•

•

•

DISCRETIZATION
PAPERS

•
DRAFTS

•

•

l

NEBULAR DISTANCES DETERMINED FROM THEIR DIAMETERS

A. c;...

UI/L J'·~N

I. Introduction
Some years ago Hubble and Tolman in a joint paper discussed
the various methods which could be employed to determine the nature of
the nebular red-shift.

This paper considered how observable quantities

could be applied to test various cosmological models.

The observable

parameters which were considered were 1) the total luminosities of'
individual nebulae, 2) the apparent size of the nebulae, 3) ·the spectra
of the nebulae, and 4) the counts of the total number of' nebulae to
successive limiting magnitudes.
The procedure used was.to determine the line element which
characterized the cosmological model; then to derive from this line

·.,

element the expected relations between the observable parameters.

For

example, Tolman constructed a homogeneous non-static model using the
line element
ds
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Where R0 is a constant determined by the pressure and density of the
~

model.

Starting with this line element, it can be shown that the

equation
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(1 + z')
2
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=

2

(1)

obtains between the apparent bolometric luminosities lb and lb of two
identioal nebulae at distances rand r' and with spectral displacements z and z' 'Where z =

'd).). •

(The distance r is the distance of

the nebula at the time the observed light signal left the nebula.)
A second relation
=

r'
r

(1 + z)
(1 + z')

( 2)

r

2.
can be shown to hold between the observed angular diameters 60 of two

r..

identical nebulae, the distances

and the spectral displacements;.

Equations (1) and (2) are the only laws.which provide for a
direct determination of distance in the model.

(Methods based on counts

or properties of clusters contain further assumptions such as properties
of a luminosity function.)

Equation (1) is the form the familiar

inverse square law takes in this particular model of Tolman 1 s.

The

inverse square law, in one or another of its forms, (most familiar of
which is

m - M = 5 log r - 5) has been the basic yardstick with.which

the universe has been measured.
Equation (2) is just as fundamental, but it has not been used
in astronomy because diameters in general arenot observable quantities.
·.,

In fact it is only when we come to consider the extragalactic nebulae
that the use of equation (2) (or its analogue derived from some .other

line element) becomes possible.
This fact was realized by the pioneers in the extragalactic
field and some interesting results concerning nebular diameters were
obtained, such as Hubble's
m + 5

log d

=

C

where C depends on the type of nebula and dis the diameter of the
"ma.in bodytt of the nebula.

But there are two serious difficulties inherent in the use
of diameters as measures of distance.

And these difficulties have

precluded their use in the cosmological problem.

First, and most

fundamental, is the difficulty of establishing a suitable definition of
diameter of a nebula.

Ang

by suitable definition we ma~ a diameter

which could be used for the quantity 60 in equation (2).

If nebulae were balls, cans, or disks with sharply. defined
edges, there would be no difficulty.

But nebulae are stellar

aggregates whose density and luminosity vary throughout.

In general
i'

the distribution of luminosity is such that there is a dense bright

/
;

core or nu~leus surrounded by a region in which the brightness gradually

fades out.
· defined.

But neither the core nor the outer portion is sharply
The real spatial extent of a: nebula is UIJknovm.

In fact,

what is meant by real spatial ezj:;ent is a paraphrase of the problem.
A usable definition is: the distance from the center out to where the
density falls to a specified value, such as one per cent of the
nuclear density.

For objects as nebulous as nebulae; the definition

of diameter m~st take some such. form.

But actually we don't deal with

the nebulae themselves but with such things as images on photographic
plates and photocell readings.

So, clearly, our definition of diameter

must be an operational definition •

.And having agreed on an operational

diameter, our problem is to find what modifications and corrections
must be made to this operational diameter to give a quantity which-.
can be used for 68 in equation (2).
What is really wanted in order to apply equation (2) is some
linear dimension which can 1) be measured, and 2) be compared •

.And in

order to be compared, ~ur linear dimension must be measured on oorre~ •
spending parts of similar galaxies.

It is this requirement which

brings us to the second fundamental difficulty in applying diameters
to the cosmological problem, viz. the heterogeneity of the nebulae.

4•
As·

.....
is well known, nebuale differ in intrinsic form.

A

classification based on appearance divides them into ellipticals,
spirals, and barred spirals.

But a more refined classification

shows that even those nebulae which appear similar may be quite
different.

For example, nebulae which appear globular (round) may

actually be globular, or they may be flattened disks with their axes
parallel to the line of sight.
.

Ardin order to use equation (2) we

/'\

must compare nebuale which are identical in every respect except as
their distance and velocity.

to

So we must either determine by some'

method which nebulae are strictly comparable or resort to certain
statistical devices which allow us to compare samples.
It~~ well to say at this point that this second difficulty
is common to both equations (1) and (2) and is not peculiar to
diameters •. Distances determined from lunimosities are subject to the
same sampling or identification difficulties.
The two foregoing fundamental problems afford a natural
. dichotomy in the analysis of the problem.

So we shall di vide:l.the

discussion into two parts: 1) The Definiti~n Problem and 2) The·
Sampling (or Identification) Problem.
2. The Definition Problem.
In order to separate the two above problems, in the present
section we shall treat a set of hypothetical standard nebulae all of
whose intrinsic properties are identical; the differences in appearance thus being due to differences in velocity and distance.

Our

problem is to formulate an operation~l definition of diameter of such
a standard nebula and then determine the corrections which must be

. 5.

employed to reduce the operational diameter to a quantity equivalent
to 68 in equation (2).

In this procedure we may start at either end, i.e. start with
a measured quantity and work toward a dimension of the nebula or start
with a linear dimension of the nebula and work toward a measured
quantity.

Let us adopt the latter procedure and consider the process

in two basic steps:
Step I: Conversion of the true spatial nebula at distance-4 with velocity

v to the apparent projected light distribution received at our galaxy.
Step II: Conversion of the project~d light pattern by the galactic and
atmospheric absorption and the several recording instruments to the

form of presentation on which the data is measured.
Step I.

First we must define our standard nebula.

In doing this, we

must introduce several restrictions in.order to allow a complete
theoretical discussion.

But to assure the applicability of the' theory,

the restrictions which are .introduced must be of such nature that they
define a standard nebula which is not unlike real nebulae, or better,
which is like at least one type of real nebula.

We can do the latter.

The standard nebula will be defined as a stellar aggregate
possessing spherical symmetry.

Let us suppose that it is composed of

n different types of stars; each having a density distribution given
by Fm (W), where W is the distance from the center.

Each of the n

types of stars will be characterized by a respective energy envelope

Now Step I can be considered as composed of two sub-steps.
A) The conversion of the spatial nebula to the projected luminosity
pattern •. It is in this projected luminosity pattern that our 68 of

6.

equation (2) must be defined, since equation (2) was based on the
appearances of the projected nebulae, and B) The conversion of the
real projected pattern to the apparent projected pattern due to the
effects of A; the distance, and z, the spectral displacement.
A) If R is the projected radius in the plane of the
sky and Pm (R) is
.
the projected density (stars per unit area), then von Zeipel's

co

equation gives;
p

m

(R)

='f

dW

W Fm (W)

Vlf2 _ R2
I(

The luminosity per unit area at a wave length

A

and at a distance'R

from the center due to stellar type m will be Im (A). Pm (R).

The

total luminosity at a distance R and at wave length .A will be
n

. IT (A, R) = ~
·~
m=l
The function I .,. ( 4 , R) is an axially symmetric function
giving the distribution of radiant energy intensity per unit area as
a function of .A., r..thel:wave length in terms of an undilZlted scale at .
the nebula, and R, the linear distance from the center.
alternately consider I

-,
7 ( ,.,,

S)

wiu,t
e.s

But we may

,

represent~ the apparent· distri-

bution of energy as observed at some standard dist~ce A0 ~ Where A
is the wave length measured on the observer's scale and@ is the
angular distance from the center.

It is exactly this representation

of the nebula which is employed in equation (2).

So it is in terms of'·

I~(>..,@) that we must define 6 0.

The function I~ (">.Ai)) will be an even function, i.e.
I~ (A.,G)) =

1; (>.., -@), which has its maximum value at@= 0 and

assymptotic to O as @-,

o0.

is

7.
Corresponding to the foregoing definition of diameter of the
spatial nebula, viz., twice the distance from the center to a shell ~n
which the density drops to some specified fraction of the central
·density, we can define 60as equal to 2£9a where 6)0 satisfies the
equation
.J

0 < 1::'

< 1.

'Whereas corresponding linear dimensions clearly are suited for use in
equation (2) (or its analogues), it is not clear under What conditions
.Ad.ia.me t ers de~ine
.&o•
d in
.

~

t erns of a cen t ra1 iuvensity wi·11 eonatitut-&
Covf/fvft

corresponding linear dimensions.

•-i..

•

To investigate this question as well

as the modifications of the projected luminosity pattern due to the
velocity and distance factors in accordance with Step I, substep B),
let us consider what we shall call profiles.
A profile is the intersection of the axially symmetric
luminosity pattern with a plane passing through its center.

Both the

ttsolid" luminosity pattern and the profile may be represented by the
. function,

In accordance with the cosmological model, we assume there
exists some law connecting distance vfith red-shift,· z = h (fl).

We do

not know h, but 'Will assume it to be uniform so that for every distance
fl, there will exist a unique value 0£ z.

(Present observational

material out to about one-eighth the velocity of light indicates h to
be a linear function.)
Now let I -; ( l., 0) be the profile of the standard nebula
located at some specified distance~.
0

reference nebula.

V{e shall call this the

If we move this nebula to a distance fl, and give it

the corresponding -value of z, its profile will assume a form i~ (A, 8).

8.
The parameters (i) and

•

e

are corresponding angular diameters, i.e.

angular distances from the center to ~orresponding· points on the
profiles.

As

the profile I~ is moved from the distance A0 to the

distance A, (the spectral shift always maintaining the proper value
defined by z

=

h(A)).

The abscissa 6)or each point on the profile

will be modified according to equation ( 2) .(ior its analogue).

The

total bolometric luminosity~ (or volume under the bolometric
luminosity surface) will be modified according to equation (1).
Let

:--,00

<(

e)

= /

e)

i ; (),.,

d

x

"'-=0

then

1; = 2n

j

00

1: (e)

e de

8=0

(Since the luminosity of a nebula is finite, the functions i; · and i~
must be of such a nature that these integrals exist.)
· By Pappus theorem. for volumes of solids of revolution we can

Ya-ite
~

lb = 2
where

e

1t

8 A

is the distance from the center to the center of gravity of the

half-area A under the profile.
ft

But there exists a

0,

such that

,..

A= ib (0) 8 by the mean value theorem,

lb,If- = a ib* ( 0) 8,2

e,

where a is a constant and
abscissa.

Similarly ·

r.:

a determined angular dimension or

= a' I: (0)

GJ,2

e, and El,

where

are

· corresponding abscissae, i.e. they are related by equation (2).

•

By means of equations (1) and (2) we may write:

,,.

A 2 (1 + Z ) 2
0
= lb
o.

/:i,2

(1+z):,.

2

-lt

Li,

=a

ib'A. (0)

a' I * (o)
b

e, 2 = a

92
14

'

if

ib (o) A0

(0)
a' I~
b

2

,::.2

(1 + z)2
(1 +

z )2
o_
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•

o·r

a ib~ (0)

.

a'

=

r; (o)

(1 +

z )4
0

( 3)

4

(1 + z)

But the constants a and a' a.re independent of z.

In the ·

case of no· spectral displacements., the energy intensity per unit area
. is constant., . ·. a = a'.
Equations (2) and (3) give.the variations

of

abscissae and

the central ordinate of the bolometric profile vtlth distance ·and
velocity.

Profiles have been expressed in terms of the angular

distances 0 and

e

from the center to corresponding points.

a be any two corresponding abscissae.

Let Zand

If we introduce a variable x

defined by

the profile., expressed in terms of :x., is independent of equati_on ( 2).

We definod a diameter. of a nebula.in terms of a parameter~ a.nd ths
central intensity.

If x, is the value of x., such that
Ir

Ib (x,)

.,

=

then., clearly., every ordinate
i{ (x) by equation (3).

i-,rb (0)

I:

(x) is related to every ordinate

Thus., if we have bolometric profiles at our

disposal, a diameter defined as above will transform by equation (2).
But v1e are faced with the difficulty of not having bolometric.,
but rather /J. limited-spectral-range profiles.

And the usefulness of

/~,v,/

bolometric frtf..~:~s _d~pi~t~ ~~/.~~,-~rf,pe~~};:h~J ~;u~ti'~,n/<~3}
r //;d~/ "J. ~-cli 01~7
1
independent of x (or e). -In the case of photographic or other profiles.,
,i-c "". ,(;·,,/",.,, /

-."" I,
this is not always true, the ordinate transformation~ a function
of

e.

In such a case., .the foregoing diameter defined in terms of

and central intensity would not transform according to equation (2).
i,,-,. .p.,,; " c.ue
It will be necessary.,, to resort to other operational devices to arrive
at measurable parameters which transform according to- equation (2).

. v;....

\,.~
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•

Theory of Profiles based on Tolm.an's Line Elem~nt •
We wish to derive the transformations which govern lumin-

is characterized by the line element.

Geodesics in this universe are obtained by setting ds = o •
.And by setting d8 and d$ = O, we get an expression for the radial
velocity of light,

This differential equation may be solved by separation of
· variables •

•

Where our coordinate system is centered at the radiating·
nebula.

At time tl' light leaves the nebula; it arrives at the

· observer at time t 2 after traversing a distance fl.
Differentiating both members of this equation with respect to
t 1 , we have

(l

:

i. tltJ.
e - t2.:

tit.,
or

-tit,cltl

= e.

e

- t2!.
z.

i:C,j,. -(J,J

If dt1 represents a time interval at the nebula, dt 2 is the
corresponding interval at the o~server.

For example, if dt1 is the

period between successive wave crests of a light pulse (photon)
leaving the nebula, then

•

;/, =
C

11.

and for the observed light, dtz =
C

~

c/t,.
c/6,

e f (fa.-~,) =

C /-1- 2)

.

This change in wave length is the so-called energy effect.
Let us next consider the rates of departure and arrival o:t the photons
themselves.

(The number effect).

If dti is the interval between

successive departures of photons of wave length Al .from the nebula,
p = - 1· 1
dta1

will l,e.

f,/., raft , /

/t/ ,11/vrt •

/;i ~ cit,.

p,{1 fnrJ will J-1

Tit

··

rll

It ,/

lfn•/;,-,J. "/. f,G,--'t'

_l :- c 1+ iJ
/Ji,

.But the photons which leave wifh wave lenth A1 arrive with wave length

The·:Observed monochromatic luminosity ·1
the total energy of photons of wave length t..

2
per unit time per unit area (at the receiver).

.Ji' [ Az.l.

