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Values af messes and radii derlveé from shservetions of eclipsing binary
stars, large gaxaxies,vand near-by cluetars of galaxies, indicate the existence

of a common universsl bound for the meximum value of B/R for all such cosmic

sggregates. This bound, when expressad in dimensionless uniis relative to the '

hydrocen atum,~has-a value of the grder of 1099, .zbe -1mit1ng ratia hetueen

 the gravitational radzus and the metric radst for these aggragates suggests in

w

each cese the empirical :Elatian

g f\/afl
- TedR .

where B is the gravitational constent, c is the velocity of light, and I is £he
Stamerfeld fine structure cunatawt.__
rg nce of CddinOuan's dimensionless structural numbsrs from three
‘ { »4‘ :‘,” ind ape-adam astronomical observaticns may be interpreted either as
susportive of Dlvac‘s Principle or &s further svxder:e for the existence of

some has;c structual law common to the microcosmos’ and macrnsosmns.
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1.06. Structural Parallels in Cosmic Aggregates, ‘ALBERT G. WILSON,
Douglas Advanced Research Laboratory

binary stars, large galaxies, and near-by clusters of galaxies, indicate the
existence of a common universal bound for the maximum value of M/R for
all such cosmic aggregates. This bound, when expressed in dimensionless

units relative to the hydrogen atom, has a value of the order of 1039. The
limiting ratio between the gravitational radius and the metric radius for
these aggregates suggests in each case the empirical relation

. . Values of masses and radii derived from observations of eclipsing

GM | .2
czR
where G is the gravitational constant, c is the velocity of light, and o is the
Sommerfield fine structure constant.

The emergence of Eddington's dimensionless structural numbers from
three types of independent astronomical observations may be interpreted
either as supportive of Dirac's Principle or as further evidence for the exis-
tence of some basic structural law common to the microcosmos and macro-
COSmos. .
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STRUCTURAL PARALLELS IN NON"DEGENERATE COSMIC BODIES
‘ Albert G. Wilson
Douglas Advanced Research Laboratories

”»Schwarzschlld‘s exact solution of the Einstein field

- equations leads to the predlctlon of a bound to the ratlo
of the gravitational radius to the linear radius for all

i,grav1tat1ng systems, namely, ‘

' ggg <1 v
CR . . : »/‘k

. It is observed that this ratio for each of four gpecies of
_non—degeﬁerate cosmic body ~ main sequence stars,vgalaxies,.ff

-~ clusters of‘galaxies,'second—ordervclusters - is bounded,
_w> and that the bound is ¢losely the same for each species:
_V72GM/c rR<107%"3, (M/R = 1023‘5‘ 39 with respect'lfj;'5e
- to the mass and radius of the hydrogen atom.) The ratio
of the observed bound for non~degenerate bodies to the
gSchwarzschlld bound is of the order of the ratio of atomic -

~ to nuclear dlmenslons.

gm/cm or 10

. 1 ~ Assuming the Schwarzschild bound governs totally degenerate
o - matter, the upper limit to observed masses of stars may be
'7exp1ained as the result of the Schwarzschild limit for~

34 ~grams for a

bidding a mass of greater than about 10
”Ve'dense neutron fluid under initial condlt;onS'similar to
- those postulated in evolutionary cosmological models.,
"JThe'l0—4'3bound appears to play the limiting role for non-
 degenerate matter. The latter bound limits stellar matter
' under maximum non—degenerate density conditions to masses
: 34  comeivfeny v
of about 10~ grams in—scoordemee with observed main
' sequence stellar masses.
A basic question is raised by the existence of the 10 —4.3
bound for aggregates other than stars. Some generallzed

o . form of degeneracy for.la:gef-aggregates may be implied.
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: STRUCTURAL 'RARALLELS TN NON!-\DEGENERATE COSMIC BODEES
Albert G W:Llson e

Douglas Adyanced Research Laboratories
Schwarzschild's exact solution of. the Einstein fie1d 
equations leads to the prediction of a. bound'to'the;
. ratio of the gravitational radius to the linear :
.radius for all grav1tat1ng systems, namely,

2GM 1
2
cR

It is observed that this ratio for eadh of four

stars,,galaX1es, clusters of galax;es, second-ordera,h*f P

clusters «~ is bounded, and that the bound is the.'
-4,
3. R =

~same for each species: 2GM/c R =< 10 o
.gm/cm or 1032 with respect to the massﬂf°”

- 10,23:5

and radlus of the hydrogen atom.] The ratio of
the observed bound for non-degenerate bodies to

the Schwarzschild bound is closely equai to the
ratio of atomic to nuclear dimensions.

Assuming the schwarzschild bound to obtain under
totally degenerate conditions, the upper limit to
observed masses of stars may be explained as the
result of the Schwarzschlld limit forbidding a

34 ~grams for closely

- packed neutrons under initial conditions~similar to

those postulated in evolutionary cosmological models.  " 
Alternately, the observed upper‘boﬁhd to masses of .
stars can be eXplained by the necessity of any
contractlng protostar to lose mass as it eyolves

down along the non—degenerate bound to maxxmum '

'non—degenerate density condltlons.
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Structural Parallels in Nondegenerate Cosmie
Bodies. ALBERT G. WiLsoN, Douglas Advanced Re-
search Laboratories.—Schwarzschild’s exact solution
of the Einstein field equations leads to the prediction
of a bound to the ratio of the gravitational radius

to the linear radius for all gravxtatmg systems,

namely,
2GM/c?R<1.

It is observed that this ratio for each of four species
- of nondegenerate cosmic hody—main sequence stars,

galaxies, clusters of galaxies, second-order-clusters—

is bounded and that the bound is closely the same for
. each species: 2GM/c*R=10-*3, (M/R=10%3 g/cm
or 103 with respect to the mass and radius of the _
hydrogen atom.) The ratio of the observed bound for
nondegenerate bodies to the Schwarzschild bound is

of the order of the ratio of atomic to nuclear dimen- -

sions.

Assuming the Schwarzschild bound governs totally
degenerate matter, the upper limit to observed
masses of stars may be explained as the result of
‘the Schwarzschild limit forbidding a mass of greater
than about 10 g for a dense neutron fiuid under
initial conditions similar to those postulated in evo-
lutionary cosmological models.

The 10-42 hound appears to play the limiting role
for nondegenerate matter. The latter bound limits
stellar matter under maximum nondegenerate density
conditions to masses of about 10* g, consistent with
observed main sequence , stellar masses. =~

A basic question is raised by the existence of the
-10-** bound for aggregates other than stars. Some
generalized form of degeneracy for larger aggre-
gates may be 1mpﬁed )
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: liminary results show that the inclusion of these

effects brings the cooling time of the white dwarfs
into better agreement with the ages of the clusters
containing them.

Photometric Methods for Measuring the Metal
Content of K Giants. GEORGE WALLERSTEIN, As-
tronony Department, University of Washington,
anp H. L. HevLrer, Department of Physics and As-
tronomy, University of Rochester—Correlations are
presented between spectroscopically determined ra-
tios of iron-to-hydrogen for K giants and various
combinations of color indices. Good correlations are
found with the ultraviolet excess of the U, B, I/ sys-
tem, two-color differences of the six-color system,
one narrow-band system, and one system that com-
bines U, B, ¥/, and six-color indices. Neverthcless,
each system has its disadvantages, and it is suggested
that a four-color system using the S-20 surface might
provide the highest accuracy combined with the great-
est efficiency of observing time,

The Effect of a Solar Wind Blast Wave on the
Chromosphere. Donat G. WENTZEL AND ALAN B.
SoLiNGER, The University of Michigan—The en-
hanced solar wind following some solar flares is prob-
ably caused by coronal heating. The energy involved
in the enhanced wind suggests that flare-induced
coronal heating occurs over an area extending far

" beyond the flare area. The resulting disturbance of

the underlying nonflaring chromosphere is computed
on the assumption that the corona is heated sud-
denly. In this case, a shock moves downward from
the heated region. The increase in the undisturbed
chromospheric density ahead of the shock (p) tends
to weaken the shock. In addition, magnetic fields
may act as a guide for the shock. An increase in field
strength along the shock’s path constricts the ‘area
of the shock front (A) and tends to strengthen the
shock. Both effects can be evaluated analytically,
using Whitham’s theory for shock propagation in
inhomogeneous media (J. Fluid Mech. 4, 337, 1958),
if both the shock and the chromosphere are consid-
ered to be isothermal. The change in Mach number
(M) with p and 4 is given by

1 1 2 dp dA
<1L +—+ )aw+ ' A=o

lM2]M‘M—1 p[

For plane stratification or vertical magnetic fields
(d4=0), the shock penetrates gas increasing in
density by one to two orders of magnitude before
attenuation becomes significant. Its effect may relate

. to the flare nimbus and to the disappearance of stria-
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tion patterns. The strength of a shock entering the

Y

field of a sunspot (dd4/dp<0) is attenuated much :

less. Flaring over sunspot umbrae may be initiated :

by such a shock.

H

Temperature Models for the Outer Solar At- %
mosphere. MarviN L. WHITE AND Koo Sux Kiy, .
Air Force Cambridge Research Laboratories and -

Lowell Technological Institute Research Foundation. |

—A re-examination of “observed” electron densities '

in the solar corona and corona -extended plus Ex- |

plorer X data shows that an inverse square law for |

the density variation is a good approximation. Such

a law implies a constantly expanding model for the

solar corona. An analytical expression is obtained for |
the temperature profile using this model. Without ad-
justing any constamnts, one obtains a temperature of :
3500°K at 0.00025 solar radii above the limb, a .

maximum temperature of 1.65X10° °K at 0.7 solar
radii and 2.16X10* °K at the earth’s orbital distance,

This temperature distribution is compared with one
based on modifications of the hydrostatic model of -
Pottasch; a close agreement is found. The conse-

quences of this agreement are discussed.

Structural Parallels in Nondegenerate Cosmic
Bodies. ALBERT G. WiLsoN, Douglas Advanced Re- .
search Laboratories—Schwarzschild’s exact solution
of .the Einstein field equations leads to the prediction
of a bound to the ratio of the gravitational radius.
to the linear radlus for all gravitating systems,

namely,
2GM/c*R<]1.

Tt is observed that this ratio for each of four species-
of nondegenerate cosmic body—main sequence stars,
galaxies, clusters of galaxies, second-order clusters—:
_is bounded and that the bound is closely the same for
‘each species: 2GM/c*R=10-*3, (M/R=10%4 g/cm

or 10% with respect to the mass and radius of the

hydrogen atom.) The ratio of the observed bound for:

nondegenerate bodies to the Schwarzschild bound is’
of the order of the ratio of atomic to nuclear dimen-
sions. -

Assuming the Schwarzschild bound governs totally
degenerate matter, the upper limit to observed
masses of stars may be explained as the result of
the Schwarzschild limit forbidding a mass of greater
than about 10** g for a dense neutron fluid under
initial conditions similar to those postulated in evo-
lutionary cosmological models.

The 10-*2 bound appears to play the limiting role
for nondegenerate matter. The latter bound limits
stellar matter under maximum nondegenerate density
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conditions to masses of about 10% g, consistent with

observed main sequence stellar masses.

. A basic question is raised by the existence of the
10-+3 bound for aggregates other than stars. Some

generalized form of degeneracy for larger aggre-

gates may be implied.

_Computations Concerning Use of the Princeton
Nomographs for Eccentric Orbit Cases. ROBERT
E. WiLsoN, Georgetoun College Observatory.—
Shifts in the depth and shape relations for eclipsing
binaries in eccentric orbits are computed. These
shifts depend on the eccentricity, longitude of peri-

astron, radii of the components, orbital inclination,

_ratio of the luminosities, and whether primary eclipse
is a transit or an occultation. The present computa-
tions supply a moderately large collection of sets of
these seven input variables, along with the corre-

sponding displacements of the depth and shape rela-

tions. Purposes are (1) to enable those attempting
o solve light curves of eccentric systems to estimate
the errors that would be made by ignoring the eccen-
tricity and (2) to aid evaluations of solutions taken
from previous investigators who have disregarded
small eccentricities. ‘

Results of the U. S. Naval Observatory Pro-
‘am of - Visual  Double-Star - Observations.

PruariEs E. Wortey, U. S. Naval Observatory.—
Intermittent series of visual double-star observations
have been made at the Naval Observatory for more
than a century. The present program was begun in
1961. More than 9000 measures have been made with
the 12- and 26-in. refractors in Washington, and the
40- and 61-in. reflectors in Flagstaff, in this pro-
gram. Automatic readout equipment developed in
collaboration with A. H. Mikesell was used in the
_measures. Emphasis has been placed on pairs of as-
trophysical interest, including close, rapidly moving
binaries, nearby stars, and intrinsically faint stars.
Vith the 61-in. astrometric reflector, pairs of separa-
tion of 0706-07707 have been observed. Separations
of 0711-0712 are possible with the 26-in. refractor.
Intercomparison of the author’s measures with those
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made by van den Bos show good agreement with
little evidence of systematic differences.

The automatic -equipment includes two gear-oper-
ated shaft encoders, a memory unit, a manual entry
unit, and a solenoid-operated printer, The equipment
has proved reliable in service, has eliminated reading
errors, and has doubled the number of observations
possible under good seeing conditions.

A New Catalogue of Hq Emission Objects in the
Southern Hemisphere. James D. Wray, Dearborn
Observatory.—QObjective prism plates obtained by
K. G. Henize at the Lamont Hussey Observatory
have been searched for He emission objects, S stars,
and carbon stars. A previous search by Henize of
medium-exposure plates covering the entire southern
hemisphere to +10.5 wm, at a dispersion of 450
A/mm at Ha has yielded 1100 stars tentatively classi-
fied as early-type Ha emission stars. The recent
search by the author of long-exposure plates covering
the southern Milky Way from 240-10° galactic
longitude to +13.0 m, has revealed an additional
800 probable early-type emission stars, and a few
new objects of type P, C, and S.

Coordinates (e, 8) accurate to ~==15" p.e. have
been computed for all objects found on the long
exposure plates by means of a 12 constant-plate re-
duction theory modified to account for .tangential
distortion introduced by the objective prism. All
standard stars were of spectral type AO, providing a
well-defined absorption line at Ha for measurement.
Plate measures were obtained on a fully digitized
Mann 621 comparator with punched card output. Use
of a digital x,y plotter for identification of comparison
stars, evaluation of plate reduction residuals, and
measure data confirmation greatly facilitated the
data reduction.

A preliminary analysis of the surface distribution
of southern hemisphere early-type emission stars re-
veals the strong concentration of the galactic plane
and the irregular distribution in longitude similar in
nature to that found in the northern hemisphere by
Merrill. The relatively high surface concentration in
the Carina~Crux region previously examined by Bok
is fully confirmed by this survey.
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Structural Parallels in Nondegenerate Cosmic
Bodies. ALBERT G. WiLsoN, Douglas Advanced Re-
search Laboratories—Schwarzschild’s exact solution
of the Einstein field equations leads to the prediction
of a bound to the ratio of the gravitational radius
to the linear radius for all gravitating systems,

namely,
2GM/c*R<1.

It is observed that this ratio for each of four species
of nondegenerate cosmic body—main sequence stars,
galaxies, clusters of galaxies, second-order clusters—
is bounded and that the bound is closely the same for
each species: 2GM /c*R=10-*3, (M/R=10%*% g/cm
or 10%° with respect to the mass and radius of the
hydrogen atom.) The ratio of the observed bound for
nondegenerate bodies to the Schwarzschild bound is
of the order of the ratio of atomic to nuclear dimen-
sions.

Assuming the Schwarzschild bound governs totally
degenerate matter, the upper limit to observed
masses of stars may be explained as the result of
the Schwarzschild limit forbidding a mass of greater
than about 10%¢ g for a dense neutron fluid under
initial conditions similar to those postulated in evo-
lutionary cosmological models.

The 10-*3 bound appears to play the limiting role
for nondegenerate matter. The latter bound limits
stellar matter under maximum nondegenerate density

conditions to masses of about 10% g, consistent with
observed main sequence stellar masses.

A basic question is raised by the existence of the
10-+3 bound for aggregates other than stars. Some
generalized form of degeneracy for larger aggre-
gates may be implied.
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STRUCTURAL RARALLELS IN COSMIC AGGREGATES v

Albert &, Wilson

‘The parameter GM/R (where G is the gravitational constant,

M the mass, and R the linear radius] may be determined

for stars, galaxies, and clusters of galaxies independently
of calibrations or assumptions concerning the distances to
these bodies. Although the observables used for each of

 the three species of cosmic bodies are different, the

derivation of GM/R depends in each case only on basic
dynamical relations like Kepler's third law.

In the case ofbstars, M and R are determined directly

from the orbital parameters of eclipsing binaries,

through observations of the light curves and spectra.

In the case ongalaxiés, the observables are =z the
inclinations.of lines in the equatorial spectfa of

the galaxy or the redshifts of individual bodies

rotating with the galaxy supplemented with the appro-

priate angular dimensions. The obseryvables in a cluster
Cf‘galaxies.are the individual member_galéxy redshifts

whose mean dispersions are proportional to GM/R by

the virial theorem. The accuracy with which the observables
in each case may be measured, the basic nature of the *
dynamical theories used in the reductions, and the non-
dependencé on distance/mentioned before, give GM/R

observations a special usefulnesss in astronomy.

In Table 1 are listed the values of M/R, including the
individual values of ¥ and R when known, of stars, galaxies,
I clusters, and second order clusters. The entries

in the R, M, and M/R columns are all logarithms to the

base ten of the c.g.s. values. The dimensionless M/R
column gives the loglc values in a system of units in

which the unit mass is the mass of the hydrogen atom




—D

and the unit length is the radius of the first Bohr
The column headed N gives the lpglo of the

orbit.
numbers of atoms in a main sequence star, the number
These values, like all

of stars in a galaxy, etc.
values in the table are order of magnitude values.

The values for stars and galaxies may be found in the

published literature [e.g., 2llen, Astrophysipal'
Quantities]. The values of M for clusters were
derived using the virial thedrem on the basis of
published and unpublished redshifts. [ . 1l
In the case of the coma cluster and four other clusters,

the radil were determincd from published [ 1
The

and unpublished counts on 48" Schmidt plates.
value of M/R for second order clusters was synthesized

from the observed dimensions of 2° order cluster cells,
the numbers of constituent clusters, and the mass of -
individual clusters. The data are from Abell and
1. :

de Vaucouleurs [
The samples of the aggregates of each species whose

values appear in the table were selected on the basis
of possessing the largest M/R values in the attempt
to determine whether an upper bound for M/R exists.
No additional selectivity factors other than those
which determined the choice of which binaries, which
clusters wexe observed in the
Since observers

galaxies, and which
the sample.

first place affects
tend to select objects on the basis of ease of
observation, the biggest, brightest, and consequently

most massive, objects are probably in the sample.

may conclude that it is a good sample to_inspect
It is probably a poor sample

Ne

o]
O

th
H

an upper bound.
most other statistical purposes.
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The salient feature of the table is that the
independent upper bounds for M/R in the star sample,
galaxy sample, and cluster sample, are nearly the

same - all about 1023 5

grams/centimeterf. The same

is true for the second order clusters, but since M/R
has not yet been directly measured for these aggregates,
the determination is not independent. It thus appears
that for all of these cosmic bodies there may exist

some sort of universal bound governing the ratio of

mass to s1ze.
It is interesting to note the comparison of the
value of this bound when expressed in dimensionless

38.9

form, viz. 10 with the values of some other basic

dimensionless quantities of physics and cosmology.

2

As for example, l_oglO I§ﬁ~§a—l‘= 39.356, the fatio of
' T 107 coulomb to grav1tatlonal

férces
logqg {%?g} = 40.52, the ratio of the
4 "Hubble radius" to the
é electron radius.

These numbers have a way of recurring, though their
significance is not understood. Dirac [ 1 surmised
that all of the dimensionless numbers of the order of
1040 differed only by factors which are basic

constants of the order of unity. Such as 7,7, etc.
Eddington felt these numbers which should inclﬁde the
above mass-radius ratio for non-degenerate cosmic
bodies, reflect some basic - possibly number theoretic -
property governing all macrocosmic and microcosmic )
structures; while Dirac held that these numbers reflect

"ne age of the universe and their value changes with time.

.—1<
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Which of these viewpoints, if either, is correct
remains to be seen, lthough the diverse orlglns

of the same number/support to the conjecture that the .
structure of cosmic bodies is related to the structure -
of atomic and sub-atomic bodies. ‘

From the table we conclude

Mn i 10°°

Rn
where N is a subscript referring to stars, galaxies,
clusters, G*Q., The units are a, for length and My
for mass. In these same units, agr My, and a unit
of time equal to the time T, for an electron to
traverse 1 radian in the first Bohr orbit, ¢ =4r“l,

where & is the fime structure constant and G =,10—39.356,"

whence
(1) &M . 2 .
S ﬁ0(2"100.3 & oo ;
C Rn

The use of 0i’ in the right member is to designate the
order of magnitude. There may exiséffgctors of the
order of unity. Equation (1} simply states that for
all non-degenerate cosmic bodies the ratio of the
gravitational energy Gmnz to the total energy C2 is of

)
X
n

the order of magnitude of the ratio of the range of

nuclear forces to the range of coulomb forces. Or,

2id another way, the ratio of the graV1E?tlonal fadﬂus
‘n Ay limear radivs T3 Fhe $a-me ag the ratis of

radius- of the electron to the Bohr radius, viz.

Iy /a =&

-
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Equation (1) may also be interpreted in terms of
circular wvelocities or excape yvelocities. (A factor
of two is unresolved.] GM/R is prdportional tO‘VEZ.
Hence for each cosmic body a circular velocity

%/C = X 1s defined. The quantity, &c¢, is, of course,

the velocity of the electron in the first Bohr orbit.

The underlying question as to why there should be a
bound on the ratio of the gravitational radius to the
linear radius has already been answered by relati?ity .
theory. Schwarzschild's exact solution of the Einstein
field equations [ I leads not only to the three
classic tests of general relativity but on equating

the inner and outer solutions on the boundary leads

to the inequality. S

(2) . GM L

It is thus not surprizing that we observe an upper
bound to GMn/czRn in Table 1. The difference betweep
equations (1) and (2), observed and theoretic, lies
‘in the matter of degeneracy ox stability. The obserw
vations were of non-degenerate systems. The theory
applies to all spherical systems with static line
element and perfect fluid approximation.
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From time to time astronomers, who usually, hasye their backs
turned on the human enyironment, turn arouhd and point out
something interesting that they have observed. They like to
share their findings, but they recognize that they are generally
regarded as being very much on the fringes of the practical
world. However, one time when &= astronomers turned around
and muttered about their discoveries, they started .a chain
reaction in the world of practical affairs. The studies of
the motions of planets by Tycho and Kepler led to the discovery
of the laws of dynamics which led f&wgpithVéloPm??f;gﬁthe
science of mechanics, which in turn,developeizise, engineering,
and finally, in the Eighteenth century launched the industrial
revolution. This was followed by subsequent technological

revolutions which have been sweeping us along ever since,

More recently, an astronomer turned around and muttered something
about energy sources in stars and started a chain reaction in the
minds of physicists which led to a different sort of chain

reaction and started another revolution.

Today, with the advent of the so-called space age, I note with
4Ef§§}§2}ion that astronomers have again turned around and are

Ene more than ever before - t&ldxizdg in government committees,
NASA staff meetings, Air Force planning groups - even discussing
structures at SIU. The world has all the revolutions it needs

right now. My advice is to get the astronomers back to their
i enerse ;

telescopes. e—P—you give—them--a_chance to ta
Simee Feore js a clorta o of f’f’/z";fcc/nu — 4 oy ighE Be Oer amosf

€:%({//V{ =1 ,~j K/W&;«;/ 71\0), <o J V[“pv‘,x /.4' ; I ¢>/uf': //‘/{}11’,/ 7[0‘47;///”/'




SOME.PRINCIPLES OF HIERARCHAL STRUCTURE

This evening, I would like to discuss one of the most universal
phenomena concerning structure with which we are acquainted -
the phonomena-of the hierarchal ordering of aggregates. We
encounter hierarchal structure ubiquitously in our internal

and external environments. It is basic to our thought patterns
and to our classification sYstems. We organize ourselves
hierarchically in our social order, in government, in the
military, in corporations. We observe the wide—spremd existence
of hierarchal structure in the biological world. We observe
hierarchal structure in inanimate matter.BUEn spite of the
ubiguity of this phenomena, at the present time we have no
comprehensive explanations as to why nature, including we moam,
owEgsedres, organizes in a hierarchal manner,

Perhaps there is no single princible or meta-principle under~
lying and causing hierarchal organization. There may be as
many reasons for it as there are hierarchies. But whenever
diverse agencies employ the same technique, there must be
something of value in that technique. We may, accordingly,

valce Givimg

reasonably inquire what common, features Gl et ue-r =i

NGy

Qﬁﬁibie=w® abstractfrom different hierarchies. Whether
hierarchies have a common cause or merely share certain commop'
features is a metaphysical question. Our present concern is
not to explore that question, but merely attempt to identify
51m11ar1t1es and differences in hierarchies whenever possible.
Not to ‘seek explanations, but rather, to observe any reifﬁige-

ships and patterns in structure that may be evident in ¥he data
whigh is well established and generally available. ‘



~2n

This may prove to be a very Important quest, especially in
our times when the complexities of life are increasing, and
available space is decreasing. Every possible economy, every
possible bit of guidance, which can be ascertained may be
basic to our survival tomorrow. It will pay us to explore
whatever organizational principles exist in the universe, be
they informational, physical, psychological, social, or what-

ever.

Before I go any further in a discussion of hierarchal structure,
I had best define how I shall be using the term. A hierarchal
structure is a structure which consists of a set of aggregates,
the elements of each aggregate being themselves aggregates,
whose constituent elements are in turn aggregates, etc. This
sequence may or may not terminate on either the small scale

end, or the large scale end.

' Because the study of inanimate matter has proven far simpler
than the study of bio-organisms or social organisms, the

easiest place to begin is perhaps with material aggregates, It -
has been recognized for over two centuries that the cosmos '
might be constructed along hierarchal lines. The first surmise -
in this connection was purely speculative and waé proposed by
the Swedish philosopher, Swedenborg. 1In 1750, the Alsatian
physicist, Lambert, hypothesized that the universe was
constructed hierarchically. He was impressed with the fact that
the newly invented telescopes had revealed satellite systems for
the planets Jupiter and Saturn which resembled miniature solar
systems. Lambert pursued the analogy between the orbiting
satellites around Jupiter and Saturn and the orbiting planets
around the sun. He speculatéd that perhaps the sun, itself,
could be a satellite revolving about some distant center in

the universe in a planetary-like orbit. (He did not, of course,
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reakrxrze that the sun indeed moyes in a planetary-like orbit
about a galactic center thirty thousand light years distant
in the direction of the constellation of Sagittarius. All of
this was to be discovered later.] Lambert extended his specu-~
lations postulating en entire hierarchy where the center about
which the sun moved in a planetary orbit itself moved about
some even more remote center, etc., etc., Subsequent deyelop-
ments in astronomy have shown that the universe, even though
not constructed along the lines imagined by Lambert, was

"indeed hierarchal.

In 1826 a German physician named Olbers became interested in
the question of the extent of the universe of stars. Through
a simple calculation he showed that if the universe were com=
posed of iﬁiﬁs llkeéthe sun, uniformly dlstrlbuted and)%g;éuﬁzw
infinite ¢ﬁ~ex%en£ that the brightness of the sky should be
as bright as the sun everywhere. But since the sky is dark

at night, possibly the universe was not infinite. Olbers pre-~
ferred to hold to the infinity of the universe and assume
there was some other cause for the darkness. He postulated
there to be some intervening cosmic dust which cut off the
light from distant stars. The urge to preserve the infinitude
of the universe led other astronomers to seek causes for what
had come to be called Olbers' paradox. Early in this century
a Swedish mathematician, C. V. Charlier, proposed a solution
in which he showed that if the universe, instead of being com-
posed of an infinite distribution of stars, were hierarchically
structured, thes® stars being grouped‘into galaxies, and these
in turn grouped into super aggregations, etc., that we could
have any brightness of the night sky and yet have an infinite
number of stars in the univérse. Shortly after the work of
Charlier, the general theory of relativity was intrfoduced
which provided alternative solutions to Olbers' paradox.
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‘ Relatayistic models of the uniyerse were.based on a&%mnptioe§
of uniform density and h;erarchal structure h@s not so fax N
been used as a base of relatavistic cosmological cons;deratlons;

However, The recent establishment of the existence of second order clusters
of galaxies by Abell requires that hierarchization be taken
into account in all realistic models.é??rofessor Shapley, the
Emeritus Director of the Harvard Observatory, has long been
intrigued with the hierarchization of matter and has written

v two books in which he describes this iﬁteresting phenomenon.

[EjA The first slide summarizes Shapley's classification of the
material systems found in the universe. Shapley has assigned
‘an index designating the order or rank of an aggregate in the
hierarchy. He gives the fundamental particles composing the
atoms an index of -4, the atoms -3. Next come the molecular
systems, including crystals and colloidal systems; then
meteoritic associations, built up from molecular systems;
satellite systems; stars; star clusters; galaxies; clusters of'

. ~galaxies; the metagalaxy; and the universe: each level being

an aggregate or set whose elements are in turn the aggregates

of order one less. This classification shows us that in the

scale interval of the universe with which we are familiar, ‘

the scale-wise structure is definitely hierarchal, We haye no .

reason to assume that the largest aggregate that we now know

is the largest which exists (saving the term universe for the

last). Although arguments from analogy are often persuasive,

arguments based solely on analogy cannot definitively establish
whether the hierarchy continues to larger and larger aggregates,
and there may be no way to establish whether or not the universe

is hierarchal ad infinitum. Shapley's table illustrates the

different known aggregates of matter in order of size and mass.

It is not proper to assume that all aggregates listed be given

equal weight in this hierarchy. Later we shall see that there

are basic aggregates which we may call primary and the others

must be regarded as satellitic aggregates. Tfﬁjiaj

, e
® —
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Four basic questions arise, First, why is matter organized in
a hierarchal mannexr. Second, why do the particular aggregates
having the masses and sizes which they have occur in nature and
why not other aggregates with different masses and radii. Or,ﬁﬁufﬁdéj
why does a star or a galaxy have the mass and radius it has?
Third, since we do not encounter other bodies in unlimited
assortments, we may ask do other bodies exist, but have escaped
observation, or is the hierarchal structure truly discrete

and completely represented by known aggregates. And the fourth
guestion, how far does the hierarchal structure extend both
down in scale and up in scale. Is it open ended or does it

terminate.

In looking at the cosmic portion of total interyal of obseryable
levels in the hierarchy, we find two advantages. First, there
. Whllh iy $erve ol the hasie For cm{oﬁw\fc-m'

exists a descriptor,which may be readily deduced for all aggre=
~gates in the hierarchy from simple accurate observations;: and
second, we have approximate spherical symmetry in all aggregates.
The relations may be expected to be simpler and depend on fewer
parameters in the case .of the cosmic aggregates than in the case

of terrestrial aggregates.

The basic descriptor available to us for comparisons of cosmic
bodies is the simple ratio of the mass (M) to the radius (R) .of
the aggregate. Its evaluation depends in each case on Kepler's
Third Law, but in each case on an independent technique. Kepler's
Third Law is one of the most powerful tools available to the

astronomer.
P2 = 4ﬂ2a3 or G(M1+M2) = 1"
G My +ty) Tz a

.VO
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This law, first discoyered by Kepler, and later modified by
Newton, allows the astronomer to measure the masses of inter~
acting heavenly bodies provided he knows their distances of
separation and either their velocities or periods of rotation
about one another. Usually, if we are to determine some
explicit property of a celestial body such as the mass or the
linear size, we have to know the distance to the body. But a

.useful thing about the ratio of mass divided by radiug,it may

be determined without having to know the distance to the object
under study. This is a tremendous advantage because of the
difficulties and uncertainties in determining distancés to
celestial bodies, especially the more remote qus whose dlstances
can only be determined through iterated callbgatlons&mg éeVeral
methods of distance determination. The observations required

for determination of M/R are straight forward béing mostly
observations of specdret radial velocities, angular dimensions,
and light variations. The observations of radial velocities
which are determined from the doppler shift of spectral lines

can be made with as high precision as any observations in
astronomy.(| The ratio of mass to the linear radius is determined
in different ways using different techniques for each of the

four aggregates which are available to observation. For stars

the ratio of the mass to the radius may be determined in the

case of a type of star known as an eclipsing variable or eclipsing
binary. These are a pair of stars orbiting about one another

in a plane which happens to pass through the earth. 1In this case,
we see the stars eclipsing one another. Aside from the sun our
knowledge of accurate masses and radii of stars are limited to
those of eclipsing binary stars. I will not go into the details
of the determination, other than to say it is an observation
involving the period, light curve and the spectral orbit of the
stars. Mow For galaxies, % may be derived‘in at least two ways
and with less certainty, in a third way. & basic way of
determining the ratio of the mass to the radius ade to observe
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the spectra of the rotating galaxy placing the slit along

the equator and measuring the inclination of the spectral lines.
This angle of inclination together with the angular radius and
the linear value of the Doppler velocity, allow us to determine
the ratio of %. Again, no knowledge of the distance is required,

. To determine the = ratio for a cluster of galaxies we employ

R
what is known in mechanics as the virial theorem which gives
the value of Q% in terms of the dispersion of the velocities of

the members of the cluster. Since velocities can be determined
from the redshifts which are directly observable, 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 second order clusters the same technique can be.
used but also the mass and radius can be eXxtrapolated from

counts of the number of clusters in the second order cluster, from
masses of clusters,and observed angular dimensions converted to
linear dimensions by redshifts. The extrapolation method,

however, is not independent.

We thus have three independent types of astronomical observations
for the three species of aggregates, stars, galaxies, and clusters
which allow us to determine the ratio of % for each species
directly from observation. I wish to emphasize égain that the
methods, are independent, are

based on different observables, and involve essentially no theoﬁ@:a/
UJ.JV‘W\/."JT‘}‘G% biye’"'f\/ /(@k/&r\’/ LA/I/;".

When one compares the values of the mass to radius ratio for the
different aggregates, a very interesting coincidence is observed.
On the basis of the sample of all available eclipsing binaries

{and the sun) we find that the maximum value assumed by the

23.3

ratio u in metric units of grams per centimeter is 10 For

R
the available sample of galaxies whose mass to radius ratio has

been determined, we find that the maximum value which occurs is

1023'6 grams per centimeter. The mass to radius ratio deter-

mined by the virial theorem for all of the clusters of galaxies
for which sufficient data is available again gives % equal to

1023'5} The super clusters of galaxies can be studied by



=8m

the yalues for clusters of galaxies and'multiplyipg
number of clusters in the super cluster and using the

proper mass for a cluster and the observed radius for the
super cluster, Again we come up withf1023’2 for the X ratio.

¥|
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‘ . We thus find the rather startling result that the maximum ratio
of mass to radius for every species of non-degenerate cosmic aggregate

that we know has the same value in grams per centimeter, namely,
23.5

10
C@mﬁkﬁ/
The fact that this ratio is bounded is notﬂunexpected. The
German astronomer Schwarzschild in 1916 obtained an exact solution
of the Einstein field equations of general relativity under certain
assumptions, including spherical symmetry. The Schwarzschild solution
led to the three famous predictions of.the general theory of rela-
tivity. These predictions consisted of 1) £he-advance in the peri-
.helion of the planetiyercury, that is the prediction that the majof
axis of the planeﬁgﬁgtates,in space in a manner different from that
predicted by classical Newtonian theory. The second prediction was
. that a rav of light passing near a massive body, like the sun, would
‘be deflected. This may be tested by making observations of the star
field surrounding the sun during a total eclipse and comparing the .
same star field photographed in the night sky six monthsAlater. The
third prediction was the so-called Einsteiﬁ or gravitational redshift.
The frequency with which an atom radiates is different when in a'
strong gravitational field than when in a weak field so that a spectral
line coming from an atom on the sun would be shifted in frequency with
respect to one originating in a laboratory on the earth. These three
effects have been observed. But in addition to these three classical
predictions of general relativity the Schwarzschild exact solution

-

makes a fourth prediction. This is the prediction that the quantity

M

c2R

9]
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Here we have multiplied the ratio of M/R by two universal constants:

-G, the universal gravitational coupling constant, and c, the velocity
M¢ yl //‘q’VZ 4"90 ‘
%8 v ae, rad
G‘],% / eV M o .7__'1___1:_-
There are several ways of interpreting the Schwarzschild [1rnsen, 7

of light. The resulting product is dimensionless.

limit. Without going through the details of the derivation, we
may see that the limit is an immediate consequence of claésical
Newtonian theory and the relativistic assumption that there exists
a limiting velocity for material objects, namely the velocity of

light. Classical Newtonian mechanics leads to a formula

where Vx equals the velocity of escape. 1In the case of the earth,.
substituting the mass of the earth'and the radius of the earth

in this equation we find the velocity of escape is about 11 kilom-
eters per second. For the sun the value is about 620 kilometers
per second. For the Moon it is in the neighborhood of 2 kilometers-
per second. What the Schwarzschild limit implies is that ﬁo aggre-
~gate in the universe can assume values of % which make the velocity
of escape greater than the velocity of light. Another way of
looking at the escape velocity is, if a particle is released at a
very large distance from a body and allowed to fall freely it will
accelerate until the speed with which the falling body strikes the
surface of the planet is equal to thgéscape velocity. Consequently

the Schwarzschild limit states that any body which is accelerated

only by gravity has a limiting velocity of c.

