nificantly larger are known, and none come near the
earth,

. Strangers from outer space

This survey takes care of visitors froin within the
solar system, but what of strangers from intexstellar
space? ’

A subject very popular with writers of science fiction
is the destruction of the solar system by an encounter
with a passing star. This idea used to be popular with
astronomers too, not for the destruction of the solar
system, but for its creation. A once highly regarded
theory would have the planets formed from pieces of the
sun torn out by the tidal action of a passing star. But
when the probability of such-encounters was computed
it was found that even among the hundreds of billions
of stars in the galaxy, only one or two encounters would
have occurred in the 3,000,000,000 years believed to be
the galaxy’s age.

A remaining possibility in this field of Sunday Supple-

ment disasters is the disintegration of the moon, resulting
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in hnge pieces raining down from the sky, leaving the
earth dead and pock-marked like its fate satelite.
Actyally this event could happen. Sir Ceorge Darwin
and Harald Jeflreys have worked out the effects of tidal
friction on the stability of the earth-maon system. If the
lass of energy through tidal {riction continues at the
present rate, the month and the meag lunar distance
will increase, The maximum will ceeur when the earth’s

* sidereal day and the month are equal 10 47 of our pres.
ent days. After this time the effect of 1idal friction will
be 1o sharien the month and hring the moan closer. When
the moon comes within a distance of abeut 2.4 times
the earth’s radius it will be torn apart by gravitational
atiraction, parts falling 1o the earth and parts going
‘into the formation of rings like Saturn’s. If this theory
is correct, the date at which the disaster will occur is
Janunary first, 100,000.000,000 4, D,

The second type of cosmic evemt which enuld affect
the existence of life on earth is a change in the sun'’s
integral properties, such as j1s size. Juminaosity. or tem-
perature. 1t is estimated that _the atomie furpaces in the
sun’s interior have heen operating for roughly three

litlion years, helping to maintain the eanth’s surface
at a nearly conslant temperature. How much longer

the sun’s therma-puclear reaclions will continue 1o

aperate and what will happen when the fyel supply is
exhausted are problems studied by a branch of theoreti-
cal astronamy called “stellar interjars.”

The present theories of the structure of the sun do not
pretend {0 he defipitive and revisions are constantly
heing made. However, sume zero order ideas concern-
ing the sun’s future can be derived from these present
maodels,

One idea iz 10 yepresent the sun by a model consist-
ing of twn zones: a core, whose temperature is sufficiently
high to enable thermo-nuclear energy generation proc-
esses, such as the carbon eycle, to be aperative; and a
cooler surrounding envelope in which no energy genera-
tian occurs. Initially, a star is composed almost entirely
of hydrogen. Within the core the hydrogen is heing
converted inte helium, accampanied by convective cur-
rents which keep the substances thoroughly mixed. The
envelope. cooler and less disturbed, remains hydrogen
rich. As long as there exists an adequate supply of
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. *hydrogen in the convective core, thiere is 'I.itﬁe cﬁa’hg_e in
the star’s integral preperties. Eventually, however, the
hydrogen in the convective. core becomes exhausted and

within “the core there no longer exists nuclear energy

production. The ceniral core bécomes an extremely hot
isothermal core, and at the interface between the core

and the hydrogen rich envelope, nucléar energy genera-

tion occurs in a. thin shell. . The isothermal core grows

-in mass and radias as the thermo-nuclear shell eats its

way out through the hydrogen envelope. ‘Chandrasekhar
and Schénberg have shown that this process cafinot con-
tinue i}ntil the shell traverses the entire envelope, but
must terminate when the isothermal core acguires a mass
about 12 percent that of the entire star, During the time
of growth of the ‘isothermal core, the star increases
somewhat in luminosity, but remains constant in tem-

peraiure.” Schwargschild and Sandage have developed

an evolutionary sequence which comes into operation
after the 12 percent limit has been reached. According
1o their theory, after the isothermal core reaches the
. critical ‘mass it begins to contract, and -through contrac-
tion gravitational energy is released. During this phase
the total luminosity of the star remains nearly constant,
but the envelope becomes greatly extended. Later, when
the contracting helium core reaches a much higher tem-
perature a therme-nuclear reaction in which’ hei_inm
nuclei form carbon becomes operative. Then the star
becomes more luminous. After this stage, the star may
collapse and become what is known as a white dwarf

star, These are stars whose matter is in a degenerative

form. The nuclei of the atoms, devoid of their el,i;c-
tronic shells, are pressed together, giving densities of
-the order of tons per cubic inch.

Theories and observational data

These are theories. But seme very remarkable agree-
ments have obtained between the consequences of these
theories and the observational data. The rate at which
a star consumes its hydrogen depends on iis mass. The
most massive stars burn their fuel at the highest rates
and are therefore the most luminous. It follows that
massive stars reach the Chandrasekhar-Schonberg limit
earlier than less massive ones and start out earlier on
an evolutionary track such as that proposed by Schwarzs-
_child and Sandage. In a large aggregate of stars, such

as a globular cluster, containing stars of all masses, .

there should be some which are still consuming the
“hydrogen in their cores and some which have reached
the post-12 percent evolutionary stages. Sandage, at
Mount Wilson and Palomar, has studied the luminosities
and-temperatures of several hundred stars in the globu-
lar cluster M3, and finds that all the stars heavier than

1.2 solar masses have taken off on an evolutionary track

resembling that predicted by the theory.

If the universe is in the neighborhood of 3,000,0600,000
years old, as is derived from several independent ob-
servations, and stars down to 1.2 solar masses have con-

sumed the hydrogen available to them, how much time
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* remains before stars of mass 1.0 reach this critical evo-

lutionary stage? Assuming that our sun is of the same

. age as the stars in M3 and is subject to the same interior

processes, then it should continue to radiate more or
less as in the past for another four or five hillion years.
We may now relax. Based on what has been observed
of the cosmic order, it appears that man will not be ex-
terminated by nature before he can perfect the means
of doing the job for himself. '
Our prophecy may well end here, but it is usual for
the prophet to tell first what the future will be, and
then tell how this future can be avoided by following
his advice. In the present discussion, the future de-
scribed can be avoided by simply constructing a different

- sort of stellar model.

Further, according to the best traditions of prophecy,
the predictions must be supplemented by exhortations .
and admonitions. Whereas the predictions themselves
are usually well received, the sermons which prophets
insist on giving with their forecasts have always made
them unpopular. (First-rate prophets have never meas-
ured their success by the success of their predictions,

- but by how unpopular they can become.) Therefore,

both in order not to diseppeint anyone and to help
crystallize reader opinion, I shall conclude with some
brief admonitions and exhortations.

A difficult problem of choice

Mankind today is in the position of the child whe
has spent his life thus far under rigid parental guidance,
but now coming of age, suddenly acquires freedom and
means. The laws of evolution which developed intell;-
gence on this planet are now at the disposal of that in-
telligence. The knowledge of the procasses of nature
and the ability to utilize these processes for his own
ends have come to man at the same time. But like the
child with newly acquired freedom and means, man is
faced with a difficult problem of choice: What shall he
do with his control of nature? What ends shall he
seck? What destiny should he wish?

Perhaps no better advice can be given than that the
child should continue to pursue those ideals and prin-
ciples laid down by its parents, at least until it acquires
sufficient maturity to evaluate all the courses open to it.

‘Man can set nio better goal for himself than to emulate

the goal of nature: To develop a species with the maxi-
mum possible survival potential. In the past, survival
potential has depended on adaptability to environment;
in the future it will also depend on control of environ-
ment. So man must use the understanding and control
which his science affords him to increase further his
control and to establish those conditions which enhance
the long-range survival of his own or derivative species.

The astronomer can only assure man.that cosmic
forces give him a green light for whatever he plans, To
others he gives the task which is the most important
of all—to derive from the above general goals and prin-
ciples the specific rules and patterns for action.
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TRAFFIC DENSITY AND SYNAPSE DENSITY

It is suspected that there exists a bound to the ratio of
the traffic density in the neighborhood of a synapse to the mean
spatial density of the synapses themselves. Such a bound appears
as the possible explanation of Zipf's Law and the Scott Effect,
relating the brightest star in a galaxy to the number of members
of the galaxy.

We shall assume a spherical aggregate of N spherical
synapses, each of mass M and radius A. The radius of the
aggregate will be taken as R. The mean spatial density of synapées

will be

(1) p = 3NM
ZnR3

There is assumed to exist a flow of traffic into or out of
each synapse. This traffic may take the form of mass particles,
energy packets, information packets, or field effects. For
example, if the synapse is a city, the traffic may be aircraft,
motor vehicles, or telephone messages. If the synapse is a star,
the traffic may be material particles (protons, electrons.....),
photons, neutrinos, or gravitons. If the synapse is neural, the
traffic may be nerve impulses. This traffic is channeled by the
nature of the nexus which connects the various synapses. For a
city, the nexuses may be the highways, the rail lines, or the

air routes leading into the city. In the nervous system the
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nexuses are the nerves themselves, Foxr a star, the nexus is the
field space surrounding the star. This may be ordinary Euclidean
space with the nexus permitting a 45 solid angle or it may have

more restrictive geometric and~topolpgical properties.

I. 497 Nexus

Let us assume that the energy packets may be represented
by equivalent masses m. The flux F of these packets will be
proportional to the number n crossing a surface of radius r in
time T. If v is the velocity of. the packets'at'the surface r,

then the energy flux per unit time per unit area will be,

@ rogmRe ) (5]

From Equations (1) and (2) the ratio y of the traffic density F
to: the synapse density p is

(3) y = F=nm R322 with [¥] = E3]
o 3N M T T

i.e., the dimensionality of the density ratios is that of a
velocity cubed. This dimensionality is bounded in relativistic

physics by the quantity c. We therefore assume (4) y < c3.



Example:
The traffic is the radiation leaving a star. In this case the

energy packet mv’ becomes hv. Substituting in (3)

Y = nhvR®
3NMr2T

But the bolometric luminosity of a star, L = hhv/T, i.e., the

total energy per unit time (take T = 1 sec.), hence

=

v=L R’

3NM r?2

But r is arbitrary so long as r = A. We may, therefore, take r
as equal to A.

For a star GM < 1/2. Thus setting r = A, we obtain
c A

)

be(§) < ve
2N\ A

WIN)
Q

or

(5) L

A
N W
=
-
el
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The expression (5) says that the energy emitted per unit time is
less than a constant times the ratio of the volume occupied by

the synapses when close packed to the volume actually occupied.



The maximum value of the bound is when the synapses are close

A
packed. 1In this case we get the maximum luminosity, L,

N\
/

(6) <

N W
OIO

The right member of expression (5) can be evaluated. Assume the

following values:

log N = 11.6
log A = 10.84
log R = 21.8
log ¢ = 10.48
log G = ~7.16

Giving log L < 38.46 ergs/sec.
Using the relation,

Mpo1 = Mpo1 @

with log L® 33.59 and Mbol ©

33 erg/sec) Allen p. 161

-2.5 log (L/LO)

= 4,72
(3.90 x 10

The maximum absolute magnitude of galactic novae is

M _~-17.5 Allen p. 214)
og ( Y

5.41)

Il

(using log L, = 33.59 and My

o
My

-4676



Hence the bound given by the assumption (4) is in excellent
agreement with the maximum value of absolute nagnitude
observed in the galaxy. (Super giant stars have Mpg = -6.8.)

Supernovae will be discussed separately.

It is of interest to evaluate the maximum possible luminosity of
a radiating object under the assumption (4). This may be done

in equation (6). Using the same values as before, we obtain
A
log L < 59.74 ergs/sec

This is essentially the power value for quasars, according to
the cosmic distance hypothesis (Hoyle and Féwler). We thus have
as a consistent interpretation of equation (6), that whenever a
set of stars are close packed (or one star not a member of any’
aggregate) , that the luminosity can be a maximum and has the

value 1059'74

ergs/sec. This does not permit the mass of the
guasar to be derived, but it suggests  that quasars may possess
a wide range of masses all having essentially the same

luminosities. It is accordingly their lifetimes that vary with

mass not their luminosities.

Equation (6) may alternately be derived by setting r = R, the

radius of a galaxy, and using

GNM < 1/2
C2R
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which gives (6). This would lead to the conclusion that quasars
are ~ galactic mass.
Let us evaluate L in equation (5) under the same conditions of
N, R, etc., but assume that A, the stellar radius is that of a
~giant star instead of a main sequence star, i.e., log A ~ 1013'2 cm

R, cm
¢ aur 190  10°3-12%cn
32 cyg 353 1073+37cq
From equation (5) we get
L < 1045'5 ergs/sec
or
M ~ =24 or -25

bol

This corresponds approximately to the luminosities of supernovae.

(The values of N and R sould be selected for other galaxies.)
It thus appears that supernovae correspond to giant stars and

novae to main sequence stars under assumption (4).

Equation (5) shows that for a fixed type of star (A fixed), that

the maximum luminosity depends on the density of the galaxy in
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which it is located, such that the greater the density the brighter
the maximum. However, since 2GM ~ c?R, the mass increases with
R not with R®. Hence for a given type star, i.e., A, M fixed,

N . Hence the bigger the galaxies the less luminious

1
R?® R?
their giants. This is consistent with the maximum population II
stars being fainter than the population I stars and the

elliptical galaxies being more massive than spirals.
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GRAVITATIONAL CORRECTIONS TO REDSHIFTS

Dominic G. B. Edelen and Albert G. Wilson

For the Robertson-Walker line element, the well known
relation between intervals of cosmic time, dt, at the source
of a light signal (subscript s) and at the observer (subscript
o) in‘terms of the value of the scale factor R(t) at times of

emission ts and observation to,tis

(1) at, = dt,
R(). R(EQ)

(see for example, Tolman [1] p. 391). In accordance with the
Schwarzschild line element, the relation between the proper

time interval dt and the cosmic time interval dt is
(2) dt = V1 - ¢ dt

where ¢ = GM/c?r is the dimensionless gravitational potential
at distance r from mass m (Tolman, loc. cit., p. 212). The
ratio of the proper times at the source and observer accordingly

is given by

/1 - 24 R(to)

drg /I = 24, R(t)
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From the constancy of the ratio dr/A, the total redshift,
1+ z% = AO/AS observed by an observer with potential ¢ at
epoch to a ¢, of a signal originating from an atom with a

potential g at epoch tg will be

(4) 1+ 2z*= 1= 2¢g
1 - 2¢S

(1 + zh)

where 2y, is the "Hubble" redshift or that portion of the
redshift attributable to the cosmic expansion.

The ratio of the redshifts of light signals from two
sources a and b when seen by the same observer will be

* _ 1/2
(5) 1 + z, = 1 2¢b R(tb)

*
1+ =

b 1 - 2¢a R(ta)

If the signals are emitted at the same epoch, ty =t . then
their redshifts will be equal if and only if their local
potentials are equal. It follows that if the object belongs to
a ciass of objects, such as normal galaxies, for which 94 is of
the order of 10—5, then its Hubble distance, A = (tj - t))c,
may be approximated from its redshift Za* by the usual Hubble
relation, Ay = cza*/HO, for which HO has been calibrated.

If the emitter belongs to a class of objects whose
potentials ¢, May not be neglected, then, since the luminosity -

total redshift relation still obtains,Eg. (5) requires only a
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distance correction

(6) A, = g_
(o}

(1+2z) (1- /=2 )

b
to be subtracted from the corresponding distance derived from
the usual (low ¢) Hubble calibration, to give the correct
distance.

The potential b of an object in terms of its observed
redshift z

b'and the redshift z of an object at the same

distance but with negligible potential, is therefore

2
oy ()T
2 1l + 2z
b . .

If the largest quasar redshifts have cosmic components

the same as the largest non-quasar redshift, we independently

calculate b for quasars to be
z, = 0.47 for 3c295
z, = 2.18 for 3G9
6t = 1.71
by, = 1 = 0.393
b 1
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R =2
Ny

. Eg. (4) gives the law of composition for redshifts under
the assumption that all contributions other than the gravitational
and cosmological can be neglected. If there are significant
peculiar motions, a doppler effect will give a non-negligible
contribution and should be included in the law of redshift
composition. A straight forward calculation based on the
results reported by Edelen [2], in conjunction with the

above considerations, gives

, 172 1/2

2
(8) 1+z = 1—uo/c><l—vs /c > <l—2¢o> (1+z,) ,
1-u_/c/ \ 1-v_2/c? 1-26

where the v's denote the peculiar velocities and the u's

. . denote the corresponding line-of-sight components.

[2] Edeien, D. G. B., "A Cosmological Kinematics with Peculiar
Motions," Arch. Rational Mech. Anal. 25, 159-177 (1967).
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FORMS OF HIERARCHY

A type of hierarchy very frequently encountered is

the modular hierarchy - the hierarchy whose levels are

identified with stable semi-autonomous modules that 1) are
composed of lower level sub-modules, and that 2) are
assembled into higher level super-modules. Familiar examples
are molecules composed of atoms and assembled into crystals,
words composed of letters assembled into sentences, platoons
composed of squads assembled into companies.

The ubiquity of modular hierarchies and the commonality
of their structure intriques us to inquire as to whether they
differ only in the sbecific media in which they are cast or
whether there exist éeveral distinct types of modular
hierarchies distinguiéhable through the details of their
form and the causes of their origin. It is possible that the
resemblance of specific modular hierarchies to one another is
only superficial even though it is sufficient to produce a
pattern that attracts ouf attention and causes us to establish

a class we name modular hierarchies. . Some patterns

sufficiently regular to attract our attention may arise from
chance - which means that the occurrences of the elements

in the pattern are attributable to many different causes. It
is only when a high percentage of the members in a class owe
their presence to a very small number of causes that the class

becomes epistemologically meaningful to us. Otherwise it leads



to no economies of representation or relationship and any
analogues perceived are likely to be misleading. and superficial.

The effort of investigating modular hierarchies finds
justification, therefore, on the premise that the large number
of specific hierarchies that we encounter will be explainable
by a small number of underlying principles. (This premise
itself also is a modular hierarchy.) Since the immediate
explanation of any specific modular hierarchy is to be given
in terms of the known physical, chemical,vbiological,
psychological, or social laws appropriate to the substantive
ingredients of the hierarchy, the premise that the large
number of different specific hierarchies are explicable in
terms of a few basic principles implies the existence of a
meta—~law underlying or defining the forms of the laws of
physics, psychology, sociology, etc.

The concept of meta-law is as old as Plato, but it has
not been fruitful or a popular concept in the 20th century.
In a pragmatic culture the pursuit is too high risk for most
tastes. None-the-less from time to time papers appear con-
cerning for example the properties of the fundamental constants
of nature and hint at relations between the microcosmos and
the macrocosmos. Some of the best physicists have looked at
this question = Schroedinger, Dirac, Eddington, Chandrasekhar,

and most recently Gamow. Perhaps these gentlemen display



their pragmatism by limiting their search for meta-concepts
to infrequent incursions separated by years of solid more
immediate research. I raise this only to remind us that in
confronting the problem of hierarchy, in seeking relational
concepts between the laws of various disciplines, we are
possibly quixotically assaulting what may turn out to be a
windmill of superficial analogy, or we may possibly obtain

some new glimpses of the heights and depths that surround us.



In order to classify the types of modular hierarchies,
we may first inquire as to whether the size, the complexity,
the limit of the module at any level is determined 1) by
the properties of its sub-components, 2) by its environment,
or 3) by a combination of both contents and context. And
to these possibilities we must add a fourth, that the levels
and modules in a hierarchical structure are determined by a
metawrelational or transcendeﬁtal structure that determines
the ontological possibilities. 1In such a meta-structure,
the‘levels in the basic hierarchy themselves become the
modules on a single level of the meta-hierarchy, their
hierarchical representation in the material world becomes
a second level of the metafhierarchy.

As an example we may think of the energy leyels in an
atom as an ordinary hierarchy (but not a modular hierarchy).
A meta-hierarchy would have the leyels of spectral lines,
energy levels, and the abstract rule - such as the Balmer
sequence that defines the. levels.

We may object that this is not a real hierarchy but
rather a representational hierarchy. But the essential point
is that the levels are not determined by the sub-levels, or
the super levels, or both in combination, but by a set of

eigen values. We shall need names for these concepts.



Rough Draft
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'HIERARCHICAL STRUCTURE IN THE COSMOS

Cosmologists have attempted to explain the structure of
the universe and the structure in the universe by models which
smooth out the distribution matter and ignore the information
that is cohtained in the detailed structure. There are several
reasons for ignoring this information. One of these reasons is
that most modern views of the world in purisism, positivism,
behavorism, reflect the position_formalized‘by John Locke in
1690 iﬁ his essay on human understanding. Locke's viewpoint
consisted of three general propositions: 1) what is small is
more fundamental than what is large; 2) what is earlier in
development is more basic than what comes later; -and 3),
what is objective and visible is more important than what is not.
These statements seem natural or self-evident to most of us who
have been brought up in a scientific culture. They constitute
the nucleus of what is now called reductionism; that is, the
large and the complex is built up from the small and the
elemental, and the properties of the large are explicable in
terms of the smaller parts of which the large is composed, This
view has met with little to contradict it and married to our
expertise and analytical decomposition, it has proven highly
successful in accounting for much of what we have observed in
the physical world.

But there are some things missing and there are many

contradictions. Germane to this problem of the parts and the



wholes and their structure on levels and in hierarchies is the
nature of the relationship between levels; and the relationship

between levels brings us to the question of communication within

levels and between levels.



There are many features of the visible sample of the
universe that suggests the existence of a high order of
regularity spanning forty orders of magnitude in size and over
eighty orders of magnitude in mass. This micro to cosmic
regularity is undoubtedly of central significance to the origin
and nature of the universe, yet the informatioﬁ contained in
these regular features is for various reasons ignored by most
cosmologists,

Existing physical theories are hard put to explain the
origin of the observed structure, the hierarchy of cosmic bodies -
qualitatively, much less quantitatively. Success to date has
been limited, although many highly admirable attempts have been
made. |

It is my thesis that we must search for a new approach to
the problem of the origin of cosmic structure and that what we
learn of the general properties'of hierarchical structure from
specific examples of various hierarchies may lead us to that new
approach. With this as the ultimate objective, I would like to
begin by examining some fundamental aspects of hierarchical

structure.
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 ASTRONOMY

ESCHATOLOGY

By ALBERT G. WILSON

What the astronomer finds when he studies the cosmic

disasters which could end the existence of mankind

JAFTER PASSING SEVERAL centures in a state of neglect,
the ancient art of prophesying is again becoming quite
fashionable. This is easily verified by going into any
book store and looking over the drove of books cur-
rently appearing on such subjects as human destiny, the
next million years, the end of the world, etc., etc. The
men behind these books, the modern Jeremiahs and
Daniels, do not get their source material from hand-
writing on walls, but from the data science has accumu-
lated. concerning the evolutionary processes of stars,
rocks, and living organisms. And unlike their ancient
predecessors, modern prophets generally avoid forecast-
ing the time and place at which a specific event will
occur; they prefer to confine their prophesying to the
delineation of rough bounds within which future events
must lie, o .

But in spite of this dilution, prophecy is still as popu-
lar as ever. For example, an informal sampling of the

‘thousands who every year visit Palomar to view the
‘world’s largest telescope reveals that most of these

people look on Palomar as a sort of 20th century Delphi,
and are primarily interested in those phases of astron-
omy which are relevant to the old questions of the pur-
pose, significance, and destiny of man in the universe.

Traditionally such questions as these have been. the
monopoly of theologians, who have gone into these mat-

ters in great detail, even giving a name to the subject—
eschatology, the study of the ultimate destiny of man

" and the world. But with the great progress which

science has made during the past few decades in disen-
tangling evolutionary processes, it was inevitable that
scientists should invade this field.

Though science has accumulated enough facts to en-
able certain types of long-range predictions to be made,

-the picture is still extremely fragmentary and fraught

with uncertainties. The largest uncertainties in the pre-
dictions do not arise from the incompleteness of science’s
picture of nature and its evolutionary processes, -but
from the fact that intelligent life, through its increasing
control over nature, can alter the course of future de
velopment to conform with its own purposes. If man’s
control of his environment were complete, and if his
goals were well established and intelligently pursued,
then a prophet could simply say that the future is cir-
cumscribed by these goals and he would be close to
being right.

But this is not the case. The present situation is
somewhat between that of the past, in which the laws of
organic and inorganic evolution alone determined the
course of events, and the case described above in which
an intelligent organism possessing complete control of

“itself and its environment determines the future.
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Thls uncenamty factor lmposed uPon evolutlonary
development by the impact of intelligence is neghglble
in those areasof the natural order whlch lie beyond the
control of men. In sich areas- science may predict the
future from natural laws with confidence.

The extraterrestrial univefse_stands as a region where-
in man’s influence will in all likelihood-forever remain
of minute importance. When the limited extent of man’s
domain is compared to the background of the vast dis-
tances of space, it is quite evident that the cosmic stage
is almast completely unaffected by what man does.on
this planet. Even if he should choose to blow the earth
to bits, the effects would be of no cosmic consequence.
The cosmic order i‘emains indifferent to the aspirations
_ and efforts of man., And though man.may eventually
completely subdue nature on this planet, his ultimate
destiny on earth is circumscribéd by the earth’s destiny
in the cosmic order. And the earth’s. destiny, in turn,
is circumscribed by the evolutionary processes of the
universe.

The role of astronomy

It is then the role of astronomy, in science’s prophecy
of the future for man, to ascertain the earth’s probable
future as determined by the action of cosmic forces.
Specifically, astronomy must seek to discover what the
prospects are for the earth’s continuing as a suitable
abode for life, and study those events which could end
the existence of mankind.

It is difficult to imagine life being obliterated by
purely terrestrial foreces. Cataclysmic earthquakes or
_meteorological changes which would terminate all
human life ¢ould occur only as a result of a change in
our cosmic environment.

What, then, are the cosmic events whose occurrence
would either directly by their own action, or indirectly
through the triggering of terrestrial forces, effect a ter-
mination of the delicate conditions necessary for life?
Two types of such cosmic disasters are conceivable:

first, a collision or a close encounter between the earth .

and another celestial body which could disrupt the
_earth, or cause gigantic earthquakes, tides, and/or loss
of the earth’s atmosphere, or perhaps even cause. the
earth to assume a new orbit which would alter its mean
" temperature; second, a change in the intensity or nature
of radiation received by the earth from the sun, as for
. example would occur if the sun’ s luminosity or tempera-
ture were to change.

This array of “Sunday Supplement” material has heen
carefully considered by astronomers and it is now pos-
sible to make some evaluations and predictions.

First, the likelihood of collisions and encounters:
Every day the earth’s mass is increased by several thou-
sand tons through its collisions with meteoritic material.
For the most part, this accreted material consists of fine
dust or of small grains which, striking the earth’s atmos-
phere with velocities of the order of 30 miles per second,

are immediately consumed by friction. Larger partlcles,

weighing up to about 200 pounds, may strike the earth
with frequencies of perhaps five or six each day. But
this material poses no threat to human life, although
a meteorite about the size of a fist struck a garage in
Iilinois a few years ago and, passing through .the top

- of a car, came to rest in the car seat.

But larger masses frequently strike the earth. Twice
during the present century two large meteorite falls have

“ occurred, both fortunately in relatively uninhabited re-
"gions. In 1908 a group of large meteorites, estimated as

having a mass of a few hundred toms, struck in the
Tunguska River region in Siberia. The resulting hot air
blast devasted an-area of some 3000 square miles. And
again in 1947 a fall of comparable size occurred in
eastern Siberia. It has been estimated that meteorite
falls of this size occur once every 50 to 100 years.

But what is the chance of the earth’s colliding with a

‘really large body? Within the past few years about a

dozen new asteroids have been found whose orbits cross

" that of the earth. In October of 1937 one of these ob-

jects passed at a distance only three times that of the
moon, a near miss on the celestial scale. If the number
of these asteroids whose orbits bring them close to the
earth is no greater than the number observed up to the
present time, E. J. Opik (of the Armagh Observatory
in North Ireland) then estimates that a direct hit would
occur about once every 30 million years. If, as is more
likely, there exist several hundred such asteroids, the
estimate is every two million years.

But even a collision with one of these asteroids whose
mass is comparable to that of a mountain would not be
a total disaster. One recently discovered at Palomar is
the smallest yet observed, having an estimated diameter
of only a quarter of a mile. A collision with such a body
would create a crater perhaps 25 miles across and deva-
state an area about the size of Texas. This is about the
worsl that could happen. The orbits of all objects sig-
nificantly larger are known, and none come near the
earth,

- Strangers from outer space

This survey takes care of visitors from within the
solar system, but what of strangers from interstellar
space?

A subject very popular with writers of science fiction
is the destruction of the solar system by an encounter
with a passing star. This idea used to be popular with
astronomers t0o, not for the destruction of the solar
system, but for its creation. A once highly regarded
theory would have the planets formed from pieces of the
sun torn out by the tidal action of a passing star. But
when the probability of such-encounters was computed
it was found that even among the hundreds of billions
of stars in the galaxy, only one or two encounters would
have occurred in the 3,000,000,000 years believed to be
the galaxy’s age.

A remaining possibility in this field of Sunday Supple-

ment disasters is the disintegration of the moon, resulting



Dr. Albert G. Wilsan,
Staff Member, Mouns -
Wilson and Palomar

~ Observatories.

in hnge pieces raining down from the sky, leaving the
earth dead and pock-marked like its late satellite.
Actually this event could happen. Sir George Darwin
and Harald Jeffreys have worked out the effects of tidal
friction on the stability of the earth-moon sysiem. If the
loss of energy through tidal friction continues at the
present rate, the month and the mean Junar distance
will increase. The maximum will aceur when the earth’s
sidereal day spd the momb are equal 10 47 of our pres.
.ent days. After this time the effect of tidal friction will
he to sharten the month and hring the moon closer. When
the moon comes within a distance of ahout 2.4 times
the earth’s radius it will be torn apart by gravitational
attraction, parts falling to the earth and parts going
“into the formation of rings like Satyrn’s. If this theory
is correet, the date at which the djsaster will vecur is
January first, 100,000,000,000 A, D.

The second type of cosmic event which eould affect
the existence of life on earth is a change in the sun’s
integral properties, such as its size. luminasity. or tem-
perature. Tt is estimated that the atomic furnaces in the
sun’s interior have beeny operating for roughly three

billion years, helping 1o maintain the earth’s surface
at a nearly constani temperature. How much Jonger
the sun’s therma-nuclear reactions will continue to
aperate and what will happen when the {uel supply is
exhausted are problems studied by a branch of theareti-
cal astronamy called “stellar interjors.”

The present theories of the structure of the sun do not
pretend 1o be defipitive and revisions are constantly
])eii)g made. However, some zero order ideas concern-
ing the sun’s future can be derived from these present
models.

One idea is 1o represent the suy by a model consist-
ing of two zones: a core, whose temperature is suficiently
high to enable theymo-nuclear energy generation proc-
esses, such as the carban cycle, ta be aperative; and a
cooler surrounding epvelope in which no energy genera-
tion occuys. Initially, a star is composed almost entirely
of hydrogen. Within the core the hydrogen is heing
converted into helium. accampanied by convective cur-
rents which keep the substances thoroughly mixzed. The
envelope. cooler and less disturbed, remains hydrogen
rich. As Jong as there exisls an adequate supply of
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. thydrogen in the convective core, there. is '-lbitﬂe change in
the star’s integral properties. Eventually, however, the
hydrogen in-the convective core becomes exhausted and

within ‘the core there no longer exists nuclear energy

production. The central core becomes an extremely hot
isothermal core, and at the interface between the core

and the hydrogen rich envelope, nuclear energy gemera-

tion occurs in a. thin shell. . The isothermal core grows

- in mass and radius as the thermo-nuclear shell eats its -

way out through the hydrogen envelope. Chandrasekhar
and Schénberg have shown that this process cannot con-
tinue until the shell traverses the entire envelope, but
must terminate when the isothermal core acquires a mass
about 12 percent that of the entire star. During the time
of growth of the “isothermal core, the star increases
somewhat in luminosity, but remains constant in tem-

perature.” Schwarzschild and Sandage have developed

an evolutionary sequence which comes into operation
after the 12 percent limit has been reached. According
to their. theory, after the isothermal core reaches the

. critical ‘mass it begins to contract, and -through contrac-

tion gravitational energy is released. During this phase
the total luminosity of the star remains nearly constant,
but the envelope becomes greatly extended. Later, when
the contracting helium core reaches a much higher tem-
perature a thermo-nuclear reaction in which helium
nuclei form carbon becomes operative. Then the :star
becomes more luminous. After this stage, the star may
collapse and become what is known as a white dwarf
star. These are stars whose matter is in a degenerative
form. The nuclei of the atoms, devoid of their elfgc-
tronic shells, are pressed together, giving densities of
-the order of tons per cubic inch.

Theories and observational data

These are theories. But some very remarkable agree-
ments have obtained between the consequences of these
theories and the observational data. The rate at which
a star consumes its hydrogen depends on its mass. The
most massive stars burn their fuel at the highest rates
and are therefore the most luminous. It follows that
massive stars reach the Chandrasekhar-Schénberg limit
‘earlier than less massive ones and start out earlier on
an evolutionary track such as that proposed by Schwarzs-
_child and Sandage. In a large aggregate of stars, such

as a globular cluster, containing stars of all masses, .

‘there should be some which are still consuming the
“hydrogen in their cores and some which have reached
the post-12 percent evolutionary stages. Sandage, at
Mount Wilson and Palomar, has studied the Iuminesities
and-temperatures of several hundred stars in the globu-
lar cluster M3, and finds that all the stars heavier than
1.2 solar masses have taken off on an evolutionary track
resembling that predicted by the theory. '
If the universe is in the neighborhood of 3,000,000,000
years old, as is derived from several independent ob-
servations, and stars down to 1.2 solar masses have con-

sumed the hydrogen available to them, how much time '
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" remains before stars of mass 1.0 reach this critical evo-

lutionary stage? Assuming that our sun is of the same

. age as the stars in-M3 and is subject to the same interior

processes, then it should continue to radiate more or
less as in the past for another four or five billion years.

We may now relax. Based on what has been observed
of the cosmic order, it appears that man will not be ex-
terminated by nature before he can perfect the means
of doing the job for himself.

Our prophecy may well end here, but it is usual for
the prophet to tell first what the future will be, and
then tell how this future can be avoided by following
his advice. In the present discussion, the future de-
scribed can be avoided by simply constructing a different

. sort of stellar model.

Further, according to the best traditions of prophecy,
the predictions must be supplemented by exhortations .
and admonitions. Whereas the predictions themselves
are usually well received, the sermons which prophets
insist on giving with their forecasts have always made
them unpopular. (First-rate prophets have never meas:
ured their success by the success of their predictions,
but by how unpopular they can become.) Therefore,
both in order not to disappoint anyone and to help
crystallize reader opinion, I shall conclude with some
brief admonitions and exhortations.

A difficult problem of choice

Mankind today is in the position of the child who
has spent his life thus far under rigid parental guidance,
but now coming of age, suddenly acquires freedom and
means. The laws of evolution which developed intelli-
gence on this planet are now at the disposal of that in-
telligence. The knowledge of the procésses of nature
and the ability to utilize these processes for his own
ends have come to man at the same time. But like the
child with newly acquired freedom and means, man is
faced with a difficult problem of choice: What shall he
do with his control of mature? What ends shall he
seek? What destiny should he wish?

Perhaps no better advice can be given than that the
child should continue to pursue those ideals and prin-
ciples laid down by its parents, at least until it acquires
sufficient maturity to evaluate all the courses open to it.

"Man can set nio better goal for himself than to emulate

the goal of nature: To develop a species with the maxi-
mum possible survival potential. In the past, survival
potential has depended on adaptability to environment:
in the future it will also depend on control of environ-
ment. So man must use the understanding and control
which his science affords him to increase further his
control and to establish those conditions which enhance
the long-range survival of his own or derivative species.

The astronomer can only assure man that cosmic
forces give him a green light for whatever he plans. To
others he gives the task which is the most important
of all-—to derive from the above general goals and prin-
ciples the specific rules and patterns for action.



862 NATURE

Table 1. COMT ACTIVITY IN THE VARIOUS ORGANS EXAMINED

C.p.m. in cthyl Specific activity
, acetate extract -(mpmoles/mg protein/h)

Jiver (supernatant fraction) . . 7,505 50-6

Skeletal muscle (rat) 955 1-33
Skelatal muscie (mouse) . 545 0-82
Boiled rat skeletal muscle 5 —_—

Lung 1,265 165
Heart 886 134

After incubation, 10 ul. of the mixture was transforred
from cach tube to 0-5 ml. of 0-13 molar borate buffer,
pH 10. After extraction by 5 ml. ethyl acotate and
centrifugation, 2 ml. of the upper phase was used to
detormine tho radioactivity in a liquid scintillation
countor (“Tricarb’, typo 314 X). The 2 ml. are mixed with
10 ml. of scintillating fluid (¢ g PPO, 01 g POPOP,
toluene q.s.p. 1,000, 400 ml. ethanol).

Tho results of the various doterminations are given in
Table 1.

Under the conditions used here, ethyl acetate extracted
half the methoxyadrenaline present in the sample. In the
control preparations, ethyl acctato extracts contained littlo
radioactivity. The small radioactivo fraction obtained in
controls can be explained by tho untransformed S-adonosyl
mothionine and by degradation products. This radio-
activity does not interfere significantly in doterminations
(0:3 por cent).

To test whether tho enzyme transformation actually
occurred, 100 pl. was spotted aftor each incubation on
Whatman No. 3 MM paper with 3 pug methoxyadrenaline
as carrier. The sample was chromatographed in an
ascending systom of butanol, glacial acetic acid and wator
(80:20:20). The bands were then dried and their radio-
activity analyscd (Packard chromatogram scanner). An
important radioactive pcak was found in all chromato-
grams of incubation residues from supernatant organ
fractions (Fig. 1 A; rat muscle). The Rp of the radio-
active zone corresponds with that of methoxyadronaline.
In chromatograms offected with controls, howover, no
radioactivity appeared in this zone (Fig. 1 B). A pealk
of radioactivity of intermediate R can also be seen on all
chromatograms. It has been ascribed to methionine

3x103

Ix103
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resulting from a slight degradation of S-adenosyl-
methionine at 37° C,

We wore caroful to ensuro that the activity found was
not caused by contamination from the blood. .No COMT
was found in rat serum. The activity of COMT in muscles
was not modified by partial inhibition, but we wore
unable to show any inhibitory effeet of muscle proparations
on the enzyme oxtracted from rat liver.

These results show that skeletal muscles in rats and mice
contain & considerable quantity of COMT. The results are
indircetly confirmed by the results of Tomita et al.?, who
found COMT activity in rabbit skeletal muscle. A similar
enzymo, but with a more limited specificity, GEP-o-
mothyltransforaso (GEP, guanidocthyl phosphate) has
boon found in an Annelid (Ophelia neglecta Schneider) and
localized only in muscle tissue?.

We havo also attempted to demonstrate MAO activity.
This enzyme, too, is present in skeletal muscle tissue. A
detormination using the method of Weissbach et al.¢
showod a mean value of 7-7 mpmoles cynuramine trans-
formed per mg protein per hour. The origin of tho COMT
and MAO in skoletal muscle, and the eventual action:of
those onzymes in muscular function, remains to ‘be

explained. M. AssIicor

C. BoHUON
Institut Gustave Roussy, Villejuif, France.
! Axelrod, J., and Tomchick, R., J. Biol. Chem., 233, 702 (1058).

'Tox?lié:&)K., Mo-Cha, C. J., and Lardy, H. A., J. Biol. Chem., 239, 1202
. L ]

s Thtz:ﬂ),{}l‘?). v., Robin, Y., and Audit, C., Biochim. Biophys. Acla, 83, 264
4). 4

¢ Weissbach, Smich, Daly, Witkop, and Udenfriend, S., J. Biol. Chem., 235
1160 (1960).

GENERAL

Dimensiconless Physical Constants in Terms
of Mathematical Constants -

ITis of interest to note that a simple logarithmic expression
involving w may bo uscd to obtain tho values of two basic
dimensionless physical constants within the experimental
uncertainty. The Sommerfuld fine structure constant,
«, = 2 wo?/he, and the ratio of Coulomb to gravitational
forcos S = ¢*/Gmyme., where myp, m, arc the masses of
tho proton and the clectron, respectively, are given by
« = 1/(2+w) and § = 2027

When w = =% In 4, tho numerical valuo of (2+w) to
nine significant figuresis 137-037664. The present measured
values? for «-* are

137-0388 + 0-0008 Tricbwasser, Dayhoff, Lamb
1370370 Robiscoe
137-0352 Hyperiine splitting in hydrogen

137-0388+ 6-0013 Hyperline splitting in muonium

137-0381 £ 0-0032 Ilectron magnetic moment anomaly
137-0361 Hughes

The numerical valuo of log,, (2%w/2=*) is 30-355058.
Thoe present indicated empirical value of log;, S lies
botweon the three standard doviations of the mean,
that is, betwoon 39:357 and 39-355, the largest part of the
uncertainty being in tho value of G. The three standard
doviations of the moan of § are 2-27 (01) x 10% and
2-25 (46) x 10°%, wheroas 20/2x? = 2-264947 x 10%.

From these two relations a third numecrical relation

8rn*  of
T 21/a MpMia
may bo derived. This oquation, giving G in terms of other
fundamontal physical constants, is indopendent of w.

Although ono may bo reminded of relationships derived
by tho late Sir Arthur Eddington, the quantity w used
horo has no known physical basis and the approxima-
tions aro quite possibly fortuitous.

ALBERT WILsON
Douglas Advanced Research Laboratories,
5251 Bolsa Avenue, Hungtington Beach, California.
! Cohen, E. R., and DuMond J. W. M., Pkys. Rev., 37, 537 (1965).
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THE

ANNIVERSARY

OF

A HISTORIC FAILURE

bv Albert G. Wilson

The pages of Engineering and Science magazine
provide a historical vecord of many of the achieve-
ments and successes of Caltech rescarchers—alumni
and stall. The dead ends and failores rarvely appear
in print. Fortimately for publication costs, fow
people want their failures recorded. However,
now and then certain tvpes of failures become his-
toric and deserve a place in the record.

The 17th of December this vear marks the 20th
anniversary of such a historie failure—the first at-
tenipt to launch particles into space with eseape
velocity. A team of Caltech men headed by Frity
Zwicky, professor of astronomy, in ecooperation with
Army Ordnance, the Johns Hopkins Applied Plivsics
Laboratory, the Harvard College Observatory, and
the New Menico School of Mines, put together a
project in White Sands, New Mexico, combining the
hardware components available in 1946 in o way
which, theoretically, would lannch a few pellets in

Albert G, Wilsan is an associate director at the Douglas
Aduaneed Bescarch Faboralory in Huntineton Beach. Cali-
fornia, where he i in chaige of a laboratory for entciron-
mental science. A Caltech achiunnus (MS 12, PhD 47 and a
staff menber of the Ml Wilson and Palomar Observatorics
From 1947 to 1953, he was @ member of the tean whicl took
peart in this “listoric failure.”
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A test of artificial meteors—Decomber 160 1946

arbit-about the eurth or throw them off inte inter-
planclary space. Two marginal devices and one
valid motivation made the attempt worthwhile. The
devices were the V-2 rocket and the Monroe rille
grenace or Tshaped charge.” The motivation was to
sencrate o shower of artificial meteors in order to
calibrate the Tominous efliclency of natyral metcors.

The possibility of throwing something up that
would net come down again fired the huagination.

1
i

i
Although there had been 16 postwar V-2 rocket
fivings, this was o be fivst night firing of 4 V-2 in the
United States. In those davs the launching of a V-2,
2t on hourd. was as

with or withent an instnm
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penolite shaped charges with 30-gram steel inserts.
These were ot to fire at times after laumching that
i steel at heights of
approximuatele 32, 63, and 75 Kilemetors. At these
heights the eiection velocitios of from 10 to 15

B
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Clumping of Cluster Redshifts

The nebular (B) spectrograph with the
100-inch telescope has l)o(‘n used by Dr,-

Company to observe the redshifts of
bright galaxies in nearby clusters. The

- purpose of the program is to study the s
tspatiad dx%nhutum of clusters and to =
investigate suspeeted regularities in red-. |
< shift distributions. The nearby clusters i
~so far observed appear not to be randomly - |

_distributed. Mean' redshifts of clusters o
beyond the local Virgo- UI‘S.L Major com-"
plex and closer than z = §\/\ = (.09
appear Lo possess ai unoxplanwd regular-
ity that is closcly wpu.s('nl(*d by the ()n(\ :
p‘u ameter expression :

..

1 0, l,u,.; 9"

_relative crror, 8z/z, of this formula is less™
than 19%. More: distant clusters appear |

shifts showing a nonstatxbtu,al banded
distribution. Comparison with Schmidt’s
redshifts of radio sources shows the exist-
ence of a similar banded distribution for
the radio sources. Wilson suggests that
these distributions may be indicative of
the clustering of both clusters and radio
sources on a larger scale than that of any
currently recognized aggregate of matter.