·i.e.
but

11

('t.. ) is defined as
2

arriving from the_nebula

le
Ji. {Ji} ·.il

-::.

i.//Tep,..42.

fi:: I (,1,)

·and

lfi

2. .

A,
.,,) &.

1 * { Az.) :: 'frre;,: .

. it),)
✓),{ /,J, l:)'-

where

=

he
;¾,{ 1-f-l)

~1,.::

/),(

lr-i.)

where P1 ()..1) is the rate of departure of photons of wave length.Al and
is the energy of each photon.
This may also be expressed in terms of the frequency, z::>

1~r'1{ J::

1~

tflf f JJ.

LJ, 1.

. if?-J) *
(!f ~/'

where

-.- .,,

-

'Z,?

I,'- z:

Acoordi ng as to whether we use frequency or wave length expressions,
we can write

hv/,r~J

-= E{PJl 1nJ

where Eis the function representing the energy envelope of the nebula.

..

E{7-k)
'IJrei!"',C;.~( Ni:J.J

The transformation law for monochromatic luminosities follows immediately

12.
( 4)

a "limited-spectral-range"

Surface brightness or unit intensity is defined as luminosity
per unit area of the source.
photons of wave length

If

/,r.J,r}h

is the total number of

radiated per unit time_ in a ring from

~

r tor+ dr, then the luminosity of the ring will be

.J ¥[)1 ~)

::

I

C

vl'
.J::. c, 1-r-e-J

l+t

and

=
~
/J

.

rlfe~l.d,.ClieJ...

e CA; t} :, /2

where

e

.

·.

/,IA ~ rJ cir
·Ji'
.

= e{A~r)dr
"JJte,,.LJ a.c urJ 3

..It) I } )
~I

,,I

,,...,,1 ' )/ '~ _J_
H~

A

the brightness of the ring will be

i-¥"(1;$) = .f*{A1&}...
~,rf} cl~

t/[41::.

e {)~

j
"'e C)>JI)
!ll'e~ C

Nr.J•>'r

the monochromatic intensity

t)

- 1112.e.;,, c1-1--1JJ'

,..

e.. {; J

::
rJJ

1-e,J11.

the bolometric intensity •...

t Jt-t)'I;.
I'..

.,

the 1. s • r, intensity

or

13.

j

(o

~! .A) e (

J

J,~{),)

A

~ ,1,.) cl.A-,:
(6)

e(,}r: 1 rjclJ

(Equation (3) may be deduced by trucing~~ 1)
In the case of bolometric intensities., we have:

zj,f( ~) ::

8J CliJ
f11" e &1, Ch'-t.Jr t,

[ e/{ r)j()

and

t" i. e.,.. c 1-H:J !f

t/ l ~J ::.

e" cliJ t;/'t oJ

1

Similarly

*

and 81 and

6l

L6

t,[ e/l rJJ.

.
(&.) =

0

-@oC;-,J

= ,:,

l1,~{0J-=-

?:

</·t oJ,

CtoJ

r, .[e/{;Jj,
o
satisfy equation (2) because they both corresponi to
I

.

r • Hence for,~bolometric intensities, diameters defined in terms of
1

"t' and the central intensity may be used in equation ( 2 )' •

•

.;;

But in the case· of Zt/

,
:J

II

we have

/t:O ot ( ,,/)

<./2

e { /ft
_J_ /

t;} d)

Similarly
.

1:{ 0)
-I

't' l I.J.;JqJ

I/t oJ

01 and&, both correspond to rl' and therefore· satisfy
equation (2)., but

't"C /fi} -=;c · ?::[ lt-2,) and the corresponding

diameters consequently cannot be located byr% of the central intensity.,
so some other operational diameter must be used for this case.
In the most general case, profiles can be used to derive the
intensity and diameter transformation laws, if we can identify the
untransformed and transformed position of the same point.

This

"reversed" approach would seem more desirable/ than deriving the triGisformation laws from a. specified cosmological model. for account could
be taken of evolutionary features as well as those considered above.

14.
The great difficulty., and the one which vitiates this approach to the
problem., is the identification of corresponding points.

The struoture

of globular profiles is such that no such points can be definitely
established.
reached a

11

So even in the case derived from Tolman's model we have

dead end."

The points of inflection, which can be reac3:i1y

identified in transformed and untransformed profiles., suggest themselves
as possibilities for applying equations ( 2) and(6).

However, it can

be seen that equation ( 6) does not necessarily transform an inflection··
point into an inflection point, which precludes use of diameters for
determining distances in this case.
However, by making further assumptions as to the properties
I

· of our standar.,.1 nebulae we may proceed.

We

shall assume that the color··

of the· standard nebula is independent of the distance from the· center.
In making this assumption we are making our hypothetical·nebulae like
real globular nebulae., in which no appreciable color change has been

color change with center distance in his. results.

Spectra of elliptical

systems show that the dominant contribution is from dwarf stars of
about class G.

Further, the total range in color of the dwarf branch

of population II is only about 0.8 magnitude.

This is equivalent to

I<
Therefore., if we restrict our measurements to the nuclear portions
of the nebula, ,:te may safely assume that color variation is negligible on the basis of present observational evidence.
l.t' /, . /
I

0,, • .,

J(;,.J'./r

is.
Then on the basis of no color change, we may write

IT[~rJ
Ir [./1,J r)

= constant,

which implies that we may vn-ite,

.And when the intensity function is separable, the problem is greatly
simplified.

(We may note here that color constancy implies either

the same distribution for stars of different types, as is likely from
the above discussion, or implies the same energy envelope for all the
stars, which is highly unlikely.)
We an now rewite the foregoing equations in the separable
form.

Specifically,

eCit r J

. take

e C'Ji)- J CrJ

::
co

= e C~)

but

j rJ CrJ o/J·

::

E { ),J

0

.,
•it (
/,C(

Hence

fJ)

e CJi1 rJ

= §1!.!.
r

I:{0):

and

tJ.}.!l .
t

{Jr i)

3/

{/,r. Z,}'I
The left member of this equation contains only measurable
quantities (i and I can be readily measured at the center), and both
z and z0 are known; therefore we have the ratio of the bolometric
~

~

luminosities.

And from equation

(2), the distances can be derived.

16.

hence
And since~ depends only on r~ this type of diameter may
be used in equation ( 2).
A few final remarks on the theory of profile transformation

are in order hefe~

The color excess found by· Stebbins and Vlhitfor'd

suggests that some alterations in present concepts are in order.
First, space may not be transparent as previously supposed.
exist an inter~alactic absorbing medium.

There may

If this absorbing agency is

isotropic, diameters can still be of use for the determination of
distance.
Say absorption is a function of wave length and distance.

Now -

E [ ,1) 19 t rl

8 {

vn.11 be the total number of

I f i;}

photons of wave length A leaving the nebula per unit time from a ring
r tor+ dr.
The observed monochromatic intensity in this ring with no
absorption will be:

Jr

i"ll 2 t!~~{ Hr.J"

.
with absorption: (use bar)

dt>J

-

4)

,J r

·

4

~4
...,

.

j' ':,/( )/ 4J /4 _
j od A} E(~)e
_ t/',,,J
f' lT e di. [ 1-1 z:- .J s<»

and

J;"-1 / J

P'{.-l,1(711 J:: z*[;J'/ 8J e 4

z

A is the effective wave length presented to the absorbing

medium. ~d varies with the per cent of the path tra.::.i:ersed-.

It

17.
follows that the ordinate transformation is independent of rand
7: diameters may be used in equation (2) •

.Another possible interpretation for the ffuitford excess
r-eddeni:tig is nebular evo;l.;ution.

:Evolution ot course may 'be either in

intensity or in radius or both.

In the 2 x 108 years since light left

the ~ootes cluster where an excess of about 0.3 magnitude is observed,·
a star such a.s the sun will have depleted its mass by about one part
in ten: .thousand.

The total change in the mass of the nebula must be

of this order: l part in 104 and certainly not more than 1 part in 103 • ·
· We may therefore assume little change in distribution.

The evolution.

is predominantly in luminosity rather than in size.
We can gener·alize the emission function so that E ('>..) is
E (°ii., t).

our'~only restriction being that changes are such that color

is independent of r.

In the evolutionary case, the law of.ordinate

transformation becomes:

f-1-20) r/tJ

0• f

/(~ f 1J!J~ t,;

{!tz)'"

·
(8)

Since this is independent of r, t diameters may be used in
equation (2) to give true distances.
In the case of evolution, luminosities will be transformed
by the law:
(9)
Equation (8), therefore, offers a method of obtaining the evolutionary
K term which can be used in (9) for obtaining distances from luminosities.

TJ

We may then write a general equation for derivation of distance,

which is valid with nebular evolution and/or intergalactic absorption.

,

.

!

l
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I/(P)

Step II.

I

t

z'if[oi L11
~ . ,(

(10)

7J"

No it

f-/u,I ,'-. (lo) ~11

We now come to step II, the conversion of the theoretical

Cl re, o J✓ 1 f

nobular profile by local ~bsorptions and various instr\lll1ental effects

to the form which we measure.
A careful analysis of this aspect of the problem has been.
made by De Vaucouleurs (Ann. d'Astrophisique t. 11, no. 4, 1948
pp 247-265).

Most of the technical problems involved in micropho-

tometric photometry are common to ordinary photographic photometry.
We may list:

1. Galactic absorption.

Account must be taken of the latitude

effect either by the cosecant law or some refinement.

If the

I

ordinate "'transformation is independent of r, it follows that
c,,·l~ &✓ l

.
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. where

u

designates

1,·,

uncorrected, and c designates corrected values.
2. Atmospheric absorption.

This can be taken into account by the

function a (A.) used above, except for differential effects.
Zenith distance corrections also follow i;he rule·

.114

-i,k =
3. Seeing.
error.

..le
i, C

As in ordinary photometry, seeing can be a source of

Comparison of tracings made of the same object with various

seeings do not show appreciable difference except in the more
stellar-like images.

However, as in all careful photometric work,

plates to be compared must be taken under similar seeing conditions.

ea

4. Sky background.

This can be a rather serious source of error.

Since certain critical :measurements 1 such as

I: ( depend on the
OJ

background level, variations can vitiate the results.
usual precautions must be taken.

.1
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There are also instrumental errors 5. Diffraction, focus, guiding and instrumental selectivity.
Vaucouleurs has studied these parameters in his paper.

Again all

the usual precautions are in order.
'

Photographic plates and processing.
6. The problems and sources of' error here are the same as in
ordinary photometry.

(.Again, see Vaucouleur loc. cit.) There is

one factor here which is of a more serious nature than in ordinary
photographic photometry, and that is turbidity or irradiation.
Because of the spreading of the image, the photographic profile
may depart considerably from the nebular profile.

Turbidity

effects have been studied by several :authors, especially Ross
and Mees,.,,

It is found that there is negligible spreading of the

image until the density reaches saturation., (Mees, Theory of the
Photographic Process, p. 888), after which the size increases
according to the well-known Greenwich formula.
emulsions show much less turbidity.

Fine-grain

So for reasons of resolution

as well as turbidity, f'ine-grain emulsions should be used with
exposures short enough to prevent the center of' the image
reaching saturation.
Calibration.
7. Conversion of densities to intensities is the same problem
encountered in ordinary photographic photometry.

H-@curves for

the same developing and exposure conditions must be had.

There

is still .the uncertainty introduced by the differences of the
spectral characteristics of the sources.

Though exposure time

may be duplicated in laboratory calibrations, the light source is
not comparable to the nebulae.

Holmberg has obtained very

satisfactory results by calibrating his nebular tracings against

20.

extra.focal tracings of stars.
mo st satisfactory method.

At present this promises to be the

However all cwance for highly reddened

distant sources must be made.
Measurement.
8. The most likely source of error is in the establishment of the
background level.

In addition to the usual precautions, e.g.

taking ample background on both sides of the :image, there is an
additional complication arising in clusters.

Tracings made of

clusters on 48-inch Sch."'llidt
.
plates show that the background at
the center of the cluster does not fall to what may be called the
mean sky background.

This will not show on an individual tracing,

so wide-angle tracings must be used to determine the mean sky
level to correct for any local effects.
Resolution.
9. Another source of error is the instrumental effect of the
microphotometer.

Because of the finite size of the scanning

aperature, the tracing ·will not provide a true profile.

Th.is

problem is an old one in spectroscopy wher~given~the instrumental
characteristics and the observed profile (tracing), the true
profile is desired.

Vfuereas the spectroscopic problem is a two-

dimensional problem, the reduction of nebular tracings is threedimensional.
effect.

There is a slit-length effect as well as a slit-width

Both Holmberg and Vaucouleurs mention this problem but

both are justified in neglecting it in their work which is the
photometry of large near-by nebulae.

However, when we wish to

work wit.~ distant nebulae, the area of the scanning spot becomes
a sizable fraction of the total area of the nebula and this
instrumental error can no longer be omitted.
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On~ method of getting an accurate profile would be to count
grains, as has been done in spec~rophotometry.

But even this

method is not so simple ,men we are dealing with the three-dimensional case.

It is best, first, to get an idea of the nature of

the error from a theoretical study.

We essentially have an

integral equation to solve of the form:

/~u /L {~

H {~jJ =
-co

11")

WI

-cl>

x-~., J- -v-J ✓~
.

where 'fl is the observed profile, I is the true profile, and Wis
the instrumental function.

A ~onnal solution of the problem'may

be obtained, but it is of no use in application.

But we can

obtain some interesting and useful results by proceeding as
.

follows:
.,
.
'J
As a first approximation, let us assume that the instrumental

function is unity i:P. a rectangle of width
and is zero outside.
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We may then write the above equation in the

form:

Now our profiles are all even function, i.e.
I

(r) = I (-r)

We may, therefore, expand I in a series of the form

'where x2 + y2, = r 2 • It can then be shown that
H(I'): .zc,,J.;. .§..,., .I'f~J .,. d',.I''ftJ ;.. ..![If 1 1 ",rJ + ,Je If(

. ' -r
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of

.{'/

I"(;/_ J'fu J -1-

.X"tf .,_ .I'"t>-!)_ + _f;..' r•t;/
To normalize our repres£ttation~: we canr ak:e 'f;he distfuce
L

+ e;oi.( 2

I'C>-1 -

J- I.
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(or - ' - llti,t4h';.,)

out to the point of inflection~as the unit.
this by ~units and

J"

(In all cases we have -;;:;-- < I • )
G =

6, we have

We shall designate
Then if R is in

<:1

-1- •••

,
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(Note that the first two terms of the right member constitute
Bessel's equation of zero order.)
Neglecting higher order terms, we have
I{N):: /i(l(J-

ff." 11''/l?J -1- 0~'75 {J)""""(f/J.l'"ftr)

-f }..i. ffj,fJ ..

'"'\.
To keep within our measuring accuracies

G =

6 < 0.7 ~ (1 part

,

R~e

in\
\

150).