%
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Recepitulating, we have from the general theory of relativity

that the ratio of % is bounded and the dimensionless quantity

- o ool

U% has the bound of one-half. Observations show that % is, bounded
Cc™R '

but that the guantity g%— for the all observed nondegenerate systems

Cc R
has the round, not of one-half, but of a guantity which has the
- &Hymé ¥ ot
value of about 10 4. 3. Why this dlscrepancy° It is here that the

matter of degeneracy comes in. If we assume a model in which
hydrogen atoms are spheres whose radii are of the order of lO-8
centimeters and if these spheres are packed solidly as one would

pack cannon balls or marbles, a large aggregate of hydrogen molecules
can be assembled. The question is, assuming an aggregating principle-
like gravity which assembles atoms until a large mass has been built
up, how big may the mass be? The slide shows us what will happen.

[ Yo x50 cyele A

Across the bottom of the slide is plotted the logarithm of the /% ~fey blofd

radius of the aggregate, cosmic or atomic,in centimeters; vertically

is plotted the quantity gnghich is called the gravitational radius.
c ;
Multiplying the mass by the fundamental constants 95 converts the
c

dimension mass into the dimension length hence the name mass radius
or gravitational radius. We are thus able to compare masses and
lengths and the ratio GM/CZR becomes dimensionless. The mass‘of
close packed hydrogen atoms under consideration would grow up along.
the dotted line passing through the hydrogen atom and having a
slope of 3 to 1. This is a line of constant density. Growth could
continue until encounter with the Schwarzschiid limit. Growth is

-

not possible beyond that. No physical body can be any larger than
~4,3
that determined by this limit. However, if it is the second or /0

observed limit which really governs any aggregate of closely packed

%QE
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, ‘ hydrogen atoms, then the mass could become no larger than/’the
intersection of the constant density hydrogen line with theSobserved
limit. It is precisely at this intersection that we observe the
aggregate we call stars. The mass determined by the intersection

33 to lO34 grams. This is the

of the two lines has a value of 10
observed mass for ordinary stars. Hence, we have here a partial
answer to one 6f our three basic qgestions, why stars have the
masses which they are observed to have. Alternatively, observed
stellar mass may derive from the intersection of a constant density
l1ine for close-packed nuclear particles with the Schwarzschild
limit. If instead of taking hydrogen atoms we take neﬁtrons or

nuclei of hydrogen atoms and pack them closely we find the same

cutoff mass, 1034 grams, from closely packed neutrons being cutoff

‘ TArs s f ifem }//.,nu Lo 'J'v"//WU 77/"J77»Z;/ i For Vor 1yl 5 7’ 4 %’/"W 2>
at the Schwarzschild limit. Thus there ex1sts a parallel between néyé%
(WMp//;

atomic size with the observed limit for non-degenerate cosmic

aggregates $w=the-universe and neutron size with the theoretical

_403

relatavistic Schwarzschild limit. In fact the 10 bound is very

closely equal to the ratlo of, the size of the nucleus to the first

= Gbparest)

Bohr radius of the atom. We are hereﬂencounterlng a manlfestatlon

of atomic dimensienssawd ratios on a cosmic scale.
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This 1s a rather exciting parallel. For several decades

cosmologlstslhave suspected that there existg g relationshipy
ths hroRer7ier o
between é%rﬁctures wﬁzch:are—eb@e»ved on the cosmic scale and

the baS1c properties of the atom, which is the fundamental
building block of all larger aggregates. rigitgg¥%hg§¥%é§€Q
Eddington pointed out the identity between basic dimensionless
numbers associated with the properties of the atomg&, and basic
dimensicnless3gumbers associatgg with the cosmos. For example,

2
e”/Gm, e = 10 and cH/xg = 10

radius of the electron. These numerical identities have been

where xg = e2/mec2 is the

regarded by many physicists as merely coincidences. Yet, when
dealing with numbers of the order of magnitude of 10+39, it is
a little difficult to account for two such numbers coming from
two svins of a wheel of chance - unless there are only a very
few numbers on the wheel and that would be an even more
remarkable situation. But now we haVé:égfdence é%@éé%é@g
subdaniaosept for the existence of basic relationships

between atomic and cosmic structure. Another of the dimension-~
less numbers considered by Eddington is the Sommerfeld-Fine
structure constant (@) which was first discovered in atomic
spectra. (The reciprocal of this number has a wvalue of about 137 )
The ratio of the size of the first Bohr orbit in the hydrogen

atom to the electron radius is equal to the square of this

01'4'27 and it is quite possible that this is theiégééKM/

runker af our 10—4'3. If so, we may write GM/cst az.

number = 1

Now let us return to the concept of degeneracy. Whenever the
spheres of hydrogen atoms become more closely packed than their
unperturbed radii permit or whenever the electrons present do
not have a suitable number of states to occupy, a condition of
matter which we call degeneracy arises. It is like having to
stack cannon balls together in a space which is so.small that
the cannon balls would have to intersect each other in order to

be sgueezed into the space. This, or course, creates very high
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densities of matter, much larger than any occurring in normal
solid state. We actually do observe bodies in the universe

which @ have these high densities and manifest the property of
degeneracy. These are stars which are known as white dwarf stars.
They are located on the diagram between normal stars and neutron
stars. They have values of % which are greater than the values
observed for the nondegenera%e aggregates, the main sequence
stars, galaxies, etc., but less than the Schwarzschild limit.

SV rmise -
We are led to eosetude that the smaller 10 4.3 limit applies to

nondegenerate aggregates of matter, while the Schwarzschild

limit applies to degenerate aggregates and is the ultimate limit.

In other words, if one regards fhe neutronsas the ultimate

cannon balls, they cannot be packed more closely than their radii
gy rege fes

allow, nor in maﬁges greater than the Schwarzschild limit will

allow. Ue &us hzue ¢ '

cn..the diagram. Furthermore, whereas the Schwarzschlld limit

corresponds to the VelOClty of light, the 10 4,3 observed limit

corresponds to a ve1001ty which is equal to the velocity of

light divided by the Eddington number, 137. This has a value of

around 2,200 kilometers per second. Hence the maximum escape
velocity from any nondegenerateéiﬁar,‘galaxy, cluster or super

cluster, is the same and equals, 2,200 kilometers per second.

This is the fastest that one would expect to find any material

body in the universe being accelerated by th§r§£§£££;°%%ua non-

degenerate body. It is interesting to note that the circular

velocity corresponding to this value of ac is exactly the

velocity with which an electron moves in the first Bohr orbit.

Another parallel between the atomic and cosmic structure.

On the basis of the limits shown in the diagram can we get any

dme . . - .
clues towardsen answer to the question why hierarchization

occurs. Considering—iurther,—the—ansWwer—i6 Y88+
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The third slide has the same axes as the second. The 1:1
al
slope line is the observed limit for nondegenerate bodies and

. R . . Mo~ digene rafe
the 3:1 slope line is the observed distribution for, K solid

bodies with densities the order of hydrogen atom degsity«

These solid bodies, the planetsJJupiter, Saturn, etc., do not
all have the same density, but on the scale of this diagram

they are approximiﬁiiy the same. The densities range from
about one to six. -Hense,these-bodies are all on essentially
the same constant density line. We see that there are fwo types
of limiting aggregates in the universe: those falling along the
constant density line - planets and stars - these are density
limited and are interpretable on a model of atoms close packed
in volume. The second type of body, those which lie along the

=43 1imit with the slope one to one, are velocity

observed 10
limited. We have seen that the escape velocity for all of
these objects is identical and of the order of 2400 kilometers
per second. In the velocity limited bodies there is freedom

. ~ Un The othor, hand
of motion among the elements of the aggregate. AThere is
essentially no motion in the lithospheres of planets, and only
fluid motion in the atmospheres. We can accordingly think of
these two classes of bodies as (1) static bodies -~ those which
are density limited, and (2) dynamic aggregates - those which

are velocity limited.

There is yvet another relationship governing the velocity limited
bodiesz. That is this. Since M divided by R is the same for all
these bodies and the mass of, say, a galaxy is equal to the mass
of a star times the number of stars in the galaxy, it follows
that the radius of a galaxy is equal to the number of stars in
the galaxy times the radius of the star. The same is true for
clusters, etc. In other words, instead of being close packed in
volume, the objects which lie along the velocity limit line are
linearly close packed. The diameter of any aggregate is equal

to the diameter of the element composing that aggregate, times
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the number of elementg in the aggregate, We thus haye two
typef,gpraéﬁlng = thafveloclty limited hodies are linearly
packed, even though they are three dimensional bodies and
occupy three dimensional space, the diameter assumed is just the
linear extension of the particles making up the body. The
SOlldug%dﬁfomay be made by volume-close-packing of elemental
spheresﬂ either hydrogen atoms for nondegenerate, or neutrons
for degenerate objects.
Several aggregates are known to exist which lie below the 10743
ocbserved limit for wvelocity limited bodies. These bodies are
less than linearly packed. That is, the diameter of the aggre-
gate exceeds the linear exXtension of the constituent particles.
It thus appears that in nature dynamic aggregates are never pressed
into a volume any smaller than one whose diameter is defined
by linear packing. This observation may be of extreme
importance 'in the design of all dynamic systems required to be

collision free, which is essentially true of cosmic aggregates.

In slide 3, we can represent gravity by a vector force field
which causes all bodies in the lower right- par% of the diagram
to contract, i.e., to move to the left; andw%g grow in mass
accretively, i.e., to move upward. Motion will continue until
one or the other limits ~ the density limit or the velocity

limit .is reached.

If the density limit is reached, the object may continue to grow
in mase under gravitation, but will also have to increase in
size. Mass and size may increase until the velocity limit is
reached. Here in the corner made by the intersection of the

two limits, we encounter a stable position., This corner is

occupied by the stars.



’ Further growth along the density llml%rjcse ifﬂpOSSLble, To
build a larger aggregate growth must cumkzimue along the
ve1001ty limit, The aggregating force of gravity here effects
a growth in linear size ?roportional to the growth in mass, .
This means that each addition of a unit of mass demands an
increase in volume proportional to the square of the number

of particles already present. Any cosmic body accreting along

the velocity limit wilffﬁ§3e to exgand.

\x

Growth along the velocity limit in effect amounts to an

—

adjustment of the body to a density distribution which is such :

that the density at distance r from the center is proportional .

to r 4. A body which may be stable under maximum constant

B

density, when reaching this limit must expand and adjust to a
\ r~2 density distribution.

: Growth may not proceed smoothly up the velocity limit. Expan—
" . sions will take bodies to the right of the limit. Such bodies,
. considered now as elemental particles,may accrete along a constant
density line until the velocity limit is again reached. This
process may be repeated. We_.can gualitatively account for
hierarchization by speculating that this is how the two limits

interact with gravity and build up higher order aggregates.
The argument is quantitatively consistent as far as stars are
concerned. Beyond the stars there remain many uncertainties.-

4nAd There is no clue as to what positions}if any, are stable.
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All of this suggests a general theorem underlying hierarchal

structure.

1. If there exists an aggregating principle (such as
gravity).
2. If there exists a maximum limiting density (slope 3).,
3. * If there exists a velocity (or energy) bound (e.g. Q%_ ),
(with slope <3).. EZ;

4 Aoy Matter will be (a) hierarchically structured, or
(b) adjusting itself so as to be distributed in accord
with the density distribution demanded by the energy

bound. . M#—lm—y%&,»%.wywﬁli-cwﬁo—r@??’ W“ “)‘
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Recapity fo Fomm o,

-1g -
In studying cosmic aggregates we haye identified two types
of limits which goyern cosmic structure; a density limit, and
a velocity limit. Where these two limits intersect a very
basic and universal evént occurs; namely the stars. We have
furthexr seen.that the existence of these limits, together with
an aggregating principle such as the law of grayity, can lead
to hierarchic structure. We have not,'however, been able to
show why aggregates other than the basic aggregate of the star
occur in nature. It seems as though some supplementary

“eel] - mecseuys /Ora/wri‘y Hr
relationship such as a usniwversal-cellerizatien &f all aggregates
needs to be postulated before we can reconstruct completely the,'
observed hierarchal distributions.

of 74, st - pack on,d f/rf!-—/éac! Vﬁl’/‘(’//‘f/
Let us now turn from cosmic aggregates4 keeping in mind what we

A
,-}/’/*./ Omayét,,b COm

have ¢€u§%ed and consider ofher types of aggregateaé%@é ‘éOJez/

¢7 & f"""(:v”(g?,/ /WE‘/ _;./f/gm;,,/ ¢ /9/} ea/

-erarehhes. Let us con51de , -For—esfampie, human social T :
\‘V/';f,/ itr recently basad Ads wcKrvefit @ oot el rix '/&“4
organi zntlons, steh;as-the city., Is it possible to detect
07[ /V/mﬁnu el
anything in the structure and the behavior,of the city which
is similar to the two limits detected in the cosmos? We are .
certainly aware of one limit -~ the limit of maximum density.
Human beings cannot live together in too compact a state. There
is a certain minimum number of square feet required for life to

be possible, even in a concentration camp or prison. Pracieedsy.

precive fAIA mi'm /'/yy,',/,%‘ . R .
what The, value of thés Pbasic area required to sustain human life
méagre pribadly

s may be hard to isckate, smd itrﬁ&f dependfupon several factors.
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But we can assume that parallel to the'density limit which
. exists for inanimate particles, there does exist a maximum
density limit applying to human beings.

Are we able to detect any limit which parallels the yelocity
limit in the cosmic structure? The answer here is yes. There
is definitely such a limit governing urban structure and this

is the limit of the maximum acceptable commuting time. Finally,
analogous to the aggregating principle which is at work in the
cosmos, namely gravitation, there exists an aggregating principle
among numan beings. This is their natural gregariousness, their
inclination to come together, for physical security, economic
security, or emotional security. Since we haye for a human
aggrecation like the city the three essential ingredients of

the two types of limits and the aggregating principle, we might
expect that an inequality similar to the ones discovered for

cosmic aggregates may also exist.

. | Letd be the maximum possible density, and T be the
maximum acceptable commuting time.
A characteristic limiting velocity analogous to ¢ exists
within a city, call this v_ . This depends on the state
of the art. »
kvcﬁ defines a maximum length R. The radius of the city
R/ must be less than R. . _
N, the population of the city, =TT R, Ogr where Zps is the
mean density. Since R, < R and 5b<<37 we have

N = I/‘RCZJ—<’1T &5 =7TV02’£‘28‘
Hence §2<7T§%% a bound, e fﬁflxy/f4n£¢n@f/V‘ééuwaéﬁ
Ve
We thus see from these eguations that there is a m&rked
similaritv between a human agcoregation which £2fé§ﬁ£m§c, and

’ dynamic cesmic aggregations. Except for the fact that the city
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is two dimensional and the cosmic hodies are three dimensional,

the ecuations are parallel in eyery sense,

If M, = NH, a height to make the city three dimensional,
and ﬁ = volume density

M A
Sr<B=wgt?, [prh = T %1
v °E { I

c |
compared with

No<B= &%6, P/61 = ur¥
c“R 23]

—

Thusfgﬁz is analogous to the gravitational coupling

constant,

Finally, it is reasonable to conclude that because of the
existence of the aggregating principle which operates in

human affairs, and the éxistence of a density bound, and a
) i €guaficeg i s o Fhore g0 trasag Codmie eff/‘ifj"?@
velocity bound, that seme<eyent dipelikely to occur, 7T think

X orhiy peny lfdis

aciad ] G Lx B¢ fuptice .
we may safedy-xreasoh Dy analogy, and say that the—event—which

occurs af.the intersection-of-the—density—and—yetocity—bounds

are—the -cities. # 4 ﬁﬂfﬁﬁ@é’ WAICE iy s e
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Photographing the moon against star field backgrounds is

THE 48-INCH SCHMIDT FOR LUNAR OBSERVATIONS

recognized as a most useful technique for measuring the
lifference between universal and ephemeris times, determining
various higher order motions of the earth and moon, and

investigating certain geodesic problems. Because simultaneous

photographic observations of the moon and stars might be

Z. Kopal, for detefmining lunar librations from star positions
independent of reference to the lunar limb, he recently
reéuested that we investigate the feasibility of utilizing

the 48-inch ﬁalomar Schmidt as a moon-star camera. The
Séhmidt is rarely in use when the moon is above the horizon

and good supplementary use could be made of the instrument
/

if it should prove adaptable for lunar work.

The probiem of photographing the moon against its star field
backgrround is complicated by the motion of the moon, the

large cdifference in brightness between moon and stars, and

ntness of the sky in the neighborhood of the moon.

P! ?
chne

e}
b
(S9!
v

7¢ ic =.zc necessary that the moon and stars be photographed
56 that the position of the telescope when the moon is exposed’
be the same as the average position for the stars in order

o minimize refraction and off-axis effects.

Jowme 3 (7¢¢
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A highly successful, but sophisticated, camera for making

sinultaneous photographs of the moon and a star field has

been developed by Markowitz (Astron. J. Vol. 59, 1954, pp. 69~

73; Telescopes, G. P. Kuiper and Barbara M. Middlehurst,

Editors, 1962, U. of Chicago Press, p. 107). In this camera

the differential motion of the moon is corrected by continuously

changing the tilt of a plane parallel glass filter. An

exposure of from about 10 to 25 seconds is made of the star

fleld with the moon being tracked by the changing tilt filter.

the filter is parallel, the moon image is exposed;}being
recorded in its cor;ect position with respect to the stars.

I
.

In considering the Schmidt for this problem, it was felt that

since the £/2.5 speed allows the recording of 12th magnitude

stars (under dark sky conditions) in about 5 seconds, that
the moon motion problem could be surmounted by driving the
telescope at lunar rate and making a very short exposure.

ne star images would be only slightly trailed being still

+J

uite useiul as fiduciary marks. The Schmidt has no

0

jo))

eclination rate control but for the short exposure, this

should introduce very little blurring of the moon's image.

1e filter drive is set so that the filter is parallel to the /
. M vo €Lpoace
photographic plate .at exactly mid-exposure. |At the instantaﬁ.a&ngj Tue

AR
WAL



—3=

The moon brightness problem was to be solyed by introducing

neutral filter having a dense central circle sufficiently

v

large to mask the lunar image. Mr. George Kocher prepared
KODALITH ORTHO
a set of experimental filters by exposing 5 x 7 +63e=& plates

in contact with a template having a suitable central hole.
The scale of the Schmidt is only 69" arc/mm and marginal at
best for recording lunar features. Only the sharpest of

properly exposed images could be of use for libration measures.

' A . (L
The sky problem could be handled by photographing the star [ [{Ho }.g{m
W Ot Go %m(
@5 fiteiTiung
Lo ak {
Jov Qrs ~uii
doin wat (vl
Ao f A0S ¢4
ﬁaAnua§?maﬂbb

field through a suitable filter. However, since this
‘\

extends the exposure time and the star images are trails,

the usual gains from reducing sky brightness cannot be
; .
effected. ‘

Time was secured on thé nights of May 31 and June 1 through

the courtesy of the Director of the Mt. Wilson-Palomar Observa-
tories ﬁo make a feasibility study on the full moon. The |

5 x 7 piate holder with field flattening lens was employed.’
The chief limitation to the experimeht was the Schmidt |
shutter which has an operating time of three seconds and a
ninimum effective exposure time of some 4 ﬁo 5 seconds. The
mounting of an auxiliary. shutter would constitute a major

czpensive modification for which neither time_noxr money
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The results were highly unpromising. It was not possible to
record the lunar surface and stars on the same plate. The
intense brightness of the sky in the neighborhood of the

moon, although the transparency was good, vitiated the attempt.

The conclusions of thé experiment are that the Schmidt is not
useful as a moon-camera without extensive and expensive
modifications. While it may be possible to adapt the

Schmidti for simultaneous moon-star field photography through =
%)

¢iaphragms to change the f ratio, building a system of dual.. uwq

hutters, introducing suitable combinations of filters,
N

ané a declination rate drive, none of this seems worthwhile.

ince telescopes built for one purpose are rarely adaptable

’

to guite Gifferent purposes, I recommend development of

instruments following the successful designs of Markowitz.

S

Albert G. Wilson
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A. G. Wilson has been using the B Spectrograph with the
100 inch to observe the redshifts of bright galax1es
in nearby clusters. The purpose of the program is to
study the spatial distribution of clusters and investi-
~gate suspected regularities in redshift distributions.
The nearby clusters so far observed appear not to be
randomly distributed. Mean redshifts of clusters
beyond the local Virgo-Ursa Major complex and closer
than z = 6A/A = 0.09 appear to possess an unexplained

regularity which is closely represented by the one
parameter expression,

5 n : .
logloz = -3 + 7 loglOZ , N = -1, 0, 1, 2, ...9

For most of the clusters in this range the relative
error, 6z/z, of this formula is less than one percent.

More distant clusters appear to be non-uniformly
distributed, their redshifts showing a non-statistical
banded distribution. Comparison with Schmidt's red-
shifts of radio sources shows the existence of a
similar banded distribution for the radio sources.
These distributions may be indicative of the clustering
of both clusters and radio sources on a larger scale
than that of any presently recognized aggregate of
matter.
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DISTRIBUTIONS OF REDSHIFTS OF RADIO SOURCES AND RICH CLUSTERS f,, Lie

A. G. Wilson

The distribution of optical redshifts of radio sources is
non-uniform (Figure’l), showing marked clumping into bands
separated by distinct gaps. With the errors of individual‘
redshifts not much larger than the line  thickness; these bandé
and gaps appear not to be statistical fluctuations. Although
thé present total available sample of redshifts is small, the

probability of statistical fluctuations creating this type of

‘non-uniformity is remote. A Poisson —chi2 test shows

6 that the observed distribution

probabilities of less than 1:10
would occur in a random sample with either uniform density or

density increasing with square of distance.

There is the possibility that observational selectivity factors

have generated the banded distributions. These selectivity

 factors are primarily those contributing to ease of observation.

There is a declination factor, most of the sample béing in the
northern sky. There is a brightness factor, the optically bright
objects being chosen to effect shorter exposure times. While the

brightness factor has biased the sample toward emphasis on the

| giant- D type radio galaxies, it is difficult to see how this

factor or a declination factor could generate apparent bandings

in a distribution which is in reality uniform.
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If the distribution is not attributable to either statistical
fluctuations or to obse:vational selectivity factors, the next
most likely hypothesis is that the radio sources are physically
clustered. An investigation of the angular distribution of the
‘sources indicates that physical clustering partially accounts
for the clumping, but many sources having nearly equal red-
shifts are widely separated in angle. Consequently; assumption
of large scale non-uniform distribution beyoﬁd the scale of
recognized clusters seems necessary to account for the observed

distribution.

A second type of cosmic object with large redshifts which also
exhibits a similar banded redshift density distribution.is the

rich cluster of galaxies. 1In Fig. 2 are shown the mean redshifts
of all clusters of galaxies in which redshifts of one or more
individual galaxies have~been measured. Investigations of
redshifts in nearby clusters in which large numbers of individual
~galaxies have been measured show that the mean redshift is very
closely equal to the redshift of the brightest galaxy in the cluster.
This equivalence allows the redshifts of Fig. 2 to be considered a.
homogeneous sample although for a few of the nearby clusters the
means are based on large numbers of individual redshifts (up to 50)
while bevond values of log = -1.4 the plotted value for the most

part is the single redshift of a cD type galaxy.

With regard to cluster ‘richness, the sample is not homogeneous.

Although all of the clusters are rich enough to appear in Abell's
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catalog, [5]some of the nearby clusters fall below the'generél
richness level of the rest of the sample. Among the closest
clusters (log of redshift <-1.47) eight members of the sample
contain radio sources, while none of the clusters at‘gréater
distance contains a radio source. Obsefvational selectivity of
distant clusters on the basis of their being rich has resulted

in exclusion of clusters with radio.sources.‘ This is éonsistent
with the statistics concerning the association of radio sources

in clusters with poorer clusters. [6]

In the cluster sample, the Abell richness of the cluster is
correlated with thé position of the cluster's redshift within

a bénd. The richer clusters are found toward the center of a
band, the sparser clusters toward the edges of a band. The
variation of richness across the bands in this manner strongly
reinforces an interpretation of the bands and gaps as reflecting
an actual distribution of matter and not being due to random

fluctuations or selectivity effects.

In Figure 3, the radio source and cluster redshift distributions
are compared. The banded structure does not appear in either
distribution until disténces corresponding to redshifté whose logs
arergreater than (-1.4), i.e., distances of the order of 150
megaparsecs. An examination of the three dimensiona% distributions

of the present samples of the radio sources and rich clusters suggest
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the possible existence of some sort of "local super-aggregate"
some 200 megaparsecs in diameter which extends to the first gap

in the redshift distribution. However, a far greater sample

will be needed before. the existence of any such super;aggregate
can be confirmed or its extent delineated. Beyond the redshift
value,blog = -1.4, three corresponding bands are identifiable.
From the respective positions of the bands, it appears that therer
is a displacement of the fedshifts of the radio sources with
respect to the redshifts Qf the clusters. The displacement on1y  1
occurs when the distances are greater than the limits of the‘ '
hypothetical local super-aggregate, somewhat analagous to the
onset of éystematic redshifts beyond the limits of the local

group of galaxies.

If we compare the values of the redshifts at the lower and upper
limits of the corresponding bands, we find the redshift displace-
ment, Az, of the radio sources with respect to the cluster red-
shifts is sYstematic following to good approximation the relation
Az = (constant) . (55)3/2

Assuming the bands have been placed into correct correspondence,
this relation is shown in Figure 4. It must be noted that even
though the sample is large enough to give statistical confirmation

to the existence of the bands, the sample is not large enough

to remove the considerable uncertainty as to the correct values
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‘ of the . :.er and lower limits of the individual bands.. Because
cf this the "three-halves relation" must be held as quite
tentative. It is sdrprising, however, to find such a good fit

to a simple relation considering the uncertainties.

In the ranges under consideration;in Figure 3, we are in essencei
comparing the optical redshifts of the two types of D galaxies -
those which are radio sources and those which are not. This is
because at the larger distances the choice of object whose
redshift is to be measured, whether from a list of radio sources
or from a list of rich clusters, is subject to a selectivityr
factor which results in the selection of the brightest objects
available - the super galaxies of Morgan's type D. [7] 1In

. ‘ addition, the type D galaxies which are radio sources are usually
found in pooref clusters and D galaxies which are radio quiescenﬁ
are foﬁnd in the rich clusters. It follows that a sample of clustérs’
selected on the basis of richness would result in a sample of

radio guiescent D galaxies.

It is not understood why certain D galaxies are radio sources

and others are not, nor why the radio D»galakies are found in the
poorer clusters and the radio quiescént D galaxies in the richer
clusters. Morgan suspects that the radio D galaxies are the
largest and most massive single structures known. If this be so,

we have a possible explanation for the differentiation between

. radio and non-radio D galaxies in the displacement of the radio
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source redshifts with respect to the non-radio redshifts: the
displacement is due to an Einstein shift. If the radio sources
are more massive than the ordinary D galaxies, part of the

observed redshift may be a gravitational shift.

It is reasonable to assume that radio sources and clusters are
cosmically distributed in the same manner. This means that the
observed bands and gaps for both radio sources and clusters must
~be identically distributed in distance requiring that the differ-
ences in redshifts between the radio source aﬁd cluster bands be
attributed to some other cause than cosmic distance operating

in accord with Hubble's Law. In other words, the cosmic or
Hubble components of the observed redshifts of radio sources
and’clusters at the same distance must be the same, but super-
imposed on the cosmic redshifts is a second component of the
observed redshift which is different for the radio sources and
cluster D galaxies. The differences in this second component are
manifested as the redshift displacement. Aside from the cosmic or
Huﬁble redshift, which is presumably a doppler shift, the only

" other established source of a redshift is an Einstein shift. It
seems reasonable to assume, then, that the redshift displacement
between radio sources and clusters is attributable to an

Einstein shift and that the emission lines in the optical spectra
of radio galaxies come from sources which are located in regions

-

of higher potential.




If the displacement is a gravitational redshift,then for a

radio source and cluster having the same cosmic. redshifts,

Az = G E_‘ﬁ‘l]
, 2 |R; T R|

.9

where the subscript r designates a radio source and g a cluster
galaxy.

If we designate nearer objects with a "second" and more distant
objects with a "prime" then since Az'<Az", (the three-halves law

is not essential to the argument, only that Az increase with

distance) we have

M! : M" M!
'ﬁ"ll':‘ - 'R':lt_:' X ﬁ% ’
T r _Rg g

This equation states that changes in the potentials of radio
sources over equal intervals of time exceed any changes in
potentials of normal cluster galaxies (the right membef may be
zero) . Taking any change in potential of cluster Dlgalaxies as

a standard of reference with value unity, we have for all values

of 2 beyond the locél (-1.4) boundary that
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Since the right member is smaller, Mr/Rr is decreasing with time.
Hence, the redshift displacements between the radio sources and
clusters may be interpreted as resulting from expansion and/or
mass loss in the radio sources. However, only that portion of
'expension in excess of any cluster D galaxy expansion is

reflected in the displacement.

The observational conclusion that the radio sources are expanding:
is not only consistent with theoretical models, but also is in
accord with explanations of the radio counts based on secular

power decrease.

In conclusion, the interpretation of the redshift displacemenﬁ
as an Einstein shift ieads to a consistent accounting for the
differences between radio and non-radio D galaxies, expansion and. .
mass loss of radio sources, and £he radio source counts. In .
addition, the resulting superposition of the bands in the two
distributions, stiengthens the evidence for the non-uniform
distribution of matter over distances greatly exceeding the sizes
-of any presently recognized clusterings, a matter with important

cosmological implications.

Although this interpretation affords satisfying qualitative

consistency, quantitative conclusions must await a substantial

-

increase in the size of the redshift samples.
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CAPTIONS
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Figure 1
Distribution of sample of 42 optical redshifts given in
terms of the logarithm of the doppler function of special

relativity. [1l, 2, 3] Sample contains no quasars.

Figure 2
Distribution of mean redshifts of rich clusters of galaxies

given in terms of the logarithm of the doppler function.: [4]

»Figure 3

‘ 'Cémparison of distributions of optical redshifts greater than
-0.035. Upper distribution redshifts of radio galaxies,
lower distribution primarily redshifts of c¢D type;galaxies1,,

in clusters.

Figure 4

The differences in the redshifts of radio sources and cD
type_galaxies in clusters vs. cluster redshifts. Derived

~from the bands of Figure 3.




| | BIBLIOGRAPHY.

' . 1.  Schmidt, M. Ap. J. V141, 1965, p.1.

2. Maltby, Matthews, and Moffett, Ap. J. V137, 1963, p. 153.
3. Humason, Mayall, Sandege, Ap. J. V61, 19‘56, p. 97.

4, Wilson, A. G., Proc. Nat. Acad. Sci., V52, 1964, p. 847.
5. Abell, G. O., Ap. J. Supl., V3, No. 31, 1958

6. Van den Bergh, S., Ap. J. V134, 1961, p. 970.



COSMIC REPLICATION OF ATOMIC PARAMETERS

An upper bound to the ratio of gravitational energy
to zZzzk total energy of non-degenerate cosmic bodies has been

observationally established. The ratio of the non-degenerate

bound to the relativistic bound predicted by Schwarzschild

is equal, to within observational uncertainties, to the basic
atomic structural ratio o€~ _(where o is Sommerfeld’s
fine structure constant). While the occurénce‘of this ratio
besween the non-degenerate and totallydegenerate states may be
readily explained in the case of étars, (since stellar degeneracy

is defined on the basis of atomic structure), it is difficult to

C

A\

C

o

ount for the appearance of the same ratio in larger aggregates -

galaxies, clusters, second-order clusters.

'....)

Either some process is operative in the formation of higher |
order aggregates which reflects atomié’conspants, or there |
exists some basic universal property of all structures whichl
relates them to the dimensionless constants ebserved in both~

atomic and cosmic physics. In the second case, the constants

may be of M"trans-physical' emigin, possibly of number theoretic

gL,

. N
LRSS Dr/.‘/; i

draft: AWilson:3/12/66  wwu, /e

/L\')/.f / A vry /y A/ Dects




/O—22-bé

' COSMIC REPLICATION OF ATOMIC PARAMETERS

. S .- Albert G. Wilson
. (Paper read A. I. P., Ober Wolfach, July, 1966) . .

. ABSTRACT

An upper bound to the ratio of gravitational energy to
'rtotal'energy of hohédegenerate cosmic bodies has been observa-
tionally eStéblished. The ratio of.the nan—degenerate bound to
" the relativistic bound predicted by Schwarzschild is equal, to
’:within observational~uncertainties,_to the basic atomic
J,structural ratlo, 'mz, with a being the Sommerfeld fine structure
7f_tconstant. Whlle the occurrence of this ratio between ‘non-

. g degenerate and totally degenerate states may be readily explained
in the casetof stafs (since stellar degenefacy is defined on the}
basis of atémic structure), it is difficult to account for the
‘appearance 6f the:same ratio in largeF’aggregates - galaxies,

 clusters, Second¥order'clusters. |
Either some process is operative in the formation of
~ higher order aggregates which reflects atomic constants, or there
”t exists some. basic universal property of all structures which
- relates them to the dlmen51onless constants observed in both
.'atomlc and cosmic’ thSlCS. In the second case, the constants may

be of "trans—physxcal“, p0551bly of number theoretlc origin.-




Being neither a'phySicist nor a‘philosopher;»bﬁr epeakihg
‘as an observer, I wan£ to re-emphasize Prof. Flugge's remarks
that our goal.ie not simply the accumulation of data, but

- achieving an organlzatlon of the emerging ba51c relationships.

This is sometimes lost sight of in certain quarters and we view

H“ with alarm the warehouses full of magnetic tapes of data - all

" unreduced.

| Séeaking as an astronomer, I would like to insert a
- modlflcatlon 1nto Prof. Noll's trilogy of |

| experlence - theory - experiment

observatlon -+ theory + (theory directed observation)

ab initio observation being all too often neglected.

7f‘And I also want to acknowledge that observatlonal astronomers know -

all to well what Prof.‘Tornebohm means by low grade knowledge.
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COSMIC NUMBERS
 fAlbert Wilson

- INTRODUCTION

The purpose of this paper is to make two observations

- concerning the so-called cosmic numbers and to discuss briefly

some 6f‘their philosophical»implications. The first observatioh
is the occurreﬁce'of'thé;cosmic numbers in the structure of
"physical gggrégates-fanging in scale from atoms to clusters of
:'_galaxies. The.secohd ié that.the numbers are representable by

- simple expressionsﬁcontainipg only basic mathematical constants.

.. pART I

A featufe of:tﬁe physical world that is repeatedly

. observed in the microcdsmbs; the mesocosmos, and the macrocosmos is
likely to be a manifestatién.of the basic structure of the universe.
~ Such a featuré holds possible clues to the foundations of the
naturalerder. Thé soécalled-cosmic numbers, or dimensionless
constants of physiés, such és the éommerfeld Fine Structure

. Constant, a'=-glgi; and ﬁhe ratio of Coulomblto.gravitational
‘forces, S = __ggi, have numerical values that occur frequenﬁly in>
.dimensionlesgmggﬁbinations of observables measured not only in |
atoms but in materialkaggregates of all sizes. If the numerical

reoccurrence of these values may be taken simply as an observed

phenomenon, their frequenCy of occurrence implies their




fundamental sighificance and any ultimate cbnstruct or

. cosmological model which suécessfully repregents the physical

- world will have'to contain and account for these numbers.

In this paper, I shall not give a history of the numbers nor
~go into the iﬁterpretatidns which have been given to them by

;. Eddington, Dirac, and othérs. vI plan to limit myself as much

as possible to the empirical aspects of the numbers. The

‘,; experimental values adopted by DuMond and Cohen (1965) for

’*a-l = 137.0388 and log;q S = 39.356, the latter number possesses

uncertainty in the last place because of their relatively

$

inaccurate knowledge of the gravitational coupling constant, G.

It is well known that numbers of the order of 1040 occur

~in cosmology. For example, the ratio of the "Hubble Radius

. of the Universe" c¢/H to the radius of the electron ez/mec2 is

40.5

10 .. Sometimes the squarelof this,quantity occurs. Eddington's

"number of heavy particleé.in the universe" is observationally

po(c/H)é,'=.1o73.s,(1039)?