" Reprinted from

Ca: ueaze I natifution Year Book G

_for the year July 1, 1965—June 30, 1966
) I&sll(‘d..l:unmry 1967

pp. 171-172:
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CHAPTER 2

MORPHOLOGY AND MODULARITY

A. G. WILSON
Douglas Advanced Research Laboratories
Huntington Beach, California

The morphological approach is not only a method-
ology for solving problems, it is an attitude toward problems.
It is an attitude that demands that no problem be considered
in isolation of all relevant contexts. It is an attitude that
would try to take off our customary blinders before looking
at the problem. It tries to obtain an unfiltered view by
comparing views through as many different filters as
possible. It looks for all possible solutions by also looking
at many of the impossible ones. It attempts fresh views of
the problem by looking at similar problems. In short, the
morphological approach uses whatever methodologies are
available to arrive at the most complete and unbiased
representation of the structure of the problem and its solu-

tions as is possible,

This attitude will be recognized as basic not only
to the morphological method but to some of the other
methodologies described in this symposium. In order that
ground previously covered not be repeated, this paper will
restrict discussion to examples of two important method-
ological procedures not hitherto considered. The first of
these is an exercise toward the development of useful non-
mathematical modeling. The second is an example of
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I. NON-QUANTIFIED MODELS

One of the extensions of problem solving capability
needed for many important problems today is the develop-
ment of methodologies for handling problems not easily
quantified,

It frequently happens that many of the parameters
that we know have relevance to a problem are not readily
amenable to measurement or quantification. There is a
tendency to concentrate on those parameters for which
numerical values are obtainable and to neglect those
parameters which are not measurable even though their
relative weight in the problem may be high, To offset this
tendency a methodology is required by which we are some-
how able to incorporate the effects of those parameters

- which cannot be quantifiably represented. Examples are

esthetic, ethical and moral values, psychological factors,
and unquantifiable requirements of the future.

“When standard numerical methodologies fail, or
when non-quantifiable factors must be taken into account,
a relevance type morphological procedure proposed by
Alexander and Manheim may be applicable. The idea is
based on the predicationthat any form or structure may be
thought of as resulting from the interaction of a set of
abstract forces or tendencies. These are general, not
merely physical, forces. They may be quantifiable or
unquantifiable, with no restriction on their variety., The
totality of these forces generates a solution that reflects
the contribution of each. The problem is to find a repre-
sentation of the forces that allows them to be combined.
Said in another way the problem is posed in an abstract
space in which the representative elements are the gener-
alized forces. The aggregate of such-elements defines a
form. If the aggregate is complete and in balance, the
form becomes a stable object or solution. '
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A concrete example of this approach attempted by
Alexander and Manheim may be found in the MIT report
entitled, "The Use of Diagrams in Highway Route Location,"
Alexander and Manheim's problem was to locate the route
for a freeway covering a 20 mile stretch in Massachusetts
starting at Springfield and ending somewhere near North-
hampton, They first morpholegically derived all of the
individual abstract forces whose interaction would deter-
mine the path which the freeway should take. Shown on
Table 1 of the freeway design parameters; is the goal or
objective of the study, which was a freeway to meet major
current traffic desires. In this case the aggregate solution
was restricted to be a new freeway, rather than a morpho-
logical examination of all possible solutions to meet current
traffic requirements. This new freeway had to be considered
in the context of its interaction with existing freeway systems
and in support of the competition with other transportation
systems, Future transportation systems as visualized also
had to be given representation. However, the largest num-
ber of constituent forces fall into two classes; those which
determine the internal structure and behavior of the free-
way, and those reflecting the interaction of the freeway
with the environment. Table 2 of freeway design param-
eters shows the decomposition of the internal and environ-
mental parameters into their different values. Under
internal parameters, are first the construction parameters
including earthwork costs, bridge costs, pavement and sub-
grade costs, and construction interference. Secondly,
there are economic factors: land costs, public financial
losses, user costs, obsolescence; and thirdly, operational
factors: travel time, local accessability, safety, mainte-
nance, and self-induced congestion.

The environmental parameters may be divided into

physical, economic and esthetic. The physical environment

~ includes questions of drainage patterns and catchment areas,
effects of weather, air pollution. The economic environ-
mental factors include the effect of the freeway on regional
and local land development, public and private losses, such
as the obliteration of historical, commercial, or other struc-
tures due to the routing of the freeway. Finally, esthetic con-
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siderations such as eyesores and noise must be considered.

Certainly not all of these parameters are easily
measured, nor is it even possible to assign numerical
values to some of them. Alexander and Manheim developed
a method by which each factor would be reflected in the
overall selection of the freeway route. They employed a
modification of the method Zwicky has termed composite
analytical photography. KEach of the modular forces listed
on the charts by itself favors a particular location for the
highway. For example, consider earth work costs, The
requirement to minimize earth work favors the location
of the freeway in areas where the land is relatively flat,

A transparent map is made in which the flat portions are
rendered dark and the hilly portions light, the degree of
hilliness and flatness can be represented by a correspond—
ing density or opac:1ty on the map.

Thus the tendency or force to locate the freeway in
accordance with the minimization of earth work costs is to
put the path in regions of maximum density on the map.
Similarly for each of the other forces. If a separate
transparent map of each of the forces which contributes
to the location of the freeway is made so that the dark area
favors location and the light area rejects location; if the
forces are then combined through the process of composite
photography, the resulting density on the photograph made
from superimposing all the individual photographs would give
the location that all the forces in combination tend to favor.
The darkest strip would mark the best route.

By using this method, those parameters or forces’
which cannot be quantified can be weighted either through
the density used on their representative maps or through
the way in which the maps are superimposed. A subset of
three or four parameters given equal weight and densities
can be combined to produce a composite density which might
then be reduced in order to adjust the joint weight of the set
before combining with the maps of other parameters or sets,
The structuring of the combinations thus provides the ability
to weight the various factors.
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II. MORPHOLOGICAL ANALOGY
a) Artifical and Natural Systems

An interesting emergent property of recent times
is that the source of new concepts and basic scientific o
knowledge is not only the natural order but also the struc-
tures and organizations created by man. The collection
of concepts which are called "cybernetics" were derived
jointly from the study of animal nervous systems and man-
made control systems. The idea of information came from
the study of special communication networks but merged
with the concept of entropy. Today the important basic
concepts underlying structure and organization are being
brought to light by the designer of complex systems as well
as by the observer of the natural order. In the sense of
discovery vis-a-vis application the historic distinction
between science and technology is thus tending to disappear..

As a result of the abstract parallelisms between
natural and artifical systems we are able to create objects
for study which provide us with the equivalent of new views
of the natural order with temporal and spatial resolving

" powers hitherto unavailable., For example, the freeway

provides us with a new type of fluid, called traffic, whose
properties can be made useful to us in developing more
comprehensive theories of fluid dynamics, extending to
new realms the laws of fluids as observed in nature. The

growing sample of such structures and organizations which~ -

have been made available for study as a result of our own
creations provides still another positive feedback contribut-
ing to the accelerated development of science and technology.
In effect we are creating another powerful epistemological
methodology simply through constructing and studying sys-
tems that occupy some of the gaps in the natural order.
(Even the reasons for the natural gaps may be learned in
time if our creations prove unstable.) '

b) Hierarchical Modular Structures

One possible source of information on systems of
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complex structures is in the analysi’é of how Compléxity
and bigness are treated in the natural order. We observe
throughout nature that the large and complex is constructed
in a hierarchical modular manner from the small and
simple. Direct confrontation of the large and small is
avoided, a hierarchical linkage is always interposed.
Bigness is avoided in the sense that the ratio between the
size of any structure and the modules out of which it is
built is functionally bounded. If there are demands for a
‘structure to continue to grow in size or complexity, then
a new level in the hierarchy and a new module are intro-
duced so that aggregate to module ratios may remain
bounded. '

Formally, by a hierarchical modular structure we
shall mean an aggregate or organization of modules that
are in turn hierarchical modular structures. Such a
structure may be closed in the sense that there is ulti-
mately a lowest level whose modules are not decomposable.
Examples of hierarchical modular structures are ubiquitous:
in the macrocosmos, there is the grouping of stars into
galaxies, galaxies into clusters, etc.; in the microcosmos,

the grouping of atoms into molecules, molecules into

.-crystals, etc.; in the mesocosmos, there are the organiza-

tions and structures of man, armies, hospitals and hier-
archical coding models.

What can we learn through comparing the properties
of these hierarchical modular structures, artificial and
natural, that will be useful in deriving a syntax to structure
and increasingly complex systems of today's world, or
that will be useful in understanding the limitations of our
own organizations and structures? As an example of the '
method of morphological comparison we propose to look.
at two hierarchical systems--one social, one physical,

Martin Ernst’'s paper in this volume on city planning
from the operations research point of view discusses the
modular parameters basic to urban structure and evolution.
The paper elaborates on one model, affording techniques
through which planners and city officials could control the
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direction of changes in an urban complex. Ernst's approach
might be called a reductionist approach, decomposing the
city into components and sub-components, and looking at
the "portfolio of possibilities. " This is an important part
of the analysis of any complex problem., However, the
morphologist wants to add something, There may exist
some parameters which place limits on the portfolio of
possibilities but which are not evident in the reductionist
approach. I would like to look at the city in this alternate

" manner, . For this purpose the important properties of

hierarchical modular structures to abstract are the bounds
or limits to which the modules and the aggregates may be
subject,

There are indications that our cities may be approach-
ing some kind of critical limits. What kind of limits might
these be, and how may we avoid difficulties without having
to test to destruction to see where the failure occurs? To
do this, let us compile sufficient modular forces to close
the form we call a city, and see what the limitations on ‘
that form might be,

First, human beings as modules are subject to
aggregating forces as are other so-called social creatures.
These forces tend to draw people into physically compact
aggregates. Historically, humans aggregated into towns
and walled cities for trade and physical security.. Today
natural gregariousness is still very much a force bringing
men together for physical, economic, and emotional security
and growth. '

Next, there are density limits governing how closely
people may satisfactorily live together, These limits de-
pend on the amount of freedom of movement and privacy
we require. The higher densities in prisons and concen-
tration camps are possible because of the restriction of
movement and loss of privacy. Without knowing the value |
of the density limit, we can definitely assert that such a
limit exists. (If you want an absolute limit, you may take
the value of one person per 1,83 sq. ft., provided by
Surajah Dowlah's experiment in close packing of humans
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in Calcutta in 1756.) However, we must bear in mind that
in the modern city for purposes of density limits, the real

“inhabitants are motor vehicles, not people. The maximum
. density is determined by the minimum space needed for

maneuvering, parking, and servicing automobiles.

A second limit exists in city life. This is the limit
on the time required to be in movement to transact the
city's business, or the bound on the maximum fraction of
the day that the average commuter can tolerate spending
in commuting. Doxiadis' studies show in cities of the
past, the maximum distance from their centers was ten
minutes by walking. We have certainly moved a long way
from this value toward the commuting time limit, Three
hours, or one-eighth of the day is not uncommon although
the average is still considerably less than one hour per
day. Both the city and the human modules which come
together to make it are governed by the characteristic
time period of 24 hours., This is an "absolute" value that

_is not at our disposal appreciably to modify, It is more

basic than the day-night cycle imposed by the earth's
rotation since this period is also set by the biological

clock in each inhabitant. Even though adjustments in

basic commuting problems can be made by some people;
such as going to work on Monday, living near their work,
and returning home on Friday for the week end, such
practices can not alter the basic 24-hour period set by the
needs of the city and its population. With present work

and sleep requirements commuting time must be no greater
than 1/3 of 24 hours.

These limits may readily be combined symbolically
to define a closed entity. Let & be the density bound and
T the commuting time bound. (The latter may be expressed
in terms of the natural period of the city T = 248 by # < ¢T
where { < 1.) For a simplified model of a two dimensional
city, N = acR“ where R is the maximum length path
through the city and a is a shape factor. A limiting veloc-
ity which depends on the state of the art will be designated
by c. The realizable commuting velocity will be less than
Ce
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Since R=c¢T = c¢T and & < ¢, where barred
quantities are mean values, we have N = acR%? < ac%e7 <
acls 72 = acza'l;zTZ. In a three dimensional model we
‘may introduce the mean height, h, of the city and use
three dimensional densities, p and p, giving

N < a'cz'ﬂﬁ?z

If we designate the absolute limit 6'?2 by 1/H, then

SN <ot (1)
c h -

These particular limits combined with an aggregating
force may indeed have some significance with regard to
cities, for it is interesting that a similar relation obtains
in cosmic aggregates,

_ In 1907 before the development of modern cosmologi-
cal theories and before the establishment of the existence of
white nebulae as external galaxies, the Swedish mathe-
matician C, V. L, Charlier showed that in a universe con-
taining an infinite number of stars the sum of gravitational
forces acting at every point would still be finite provided
the universe were structured in a hierarchical modular
manner., Quite independently of possible relevance to
cosmology, Charlier's inequalities showed in general that
a hierarchical modular structure could be used to bound
density and inverse square type forces.

Under assumptions of uniform density and spherical
symmetry, Schwarzschild showed that the field equations
of general relativity predicted the existence of a bound on
the gravitational potential

oMt 2)
cZR 2

where M is the mass and R the radius of the gravitating
sphere. Under the assumption of uniform density this limit
demands the existence of hierarchical modular structure.
If the equation is written in the form

TR= B
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where p is the density and B is a fixed bound {w. “ssume
that G and ¢ are constants), we see that for a given
density--as for example, mean stellar density--the maxi-
mum possible radius of a star is determined. Such an
inequality not only defines a limit to stellar size but forbids
close packing of stars in space. Stars can be organized
together into a larger aggregate only if a lower value of p
obtains. If p assumes the mean value of galactic density
the argument may be repeated. The maximum size of a
galaxy is determined by the same bound but with a lower
value of p. The repeated application of a potential bound,
like in the Schwarzschild inequality, can account for the
levels in the hierarchical modular structure observed in
the universe. However, the inequality does not explain
the particular set of p's which are observed in the universe
nor does it indicate at what level the hierarchical modular
structure may terminate. Potential bounds like the
Schwarzschild 1imit may also be interpreted as bounding
the maximum velocity a module may possess in a coordinate
system at rest with respect to the aggregate., With this
last interpretation, we see from Figure 1 that cosmic
bodies are either "density limited" or "velocity limited."
The "slope 3" line represents the limiting density of matter
in'a non~degenerate form., Solid cosmic bodies lie on or

to the right of this line, (On the logarithmic scales used

in the diagram, the planetary bodies appear to have

essentially the same densities.) The "slope 1" line repre-
sents the observed location of the velocity limited bodies,
i.e., the star, galaxy, cluster, and derived super cluster
having the largest potentials or escape velocities, (This
is an observed potential bound and differs in numerical
value from the theoretical Schwarzschild bound. The
objects falling on the observed bound, like those on the
density bound, are non-degenerate.) The inequalities (1)
and (2) may be put in the respective forms,

772 <B* and PRY<B
These inequalities have the same ingredients and we might
expect them to have the same significance even though the
values of the coupling constants are quite different.
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On the basis of these similérities we might propose
a theorem of the form:

Given
" 1. The existence of an aggregating force tending to

bring modules into a condition of maximum com-
pactness, (gravity in the case of cosmic bodies.)

2. The existence of a maximum limiting density, (the

’ limit set by non-degenerate matter in the cosmic
- example.)

3. The existence of a potential bound or its equivalent,
(such as the Schwarzschild Limit, in the gravita-
tional case.)

then hierarchical modular structures provide a way for
accommodating indefinite size while satisfying these
intrinsic limitations. Specifically we are led to inequalities
of the ]SRZ <B or p'rZ < B* type. If we assume we may
apply such a theorem to a city, then from & R% < ac2¢ 72,
we see that for ‘a given density, the size depends on a bound
set by the effective velocity of travel and the maximum
acceptable commuting time. The bound may be satisfied
as N increases by increasing c, or alternatively the

solution may be found in hierarchical structure.

If a polynucleated city develops on hierarchical lines,
it will be stable so long as each nucleus and the complex of
all the nuclei (with an overall lower density) satisfy the
inequality, o-R2 < B. However, the nuclei will not close
pack, which means that if subsequent urban development
fills in the areas between the nuclei bringing the mean
density up to the level obtaining within a nucleus, the com-
plex will surpass the limit. This sort of "filling in" process
is occurring in the "megapolis" areas of the Eastern
United States and Southern California. If these derived
inequalities are valid, we will not escape with impunity
the destruction of our open spaces or the low density back-
ground between present cities,

Since no physical restrictions governing the distri-

bution of density in the city exist as in the cosmic case,
there are other possible solutions. It can be shown that
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the bound may be satisfied by selecting a density distri-
bution o(r)~ r-{y+l)where y > 1. In this case, the city
may grow and still satisfy the bound if it is built in a ring
shape. Several suggestions of this sort have been made
including a city which is nothing but a series of linear
structures several stories high with freeways on top.

Additional limit theorems on the structure of cities
may be derived. However, these require more sophisti-
cated models and exceed the parallelisms in the hierarchi-
cal modular analogy given. Since our purpose here is not~
to develop a general theory of urban structure, but to
illustrate the method of morphological parallelism, this
one analogy will suffice. The method of morphological
analogy does not per se generate valid theories. It pro-
duces ‘hypotheses and ideas on which models may be con-
structed. These must then be tested by the usual canons
of scientific verification.
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EPILOGUE

METHODOLOGY--~-A DISCIPLINE

A primary purpose of this conference has been to
consider whether the various methodologies employed in
solving problems when taken together constitute in them-
selves a useful scientific and technological discipline. The
descriptions of the several approaches to problems that
have been presented here--Operations Research, Systems
Engineering, Morphological Analysis, etc.--have made
visible some common principles which have been inde-
pendently developed for structuring, analyzing, and solving
complex problems of many types. Though using different
names and terminologies, the identities and overlaps con-
tained in these approaches, taken with the fact of their
independent discovery in many diverse contexts, strongly
suggest the developability of a useful discipline that we
may call "methodology." Although the presentations during
this conference have only partially defined the subject area
of methodology, they have demonstrated that it would now
be meaningful to take steps toward systematic definition
and organization of the concepts so far developed and
establish a formal discipline.

Specific problem areas from hospitals to codes to
jet engines have been treated at this conference. However,
in all the variety of problems discussed, almost nothing has
been said concerning how to select which problems to solve,
It seems most important that any discipline of methodologies




for pl.em solving be concerned not only with the definition
and solution of specific problems but also with the totality

of that growing complex consisting of the set of problems
competing for our attention. The discipline of methodology
should investigate criteria by which to assign priorities,

the appropriate levels of resources--funds and talent--to

" be thrown against a problem, the nature of the interrelated-
ness of problems, the consequences of solutions to problems
and the anticipation of derivative problems.

Neglecting an overview of the interrelated complex
of problems has given rise to some serious unbalances in
our culture. Dr. Ramo, in his introduction, pointed out
a few of these unbalances, In 90 minutes we can travel
around the earth in Gemini while in 90 minutes in our cities
we sometimes can travel only a few blocks, We can provide
pure breathable air 100 miles above the earth for our astro-
nauts, but not within a hundred surface miles of our major
cities. We have developed remote sensing equipment that
can tell us everything going on inside a space capsule, but
have not equipped the physician with comparable equipment
for monitoring what is goihg on inside his patient.. There is
no need to enumerate our disparate and desperate social
unbalances. We might now add that a conference on
methodologies for solving problems without consideration
of how to choose which problems to solve in itself consti-
tutes an unbalance.

In addition to unbalances, there are other short-
comings inherent in our present approach to the growth
and application of scientific and technological knowledge.
For example, early this year, the world's largest oil
tanker of 120,000 tons was wrecked off the east coast of
England, releasing thousands of tons of crude oil which
floated ashore and polluted hundreds of miles of shore
line. This developed into a tragedy that assumed national
proportions in England. It is estimated that extensive
portions of beach will be polluted for decades, perhaps
even permanently; and since the feedback on the ecology
of major environmental alterations of this sort are some-
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times delayed, the full extent of the dama,created by the
pollution probably will not be evident for some years. As
expected, there was widespread comment on this disaster.
However, criticism did not focus on the navigational situ~
ation which was the immediate cause of the wreck, nor on
the structural feasibility of large tankers (they are quite
feasible-~there is a tanker of 300,000 tons currently under
construction and one 0f.500,000 tons on the drawing boards)
rather comment focussed on the defects in a technology that
could blindly and blandly create the set up for this sort of
disaster, This isolated example made some of the blind
spots of technology visible to many for the first time, One
of our own cabinet officers commented, "The environmental
backlash we confront today cannot be eliminated just by
applying more of the same science and technology that put
us in our present predicament, "

There is growing feeling in some quarters that the
time has come to ring the bell on applying technology with-
out responsibility to the environment or to the future; on
synthesizing complexity without regard for social and humar
consequences; on continuously injecting change into society
without direction or evaluation. We must now face the great
responsibilities of what we choose or do not choose to do
with our technological capabilities. We have reached the
precarious level of technological development in which we
have the power significantly to alter our environment withou
having either the power totally to control the means by whict
we effect the alterations, or an understanding adequate to
predict the properties of the environmental states we bring
about. Not only must the proposed discipline of methodology
be able to derive knowledge concerning the limits to the
controllability and predictability of specific applications of
technology but also be able to derive the summary conse-
quences resulting from the piecewise solutions of the variou
portions of the total problem complex,

Some of the methodologies reviewed at this conference

pointed to the importance of the elimination of prejudice as
basic to the problem solving process. Prejudices are often
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habits of thought that we unconsciously carry to new situ-
ations in which they are no longer applicable, An example
of such a habit of thought that affects our application of
technology is the making of decisions primarily on the

basis of feasibility. One of the severe deficiencies in the
present use of technology is the failure to note that at some
level of the state of the art the answers to the two questions:
how big can we build a tanker, and how big should we build
a tanker, begin to diverge. For decades technology has
been primarily concerned with finding ways to do things
hitherto impossible. The emphasis has been on pushing
back the limitations of nature and ignorance in order to
make more products and activities feasibile and broaden
our spectrum of choice. In an increasing number of tech-
nological areas we have recently moved from the regime

of finding a way to the regime of choosing the best way.

The task is no longer to remove natural limitations but to
set up limitations of our own, to define the constraints

and restraints which are prerequisite to sensible choice.

In a regime of limited capability, choice is usually properly
made for the limit of feasibility--build a plow that will cut
as many furrows simultaneously as possible. However,

the habit of thinking developed in this regime tends to carry
over into the second regime; the difficult problems of choice
being ignored and option being made simply for the limit

of feasibility. For example, in typical past wars the level
of tolerance to destruction and ability to recover was higher
than the level of any enemy's capabilities to destroy. How-
ever, in the past two decades, this inequality has been
reversed, It is now possible to destroy beyond any nation's
tolerance to absorb, We have entered the regime of choice.
There is the necessity for limited and restrained actions,
but some spokesmen still adhere to first regime thinking.

Although this phenomena of regime change seems
tautological to many, and is well understood by many
business and government leaders, the oil on the beaches
bears witness that one of our urgent problems is to spread
more broadly the awareness of the regime change and re-
place feasibility thinking with some of the new methodologi-
cal tools that are now available for making difficult decisions.
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We had best rapidly acquire the techniques essential for
decisions in a choice regime. The new developments in
biology, for example, are leading us to a capability level
where we may shortly be able to determine the sex of our
offspring, extend our life spans indefinitely, and even
create new varieties of organisms. Clearly the responsi-
bilities of choice imposed by such developments are likely
to be as demanding as any ever faced by man. The tempta-
tion to be guided purely by feasibility, say in producing
selective viruses, could put an end to the human experiment,

In a choice regime, it becomes necessary to formulate
every problem, not only in terms of the internal capability
parameters, but also in terms of the contextual parameters,
considering environmental effects and interrelationships
and possible synergistic developments, Our failure to do
this reveals another prejudice--the prejudice to settle for
the reductionist factors and ignore the holistic ones. This
is a pattern of thought which derives partially from the past
successes of reductionism, especially in physics, and
partially from the unwarranted association of holistic
effects with supernaturalism.

Besides facing up to these and other prejudices such
as fadism, the proposed discipline of methodology must
derive techniques for treating the increasing complexity
of our problems and systems, complexity leading to such
occurrences as regional power blackouts or postal service
breakdowns. Oftimes feedback signals from complex systems
cannot be interpreted promptly. The signals may be delayed
or lost in other effects. Pollution is an example of a prob-
lem area whose feedback signals have been unheeded until
the environmental backlash has reached proportions whose
correction will require major technological and social sur-
gery. Development of techniques for prompt interpretation
of feedback signals is an urgent problem area of the disci-
pline of methodology.

Other new problem situations are on the horizon, The
trend toward longer development times and shorter life times
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for new systems with the impossibility of paying off
development costs before obsolescence may place us in
the same situation as an organism whose life span drops
below its gestation period,

There are many other aspects of the subject of how
to select, define, and solve problems which will concern
the methodologist. If the future comes to be dominated by
unknown and uncontrolled parameters arising from the
interaction of the random application of technology to
specific problems in agriculture, medicine, manufacture,
space, defense, etc., then planning becomes illusory and
the course that our civilization will take is that of a car
without a driver. It will be useless to construct one of
our usual "good guy--bad guy' explanations for the situation.
There is no villain, only complexity, and it is not too
early to bring out best research talents to grips with it.

Albert Wilson




Because lunar sinuous rills look “de-
ceptively like terrestrial meanders” and
run “parallel to the regional slope,”
Schumm and Simons have cast aside our
“ingenious mechanism” and have devised
the pseudo-alternative that “parts of
some of the channels” are the “coales-
cence of chain-crater systems.” How-
ever, it is our opinion that the differ-
ences between lunar sinuous rills and
coalesced chain craters are fundamental.
If we consider only the examples cited
by these authors, Rima Prinz I and II.
the sinuous channel in Schroeter’s Val-
ley, Rima Marius, and Rima Plato II,
it is obvious that their basic morphologi-
cal characteristics (continuous and uni-
form meandering channels, mature
meanders, goosenecks, distributary chan-
nels, and flood plains) cannot be imi-
tated by coalesced chain craters. As can
be seen in some straight rills, such as
Hyginus, coalesced chain craters do not
resemble sinuous rills nor should they
be confused with them. Coalescence of
craters produces depressions with ir-
regular floors and opposing walls that
are mirror-images of each other, that is,
like (), rather than the observed smooth

_floors and matching walls, that is, like
({, of the lunar sinuous rills.

Using the lunar astronautical charts,
Schumm and Simons state that sinuous
rills do not follow the local gradient and
that - Rima Marius and the rill at the
end of Schroeter’s Valley both cross
ridges. However, the Lunar Orbiter
photographs have shown that these
charts are so inaccurate that they can-
not be used as a basis for the study of
sinuous rills. Even such large features
as the Cobra’s Head of Schroeter’s Val-
ley are grossly distorted on the charts.
From a survey (7) of Lunar Orbiter IV
photographs of about 130 sinuous rills,
we find that, wherever it is possible to
determine a gradient, the rills meander
from higher to lower elevations. Lunar
Astronautical-Chart 39 shows a “ridge”
crossing Rima Marius, whereas Lunar
Orbiter 1V photograph HI150 reveals
that this “ridge” is in fact two ridges
offset by 10 km, which do not cross
the rill but terminate on either side of
it. Similarly the Schroeter’s Valley rill
dees not cross any “ridges” but mean-
ders between isolated hills (Lunar Or-
biter IV photograph H157).

Despite the erroneous examples cited
by Schumm and Simons, there is no rea-
son to doubt that a channel eroded by
surface water could not be subsequently
uplifted. A possible example of this

might be Rima Prinz II. Since its chan-

nel is deeper on the plains to either side
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of the ridge, the rill must either have
been uplifted subsequent to its forma-
tion, or must have passed through a gap
in the ridge depressed below the level
of the surrounding plain.

Schumm and Simons’ contention thaz -

the course of Rima Prinz I is “unusual”
fails to recognize the fact that the
course of this rill and of neighboring
ones is partially controlled by a rather
conspicuous regional fracture pattern,
as are the courses of terrestrial rivers.

Their statement that there has been no -

major mass movement on the walls of
Schroeter’s Valley is contradicted by
the fact that “only half of the chan-
nel is visible.” The only places where
Rima Plato II appears discontinuous
are those where the channel has been
obliterated by obvious impact craters
The very distinctive morphology of
the lunar sinuous rills, particularly the
mature meanders, goosenecks, distribu-
tary channels, flood plains, and other
features similar to those of terrestrial
rivers, requires that they be features
of surface water erosion.
RicHARD E. LINGENFELTER
GERALD SCHUBERT
Institute of Geophysics and
Department of Planetary and
Space Science, University of
California, Los Angeles
StanNTON J. PEALE
Departiment of Physics,
University of California, Santa Barbara
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Hierarchical Structures

The portion of the summary of the
Conference on Hierarchical Structures
describing the “cosmic diagram” (1)
contains the same error in Fig. 1, the
caption, and the text.

In Fig. 1, the limit parallel to the
Schwarzschild limit marked m=Sr
sheuld be marked m/r=Smy/a, In
the caption, the limit m/r=38 = 10394
should read, m/r=Smy/a,= 1028
g/cm. In the text (p. 1229, right-hand
column, line 17), the phrase “or at
m = 5r” should be similarly changed.

The maximum observed gravitational
potential for stars, galaxies, and clus-
ters of galaxies appear to have closely
the same value in the neighborhood of
10233 g/cm. In dimensionless terms—
expressing mass in units of baryon
mass 1, and lengths in units of the

Bohr radius a;—the observed potential
limit takes the value may/myr = 10%¢
or /8 where f is a number of the order
of unity. From the definitions, S =2/
Gmym, and a,=e2/a?c?m,, it fol-
lows that for the. observed limit Gm/
¢%r = fa? compared to GM/c%r = V5 for
the Schwarzschild limit. The fine struc-
ture constant thus emerges from astro-
nomical ‘measurements, under the as-
sumption that all dimensionless physi-
cal numbers of the order of 103? are
the same (2).

ALBERT G. WILSON
Douglas Advanced Research
Laboratories, Huntington Beach,
California 92647
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Granitic Reck: Properties in situ

Simmons and Nur (/) have reported
that laboratory measurements of sound
velocity. and electrical resistivity of
granitic rocks yielded results that were
inconsistent with certain measurements
in situ. One possibility they offered to
explain this inconsistency is that the
rock i situ lacks the small, open cracks
evident in the laboratory specimen.
They conclude that “the absence of
small, open cracks that close due to
lithostatic pressure with depth in the
earth’s crust holds serious implications
for geophysxcs I'do not wish to treat
here the important question of whether
cracks are present in rock ir situ but
simply to suggest that the conclusions .
reached by Simmons and Nur may be
based on doubtful evidence. My prin-~
cipal objections to their comparison
of measurements in situ and in the lab-
oratory are as follows:

1) The lithology of the Matoy well is
extremely complex (2), with wide vari-
ations in composition, grain size, and
texture. It seems highly questionable to
compare a measurement made iz situ
over a wide suite of rocks with labo-
ratory measurements for a single rock
or rock type. Although hzlf the cut-
tings examined by Ham et al. (2) were
described as diorite or diabase rather
than granite, the velocity of these cut-

" tings in situ was compared with the

velocity of granites.

2) I have studied in detail the elec-
trical log for the Phillips No."1 Matoy
well. It is very difficult to obtain the
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Hierarchical Structure in the Cosmos

Albert Wilson*

The primary focus of cosmological thought in the present
century has been on interpreting the observations of the sample
of the universe available to our telescopes in terms of a set of
models based on various theories of gravitation, especially the
General Theory of Relativity. The problem of the structure of
the universe is customarily divorced from the problem of the
structure in the universe. Theoretical cosmologists usually
choose to explain the structure and behavior — past and
future — of the universe with models that smooth out the
distribution of matter in the universe, replacing the observed
structured distribution of matter with a uniform homogeneous
perfect fluid whose density varies in time, but not in space.
However, the structure contained in the universe becomes
difficult to relate to models constructed around smoothing
postulates, This has resulted in separate theoretical approaches
to the origin of the various structures in the universe. While
most of these approaches have met with some success, they are
inadequately related to one another and to cosmological
theories.

The arbitrary separation of the structure and behavior of the
universe from the structure and behavior of its contents may be
expedient from the point of view of mathematical
simplification, but it cannot be accepted as more than an
exploratory strategy. The observational tests for discriminating
between various cosmological models are difficult and marginal.
Since several smoothed models are candidates for best fit to the
observations, it is unfortunate that the large amount of
information contained in the sub-structures of the universe
cannot be used in testing these models. But until models that
relate the properties of the sub-structures to the properties of
the whole are employed, much information of potential
cosmological value in sub-structure astronomical observations is
not cosmologically useful.

*Douglas Advanced Research Laboratories, Huntington Beach, California 92647.
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So long as the cosmological problem has been approached
through smoothing out the sub-structures, it is not surprising
that little attention has been paid to the regularities that exist
among the sub-structures. There are many features of the visible
sample of the universe that suggest that the regularities in
sub-structures which range over 40 orders of magnitude in size
and 80 orders of magnitude in mass, are of central significance
to the order and operation of the universe. The fact that these
regularities may not be readily explainable in terms of existing
physical theories, should not deter their examination. The
object of this paper is to present an overview of the known
structural regularities that link the properties of physical bodies
across a hierarchy of levels from the atomic to the cosmic.

MODULAR HIERARCHIES

Because of the confusion created by the many uses of the
term ‘“hierarchy” some amplification concerning the sense in
which hierarchy is used in astronomy and cosmology is needed.
Astronomical usage, in general, employs “hierarchy” to mean a
set of related levels where the levels may be distinguished by a
size or mass parameter. Examples from the past include the
hierarchy of spheres associated in ancient cosmographies with
the various heavenly bodies beginning with the moon and
continuing to the sphere of fixed stars, and the hierarchy of
epicycles used by Ptolemy to account for observed planetary
motions. Modern concepts of hierarchy in the cosmos began
with the speculations of Lambert (1761) who extrapolated to
higher order systems the analogy between a satellite system
such as that of Jupiter and its moons and the solar system of
the sun and its planets. Lambert speculated on a hierarchy
consisting of a distant center about which the sun orbited as a
satellite and an even more distant center about which the first
center orbited, and on to more and more distant centers
comprising larger and larger systems. To explain Olbers’ and
Seeliger’s Paradox; Charlier (1908, 1922) posited a universe
built up of a hierarchy of “galaxies.”” The first order galaxies
were the familiar ones composed of stars, second order galaxies
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were aggregates of first order galaxies, third order of second
f)tder, and so on. Shapley (1930) pointed to the set of levels
into which all matter appears to be organized extending from
the s.ub-atomic particles to the “metagalaxies.” Shapley’s
organization, like Charlier’s, constructed the material bodies on
any level from the bodies on the level next below. A hierarchy
of this type which is of fundamental importance in astronomy
we designate a modular hierarch Y.

. The central idea in a modular hierarchy is the module which
1s a structure or a system that may be regarded both as a whole
decomposible into sub-modules identified with a lower level’
al?d as a part combinable into super-modules identified with z:
higher level. In astronomy, even though the modules on any
level are not identical, the levels'may be readily distinguished on
the basis of the nature of the principal sub-modules out of
which entities are directly composed. Thus, for organization in
a modular hierarchy, open and globular star clusters and
galaxies would be assigned the same level, all being aggregates of
stars. Stars, planets, and moons, all built from atorhs, would
share the next lower level, while clusters of galaxies would be
assigned the next level above. There are several other ways than
that of a modular hierarchy for organizing cosmic bodies into
levels. Some of these will be discussed later.

The term “rpodule” being used here in this general sense need ;
not be precisely defined, however, we may ascribe two

- fundamental properties to modules. First, a module possesses

some sort of closure or partial closure (Wilson 1969). This
closure may be topological, temporal, or defined by some
operational rule as in group theory. Second, modules possess a
degree of semi-autonomy with respect to other modules and to -

their context. These two properties appear to be common in all
modular hierarchies.

‘ IrT considering the origin of a modular hierarchy we may
1nqu1.re .at any level as to whether the size, the complexity, and
the limits to the module are determined (1) totally by the
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properties of its sub-structures, (2) by its environment, or (3)
by a combination of both module contents and context. And to
these logical possibilities we must add a fourth: that the levels
and modules in a hierarchical structure are determined by ‘some
principle or process that operates independently of all levels of
the hierarchy. In this fourth case the levels of the modular
hierarchy themselves become the modules on a single level of a
meta-hierarchy. The various levels in the meta-hierarchy are an
observable level, an energy or force level and a meta-relational
level. As an example, we may think of the lines in the spectrum
of an atom as an ordinary hierarchy (but not a modular
hierarchy). The levels of the meta-hierarchy would be the
spectral lines, the energy levels, and the mathematical law —
such as the Balmer formula — that defines the sequence. It may
be objected that this is but a representational hierarchy. But the
essential point is that the levels are neither determined by the
sub-levels nor the super levels, but by a set of eigen values that
act as a causal meta-relation.

COSMIC-ATOMIC NUMERICAL RELATIONS

Let us now return to our specific example of a modular
hierarchy: the levels of cosmic structure. Instead of assuming a
two level model of the cosmos — the level of a homogeneous
perfect fluid and the level of the universe as a whole — we shall
attemipt a multi-level view retaining the atomic, stellar, galactic,
galaxy cluster and universe levels. Further, in view of the
lacunae in our knowledge of physical processes governing
“yertical” relations between levels, it is appropriate to work
from observation toward theory. In doing this the steps we
must take are somewhat analogous to those taken by Kepler

and his successors in the investigation of planetary orbits. From -

the arithmetic ratios of various powers of the sizes and periods
of planetary orbits, Kepler discovered his kinematical relations
and from these later came Newton’s formulation of the physical
laws governing planetary motions. Thus while our ultimate goal
is the formulation of the physical laws and processes governing
the relations between the levels in the cosmic hierarchy, our
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immediate goal is much more modest. It is simply to display
whatever quantitative regularities may exist between the
fundamental measurements made on bodies at each cosmic
level.

The properties of the arithmetic relations between
fundamental atomic and cosmic constants is not new ground. It
has received the attention of many leading physicists and

~astronomers. Eddington (1923, 1931a,b); Haas (1930a,b, 1932,

1938a,b,c); Stewart (1931); Dirac (1937, 1938); Chandrasekhar
(1937); Jordan (1937, 1947); Schrodinger (1938); Kothari
(1938); Bondi (1952); Pegg (1968); Gamow (1968); and Alpher
(1968) all have developed the subject.

The central theme in the numerical approach to
atomic-cosmic relations has been to identify quantitative
equivalences between various dimensionless combinations of
fundamental constants and whenever possible give them
physical interpretations. The epistemological weakness in this
approach is the shadow of chance coincidence that cannot be
removed by any of the common tests of statistical significance.
Confidence in the validity of the numerically indicated relations
can only follow from successful predictions or the development

of a consistent theoretical construct linked to well established
physics.

The basic ingredients in the relational approach are the
micro-constants, e, m,, my, and A (the charge and mass of the
electron, the mass of the proton, and Planck’s 'constant) the
meso-constants, ¢ and G (the velocity of light and the
gravitational coupling constant), and the macroparameters H
and p, (the Hubble parameter and the mean density of the
universe). Recently determined@ of these constants are
given in Table I. From these fundamental quantities several
important dimensionless ratios may be formed. The values of
the dimensionless quantities 4 = mp/me (= 1836.12); o =
2ne? [he (= 1/137.0378);andS=ez/Gmme, (= 10%%-3%) may
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Table 1

Values of Fundamental Physical and Cosmic Constants

Constant _ Value(c.gs.) log,o (value) Reference
e 4.80298 x 107 —9.318489 1
m, 910908 x 1072 —27.040526 1
m, 1.67252x 10724 —23.776629 1
h 6.62559 x 107%7 —26.178776 1
c 2.997925 x 10'° 10.476821 , 1
G 6.670 x 107 —7.176 1
H? 13 x 10° years 17.613 seconds 2
o, 10738 28 3
a, 5.29167 x 107° ~8.276407 1
r 281777 x 107 _12.550095 1
ot 137.0388 2.136844 1
S 2.265 x 103 39.356

U 1836.12 3.263901

From top: charge on electron, mass of electron, mass of proton, Planck’s constant,
velocity of light, Newton’s gravitational constant, inverse Hubble parameter, mean
density of visible matter in universe, Bohr radjus, radius of electron, inverse fine
structure constant, ratio of Coulomb to gravitational forces, ratio of proton to
electron mass.

1. Cohen and DuMond (1965), 2. Sandage (1968) and 3. Allen (1963) p. 261.
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be established in the laboratory. These are respectively, the
ratio of proton to electron mass, the Sommerfeld fine structure

‘constant, and the ratio of Coulomb to gravitational forces.!

When the two macro-parameters  and p, are introduced,
three additional dimensionless quantities may be formed. The
first of these is the ‘“‘scale parameter” of the universe (the
product of the velocity of light, ¢, and the Hubble time H ™),
divided by the electron radius, ¢/Hr,. The second is the “mass
of the universe” expressed in units of baryon mass (where the
scale parameter is taken as the radius of the universe),
p,c*[H*m,. The third is the dimensionless, gravitational
potential of the universe GM,/c*R, = Gp,/H*. Using 75
km/sec/mpc as the present value of the Hubble parameter
(Sandage 1968), and 10728g/em® for the mean density of
matter in the universe (Allen 1963), we obtain:

¢/Hr, = 10%%* = 27 S
Gp, [H? = 10095 = 1.

puc3/H3mp =107 = 252

It is thus seen that to within small factors (whose exact value
cannot be determined with the present precisions of p,and H),
the dimensionless cosmic quantities representing the potentital,
size, and mass of the universe are closely equal to ¥, where v =
0, 1, and 2 respectively. The significant matter here is not the
fact that the values differ from integral powers of S by factors

1 It has been recognized that S and o« appear to be logarithmically related. As an
example of an arithmetic equivalence presently lacking theoretical confirmation, we
have 8n2S = 2V® to within experimental uncertainties. If this equivalence is not a

. coincidence, it has several important implications. Bahcall and Schmidt (1967) have

shown on the basis of 0 III emission pairs in the spectra of several radio galaxies with
redshifts up to §A/A = 0.2 that « appears to have been constant for at least 2 x 10°
years, The above equivalence, if non-coincidental, would imply that S has also been
constant over this period. Hence if G has been changing with time, €2 andfor m,, and
m, have also been changing, and if 2 has been changing, so also has h and/or ¢, The
gravitational constant may, indeed, be expressed in terms of other basic constants by
the relation, G = 8n%e2{m,m,2 Ve (Witson 1966).
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as large as 2 or 27%, but the fact that laboratory and
observatory measurements of quite diverse phenomena when
expressed in dimensionless form appear to approximate so
closely some small power of the ratio of electric to gravitational
forces. It is also interesting to note that the gravitational
potential of the universe is near the Schwarzschild Limit, the
theoretical maximum value for potential. These quantitative
equivalences indicate that there probably exist basic causal
qualitative relations between the structure of the universe and
the properties of the atom and its nucleus (the question of the
direction of causality being open).

So far the two levels represented by the atom and the
universe as' a whole have been shown to be derivable from
integral powers of the basic dimensionless ratio .S. Numerical
relations of a similar type involving fractional powers of S were
pointed out by Chandrasekhar (1937) to be related to other

cosmic levels. Chandrasekhar formed the dimensional
combination
he\ '’ _
M.,=(—G'> m, 72 (1)

having the dimensions of mass. He pointed out the case v = 3/2
occurring in the theory of stellar interiors, leads to M5, = 5.76
x 103% grams, the observed order of stellar masses. This is also
the upper limit to the mass of completely degenerate
configurations.

But the Chandrasekhar relation (1) also.gives the observed
order of mass for other cosmic levels in addition to the stellar
level although this is not justifiable theoretically. If values of v
of the form (2 — 1/n) where n is an even integer 2, 4, 6,
8, ... areselected, then the Chandrasekhar relation predicts a

sequence of masses given in Table II that corresponds to those -
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observed for the stellar, galactic, second order

cluster, . . . .levels of cosmic bodies.?

cluster,

Table 11. Masses for Levels of Cosmic Bodies from the Chandrasekhar Relation

Level n v l-?ggr?ml\sv (dirl:egxigixxll}ess)
stellar 2 32 34.766 58.543
galactic 4 /4 44,523 68.299
cluster 6 11 /6 47.775 71.552
2°cluster 8  15/8 49.401 73.178
3%°cluster 10 - 19/10 50.377 74.153
Universe ° 2 54.280 78.056

Using well known relations between fundamental constants,
equation (1) may be rewritten in the form:

2em \ "V '
M = < eS) m, =A”S"mp (2)

14
am,
where A = 0.4689. Hence the masses of the bodijes on various
cosmic levels defined by v = I% , 12,12, 11,...,2,areseen
to be nearly equal to these respective powers of S times the
proton mass.

2. If equation (1) is valid for all » of this sequence, then clustexs of higher orders

.could exist until the ratio of consecutive cluster masses becomes less than two. The

fixst pair for which this happens is v = 31/16 and v = 35/18, i.e., 6° and 7° clusters.