In the case of use of the central intensity.,

I{O}=

fl (1J){G,.fo~

6
If we are using t
must be used.

\,

11

fl/OJ-

q-'L-

diameters., a trial and error procedure

If we take some value

· we can find R, li' (R)., H" (R).

~

such that H (R) =-t,H (0).,

From these values we may derive

where I (R) = .1:'I (0)
' by the f o.rmula
'J
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Going then to our transformed tracing, .we must find a value

A)

£~

which by the formula
1:;:

=

gives t: such that
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B)

,ItCl

We must by trial and error in

B) find the r and i",. which gives the

't'.

determined by A).

If we take
using as many points as convenient,
H" (0) = 2 a1

This is a ready method for evaluating the quantities used in the
correction equation •
.An

alternative method is

to approximate the profile.

to employ normal error functions
The integral equation is easily

soluble in this case, and the correc·l:;ions can be read from error
tablei.

~
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An

evaluation of the foregoing technical difficulties allows

us to list the following procedures as· advisable ones;
1) The diameter problem is subject to all the pitfalls of
photographic photometry and all the usual precautions must be
taken.· Sky meter readingsw:,uld be a useful adjunct.
2)

Only two clusters at a time should be compared., these by

means of half-half plates.

The nebulae in the "bno clusters

. being photographed should be of comparable brightness in order
that turbidity effects may be avoided by staying below satura. tion.

This necessitates that the work.be done in a·series of

steps., cluster A to B, cluster B to C., et cetera.

3)

Wide-field plates should be used for local background
.,

corrections.

4)

For minimizing both r~solution and turbidity troubles., a

fine-grain emulsion should be used.
5)

The largest scale feasible should be employed., the Cassegrain

foci if possible.
3. The Identification and Sampling Problems:
We must now examine to what extent the foregoing theory
based on a hypothetical standard nebula can be applied in practice.
It is clear that what was said about globular nebulae is immediately·
applicable~ other elliptical nebulae provided that 1) the two
elli~ticals are identical., 2) their axes are parallel, and 3) we
compare the same profiles (e.g. major or minor axes).

In general it·

will not be possible to know when requirements 1) and 2) are satisfied.,
just as in the case of globulars it is not possible to know whether a
given nebula is truly globular ~tis an elliptical with its axis

(
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parallel to the line of sight or even a late nebula of which we see
only the nucleus •
. V~e

may approach the problem in one of two ways:

1) We may

seek more refined. criteria "i'thereby we may positively identify two or

more nebulae as being the same, or 2) we may establish certain
statistical criteria. which ·will allow us to work 'With samples.
Great progress was made in stellar astronomy because of the
evidence of observables which served as labels that a certain star
belonged to such and such a type.

These observables were notably

spectral characteristics and singular variations of luminosity.

Though

this type of label is not available in extra-galactic studies, by
studying fine structure of nebulae presenting the same projected form.,
we may be able to arrive at suitable identification procedures, and
narrow down the comparability uncertainties.

mentioned above, single plate _identification is subject to many
uncertainties, it is surprising how much information may be gleaned by
studying images in two colors.

The outer portions of SO and late

nebulae are bluer than the nuclei.

So SO's will tend to change size

from red to blue plates: Ellipticals will not.

In the case of remote

clusters, experience shows that the nucleus will disappear from an SO
on a blue plate.

These and other changes allow a globular to be

identified without too much uncertainty.
the problem of sorting the globulars.

But we are still left with

In a study of orientation of

nebulae, Hubble showed that, assuming random orientation and equal
real distribution, only about 54 per cent of apparent EO's are really
EO's.
A preliminary study has been made of the sizes of globular
nebulae in the Coma, Ursa Major I, Corona, and Ursa Major II clusters.

25.
The sizes were taken both from tracings and from micrometric measurements.
The results showed that several globulars in each cluster were identical
in size.

It was possible to get complete superposition of their tracings.

This fact suggested that globular nebulae may occur only in discrete.
sizes.

This supposition is further born out by the accompanying graph

on which is plotted
loge= log ( 1

3 z)

+ log (constant)

for the globular nebulae in the four clusters.

It is possible to pass

parallel lines with the required theoretical 'slope through groups of
globulars which must possess the same diameters.

This surprising

result, if substantiated by more extended investigations, readily suggests a way of accurately determin~ng the distance to a cluster:

The

diameters of the largest globulars are plotted on a vertical logarithmic
scale, and the scale is shifted horizontally until the points lie on the
theoretical p:ara.llel family vlhich passes through the globular distribution in. clusters of known distance.
value of (1 + z)/ Distance.

The abscissa vnll then give the

Whether this "quantization" of nebulae

is real, due to some selectivity effect, or is an accidental result in
the sample so far studied must await studies in more clusters.

Whether

4"11,Jf

the supposaiqua.ntization exists also in magnitudes

08:l:

Psadil~ be

verified.

In the absence of directly comparable objects, Hubble
established certain statistical procedures.

He assumed that the fifth

brightest nebula in each cluster ,ms comparable.

If the luminosity

functions of the clusters are all the same, then this is a safe criterion.

.

..
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At the present, little is lmown about the luminosity functions, but the
above diameter studies provide suf.ficient material for studying the
large ends of the diameter frequency fu.~ctions of the above named
-clusters.
If allmvance is made for the decrease of both mean value
and dispersion with distance, the Coma, and two Ursa Major clusters are
not too dissimilar.

The Corona Cluster, however, has an excess of

large nebulae.
The second graph shows a comparison of the different methods of
sampling.

Neglecting the Corona Cluster, we see that the results using

the mean of the five largest, the mean of the_ 10 largest end the mean of'
the 20 largest are in excellent agreement, as shovm by the nearly equal
slopes.

v,:v.;P

Use of the mean of the EO's jtn the largest 20 nebulae gives

results which show more homogeneity as evidenced by the constant slope.
Further-the general sample and the EO sample .are in good agreement.
It follows that the sample we use is of mino! import provided that the
distributions are comparable.

The large•disparity of the Corona Cluste~,

is due to the excess of large nebulae.

Consequently, if distances were

naively computed from the diameters, witho~ lmowledge of the diameter
frequency function,

we could expect sizeable errors.

That the same

might be said about luminosities is problbly true.
From the preliminaray study outlined in this paper, it is seen that
the possibility of using diameters in the coswological problem

is not

to be excluded.· It is true that diameters will not provide something for
nothing.

They point the way around the difficulties of envelope shift

and evolution,
of care.

tl)

but the photometric problems require the highest order

It must be remembered that the attack on the cosmological problem

is not a restricted one, but that diameters will be used in conjunction
with magnitudes and counts. Thus, with each method serving as a check on the
others, we may say that the information which diameters will yield will
certainly be worth the effort.

.t), _
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A test of the Edelen hypothesis of elliptical galaxy discretization
was made with samples of early ellipticals in clusters. It is assumed 1)
that the galactic diameters defined operationally by isophotic levels
are proportional to the theoretical diameters and 2) that members of
the cluster are all at the same distance.
Under these assumptions, the distribution function of diameters of
early ellipticals in a cluster should consist of discrete groupings,
whose lower bounds are proportional to numbers of the eigen sequence, Vn(n:+-1) •
Diameters of elliptical galaxies of small apparent eccentricity
were measured on 200 inch plates of the Coma, and Corona Borealis clusters
and 48 inch Schmidt plates of the Virgo cluster, using luminosity curves
and/or isophotes.
Preliminary results based on samples of galaxies with apparent
ellipticities of 2 or less in these clusters showed diameter groupings
falling in the positions predicted by the eigen sequence within the
observational uncertainties. This conformity with the predicted theoretical
distribution implies that the parameter g may be assumed to be constant
within certain clusters. Although the distributions were consistent with
the theoretical values, the confirmation is held to be tentative pending
increases in the number of galaxies in the samples and in the number of
clusters observed.

For

TENTATIVE

A ,J".

11fl,{"''14: /rJ. v~I (t!JI,'/
(!)c). /CJ/, 3
OBSERVATIONAL CONFIRMATION OF DISCRETIZATION IN GALAXIES
f, ,fl-J7
A. G. Wilson
The RAND Corporation
Santa Monica) California

Images of early elliptical galaxies on 200 inch plates of the

Coma) Ursa Major I) Corona Borealis) Bootes) Ursa Major II) and
Coma B. clusters were measured and reduced to quantities qualifying
as proper diameters in the sense that) considered as measures of
angular diameters) they exhibit inverse proportionality to distance.
The reduction of the measurements to proper diameters was made
by calibration against cluster red shifts.
The theoretical distribution function of diameters of true
EO galaxies) according to the Edelen Theory) will be such that they
occur at discrete intervals proportional to the sequence [n(n+1)]
where n is a postive integer.
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The observed proper diameters) nor-

malized to uniform distance by relative red shifts) corresponding
to apparent EO's were found to exlibit a distribution structure
consistent with the predicted structure to within the observational
errors.
The initial operational definitions of diameter used were
micrometric) based on direct measurements of the photographic
images of the galaxies) and microphotometric based on luminosity
profiles.
On the basis both of the importance of the implications of the

•

Edelen prediction and of the tentative nature of this initial

z.,._cf..etvct le
observational demonstration) it is felt that et
·as~alle justification
fw-}Ju,,,
now exists for the design and implementation of~observational tests
for discretization phenomena.

ABSTRACTS
down to about 18th magnitude on all additional
608 stars; however, the photoelectric limit is
V = 17 .0. Fine structure is exhibited by the stars
above the vertical main sequence and a slightly
fainter red offshoot is found. A sequence of stars is
found in apparent gravitational contraction but
with main-sequence stars extending, nevertheless,
to the observational limit. 1\t present the data are
best represented by theories of gravitational contraction, hydrogen-burning, and helium-burning,
together with a non-unique epoch of stellar condensation. Contraction and nuclear time scales for
the different features are compatible. The differences
in apparent evolutionary tracks between the
Galaxy, LMC, and Sl\IC are reconfirmed. The twocolor diagram of the bluest stars is of a blackbody
character. Sp vs (B- V)o is monotonic for all
stars; The '.\I supergiants are shifted redward over
pre\·ious studies and form a steep two-color relation.

Thermodynamics of the Gray Atmosphere. RePERT \VILDT, Yale University Observatory.-The
classical problem in radiative transfer is to find the
source function sustaining strict radiative equilibrium in a gray atmosphere. That re·striction, owing
to the linearity of the monochromatic transfer equation, has made it possible to detach study of the
conservation of radiant energy from inquiry into
its spectral composition. The latter commences with
an appeal to Planck's generalization, for nonequili\Jrium radiation, of \Vien's displacemellt law. For
every pencil of radiation inside a gray atmosphere
in strict radiative equilibrium, energy spectra characteristic of different effective temperatures (net
fluxes) are linked by a certain similarity transfonnation, provided that the source function, which need
not be l'lanckian, undergoes the identical transformation; and vice versa. Analogous displacement
laws hold for the concomitant changes in spectral
distribution of radiant entropy and of the entropy
source function. The physical correlate these similarity laws have in common are quasistatical processes that convey, by a finite change of the net flux,
the radiation field of the gray atmosphere, i.e., a
nonequilibrium system, from one steady state to
another. Because they satisfy all appropriate
criteria, it is well within the bounds of accepted
usage to call them re,·ersible adiabatic processes, a
term reserved in classical thermodynamics for
passage through a sequency of equilibrium states.
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The complete distribution, throughout a gray
atmosphere, of the spectrum of the source function
accrues from a tentative extremum principle replacing arguments from thermostatics. Minimization of the global entropy deficit of the source function (a quantity identically nought in LTE), under
the constraints that strict radiative equilibrium is
preserved at all levels and that the photon flux
escaping at the surface remains invariant, yields
the Kothari-Singh function. It differs from the
Planck function by an additive parameter related to
the nonvanishing free enthalpy of nonequilibrium
radiation. Since the new parameter varies proportional to the second exponential integral of the
optical depth, L TE is reached asymptotically. This
event disposes of a conjecture (Wildt, R., Astrophys.
J. 123, 115, 1956) which had left the march of the
para met er undetermined.

Tentative Observational Confirmation of Discretization in Galaxies. A.G. WILSON, The RAND
Corporation.-Images of early elliptical galaxies on
200-inch plates of the Coma, Ursa Major I, Corona
Borealis, Bootes, Uras :\Iajor II, and Coma B clusters were measured and reduced to quantities qualifying as proper diameters in the sense that, considered as measures of angular diameters, they
exhibit inverse proportionality to distance. The reduction of the measurements to proper diameters
was made by calibration against cluster redshifts.
The theoretical distribution function of diameters
of true EO galaxies, according to the Edelen theory,
will be such that they occur at discrete intervals proportional to the sequence [n(n+l)]l, where n is a
positive integer. The observed proper diameters,
normalized to uniform distance bv relative redshifts, corresponding to apparent Ell's were found
to exhibit a distribution structure consistent with
the predicted structure to within the observational
errors.
The initial operational definitions of diameter
used were micrometric, based on direct measurements oi the photographic images of the galaxies,
and microphotometric based on luminosity profiles.
On the basis both of the importance of the implicatio11s of the Edelen prediction and of the
tentative nature of this initial observational demonstration, it is felt that adequate justification no\\·
exists for the design and implementation of further
obsen·ational tests for discretization phenomena.

From the ASTRONOMICAL JOURNAL
68, No. 8, 1963, October-No. 1313
Printed in U. S. A.

Galactic Scale Discretization. DOMINIC G. B.
EDELEN (introduced by A.G. Wilson), The RAND
Corporation.-If it is assumed that (1) a galaxy has
a definite physical boundary, (2) this boundary is
stable with respect to the Einstein gravitational
field, (3) as a consequence of an invariant averaging process the macroscopic Einstein field equations
contain terms exhibiting small deviations from
oblate spheroidal symmetry, (4) the deviations are
time-independent, and (5) the physical parameter
denoted by J; is independent of the particular galaxy
under consideration, then the length of the semimajor axes of E-series galaxies can assume only discrete values that are proportional to uniquely determined functions of the eccentricity. For small
values of the eccentricity, proportionate lengths of
the semimajor axis can be approximated by the
root of n(n+1), forintegern. Usingnasa parameter

to distinguish the various branches of the discretization curves, it is found that there is a forbidden region between the branches n = 1 and n = 2.
For the branches with n>l, the allowable lengths
of the semimajor axis become multiple-valued for
values of the eccentricity corresponding approximately to the well-known limit of 7 for the ellipticity. It is found that there are n + 1 curves in each
branch, referred to as twigs, and that each twig is
associated with a circulation on the bounding surface together with a polar flow. The twigs corresponding to the ellipticals are those of vanishing
polar flow but nonvanishing circulation; the twigs
with nonvanishing polar flows are tentatively identified with the nonellipticals. As an immediate consequence of these results, one can obtain the true
eccentricity and inclination angle of ellipticals as
well as a theoretical basis for their geometric
morphology.