Tp

't These instances of thé‘numbers havg been speculated over for some

four decades and have been widely discussed without any conclusions
- being reached.,'I‘would'like to point to some additional occuireﬁces
of thése numbers that have-nbt been reported until regently~(Wilson,"
1966) . The.first table gives the maximum observed values'pf the

potentials of four species of cosmic aggregate - stars, galaxies,

clusters, 2! clusters.




| ~ SUMMARY OF OBSERVATIONS |

SYSTEM |og]o [R](c.g.S-) 'logm[M](C-g-S-) 'logmmfl/[ﬂ(c.g.s.) |ogi0 EVI/@ (dimensionless)
* HYDROGEN ATOM 827640 -2377642  -15.50002
| STARS S I T A A | G -
. VA4CYGA o omass 0 4T 2amn 388
- 40 ECL. BINARIES = 11.541 34205 22.664 o
| SUN 10843 33299 22,456 :
~ GALAXIES | | |
| ne7 - | 2.3 45.9 ' 2.6 39
| 31 | 2.2 48 22.6 '
_ 7 GALAXIES —- 22.6
MILKY WAY 22.26 44.30 22,04
CLUSTERS | »
COMA 2595 49.40 2345 90
7 CLUSTERS C . - 22.59
4 CLUSTERS - 25.54 48.08 22,54
SECOND-ORDER CLUSTERS , | S | | -
ABELLIAN CELL \ 20 42 232 38.7

LOCAL SUPER-CLUSTER 25.7 - o -



It is seen‘that eacﬁyof these potentials, whenfexpressed
"in dimensionless form, i.e., with respéct to MH/ao, is again a

 number of the order'of°1039{ This is true for stars (R = 10l
| 2 ' 25

1cm) B
Galaxies (R,;,lo 2cm), Clusters (R = 10

26

cm) , 2° order clusters
(R‘= 10°"cm). (It may also be true for Quasafs if Smith's
values for the periodicities in light fluctuation have a

- conventional interpretation;) This result is‘especially

. interesting since the technique of measuring the potentials is

- different in éach‘case and does not depend on a distance scale.

-~ Dirac held that that the repeated occurrence of a number of this"

magnitude can hardlybbe attributable to chance. If we spin an

’v“;1epistemological_roulette wheel and come up with this number six |

. times, the'ﬁrobability of this is, say, l/ns, where n is the
number of.numbers on‘the wheel. If there are a large number of
  <numbers, i.e.,.if.n is large - then this ié not a chance
coincidence. If n is small, then this itseif»would be an e#en
more gemarkable fact about the universe. |

| Dirac péstulaﬁed as a ﬁérinciple" that all of these large
- dimensionless numbers which occur in physics-arenthe.same, or
?’differ from eacﬁ othér at most by séme simple factor of the order
of unity such as 2 or w, etc. Let us assume that this is a valid
principle and that these numbers are the same if we but knew the
proper factor of the ordér of unity to insert. (Our errors are of -

the order of 2. or w anyway.) . If then we say these numbers are

e

equal to S, with log;, § = 39.356, we have log, o My = 23.856 and




‘logy, GMy = ~4.274 = log,; o,

F .

Tﬁat is to Say }hét the‘observed bound on the value of'the
ratio of the giavitétioﬁél‘radius to the linear radius for all
observed non—degenerate éosmic éggregates is dz, which is the

same -as the ratio of the first Bohr radius to the electron radius.

~So it appears to,withih.thefrelatively small errors of measurement
that both g and S occur at the scales of all bodies observed in

“the cosmic hierarchy.

'._.The Schwarzschild Limit states: GM < 1
- | . e 2
The observed limit is GM < o or g2, etc.
‘ | 2, 2

c"R

This maY'bé'alterﬁatiQely interpreted that the highest
Velbcity any bound‘or attached material body ﬁay have is ac,
whether this,is‘the speed of an electron in the first Bohr orbit
or the escape velocity from a star, galaxy, cluster, or whatever.

I do not'intehd to discuss here the physics oriastrophysics,

of this ratio which states that ' - e

_gravitational radiusy = nuclear dimensions - P

linear ::adiusN atomic dimensions
I only want to draw attention to the reoccurrence of the
quantities a and S.

We may portray this graphically in Figure 2.
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. New, we arehfaced With what may he interpreted as a set
of numerical-ceincidences or numerical curiosities which like
othervsuch'curiositiee!fe,g.; the Titius-Bode Law, are to be
filed away uniii some,fuhure time when a theoretical construct
can be built oﬁt fiomvexisting knowledge to encompass these
: .oddities.‘ If we hold the ex;stlng body of knowledge as that

which is 1nterpretab1e in terms of The Theory (in the sense of

Max Born), theseeoddltles lie definitely outside the pale.

Howevef, there seem to be enough of these detached pieces
which fit tpgether_that'itvmay_be=poseible to build the bridge in
»both directions. Before this we must be concerned with two
-things: firSt,’afe these detached pieces part of the real puzzle -
and it seems llkely (by paradigmatic 1nference) that they do

- belong to the same plcture that The Theory is developlng. If we

'L_ are-reasonably certain of this, then secondly, can we synthesize

from the "low:érade" knowledge which these detached oddities

h provide and actuaily begin to construct on them, i.e., make

h,e predictions from them. In other words, may we develop hypotheses

- spanning inward.

What, ifhanythihg, can be said at this time which will
allow us to develop testable hypotheses. We might re-examine
the "Conjecture of Eddington" ~ that the cosmic numbers and other
constants afe expressible in mathematical conetehhs; »in view of
the fact that as of now most of the fundamental constants of
physics have been measured with sufficieht accuracy to make a

re-examination worthwhile.



PART II

Eddington held that the dimensionless physical constants

- could be»évaluated,as-;imple mathematical expressions.  His

- app:oach to this coniecture was through a construct established

:by purely rational arguments from which the values of the

dimensionlésé physical donstants could be derived solely by
‘mathematical inferénce'(l); His success in proving his

 ﬁ conjecture by means of the fundamental theory has been

.. questioned. The differénce, for example, between the derived 137

“ (2) and the observéd_l37.0388,(3),is considered by some to be

. unsatisfactory in view of the essential claim to derive the

- obsexrved wdrld from’first principles. However, because of the
t philosoéhical implicationslwhich Eddington's conjecture haé for

the foundatiohé offphysics,‘it is important to know, regérdless
v of the validity Qf‘Eddington's fundamental thgory - or other
theory - whether‘the conjecture is true; Is there a simple
.mathematicai expression for these numbers. But apart from the
‘context of a thedry can the conjécture have a meaning?

Meaning may'be_given to tﬂe cohjecture, 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‘éiﬁgié.

The form of specification (No. 1) which most physicists would
insist.on.ié 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 experiments
improve the_obserVed_value, the difference mus£ remain less

than the new observatiqnal uncertainties. In this sense the
".mathematical value legitimately plays the role of a hypothesis,
i.e., the’hYpothésis that‘a purely mathematical_expression,

'M = the value‘of the‘dimensionless physical constént. If refined
. observation shows the observed valué does not converge to M, the
hypothesis fails to méke valid predictions and is discarded. So
long as the observed vaiug continues to converge to M, the
hypothesis maylbe used as any conventional hypothesis derived
 from théory.'.This'is.standard procedure.

A satisfécfory convention for'specification No. (2) is
more difficult to formulate. Any numerical quantity can be
‘_approximated'tpfany'dégree of accuracy by sthisticated
; combinations of basic mathemétical quantities. ’What one considérs

to be a simple exp:ession’is ultimately a matter of personal
‘tasté. To avoid these difficulties, we propose as a possible
~approach to.SpecificétiOn No. (2)., the introduction of the
requirement ﬁhét the same mathematical expression occurs‘in at
least‘EEg of the dimensionless physical constants., By this
demand the_aspécts_of simplicity and improbability of
occurtenge.sérve as checks on one another; i.e., an expression
which begins to reach a level of complexity which exceeds tﬁe
threshold of pérmissibility as simple,'and therefore appéars
to be ad hoc, is at]the-samé time reaching a level of

improbability‘of simultaneous occurrence by chance in two or




more cases; Hence,.involvement in two or more instances re-
stores the'expreSSioh to continued interest aé‘arising from
i«real, albeit unknown} relationships. The essential feature of\‘
meaningfulness —'interprétability through theory - is deferred.
‘The existence of sufficiently accurate replication of a
.phenomenolpgicai feature thether with a sufficiently large

| improbability of this being a chance occurrence combine to
create confidence‘in Significance and ultimate interpretability
by theory. _Reasoniﬁg such as this has been impliciﬁ in the |
rationale for continuing interest by astronomers and physicists
in obsefved, but inexplicable features, such as the Titius-Bode
- Law. | B | |

| \ In this eyistomoipgical context, the following hypothesis
"M" is proposed:  ihfthe usual notations, three dimensionless

physical éonstants,'the'Sommerfeld'finejstructure constant,

o = 2re?

“he
and the ratio of Cgulomb'tc_gravitational forces,

S= ez .
- Tl

" and the ratio of proton, to electron mass,




- are given by the following purely mathematical quantities.

a= 1 ; anﬂ.$‘= 2° ; and y = 6%°

272

“where w = 7" 1ln 4 (natural logarithm). The mathematical value of

-1 5 v
o, to nine significant digits is 137.037664. The present but

observed values for o '‘are between 137.0352 and 137.0387 with

a minimum error adopted value of 137.0378 (Cohen, E. R., NASC,

'i‘M384, p. 6). For specification No. (1) mean values and "adopted

values" are of less'interest that the range in recent determinations.'

e

The logarlthm to the base 10 of the mathematical value of .

S is 39. 355058, whlle 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 mathemetical value of Gns = 1836.118101, while the
best present,Obseratienal value of the ratio mp/me is 1836.12.

The _éuantity-uf= m* 1ln 4, appearing in the mathematical
valpes‘of both dgand 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 7 and e. The quantity 6w° meets even more satisfactorily
specifications Nos. (1) and (2). Granting the epistemological
rationele of ﬁhe'two specifications, we conclude - until more

refined observations centradict the mathematical values - that




10

Eddington's Conjecture appears to be true.
The exhibiting of a simple mathematical expression whose
value lies within the measurement uncertainties of the physical

quantities does not constitute a proof ofvEddington's Conjecture.

However, since present experimental accuracies allow for a test

to six significant figures, the sieve for isolating "simple"
expressions is becoming fine, and the ability to pass the sieve

in three cases certainly is reasonable grounds for the "M"

hypothesis.

The questlon here 1s, since proof is lacking, and can

'probably only be given in terms of a phy51ca1 theory, can the

nM® hypotheSlS be put to any use.

| I think the answer is yes.lJThe properties of the

~ mathematical expression can be studied. These may give clues to

’

physical-relations,bnzngéveral interesting inferences can be

drawn.

CONCLUSIONS

What are the implications of the expressibility of the

. fundamental dimensionléss physical quantities in terms of

purely mathematical constants?

First, phere‘is the inference that local coﬁditions are
not atypical; i.e.,fthe "universal constants" are really universal.
A éecond consequence‘of the truth of the conjecture would be that

the dimensionless constants, ur a, and S do not vary with time.



This does not preclude the separate variation of G, h, etc.,
but requires any varlatlon of fundamental constants with tlme

‘to be such that
d [2me? \ = 0, = 0; and 4
dt {"hc ' Gm me dt

Thlrd, there is no known theoretlcal relation between G and the
. other fundamental constants of physics. Hence, a second
. interesting consequence of the mathematical formulae is a

possible relation linking G and the chérge to mass ratio of the
L C ) ' . '

L

electron:

G = 8r? 2
2 170. m 37‘32 l7a

This equation may.have interesting implications for relativistic
electrons. If mess is velocity dependent and charge is not,
‘then G must also be velocity dependent.

Fourth is the matter of Repitaxis and Metataxis. The basic
values discﬁssed above are fundemental to the structure of the
‘atom, but they'also occur in higher order aggregates like stars.
Since the stars are made of atoms it is likely that they would
~ reflect in their own structure the structure of the atom, just as
the macroscepic shape'of a crystal replicates the molecular

structure of the molecﬁles composing the crystal. We shall call

P S 1Pl R 5 AN . KN ML 3 O T~ T e P Y T W AT S e y—




this view - the repitactic view - the large deriving its

‘properties.f;om'the small. Or inversely the small deriving its
properties from,the large - The Machian repitactic view.

The second.point of view is that the atom, the star, the
galaxy, etc., derive tneir structural limitations, not from one
enother; but frpm nnderlying structural laws which independently
. govern‘all aggregatee'whatever their scales. This point of

. view we maylname'metataetic. Our question then becomes: 1Is
‘the universe repitactic.or metatactic and can we discover the

"answer in the nature of the cosmic numbers?

s-o~—->o -0 0—0—0
E - ktJ)ucr/dll//J/ ‘. : M ACHIAN
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‘ . METFA ;7a4cr/c
If it proves that the dimensionless physical constants
indeed are determined by certain geometrical or combinatorial
theorems - or even number theoretic relations « accounting for
the presence'of the basic nathemat;cal constant&, w, e, etc.,
and being independent of physical scale, then the surmise that
" physical strﬁcture derives directly from a more basic non-

physical structure leads to a metatactic view of the unlverse.

If n's, e's, etc., appear ‘as the result of properties of
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quantities with physiCalldimensionality, then either a
reductionist or Machian repitactic view is supported. The
present findings are supportive of the metatactic view but this

‘is not surprising for the Einstein Field equations,
L
AB 7

have already équated.gé¢metry and physics.

The’piimary iméoftance of the repitactic vis-a~vis
‘metatactic vieWé is in the process of development of our theories.
If the substructpre:impiied by metataxis exiéts, then theoretical
attempts to expléin»the phenomenological world without it, even"'
if successful,‘may-bgéome quite complex. Further a metatactic
universe, élloWs7f6r an.expLanation of human understanding and
a resolution of the Subjective vs. objective problem. In a
metatactic ﬁnivefSe, the‘substructure maps not only onto the
physical world'but onﬁd’the mental patterns by which the world

is understood.
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THE DIMENSIONLESS PHYSICAL CONSTANTS AND
- BASIC MATHEMATICAL CONSTANTS

A. G. Wllson
- June 17, 1966

Eddington held that the dimensionless physical constants
could 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¥ f'
less physical constants could be derived solely by mathematicargz e‘
- 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 unsafisfaetory
in view of the essential claim to derive the obsexrved world
froﬁ first principlee.  However, because of the philosophical
implications which Eddington's conjecture has for the founda-
tions of physics, it is importaht to know, regardless of the
validity of Eddington's fundamental theory—or other theory— -
whethef 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 t&o specifications are agreed to. (1) A'specification
#s 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 mosf physicists would insist on is that the fit be

such that the difference between the mathematical and observed




s lues . less than the experimental uncertainty in the observed

wﬁ{ue.;:AS'subsequent experiments improve the observed value,

" the difference must remain less than the new observational

uncertainties. In this sense the mathematical value legitimately

et

blays the role of a hypothesis, i.e., the hypothesis that a

- purely mathematical expression, M = the value of the dimension-.f;f,f”

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,f@fﬁ

" 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 mathématical 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 of simplicity and improbability of occurrence
serve as checks on one another. An expression which begins to.
reach a level of complex1ty which exceeds the threshold of |

permissibility as simple, and therefore appears to be ad hoc,




Vis at the same time reaching a level of improbability of o
simultaneous occurrence by chance in two or more cases.

i Hencevinvblvement in two or more instances restores ther
expression to continued interest as arising from real,

albeit unknown, relationships. The essential feature of

The existence of sufficiently accurate replication of a

‘ff” phén@menOlogical'feature together with a sufficiently large, 7

‘?: fimprobability 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

‘meaningfulness—interpretability through theory—is deferred. .

the Titius-Bode Law and the numerical coincidences which occur aEr

between certain atomic and cosmic 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 = 2me?
hc

and the ratio of Coulomb to gravitational forces.

are given by the following purely mathematical quantities




and

g

2
S =
5—2

1

where;w = n4 In 4 (#esfer natural logarithm). The mathematical J

"Lj‘ value“bf=a_1 to nine significant digits is 137.037664. 4Thé  ‘v“:

'  ,!pfés¢nt observed values [3] for a1 are given in the table{’ Ej,~:

.137.0388 + 0.0006;4f1 TrieBWasser, Dayhoff, Lamb
137.0370  Robiscoe |
137.0352 ‘ |  Hyperfine splitting in Hydrogen g n
1137.0388 + 0.0013 i 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 1n 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 intégers and the basic mathematical

constants m and e. Granting the épistemological rationale ofxri o

 tions contradict the mathematical values—that Eddington's
.Conjeéture is true. |

. An immediate consequence of the truth of the conjecture‘é_; :?  ’
'“, is that the dimensionless constants o and S do not vary,withT;  
f'”time, This does not preclude the separate variation of G, i

. h, etc., but requires any variation of fundamental constants =

with time to be such that

' 2 2
4 (20 | g and L (S )=0.
dt \ hc dt pme ‘

There is no known theoretical relation’between G and the
He nce, :

 interesting consequence of the mathematical formulae is a

;‘pOSSible relation linking G and the charge to mass ratio of the

i
i

_8n? T fe)?
¢ = Ve m_ \m-
2 P\ e
This equation may have intéresting implications for
relativistic electrons. |
The author wishes to thank the RAND Corporation for its
support and for making available 'JOSS,'" a computer system

invaluable for the derivation of numerical congruences such

as those reported here. )
. ; . Albert G. Wilson

‘Douglas Advanced Research Laboratory

‘Huntington Beach, California-

the two specifications, we conclude—until more refined'obserﬁa—_  :

P

other fundamental constants of physics. Coasegquestly, a second;ﬁ :

. electron: - o S
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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 physical constants may be

approximated to within experimental uncertainties by a

~simple logarithmic expression involving 7w . With the usual
notations, the Sommerfeld fine structure constant = 2 wez/hc,
and the ratio of Coulomb to gravitational forces S = ez/Gmpme
are givén by . '
1 2t
@= 2+w and S = 27r2
Where w = ‘w4log 4 (natural logarithm), the numerical value

of 2+w to nine digits is 137.037664. The present measured
-1
values [l] for « “are: ‘
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 logi0 (2w/2 nz) is 39.355058. The
present indicated empirical value of log10 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
are 2.27(01)x§g39 and 2.25(46)x10°°, whereas 2"/2 7% =

2.264947 x 1077,



From these two relations a third numerical relation

8 W2 ' e2
5 1/ mpm

may be derived. This equation, giving G in terms of other
fundamental physical constants, is independent of w.

Although one may be ﬁeminded of relationships derived by
the late Sir Arthur Eddington, the quantity w used here has
no known physical basis.and the apnrox1matlons are guite
p0551bly all fortuitous.

(1] Cohen and DuMond, Phys. Rev. Vol. 37, Oct. 1965,
Pp. 537-594. .

Albert Wilson

5251 Bolsa Avenue

Huntington Beach, California
92646
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Dimensionless Physical Constants in Terms
of Mathematical Constants
T1is of interest to note that a simple logarithmic expression
involving = may be used to obtain the values of two basic
dimensionless physical constants within the experimental

" uncertainty. The Sommerfeld fine structure constant, - -
a, = 2 me?/hc, and the ratio of Coulomb to gravitational *

forces 8 = e?/Gmyme, where my, me are the masses of
the pastiele and tho Bacth; Tespectively, are given By
o« = 1/(2+w) and S = 2%/27%

~ When w = =* In 4, the numerical value of (24+w) to

A
on tenm values! for o-! are
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 log,, (29/2x?) is 39-355058. .
_ The present indicated empirical value of log;, S lies

botween the three standard deviations of the mean,

" that is, betwoen 39-357 and 39-355, the largest part of the - D

. “uncertainty being in the value of G. The three standard
deviations of the mean of S are 2:27 (01) x 10%° and
'2:25 (46) x 10%, whereas 2w/2n® = 2-264947 x 10%.

From these two relations a third numerical relation
¢=8%.

_ ~ Qe mpme ,

" may be derived. This equation, giving ¢ 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 approxima-
tions are quite possibly fortuitous. = . S

. ) ’ : : ' ‘ALBERT WILSON
5251 Bolsa Avenue, o '
Hungtington Beach, California.
: Cohen, -2, gnd Dudond, —Z—, Phys. Rev., 37, 537 (1965).
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Authors are asked.to return proofs immediately.
Failure to do so may mean that necessary corrections
are not incorporated in the printed version of this

- article. The Editor reserves the right not to incor-
porate “corrections other than corrections of type-
*. setting errors or errors of fact: It would be a’‘great
; convenience if corrections are such as not to alter
s the'length of the line of type in which. they occur.

nine significant figures is 137:037664. The presentmeasured A . L
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- INVESTIGATION TITLE;

Gravitational Potentials of Cosmic Bodies

The dimensionless gravitational potential Q= GM/czR of a
cosmic body (star, galaxy, cluster, etc.) is of cosmological
importance, 1) beéause it can often be evaluated independently
of any knowledge of the distance to the body and is therefore
free of the problemé besetting distance scales and their
calibration, and 2) because it cah be used in lieu of the
classical Hubble-Tolman tests for verification of cosmological
models. [1] o

The value of @ for all cosmic bodies so far measured appears to
be bounded by a value about 10—4 of the Schwarzschild Bound [2].
The measure of potentials of additional clusters of galaxies of
various richnesses, both nearby and remote, is of importance
 to determine in what way this maximum value of ¢ may change
with time, An observational program for measuring redshifts in
various clusters using the B spectrograph of the 100 inch tele-
scope has been set up through the courtesy of the Mt. Wilson
and Palomar Observatqries. Cluster richness and dimensions are
being measured on 48 inch Schmidt plates. Masses are derived
from redshift dispersions by means of the Virial Theorem,

Continuation of effort - new

Principal Investigator - A. G. Wilson, Ph.D, Astronomer
Estimated Profession Man Years - 0.6

Established Other Expenditures - $1500

SUMMARY OF PAST ACHIEVEMENTS:

[1] D. G. B. Edelen and A. G. Wilson (to be submitted)
[2] A. G. Wilson, A. J. &a-pzessr w/ 7/ hey 196¢, o 79K



INVESTIGATION TITLE:

Grayitational Potentials of Cosmic Bodies

INTRODUCTION

AR Y

Empirical studies of the properties of grayitation continue to be

a most important subject for physical researxch, This is especiglly
so because many of'the'reCent contributions to gravitational theory
are in need of experimental verification, Since grayitational '
forces are less than 10° =39 the magnitude of coulomb and other forces,
.gravitational effects are difficult to study on the scale of the
laboratory. For this reason the observation of the structure and
motions of cosmic bodies continues to be/%ﬁg ﬁgst.useful soyrces

of data for the study of gravitation.

A quantity of particular usefulness in cosmic‘gravitational'studies
is the dimensionless gravitational potential of a body,

where M is the mass, R is the geometric radius, G the Newtonian .
coupling constant, and ¢ the velocity of light. This potential

can often be evaluated independently of knowledge of the distance
to the body and is consequently free of the many problems besetting
astronomical distance scales and their calibration,

Two applications of @ are of current interest:

1. The maximum numerical valuegS .of the potent:.al observed for
stable- non—degenerate cosmic bod;es - starsi galaxies, clusters
of galaxies; second order clusters of galaxies = appears to be
of the order of 10 -, [l]. Chandrasekhar - [2] has recently
shown that under the Schwarzschlld conditions, general




\'\2:_1

relatiyity predicts any mas"s‘bécomeg._unstab_le when the
pot_enti;aIgS exceeds a value of (¥« _4_1_1/1{, . where /» is the
specific heat ratio and K is a constgnt of the ordexr of unity
depending on the polytropic indeg of theibody; 'Demonstration
that.Kj% =7 o % fbr'stable'cosmic bodies will constitute a
fourth observatlonal verification of the general theory of
relativity.

2. Observational discrimination between cosmological models is

uSually made on the basis of one or more of the three ¢lassical

v Hubble-Tolman I3] tests for distant cosmic bodies: magnitude=~
‘redshift relation, diameterw:edShif; relation, count—redshift’
‘relation. The class of homogeneous, isotropic models under
test are characterized by the values of the curvature parameter,
the cosmological constant, the Hubble parameter, and the
deceleration parameter. Knowiedge of these four parametersb
“allows selection of the model which most closely represents the
_observable sample of the universe: open, closed, monotone

~ expanding, oscillating, steady state, etc. 14]. '

Edelen and Wilson I5] have shown that the dimensionless
_grévitational potential @ may be used to discriminate between

. or
homogeneous models and used to derive values, e bounds on values,

of the characterizing parameters.

OBJECTIVES AND APPROACH: ‘

Theoretical and observational investigations are under way by means
of which it is hoped to develop data which will make contributions'-
toward solutions of the above two problems. The measure of

potentials of additional clusters of galaxies of various richnesses,

both nearby and remote, is of importance to determine whether the

bound on ¢ changes with time,



3=

Through the courtesy of the Mt., Wilson and Palomar Observatories,
use is being made of the B spectrograph withMthe'lQQ inch telescope
to obtain redshifts in seyeral clusters of galaxiles, The potentials
of the clusters are readily derived from the redshift dispersions by
means of the virlal theorem 16] -I7]. Cluster richnesses ang
dimensions are being obtained from plates taken on a_supplementary
observing program with the Palomar 48 inch Schmidt telescope, The
observing program has beeﬁ‘underway~for several months,

1. A. G. Wilson, "Structural Parallels in Non-degenerate Cospmic
Bodies", A. J., Vol. 71, p, 402, 1966,

2. S. Chandrasekhar, "The Dynamical Instability of Gaseous Masses
Approaching--the Schwarzschild Limit in General Relativity",
Ap. J., Vol. 140, p. 417, 1964,

3. R. Tolman, "Relativity, Thermodynamics, and Cosmology",
Oxford U. P., 1934,

4. A. Sandage; " T 4&;/;# g[/v 7L#)\I 200 fmc% 71‘?/(’«’6%_9 %o {J{/}/Cr:"m /\4\&'{’ & -
Ap. J., Vol. 133, p. 355, 1961 Do et o leched wanld modsls

5. D. G. B, Edelen and A. G. Wilson, "Homogeneous Cosmolpgical
Models with Bounded Potential® (to be submitted].

6. S. Chandrasekhar, "An Introduction to the Study of Stellar
Structure", Univ. of Chic. Press, 1939, p. 49

7. F. Zwicky, "Morpholﬁgical Astronomy”, Springer-Verlag,
p. 129, 1957.
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conditions, general relatwity predicts any mass becomes unstable when
the potential ¢ exceeds a value of (Y - /K, where Y is the specific

heat ratio and K is a constant of the order of unity depending on the.
polytropic index of the body. Demonstration that Kd, = Y - 4 for stable

cosmic bodies will constitute a’ fourth observational ver1f1cat1on of the
general theory of relativity.

2. Observational discrimination between cosmological models is usually
made on the basis of one or more of the three classical Hubble-Tolman
(3) tests for distant cosmic bodies: magnitude-redshift relation,
.diameter~redshift relation, count-redshift relation. The class of
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values of the curvature parameter, the cosmological constant, the
Hubble parameter, and the deceleration parameter. Knowledge of
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l
.A. G. Wllson has been studying the dlstrlbutlon of r1ch clusters
“_ | of galaxies. Regularities in _thelr distances (1) and angular
' separations (2) suggest the existence of larger scale structures
than any presently recognized. Radio galaxies also appear'to
"fffv " share cluster distributions (3) in the sense of indicating the
' ‘existence of large scaled structures. The redshift distributions -
' may be interpreted as indicative of a-continuation of a Charlier‘
type hierarchy up_tO’organizations‘of the order of 500 mega-

parsecs.

Observed grav1tatlona1 potentials of cosmic bodies’ suggest-a
" universal _upper 11m1t with a value of about 102 g/cm (4).

dfj This observed bound is con51stent with the bound - predlcted‘by:
Chandrasekhar {5) and under certaln condltlons constitutes a

”fourth observatlonal test of the general theory of relativity. .
" Edelen and Wilson have applled the values of bounds on potentlalsa
- to dlscrrmlnate between homogeneous cosmologlcal models. They
" conclude that the onlyvnonemptyi'hombgeneous, isotropic

h’:cosmological models'with'a bounded potential at the present

b‘[epoch are those with k = +1,A> 0, ?0<: -1 and with negative

- first derlvatlve of potentlal

(1) wilson, A. G. Proc. Nat. Acad. Sci., Vol. 52, p. 847, 1964.
(2) Wwilson, A. G. Astr. J., V. 70, p. 150, 1965. ’
’(3)"~Wi1son,'A. G. Proc. 14th Int. Ap. Symp., Liege 1966 (in press)

(4). Wilson, A. G. Astr. J., V. 71, p. 402, 1966. e
(5),'Chandrasekhar, S. Ap. e vq 140, p. 417, 1964. |
» 7o ”””'1 /gwt,r 73
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o

Dr. Ravlie

Chi & Concepts Branch

National autics

and ace inistration

21000 Brookpark Road

Cleveland, Onio 44135

Dear Dr. Raviles: Reference: 2260

-

Thank vou for your interesting letter regarding my note on
“Structural Parallels™, in the Astrxonomical Journal.

I have been observing clusters of galaxies for some years to
Obtain data relevant to thelr structure and dynamics. At the
present time there are only seven clusters for which we have
adecuate ca < deriving pOueﬂL*aTS These average about

C.37 23 with the Coma cluster having the largest
‘potenti ' imately 1023.45, These potentials are based on

the vi and are independent of any assumptions re-
gardis cales or cluster size.
<

It is that the largest observed potential fox
stars ilable sample of eclipsing binaries, has
a vali: Bt v 1043.27_ Determinations of masses
and radii Sz pinaries also have the advantage of being
independent of distance calibrations. '

he situation for galaxies is scmewhat more complex. Masses and
acii are detexmined from rotational dyn*nics A mean potential
£ gelazxies for the sample of scme 20 for which data are available
i a value of 1021.9, somewhat ilower than for the spherical

T and ciusters. A few calaxies, e.g., M104, have potentials
S ch as 1022.4, »poveda has given data for M87 {guoted by

e sh, V. C., in Cbservatozy, V.8L, p.l9, 1961) of a mass fox
G 86 ¢f 3.6 x 10-4., Tnis is a2 sphe:~“ai system with an

S zted linear radius of 6.5 kpc. The potential corresvonding
= ese values is 1023-6gh/cm, This value, I believe, is derived
from an essumed mass to luminosity ratio of 100 and therefore
Gevends on distance scaeles, a defect not shared by some of the
Cvramical ceterminations. In any event, the maximum potential

-

DIOUGLAS KIRSCRAFT SOIAFANY, INS. ) SORFPIRATE GFFICES/ SAaNTA FAONICA, CALIFORNLA
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is again of the sax agnitude, 1077, A more detailled
discussion of these values is in preparation. All of the above
potentials are values for the surfaces and in general will be
the maximum values. ’ -

Ordinarily, a sample of only three objects cannot be used as

a basis for meaningful generalization. But when we observe that
stars, calaxies, and clusters all have essentially the sane

maximum surface potentials - determined by distinct and
ndependent technicues - we richtly cguestion whether scmething
eneral 1s in operaticn.
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417) gives conditions for relatavistic dyneamic stability of
polytropic spheres, namely 2GM/c vy~ 4) /X, fory slightly larger
than 4/3 K is of the oxder ¢l -u ity 3 a“d depends on the poly-
*r0pvc index. This condition closely Zits_the cbserved bound and
the non-existence of bodies between the 1023 limit and the
Schwarzschild limit may be explained by mass loss, fragmentation,
expansion toward the stability 1limit, or collapse foe the
_Scnza“zsch_*" limit resulting ”?om dynamic instability. This,
incidentally, provides a fourth  test of Schwarzschild general
felat;v1:y

We are considering the cosmol
and have in preparation two pa
when pre-prints are ready.

st interested in youxr and Ha
come hearing from both of you.
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20TH ANNIVERSARY

At this 1566 meeting of the International Astronautical Federation
it is appropriate to take note of an event of historical
importance to astronautics. This vear marks the 20th anniversary
of the first attempt to launch matter into space with escape

velocity.

Ten years before Sputnik and the official beginning of the
Spéce Age, Dr. Fritz Zwicky, using the hardware on hand in 1946,
a V-2 rocket and augmented shaped charges - deviéed a method of
sendiﬁg matter away‘from the earth with sufficient velocity to
assure its never returning. The historic initial attempt to
achieve orbital or escape velocity was made on December 17, 1946

at the White Sands Proving Ground in New Mexico.

A V-2 rocket was equipped with six 150 gram penolite shaped

charges with 30 gram steel inserts. These were set to fire at
times after launching that would‘eject the slugs of molten

steel at elevations of approximately 50, 65, and 75 kilometers.
At these elevations the ejection Velocities in the neighborhood
of 10 to 15 km/sec would place the slugs either in orbit or on
escape trajectories depending on the firing orientation and the

actual charge ejection velocity.

The launching was set at night so that the so called "artificial
meteors" ejected by the charges could be photographed. At 22h 12™
Mountain Standard Time, the V-2 was launched on a trajectory

which took it to a new altitude record of 114 miles above the

. surface of the earth.

Although the rocket flight was successful and although tests of
the charges made on previous evenings confirmed the expectancy of
achieving escape velocity, no particles were detected either

visually or photographically. Just as man's first attempts at




flight in the atmosphere failed; this first attempt to reach
space failed. It is significant, however, that whereas the

span between the first attémpts to fly and the first

successful flight is measured in centuries, the'span between the
first attempt to achieve orbital velocity and the successful

orbiting of Sputnik was only one decade.

Those who participated directly in this event yra Fritz Zwicky,
J. A. Van Allan, the groups from the California Institute of
Technology, the Johns Hopkins Applied Physics Laboratory, the
Harvard College Observatory, the New MexiCo'School of Mines,

and Army Ordnance; as well as those who participated indirectly
through the design and development of the V-2 rocketj—-uThough
failing to inaugurate the space aée on the night of December 17,
1946, all have to theilr credit an important experiment in the

preparation of the Space Age.
Zwicky's idea was ultimately vindicated, when success crowned

the second experimental firing of shaped charges from a rocket
on October 16, 1957 - 12 days after Sputnik.

A. G. Wilson
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To determine the destinies of the meteors a battery of K 4 aserial cameras
equipped with rotating shutters was scattered over the Mhité‘Sands Proving
Renge. The sites were sslected 0 ecguire optimel triangulation data. In
eddition the CalTech eipht inch Schmidt cemere wes removed from its usual
- house et Pelomar end set up 8 Tew miles south of the launch site to obtein
gpectra with an sbjEEtiva graiing. Astromomers st nesar by ohservatories
Lo possesced wide sngle telescopss also focused in on the firing.

he possibility of throwing something up that would not come

‘the,uhat hes now kxcome 0 b2 called,kka principal inveatigatag;placed the
event in comtexi: flle First throw 8 litile something into the skies, then
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& littie more,

in the few Yorker (3) sew the context someuhat differentlys

The yezr snds on @ note of pure experimentation. Or. Fritz Zwicky ¥
lost week friesd (o hurl some metal siugs out into space fres of the
tarthis grevitetionsl pull, Dr. Zwicky stood in New Mexico and tossed
from there. He wos well eguippeds he h=d 2 rocket that took the slugs
for the Tirst foriy mile leg of the jJourney and then discharged them
et high velociiy to continue on thelir own, The desire to toss something
e nEw oway, or to toss it st & grester distance, is fairly stesdy in
men end boys. Boys stand on hioh bridges, chucking chips down wind, or
th d on the shore of a pond, tcesing rocks endlessly at a floatimg
ba v gt @ dead cat, ckserving clossly every deiteil of their
e T, tr mzke every stone s2il free of the pull of past
ex = Eoys grow older, stend in the deseri, still
chu abs wondering. Tney have almost exheusted the Earthis
o3 ties 2 going on into the empyrsen io throw &t the stars,
Lesving the E peonle frightensd and joyless, and lesving some
rellow scient itching over Trom science to politics and hoping

z 2 mad: switch in time.
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Just 8s man’s Tirst atiempis st flight in the atmosphere failed, the first
ttempt 1o regch spazce with @ chance of cucceeding, also failed. It is significant,
s to fly and the first

sucecessful Tlight is meesured in centuries, the span betwsen the Tirst attempt
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thiz sxoeriment, though Tailing to leunch the space age on the night of December
17, 1S4E, nave to their credit an important contribution leading to later triumphs.
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Table 1. COMT ACTIVITY IN THE VARIOUS ORGANS EXAMINED

C.p.m. in ethyl Specific activity
acetate extract - (mumoles/mg protein/h)
Tjver (supernatant fraction) 7,505 506
Skeletal muscle (rat) "955 1-33
Skeletal musele (mouse) . 545 082
Boi ««. rat skeletal muscle . 5 —_
p 1 265 165
35 1-34

Aftor incubation, 10 ul. of the mixture was transforred
from each tube to 0-5 ml. of 0-13 molar borate buffer,
pH 10. After extraction by 5 ml. ethyl acetate and
centrifugation, 2 ml. of the upper phase was used to
determine the radioactivity in a liquid scintillation
eounter (‘Tricarb’, typo 314 X). The 2 ml. are mixed with
10 ml. of scintillating fluid (4 g PPO, 0-1 g POPOP,
toluenc g.s.p. 1,000, 400 ml. ethanol).’ :

The results of the various determinations 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 acetate extracts contained little
radioactivity. The small radioactive fraction obtained in
controls can be explained by the untransformed S-adenosyl
.methionine and by degradation products. This radio-
activity does not interfere significantly in determinations
(0-3 per cent).