Observationally, although 3° order clustering has been suspected (Wilson 1967), not

even the existence of 2° order clustering has been satisfactorily established, While

even values of n give masses in good agreement with cosmic levels, the odd values do

not appear to correspond to any long lived objects. Nonetheless, if there exist two -
species of body, with masses 108 ® and 1013 ® , such bodies would correspond

ton =3 and S respectively.
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There are additional relations between the measurements of
cosmic physics and microphysics. The largest gravitational
potentials that have been observed for each of four species of
cosmic bodies (stars, galaxies, clusters and 2° order clusters) are
given in Table III. The potentials for each species are derived in
physically distinct ways. For stars, from eclipsing binary
observations; for galaxies, from rotational dynamics; for
clusters, from the virial theorem; and for second order clusters,
from angular diameters, distances and galaxy counts. It is
interesting and somewhat surprising that the maximum in each
case is nearly the same, a quantity of the order of 10%3
grams/cm. If, instead of c.g.s. units, masses are expressed in
baryon mass units and radii in Bohr radius units, the
dimensionless ratio, M/R *+ m, Ja o> is in each case closely equal
to 10%°. Thus, the upper bound for the gravitational potential of
these species of cosmic bodies seems to be oS where ¢ is a
factor of the order of unity not determinable from the present
precision of the observational data.

Table 11l. Maximum Values of Potentials

logyo [M/R] logyo [M/R]

System (c.g.s) (dimensionless)
Stars 23.27 38.8
Galaxies 23.6 39.1
Clusters 23.5 39.0
Second-Order 23.2 38.7

. Clusters

From M/R < oSmy,/a,,
e?[m, o c* for a,, we obtain

GM
ZRS oo

substituting e? /Gmpme for S and

.
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In other words, the dimensionless gravitational potential for
these four species of cosmic bodies is bounded, not by the
Schwarzschild limit, but by a bound o? times smaller. We thus
see that not only the dimensionless microphysical quantity, S,
but also the fine structure constant, o, emerges from cosmic
measurement. (Another occurrence of o? in cosmic measure-
ments derives from cluster redshifts (Wilson 1964).)

These results may be displayed graphically. Figure 1 is a small
scale representation showing quantitative mass and size relations
between atomic and cosmic bodies. The axes are logarithmic.
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Figure 1 Mass and Size Relations Between Atomic and Cosmic Bodies
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The abscissa represents the physical radius; the ordinate, the
gravitational radius (GM/c?). The upper 45 degree line is the
Schwarzschild potential limit,

oM 1
?R=72°

the theoretical boundary separating the excluded region (upper
left) from the allowable region for self-gravitating bodies. Such
bodies as neutron stars, and presumably the universe itself lie
on this limit. The lower 45 degree line is the observed or
modular potential limit,

M
2R ™%

marking the locations of the various cosmic bodies having the
maximum observed potentials. All other stars, galaxies, clusters,
etc., lie below this limit. The relation of the nucleus of the atom
and the atom to the degenerate neutron star and the normal star
is shown by the dotted lines of constant density (slope 3). Thus
a neutron star has the largest mass with nuclear density allowed
by the Schwarzschild limit. A normal main sequence star is seen
to be limited to the same mass but is non-degenerate, lying on
the line representing “atomic density.” Thus, given the
properties of the atom and the Schwarzschild limit, it is possible
to derive the observed maximum mass for a star, but as with the
Chandrasekhar relation, it is difficult to account for the
locations on the diagram of the bodies of lower density
(clusters, galaxies, etc.) and the fact that they are also bounded
by the o potential limit.

The parallel lines of equal density (slope 3) through the
atom, planets and normal stars, the star clusters and galaxies,
the clusters, etc., represent the levels of a modular hierarchy as
previously described. These levels are thus definable by a
discrete density parameter. Further, in consequence of the
universal relation for gravitating systems, 7o 172, relating a
characteristic time to the density, the levels in the cosmic
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modular hierarchy are also definable in terms of a discrete time
or frequency parameter. We shall return to this concept later.

MASS BOUNDS

In order to display the cosmic or upper portion of Figure 1
with more detail and to make comparisons with observations,
the logarithms of observed masses (M) and potentials (M/R) of
planets, stars, globular star clusters, galaxies, and clusters of
galaxies have been plotted in Figure 2. The masses and
potentials (Allen 1963) include maximum and minimum -
observed values and other representative values selected to show
the domains occupied by the respective cosmic species.
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Figure 2 Mass Bounds of Cosmic Bodies
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However, because of observational bias toward brightest and
largest objects, the minimum observed values are not as
representative of actual minimum values as the maximum
observed values are of actual maximum values. Figure 2 is
related to Figure 1 by an affine transformation (Figure 1 has
not only been dialated, but has also been subjected to shear,
reflection and rotation transformations). In Figure 2, the lines of
constant density are shown horizontally so as to display the
levels into which cosmic bodies fall when viewed as a modular
hierarchy.

The supergiant stars lying above the mean stellar density
level are shown as open circles, while the white dwarfs lying

below the level near the modular potential limit are shown as .

dashes. The Schwarzschild Limit, M/R = ¢?/2G and the modular
(or observed) limit, M/R = Smy,/a, have a slope of 2/3 with
respect to the horizontal equi-density lines. The short-dashed
and long-dashed lines perpendicular to the Schwarzschild and
modular limits are lines of constant mass. The set of
short-dashed lines, extending only to the modular limit
represent the sequence of masses M ,=S"m_, showing values of
v =11/8, 12/8, 13/8, 14/8, and 11/6 The set of long-dashed
mass lines, extending to the Schwarzschild Limit are located so
as to pass through a sequence of points on the Schwarzschild
Limit that have the same gravitational energy as the
intersections of the Sm, mass lines with modular limit. The
pairs of intersections marked 14, 13, 12, .. .lic on lines of
constant gravitational energy, GM?/R = S”mp (ac)?. For
identification, corresponding upper and lower bound
intersections with the modular and the Schwarzschild Limits are
marked with the numerators of the exponent v. That is, 14 on
the Schwarzschild Limit marks the lower bound of galaxies and
corresponds to the upper bound $™®m,, intersection with the
modular limit.

The values of mass given by the Chandrasekhar relation (1) in
Table Il are the correct order of magnitude for the masses of
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stars, galaxies, and clusters. In Figure 2 it can be seen from the
set of short-dashed lines of constant mass that the sequence of
masses S”m, are close in value to least upper bounds of the
masses of planets, stars, globular star clusters, galaxies, and
clusters of galaxies. Numerical comparisons of maxima are given
in Table IV. In addition, the set of long-dashed lines are seen to
be lower bounds, while probably not greatest lower bounds
nonetheless close to the actual observed minimum values of the
masses of the respective species of cosmic bodies. Numerical
comparisons of minima are also given in Table IV where the
lower bounds are the upper bounds diminished by 103 9m It
can be shown that this value of maximum-minimum mass
differential may be derived from “v sequences” of maximum

Table V. Observed and Calculated Mass Limits

Mags Globular Galaxy
Limit Planets Stars Clusters  Galaxies Clusters
MAXIMUM
, ' Local Super
Jupiter ~ VV Cephei A M22 M31 Cluster
Observed  30.279 35.225 40.14 44.8 48.3
Model 30.338 35.258 40.176 45.096 48.376 .
S'm, p=11/8 »=12/8 p=13/8 v=14/8 v=11/6
MINIMUM
Mercury R CMa B M5 - NGC6822
Observed  26.509 32.340 37.3 41.9
Model 26.4 31.4 36.3 41.2

All masses are given in loglo (grams). Upper bounds are given by Svmp,
lower bounds by $¥10739




128 Albert Wilson

masses and gravitational energies, with the minimum maSs being
the least allowed by the Schwarzschild Limit for a given
gravitational energy.

THE COSMIC DIAGRAM

The good agreement between the observed values for the
masses and sizes of various species of cosmic bodies and the
values given by sequences involving simple expressions
containing fundamental physical constants indicates the
probable validity of the gross features of the sequences.
However, systematic errors and incompleteness in the
observational data and the uncertainties intrinsic in establishing
observationally least upper bounds and greatest lower bounds
render it impossible, in the absence of a rigorous physical
theory, to predict the exact form of the expressions and the
values of the small factors (such as the 27#’s, etc.) that should be
included. We might, as an analogy, think of our discerning
Kepler’s Third Law in the form: periods squared are

proportional to orbital diameters cubed without knowing the

important constant of proportionality, G(M, + M,).

In the spirit of focusing on the major patterns that emerge
from the present body of observations that are not likely to be
seriously altered by refinements in observation, or even by
discovery of new bodies, we represent the gross features of the
structure in the wuniverse in Figure 3. In this stylized
representation, the cosmos is mapped on a rectangle whose
length is the logarithm of the mass, S¥m_, and whose hieght is
the logarithm of the extension, S"a 0" ’I}l’le masses and radii of
various sub-components are related to values of v and 1. The
hydrogen atom, mass n, and radius a, is located at the origin
at H with v = 0, 7 = 0. The mass and radius of the universe are
represented by the values v = 2, n = 1 at U. The modular and
Schwarzschild potential limits are the upper and lower 45° lines
respectively. The remaining observed bodies in the universe lie
roughly within the three hatched bands, whose slope is that of
constant density terminating at the modular limit. The bodies
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on the lowest and longest band have density of the order of one
g/cm® and include asteroids, satellites, planets, and stars. This
band terminates on the modular limit at v = 3/2,n = 1/2. With
little mass overlap of the first sequence, the next sequence of
bodies (star clusters and galaxies) begins near v = 3/2 and falls
along an equi-density band reaching the modular limit at p =
7/4, m = 3/4. Above this point the observational uncertainties
do not permit a definitive picture. It is not clear whether there

exist two (or more) sequences of clusters of galaxies or only
one.

A cluster sequence terminating at » = 11/6,n = 5/6 together
with a second sequence of higher order clusters terminating at
v=15/8, n = 7/8 (as shown in Figure 1 and Figure 2) may fit
observations better than the single sequence extending to v =
15/8, m = 7/8 shown in Figure 3. The resolution of this
structure as well as whether still higher levels of clustering exist
must be decided on the basis of future observations,

From the point of view of hierarchies, the levels occupied by '
cosmic bodies may be described either as modular levels (in the
sense defined earlier), or as levels defined by a density
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Figure 3 Cosmic Diagram
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parameter, or its equivalent frequency parameter. In addition
the structure may be “sliced” differently and the cosmic bodies
may be allotted to distinct levels defined by a mass parameter.
These levels are broad but on the scale of Figure 2 appear to be
distinct.

INTERPRETATIONS

An intrinsic difficulty in relating empirical results (such as
those displayed in Figures 2 and 3) to current physical theories
is that numbers of the magnitude of S are not contained in any
classical equations of physics. This difficulty has been
expounded by Dirac (1938), Jordan (1947) and others.
Eddington (1931) made attempts to derive the fundamental
dimensionless constants from first principles, not, however,
with complete success in reproducing the observed values. A
theoretical understanding of the various observed relations
between the different levels of cosmic structure — atoms, stars,
galaxies, . . .the universe — is thus likely to come only after new
theories of such concepts as time, degeneracy, and
informational content of structure are available. At the present
stage only some speculative suggestions can be made.

For example, the existence of fwo potential limits, the
Schwarzschild and the modular, implying that the same
“extension ratio (the o? ratio of atomic to nuclear dimensions)
holds between non-degenerate and collapsed configurations at
stellar, galactic and cluster levels, suggests that through a
generalization of the concept of degeneracy, the Gheorecticaly «
validity of equation (1) for all levels might be established. One
might speculate that configurations at every level possess a
collapsed or close packed state, and an extended state « ™2 times
larger. An alternate approach may be that the reflection of the
o? ratio into higher levels of cosmic-structure is a cosmogonic
vestige from a universe in a highly collapsed state. But whatever
the cause of the modular limit, it must be regarded as an
important observational feature to be accounted for by
cosmological theories.
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A second speculative suggestion is that in the sequence of
powers of S that map observed mass configurations, we are
encountering. a resonance phendmenon. However, the
fundamental and the overtones are exponentially related instead
of being related in the manner of Pythagorean harmonics. This
suggests kinship to the logarithmic time derived by Milne
(1935) in his kinematic relativity. If we take as the basic
gravitational frequency, the inverse Schuster period, f, =

12
(Gm p) [27a o 372 then the overtones are given by

(Gsvmp)l/z
0T dmsigyn 1S 3)
27, a,)
where » = 3/2, 7/4, 15/, . . .|
Numerically, f3, = f,, the frequency associated with the

hydrogen-stellar line of Figure 3, corresponds to a period of
about two hours; fy, , the galactic line corresponds to 106
years; fy55 , the cluster line corresponds to 85 x 10? years; and
f> corresponds to 10 years. The cluster value is close to the
period derived by Sandage for an oscillating universe. Viewed as
a Hubble time, it corresponds to a value of H = 74.13
km/sec/mpc, in close agreement with the observed value of H =

75.3 km/sec/mpc derived from cluster distances (Sandage
1968).

If we take this equivalence between the v = 15/8 cluster
gravitational time and the observed cluster Hubble time, as
additional corroboration of the valid representation of the
cosmic diagram, then we infer that the visible sample of the
universe, the “realm of the galaxies and clusters” is not the v =

- 2 universe. The observations at the limits of our telescopes are

describing the v = 15/8 sub-structure and not the universe.
Characteristic times of the order of 10'° years are those
associated with the cluster level sub-structure. The characteristic
gravitational time of the v = 2 universe, on the other hand, is of
the order of 10'° years. The appearance of a time of this
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magnitude brings to mind the controversy that waged in
cosmology following the publication of James Jeans (1929)
estimate of the dynamic age of the galaxy at 1013 years. The
adherents of the “short time-scale,” held the age of the universe
to be but a few eons while those who subscribed to the “long
time-scale,” required an age of the order of 10'® years or
greater. Since the galaxy could not be older than the universe,
the issue was settled against Jeans, But if the few eons refers not
to the universe but to the cluster level sub-structure, there is no
a priori reason why the galaxy cannot be older than the cluster
level sub-structure.

If the cosmic diagram suggests some form of resonance as the
process of morphogenesis, then as sand collects at the nodes on
a vibrating drum head, matter concentrates at nodes
corresponding to the set of frequencies S3/277 f,, This raises
many physical questions. Most importantly, what is it that is
pulsating or vibrating at these frequencies — some substratum,
matter itself, or what? Analogies to familiar equations suggest
that from the cosmic diagram, we have a set of eigen values
representing mass levels, energy levels, or frequencies that are
solutions to some “cosmic wave equation.” Perhaps the first
step toward a physical theory would be to derive such an
equation.
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Dimension as Level

Robert Edward Williams*

In geometry, dimensionality is usually conceived as a set of
independent, mutually perpendicular space coordinates X, Y, Z,....
Dimension is not ordinarily considered to be a ‘level’ or to be associated
with an ‘emergent whole’ of higher order that arises from lower order
elements (Bunge 1960). It is the purpose of this note to point out a sense
in which dimension can be considered to be a level, and give an illustration
of emergence using geometrical polytopes.

Eighteenth century geometers realized (Coxeter 1963) that a certain
algebraic sum of realizable geometrical entities in a polytope is either equal
to zero for n = 0, 2, 4, ... dimensions or equal to two for n = 1,3
5,...,dimensions. This relation known as Euler’s Law (Euler 1752) was
generalized to n dimensions by Schiafli in 1852 (Coxeter 1968) and

proved by Poincaré (1893). This law ¢an be written:
No— Ny +Ny — ..+ (=1)"" Ny = 1 = (-1), (1

where N is the number of entities and the subscript is dimension.
Specifically, Vg is the number of vertices, N, the number of edges, V,,
the number of faces, V3, the number of solids, . . . .

To appreciate how a new level emerges from combining entities of lower
dimension, consider the case of equation (1), for a two-dimensional
tessellation,

No—Ny+N,=1. )

Combining polygons under the rule that (i) we maintain Euclidian space,
(ii) we do not distort the polygons, and (iii) that every two polygons share
one edge, we may build up an indefinitly large aggregate of connected
polygons satisfying equation (2). If we are aggregating pentagons, for
example, when we accumulate twelve (Figure 1a) and connect them so as
to join all edges, we obtain a dodecahedron (Figure 1b).

*Douglas Advanced Research Laboratories, Huntington Beach, California. Current

address: Department of Design, University of Sourthern Illinois, Carbondale, Minois
62901,
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Closure, Entity, and Level
Albert Witson*

The manner of decomposition of a complex organism or structure into
sub-components is arbitrary. With a scalpel in the dissecting room or with
the knife of pure intellect, the decomposer has freedom to isolate many
alternative sub-groupings. However, unless his knife follows the “natural
interfaces,” severing a -minimum of connections in isolating the
sub-components, his decomposition may prove to be confusing,
uninteresting, and messy, Whereas all decompositions possess the kind of
properties that are treated in classical set theory, those decompositions
conforming to natural interfaces frequently reveal additional interesting
properties. What we call the “natural interfaces” are identifiable either by
the occurrence of a steep decrement in the number or strength of linkages
crossing them, as developed by Simon (1962) in the concept of near
decomposibility, or through the existence of some form of closure. The
purpose of this note is to sketch how entity and level may be related to
one or more forms of closure.

The most apparent from of closure is fopological closure—the
encompassing by (one or more) closed surfaces of a spatial neighborhood
that coincides with or bounds the extension of a physical object. We thus
perceive balls, donuts, strings, and sheets as topologically closed. In
general, topological closure bestows finitude and convexity on objects and
is a property of most entities that we differentiate by visual perception.

A second type of closure, associated with a neighborhood in time that
coincides with or bounds the duration of an entity, may be called
temporal closure. More abstract notions of closure may be employed to
distinguish non-physical entities. Thus a group may be defined as a set of
numbers, elements, or transformations that possess closure with respect to
some operation. For example, the integers 0, 1, 2, 3, 4 form a group closed
under addition modulo 5. This type of operational closure, when the
number of elements is finite, joins temporal closure in being cyclical in the
sense that some parameter follows a path that periodically returns to
previously assumed values. Topological closure and cyclical closure can be
related through various Fourier type transformations. Spatial
representations (particles) and frequency representations (waves) may thus
both be subsumed under the notion of closure. In addition isolation of
entities may take the form!of cither physical separation or “detuning.”

Not only may differentiatable entities and modules be described
through the use of some form of closure or cyclical parameter, but many

*Douglas Advanced Research Laboratories, Huntington Beach, California, 92647

Notes on'Hierarchy in Concept ‘ 55

notions of level may also be differentiated through closure, For example,
levels in control hierarchies such as industrial corporations are determined
by subsystems identifiable through various feed-back loops which are
mappable onto a set of closed cyclical parameters. In modular hierarchies
(Wilson 1967) levels and modules share a set of topological closures and
wh;nlthe modules are homogeneous the levels become identical to the
modules,

The example of hierarchical cosmic sub-structures (Wilson 1969) shows
that levels may be distinguished by a characteristic time or frequency,
which is to say that each level is temporally closed, This suggests that the
properties of space and time are closure properties of structures, bringing
to mind the basic idea of Leibniz that space and time have no independent
existence, but derive from the nature of structures. Einstein’s equivalence
of dynamics and geometry contained in his field equations (e.g., matter
density determines spatial curvature) is also consistent with Leibniz’s view
and a departure from the Newtonian idea that all structure exists within an
independent framework of space and time. It may then be that from the
various closures and partial closures of structures and systems, we infer the
descriptions we call space and time.
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Tape #1

' There is a subtle revolution taking place today in the

Weltanschaung of scientific methodology. This revolution
in point of view paradoxically is not originating among
the scientists themselves so much as among the artist,

the architect, the engineer, and those who are aware of
the complex patterns occurring in the structures of nature.
This revolution may be said to be a revolt against the

. Dernqocr /:/VJ' vrttofle b
atomism of Heraeleitdes and the reductionism of-Newéoh‘ o

B o on’
For the past three centuries the basic approach of scie;é;
has been through the descriptor of the differential equation,
This has proved to be a very effective vehicle, and at the
present time is the basic feature of the principal constructs
of science. However, it is being increasingly recognized
that the atomistic approach as is best represented through
the methodology‘of the differential equation and continuum
mechanics, has been recognized to have rather severe
limitations. It is the biologist who first became aware

of the deficiencies of the reductionist approach. The
reductionist approach is the attempt to explain all

phenomena in terms of the component sub~parts of the
phenomena. This ultimately leads to breaking down the
sub-phenomena themselves into more and more basic phenomena,
ending hopefully with some sort of‘monad upon which the

whole structure of knowledge can be based through certain
minimal principles and theories of the organization of
fundamental particles. The biélogist recognized severe
limitations in this atomistic or reductionistic approach

from his point of view. He had to explain why certain ‘
patterns affected certain behaviors in the eye of the frog,
the cat, and the rabbit. It soon became evident that a
reductionist explanation was impossible. What patterns the
rabbit saw, recorded and passed on to the brain which
affected the behavior of the organism, could not be explained
in terms of the sub-components of the rabbit's eye or neryous
system. Rather it was necessary to look at the ecology of

the rabbit in order to understand that his response to

Lok re «./fV/ ,%"/;/ 3
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certain patterns and not to other patterns was determined

by the structure of his enemies. George Gaylord Simpson
introduced the concept of the compositionist explanation

as contrasted to the reductionist explanation. The
phenomena of the neurology of the rabbit's eye must find

its total explanation - in the patterns of structure in which
the rabbit lived, as well as in the sub-components. This
idea has been slow to spread to physics, astronomy, and
other exact sciences. In these fields, the basic effort

is still to seek the reductionist or atomistic solution

to all problems. The unfortunate aspect of this is that

it tends to make the researcher in physics and astronomy
unaware of certain patterns of a microscopic or compositionist
nature which may play an extremely important role in the
operation of the cosmic order. So long as one continues to
focus on the X, the ¥, the Z, the T, they may fail to notice
the actions at a distance, the large scale patterns, and
phenomena. What I would like to present to you today is
nothing more than some immediate more or less obvious
consequences of looking at some data which has been obtained

and well established enough to appear in standard text books

and hand books, but which has never been looked at from

a compositionist point of view. Instead of looking, for
example, at a star and trying to understand the mechanisms
which are taking place in its interior, to try to under-
stand the details of the energy transfer from layer to layer
of the star, to try to understand what is taking place with
regard to the ionization and excitation of atoms in the
outer layers of the star, and of the alteration of the nuclei
of atoms in the deepest parts of the star, we will try to
look at a star as a whole - to look at its compositionist or
gestalt properties and compare the star with its
environment and the context in which it finds itself. To

seek relationships between a star and the galaxy, a galaxy
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and its environment, etc. This is the compositionist
Weltanschaung in which the fundamental feature initially

is not to seek explanations but rather, to observe
whatsoever relationships and patterns in structure that

may be evident from the data which is well established and
available to all of us. I would like to start by looking
at the most trenchant aspect of the structure of the cosmos.
This is what is usually called the hierarchic structure of
the cosmos. I object to the use of the word hierarchic
partly because of its historical use, and partly because
the implications of the term involve a set of bosses, or
rulers passing orders down the line. The word hierarchy
comes from the Greek word "hieros", meaning holy, and
originally applied to the order of the angels, archangels,
seraphim, cherubim, in the theological structure of the
heavens. Later this term applied to the organization of
the church, the metropolitans, the archbishops, the bishops,
the priests, the deacons, etc. But when we speak of a
hierarchy of structures, though in this sense there are
various levels in the structure, we have in mind a more
explicit feature of the organization. Namely, that any
structure is made up'of components or substructures, and
each of these substructures in turn is made up of components,
sub~subcomponents, if you will, which bear structural
resemblances to the microscopic structure. I want to
introduce for this type of structure the term taxofeotaxis,
from taxis, the Greek word for structure, and xoreo, the
Greek word for contain. A structure containing a similar
structure, taxoreotaxis. The taxoreotaxis of the universe

has been recognized since ancient times
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TAPE #2

The taxoreotaxis of the universe has been recognized since
ancient times although the extensions to the microscopic

and macro-macroscopic have occurred only in the past 150
years. The first slide is the list of the various aggregates
which occur in nature and their taxoreotaxic relationships
with one another. It is not known how far this series
continues into the microcosmic nor how far it continues

into the macro-macrocosmic. At the moment the largest
accepted structure which occurs in the universe is the
cluster of galaxies, large aggregates whose diameters are
around sixty million light years and which contain possibly
a thousand galaxies. At the present time it is under
investigation whether or not there may exist even larger
structures whose components are clusters of galaxies
themselves. Today I would like to examine the upper portion
of this sequence of the taxoreotaxis. We will examine stars,
~galaxies, clusters of galaxies, and see if we are able to
discern any structural patterns which these various aggregates
may possess in common. Not :too many quantitative parameters
for these various aggregates have been successfully measured
but there is one parameter which is known with a fair degree
of accuracy for each of these aggregates. This is the ratio
of the mass of the aggregate to its radius. We shall assume
all of these objects are roughly spherical and may be
approximated in their first order properties by spheres. The
ratio of mass to the linear radius of an object is determined
in quite different ways using quite different techniques for
each of the three or four aggregates which we plan to
consider. For a star, the ratio of the mass to the radius
may be determined in the case of the type of star known as

an eclipsing variable or aclipsing binary. These are a

pair of stars orbiting about one another in which the plane
of the orbit happens to pass through the earth. 1In this case,
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we see the stars eclipsing one another, and from very
simple relationships known since the time of .Kepler, and
I might add very importantly these relationships are
empirical not theoretical, we may derive the masses and
the radii of the stars, and hence, their ratio of M.

This is independent of the distance to these R
objects. Now for galaxies, %-may be derived in at least
two ways and to a less certainty, in a third way. The two
basic ways of determining the ratio of the mass to the
radius are to observe the spectra of the rotating galaxy
and measure the inclination of the spectral lines from

the normal. This angle of inclination together with the
angular radius and the linear value of the Doppler velocity,
allow us to determine the ratio of % for a galaxy. A
second method of determining masses and radii of galaxies

is from observing pairs of galaxies and assume they are

in Keplerian orbits about one another. The results from
these two methods are in fair agreement. To determine the
%vratio for a cluster of galaxies we resort to what is
known in mechanics as the verial (sp?) theorem which gives
the ratio of % in terms of the dispersion of the velocities
of the members of the cluster. Since velocities can be
determined from the redshifts, it is possible without any
assumptions whatsoever concerning the distance to the
cluster, to evaluate the % for the cluster directly. 1In
the case of the suspected second order clusters the same
technique can be used but also the mass and radius can be
built up from counts of the number of clusters in the second
order cluster. The second slide displays a basic
observational data for each of these objects. Also :we
provide the basic mass and radius of the hydrogen atom
which will be used as our basic units for mass and radius.

The interesting thing in Slide 1 is that whatever the mass
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or whatever the radius we observe that the ratio is the
same for all of these cosmic aggregates, a number of the
order of 10_23 power in terms of grams per centimeter,

If we express % in‘terms‘of the mass and radius of the
hydrogen atom, we find that in each case we have a number
of the order of 10722 power. This in itself is an
interesting number which has occurred both in atomic physics
and in cosmology-and is known as one of the basic

Eddington numbers of structure. The ratio of the strength
of the electric forces to the strength of the gravitational
forces is a number which is equal to 107>° power. It is
also of interest,as pointed out by Eddington, that the

radius of the universe divided by the radius of the hydrogen
39

atom turns out to be 10 ~7 power. The radius of the
universe is the velocity of light divided by the Hubbell
39

parameter. The nature of this large number 107 occurring
both in atomic physics and in cosmology is one of the basic
curiosities of physics. This, together with Eddington's
other structural number, the inverse of the Summerfelt (sp?l
fine structure constant, a number whose value is close to
137 which appears repeatedly in structural properties of
atomic physics, is also one of those numbers which occurs

in cosmology and which point to some at present unknown
basic relation between atomic physics and cosmic physics.
There are two schools of thought at the present time with
regard to these relationships. One school of thought we
may call the Machian school which believes in a inter-
relationship between all structures large and small of a
compensatory nature. The other school is the"Eddingtonian
school which believes there exists some underlying structure,
a transphysical, a mathematical, or geometric structure,
which manifests itself in physical properties - the atom

or the cosmos. These basic structural numbers are far

more basic than the laws of physics. Eddington, in fact,
believes that the laws of physics deriye from the number

theoretic properties of these basic structural constants.
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Most experience indicates that there exists a functional
dependence between structure and behavior. However, it is
important to distinguish between behavior a;% a compensatory
response to environment, and behavior as dynamic self-
contained process deriving from internal structure. Behavior
which derives from internal structure is usefully divided

into two forms - short range or processing behavior, and
evolutionary or modifying behavior. Depending upon the extent
to which Machian relations govern structure, we may find there
is no such thing as a dynamic process deriving solely from
internal structure. All process and modification of structure
may be Machian, as well as the structure itself. This statement
is equivalent to rejecting the concept that the geometrically
internal is the only significant structure governing behavior.
A Machian construct would state: first, that structures
internal and external to every hypefgg;g;g?are inseparable;

and second, all behavior is a consequence of total and not

just internal structure. Thus, no system is isolated nor can
any system be regarded as consisting only of wyhat is geo=

metrically interior.

We may further amplifly the above distinction between short
range and evolutionary behavior as follows: by short range
behavior we shall mean behavior which plaYs no part in the
modification of the structure except possibly aging.
Evolutionary behavior, on the other hand, is a process of
whatever time duration which affects a change in the structure.
Short range behavior processes energy in some form. Evolutionary
behavior modifies the information which is stored in the
structure. In short range behavior, there is an input and out-
put of energy, a portion of the energy being consumed in the
processing. A star is an example of a structure in which
evolution and short range behavior are mixed., It is because
the substance processed in the short range behavior of a star
constitutes an intrinsic part of the structure, and through
being processed, the structure in turn is modified. Specifi~
cally in the case of the star, the short range behavior is the

process of conversion of mass into radiation. Gradual loss of
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mass changes the structure and this evolutionary change in
structure in turn modifies the details of the short range
behavior.

Three dimensional space has been generalized in the theory of
relativity to four dimensional space-time. through inclusion
of time as an equivalent geometric coordinate. The concepts of
structure and behavior are related and may be generalized in
the same way. Behavior thus becomes the structure of a system

in space-time.

Let us consider now in more detail the basic ideas relating
structure and behavior or form and function. The behavior of

an organism, be it man, or animal, or star, may be divided into
three categories; that which is internal; that which is
functional, such as consumption of energy, or energy processing;
and finally, which is evolutionary, reproductiye, or structure
modifying. Each of these types of behaviors requires transmission
of energy to all parts of the structure, g the traffic density however,
required for each type of behavior is different. A mononucleated
city, for example, requires a much higher density than is

required between the nuclei or ‘in intercity commerce. Hierarchies
occur whenever there is a drop in the necessity for a certain

type of communication traffic. 1In understanding any organism,

we must know what types of messages must be sent and how
frequently each type must be sent. We must know those synapsis
which must be in communication frequently with one another and
those which need to be in communication only occasionally. We

are led, therefore, to a characteristic time related to a
characteristic size through a characteristic frequency of

communication.
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One of the most important properties of structure is stability,
Stability refers to some sub-set of properties which remain
invariant for an extended period of time. TUltimately the

period of time must be referenced to a characteristic period of
time for the observer. For an observer to interpret behavior

as stable, it must endure long with regard to his own
characteristic time. In another sense, a stable structure may

be said to be a structure whose component parts may be altered
without disruption of the whole. Thus, the most stable

structure is put together so as to permit the maximum readjustment
of components without the destruction of the whole. If the

total structure replicates the structure of its sub-components,

it has the unique property in that it permits experimentation |
upon its sub-components to determine what successful modifications
may be derived and those which are successful in the sub-components
may then be adopted for the structure as a whole because the total
information of the structure is contained within the sub-structure.
It is very interesting to note that the human body is constructed
in precisely this way in that every cell of the body contains the
total information required to reconstruct the whole body.
Organization of this type we will call epitactic. An epitactic
organization affords a maximum stability plus freedom for
readjustment and the optimum method of achieving that stability.

If these abstract properties are true it should not be

surprising to find them not only in biological organisms, but
also in other organisms which are hierarchically constructed.

It should not then be surprising to see certain properties of
cosmic aggregates replicated at different levels, and this is
precisely what we find in the study of stars, galaxies, clusters,

and higher order clusters.
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We must now~distinguishﬁbetween energy processing behayiox

and the structures which support it, and information processing
behavior and the structures which support it, A machine is a
processor of energy. Its:information is stored in its structure
in the setting of the valves, the operation of the pistons, the
size of the cylinder. A mold, or castings, or a program for a
turret lathe, are one and the same in the sense that their
structures contain the information which determines the
behavior of the machine and how it processes energy. An
information processor, on the other hand, has certain fixed
energy components, circuits, memory banks. These forms are

put together in different ways to process, that is, to alter
the structure of the information contained within the system.
An organism or organization which processes both energy and
information and effects a symbiosis may be said to exhibit

most of the properties exhibited by the life process.
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Section 2

WHAT is structure? We meet structure everywhere ~ in cities,
in buildings, in nations, in government, in the cosmos,. in our
families, in our very own physical bodies and psyches.

Structures consist of two elements: 'linkage and synapse.

We borrow these words from physiolpgy where synapse is defined as
the junction point of neurons (the linkage) across which a nerve
impulse passes. In a cify, linkages are roads, telephone net-
works and subway lines. Synapses are shopping centers, airports,
telephone exchanges, factofies, schools, librariers, television
studios or post offices. In buildings linkages are girders,
synapses are connections; or linkages can be air ducts and

heating units synapses. Cities and towns are synapses of nations

[
.

- linked by communication channels and trade routes. In govern-

ments, the synapses are centers where decisions are made -
courts, congresses, executive, vot;ng precints or constitﬁents.
Linkages connecting these centers are procedures for passing
decisions or requests for decisions between them or chains for
giving commands. Cosmic synapses are celestial aggregates such
as stars, planets and»gélaxies. Linkages are gravitational,
radiation or magnetic fields. Human structure have circulatory,
respiratory or nervous linkages to functional synapses of heart,
lungs, brain, not to mention the familiar structural concept of
anatomy - bone linkages joined by elbow, knee or ankle synapses.
Besides linkages and synapses what else is common to

structures? Consider the travel over linkages into and out of



synapses., The phenomena'of traffic is common to all structure,

But do automobiles do the»traveiihg or is it the peOplé or goods
inside the‘automobiles that traVéi? Since we've already'gone.

far enough to anticipate what's needed next, we distinguish carrier
from the thing ¢arried. iIn genetal, the thing carried is either

energy or information - the carrier is on the most basic level

‘elemental particles, that is, elédtrons, photons, and gravitons.

However, our view of the structure observed requires we choose

an appropriate magnification of the carrier. For example, to

consider the linear linkages called girders in buildings, we

"must choose the molecular carrier of tension and compression.

In cities, structure is displayed.by vehicle carriers on freeway

networks or messages on telephone networks. Gestures character-

istic of psychological states may be considered as one kind of éar;iei
in government structure. lWe suﬁmarize some 6f these examples

in the first chart. This outlihe:of definition serves as a

framework fof discussing struétﬁre - it allows us to cbnsider the
traffic common to all these(va?ious kinds of structures.

.Traffic is a phenomenaaéf an aggregate of carriers. Traffic
results in a city from the facﬁ(automobiles and trucks muét»go
along existing linkages into agd out of existing synapses -
airport terminals, factories;:éﬁbpping centers, etc. Traffic
in a telephone system resultérfrom'the fact that messages must go
on existing channels into and oﬁf of existing exchanges. The
dimensionality of the linkages. thus becomes an important parameter

in describing structure.



A freeway or road network is one dimensional while an
air route is two dimensional. Girder or beam linkage in
buildings are linear, therefore, one dimensional, An airplané
or balloon is two dimensional because the sufface (or skin)
carries stress., The human body is presumably one dimensional
if we consider only physiological structure. The possibilities
for describing human structure by including'the multi-dimensional
linkages implied in psychosomatic or corticovisceral models |
are intriguing but beyond this presentation. (Ref: J. of
| Psychiatry, Sept. 1967)

In government structures containing decision-making
Synapses, formalized chain-of-command linkages or referendum
procedures imply one-dimensionality. We know however~tha£
informal channels exist in these structures (Ref: ).
It would be useful to diagnose these structures to identify their.
linkage dimensionality and we will go into such analysis inba |
later‘section (see page | ).

We also note here that synapses (or centers) are of zero-
dimension. This does not mean that synapses are of zero size
for they obviously cén extend in space for several miles as in
the case of airports or shopping centers. We must abstract the
‘zero-dimension of synapses in order to preserve the idea of
junction. In contrast to the abstractioh of a point in Euclidean
space(that is,of zero-extention as well as zero—dimensioﬁ)‘a

synapses can have real extention in Space but it must be zero-

dimension.




Awvareness of traffic is experienced as overloads - congestions -

jams, etc. We said earlier that traffic is a phenomena of some

aggregate of carriers. Besides the inherent limit of character-

~istic velocity of any one carrier, we can distinguish four
additional llmlts to the travel of carriers. These are: 1)

' wmlpﬂvqs\* Hims
’,the input/output ﬁ@g@t(number of carriers into and out-of) of -
any synapse, 2) the total number of synapses in the structure,  
3) the total number of linkages into/out-of any one synapse,
and 4) the maximum carrier density possible on any one link.
Number 3) could be included in the definition of input/output
size of any one synapse (that is, as in the case of designating
electronic equipment by number of.channels: Aa 2 or 4 channel
amplifier, for example). Each specific structure defines these
limits to travel of carriers. Here we are concerned with

descriptive statements about traffic.

(Note something is wrong here)
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and arteries

STRUCTURES
. Synapse Linkage ' Carrier " Thing Carried
| Synapse - Neurons Nerve Electrical
: impulse impulse (energy)
Junctions Girders Molecules Tension or
' compression force
(energy)
Shopping Center Freeway Automobiles Goods and people
o : Trucks (energy)
Telephone Ex- Telephone Messages Information
change channel (some energy)
Decision-making Chain-of- Messages, Information
Center command gestures,
tone-of-voice
Stars Fields Electrons Energy and
‘ (Radiation, Photons information
Magnetic/ Gravitons :
~gravitationa
cities Communication Messages Information and
. channels Vehicles energy '
Trade routes
Heart Circulatory Blood Energy
S system - veins
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Section 2
WHAT is structure? We meet structure everywhere - in cities,

in buildings, in nations, in government, in the cosmos, in our \\N\*m\
. -

families, in our very own physical bodies and psyches. o
N
Structures consist of two elements: linkage and synapse.

We borrow these words from physiology where synapse is defined as
the junction point of neurons (the linkage) across which a nerve
impulse passes. In a city, linkages are roads, telephone net-
works and subway lines. Synapses are shopping centers, airports,
telephone exchanges, factories, schools, librariers, television
studios or post offices. 1In buildings linkages are girders,
synapses are connections; or linkages can be air ducts and
heating*units synapses. Cities and towns are synapses of nations
.>linked by communication channels and trade routes. In govern-
ments, the synapses are centers where decisions are made -
courts; congresses, executive, voting precints or constituents.
Linkages connecting these centers are p;ocedufes for passing
decisions or requests for decisions between them or chains for
~giving commands. Cosmic synapses are celestial aggregates such
as stars, planets and galaxies. Linkages are gravitational,
radiation or magnetic fields. Human structure have circulatory,
respiratory or nervous linkages to functional synapses of heart,
lungs, brain, not to mention the familiar structural concept of
anatomy - bone linkages joined by elbow, knee or ankle synapses.
Besides linkages and synapses what else is common to

structures? Consider the travel over linkages into and out of



synapses. The phenomena of traffic is common to all structure,

But do automobiles do the travelihg or is it the pe0ple or goods
inside the automobiles that trave;? Since we've already gone

far enough to anticipate what's»ﬁeeded next, we distinguish carrier
from the thing carried. In general, the thing carried is either
energy or information - the carrier is on the most basic level
elemental particles, that is, eiedtrons, photons, and gravitons.
However, our view of the structure observed requires we cheose

an appropriate magnification of the carrier.  For example, to
consider the linear linkages called‘girders in buildings, we

must choose the molecular carriei of tension and compression;

In cities, structure is displayed byevehicle carriers on freeway
networks or messages on telephone networks. Gestures character-
istic of psychological states may be considered as one kind of carrler
in government structure. We summarlze some of these examples

in the first chart. This outllne of definition serves as a
framework for discussing struéture - it allows us to consider the
traffic common-to all these vafious kinds of structures.

Traffic is a phenomena of an aggregate of carriers. Traffic
results in a city from the fact automoblles and trucks must go
along existing linkages into and out of existing synapses -
airport terminals, factories, shopplng centers, etc. Traffic
in a telephone system results from the fact that messages must go
on existing channels into and out of existing exchanges. The
dimensionality of the linkages. thus becomes an important parametet

in describing structure.



A freeway or road network is one dimensional while an
air route is two dimensional. Girder or beam linkage in
buildings are linear, therefore, one dimensional, An airplane
or balloon is two dimensional because the sufface (or skin)
carries stress. The human body is presumably one dimensional
if we consider only physiological structure. The possibilities:
for describing human structure by including the multi-dimensional
linkages implied in psychosomatic or corticovisceral models
are intriguing but beyond this presentation. (Ref: J. of
Psychiatry, Sept. 1967)

In government structures containing decision-making.
synapses, formalized chain-of-command linkages or referendum
procedures imply one-dimensionality. We know however- that
informal channels exist in these structures (Ref: ).
It would be useful to diagnose these structures to identify their
linkage dimensionality and we will go into such analysis in a
later section (see page ).

We also note here that synapses (or centers) are of zero-
dimension. This does not mean that synapses are of zero size
for they obviously can extend in space for several miles as in
the case of airports or shopping centers. We must abstract the
zero-dimension of synapses in order to preserve the idea of
junction. In contrast to the abstraction of a point in Euclidean
space that is of zero-extention as well as zero-dimension, a
synapses can have real extention in space but it must be zero-

dimension.



Avareness of traffic is experienced as overloads - congestions -
jams, etc. We said earlier that traffic is a phenomena of some
aggregate of carriers. Besides the inherent limit of character-
istic ?elocity of any one carrier, we can distinguish four
additional limits to the travel of carriers. These are: 1)

the input/output size (number of carriers into and out-of) of
any synapse, 2) the total number of synapses in the structure,
3) the total number of linkages into/out-of any one synapse,

and 4) the maximum carrier density possible on any one 1link.
Number 3) could be included in the definition of input/output
size of any one synapse (that is, as in the case of designating:
electronic equipment by number of channels: a 2 or 4 channel
amplifier, for example). Each specific structure defines these
limits to travel of carriers. Here we are concerned with
descriptive statements about traffic.

(Note something is wrong here)



CHART I ' 5

STRUCTURES
Synapse _ Linkage " Carrier " Thing Carried
Synapse ' Neurons Nerve Electrical
: impulse impulse (energy)
Junctions Girders Nolecules Tension or
' compression force
(energy)
Shopping Center Freeway- Automobiles Goods and people
Trucks (energy)
Telephone Ex- Telephone Messages Information
change channel _ (some energy)
Decision-making Chain-of- Messages, Information
Center command ~gestures,
tone-of-voice
Stars Fields Electrons Energy and
Radiation, Photons information
Magnetic/ Gravitons
~gravitational
cities Communication Messages - Information and
channels Vehicles energy
Trade routes '
Heart _ Circulatory Blood Energy

system - veins
and arteries



CHART 2

Kinds of Density in Structure

1) Input/output size of synapse:

2) Number of synapses per unit
area:

3) Number of linkages per
synapse:

4) Number of carriers per unit
time on one linkage:

number of carriers in
neighborhood of a synapse

cities/thousand sg. miles
stars/cubic parsec
schools/sq. miles

houses/sq. feet

neurons into one synapse
air routes. into one airport

roads into one town

~girders into one connection

chemical bonds into one atom

channels into one amplifier

messages/hour
automobiles/hour
photons/sec.
decisions/day

electrons/year
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THE FUTURE OF THE CITY: MEGALOPOLIS OR MERISTOPOLIS?

Dr. Albert G, Wilson~
Consultant, Institute of the Future
Topanga, California

"~ Abstract

The technologica]; economic and psychological forées that attract people to or

repel ‘people. from urban centers are undergoing fundamental. changes.
between the forces of aggregation and those of diffusion is shifting.

The balance
No longer

can extrapolated growth curves be taken as reliable guides to the city's future.
In view of the increasing ability to create an urban culture outside of large

population centers and in view of the increasing difficulties in maintaining an
urban culture within large populaticn centers, the future of the city as we have

known it is in serious doubt.

This paper identifies and discusses the growth of

fragmentive forces and the decay of the aggragative forces that have historically

shaped the city.

Will the projected trend to megalopolis materialize or will a

net of meristopolfs arise through the fragmentation of present cities into smaller,
more uniformly distributed centers of population?