From the ASTRONOMICAL JOURNAL
68, No. 8, 1963, October-No. 1313
Printed in U. S. A.

Tentative Observational Confirmation of Discretization in Galaxies. A. G. WILSON, The RAND
Corporation.- Images of early elliptical galaxies on
200-inch plates of the Coma, Ursa Major I, Corona
Borealis, Bootes, Uras Major II, and Coma B clusters were measured and reduced to quantities qualifying as proper diameters in the sense that, considered as measures of angular diameters, they
exhibit inverse proportionality to distance. The reduction of the measurements to proper diameters
was made by calibration against cluster redshifts.
The theoretical distribution function of diameters
of true E0 galaxies, according to the Edelen theory,
will be such that they occur at discrete intervals proportional to the sequence [n(n+l)]½, where n is a
positive integer. The observed proper diameters,

normalized to uniform distance by relative redshifts, corresponding to apparent E0's were found
to exhibit a distribution structure consistent with
the predicted structure to within the observational
errors.
The initial operational definitions of diameter
used were micrometric, based on direct measurements of the photographic images of the galaxies,
and microphotometric based on luminosity profiles.
On the basis both of the importance of the implications of the Edelen prediction and of the
tentative nature of this initial observational demonstration, it is felt that adequate justification now
exists for the design and implementation of further
observational tests for discretization phenomena.
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D. G. Edelen of. the RAtID Corporation has applied the Einstein
Field equations to ~la.xies co~idered as@rentt1atedjaggregates of~tt.er
and found
that under certain very general
conditions, their ellipticities
.
.
must be funationi-J of the semi.;..ma.jor axes. . The functional. l"ela.tionsh:i.ps
are multi-branched, predicting that the distribution functions
the
ma.Jor a.."tes oi' gala.v.ies ··should possess .discrete peaks distributed. .
proportionallyto tlie eigen sequence, ffi(n + 1}7;~mere n is a positive
integei--. In :Order to test this prediction, A.,_ G. Wilson of the AAND
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Corporation has. resumed his earlier studies of. gaJi=fctig Ma,r.eters ·
( Carnegie Year Books !•Io. 49 and 50) re-e;..'W!lining previous. observational
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suggestions ot disoret:tzo.tion in thedi&meters of'cluater galaxies.
Using plates of clusters taken by Bsade., Jiim<:Json, and Sandage with the
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200 inch; Wilson has constructed distribution functions of ,:-eletive ·
diam...~ers of early ellipticals in tl1e coma and Corona Borealis clusters.
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· values. who$e ratios ere consia,tent tdt.h the "thec~ical prediction to .
within the observetional errors.. The. prellminai-y results indicate
that ~ger samples uru.st. be studied_ before there can be a de:f'initive
confir.matiai.'1 of the Edelen :Hypothesis.
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found in visible and ultraviolet spectra.
Dr. George Wallerstein of the University of California has used both the
100- and 60-inch telescopes in a search
for the presence of the lithium doublet
at A6708 in F stars. The line was not
present in 5 stars taken at 6 A/mm or in
11 stars observed at 30 A/mm. Three
plates at 6 A/mm were taken for the
measurement of the ratio of Li 6/Li7 in
111 Tauri, a star in whose spectrum
Wallerstein had found lithium at the
Lick Observatory.
In 1956 Wilson and M. K. Aly reported
that " Andromedae, a KO IV star with
exceptionally strong Ca II emission,
probably showed the helium line at
A5876 in absorption. This has been confirmed by W allerstein on spectrograms
of higher dispersion (6 A/mm). Wilson
and Wallerstein have examined 6 A/mm
spectrograms of 48 stars of types G8-K2
for evidence of A5876 in absorption. It is
possibly present in 3 stars: f3 Ceti,
1r Cephei, and HR 6791. Spectra of the
first two of these in the violet show that
the Ca II emission is not strong.
Recently the investigations of Wilson
have disclosed some extremely interesting
correlations involving the H and K Ca II
emission in late-type stars. So far, however, a quantitative interpretation of
both the width and intensity of the
emission in terms of a series of model
stellar chromospheres has not been made.
To do this, reliable profiles of the emission
peaks must be obtained.
Dr. Ray Weymann of the University of
California at Los Angeles has obtained
spectrograms of suitable quality for
reliable microphotometry at 4.5 A/mm
of a number of stars, mostly luminosity
class III giants in the KO-K3 range.
Striking differences in the intensity and
character of the central self-reversal are
apparent among stars of nearly identical
spectral class.
These spectrograms have been supplemented by some at 8 A/mm covering Ha
and the Ca II infrared triplet. It is hoped
that additional plates of stars showing
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much more intense emission can be obtained; in particular, manifestations of
chromospheric activity in the Ca II
infrared triplet are being sought.
Dr. Albert G. Wilson and Dr. George
Abell, cooperating with the Jet Propulsion
Laboratory and the Air Force, undertook
to test the feasibility of "deep space"
tracking by optical methods. The Palomar -!8-inch schmidt was successfully
used on August 28 and 29, 1962, to photograph at distances out to 600,000 km the
Agena carrier rocket which injected the
Mariner II Venus probe. (These photographs were made five weeks before the
Soviet announcement of their "first"
photograph of a space craft on an interplanetary mission.)
Dr. D. G. Edelen of the Rand Corporation, applying the Einstein field equations to galaxies considered as aggregates
of granulated matter, has found that
under certain very general conditions
their ellipticities must be functions of
the semimajor axes. The functional
relationships are multibranched, predicting that the distribution functions of
the major axes of galaxies should have
discrete peaks distributed proportionally
to the eigen sequence, [n(n + l)]½, where
n is a positive integer. To test this prediction, Dr. A. G. Wilson of the Rand
Corporation has resumed his earlier
studies of galactic diameters (Carnegil
Year Books 49 and 50), reexamining
previous observational suggestions of discretization in the diameters of cluster
galaxies. Using plates of clusters taken
by Baade, Humason, and Sandage with
the 200-inch, Wilson has constructed
distribution functions of relative diameters of early ellipticals in the Coma and
Corona Borealis clusters. The diameter
distributions show asymmetric density
maxima occurring at values whose ratio,
are consistent with the theoretical prr·
diction to within the observational error;.
The preliminary results indicate that
larger samples must be studied befon
there can be definitive confirmation n:
the Edelen hypothesis.
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GJ\LACTIC SCALE DISCRETIZATIOU·:,
DOminia (h B~ Edelen

The RAND Corporation
l700Main street; Santa Monica, ca.1:1.r.
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ABSTRACTS

down to about 18th magnitude on an additional
608 stars; however, the photoelectric limit is
V = 17 .0. Fine structure is exhibited by the stars
above the vertical main sequence and a slightly
fainter red offshoot is found. A sequence of stars is
found in apparent gravitational contraction but
with main-sequence stars extending, nevertheless,
to the observational limit. At present the data are
best represented by theories of gravitational contraction, hydrogen-burning, and helium-burning,
together with a non-unique epoch of stellar condensation. Contraction and nuclear time scales for
the different features are compatible. The differences
in apparent evolutionary tracks between the
Galaxy, LMC, and SMC are reconfirmed. The twocolor diagram of the bluest stars is of a blackbody
character. Sp vs (B - V) o is monotonic for all
stars. The :\1 supergiants are shifted redward over
previous studies and form a steep two-color relation.

Thermodynamics of the Gray Atmosphere. RuPERT \VILDT,

A
W

Yale University Observatory.-The

classical problem in radiative transfer is to find the
source function sustaining strict radiative equilibrium in a gray atmosphere. That restriction, owing
to the linearity of the monochromatic transfer equation, has made it possible to detach study of the
conservation of radiant energy from inquiry into
its spectral composition. The latter commences with
an appeal to Planck's generalization, for nonequilibrium radiation, of Wien's displacement law. For
every pencil of radiation inside a gray atmosphere
in strict radiative equilibrium, energy spectra characteristic of different effective temperatures (net
fluxes) are linked by a certain similarity transformation, provided that the source function, which need
not be Planckian, undergoes the identical transformation; and vice versa. Analogous displacement
la,vs hold for the concomitant changes in spectral
distribution of radiant entropy and of the entropy
source function. The physical correlate these similarity laws have in common are quasistatical processes that convey, by a finite change of the net flux,
the radiation field of the gray atmosphere, i.e., a
nonequilibrium system, from one steady state to
a not her. Because they satisfy all appropriate
,riteri,1, it is well within the bounds of accepted
1,~.1~(· 1 u call them reversible adiabatic processes, a
t1.·rn1
rt·served in classical thermodvnamics for
pa,-•-1 .. • · hroug-h a sequency of equilib;ium states.
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The complete distribution, throughout a gray
atmosphere, of the spectrum of the source function
accrues from a tentative extremum principle replacing arguments from thermostatics. Minimization of the global entropy deficit of the source function (a quantity identically nought in LTE), under
the constraints that strict radiative equilibrium is
preserved at all levels and that the photon flux
escaping at the surface remains invariant, yields
the Kothari-Singh function. It differs from the
Planck function by an additive parameter related to
the nonvanishing free enthalpy of nonequilibrium
radiation. Since the new parameter varies proportional to the second exponential integral of the
optical depth, LTE is reached asymptotically. This
event disposes of a conjecture (Wildt, R., Astrophys.
J. 123, 115, 1956) which had left the march of the
parameter undetermined.

Tentative Observational Confirmation of Discretization in Galaxies. A.G. WILSON, The RAND
Corporation.-lmages of early elliptical galaxies on
200-inch plates of the Coma, Ursa Major I, Corona
Borealis, Bootes, Uras Major II, and Coma B clusters were measured and reduced to quantities qualifying as proper diameters in the sense that, considered as measures of angular diameters, they
exhibit inverse proportionality to distance. The reduction of the measurements to proper diameters
was made by calibration against cluster redshifts.
The theoretical distribution function of diameters
of true E0 galaxies, according to the Edelen theory,
will be such that they occur at discrete intervals proportional to the sequence [n(n+l)]*, where n is a
positive integer. The observed proper diameters,
normalized to uniform distance by relative redshifts, corresponding to apparent E0's were found
to exhibit a distribution structure consistent with
the predicted structure to within the observational
errors.
The initial operational definitions of diameter
used were micrometric, based on direct measurements of the photographic images of the galaxies,
and microphotometric based on luminosity profiles.
On the basis both of the importance of the implications of the Edelen prediction and of the
tentative nature of this initial observational demonstration, it is felt that adequate justification now
exists for the design and implementation of further
obsen·ational tests for discretization phenomena.
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Memos tl-~206 of 11/19/62 and li..2007 of 3/13/63 outline the ir,i,tial
put"f?OSC$ of l\$it-1086. •'l:he present ~mo in a ~equest for an e::;:tensior~
t:Q .tb,e pr0<ject beyond J's.nue.ry l, 1'964, in ord~:r to. e:::te.ua .;.;nd refine
the theoretical, oo.serv~ 01Uil, and epistol!'.ologic..s.1 t'$?SUl.t.s to date.
'.l'he. ririneip~l re{Jults to dat.e ~e de$cribed in r.:M..3628-13.C and i'J,1'-3694 ...RC
G. li,k:len ap.d llli~377l·RC and r111~:3'172.•l:1C by It. G~ liilson. Somf.¼
of t11~ae results are to he rel)oxted befQ:te the l..niet'iC@ Astrono.mical
Society, July 24 at tho Fa.11:-btmlis · n~cting ~: ·
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·
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incl:in..1.tion of eltiptie&l zal,,.::rlas from: the obseived ellipticities an:d ·.
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3,
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~..
b.
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A solution to the Hubble samp1:iP8 prohlera thrcugh the use .of a
1'para;digmatic setH :of elliptic~l gala'ldes.
·
Coalescen<:e te$tS for tilO:tl.d models.

1.

?ha ar,plicntion of the l'.:d.elen equations to the prtib lcr,1 of the
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morphology
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·
·

· 6. · A possible •~rriage of casmolo_gica.1 m,ooe:1s ;aru:f galactic model~ s-tcll ·
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TENTATIVE OBSERVATIONAL CONFIRMATION
OF DISCRETIZATION IN GALAXIES
A.G. Wilson
The RAND Corporation, Santa Monica, California

Abstract

The design of an observational test to corroborate the theoretical
prediction that the diameters, r, of galaxies of low eccentricity*
are proportional to an eigen•sequence:
.k

[n(n+l)] 2

n = 1,2,

must be approached initially in its epistemological aspects.

The r

specified by the theory as the diameter or semi-major axis of an
ellipsoid determined by a surface upon which there exists a
discontinuity in some component of the energy-momentum tensor, while
well defined for theoretical purposes, is not in general identifiable
with any observable feature of elliptical galaxies.

In fact, there

is question that such a discontinuity may even exist in any observable
sense.

Compounding the difficulty of correctly relating such a

theoretical diameter r to a diameter defined on observables is the
fact that the many operational definitions of diameter, whatever the
detailed method of measuring, usually involve systematic errors not
easily isolated or evaluated.

Hence it is extremely difficult to

assign meaningful numbers to the ratios of the diameters of elliptical
galaxies of different sizes and different distances.

'%

,e

In accord with present ideas concerning the morphology of galaxies,
the only class of galaxies which have metrbers with low eccentricities is
the ellipticals. In this paper, therefore, galaxies will mean
elliptical galaxies.

/JIJ..r

.r

The procedure adopted in constructing the present test of the
Edelen discretization hypothesis was to take several specified operational
definitions of diameter all of which result in a set of measurements of
linear dimensionality and convert these measurements into quantities
which may be called proper diameters in the sense they possess the property,
when angularly interpreted, of varying inversely with distance.

This

was accomplished by calibrating the measurements with red shifts, on
the assumption of constant proportionality of red shift with distance.
The operational procedure selected for reporting here is that of
micrometric measurements.

In Fig. 1 the measurements (s) made of images

of gal~xies on a homogeneous set of photographs of six clusters are
shown.

The plates were 30-minute exposures taken by Humason with the

200-inch telescope on 103a-O emulsions.

The sample of galaxies

measured was selected from probable cluster members having apparent
ellipticities of three or less.
Patterns were prescribed for discernment of

11

signals 11 which might

correspond to the distributions expected from the discretization eigen
functions.

These patterns were defined by one or more criteria based

on (1) condensations at roughly periodic intervals, (2) abrupt gaps
on the lower edges of the condensations, and (3) only EO galaxies
at the "band heads" (so called for obvious reasons).

The more

sophisticated the pattern the rarer the event and the higher the level
of noise through which discernment is possible.

On the bases of

identification of patterns according to these specifications, values
of (s) were determined which were thought likely to correspond to a
band head signal emerging from the general noise of the data.
The (s) values of these signals are shown plotted against the
red shifts of the clusters in Fig. 2.

The fact that a set of very

closely parallel lines can be unequivocally constructed passing
through the (s) values of the signals allows feedback to establish
further confidence in the pattern identifications.