" To test whether the enzyme transformation actually
occurred, 100 yl. was spotted after each incubation on
Whatman No. 3 MM paper with 3 ug methoxyadrenaline
as carrier. The sample was chromatographed in an
ascending system of butanol, glacial acetic acid and water
(80 :20:20). The bands were then dried and their radio-
sctivity analyscd (Packard chromatogram scanner). An
important radioactive peak was found in all chromato-
grams of incubation residues from supernatant organ
fractions (Fig. 1 4; rat muscle). The Ry of the radio-
active zone corresponds with that of methoxyadrenaline.
In chromatograms offected with controls, however, no
radioactivity appeared in this zone (Fig. 1 B). A peak
of radioactivity of intermediate Rp can also be seen on all
chromatograms. It has been ascribed to methionine

3x103

1x103

Fig. 1.

NATURE

forces S =

NOVEMBER 198, 1966  vou. 212

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

We were carcful to ensure 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 were

unable to show any inhibitory effeet of muscle preparations
on thé enzyme.oxtracted from rat liver.

These results show that skeletal muscles in rats and mice
contain a considerable quantity of COMT. The results are

. indirectly confirmed by the results of Tomita et al.?, who

found COMT activity in rabbit skeletal muscle. A similar
enzyme, but with a more limited specificity, GEP-o-
mothyltransforase (GEP, guanidocthyl phosphate) has
boen found in an Annelid (Ophelia neglecta Schneider) and
localizod only in muscle tissue?®.

‘We have also attempted to demonstrate MAO activity.
This enzyme, too, is present in skeletal muscle tissue. A
determination using the method of Weissbach et al.s
showed a mean value of 7-7 mymoles cynuramine trans-
formed per mg protein per hour. The origin of the COMT
and MAO in skeletal muscle, and the eventual action of
these enzymes in muscular function, remains to be

explained. M. Assicor

B C. BoruoN
Institut Gustave Roussy, Villejuif, France.
! Axelrod, J., and Tomchick, R., J. Biol. Chem., 233, 702 (1958).

'Tox}nta )K Mo-Cha, C. J., and Lardy, H. A., J. Biol. Chem., 238, 1202
1964

* Thoal, N; v., Robin, Y., and Audit, C., Biochim. Biophys. Acta, 93, 264.

(196
¢ Weislsggc(h Sn)ut,h, Daly, Wnkop, and Udenfriend, S., J. Biol. Chem., 235

GENERAL

Dimensionless Physical Constants in Terms -
of Mathematical Constants R
It is of interest to note that a simple logarithmic expression
involving = may be used to obtain the values of two basic
dimensionless physical constants within the experimental
uncertainty. The Sommerfeld fine structure constant,
®, = 2 mo?fhe, and the ratio of Coulomb to gravitational
e2/Gmpme, Where my, me are the masses of
the proton and the electron, respectively, are given by
o = 1/(2+w) and S = 2w/2r*2,
When w = =*In 4, the numerical value of (2+w) to
nine significant figuresis 137-037664. The present measured
values! for a-! are

137-0388 +0- 0006
13703 0
137-0352
137-0388+£0-0013

Triebwasser, Dayhoff, Lamb
Robiscoe

Hyperfine splitting in hydrogen
Hyperfine splitting in muonium -
137-0381 + 0-0032 Electron magnetic moment anomaly
137-0361 Hughes

The numerical value of log;, (2w/2x?) is 39-3550358.
The present indicated empmcal value of log;, S lies
between the three standard deviations of the mean,

_ that is, between 39-357 and 39-355, the largest part of the

uncertainty being in the value of G. The three standard
.deviations of the mean of S are 227 (01) x 10% and

2:25 (46) x 10%%, wheroas 20/2r* = 2:264947 x 10%.

From these two relations a third numerical relation
82 o?

Mg
may be derived. This equation, ngmﬁ 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 approxima-

tions are quite possibly fortuitous.
ALBERT WILSON

Douglas Advanced Research Laboratories,
5231 Bolsa Avenuo, Hungtington Beach, California.
1 Cohen, E. R., and DuMond J. W. M., Phys. Rev., 37, 537 (1865).




~forces § = o%?/Gmpm., where my, me are the masses of

(Reprmted from Nature, Vol. 212, No. 5064 p. 862 only,
. November 19, 1966)

Dlmenswnless Physical Constants in Terms
of Mathematical Constants

" _Iris of interest to note that a simple logarithmic expressionf

involving = may be used to obtain the values of two basic

 dimensionless physical constants within the experimental”
- ‘uncertainty. The Sommerfeld fine structure constant,

o, =2 me?/hc, and the ratio of Coulomb to gravitational

the proton and the clectron, respectively, are given by -
w = 1/(2+w) and § = 2w/27%

_ When w = = In 4, the numerical value of (2+w) to
" ninesignificant figures is 137:037664. The present measured -

values! for a-1 are

137~0388+0-0006 . Tnebwasser, Dayhoff, Lamb
- Robiscoe
137 0352 * Hyperfine splitting in hydrogen
'137-0388 £ 0 0013" Hyperfine splitting in muonium
137 03%1 $0-0032 Ii}llecg‘ron magnetic moment anomaly .
ughes

The numerxcal value of log;, (2w/2n?) is 39- 355058

. The . present indicated ompirical value of log,, S lies
. between the three standard doviations of the mean,
« ‘“that is, between 39-357 and 39-355, the largest part of the
" uncertainty being in the value of G. The three standard

deviations of the mean of S are 2-27 (01) x 10%° and

2:25 (46) x 10%, whereas 2w/2x® = 2:264947 x 10%.

From these two relations a third numerical relation
_ 8nt - el ’

= 91 MpMe

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 approxima--
' tlons are qulte possibly fortuitous.

ALBERT WILSON
Dougla,s Advanced Research Laboratories,,

- 5251 Bolsa Avenue, Hungtington Beach, California.
* 1 Cohen, E. R., and DuMond J.'W. M., Phys. Rev., 37, 637 (1965).
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THE
ANNIVERSARY

OF

A HISTORIC FAILURE

by Albert G. Wilson

The pages of Engineering and Science magazine
provide a historical record of many of the achieve-
ments and successes of Caltech researchers—alumni

- and stafl. The dead ends and failures rarely appear

in print. Fortunately for publication costs, few
people want their failures recorded. However,

. now and then certain types of failures become his-

toric and deserve a place in the record.

The 17th of December this year marks the 20th
anniversary of such a historic failure—the first at-
tempt to launch particles into space with escape

‘velocity. A team of Caltech men headed by Fritz

Zwicky, professor of astronomy, in cooperation with
Army Ordnance, the Johns Hopkins Applied Physics
Laboratory, the Harvard College Observatory, and
the New ‘Mexico School of Mines, put together a
project in White Sands, New Mexico, combining the
hardware components available in 1946 in a way
which, theoretically, would launch a few pellets in

Albert G. Wilson is an associate director at the Douglas
Advanced Research Laboratory in Huntington Beach, Cali-
fornia, where he is in charge of a laboratory for environ-
mental science. A Caltech alumnus (MS *42, PhD ’47)and a
staff member of the Mt. Wilson and Palomat Observatories
from 1947 to 1953, he was a member of the team which took
part in this “historic failure.”
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A test of artificial meteors—December 16, 1946.

orbit about the earth or throw them off into inter-
planetary space. Two marginal devices and one
valid motivation made the attempt worthwhile. The
devices were the V-2 rocket and the Monroe rifle
grenade or “shaped charge.” The motivation was to
generate a shower of artificial meteors in order to
calibrate the luminous efficiency of natural meteors.

The possibility of throwing something up that
would not come down again fired the imagination.
Although there had been 16 postwar V-2 rocket
firings, this was to be first night firing of a V-2 in the
United States. In those days the launching of a V-2,
with or without an instrument on board, was as
much news as the launching of a Gemini today. Dr.

. Zwicky, who designed the experiment, placed the
“event in historical context: “We first throw a little

something into the skies, then a little more, then a
shipload of instruments—then ourselves.”

A V-2 rocket was equipped with six 150-gram
penolite shaped charges with 30-gram steel inserts.
These were set to fire at times after launching that
would eject the slugs of molten steel at heights of
approximately 50, 65, and 75 kilometers. At these
heights the ejection velocities of from 10 to 15
km/sec would place the slugs either in orbit or on

Engineering and Science



escape trajectory. The ultimate fate of a slug would
depend on its mass and velocity. Most would be
meteors, but some might not be consumed.

To determine the destinies of the meteors, a bat-
tery of K4 aerial cameras equipped with rotating
shutters was scattered over the White Sands Prov-
ing Range. One of these was equipped with a trans-
parent objective grating to obtain spectra of the
V-2 exhaust jet and the luminous artificial meteors
launched. The sites were selected to acquire optimal
triangulation data. In addition the Caltech eight-
inch Schmidt camera was removed from its usual
house at Palomar and set up a few miles south of
the launch site to photograph the flight of the V-2
rocket and of the particles ejected from the shaped
charges. Astronomers at nearby observatories with
wide angle telescopes also focused in on the firing.

As this 17th postwar V-2 left the pad at 22» 12™
49° mountain standard time, expectations were high.
There was a feeling that history was being made.
There was also the anxiety that has become as much
part of every launching as the countdown. (The)
16th rocket, fired a few days earlier, had tilted on
lift-off and travelled 131 miles horizontally. ) Lifting
slovi';ly, No. 17 filled the whole range with sound
4nd, falling upward, held true to its course—5° tilt
north. The shutters clicked and telescopes tracked—
then burnout. But the rocket could still be followed
by the red glow from its exhaust vanes. The time
came and passed for the three pairs of charge deto-
nations. Nothing was seen. The rocket mounted to
-a new record of 114 miles, then returned to earth.

Films were hastily developed in hope of seeing
on the emulsion what could not be seen in the sky.
But there were no trails. Tests of the charges made
on previous evenings had been in every way suc-
cessful. Had the charges fired, but been undetected?
Subsequent investigations have not solved the mys-
tery of just what did happen.

Just as man’s first attempts at flight in the atmos-
phere failed, the first attempt to reach space with a
chance of succeeding also failed. It is significant,
however, that whereas the span between the first at-
tempts to fly and the first successful flight is meas-
ured in centuries, the span between the first attempt
to achieve orbital velocity and the successful or-
biting of Sputnik was only one decade. Those who
participated directly and indirectly in this experi-
ment, though failing to launch the space age on
the night of December 17, 1946, have to their cred-
it an important contribution leading to- later tri-
umphs. Zwicky’s idea was ultimately vindicated,
when success crowned the second experimental fir-
ing of shaped charges from a rocket on October 16,
1957—twelve days after Sputnik.

December 1956

Henry Budd's will said in part,
“ .. if my son, Edward,
should ever wear a moustache,

the bequest in his
favor shall be void.”

You can put restrictions on be-
quests to Caltech, but we hope you
won’t make them as limiting as
Henry Budd’s. For further infor-
mation on providing for Caltech in
your will or through a life income
trust or annuity, contact:

WILLIAM C. CASSELL
DIRECTOR OF INCOME TRUSTS AND BEQUESTS

CALIFORNIA INSTITUTE OF TECHNOLOGY
1201 E. CALIFORNIA BOULEVARD ,
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For at least &3 two centuries various forms of hierarchal
caosmologies have interested philosophers and astronomers. The
hierarchal models of Lambert and Swedenborg in the 18th Century
were no more than speculative extrapolations based purely on analogy.
The hierarchal eosmaology proposed by Charlier in 1907@ was designed>
to meet ﬁhe difficulties raised hy the 0Olbers-Seeliger Paradox.
Charlier revived his mierafchal model in 1921 shomﬁing how a Universe
full of matter could still have a mean density of zero through
succeésive urderSRgé of clustering. UWorld models based on General
Relativity introduced about the same time provided alternate soclutions
to the.Seeliger probiem and provided.for the observed ekpansion.
ﬁbbsequéntl% hierarchal cosmologies have all but disappeared from
current cosmological thinking. Theréwggn;t'present nogééngpgoretical

necessity for reintroducing the concept of a hierarchal universe.

On Wednesday of this week we were privileged to witness an
interesting episode in the continuing debate on the reality of second-
order clustering on galaxies. UWe shou}ld remind suRsE® ourselves,

however, that the contrnvefsy over second-order clustering is only the

current act of the play. UWhether the title is "Reality of First-Order

Galaxies" starring Curtis and Shaplyy or "The Reality of Third-Order
Galaxies" starring Abell and Zwicky, this is one of Astronomy's best shows:
and it becomes a very important matter to know whether we may expect

to be treated to additional performances in the future.




There are also a couple of secondary reasons for taking another
|
look at the hierarchal aspects of the universe. One of these is that
in adopting homogenous or smoothed models we are thowing away the
cosmological information contained in the masses and sizes of the
various casmic bodies we know to ekist. My immediate motivation for

looking into hierarchal models is the inference for hierarchglzation

implicit in the conecpt xrEk &f?tmunded potentials.

At the 121st Meeting of the Society in March of this year, I
presented the table shown in Slide 1 as evidence suggesting the
existence of some sort of potential bound governing the potertials of
stable, ndn—degene;ate, cosmic bodies. The Qalues tabulated are all
log;g c©gs values. In each case the maximum values are of the order
of 1023 g/bm. The gk obsefvatianal determinations of these Valuas
for each species of cosmic quy a:e‘indepandent. Further, the potentials
may pe determined independently of knoy&adge of the‘distancevto fhe
body. The obsa:vatioaa“afiﬁhe‘same upper limit tu_tha gravitational
potentials nF_sta;s,.gXEX galaxiaa, ana ciusters af galaxies suggests
vthe hypothesis that this limit may be & universalkyx stability bound for
all gravitating systems.

Slide 2 shows a graphic»represantafion of the data in a lag M-
log R plot. The observed lim it of 1023 g/cm is about & orders of
magnitdue smaller than the S;hmartzchild limit. The diagram is divided
into three zones. Aboye and to the laft_of the Schwartzschild limit gs
is terra incognito- or perhaps better, terra incommunicado. Below
and to the right aof the 1023 Limit is the regian'of the universe which
"~ is best ubsarved It is the region in which we are located and the

Kas beos ouccecctll,,
region 1nt0 which phy31cs as we know 1t71may—éa extrapolated In the
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region between the two bounds, we may expect new physical phenomena

which might require a nmdlflcatlon Uf our present concepts of grahltatlonal
| > 2

fields. Ubgects whose dimensionless potentials lie xnkx in the 10~t range

may hbe unstablelahatever their demsities, and either expandlng gr . -

fragmenting.

There is at the present no theoretical justification for tﬁe
existence of a potential bound of this value. Chandarasekhar and
KXoEK Fnuier give a potential limit gaverning the stability of polytropic
spheres under post-Newtonian cdnditions. Their stability limit depennﬂs

~an the mass in a quite differnet way from the observed M/R = constant.

It is of éuppbementary interest, however, in connection with the
1023 1imit that the simultaneous solutidnlof Fowler's equation for the
critical limiting radius Fﬁr stability in terms of the gravitational radius
and Harlan Smith's density relation for the guasar 30273 1leads to values
for 38273 0Fﬁﬁ§[ED and R = .01 pcs giving M/R = 1023 8 g/cm. If Foukr's
theoretical relation and Smith's denéﬁ}y estimate are to be beliswsd

the potential of at least one quasar appears to be in aggrement with

‘the observed 10%° limit.

At this stage there 1s not much more direct evidence which can
be adduced either to support or refute the existence of such a bound.
We therefore proceed by‘assuming there exists a univeral potential bound
whose value is of the order of 1023 g/cm aﬂd look for possible inferential

amd
consistencies s» contradictions.




The immediate inference df a potential bound is the prohibition
of uniformly distributed matter of indefinite extent. The maximum
a _
radius, R, permitted to an aggregate with mean density,[&, will be

given by
/o/ R = //‘4__2{ /0//; (1) fc./-u'.)

Slide 3 shows the hierarchal structure which derives from a putentlal
male 1 ;M‘,/,/,/y,.,, @t S vampp? v

bound. UWe esssume—the—simplifications of spherical symetry and uniform
density for all successive bodies. If we proceed along a logarithmic
size or distance scale outward from a center Df>a star, we find,
so long as we are in the interior of the star (shown cross-hatched in
slide) that the potential will increase until it reaches the limiting
value determining the surface. .The star can become mo larger and S/

- remain stable. UWe then encounter a region devoid of matter until,
in the_casé of the solar neighborhood, we travel about 1 parsec.
Then, within slccessive radii we begin to encounter stars and find
ourselves again in a region Uccupied by matter, but at:much lower densitﬁ;a:
This situation continues until we reach the potential limit again at
the surface af a galaxy. There is then another void to the nearest
external galaxay , then a region of matter to the potential limit
reached at the surface of a cluster, 0t;th e;éé lower density.

There are two things to nutice in thed logarithmic representation.

First, are the alternate bands and gaps of matter and no matter. Second,
is the regular pattemto the distribution of the upper bounds. UWe shall

ELaIne

*evdrn—te this pattemin a minute.




I would next like to show a slide of Dr. Schmidt's red shifts QF
radio sources. which are seen to display in a logariﬁhmic representattion,
a similar band-gap distribution. This distribution is suggestive of
a continuation of hierarchization and is qualitative? at least, cuhsistent
with the continued aperétiun of :EZ potential bound. Ue shall dlSCUSS

with  med A Fr ok
the guestion of & guantative consistentancy sf—=ed-shiftz -bards—with
the 1023 limitvafter looking intoc the regularities displayed in the
previous slide. [ Z—iy{'%‘d”l

Charlier constructed an infinite hierérchal universe on the basis’
of the nth order cluster being related to the‘(n - i)narder clusfer by
~ the relation, A ‘

(2)
which is the limiting condiﬁtémn‘ for convergence,

In the part of the universe accessible to observation we find a
quite different relation between the successive orders of aggregates.

e Fihd that the nubbers of elements in succeséive orders bf aggregates
2 appcsimatec! by
-closely-#é&%eﬁa a harmonlc exponent k2xxiwx lau.

@ Z-)/ .
/VL’ - /V J W/er( s Fhe om Gy omimmy 2imm Stm

0;'( 56(,% Sy & .//4,»' -~ /ﬂ"“‘?‘-w

L“'/ //, =z »nlu/nwm, ” ven e, / .f/cm & fﬂ-/“a«; N \51’5 ~ /O 2
Nos Vo ~ 107 |
/V = o/l A /0

/1/7 : zwz—i ~ 3 éx/’%‘%"/‘“féh’/

Here the seguence must stop. 8o if this empirical harmonic exponent‘

sequence adequately eepresents the scale-wise distribution of matter,

' our pbl.:iy can have only one more act.

+
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The relations M/R < 10°° gm/cm and N; < N
allow us to construct a hierarchal model. From the
harmonic exponent law for numbers of eléments in successive
aggregates and the potential bound, we may derive é
sequence of masses, radii, and densities for each body in
ﬁhe model., For NO and for the precise value of M/R we
shall take the values for V444 Cyg A, the main sequence

star with the largest known potential: viz. M = 1034'5 grams,

23.3

¢ = 10 “gm/cm. This latter value may not actually

represent the value of the potential bound but it represents
the value of a body known to be stable and it is more
precisely known that any potential values for galaxies or

clusters. From V444 Cyg A, we derive Table II.
1 - Ml g Dtnrs P

Calculated Radii bserved Radii Megaparsecs logloc.g.s
log;,c.9.s . loglo(c,g.s){ﬁ%w/ /09,0

Star V 11.2 - _ - ' 0.3
Galaxy 22.8 - - -23

Clusﬁer-» 25,7 24.8 2 -29
20 26.6 26 25 to 30 -30.6

30 27.2 - : - - =31.7

Abell derives a mean density on the basis of second order

-29 31

clustering of 10 to 10~  gm/cm3a The existence of 3°

order clustering would reduce the density still further to

32 3

almost 10 ~“ gm/cm”.
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Using the V444 Cyg A value for the potential bound, we find
that the observed radii for clusters and second order
clusters (assuming H = 100) are smaller than the Calculated
values. This would make the:observed potentials larger
than the stability limit and place clusters and 2° clusters

in the instability 2zone.

The calculated masses are derived from numbers of elements
in successive aggregates. - These masses are thus lower
bounds and the calculated corresponding radii are accordingly
lower bounds. If the masses‘of clusters and 2° clusters
(and hence.radii) are actually larger as suggested by the
virial theorem, then the ratio of observed potentials to
calculated potentials is even larger than the Valueg
suggested by Table II. In other words, if the observed
potentials corresponding to the.table lie in the instability
zone, then calculated potentials dorrected for intergalactic
mass cause the observed potentials to lie more deeply in

the instability zone.

We may look upon the potentiéls exceéding the proposed
potential limit either as‘a~contradiction of the assumption
of a universal limit at 1023'3.gm/cm gﬁ we may take that the
bound is wvalid and the fact that the potentials of clusters

and higher order clusters exceed this bound accounts for

their expansion. It readily follows that the general



—8-
' expansion of the universe itself may result from Mu/Ru
having a value which places the universe in the instability

zone.



SYSTEM R
Stars N
V444 Cyg A 11.19
Mean of 40 Ecl.Bin, 11.54
Sun - 10.843
Galaxies
M87 22.3
M31 | 22.2
Mean of 7 Galaxies =--
Milky Way 22.3
Clusters
Coma 25.95
Mean of 7 Clusters ==
Mean of 4 Clusters 25.5

TABLE I

 SUMMARY OF OBSERVED VALUES

2° Clusters
Abellian Cell ‘ 26
Local Super—clusterA25.7

All entries lgglo C.g.s. units

"M

34.46
34.21
33.299

45.9
44,8

44.3

49,40

48.1.

49+

J\/ ; (-"(( l{

M/R

23,27

22.66
22.456

23.6
22.6
22.6
22.0

23.45
22.6
22.5°

23
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Mocled Fo 4.0
A Hierarchal Cosmological Model Doc. 31, 17¢¢

The observation of egual maximum values of gravitatlcnal pntential

for stars, galaxies and clusters D? galaxies (A.G.Wilson, A.J. 71,402
1966) suggests the existence of a universal potential bound governing
grav1tat10nalﬁy stablllty. The assumption that systems whose potentials
lie in the zone between the nbéerved maximum value and the Schwarzschild

< ZGM/bzR <1), are unstable, whatever their densities

limit, ( 10
-or total énergies, prohibits the stahle existence of uniformly distributed
matter of indefinite extent. Large masses in order to form stable

systems must be structured hierarchically. . ' - ‘

The existence of banded structures in the distributions of the redshifts
of rich clusters of galaxies and/radio sources (A.G.Wilson, Proc. l4th
Int, Ap&f’Symp., Liege, 1966 (in press)) indicates the existence of

- One or mare possible édditinnal members of a hierarchal structure which
would be expected as a consequence of the assumed universal stability
bound. Estimates of the potentials of these indicated super systems
place them within the instability'zone, consistent with, and possibly

causééily related to, the ohserved general expansion.

Albert Wilson

Douglas Advanced Research Laboratories
525) Bolsa Avenue, : -
Huntington Beach, California

This paper read at the 123rd meeting of the American Astronomical Society
UCLA, December 30, 1966. The above ahstract and title o replace the
abstract entitled, A CHARLIER-TYPE COSMOLOGICAL fODEL%,
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ABSTRACT

Gravitational Potentials of Cosmic Bodies

Observational evidence for the validity of the general theory
, of.relativity rests on the three-well known tests of ﬁhe theory
in its Schwarzschild foxm. (Advance in the perihelion of
planetary Qrbits, curvature of geodesics near massive bodies,
~gravitational redshifts). An additional prediction of the
Schwarzschild‘solutions for spherically symmetric_gravitating
systems is the existence of the potential limit, 2GM/C2R<.1,
Where M and R are respecti&ely the mass and radius of the
system, G the'gravitational constant and ¢ the velocity of

light.

The theoxry predicts the breakdown of the normal space-time
characteristics of the metric at this limit where the

gravitational radius equals the geometric radius.

Bodies whose potential equals the Schwarzschiid limit cannot radiate
and are thus invisible. Bodies whose potentials approach the
Schwarzschild limit might be expected to manifestSproperfies
somewhat different from those 6f.gravitating systems with
the much smaller potentials which obtain for most bodies (e.g.,
ZGM/czR for the sun is ~ 10—5). It has been shown, for example,

well Iz ’(w-?fj acdild Lim L
that gravitating polytropes become unstable before this—timit is
reached, and would be expected to collapse, expand, or disintegrate.

Aty fom y
Accordingly, a study of systems wwiih large potentials was



A. G. Wilson

o B

¢ Crvn L‘»w{ﬂ:’/
andertaken as possibly providing additional ev;dence bearing on

the validity of the general theory of relativity.

iy /704 The valueé of potentials of various cosmic bodies -~ stars,
galaxies, clusters of galaxies - were derived from old and new
observational data. The search for systems with large potentials
,disc;osed the remarkable fact that there was a common maximum
value for observed potentials of stable cosmic bodies in the
neighborhood of 2GM/C2R: 1074, This value, four orders of
magnltude smaller than the Schwarzschild llmlt, appears  to
constitute some sort of stability limit itself; although
. neither the general theory of relativity, nor any other theory,
predlcts the ex1stence of such a limit.
Livids, re/F
The investigation of large potentials -is—mewWw—&trvided into two
phases:
1) A3ditional observational evidence confirming or refuting
| the existence of the 10_4 bound is being sought.
Observational investigations are under way to derive
the potentials of additional clusters of galaxies, and the

. ai /f» z (2492 v—Cca"«’{
potentialg of, second order clusters?

2) Theoretical hypotheses as to possible causes of a
. . . -4 . . -
potential bound with the value 10 are being examined.
e Theoretical inferences of such a bound are being compared

with observations.




A. G. Wilson
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. Y Observations which are consistent with the interpretation that

\

\
\the;e exvsts a trqn lt on_ from grav;tatlonal stability to

lnstablllty at ootenulals of 10 -4 lncludefln addition to the

pper llmlt to potentials of

commonality of the

)

of
stable syste ;?
N
te

10
e

ldence for exoan51on of whlte dwarfs

which have potentials exceeding 10 4, 2) banded structure in

the distribution of redshifts of radio sources and rich clusters

of galaxies, hierarchal structure, éémanded by a potentlal bound.

v3) The general expansion itself. Current estimates of the

mean density of matter in the observed sample of the universe
: ﬂs =9 ’Z;“ : du! Foot Fo -4
require -fex; a uniform distribution of matter h%éer a 10
"A:/‘ M.N./‘
. boundj.t:he__onset—-erf- instability at linear distances of the

- 7 /, . . ) y
oxdexr of 25 megaparsecs, 7 o yserves iz ;/ e A e/if%%,,

Applications of the hypothesis of the existence of a universal
potential bound f‘*lO_4 to homogeneous cosmological models can
be shown to lead to a positive cosmological constant, a

positive curvature, and a deceleration parameter less than -1.
’ 7[;/"1/% f/r“,'{g
Such a model universe would contlnue to expand for all £3>-to

Zhe-present. The asymptotic Values'of such a model are the
A

g™
same as i the Lemaitre-Eddington model.
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Dr. A, G. Wilson, Associate Director, Environmental Sciences

Gravitational Potentials of Cosmic Bodies

» Observational evidence for the wvalidity of the
~general theory of relativity rests on the three well
known tests of the theory derived from the.Schwarzschild
solution of the field equations. (Advance in the peri-
helion of planetary orbits, curvature of geodesics near
massive bodies, gravitational redshifts.) An additional
prediction of the Schwarzschild solutions for
spherically symmetric gravitation systems is the existence
of the potential limit, 2GM/c?R < 1, whére M and R are
respectivély the mass and radius of the system, G the
gravitational constant and ¢ the velocity of light. The
theory forbids the packing of more mass than M within
the radius R, or:defines an upper limit to the size of

a body of.given density.

With unusual properties of bodies at the
Schwarzschild limit, bodies whose potentials approach the
Schwarzschild limit might be expected to manifest
properties somewhat different from those of gravitating
systems with the much smaller potentialé which obtain
for most observed bodies (e.g., 2GM/c?R for the sun is
1070
polytropes become unstable well before the Schwarzschild

). It has been shown, for example, that gravitating

limit is reached, and would be expected to collapse,
expand, or disintegrate. Accordingly, a study of systems
having large potentials was recommended as possibly
providing additional evidence bearing on the nature of
~gravitational forces and on validity of the general
theory of relativity.

During 1966 the values of potentials of various
cosmic bodies ~ stars, galaxies, clusters of galaxies -
were derived from old and new observational data. The
search for gravitating systems with large potentials
disclosed the remarkable fact . that there was a common

maximum value for observed potentials in the neighborhood



- of 2GM/c?R ~ 10—4. This value, four orders of ‘
magnitude smaller than the Schwarzschild limit, appears
to constitute some sort of stability limit; although
neither'-the.general theory of relativity, nor any
other theory, predicts the existence of such a limit.

The investigation of large potentials divides
itself into two phases:

1. Additional observational evidence confirming oxr
refuting the existence of the 10”4 bound is being sought.
Observational investigations are under way to derive

the potentials of additional clusters of galaxies, and
the potential of at least one second order cluster (i.e.,
a cluster whose elements are clusters of galaxies).

2,  Theoretical hypotheses as to possible causes of

a potential bound with the value 10”% are being

examined. Theoretical inferences of such a bound are
 being compared with observations.

In addition to the commonality of the 10-4 upper
limit to potentials of stable systems observations which
are consistent with the interpretation that there exists
a transition from gravitational stability to instability "

4 include (1) expansion of massive

at potentials of 10~

radio sources which appear to have potentials exceeding
-4

10

large redshifts of radio sources and rich clusters of

, (2) banded structure in the distribution of all

'galaxies. Such a banded structure is what would be
expected if there existed higher orders of clustering
than second as demanded by a potentiél bound.

(3). The general expansion itself. Current-eséimates
of the mean density of matter in the observed sample of
the universe require that for a uniform distribution of
matter subject to a 1074 bound, instability onset at
‘lineér'distances of the order of 25 megaparsecs, (one
megapafseéléQuéls three and a quartervmillion»light years)
the observed size of second order clusters. |

SO



Applications of the hypothesis of the existence
of a universal potential bound of 10"'4 to homogeneous
cosmological models can be shown to lead to a positive
cosmological constant, a positive curvature, and a
deceleration parameter less than ~1. Such a model

 universe would not osc111ate but continue to expand for

all future tlme.

il e i s e



11. — DISTRIBUTIONS OF REDSHIFTS
OF RADIC SOURCES AND RICH CLUSTERS

Mémo res ole ta
190‘74/(’ ﬂ/&/ JZ‘/‘W{A/'OQ
l[t(‘/f '

‘J;c/e//f/v :

~ A. G. WILSON - alro ¢
Douglas Advanced Research Laboratory, \
Huntington Beach, California, U.S.4. ) P "Pc"tééwﬂf 7’ Jh 19564

The distribution of optical redshifts of radio sources is non-uniform (Figure 1
upper part), showing marked clumping into bands separated by distinet gaps. With
the errors-of ‘individual redshifts not much larger than the line thickness; these
bands and gaps appear not to be statistical fluctuations. Although the present total
available sample of redshifts is small, the probability of Statistical fiuctuations
creating this type of non-uniformity is remote. A Poisson ;chi? test shows probabili-
ties of less than 1 : 106 that the observed distribution would oceur in a random sample
wi th either uniform density or density increasing with square. of distance.

There is the possibility that observational selectivity factors have generated
the banded distributions. These selectivity factors are primarily those contrlbutmg
to ease of observation. There is a declipation factor, most of the sample being in
~the northern sky. There is a brlghtness factor, the optically bright objects being
ch osen to effect shorter exposure times. While the brightness factor has biased the

&17414 19(// U

sample toward emphasis on the giant D type radio galaxies, it is difficult to see .-
- how this factor or a declination factor could generate apparent bandings in a distri- °

- bution which is in reahty uniform.
h If the distribution is not attributable to either statistical fluctuations or to
observational selectivity factors, the next most likely hypothesis is that the radio

sources are physically clustered. An investigation of the angular distribution of the

““sources indicates that physical clustering partially accounts for the clumping, but

many sources having nearly equal redshlfts are widely -separated. in angle. Con- .

‘sequently, assumption of large scale non-uniform distribution beyond the scale of

recognized clusters seems necessary to account for the observed distribution.

A second type of cosmic object with large redshifts which also exhibits a similar .’ '

banded redshift density distribution is the rich cluster of galaxieq In (Fig. 1 lower
part) are shown the mean redshifts of all clusters of galaxies in Whlch redshifts of"
‘one or more individual galaxies have been measured.

+ " In the cluster sample, the Abell [5] richness of the cluster is correlated with
‘the position of the clusters’s redshift within a band. The richer clusters are found

toward' the center of a band, the sparser clusters toward the edges of a band. The . ‘ .

variation of richness across the bands in this manner strongly reinforces an inter-.
pretation of the bands and gaps as reflecting an actual distribution of matter and
‘not being due to random fluctuations or selectivity effects.
: If the radio source and cluster redshift distributions are ¢ompared. Beyond
‘the redshift value, log = ~— 1.4, three corresponding bands are identifiable. From
the respective positions of the bands, it appears that there is a displacement of the
redshifts of the radio sources with respect to the redshifts of the clusters.
' If we compare the values of the redshifts at the lower and upper limits of the
corresponding bands, we find 'the redshift displacement, Az, of the radio sources

with respect to the clyster redshlfts is systemamc followmg\n apprommatmn the B

—.

relation oo N
. Az =,(eonstant) N AR B "CC, \, o

o e
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~Fig 1..—— Comparison of distributions of optical redshifts greater than z = 0.035. Upper »
'dlstnbutlon redshlfts of radio galames, lower distribution primarily redshxfts of ¢D type
galax1es in' rich clusters [ 28,4



In the ranges under consideration in Figure I, we are in essence comparing
the optical redshifts of the two types of D galast — those which are radlo sources
and those which are not. . i

It is not understood why certain D galaxies are radlo sources and others are
not, nor why the radio D galaxies are found in the poorer clusters and the radio

_quiescent D galaxies in the richer clusters [6]. Morgan suspects that the radio D
galaxies are the largest and most massive single structures known [7]. If this be so,
we have a possible explanation for the differentiation between radio and non-radio D
galaxies in the displacement of the radio source redshifts with respect to the non-
radlo redshifts : the displacement may be due to an Einstein shift. If the radio sources
are more massive than the ordinary D galaxies, part of the observed redshift may
be a gravitational shift.

If we assume that radio sources and clusters are cosmically dwtnbuted in the
same manner, the observed bands and gaps for both radio sources and clusters must
be identically distributed in distance requiring that the differences in redshifts between
the radio source and cluster bands be attributed to some other cause than cosmic

~ distance operating in accord with Hubble’s Law. In other words, the cosmic or
Hubble components of the observed redshifts of radio sources and clusters at the
~ same distance must be the same, but superimposed on the cosmic redshifts is a
second component of the observed redshift which is different for the radio sources
. and cluster D galaxies. The differences in this second component are manifested
as the redshift dxsplacemen’c which may be an Einstein shift. If this be the case;
the emission lines in the optical spectra of radio galaxies come from sources which -
~are located in regions of higher potential. : '

If the dlspla.cement is a gravitational redshift, then for a radlo source and :
' cluster having the same cosmlc redshifts, . .

LGM, M,
A=%lw R_]

vhere the <ub<cr1pt r designates a radio source and g a-cluster galaxy

If we designate nearer objects with a «second » and more distant ob]ects with
a« pnme » then since Az’ { Az" we have
MM VI' M
, _ R/ TR T R' Ry .
(the right member may be zero). Taking any change in potential of cluster D galaxies
as a standard of reference with value unity, we have for all Values of z beyond the
local (— 1.4) boundary that RN -
-\Ir 1 + wv[//
| LASS |
which is to say that M,/R, is decreasing with time. Hence, the redshift displacemen‘is '
between the radio sources and clusters may be interpreted as resulting from expansion
-and/or mass loss in the radio sources. However, only that portion of expansion in
- excess of any cluster Dgalaxy expansion is reflected in the displacement.
_ The observational conclusion that the radio sources are expanding is consistent
with theoretical models, and also is in accord with explanatlons of the radlo counts
_ based on secular power decrease. ~ o
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In addition, the superposition of the bands in the two distributions which-
résults upon removing the -Einstein shift strengthens the evidence for the non-
uniform distribution of matter over distances greatly exceeding the sizes of any
presently recognized clusterings, a matter whlch would have important cosmologlcal :
implications. ]

Although this interpretation affords a consistent quahtatxve solutlon quanti -
tative conclusions must await a substantial increase in the size of the redshift samples ,

-
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A test of artificial meteors—December 16, 1946.