Modern approaches. to problem formulation and
solving, such as Operations Research and Systems
Theory, caution against the common error of defin-
ing a prebiem within too narrow a context, Those
vho focus on the improvement of the steam locomo-
tive suddenly find that their solutions are
irrelevant in a railroad technology switching
from steam to diesel power. Those who design
faster ocean liners find their solutions aborted
by transoceanic air travel. Those whose chips
are on higher octanes lose their shirts when
‘iﬁ§%ﬁ§£§§? The
rapid and radical changes of these times provide
us with an abundance of examples that teach us to
look both broadly and deeply into our problems,
not only asking what it is that we are really
trying to do, but whether what we are trying to
do will be meaningful by the time we are able to

do it.

preempts the motor fuel market.

I believe any exploration into alternate solutions
for the current probiems of urban transportation

must take as boundary conditions nothing less than
the basic forces that define the city and govern

its growth and decay. This especially since a

" decade has become the typical span of time for-

the implementation of most programs for new urban
transportation systems. An analysis of the forces
shaping the city must include not only the economic
and logistic factors but the cultural and psychol-
ogical factors. The fact that many of these
bomponents are not easily measured and quantified
does not reduce their importance. Our tendency to
stress what we can measure and massage mathematic-
ally and ignore what we cannot causes us to substi-
tute operations with methodologies for operations
on the problems themselves, usually with highly
discrediting results.

The evolution of the city is shaped by an interplay
of forces and images. The forces ara the inertias
of past practices and present investments., The
images are the visions and models of the future,

.The forces are the imperatives generated by the

17
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indfvidual and collective needs and wants of those
who choose to 1ive in or off of the city. The
images are mental distillations of the individual
and collective ways of viewing and experiencing
the city., Since subjective modifications of
objective realities are ever creating the future
through distorting the present, it is 1mportant
to recognize the four basic subjective approaches
that provide the dynamic for societal structuring
and restructuring.

A fundamental anthropological invariant is the
structuring of éocieties, both primitive and
advanced, around four basic social functions,
which echo their origins in the four psychological
types. In India a strong caste system tradition-
ally differentiates the levels of priest, prince,
.warrior and tradesman, On the opposite side of
the .globe in the pre-columbian city of Uxmal in
Yucatan the same basic division of function
according to priest, prince, warrior and crafts-
man was made architecturally an integral part of
the urban plan. At the present time the bushmen
of the Kalahiri in Southwest Africa adopt a

_similar fourfgld structure--shaman, headman,‘
weaponman and supporter-~for iheir hunting
parties. Thompson has shown how in highly
developed societies these four groups are modified
through. finer differentiat1ons, but still maintain
their basic 1dent1ty.

The 1nst1tutions of religion, science and education
derive from the shaman function; government and
management from the headman function; the military
and defense establishments from the warrior function;
and the sector of busineés, industry and art from
‘the tradesman-craftsman function. The universality
of this fourfold structure of social organization V
gives weight to the primacy of the four analagous
causes usually credited with being responsible for
the origin and continuance of cities: Cities are
for generating, storing and disseminating culture
and learning; for governing and administering the
state; for protection and security; and for pro-
viding centers for manufacturing and markets for
trade. Yhile detailed economic, physical, psy-
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chological and cultural advantages and disadvantages
of cities can be elaborated, the existence of cities
for over six millenia has depended on the satis-
factory servicing by the urban form of the require-
ments of these fundamental social functions. So
long as the urban form fulfills these functions,
cities will presumably continue to exist. But it

is precisely this issue that throws doubt on the
future of cities as. recorded history-has known them,

The techno]ogiba]-revo1ut10n of the past two

centuries and espec1a11y its recent accelerated
phase since World-War II has done more to challenge
the basic institutions of society than any set of
events since the neolithic revolution of 10,000
years ago (2). Even the family and the timeless
tradition of freedom to procreate are challenged
by the condition of today's world. By and ]arge
technology has contributed to the centra]izing
forces that have resulted in the aggregation of
inbreasing percentages of the population in urban
centers. The economies of centralized production
of energy, mass production of needed goods by a
limited number of centers, and non-competitiveness
of family agriculture have all contributed to the
urban implosions of the 19th and 20th centuries.

~But it is only to a point that technology has .

enhanced the centripetal forces enlarging cities.
More recently the effects of techno1ogy seen to
be switching to the other side, enhancing the
centrifugal forces that tend to diffuse and erode
cities. '

First, the matter of protection and security.
Certainly the walled city of ancient and medieval

" times provided fairly good security from the

brigandage of nomadic bands, at least until tech-
nology introduced the cannon and the walls came
tumbling down. Since then both technology and
nomadic bands have done quite a bit of evolving.

‘Today the city has become a stack of chips in a

game called "Nuclear Deterrents® and the only
protection it offers is that of flash incineration
over the slower radiation death of the down wind
rural areas. As for security, Atilla the Hun has
abandoned the countryside for the streets and parks



of the city. It is a well established statistic
. that the level of crime and violence goes up with
the density of population reaching its maximum '
in our largest cities. It appears that the
traditional function of security is today better
met outside urban areas than within.

-

-Second, the changes in transportation and communi-
cation technologies have reversed the implosive
“trends in manufacturing and marketing. Decenfral-
ized industrial parks are springing up at various
distances'from urban centers in suburbs and in
smaller communities.
central city for work. In Westchester County
New York 70% of the people no longer commute to
New York City and the number who do is decreasing
sharply. Trucking and “piggy-back® carriers have
liberated manufacturers from the umbilical cord
of the railroad track and its centralizing
restrictions. Containerization requires large
amounts of open space and contributes to the .
. forces of decentralization and valsa of lower
"density. Branch merchandising bringing the top
name stores to suburban shopping centers results
_in fewer shoppers undertaking a hajj to the
central city. Developments of the past 20 years
have clearly demonstrated that manufacturing and
marketing can be as effectively or more effec-
tively conducted in smaller semi-urban areas
than_in the city.

Modern communication and transportation technology
has also removed the necessity for concentrating
government into a small area. We are governed
 from California, Florida, the Maryland Hills
and jet aircraft about as well as from Washington
D.C. Administrators can meet more conveniently
and securely on beaches and in mountain retreats
than in cities. The weapons of the nuclear age
have made both decentralization and mobility
desirable design features of government, with
physical propinquity being replaced by wires
(both direct and attached) in the administration
of the affairs of state.

Perhaps the greatest impact of modern technology
has been-on the function of the city as the

source and storehouse of learning and culture,
For over a century the university has replaced
And while
today non-academic research centers and think

the city as the womb of new knowledge.

. tanks are the runners to which the torch is pass-

ing, neither the campus nor the research institute
needs the city. With the libraries, theaters and
museums in the central city becoming increasingly
difficult to reach, the media are decentralizing

the storage and dissemination of culture. TV has

~ shown the feasibility of brfnging culture directly

Fewer people must go to the
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into every habitation. We all look forward to the
time when this demonstrated feasibility will be
The spread of theido-it-yourse}f
movemen; from house repairs to the crafts and

implemented,

arts and most recently to the parforming arts,

" has created a new amateurism that could care Tess

for the historic sanctity of a centralized profes-
(It might be added that this
feeling is reciprocated,) Technology has struck
a deep blow at the cultural function of the city.

sional culture,

From this brief sketch, which is primarily to
bring to mind your own examples of how the tech-
nological revolution is rapidly modifying the
historical functions.of the city, we see that.
aggregating forces are hecoming diffusing forces
and centripetal forces are being replaced by
centrifugal forces. At the present time we are
witnessing a curious paradox in the summoning of
the know-how of technology to help save the city
that technology is rendéring_obso]ete. Technology
is asked to come up with new fuels, new engines,
new vehicles and new systems to overcome the dis-
ruptive effects brought into being by technology
itself. Can a specific application of technology
overcome its total impact? Vaccination has not
been known to work after the disease has struck.
Can a few mefcenaries hired from the forces of

an invading army turn back the invasion? Those
who feel technology has its own imperatives and
that humans are no longer in bharge will answer
Those who feel that technology can overcome
I person-

no.
everything--even technology, will try.
ally am with those who choose to try, not from an-
illusion of the ultimate restorability of the city



to its former place, but as a holding action to
“make the transition to rew approaches to security,
administration, business and culture as painless
and expeditious as possibie.

5

What about the Future:

There is reason to suspect that tomorrow's develop-
~ ments will be even more unsupportive of the city

~ than todéy‘s. First is the matter of energy
shortage and the admonition that we are going to
have to “cool it".
ized to minimize the amounts of energy necessary
to provide needed goods and services to all the
inhabitants.
transport, more storage, refrigeration, loading

Present cities are not organ-

Cities require more miles of

and unloading, etc. than needed to feed the same
population living at a lower density adjacent to
open agricultural spaces. But efficiency as
regards energy consumption has not been a critical
value in the past and, if some of the exotic new
sources of energy now on the drawing boards become
feasible, it may not be a critical matter in the

future.

Huclear fusion as a common source of energy may
prove to be one of the greatest centrifugal social
forces yet introduced by technology. The fuel--
probably heavy water--will not require pipe lines,
tankers, or a heavy duty transportation system,

A few pounds will go a long way. If the reactors
are small, it is likely that independent generators
will take the place of large distribution networks
- and we may see for the first time an abundance of
non-polluting energy wherever it is wanted
1iberated from large central generating plants
"and distributing networks. The effect of this.
will be that people can live wherever they wish
yet have a reasonable standard of living.

Abundant energy will permit all kinds of recycling
and other economies with resources. The amenities
now found mostly in urban areas will be available
on mountain tops, islands or wherever people
might wish to live for esthetic or other self
actualizing reasons. ° ‘

" buildings are only in the memory.

As said earlier, the futuré'of the city will result
from the interplay of forces and images. The forces
appear to be shaping against the city. What about

.the images? The image of megalopolis is a negative

one for most people. A Gallup poll taken in 1968
found the preferences of Americans distributed as
follows: For cities, 18%; for suburbs, 25%; for
small towns 29%; and for farms 27%. -That is about
80% of Americans do not prefer the city.

Images of the future city showing architectonic

mul ti-level shopping arcades with fountains and
greenery, connected by moving sidewalks and
individual monorail cars fail to energize the
support needed for their realization. And if an
image does not energize it will not materialize.

The positive images of the city are now found
mostly amid the growing heap of nostalgia for the
good 0ld days. The charm of the shops, the excite~
ment of the streets, the magnificence of the

They are

obscured with lurking crime, snarling traffic and
choking smog. So perhaps even more negative than
the technological and social forces mounting
against the city is the fact that the American
image of the good life has emigrated from the

city and now resides in the open spaces amid green
trees, clean water, clear air and still skies., A
net of small pluralistic communities, each surrouhded
by unspoiled or reclaimed open space--a meristopolis--
fits more closely both the force future and the
image future than the megalopolis predicted a decade
ago.

(1) Thompsen, William irwin, At the Edge of History
. Harper and Row, N.Y. 1971

(2} prumb, J. H., “An Epoch That Started 10,000
Years Ago Is Ending." HORIZON, Summer 1972,
page 4.
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MORPHOLOGICAL CONSTRUCTION*
Albert Wilson

]

In all levels of forecasting and planning, it is important
that we have a systematic exploratory technique providing
a survey of all the policies, approaches, strategies, and oppor-
tunities that may become available. Morphological construc-
tion is a methodology for the systematic exploration of the
totality of possibilities within an explicitly defined situation.
The term, morphology, [was adapted by the astrophysicist,
Fritz Zwicky, to stand for three basic techniques of syste-
matic exploration. These are: systematic field coverage which
is concerned with delineation and the search for limits;
negation and reconstruction which is concerned with varying
basic assumptions; and the morphological box which is con-
cerned with the totality of alternatives within a defined
domain. To these three, a fourth called morphological spaces
has been added by Ayres to describe the dynamics of tech-
nological development.

Morphology may operate at the frontiers of feasibility to
find a route or may operate behind the lines to discover
alternative routes, According to Zwicky, there are three types
of problem that morphological analysis attempts to solve:

What devices are necessary to obtain all of the
information about a given set of phenomena;

What is the sequence of all effects issuing from
a given cause;

What are all the solutlons of a given problem.

In addition, the morphological box is a useful taxonomic
matrix for indexing and classifying the information, effects,
or solutions which have been given parametric entitation.

For the survey of alternatives, we shall be primarily
concerned with the construction of morphological matrices,
but the delineation of limits and variation of assumptions
are also useful techniques for futurologists and will be brief-
ly described.

_ The technique. of systematic field coverage is a technique
of infiltration of unknown territory, usually by successive
approximations, using extrapolations, interpolations, analogies,
and inversions. Extrapolation, interpolation, and analogy are
meant in the usual sense, but by inversion is meant the ident-
ification of any dualism and the interchanging of parts or
roles. An example of inversion would be the design solution
for a dipole antenna for high speed aircraft when location in
the airstream is not feasible. A dipole may be either a linear
conductor surrounded by a non-conductor or a linear non-
conductor slot imbeded in a conductor. The /nversion of the
usual approach solves the problem when a tubular slot is
placed within the conducting fuselage. A favorite Zwicky '
example of a problem solved by inversion is How to

moisten a postage stamp that has fallen on a dirty floor and
there is no sponge or water nearby—lick the envelope, not
the stamp.

Edward de Bono illustrates inversion with the example of
the old grandmother who, knitting by the fire, could not
keep her two-year old grandchild from tangling her wool. Put
into a playpen, the child howled so much she still couldn’t
knit. Grandmother solved the problem by getting into the
playpen herself, leaving the toddler free but out of reach of
her yarn.

Rather than being barriers, limits frequently turn out to be
clues to deeper understanding and the opening of entire new

fields.|One of the first limits discovered was the fact that no

*adapted from the forthcoming book, The Four Faces of the Future, by Albert Wilson and Donna Wilson. Copyright

fﬂl"o—m

Tecl fno/ajrc ol Foitcardity 1924

more than five regular polyhedra can exist in three dimension-
al Euclidean space. This limit fascinated the Greeks and

Euclid’s geometry was supposedly formalized solely to prove
this fact. The limitation that water could not be pumped over
[thlrty three feet at sea level led to the discovery of atmospheric
pressure. Today the absence of meteoroids with hyperbollc
velocities and the existence of the Schwarzschild limit in gravi-
tational potentials have led to important concepts about space
and matter.

The technique of:.negation and reconstruction is very impor-
tant both for enlarging the spectrum of possibilities and for -
breaking out of theoretical cul-de-sacs. The basic approach is
simply. to reverse the truth value of each basic assumption. The
century old frustration with Euclid’s fifth axiom of parallels
was ended and fruitful fields of research were opened when it
was negated. Even when an assumption is valid, a deeper under-
standing of its role in the system can be obtained by its negation.
Some of the most imaginative possibilities are disclosed by this
technique.

The construction of morphological matrices to exhaust ail of
the possibilities lying in a defined situation may be summarized
by the following steps:

"+ The problem to be solved must be exactly formulated;

« All of the parameters which might enter into the solution
~of the given problem must be identified and characterized;

* The multidimensional morphological matrix for the given
problem is constructed with one dimension corresponding
to the sets of values assumed by each parameter, i.e., if
there are n parameters, there will be n + 7 dimensions;

* All of the possible solutions {each possible combination of
values for the parameters defining one solution) are evalu-
ated with respect to the purposes which are to be achieved
and assessed according to state-of-the-art, economic, sequen-
tial, axiological criteria;

» The optimally suitable solutions are selected for implemen-
tation, in practice this reduction usually requires a supple-
mentary morphological study.

The most critical feature of the method is that step three and
step four be kept independent and that step three be complete

| before step four is begun. That is to say, the generation of the
matrix must continue without prejudice regarding the feasibility,
desirability, or even, plausibility of any one solution. Only after
the complete matrix has been constructed is evaluation to begin.

As an illustration of the construction of a morphological matrix,
let us consider the morphology of solutions to the problem of
world-wide population limitation subject to the restrictions im-
posed on us by the present state-of-the-art, but not to the pro-
scriptions of any value system.

( Putting the problem on a global scale removes emlgratlon from
possible solutions—emigration to other inhabitable planets being
beyond the present state-of-the-art. Placing large sections of the ~
population in “deep freeze” or some form of suspended animation
or lengthening the gestation period from say, nine months to nine
years, are also excluded from possible solutions on the basis of
state-of-the-art. Our considerations then are reduced to the pre-
vention of life and to the termination of life.

We have therefore arrived at the first parameter which we may
call the phase parameter. Its values are the phases during which
limiting actions take place. There are four distinct phases: pre-
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sexual union, sexual intercourse, conception to birth, and
post birth. The first two phases relate to the prevention of
life, the last two the termination of life.

A second parameter has to do with the rype of preventive
or terminative action. Five categories occur: 1)cataclysmic
interference with life or reproductive processes; 2)sustinence
deprivation; 3)prey or disease; 4)rythymic or time factors;
and 5)psychological modifications.

A third parameter has to do with whether the actions are
unintentional (accidental), voluntary, or coerced. A fourth
parameter differentiates between actions performed by or on
an individual, sub-group, or mass—individual defined here to

also mean a couple. The morphological matrix takes the form:

Morphology of Population Limitation

P] phase pre-sexual  sexual pre-birth post-birth
when
terminated e
P method . cataclysmic sustinance : prey time psycho-
of interference deprivation or factors: logical
termination (food, air,  disease rhythm, modifica-
energy, aging, tion
hormones, decay
. sperm, etc )
P3 mode unintentlonal voluntary coerced
of 1 (accidental)
action
P4 recipient individual sub-groups collective
of
action

An inventory of specific actions or approaches to population
limitation can be made using the morphological characteriza-
tions of the above matrix. The four digit indicators of a
specific action need only give the values assumed in the ma-
trix by Py, P2, P5, and P, respectively. Thus in the example of

miscarriage (3, 1, 1, 1)

the phase parameter, P., takes on the value 3, the period from
conception to birth. The type parameter, P, assumes its first
value—cataclysmic interference. The mode parameter, P,, is
usually (not always) unintentional and therefore value one, and
the aggregate is the individual or value one for the fourth param-

eter, P,.

Inventory of Solutions

1, 2, 1)

1, 1, 1)

1, 3, —)

2,1, =)

3,1, 2)

1,3,3)

2,2, 1)

2,2, 1)

» 1’ = 1)

Celibacy ..uceeerreeeeees (—-,5 2,1)
IMPOLEncy .uueveeren. (2,5 1,1)

A hyphen in the description indicates an under-determined matrix.

Many of the named solutions cover more than one box in
the morphological matrix. This is due to the non-specificity -
of many of the terms in our language. For example, steriliza-
tion (vasectomy) can be represented by:

individual, voluntary ( 1, 1, 2, 1)
individual, coerced ( 1, 1, 3, 1 )
sub-group, voluntary ( 1, 1, 2, 2 )
sub-group, coerced (-1, 1, '3, 2 ).

A finer structure can be introduced into the matrix through
additional discriminations such as whether sterilization is of
the male or female, is reversible or irreversible, etc. However,
since the parameters elaborating the fine structure of steriliza-
tion are irrelevant for the species of sustinence deprivation,

“rather than make one matrix containing all of the refinements,

it is better to use a hierarchy of several matrices. A morpho-
logical matrix of a broad field should not contain parameters
suitable only for the morphology of a sub-field.

Of course many of the individual solutions listed are ex-
cluded from realization because of our value systems. But it
is only after all of the possibilities are listed that we - should
look at the solutions axiologically to decide which are accept-
able and which are not. For example, many would immediately
exclude solutions with P,= 3, that is, solutions of a coercive
nature. A morphological matrix is seen to be a useful display
for exploring our values and value systems.

The difficult task in morphological construction is the
determination of a good set of parameters, i.e., a set that gen-
erates a matrix such that every box in the matrix represents a
different solution and no solution can be formed that does not
correspond to one box. The identification of a set of meaning-
ful parameters or descriptors is one of the most basic epistem-
ological activities. [t is the task of relating complex and unique
entities through their differences and similarities, a basic human
cognitive process closely related to our perceptive and conceptive
abilities.

Both differences and similiarities intrigue us. Differences
intrigue because of the uniqueness of every individual, the great
possibility for variety within constraints or variations on a
theme—all basic to art and creative expression. Similarities in-
trigue because they suggest unifying principles, the unity and
relatedness of everything, the economies and symmetries of all
organization—all basic to science and systematic knowledge.

The charm of varieties and uniqueness balance the elegance of
symmetries and invariance. The artist searches for new ways in
which things can be different, the scientist searches for addition-
al ways in which they are the same. The morphologist must do
both.

In the morphological study of any system or problem, we
are searching for both unifying principles and essential differences.
We are looking for the set of primary parameters or ortfio-
parameters which will show these attributes most trenchantly
and succinctly. Only in a few systems has significant headway
been made toward the discovery of ortho-parameters. In classical
mechanics, the original Newtonian parameters of mass, force,
and acceleration were replaced by the more elegant representa-
tions of generalized coordinates and Lagrangian functions (differ-
ences of kinetic and potential energy). These in turn were re-
placed by even more elegant and symmetrical relations—the
Hamiltonian functions. The ortho-parameters of the systems of
classical mechanics seem to be the generalized coordinates of



momentum, energy, and time. Another example of elegant
parameterization displaying a wide variety of possible rela-

tions is the perlodlc table of chemical elements and electron °

distribution in shells,
The basic question of how do we find the otho- parameters
of other systems has no simple answer. In fact, it may have
no answer since much of the structure of nature is in our
conceptions and an ortho-parameter is what we define it to
be. None the less, we seek parameters with economical and
unique representations that are as comprehensive as possible.
How do we do this? There is no explicit procedure. Al we
can do is list several aids for morphological parameterization.

Aids for Morphological Parameterization

o Start with a list that includes a large number of
known solutions. Cluster or group these known
solutions according to common characteristics.
Common characteristics are clues to parameters.
For example, a list of solutions to population
limitation may look like:

contraceptive

abortion
war
famine
celibacy

Next, cluster the list according to common char-
acteristics such as:

life preventing: contraceptives, celibacy
life terminating: war, famine, abortion.

Continue to add clusters of commonality such
as:

cataclysmic intervention: abortion, way
psychological intervention: celibacy
sustinance deprivation: famine, contraceptive.

The list should be clustered in as many ways as
come to mind. Do not censor or rule out any
possibilites at this stage. These:sets of clusters
suggest candidate parameters such as the phase
parameter which emerges from the first two
clusters or the type parameter which emerges
from the second three clusters. Remember that
solutions are not parameters. Each solution is
represented by the intersection of a set of values
of the parameters.

» Proceed by successive approximations. Attempt
to parameterize solutions by two’s, three’s . . .
approaching synthesis per analysis.

* Use whatever theory there is. The basic variables
of theory are usually the ortho-parameters being
sought.

* Redefine the limits. Oftimes a modification of the
definition of the limits of the original problem leads
to the detection of parameters.

* Change your viewpoint. For example, assume an
active view of being in complete control, then
assume a passive or deterministic view,

 Test candidate parameters for inclusion, that is,
whether they are sub-cases of other parameters.
Reject dependent clusterizations.

» Draft a candidate morphological matrix using test
parameters. Test the draft matrix on known
solutions purposefully ignored in the process of
construction to see whether these known solutions
are also uniquely generated.

The morphological box is not complete so long as a solution
appears in two or more boxes, |or if two or ‘more solutions
fall in the same box. If a solution shows up in two or more
boxes, it usually means that you have an incorrect parameter-
ization. If two or more solutions fall in the same box, you
need to find additional parameters.
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Hierarchical Structures

Everyone is aware of significant

groupings of things—in taxonomy, in -

biological structures, in social struc-
tures, and in material objects from
crystals to stellar systems. An inter-
esting aspect is how the characteristics
of a group are related to the nature
of the parts and to the characteristics of
other groupings—the properties of
order and disorder. Applications of
these ideas in biology, crystallography,
cosmology, and philosophy were  dis-
cussed by some 50 scientists, each an
expert in one of five or six different
disciplines, at a symposium organized
by Albert G. Wilson (astronomer),
Ralph W. Gerard (biologist), Lancelot
L. Whyte (historian}, and Donna Wil-
son (sociologist, who prepared a biblio-
graphical outline circulated in advance).
The symposium was held at the Doug-
las Advanced Research Laboratories,
Huntington Beach, California (18-20
November 1968).

The term “hierarchy” was first ap-
plied to social and religious organiza-
tions in which the relation between
groups was one of control or domi-
nance. Mario Bunge. (philosopher, Mc-
Gill University) stressed the impor-
tance of asymmetric relations between
levels, the members of each level being
“bosses” of the next lower level. How-
ever, in the history traced by L. L.
Whyte and C. D. Leake (University of
California Medical Center, San Fran-
cisco), it was clear that Aristotle and
Theophrastus applied hierarchical struc-
tures to the taxonomy of animals and
plants, where a species member cannot
be said to boss or control a subspecies.

Even more obviously, the funda-
mental particles in the lowest level of
Harlow Shapley’s hierarchy of material
systems [Of Stars and Men (Beacon
Press, Boston, 1958)] are not bossed
by the atoms, molecules, cells, men,
and galaxies in levels above them. In
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fact, this type of materials hierarchy
some think may arise in the mind of
man—a - psychological result of our
upbringing that makes it easier for
us to conceive of things arranged in
branching, pyramidal hierarchies. The
French philosopher Ramus wrote in
1550 that “everything is formed of little
units, and the mind groups these.” Al-
ternatively, the ranking of levels, and
their relations in a hierarchy, may re-
flect the process of formation, as in
Darwin’s evolution of biological species.

Of course, it is necessary to have
discrete units to form a hierarchy;
continuous fields or smooth distribu-
tions will not suffice. Cyril- S. Smith
(metallurgist, M.LT.) described the
history of understanding metals as ag-
gregates of crystals, magnetic domains,
and impurities. Generally, imperfec-
tions form the unit boundaries in pure
substances, and interaction energies
often impose a regular pattern on these

boundaries (which have been exten-

sively studied in soap-bubble froth and
by mathematical models of space-filling
polyhedra). Many patterns have
emerged, corresponding to various
forms of equilibrium, and Smith feels
that artists, rather than scientists, may
be better able to study these patterns.

Digital computers handle discrete in-
puts and outputs in large quantity.
F. E. Tonge (mathematician, Univer-
sity of California, Irvine) noted that the
use of subroutines makes computer
programming hierarchical, but that this

. is for the convenience of human pro-

grammers rather than the machines,
which are linear processors and must
be specially coded for subroutines.
R. W. Lucky (Bell Laboratories) re-
ported efforts to produce error-free
codes (for the transmission of infor-
mation) by “concatination,” or codes
within codes, that form a system simi-
lar to a hierarchy, and may bear on the

DNA genetic codes of interest to the
microbiologist, or the operation of
brain and nervous system.

Leake stressed the structural hier-
archies of biology, based on the cell
theory dating back to 1839. Cells of
various types form the organs in a
human body and all other -living orga-
nisms except viruses. These structures,
probably the result of evolution, are
organized by principles of purpose and
process, replacing the dominance or
“bossism” in social hierarchies. In one
organism, such principles seem to con-
trol the organs and processes at all
levels, revealing an elaborate network
of influence based on the chemical ac-
tion of enzymes from the interior, and
of other chemical agents from the en-
vironment. In fact, the environs set up
a whole new hierarchy—the topic of
ecological studies.

H. H. Pattee (biophysicist, Stanford
University) spoke about the chemical
hierarchy within living cells, contrast-
ing statistical models and detailed phys-
ical theory whereby characteristics of
atoms should control their groupings
in proteins and DNA. It is clear that
these aggregates control details of
growth. Just why the relatively few
forms of polymers are. preferred. from.
the billions of billions of possible forms
cannot be rigorously explained by de-
tailed physical theory of the strengths
of chemical bonds. Robert Rosen (bio-
chemist, State University of New York
at Buffalo) feels that the organizational
principles within cells may be derived
from a kind of .chemical statistical me-
chanics, but this will not be possible
until we discover some new subcellular
observables comparable to the perfect
gas laws in ordinary statistical me-
chanics. Both Rosen and Pattee pointed
to the very complex molecular growth
patterns simulated by a sequence gen-
erator that adds units on the front,
right, or left of a structure, according
to simple rules.

Turning to cosmology, where “pur-
pose” is not assumed, nowadays, E. R. .
Harrison (astrophysicist, University of
Massachusetts) noted that the laws of
physics appear adequate to handle the
various levels of the hierarchy from
atoms to galaxies. The frontiers of
physics where there are strong disagree-
ments lie principally in the realms of
the very small (fundamental particles)
and the very large (cosmology). We
are well aware of the discrete nature
of atoms, stars, and galaxies, but cos- .
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mologists treat the material of the uni-
verse as if it were a .uniform fluid.
From gravitational theory and zero
‘osmological constant, we get models in
which matter is very hot and highly
compressed 1010 years ago. (The initial
“big bang” at that time seems to have
been confirmed by recent observations
of the 3°K background of radio waves.)
Harrison raised the basic question:
How did the presently observed hiecr-
archical structure of planets, stars, and
galaxies arise from a fluid that was
originally compressed to extreme den-
sity? Jeans’s idea was that the expand-
ing fluid would be gravitationally un-
stable, so that small, chance excesses
of density would grow. However, the
billion-degree temperature during early
stages allows no density excesses that
can grow to the size of a galaxy in 1010
years. More recently, Novikov sug-
gested “lagging cores” to explain qua-
sars but these have too short a lifetime
to explain the far more numerous
galaxies. Efforts to use matter and anti-
matter appear quite promising, but
Harrison stressed that until we have
a satisfactory cosmogony, capable of
explaining the origin of galaxies and
eir salient features, we shall not be
le to understand why structure on

. the smaller scalc exists. )
Michele . Kaufman (astrophysicist,
Brown University) reported her cal-
culations of galaxy formation by elec-
trostatic forces, assuming (with - D.
Layzer of Harvard) that the early stages
were not so hot. (The present 3°K
background must then be explained as
"the remains of intense stellar radiation
scattered by interstellar dust about 108
years after creation.) She predicts a
hierarchy of density concentrations
_about 1000 seconds after creation, and
shows that they would form objects the
size of star clusters and galaxies today.
Some details of the regularity we see

in the universe today among nonorganic
objects were summarized by Albert G.
Wilson (astronomer, Douglas Advanced
Research Laboratories) who sees a hier~
archy of interacting “modules” or

~ groupings. The interactions are different
at different levels, which range from
atomic size up  through meteorites,
planets, stars, star clusters, galaxies,
and clusters of galaxies to clusters of
sters. Interactions-are roughly sym-
etrical between members of one level
(horizontal interactions), but highly un-
symmetrical between members of dit-
ferent levels (vertical interactions). The
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-Fig. 1. Wilson’s relations between masses and radii of celestial objects. The axes,

log i (in grams) versus log m/r (in g/cm) are tilted at 45 degrees. One heavy line
shows the limit, m/r=.2S5=10"% and the other shows the Schwarzschild limit,

m/r=c"/2G. The numbers along these lines are powers of S$®* used by Wilson as
frequencies characteristic of the various types of objects.

structure at different levels is probably
associated with the nature of space and
time at each level, an extension of
Leibnitz’s views of structure and space.
At the atomic level there are three
dimensionless constants of possible sig-
nificance: a quantity defined by Hopf,
S = e/ Gm,m, = 10394, Sommerfeld’s
fine-structure constant, « = 2we%/hc =
1/137.03767 (recently found from qua-
sar spectra to have remained constant
for at least 2 billion years), and"the
proton-electron mass ratio, m,/m,=
1836.12. Note that 8725 = 2%, At the
galaxy level, astronomers have deter-
mined the expansion parameter (Hub-
ble constant), Z = 100 km sec~! Mpc™1
=1/101% years (age of the universe),
and the present mean density of the
universe, p=10—30 g/cm3. Edding-
ton noted that the radius of the uni-
verse, R = c¢/H, is such that its ratio
to the Bohr orbit (size of the hydrogen
atom) a, = h%/4z2m.e?, is R/a, =S,
and that the mass ratio, pR3/m,= 82,
where pR3 = M is about one-fourth the
mass of the visible universe.
Admitting that this analysis is close
to numerology, Wilson infers that
modules in the universal hierarchy
should be characterized by mass (1)
and radius (r), both well known for
atomic particles, planets, and stars, and
fairly well known for galaxies and
clusters of galaxies. He reports addi-

tional ‘“‘vertical relations” between
atomic and cosmic quantities. Over the

. ranges r/a, (from 1 to S) and m/m,

(from .1 to S82) cosmic bodies are
limited in m/r to about 3 X 10%* g/
cm. On the plot of log m/r versus
log m shown in Fig. 1, Wilson finds
that the moon, planets, and stars fall
close to -one line of slope 2/3, which
corresponds to densities of the order of
1 g/cm3. Star clusters and galaxies
fall close to a parallel line correspond-

ing to densities near 10—1? g/cm3, and"

clusters fall close to a third line corre-
sponding to densities near 10-2° g/
cm®. All three lines terminate at log
m/r=233 (in g/cm), or at m = Sr.
Wilson has had some success in pre-
dicting bounds on the masses of planets,
stars, globular clusters, galaxies, and
clusters of galaxies from a series of
powers of § corresponding to overtones
of frequencies characterizing each of
the modules. '

It was generally agreed by the con-

ferees that little progress has been
made in understanding the nature of
hierarchies and the possible relations
between groups of discrete entities. It
would be important to find relations
that can be transferred from one set
to another, although there is the danger
that some sets are not homologous with
others (for example, biological versus
inorganic, or upward-growing versus
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downward-growing). Undoubtedly, the

interactions between entities account for
the emergence of significant modules,
or levels, or wholes which have prop-
erties other than expected from their
components. One of the difficulties is
that several different hierarchies can
often be found in the same set of en-
tities, When the levels are lasting, they
would seem to be formed of stable
structures, but Rosen thinks that bio-
logical levels are centered on unstable
equilibria.
" The proceedings of the symposium
will be published in book form, and
will hopefully stimulate further dis-
cussion of the fascinating problems of
order and disorder.

THORNTON PAGE
NASA Manned Spacecraft Center,
Houston, Texas 77058 '

Immunoclogy of Mouse Mammary
Tumer Virus :

Several different antigenic compo-
nents have been found in the virion of
the mouse mammary tumor Virus
(MTV). The MTV antigens fall into two
classes: whole virion or coat antigens
and soluble antigens. They can be dem-
onstrated by the induction of specific
antibodies in rabbits; also, mice proved
to be capable of producing antibodies
to some of these antigens. These new
findings were brought out in a working
conference on “Immunology of Mouse
Mammary Tumors” held at the Insti-
tute for Medical Research, Camden,
New Jersey, 11-13 November 1968.

The virion as a whole or a large sub-
unit thereof seems to be capable of in-
. ducing precipitating serum antibodies
in rabbits and agent-free mice. This re-
action was reported by Phyllis Blair
(University of California, Berkeley) and
-was confirmed by several laboratories.
Virus from all mouse strains tested by
Blair demonstrated a common coat anti-
gen. Robert Nowinski (Sloan Kettering
Institute, New York) reported on anti-
bodies to a soluble antigen which pre-
sumably is located in the interior of
the particle; this fact, also, was con-
firmed by several other groups. Louis
Sibal (National Cancer Institute) re-
ported finding two antigens after treat-
ing virion preparations with Tween-
ether. With the aid of immunofluores-
cence, Peter Bentvelzen and J. H.
Daams (Netherlands Cancer Institute,
Amsterdam) found an antigen thought

1230

to be an early protéin of the virus, in
hemopoetic organs and in the mammary
gland of infected mice. In the GR strain
of mice, in which the MTV cannot be
eliminated by foster nursing, this anti-
gen was found in all organs. Using both
immunological methods and bioassays,
these investigators demonstrated that
MTYV can be released after irradiation
or treatment with urethane in mouse
strains which were assumed to be with-
out MTV. '

* The opening session of the confer-
ence was chaired by Werner Henle

(University of Pennsylvania, Philadel-

phia) who discussed similarities and dif-
ferences of MTV and the myxoviruses.
These complex viruses, rich in lipids,
have much in common.

Chemically induced premalignant tis-
sues of the mammary gland, which
have been serially transplanted for
more than 4 years, proved to contain
new antigens, which are not MTV-
derived, in spite of the presence of the
virus. In this work reported by Glenn
Stemmer (Institute for Cancer Research,
Philadelphia), no difference in ‘anti-
genicity could be detected between
these premalignant tissues and the tu-
mors which arose in them. Transplants
of the premalignant tissues used to im-
munize the animals frequently gave rise
to normal outgrowths. This was prob-
ably due to selection of a normal
cell population present from the begin-
ning in the transplant. Obviously, these
normal cells. do not contain the new
antigens.

MTV antibody . production in mice
was a major topic of the conference.
For many years after the discovery of
the milk agent, attempts to demonstrate
antibodies in mice were unsuccessful.
It was believed that MTV was nonanti-
genic in mice. Contrary to these earlier
results, MTV - antibodies in mice were
reported from almost all laboratories.
With the possible exception of the GR
strain of mice, there is no true tolerance
to MTV. In most cases the antibodies
were to the whole virion, or a major
component of it, because treatment of
the antigen with ether resulted.in loss
of the immunodiffusion line. Blair, who
first demonstrated precipitating MTV

- antibodies in mice, usually used a few

small inoculations of impure prepara-
tions from mammary glands without

‘adjuvant. She was able to demonstrate
antibodies to what appeared to be the

whole virion. Otto Plescia and M.
Menon (Rutgers University) reported
on the enhancement of antigenic re-

actions caused by coupling the MTV
virion with a strong antigen, such as
bovine serum albumin., The reports
from the various laboratories empha-
sized the dependence on methodology
for detection of antibodies in mice.
Some procedures seemed to induce anti-

‘bodies to the whole virion coat and still

others to a soluble internal antigen,
as well as the coat. Weekly intramuscu-
lar inoculations of a virus in complete
Freund’s adjuvant in adult C57BL male
mice, followed by a final booster with-
out adjuvant, and bleeding 3 1o 4 days
later, gave, even after ten inoculations,
no discernible antibodies by immuno-
diffusion test according to Dan Moore
and Jesse Charney (Institute for Medi-
cal Research, New Jersey). However,
when cells from an induced tumor were
grown intramuscularly ~in isologous
agent-free, C57BL/Haag mice, a good
antibody response was obtained when
the absorbed mouse sera were tested
against purified virions. However, if
the virions were pretreated with ethyl
ether, no precipitation line was ob-
served, thus indicating that the anti-
bodies were against the whole virion
or one of its major ether-sensitive
components.

In another immunizing  procedure,
male and female mice from several
strains were given a single, intraperi-
toneal injection of purified virus in
complete Freund’s adjuvant. A small
booster dose of virions was given 90
days later. (This procedure has been
shown by Sibal et al. [Proc. Soc. Exp.

" Biol. Med. 127, 726 (1968)] to be ef-

fective in producing good titer anti-
serum to Rauscher virus.) Seven days
after the booster inoculation, all the
sera contained antibodies. Females
in all strains gave stronger immunodif-
fusion lines than their littermate males.
Strains BALB/c¢ and RIIIf gave strong-
er lines than did types Af and C57BL.

The effect -of thymectomy was re-
ported by Edmund Yunis (University
of Minnesota). Thymectomizing neo-
natal mice of high cancer strain C3H
caused a decrease in incidence and a
delayed development of mammary tu-’
mors. The question of tolerance and
tumor development was discussed at
some length. It was hypothesized that
MTV-associated antigens cause a break-
down in tolerance followed by (i) a
virus-host cell interaction; (ii) damage
associated with immune response; and
(iii) development of malignancy. The
way in which thymectomy delays and
decreases tumor incidence may be in
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MORPHOLOGICAL CONSTRUCTION
‘Albert G. Wilson

In all levels of planning and forecasting, it is useful to
have a systematic exploratory technique which can provide a survey
of available and potential policies, strategies, and opportunities.
Morphological construction is a methodology for the systematic
exploration of the totality of possibilities within an explicitly
defined situation. The term, morphology, was adapted by the late
astrophysicist, Fritz Zwicky!, to stand for three basic techniques
of systematic exploration. These are: systematic field coverage
which is concerned with delineation and the search for limits;
negation and reconstruction which is concerned with varying basic
assumptions; and the morphological box which is concerned with the
totality of alternatives within a defined domain. To these three,
a fourth called morphological spaces has been added by Ayres? to
describe the dynamics of technological development.

Morphology may operate at the frontiers of feasibility to find
a route or operate behind the lines to discover alternative routes.
According to 2Zwicky, there are three types of problem that
morphological analysis attempts to solve:

e What devices are necessary to obtain all of the information

about a given set of phenomena;

e What is the sequence of all effects issuing from

a given cause; and

e What are all the solutions of a glven problem.

In addition, the morphological box is a useful taxonomic matrix for
classifying and indexing the information and solutions that have
been given parametric representation.

We shall be primarily concerned with the construction of
morphological boxes or matrices, but for the survey of possible
alternatives the delineation of limits and variation of assumptions
methodologies will be briefly described.

The technique of systematic field coverage is a technique for
the infiltration of unknown informational territory, usually by
successive approximations, using extrapolations, interpolations,
analogies, and inversions. Extrapolation, interpolation, and
analogy are meant in their usual sense, but by inversion is meant
the identification of any dualism and the interchanging of its
parts or roles.

An example of inversion is a solution for the design of a
dipole antenna for high speed aircraft when location of the antenna
in the airstream is not feasible. A dipole may be either a linear
conductor surrounded by a non-conductor or a linear nonconducting
slot imbedded in a conductor. Inversion solves the high speed
aircraft problem by placing a tubular slot within the conducting
fuselage.

Zwicky’s favorite didactic example of a problem solved by
inversion is how to moisten a postage stamp that has fallen on a
dirty floor and there is no sponge or water nearby. Lick the
envelope, not the stamp.



Edward de Bono® illustrates inversion with the example of the

old grandmother who, knitting by the fire, could not keep her

two-year old grandchild from tangling her wool. Put into a playpen,
the child howled so much she still couldn’t knit. Grandmother
solved the problem by getting into the playpen herself, leaving the
toddler free but out of reach of her yarn. But on a more profound
level, the centuries o0ld frustration with Euclid’s fifth axiom of
parallels was ended and entire new fields of mathematics were
opened when the axiom was negated.

The technique of negation and reconstruction is seen to be
useful both for breaking out of cul-de-sacs and enlarging the
spectrum of possibilities. The basic approach is simply to reverse
the truth value of every assumption and explore the consequences.
Even when an assumption is valid, a deeper understanding of its
role in the system can be obtained by its negation. It should be
mentioned that this method of inversion was first proposed in
ancient times by the Greek philosopher Parmenides.

Rather than being just barriers, limits frequently turn out to
be clues to deeper understanding and the opening up of new fields.
One of the limits discovered in classical times was the fact that
no more than five regular polyhedra can exist in three dimensional
Euclidean space. This limit fascinated the Greeks and reportedly
led to Euclid’s formalization of geometry solely to prove this
fact. The 1limitation that water could not be pumped over
thirty-three feet at sea level led to the discovery of atmospheric
pressure. Today the absence of meteoroids with hyperbolic
velocities and the existence of the Schwarzschild limit in gravi-
tational potentials have led to important concepts in astronomy and
cosmology.

The construction of morphological matrices to exhaust all of
the possibilities lying in a defined situation may be summarized
by the following steps:

1. The problem to be solved must be exactly formulated.

2. All of the parameters which might enter into the solution

of the given problem must be identified and characterized.

3. The multidimensional morphological matrix for the given

problem is constructed with one dimension corresponding to the

sets of values assumed by each parameter, i.e., if there are

n parameters, there will be (n + 1) dimensions.

4. All of the possible solutions (each possible combination of

values for the parameters defining one solution) are evaluated

with respect to the purposes which are to be achieved and
assessed according to state-of-the-art, economic, sequential,
and axiological criteria.

5. The optimally suitable solutions are selected for implemen-

tation, in practice this reduction usually requires a supple-

mentary morphological study.

The most critical feature of the method is that step three and
step four be kept independent and that step three be complete
before step four is begun. That is to say, the generation of the




matrix must continue without prejudice regarding the feasibility,
desirability or even plausibility of any suggested solution. Only
after the complete matrix has been constructed is evaluation to
begin.

As an illustration of the construction of a morphological
matrix, let us consider the morphology of solutions to the problem
of world-wide population limitation subject to the restrictions im-
posed by the present state-of-the-art, but not subject to the pro-
scriptions of any value system.

Putting the problem on a global scale removes emigration from
possible solutions, (emigration to other inhabitable planets being
beyond the present state-of-the-art). Placing large sections of the
population in "deep freeze" or some form of suspended animation or
lengthening the gestation period from say, nine months to nine
years, are also excluded from possible solutions on the basis of
state-of-the-art. Our considerations then are reduced to the pre-
vention of life and to the termination of life.

We have therefore arrived at the first parameter which we may
call the phase parameter. Its values are the phases during which
limiting actions take place. There are four distinct phases: pre-
sexual union, sexual intercourse, conception to birth, and post
birth. The first two phases relate to the prevention of life, the
last two the termination of 1life.

A second parameter has to do with the type of preventive or
terminative action. Five categories occur: 1) cataclysnic
interference with life or reproductive processes; 2) sustenance
deprivation; 3) prey or disease; 4) rhythmic or time factors;
and 5) psychological modifications.