The signals from

each cluster lying on the same line are identified with a corresponding
letter designation such as t, u, v, etc.
If the (s) measures are proper diameters, then they must possess
the property of linear variation with distance (or some suitable
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modification of this law) demanded by our restriction on all definitions
of diameter.

For proper diameters the slopes of the (s) versus red-

shift lines should be equal to -1.

The observed slopes of these lines

are all approximately equal to -1.63.

This may be interpreted to mean

that all of the (s) measurements are subject to systematic errors which
cause small galaxies to be measured as too large and large galaxies to
be measured as too small.

The observed slope of -1.63 can be used to

correct for this systematic error and for any possible physical
variations which are proportiona 1 to distance, such as possible factors
of (l+z) or variations in the parameter f, simply by raising each
h
he
measurement to th e 1 .63 power. In other wor ds i f A= s 1.63 tent
quantity

e

may be considered to be a proper diameter.

The subset of all galaxies with observed ellipticities of one or
less were then normalized to the distance of the Coma cluster by means
of the red shift ratios, and the resulting distribution of the

eI s

are

plotted in Fig. 3.
The distribution of observed diameters plotted on the right of
Fig. 3 is seen to have a correspondence to an expected distribution
of diameter sizes based on the eigenfunctions of the Edelen theory.
A scale factor is assumed in Fig. 3 and a line drawn through the origin
to demonstrate a possible correspondence of band heads, gaps, etc.
The particular correspondence shown is £2!. to be taken as the correct
correspondence.

It is for illustrative purposes only.

Many alternate

identifications are possible,and with the probable errors in the
observed band heads being greater than the differences in the successive
ratios of eigen numbers, no meaningful identification can be made
on the basis of this data.

All that is to be remarked is that the

observations seem overall to be consistent with first-order effects
predicted by the theory.
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In conclusion, on the basis of this data, there appears to be
no serious contradiction to the discretization prediction.

The

consistency of the observed results with regard to the distributions
may be accepted as ample justification for initiating programs to
investigate discretization phenomena, but should in nowise be
considered a proof of the Edelen hypothesis.

Hopefully, the present

demonstration may prove to be the first of a series of demonstrations
which can be used inductively to establish validity.

A higher level

of confidence can come both from further direct tests along the lines
of the present one and through applications of other consequences of
the theory.

There is no question that if this theory proves true,

as is presently indicated, it constitutes a major breakthrough in
extra-galactic astronomy and cosmology.
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Abstract

GALACTIC SCALE DISCRETIZATION
If it is assumed that (1) a galaxy has a definite
physical boundary in the sense that some physical quantity
has a jump across this boundary, (2) the boundary is stable
with respect to the Einstein gravitational field, (3) as
a consequence of an invariant averaging process the macroscopic Einstein field equations contain terms exhibiting
small deviations from oblate spheroidal symmetry, (4) the
deviations are time-independent, and (5) the physical
parameter denoted by~ is independent of the particular
galaxy under consideration, then the length of the semimajor axes can assume only discrete values that are proportional to uniquely determined functions of the eccentricity. For small values of the eccentricity, proportionate
lengths of the semi-major axis can be approximated by the
root of n(n + 1), for integer n. Using n as a parameter
to distingu:tsh the various branches of the discretization
curves, it is found that there is a forbidden region
between the branches n =land n = 2. For the branches
with n > 1, the allowable lengths of the semi-major axis
becomes multiple valued for values of the eccentricity
corresponding approximately to the well known limit of 7
for the ellipticity. It is found that there are n + 1
curves in each branch, referred to as twigs, and that
each twig is associated with a circulation on the bounding
surface together with a polar flow. The twigs corresponding
to the ellipticals are those of vanishing polar flow but
nonvanishing circulation; the twigs with nonvanishing
polar flows are tentatively identified with the nonellipticals. As an immediate consequence of these results,
one can obtain the true eccentricity and the inclination
angle of ellipticals, as well as a theoretical basis for
their geometry morphology.

I

!

-2-

Let S denote the surface of a world tube in an
Einstein-Riemann space (i.e., a time-like hypersurface
whose space sections are closed). The physical picture
we have in mind is that the region interior to Sis occupied by the world lines of a galactic structure, and
that exterior to Sis the background field of 11 free space. 11
A complete description of this situation would be achieved
by specifying the momentum-energy tensor appropriate to
the dynamical processes interior and exterior to such
galactic structures. In view of the fact that at present
we do not have adequate detailed information concerning
such dynamical processes, we cannot specify the momentumenergy tensor with any acceptable degree of certainty.
We therefore adopt the viewpoint that although appropriate
functions TAB exist for any p~ticular galaxy, we know
them only to the extent that T~;B = O, as required by the
Einstein theory. Since Sis to represent the effective
boundary of a galactic structure, we consider those
models for which at least one component or TAB has a
Jump across s. 'lbis requirement simply states that
there is some physical quantity (or its derivatives)
which has a jump across s, and hence it is physically
as well as mathematically meaningf'ul to speak of an
interior and an exterior of a galaxy.
Of necessity, we entertain those models which
represent macroscopic behavior, whereas the Einstein
field equations relate local differential geometric
quantities to local momentum-energy distributions. If
we denote the local momentum-energy tensor by tAB and
the corresponding metric tensor by gAB, and use an
invariant averaging process (over a suitably chosen
4--dimensional volume), the Einstein equations formed on
the averaged metric tensor hAB have as momentum energy
tensor TAB the sum of the averaged tAB and a quantity
which may be interpreted as the momentum-energy required
to equilibrate the local fluctuations. Hence, if the

-3averaged t 1 s exhibit oblate spheroidal symmetry, the T's
will, in general, exhibit deviations from oblate spheroidal
symmetry. These deviations from oblate spheroidal symmetry
are assumed to be small.
Observationally, most galactic structures appear to
have locally stable i s ~ , and hence we assume that the
boundary of a galaxy is geometrically stable. r-18.thematically,
this means that there is an irrotational isometry in the
bounding surface S which tal<:es the boundary seen in threespace at one time into an identical metric replica of
itself at a later time. It can then be shown that the
magnitude,$, of the vector field generating the irrotational isometry gives a measure of the local fluctuations
of the jumps in the momentum-energy tensor across S, and
that$ must be a bounded single valued solution of the
Klein-Gordon equation on S. It must be clearly noted that
the function$ is defined on a time-like surface in the
present analysis; in contradistinction to the space-like
surfaces encountered in the Cauchy problem. (This intrinsic
difference is reflected in the occurrence of a discrete
rather than a continuous spectrum.)
If it 1s assumed that$ is 11 time independent.," so
that the local deviations from oblate spheroidal symmetry
are time independent and the boundary of the galaxy is
stationary in space, the semi-major axis of the galaxy
must be proportional to a uniquely determined function
p(n, m., e)., where n and mare integers and e is the
eccentricity. 'Ihe factor of proportionality is a constant
times the physical quantity;, where~ can, in general.,
be thought of as the Jump in the total energy seen by an
observer moving with the vector field that generates
the isometry on S. A plot of p(n, m., e) is given in
Fig. 1. For obvious reasons we refer ton as the branch
number and mas the twig number. The twigs corresponding
to equatorial circulation without polar flow are m = o.

-4'lhe discretization function p(n, o, e) is thus appropriate
to the description of ellipticals, and is given in Fig. 2.
fuis figure is the basis from which the remaining conclusions of the first paragraph are drawn.
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July 11, 1963

TO:

S. M. Green£ ie ld
D, C. f3.

]!:

c/,.e/~

FROM:

A. G. Wilson

SUBJECT:

EXTENSION OF RSP- 7086, "GALACTIC SCALE DISCRETIZATION"

COPIES TO:

D. Edelen, T. Harris, W. Ke Hogg, M. ·Klappert

MeIIDs M-9206 of 11/19/62 and M-2007 of 3/13/63 outline the initial
purposes of RSP-7086.

The present memo is a request for an extansion

to the project beyond January 1, 1964 in order to extend and refine the
theoretical, observational, and epistemological results to date.
The principal results to date are described in RM-3628-RC and
RM-3694-RC by D. G. Edelen and p..:2759 by A.G. Wilson, to be reported
before the American Astronomical Society, July 24 at the R±xx Fairbanks
meeting.
1.

Summarizing to date:
A new prediction based on the Einstein equations of general

relativity has been derived by Edelen and confirmed observationally
by Wilson providing a fourth observational test of the equations of
the general theory.
2.

A method for determining the true ellipticities and cycles of

inclination of elliptical galaxies from the observed d±~:ti:x±:ex
ellipticities and diameters has been derived.
3,

Three important new tools for observational cosmology have

been discovered.
a.
-

A method which allows the use of diameters of galaxies
in cosmology.

-2-

b.

A solution to the Hubble sampling problem through the
use of a "paradigmatic set" of elliptical galaxies.

c.

Coalescence tests for world models.

- · 11tN'¾-7

J
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/VJ,,,.
in prospect or currently being studies:
1.

The application of the Edelen equations to the problem of the

morphology of galaxies of further types, SO's, spirals, barred spirals.
2.

Patterns in galactic evolution based on the r-:S diagrams.

3.

Identification and calibration of nearby paradigmatic galaxies

for observational analysis according to the new morphological
paramaterization.
4.

Examination of stellar-planetary systems by use of the

relativistic eigenfunctions:

Bode's Law, planetary mass distributions,

planetary angular momentum, distribution of planetary systems for main
sequence stars.
5.

Finite difference techniques based on eigenvalue representation

of momentum-energy discontinuities will yield a general description of
the momentum-energy tensor of a galaxy which is consistent with any
pre-assigned cosmological model.

This in turn will imply the appropriate

dynamical processes determining galactic structure consistent with a
cosmological model.
6.

A possible marriage of cosmological models and galactic models

such that the observables of the combined systems yield implications
as to the unobservables of each constituent.

In particular,

as to the dynamical structure of galactic nuclei.

implications

J

-37.

An examination of the evolution question by means of conformal

transformations - the same idea as used by Weylin setting up
his cosmological principle - offers the possibility of describing the
motion of galaxies along the discretization curves (and possibly from
one to the other).

This would then give a rational basis for the

HR

usual quantum mechanical transition probabilit:es, but without the
undesired indetermanism - at least as to the geometry.
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In particular, if t! is a constant,
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1)) •.. In. .addition, the _Edelen theory provides
-

an imnediate method for determining the true eccentricity of elliptical

galaxies; · and the inclination of t.1-ieir axes from observations· of thei1;
apparent eccentricity and size.

When multiple values of n are theoretically

available, one obtains: the prediction of the observed limit of ellipticity

7, if a galaxy always selects the minimum energy state.

It can also be shown
.

that the ellipticity limit obtained in this way decreases with oize (i.e.,
with increasing values of n) so that one would e::.~pect to find the larger

ellipticals more spherical than the smaller ones,

In addition, the eigen

functions associated with the eigen relations between n, m, c, and r,

.

when combined with. the theoretical geometry indicate a possible basis
for a rigorous and self•consistent ~1.anation of several features of
· ~bierved gal.ilxtic morphol~gy .. · ·
•·
·
.·
.·. . .
.
The earlier data ~f Wilson (Direc.for!s Report, }!t,. J1ilson and Palomar
pb;~rvatoiies{ Cattwgie Year Bool~ 49 and 50) which first suggested
d:tscretizatiot\among globular.galaxtes··has ·been re•as.ses~ed ·and. combined
.·
Jrl.th 'i1ew. niea.s1J~es to study the !ndependent Edelen discretization predictioth ·.
'l'11a present ob~ervational confirmation. of .:the gala:tiari diam~ter
eigen sequence ,:ests on three independent s¢ts of data~ • 1) Wilsouh,t
nngula1; diameters of. EO gala."ties in sh: .cluste:ra re•measured Qn a .
hotn()ge~eous set: of 20() inch plat!es •. 2) · 1he l~g o•s c£ au.hrogal~i~s
in the nGi de Vaucol)le~~ catalogue pf ga1a:txes (Ref~ence Catalogue of
Bright Galaxies) trn!vere1ty of Texas) atid 3) the fine st:rµcture in ~bell's:
luminosity fu11.etion of the Corna. ciU&t:er (G •. Q.· Ahell, Menbershi,p.';of\;:,
Clusters of .. Galaxies t :.· p. 233; McVittie! Probl~mui of ~tragalacti.6 Re~ea,:ch) •.
'Xb.e clu$teZ' angular. diameters' and. tbe field .(from de Vaucouleurs • cataloguei
.··• angular ·.diameters _era r~ed to ·linear diameters by assuning distance is
. p1:oportional
to z/(1 + z) where z.
the redshift~ oXh.
1
out of the sample of Li.O cluster E0 s fit' the predicted eigen•sequences to
. ·w:tt.1lin the :irtt~nal error of measurement.; T!t1enty...nin~
of 32 field
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out

gala~~s .£it. one of. four e:L~en-seqtiences > tiith a precision. that leads .to .•
.
the concluidoll$that the peculia~ motion component 0£ a11· the indivi4ual redshif.ts

ar~ very sm~ll. The•.diametei :ted~hift: relation for cluster galaxies; confirms
the Hcl>ble law and reveals the hitherto ·un.suspected relation .that the
redshifts of al~ clusters io far published. (Humason, Mayall, Sandage,
Redshifts and Magnitudes of E~ttragalactic Webulae, A.J., p.-97, 1956)
. cbey the empirical relationship 11 n(n + l) = K , where I'· ~~.:!: + z , ni is
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a positive integer, and Ka ia a limited
set of discrete constants
to
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. related
.
the parameter~ of the Edelen discretization function. Using Hubble's
relationship, log (diam.etcr) ~ -0.2 m µ constant, the fine structure of
Abell's Coma cluster luminosity function is explained quantitatively hy the
discretization eigen sequence, providing a third observational confirmation~

If confirmed, for large~ samples, the observed

11

bi....-disel:'etization11

of gala};y' size and redshifts for EO's in clusters raises somo entirely
.

.
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new cosmological problems .•
A. G. Wilsen
Septentber 30 1 · 1953
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MOUNT WILSON AND PALOMAR OBSERVATORIES
CARNEGIE INSTITUTION OF WASHINGTON
CALIFORNIA INSTITUTE OF TECHNOLOGY

813 SANTA BARBARA STREET
PASADENA. CALIFORNIA

December 19, 1963

Dr. A. G. Wilson
Planetary Sciences Department
The Rand Corporation
1700 Main Street
Santa Monica, Calif.
Dear Al:
At its meeting yesterday the Observatory Committee
voted to invite you to carry ou the program on the 48-inch as
outlined in your letter of October 7, 1963~
Has there been any further discu·ssion of the continuation
of the Air Force program that you and George Abell were carrying
out on the 48-inch?
With best regards,
Sincerely yours,

c[)3
I.

IB:WB

s.