The pages of Engineering and Science magazine
provide a historical record of many of the achieve-
ments and successes of Caltech researchers—alumni
and staff. The dead ends and failures rarely appear
in print. Fortunately for publication costs, few
people want their failures recorded. However,
now and then certain types of failures become his-
toric and deserve a place in the record.

The 17th of December this year marks the 20th
anniversary of such a historic failure—the first at-
tempt to launch particles into space with escape
velocity. A team of Caltech men headed by Fritz
Zwicky, professor of astronomy, in cooperation with
Army Ordnance, the Johns Hopkins Applied Physics
Laboratory, the Harvard College Observatory, and
the New Mexico School of Mines, put together a
project in White Sands, New Mexico, combining the
hardware components available in 1946 in a way
which, theoretically, would launch a few pellets in

THE

ANNIVERSARY

OF

A HISTORIC FAILURE

by Albert G. Wilson

Albert G. Wilson is an associate director at the Douglas
Advanced Research Laboratory in Huntington Beach, Cali-
fornia, where he is in charge of a laboratory for environ-
mental science. A Caltech alumnus (MS 42, PhD ’47) and a
staff member of the Mt. Wilson and Palomar Observatories
from 1947 to 1953, he was a member of the team which took
part in this “historic failure.”

orbit about the earth or throw them off into inter-
planetary space. Two marginal devices and one
valid motivation made the attempt worthwhile. The
devices were the V-2 rocket and the Monroe rifle
grenade or “shaped charge.” The motivation was to
generate a shower of artificial meteors in order to
calibrate the luminous efficiency of natural meteors.

The possibility of throwing something up that
would not come down again fired the imagination.
Although there had been 16 postwar V-2 rocket
firings, this was to be the first night firing of 2 V-2 in
the United States. In those days the launching of a
V-2, with or without an instrument on board, was as
much news as the launching of a Gemini today. Dr.
Zwicky, who designed the experiment, placed the
event in historical context: “We first throw a little
something into the skies, then a little more, then a
shipload of instruments—then ourselves.”

A V-2 rocket was equipped with six 150-gram



penolite shaped charges with 30-gram steel inserts.
These were set to fire at times after launching that
would eject the slugs of molten steel at heights of
approximately 50, 65, and 75 kilometers. At these
heights the ejection velocities of from 10 to 15
km/sec would place the slugs either in orbit or on
escape trajectory. The ultimate fate of a slug would
depend on its mass and velocity. Most would be
meteors, but some might not be consumed.

To determine the destinies of the meteors, a bat-
tery of K4 aerial cameras equipped with rotating
shutters was scattered over the White Sands Prov-
ing Range. One of these was equipped with a trans-
parent objective grating to obtain spectra of the
V-2 exhaust jet and the luminous artificial meteors
launched. The sites were selected to acquire optimal
triangulation data. In addition the Caltech eight-
inch Schmidt camera was removed from its usual
house at Palomar and set up a few miles south of
the launch site to photograph the flight of the V-2
rocket and of the particles ejected from the shaped
charges. Astronomers at nearby observatories with
wide angle telescopes also focused in on the firing.

As this 17th postwar V-2 left the pad at 22k 12™
49° mountain standard time, expectations were high.
There was a feeling that history was being made.
There was also the anxiety that has become as much
part of every launching as the countdown. (The
16th rocket, fired a few days earlier, had tilted on
lift-off and travelled 131 miles horizontally. ) Lifting
slowly, No. 17 filled the whole range with sound

and, falling upward, held true to its course—5° tilt

north. The shutters clicked and telescopes tracked—

then burnout. But the rocket could still be followed
by the red glow from its exhaust vanes. The time
came and passed for the three pairs of charge deto-
nations. Nothing was seen. The rocket mounted to
a new record of 114 miles, then returned to earth.

Films were hastily developed in hope of seeing
on the emulsion what could not be seen in the sky.
But there were no trails. Tests of the charges made
on previous evenings had been in every way suc-
cessful. Had the charges fired, but been undetected?
Subsequent investigations have not solved the mys-
tery of just what did happen.

Just as man’s first attempts at flight in the atmos-
phere failed, the first attempt to reach space with a
chance of succeeding also failed. It is significant,
however, that whereas the span between the first at-
tempts to fly and the first successful flight is meas-
ured in centuries, the span between the first attempt
to achieve orbital velocity and the successful or-
biting of Sputnik was only one decade. Those who
participated directly and indirectly in this experi-
ment, though failing to launch the space age on

" the night of December 17, 1946, have to their cred-

it an important contribution leading to later tri-
umphs. Zwicky’s idea was ultimately vindicated,
when success crowned the second experimental fir-
ing of shaped charges from a rocket on October 186,
1957—twelve days after the Russians launched
Sputnik.

Reprinted from Engineering and Science Magazine, December 1966
Published at the California Institute of Technology




_ vaLEPHONE: ARDWICK 3333

DEPARTMENT OF ASTRONOMY,
THE UNIVERSITY,
MANCHESTER, 3. -

- ZK/SN 19th January, 1967,

Dr. A.G. Wilson,

Douglas Advanced Research Laboratories,
Huntington Beach,

California,

U.S.A.

Dear Dr. Wilson,

‘ The Measure of the Moon ,
- Proceedings of the Second Intermnational Conference on Selenodesy
and Lunar Topography, held in the University of ‘Manchester, England.
| " May 30 - June 4, 1966,

Under the same cover I take pleasure in transmitting to
you the page procfs of your contribution to the above-mentioned volume
with the request that you correct it for misprints and return it to
me (at the above address) at the earliest possible date.

Corrections received later than two weeks after the date
of this letter, may be difficult to effect without interfering with
the Publisher's schedule.
Information concerning orders of additional reprints of .
your contribution for yourself or your institution are being commmicated
to you by the Publisher, under separate cover. .

Yours szncerely.

Rt bapat

Zdenek Kopal,
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THE U&F THE 48-INCH SCHMIDT TELESCOPE,
| FOR SELENODEi“UC OBSERVATIONS.

ALBERT G, WILSON* conr
Do'r)m a S, V/l'/Jd"*\N

- Photographing the Moon against star-field backgrounds is recognized as a most

useful technique for measuring the difference between universal and ephemeris

times, determining various higher-order motions of the Earth and Moon, and in-

vestigating certain geodesic. problems. Because simuitaneohs»photographic obser-

- vations of the Moon and stars might be effectively used with new reduction techniques

-~ developed by Kopal for determining lunar librations from star positions independent

_ of reference to the lunar limb, Kopal recently requested that we investigate the -
‘ feasibility of utilizing the 48-inch Palomar Schmidt as a moon-star camera. The - =

Schmidt is rarely in use when the Moon is above the horizon and good supplementary

use could be made of the instrument if it should prove adaptable for lunar work. E

The problem of photographing the Moon against its star-field background is

- complicated by the motion of the Moon, the large difference in brightness between v\ b

" Moon and stars, and the brightness of the sky in the neighborhood of the Moon.

It is also necessary that the Moon and stars be photographed so that the position of - -

' . the telescope when the Moon is exposed be the same as the average position for the
" stars in order to minimize refraction and off-axis effects. .

-

A highly successful, but sophisticated, camera for making simultaneous photo-
graphs of the moon and a star field has been developed by MARKowITZ (1954, 1962).
In this camera the differential motion of the Moon is corrected by continuously
changing the tilt of a plane parallel glass filter. An exposure of from about 10 to 25

seconds is made of the star field with the Moon being tracked by the changing tilt -

filter. The filter drive is set so that the filter is parallel to the photographic plate at

- exactly mid-exposure. At the instant the filter is parallel, the Moon image is exposed

. being recorded in its correct position with respect to the stars.

In considering the Schmidt for this problem, it was felt that since the f /2 5 speed

- allows the recording of 12th-magnitude stars (under dark sky conditions) in about 5
- seconds, that the Moon-motion problem could be surmounted by driving the tele-

scope at lunar rate and making a very short exposure. The star images would be only

. slightly trailed being still quite useful as fiduciary marks. The Schmidt has no decli-

. blurrmg of the Moon’s 1mage

nation rate control but for the short. exposure, thxs should- mtroduc‘e very little
‘1 Do_uglas Advanced Reaeareh Laboratory, Huntington Beach, Calif., U.S.A. ) ] :

/




The Moon-brightness problem was to be solved by introducing a neutral filter -
. " having a dense central circle sufficiently large to mask the lunar image. Mr., George
Kocher prepared a set of experimental filters by exposing §x7-103a—O plates in
contact with a template having a suitable central hole. The scale of the Schmidt is
-~ . only 69" arc/mm and marginal at best for recording lunar features. Only the sha‘rpest
of properly exposed images could be of use for libration measures.
 The sky problem could be handled by photographing the star field through a
suitable filter. However, since this extends the exposure time and the star images are
trails, the usual gains from reducing sky brightness cannot be effected.

Time was secured on the nights of May 31 and June 1 through the courtesy of the
Director of the Mt. Wilson:Palomar Observatories to makea feasibility study on full
moon. The 5x7 plate holder :with field flattening lens was employed. The chief
limitation to the experiment was the Schmidt shutter which has an operating time of- .
three seconds and a minimum effective exposure. time of some 4 to 5 seconds. The
mounting of an auxiliary shutter would constitute a major and expensWe modlﬁcanon
for which neither time nor money was available. - :

The results were hlghly unpromising. It was not possnble to record the lunar
surface and stars on the same plate. The intense brightness of the sky in the neighbor-
hood of the Moon, although the transparency was good, vitaited the attempt.

The conclusions of the experiment are that the Schmidt is not useful as a Moon-

.~ camera without extensive and expensive modifications. While it may be possible to
? . adapt the Schmidt for simultaneous moon-star field photography through diaphragms

to change the f ratio, building a system of dual shuiters, introducing suitable combi-
; L ‘nations of filters, and a declination rate drive, none of this seems worthwhile. Since
CER ' telescopes built for one purpose are rarely adaptable to quite different purposes, é/We
. © " recommend development of instruments following the successful de51gns of Mar--
kowitz. o o : : ‘

Refefencés S P

MAmcownz, Wi: 1954 Astron J., 59 69—73 P ’
Markowrrz, W.: 1962, in Telescope.v (ed. byG P. Kmper andB M Mlddlehurst) Univ. of Chlcago R
Prms, Chlcago, pp 107-—114 - : ; Lo : “
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unusually bad weather of the winter sea-
son permitted completion of the observa-
_ tions for only a single field (four plates in
each color) and fragmentary observations
for three other fields.
Dr. George Wallerstein of the Univer-
sity of Washington obtained spectra in
the visual and red regions of the hydrogen-
poor star HD 30353. With the help of two
graduate students, T. Greene and L.
Tomley, he is analyzing the spectrum to
obtain abundances of H, He, C, N, O,
and Ne. The problem is intrinsically diffi-
- cult because the source of opacity is un-
* known, necessitating a procedure of suc-

" cessive approximations starting with elec-
tron scattering as the source of opacity

. and computing abundances to first order.

.~ With first-order abundances, the opacity
- can be improved. To obtain the distance
" and reddening -of HD 30353, nearby B
stars have been observed for comparison
of the strengths of their interstellar D
lines. In addition, Danziger has obtained
photoelectric scans of HD 30353 and
three nearby B stars to establish the effec-
tive temperature and reddening.
"~ Wallerstein has started observing F and
G stars of luminosity class Ib in the red
- region to search for lithium-rich super-
giants. Seventeen stars show no lithium
line, indicating that the F-GIb stars have
probably mixed to considerable depths
at some time in their past history. Deep
mixing of stars of 5 and 9 M o is expected
from the time scales of evolutionary
models by Iben. A surprising by-product
of the survey was the discovery of He
emission. accompanied by asymmetrie
absorption in € Geminorum and HR 3045.
Zirin found e Gem to have A10830 of He I

in emission. Since the Ha line of ¢ Gem

has been observed by Kraft, Preston, and
Wolff to have a normal absorption line
" at Ha on at least one occasion, it appears
that some sort of transient chromospheric
activity was taking place in January 1966.

Wallerstein obtained two more spectro-
grams of HD 128220, a double-line spec-
. troscopic binary of types sd 69 and about
- GO III, in both the yellow and blue. An

orbit is being computed in cooperation
with Mrs. S. Wolff of Berkeley. The
masses of both stars lie in the range of
2-5 Mo. Such a large mass for the hot
subdwarfs is interesting because it ap-

‘pears to be considerably greater than the
-magsses of white dwarfs and suggests that

the star must lose considerable mass be-
fore evolving into a white dwarf. ,
Dr. Robert L. Wildey of the United .
States Geological Survey Center of Astro-
geology, Flagstaff, Arizona, used the 100-
ineh telescope for three nights in August
1965, beginning just past full moon. He
employed the coudé scanner with the new
cold boxes, pulse amplifiers, and digitized
output to attempt to detect lunar lumi-
nescence along lines of drift, atlunar
orbital rate, across the equatorial belt of
the moon and at selected spots in the

- vicinity of Tycho, Copernicus, Kepler,

and Aristarchus. The observations are
negative to a limit of detectability of
about two to three per cent of continuum
level. Greater precision may emerge on
further reduction, however, enabling dif-
ferences of a small fraction of a per cent
to be detected if they are present. The
technique used is probably the most ac-
curate yet employed in searches for lunar
luminescence.

The nebular (B) spectrograph with the
100-inch telescope has been used by Dr.
A. G. Wilson of the Douglas Aircraft
Company to observe the redshifts of
bright galaxies in nearby clusters. The
purpose of the program is to study the
spatial distribution of clusters and to
investigate suspected regularities in red-
shift distributions. The nearby clusters
so far observed appear not to be randomly
distributed. Mean redshifts of clusters
beyond the local Virgo—Ursa Major com-
plex " and closer than z = S\/x = 0.09
appear to possess an unexplained regular-
ity that is closely represented by the one-
parameter expression

n

.5
long == —‘§+410g102
n=—1,012...,9
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For most of the clusters in this range, the
relative error, dz/z, of this formula is less
than 19%. More distant clusters appear
to be nonuniformly distributed, their red-
shifts showing a nonstatistical 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 bé indicative of
the clustering of both clusters and radio
sources on a larger scale than that of any
currently recognized aggregate of matter,

Robert L. Younkin of the Jet Propul-
sion Laboratory of the California Institute
of Technology has continued work on
spectrophotometric measurements of the
planets. Measurements of Mars during
the 1965 apparition have shown: (1) The
two near-infrared reflectance spectral
features of limonite (commonly assumed
to be the surface material of Martian
bright regions) are both absent from the
integrated radiation from the disk. (2) The

* - reflectances of a typical Martian bright

area and a dark ares exhibit no observable
difference in the limonite spectral features.
(3) In the visible spectral region the

CARNEGIE INSBTITUTION

absolute energy distribution of areas of
both types increases steeply to the red.

Younkin and Miinch have measured
the energy distribution of the rings of
Saturn when the rings were fairly open.
The rings were found to be colorless be-
yond the visible to 1.1 u. No evidence was

found for the weak ice absorption bands

at 1.05 y previously reported in the
literature. .

Mr. Younkin, with Dr. Hyron Spinrad
of the University of California at Berke-
ley, has measured the vanadium-oxide
abundance in several cool stars. A de-
creasing abundance with phase was
exhibited by o Ceti. A relatively small
abundance in x Cygni was attributed to s
lower O/C ratio. The variation of water
vapor with phase in o Ceti was studied by
Dr. Spinrad and Miss D. M, Pyper of
Berkeley and R. L. Newburn, Jr., of the
Jet Propulsion Laboratory. Measure-

- ments at Mount Wilson and at Xitt Peak

indicated a reduction of water with ap-
proach of maximum light and possible
real variations of water abundance from
one c¢ycle to the next.

INSTRUMENTATION

Electronics Laboratory

Under the supervision of Dennison, the
major effort of the Astro-Electronics
Laboratory at Caltech during the past
year has been centered on a new data-
acquisition system for the 200-inch Hale
telescope. The purpose of this system is
to collect basic data from photoelectric
photometers along with all relevant ob-
serving parameters, and to record this
information for subsequent computer
reduction.

Because of the general success of pulse

counting, probably almost all future

photoelectric measurements will be made -

with this technique. In the case of photo-
multiplier tubes, each photoeleciron re-
leased from the photocathode generates
a pulse that can be amplified and counted.

The output of photoconductive devices,

such as those used for infrared measure-
ments, is a direct current that can be
amplified and converted by a voltage-to-
frequency converter into a series of pulses.
The pulse rate at the output of the con-
verter is proportional to the photocon-
ductor current.

The new 200-inch data system is de-
signed to count pulses from either photo-
multipliers or voltage-to-frequency con-
verters in two reversing counters. In
general, one photomultiplier is exposed to
the sky, the other to sky plus object. A
mechanical interchange of the two light
paths at & subaudio frequeney is carried
out with synchronous commutation of the
two reversing counters. The net counts
are a measure of the difference in light
flux at the two photometer apertures.
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The paper, "Ilomogencous Cosmological
Models with Bounded Potential, ' applies
a consistency argument within general
relativity theory to select allowable ho-
mogeneous relativistic cosmological mod-
els. Specifically, the existence of the

""Schwarzschild Limit, " implied by gen-

eral relativity, requires that non-empty
homogeneous relativistic models be closed
and expand monotonically and accelera-
tingly for all future time. ‘

Homogeneous Cosmological Models with

Bounded Potential, A. G. Wilson and

D. G. B. Edelen, Douglas Paper 4488,
DARL Research Communication No. 29.
Under the assumptions that the gravita-
tional potential 2Gm/c?r is everywhere
less than unity, and that the physically
realizable pressure in the universe is
everywhere no less than zero and no
greater than photon gas pressure, it is
shown that homogeneous models based on
the Walker-Robertson line element have
zero density if the curvature parameter k
is O or -1. Allowable closed universes
(k = +1) have a positive cosmological con-

stant, A, and must in all future time ex- -
pand monotonically without limit. As-
ymptotic values for distant future times
are presented in the usual notations:
H=cJA/3, g=-1, p=0, and p=0. The
cosmological constant is bounded below

by 3H§/c2, where Hg is the present value
of the Hubble parameter.
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ABSTRACT

Uhder_£h¢ assumptions that the_gravitational

- potential, 2Gm/czr,'is everywhere less than unity,
and that the physically realizable pressure in the“
 un;verse is'everywhere no leés than zero and no
vigreater than bhotbn.gas pressﬁre,.it is shown that
homogeneous models béséd“on the Walker-Robertson

- line element have zero density if the curvature

‘ .parameter‘k is 0 or -1, Allowable closed universes
(k = +1) have a positive cosmblggical constant, A,

~and must in all future time expand monotonically

without limit. Asymptotic values for distant. future VV‘

- ~times are ih usual notations: H = ¢ J(\/3), g = -1,
p =20, and p = 0. 'The>cosmological‘constant'is
_bounded below by 3H_?/c? where H_ is the present

' value of the Hubble parameter.



I. POTENTIAL BOUNDS

The exiStence of an upper bound for the value of -
gravitationalupotential which can develop anywhere in
the universe is suggestedvby'both theory and obser-

vation. If the dimensionless potential, &, is taken

' to be 2Gm/c r where G is the grav1tatlonal coupling
"constant,'c, the veloc1ty of llght, m the total mass. -
 _contained wlthlntanz radius r (usually, but not

‘necessarily, measured from the center of some cosmic

body) , then the existence of a universal bound, U,

requires that

L.y 2

1A
=

~ everywhere for all r.

From the field equations of general relativity

- several theoretical values for U have been derived.

The largest bound is the Schwarzschild limit for

which U has the value unity. This bound is derived
by equatlng the Schwarzschlld exterlor solution of
the general relativistic fleld equatlons to the

interior solution which results when the interior is

~ assumed to consist of an incompressible perfect fluid



vwith1constantbproper density kTolﬁan 1934). The
Schwarzschild limit'constitutesvan "ultimate" bound ']1'
’on the'pdtential.in the sense that above the value

of unity the metric ho longer preserves normal space

- time charactéristics. Eddington {1923) showed that I
the‘pressuré'in‘the Schwarzschild solution becomes
infinite at the value & = 8/9. As a consequence, no -
physical system consisting of a perfect fluid with
uniform proper denéity could ever actually attain the:
| Schwarzséhild limit; More recently several investi-
'gators have established theoretical upper bounds for
@ unde:»mdre general and realistic'assumptidhs.
ivBuchdahl (1959) has established 8/9 as an upper bound
for the potential in a manner which is independent

of the-reiation betweén'pressure and energy density.
Bondi (1964) has also:generalized these results. He

" has derived a value of 4[3 N2-4] = 0.970 as a
‘rigorous upper bound for the potential independent of
' any assumptions about the équation of state subject
only-to the restriction that the density be nowhere
negative. Bondi’has also found undef éertain assump-
tions governing adiabatic stability that @ must be
less than 0.62. Chandrasekhar'(l964) has considered

the dynamic stability of polytropic gas. spheres under.



reiativistic'andthSt Newtonian conditions and finds
' that for any finite value of the specific heat ratie;
Y, that dynamical instability always’dccurs before ﬁ
‘the potential_reeches‘8/9; The Newtonian condition
‘for dynamical stabiiity is that Y > 4/3. Chandra—
sekhar flnds that for Y sllghtly larger than 4/3, thef;”
relat1v1stlc condltlon for radial stablllty is o
@< (Y- 4/3) /K, where K 1s a constant of the order of :
" ‘un1ty-(dependent on the,polytroplc 1ndex). Slmllar
3;reSﬁlts have been-aerived by Fowler (1966f.v |
‘ In addition to these relativistic and post-

. Newtonian bounds-suggested.by theory, there is also

' ~,observatlonal ev1dence suggestlng the ex1stence of - ak

tpotentlal bound for non-degenerate cosmic bodles

”(Wilson. 1966)."The maximum values of the mass/,

‘radius ratio Which occur in the samples'of stars,
- gelaXies, and clusters of galaxies which have beenr
measured are found to be closely'the same for each
_species of cosmic body. The common value is |
approximately Zi.()‘23 ‘g/cm; The ratio is derived by
three separate methods: from orbits of eclipsing
binaries in the case of stars; from rotational

. dynamlcs of galaxies, and from the virial theorei

applied to clusters. Table 2 summarlzes the results



TABLE 1

* RELATIVISTIC POTENTIAL BOUNDS

Constraints

Upper Limit

p = pc4/3

Bound Symbol
' g | 2Gm/c2r
' 'schwarzschild| USV. - p = constant 1
Eddington U P = const., 0.888
= ' . p finite
" Bondi I UB" p'not'increasing- 0.638
‘ from center, :
| | p= ec?/3
Bondi II U, adiabagiélstability 0.620




TABLE 2

MAXIMUM OBSERVED GRAVITATIONAL POTENTIALS

System . -Object log,,(m/x)
' o | g/em i

‘Star V444 Cyg A 23.27

Galaxy -

Cluster | Coma . 23.5




 for those bodies found to have the largest m/r

ratios (Allen 1963).v The. value. of the'm/r'ratio for
a second order cluster has not been observed directly.

However, based on the mean cluster mass, the

- observed numbérlof clusters in second order clusters, .

and'their_independently estimated radii (Abell 1961;_f5“”

de Véucouléurs'l960), the same value of approximately"
1023>_g/cm is found. The cosmic bodies for which .
this bound appeéﬁs-tq obtain are those whiéh-are non-
degenerate and étable. Whethér it also holds fdr
quasars, rédiotgalaxies and white dwarf stars, is at’
presen£ uhcertaih. 'Taking the_bPunding value fof:

23.6

m/r to be no smaller than 10 .. g/cm (value for

M87), the observed upper bound Ugr of & at the
present epoch is 10_4’3.
The value of the observed bound, Uo’ is not

equal to any of the several theoretical vaiues'of U

‘derived from general relativity or post-Newtonian

approximations. Although the nature of Uo,uand even.

its reality, aré uncertain, a nearly identical limit

~governing systems that are aggregates of particles

that may be eithér atoms, stars, or galaxies suggests

' the existence of a bound which is independent of the

equiation of state or of any assumptions: concerning



_pressure—energy density relationships. Despite tne
.discrepancy'in yalues,,there exists in effect an .
obServed,potential.upper‘bound whieh'corresponds
phenomenolpgicallyyto;the existenee of potential
bounds, as predicted~by.theory. This phenoﬁenolcgical,v

correspondence may be taken as the rationale for

postulating-the,exiStenee of a.universal potential
upper bound and inVestigating its cosmological

inferences. The disctepancy'between observed and

theoretical values for the upper bound dictates that '.“

no single nalue fot'the'upper bound be assumea, but
that relationf(l.l)Abe adopted as a postulate withoﬁtt'
specifyingithe‘yalue of U. .Whenever the values of =
the various bounds possess diverse infenences, the
implications'of each bound must be discussed separ-

| ately. » |
| In postulatlng the boundlng relationship, (l.l)*
"Qe‘ahall wish to require that the upper bound, ﬁ, be

~global, a less restrlctlve condition than universal.

"By a global potentlal upper bound we shall mean

that 1f a sphere: of radlus r is c1rcumscr1bed about )

o ~any point, P, as center, then for every cho;ce of P

~and for r_suffi01ently. arge, the total mass, m,

contained within the sphere will be such that



® = 2Gm/c2r < U. By a universal potential bound, on

the other hand, we shall mean that & < U for all P and .

all r. Clearly, every universal bound is»global} but
it is quite possible for_évglobal bound to be valid

and at the same time for there to exist local regions

- within r for which & > U. For example, the potentials:

of certain white dwarf stars may exceed'Uo, but this
does not violate the ineqﬁalitybé < U, in the large.

It is probable-that,Us or U, are universal bounds

E
in the above sense while Uo7may be merely global.
Both global and universal potential bounds, like

other universal:  constants,will here be assumed to-

- be time independent. However, if other basic physical.

- constants vary with time, it is likely;that the
potentiel bounds also vary with time.-

'An important class of relativistic cosmological.

' models has beeh conStructed under the assumption that{'

the matter in the unlverse may be approx1mated 1n
the large by a unlform perfect fluid (Robertson 1933)
: whose den51ty—1s a functlon of time only. These
‘models do not reflect observed density fluctuations
 nor do they allow 1ncorporatlon of the cosmolog1ca1
information implicit in the existence of. stars,

galaxies, clusters, and other bodies. Nonetheless,.

10
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‘these models provide a zero order physical approxi-

mation and useful mathematical simplifications. They

. have constituted the main stream of theoretical and

' observational cosmology for the past four decades

- and many cosmological questions are formulated
relative to their structure with observables eXpressed
in terms of the,basic parameters whioh characterize

-them. For these reasons we shall wish to consider
the inferences_of'porential bounds for homogeneous
cosmological models. HoweVer, before'proceeding we
must ascertain whether it is consistenr to.impose

, simultaneously the conditions of uniform density and
the existence of'aiglobal-potential.bound.

| The mean density, (p(P,r)) of matter contained
within a sphere of radius r centered at P will be

equal to m/(Fr3) where m is the mass inside the .
spherical surface defined by P and r and I" is a factor7"

which depends on the curvature of‘space. The :
assumption of uniform density is equivalent to the

' statement that the limit of p(P,r)> as r becomes

.'very‘large}is'the same for 511 P, It follows that &

on the spheriCai:Surface-of-radius r is equal to
2G<@>Fr2/cz. From (1.1) the conditiohs of uniform

density and the existence of a global potential-
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‘bound are seen to be compatible provided

(1.2) <p).< c2U/(2Grr2)

~ for all r < R, the "radius of the unlverse." The

1nequa11ty (1.2) 1nd1cates that there are no

physical inconsistencies in simultaneously postu-

- lating uniform density and a potential bound. How-

. ever, there are limitations placed on R by the'valuei

of {Pd. while it is thus physically consistent -and

imeaningful to impose the two condifions simultaneously .

.ig the large, more locally a global potential bound

implies the existence of some sort of hierarchal

structure in the distfibution of matter. Cosmo-

“logical models with hierarchal structures subject -

to a potential bound will be discussed in a sub-

sequent paper; the remaining sections of the present.

'paper w1ll be restrlcted to the dlscus31on of homo- '

fgeneous 1sotrop1c models.

12



. ‘the standard metrlc,‘

II. HOMOGENEOUS MODELS -

a) Basic Equations

Our discussion of homogeneous isotropic models

'will follow the develoPment of Robertson (1933) . Using .

(2.1) ds? = c2at? 2

- R(t)2du

2 2.2 2 . 2

H'x‘with du2 = (dr +r de” + r sin 6 d¢2)/(1 + kr /4)

"Gbelng taken as the line element of three dlmen31onal-
"space sections which are of constant.po51t;ve,:zero,
vor.negativetCUrvature*according as k'=*+l, o,_or--lé_

. the forms aesumed'by'thevfield equationS‘innthe»notationﬁ

%of‘Robertson are:
(2.2) gcpcz ==X + 3k + ¥2/c®)/r? ana
- (2.3) mxp*=a>\-‘gﬁ7§c2R) - (k +‘§f/c2)/R2,‘
‘ anough theasubetitutione e(x) % r/(1l + kre /4) and

.dX dr/(l + kr /4), the spatlal line element may be

3 wrltten in the form,'

13
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(2.4) au® = ax® + «(x)? (a6® + sin%6aé?),

" witho<esm Os¢ < 2m and

- M2.4a) | [ sin(X) for k = +1, 0 <X w,

(2.4b) €(X) = {X - fork=10, 0 SX<a,

i
]

e

(]

B /)

>

IA

8

(2.4c) | sinh(X)for k

- If m(X,t) denotes the mass within the "coordinate
sphere", 0 < X < X, at time t, then, since the mean
massvdensity, (P(t)), is-a'function of time only,

X

mx,t) = <pe)> R [eon?ax [ sing dae [ aé.

-0

™

- Using the values of]e(X).from (2.4) we have

Coasa (2% - sineRI/4,
k=4l "
’ ‘ . BJ 3 .. - :
(2.5b) m(x,t) = 4m{p(LDR(E)T} X7/3 ... . -

A P | k=0 o
Coo@sa | (sish(o) - 20174,




Since X is a geodesic coordinate, the radius r(x,t) of

‘the coordinate sphe;e,'o < X < X,'at~time_t will be

r(x,t) = f ds =~ R(t) jde= R(t)X
o ' ' o -

We may thus write for the potentials on the surfaces

X =X,
(2.6a) | 11 - sin2x)/(2%)1/2,
k =}+l' N .
(2.6b) . | |
26m(x,t) = 8nG<p(£)dR(t)> ) %3
. czr(X,ﬁ)b‘ c2_ | X _ 0 - ' "
(2.60) | Isinh(2®)/(2%)-11/2, -

where 0 = X< 7 for k = 41; 0 S X S @ for k = 0; and

0 <X < o for k =-1.

'b) Open Universes

Undef the assumption of é'globalbbounded potentiai,”

by equation (1.1), ‘the left member of equations (2.6a,

b,c) wili be_s'U for all X in the allowable ranges,

15
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; therefore, the rlght members are subject to the same  _“
'bound. In the oases k = 0, and k = -1, the allowable
range for,X is infinite. Slnce R(t ) = 0 at the
_preseht epoch (the subscrlpt noh will be used in theb
remainihg‘portion of the paper to designate the
l’present.epoch),'it follows that the inequeiity (1.1)

can be satisfied for all X if and only if (p(ty)>=0

_at the present epoch This leads to the conclusion

- that the only universes with zero or negative constant
curvatures whloh are isotropic and homogeneous and
ihave bounded potential possess zero mean density.

This must be true not only at the present, but for

all times for which R(t) = 0, and for every finite U.
: Furthermore,~this‘conclusion holds regardless of the
»dynamical'processes involved, since it was obtained
without use of the field equations.

Two-possibilities thus exist for open homo-
geneous universes with bounded potentials.. They may
he empty of allimatter ~ which contradicts observa-

' tion - orhthey may be hierarchically strﬁctured°
Charlier (1922) has shown thet a hierarohal universe
with infinite orders of clustering has a vanishing

mean density.
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c) Closed Universes

Alsimilar.argument‘cannot_be made in the case

'k = +1, since the function S(X) = [l - sin(2X)/(2X)]

ﬁfwis bounded'for gll;x."Accordingly, iﬁ order to .

discuss the implicatidns of bounded pdtentials'oh

'cldsed universes, we must use the properties of the ' |

field equations and an inequality governing physi-
. cally allowable pressures. The finite volume of a
‘closed universe may be either 21%2R(t)3 or w2 R(t)?v

according as to whether X has the range 0 = X = w

| or 0 = X= w/2. The first case is usually termed a

égherical space,.thé second, an elliptical space.

o 'At_the valueé X = v and X =.w/2, the so called =~

.spherical ahd elliptic horizons, the potential-
2Gm(x,t)/[C2r(X,t)}, takes on the same value,
_ xcz<p(t)>R(t)2/2, We shall designate twice this

hdrizon.valﬁe of the potential,-hamely; KC?(@)RZ‘be

2% (t). Sﬁbstitutinq in (2.6a) and using (1.1), the -

potential bound assumes the form,

*(£) S(X)/2 < U

~In spherical'spaée S(X) assumes the maximum value of

3
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1.217 at X = 2.245 radians. Hence, '
(2.7a). @*(t) = 1.644U

In elliptical space S(X) assumes the maximum value of -

SNy uhity at X =Jﬁ/2_giving,

;,i present epOchit-# t_.

(2.7b) e*(t) < 20

"Equations (2;7a1andfb)_are taken to hold at the

o
In order to make use of these bounds on &*, we

~ write the‘fieldféquatiOns (2.2) and (2.3) in terms
of &% andlits time'derivative.-,Setting’k~=f+1,;in
(2.2) we obtain

2

(2.8)  @* - 3.=38%/c? -\ R?

' Differentiating (2.8) and substituting inﬂ(2?3) yields.

(2.9) ,é*v+_§*/ﬁ ='-3pr2' where H(t) = R/R.

. "From (2.3), (2.8), and (2.9), we may derive,
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(2.10)  -&*/(2H) = AR? + 3RK%q/c?

where q is the "deceleration parameter", - Rﬁ?R?
For all of the bounds, Us' UE' etc., by either

equation (2.7a) or (2.7b), the left member of (2.8)

is seen to be strictly negative in some neighborhood

'~,of'the present epoch. It follows that for an iso-

tropic hompgeneots'model subject to a potential bound,

in the case k = +1 the cosmological donstant,x, must

be‘greatef than zero.
| - The existence of the Schwarzschild Limit, & < 1,
(or any smaller potential bound) is inconsistent with
'4‘all homogeneous - closed modeis with vanishing or

| negative cosmblogical constant as, for example, cldsed o
Friedman models. For Friedman models with zero
pressure,vthe curvature parameter,'k, will be +1; 0, 
‘or -1, according as the deceleration»parameter,.qo;

is greater than, equal td, or less than one-half.
- ‘Hence, the sglectién 6f a’value_of’qoﬂbn the basis
- of thedretidal.curves'derivéd from Friedman models'is.
inconsistent if the observationS'indicate a value of
q, > 1/2. On the_baSis of comparison with theoretical

curves derived from”a~Friédman model,CSandagef(1966)b‘
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' _reports observationS'leading to a value of o = 1.65

+ 0'3 If thlS value is assumed, one or more of the

follow1ng must be concluded: 1) “the assumption by é'Off

is invalid, 2) the potentlal of the universe exceeds
,'the‘Schwaréschlld'Limit,?or:3) the_general relativis~
h_ticlfield_equatiohs’uhder-homogeneity assumptions_dofv
not consiStently account for the observations. When}:
”evolutionarf effects»ih the.galaxies have been - |
“provisionally accounted for; Sandage revises his "

'5value of qo to 0 5 + 0 3 which av01ds the 1ncon51s—

'{fgtency w1th the Schwarzschlld limit.

' However, two other difficulties are encountered

“‘:;1n interpreting observatlonal data on the bas1s of

A= 0 models. The first of these is the problem

of time scale. The presently adopted value of the .

 Hubble parameter,'75 km/sec/mpc, together with a value

of g, of 1.65, corresponds to a time since beginning

“of expansion of 6.5 X 109_years (for g = 0.5, the age o

since expansionﬂé 8.7 x 10° years). On the other
'hand, a time greater than 20 X 109 years 1s requlred
_:to account for observed stellar evolutlonary effects
(Sandage 1961) |

The second problem is the discreoancy between

3 the‘observedfvalue>of the mean density and the -

20




‘observed value'bf the deceleration parameter as
related through theiFriedmanvequation, dg = 4nG<p)/.'
3m 2
o
3.1 x 10

). Cort (1958) derives a.value for'<po>.of
31 gms/cm3. This density is consistent
with an ggggvuniverse ahd for H = 75 km/sec/mpc
"éorresponds‘tb'qo = 0.02. Sandage's observed

dg = 1.65,’on'the other hand, is consistent with a
closed universe and for the same H_ éorresponds-to

29

P> = 3.5 x lOf .gms/cm3. The critical density

- separating open»frbm closed models, corresponding to.