A third parameter has to do with whether the actions are
unintentional (accidental), voluntary, or coerced. A fourth
parameter differentiates between actions performed by or on an
individual, sub-group, or masses. (Individual defined here to also
mean a couple.) The morphological matrix takes the form:

Morphology of Population Limitation

Pl Pre-sexual Sexual Pre-birth Post-

Phase when birth

terminated

P2 Cataclysmic Sustenance Prey or Time Psycho-

Method of interference deprivation | disease factors | logical

termination ‘ modifi-
cation

P3 Unintentional | Voluntary Coerced

Mode of or accidental

action

P4 Individual Sub-groups Collective

Recipient (couple)

of action




An inventory of specific actions or approaches to population
limitation can be made using the morphological characterizations of
the above matrix. The four digit indicators of a specific action
need only give the values assumed in the matrix by P1, P2, P3, and
P4 respectively. Thus in the example of miscarriage, [3, 1, 1, 1]
the phase parameter, Pl takes on the value 3, the period from
conception to birth. The type parameter, P2 assumes its first value
of cataclysmic interference. The mode parameter, P3 is
unintentional and therefore takes on the wvalue one; and the
aggregate is the individual or value one for the fourth parameter,
P4.

Inventory of Solutions

Abortion ....... ceeecnans (3,1,2,1]
Miscarriage ....ccce.e ee.[3,1,1,1)]
Infanticide .....cceec... [4,1,3,-]
Famine .....cceveeeeecenn (4,2,1,-]
PlAagUE «vvvvevenennnnnnns [4,3,1,2]
GenoCide c.iiiiitetteanenn [4,1,3,3]
Pill vieeveennnnnnnnnans [1,2,2,1]
(670) 3T L) 1/ I .[2,2,2,1]
Sterilization ........... (1,1,-,1]
Celibacy ...... et eeaanan .[-,5,2,1)
Impotency ....ceeececeass [2,5,;1,1]

A hyphen in the description indicates an under-determined matrix.

Many of the named solutions cover more than one box in
the morphological matrix. This is due to the non-specificity
of many of the terms in our language. For example, steriliza-
tion (vasectomy) can be represented by:

individual, voluntary (1,1,2,1]

individual, coerced [1,1,3,1]
sub-group, voluntary ([1,1,2,2]
sub-group, coerced (1,1,3,2]

A finer structure can be introduced into the matrix through
additional discriminations such as whether sterilization is of
the male or female, is reversible or irreversible, etc. However,
since the parameters elaborating the fine structure of steriliza-
tion are irrelevant for the species of sustenance deprivation,
rather than make one matrix containing all of the refinements,
it is better to use a hierarchy of several matrices. A morpho-
logical matrix of a broad field should not contain parameters
suitable only for the morphology of a sub-field.

Of course many of the individual solutions listed are ex-
cluded from realization because of our value systems. But it
is only after all of the possibilities are listed that we should
look at the solutions axiologically to decide which are accept-
able and which are not. For example, many would immediately exclude
solutions with P3 = 3, that is, solutions of a coercive nature. A
morphological matrix can thus be used to explore and display our
values and value systems.



The difficult task in morphological construction is the
determination of a good set of parameters, i.e., a set that gen-
erates a matrix such that every box in the matrix represents a
different solution and no solution can be formed that does not
correspond to one box. The identification of a set of meaning-
ful parameters or descriptors is one of the most basic epistem-
ological activities. It is the task of relating complex and unique
entities through their differences and similarities, a basic human
cognitive process closely related to our perceptive and conceptive
abilities.

Both differences and similarities are intriguing to human
thought processes. Differences intrigue because of individual
uniqueness and its many possibilities, and basic to all art and
creative expression are the possibilities of variety within
constraints and variations-on-a-theme. Similarities intrigue
because they suggest unifying principles, the oneness and
relatedness of everything, the economies and symmetries present in
all organization, all basic to science and systematic knowledge.
The charm of varieties and uniqueness balance the elegance of
symmetries and generalization. The artist searches for new ways in
which things can be different, the scientist searches for addition-
al ways in which they are the same. The morphologist must do both.

In the morphological study of any system or problem, we

are searching for both unifying principles and essential
differences. We are 1looking for a set of primary or ortho
parameters that will show these attributes most clearly

and succinctly. Only in a few systems has significant headway been
made toward the discovery of ortho-parameters. For example, in
classical mechanics, the original Newtonian parameters of mass,
force, and acceleration were replaced by the more elegant
representations of generalized coordinates and Lagrangian functions
(differences of kinetic and potential energy). These in turn were
replaced by the symmetrical relations given by the Hamiltonian
functions, which seem at the present to be the ortho-parameters of
the systems of classical mechanics. Another example of an elegant
parameterization displaying a wide variety of possible relations is
the periodic table of chemical elements.

The basic question of how do we find ortho-parameters of
systems has no simple answer. In fact, it may have no answer since
much of the structure of nature lies in the history of the order of
our discoveries and inventions. Ortho-parameters will change with
time. None the less, we seek parameters with economical and unique
representations that are as comprehensive as possible. How do we do
this? There is no single procedure. All we can do is list several
aids for morphological parameterization:

Start with a "laundry" list that includes a large number of
known solutions. Cluster or group these known solutions
according to common characteristics, which are our clues to
parameters. For example, a list of solutions to population
limitation may look like the following:

G,



contraceptive
abortion

war

famine
celibacy

Next, cluster the list according to common characteristics
such as:

life preventing: contraceptives, celibacy
life terminating: war, famine, abortion.

Search for additional clusters of commonality such as:
cataclysmic intervention: abortion, war
psychological modification: celibacy
sustenance deprivation: famine, contraceptives

The list should be clustered in as many ways as come to
mind. Do not censor or rule out any possibilities at this
stage. These sets of clusters suggest candidate
parameters such as the phase parameter which emerges from
the first two clusters or the type parameter which
emerges from the second three clusters. Remember that
solutions are not parameters. Each solution is
represented by the intersection of a set of values of the
parameters.

e Proceed by successive approximations. Attempt to
parameterize solutions by two’s, three’s . . . effecting
synthesis by analysis.

e Use whatever theory there is. The basic variables of theory
are usually approximations to the ortho-parameters being
sought.

e Redefine the limits. Ofttimes a modification of the limits
placed on the original problem leads to the detection of
parameters.

o Change your viewpoint. For example, assume an active view of
being in complete control, then assume a passive or
deterministic view.

e Test candidate parameters for inclusion, that is, whether
they are sub-cases of other parameters. Reject dependent
clusterings.

e Draft a candidate morphological matrix using test
parameters. Test the draft matrix on known solutions
purposefully ignored in the construction process to see

Ve
@ .




whether these known solutions are also uniquely generated.

The morphological box is not complete so long as a solution
appears in two or more boxes, or if two or more solutions fall in
the same box. If a solution shows up in two or more boxes, it
usually means that the parameterization is incorrect. If two or.
more solutions fall in the same box, additional parameters are
needed.
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The_ charge thet h taken place in the fifteen vears sincs 1945 in *the
American attitude toward the military ethic is only a part of a gradusl evolution,
There has been a gradual evolution in Western thinking end in Western EZthics
since, let us say the French Revolutions Lets take that as a s%afting date
altho it mﬁy go back even earlier. Perhaps, Fredrick the Great, Russia 77?2
Let us take the French Revolution as a starting place since certain muks
marked changes did take place thens -

The historically Western Ethic, which is largley the Christian Ethic
has been since the French Revolution in struggle with a second ethic which
we can call the Military Ethice Now both of these ethics have a long background
in history which we won't go intos The Christien ethic is donomant in certain
rhases of western 1ife - this is ¢lear if ones goes to Asia and ses that this has
not penstrated Asian life in many areas. But the military ethic is also dominant
in certain areas of western life, particulary in nat:onaiism « historians telk
quite frequently about the rise of naﬁicnalism - t is my own thesbs that we
might ¥aak lesrn something by looking at the rise of the military ethic { maybe
you can find a better word) Let us define terms -== The military ethic is the
éthic - the value that has come to us from the middle ages or even eafiier -
its the code of the warrior = the code of chilivary = the ¢ode of the Samuri -
which does’place emphasis on the glory of arms « on heroisme We won't go into
a philosophical treatment of chilivary - it would be an interesting siudey - itz

evolﬁtion. Its evolution has been dominated in large part by the evolution of
’ weapons themselves - the c¢ode has changes with the weapons ceee
Let us return to the Freanch Revolution, which we will assume is the jump
off point afzhexik at which the Military ethic became the dominatnt. ethic of
the West, 1In the French Revolution the iconoclastic times overthrew most of the
idols, at least temporarily - not the state = the Bourbon state of France that
was overthrown, tut most thinzs associated with the 0ld order, the regime assione

Everything was overthrow, including the Church, adn the Christian Ethie - and

there was a vacy
un croegted into which a11 kinds of wild ideas rusheq
*
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In the first ten years after the revolution there were some amazing and
even some amusing ideas = everything was overthrown ane new idols were set up,
‘ Webl into ‘t’:his'vacumn, the military ethic rushed in. It was the most successful
displacer of old orders and veluess The idea of democracy spelled the idea 3f
all men sharing in the defense of the country =« and in France this took éhe form
of conseription and quickly being under thex hands of military ieaders and militas
ists like Carno, they built up a military machines This had its ultimate
expression in -t:ir_xé career of Napolesn Bonapért. Militarism in-its modern form
was born there in the French Revolution in which the armies of the past - ammis
bof ?mfessicnal soidiers and soldiery were displaced and the large mmbers of the
citizenery themselves weére pressed into service, conscripted, and there was Napoleon
marching across the fade of Turope with new aﬁiﬁlery and artillery -techhiques
¢ with large masses of citizenry armies = a néw phenomena on the face of the ezrth
Not used for defense as our own militia - tut used f’_o‘r wars 6f agression,
Well, this quickly caught on, Now Nepoleon himself was destroyed, but his
. concept was copied and advidly seased upon by Prussis, by Ausiria, by all the
| countries of Europe. It became mere or less an asccepted matter everywhere - a
poiiéy to have large citizen armies and to éraft these armies by having each
male citized serve a certain number of years in the armys Now, whether this
was done withéut protest, I don't knows The revolutions that swept Eutiope in
1848 may have been in some extent a protest of this.
Thie evelution teck poace gradualiy, larger and larger defense budgets,
larger ahd larger standing armies, The epitomy of the éxtobment of this sernse of
power took place in Frussia and finelly it Pismarks united Germany and we heare
2 lot abo8t of how Keiser Whilhelm 11 whe played & major role in the precipitation
02 WWI - his concept of the power = of might makes righit, s¢ cheeee This was just
the evclution of these basic ideas =~ thet fourd expression in ghe German militar®

. such as Kaiser WhilhelmMesos
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low 1ets look at the US's reaction at this time =
Going back into the US history - the Americen reveclution was foungth by volenteers
there were many Torries whé oprosed the revolution, The early wars were fought
by voiwvnteers, although we did have & militia‘- ah militga act 0f 1792 wwenw
this was more ¢f any army on peper - tut it is elwo importent to néte %here is
a cited difference between an conscripted amy ane e militia « Conscripte d
arny cen be used for offense and a conscripteé army coesn't necessarily live
at home the way the militia does - so lets distinguish between these two.
The US did ﬁot copy this trend in‘Eufope = in fact it opposed it, altho there
were certain wilitary lemders = even G. Washington seemed to favof this large
standing amy and militia concepts The first tiﬁe the conscription was used in
the US &as in the Cvil War and ot that time tere were riots in NYS against.the
draft - there was ayéreat desl of opposition when Lincoln instituted conscripiion.
(Cenfedracy have ccnécriptibn?) Irmediately after the war, standing armis were
sliced back and cdgscription.was abolished - our next contact vith this thing
was in,WWI and we finally entered after abhoraﬁce of the very thing we kad to copy
ourse}vés = Kaiser ﬁhilhelm and his expression of militarism was abhorant to
kmericans‘-Athe draft vas abhoredl tut wve got into this and somehow altho the
German cause was defea%éd, the Cerman principles Beft their stamp on usees
But there was = reagtién - after WI, not only in America, but throughout the
gorld there were efforts to refrqat from this military ethic and the demikance
which it had obtained in the worldesess Disarment conferences and these were
the expression of those who tried to get the Cristain Ethic to gain conirol in
the WESt, Thess talks never really got anywhere « Mussilena, Hitler, the
Japaneese and strong military groups in every country, including cur own had
naught for this position of retreat from the MILitary Ethies (Here pcint is
raised that failure of disarment dkmnr due to those satisfied with the status quo
accpted disarmament and those not satisfied did not) -==~- Foint in this

discussicn is that methoés used to correet a wold imbalesnce were based primarily

on what is allowable in the constraints of the pilitery .
' hie



What case can be made for the facts of history expleined in terms of the
‘military ethiéz That just as this imbalance can be corrécted in many ways,
the fact that {the West has chosen the Military path to correct these things is the
voint I'm driving at, Whatever the issues brought to the floor might be by men
such as Hitler = those not satisfied by the status quo or whatever -

Well then, we have these attempts to retreat from the Wilitary Ethic == I

think Woodrow Wilson was a very sincere idealist person and by idealistic, I

mean someohe who was oprosed t¢ the military ethic - We have the lLeague and other
attempts to free the world from the proclevity to solve all its problems by

resorting to drms - $nexPgy in the US, the sbhorance to militariem, the reaction

L

to WWI resﬁi-ted in a revived isolati onism = Then we jump té’mw II where ayain

the military ethic wés dormant due t6 this attenpt to retreat. ((quote Bush) —

from the Milifary E. Question then was settled rot by philosophers = but by

Adolrh Hitler and his allies =~ in many acts of agression which at the time

were outrages here in the US - the bombing by Mussilena = one of the most horrifyip

thirgs - Wussilinas sons pea poem atout the beatties of war ~ereswccecnce

Thié ves franslated into Erglish and cireulated in this cogntryfand pecrle were

horrified - but heré is again a expression of the ¥E in one form or another =-e
Thén of course, WWII broke otit in Buropes people started by beinmg very

careful to protect ¢ities =~== Roosevelt cautioned both sides %@ that he hoped

civilian populations would be spared the horrors of war and for awhile, most agred _

on this, MNow who started it - I don't knpw ~wwe it doesn't really matter who

started it == It would have happened anyway and the principle of massive exterming

ion - the bombing of cities was introduced and certairly the Blitz againsf

Lordon was an expression of this, on our side of the ocean, we have the first

peace time dreafi vhich was a staggering thing for us ---= Corgress and the pecple

were divided against participation or not =~~- isclationasim or whatewver - but

in a larger sense, we were debating this o0ld quest on of what is cur ethic =

and isolationism in spite of the bad nawe it had cdoesn't mean exactly that ===

it a1so means that an ideslsim of a slightly different sorteecee
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Well, war went on and it b%eé more brutal, more ruthleszs and people during
the course ¢f a war do charge their ethics and values. The principle of mass
extermination teceme rather firmly accepted everywheres We fire bombed Tokyo,
cities ir Cermany -~ of coﬁ.rss '&he prineipleés of Mass Extermination seemed to
horrify us when they were applied selectively by the Nazis, ie if you select
those who you mass exterminate = geonicie = that is the Jews =~ wheress we
seemed to feel that the rarndom mass extermination wﬁere you én't welect but just
let the bombs fall on whomever is underneath - this is acceptable. -~ We were
shooken up by the death ho’u/sos were peobtle were exterminated systematically
and selectively by the Nazis —
The A bomd was the next thing ~-- I don't know, we just never reacted fully =-
It was horridble, we eiplained it away by sying it smsm s?ved Anerican lives and
those who criticized it's use or asked why did men lack the imigeinaticn ‘Eo explore [

s,
81,
thq possi‘ble alternatives such as demonstrating the bomb to the enemy and %ztm... i

There was an opperiurity here in history to show imiganition - t¢ show vision =
\ w"')ncft\‘“

but evidently %he those involved were so embued with ME and ‘principles of pwer

tha’b they failed te¢ exercise this vision ===
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FEEDBACK SYNTAX AND ATTITUDE ALGEBRAS

I. INTRODUCTION
The assertion that man is not a rational creature is - tautological.

Whereas, man has developed a sophisticated discipline of logic and rational

: R . A . o Hho gt . s
thinking which he has applied with success ja& explainsme and predictifgh g/

. fo * o of
rhenomena, Gﬁ-theﬁpﬁ7§f€a%~ﬁaixe;sevand.é% éﬁapt%ééﬂthe materials and forces

of the earth for his own purposes{/;n all attempts to apply this so-called
discipline of rational thinking to phenomena involving hiﬁself,“gz?has not
attained any significant measure of success either in constructing meaningful
models or in making predictidns. The processes of history, problems of social

dynamics, conflict, group and individual behavior cannot be satisfactorily

represented by any purely Qéical ﬁaihematical model. Hven in the areas of
. V/-]/jt% ra%)é’u@/ MQM‘

economics and organization theory there has been only limited success In
fact w&%h—ratiunai—mo&eisrwhereﬁver psychological parameters begin to enter
a problem the classical laws of logic:begin to fail.

Psychological researéh has in recent years been éuccessful to a degree
in gre%—applicationgfgs advertising, where gotivatiog Eesearqh has been able
t0 make valid predictions for limited times over limited subjects - but these
calculations may backfire unexpectedly and disasterously. At best this area
is an.gﬁgsamd.not a sclence.

From such experience and from the experience of econcmists, politicilans,
and other social sclentists, one is inclined to give up hope that a science

treating these social areas can be developed along the lines which physics

and other natural sciences have followsd. (This is not merely a matter of

ai £
complexity, although it is ;E%%@%;admitted that the problems in these JdEws
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are of a much higher order of complexity than éﬁ? problems of physics or even

c/aw(/&e/ %g,é i‘/w/i}/;@ are ihalcfz/w{e.
biology.) There are two reasons why s . PFirst: logic, science,
WL Hoved

and rational thought deal principally with propositions which.aﬁﬁzprov

to be either true or false by observation, experiﬂfni, Or deduction.
U yafF; TV

MNacti s
However, most propositions which involve humanAbséagg are not of this nature.
- pPrecige :

Their truth or falsity is not ekear—ut and the process of prooﬁ’or even of
assegtion of the proposition)introduces a feedback component which =Rz
effects their truth or falsity.

It is useful to divide all propositions into three categories. The first
category consists of "S"™ statements which are the type of statement with
which science deals. These are elther demonstratably true or false and
independent of what we say about them. "The sun will rise tomorrow," "There
will be an eclipse of the moon on March 13, 1960." A second category of
propositions consists of statements whose truth or falsity is affected by
our ¥mxki¥¥zmit verbfilization of them. "You look ill," "There is going to be
a depression.” Such statements have a feedback element which.tends to make
them more true the more™bimes they are enunciated. We may designate such
statements as "P" statements. The third category of propositions consists
of datements whose Truth or falsity also depends on their verbalization,

.but which tend to become more false the more they are uttered. Examples include
the Life Magazine pre-election picture of Thomas E. Dewey captioned,”fhe

Next President of the U.S.V From American reaction, Kruschev's statement,

"We shall bury you® is also tending to become more false the more it is

uttered. Such statements with feedback tending to make them more false upon
re-utterance we may designate as "Q" statements.

It is quite apparent that a discipline like politics or economics which

involwes P and Q as well as S propositims must fall short in its predictions



3
FI‘&”Z reatione
if it cannot take into account the modifying influences caused by predietions-
made about their present and future states. A logic extending classical

deductive systems to the cases involving P and Q statements is given in the

second section on Feedback Syntax.

The second reason why a science utilizing classic;ial logic in its
development will fall when applied to an area involving human react/ions
&/ £
and attitudes is that these attributes act in a way which is $okeddy

‘ éawfc VI Xlay
different from the ratmwai—taws on which classicial logic is founded.

As a simple example, consider two sets {A} and {B} with SA}% {B} '
If e, Cf{A} oand ¢ C (8J
and 81, C é‘/?j 0’/‘10( &4 C {8}
then e, C {A+ 8]
C

and €4 I 4+ 8)

and the pair (/e,J C.) C fﬂ%@}

This is a straightforward proposition in Boolean algebra - completely
logical and rational.

New let the set {A} represent the society of protestants in a certain
U.S. community. Let {B} be the set of Jews in this community. If e is

45“’? @Dﬁé%

a protestant who becomes a Jew, then according to the » theorem he should
belong to both groups.

i.e. é?, - %/9»4- B}
Or if e is & Jew who becomes a protestant, then e

groups. e, C {4+5}

5 should belong to both
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But the facts are that both e, and e, are rejected by both groups, i.e.,

1 2
e and e, & ém and not w C{A + B} as would be predicted.

From this example showing the failure of the rational Boolean algebra
to validly designate a socilal situation, arises the question of whether
it is possible to formulate some other algebra which can be applied to
problem areas involvingﬁ%éégﬁglogical factorf.

Postulatory systems with quite arbitrary rules of operation have been
constructed giving a large class of "non-euclidean® systems. But all of
these systems are rational and even if they do not have a real counterpart
in the natural world, theéiz;e at least &t self-consistent. Is it possible
to formulate a - one cannot say logical - symbolié structure which validly
maps human behavior for certain purposes and which is not subject tothe
postula te of consistency?

An example of such an algebra is given in the third section on

Attitude Algebras.
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_ Notes cn IOD Dectectors -- July 29, 1960

%

Let us review the thinking of the last few days which we have not aszz_yéf’
recorded, Ve have been concerned with what we shall define as IOD feedback --
Inadequate or delayed feedback and its consequences in vericus types of human
problems, YNoew we know histeorically that human beings have been able te

adapt {hemselves, shouldr't say only human beirgs - rather all organisimsl

can ad-pt themselves to their environment and adjust to ﬁaximize their
abiiify to survive by =a éybernetic mechanism called feedbacks For examrle,
a child will put its haﬁd on & hot stovs, pain.tells the chilé to withdraw its
hand - contequently the hand is saved from damage while at the same time the

chkild learns adbout hOu stoves.
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et dd,

Now to define terms, we won't bother to define feedback -- this is done by Wieners &

10D feedback =~ feedback which eithér conveys back such a small amount of infomation

that decisions and judgemeéents cannot be based upen it - or the feedback
of information ecmes so late that it is not useful in making the decision
" when the decision must te made. For example, if the hand is anethisized
when you put it on the stove, you do not get the feedback infermation of
vain te %eli you to remove it.and éhe hand could be destroyedses on the
other hand if your responses were such that you would feel the full pein
but that it would come 10 seconds instead of the fraction of a secord it
does take after rutting tne hand on the stove, the hand would alsc be

cestroyed == ie, delayed feedbacke

Yow in generel, in most of our prodlems we are tryirng to ortimize something,

sueh s freedem of choice , the gaining of experience, wisdom, knowledge, or

_ whatever, hence the enhancement of the adaptability or conirol or survival

pétential,-,A% the same time, we attempt to minimize tlhe destruetio# or t@gz;'

Price we must ray to gain this knowledge or wisdoms
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Hence, the mzximation - minimaszation probdlem is to find the least possible
destruction of the grea‘test survival potential,

these factors 1,;%
Now cur preblem is to balavce/thnkxiaxnmamaﬁxanxxmimﬁzaixwxpmkimm
wkihxavakTabkexPeedbusky both normal and I0D, feedback situations.

Yow let me give = couple of examrles of I0D feedback cituai ong =--

Lew Bohn's Focus on leacers san be recast into IOD feedback situations,

e F e ‘t‘_.‘ SIS e
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Preblem is now defined as o maximazation - minimzation problem of experience

versus destruetion, with I0D feedback.

Now theny we donf% yet have the answers of how to do this, buit at least we have
elready seen several ¢f the deldminas:

One delemina is soon encountered when we think of the world possessing
the absolute of adequate and timely feedback « ie, the advan%ages that may be
acerued from IOD feedback,

One analogy can be prietured by discussine i:heﬁasic differences between
the Yén and Yarg =- Training as e mother emphasises the Yen aspects. she stive

to sense the needs/of her children, her family and fulfil]g"bhem as much as posiible

She 15 aware of the dancers =~ such as tenehing the 'hg"t“ stove - on up »v'thro}zgh a‘;ayw}/f

adolesence =~ and. strives to make these experisness.as.painless as. possible, ..

Yet. if she.“ls..a. wisg mother.v she;;féaliz'e_s the child does have to. touch v'l:'hev stove

o know what fire is. Now the opposite, traing for.the Yang world requires..

ex.plq'r,a{:_ionA of all new. encoun‘lze\rs» in an attempt j_b_o_ gain knowledge and as such

'requirgs. 'I:hat_.we‘ turn off the feedback once in awhile___i‘ri‘- order to venture into

regions of the unknown, which more than likely will ykeld dangers.
Soy in summary, adequate detectors lead to static worlds { ie, the Yen ele:nent
is the preserver of culturs) while TOD detectors allow the possibility of new

experlence.{ au% %‘;““QB
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One important feature in exrlaining this new idea,. establishing the jargon,
defining terms, etc.... isitouspmehpwfshcw.ﬁhe readgrvhgw"thiS«ipsight“came'3

to us, . There seems one way.to do this --.that is to use the personal analogy

of reaching a cliff situation whereln thers is no way to-turn but to keep. . -

climbing -~ the world today with the same cliff situation of nuclear distructim
of civilizati on. - |
Ygu!dqjﬁhe;abstfgc$§ng;later, gI-bavg.to talk personally, my insights
a:me‘thisuway =-== Well, you came home from India with this new experience -
The qyestiéng that keep running tbrpugh.ﬁy head (. similar to all the hend
wringing many in fhe world tgdangre‘ﬁoing;)‘1$‘H9W“in-the‘Wogld-cou;d somethig
like this happen???. Al is not .bad, he could not possibly want to hurt me nor
marry him while he haé and wnats to keep me for,his-wife,,,,,ﬂll;thexPpss§Biliﬁs
of cpnc;udipg he was.weak andui,was.strong, ‘etcvvuetc...,justvdd not. fit,
So;now¢the.igsigh@, th?tpAl‘j“st“did1§°t'at_*h?;time‘°f New Delhi have the

feedback necessary to see thatvthisriS»where his aetion was inevitably leading, /
3 @it ‘
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It appears to be.a cqmplete,viqlationvofnbpth‘bis gnd‘my code ~= similar to

s s 24 s . UW
the same violation of america's traditional code fie acceptance of mass 3*9“55
el el e PPEE ceey RN
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What are some of:things people do in cliff situations??rwThey’becpme .
cynical, they become paralyzed, the become calloused, they jump off the cliff,.
In our pergonal cliff situation, the four possible configurations available
just will not do --- that is, Al and Anita, Al and me, the three of us togethe

or the three of us separate --- none will bfing about effectiveness for any

0f USeees’
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Back to thg_question of conflicting‘valuesjand IQD»fee§Vack mma

Today people say that whats wrong with America is a new immorality -- that is
acceptance of masgfextermipation,-;genpcide,1

The matter‘qf_@fgppigg:fire»bombs.on~mil1;ons in»Tokyo,-f how;isftpis possible.
iOvaeedback;ﬁllows peop}e;ﬁo'dq-thinggvwhich,thgy wéould»Bind completely -
unthinkable £ undgrvpormal;responsgusituations,~l1 say this is made possible
by the horrible monster of technology.- This ié what technology has done.

But tom argue that technolozy is.wrong is not the answer either...,. then .
what does this mean when we. have created a dulling .of the senses that would
nqrma11y~1imi%~the/powersfgf‘destrucﬁignypy means of technology? It means

we have a lot of work to do on the feedback problem.

w?'The~basic problem then is to determine the right amount of feedbatk -

- S T T e cliff situations,
necessary - to .increese it in dangeroqs;gitugtipns/br,to decrease it in the
case ofivegatating.situations where people are paralyzed by the overwhelming
response tp‘environments, TR

- What ere the factors which do.control- feedback??22222. ..

In the social order what are the factors that control feedback?




. Notes on I0D feedback === 7/29/60

Noﬁt let us try to tie together the idea of. thoughts on Yen and Yeng of this
. morning to our diseussion, .You talk about the end which the Yen element seeks -
is to dampen and to preserve whe:easiﬁhe'Yagg elemept:iszsomething different,
Lets talk about these‘Yen\and Yang asnects ofathe feedback problem»---uln the
case of ,Yang where one. wants to g0 out and have. new. experiences and hence
increase
Irxrn cantrol, adaptability, ‘your- survival notentlal permltted by IOD feedback.
On the other hand, the Yen is a,prese;vgeéve and-it assures survival by avoidig
risks and staying in a castle so to. speak, .Is the absolute then of the Yen -
geel,Aedequate~£eedbaek2w The qyeetiohris how to balance these two.. We see now
hew_tyey.are“tieﬂfinfwitwaeedpack»f-~how the Yen is really.a condiiion:nkaxz
of suppressive feedbackianewﬁhe;yang‘iswa~cehdit§en;gf I0D. feedbacke.: - But
let us go back to eurnorigipal‘proplem---n‘mustwelweye;keep~this-in.mindg
The maximatien‘efnsqrvival petentialtgnd‘the minimization of destruction.
~waMis_c1egrmtha§ both. Yen. and Yangz. play siginifieeninroleS:in_fhis e
' : optimization prob}em._ When..shegld:..gjan leave the cradle gpd-'venture. ;o_ut_ and
When.shouldhhe hole up.inrthe.cast1e° If we. would hole ‘up in a castle for
all our 1lives, ‘we. should probablv survive fbr 8. period of time, but then
"' 'which we could not comprehend
a new d;saster/should suqdepiy be upon-us gnd we: could be swept: away by it
(Examplemea,maype;sqch as;hiqing;inﬁa cave, everything is fine until an
earthquakevcomesh- a situation for which you were not prepared nor does the
cave protect you.) ;;Le:AZATa;“Ti_;;;"
i individuals who are
Now since our race is composed of maxkmks whikehxaxm definitely mortal and
not indispensible--‘this-determines~how we solve this problemesss If our race
consisted of o6ne orgapiem Wh;eh would_live er.die, I think we would.face this
problem entirely'differently. This means of coufse‘thatatheiindividugl_human

in looking.at the universe and thinkingfofvhis own preserVgtion_willvarrive‘

at a differently morality than the morality which the race itself must adept.




Now all classicall religions.have been concerned !unfbr?unately)‘with the
individualAapéxthe-individual's-rcle -f_concefn=w§th.whethgr he goes to .. ..
hegvenrcr.hell, ~and- so on 77;It hes bgen,somgwhatLgoncerped:yith the spcia;
obligations of thevininidual,vbgt Egadi59gssi?n-has.yet appggreduof whatiwg
might.gall.Rgcg Religion.- Nb‘discus§ion‘ofjtheng}timatgrdesﬁipy:of:purrrace
itself, And the morality for th9~{qce,'byvmora1ityﬁl mean the pattern of
behevior which will insure survival,or the end which we are seeking; -

will be-quiteldifferent~forﬁtheirace than it is for the human., Because the

race itself has expendable varts.

Now to go gq@bbefely 21l thefway - absolutely Yen or absolutely Yang is
.gisasterious.gfI tbipk‘fhis isfthe old,dgparturengndureturn. -Thaimfor a period
of time one must do.one and. for another. period.one must do the other - that to

settle inuone;br‘the-otﬁer;stgtes permanently invites di;gstet-T~‘

I canAsee,how disaster.would pvefpomefg;so@iéty;which.settlesApsrmanently
in‘a Yen»epvironmgnt and:;:think‘we;arsjéioser?o witnessing. a- culture which
hgsfdrifted;ipﬁoha Yang sisfuationupefmanently,5l&;thou%-catcpipg.up,withn,;:m
itself so tofspeak *f”bﬁtplfm looking for the abst;ggt:foymulatipn (and models)
of how.the Yang situation,n;f~mainiained w@thout‘épparture-and-rgtu:nthTXen
inevitably results in a loss oflsurviyai»potentia1§, Inhave neyermbeen.able
tqvp?qve the theo:em of t§is”optimizatiqn,ﬁhrough #beﬁ@eparture‘apd return
prccgss,kbut»I'm sure this-is:involved»- it cfops up all the time, .

Is is true that complete obsession wiﬁh-Yapg activities will inevifably result
in disaster??? I'm not clear on this point, I. think it is true.
But T do not see the‘ngcessity.of retreat from Yang -- I. see the necessity of
biasing your feedback so you neverréttain IOD feedback,vbut you g}low yourself
departure from ruts by minimizing you feedback from time to time..

T submit that onevwithput the other is disasterious === the result of
intentional VIODeredbackﬁfor the_sake;ofvcliff situations results in

power madness, any other madness whatever, you go through a barrier ----




How does this happgn -~ well the disciple_of‘Yang goes-put«into the wbrldv.\
seeking new experience - regions of unknown for the sake gf gaining experience,
seeking notes tgﬁfage down in his,notepook‘-f-seeking;insights -- but
someplace in theg Yang persﬁit,.yog’crqss a—barrier~fr0m-which there is
no return - rathgr one becomesfqbsgssedfwith qreating‘cliffﬂsitgations'f
an enduin:i%self.‘vYou‘a:erno longer,able to re£§rn to- Yen .environments,
ande,.if departure and.rejurn isv#ecessary and_youjcan reach a point
where. you can no longer reﬁurn,»#hgﬁuthis means.disaster - but lets ask ...
the question,vwhygig/reﬁurn;necessary?hIt‘may.have»somethingﬂtqmdo:withfthg
learning prgcess.-rit,may\haveusogeﬁhing to do.with the digestive process,.
that experienég;undigested‘is‘useless\experience mee e e I
~Q§3Ivunderstgndgyour_questionwcompletely?:1Y9u~§ay‘youncgn not‘concieye
of fixation on creating cliff situations???? This fixation is something like
saying to. someone, I dqn'tﬁheiieye youlgan¢invent;g bigger-f or more distructive
bomb = what. happens is that.he'll accept your challerge and. try,
But(backfto_thelquestiqn,u whygism:etﬁrn neeessary?ﬁwHowvdoés one stoﬁi
seeking thewwiédon‘orﬂknpw1edg§.t9»pe}gained;from cliff Sitﬁations and become
obsessed with. creating cliff. situations? .. ’

- Perhaps this is.something.like a Parkinson law where.you are-no longer
cohcernédnwith;yqﬁrfprimiry purpose of 9ptimizgtiQp;ofvsu;vival,;but-rather
you become dedicated to ﬁhevideal of seeking,ne§“§gperience itselwaitﬁu ‘~. .

' o ' h ' charity
1osing sight of what ?higangw‘experignce isw;or.,p.soqething like the/ipstituti
sat-up:to‘helpﬂblindnpeople, but-somehow eventuallyAQS% of its income is -
spént on administration and raising of new funds -=---.or the beatnick whofsgems
to be obsessed}with rejection - having.forgot;whyfhe‘began;to'reject~sccity.

‘Here then, if Shiv@ is important in Yen activity - then it is ever bit as
important in.Yang activity.. It is necessary to destroy the fixation on

creating cliff situations,




Now then, one necéssary task is how do we set up.criteria for detecting

when we have crossed this barrier in the Yeng situation? 7
Leviooﬁumfbrdvinrhisiarticlemof,Morals3o£ E;tofmipation, argues that we -
crossed this barrier in World.War IT when we accepted- bombing. of cities.~ ...
therfore divilians.--. before that. time we had maintained bombing of military
targets‘only:-ejandionoo wehorosseouihis<1ine.(if is no difforont‘thgp .
whenmthemgormans crossed the line and began to exterminate Jews) there is

no return,.L R

- --Alright then, what;arewtheaparametersvonvol#odsw .

We have the amount.of the feedback, the dolay:timo of the feedback, the
pgrgmeter;ofiknowing.wheﬁ;it’iswtimofto3chgngo the feedback;(ie when it is
time to. depart and when is. it tlme to. return\ 8o the. ‘problem-is. not'a
static problem - it is sort of. a hpyer oscillation where you oscillate between
a state of taking. off and.a state of say, vegitative oscillation. .

"~:$here are:externgl factors ipvol?odﬁﬁoo,»whiohawill,reqyire_you,dO-theso
things -~ one of.thosetoxteroal.faotorswis technology ;t;o}f, A breakthrough
in.technology-forces.youutoua éosition«far»in advancevperhaps'of»fhe
, nosition you. would have. reached by plodding a70ng on the Yang coursee - Perhaps
such breakthroughs will/:g::nce you. far over. the barrler... Certalnly there
wasuno-adequgte'feedogckﬂgﬁsthevtlmoftheyd39151onrwasjmadeutoiuse-the H‘bomb.
Well, the decision was madeztbuﬁoimportantris.what.didmwefdo gfterwards;--
That was. the time that it was crucial to sit down and find a way in which to
obtain adequte feedback -

Certainly there.has never been adequate feedback from Hiroshimafv One can
go to the nuseum theme and perhaps begin to get a feel - perhaps. adequate
feodback, but. we know most people are apathotic to-Hiroshima. Surely .
apdthy is. a sympton of IOD feedbacke Contrast this to Germ warfare - you
can,tglk about-sicknessn--‘people get. very alarmed about this - horevthere
is moro,capab ilityuto comprehend.- ope~is‘experionced’with disease caused

by virus, by symptons of vomiting, spasims, fever, etee




e vCapability~of:comprehensiqﬁ;is ﬁhen a rart qfl£e§§back,~eredback_means'
somethirg. to you or;§{-d9esn't/::§§ though the externsl stimulus. may be at
the same level unless this stimulus is resonant with human experience it
becomes I0D feedbacke v oo o e e e
So ﬁere‘isugnhintresténg paradox -~ technolqgicalibreakﬁhroughswinev;ﬁgbly
createvIODrfegdback ﬁhereas I?D feedbagk@is;useful-in,promotingftechnological
breakthroughs, .Itsvlike Fhi§, you are in‘anHIOD_feédﬁack situation, this
leads t¢.a newfexperience,fputmﬁhi§ new.experience itSe1§>will,1ead,to an. - ...
evennmgre»~lowerwlege1vof-feedbggk, hence yéuwfind yourself with less.adequate
feedback and if this cqnt;nues you;sponhfindiypgrself:cqmpleﬁalyfout of o .o
cpntrpl-ofhthe,sitpafioﬁ;entingly and5ﬁgi§wiszix;ﬁheureason:return;isﬂp§gewsary
You described it .as péwer madness == but it is really lack of controleese
Do you see how this.works??
f;,\“wa leths repapiﬁulgte,-uletnus saywthere Wergmtwo«agalpgus‘technilpgical
breakthroughs,iypng‘was-t§e infention éf‘the3HydrogenuBobm,wfthgvptheruthe
iéventiqn of germ warfare, Now these two things coming- simulataneously == .-
we have in our«experience§mabilityﬁto5comprehendhwhgtwsickngss ;s<but wenbave
po.ébility *9~°¢mP?eh¢n¢ whqtﬁradiatiqn ig,«gng.thgrefo;e wevage-much:mgre
'abhored at‘qontemplation‘qiousevof,germ Wgrfare.thap of H b@mb§¢falling,;

- - Now letnusaretprnwtogthe glassiga;.mathematical.fcrmulgtion-of:these .
things, Thisthas'all‘been worked out and I_think this.discussicnuhgs.ghown»:
that~we-varitablywhavexa;feedbackvsitgation,;ﬁThe present political, technicdi
5configuration-cfuthg balance of-terror-is»precise1y~an§ I0D feédbackhsitugtion
an¢ this situatiqn is»such.that;it,is-cre§ting an.envjronmgnt which reduces. .
dgilxithe feedback which exists and it-is elready insdequate and it is taking

us on-out. expotentially into an area which rapidly becomes beyond control and
salvagability, hence reduces. survival potential.» Katz is alwaysjtalking'about
we are learning,howwto apswervobselte questions anduthis is IOD feedback.

IOD feedback will inevitably lead you out expotentially from the reslm of
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human experignce.and,from the;reglm in which you. have gnytgontrpl and=eyen‘
legrning.~ Now the»othervsitgation,where'yon‘have thg suppressiye»feedback,,*
sh#?re\yqu.oscillateAcomfbrtab;yf wiﬁhcut getting apywherebor;qoing anythiﬁg;
pr,'we have to hit.this singulsr case in between (and.there is- the singular
case) which will allow you to grow, to absorb new experience and.at the same
time _nemain.in,control ofﬂthe‘situation.allrthe fime.mee can now see.-that
+he Yen =~ Vang thing. breaks down entlrely bere - the p01nt or- goal, rather

are concepts which
is to remain in controls. Yen and. Yang/were dev1sed 1n ExExkausxxkines the
past to describewﬁwoustates‘;n‘evolution crafperioasmln;auculture.wand this
whole oscillation, this whole precess of departure andJreturn~has1been~;~~
nothing more than a’huntingwphengmena when we didnlt'understand.the\sitgation
and hadwnokway of“qontrollingfit. ”Nowvourffundamentalmtask in the.yéars’i
ahead is to acauire ¢he,mgthcdhgfmcegtrclisq‘we3can~establish3the singular
solution»pf‘providing b9th growthinhknowledge;andhwisdon which increases
our survival.potential and yet at all times remaining. in control.so. that - .
thewsitUejion doesrnot,get.beyond,our,respénses and~ourgunderstandingy .Because
in this. case . we are lost and in t?e other.cese we may not necessarily. be
lost. bet we azre no longer men.‘AAnother~fagtornwhichtcomes in hkere is the . ...
absolute level atawhichva culture,operates.~,If.it.is in a-vegitative situation
osc11lat1np at 2 very low level sayv?ﬁ sgraian culture,then its surviv
rotential is not high, but I thinkviiz.survivallpetential ~of a Yen
ctlture,increases'with the level of that culture, but the point. is the level
of the culture never increases without the Yang experience, . There may be |
some who.vould say we are at 2 high enouvgh level to be Yen and be happy now,
We_nowuhave erough control over nature, over disezse, ete. that we-can Just.
sort of vegitate without pregress - lets have no mere technilogical breakthrou@

Isn't that the argument?. Well, if the men from lars arrived tomorrow, I am

not sure we are adequately prepared to survive in our present situation.




This is the argument that Yen is fine because it is adopted to a certain
setvqf’stimuli,uto a certain sgtrofvexperiences, but a rew experience that..
comes along wiliwthreatedvit-with distrgctiqn.  Here then is-a meta problem .-
invqlved-of alﬁays,undergtan@ingmg,sitpation,;and understanding hcwutp»adbieve
new expgrgince, when ﬁo‘aChieveupew.experience tovoptimizefourwsurvival~w:w
potgntial, - The meta ?roblem"here is the once conéerned with the digesting

of the new experience,

/
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“ALTERNATE DYNAMICS OF NORMATIVE SYSTEMS

Albert Wilson

Four basic informational functions are common to all control
systems from simple thermostats to corporate headquarters. On the system
level of the individual human, these system information functions correspond
to the four psychological functions formulated by C. G. Jung in his researches
on psychological types. On the social level the functions correspond to the
four governing and professional categories found almost universally in both
primitive and advanced cultures. Following Jung's typing of individuals
according to the relative development of the functiéns in their personality,
cultures may be typed according to the relative emphasis of the four functions
within their social structures. Fouxr basié types of social dynamic - are
identified that are useful in characterizing organizations and societies.

The plan followed in the paper is to develop the fundamental functions
from the properties of elemental control systems, then examine the forms that
the functions assume in more complex systems. [1]* The principal focus of
the paper is on the attributes of the functions as they operate in individuals

and social orxganizations, which is to say in normative systems, or those

systems that possess a continuum of stable states corresponding to the spectrum
of human norms and goals. The principal results of the paper lie in the
homologies, or‘correspondences between part-to-whole-relations, found to exist
between psychological and social functions. These homologies are of general
interest in that they show the four functions constitute a meaningful integrative
schema of wide applicability, which provides insights into the nature of man

and the structure of systems on all levels.

* Numbers refer to notes and references at the end of the paper.
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The Four System Functions

The study of physical systems in the eighteenth and nineteenth

centuries provided us with basic concepts such as energy, entropy and probability

that have proved to be powerful tools for formulating and solving technical
problems. The study of control systems in the twentieth century through the

development of concepts such as information, feedback and programming is

furnishing us with tools that are helping t§ formulate and solve problems
associated with higher order systems including biological and social systems.
One system concept that is important throughout behavioral and systems sciences
is that of function. This is a word used with several meanings, but in the
general systems sense used here, a function will be defined as a set of one
or more elemental operations that is performed repeatedly in the same manner
in order to enable the system to fulfill its tasks or purposes. The tasks or
purposes of the system may themselves be functions when the system is regarded
as imbedded in a larger system. In this paper we shall be concerned primarily
: whith means fhet
with control systems, - A the sets of operations that make up the functions
are ; operations on and with information. Some typical elemental informational
operations are filtering, storing and replicating information,or they are
‘arithmetic and logic operations such as comparing and grouping data.