Bowen
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EVIDENCE FOR DISCRETIZATION DERIVED FROM LUMINOSITY FUNCTION$
OF THE COMA CLUSTERS

11

W/LJ'O/i/

Abell (Membership of Clusters of Galaxies, p. 233, Problems of
Extragalactic Research - McVittie, editor) has published a luminosity
function of the Coma Cluster which exhibits several features of fine
structure, most prominent of which is a "break" at magnitude 14.7.

Similar

breaks are observed in the luminosity functions of other clusters which, if
assumed to occur at the same absolute magnitude in each cluster, may be
used as a distance indicator of the cluster.

When considered in :imH this

way the breaks for five clusters are in good agreement with Hubble's law
of red shifts.

For this reason Abell feels that the fine structure exhibited

by his luminosity functions is real and not due to some systematic effect

•

in the method of reducing the observations .
A more detailed analysis of the published luminosity function of the
Coma Cluster shows that the fine structure features seem to be quantitatively
consistent with the theoretical eigen sequence for discretization in sizes
of elliptical galaxies derived by Edelen (Discrete Galactic Structure ---

RAND RM).
The discretization eigenfunctions for elliptical galaxies according to
the Edelen theory, are nearly constant with eccentricity (or ellipticity)
for low values:

If a general sample of cluster galaxies happens to consist

for the most part of early ellipticals it is to be expected that the
distribution function of size in the sample should exhibit the discretized
branches of the eigenfunctions, although blurred by the presence of galaxies

•

of larger ellipticity.

The loss of detectability of the eigen branches will

depend on the distribution function of the galaxies with respect to their
eccentricity.

But nothing can be said about this a priori.

-2-

Although there is chance of misidentification of morphological type,
especially between certain ellipticals and SO's, and correct identification
becomes increasingly difficult with increasing cluster distance, there is good
evidence that the membership of clusters of galaxies consists predominately
of ellipticals.
Accordingly, if Hubble's relation between magnitudes and sizes of
ellipticals is generally applicable (Hubble - Realm of the Nebulae),
as has been recently confirmed by Neyman and Scott (Problem of Selection
Bias in the Structure of Galaxies), and if the distribution function of the
cluster galaxies in eccentricity is such that for the most part they are E

2

or less, the Edelen theory would predict regularized fine structure in the
luminosity function of clusters.
Assuming the Hubble relation
log D = - 0.2m + const.

(1)

where Dis the diameter and m the magnitude, the Edelen discretization
sequence for diameters,
log D = log

:Jf + ½log

[n(n+l)]

(2)

where J is a parameter,, which may assume a limited number of values and
n is a positive integer, may be transformed into a discretization relation for
magnitudes
log [n(n+l)]

=-

o.4m + const.

(3)

Under the preceding assumptions, the fine structure "bumps" in the
luminosity function should be in agreement with equation (3).

Table I is

a difference table based on equation (3) which gives the theoretical
differences in magnitudes, ~m corresponding to differentvalues of n.
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Magnitudes at which fine structure bumps occur in the luminosity function
of the Coma Cluster are given in Table II. (Abell, loc. cit.) These values
~ prp J_
were measured at the faint end of each groupA This would correspond to the
sharp cut-off and gap on the small side of each eigen branch.
TABLE II
Observed Magnitudes
(17.6) or 17.55
16.8
li.2 (or 16.17)
15.6
15.0
14. 7
14.5 (or 14.55)
(14.1) or 14.15
13. 7
(13 .4) or 13 .33
12.6 (or 12.65)
A .6.m difference table based on the observed values of Table II is given
in Table III.
Comparisons of Tables I and III lead to different sets of sequences
(i.e., different values of J).

p

One such set, AAgiven in Tables IV-A.

The observed differences are in black, the theoretical differences in red,
the residuals in parenthesis.

If the mean of the absolute value of the residuals i--f

constrained to less than 0.1 magnitude only five sets C, E, G, and I' (with
A a borderline case) may be considered as fits to the theoretical values.
The branch numbers corresponding to the magnitudes are summarized in
Table V, together with the corresponding means of the absolute values of
the residuals (, called the "index").
Subtracting magnitudes corresponding to the same branch number, as given

•

in Table Vandre-converting ~m to~ log D by equation (3), we obtain:
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TABLE VI
A
A

I'

E

C

0

C 0.820
0.880

0
0.60

0

I' 1.428

1.144

o.548

0

1.592

1.308

0. 720

0.164

E

G

G

0

The group generated by the 3-4-6 ratios (see Virgo Cluster Data)
has the two basic elements
S == .111

T

= .272

In terms of these bases,

I

[A} - [c} ==
[c}
[E} ==
[E} [I'}==

0.820 = 3T

i

.004

0.600 == T + 3S ti- .005 == 7$-T
0.548 == 2T + .004

{I'} - [G} == 0.164 == T -S+ .003
The intervals between sets (the ~J's) in excellent agreement with
those in the Virgo Cluster.
Sets A, E, and G rn~ span the break at m = 14.7.
appear to be divided by the break.

The relative populations of each set

determine the slope on both sides of the break .

•

Sets C and I'

•

TO:
M.
D.
D.
S.
S.
O.
T.
W.
R.

H. Davis
Deirmendjian
Edelen
M. Genensky
M. Greenfield
Gross
E. Harris
W. Kellogg
Kirkwood

G.
C.
A.
R,
G.
D.
R.
E.

E. Kocher
Lindholm
Mandansky
R. Rapp
F. Schilling
S. Scott
Specht
H, Vestine
J. D. Williams

G. Abell, UCLA
H. Bramsom, Hughes
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LARGE SCALE DISCRETIZATION PHENOMENA
Al Wilson
Wednesday, 6 November 1963, 10:30 A.M.
Planetary Sciences Conference Room

For further information or questions, please call
Manta Klappert, X 7246.
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.. DISCRETIZATION Ili Eq FIEm> GALAXIES

Albert G •. iiileon.
The !t.MID Corporation ·

1700 Main Street, Santa Monica, Californi<l90406
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Diameters of all galaxies identified as EO's in de Vaucouleurs•
-

...

'

•.

'

Reference Cat.alog.ue of Beight Gal~deS. fall into £our sets, each of lJhich

exl:}ibit the Edelen eigen•sequence, · [n(i1+1)] 1/ 2 , were n is a positive integer.

The synoptic. red shifts, \4. =

S:" .•are related to the diarooters (8)

by

tbv relation,

·where

,0::

= O.Li-4 and the four values of Ci satisfy the equation

Ci +

l

3

log [i(i+l}] ;: constant, for i = 6,7,8, and 9 ·

[/o~ !J - ±/pj,i,,f,.,,+1J]

The sharp linear relations between ~ a n d log u imply that any
peculiar velocities ~hich might be. associated -with the red shifts are very

small.

7a.
6a.

Discretization in EO Field Galaxies
Albert G. Wilson
The Rand Corpora_tion. Santa Monica

------·

•

Further Measurements of
Sources at 8000 Mc/s .•

~

F. T. Haddock and R. W.

ii,!

Radio Astronomy Observat.:r;

Diameters of all.galaxies identified as EO's in de Vaucoule~rs•
Reference Catalo·gue of Bright Galaxies fall into four sets, each pf·
which exhibits the Edelen eigen-sequence, · [n(n+l) ]%, wh~re n ·1s · a positive
integer. The synoptic reci shifts, u -- _ctv·· , are related to the diameter~
V
-(D) by the relation,
·r1og

D -

¾ log(n(n+l)) l~=· Ci

+ a.

log u' '

where a. = 0,44 .and the four values of Ci satisfy the equation
·1

c 1 + J log [i(i+l)] ~ constant, for i

= 6,7,8, and 9

The sharp linear relations between_ [log D - \log n(ntl)] and log u
imply that any peculiar velocities which might be associated with the red
shifts are very small.-

\

.
I

'

Pla~e-polarized emission of
at 8000 Mc/s, using a 1000-Mc/s '±1.J
and an 85-ft telescope.

On clearc

typically 0.01 °K r.m.s, with ID
IBM 7090 proc-essed data.
b

The flux density and positi:
ponent of the following sources h~
3Clll, 3Cl23, 3Cl44, 3Cl96, 3C218,
3C295, 3C345, 3C348, 3C353, 3C380,.

All 16 radio.galaxies and i-1
definite polarization.

AG

•
I.

.

Edttor
· /,..scri:n202lical Ji:ni~l

?.o:::;;; .2023 ·);:1le Station
'Cmmeo t.ieut ::

n~,'3.< 111.~.;~n. ~

Ikt.elos¢d
~"O ~>!es
A.. G .. l!ili<r.1 1 1; u:oi.tlc.retti~atd:.O"tt in
~O lri~ld G.:1.wd..ef.i
'?his £;.t):,,1;;.~;r.,.cts wb.ould ~e,;>l;.,..c~
Pl."'e""tn:-int
wrz:ion~ 'l'he.· full pD-per t1~i,. p~iante4 id::· tl:'£ A~rletitl t~tstt'"<it1.or.1.i~l
St:1cia.ty ri.1aetini tn '¥12.shir_zton~ D ..
i 21 Deeember 1963.
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ON SUPER-ORGANIZATIONS AMONG CLUSTERS OF GALAXIES
A. G. Wilson

The mean redshifts of clusters of galaxies do not appear to be
distributed randomly, but rather show a tendency to be distributed in
accordance with functionally related discrete values (Wilson, A.G.,
Proc. Nat. Acad. Sci. Vol. 52, 847, 1964).

This may be interpreted as

implying that clusters are located on a set of shells which possess a
definite relation between successive radii.

The cosmological principle

requi4es that all equivalent observers (observers located at clusters)
should view the clusters as similarly distributed.
we may be associated with the Virgo Cluster~

(For present purposes

Structured radial distribution

of clusters observed by equivalent observers requires structured angular
distribution of clusters observed by the equivalent observers.

Hence

if the regularity in radial distribution of clusters is real, angular
structure in the distribution of clusters should also be in evidence.
The large numbers of clusters observed in all unobscured directions
in the sky renders statistically meaningless any patterns selected
ah initio on the basis of angular distribution criteria.

This difficulty

may be avoided by invoking an independent selectivity factor.

A study was

made of the clusters in Abell's catalogue (Abell, G. O., Ap. J. Suppl. 3,
No. 31, 1958) selected on the basis of membership in the richest classes
(4 and 5).

Though widely separated, these clusters have angular positions

consistent with structured rather than random distribution (the details
to be published elsewhere).

In addition, the same distribution properties

observed for the richest clusters obtain in the subset of the rich nearby
clusters.

These non-random angular distribution patterns lend confirmation

of .fo-x,,~ s,.,r.,I cl J'l.(per.- or1_c:?11'J 'i Ii~

to the hypothesis of the existence~of which the clusters of gliaxies are
members.

In view of the same difficulties which arise in explaining super
or second order clusters as dynamic systems (Zwicky, F. Pub. Ast. Soc. Pac.
69, 518, 1957), it is completely unsupportable to postulate the existence
of a dynamic system with a diameter of the order of 10

9

parsecs, the

value consistent with the distances and angular separation of the clusters
involved.

if

.

Consequently,ftthe apparent super-organizations to which these

(/.rf.f'«t fil2H

clusters belong~ must originate through physical communication processes
other than those presently recognized •

•
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DISCRETIZATION IN EO FIELD GALAXIES

A. G. Wilson

December 1963

DISCRETIZATION IN EO FIELD GALAXIES*
A. G. Wilson
The RAND Corporation, Santa Monica, California

The Edelen discretization prediction (D. G. B. Edelen, A. J.,
68, 535, 1963) states that the linear diameters S of EO galaxies
n
are given by a relation of the form
S = S ;-1/2 [n(n + l)~tl/2
n
o

where S

is a constant ands is an energy parameter with n

0

=

1, 2,

This prediction is tested against the sample of all EO

3 ••••

galaxies for which diameters and redshifts are given in G. and A,
de Vaucouleurs' Reference c~talogue of Bright Galaxies (University
of Texas Press, in press).

The sample, consisting of 31 galaxies

divides itself into five different "s classes."

Within each class

(s being constant) a relationship of the type
1 + log D

(1)

is observed.
u =

1

+
z

Z

4

n

9

log u -

1

2

log n (n + 1)

C

\)

In Eq. (1), D is the catalogue angular diameter,
n

is the synoptic redshift of the galaxy whose diameter is

D, and C is a constant for all members of the class.
n
v

The two.

largest classes have 10 and 11 members with the mean spread (difference
between the minimum and maximum values of C) in each class being
\)

*This

research was sponsored by The RAND Corporation.
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•

0.02.

Attempts to generate similar fits based on random numbers

to within a spread of 0.02 failed in 100 tests on the RAND 7090
computer.
The close fit to the Edelen eigensequence suggests that Eq. (1)
determines the principal component of the redshifts.

Residual

components representing peculiar velocities are small as deduced
by G. de Vaucouleurs (A. J., 63, 253, 1958) and Neymar and Scott
(A. J., 66,148, 1961).

It is further found that the constants C

\)

belonging to each

class are related by an equation of the form
(2)

•

Cv

1

+ 3 log v (v + 1)

= a constant.

The mean color of the galaxies of each class is correlated with
the class index v, suggesting that the parameter v represents an
evolutionary or age parameter.

If this interpretation is correct,

the cube-root discretization relation of Eq. (2) allows the concept
of discrete ages and, hence, of discrete epochs of creation for EO
galaxies.

Enlarged samples should affirm or deny this interpretation's

consistency and also its applicability to other morphological types.

· Galactic Scale Oiscretization .. •Summal:'y December 6, 1983
The theoretically predicted relation between sizes of EO galaxies.

was checked against samples of both cluster and field galaxies and found
to be consistent with observations.

The relation 1 then assumed to be valid,

was used to calibrate scales and dimen8ionality of relations discovered to
exist bet'\-1een apparent angular diametefs and red shifts.

The folloi1ing empirical

results were obtained:

1) Disc~ve1;y of two
.

·'. . '·

'

~clditionai

'' f/

shifts· and distance
11
,
·

/the
tr.

discretization parameters, hne·governing red

,·,.

'

other governing time.

2).
of a }1achian relation between structural and
.. · Observational
.
.· evi./4ence
p
.cosmological pararJ~ers.
3) Observationa)J/:vidence of the cosmological principle.
~/'/

These 7sults lead to an entirely new non-:homogeneous mru;W:dug3r
'

.

'·:

.

·/·':,

universe df/ffering from both the evolutionary (big bang) and steady state
.·

.

IJ
.

I

.

•

{/A,z l,Je_,,<17'

mOdel~ •/"
The new discretized
~ y approaches the steady state model in
I
.
.
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13 December 1963

E.di.tor of lfoture
l:[;;iCrailltin and Company, Ltd.