29_gms/cm3. The invisible

d, = 0.5, is 1.06 x 10~
.,matter}necéssary-to bring Oort's density to a high
enough value to close the universe and be consistent

with Sandage's observed qo's is almost 100 times as

. great as visible matter. Missing matter of this

amount is difficult to account for. Since both the
.time-scalé and'the density-deceleration inconsis-
tencies may be removed by abandoning the A = 0
' assﬁmption, we take the potential bound-curvature
inconsistency asgfurther evidence in opposiﬁion to
the assumption of a zero-valued cosmological constant.
The maximum physical pressure poSsible under:
homogeneous isotropi¢ assumptions is that for a

photon.gas, pcz/3 (sandage 1961), giving the physically

21
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realizable pressure range,-O S ps pc2/3 From (2.9)
—~and the deflnltlon of &%, the pressure 1nequa11t1es
: lead to the potentlal 1nequa11t1es, |

(2.11) 0 "s'q>*/2 < - @*%/(2H) < o*

ve>Subst1tut1ng ‘the right: hand 1nequa11ty in (2 10)

',and addlng (2 8) gives.

(2.12) (1 + q) R%/c? < 2e%/3 - 1.

~Using the inequality (2.11), it can be shown from (2.8)7s,»e

and (2.10)_that,a sufficient condition for q, to be

positive is for @*‘>:3.'_However,»since for all U's,
@*-5'2,-the'pessibility of a positive qo'cannot be

. established withput:additional information. On the
other haﬁa'by (2.12), qé <‘O‘(ac£ually‘< -1) Whehever
o* < 3/2. Hence by (2.7a), q will be negative for
spherical SPacefwhenever U < 0.912. The Eddington
limit; the Buchdahl limit, the Bondl UA and U limits, .
and the Observational limit are all less than 0.912.

| By'(2.7b);,q° will be negative for elliptic space

- whenever U ? 0,75.' This condition is met by U A’ UB

"and U

0.' In additioh;*since H is positive-at the



present epoch,’iﬁ follows from (2.11) that @3 < 0 ét
present. - |

We cdhéiﬁde thét, except possibly for hierarchal
universes of infinite order after the model of

Charlier,_the only non~-empty, homogeneous,  isotropic-

. cosmological models satisfying a global bounded-

- potential equal to ar Ugr or Uy are those with

k=41, A > 0,_qo < =1, and &< 0. This conclusion

‘also holds in spherical - but not elliptic - space:k:

>f;for the boﬁnds:equai to 8/9 or smaller._
- IIX. THE'FUTURE STATE OF HQMOGENEOUS UNiVERSES

The set of possible homogeneous models with

k = +1 and X > 0 includes models which eXpand'mono-

tonically from R = 0 (Lemaitre's model) ; expand from

.a non-zero critical_radius, Rc (Lemaitre-Eddington

model) ; remain static at R = R, (Einstein model);

‘expand asymptotically to R Rc;-contfact from

infinity at t = - o to a minimum radius, then expand - .

monotonically; oscillate-betweenvzero_and a finite
radius (Bondi 1952).
In order to isolate.ﬁhe model or models which

are consistent with the inferences of a- bounded:



potential we may either 1) require, as with other
'Vevolutionary'models;fthat;the total mass of the

~universe is invariant (we have already eliminated.

' the continuous creation model or steady state universe

for which k = 0 and_qés _l; by identifying k = #1;
~or 2)  invoke a,more.génerailargument based on the
/.fhp;éssure~limi£ setaby'a photon gas.

. a)"Constant Mass

In the firSt‘apprpach wevprbceéd by writing

equation (2.2) in terms of the mass of the:univérse,_ v 

2

M, by takihg'xcz<p>R2 = akc® M/R, where a is'a small. .. =

constant. .We have
2

(3.1) “arc® M/R = )R

‘where M Wi11 be'independeht-of the time. Differen-

tiating (3.1), we obtain
(3.2) K'=c®R/3 - akc’M/6R?

From the inequality.qo~< 0, we have that R; > 0 at the

present epoch. For any interval of time in which R’

+ 3 +v3R2/c2f o o 4 .
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remains positive, R must remain positive and R must

continue to increase.. Equation’(3.2) with N> 0

assures that an increasing R can only make R more

positive. We conclude then that R'and R will remain

positive for all future tite and that R will continue

to increase indefinitely. Under the aSsumption df L

invariant mass a universe subject to future oscilla-

" tions is accordingly ruled out.

b) ‘Bounded Pressure

Mofe.generally} without any assumptions regarding

the constancy of mass, we may investigate the possible

'evolutionaryfp:bperties of homogeneous models with:

' bounded poténtials by using the conclusions of the

previous section as initial conditions and investi-.

_gate ﬁhe>behaVior of,equationS'(2.8) and (2.9) subjgct,:”!"
to the assuﬁed-bouhdéionfﬁhé potential and the
’fpréssurea_'Sincé~¢g <'0_ahdi®g'< 2, for Ué_or_any’
.>smaller bound, there will exist some’ time inferval’T»
- containing the present, dﬁring which the left member -
a bf'(z;gi;‘@* ~ 3, will remain striétly negative. We

'freWriteT(z.S)fin;ﬁhe form



(3.3) (e* -3)/x = 385/ - RE = ~g(0)% <0,

- which is valid for t on the interval T. The functidn-

~g(t) defined by equation (3.3) is real vélued on théf‘:'

interval T, so we may make the change of'variablés;"
~ (3.4) R(t) = g(t)cosh w(t).

Substituting (3.4) in (3.3), we obtain

2

(3.5) [(g/g)cosh w + w' sinh wl? = (c?r/3) ‘sinhw .

Hence (3.4) will be a solution of (3.3) provided the

»functibn w(t)'satisfies the relation
(3.6)  w'= f c V@/3)%;g”cosh w/g sinh w

Equation (3.6) may be used to eliminate W'from'thev 
derivative of (3.4) giving,

(3.7 R=zc N(M3) g sinhw

. Since Rfand'g(f)'are positive at the present epoch, we
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may have either

o,
il

=c N(\/3) g sinhw,*  with w(t) > 0

\

or

R ';c\[(x/3)_g.sinh'w,; o with w(td)k< o‘

The evolutionary behavior of R during the interval T

is thus seen to be controlled by the functions w(t)

’lbvand‘g(t)‘ ‘To ascertain the behavior of R and R, we

. must determine whether g" and w’are positive or
-~ negative, i.e., whether g(t) and w(t).are‘incfeasing
oridecreasing in thé neighborhood T;v‘ ” |
From (3.3)

g2 = (3 - 8%/

differentiating this.expression,‘we_get}“'
(3.8) o = g &*%/(28% - 6).

- Since 53 < 0, (2% -3)-< 0, and g > 0,'g(t)-must be

an ‘increasing function of t in the neighborhood of

the present epoch.




In order fo.investigate w(t), we substitﬁté'(3.8):
“and the relation H =+ c \Hx/B)sinh'w/cosh w,,Which

'is obtained by dividing (3.4) by (3.7), in (3.6)

fi. yielding

WiE) =+ é_,/(x/3) {1+ @*/[20(3-2%)]}

::_-By_means of (2.9) this may be written in terms of the

(3.9) W(t) = + ¢ J\/3) {[3(2-0%) - 3kpRZ1/(6-20%)} © .

 The évolutionary track of the universe will be deter-~

vminéd by the pressure, the potential, and the rate of.
change ofvfhe potential ih the manner that' these |
physical quantities;détermine g(t) and w(t) through
relations (3.8) and (3.9).

As pointed out in § II, all physical states

of the universe must lie between’ the state of vanishing

pressure and the' state of the photon gas. These limits !

to the pressure allow us to define bounds for the
evolutionary tracks which are permitted to w(t). The .
' pressure p, may be written as n¢pd>c?/3 in terms of a

parameter m defined on the interval, 0 = n = 1. When

28 -



';}'1n (3 7) governlng R,

M =0, we have the condltlon of vanishing pressure,

when n = 1, we have the llmltlng radiation pressure.
2

It follows from the definition of ®* that 3kpR° = no*,

' Replacing the expression involving the pressure
by n@* in (3. 9),the permitted values of w(t) must 11e

- in the 1nterval,.

(3. 10) c.ﬂ3x)(3 20*) < + wsc BN (2-8%)
| 3=8%) 2(3-37%)

~ the left'mémberjéorreséondingvto n =1, the.right

- member»to 3]= 0' Beth'the left and'right hand
express1ons 1nA@*w1ll ‘be p051tlve for @*-~<3/2'3 This
~is the same condltlon as- that governlng the valldlty

of the bounds‘glvenmlnjthe last paragraph of § II.

h_Hence;-if these same global‘bounds are valid for all

t, ¥ w will always be bounded above and below by two =

poeitive numbers. It follbws that if the + sign is

_ selected,‘w > 0 whlle if the - sign is selected,

.e}W < 0. Hence, lf Wo > 0 by the 31gn conventlon

,O

‘ wo~< 0, then wO < 0 and [—s1nh w(t)] is 1ncreas1ng,.

- leading again to an 1ncreasihg R. We thus have that

in the.neighborhood'Tiof the present epoch, Rg >0,

and q, < 0,

> 0 and R is" 1ncrea51ng. If

29



The present expansion will continue so long as R

. remains positive. Consequently a constant or in-

creasing R’'will assure that the universe will expand

indefinitely. From (2.9) and the definition of 7,

~.the potential gradient méy be written, &% = -(1 + M) D*H.

. Substituting this quantity in (2.10) we obtainy - =

(3.11) " R'= c®AR/3 - (L + 1) c?d*/6R

Since R; is positiVe,-at the present epoch the first

g term is positive and is larger in absolute value than.

the negative second term. With increasing R the

_first term and the denominator of the second term are

-

{
v

1 . '
increasing. Further ®* and n are decreasing, so the

second term is decreasing. It follows that R'will

remain positive for all future time. We conclude,

with the assumption of the validity of the potential

bounds and for all states of the universe between

‘the extremes of vanishing pressure and that of photon

'  gasy.thaE the future histbryfoffthe universe’ié~

described by a monotonically increasing function, R(t). -

c) Astptotic Values for Large £

In View of this conglusion, it is of interest to

30.



. logical constant is 2 x 10_56/cm

examine the aéYmptotic'situation'of_large future times. :
From.the_relation H = c.ﬂx/3)sinh w(t)/cosh w(t), it,‘ |
| follows that_thevHubble parameter H(t) is a monotoner

‘ increasing'fuﬁCtioh which approaches c Jh/B)asymp— |
totically for éll_states of the universe. It thus

 follows that 3 Hg/cz‘gives a lower bound for the

'~¢osmological'constant and that the asymptotic value

. of H(t) is an invariant over the set of all possiblek’
’states of‘the,univefsé at the present epoch,_ For

Ho = 75 km/sec/méc., the lower bound of the cosmo-

2. for H, = 100, it

is 3.5 x 10" °%/cm®. wWith p and p tending to zero,

as t increases without limit, it follows from (2.3)
‘,that R/R —-xc2/3. .Hencg, the asymptotic value of

the deceleration parameter, q is =-1l. These results
‘hold for Us or any.smaller bound. In the event that
@; is less than 3/2, then d, < =1 and the-asymptotic ,~
&alue is approached from gglgg.A This.condition is -

' satiéfiéd by’UAy Ug, and Ug. | o

1

d) Model Selection

In the argument based on the assumption of

constant mass, equation (3.2) excludes oscillating



- future, it remains to determine whether R(t), though

universes. 'Undervthe more general assumptions of the -

pressure bounds, 0 = b < pc2/3, oscillating universes

are also excluded on the basis of equation (3.11).

The Einstein universe listed because \ > 0,.is

. excluded because it is static. With regard to the

increasing monotonically, increases without limit or’
increases to some finiteraSYmptdtic value. By (3.11)

‘allowablé,future.étates are those for which R will

-‘beonsitiVe for all future time. This assures that -

' R continue to increase monotonically and without

limit, Which in turn implies that R increases

‘without limit. since R increases without limit,
there must exist a future time for which R > c. This

’"paradox" does not constitute an inconsisténcy with

the special theory of relativity since the quantity

v; R is a geometric, not a physical, entity.

We conclude that‘under_the assumptions of a
poténtial uppér bound less than ér equal to unity and
pressﬁre in the}range 0 < p=s pcz/3, that the ulti-
mate future state of the universe is uniquely. deter-
mined for the set of all allowable states of the
present universe. Specifically, R'will be positive

for all futﬁre time,>R andAE'will increase

N
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monotonically and without limit, and H will increase, 

.. monotonically to c\[\/3. The asymptotic values of

4, p, and p are -1, 0, and 0, respectively.
‘Whereas the future is uniquely determined under

the assumptions of bounded potential and pressure.

~ the question remains,which of the permitted homo-

\ :geneous modeis withfpoSitive cosmological constant

- represents the past history of the universe: con-

traction from R = @® to a minimum radius then

expansion; expansion from R = 0 radius; or expansion -

from a non-zero radius. While the use of homogeneous' -

relativistic models to represent the present and

future state of the universe may afford a valid
- approximation to the physical situation, the validityki
'of,extrapolatiQn‘to'the past when other forces than .

gravitation played:lérger roles is open to question.

However, there is a period. of past time during which

the representation.giVen by équations (2.2) and (2.3)
}”“:  are still valid. Exfrapolation’backwards»through
'Pfhis'péridegiVeé'thefcontextual'conditiohs needed

“for constructing models of an earlier evolutionary era.

In the case of constant mass, since R = ¢, we

. have immediately from (3.1) that
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(3 ﬁ/ aKc M/R 6 - XRZ

As R decreases the left member increases without
Jlimit, but the fight member remains finite. Hence,.

:ﬂl to preserve the inequallty for all t, there must exietﬂ
. a minimum value of R > 0 which bounds the radius R |

below; This rules out a universe exploding from the

.:singular R = 0 condition. Either the universe

followed the Lemaltre—Eddlngton pattern, belng

",j‘lnltlally an Elnsteln Stath universe for an 1ndef1n1te

\} 3

time until a chance perturbation initiated the
exPansion,'or there was contraction through a minimum
‘R, "bounc1ng off the Schwarzschild 51ngular1ty " .
‘followed by monotone expan51on..

The detalled behavior of homogeneous models
subject to bounded potentials for times earlier than

'the.pxesentuwill be treated in a subsequent paper.
‘'  IV. SUMMARY
It has been shown that in order for open homo-

~geneous cosmologlcal models (k = 0, or ~-1) to be

consistent with the Schwarzschild Limit, or any finite



_poteﬁtial_limit, that the mean density, (p), of the

universe must vanish. A zero density universe which -

contains’matter is. physically realizable if it is

" structured in an hierarchal manner with an infinite .-

number of orders of clustering as has been shown by

Charlier. - Except for this possibility, under the

‘  assumptions of homogeneity and bounded potential we
are restricted to closed universes. For all potential

;, bounds less than or equal to the Schwarzschild Limit,

closed homogeneous universes must possess a positive

cosmological constant. All Friedman models, such as

those discussed by Sandage'(1961) are inconsistent

‘with a bounded potential and, as pointed out by

Sandage, if A > 0, the deceleration parameter, dgr
loses its discriminatory utility.

Under the additional assumption that the physi-

- cally realizable conditions of pressure are bounded

for all epochs by a zero pressure below and photon

- gas preésure above, it has been shown that the only

homogeneous relativistic models consistent with a

'bounded potential expand monotonically without limit

. from a non-zero radius. The parameters, R, and H,

also increase monotonically while p, p, and @

~ decrease mohotonically. The asymptotic values of H
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'Jwéﬁd q,,are'CNﬂx/SL and -1, respectively. . The

.. pressure and density tend toward zero. Further, if

vHo is the present value of the Hubble parameter;'the

‘qOSmolpgical'donstént is bounded be1ow by 3H62/c2..
 All of these conclusions are valid if the‘globai
bound is the Schwarzschild Limit‘or_any smaller
‘potential bound. : | |

It isvevidént from the conclusions of this paper

“that the observational establishment of the existence

of avglobal_potential‘bound would provide a test
. allowing diécrimination‘between various homogenedus»
“cosmological models.  The three classical Hubble-

Tolman observational tests = the redshift-magnitude

relation, the redshift-count relations, and the red- =

| shift~diameter relation - are beset with severe
observational difficulties which have to date
‘precluded‘identifiqation of the homogeneous model

- that best:represents thevobServed sample of the

universe. Further, the Hubble-Tolman tests, even if

successful in ascertaining dge do not determine the

value of the cosmological constant. Whether X

vanishes or not requires additional information such

as that.giVen by a bounded potential.



Thekpresent-fQSults pose new obsérﬁational and
theoretical problems. Obéervational determination
that the o:dér»of clustering terminates would |
establish thatvk;=‘+l. : Observational-confirmatioh,
that the Uo‘bouﬁd or somé other bound is global |
~ would establish the conclusions of this paper.v
Théoreticél,problems include the past histories of

- homogeneous models with \ > 0, q, < 0, k = +1, and

p > 0. More important, however, is the investigation

of non—homogepeous_quels capable of including and

.utilizing the,information'containedvin‘the observed

- structure in the universe - the stars, galaxies, - ' =

r

'and clusters.
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A Hierarchal Cosmological Model. ALBERT
WiLson, Douglas Advanced Research Laboratories.—

. The observation of equal maximum values of gra-

vitational potential for stars, galaxies, and clusters
of galaxies (Wilson, A. G., 4stron. J. 71, 402, 1966)
suggests the existence of a universal potential bound
governing gravitational stability. The assumption
that systems whose potentials lie in the zone be-
tween the observed maximum value and the
Schwarzschild limit (10~4<2GM/c?R<1), are un-
stable, whatever their densities or total energies,
prohibits the stable existence of uniformly distribu-
ted matter of indefinite extent. Large masses in
order to form stable systems must be structured
hierarchically.

The existence of banded structures in the dis-
tributions of the redshifts of rich clusters of gal-
axies and radio sources (Wilson, A. G., Proceedings
of the 14th International Astrophysical Symposium,
Liege, 4966, to be published) indicates the existence
of one or more possible additional members of a
hierarchal structure which would be expected as a
consequence of the assumed universal stability
bound. Estimates of the potentials of these indi-

cated super systems place them within the insta-

bility zone, consistent with, and possibly causally
related to, the observed general expansion.
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green (A5100-5600) and the low surface brightnesses
of nearly all planetaries, conventional techniques
have yielded only fragmentary information.” The
advantages of the Lallemand image converter in
this spectral region are impressive. We have ob-
served the spectral region A600-5900, overlapping
part of the conventional ‘“blue” region so as to tie
in the newly observed line intensities to the older
system. By proper choice of electronographic emul-
sion and development conditions, a linear relation-
ship between density and intensity can be obtained.
Observations of suitable comparison stars then en-
able one to establish relative intensities over the
observable range. Both high and low excitation
planetaries are included. Low excitation objects
such as IC 418 show few lines in' the 5010-5%30
region, e.g., [N 1] A\5876; moderate excitation ob-
jects show [Clim] and high excitation objects also
show He 11 25411, [Ca v], [Feur], [Fevi], [Fevir]
and C1v. The Orion nebula shows a rich visual-
region spectrum. Some nebulae show pronounced
excitation differences at different points. In objects
such as NGC 6826 or NGC 7009, the background
continuum limits the brightness of the observable
lines.

Composition of the Hydrogen-Poor Star HD
30353. GEORGE WALLERSTEIN, THOMAS GREENE,
AND LEesiie ToMLEY, Unizersity of Washington.—
A coarse analysis of the hydrogen-poor star HD
30353 has yielded the following parameters: e
=10 000°K; log P.=+0.3. By comparison of ob-
servations of Hy with theoretical profiles from hy-
drogen-poor model atmospheres by E. Bohm-—
Vitense we find Ng/Ng.=10"% Other important
abundance ratios are N¢/Nn=10"%, No/Nx=2
X 10~2, The abundance ratios are probably accurate
within a factor of 3. Starting with neon, the heavier
elements have about normal abundances per gram
of material.

The results may be interpreted in terms of the
loss of the entire outer envelope of the star revealing
material that has had its hydrogen converted to
helium primarily by the carbon cycle. The high
nitrogen abundance strongly favors carbon cycling
but the very low abundances of both carbon and
oxygen preclude a simple interpretation of carbon
equilibrium at a single temperature. We prefer to
hypothesize that the carbon cycle has been opera-
tive during the period of mass loss resulting in a
gradually falling central temperature. At a tem-
perature greater than 20 million degrees much of
the oxygen could have been converted to carbon
and at a later stage with a temperature less than
15 million degrees the carbon could have been con-
verted to nitrogen.

4 . \]7 f{[’é/’/// /96 7
Wo. 139y |
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Microwave Radiation Temperature of Space at
1.5 cm Wavelength. WM. J. WeLcH, S. KEACHIE,
D. D. TuoorroN, aND G. WRixoN, University of

California, Berkeley.—The intensity of diffuse 1.5

cm radiation incident upon the earth was measured
during July and August of 1966 at Mount Bancroft
in the White Mountains of eastern California. The
site was chosen because at that altitude, 13 000 {t.
the confusing emission at 1.5 ¢m from atmospheric
water vapor is very much smaller than at sea level,
A small horn antenna and conventional microwave
radiometer were used for the observations. The
radiometer was calibrated with the aid of black-
body terminations at liquid helium, liquid nitrogen
and ambient temperatures. The emission from the
atmosphere,. ranging between 3° and 6°K at the
zenith, was obtained from the observed variation
of antenna temperature with zenith angle.

The mean isotropic background radiation tem-
perature {after subtraction of the atmospheric emis-
sion) was 2.0°, +-0.8°, —0.8°K. The indicated errors
are two standard deviations. Observations at other
wavelengths, as summarized by Howell and Shake-
shaft (Nature 210, 1318, 1966), are consistent with a
blackbody spectrum of approximately. 3°K tem-
perature for this radiation. The present result is
somewhat lower and suggests a departure from a
simple blackbody spectrum for the radiation near
1 c¢cm wavelength. On the other hand, the experi-
ments are difficult to do with precision, as is in-
dicated by the large errors quoted by all the ob-
servers, and a blackbody temperature of about
2.5°K would be consistent with all the observations
including the present one.

Molecular Mantles on Interstellar Graphite
Grains. Davip A. WiLLiaMs, Goddard Space Flight
Center, Greenbelt, Maryland.—The conditions affect-
ing the growth of mantles on graphite grains are
investigated at various places in the atmospheres
of carbon stars. It is shown that graphite grains
formed close to the carbon star and blown out by
radiation pressure do not accrete hydrocarbon
mantles. Since mantles do not form on graphite
under quiescent interstellar conditions it must be
assumed that interstellar graphite grains from this
source do not have mantles. However, it is shown
that grains associated with the interstellar gas con-
tracting in the process of star formation will be-
come coated with molecules: These grains may be
significant in reflection nebulae.

A Hierarchal Cosmological Model. ALBERT
WiLsonN, Douglas Advanced Research Laboratories.—
The observation of equal maximum values of gravi-
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tational potential for stars; galaxies, and clusters
of galaxics (Wilson, A. G., 4stron. J. 71, 402, 1966)
suggests the existence of a universal potential bound
governing gravitational stability. The assumption
that systems whose potentials lie in the zone be-
tween the observed maximum value and the
Schwarzschild limit (10~4<2GM/c2R<1), are un-
stable, whatever their densities or total energies,
prohibits the stable existence of uniformly distribu-
ted matter of indefinite extent. Large masses in
order to form stable systems must be structured
hierarchically.

‘The existence of banded structures in the dis-
tributions of the redshifts of rich clusters of gal-
axies and radio sources (Wilson, A. G., Proceedings
of the 14th International Astrophysical Symposium,
Liege, 1966, to be published) indicates the existence
of one or more possible additional members of a
hierarchal structure which would be expected as a

~consequence of the assumed universal stability

bound. Estimates of the potentials of these indi-
cated super systems place them within the insta-
bility zone, consistent with, and possibly causally
related to, the observed general expansion.

.UBYV Extinction Predictions Based on Numerical
Integrations of Star and Blackbody Radiation
Functions. RoBERT E. WiLsoN, University of South
Floride.—In deriving the law of atmospheric ex-
tinction as a function of air mass, one comes to the
following step:

Am=—2.5log / DR e X4}, 1

where Am is the extinction in magnitudes, I, is the
monochromatic outside atmosphere intensity, Ry is
the response of the instrument, %\ is the mono-
chromatic extinction coefficient, and X is the true
air mass. In order to find a linear dependence of Am
on X one must remove the exponential from under
the integral. Thus ki must be independent of wave-
length if the extinction is to be a strictly linear
function of air mass in broad-band photometry. The
author has numerically integrated Eq. (1) on the
USF IBM 1410 computer using the published U, B,
V response functions for Ry and an 4+B\*law for
kv In was given by the Planck function at 2000°
increments from 30600° to 25 000°K, and by ob-
served star radiation curves published by Bahner
(dstrophys. J. 138, 1314, 1963). The error made by
fitting a straight line to the resulting curves over the
X range 1.2 to 3.6 was then computed for different
spectral types. Observed zero air-mass magnitudes
are always fainter than true magnitudes. Summary
of results: (1) Near sea level, the (untransformed)

error in V is negligible, that in B is about 0701
and that in U is about 0™04. (2) Results for stars
differ little from those for blackbodies. (3) The
effect depends somewhat on spectral type. As a by-
product of such integrations, one obtains the color
index dependence of the U, B, and V extinction
coefficients. In regard to both accuracy and econ-
omy of observing time, it is suggested that such
a procedure may be more satisfactory for find-
ing this dependence than the standard method lof
observing stars having a suitable range of color
indices.

Venus: on an Inverse Variation with Phase in the
3.4-mm Emission During the 1965/1966 Apparition.
W. J. WiLsoN, U. S. Air Force, E. E. EPSTEIN,
Aerospace Corporation, J. P, OLIVER, Aerospace Cor-
poration, and University of California, Los Angeles,
R. A. SCHORN, Jet Propulsion Laboratory, AND S. L.
SOTER, Aerospace Corporation and Cornell Univer-
sity.—QObservations of Venus were made for 250 h
on 98 days from August 1965 through August 1966
at a wavelength of 3.4 mm (88 GHz) to (1) extend
the microwave spectrum to shorter wavelengths,
(2) determine the nature of the phase effect, if
any, and (3) search for temporal variations in the
emission. We used a dual-beam observing procedure
with the 15-ft (4.57 m) Cassegrain antenna of the
Aerospace Corporation Space Radio Systems
Facility. The 3.4-mm brightness temperature of
Venus was found to have a small ¢nverse phase effect
which is represented by the expression: Tp=297
(£2)—12(=£2) cos[<£6°(£5°)]°K. The errors are
statistical standaxrd errors only; system calibration
errors are estimated to be =30°K. No statistically
significant temporal variations were found; an
upper limit to day-to-day variations is approxi-

‘mately £=109. '

This work was supported by the U. S. Air Force
under Contract No. AF 04(695)-1001. Schorn'’s
contribution was supported in part by the Jet Pro-
pulsion Laboratory, California Institute of Tech-
nology, Pasadena, under contract NSA7-100, sup-
ported by The National Aeronautics and Space

“Administration.

" A Revised Orbit and Masses for the System 31.

Cygni. K. O. WricgaT anD R. E. HurFMaN, Do-
minton Astrophysical Observatory.—The system 31
Cygni consists of a K4Ib primary and a B4V second-
ary star. The K-type atmosphere can be studied
near eclipse. A new orbit, based on 145 high-dis-
persion (3-4 A/mm) spectrograms obtained since
1951 at the Dominion Astrophysical Observatory,
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A Hierarchal Cosmological Model. ALBERT
WiLsoN, Douglas Advanced Research Laboratories.—

. The observation of equal maximum values of gravi-

tational potential for stars, galaxies, and clusters
of galaxies (Wilson, A. G., 4stron. J. 71,402, 1966)
suggests the existence of a universal potential bound
governing gravitational stability. The assumption
that systems whose potentials lie in the zone be-
tween the observed maximum value and the

. Schwarzschild limit (10~4<2GM/c?R<1), are un-

stable, whatever their densities or total energies,
prohibits the stable existence of uniformly distribu-
ted matter of indefinite extent. Large masses in
order to form stable systems must be structured
hierarchically.

The existence of banded structures in the dis-
tributions of the redshifts of rich clusters of gal-
axies and radio sources (Wilson, A. G., Proceedings
of the 14th International Astrophysical Symposium,

‘Liege, 1966, to be published) indicates the existence

of one or more possible additional members of a
hierarchal structure which would be expected as a
consequence of the assumed universal stability
bound. Estimates of the potentials of these indi-
cated super systems place them within the insta-
bility zone, consistent with, and possibly causally
related to, the observed general expansion.
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ABSTRACT

Under the assumption that there exists a finite
'global upper bound to the‘gravitétional potential,
'.2Gm/c2r, it is shown that simply connected homogeneous
models based on thé Walker-Robertson line élement must
have zero mean density if the curvature parameter k is

0 or -1. For homogeneous models with k = +l;all_globa1
potentia; bounds less than or equal to the Schwarzschild
Limit imply a positive cosmological constant. If the
potential is globally less than 0.912 (spherical space)
or 0.75 (elliptical space), and if'thé‘physically
.realizable pressures are at all future epoéhsfbounded
below by zero and abo?e by photon gas pressure, pcz/3,
k= 41 models will expand monotonically without limit -
for all,future tiﬁe. Astptotic values for large times
', are in the usual notations: H = c J(A/3), g =-1, p = 0,
and p = 0. Under the same conditions, the present value
of the deceleration §a£ameter is less £han minus one, so
that the asymptotic value ié approached from below. The
cosmological consﬁantvis'bounded below by 3Ho’2/c2 where -

Ho~is.the_present vaiue of the Hubblegparameter.:




L. POTENTIAL BOUNDS

The existence of an upper bound to the local value

- of the_gravitétional potential which may obtain .anywhere

in the universe‘is suggested by both theory and observa-
tion. FolloWing SéhWarzschild,'several authors (Eddington,
1923, Tolman,'1934, Buchdahl, 1959, Chandrasekhar, 1964,

' Fowler, 1966, Bondi, 1967) have shown theoretically that
the potential & = 2Gm/cér.(where G is £he'gravitat10nal'
coupling constant, c the velocity of light, and m the

total mass containéd within radius r), of a static
spherically symmetri¢>59stem immersed in a region of zero
mass density is bounded. Thesé bounds result from solutions
of the relativistic or'post-Néwtonian-fiéld equations under.
various assumptions regarding the equation of state.
Examples of some of these theoretical potential limits are

. given in Table 1l. Schwarzschild found the limiting value

of unity for the potential assuming that the interior oﬁ’
the spherical system consisted of an incompressible perfect
with_conStant}proper density. Eddington derived the-limiting
value of 8/9 under the additional assumption that the
pressure be everywhere finite. Bondi has shown that 0.970
is a rigorous upﬁer 5ound for the potential independent of
any'aSSumptionS'concerning the equation of state and
subject only to the restriction that the density nowhere

- - s : : | i
be negative. Other Bondi limits are given in the Table. Tyser? Tasee L




TABLE 1

'RELATIVISTIC POTENTIAL BOUNDS

Constraints: Upper Limit to
| Spherical Symmetry ,
Bound Symbol " plus 2Gm/c’r-
Schwarzschild Ug p = constant -1
Eddington UE:. p = const., 0.888
p finite
Bondi I Uﬁ p not increasing 0.638%
: ' from center,.
“ps pc?/3
Bondi II Uy  adiabatic stability| 0.620%
p < pc’/3

~* Instead of the proper. radlus, Bondl uses J(A/4ﬂ) where A
‘is the proper area. .




In addition to these relativisticeand’post—
Newtonian bounds suggested by theory, there is also
observational evidence suggesting the existehce'of a
.potential.bouhd_for stable nondegenerate cosmic bodies
(Wilson 1966). The maximum values of the mass/radius
ratio which occur in those samples of,sters,_galaxies,
and clusters of galaxies that have been measured are
found to be nearly'the same for each species of cosmic

23.6

body. This bounding value is approximately 10 g/cm,

-4.3

or & = 10 . Table 2 gives the largest values of
observed potentiais (Ailep 1963). The &alue (Uo)'of
this observed bound and its signifieance are uncertain.
" The same value of approximately-1023g/cm may be derived
for second order clusters on the basis of their radii
~and cluster cohtents (de Vaucouleurs 1960, Abell 1961).
| Despite the fact that U, is markedly less than the
theoretical limits, as migh£ be expected in an expanding
_system, a nearly equal upper potential limit of systems
that are aggregates of particles which are"etoms, stars,
or galaxies suggests a bound independent of the equation
of etate and in phenomenological correspondence with the 'Th3Lé
predictions of ﬁheorygb ‘ngEET

The above theoretical and observational results

suggest the following hypothesis: there exists a constant

~global potential upper bound, U, such that for any

sphere of proper radius r circumscribed about any point




TABLE 2

 MAXIMUM OBSERVED GRAVITATIONAL POTENTIALS

System

~ Object

1oglo(m/r)

g/em -

Star o

Galaxy | -

Clustér;

- V444 Cyg A

M87

© 23,27

23.6

. 23.5




P as center, the total mass contained within the sphere

will satisfy

®'=_2Gm/o2r,s U, (1)
provided r is sufficiently laxge.. This hypothesis, if
true, would have interesting cosmological implications.
The intent of this paper is to investigate the effects
of this hypothesis on e class of reletivistic cosmological
modeis constructed under the assumption that the matter
in the universe-ﬁay be approximated EE‘EEE.E§£§E by a
. uniform perfect fluid (Robertson 1933) whose density
.and-pressure are functions of time only. In order for
condition (1)_:to'befconsisteht with the assumption of
uniform density in the large es postulated for homogeneous
" models, it is necesseryfthat the mean density in every
: sphere of radius r and center P also be bounded. This
condition of bounded den51ty 1s consistent with both
observation and the properties- assumed for homogeneous

1sotrop1c’models;



II. HOMOGENEOUS MODELS

a) Basic Equations .

The bounded potential condition (1) will be

applied to those homogeneous isotropic'models with
; the usual»assumpéion.of simply connected éoVering |
.sbaées. Following”Robertéonf(1933),:webtake’coordinates:
such that'ﬁhe'standard metric i§;  | )

as? = cfat’ - RreYadt (@)

" where

L2 2 2 2 2 o -
du ax + e(x) (de + sin 6 d¢ ) S 3

is the line element on a-three-dimehéional space of

COnstant}curvature, k =(1, 0, =-1).. In (3) L

0 SO sm gso¢<2nm

and ‘ (sin (X)y 0 =X = T
‘€ (X) = 3 X o 0 X = o
| sinh(X), 0=X=5 w




accordingly as the curvature is positiﬁe,ﬂzero, or.
negative. The forms assumed by the field;équationS‘in

Robertson's notation: are:
2 B C 2. 2. 2 ' .
kpc = - A+ 3(k +R'" /c )/R and (4) -
B . 2 . 2, 2. ,.2 .
. kp = A= 2R"/(c'R) - (k + R' /Cc )/R . (5)

If,m(X,t) denotes the mass within the "coordinate sphere,"
0 <X < X at time t; then, since the mean mass density |

(p(t)) is a function of time only,

m(X,t) ='<p(t))R(t)3/‘ € (X) dX/sinGdO/dsb "
h o o - o '

"Since-x is é_geodesic’coordinate, ihe’proper (geodesic)
radiﬁs.r(x,t)‘of the coordinate sphere 0 = X < X at' |
‘time t will be -

| X

r(x,t) = R(t)[ dX = R(t)X

For positive, zero, and negative»curvatures,‘the»

potentials on the surfaces X =iX'ar§;taken to be



[ - sint2ri/ (2] /2,

2GM(X, t) = 81G (DR ) xY/3, - | (6)

czr(X,t) ? o ,cz

[sinh (2X)/(2X) - 1]/2,
where 0 < X< 7; 0 = X< w; and 0 = X = » ‘respectively.

b) Zero and Negative Curvéture

By the.globai'bounded potential condition, (1)
the right members of equation - (6) ' will be < U for all
"X in the allowabié ranges.

In the cases of zero and negative curvature
(k = 0, and k = -1) the allowable range for X is infinite.
'~ Since R(to)'= R, # 0 at the present epoch (the subscript.
b"o" will be used throughout to designate the value at
- the present epoch), it follows that the inequality (1)
can be satisfied for all X if and only if (po> = 0.
It is also evident that <p> =_0'fpr all t for which
" R(t) # 0. This leads to the conclu;ion that for any
finite potential bound U, the only universes with zero
or negative curvatures which are isotropic and homogeneous
have zero mean density.» Furthermore, this conclusion
"holds regardless of the dynamical processes involved,

since it was'obtained.without use of the field equations.




It must be noted that this conclusion may not be
valid if the spaces are not simply connected. There
exist 18 different topological space forms for a three~
 dimensional space with zéro curvétupe and infinitely
‘many in the case Qf negative curvaturé. Some of these
space forms are known to be closed in which case the
arguments of this section do not hold. (Heckmann and
'Schﬁcking 1962) .
| wa possibilities thus exist for open simply
i connected.homogeﬁeous univerées with bounded potentials.