As a specific example, let us consider one of the simplest control
systems; the ordinary thermostat, whose purpose is to hold the temperature of
a room as close as possible to some pre-selected value through the control of
heating and cooling devices. Ordinarily such a system is studied from the
point of view of negative feedback operations, but here we shall look at it
in terms of three basic functions: First, the thermostat must perform that

function or set of operations that allows it to measure the room temperature
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and generate a signal corresponding to the existing thermal state. This
signal may appropriately be called the "is" signal. Second, the system

must perform that set of operations that generates a signal corresponding

to the pre-selected thermal value. This signal may be labeled the "ought”
signal. Third, the thermostat must perform the set of operations that
generates the "is minus ought" or "exror" signal, and on the basis of whether
this signal is negative 6r positive, switch a heating device on or off.

We shall name the first of these functions whose task is to sense the system

context the sensing function ; the second, whose task is to provide a standard

or norm, we shall call the normalizing function; and the third whose task is to

compare the existing and desired conditions and make a decision among the

available options, we shall call the deciding function.

It is apparent from this functional description of the‘simple
thermostatic control system that parts of the functional operations are not
performed within the thermostat proper. One basic operation of the normalizing
function, the pre~selection of the desired va;ue, must be performed by an
external agent such as a human. Should this,agent be considered as part of
the system? If the systems analysis is made according to system componehts
and sub-systems, the source of the “"ought" value would be put into and external
black box and the pre-selected value conveniently regarded as a system input.
But in a systems analysis made according to functions, it is essential that
no operation which is part of the set of operations belonging to the function
be treated as outside the system. The delineation of what may be taken as the
system boundary depends on this criterion. Systems analysis by components may
be atomistic/reductionistic, but systems analysis by functions must remain

wholistic.
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Let us next consider a more sophisticated control system, one that
has the capability of self-modification. Such a system might be, for example,
a thermostat that can minimize fluctuations in room temperature by anticipating
environmental changes. In one model of such a system the periodic components
of the room temperature changes could be harmonically analyzed and their
periods and amplitudes supplied to the deciding function which could phase the
switching of heating and cooling devices so as to anticipate the expected
changes. Failures to anticipate would be used to modify the program through
the inclusion of additional harmonics and sub-harmonics of the room temperature
pattern. If the temperature pattern proved to be purely periodic then through
a sequence of program modifications the thermbstat could eventually derive a
program which would replicate the temperature péttern'and allow the deciding
function to anticipate them. In this more sophisticated system a fourth
function is present. 1In addition to the original three operations of sensing,
normalizing and deciding, there is the capability of introducing new operations

and altering existing operations in the system program. The set of operations

by which the system program is modified will be called the modification
function, . "+ .. In the simple thermostat the system program
consisted simply of comparing the "is" and the "ought" signals and throwing
a switch on or off. There was no way to modify this program. In the anticipatory
model in addition to the "is" and "ought" signals a third signal that we may

. deciding
call the "adaptation" signal is fed to the A function. The adaptation signal
is learned from analyzing the actual temperature changes and is modified
whenever it fails to replicate them. The set of operations that generate and

av o 6{11‘1[/\0« fl\(”'l

modify the adaptation signal belong to the - A -~ function. However, after

the modifications have been completed and the program can successfully

anticipate, the adaptation signal becomes part of the routine program and its
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custody is transferred to the deciding function.

It is a general feature of systems that the sensing, normalizing and
deciding functions maintain custody and responsibility for their sectors of the
system program, while fhe modification function turns the product of its
modification operations over to the other functions once the modifications
have been completed. In some systems certain modification processes themselves
become routine. The set of operations involved in such modifications are then
taken over by the other functions. The modification function has worked
itself out of a job so to speak. So a more refined definition of the
modification function would say that the>task of the modification function is
modification éxcept.when the operations of modification have already been
- learned. It is the residual tasks that are the essential pperations of the
of the modification function. These are the design of operations for coping

with unprecedented situations and developing programs for adapting to them.

So long as unprecedented situations arise and so long as the system has not
reached some limit of modifiability, the modification function has the job
of developing‘alternatives and creating new options.

The modifications of the anticipatory thermostat were software
or program modifications. Systems that modify their hardware components
beléng to a higher level of the scala. Bio-organisms, in general, are
capable of hardware modification butvalterations are usually effected in
steps through a series of different individuals (evolution) rather than
within the same individual. The sets of operations constituting hardware
modification through genotype and phenotype phases, though of great importance

in the subject of control systems lie outside the scope of this paper. [2]
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Each of the four functions is: present in bio-systems, but
through inter-functional programming, each involvesmore sophisticated
operations: The sensing of the environment becomes multi-channeled and
complex; normalizing involves internal monitoring and operations capable
of system repair and healing. The deciding function becomes highly developed
and operates on both autonomous and conscious levels. The modification
function rewrites programs and becomes especially important in the
higher organisms through various types of learning procedures.

At this point, we can characterize the system functions in a
more compfehensive way than was possible from the properties of simple
thermostats:

The sensing function‘is primarily associated with operations
having to do with the system's interface with its physical context, with
sensing, perceiving and data collection, with displaying the present or
"is" conditions to the organism. Interfacing is at root information exchange.

The normalizing function is concerned with'opefations that maintain
standards or norms and display the "ought" conditions to the system. This
function initiates correction and restoration operations for bdth system parts
and the system whole, guiding them in accordance with reaching equilibrium
with the state defined by the norms. Stability is at root standards maintenance.

The deciding function governs established and routine operations,
selecting,choosing and switching. It makes comparisons, correlates, groups, etc.
In brief does all operations that constitute administration. Control is at
root decision making.

The modification function initiates operations that alter the
system’'s routine operations and norms. It focuses on operations having to

do with adaptation to unprecedented situations and is the receiver or the
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generator of novelty and innovations and the creator of alternatives and
options. Modification is at root option creation.

As systems become more complex, the functions acquire additional
aftributes. In sophisticated systems the functions may more properly be
termed "functional sectors" with each of the four sectors containing aspects
of the other three functions. In other words functions and functional sectors

homologou&ly related in the sense that each functional sector takes on

the four-fold functional pattern within its own operations. The homologous
nature of the relation between functions and functional sectors can be
conveniently displayed using a cross and a cross-crosslet. In the simple
cross of Figure l. each arm represents one of the functions. The right hand

arm the sensing function, the upper arm the deciding function, etc.

Deciding

Modifying ‘ Sensing
Normalizing

Figure 1.

Functional sectors may be represented using the cross—-crosslet of Figure lb,
In this figure the right hand crosslet represents the sensing sector, the upper
crosslet the deciding sector, etc. The arms of each crosslet represent the

corresponding functions within the sector. The right arm the sensing function etc.

| . .
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Using this representation the crosslet representing each functional sector

of Figure lb. may be amplified as in Figure 2. In the upper crosslet of

p.8.

Figure 2. the three ingredients on which decisions are based--situational data,

standards and options-- are displayed together with the types of programs
related to each function. The right hand crosslet of Figure 2 shows the
distribution of the three types of data collected by the sensing sector.
This sector supplies the deciding sector with data required for oﬁerations
of .a routine nature; it supplies the normalizing sector with data required -

for assessing and evaluating contextual norms and supplies the modifying

sector with data of a novel nature or descriptions of unprecedented situations.

The lower crosslet of Figure 2. shows the three sources of standards used
by the normalizing sector. The standards whose sources are in the present
prevailing conditions are shown on the sensing arm of the crosslet; those
norms that come from routine and past practice, from tradition,vetc. are
shown on ﬁhe deciding arm; and those coming ' from desired modifications and
goals for-the future are shown on the modifying arm of the crosslet.

In the left hand or modifying crosslet, the three types of innovation and
modification are displayed: New and unprecedented experience,on the sensing
arm; new organization, programs and operations on the deciding arm; and new
norms and goals on the normalizing arm.

The cross-crosslet displays the homologies between the functions
as constituted on different systems levels. It is not reducible to a tree.
The right, left, upper and lower arm positions represent relations in
addition to the "boss" or "source" relations displayed in conventional trees.
This form of representation will be used throughout this paper for displaying
homologous relations between psychological types and societal functional

sectors.



The Deciding Functional Sector

Decisions
Routine Programs

Options . Situational Data
Improvement Programs ' Data Programs

Standards
Correction Programs

The Modifying Functional Sector

New Practice

Software Adaptation
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The ‘Normalizing Functional Sector
Norms from Operations
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Preservation of Norms
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HOMOLOQGIES IN SYSTEM FUNCTIONAL SECTORS
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Jung"s Psychological Types

Many typologies have been proposed to compare the psychological
and physiological characteristics of individuals. To mention a few:
Hippocrates suggested a typology of physique and temperament corresponding
to Empedocles' four basic elements--earth, air, water and fire. Rostan idin
the nineteenth century recommended a four-fold digestive, muscular, cerebral
and respiratory typology. Xretschmer in the twentieth century advocated a
system based on the categories: asthenic, athletic, pyknic and dysplastic.
That typologies need not be four-fold, we note Sheldon's more recent system
based on his Atlas of Men which led him to his classifications of endomorph,

n &7

mesomorph and ectomorp Yeats used a system with twenty eight categories
while William James divided people into those with tender-minded and those
with tough-minded temperaments. As useful as these several typologies have

proven for various purposes, our interest is drawn to the typology of

C.G. Jung which is based on four psychological functions--sensation, thinking,

feeling and intuition--which Jung abstracted from his clinical studies.

Jung's studies of psychological types originated in his attempts to help people
—--husbands and wives, parents and children—- understand their differences.
His taxonomy of four basic types depends on the relative development of
the functions within the temperament of the individual.' .A sensation typé,
for example, is a person in whom the sensation function is especially well
developed while the other three functions are under-developed.  Jung's
system is of central importance in this paper because of the homologies
that exist between  _his : psychological functions and the system
informational functions.

Jung's four psychological functions may be described briefly as

follows: The Jungian: sensation function is almost identically the
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system sensing function, both being the function governing the operations
having to do with information acquisition from sensing and interfacing with
the physical environment in general. The Jungian thinking function is also

an homologous extension of the system deciding function. It controls not only
the usual lower level system deciding operations but being on a cognitive
level is capable of complex logic operations involving seﬁeral levels of
self;réference and all that is usually associated with the operations of
thinking. The Jungian feeling function plays an analogous role in humans

to the system normalizing function in lower order systems. That this is so

is not quite so apparent as in the sensation and thinking cases. Feeling

for Jung is not a matter of emotion or affect but a matter of like -and dislike,
a matter of evaluation according to tastes and values held by the individual.
Feelings in this sense have to do with judgements of whether actions, people,
situations or things come up to expectations or conform to standards. If is
in this sense that Jung's definition of his feeling function is analogous to
the system normalizing function. Jung's fourth functién, intuition, is the
function governing symbol formation and imaging operations. It has to do

with the perception of gestalts, insight into fundamental patterns and the
acquisition of concepts and solutions through a "recognition" process--which
may be multi-sensory or "extra-sensory"--that 'knows what it is looking for

as soon as, but not before, it finds it'. The analogy of the intuition
function to the system modification function lies in both being the innovational
functions. On the psychological level the sources of innovation--new ideas,
discoveries, inventions--are the new images that form in the minds of people.
System modification on psychological and social levels originates in the
innovations deriving from these new images. In this way Jung's intuition function

plays the role of the system modification function. [4]
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Psychological type may be characterized either by the relative
dégree of development of the functions in the personality of the individual,
the method adopted by Jung, or may be characterized by the principal function
that the type performs within the higher order systemQ—organization or society=--
in which it lives. Both of theseways of characterizing the types are reflected
in Table I. The first five rows compare the attitudes and roles that each
type emphasizes in a social context. Rows six through nine compare some
paradigmatic views, while rows ten and eleven compare anxieties and response
to stress.

From the first five rows we get the picture of the sensation type
as primarily centered in the external world, stressing action and the concrete.
choosing occupations having to do with practical down-to-earth matters. What
is important is workability. We~éee the thinking type as factual and logical,
involved in organization and administration. What is important to him is
what is true and valid. Feeling types are strong for law and order, for
stability and justice. They are the critics and judges of society. Their
approach is primarily people centered and what is important to them is what
is good for people and society. The intuitive types emerge as creative and
innovative people. They point out alternatives, design new approaches, and
generate new options. They focus on potentialities and on what may be.

What is important is the "big picture" and how Lowe relate: to it.

In rows six to nine, we see how the different types through their
respective views and emphases create -paradigmatic differences. Consistent
with the present centered nature of sensing, the sensation type tends to
focus consciousness, energy and will on the present. He is a "now" person,

living in and for the moment. He has a short memory and discounts both
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Preferences:

Emphases:

Tends to be:

Wants < i
solutions
to be:

Focus is on:

TABLE T

ATTRIBUTES OF PSYCHOLOGICAL TYPES

Sensation

deeds and action

implementation,
getting the Jjob
done

empirical and
pragmatic

workable

the realizable
what works
application

View of time:focus on the

View of
change:

Approach to’
the future:

Method of
validation:

Fears:

Response to

moment,
"Now" is all

probabilistic

discounts the
future

- body counts

loss of
gratification

binges and

undue stress:excesses

Thinking

facts and
organization

procedures,
coordination

logical and
rational

systematic

the probable
what is true
verification

linear, with
past, present
and future

causalistic/
deterministic

future, an
extrapolation
from past and
present

logical or
internal
consistency

loss of
capability and
self-confidence

methodical
rituals and
procedures

Feeling

rules and values

criticism,
correction

evaluative and
lubricative

agreeable

the preferable
what is good
evaluation-

cyclical with
emphasis on
precedent

" normative

emphasis on
stabilization

authority, law
precedent

loss of
relationships

depression and
illness
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Intuition

possibilities and
innovations

alternatives,
options
speculative and
imaginative

open—-ended

the conceivable
what is important
signification

future or
extra-temporally
oriented
finalistic

emphasis on
fluidity

authority of
self

loss of meaning

withdrawal and
fantasy
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the past and the future. He feels few ties to either yesterday or tomorrow

. and projecting his personal view onto the world, considers it to be free of
both causal chains and great ultimate purposes. What happens, happens. The
world thus seen becomes probabilistic in nature. The matter of validation is
usually not a major concern, sense gratification and the pleasure principle
in general provide their own validation. However, when something comes up

for which validation is required, the sensation type likes to résolve it
through body counts: "What is the gang doing?", "What do the polls say?"

The thinking type shares the physicist's view of time--linear with
a present dividing the past from the future. He feels that events are
interconnected by causal chains and it ié knowledge of these chains that lead
us to the laws of nature and make science and the spplication of science
possible. The thinking type believes that we can forecast the future by
making extrapolations from the present since the laws of nature will be the
same tomorrow as they were yesterday. Validation is one of the central
concerns of the thinking type. Validity is established primarily through
proof of consistency with the established body of knowledge. [5].

Feeling types choose to be governed by precedent and become past
focused. They think of time as eyclical ;k :with continual recurrence of
archetypal situationsjh]with nothing new under the sun, the past provides
the keys to the present and the future. The world is not immutable, however,
and we can move it step bf step into  better accord with ~~our . norms.
The cosmic or collective will to correct and heal is stronger than any
causalistic chain. As for validation, it is no problem. We have but to
turn to our established ' -" codes, to our sacred books and the wisdom of

the past to guide us.
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Intuitive types, like sensation types are "liberated" from the
constraints of time. While the sensation type frees himself from the past
and the future by shrinking time to be only the present moment, the intuitive
type, soaring on the reality that for him resides in his own images, leaves
the time~line of the physicist and lets consciousness range freely to past,
to future, to elsewhere. But since possibilities,in order to be possible,
must in some way be linked to the physical world and since there are fewer
and fewer far away and unexplored places in which the possible may reside
until it is captured and tamed, the possible must increasingly take refuge
in the future. Intuitive types have thﬁs become largely future oriented. [7]
They feel the finalistic attraction of the system's potentialities to be a
force capable of overiding all deterministic/causalistic obstacles. The future
is wide open; we are limited only by our visions. As for validation--no need
for concern--we know when we are right.

Lines ten and eleven of Table I compare the fears and defense
mechanisms of the four types. The primary anxiety of the sensation type is the
loss of immediate gratification. A delay or shortage that threatens continuity
of gratification triggers such excesses as hoarding, going on binges and’
indulging addictions. The thinking type's security rests on his ability to
perform and his greatest anxiety centers on loss of capability and the
accompanying loss of self-confidence. His defensive response to such an-
eventuality is to exaggerate his normal logical behavior and wall himself about
with methodical rituals and procedures, such as locking and re-locking doors,
recording, copuing and filing trivia, etc. Feeling types  fear most of all
the falling out of relationship, being rejected. They respond to such a
situation by a self-induced depressive illness calculated to regain sympathy

and affection. The intuitive type's anxiety is over loss of meaning and
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orientation. When this anxiety presses heavily they tend to withdraw from

the existing world and build new worlds in fantasy to replace the one that

frustrates them. Each type's unbalanced emphasis of its own function is

usually at the root of its troubles. But not realizing this, it thinks the

answer to difficulties is to apply more of what has on other occasions been

successful for it, what it is adept in--its own function. This leads to greater

imbalance and difficulty. Whence the absurdity of‘seeing people . (and societies)

apply in great measure what fails in moderate measure. 'If we just try a little

harder,na.i:z what we have been trying will work.' No alternative is conceivable.
Frequently we encounter such questions as, "Which is the right type?",

or "Which type has the correct perspective?". These questions and their like

stem from a "tyﬁe chauvinism" that éxists in every culture and sub-culture.

For, example, the type chauvinism in the United States at the present time

is one strongly prejudiced in favor of sensation types. With estimates that

some 80% of our population is of the sensation type, sensation types are

better understood in our society and are more liberally rewarded than other

types. But basically there is no single 'right' type. All of the types

are right when taken together; all are wrong when taken singly. Each is

partial and incomplete by itself, needing the others to achieve effectiveness.

Every workable social group needs all four types and each individual needs

to develop all four functions. Each function is essential to the successful

operation of the whole. Whether the system is an individual or a society,

the critical matter is balance among the functions rather than dominance by

the 'right' function. This does not necessarily mean equal numbers of

each type in an organization or society, but means an unimpeded flow of

each typé% inputs and contributions. The real usefulness of this typology

is not as a static indicator, but as a vector showing which functions need

most to be developed in order to achieve balance. [8].
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Functional Sectors in Social Systems

The importance of the system informational functions and of Jung's
psychological types lies not only in the insights afforded into individual
behavioral differences but in the illumination they give to the basis of social
organization. Although no demonstration of the necessity of an isomorphism
between the psychological structure of individuals and the structure of their
societies can be made, the reflection in social organization of the psychological
patterns identified in individual humans, like the reflection in the shape of a
crystal of the structure of its constituent molecules, is an expected development
from the point of view of general systems theory. We may hold that our social
organizations develop these functions because our psychological natures require
them. [9]: “

Four elemental control sectors are found almost universally in human
societies. These can be identified with the labels: Prince, Warrior, Prophet ‘and
Judge; or in a highly developed societéﬁggé recognizable as the control sectors
charged with administration, defense, change and relationship. The ubiquity
of this four-fold organization of society may be seen in examples from all
parts of the world and all eras. It is present in groupings as elemental as
a hunting party of Kalahiri Bushmen whose members cénsist of a headman, hunter,
shaman and clown.[lQ] The same four—-fold social organization is manifested in
the city structure of the Mayan ritual center at Uxmal. [11] It appears in the
traditions of North American Plains Indians and in the caste systems of India. [12]
These control sectors are the systems functions and the Jungian types in social
form: The headman-prince-administration sector being the system deciding
functional sector and the natural abode of the thinking types, the hunter-
warrior-defense sector is the societal sensation sector; the critic~-judge

relationship sector is the normalizing/feeling sector and the shaman-prophet-change

sector is the modification/intuition functional sector. (Figure 3)
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There are many épeculative scenarios on the origin of the social
functional sectors. We may éurmise, for exampie, that withinﬂnbmadic;hqhting
clans intefnal disputes arose over whether to stay with a carcass until it
was stripped clean or go after a fresh kill. One choice demanded temporary
localization of the clan and loss of freedom of movement. The other choice
demanded‘the willingness to risk going hungry. This decision would bring on
disagreements between those types who would feel very uncomfortable if
immobilized and deprived of options and those types who preferred to keep
risks to clan welfare and stability at a minimum. The future began to be
differentiated from the present.

When the saving and the storing of food became a definite viable
option nomadism declined. and the simple organic hunting party was metamorphosed
into a society. This brought about new imperatives: The necessity to protect
and defend what was stored, the necessity to count and record, the necessity
to share and adjudicate and the necessity to plan and anticipate. Clan became
Polis, organism became organization, but the economy alone could not bind
great numbers into a cohesive whole. A social mucilage consisting of authority,

p:yoéméyicq/
arms, codes and gods evolved--an adhesive for eachytype. And with each

adhesive a custodian of the adhesive--prince, warrior, judge and prophet

The prince was responsible for decisions, the warrior for interfacing with

the world beyond the polis, the judge for codifying the norms of the society

and keeping relationships in adjustment, and the prophet for staying in touch

with the voice of "The Other" and its calls for reform. The four functional

sectors had assumed their social forms: Decision and management of the routine,
Defense and inter-societal relationships, Stability and intra-societal relationships,

and Change, innovation and bridges to the unknown.
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Fimdg

Increasing complexity of the social order :4- each social functional
sector constructing within itself sub-structures that are hierarchically
homologous to the whole society. [13] These hierarchical hémologies may again
be conveniently displayed with cross-crosslets. Figure 4 shows the homologous
relations between an administration sector, a defense sector, a stabilizing
.sector and an innovational sector. We shall here adopt the "s", "T", "F" and

In  meascri'ng
"N" notation used by Myers and Briggs -p- the'f

our Jungian Types. [i4l~

"S" will be used to designate sensing/sensation/defeﬁse, "T" will be used for
deciding/thinking/administration, "F" for normalizing/feeling/stabilization

and "N" for modifying/intuitive/innovation. The upper or "T" crosslet displays
government as a particular societal administrative functional sector. The upper
"T" arm of the crosslet corresponds to the executive, king or president, who

is responsible for administering the laws. The left-hand "N" arm corresponds

to parliament, the source of new laws. The right-hand "S" arm represents

law enforcement and the lower normalizing "F" arm represents the courts and

the law itself--the constitution and the basic body of law and procedures.

The particular "S" functional sector illustrated in Figure 4 is that
of the military. (Other important "S" sectors that might be displayed are
intelligence, diplomacy and trade.) Within the military sector, the upper "T"
arm corresponds to comménd, the left-hand "N" arm to strategists and think-tank
experts who devise new operationél procedures. and introduce new weapons systems;
the "S" arm corresponds to the effective fighting forces and to the operational
weapons systems themselves. The lower "F" arm corresponds to the normalizing
framework adopted by thosé that "play the game" of war. This arm would
correspond to such items as codes of chivalry among medieval knights or World
War I aviators, or in the present day to the Hague and Geneva conventions
delineating the rules of war or to the sophisticated interplay of overt and

covert threats and postures known as "nuclear deterrents".
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The example chosen for the lower "F" crosslet is education, which
is a normalizing sector whose task is to preserve standards and cultural forms
through inculcating‘the young. In the educational crosslet the upper "T" arm
corresponds to school adminigtration. The left-hand "N" arm represents
edﬁcational experimentafon and innovation; the lower "F" arm corresponds to
curricula or the body of information that is selected to be taught. The right-
hand "S" arm represents the teachers and students themselves. Other examples
of "F" functional sectors are institutionalized religion, the law, and the media,
all of which set, preserve and disseminate cultural standards and norms.

The innovational sector picked for the left-hand "N" crosslet is
that of science and technology. In this crosslet, the "S" arm corresponds
to applied research and to that type of research that consists of filling in
the details of a "Kuhnsian Paradigm". The left-hand "N" arxm corresponds to
basic research and the processes that lead to new paradigms of science.
The lower "F" arm represents the established body of scientific: knowledge,
which is the basic yardstick against which allbinnovation inbscience is
measu?ed. The upper "T" arm stands for the "top-down" administrative elements
that direct research through funding and assignments of priorities.
Every field has an innovational sector Which could be represented by an "N"
crosslet. But, besides science and technology, the innovational sectors with
broadest relevance are those of politics, art and religion: ’IiS] RéligionA

"~ as an innovative sector must be distinguished from institutionalized
Fype

religion as a normalizing sector. "N",religion has to do with philosophy,
world views and the chain of attitudinal and behavioral modifications that
ensue from a Woxldview modification.

We leave hierarchical homologies and the "game of quad" by pointing
out in Figure 5 the emerging branches of systems theory that correspond to

each of the four functional sectors.
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Dynamics of Normative Systems

In the survey of psychological types it was noted in Table I
that each type has characteristic anxieties, typical defense mechanisms and
favored behavioral patterns for coping with stress. More generally, each
type possesses a characteristic motivational base or dynamic. A dynamic
may be thought of as a'psychological fuel' from which the individual obtains
energy and drive. Each type may run on all of the fuels but résponds
preferentially to a particular one. For example, the sensation type's basic
anxiety-—loss of gratification--is a key to those things that particularly
energize him. His dynamic is primarily sensory gratification. He is energized
by those experiences which promise immediate gratification, consistent with
the findings of his being "now" oriented and a discounter of the past and
the future. But the drive of sensory gratification is only one side of the
coin. The sensation type is not only driven by sensory gratifications, but is
also strongly egergized to action when there exists a threat of deprivation
of his gratifications. For him a crisis is a loss‘or delay in the flow ofi
those items upon which his gratifications depend. Thus éach person is
motivated by both an aspiration and a fear--the two meta-dynamics--and all of

the type dynamics take on both a positive and a negative aspect. 1In the case

of the sensation type, the positive or aspiration dynamic is gratification ,

while the negative or fear dynamic is deprivation.
The positive dynamic for the thinking type is achievement-~-college
degrees, home ownership, executive positions or is performance--all A's on

the report card, records in production, increased profits. The negative

dynamic is the fear of dispossession and displacement--threat to authority,
position or acquisitions. The positive dynamic for the feeling type is

good relationship--friends, belonging to the group, status. The negative

dynamic is the fear of rejection, ostracism, exile. The intuitive type is
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positively energized by images, visions, dreams of what might be. His

negative dynamic is the fear of closed-endedness, the collapse of all opportunity
for modification, fear of ossification and stagnation. These personal or
psychological dynamics--positive and negative-—are displayed in Figure 6.

On the societal level each of these dynamics not only represents
the dominant drive of groups of individuals of each type but, depending on
which psychological type(s) dominates the culture, characterizes the society
itself through the establishment of its principle life styles, norms and
definition of success. A 'pure' S-type society would be one in which
accumuiation of material possessions is the condition of satisfaction and
the measure ofvsuccess. ‘Collectively the S~society is the consumption
society. In a T-society the degree of power or control over decisions is
the measure of stature in the society. The T-society as a whole measures
its success in terms of its power and control over societies outside itself.
Such a society is an imperialistic society. In an F-society, status, membership
in castes and clubs, possessing the proper pedigrees and titles would be 'in'.
Collectively, such a society tends to be chauvinistic. In the N-society,
contributions~-artistic, scientific, humanitarian--are the principal sources
of personal satisfaction and the basis of recognition. The n-society's
monuments—-its pyramids, cathedrals, courts of law, footprints on the Moon--
would be the base of its collective meaning.

Of course, there is no society of a single pure type. Such a society
could not long survive. We recognize the existence of each of these dynamics
in most societies. What differentiates one society from another is the relative
emphasis placed on each dynamic. It is from the mix and blend of these¢four

type-dynamics that the principal societal composite-dynamics emerge. In Figure 7.

the four type-dynamics are displayed together with their composite-dynamics--
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profit, competition, ideology and problems--which have become the basic
societal dynamics.

The S-type gratification and accumulation dynamic combined with the
T-type drive for organization and power leads to a dynamic which expresses
both. This is the profit motive, which is the principal energiéing fuel
of the S-T technological society in which we live. Profit; measured in

return on investment per annum,measures both accumulation and the success of

J

organization and management. The fact that it is a rate rather than an amount
is a feature more in accordance with T view of time than S views, but the
short time span of one year keeps the tensions of S types for gratification
from building to levels of high dissatisfaction. Most present economic
theories are S-T etheo:ies; Wealth is measured by material resources (S)
and capital or tools (T) and does not include such F and N types of wealth
as knowledge and problem solving capabilities. The theoretical economic
man is a combination of an S-type consumer and a T-type businessman who
always knows and looks out for his own best interests. .
The tension of competition--of an unresolved contest--is a powerful
dynamic that appeals primarily to S and F types. Brute behavior through
normalization has been tamed and given many channels in which to flow. The
blend of the S type's drive to acquire and the F type's need for rules of

fair play creates competitive games that include not only sports but business,

27.

careers and war, each with their definitions of win and lose. Great difficulties

are encountered if the game changes and the old definition of "win" no longer
obtains. It is in this same S-F quadrant (Figure 7.) that the dialectical

dynamics of Heracleites, Hegel and Marx find their support.
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The marriage of N images and F norms gives birth to ideologies
~-those great 'should be's ' that fire both the imagination and the blood:
The 'Alabaster cities that gleam undimmed by human tears', the City of God,
the Thousand Year Reich, the World Revolution. When the symbols that fepresent
these ideologies--stars, stripes, crosses, swastikas, sickles, hammers--
march into view, heérts poﬁnd, throats lump, tears swell. Psychological
energy of great power flows, the parade is Jjoined, the banners move forth‘and
the world is edged a step closer fo the dream.

Finally there is the dynamic of the unsolved problem, from the
puzzle that cannot be set aside to the timeless mysteries of the cosmos.
With the funnels of intuition and the sieves of analysis, N and T ally to
meet the challenge of the unsolved. But the problem~dynamic does not cease
with the solution of the problem, for more problems grow, Hydralike, for
every one that is solved. Flags fade, images cease to energize, acquisitiveness
becomes satiated and the competition subdued, but problems persist. Like
a breeder reactor, the problem-dynamic generates more fuel than it consumes.
It has been claimed that problem creation is the central dynamic of civilization
building. [16] "A man on the moon in a decade", was a N-T challenge issued
by a President of the United States to an S~T society. It was met=, but
the S-T society could never fully grasp the meaning of the enterprize and was
unable to gain satisfaction from it nor accommodate it to its S and T
yardsticks. It appears that the :Apollo Program took care of most Americans'
"N-T" needs for some time, and the relatively small "N-T" sector of American

society must now do its thing on a more modest scale for some time.



~A. Wilson p.29.

Homologies between type dynamics and societal dynamics emerge in
many combinations. One such set is displayed in the cross-crosslets of Figure 8.

The power dynamic is centered on the control of fourstypes of access:
Access to decision making (political power); access to resources and capital
(economic power); access:to information (cultural power) and access to rights
(judicial power). Other forms of power, such as military power, depend in the
long run on the fourrbasic powers. The importance of political power and the
tendency for it to,benbpthimoﬁopolized and monopolistic was clearly recognized
by the drafters Qf “rcour 3. Constitution and its Bill of Rights. Their
recognition of the basic nature of the other three powers was not so comprehensive
or perspicacious and much of our subsequent political histqry has focused on
the issues of access in the other three sectors. Economic monopolism has
long been an issue in the Congress and in the courts, but today focus has
largely shifted to control of access to information and civil rights,‘ Control
of access to information takes many férms. It involves the media, éducation,
yand?government itself through such issues as protection of news sources, selection
of textbooks and executive priviledge. Control of rights involves such issues
as abortién, drug use, vitamines, invasion of privacy, questions of to what
extent should people's bodies and minds be their own to do with as they please.
The central theme of access is fundamental to this crosslet. The decision
function here: takes the form of closing and opening doors.

The gratification dynamic which is an "S" dynamic has its S,T,F and N
arms. The peculiarly S aspect of gratification is the accumulation of goods and
services, which are the key to most sensory gratification. The T aspect of
gratification is in achievement--production, sales, circulation, membership etc.
The F aspect of gratification lies in social, and relational status--clubs,

exclusive neighborhoods, family trees, etc, through membership, rank, position etc.
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The N aspect of gratification is through contribution, the number of scientific
papers published, the number of exhibitions held, performances given, séulsvsaved.
The theme of counting and number--cardinal and ordinal, body counts and primacies--
is central to -gratification.

The relational dynamic may be illustrated through the various aspects
of love, the strongest relational adhesive known. The S aspect, sensual and
physical love,is symbolized by Eros. The F aspect, love of humankind and love
of learning and cultural heritage{ is symbolized by Philos. The T aspect, love
of country (or the organization) by Patriotism and the N aspect, love of God
or whatever name one prefers for the "Other" by Agape. The central theme of
this crosslet is unity, joining, bringing together.

The visions of "N" may take the T form of imagining some political
system that would combine liberty, justice, peace and effectiveness or take
the S form of new cities of breathtakingvbeauty replete with dréam machines
to take care of all economic matters. They may take an=F form which visualizes
new people and new societies—--Ubermensch and Utopia. Or they may seek a new
worldview that removes the scales from our eyes and allows us to behold the
world and humankind truer form. The theme that courses this crosslet is
the construction of bridges to greater possibilities--what we might become.

The golden ages and the golden moments of history have been those
in which the Graal of positive dynamics led humanity to higher plateaus. But
of the two meta-dynamics—--aspiration and fear--fear has proven the stronger.
Our societies are based on the institutions of fear--the military, the police
and insurance. In history's Skinner Box the stick has been more prevalent
than the carrot. For many, and perhaps for most, threats or actual blows from

the stick provide the only dynamic. Whereas the positive dynamics contain
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their energy within their images, the negative dynamics energize not through
the image itself, buttthrough the reaction to it. The perceived image triggers
a fear that in turn energizes the response. Figure 9. displays the homologies
of the negative forms of the dynamicsvin their perception phase.

Those who possess or compete for power pefceive threats to their
position in the form of loss of their ability to pexrform (T), loss of the
material resources necessary to maintain their position (S), loss of their
authority (F) and loss of relevance (N). Authority is the mystique of power.
It is one of the adhesives that makes the social order work. It is rooted
in.the divinity of the emperor, in the divine right of kings, in the awesomeness
of high office. When authority crumbles through ineptitude, corruption or
loss of respect, the positive dynamic of power fast disappears, only habit,
fear of or actual application of force permit the exercise of power to
continue. But history knows no power that long survived loss of authority.
Loss of relevance is even more deadly to power than loss of authority. It
comes from obsolescence. There is no challenge to the power, no rebellion,
no revolutionjy the parade just passes by. Support, resources and authority
move elsewhére. Though oftimes figureheads remain, many are the hierophants,
chieftans, committees andviéefpresidéhfghfwho have experienced such displacement.
of power. The theme of this :thieat: is loss.

The threats to gratification aré perceived in shortages and delays
in the supply of goods and services (S), in the loss of potency or the ability
to experience gratification (T), in an excessive competition that demands more

energy than it generates (F), and in the lack of novelty to stimulate, titillate

or inspire continued gratification (N)A_Akin to. the ef

fects of .sensory deprivation,

when there is no novelty the Weber-Fechner Iaw in time reduces all aratification

to boredom. The essence of this threat is deprivation.
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The T-like threats to relation lie in the erosion of admiration
and respect and in the loss of reputationswhich, like authority, is one of the
mystiques on which society is built. The S-like threats reside in the
fragmentation of social groups, in the rejection of those who are different,
of‘those who are not of immediate use or whose use is not perceived. The
F-like threats are in being cut off from heritage, from cultural traditions
and from the past, from drifting without cultural moorings and direction
--from anomie. The N-like threats arise in the relational stagnation of
cynicism and indifference to others, to what is known, and even to self.
Alienation is the essence of the threat to relation.

The thfeats to open-endedness, modifiability, opportunity and
progress lie in the freezing up of options through political or administrative
myoéia and fears (T). They lie in the disappearance through monopolism of
the market place with its free flow of competitive goods, ideas and services (S).
They arise whenever an excessive legalism invades every aspect of life,
restricting initiative of all sorts (F). 2And lastly, threats to open-endedness
reside in the ungquestioned assumptions that are implicit and explicit in
cosmologies and worldviews; in the restrictions contained in uliz unchallenged
images of man and the world (N). The essence of this threat is stagnation.

A threat having been perceived, the second phase of the negative
dynamic is the arousal of the energizing fear which puts into motion typical
sets of responses. These responses freqﬁently create a positive feedback
situation that aggravates the threat and which in turn amplifies the fear and
the responses. The response phase of the negative dynamics is shown in

Eigure 10.
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When power is threatened, typical negative responses are the
erection of protective walls around the decision process, the isolation of
decision makers from any inputs that carry.the aroma of the source of threat.(T);
the cutting off of funds and the.confiscation of any resourées that may be
taken from real or imagined sources of threat (S); the supression of opposition
and dissent through legal and illegal hharassment and the subversion and
abolition of the legal processes that are supportivé of opposition and dissent (F);
the conducting of witch~hunts and inquisitions, spying, wire tapping and
censorship (N).

When‘gratification is threatened, fear builds up an.overiding
self-centerédness and extreme indifference to the fate of others. All concern
focuses on "Number One". In this state of relational collapse and panic,
hoarding, looting and vigilantism ensue. In this sector there is little difference
between the response to a threat of deprivation and a threat to life itself.

The threat of the collapse of relation and breakdown of social
stability, stimulates the negative response.: of projecting an enemy. When the
positive social aéhesives fail, recourse is had to the 'bad guys' and'good guys'
model--them and us, those out there and we in here. In practice this negative
dynamic may take the form of extreme nationalism, flag waving, super-patriotism,
even war, projecting thé enemy on other states. (T). Or it may take the form of
chauvinism, projecting the enemy onto other races or minorities (S). It may
take the form of crusades against those subsScribing to other ideologies, religions,
political and economic philosophies (N). The power of this particular negative
dynamic has permitted peoples with obsolete and decadent positive relational

adhesives long to continue to survive and maintain their social groupings.
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Othertimes when the positive adhesives fail and social stabiiity is threatened,
law and order is eulogized and an excessive legalism in unleashed (F). But as
with authority, when the positive relational glue, the social covenant to obey
the laws is gone, the law continues to survive only through threat and force,
and these can never sustain it alone.

When stagnation threatens, and the positive images have no soil
in which to take root, the "N" sector responds with a flowering of compulsive
negative\images that interact with the T and F responses in a deviation
amplifying manner. The threats to power and stability result in a repression
that the N's perceivelas stagnation. Their résponses to get the social order
off dead center through revolution (T), anarchy (S), nihilism (F) and icon-
oclasm (N) threaten power and stability further. This results in still more
repression and'law and order'. Here the negative dynamics bring the functions
into destructive confrontation. The four functions, all of which are needed
for the successful operation of the system, when excessive imbalances build up,
no longer operafe for system health and survival but for its destruction.
What the psycho-therapist has learned about functional balance, the politician

and political scientist could well heed.
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Conclusions

Generalization of the four essential functional operations that
are present in elemental control systems leads to a powerful integrative
schema that allows systems on all levels to be compared. The "TSFN" schema
is able to bring into homologous relation a wide variety of independently
developed system typologies and models. The four functions appear in one
form or another in personality and temperament typologies, modes of cognitibn
and validation, models of societal structure and political procedure, schools
of psychotherépy and futures research. The validity of the schema derives
from its independent abstraction from several sets of diverse data and from
its ability easilystoesubsumg‘additional taxonomies and typologies. At this
point one suspects that the four-fold “"TSFN" schema stems directly from some
deep principle that governs thé structure and behavior of ail organisms and
organizations. Whether this proves to be true or not, the schema has great
heuristic value for the analysis of relations in normative systems.

The necessity of each of the four functiomns, T,S,F and N to the
successful operation of every control syétem becomes in normative systems
the necessity of functional balance between T,S,F?and N. This necessity is
widely recognized in psychotherapy [17] but not in political and economic
theories. It is, therefore, in the analysis of the malfunctions in
organizations, communities and societies that the TSFN schema promises to
have its most fruitful applications.

The schema is of importance in conflict resolution. The homologies
between psychological types and societal control sectors show why the
administration, defense, academic and research sectors within a society
encounter the same communication difficulties that arise from paradigmatic

differences. [18] An understanding of the differences in the types,

38.
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the functional emphases and the necessity of balance could go a long way
toward establishing effective communication and resolving value differences.
Equally of importance is the application of the schema to the
functional emphases within our society and the analysis of how imbalance
leads to breakdowns. Although the Founding Fathers were never pleased
with the mechanism of majority rule for ultimate decision making, they
adopted it as likely to . be in the long run the most protective of individual
rights. It was not recognized, however, that in ourvculture where the wvast
majority is of sensation type, that majority rule would inevitably result
in the dominance of S-type values, S—type dynamics and anS-type economic
system with S control of the purse strings. This imbalance reflects itself
in such items as a greatly over-—expanded military establishment, emphasis
on consumerism and nearly exclusive focus on short range programs.  Everything
must be justified in terms of an S-type accounting system. Even reseafch
must be shown to be cost-effective in terms of the gratification dynamic.
T, F and N concepts of wealth, such as knowledge, size.of option space, and
problem solving capability go unrecognized or are discounted. Better
understanding of the functions and the importance of each should serve to
give our social and economic orders the functional balance they desperately
need.
Finally, the "TSFN" schema may provide us with a theoretic base
on which new axiological, political and economic paradigms can be constructed

to replace those that are now collapsing all about us.
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Notes and References

1. "amidst all the variations of system and orders, certain general
types and characteristic:relations can be traced." This quotation from
Josiah Royce is a truism. The tracing of commonalities among sets of
different things is often possible, but it is also often misleading.
Tracing is not enough. For sﬁch characteristic relations to be valid they
must be formulated on an abstract level from a few specifics and shown to
apply in gzgzz_specific. Commonalities that cannot be abstracted are but
curiosities and coincidences, and abstractions that cannot be applied

beyond the cases from which they were formulated are but shorthand notations.

2. The four basic system functions have to do with individual systems.

They govern operations taking place entirely within the life span of the system,
operations such as metabolism, growth, learning and adapting. Additional

functions are involved in the modifications that occur in a sequence of systems,
such as a hereditary sequence. Whether these evolutionary or hardware modification
functions are homologous to or reducible to the four basic systems functions

is an open gquestion.

3. Calvin S. Hall, Gardner Lindzey, Theories of Personality

(New York, John Wilsy and Sons Inc. 1970) Chapter 9.

4. Whether the source of innovation and novelty (new images) must have

a component outside the system or whether true novelty can originate through

a complex sequence of internal operations is another reductionist question.

The question of reductionism in the present instance is: Can the modification
function be generated through sequential iterations of the other three functions
or does it contain irreducible operations of its own? The system sensing ("s"),

deciding ("T") and normalizing ("F") functions can operate on an elemental
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. (note 4. continued) level, as in the simple thermostat, without either
a time signal or a memory. Both of these features are essential to the
modification ("N") function in the adaptive therméstat. Since it is difficult
to see how a time signal or a memory can be generated from elemental
S, T and F operations, reductionism does not seem to héve the answer in this
case. This matter is of central importance to General Systems Theory. There
are many who seek to definéiCST in such a way as to be derivable from the

properties of simple control systems, i.e. from S,T and F. The mihimum base

[s% .
for,GST may be §,T,F and N. For a good discussion on the external yg("internal

generation of novelty see M. Bunge, Causality, Meridian Books, 1959, Chapter 8.

5. Philosophical thinking seems to reflect the psychological types:
Positivism, a "T" school; phenomenology, an "S" school; and the modes of

knowing in ancient cultures "F" schools (see H. Frankfort, Before Philosophy)

' - With regard to validation, sensation types prefer Churchman's Lockean approach,
thinking types Churchman's Leibnizian approach. Feeling and intuitive types
belong in Churchman's Cartesian category in that both hold that "God will not

allow us to be deceived". (See C. West Churchman, The Design of Inguiring Systems).

6. Osmond, Yaker, Cheek (Eds.) The Future of Time (Doubleday, 1971)

Mann, Siegler and Osmond,"Four Types of Personalities and Four Ways of

Perceiving Time", Psychology Today December 1972. Also of relevance here

are H. A. Linstone's four basic groups: Discounters (sensation types),
Extrapolators (thinking types), Goal Setters (feeling types) and Cyberneticists
(who are gestaltists and are intuitive-thinking types). H. A. Linstone
"The Paradigms of Futurists"” this volume. Rosalie Cohen's excellent work
on types also comes up with the same four identifiable categories:

. Analytig (thinking), Flexible (intuitive), Concrete (sensation) and

Relational (feeling). R. Cohen "Four Paradigms:Their Consequences" this volume.
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. 7. The possible may also take refuge in the past. Atlantis, pre-historic
astronauts, secret powers of the Great Pyramid eté. all utilize the mists
that enshroud the past to give images a place in the physical world. Winston
Churchill once said, "Even if the Arthurian legends are not true, they ought

to be."

8. It is also of interest that the bias of each psychological type
is reflected in one of the principal schools of psychotherapy. Freud's

pleasure principle which views the gratification of biological needs as

the primary motivation is a sensation type bias. Adler's emphasis on

the power principle reflects the thinking type's concern with control.

- Sullivan and Horney's need to belong supplies the basic principle for a

psychotherapy with the feeling type bias. The existential schools of

psychoanalysis, such as those of May, Rogers and Frankel emphasize the

. intuitive type's concern to meaning and authenticity. Jung subsumes all
four.