St. Martin 1 s Street
Lcn1don 1 W~ C • , 2:
EllfGLJu'ID

Dear Sir: .

a

Enclosed is
Letter to the Editor, in duplicate 1 entitled)
1
'. A Disc1..;etized Cosmology:
Theoretical and EmpiriC.il/' by
D. G. B. Edelen·and A. G. Wilson~ which is subrnitted for
your '.consider..:ition for publication in :miture. The .:;.utho:rs
would grei:l.tly prefer that this be printed cs a s.ingle~ cosigned letter •. If this. should prove impossible, your editors
c::in cr~ate two, individually signe.d1ette:rs~ .::.s follows:

The first lett~r (signed

by

D. G. B. Edelen)

should include all ~terial through line 3 of
·p.::.ge 7; it should then. conclude wlth the kst
. par.::;gruph on pcge 14, zo rewritten. an .to begin,·
ult ea.n he shcrt•m thd: the observ... tionc.1 cosmology

sumn:li:lrized in the following letter has a
theoretical ..... n
2)

The second letter (signed by A.G. Wilson)
· should include ~11 the rem~ining u:..terial~
beginning nof pricrlry interest ••• 11 ; eliminate
the last pnragraph beginning on page 14, ~nd
conclude with the fin;:;.l paragraph of p.1ge 15.
Sincerely,

D. H. Scott, Assist,:cnt Editor .

D{-1-$ : be
locc ·
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A DISCRETIZED COSMOLOGY:
THEORETICAL AND EMPIRICAL

D. G. B. Edelen and A.G. Wilson
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A DISCRETIZED COSMOLOGY:

THEORETICAL AND EMPIRICAL*

D. G. B. Edelen and A.G. Wilson
The RAND Corporation,\ Santa Monica, California

A theoretical prediction and its observational confirmation
are reported here,

The theoretical prediction derives from and

provides a new and possibly fundamental means of testing the general
theory of relativity.

We have used the term "general theory"

advisedly -- the predictions being a direct consequence of the

•

fundamental equivalence between physics and geometry and having
no Newtonian analog.

Validating these predictions thus provides

more than just a verification of the geodesic hypothesis, the
Schwartzschield line element, or the principle of equivalence,

each of which is explained by a number of theories without the
explicit equivalence of geometry and physics.

*This

•

research was sponsored by The RAND Corporation •
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Let L denote the surface of a world tube in an EinsteinRiemann space (i.e., a time-like hypersurface whose space sections
are closed).

The physical models considered are those for which the

region interior to Lis occupied by the world lines of a galactic
structure, and for which the region exterior to Lis the background
field of

II

free space. 11

Such models would be described mathematically

by a statement of the momentum-energy tensor TAB appropriate to the
dynamical processes interior and exterior to such galactic structures.
Unfortunately, without adequate detailed information on the dynamical
processes of galaxies, we cannot specify the momentum-energy tensor
with any acceptable degree of certainty.

We therefore adopt the

viewpoint that although appropriate functions TAB exist for any
particular galaxy under consideration, we know only that their
covariant divergence vanishes, as required by the Einstein theory.
Since Lis to represent the effective boundary of a galactic structure,
we consider those models for which at least one canponent of the
momentum-energy tensor has a jump across L,

This requirement simply

states that there is some physical quantity (such as density) that
has a jump across L; hence, for the models we are considering here,
it is physically as well as mathematically meaningful to speak of an
interior and an exterior .of a galaxy.
We have selected models that represent macroscopic behavior,
✓

since observations of galaxies show composite or averaged da~a,
rather than resolved images of individual stars.

•

On the other hand,

the Einstein field equations relate local differential geometric
quantities and local momentum-energy complexes.

If we denote the

-3-

local momentum-energy tensor by

t

and the co~responding metric

tensor by g, an invariant averaging process leads to Einstein
equations formed on the averaged metric tensor hand an associated
momentum-energy tensor!; the latter is the sum of the averaged

t

and a tensor that may be interpreted as the momentum-energy required
to equilibrate the local fluctuations.
averaged

t

It also follows that if the

exhibits oblate spheroidal symmetry, the resulting! will

generally exhibit deviations from oblate spheroidal symmetry.
deviations are assumed to be small and spatial.

These

In retrospect, we

may view the local fluctuations as arising from the galaxies' local
inhomogeneities--their granular structure.
We assume over a period of time that most galaxies will
have persistent geometric shapes.

Their boundaries, we therefore

assume, are geometrically stable.

Mathematically, this means that

there is an irrotational isometry in the bounding surface Z--namely,
that the boundary seen in three-space at one time is taken into an
identical metric replica of itself at a later time.

This require-

ment, together with the conditions necessary for solving the Einstein
field equations, leads to a system of linear differential and
algebraic equations for determining the jump strengths of the
momentum-energy tensor!,

These equations show that the magnitude

e-~, of the vector field generating the irrotational isometry gives
a measure of the local fluctuations of 1, and that,, must be a
single-valued bounded solution of the Klein-Gordon equation on Z.
One should clearly note that the. function~ is here defined on
a time-like surface, unlike the space-like surfaces encountered in
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the Cauchy problem.

This intrinsic difference is related to the

occurrence of a discrete rather than a continuous spectrum.

Further-

more, since ro = 0 in Newtonian mechanics (i.e., the time orientation
is absolute, the magnitude of the proper time vector being uniformly
one everywhere), a nonvanishing

~

has no direct Newtonian analog.

If we assume that the eccentricity e of a galaxy is approximately
constant for the time interval of interest, the above assumptions
imply the existence of a clas_s C of models of quasi-oblate spheroidal
galactic structures, for which the effective lengths r of the semimajor axes are given by
(1)

!;

1/2

r = p (n, m, e )

The explicit circumstances for this result are, however, rather
general.

All that is basically required is that a galactic structure

have a physically realizable and geometrically stable boundary and
that there be deviations from oblate spheroidal symmetry that are
both time-independent in the convected coordinate system of R(t)
and small.

There are, of course, other assumptions, but they are

primarily mathematical, since we have disclaimed knowledge of both
the momentum-energy tensor and the metric tensor.
Let us first note that, owing to the curvature of space-time,
the effective length of the semi-major axis will not be equal to the
corresponding metric length calculated from the metric properties
of the space.

The Einstein field is known to be weak, however,

numerical deviations from Newtonian calculations being small.
Further, we optically observe the projective geometry of a quantity,
not its actual metric geometry.

Thus, since the gravitational lens
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effect for sources on the periphery of galaxies is extremely small
(if not altogether nonexistent to the observer, who cannot perceive
individual st~llar images in distant galaxies), and since the
theoretical r is what would appear under projection, we assume that
the theoretical rand an observational rare numerically equivalent.
In addition, although the quantity sis constant on the bounding
surface of any one galaxy to within the approximations considered, it
could vary from galaxy to galaxy.

It could, and probably does,

depend on the age of the galaxy as well as on the force fields present
during the formation of the galaxy.

Equation (1) shows that if~

varies in a continuous fashion from galaxy to galaxy, so does r.
We now make a conjecture t_hat can be validated only by direct
observation:

We can divide the class C of galactic structures into

a finite number of subclasses C(v), v = 1,2,3 •.. , each of which has
more than one element and a unique value of S•

Combining Eq. (1)

with this conjecture, we are led to the following prediction:

The

lengths of the semi-major axis of the quasi-oblately spheroidal
galaxies of class C(v) are given by ,e(v)p(n.m.d where .t(v) is a
unique constant depending only on C(v).
What does the number m signify?

If m = O, - the vector U defines

a circulation on t(t), whose stream lines are parallel to the
equatorial plane.

If m

~

O, on the other hand, the vector U defines

a rotation combined with a polar flow.

Since the distinction between

pure rotation and one with an accompanying polar flow is fundamental,
and since the usual equilibrium models of elliptical galaxies assume
circulation without polar flow, we conjecture that the case m = O_

'
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.

•

corresponds to C(v) galaxies in the E-Series, while the cases m

~

0

correspond to nonelliptical C(v) galaxies.
The first fact to be noted is that as e goes to zero, we have
(2)

p(n, m, 0)

2

= n(n

+ 1),

O<m<n
=

=

In addition, all branches of p(n, m, e) have horizontal tangents at
e = O.

Thus,

(3)

for small values of e

1

as well as fore= O.

With observational confirmation of Eq. (3), we can determine
the actual eccentricity e and inclination angle, i, of the galactic

•

axis by the well known formula
(4)

E:o

~
= E:

sin i

since e 0 , the observed eccentricity, is known and since e is
determined by a projection of a data point of constant r onto the
appropriate curve p(n, O, e).
Our primary concern has been with the discretization sequence for
E0 galaxies -- the eigenvalues of a certain elliptic partial differential operator.

There are, however, equally interesting and

significant predictions £ran the eigenfunctions themselves.

With a

consistent theoretical interpretation of the eigenfunctions as
generators of a conformal coordinate transformation, we can calculate
the resulting isophotal contours of ellipticals.
morphology that is thereby predicted from m

The geometric

= 0 corresponds to

observed morphology with surprising accuracy.[ll

Although the
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mathematical and interpretative problems are significantly compounded
in the case of a nonvanishing m, preliminary results reproduce certain
of the morphological properties of spiral galaxies.
But of primary interest is the limiting form of Eq. (1) given by
Eq. (3) which is readily amenable to observational tests.

To

observationally test the discretization prediction of Eq. (3), two
samples of EO galaxies were employed.

The first sample was measured

on a set of homogeneous plates taken with the 200-inch telescope of
the Coma, Ursa Major I, Corona Borealis, Bogtes, Ursa Major II,
and Coma B Clusters.

The diameters of galaxies identified as EO on

this set of plates were measured by several methods including direct
micrometric measurements, isophotometric tracings, luminosity profile

•

tracings, and calibrated adaptations of a stellar astrophotometer •
A second set of diameter data was provided by the sample of "log D"
entries of nearby EO galaxies in de Vaucouleurs' Reference Catalogue
of Bright Galaxies. [

27

The catalogue sample identified only 31 galaxies as being EO and at
the same time possessing observed redshifts, while 32 such galaxies were
obtained in the cluster samples.

Morphologically typing galaxies in

the more distant clusters is uncertain.
By comparing the diameters of the galaxies in our two samples
with the theoretically predicted values from Eq. (3), we found, with
five exceptions, a fit to within the observational error of 3%.
Tests made on random-number samples indicate a small probability
of accidental fit to the eigen-sequence .

•
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Comparison between observed and predicted values in the clusters
presents no difficulties, since cluster·members may be presumed to lie
at approximately the same distance and since ratios of observed
angular diameters may be substituted for the ratios of the linear
diameters as required in Eq. (3).

The conjecture that there exists

a small number of different classes C(v) to which all EO galaxies
belong is seen to be verified in Table I, in which the v's were
determined from size residuals.

The results of all the cluster data

are summarized in the empirical equation:
(5)

log9(n,v) - flog u=C

e

where

0

½log

+½log n(n+l) -

v(v+l)

is the observed angular diameter, vis the mean synoptic
l+z
z

redshift of the cluster (synoptic redshift is defined as u = - - and

i+z

u = --- where z = OA)
z

r.

'

C is a constant with the numerical value
o

1.067, n is the integral parameter of Eq. (3), and vis an integral
parameter which characterizes the different classes C(v).
are all to base 10.

e

Logarithms

Equation (5), applies not only because to every

there corresponds a pair of small integers n and v which satisfy

Eq. (5) in each of the six clusters, but also because, for fixed v,
the numerical value of (log8(n,v) -

½logn(n+l)

-

i

log u) is the

same from cluster to cluster.
Comparing the angular diameters of the bright galaxies given in
the de Vaucouleurs Catalogue is complicated by the spread in relative
distance, which disallows the substitution of angular diameters for
linear diameters.

An empirical relationship of discretization

found to hold for the nearby galaxies is
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Table I
CLUSTERS
:,

Cluster

V

A_,
0

-log~ A -2/Jlogi°i
0

A -2/3logu+l/3logv(v+l)
0

'

3
4
5

1.768
1.694
1.640

(1.594)
0.174
0.100
0.046

(1.063)
o. 705
0.631
0.577

1.065
1.065
1.069

5

1.454

( 1.315)
0.139

(0.877)
0.577

1.069

4
6
7

1.416
1.358
1.305
1.267

(1.172)
0.244
0.186
0.133
0.095

(0.781)
0.635
0.577
0,5-24
0.486

1.069
1.069
1.065
1.069

4
9

1.262
1.040

(0.936)
0.326
0.104

(0.624)
0.638
0.416

1.072
1.067

6
9

1.143
1.026

6

1.064
0.956

(0.921)
0.222
0.105
0.810
(0.810)
0.254
0.146

(0.614)
0.529
0.412
0.540
(0.540)
0.524
0.416

Coma

U.M. I
Cor Bor
5

BoHtes

U.M. II

(Coma B)
9

1.070
1.063
1.065
1.067
mean 1.0674

loge n - 2/3 log~= C0 + 1/2 log n(n+l) - 1/3 log v(v+l)
Ao =loge n - 1/2 log n(n+l)
C = log(2 cot y) = log (35/3) = 1.0669
0

-
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(6)

log0(n,v) -

4

9

log u =constant+

1

2

log n(n+l) -

1

3

log v(v+l)

The quantities of Eq. (6) are the same as those of Eq. (5), except that
u in Eq. (6) is the individual redshift of the galaxy whose angular
diameter is 0(n,v).

All 31 galaxies of the sample fit the relation

of Eq. (6) to within 3%.

The values of v identified in the nearby

galaxies were 6, 8, and 9; in the clusters, values of v ranged from
3 to 9.

The three values of v in the bright galaxies were found to

be correlated with colors of individual galaxies, so that the set
v = 9 corresponds to a mean color of 0.86, v = 8 to a mean color of
0.91, and v = 6 to a mean color of 0.76 (colors from [2]).

In terms

of qualitatively interpreted, evolutionary H-R star tracks, this
would indicate that the v parameter may characterize the ages of
galaxies, with v = 9 being the index of a recent age or epoch of
creation, and v = 8 and v = 6 the indices of progressively earlier
epochs. , From the evolutionary tracks of a population two sample, we
qualitatively would expect first a mean reddening of the galaxy as
stars move into the giant branches, and finally a drift of the mean
color to the blue as the bulk of stars pass to the left of the zeroage main sequence.
sets 9, 8, and 6.

This pattern is manifested by the mean colors of
Tentatively, then, the parameter vis associated

with age; and, since it is discretized, it may be identified with
discrete epochs of creation.
Together, Hubble's law and the 2/3 relation between angular
diameter and redshift imply the existence of yet another discretization parameter.

Such a necessary discretization is found in the

observed mean redshifts for clusters (or for groups of clusters).
These redshifts may be approximated by the relation:
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(7)

where N is a positive integer.
redshifts, log

u or

log

u,

Table II gives the observed means of

the calculated quantities QN, and the

residuals, for the clusters whose redshifts are reported in the
3
Humason-Mayall-Sandage catalogue.[ ]

The constant C is the same
0

as that of Eq. (5).
In the Virgo Cluster, where the residual is the smallest, the value
of log

u

is derived from 73 individual redshifts.