A They may be empty of all matter - which contradicts
- observation -.Or'they may be hierarchically structured.‘
:Charlier (1922) has shoWn that a hierarchal universe
(with-infinite'brders of clﬁstering has a vanishing mean
| density. |
» : c) Positive Curvature

A similar argument cannot be made in the case k = +1,"
since the function S(X) = [l = sin(ZX)/(ZX)] occurring in
-{6) is bounded for all X. Accordingly, in order to discuss
the implicatidhs of bounded potentials for this case, we:
' must use the properties of the field equations. For

k = +1 we consider only the two customary topological

cases: spherical space for which 0 = X =7 and elliptical
space for which 0 < X = 7w/2, At the values X =7 and

X = m/2, the so called spherical and elliptic horizons, -



the potential 2Gm(X,t)/[c2r(X,t)jfgtékesaonfthe same
value, hamely,fxc2<p(t)>R(t)?/2»' In the following it

will be convenient to introduce the quantity

&*(t) = kc’¢pOR?, R (7)
'~ equal to tWice the horizon value of the potential. By
- (6), (7), and thé definition of S(X), the inequality (1)
" becomes; | .

&% (t) S(X)/2 = U.

In sphericél space S(X) assumes the maximum value of

1.217 at X =.2,245 radiané, and hence’
&*(t) < 1.644U0. |  (8a)

' In elliptical space S(X) assumes the maximum value of

unity'af the_"end;pOint“~X = 7/2 and hence
®%(t) < 2U. - ~ (8b)
In order to make use of thésevbounds on &%, we

write the field equations (4) and (5) with k = +1

in terms of &* and its time derivative:



&* - 3 = 3R"%/c” - AR?, o (9
&% + @' */H = 3kpR~ : SR (10)

‘where H(t) = R'/R. From (5), (9), and (10), we may

derive,
. - 2 2 | 2 ‘ |
-®'*/(2H) = AR + 3R' g/c : (11)

‘where g is thé»"deceleration parameter",--RR"/R‘z.

' For all pbtential bounds less than or equal té-the
kSchwéréschild Limit, (U = 1), ‘in both spherical and

: elliptical cases the left member of (9) is strictly

negative in some neighborhood of the present epoch.- Hence,.

the cosmolpgical constant, A, must be_greater than zero.:
,>The Schwarzschild Limit taken as a global potential bound
is accordingly inconsistent with homogeneous k = +1-
models with vanishing or negative cosmological constant
" such as closed Friedmann models. |

If we introduce the additional assumption that

phfsically realizable pressures lie in the range
0 < p s pcC /3,’the upper bound beiﬁg photon gas pressure
(Sandage 1961), by (10) the péienéial'@*.- must satisfy

the inequalitiés,”




“ny

05 8%/2< = B'%/(2H) = &% . » L o (12)

Substituting the right hand.ineqﬁality in-(li) and

adding (9) gives

(1 +q) R'%/c?s 28%/3 -1, | (13)

- This ihequality requires that q < -1 whenever &* < 3/2,

i'Hence by (8a), g will be less than -1 for spherical

space whenever U < 0.912. The Eddington limit,.UE, and -

smaller limits including the observed UO limit, all

- satisfy this requirement. Similarly by  (8b),. g will

be less than -1 for elliptic space whenever U < 0.75.

In addition, since H > 0, it follows from (12) that:
% < A

® X 0.

It may thus be concluded that,‘except possibly for

hierarchical universes of infinite order, the only non-

. empty, homogeneous, isotropic cosmological models with

simply connected topologies and a global bounded'potential

less than or equal to 0.75 are those with k = +1, A > 0,

go < l., and ‘@0‘, < 0.




III. THE FUTURE STATE OF HOMOGENEOUS UNIVERSES

a) Conditions in the Neighborhood of the Present

We may investigafe allowable evplufionary,paths of
homogéneous mode;s'with bounded potentials by using the
conclusions of the previous section as initial conditions
and investigate the behavior or equations (9) and (10)

| subject to the assumed bounds.on the potential and the
- pressure. Since @'3 < 0 and 63 <v,2,'for.US (or any

' smaller bound) there will exiét some time-interval T
containing the present, during whicﬁ the 1eft membe:'of
(9) will reméin-étrictly negative. Accordiﬁgly‘the

- inequality,-

~g(£)% = (&* - 3)/a = 3R"*/(ac?) < 0 (14)
holds for t on the interval T. Tﬁe'function.g(t) defined.
by equation (14) is real valuedbon the intexrval T,
permitting‘the change of variables,’ |

R(t) = g(t)coshlw(t)l.. .~ (15

"Whereby (14) becomes

[(g'/g)cosh w + w' sinh wl® = (c’A/3) sinh’w (16)



Hence (15) will be a solutlon of (14) provmded the

functlon w(t) satlsfles the relatlon
w' =+ ¢ J(A/3) - g' coth(w)/g.r‘ B o (17)

Equation (l7)'may-be ﬁsed to eliminate w' from the

derivativé df’(lS)vgiVing,f'
R' = +.c J(A/3) g sinh w o | - (18):

' Since R! and g_ are positive, we may have either

"R''=c J(A/3) g sinh w,  with w, >0

or

Ri

-c J(r/3) g sinh w, with w_ <0

The evolutionary behavior of R' during the interval T is
thus controlled by<the functionS'W(t) and g(t). To
~ascertain the»behavior of R' and R, we must determine
whether;g(f) and w(t) are increasing or decreasing in

. -2
the neighborhood T. Differentiating (14), we get,.

g =ga'*/(28*% - 6). | (19)



Since &'* < 0, (8% - 3) < 0, and g_ > 0, g(t) must be

an increasing function of t in the neighborhood T.
In order to investigate w(t), we substitute (19)
and the relation H =4+ c J(A/3)tanh'w, (obtained from

(15) and (18)), in (17):
w'(t) =+ cJ(A/3){1 + ¢'¥/[2H(3-¢*)]},

For the physically permissablevrapge discussed in §1II,
the pressure; which.may be written aé‘n(p)cz/B in terms
of a dimenéionless pafameter.nvdefined on the interval
0 =n=1, affords 3pr2 = Nd*, .Ugiﬁg this relation
‘and- (10), it mﬁy be shown_that thé1pérmitted values ofv‘l

1

w'(t) must lie in the interval,

T

¢ J(3N) | (3-28%) < +w' < c J(3A) _(2-8%) , (20)
' ;3-@*5 ‘ 2(3-8%)

where the left mémb§r corrésponds to 71= 1 and the right;
member to % = 0. Both the left and right hand |
expressions in &* will be positive for &* < 3/2. This
is fhe same‘conditibn aslthat_goveining,the validity bf'
' the bounds_given in the last paragraph of § II. Hence,.
if these same global bounds are valid for all t in T,
+ w' will élways.be bounded above and below by two

positive numbers. it follows from the Sign convention




" used for R' in equation (18) and from g > 0, g'> 0 in .

T that R' is increasing in T and that the values of R and

R' are independen£‘of«thevchoice'of sign, -w' or W'

Hence throughout T, R" is strictly positive and g

negative.

‘b) Asymptotlc Values for Large t
From - (10) and the definition of 1, we have that
$'* = ~(1 + n)®*H. Substituting this quantlty in (11)

we obtain}-j
R" = c’AR/3 - (1 +71)c’®*/6R. (21)

Since R" 1s p031t1ve 1n T, the flrst term of the rlght

member must be larger'than the second throughout T.

Further, with R 1ncreas1ng and &* decreasing, R" will

remain positive]for all future time, and T is unbounded

- above. It follows that for all t > t_,R'(t) and R(t)

will be exponentiel;y increasing functions. The Hubble
parameter, H(t) = ¢ J(A/3) tanh [w(E)], is monotonically
increasing and wiil'approach the Velue c J(r/3)
asymptotically for all ailowable-states of the deel;

This fact establishes 3Ho’2/c2 as a lower bound for the

. cosmological constant. (Ho = 100 km/sec/mpc ~ A > 3.5

-56

x 107°°/cm®.) The pressﬁre and density decreases to zero

as t increases without limit. It follows from (5) that



R"/R - AcC /3Aand q-—--1. If @; < 3/2, then q, < -1 and
the asymptotic va;ue is approached. from below.

Possibie homogeneous models with k = +1 and
A >0 are;'a)é model which expands monotonically without
limit from a éingular value (Lemaitre); b) expands from
a non-zero critical radius (Lemaitre-Eddington); c) a

static model (Einstein); d) expands asymptotically to a

finite radius; e) contracts from infinity to a minimum

finite radius)  then expgnds monqtonicallvaithout limit;
f) oscillateé between zero and a fihite radius (Bondi
1952) .

| The behavior of R and R' for large t rules out all

models except a), b), and e). These three cases are

,indistinguishable on ﬁhe basis of their future paths.

Thus while the future is uniquely determined under the

above assumptions of bounded potential and pressure the

! .
questions remains, which of the three permitted homo-

- geneous modéIS'wiﬁhlpositive cosmological constant

represents the past history of the universe.

While the use of homogeneous relativistic models
to represent the present and future state of the universe

may afford\alvalid»approximation to the physical situation,.-

| the validity of indefinite extrapolation to the past when

other forces than gravitation played major roles is open

to queséion. ,Additibnal information such as that



contained in the natural aggregates - the elements, -
stars, galaxies, clusters - must be ‘used to discrlminate

between past hlstorles.
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PROLOGUE

There have been numerous attempts throughout the
recorded history of man to review, classify and systematize
the basic methods. of thought and of procedure which are _
being used to deal both with the practical and the theoretical
problems of life, To mention a very few of these there are
the ORGANON of Aristotle's, the NOVUM ORGANUM by
Francis Bacon and the Discours de la Méthode by Rene
Descartes. These works were, of course, based on knowledge
available at the time, which was both limited and in many
cases false, Since the treatise of Descartes was written,
science, technology and life in general have become so com=
plex that renewed meditation on the essential aspects of
fundamental constructive thought and procedure is in order,
The necessity for such meditation has obviously been recog-
nized in many countries and in many quarters and has in some
instances led to a successful reevaluation of old principles
and procedures as well as to the development of new thoughts,
while again in other cases a lack of perspective resulted in
more confusion. To achieve technically and humanly satis-
factory results three prerequisites must be fulfilled, namely
first unbias, that is absolute detachment from bias and pre- -
valuations, second, sufficient knowledge about the true
nature of the world and third, freedom of action., These
three conditions have seldom been fulfilled in the past,
today we have hopes of achieving them.,

Perhaps the most far reaching and successful effort
of all times which did satisfy all of the mentioned prerequi-
sites is the idea which was promoted by Henri Pestalozzi
(1746-1827) and first practiced by him -- that knowledge must
be made available to every child and adult, Pestalozzi is
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“thus the initiator of general education, some of whose ideas
were so profound and far reaching that even today they have
-not yet been sufficiently taken advantage of inasmuch as we

-have not yet achieved the trammg of the whole of man Wthh o
he v1sua11zed. '

To go back to World War I, those who lived through it,
‘well remember the general gloom all over the world and

- also the ardent desire by many of the best minds to under-

stand what had gone wrong and to develop universal vistas

-and to devise methods of thought and procedure which would
"enable man to deal more effectively than before with the
‘ever multiplying complexities of life, As a result the
-world was completely remodeled through the planned actions-
‘of communism, of the Versailles Treaty, of the League of
:Nations and the advents of Fascism and Naziism. The
‘nations which remained free likewise started on many
.planned developments of their various potentials and they

.in particular recognized the need of organizing and inte-
‘grating their scientific and technological capabilities.

- 'Institutions like the brain trust of the New Deal thus came -

_into being and were subsequently diversified and expanded .
. manyfold durmg the Second World War in order to msure

the defeat of the dictators.

Since World War Il enormous efforts have been made

. to develop general methods of thought and procedure which

would allow us to deal efficiently with all of the complex
problems of the world and which would eventually enable us .
to reach that most desired goal, a unified world based on

.mutual respect and esteem of all men and of all nations.
'The United Nations, the agreements about Antarctica,
“about nuclear testing and most recently the Outer Space
'Treaty resulted from these efiorts., In addition, literally

hundreds of groups all over the world were established for

.the purpose of applying their technical and human knowledge
toward the construction of a sound and stabilized world.

By way of illustration I 'shall mention a few groups of -

‘which I have some personal knowledge since it has been my -
‘good fortune to have been associated with them. For instance:"
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experts from all fields were brought together by the ingenious '
founder of the Pestalozzi Foundation of America, Mr. H. C.
Honegger, to establish war orphan villages on all continents

- rand to deal effectively with the problems of destitute children
all over the world. In way of large scale constructive actions
-for adequate housing the efforts of Professor Constantinos
Doxiades in Athens are outstanding, partly because of the
yearly Delos Conference which he has organized and in which
~o+  experts in absolutely every field of human endeavor, partici-

'«  pate, The establishment of the Cit§ de Généralisation du

' : Canisy near Deauville, which is being promoted by the

i ¥ French, is intended for occupation by experts and men of

% universal outlook who will deal with large scale problems,

7 - one after another. The Conférence des Sommets (Cultural

.. Top Conference) in Brussels in 1961 should also be men-

!~ tioned. At the invitation of the King and the Belgian Govern-

: _ ment, outstanding representatives of all sciences, tech-
‘nologies and the arts were invited to attempt an integration

.7 of all essentials of present-day knowledge., The organizer

-of this conference, Francois Le Lionnais, president of the:
French association of scientific writers, had previously

‘edited a book, LA METHODE DANS LES SCIENCES
MODERNES, which may be regarded as a sequel to

‘Descartes' "Discours de la Méthode" and which contains

_articles by some forty authors.

Finally, we organized the Society for Morphological ;
Research, one of whose purposes it is to bring all new
‘methods and procedures to the attention of a larger public, -
In this endeavor two major projects have been started,
‘namely ' ‘

i1, A series of some two dozen comprehensive volumes on
: new methods of thought and procedure in the sciences;
engineering, medicine, law, and the arts and so on,

;29 To arrange conferences periodically at which the ex-
' perts of the different methods and procedures will be
" brought together for discussions. Along this line a
i first proposal was made several years ago to Dr. A. H,
{ ! Warner, then Director of the Office for Industrial

3 i
; _ ‘
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Associates at the California Institute of Technology.
After Dr. Warner retired, the project had to be post-
poned but is now being realized in this symposium
through the cooperation of Richard P. Schuster, the
present Director of the Office for Industrial Associates.,

' The purpose of the present symposium was to awaken
‘a universal self-awareness of methodology as a discipline, -
 Dr. Simon Ramo in his inaugural address expresse& the
“belief that such a trend in thinking is already discernible
- and will develop more or less automatically. However this
may be, those among us who are active in the invention and
. application of new methods of thought and procedure want to -
. make sure that all knowledge gained is effectively integrated
. and widely disseminated. As Professor Henry Borsook of -
~the Biology Department af C,I, T, stated in his intro-
. duction of the session on morphological research there has
. been nothing like this since the latter part of the 5th century
"B.C. in Greece. At that time there was a great outburst
. and activity in the subjects of logic, the nature of knowledge,

. its transmission, exercise of power and the use of it, While

' the Greek atomists were intensely interested in the facts of
nature, the sophists taught techniques, how to be successful

. politicians, lawyers, generals, ignoring, however, moral
considerations, Justice for them was nothing more than

‘the interest of the stronger. Thus knowledge without wisdom
. produced some monstrous consequences, On the other hand

. the wisdom without empirical knowledge of Plato's Academy

- could be nothing but ineffectual.

: Today, after a period of more than 2000 years of

. accumulation of disconnected thoughts and procedures we are
. attempting to integrate them and to make them available to

" every man, woman and child for the purpose of training the

- whole of man,’ C ‘ '

R

F. Zwicky




: sds .

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
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 for problem 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 going 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 damage 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 of 500,000 tons on the drawing boards),
- rather comment focussed on the defects in a technolbgy 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 human
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 without
having either the power totally to control the means by which
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 various
portions of the total problem complex,

Some of the methodologfes 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 inthis 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. _ _ , o

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 arc an urgent problem area of the disci-
_pline of methodology. ;

Other new problem'situa.tions 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
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E i restrict discussion to examples of two important method-

' vthe se.is an exercise toward the development of useful non-

Chapter 2
MORPHOLOGY AND MODULARITY
A, 'G. Wilson .

Douglas Advanced Research Laboratories
Huntington Beach, California

The morphologxcal approach is not only a method- L
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 §'

iwould try to take off our customary blinders before lookmg
;at the problem, It tries to obtain an unfiltered view by

fcomparmg views through as many different filters as
ipossible. It looks for all possible solutions by also lookmg

iat 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 [ -
javailable to arrive at the most complete and unbiased T

. |representation of the structure of the problem and its solus SN
. !tions as is possible. :

| - This attltude will be recognized as basm not only
‘to the morphologmal method but to some of the other L D I,
methodolog1es described in this symposium. In order that; .~ -~ -~ 7 .
! ground previously covered not be repeated, this paper will; LT

zologxcal procedures not hitherto considered. The first of !

ma.thematical modelmg. Thg second is an example of

© Vi remm i . St cson vie 8t etin bt

}
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i
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o r‘Alexander and Manheim may be applicable. The idea is -
R based on the predicationthat any form or structure may 'be

Por 15% reduction S ((For 105 reduetion
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hypothesis generatibn through mofphological analogy.

I. NON-QUANTIFIED MODELS

ineeded for many important problems today is the develop-|
‘ment of methodologies for handhng problems not easily
P quant1f1ed. ' i

Y - It frequently happens that many of the parameters
5. 1+ that we'know have relevance to a problem are not readily
® - :amenable to measurement or quantification.” There is a
itendency to concentrate on those parameters for which

'y };numerical values are obtainable and to neglect those P
!parameters which are not measurable even though their i
'+ relative weight in the problem may be high, To offset this!

;how able to incorporate the effects of those parameters
s ‘fwhich cannot be quantifiably represented. Examples are
‘= :esthetic, ethical and moral values, psychological factors.
’and unquantlfzable requirements of the future.

osc UK o e R

‘ When standard numerical methodologies fail, or %
_!when non-quantifiable factors must be taken into account, -
: 'a relevance type morphological procedure proposed by

a -uhv;- e -

_ 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 probiem is to find a repre-
i sentation of the forces that allows them to be combined,
:Sald in another way the problem is posed in an abstract
.space in which the representative elements are the gener-
ahzed forces. The aggregate of such elements defines a
‘form. If the aggregate is complete and in balance, the -
form becomes a stable obJect or solutxon. -
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‘One of the extensions of problem solvmg capablhty S

‘% itendency a methodology is required by which we are some- - 7
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Alexander and Manheim may be found in the MIT report !
' entitled, "The Use of Diagrams in Highway Route Locatlon.
{ Alexander and Manheim's problem was to locate the route ; ;
for a freeway covering a 20 mile stretch in Massachusetts:
i startmg at Springfield and ending somewhere near North-
2hampton. They first morphologically derived all of the
: Ymdlvxdual abstract forces whose interaction would deter-
' ,_.w -~-+' mine the path which the freeway should take. Shown on
’ { Table 1 of the freeway design parameters, is the goal or

3o

1]

h :‘f ! objective of the study, which was a freeway to meet major
e zcurrent traffic desires. In this case the aggregate solution
’ : Z 1was restricted to be a new freeway, rather than a morpho-
"t s logical examination of all possible solutions to meet current
8 “1 ‘,:traffxc requirements. Thls‘ new freeway had to be considered
2 B ‘in the context of its interaction with existing freeway systems

w |and in support of the competition with other transportation
i systems, Future transportation systems as visualized also
‘7had to be given representation. However, the largest num-
.= .ber of constituent forces fall into two classes; those which:
'determme 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
lincluding 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, operatxonal
factors. travel time, local accessability, safety, mainte- 5
nance, ‘and self-induced congestion, '

* ATUO
T

; . 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-
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tures due to the routmg of the freeway. Finally, esthetic con-

B



- Ea method by which each factor would be reflected in the

- joverall selection of the freeway route. They employed a

' émodiﬁcation of the method Zwicky has termed composite
;-< analytical photography. FEach of the modular forces listed

o ‘-,f of the freeway in areas where the land is relatively flat. L
A transparent map is made in which the flat portions are ; = .

For 15% reduchion - (fFor 100 reduction
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‘values to some of them. Alexander and Manheim developed

'on the charts by itself favors a particular location for the ;

]
3

h1ghway. For example, consider earth work costs. The | -

ereqmrement ‘to minimize earth work favors the location

‘rendered dark and the hilly portions light, the degree of |
h1111ness and flatness can be represented by a correspond-
1ng density or opacity 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. -
~S1m).lar1y for each of the other forces. If a separate
;transparent map of each of the forces which contributes

ito the location of the freeway is made so that the dark area
gfavors 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

ithe way in which the maps are superimposed. A-subset of

;three or four parameters given equal weight and densities -

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 abxlity

to weight the various factorsa
i
3/ g .

J
i
4
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siderations such as - eyesores and noise must be considered.

Certainly not all of these parameters are easily : -
, kmeasured nor is it even possible to assign numerical !
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ican be combined to produce a composite density which might
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II. MORPHOLOGICAL ANALOGY
a) .Art1f1ca1 and Natural Systems

An interesting emergent property of recent times
‘is that the source of new concepts and basic scientific

;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
Ethe study of special communication networks but merged

i with the concept of entropy., Today the important basic

' : - . . . S oer
:concepts underlying structure and organization are being

‘brought to light by the designer of complex systems as well
ias by the observer of the natural order. In the sense of
?discovery vis~-a-vis application the historic distinction

i between science and technology i is thus tending to d1sappear. 3

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 v1ews ‘
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 °

iproperties 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

L 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 technologyo
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 R
t1me if our creations prove unstable.). : L

b) errarchlcal Modular Structures

P P

. One possible source of information on systems of

1 : ) - bl
i : o
. 5
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complex structures is in the analysis of how complexity
Land bigness are treated in the natural order., We observe !
{ throughout nature that the large and complex is constructed

ésimple.' 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 y
: size of any structure and the modules out of which it is i
: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.

i
§
% Formally, by a hierarchical modular structure we :
' i 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

Efof these hierarchical modular structures, artificial and . . D
' 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 plannihg
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 cxty officials could control the :

1

i
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i direction of changes in an urban complex. Ernst's approach.
mlght be called a reductionist approach, decomposing the
cxty into components and sub-components, and looking at ;.
the portfoho of possibilities. " This is an important part’
of the analysis of any complex problem. However, the i
morphologist wants to add something. There may exist >

i some parameters which place limits on the portfolio of ¢
possibilities but which are not evident in the reductionist :
wm—v. . approach. I would like to look at the city in this alternate :

;¢ manner, For this purpose the important properties of

WA

;’(‘) :
LA

¥ i
.5 ‘hierarchical modular structures to abstract are the bounds -
i@ ior limits to which the modules and the aggregates may be : .~
R4 EsubJect. ' :
Loy *ji ! ‘ . S
S 'H ; There are indications that our cities may be approach- -
A T . - I . .. .
@ - | ing some kind of critical limits. What kind of limits might
[ T
.u | these be, and how may we avoid difficulties without having
§ " ito test to destruction to see where the failure occurs? To {
. & ldo this, let us compile sufficient modular forces to close" L
* 2 |the form we call a city, and see what the limitations on f :

i 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 .
f 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 secunty

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 !
i 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
hmtt exists, (If you want an absolute limit, you may take :
i the value of one person per 1.83 sq. ft., provided by
SuraJah Dowlah's experxment in close packing of humans

SRR
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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
ginhabitants are motor vehicles, not people. The maximum .

i density is determined by the minimum space needed for
: *maneuv'ering, parking, and .servicing automobiles. ;

" PR

A second limit exists in city life, This is the limit,
ion the time required to be in movement to transact the

. : cxty s business, or the bound on the maximum fraction of -
O 3 the day that the average commuter can tolerate spending

o e ks

S SR

[
A Lj i in commuting. Doxiadis' studies show in cities of the ;
.2 % !past, the maximum distance from their centers was ten §
o o ; = :minutes by walking. We have certainly moved a long way ; :
< ' 1 from this value toward the commuting time limit. -Three
o xhours, or one-eighth of the day is not uncommon although ;

L@ {the average is still considerably less than one hour per
%5 day. Both the city and the human modules which come
oyt together to make it are governed by the characteristic
5L 6 Utime period of 24 hours. This is an "absolute" value that |
* %" !is not at our disposal appreciably to modify. It is more P
{basic than the day-night cycle imposed by the earth's e
L R . rotation since this period is also set by the biological
7% 77 iclock in each inhabitant, Even though adjustments in
B ibasic 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 -
xneeds of the city and its population. With present work
i and sleep requirements commauting time must'be no greater
! than 1/3 of 24 hours.

R A g 4

These limits may readily be combined symbolically
to define a closed entity. Let & be the density bound and
7 the commuting time bound. {The latter may be expressed
i in terms of the natural period of the city T = 24h by ¥ =T
' where L <{i, ) For a simplified model of a twoc dimensional
’ city, N = ao'R 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 velomty will be less tha.n
i Co '

{

L,

— A astn

| SN ORT

- o rn s e e 5 e ———

T o 31




T v

e

Nl

by

4 N<a.c2hp'r2

1

ey

Since R = ¢T =< ¢T and ¢ < ¢, where barred
quant).tles are mean values, we have N = agR? < ac?‘?'r <
ac 772 =ac o'ng In a three dimensional model we
;may introduce the mean height, h, of the city and use
;three dimensional densities, 7 and p, giving.

T s B Kot

'
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{If we desxgnate the absolute limit p "FZ by .1/H, then
R T | K . HN < a E "v M - | . (1) :
¢ 53 i ' ;

! ‘These partmular limits combined with an aggregatmg
iforce may indeed have some significance with regard to |
cities, for it is interesting that a similar relation obtains

§m cosmic aggregates.,

g .

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-.
tammg an infinite number of stars the sum of gravitational.
‘forces acting at every point would still be finite provided :
rthe universe were structured in a hierarchical modular

>

‘manner. Quite independently of possible relevance to £

fcosmology, Charlier's inequalities showed in general that :

‘!a hierarchical modular structure could be used to bound P

xdeneuty and inverse square type forces.

- Under assumptmns of umform density and sphencal
lsyrnmetry, Schwarzschild showed that the field equations :
:of general relativity predicted the existence of a bound on |
!the gravitational potential {

1.

i ‘ ' : : :
| S =3 ' @
{ c R '

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 ;

l
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{where p ‘is the density and B is a fixed bound (we assume
that G and c¢ are constants), we see that for a given

densxty--as for example, mean stellar density--the maxi-
- imum possible radius of a star is determined. Such an ’

,mequahty not only defines a limit to stellar size but forblds ‘

:close packing of stars in space. Stars can be organized

{together into a larger aggregate only if a lower value of Fi '

;obtains. .If p assumes the mean value of galactic density:
‘the argument may be repeated. The maximum size ofa |
. galaxy is determined by the same bound but with a lower
ivalue of p., The repeated application of a potential bound,:

et (s ‘the universe, However, the inequality does not explain
4 . ithe particular set of p's which are observed in the universe
: {‘{ . ;nor does it indicate at what level the hierarchical modular

,V fstructure may terminate, Potential bounds like the

ot j;Schwarzschild’may also be interpreted as bounding

. system at rest with respect to the aggregate. With this
last inte_rpretation. we see from Figure 1 that cosmic 1
‘bodies are either "density limited" or "velocity limited," °

: tlike in the Schwarzschild inequality, can account for the . A R
S R :levels in the hierarchical modular structure observed in

REas

O

- 1

(B the maximum velocity a module may possess in a coordinate .
.

%The "slope 3" line represents the limiting density of matter

i

: m 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

iessentLally the same densities.) The "slope 1" line repre= .

i sents the observed location of the velocity limited bodies, o

fi-.e. » the star, galaxy, cluster, and derived super cluster'ﬁf
‘having the largest potentials or escape velocities. (This

‘is an observed potential bound and differs in numerical :
:va.lue from the theoretical Schwarzschild bound. The g

iobjects falling on the observed bound, like those on the i

‘ dens1ty bound, are non-degenerate.} The inequalities (1)
‘and (2) may be put in the respective forms ’

p72<B and pR <B

_i These inequalities have the same ingredients.and we mxght
{ expect them to have the same significance even though the
i values of the coupling constants are quite different,
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On the basis of these mmdarltzes we mxght propose:

a theorem of the form
S

Gwen

PN
I
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example.)

4

E - 3. The existence of a potential bound or its equwalent, :
P (such as the Schwarzschild Limit, in the gravita- ' ~
S tional case.) :

DRI

. then hierarchical modular structures provide a way for

R R e Ll I L

..~ 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

3
i
3

2

'accommodating indefinite size while satisfying these
intrinsic limitations, Specifically we are led to inequalities

ofthe pRZ2<B or p7% < B* type.
apply such a theorem to a city, then from TR% = ac

If we assume we may
.23 *2

we see that for a given density, the size depends on a bound

" 'set by the effective velocity of travel and the maximum

5acceptab1e 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,
1t will be stable so long as each nucleus and the complex of.
,all the nuclei (with an overall lower density) satisfy the :

F.Zinequality, O'Rz < B, However, the nuclei will not close L

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” P

areas of the Eastern

;United States and Southern California. If these derived

' ‘inequalities are valid, we will not escape with impunity S

‘the destruction of our open spaces or the low dens1ty back=:

ground between present cities.

; . Since no physical restrictions gqvei'ning the distri-
‘bution of density in the city exist as in the cosmic case,
there are other possible solutions.

I
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-j cal modular analogy given. Since our purpose here is not i

’ ione analogy will suffice. The method of morphological
' f;analogy does not per se generate valid theories. It pro-

LR venducrion
ey Ao 7 ..(.X“) Lo oy

the bound may; e satlsfled by selecting a density distri-
butlon o(r)~ F Y1) here 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 i
‘including a city which is nothing but a series of linear ‘
istructures several stories high with freeways on top.

3

i Additional limit theorems on the structure of cities! -
. may be derived. However, these require more sophisti-

.cated models and exceed the parallehsms in the hxerarchl-f

?._to develop a general theory of urban structure, but to '
‘illustrate the method of morphological parallelism, this

.duces hypotheses and ideas on which models may be con-. '
,structed. These must then be tested by the usual canons
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CHAPTER 2

MORPHOLOGY AND MODULARITY

A. G. WILSON
Dounglas 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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hypotheéis generation through morphological analogy.

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 morphologically 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. Each 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 faxors 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 opacity 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 rasulting 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 representa)tive 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 Systcms

An interesting emergent property of recent times
is that the source of new concepts and basic scientific
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 analysis of how complexity
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 niodules 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

S
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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. DBoth 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 = 24h by 7 =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 = cT = cT and 7 <o, where barred _
quantities are mean values, we have N = avR?% < aclsT <
ac?s 72 < ac25¢2T2, 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'c’h p 72

i ., ~=2
If we designate the absolute limit p7~ by 1/H, then

I—ZIN <a' (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, o
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
M o< 2 | (2)

cZR
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

R = B

306

oS e v 1+ e, s b i Aot

where p is the density and B is a fixed bound (w. ‘ssume
that G and c 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 )
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 limit 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,

72 <B* ana FR%<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 similarities we might propose
a theorem of the form:

Given .

t. 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 pRZ<B or p'r2 < B¥ type. If we assume we may
apply such a theorem to a city, then from TR% = acls ?Z,
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, sR% < B, However, the nuclei will not ¢lose
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+1)where vy > 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

Al

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 ha
been said concerning how to select which problems to solve
It seems most important that any discipline of methodologic
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for problem 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 going 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 heach 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 damage 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 of 500,000 tons on the drawing boards
rather comment focussed on the defects in a technology tha
could blindly and blandly create the set up for this sort of
disaster, This isolated example'rnade some of the blind
spots of technology visible to many for the first time. One
of our own cabinet officers commented, "The environment:
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 huma
consequences; on continuously injecting change into society
without direction or evaluation. We must now face the gre:
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 witho
having either the power totally to control the means by whic
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 methodolog
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 vario
portions of the total problem complex,

Some of the methodologies reviewed at this conferenc

pointed to the importance of the elimination of prejudice as
basic to the problem solving process, Prejudices are ofte:
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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 experimen

In a choice regime, it becomes necessary to formulat
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 supernaturalisms.

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 syste:
cannot be interpreted promptly. The signals may be delaye
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, Th
trend toward longer development times and shorter life timce
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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
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type A (56). The examples of 3C 305 and NGC 1275 show that, as should be expected, the
identifications of strong radio sources as spheroidal galaxies on the basis of their appearance
on 48-inch Schmidt plates are not entirely reliable. Some galaxies of types E and D with
peculiarities may turn out to be spirals or irregulars on more detailed observations.

F. Sato (57) has investigated the physical conditions of the radio galaxies NGC 1068,
NGC 1275 and Cyg A in terms of the ionization mechanism of hydrogen atoms. Three
possible mechanisms were examined, collisions of thermal electrons, thermal radiation from
hot stars and ultra-violet synchrotron radiation. The conclusion is that every mechanism
meets difficulties. If collisions of thermal electrons play a role in ionization of hydrogen atoms,

the kinetic energy of electrons are not high enough to maintain the ionization for the life
time of emission line phenomena,

It would seem reasonable to suppose that ultraviolet radiation from hot stars is responsible
for the ionization, but this possibility is excluded because of absence of Bowen resonance-
fluorescence lines of O 111 in the case of NGC 1068. If the ionization is produced by synchrotron
radiation, relativistic electrons must be provided either by acceleration or by continuous
production. Both the acceleration and the production of the relativistic electrons meet
difficulties from a point of view of energy balances.

G. de Vaucouleurs has investigated peculiar galaxies showing signs of instability (58).

B. E. Westerlund and L. F. Smith (59) report identifications and investigations of southern
radio sources. An investigation of the Parkes radio source 0521—36 by B. E. Westerlund and
N. R. Stokes (60) shows that it is a compact (N) galaxy of high optical luminosity and strong
radio emission. .

" D. E. Osterbrock and R. A. R. Parker (1x7) measured the intensities in the spectrum of
the nucleus of the Seyfert galaxy NGC 1068, and showed that in the ionized gas T' > 8ooo®
and that substantial amounts of neutral gas are mixed into the jonized regions. Frequent

collisions between high-velocity clouds probably produce a large part of the observed
ionization.

GALAXY COUNTS, CLUSTERS OF GALAXIES

An exhaustive search for dwarf galaxies in the Fornax cluster of galaxies was carried out
by P. Hodge, M. Pyper and J. Webb (61). Fifty dwarf objects were chosen as.probable
members of the cluster, and photometry revealed that some are probably sculptor-type dwarfs
and others are dwarf irregular galaxies. The spatial distributions of giant and of dwarf galaxies

in the cluster are sufficiently different to suggest the presence of equipartition of galaxies of
different masses.

The distributions of the stars in all six dwarf galaxies of the Local Group have been used
to compare observed and predicted limiting radii (62). For the three nearest galaxies, the
observed limits agree with those computed, but for the three more distant ones, the observed
limits are too small. This was interpreted to be in agreement with the fact that relaxation
times computed for these objects are extremely large, 10'2 to 10'® years. The orbital para-
meters of the galaxies were estimated, and it was found that for the Fornax galaxy, the radial
velocity of which is known, parameters for the orbit could be fairly completely determined.

T. Kiang (63) has examined the problem of clustering of Abell’s rich clusters of galaxies

by adapting Neymann and Scott’s mode! of uniform clusters to these objects.

The parameters in the model were determined from the variation of the index of clumpiness
K2 with the cell size 2. Random realizations of the model so specified were then effected to
produce (f) synthetic surface distribution and (#) the variation with separation % of the
coefficient of quasi-correlation, Q(k;2) for 2 values of 2, and these were then compared with

- their observed counterparts, Discrepancics of the same sort as found by Neyman and Scott
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in their examination of the clustering of galaxics show up, namely (i) the synthetic surface
distribution did not reproduce all the ‘clumpiness’ of the observed surface distribution and
(77} the two synthetic Q(k) curves were close together whereas the observed curves for the
same two cell-sizes were far apart. The present result on the clustering of Abell’s objects,
combined with Neyman and Scott’s result on the clustering of galaxies and the phenomenon
of sub-clustering (64) suggest that galaxies are clustered on all scales. This picture is in no
way inconsistent with the apparent absence of clustering among radio sources when the great
numerical disparity between radio sources and galaxies is remembered. Further, Kiang believes
that while there is clustering on all scales, it does not take the form of physically distinct
clusters. Kiang also points out that this picture of indefinite clustering naturally results from
the mechanism of continual creation proposed by W. H. McCrea (65).

H. Neckel (66) finds that the brightness distribution within the galaxies plays a serious role
in the determination of the optical thickness of the galactic absorption layer from the latitude
variation of galaxy counts and from the mean surface brightness of the galaxies. A value of
about 079 is found for the photographic optical thickness of the absorption layer. General
agreement is achieved between the hitherto different results of (1) Hubble’s counts of galaxies,
(=) the counts by C. D. Shane, C. A. Wirtanen and U. Steinlin (67), and (3) the observations
of the mean surface brightness. The value of 0”45 for the absorption at the galactic pole and
the color excess B — V' = o™o5 or 0”06, which remains unchanged, lead to a value of about
eight for the ratio between total photographic absorption and color excess.