9. While social systems may well reflect the psychological structure

of their constituent humaﬁ elements, a deeper question is involved. This is

the question of which is primary--the psychological types or the system functions.
Are the types the manifestation of the four basic functions on a psychological
level or do we impose the four functions upon all systems because of the

nature of our psychological structure. After all it is we who design the
thermostats. But regardless of which is primary, the function-types

provide a schema of great integrative usefulness.
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10. "The Hunters", John Marshall's film describing the pursuit of a
giraffe by a hunting party of South African Bushmen, dramatizes the four
types‘and their functions within an organic group of individuals. The 'clown'
of the film is the clown as social critic, the Chaplinesque clown with his

mirror ever ready to reflect the foibles and absurdities in every situation.

11. The four centripetal forces historically leading to the formation
of cities have been: security, facility of administration, trade and ritual.
These activities are frequently reflected in city plans and. architecture. cf.

A. Wilson, "The Future of the City", AIAA Lecture Series; Volume 12, pl7-21, 1973.

12. Medicine Wheel Myths of the Plains Indians disclose an intimate
familiarity with the psychological types and functions. Unlike the Jungian
arrangement, the Medicine Wheel places "T" opposite to "S" and "F" opposite

to "N". H. Storm, Seven Arrows, N.Y. Ballantine Books, 1972. See, for

example, p 68 ff.

13. An excellent study of this phenomenon is given by William Irwin

Thompson in his book, At the Edge of History, N.Y. Harper and Row, 1971.

Thompson develops a convincing four—fold homologous hierarchy modelled in
part on Mérshall‘s film, "The Hunters" and in part on the types in W.B. Yeats'
"A Vision". Thompson's model connects to Jung through Ego, Self, Anima and
Shadow, rather than fhrough the homologies with Jung's psychological types
as developed here. I want to here acknowledge my indebtedness to Thompson
and his brilliant integrative insights, which were the inspiXation for thev
present model. I hope that both models will serve to stimulate further

development and perfection of this important schems.
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14. Isabel B. Myers, "The Myers-Briggs Type Indicators", Princeton

educational Testing Service, 1962.
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ABSTRACT

This paper describes a dynamic process that results
in the origins of hierarchical levels in natural
systems. It introduces a generalized version of
dualistic philosophy (eg. Yin/Yang) as a new prin-
cipal systems concept named ''counterparity’. It also
introduces "concrescence'’ and ''potential spaces' as
principal systems concepts. The 5-step process in-
volves these concepts and general probability to
form aggregates that feed hierarchical evolution,
vwhich is pictured as a self-organizing, self-refer-

" encing cyclical process involving successive events

of "emergence'' fram ocne level to -another, accompan-
ied by developmental proliferation of variants with-
in levels. A brief history of the concept of
counterparity, ‘criteria for its more rigorous def-
inition and use, as well as a table of specific
examples is provided.

INTRODUCTION

Hierarchical structures are found in all types
of known systems (Wilson, 1969). Unfortunately, the
word is popular and. consequently-used loosely.
Lists of unambigucus criteria to distinguish be-
tween what are and what are not hierarchies or to
distinguish between types are still in development
(Wilson, 1976). But hard empirical evidence for
definite levels in astronomical systems (de Vancou-
leurs, 1970; Page, 1969; Wilson, 1969; Kauffman,
1969), and to a lesser extent in biological systems
(Pattee, 1973; Troncale, 1976; Miller, 1977) are
now appearing and are beccming accepted even by
practitioners of these specialty fields. These em-
pirical studies purport to show that the naturally
occurring entities of these systems are found in
"elusters'' when compared by quantitative measure-
ment of certain important parameters typical of the
entities. Graphs of the appropriate parameters for
all entities in cne of the systems (eg. all enti-
ties in astronamical systems) do not show random
or homogenecus distribution, but rather associate
into definite groupings separated by large "gaps'
wherein no naturally occurring entities are found.
The groupings or clusters of entities are called -
"levels'' in a hierarchy. Examples of such graphs
are shown in Figure One. The levels often bear
subunit-to-unit relationships to each other, and
thus the word hierarchy is applied since no other
word in our lexicon approaches the phendamencn.

The importance of the concept of hierarzhies
can be seen in two developments. First, there is a
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FIG. ONE: Actual observed rrassjes plog::zi \;ss?"potgnh
ials for cosmic bodies show the levels (clusters) &
gaps feature of hierarchies (empirically proved).

a growing literature on hierarchies (Wilson, 1969;
Wilson, 1976; Pattee, 1973; Mesarovic, 1970; Weiss,
1971; Simon, 1962; ‘de Vancouleurs, 1970; Page, 1969;
Wilson, 1969; Kauffiman, 1969; Troncale, 1972; Tron-
cale, 1976; Whvte, 1969; Miller, 1977; Koestler,

-1969) . Odum (1977) points out the utility of the

concept to understanding ecological and environ-
mental problems, which indicates further the social
significance of studying hierarchies in theory. Both
of these developments suggest that a more rigorous
understanding of hierarchies would be useful.
Several suggestions as to the efficiency of hier-
archical organization can be found in the lirera-
ture (eg. Simon, 1962; Odum, 1977). But the most
important question has not been asked........ khat
causes hierarchies? How are hierarchical levels
continuously formed over cosmological time, one
from the other, by the natural forces inherent in
the entities themselves? -

The current concept of hierarchies (devoid of
the process that forms them) is equivalent to the
concept of distinct, but static species before the
introduction of Darwinian and non-Darwinian evol-
tionary processes. Hierarchical organization should
becane more understood and their taxa more realis-
tic with the elucidation of the process behind
their formation. As suggested graphically in Figure
Two, mans limited abilities at perception inhibits
his gbility to "see" the less stable and transient
entities and their dynamics wiich commect the

varicus levels in hierarchies (shown as *). Man can

""'see'' the entities within the levels (shown as #)
because of their greater structural stability and
lifespans. This problem of perception of process
has occurred over and over again in the history of
science - static taxoncomy precedes concepts of
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evolution, identification of cell structures pre-
cedes understanding of organellar functions, anat-
omy precedes an understanding of embryology, etc.
Nverall, recognition of structure precedes recog-
nition of natural evolutionary mechanisms. This
paper tries to ''image' a process for evolution of
hierarchical structure.

There are ways to look at the importance of explain-
ing a process other than stating its importance to
the scientific understanding of a phenamenon. The -
ancient myths of man, collected over eons by the
wise and sensitive, are as important as science.

If we look at such myths we find three major themes
or processes which are constantly found across many
cultures. These comprise the stories of ''creation',
"growth', and '"change"” or "evolution." 'None of
these myths adequately explains the concept of
"emergence" which we suggest is the fourth great
universal process, and the one most tied to the
concept of hierarchy. It is not surprizing that
ancient civilizations have no such myth since our
modern recognition of hierarchies requires a pers-
pective, .an accumilation of data, and types of
calculation only recently available. Nevertheless,
the seeds of an erergent evolutionary process to
explain hierarchies does exist in ancient philoso-
phy. This paper also attempts to unite same of
these ancient ideas with modern scientific ideas to
provide a measurable, testable, mechanism for
origins of hierarchical levels. The ancient idea we
turn to first is that of dualities.

COUNTERPARITY AS A PRINCIPAL SYSTEMS CONCEPT

Principal systems concepts (Troncale, 1977)
are a select grouping of general systems ideas
which are thought to be found in virtually all nat-
ural systems. They are fully transdisciplinary. In
the 1977 paper, nine criteria are suggested for
distinguishing principal systems concepts from
other general systems terminology for the purpose
of simplifying establishment of linkages between
them. A description of the entire knowable set of
these P.S.C.'s with their intercomnections (linkage
provositions), and their "potential spaces' would
describe what is true of most ''systems' on a theor-
etical level. We are suggesting here the inclusicn
of an old, non-scientific idea, significantly up-
dated and extended by scientific studies, as a new
principal systems concept called "counterparity.”
Counterparities, we are suggesting, are a special
class of dualities which occur naturally in most

systems and play a central role in the emergent e-
volution of new hierarchical levels.

BRIEF HISTORY OF THE CONCEPT OF DUALITY

The concept of duality is almost as old as recorded
history. The earliest and perhaps most generally
developed recognition of duality is the Yin/Yang
concept which dates back to times earlier than 300
B.C. (more than 2500 Y.B.P.) (see Watts, 1975 and
many other translations of the I Ching). Contained
in the Book of Qéggges, the yin (often described -
as the female principle) and the yang (male prlvc1—
ple) refer in general to any complementary pairs of
opposites which can be found in nature. These male/
female principles are rather anthropamorphically
projected on natural systems, so that the idea of
dual pairing is extended far beyond the sexual
imagery to many of the things and forces that man
was aware of in those times. In terms of Eastern
thinking the opposite forces never win completely
over one another, rather they continue to exist in
dynamic equilibrium. The opposite polarities, al-
though named individually are seen as parts of one
indivisible unity or wholeness (Tao). The Eastern
wisemen felt the Yin/Yang concept as fumdamental to
all natural and human activities. Later thé Yin '
principle became more abstracted to the passive or
static state and it always precedes the active or
dyrnamic principle, the Yang.

Eastern philosophy was not alone in its recognition
of dualities. Early Western philosophers (Russell,
1945) such as Heraclitus (ca. 500 B.C.), as well as
more contemporary men such as Hegel (1770-1831) re-
cognized and gave prominant importance to dualities
of an opposing nature in their philosophies. Hera-
clitus stated 'Men do not know how what is at vari-
ance agrees with itself. It is an attunement of
opposite tensions like that of the bow and the lyre.

..Couples are things whole and things not whole,
what is drawn together and what is drawn asunder,
the harmonies and the discordant." He felt the wnity
was created out of the strife between the opposites.
Hegel's famous dlalectlc method..... counterposing a
"thesis" with an "antithesis" to achieve a "synthe-
sis" is clearly a duality in logic similar to East-
-ern dualities. Generally, the dialectic results in
chains of pairings and syntheses - each contribut-
ing to the next. These may be seen as hierarchies
of logic with built-in self-referencing as is also
true of natural hierarchies. Still, Hegel would em-
phasize the whole over the opposite parts.



American Indians, apparently independently,
developed similar concepts of-duality. Blackburn
(1975) shows that the Chumash Indians of So. Calif.
used the concepts of 'Negative-Positive Integration'
and ""A Dynamic Equilibrium of Oppositions' in their
oral narratives which were used to pass on their
cultural traditions and worldview. Of course these
abstract ideas were couched in terms of stories
about coyotes etc. for better commmication. There
are many examples such as this for independent re-
cogrition by cultures of the primary importance of
dualities. This is, in itself, -interesting.

1

Recently, Levins (1977) pointed out that dual-
ity concepts are common to myths of several ancient
cultures. These early cultural allegories show a
consistent pattern of behavioral duality between
images representing opposing forces of cooperation
and antagonism (eg. in father/son pairings) which
he interprets as the build-up of forces for change.

A.J. Toynbee (1972) notes that philosophers as
separate in time as Empedocles and Herbert Spencer
use the "complementary opposites' concept in their
philosophy in ways similar to that presented here,
that is, as a generative force. Spencer even al-
ludes to what we now call hierarchies when he
states that matter progresses from "an indefinite,

" incoherent homogeneity to a definite, coherent
heterogeneity' by coupled series of "integrations'. .
and "differentiations ''(Spencer,First Principles,
4th ‘edition). : '

Finally, Niels Bohr, the renowned physicist,
introduced the concept of camplementarity to physics
to resolve the wave/particle paradox by declaring
that neither was correct alone, but were merely
dual pictures of the same unit phenamenon. He sug-
gested the concept be applied beyond physics and
even had the Yin/Yang symbols on his coat of arms.

It is clear from the above examples that duality is
an old, reaccuring theme associated with dynamic
change. Still the change is not described in terms
of process mechanisms, nor is it clearly "emergent'
hierarchical evolution. To achieve these features
we st marry the concept to other concepgs;\ .
. ; N
DEFINITION OF COUNTERPARITY

We suggest the new term counterparity to name
all of the various specific, non-traditional types
of duality which may contribute to hierarchical
evolution, and secondly to supercede its establish-
ed, but separate and distinct meanings, in myths,
philosophy, and science. This renaming of a fertile
concept has a very important significance -- it is
our agreement to pursue a use of an idea that is
one and the sare time more generalized than its
previous uses and yet more subject to a more rigor-
ous and controlled usage to allow better specific
application than formerly possible. The Yin/Yang
terminology is sufficiently generalized, but is too
loosely used and defined to gain acceptance by
scientists today (our target audience).

Counterparity; parsing the word yields its
meaning. The word "parity” may be defined as

equality, equivalence, or similarity as in amounts,
status, or character. The word "'counter" implies
the existence or application of a force acting
against or opposing some simultaneously ccexistent
force. Together in the word counterparity we refer
to populations of two paired entities occuring in
the same system and which exhibit mutually opposed
characters, yet which characteristically combine
into units. Together the words imply a much more
dynamic condition than simply the word duality.
Counterparity also denotes the necessary coexistence

of the two paired entities in the same rarges of
cal I e

-magnitude (i.e. on the same hierarchic: evel)
Eecter than

the word complementarity. However, the
word is not as good as complementarity in suggest-
ing the role of opposites in forming wholeness..
However, we feel that the formation of wmits is
better ascribed to the process generated by the
existence of counterparity than to the counterpar-
ities themselves. These two interlocked but sep-
erate events are confused in old discussions of
canplementarity and duality.

Counterparity is actually the modern empiriéal

* version of the ancient concept of dualism. This is

by no means the first such unification attempt (see
Bohr; and Capra, 1975). Simple examples of counter-
parity abound in science as well as the humanities.

- On the physico-chemical level, the requirement for

pairs of electrons of opposite and complementary
spins to complete orbitals in shells of atoms may
be a counterparity....Note also that the (+) and
(=) charges that exist on both the subatomic and
atomic levels induce bending and neutral pairings.

-It is important to note in these examples that the

entire entity is not required to fully participate
in the bonding event as the active agent, or synon-
ymously, the counterparity; it is sufficient that
counterparities only at the periphery of the entity
act as the active agent. For example, valences in
atoms are in the outer shell, not in the interior.
This observation is especially true of counter-

_parities involved in emergent evolution as we shall
see.

Two states of counterparity exist; they are unsatis-
fied and satisfied counterparity. Unsatisfied coun-
terparity refers to the unpaired members of a po-
tential couplet of opposite, but equal entities, or
parts of entities. These unpaired and therefore
unsatisfied counterparities possess residual energ-
ies for combination. The lowest energy state for
unpaired members is to be coupled with their ''com-
plement' at which time they no longer exist as a
"potential." The fimdamental dualities of matter &
energy apparently create the concept of "attraction’
or bonding from the lowest to the highest levels of
the hierarchy. These attractions lead to an immense
number of possible combinations. It is this funda-
mental attraction potential that provides the large
population of variants which are the basic raw mat-
erial for systems-level, hierarchical evoluticn. A&
specific example of unsatisfied counterparity is an
atom of hydrogen (H®) which could accept another e-
lectron of opposite spin in its ouger shell, as it
does when combined into water, (H:Q3H). But note
that hydrogen and its potentiality combines with
many other atoms producing a wide range of variants.



This is just one example. Even though the attract-
ive forces are different in their specifics on each
level of the hierarchy, their general relations are
invariant across all levels of the hierarchy. This
allows us to recognize and name unsatisfied counter-
parities. i

Satisfied counterparity refers to opposite,
but equal entities coupled together in a local
space/time configuration such that they have no re-
maining potential. Campleted pairs of electrons in
the outer shells of elements in compounds are exam-
ples of satisfied counterparity (the subunit atams, .
that is, not the compounds). Their opposite nature
(consisting, in part, of counterpoised spins)
causes them to bind together as if each has what
the other needs for wholeness. That is why they
exist in pairs when complete and neutral. Being
coupled means being satisfied, which also means
"not conducive to further combination.' The energy
used in the combining act appears to come, in part,
from the lack of wholeness of each counterparitor
when alone. Our central problem in this paper will
be to explain how the appropriate ''lack of whole-
ness" is built a priori into each counterparitor be-
fore its participation in complementary binding.’
How does the counterparitor come into being so nice-
ly formed that it appears to have an a priori know-
ledge of the whole it is yet to form? In any case,
when merged, the energy for cambination is tied up
in the act of structuring, and energy becomes a
cluster of matter.

Two generic types of counterparities exist in
addition to the two states described above. Same
conterparities contribute only to growth in num-
bers of entities within a level. For example, male/
female couplings in most species create the numbers
of individuals in the population of the species,
but they do not (by themselves) cause new hierarch-
ical levels to emerge. These "growth-in-mumbers'
counterparities we suggest calling "endocrescent”
counterparities because they: cause proliferation
of entities within an hierarchical level (‘'endo",
L.,= inside of; "cresco", L.,= to grow). A second
type we would like to call "transcrescent'' counter-
parity because it causes new, emergent levels of
hierarchies to appear, or causes proliferation
across the gaps between levels (''trans', L.= across;
Meresco”, L.,= to grow). An example of transcrescent
counterparity would be the combination of atams
to produce the next hierarchical level (a gap away)
which we call macromolecules.

The mechanism behind the emergence of new
hierarchical levels is the subject of the remain-
der of the paper. This requires a more exacting
definition of counterparity and concrete examples.

. CRITERTA DEFINING COUNTERPARITY

Some have pointed out that one of the major
problems in general systems theory is the ambiguity
allowed in terms by inmvestigators (Troncale, 1972;
Oliva & Capdevielle, 1977). The following ten cri-
teria are suggested to distinguish counterparity
from other general temms and encourage its unarbig-
uous use;

(1) Dual Morphology - All entities, counterpari-

' ties included, have general form. In both Eastern

and Western formulations the two entities involved
in the duality always have a substantially similar
form (by "form'' here we mean idealized and abstract
structure, process, or structurprocess). Counter-

" parities have more in common than different as re-

gards "fomm.". .however, from that substantial same-
ness the population diverge into two variants
which are equally represented in numbers. An exam-
ple would be the intersex status of the fetus be-
fore sufficient hormones are activated for female/
male comitment in the development of the human.

(2) Mirror-Image Opposites - for some as yet ill-
understood reasons the parities formed appear freg-
uently as simple permutations of subparts of a
whole that follow distinctly bimodal distributions.
The two variants appear to be the farthest extremes
of the potential variation between the parts of the
whole. As such the counterparities share in the
stability derived from the parent whole, but appear
to possess antithetical potentials and directional
forces. The appearance of directional force may re-
sult from the tendancy of -the counterparity to seek
its opposite to return to the primal state of whole-
ness. .

(3) Complementary Binding - It is possible that
the vectorial force and potential of each counter-
parity taken alone derives fram their origins as
permutations of an original umity or wholeness to
which they forever seek to return. As such their
natural state together is presumed to be their low-
est, or at least primeveal energy state. Thus, the
counterparities tend to bind together in camplexes
even though they are opposites. The binding is amen-
able because of their essential and bulk similari-
ties due to their common source. But since all bi-
furcations of the original whole are not exactly
the same, many variant bindings are possible.

(4) Similar Orders of Magnitude - Paired entities
possess the same relative sizes, volumes, densities,
and masses. Again, this is partly due to their gen-
eration within a level by bifurcation or divergence
from a similar primal entity. Any suggested counter-
parity without this similarity may be confusions
between two opposites on two different hierarchical
levels.

(5) Similar Stable Life Times - The wholeness
from which the counterparities diverge has its own
characteristic life span of stability before decay.
Since the divergent counterparities are still pri-
marily composed of the wholeness with a few peri-
pheral exchanges they also retain the parents stable
lifetime, .

(6) Similar Binding Energies and Distances - Since
the counterparities arise from the same 'potential
space'’ (discussed later) they are restricted to
binding with each other within that space with the
spaces 'characteristic types of forces operating
over limited distances.

(7) Equal - Neither one nor the other counterpar-
ity is ever able to overpower the other in the long
term, although in the short temm one may temporarily

_increase in mmbers. This equality maintains the

dynamic tension between them and provides the force

for continued and self-organizing generation of the

unities and dualities. They "dance” around an equi-

librium position in the potential space forever.

The expansion of one automatically becomes the force
for the complementary, responsive expanse of the



partner. This self-referencing feature maintains
their equality without creating stagnation. .

(8) Pairs On Same Level of Hierarchy - Due to the
similarities mentioned in (&), , and (6) proper-
ly defined counterparities will have both partmers
of the duality within the same level of the natur-
al metahierarchy..... they will not stand in count-

ity across levels of the metahierarchy (see
Troncale, 1972 for definition of metshierarchy).

. (9) When Alone A Counterpaxritor Creates A Potent-
ial In A Potential Space - For many millemmia man
Ras recognized static things and named them. Static
would be defined here as anything having a suffic-
iently long stability (lifetime) to be noticed by
man.or his recent technology. To this dimension of
thingness Gerard suggests adding the concept of
“"entitation'., To really "know'' a thing you must not
only "know'' its physical representation, you must
also "know'' all of its commections with other
things (see Troncale, 1977 for "linkage proposit-
ions" and discussion of this added dimension of
knowing) . Another dimension is suggested by the
mechanism described for origins of dualities. This
dimension concerns 'knowing'' a thing by knowing the
fullness of its ''potential space', that is, all of
its possible changes and comnections. This "‘potent-
ial space' is presumed to be definable (eventually)
but not in the Western sense of reductionism. It
may be defined mathematically as a totality with-
out full knowledge of all the particulars analogous
to treatments of probability. In any case, full
knowledge of a thing requires knowledge of its
physicalness, its entitation, and its potential
space. An unsatisfied counterparitor has many pot-
ential spaces of combination with other counter-
paritors as they all seek their original energy
state. . So an unsatisfied counterparity camnot rest
and is in constant 'potentialness'’ or seeking until
it is satisfied. : )

(10) When Bound To Its Partner, The Unit Complex
Is Neutral - When the two pairs of the counterpar- .
ity bind together they are reestablishing a variant
on the vholeness fram which they were derived. They
are satisfied. They have replaced their potential
for their rest state. Below we represent these
states  including the divergence and concrescence as
normal distributions to emphasize in a crude diagram
the importance of probability in defining potential
space and the importance of potential space in de-

fining -the counterparity and its activities.
BASED PoPULATIONS OF

RR _GROWTH/EMERGENGE.

EXAMPIES OF COUNTERPARLTIES

Table One shows specific suggestions of poss-
ible counterparities in real systems. They are
grouped roughly in the corventional fields for con-
venience. Actually this grouping is devoid of hier-
archical clustering. For information as to the
hierarchical levels suggested for these fields see
Troncale (1972) and the suggestion of a continu-
ously forming set of levels called the metshier- -
archy. Future studies will need to apply the ten

i

criteria of the last section to each of these sugg-
ested counterparities to eliminate all but those
that meet the full set of criteria. Further study
would classify counterparities into endocrescent
and transcrescent types, examine-the meaning of
satisfied and unsatisfied states for each, and then
collect empirical data relevant to these states for
their better definition in each case. Possibly much
of the data already collected by the reductionist
methodologies of the specialties and disciplines
which represent many of the hierarchical levels may
be used for these holistic purposes. Each of the
surviving examples of counterparity can then be -an-
alyzed in detail as specific representatives of the

Memergent'' eveolutionary process at work in origins

of hierarchical levels much as Darwin did for many
biological examples of speciation in the Origin of
Species. The data will be used to test the predict-
ion of a constant range of concrescence ratios a-

cross all hierarchical levels leading to emergence.

The specific nature of the binding between |
counterparities changes drastically over the var-
ious conventional systems described in Table One.
Focusing on these differences would undoubtedly in-
hibit recognition of the general similarity of form
and function which is true of the counterparities
across all of the specific systems surveyed. This
is the central problem of perception which separates
many reductionists from holists. Some individuals
are more comfortable with higher levels of abstract-
ion than others. The cases shown in Table One are
certainly all different as regards specifics and
their similarities are not noticeable until one per-
mits their abstraction to high levels of generality
of form and behavior. f

It is also interesting to note that even in this
brief survey of possible counterparities one finds
they are represented in all complex natural systems
cited. This places the concept on a par with con-
cepts like cycling, feedback, etc. -- i.e. it is a
major general systems concept that we should begin
to use to explain and predict systems structure and
function. It is as fundamental to study metahypo-
theses like counterparity using modern science and
empiricism as the early sages believed it was to
study its role in philosophically-based cosmologies
(metahypotheses are explained in Troncale, 1977).

SEVEN STEP PROCESS RESULTING IN THE ORIGIN
OF HIERARCHICAI, LEVELS

The headings of the next seven sections should
be read as a step-by-step schema. Together their
action results in the emergent evolutionary process
which for convenience may be called 'metacrescence
(or "the process of growing together and beyond) .
The process is self-organizing in that it arises
solely from the nature of the entities on each level
and their normal interactions. Despite the tremend-
ous differences in the specific nature of entities

. .between levels (eg. compare galaxies to cells to-

nations) the process remains generally the same
when described in this high order of abstraction.

This model holds best for the natural systems.
from astroncmy to physics,” chemistry to biology. It
is more difficult to justify on the level of social




hierarchies. It also presumes that much of what are
called hierarchies today are, in fact, loose uses
of that term or not hierarchies at all. Many social
and symbolic hierarchies. are relatively "artific-
ial" compared to what we might call natural hier-
archies. They depend on mans conscious activity.
The hierarchies so formed would disappear if man
did. In fact, they often exhibit rapid turnover
even within the short period of the history of man
(Toynbee, 1972). As such they are incredibly short-
term, transient, and unstable compared to the nat-
ural systems hierarchies discussed in Troncale (19
72y, and partially shown in Figure Four. These hier-
archical attempts of man at present fall into the
transient parts of Figure One as he struggles to
give birth to the next level of the metahierarchy.
In contrast, the natural hierarchical levels of
Figure Four last millions and billions of years
and do not depend on man (rather vice versa). It

is to these levels that the seven-step process of
emergent evolution applies best.

FIGURE FOUR: Select
Tevels of the Matural
Metahierarchy. Arrows
Indicate the Successive
Level Arises from the

paired matter
anti-matter
universes

2 1 black hdle-

quasar mat. Preceding Level by the
transforms Emergent Evolutionary
A Process.
clusters of
galaxies cells —————J=tissues
galaxies organelles organs
" clusters of macro- organisms
stars ) molecules
stars . - atoms (elements)  eco-
) ' systems
subatomic families of to
particles social H.

part:i.c_les

Clearly, the above is a very restrictive and
parsimonious definition of hierarchy designed for
the specific purpose of simplifying the number of
hierarchies to reveal the emergent evolutionary
process. Many would argue with it for it excludes
hierarchies so near and dear to man. The purpose
of this paper is not to challenge these other mean-
ings or discourage work on them but rather to draw
attention to a specific and potentially quite prof-
itable set of studies with a rigorously defined set
of hierarchies..... which additionally have a large
collection of empirical data associated with them
allowing tests of hypotheses and predictions. In
any case, it is our assumption that the mutual and
self-referencing definitions of the natural levels
and the evolutionary process are the determinants
of what is and what is not a natural hierarchy.

Darwinian evolution can be seen as a special
case of this seven step process. Actually Darwinian
evolution is a more general process than its usual
application to bio-change on earth. Neo-Darwinian
sophistications would also apply to living system
changes o other planets. Since Neo-Darwinism is

such a powerful special case, it has many areas of
correspondence with this emergent evolutionary
process, which it instructs, and upon which it is
based. Perhaps the mathematical and empirical de-
velopments from this theory will return the favor
by answering for Darwinian evolution scme of the
recent objections of mathematicians to the incom-
pleteness of the Darwinian process (Moorland and
Kaplan, 1967).

STEP ONE: .SPECJI‘IC COUNTERPARITIES FORM FRQM
POTENTTAL WHOLES NATURAILY, AND AT ALL LEVELS
OF ORGANIZATION.

How are counterparities fomzed‘? The secret of
understanding may lie in not staring so hard at the
entities themselves but rather considering their
potential as more important than their physicalness.
The reason for the bifurcation of a potential whole
entity into partnmer counterparities may involve
considerations stemming mainly from the "context'
or "enviromment' of a specific counterparity not
fram the entity itself. This may be called a self-
referencing feature because the event obtains its
meaning through its relation to its context and
without its context it has no meaning. This self-
referencmg feature of counterparities (hereafter
CP's) may be what leads to the self-referencing
nature of the hierarchies they generate (Wilson,
1977). From the above it follows that the magnitudes
of size, volume, density, energy, binding distances,
life spans, etc. which denote the envirormment of
the potential whole which bifurcates into CP's is
of central importance. To understand why the bifur-
cation happens at all and why it takes the duality
form man must shift his concept of what a wholeness
is to include these holistic cons:Lderatlons of 1t'_<;
potentlal space.

‘Let us consider a wholeness not as a material
thing but rather a "'potential space.' Further, let
us see the space as limited figuratively to an area
of effective and relative stability by the magni-
tudes of parameters of its envirorment (mentioned
above) . Within this space several alternative mat-
erial wholeness'es are possible. But again the con-
text will select among these since only same will
last long enough to function and therefore to ''mat-
erialize" sufficiently for man to experience their
lifetimes. Now among those that do "materialize
from the space, it is generally erroneously thought
that they materialize in static form (and beccame
what man calls entity or thing). But this may not
be an accurate or complete description! The entities
surviving the context are actually still creatures
of the "potential space” as much as they are creat-
ures of the material world. Once divorced from pre-
occupation with man's limited time span of percep-
tion, the real vision of things sees that they os-
cillate around an equilibrium position (E) within
the potential space as seen in Figure Five. They
oscillate m time and spatial dimensions not eas:.ly
seen by man's common senses. In the Figure, (P) is
the ""potential space (seen here only two dimension-
ally) and it contains all allowable 'wholeness'es'
for its context. The oscillating path (0) is a pure-
1y figurative representation of one set of instant-
aneous fates of one entity (other paths of potential
wholeness coexist within (P)). The shaded areas are
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where the counterparities (CP's) arise. They branch
off and experience an increase in stability at the
extremes, thus becaning preserved entities only in
these ranges. The populations of CP's so produced
are always dual and opposite to each other in small
ways as a result of the dynamic oscillation of the
potential "whole" around a never-realized stillpoint
(equilibrium position). This oscillation occurs in
two directions as most do. Why do the CP's form in
the shaded regions? Because here they experience
sufficient stability to "materialize" (become per-
ceptible to man). But why do they experience stab-
ility here? This is a very difficult question that
cannot be answered in our typically Western science
manner of linear causality. An explanation would
require simultanecus awareness of several sets of
causal conditions acting together at once (network
causality, see Troncale et. al., 1976). We are told
by psychologists man cannot hold more than a few
items simultaneously in his memory. Therefore, use
of network causality is at present a very fumblmg
enterpnse for man. So we must express why CP's ex~
perience stability at extremes in a quasi-linear
network of -causality.

The field potential provides a dynamic context
which works again and again to generate CP's, prob-
abilistically. For example, one portion of the net-
work of causes entails the rest of this paragraph.
The distance of the oscillations from the still-
point is such that the potential CP's that form in
the shaded region experience maximum attraction for
each other. This ''threshold" attraction is required
if they are to interact as successful CP's to form
new aggregates despite all the counterposed forces

~ in the potential space. By mteractmg they provide
new material units (from each two CP's) which in

turn achieve new levels of parameter magnitude

stability. These new levels are a new potential
space. The CP's are the subunits of these new units
with new emergent stabilities. By their participat-
ion in the formation of new levels,the CP's are
caught in their stable forms and thus experience
with the units they form new potential lifetimes.
This emphasizes their feature of self-referencing.
They partly create their own enviromment while ex-
periencing it and having it create them. All of
these results are themselves the cause of CP's prob-

abilistically experiencing more stability and mater-

ializing in the extreme opposite regions of the
""potential space' of their parent wholeness. But
more than one type of CP emerges at the extremes.
Due to the extent of the "potential space' more
than one wholeness can populate it. As a result,
all bifurcations are not the same. A population of
slightly variant CP's form from the figurative
range of wholenesses possible. Yet the family of
wholenesses are enough similar that all the variant
CP's on one level can still interact with each
other. .

It must be noted that at the present time an
insufficient number of CP's have been identified
to account in specific ways for generation of the
hierarchical levels shown in Figure Four. This
paper only explores the hypotheses and formulates
some initial predictions to stimulate future work.
It has no pretensicns as to proof or even complete-
ness as regards elucidation of steps or overall

description. See Figure Three for a diagrammatic
representation of Step One.

STEP TWO: UNGUIDED PROBABILITY LEADS TO POOLS
OF VARIANT COUNTERPARITIES: THE ROI.E OF STAB-.
ILITY VERSUS DIVERSITY.

" The field of probability is, in a sense, one
of mans first expression of awareness of "poten":.al
spaces''. All things that can happen, w111 happen,
and we will call the total happenings = to 1. The’

generator is chance -- of which we know 11ttle ,80
we characterize the results of chance,of which we
kncw a little more. Chance also has a cenr:ral role
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FI(‘ FIVE: Dlagramnatlc “roles of a Potential Space
(P) and Its Oscillations of Entities in Origms of
Different Populations of Complementary CP's.

that several potential wholenesses existed per pot-
ential space. Each may OF may not succeed in gener-
ating its set of CP's depending upon many variable
influences of its context. Probability theorems may

_ help describe this process, or at least its results,

so in Figure Three we used normal distributions to
indicate that,given three things, CP generation can
be treated as a statistical phenomenon. These three
are; (i) some empirical data on the magnitude par-
ameters for that level of hierarchy, (ii) an ex-
pression of the range or tolerable limits of the
potential space in terms of these parameters, and
(iii) some devices to measure the transients man
cannot yet perceive. Since having all three is un-
likely we may resort to general formulations along
the lines of probability theory.

The upshot of these considerations is that be-
sides the family "type'' of a counterparity emerging
(eg. opposite spins to electrons /or/ matter, anti-
matter particles) many variants of each CP type also
emerge due to chance (in the above, respectively,
many orbital combinations, shells, & valences in
different atoms /or/ families of subatomic parti-
cles). This action of chance in producing populat-
ions, mot single sets of pairs, is the key insight
for thlS step in the process. The populaticns allow
probability to be used.

In recent ecosystems analysis literature there
is a growing debate over the counterposed forces of
stability versus diversity -- which is the dominant
influence? (McNaughton, 1977; May, 1973; May, 1977;
First Int. Cong. of Ecology, 1974). How do they in-
teract? The empiricism and math theory developed in
this debate could apply to this step in the emergent
evolutionary process. fFor example, the 'materializ-
ation" of the CP's involves considerations of their




stability relative to their "potential space" while
the forces of chance result in the appearance of a
diversity of CP's. So these two features also inter-
act in this process and fertilization from the eco-
systems field is likely. Study of potential spaces
may reveal a "limit'" relationship between tolerable
‘stability and tolerable diversity when together in
one context, thus helping the ecosystem field.
STEP THREE

CONCRESCENCE AND ENDOCRESCENT COUNTERPARITY:

CP+ VARIANTS AND CP- VARIANTS COMBINE INTO A

SPECTIRUM OF AGGREGATES OF VARIED STABILITY

(Foxgln.)ation of Entities Within A Hierarchical

Level).

CP's might be expected to show a tendency to
decay to the '"equilibrium position" from which they
arose by oscillation. But in the presence of a sim-
ilar population of opposites bifurcated from the
same whole, and in a deviation from idealized still
point in exactly complementary ways, the CP instead
experience forceful combination and union with its
partner CP rather than decaying. rurther, Figure 5
should be a 3-dimensional picture showmg a pool of
variant CP's arising in the peripheral zone, such .
that 2 CP's from wmiquely different wholeness paths
can also experience attraction. This heterogeneous -
binding of cross-wholeness CP's results from their
inbuilt similarities as spin-offs of the same pot-
ential space. These bindings yield a large number :
of new aggregates, arising from different sets of |
CP's, some of which are stable, some not.

We call this tendency of CP's to recombine,
but in new ways....concrescence (L., con = togeth-
er; cresco = to grow; -ce = the action.or process).
Concrescence means the action or process of CP's
coming together into aggregates. Concrescence is a
natural process arising as spontaneously as counter
.parity and is likewise common to many natural sys-
tems and to all levels of the metahierarchy. It is
another important principal systems concept deserv-

ing study.

The CP+ and CP- aggregatlons make Jup the sub-
stance of material entities for their ' po*‘entlal
space," or hierarchical level. This aggregation is
intra-level proliferation of entities. It populates
the space within the level and distinguishes it
from the gaps on either side that separates this
cluster from others. An example of this would be
the generation of many elements from the same basic
subunits of subatamic particles. All of these ele-
ments are built from the same CP type and function,
and all are within the same range of parameter mag-
nitudes, (i.e. the same H. cluster). When the full
set of CP variants combine, they do so in non-hamo-
geneous ways. For example, an element is not homo-
geneous - it exists as a nucleus and electron
shells. The nucleus and inner e- shells are cam-
pletely paired sets of CP's. They are stable and
give the entity feature to the element. They com-
bine in ways that give a ''central'' stsbility to the
element by within-level CP interactions. We call
these endocrescent counterparities, because their
process of growing together operates solely within
the level ("endo" L. = inside of). These types are
all satisfied comterparities. A future paper will
develop endocrescence mathematically.

STEP FOUR: CONCRESCENCE RATIO AND TRANSCRES-
CENT COUNTERPARITY: AN INVARIANT RANGE OF
RATIOS OF SATISFIED TO UNSATISFIED CP'S CAN
FORM EMERGENT COMPLEXES (Formation of Entities
Junping to a New Hierarchical Level)

Let us continue with the same example. At the
periphery of elements in the outermost electron
shells are certain counterparities which have the
potential for coambination byt are pot fully cample-
mented. For example, in oxygen, ’0' , two pairs of
e~ are satisfied in the presence of their oppos:.tes
but two others remain unpaired. The umpaired CP's
comprise the perlpheral instability characteristic
of unsatisfied CP's: This enables the elements to
combine with other. elements within the level at the
allowed magnitudes of bonding distances, energies,
etc. When sufficiently large units within the level
cambine in sufficiently cémplex ways (usually in-
volving several peripheral CP's built on already
large complexes built up fram endocrescent (P's)
they form such large new units, that these new units
become the base population of an entirely new level
of organization. This new level of organization (or
H. cluster) has new characteristic magnitudes of
parameters, and therefore new "'potential spaces,"
new variant CP's and new central and pmpheral
stabilities and instabilities.

These new complexes are called "emergent' be-
cause of their new qualities. This process describes
how macromolecules emerge from elements but we sug-
gest that this model also holds for other levels.
Those peripheral CP's that are unsatisfied and lead
to the emergent complexes by seekmg their comple-
ment, we call ''transcrescent' counterparities (L.,
"trans" = across or beyond). These CP's cause their
associated central stabilities to act like subunits
forming aggregates that transcend their potential
space.

Again probability plays a role. Many types of
elements are possible. Most elements, however, do
not form the next level (transcend to) macromole-
cules. The inert elements do not combine at all.

The radiocactive elements are not stable alone, much
less in combination. This range of unreactive to
overreactive entities is reminiscent of a statisti-
cal distribution in which chance plays a role. It
probably occurs at all levels. Some range of enti-
ties on each level that have sufficient central
stability (satisfied CP) to last long enough in pop-
ulations....combine with cther such entities in sig-
nificant ways....and yet have sufficient peripheral
instability (unsatisfied CP) to promote emergence
of new aggregates and new levels. The relative a-
mount of satisfied to wmsatisfied counterparity
(central to peripheral stability) potentially can
be measured for entities in physical systems. Our
hypothesis is that the very same range of ratio of
SCP to -SCP will be characteristic of those entities
on one level of the hierarchy which give rise to the

- 'next no matter what the specific nature of the CP

or at what level the measurement is taken. Further,
there is a good chance that this inwvariant ratio
(or probably tight ratio range) would bear signifi-
cant relationships to.other invariant laws of our
universe due to its role in generating hierarchies

which are an important feature of our universe.




This invariant ratio we call "concrescence ratio',
and since it arises naturally fram the counterpar-
ities at each level of the metahierarchy, it is a-
nother candidate principal systems concept deserv-
ing study. .
) STEP FIVE:

CONCRESCENCE FORCES ARE ACTED ON BY BOUNDARY

LIMITS RESULTING IN HETEROGENEITY WITHIN THE

POTENTIAL FIELD AND BETWEEN POTENTTAL FIEIDS

Albert Wilson states...”'if in a system (given
sufficient mass); (i) there exists a force of grav-
ity (or an aggregating force), and (ii) there also
exists in that system a "boundary” limiting the po-
tential field, then when that system cames to equi-
librium, it will be a modularly hierarchical struc-
ture," (Wilson, 1978). The most important feature -
of this statement is its mathematical equivalent.
Although the aggregating force equation must take.
the form of the level of the hierarchy under study,
the '"boundary' equation, for astronamical systems,
takes the form, GM

S <b
where G= gravity, M= mass, c2= the velocity of
light, R= radius, b= bounds, and /°= density of

object. As

‘M= /->F’\3
%/ORZ' < b
/JP\Z < b

which states that for matter at a given demsity,the
size is bounded (or for a given size the density is
bounded) , and the boundary delimits essentially

what we see as the cluster limits of the hierarch-
ical level.

and

then

Although these observations have been develop-
ed primarily in the field of astronomy, they could
profitably be extended to and tested in other hier-
archical levels as the same dynamics exist in all
following the zbove discussion. The gravitational
forces active in astronomical systems should be con-
sidered a specific type of concrescence tendency
typical of that level. The extension of the concept
of concrescence to concrescence ratio and this to
the root concepts of counterparities should provide
a number of new 'handles" to use in seeking relevant
and measurable parameters at each level of the meta-
hierarchy to apply the above equations, (or their
generalized modifications). These kinds of studies
will aid in understanding the mechanisms active at
each level (so contributing to the special fields)
while at the same time providing a basis for the
unity of knowledge.

One key insight that emerges from defining the
interrelationships of material aggregates (entities)
and "potential spaces” is to recognize that they
are the most primeveal and abstract counterparity
from which all others arise. The two truly form each
other given the emergent evoluticnary process.

Their interaction (material vs. space/time field)
actually produces what we call energy at all levels,
and the three taken together yield the heterogenei-

ty we call hierarchies, as partially> described in
generalized versions of the above equations.

Potential spaces are new types of beasts for
Western man to explore. He has all but entirely ig-
nored them, but now they pop up all over...in atomic
physics, in astronomy....wherever Western science
finally gets down to fundamental questions. Pctent-
ial spaces are so important that it is impossible
to describe completely such basic concepts as mat-
erial entities, natural system counterparities,
energy or directional force, or hierarchical evolu-
tion without including them in the equations. This
reminds us again of the indivisible wmity or holis-
tic nature of natural systems and brings us back
full circle to the Yin/Yang philosophy with which
we began. It is comforting that science and philos-
ophy are indeed counterparities themselves and will
be one again. '

Steps Six and Seven will be explained more com-

-pletely in future papers. Step Six is 'NEWLY EMER-

GENT COMPLEXES GENERATE NEWLY EMERGENT COUNTERPARI-

TIES: THE SELF-ORGANIZING, GENERATIVE CYCLE CONTIN- -
UES. Step Seven involves mathematical statements of

the previcus steps which are then related to several
existing mathematical systems in an attempt at umi-

fication of several natural processes.

CONCLUSIONS

The following statements are suggested; (i) the'
continuous, self-referencing, and self-organizing -
origins of hierarchical levels can be explained in
terms of one generalized natural process, (ii) the
concepts of counterparity, concrescence, concres-
cence ratio, and potential spaces are fimdamental
abstractions true of so many diverse systems that
they deserve recognition/study as principal systems
concepts, (iii) systems ewolution is a central pro-
cess too long ignored by systems theorists, (iv)
any cne counterparity-type exists as a population
and much of its functional significance derives
from this fact, (v) counterparities and concrescence
ratios have features which are amenable to measure-
ment, which measurements once undertaken will sharp-
en our understanding of these concepts, the emerg-
ent evolutionary process in which they function,
and will encourage the formation of testable and
falsifiable predictions. '

The metascientific (Troncale, 1977) and systems
study of counterparity adds considerable dimension

- to the ancient concepts of dualism, &/or complement-

arity. The old conceptualizations generally do not
link dualism to (a) the generation of hierarchies,
(b) to stability/diversity mechanisms, (c) to meas-
urables in real systems, (d) to populations of du-
alities, (e) to boundary limits and potential:
spaces, or (f) to processes of "emergence'. This
paper links counterparity to all of these phencmena.
POSTSCRIPT: A bubbling waterfall in a stream does

_not exist apart. Instant by instant it is remade by

the constant flow of different waters over the same
potential spaces of the rocks. Likewise hierarchies
do not exist apart. They are continuously formed by
the flow of things thru potential spaces. Trying to
explain either will never be as beautiful or com-
plete as the natural processes themselves.,
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TABLE ONE: EXAMPIES OF SUGGESTED COUNTERPARITIES FOR SEVERAL SYSTEMS
ASTRONCMICAL PHYSICS CHEMICAL BIOLOGICAL SOCIOLOGICAL SYMBOLIC -
“matter vs. *wave vs. *L.-forms vs. *bilateral *¥in/Yang *word pairs in
anti-matter particle D~forms symmetry ) languages (good/
complements *thesis/anti- evil; in/out,etc.)
*black hole *anabolic vs. *ag-ab corplex- thesis .
vs. quasar *opposite catabolic es (steric fit) *duality theory in
cosmology spins on reactions & *tonal vs. camputer program-
electrons networks *male/female nagual ming math.
*space vs.
time *energy vs. *oxidation vs. = *complementary *challenge vs *holism vs. reduct-
matter reduction basesiiy JJNA response (or ionism; analysis
*gravitat- reactions S/R) vs. synthesis
ional at- *dual reso- *genetic palin- .
traction nance *positive vs. dromes *worldview *binary math
vs. size hadrons negative ions/ : value cycles
limits ’ charges *left/right ' *duality processes
(all *poles in brain hemi- *goal vs. process in Markovian proc.
GENERAL levels) magnetic GFNERAL (cont.) sphere spec- orientations
fields ializatios *subjective vs.
*stability vs. *entropy vs.’ *Eastern vs. objective reality
variation - *continuous negentropy *opposing musc- Western philos.
vs. discont- le groups *protagenist vs.
*stability vs. inuous : *conscious vs. antagonist in
diversity matter *compl. social subconscious drama & mythology
: calls in anim-
*satisfies vs. - al behavior
usatisfied (attraction vs.
counterparity. repulsion/ birds)
*post div. cell migrations
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TECHNOLOGICAL FORECASTING GLOSSARY

FUTURISM: The philosophy that the future is continually defined and

shaped by human imagination, choice, and planning rather than being

deterministically governed by the past. Orientation toward antici-
patory thinking and action based on forecasting and long range planning.
The sociological phenomenon of concern with the future resultsng in-a
professionalism and institutionism for guiding change.

FUTUR!STICS: The study of the probabilities and lmpltcatcons of
alternative conceivable and possible futures. Specific images and
scenarios of future possibilities, specific forecasts, assessments,
and plans. The practice of any activity that generates images of the
future, predicts or shapes the future.

FUTUROLOGY: The subject of how the future is studied. The dynamics

of technological and social change; the roles of causality, finality,
determinism, volition, and chance in the processes of change; the
nature of time, the modeling of change; the design of methodologies

for forecasting, imagining, assessing, and planning alternative futures.

FORECAST: A relatively high confvdence tevel probab:lnst'c statement
concerning the future. Three basic types are common :

Extrapolative: A forecast of the most probable future
based on the unmodified continuation of existing trends.

Exploratory: Forecasts of probéblé futures resulting
from specified sets of alterations in existing trends.

Normative: Forecasts of probable futures derived in
accordance with alterations in existing trends as
effected by specified goals.

PLAN: A detailed and systematic formulation of a set of objectives
together with a description of procedures and schedules for their

realization.
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FORECASTING
Lecture UCLA Engineering Executive Program. March 8, 1976
The subject will be divided into three parts:
l. Forecasting Foundations and Fundamentals

1. Forecasting Techniques
I1l. Technological Forecasting

Part |. Forecasting Foundations and Fundamentals.

Many associate all statements about the future with tea leaves,
astrology, mysticism or Jeanne Dickson. In talking about the future you are

talking about something that doesa not exist, so anything you say is highly suspect.
7‘4&/@ /6[0//f have a Poimy, bt .
v We all make statements about the future many times a day. The fact

that verbs in most languages have a future tense shows how common talk about
the future is and how importané;our need to make statements about the future, T
We recognize many different kinds of statéments about the'futUre. There are
statements of intention and expectation--1 shall meet you for supper this
~evening, Joe will be home this weékend; Program statements--You will be required
to submit a term paper in this course, A tour of the computer facility will
take blace following tHe final meeting. The bulk of - futures statements,
such as these fowr, refer either to the immediate future or to some specific
' . : va di ovr diveof L%ﬁ‘oL Focth a4,

plan, usually about some rather small system, a couple of individuals, a class,
or a conference.

But there are morecggegﬁggig statements about the future,ﬁ%ﬁ?ering
to bigger systems, systehs not under our direct control, or to longer range
time intervals. There are statehents we call prophecies--An important
contender for the presidential nomination will die before August. There are
statements we call predictions--There will be an annular eclipse of the sun
on April 29th. And fhere are statements we call forecasts--The probability
of rain will increase to 20% tonight with clearing and warmer tomorrow,
The Dow will break 1100 before the November elections but will drop sharply

~ before the end of the year. How do these three types of futures statements,

prophecies, predictions and forecasts differ? and is it proper to group

them with tea leaves, horoscopes and Jeanne Dickson?
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et
First let us separate out prophecies. We include them because

wa”

theyneXIst not because anyone can explain how they are made. .Prophecies

are highly specific statements about the real world. They are not probabilistic
statements. - They are not based on any model and they are either right or

wrong. They are made befbre thé event and are on pﬁblic record before the

event, /otherw1se they are not prophecnes They are a real phenomenon

» @u”ewmw

related to what is being seriously cenasidered these days--precognition.
) Prtseat
They cha]]enge our,physical theories and our basic notions of whkat time, iz

fo

”L.
To deny their existence is put&izg our head in the sand. To worry about

themjunless you wish to research the field,is a waste of time. So for the
bet

record, they are there amd we will put them aside until some future date

when something meaningful can be said about them.
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TheSHatrick diagram displays the differences between forecasts and
both
predictions. We see that a4t of these are based on models, and are statements
/af/(h ~
about the future states of the model than about the real world. There are good— “_ o
models and there are poor models. For a model to be good it should give freeae
) 7%1 /"1‘&/&1@,&
both accurate and precise outputs. Most econometric models have precise W¥nw4,/¢
”7wh;ﬁém4%
outputs but they are usually inaccurate. Astrology, on the other hand, Lo wroy,

if it may be included at all, assuming a horoscope is a model, may make

7

- LA Q0
accurate statements bus of such a vague nature that they aze'not exen wrong.
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The term prédfétfsa i; résérQea for a fﬁtures statement that is
both precise, i.e. possesses a high degree of specificity, and whose
probability of béing correct is close to unity, e.g. eclipse predictions.
Predictions are the statements about thé fﬁtﬁré madé by the established
sciences.

P sector forecasts include political polls, highly prec{se in the
numerical value of their percentages, but likely to be inaccurate because of
gampling errors and the susceptibility of certain voters to blow with the
latest political breeze. Meteorology, on the other hand, --in the A sector--
possesses some good models which giVe accurately general circulation fiowé
and weather change patterns, but not to the degree of sbecificity that most
agronomists and week-end sports addicts would like. When a forecast is too
vague to be useful, even when correct, or so likely to be wrong,even though
specific, then it has little utility. - A bilou The Apbed 9‘5/\@/&%&»@/

From all of this we see that a forecast to be useful enough to
consider for decision making and p}anning»purposes must be a ''relatively
high confidence brobabi]istic statement about’the future'' and this is the

usual definition of what is meant by a forecast.

We usually have two questions about the future:
‘What is going to happen?and
What sﬁould we do?
The first question is the motive for forecasts; the second question is the
motive for plans. We like to know what is going to happen so we will then
know what to do. This all seems trivial enough, but it involves an important
paradox. The first question is about a.macrosystem, the second question is

about a microsystems-a microsystem imbedded in the macrosystem.
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‘The'posing of these two questions as though separate and in the
order in which they are usually posed ignores the feedback between the
microsystem and the macrosystem. We ask the duestions as though what is
going to happen is independent of what we are going to do, although we
clearly recognize that what we are going to do depends on what we think
k& is going to happen to the macrosystem. Now the situation is no longer

trivial. We recognize that the feedback of our participation-;the‘rdle

. of our microsystem and that of many others influences the macrosystem in

such a way that it becomes quite unlike the systems customarily researched
which dg sl confuia Thiy Ko fock [oefp

in science, In science the microsystems usually bavd only the role of
observer, not that of participant.
Grriving o -
Another approach se,the same destination; that science and the
study of the future are different beasts, is by Boulding. He said that
MATT knowledge is about the past, all decisions are about the future'.

i CcvYy 7\0U\f
Thus the present constitutes a remarkable watershed and poses some, dilemmas.

oo Eneciets
What we say about the future,is properly considered to be different from
knowledge and different from scientific knowledge in particular. Perhaps
it is most accurate to label what we say in foredasts as opinion, but
opinion of a very special kind.--opinion based on critical and logical

/ﬁ{@wﬁb,/ wr/;

processes, such as that used in the sciences (in many cases the same as
. . ‘/‘nN"n‘l‘/‘%’

those used in the sciences), but, opinion because the usual canons of

scientific verifiability (induction etc. ) are not applicable except

er
after the fact when the forecast is, fulfilled and the opinion then becomes

knowledge or when the forecast fails and the opinion becomes garbage.

It is useful to understand some of the important differences

between the discipline we now generally calk/Futures Research and Science.




SCIENCE

Objective
microsystems in the
observational mode

Value free

Descriptive (the way it is)
descriptive knowledge
tells what the world is
lTike. It is accumulative

o The Product
knowledge
conc]usions

Bottom Up
reductionistic

&

ff&uf///f7 ’Pﬁ/?/?l’s%!/«ul}'} @ f"ﬁ,é/ew/;h

= T4
(Q) o Predlctlve => should

deterministic or
stochastically
determinative
continuous

o) Focuses on
The repeatable
The ubiquitous
The accessible
The communicable

o Validation
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FUTURES RESEARCH

Has a subjective dimension
microsystems in the interventive
or participation mode

Value laden
two types of future values:
trends of present preferences,
shoulds and oughts

Normative (the way we want it to be)
Normative 'knowledge' tells
what we ought to do. It is not
accumulative, but revisable

The Product
praxis
decisions

Top Down
goal oriented (hopefully holistic)

Decisionable
open ended,
branches
discontinuous
catastrophes

teleological

Must also take into account
The unique’
The local

Signification

verification importance
demonstration interest
proof utility (value)
@ borg Operates on the subJect % will G Ry cbpeet

Operates on the object
whet~ Ao 79 @a,u,» 70 gl e By covres

Wew fomat/eds e L %JLD@%%7<;W)Zﬁ4¥42

Causalistic Finalistic

@ o
What is generally termed the 'subjective dimension' has several
1MFecventron er
1) participation, 2) value systems, 3) the intervenor
or e
or participator being himself changed by feedback, 4) psychological type.

Nires reseancts
Psychological type expresses itself primarily in two attitudes:

components. These include:

The attitude

toward capital formation and the value of the discount rate usually assumed.
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near term problems forecasts
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6. March 8, 76’

Basic to all problems in futures research, whether the problem
is one of forecasting, planning, assessing, decision mak¢ing or a]ternatiQes
generating, is the selection of the model of change. In science most models
of change are either causal/deterministic or stochastic/deterministic.

These models have been the most successful ones: celestial mechanics, continuum

mechanics, elasticity, hydrodynamics, e]ectrodynamics,’thefmodynamics, etc.

How to model systems that are not purely determinative or stochastic but
contain teleological or goal oriented modules is the problem of both the
behavioral sciences and futures research.

The three basic modes of change-are:

Laplace qoote pé%

A&e%@fCﬂ/% deterministic: past shaping the future
) goal oriented: image of the future influencing behavior 3 '
MUy D fC’//{ ar decisionalle in the present The cbucept ,7/ ﬁf{;{é’ml#“ W///

S/l £oale probabilistic: random transitions from earljer to later states
In futures research we must work with all three mbdes.
ForecastTSg depends primarily on the deterministic mode,
Planning depends on the goa] orientétion or finalistic mode,
while both are intimately affected by the probabilistic mode.
The problem is not which of these three is the correct mode by which the systems
of the world ultimately operate--a philosophical question. The problem is |
where is the interface between the three-~a pragmatic question. No wonder that
the prayer of the futures researcher is:
GRANT US THE SERENITY TO ACCEPT THAT WHICH CANNOT BE CHANGED,
THE COURAGE TO CHANGE THAT WHICH CAN BE CHANGED,
AND THE GOOD SENSE TO KNOW ONE FROM THE OTHER.
A useful metaphor for illustrating the interface problem is that of a book:

7/ﬁ /{77
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And it is in the exploration of the nature of change that
we encounter deeper difficulties with the Weitanschauung of Science '
for the purposes of Futures Resesarch. The futurist requires a

different model of change and a different model of time than that

which has successfully served the classical sciences. ' And in the

eV { :

study of change we are led to,candidate ideas of a-noved—rature

for the emerging world view.

Historically, there have been two pdlarized views of the essential
nature of change. The first éf these views has its scientific
expression in the words of Laplace (Young p 305)

“"Given for one instant an intelligence which could compkehehd

all the forces by which nature is animated and‘the respective
sifuation of the beings who compose it--an intelligence sufficiently
“vast to submit these data to analysis--it would embrace in ?he'
same formula the movemeﬁts of the greatest bbdies of the unjverse
and those of the lightest atom; for it nothing wou]a be uncertain
gnd the fufure as the past would be present to fts eyes.'bl
THis view also has a religious expfession in the poem:
"What the first Morning of Creation Wrote,
the last Dawn of Reckoning shall.read."
| This view of changi ba%eé<§n causal determinism or one of its

all

modifications,is the philosophical base of,scientific prediction

k] ;‘
VVLwI i

ar any brand of prophesy that can foretell the future. (note that

in this philosophy future is singular) We—may—desigrate—this-

Hidl el

, predestination,C



Let us think of all human experience as pre-written in a book.

We are the readers of the book. Right now we are beginning}to reaa
on page 1976 of thé latest volume. Pages already read and turned
we call history, up-coming pages we call the=future. The piace
where we are reading is called the pfesent. From tihe to time
there appears an individual with rare gifts who is able to read

Sfh gy wd fttg C’////KI/

what is writteh on. the yet unturned pages. He B a prophet.

But the prophet is not to be confused with the maker of scientific

A
€]

s -‘u'.v

predictions,who deduces what will .be on the next page from what

he is reading in the présent. His deductions usually are based

on ‘analogy with similar sequences .that have repéatedly'OCCUrred
how e vty

on previous pages. |t is eSSGHLla] to his function Athat the

, & .
book' be written and that we be, feaders, for otherwise there would

not be scientific Taw.

But there—is—a second equally 1mportant classical theory of
#/Eo/’/a\[ﬁ/ chmgs 7/0&M 7]\/ M?Z////
.change In the terminology of our metaphor of the book, again

‘human experlence is written in the book, but is not pre- wrltten

iFiswe who avthors
It is wrltten as it happens and ,we are the writfers. The pages .

: thpre o whi b
aiready turned are wheve we have written the record of hlstory

: Tae /ﬂ/fw

,Where we are wrlting is the present;and.the future {}or “possible
“futures ) consists of aii of the unturned pageslwhlch are blank,
and upon which we shall be free to write as we please. As—

said these—are_the extreme-positions of twopelar—views-en—the

nature—of--change




o TH Wﬁﬂ%
Jhis tradition is also an ancient eme. b is the traditien of

‘ the planner. It built the pyramids, laid out the'streets'of
Persopolis, constructed all the roads that led to Rome. This
tradition is very much alive inbthe World today. It is the:view
of the existentialist who believes we are ffee to reshape the‘

- world completeiy at every instant of time. . It is.the view,Qf
those who made it possible for man to p]aee hfs.footprinf oh
the moon.
J¥P4~safﬁ‘imese two views of the nature of change are polar
extremes and in recent years only occasionally does someone:present
a case for the out and out adoption'of one view and the dieearding
of the ether. Scientists, such as Rensch in His recenf.book, |
Biophilosophy, still hold for a totally deterministic uniVefse.
‘Humanlsts such as Sdrtrevho]d for the total freedom V|ew |
///QM% must live with both the vrew&o£~;he\pﬁgphet—and~the~VTew—eﬁ

the—planner. Science to form its predictive models must emp loy

die;/mm”wm

R e

|ts 5tructures mus t operate with flnalusm the future shaping the

the past shaping the future; society to plan and build

present.

This paradox on tHe nature of change is somewhat like the
dilemma'which confronted physicists conserning the Hature of light.
Light behaved in certain experiments like a wave and in other
experiments like a particle. Neither view by itself could explain
all of the observed properties of light. It was necessary to
employ both. Only in the integrative synthesis ef the quantum

mechanics in the 1920's was this century old dilemma resolved.




The futures research workers in designing their methodélogies
and systematizing ways of stud?ing the future héve-done with ) '
determinism/finalism what scientists did witB the particle/wave
dilemma. For purposes of forecasting, the world system is viewed
as determinative, for purposes of planning the world is viewed as
finalistic. But a}l the while a search has been going on’fér
the "'quantum mechanics'' that will enable the contradictions to
be integrated.

. F.

Returning to our metaphor, the futurist has come to believe
something ]ike‘the following: First we agree with the planner,
Qe are priharily writers in the book, not just readers. We write
- in the book at the moment of the present, but as wé do so we
simul taneously write on the ensuing pages, so the prophet is
correct too. There is indeed Sdmething fixed to be'read on the
pages of the future, but we have written it there oufselves.

In today's world as we turn each page we are finding thét.tbefe is
increasingly less blank space per page. Since the pfiméry thrust
of futures Feseakch‘is to generate sets of alternative passages
Wfrym wbich\we méywse]ect what we preferAto write in the bobk, it
Becomes a meaningless endeavof unless there is sufficient Blankk
space for the inscription. The futurist recognizes this problem
by stating that , whi]e it is true that the next five or so pages
are pretty well filled, there is amplé blank space on the pages
beyond. (But after 20 or so pages there is little or nothing for
the prophet to read.) But this rough statement is barely more

than an admission that this central problem exists.
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11. March 8, 76

We must now go on to the other parts of our discussion, but allow

me to mention in passing some of the levels of change:

Motion inanimate systems ./ wbove
Growth bio systems " !
Evolution ’ eco systems ' !

. Intentional sentient systems ”

17 v "J/ . ,

K St e I’Z/7< C{u‘my« Corrclory Wi,

Comprehensive theories that can deal with all levels are lacking.
The only good theories so far (good in the sense of accurate and precise

prediction) are those based on the laws of motion.  But we have not been

[evels

able to generalize the laws of motion to subsume the higher &ypes- of change,
who avy pca/wi‘/‘m; /ff')!)?aq//i rneleey
as has been the desire of many bio and social scientists, The futures

researcher and the general systems theorist havé inverted the pyramid and bt
”begun by considering the nature of intentional change. ab Tnftio. Later

they will probably seek to reference their modeds fheories to the other

levels in their characterist,top down manner.

N qé/’:’ﬂ{/ﬂ

Thisaapproach has demanded new theories of change and even new
theories of time. The concepts of time suitable for freating bodies folling
down inclined planes and most engineering applications are not adequate
for treating the problems of futures research. Alternative constructs
have been proposed, such as distinguishing the 'decker', the present, and

the 'determinator'. Or a new viewpoint of the archetype as the fundamental

. i un mr——
unit of deterministic change. { But these subjects lie outside the scope of

ﬁoda;;i's discussion 3;7/ rery @/7&74// v T wrte /La/éa/a//z4/ 7
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Among  Torecasting—methods—w = >
P Bk ey TR ' i : . RN
s _essentially i t+ive. Delphi, first developed at the RAND Corporation

in the early 1960's, reallyvéﬁﬁ§ﬁi aﬁreplacemeﬁt for a group of experts

tutes
Bobn

ot

assembled in conference to prepare the forecast. A7 sgﬂsédﬁwiph@tﬁea*gq

members being in communication remotely through several rounds of

questionnaires transmitted in writing or*fhréugh'étcomputer terminal.

The results of each round are analyzed, "integrated; and distributed” to-

o | |

the panelists for their use in the next round. = The method has several

key advantages. First, it preserves anonymity so that one of the problems
‘ 3 a . K3 .

of a conference is solved: the dominant personality no longer can impose

, his ideas on the others. Second, the conference becomes much more structured:

. there are discrete steps
1 .

)

jls often obtained in two or three rounds, there is no roquirement forvits

and changes can be tracked. - Although convergence

occurrence; in fact, Deibhi is an excellgnt méchanism to de;ermine polarizatibn
and differences of view. The panelists may Well use self fagings to indicate
their expertise on a given question and the responses may then be weighted
on the basis of the-self-ratings. Analyses of Delphi studieé have shown
that the process is quite well ordered and behaves in a recognizable pattérn.
It is not chaotic; parallel panels on the same subject tend to produce

. similar results. The use of Delphi has mushroomed since 1ts introduction in
1964 and has spread to industry, universities, and government. Its relative

ease of use makes 1t particularly attractive. ZF(:lf/Z?
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b. Analogy
" Another process’of forecasting 1s that of analogy. Wefmay,'for
example, use a knbwn technology and its evolution as a base fo; forecasting
a new technology. Much of the technological impact of the’space program
was foreshadowed by the iﬁpact of railroad technology on society in an
earlier era. The»introduction of detergénts to replace sbép in the United States
was followed by a very similar substitution in Japan a decade later. Beforei
we can use the analogy concept we mﬁst assure ourselves th;t the'sﬁbject |
~ of the fbrecast and the reference "'model' are really comparéble.’ Such
;evélﬁatiop must involve technologiéal; economic, political, social, cultural,

_ecologiéa;, intellectual, and ethical dimensions.

M&,,,,v‘ﬁfmt/q

J}J“f%q}[/z Servey % /‘?5/%/54///1/7/‘74/\// /4, ,ﬁxf/ //)%
Lt foin Vortacy Measfor, Wakl Vieel Jperma/ %&//w %3
Woth Jyé/“n/w / //WJ /&W 7% /w/h/‘w ;/ Eocerss

/ﬂmam//m e Fe. Jg%//f/ ﬂ%i‘w/(é’//”% v ey,

/7’41 G///ﬂ/émfz/ Sy vyee (o M M/J 7%, yor. (/.27
Jox Wm/ b Aws op Wil o wrmmae trg flod) /\{f///w o 2.
At \V/fwf calpm //M@w/‘ovfm i ﬂ/ ¢y// Whal 2 /2,

OZWM‘ s/ /W/b‘%‘ f%/{/ W'/ZS:Z?,J Whet Sep iz gy I 74
W/// Qon if/-’/'/(ié/«/ : /4// /[qéa //’4/"‘7// J%]ZV/;//‘«

Dm/7/)/{ /77// /17 /<a //V/‘ Syl /7y,

¢. Crowth curves.

Many technological changes exhibit the characteristic that the rate

of change of the parameter which measures the technologv is proportional to

the parameter (exponential growth). To illustrate, the rate of introduction

of black and white television sets after World War II was proportional to

the number of sets in use. Thls growth rate means that the doubling time is

/‘72/
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a constant. It has long been assumed that many phenomena such as populétion
and gross national product grow and should grow in‘this exponential fashion and
it has‘recently come as a shock to many to recognize that nothing on this
finite earth can keep on growing exponentially.v fhe imposition of a limit
changes‘the exponential to an S-shaped or legistic curve and -this shape must
vbe considered the most fundamental pattern for fereeasting.ﬁtéo@etimes the
curve is also known as a "substitution" curve: it represents the behaviot'
when a new technology substitutes for an old one.. Thus the‘suﬁstitution ofl

ynthetic for natural rubber, of margarine for natura] butter of water based

for oil-based house paints, of plastic for hardwood residence floors, and

of detergents for natural soaps all exhiblted this loglstlc behavior.

/f/ﬂﬂﬂm tive  Fore Corlfs | B I o

We must divide the Lechniquesrof forecaeting into two classes: explqrdtory
and normative. . With exp]oratery techniques we move frow the\pastvtd the futeret
as; for example, in trend extfapolation. In thevnormative eeproach;’we first
look at the future ("necessity is the mether ofvinvehtion") endrtﬁen meve |
toward the present. An exploratory approach might bettermed a ”eaﬁbdo" forecast,
while the normative one would indicate what we ”0ughtkto ao”;rbA usefel fotecast
is the product of the interaction of both’elementst We may etart:iﬁﬂan‘
exploratory fashion and move to a normatlve mode, whereupon we comblﬂe ‘the
two (as with the atomic bomb): alternatlvely, we may start @Lth the normative

and’ then move to the exploratory approach (as with the ABM) .

<l COorvemery—c —cTHl

anvel . d hote sequonceof—$——shape logistic cu=ves—eachrefiocins




’ ‘e. Norﬁafive,mgthoas.
. Methods sucin as trend extrapolations are clearly explofét.ory in nature.
Let us briefly look at normative methods of forecasting. Market research
provides many illustrations 6f normative forecasting. Among the newer techniques
is the relevance treeior mission énalysis. We consider'thé tasks or missionS
to be perforﬁed-in the future aﬁdvtheg look for all means or systemsvwhich 7§é54%%

can perform these missions. The systems, in.turn, are broken down into

subsvstems, the subsystems into components,.i;e., we credate a hierarchy or
relevance tree. If we have weightings of the missions at the top level, and

place weights on the relationships connecting any two adjacent levels, we can

compare the relative importance of rthe various items within anykohe of the
lower levels. .The result of suéh an analysis tellé us what the‘reiative

. significance of different systems or components is in view o‘fyktﬁe mj.ssion
priorities.  In other words, it tells us what may be ﬁeeded most and needed
least. It is obvious that this needs-analysis is quite usefQ1 in an
organization which has to allocate its resources for research and development
activities. Anothef normative technique centers'oﬁ tﬁe development of

alternative scenarios of the future. As with any environmental analysis

we must include political, social, economic, cultural, ecological, and
behavioral factors and consider the interactions among them to insure internal

 Hepe 2 ;éa/ﬂ/y/( palled //ﬁ%&/y//z, Yoo Y e er/@/
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?é;a%; £, Intefactions.

Let us return for a moment to the Delphi method. We have described

the procedure and found that in the usual operation a series of statements

'(about the future is made by panelists and then subjected to feedback.

A statement may represent a technological or social change.  Nothing has

been saild about the possibility that different statements may, in fact,

be related so’that the occurrence of one may enhance or inhibit the occurrence
of aﬁother eyent in the same list. To illustrate, consider forecasts concerning
(a) improved accuracy of weather forecasts, .and . (b): improved farming efficiency
and.less‘érop losses due to weather. Most‘wodié égféélgﬁggwthese two statements
are relatéd: if the first occurs the second increases in 1ikelihooa. We
havevnow developed a procedure -- cross impact analysis -- for taking into
account these interactions to arrive at énvinternally consistent set of

forecasts.  This approach is perhaps most indicative of our recognition of
the complexity of systems and of the fact that in such systems nearly everything
interacts with ex ing else. . ' y / 4
interacts with everything else ﬁz%%&%ég G%;VZZV/VZ// wr )3 29474;44
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TENTATIVE OBSERVATIONAL CONFIRMATION
OF DISCRETIZATION IN GALAXIES

A. G. Wilson

The RAND Corporation, Santa Monica, California
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Abstract

The design of an observational test to corroborate the theoretical
%
prediction that the diameters, r, of galaxies of low eccentricity

are proportional to an eigen-sequence: -

[Nad

n=1,2’ e s 0 s

[n(n+l)]

must be approached initially in its epistemological aspects. The r
specified by the theory as the diameter or semi-major axis of an
ellipsoid determined by a surface upon which there exists a
discontinuity in some component of the energy-momentum tensor, while
well defined for theoretical purposes, is not in general identifiable
with any observable feature of elliptical galax;es. In fact, there

is question that such a discontinuity may even exist in any observagble
sense. Compounding the difficulty of correctly relating such a
theoretical diameter r to a diameter defined on observables is the
fact that the many operational definitions of diameter, whatever ﬁhe
detailed method of measuring, usually involve systematic errors not
easily isolated or evaluated. Hence it is extremely difficult to
assign meaningful numbers to the ratios of the diameters of elliptical

galaxies of different sizes and different distances.

“In accord with present ideas concerning the morphology of galaxies,
the only class of galaxies which have members with low eccentricities is
the ellipticals. In this paper, therefore, galaxies will mean
elliptical galaxies.



The procedure adopted in constructing the present test of the
Edelen discretization hypothesis was to take severalyspecified operational
definitions of diameter all of which result in a set of measurements of
linear dimensionality and convert these measurements into quantities

which may be called proper diametexrs in the sense they possess the property,

when angularly interpreted, of varying inversely with distance. This
was accomplished by calibrating the measurements with red shifts, on
the assumption of constant proportionality of red shift with distance.

The operational procedure selected for reporting here is that of
micrometric measurements. In Fig. 1 the measurements (s) made of images
of galaxies on a homogeneous set of photographs of six clusters are
shown. The plates were 30-minute exposures taken by Humason with the
200~inch telescope on 103a-0 emulsions. The sample of galaxies
measured was selected from probable cluster members having apparent
ellipticities of three or less. l

Patterns were prescribed for discernment of 'signals' which might
correspond to the distributions expected from the discretization eigen
functions. These patterns were defined by one or more criteria based
on (1) condensations at roughly periodic intervals, (2) abrupt gaps
on the lower edges of the condensations, and (3) only EO galaxies
at the "band heads" (so called for obvious reasons). The more
sophisticated the pattern the rarer the event and the higher the level
of noise through which discernment is possible. On the bases of
identification of patterns according to these specifications, values
of (s) were determined which were thought likely to correspond to a
band head signal emerging from the general noise of the data. _

The (s) values of these signals are shown plotted against the
red shifts of the clusters in Fig. 2. The fact that a set of very
closely parallel lines can be unequivocally constructed passing
through the (s) values of the signals allows feedback to establish
further confidence in the pattern identifications. The signals from
each cluster lying on the same line are identified with a corresponding
letter designation such as t, u, v, etc.

If the (s) measwres are proper diameters, then they must possess

the property of linear variation with distance (or some suitable
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modification of this law) demanded by our restriction on all definitions
of diameter. For proper diameters the slopes of the (s) versus red-
shift lines should be equal to -1. The observed slopes of these lines
are all approximately equal to -1.63. This may be interpreted to mean
that all of the (s) measurements are subject to systematic errors which
cause small galaxies to be measured as too large and large galaxies to
be measured as too small., The observed slope of ~1.63 can be used to
correct for this systematic error and for any possible physical
variations which are proportional to distance, such as possible factors
of (1+z) or variations in the parameter £, simply by raising each
measurement to the 1.63 power. In other words if g = 51'63, then the
quantity 6 may be considered to be a proper diameter.

The subset of all galaxies with observed ellipticities of one or
less were then normalized to the distance of the Coma cluster by means
of the red shift ratios, and the resulting distribution of the 8's are
plotted in Fig. 3. '

The distribution of observed diameters plotted on the right of
Pig. 3 is seen to have a‘correspondence to an expected distribution
of diameter sizes based on the eigen functions of the Edelen theory.

A scale factor is assumed in Fig. 3 and a line drawn through the origin
to demonstrate a possible correspondence of band heads, gaps, etc.

The particular correspondence shown is not to be taken as the correct
coréespondence. It is for illustrative purposes only. Many alternate
identifications are possible, and with the probable errors in the
observed band heads being greater than the differences in the successive
ratios of eigen numbers, no meaningfui identification can be made

on the basis of this data. All that is to be remarked is that the
observations seem overall to be consistent with first-order effects

predicted by the theory.
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In conclusion, on the basis of this data, there appears to be
no serious contradiction to the discretization pxediction. The
consistency of the observed results with regard to the distributions
may be accepted as ample justificétion for initiating programs to
investigate discretization phenomena, but should in nowise be
considered a proof of the Edelen hypothesis. Hopefully, the present
demonstration may prove to be the first of a series of demonstrations
which can be used inductively to establish validity. A higher level
of confidence can come both from further direct tests along the lines
of the present one and through applications of other comnsequences of
the theory. There is no question that if this theory proves true,
as is presently indicated, it constitutes a major breakthrough in

extra-galactic astronomy and cosmology.
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TRAFFIC DENSITY AND SYNAPSE DENSITY

It is suspected that there exists a bound tb the ratio of
the traffic density in the ﬁeighborhood of a synapse to the mean
spatial density of the synapses themselves. Such a bound appears
as the possible explanation of Zipf's Law and the Scott Effect,.
relating ﬁhe briéhtest star in a galaxy to the number of members
of the galaxy. |

We shall assume a spherical aggregate of N spherical
synapses, each of mass M and radiuslé. The radius of the
aggregate will be taken as R. The mean spatial density of synapses

will be

(1) p = 3NM
4TR3

There is assumed to exist a flow of traffic into or out of
each synapse. This traffic may take the form of mass particles,
energy packets, information packets, or field effects. For
example, if the synapse is a city; the traffic may be aircraft,
motor vehicles, or telephone mességes. If the synapse is a star,
the traffic may be matérial particles (protons, electrons.....),
photons, neutrinoé, or gravitons. If the synapse is neural, the
traffic may be nerve impulses. This traffic is channeled by the
nature of the nexus which connects the various synapses. For a
city,‘the'nexﬁses may be the highways, the rail lines, or the

ailr routes leading into the city. In the nervous system the




nexuses are the nerves themselyes, For a star, the nexus is the

field space surrounding the star. This may be ordinary Euclidean
space with the nexus permitting a 45 solid angle or it may have

more restrictive geometric and topological properties.

I. 49 Nexus

Let us assume that the energy packeté may be represented
by equivalent masses m. The flux ﬁfof these packets will be
propdrtional to the number n crossing a surface of radius i in
time T. if v is the velocity of the packetsbat.the surface r,

e

£ co s . A
then the energy flux#per unit time per unit area will be,

@ | (2) F = n(mv?), Ll
.4Trr2T v ‘ T°

From Equations (1) and (2) the ratio y of thedtraffic densitva

to. the synapse density p is

2 with [¥] = ,L3]

(3) y=E=nmRYv L
P T T3

nm R

3NM 22
' mf!o o/; N

i.e., the dlmen51ona11ty of the denSLtyﬁxat&ms is that of a

'velocity cubed. This dimensionality is bounded in relativistic

physics by the quantity c. We therefore assume (4) y ¢ c3.
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Example:
The traffic is the radiation leaving a star. In this case the

energy packet mv’ becomes hy. Substituting in (3)

Y = nhvR®
' 3NMrz2T

But the bolometric luminosity of a star, L = nhv/T, i.e., the

total energy per unit time (take T = 1 sec.), hence

_ o 5 _ . R
"y=1 RS Y= —7%;;4 < ¢ S Lo<AmEe
. j < [3 C , Q/v{:/m“mw,/v
) gl\w lgb'ij
But r is arbitrary so long as r =z ‘A. We may, therefore, take r iowﬁhwﬁv
_ " ' o
as equal to A. : ' \ |
» 4 _ el /m://%lb/,b/\«kﬁ
For a star GM < 1/2. Thus setting r = A, we obtain
c*A ' A
'_2.91;,.<5‘) <v<c’
3 c? A
or o o kel /
, PR %
S"%’ d’v/’"\]ﬁ. i 5 . i M7\7
> = A
_ ‘ Y L w ) AV
(5) L<3N/ayc’ B T
: 2 (ﬁ' G ' ] [

The expression (5) says that the energy emitted per unit time is
less than a constant times the ratio of the volume occupied by

the synapses when close packed to the volume actually occupied.




The maximum value of the bound is when the synapses are close

T.. TTIT_o. DL LTt ot v ~
packed. 1In this case we get the maximum luminosity, L,

(6) L.3c¢c° ng o bpund
e p

Assume the

The right member of expression (5) can be evaluated.

following values:

log N = 11.6  ofaws v a galumy

log A = 10.84 i on , redie «f ¢Fm

10';3 R=21.8 - I~ e rodin g g4 //1/7'

‘log ¢ = 10.48 In O , vz veity 7//54%
"log G = ~7.16 9.7, j?nwlﬂnﬁ%an/cw%Vﬁm/

Giving log L < 38.46 ergs/sec.

Using the relation,

. Mbol = Mbol © =2.5 log (L/Le)
;w1th log LO = 33.59 ;nd Mol 0 = 4,72
(3.90 x 1033 erg/sec) Allen p. 161

The maximum absolute magnitude of galactic novae is .

~ - 7.5 (Allen p. 214
Mg ( 1 P ) o

e

33.59 and My = 5.41)

R

(using log Ly =

- 56,76




‘

Hence the bound given by the assumption (4) is in excellent
agreement with the maximum value of absolute nagnitude
observed in the galaxy. (Super_giant stars have Mpg = -6.8.)"

Supernovae will be discussed separately.

It is of interest to evaluate the maximum possible luminosity of
a radiating object under the assumption (4). This may be done
in equation (6). Using the same values as before, we obtain

A
~log L < 59.74 ergs/sec

This is essentially the power value for guasars, according to

the cosmic distance hypothesis (Hoyle and Fowler). We thus have

as a consistent interpretation of equation (6), that whenever a
set of stars are close packed (or one star not a member of any

aggrégate), that the luminosity can be a maximum and has the

value 1059‘74 ergs/sec. This does not permit the mass of the

‘quasar to be derived, but it suggests that gquasars may poSsess

a wide rangé of masses all having essentially the same
luminosities. It is accordingly their lifetimes that vary with

mass not their luminosities.

Equafion (6) may alternately be derived by setting r = R, the

radius of a galaxy, and using

GNM < 1/2
C2R




i s i

which gives (6). This would lead to the conclusion that quasars

are ~ galactlc mass. . . .. oo

Let us evaluate L in equation (5) under the same conditions of

N, R, etc., but assume that A, the stellar radius is that of a
13.2

~giant star instead of a main sequence star, i.e., log A ~ 10 cm

R cm

_ o . °m
¢ Aur 190  1013-12¢n
32 cyg 353 10%337cn

From equation (5) we get

L < 1045'5 ergs/sec

4Thls correSponds approx1mately to the lum1n051tles of supernovae.

(The values of N and R sould be selected for other galax1es )

It thus appears that supernovae correspond to giant stars and

novae to main sequence stars under assumption (4).

Equation (5) shows that for a fixed type of star (A fixed), that

the maximum luminosity depends on the density of the galaxy in




which it is located, such that the greater the density the brighter
the maximum. However, since 2GM ~ c?R, the mass increases with
R not with R3®, Hence for a‘given type Star; i.e., A, M fixed,

N 1 . Hence the bigger the galaxies the less luminious

R? " R?
their giants. This is consistent with the maximum population II

stars being fainter than the population I stars and the

elliptical galaxies being more massive than spirals.
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DIMENSIONLESS PHYSICAL CONSTANTS IN TERMS OF

 MATHEMATICAL CONSTANTS

It is of interest to note that the present empirical values
of two basic dimensionless phy31cal constantg may be
approximated to within experimental uncertainties by a
simple logarithmic expression involving =# . With the usual
notations, the Sommerfeld fine structure constant = 2 fez/hc,
and the ratio of Coulomb to gravitational forces S = ez/Gmpm

e

are given by .

w
1 —=
OZ—-—Z-W— and S = 27f2
Where w = n4log 4 (natural logarithm), the numerical valﬁe

of 2+w to nine digits is 137.037664. The present measured

values [1] for o lare:

137.0388 + 0.0006 Triebwasser, Dayhoff, Lamb
137.0370 | Robiscoe

137.0352 _ Hyperfine splitting in Hydrogen
137.0388 + 0.0013 Hyperfine splitting in Muonium
137.0381 + 0.0032 Electron magnetic moment anomaly
137.0361 ' Hughes

' The numerical value of logy, (2%/2 w2) is 39.355058. The
present indicated empirical value of loglo S lies between the
three ¢ limits 39.357 and 39.355, the largest part of the
uncertainty being in the value of G. The three ¢ limits of S

i
are 2.27(01)x1032 and 2.25(46)x10°7, whereas 2¥/2 7% =
2.264947 x 1032,



From these two relations a third numerical relation

8 W2 e2
2 l/a mpm

e

may be derived. This equation, giving G in terms of other
fundamental physical constants, is independent of W.

Although one may be reminded of relationships derived by
the late Sir Arthur Eddington, the quantity W used here has

no known physical basis and the approximations are quite

possibly . all fortuitous.

Albert Wilson

- 5251 Bolsa Avenue
Huntington Beach, California
92646
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THE DIMENSIONLESS PHYSICAL CONSTANTS AND
BASIC MATHEMATICAL CONSTANTS

A, G. Wilson
June 17, 1966

Eddington held that the dimensionless physical constants
ééﬁld be evaluated as simple mathematical expressions. His
approach to this conjecture was through a construct established
by purely rational arguments from which the values of the dimension-—
" less physical constants could be derived solely by mathematical
inference [1]. His success in proving his conjecture by means
of the fundamental theory has been generally questioned. The
difference, for example between the derived 137 [2] and the
observed 137.0388 [3] is considered bymany to be unsatisfactory
in view of the essential claim to derive the observed world
from first principles. waever, because of the philosophical
implications which Eddington's conjecture has for the founda-
tions of physics, it is important to know, regardless of the
validity of Eddington's fundamental theory—or other theory—
whether the conjecture is true. But apart from the context of
a theory can the conjecture have a meaning?

Meaning may be given to the conjecture, without an explicit
theory, if two specifications are agreed to. (1) A specification
as to degree of fit between the observed value and the mathematical
value, and (2) a definition of simple. The form of specification
No. (1) which most physicists would insist on is that the fit be

such that the difference between the mathematical and observed



values be less than the experimental uncertainty in the observed
value. As subsequent expeériments improve the observed value,
the difference must remain less than the new observational
uncertainties. In this sense the mathematical value legitimately
plays the role of a hypothesis, i.e., the hypothesis that a
purely mathematical expression, M = the value of the dimension—
less physical constant. If refined observation shows the
observed value does not converge to M, the hypothesis fails to
make valid predictions and is discarded. So long as the
observed value continues to converge tO‘M, the hypothesis may

be used as any conventional hypothesis derived from theory.

This is quite conventional.

.A satisfactory convention for specification No. (2) is
more difficult to formulate.  Any numerical quantity can be
approximated to any degree of accuracy by sophisticated combina—
tions of basic mathematical quantities. What one considers
to be a simple expression is ultimately a matter of personal
taste. To avoid these difficulties, We propose as a possible
approach, to specification No. (2), the introduction of the
requirement that the same‘mathematical expression occurs in at
least two of the dimensionless physical constants. By this
demand the aspects df simplicity and improbability of occurrence
serve as checks on one another. An expression which begins to
reach a level of complexity which exceeds the threshold of

permissibility as simple, and therefore appears to be ad hoc,




is at the same time reaching a level of improbability of
simul taneous occurrence by chance in two or more cases.
Hence involvement in two or more instances restores the
expression to continued interest as arising from real,
albeit unknowg)relationships. The essential feature of
meaningfulness—interpretability through theory—is deferred.
The existenée of sufficiently accurate replication of a
phenomenological feature together with a sufficiently large
improbability of this being a chance occurrence combine to
create confidence in significance and ultimate interpret—
ability by theory. Reasoning such as this has been implicit
in the rationale for continuing interest by astronomers and
physicists in observed, but inexplicable features, such as
the Titius-Bode Law and the numerical coincidences which occur
between certain atomic and cbsmic measurements.

In this epistomological context, the following hypothesis
'"M" is proposed: In the usual notations, two dimensionless

physical constants, the Sommerfeld fine structure constant

o = 21're2
hc

and the ratio of Coulomb to gravitational forces.
eZ

Gm?me

S =

are given by the following purely mathematical quantities



‘-’
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_ 1
¢ =Ty
and
20)
S =
2n2

vwhere w_=an4 ln 4 (#&=#Bfr natural logarithm). The mathematical

value of a-l,to nine significant.'digits is 137.037664. The

present observed values [3] for a_;,are given in the table.
137.0388 + 0.0006 Triebwasser, Dayhoff, Lamb
137.0370 Robiscoe
137.0352‘ g Hyperfine splitting in Hydrogen
137.0388 + 0.0013 Hyperfine splitting in Muonium
137.0381 + 0.0032 Electron magnetic moment anomaly

137.0361 Hughes

For specification No. (1) mean values and "adopted values''
are of less interest than the array of recent determinations
given in the table.

The logarithm to the base 10 of the mathematical value

of S is 39.355058, while the present observed value is close
to 39.356. A more accurate observed value cannot be given
until better determinations of the gravitational coupling
constant G have been made.

The quantity w = ﬂ4 In 4, appearing in the mathematical
values of both o and S thus satisfies specifications No. (1)
and No. (2). The occurrence of w in both numbers reduces the

likelihood of its being ad hoc, yet it is still a ''simple



expression involving only integers and the basic mathematical
constants T and e. Granting the epistemological rationale of
the two specifications, we conclude—until more refined observa—
tions contradict the mathematical values—that Eddington's
Conjecture is true.

~An immediate consequencé of the truth of the conjecture
is that the dimensionless constants o and S do not vary with
time. This does not preclude the separate variation of G,
h, etc., but requires any variation of fundamental constants

with time to be such that

2 2
d [2me”)_ o gpg L Gmem):o.
dt \ hc dt P e

There is no known theoretical relation between G and the

a second

other fundamental constants of physics.
interesting consequence of the mathematical formulae is a

possible relation linking G and the charge to mass ratio of the

electron:

N
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This equation may have interesting implications for
relativistic electrons.
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