C. D. Shane and G. E. Kron are determining the limiting photographic magnitudes of
galaxy counts made with the 20-inch (51 cm) astrograph at the Lick Observatory. While not
all of the final corrections have been applied, the average galaxy at the limit of identification
is quite close to magnitude 190, Shane and Kron have also measured the color of several
hundred galaxies in different galactic latitudes. Tentative discussion of only a fraction of the
measures reveals a small or even negligible relation between latitude and color.

A new analysis of Hubble’s galaxy counts has been carried out by G. de Vaucouleurs and
G. Malik (68) who found serious bias in earlier analyses; in particular the half thickness of
the galactic absorbing layer is Ap = o-5 magnitude (not o-2§5 magnitude) in agreement with
Shane’s analysis of the Lick counts. An improved expression for galactic extinction as a
function of latitude and longitude was obtained.

G. de Vaucouleurs (69) has derived distance indicators based on magnitudes and diameters
have been established for galaxies in small groups or clusters and distances of 54 nearby
groups; these are in good agreement with distances from van den Bergh’s luminosity classi-
fication.

G. C. Omer, T. L. Page, and A. G. Wilson (70) have intercompared three independent
counts of the Coma cluster of galaxies. The three different surveys appear to be consistent
with each other. The conclusion is reached that the cluster contains about 800 members to
photovisual magnitude about 18-8 and has a radius of about 100". A possible spatial density
distribution is derived from the combined data.

A. G. Wilson studied the distribution of rich clusters of galaxies. Regularities in their
distances (71) and angular separations (72) suggest the existence of larger scale structures
than any presently recognized. Radio galaxies also appear to share cluster distributions (73)
in the sense of indicating the existence of large scaled structures. The redshift distributions
may be interpreted as indicative of a continuation of a Charlier type hierarchy up to organ-
izations of the order of 500 megaparsecs.

F. Zwicky and his collaborators (74~78) have mude extensive studies of the distribution
of clusters of galaxies which have shown: (a) The largest open, medium compact and
compact clusters of galaxies at all distances have the same indicative dimensions, (5) There
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is no evidence for any clustering of clusters of galaxies, all irregularities being accounted for
by accidental fluctuations as well as the interference of interstellar and intergalactic obscuration
and (¢) The average size of the cluster cells occupied by rich clusters of galaxies, as determined
from the distribution of 7000 clusters of galaxies is about 50 million pc, in close agreement
with the value determined by Zwicky in 1938 from the distribution of the hundred nearest
clusters then known.

Several investigations of individual clusters of galaxies have been carried out by members
of Zwicky’s group. R. Okroy (79) has investigated the Virgo cluster and confirmed a segregation
effect: the number of galaxies per square degree increases towards the center for the more
luminous galaxies, but decreases for the fainter galaxies. A similar result was obtained by
T. Kwast (80) for the Hydra I cluster. K. Rudnicki and M. Baranowska (81) find the segregation
effect in the clusters Zwicky 156-5 and 156-14, but not (82) in the cluster Zwicky 97-8
(= 127-2).

COSMOLOGY AND RELATED SUBJECTS

Relevant observational information on the physical conditions in intergalactic space now
begins to become available. One of the most important newly discovered phenomena is cosmic
background radiation whose significance has been discussed by R. H. Dicke, P. J. E. Peebles,
P. G. Roll, D. T. Wilkinson (83). This radiation becomes observable at wavelengths below

20 cm. At longer wavelengths galactic and extragalactic emissions dominate the spectrum.
The observed background temperatures are:

2:8 (£ 0'6) °K at 20-7 cm by T. F. Howell and J. R. Shakeshaft (84)
3'5 (£ 1°0) °K at 7°4 cm by A. A. Penzias and R. W. Wilson (85)
32 (+0'5)°K at 3-2 cm by P. G. Roll and D. T. Wilkinson (86)
3-22 (£ o0-15) °K-at 0-26 cm by G. B. Field and J. L. Hitchcock (87),

determined from the excitation of interstellar cyanogen. These results suggest that the back-

ground radiation has a blackbody spectrum with a temperature close to 3°K. The discordant
value ‘

17 (£ o-¢4) °K at 15 cm by W. J. Welch (88)

has quite recently been obtained. Additional observations obviously are needed to establish
the nature of the background radiation beyond doubt.

G. ]J. Whitrow and B. D. Yallop (89) have discussed the problem of background radiation
in homogeneous isotropic models in which account is taken of possible intergalactic absorption
effects due to the finite extent of the galaxies and to intergalactic matter. The possible effect
of relaxing the assumption that on the average the galaxies radiate uniformly in time is also
considered in a preliminary way.

In objects with a redshift of 2, Lyman-« of hydrogen and the shortward region of the
spectrum become accessible to ground based optical observations, If the redshift is cosmological,
neutral hydrogen between the source and us will become observable, either as an absorption
continuum extending shortward from the redshifted line to its zero-velocity wavelength if the
intergalactic medium is uniform (J. C. Gunn and B. A. Peterson, go; P. A. G. Scheuer, 91)
or as discrete absorption features if the intergalactic hydrogen is concentrated in clusters of
galaxies (J. N. Bahcall and E. E. Salpeter, 92, 93). Gunn and Peterson find from the lack of
strong absorption shortward of Lyman-« that intergalactic hydrogen accounts for less than
10-% or 1077 of the cosmological density to be expected if the acceleration parameter Q, = 1/2.
Thus, most of the hydrogen must be ionized if the discordance between the cosmological
density and the density of matter in galaxies is to be explained as due to the presence of
intergalactic hydrogen. G. B, Field, P. M. Solomon and E. J. Wampler (94) show that H,
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molecules also cannot contain 2 major fraction of the mass. The intergalactic gas then must
be highly ionized and at temperature close to the limit of about 108 °K that has to be set

according to G. B. Field and R. Henry (95) if the bremsstrahlung from the intergalactic
. niedium is not to exceed the total flux in the X-ray region. It should be pointed out that a
very small value of ¢4 cannot be ruled out at present, but it is not suggested by any other
evidence. :

D. W, Sciama and M. J. Rees (96, 97, 98, 99) have made studies of the intergalactic medium
in the light of recent observations of the X-ray background and the spectra of quasi-stellar
objects with redshifts ~2. In the steady state model of the universe an intergalactic hydrogen
gas of density ~10-% gem=2 is required to have a kinetic temperature ~10® °K, which
could plausibly be achieved by cosmic ray heating. If oxygen is present with its normal
cosmical abundance, it could be detected in the spectra of sources with a redshift 2-2.
However, the steady state model itself is not consistent with recent data on the redshifts of
quasi-stellar objects, if these redshifts are cosmological in origin.

Whether the redshifts of quasi-stellar sources and objects is cosmological and whether they
are correspondingly large distances is subject to doubt in view of the suggestion by J. Terrell
(x00, 101) that quasi-stellar objects are local, rapidly moving objects. The two different points
of view have been discussed by F. Hoyle and G. R. Burbidge (102). At this time there is no
conclusive argument in favor of one of the competing interpretations.

A. Sandage (103) has given an interim report on his recent work on the redshift-apparent
magnitude relation for the brightest members of clusters of galaxies and for radiogalaxies.
The results are mainly based on photoelectric photometry. The K term needed to correct the
photometric data for the effects of redshift has been re-determined. The plot of redshift
against the corrected V magnitude for the 1st ranked galaxy in clusters shows a linear relation
with surprisingly small dispersion which emphasizes that the absolute magnitude of the brightest
galaxy of a cluster is an exceedingly stable statistical parameter. The observed deceleration
parameter will be very close to g, = 1. A correction must be applied, however, to the absolute
magnitudes to account for the evolution of the stellar content for the individual galaxies during
the light travel time. This correction gives ¢, = +o0'2 based on an evolutionary theory
‘ obtained from old star clusters. The uncorrected observations are consistent with a closed
‘ model, while the corrections lead to an open model of the universe,

The redshift-apparent magnitude relation for the radio galaxies fits the relation for the
brightest galaxies in clusters closely, although with somewhat larger scatter. The conclusion
is that the radio galaxies do not differ significantly in luminosity from the first ranked cluster
galaxies and that a galaxy must be supergiant in luminosity and presumably in mass to be a
strong radio source.

G. de Vaucouleurs (x03a) finds that local departures from linearity and isotropy in the
redshift-apparent magnitude relation are confirmed by an analysis of improved and enlarged
magnitude and velocity data. It follows that the value of the Hubble constant derived
from nearby groups or the Virgo cluster is biased and probably too low.

H. Alfvén (104) has further studied the properties and evolution of a meta-galaxy containing
equal amounts of matter and antimatter. He analyzed the properties’ of an ‘ambiplasma’
{containing ionized matter and antimatter) and showed that a magnetized ambiplasma (under
the conditions assumed to exist in the universe now) should emit synchrotron radiation but
no detectable gamma-radiation. He also suggested mechanisms for separating matter from
antimatter, The possible formation of proto-galaxies from an ‘ambiplasma’ and their subsequent
evolution into galaxies was treated by H. Alfvén and A. Elvius (105) and reported at the IAU
Sympostum 29. The annihilation of protons-antiprotons as a possible source of energy for
certain astronomical objects was again discussed. A. G. Ekspong, N. K. Yamdagni and
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B. Bonnevier (x06) showed that the radio spectra to be expected from extragalactic objects
deriving their energy from the annihilation of nucleon-antinucleons would be similar to radio
spectra actually observed for quasi-stellar radio sources and strong radio galaxies. B. Bonnevier
(z07) studied some problems related to the early development of the metagalaxy in the theory
of H. Alfvén and O. Klein. His solutions of equations previously derived by Alfvén and Klein
indicated that an original contraction of the metagalaxy might be converted to an expansion
in agreement with observed redshifts.

R. J. Dickens and S. R. C. Malin (x08) find that observations of quasi-stellar sources and
small-diameter galaxies show no differential aberration with respect to nearby stars. The
result contradicts the Ritz theory of light propagation.

P. E. Kuustanheimo (109, 110, 111) has developed a new kind of linear gravitational theory
in which the gravitational redshift may be non-conservative. This would explain a possible

~limb effect in the sun, and the route dependence of the redshift could be measured in the
< laboratory if the redshift experiments of Pound and Rebka based on the Méssbauer effect are
- repeated using photons not travelling vertically.

D. Sugimoto (xxz) explains phenomena in quasi-stellar sources by the nuclear instability
of a star of about 200 M, that are formed by the rapid fragmentation of gas of 108 My in the

- nuclei of galaxies.

. Zwicky (xx3) has discussed the discovery and some principal characteristics of previously
. unknown families of compact galaxies. Fle also has discussed a number of circumstances
-7 ~which will cause an entire compact galaxy to implode or, in some cases at least to liberate and

:"to radiate energy at a much more rapid rate than an ordinary galaxy. He has observed differential

redshifts in the spectra of some compact galaxies (114) that suggest an explanatlon in terms of
FEinstein’s gravitational effect and the possibility that large redshifts are only in small part due
to the cosmological effect.

R. MINKOWSKI
President of the Commission
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APPENDIX I. OPTICAL DATA ON QUASI-STELLAR SOURCES
(Prepared by A. Sandage)

Introduction

There has been enormous activity in study of quasi-stellar radio sources since the 1964
Hamburg meeting. It is now generally accepted that the name ‘quasars’ be applied to these
objects and we shall adhere to this nomenclature in this report. Work on quasars can be
conveniently divided into eight sections, touching the subjects of identification, redshifts,
absorption lines, photometry, optical variations, interlopers (‘radio quiet’ quasars, sometimes
designated QSG for quasi-stellar galaxies), the controversy of cosmological versus local
dista.nces, and theoretical studies of the structure of the sources.

The present summary is a partial literature review of papers appearing between 1963 and
1966. No attempt for completeness was made. It is further confined primarily to optical
observations with only a few remarks on interpretation.

Identification

The first quasars were optically identified in 1960. This was achieved when radio positions
of high precision became available through the work at the Owens Valley Radio Observatory
on a list of high-flux-density sources of small angular diameter, as measured at Jodrell Bank.
Direct photographs of several sources in this list were obtained with the 200-inch telescope.
Matthews and Sandage (1) found that 3C 48, 3C 196, and 3C 286 appeared to coincide with
starlike objects at the radio positions (which were accurate to better than + 10" arc in both
coordinates). These three objects all had peculiar U, B, ¥ colors compared to normal stars.
"This peculiarity of bright ultraviolet has been one of the main observatlonal methods of optical

confirmation of suggested identifications,

The fourth source to be identified was 3C 273 by Schmidt (2), who used a precise radio
position due to workers at the Owens Valley Radio Astronomy Observatory and to Hazard,
Mackey, and Shimmins (2a) at Parkes, who obtained the position by a lunar occultation. The
_13th magnitude object was bright enough for Schmidt to obtain highly widened spectra of
good quality from which he discovered the general property of redshifts (2).

The next three sources were found by Ryle and Sandage (3) using a two-color photographic
method invented by Haro, where an ultraviolet and a blue image of each star in a given field
is obtained on the same plate. These plates are searched for extreme ultraviolet objects.
Sources 3C g, 3C 216, and 3C 245 were discovered in this way. Photoelectrxc photometry
confirmed the peculiar colors.

Schmidt and Matthews (4) 1dent1ﬁed 3C 47 and 3C 147 and confirmed from spectrograms
that these were quasars. :

By the middle of 1964 it was reahzed that quasars must be numerous. Estimates indicated
that about 309, of the 3C Revised Cambridge Catalogue were objects of this type. Concentrated
efforts of identification were then made at Owens Valley by Matthews and Wyndham, at -
Mt Wilson and Palomar by Sandage and Véron, at Cambridge-by Longair- (5) and later
by Wills and Parker (6), and by Bolton and his co-workers at Parkes (13, 132, 14).’
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ABSTRACT e

Under the assumption that there exists a finite global upper bound to the gravitagtional potential,
2Gm/c?r, it is shown that simply connected homogeneous models based on the Walker-Robertson line
element must have zero mean density if the curvature parameter % is 0 or —1. For Womogeneous models
with £ = 1, all global potential bounds less than or equal to the Schwarzschiid Limit imply a positive
cosmological constant. If the potential is globally less than 0.912 (spberical space) or .0.75 (elliptical
space), and if the physically realizable pressures are at all future epochs bounded helow hy zero and above
by photon gas presswe, pc?/3, & = 41 models will expand monotonically without limit—for all future
time. Asymptotic values for large times are in the usual notations: I = ¢v (A\/3), ¢ = —1, p = 0, and
p = 0. Under the same conditions, the present value of the deceleration parameter is less than —1, so
that the asymptotic value is approached from below. The cosmological constant is bounded below by
3H¢ /e, where H, is the present value of the Hubble parameter.

I. POTENTIAL BOUNDS

The existence of an upper bound to the local value of the gravitational potential
that may obtain anywhere in the Universe is suggested by both theory and observation.
Following Schwarzschild, several authors (Eddington 1923; Tolman 1934; Buchdahl
1959; Chandrasekhar 1964; Bondi 1964; Fowler 1966) have shown theoretically that the
potential = 2Gm/c* (where G is the gravitational coupling constant, ¢ the velocity
of light, and m the total mass contained within radius ») of a static spherically sym-
metric system immersed in a region of zero mass density is bounded. These bounds result
from solutions of-the relativistic or post-Newtonian field equations under various as-
sumptions regarding the equation of state. Examples of some of these theoretical po-
“tential limits are given in Table 1. Schwarzschild found. the limiting value of unity for

TABLE 1
RELA,TIVISTIC' POTENTIAL BOUNDS

. Constraints: Spherical Upper Limit
Bound Symbol Symmetry Plus . to 2Gm/c%r
Schwarzschild.’........ S Ug p=Const. i~
Eddington........ SN Ug p=Const., p finite 0.888
BondiI............... Ugp p not increasing from 0.638*
: center, p<oct/3
Bondi II.............. Uy Adiabatic stability 0.620*
AL
J .g] o )\0(.
\\\ * Instead of the proper radius, Bondi uses +/(4/4xr), where 4 is the proper area.

-
the potential\a55uming that the interior of the spherical system consisted of an incom-
pressible perfect vith constant proper density. Eddington derived the limiting value of
£ under the additional assumption that the pressure be everywhere finite. Bondi has
shown that 0.970 is a rigorous upper bound for the potential independent of any as-
sumptions concerning the equation of state and subject only to the restriction that the
density nowhere be negative. Other Bondi limits are given in Table 1.

In addition to these relativistic and post-Newtonian bounds suggested by theory,
there is also observational evidence suggesting the existence of a potential bound for
stable non-degenerate cosmic bodies (Wilson 1966). The maximum values of the mass/
radius ratic that occur in those samples of stars, galaxies, and clusters of galaxies that
have been measured are found to be nearly the same for each species of cosmic body.
This bounding value is approximately 10%-% g/cm, or ® < 103, Table 2 gives the larg-
est values of observed potentials (Allen 1963). The value (U,) of this observed bound
and its significance are uncertain. The same value of approximately 10*® g/cm may be
derived for second-order clusters on the basis of their radii and cluster contents (de
Vaucouleurs 1960; Abell 1961). Despite the fact that U, is markedly less than the
theoretical limits, as might be expected in an expanding system, a nearly equal upper
potential limit of systems that are aggregates of particles which are atoms, stars, or
galaxies suggests a bound independent of the equation of state and in phenomenological
correspondence with the predictions of theory.
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TABLE 2
MAXIMUM OBSERVED GRAVITATIONAL POTENTIALS

System Object log(;o /g:{ )
Star............ V444 (Cyg A) . 23.27
Galaxy.......... Ms87 23.6
Cluster.......... Coma 23.5

The above theoretical and observational results suggest the following Aypothesis:
there exists a constant global potential upper bound, U, such that for any sphere of
proper radius r circumscribed about any point P as center, the total mass contalned
within the sphere will satisfy

b =2Gm/cr < U, 6]

provided r is sufficiently large. This hypothesis, if true, would have interesting cosmo-
logical implications. The intent of this paper is to investigate the effects of this hy-
pothesis on a class of relativistic cosmological models constructed under the assumption
that the matter in the Universe may be approximated in the large by a uniform perfect
fluid (Robertson 1933) whose density and pressure are functions of time only. In order
for condition (1) to be consistent with the assumption of uniform density in the large as
postulated for homogeneous models, it is necessary that the mean density in every sphere
of radius 7 and center P also be bounded. This condition of bounded density is consistent
with both observation and the properties assumed for homogeneous isotropic models.

I, HOMOGENEOUS MODELS
a) Basic Equations
The bounded potential condition (1) will be applied to those homogeneous isotropic
models with the usual assumption of simply connected covering spaces. Following
Robertson (1933), we take coordinates such that the standard metric is
ds? = c2dt2 - R(l)2du2 R (@
where
du2 dx? -+ e(x)¥(d9? 4 sin? 0d¢2) 3
is the line element on a three-dimensional space of constant curvature, £ = (1,0,—1).
In equation (3), .
0<6<L =, 0<o<2rn
and
sin (X)’ 0<x<n~
)= 3% - 0<x<
sinh (x), O x< .

accordingly as the curvature is positive, zero, or negative. The forms assumed by the
field equations in Robertson’s notation are

kpct = —n 4 3(k + R'*/ /R, (4)

kp =N —2R"/(R) — (k + R?/c*)/R?. s) .

If m(X,!) denotes the mass within the “coordinate sphere,” 0 < x < X at time {; then,
since the mean mass density (#(#)) is a function of time only,

. x x g
m(X,t)=<P(t)>R(l)3_/: e(x)?‘dx_[G sin 0d0/0'2 d¢.

Since x is a geodesic coordinate, the proper (geodesxc) radius 7(X,#) of the coordinate
sphere 0< x < X at time ¢ will be

y(z,t) =R(1) fox'dx=1a(t)x.

For positive, zero, and negative curvatures, the potentials on the surfaces x = X are
taken to be

2(§M(X,,t) =81rG<P(lz) YR 323 ©
ctr (X,1) . ¢ [sinh(2X)/(2X)—11/2,

where 0 < X < ;0 < X < /;and 0 £ X < = respectively.

{[1 sm(2X)/(2X)]/2

e

b
|35
:
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b) Zero and Negative Curvalure

By the global bounded potential condition (1), the right members of equation (6) will
be <U for all X in the allowable ranges.

In the cases of zero and negative curvature (¢ = 0 and k2 = —1) the allowable
range for X is infinite. Since R(f) = Ro £ 0 at the present epoch (the subscript “0”
will be used throughout to designate the value at the present epoch), it follows that the
inequality (1) can be satisfied for all X if and only if {psy = 0. It is also evident that
{py> = 0 for all ¢ for which R(¢) 5¢ 0. This leads to the conclusion that, for any finite
potential bound U, the only universes with zero or negative curvatures that are iso-
tropic and homogeneous have zero mean density. Furthermore, this conclusion holds
regardless of the dynamical processes involved, since it was obtained without use of the
field equations.

It must be noted that this conclusion may not be valid if the spaces are not simply

“connected. There exist eighteen different topological space forms for a three-dimensional

space with zero curvature and infinitely many in the case of negative curvature. Some of
these space forms are known to be closed, in which case the arguments of this section do
not hold (Heckmann and Schiicking 1962).

Two possibilities thus exist for open simply connected homogeneous universes with
bounded potentials. They may be empty of all matter—which contradicts observation—
or they may be hierarchically structured. Charlier (1922) has shown that a hierar
universe with infinite orders of clustering has a vanishing mean density.

¢) Positive Curvature

A similar argument cannot be made in the case £ = -1, since the function S(X) =
{1 = sin (2X)/(2X)] occurring in equation (6) is bounded for all X. Accordingly, in order
to discuss the implications of bounded potentials for this case, we must use the properties
of the field equations, For 2 = +1 we consider only the two customary topological
cases: spherical space for which 0 < X < 7 and elliptical space for which0 < X < #/2.
At the values X = = and X = /2, the so-called spherical and elliptic Zorizons, the
potential 2Gm(X,#)/[c%(X )], takes on the same value, namely, kc? {(p(£)>R(£)*/2. In the

following it will be convenient to introduce the quantity : :
() = kHpR?, @
equal to twice the horizon value of the potential. By eduations (6), (7), and the defini-
tion of S(X), the inequality (1) becomes ‘
' (NS(X)/2<LU.
In spherical space S(X) assumes the maximum value of 1.217 at X = 2.245 radians, and

hence
. &'(1) < 1.644U . (8a)

In elliptical space S(X) assumes the maximum value of unity at the “end point” X =
#/2 and hence
() < 2U. : (8b)

In order to make use of these bounds on ®*, we write the field equations (4) and (5)
with & = +1 in terms of ®* and its time derivative:

$* — 3 = 3R?%/c? — AR?, ©

IC“«{

@* 3 ®"/H = 3kpR?, (a0 .

where H(f) = R’/R. From equations (5), (9), and (10), we may derive
—&'"/(2H) = AR? 4+ 3R"%¢/c*, @1

where ¢ is the “deceleration parameter,” —RR"/R".

For all potential bounds less than or equal to the Schwarzschild limit, ({p= 1), in
both spherical and elliptical cases the left member of equation (9) is strictly negative in
some neighborhood of the present epoch. Hence, the cosmological constant, A, must be
grealer than zero. The Schwarzschild limit taken as a global potential bound is accordingly
inconsistent with homogeneous £ == +1 models with vanishing or negative cosmological
constant such as closed Iriedmann models.

If we introduce the additional assumption that physically realizable pressures lie in
the range 0 < p < pc/3, the upper bound being photon gas pressure (Sandage 1961),
by equation (10) the potential ®* must satisfy the inequalities

0<d"/2< —a"/QH) < 8. (12)
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0<8%/2< —a"/(2H) < &*. 12)
Substitution of the right-hand inequality in expression (11) and adding equation (9)
gives
A4+ R?/*<29%/3—1. (13)

This inequality requires that ¢ < —1 whenever " < 2. Hence by expression (8a), ¢
will be less than —1 for spherical space whenever U < O 912 The Eddington limit, Ug,
and smaller limits including the observed U, limit, all satisfy this requirement. Sxmllarly
by expression (8b), ¢ will be less than —1 for elhptlc space whenever U < 0.75. In addi-
tion, since Ho > 0, it follows from expression (12) that &¢'* < 0.

It may thus be concluded that, exeept-possibly-for=hivrerchical-universes-oirinfinite
esder; the only non-emply, lwmogeneous, isolropic cosmological models with simply con-
nected topologies and a global bounded polential less than or equal to 0.75 are those with
k=41,2>0,¢0< —1,and &' < 0.

III. THE FUTURE STATE OF HOMOGENEOUS UNIVERSES
a) Conditions in the Neighborhood of the Present

We may investigate allowable evolutionary paths of homogeneous models with
bounded potentials by using the conclusions of the previous section as initial conditions
and investigate the behavior of equations (9) and (10) subject to the assumed bounds
on the potential and the pressure. Since $¢"* < 0 and ®," < 2, for Ug(or any smaller
bound) there will exist some time interval T' containing the present during which the
left member of equation (9) will remain strictly negative. Accordingly the inequality

—g(0? = (" — 3)/A = 3RY(\?) <0 (14)

holds for ¢ on the interval T. The function g(t) defined by equation (14) is real valued on

the interval T, permitting the change of variables

R() = g(t) cosh [w(#)]. : (15)
- Whereby equation (14) becomes '
[(¢'/g) cosh w + w’ sinh w]? = (¢®A/3) sinh? w . (16)

Hence equation (15) will be a solution of equation (14) provided the function w(Z)
satisfies the relation

= +ev(A/3) — ¢ coth (w)/g. an
Equation (17) may be used to eliminate w’ from the derivative of equation (15), giving

"Rt ¢+/(M\/3) gsinhw, : (18)
Since Ry’ and go are positive, we may have either '
R’ = ¢+/(A/3)g sinh w, with we > 0,

or - ‘

R' = —¢+/(7/3)g sinh 1w, with wg < 0.

The evolutionary behavior of R’ during the interval T is thus controlled by the functions
w(t) and g(¥). To ascertain the behavior of R’ and R, we must determine whether g{¢)
and w(f) are increasing or decreasing in the neighborhood 7. Difierentiating equation
(14), we get’

g =gd"/(29" —6). / a9

Since ®¢"* < 0, (" — 3) < 0, and go > 0, the vwlu-e-g(tg\ymust be an increasing function
of ¢in the nexghborhood T.

-In order to investigate w(/), we substitute equatlon (19) and the relation H =
+ ¢+/(A/3) tanh w, (obtained from egs. {15] and [18]), in equation (17):

@'(t) = £ ev/(M3){1 + &"/2HE — @7)]} .

For the physically permissible range discussed in § I, the pressure, which may be
-written as 7{p)c®/3 in terms of a dimensionless parameter 5 defined on the interval
0 < 5 < 1, affords 3xpR? = 7®". Using this relation and equation (10), one may show
that the permitted values of @’(f) must lie in the interval

e/ (30 £ (3 2;)’

(2-9"

< +7.U’<6\/(3}\)'2W,

(20)

L
E.
}l

E




- above and below by two positive numbets. It follows from the sign convention used for

" stituting this quantity in equation (11) we obtain

-Since R” is positive in T, the first term of the right member must be larger than the
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where the left member corresponds to 7 = 1 and the right member to 5 = 0. Both the
left- and right-hand expressions in ®* will be positive for &* <:2. This is the same condi-
tion as that governing the validity of the bounds given in the last paragraph of § iL.
Hence, if these same global bounds are valid for all ¢in 7', 4’ will always be bounded

R’ in equation (18) and from g > 0, ¢’ > Qin T that R’ is increasing in T and that the

values of R and R’ are independent of the choice of sign, ~%" ot +u’". Hence thtoughout
T, R" is strictly positive and g negative. 0 ,
R by Asymptotic Values for Large ¢ ’

From equation (10) and the definition of 5,-we have that ™ = —(1 4 7)$"H. Sub~

R = &\R/3 — (1 + 7)c*®"/6R . @n

second throughout 7. Further, with R increasing and & decreasing, R’ will remain’
positive for all future time, and 7" is unbounded above. It follows that for all { > 1o, R'(})
and R(#) will be exponentially increasing functions. The Hubble patameter, H(f) ="
¢v/(M/3) tanh [w(?)], i monotonically increasing and will approach the value ¢v/(A/3)
asymptotically for all allowable states of the model. This fact establishes 3H2/¢c? as a
lower bound for the cosmological constant. (Hy = 100, km/sec/Mpc~.A > 3.5 X
10%/cm2). The pressure and density decreased to zero as { increases without limit, It
follows from equation (5) that R”/R— \¢/3 and g— —1. If ®" < 3/2, then g0 < —1
and the asymptotic value is approached from below.

Possible homogeneous models with & ="4-1 and A > 0 are: (a) one that expands
monotonically without limit from a singular value (Lemaitre); (6) one that expands frof
a non-zero critical radius (Lemaitre-Eddington); (c) a static model (Einstein); (d) one
that expands asymptotically to a finite radius; (¢) one that contracts from infinity to a
minimum finite radius, then expands monotonically without limit; (f) one that oscillates
between zero and a finite radius (Bondi 1952).

The behavior of R and R’ for large { rules out all models except (a) ,(8), and (e). These
three cases are indistinguishable on the basis of their future paths. Thus, while the future
is uniquely determined under the above assumptions of bounded potential and pressure,
the questiond remains which of the three permitted homogeneous models with positive
cosmological conStant represents the past history of the Universe.

While the use of homogeneous relativistic models to represent the present and future
state of the Universe may afford a valid approximation to the physical situation; the
validity of indefinite extrapolation to the past when other forces than gravitation played
major roles is open to question. Additional information such as that contained in the
natural aggregates—the elements, stars, galaxies, clusters—must be used to discrimi-
nate between past histories.
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gravitation. A function of primary usefulness in cosmic gravitational
studies is the dimensionless gravitational potential,

o = 26

czR
where M is the mass of the body, R the metric radius, G the Newtonian
gravitational coupling constant and c the velocity of light. It is
fortunate that ¢ for many astronomical bodies may be evaluated inde~-
pendently of knowledge of the distance to the body. This permits data
to be accumulated that is free of the troublesome problems besetting
astronomical distance scales and their calibration.

~
13

During the past two years the value of ¢ for many astronomical bodies

has been derived from new and published observations. Through the
courtesy of the Mt., Wilson and Palomar Observatories use has been made

of the 48 inch telescope and the B spectrograph on the 100 inch telescope
to determine the potentials of several clusters of galaxies using the

 Virial Theorem (References 4 and 5). Search has been made for the bodies

with largest ¢. It is planned to complete the present survey for regions
of high potential in 1968.

Summary of Past Achievements:

The Schwarzschild solution to the field equations of the general theory
of relativity, in addition to giving the three well known tests of the
theory, predicts that the potential ¢ be less than unity (Reference 1).
The present survey of potentials of stars, galaxies, and clusters of
galaxies confirms the existence of a potential bound, but finds that
for stable non-degenerate bodies this bound is of the order of 10‘4'3
(Reference 6). The existence of banded structure in the distribution |
of the redshifts of radio sources and rich clusters of galaxies (Refer- : |
ence 7) is predicted by the existence of this potential bound
(Reference 8). * '
Edelen and Wilson (Reference 9) have developed the cosmological implica-

tions of the results suggested by these data. Undexr the assumption that
the gravitational potential is globally bounded the only homogeneous
closed cosmological models permitted are those with positive cosmic
constant which expand for all future time with increasing rate. Whereas
the future is determined, the past state of these models cannot be
unequivocally decided. Cosmogonic models consistent with bounded
potentials are being investigated.

(Continued)‘
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ABSTRACT OF PROJECT

HOMOLOGY.IN GRAVITATING STRUCTURES

A. G, Wilson

- A search for the homologous properties of dynamical
structures of a general nature has been initiated with the study
‘of the properties of gravitating systems. These systems have
thevadvantage of observable quantitative parameters possessing
well known functional relationships. Stable non-degenerate
gravitating bodies (stars, galaxies, clusters, hyperclusters)
have been found to possess an homologous potential bound of

5 of the Schwarzschild Limit. However,

the order of 10~
~gravitational forces plus only a potential bound are not
adequate to define the mass or size of these structures.k An
additional constraint, such as a density.limit, is required.
An answer for the cosmogonic problém of the origin of the
particular.cosmic bodies observed requifes that some further -

homologous parameter be identified. Possible quantitative

homologies in angular momenta are now being investigated.
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X ) AN EMPIRICAL RELATION IN PULSAR PERIODS

"~

Pulse périodg of the four known pulsars have been
determined to an accuracy of the order of one part in lO7
(Ref. 1, 2). The pulse dufations cannot be néarly sd accurately
measured, bﬁt the mean pulse durations of sets of superimposed
pulses can be.estimaféd to within three or four milliseconds
(Ref. 3, 4). To within the accuracies of these estimates a
single simple empir&cal relation appears to hold between the

pulse periods, T, gﬁd the mean pulse durations, <d»>, for each

of the four observéd pulsars,

(1) AT = <d»2, where A = 1073 seconds.

‘ A comparison of values is shown in the table where <do> is the
approximate observed mean duration and dc is the value given by

Eg. (1). All values are in seconds. ’, ’ ,

—

OBJECT T 4> dg

CP. 0834 1.273764 0.035 0.0357
CP. 0950 0.253065. 0.015 0.0159
Ccp. 1133 1.187909 0.035 0.0345
cpP. 1919 1.337301"° 0.037 1 0.0366

The parameter A with the dimensionality of time defines a

nearly constant characteristic time for objects of the pulsar

class.

¢




The correct identification of the observed periods

- with limiting periods (v31/GP) for various classes of bodies

is critical for formulation of the right pulsar model. The

pulse period itself is too short for white dwarfs. The periods

d and A are both consistent with the limiting period of neutron

stars.
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MEMORANDUM

' June 20, 1968

L. Larmore; G8 :f'  ’,~’f‘ o
" A. G. Wilson, G8-52

" PULSARS

The attached sheets give .a summary of the
salient present knowledge concerning pulsars.

. Optical objects suspected of being associated

with CP.1919 are probably spurious. No
satisfactory theory has yet been evolved.
Preliminary ideas range from rotating neutron
stars, binary white dwarfs, to "little green
men." The empirical relation, d2 = AT

ks (note d) is a DARL contribution to the subject.

e ‘ ﬂ i_A. G. Wilson
AGW/3jbg - LN



A. G. Wilson 6/19/68

PULSARS -- A SUMMARY
'A newklarge radio telescope operating at 81.5_MH3 was

'put.into use by"the Mullard Radio Astronomy Observatory of the
'UniVe;siﬁy-ovaambridgé in July of 1967. The aerial consists
"of a fectangular array-containing 2048 full Qavé dipoles
arranged in 16 rows of 128 elements; The array is 470 meters
(E-W)‘by 453ﬁete:s (N-S). This ﬁelescope was built to |
investigate_the apgular.structure of compact radio sources
,using the scintillation caused by the interplanetary medium.
- A weekly survey of the sky between the declination zones -08°
andl444° using this new telescope resulted in the detection
-of fpur very weak pulsating signals at fixed declinations and
right ascensions. Systematic investigations of these signals
were started in November of 1967 and the first publication of
discovéry appeared in Nature, vol. 217, p. 709, February 24,
1968.>'The observed properties of these sources -- now called
nPuisars" —ffare summarized in‘the table. -

No distances have been determined, but the observing
of a doppler shift reflecting the earth's orbital motion
places the pulsars definitely outside of the solar system.
Froﬁ frequency dependence of signal rétardation and the value-
' of interstellar eleétron density,the pulsars are estimated to
be over 150 light years distant. |

The precise periods éfford many applications =--
determination of the A. V., galactic rotation and magnetic

field, time service, space navigation, etc.




PULSARS
Designation | Position ‘Galactic , Mean Flux
Coordinates | Pulse Period Pulse Duration Density
a (1950.0) A I | seconds milliseconds @ 81.5MH,
§ (1950.0) b II. ' _
CP.0834 08h 34™ o7° 220° 1.273 764 200 v 35 + 4 0.3
+ 07° 00' _ + 300 , ;
CP. 0950 09h 50™ 29° 230° 0.253 065 000 N 15 + 4 0.8
’ + 08° 10' - 440 : + 100 : ,
cp.1133 | 11" 33™ 32° 240° 1.187 909 280 | ~ 35 + 4 0.3
+ 17° 00' . - 70° v -+ 150 » o
CP.1919 ‘19D 19™ 375 | 560 1.337 301 092 | ~ 37 +4 | 0.4
+ 21° 47' & | o+ 2 } B S | -
NOTES : 6 . iah g
a) Mean flux density in unlts 10” watts m H3 -1 - :
b) The pulsars have been observed at frequencies from 75.3 to 2700 MH3
c) The fine structure of the pulses follows in general the pattern: s1ngle plp
(CP.0950), double pip (CP.0834 and CP.1133), and triple pip (CP.1919).
d) The pulse duration, d, seems approximately to follow the law d2 = AT where
T is the pulse perlod and A is about one mllllsecond DI
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