The values for other

clusters are presumably subject to an observational bias which results
from the selection of brighter and generally closer galaxies of the cluster.
An exception to this is the mean value of 50 observed redshifts in the Coma
Cluster, which is poorly fitted by Eq. (7).

A sample of Coma galaxies

analogous to the sample of observed redshifts in the more distant clusters,
which consist of the few brightest objects, is the brightest seven galaxies
in Coma with observed redshifts having values >6000 km/sec (to assure they
are not foreground objects).

This sample fits the calculated value with the

same order of_ discrepancy found for other, more distant clusters.
A tentative interpretation of the foregoing· empirical results
summarized in Tables I and II leads to the postulation of a universe
that is-both spatially and temporally discretized.

This~universe,

based purely on observations, is hierarchically arranged.
clusters designated by Hubble as

11

The

great clusters" such as Virgo, Coma,

and Corona Borealis seem to be located at or near

11

nodal shells,"

whose radii are discretized according to an empirical relation with
the form of Eq. (7).

The mean redshifts of some of the smaller

clusters also seem to well approximate nodal shells in the N(N+l) sequence.

•

•

Table II

NODAL DISCRETIZATION
Nodal Velocities:
Cluster
Virgo (73)
Perseus
. Coma (50)
Coma ( 7)
Hercules
Pegasus II
Cl 2322+1425
U .M.I
Haufen A
Mean of (4)
Leo
Cl 1239+1852
Cor Bor
Gemini I
Mean of (3)
C1 1513+0433
Bo8tes
U .M. II
Mean of (2)

log {i
2.4234
1.7499
1.6780
1.5942
1.4749

N

2
5
6
6
7

Q,

N

2 .4225
1.7236
1.5774
1.5774
- 1.4524

~-logu
-0.0009
-0.0263
-0.1006
-0.0168
-0.0225 .

[l.3874]
1,3757
l.3149
l.JO12
1.3448

8

1,3433

-0.0015

1.2147 .

9

1.2464

00.0317

[1.1741J
1.1719
l.1J60
1.1607
1.06401
[0.9356J
O.921J
.9285

~ = 3C 0

Cluster
Cl 1153+2341
Cl 1534+3749

Cl 0025+2223
-c1 1228+1050
mean of (4)

11

· 0.0014
-0.0161

13

0.9406

0.0121

log u

~

N

[0.90377
0.8767
o.a616
o.8~8Z

J

0 .8727

G0.8312]
0.8280

Cl 0925+2044
Cl 1253+4422

U0.7937J
0.7819

mean of (3)
1.1593
1.0801

log N(N+l)'

Cl 0138+1840
C1 1309+0105
Coma B
Mean of (3)

Hydra
10

-

14

~-logu
\.

/

0.8785

-0.0058

....N
I

0 .8109:

0.8232.

O. 77JO
0.7828

15

0.8205

-0.0027

16

o. 7661

0.0167

I

'
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The clusters themselves, in turn) may be regarded as consisting
of sets of sub-clusters designated by the v index, which appears to
be related to age or to a temporally discretized set of epochs of
creation belonging to a'-3/

v(vt-1)

type sequence.

If this interpreta-

tion is correct, the interval between successive "v-Epochs" is
changing a s ~ , and the discretized universe would approach in
the limit a universe described by a steady-state cosmological model.
The diameters of EO galaxies belonging to a sub-cluster are
themselves discretized according to a\/4(n+l) relation which is
theoretically predicted by the modified general theory.
If we consistently interpret the redshifts as being velocity
shifts and angular diameter as being an indicator of distance, each
system seems to be expanding according to a different law:

The nodal

system is expanding in accordance with the Hubble relation; the subclusters of the same v-index are expanding relative to one another
in accordance with a 2/3 law, and the members of a sub-cluster are
expanding in accord with a (2/3)

2

law.

The constant C, appearing independently in Eqs. (5) and (7),
0

which is derivable from diameter and redshift measurements and from
redshifts alone, may be a new universal constant.
The observed part of the universe thus seems to agree less with
#'

either an evolutionary (single-expiosion) or a continuous-creation
model than with one that superposes several epochs of creation.
Speculatively, we may surmise that matter comes into being at discrete
epochs in discrete, roughly equally-spaced locations, termed nodes.
The redshifts to these nodes are discretized by an N(N+l) relation,
while the distances may be such as to assure conformity with the
Cosmological Principle.

The parameters, which appears in the original theoretical
discretization relation, seems to be associated with the epochal
parameter v as follows
1

(8)

- -2 log l;' =canst+

1
3 log v(v+-1)

Though other parameters may later prove to be involved, Eq. (8) suggests
that the energy-jump parameter is temporal and that an epoch of creation
occurs when the energy-jump condition reaches an integral value of v
satisfying Eq. (8).
That clusters are composed of sub-clusters is also indicated by
the differences in colors and spreads in redshifts found within
clusters.

It is surmised that the spreads in cluster redshifts will

prove explicable by cluster and sub-cluster expansion, rather than by
dynamical models similar to those of star clusters.

In fact, the very

low scatter observed locally, when the expansion component has been
accounted for, indi~ates that redshifts attributable to other dynamic
causes are very small.

(The exception to this is in compact groups

and in double galaxies, where the differences in redshifts are probably
dominated by the dyFamical relationships resulting from physical
proximity.)
It can be shown that the observational cosmology summarized here
has a theoretical counterpart consistent with both relativity theory
and observation.

As is well known, both the steady-state and the

evolutionary cosmologies assume that which has not b~en observed -uniformly smeared distributions.

The cosmology reported here, however,

assumes a significant spatial inhomogeneity around nodes, and that it
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is from this inhomogeneity that arise the observables, i.e., galaxies
and clusters of galaxies.

As perturbations on the classical cosmology

or as a sequence of bumps on a uniform field, then, the basic
observational data can be shown at least phenomenologically to be
consistent and theoretically predictable.
The importance of EO galaxies as instruments of cosmological
exploration derives from the simplicity of their discretization
relation.

While the observational results reported here were begun

in order to test Eq. (3), the additional results discovered as byproducts of the test are believed, because of interlocking paradigmatic
inferences, to have a high level of confidence far exceeding that
which in any way co~ld be justified as statistical inference from a
sample of 60 pairs of measurements.

Accordingly, we feel that this

picture of the universe should be placed alongside other current
cosmologies for serious consideration and further observational
testing.

·t
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From the basic Einstein equations relating the geometric and
physical tensors ( RAB -

½RgAB

=

x TAB ) , Edelen (1) (2) has

derived a discretization prediction concerning the geometries of
galaxies, by introducing an averaging operator which leaves all
tensor structure invariant.

This theoretical prediction is a

necessary but not sufficient condition of the general relativistic
equations and some very general assumptions concerning galaxies (1)
(2).

For EO and near EO galaxies the prediction assumes the simple

form

s

( 1)

n

=

s

o

s-1/2 [n(n + 1)]1/2

where S is the linear diameter or semi-major axis of the elliptical
n
galaxy, S

0

is a constant, sis a parameter representing the jump in

energy density across the surface of the galaxy, and n is a positive
integer.
Under the assumption that~ is a constant, Eq. (1) was observationally tested (3) using diameters of sample EO galaxies measured on
2OO-inch telescope plates of six distant clusters (marked with an

*This

research was sponsored by The RAND Corporation.

-2-

asterisk in Table I).

The results of the test may be considered as

a tentative confirmation of Eq. (1), in that the fit was within the
observational uncertainties, although the size of the sample (42
galaxies) was too small for statistical confidence.

It was found,

however, that instead of being a single constant, f took on six
different values.

From this, followed the discovery that in tenns of,

0 (defined below) an empirical relation of the form
log

(2)

0 - .£3

log

u = C0

+

l3

log i,( u + 1)

obtained between the angular diameters and the redshifts of those
galaxies in the tested sample (4).

Equation (2) was derived by

noting that the galaxies are distributed into sets or sub-clusters
which satisfy Eq. (1) for a fixed value of~-

That is to say, for

each galaxy belonging to a set, a positive integer n corresponds to
each observed angular diameter 0 , such that a contracted diameter
n

with
log 0 = log 0

e

l

n

- - log n(n + 1) = a constant
2

In comparing the sets within a cluster, the logarithms of the
parameters

0 that characterize the set were found to be similarly

related themselves through a new discretization sequence of the form
1

- log u (u + 1), with u a positive integer.
3

Writing the

0 with

app~opriate subscripts u, one could then characterize the cluster
itself by a new parameter
log 0* = log

0 l)

e* ,
+

with

l3

log u(u + 1)

= a constant

Finally all the log 9* of the different clusters were found to be
related through their mean synoptic redshifts,

u

to a single constant

exists
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C whose value seems close to (log 35 - log 3)
0

log 0*

13

=

1.0669, i.e.,

log u = C

0

v+c

The synoptic redshift used here is defined by u = - - , where
v =

t,

c6

t

c being the velocity of light and 6

length displacement ratio.

V

the observed wave-

The mean synoptic redshift~ of a cluster

~c
equals-=-,
where -vis the arithmetic mean of the individual
V

redshift of the galaxies belonging to the cluster.
defining the discretization Eq. (2)
That is to say, if all the log 0

V

may

The operations in

be performed in any order.

of the individual sub-clusters in

each cluster are reduced by the appropriate 2/3 log~ for the cluster,
the values of (log 0 - 2/3 log

u)

for the same v are the same from

cluster to cluster.
Equation (2) asserts that the quantities (log

8 - 2/3

log

u),

characterizing the sub-clusters, may assume only those values
determined by an integer v; Fig. 1 graphically represents (log
versus (log 0 - 2/3 log

u);

u)

the sub-clusters will occur only when

their characteristic parameters lie on the discrete vertical
lines corresponding to integer J's with values given by [C

0

- 1/3 log v(v+l)].

But sub-clusters ~nd clusters dre subject not only to
Eq. (2), but also to Hubble's Law, which in terms of contracted
angular diameters and mean synoptic redshifts has the forms
loge * - log u =

*
[H}

for clusters

or

(3)

log 0 - log u = [H} for sub-clusters,
Where [H*} and [~HJ are constants or, rat h er, sets of a 11 owa bl e
constants.
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In Fig. 1, Eq. (3) defines a family of "Hubble lines" (dram1
dotted) having slopes of 3: 1 and intercepts determined by the set
[H *}.

The validity of Hubble's Law as established by observation

requires that clusters be located along the Hubble lines.

It

follows that if Eqs. (2) and (3) are both true, sub-clusters and
clusters must then lie at the intersections of v-lines with Hubble
lines.

This can be tested if we are able to derive the allowable
f

*,

,

values for the set of constants tH J or lHJ.

Since mean redshifts

for clusters (but not for sub-clusters) are knom1, we shall here base
our test on clusters; this restriction is assumed throughout the remdinder of the paper.
From the simultaneous validity of Eqs. (2) and (3), we may infer
the existence of yet another discretization.

As an illustration, if

it is known that an orchard is planted in columns (v-lines) and
observed to be lined up along diagonals (Hubble-lines), then one
may infer that it is also planted in rows.

The discretization implied

is in the redshifts themselves.
An examination of the means of the mean synoptic redshifts of the
clusters reported in the Humason-Mayall-Sandage catalogue (5) indeed
confirms the existence of the inferred sequence,

The means of the

cluster log u's (written log u) are found to be grouped in a way
suggesting that the clusters may be located near the surfaces of a
set of concentric spherical shells or nodes, so that
( 4)

log

where C

0

3C

0

- log N(N + 1)

is the same constant that appears in Eq. (2) and N is a

positive integer.

L_

u=
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Equation (4), which describes the nodal redshifts, gives us the

*· which, in turn, allow us to
clue for determining the constants [HJ
derive the mean redshifts of the individual clusters.

The horizontal

nodal lines defined by Eq. (4) complete the grid in the
representation of Fig. 1.

By noting the intersections at which

clusters occur (marked with solid circles), one discovers that
Hubble lines containing clusters pass through the intersections of
the nodal- and u-lines that are marked by circumscribed squares in
Fig. 1.
This set of intersections or "Hubble points" seems to follow a
regular pattern: starting on line u = 1, it includes both the inter-

•

section with the top or JC
sections with N = 1 and N

o

line (equivalent to v = 3, N = 2), and inter-

= 2;

it then jumps to v

=2

for N = 2, 3,

= 3 for N = 4, 5, and 6. All twenty-six

and 4; then jumps to v

clusters whose redshifts are reported in Reference (5) lie at the
intersections of one of these eight Hubble lines with av-line.

A

cluster is located by the intersection of a Hubble line with a single
v-line, although the sub-clusters into which the cluster may be
decomposed possess several different u values.

The relation between

the various v's of the sub-clusters and the cluster u

is not known

at present.
If we designate the Hubble points by [v , N ], the corresponding numerical
0

0

values being log v (v +l) - log N (N +l), we should be able to calculate the
0

0

0

0

mean synoptic redshifts for any cluster by the numerical equation:
(5)

l._

log u

C

=

JC

O

- log v(v + 1) + [u , N]
O

0

With this equation, we have calculated mean synoptic redshifts for
all Hurnason-M.:lyall-Sandage clusters.

It is to be emphasized that the right

member of this equation involves only the constant C

0

Table I compares the calculated log~

C

and positive integers!

with observed catalogue value, log~ •
O

One must reserve physical interpretations~ but one is still struck by
the similarity with Ritz-Rydberg and Balmer-type results describing energy
levels and wave lengths in atomic spectra in terms of quantum numbers,
especially in view of the energy relationships between the parameters of
Eq. (1) and the integer v.
The immediate question is whether the redshift discretization
is a property of the spectra or whether it is a cosmological reality.
Two factors suggest the latter:

first, the functional relationships

between the redshifts and the angular diameters that are observed
independently of spectral measurements; and second, the residuals
between observed and calculated values become very small in clusters
like Virgo and Coma, where a great many redshifts of individual
galaxies have been averaged, indicating statistical dependence on the
individual spectra.
It is observed that most clusters of galaxies have one or two
large galaxies located near their

centers.

This large central

galaxy is the easiest, and therefore usually the first, to be
observed in a cluster.

The low residuals of Table I, even when only

one or two galaxies have been observed, suggests that the mean redshift
of the cluster is well approximated by the redshift of the large
central galaxies.

(The residuals become poorer when the central

redshift is diluted with redshifts of a small additional sample.)

L
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With Eq. (1) observationally confirmed, Eqs. (1) through (5)
rest on observation alone.

Unlike many results currently used in

observational cosmology, they involve no assumptions concerning a
particular cosmological mode 1.
These summarized results are based on too small a sample of
original observations to be inductively conclusive.

Since, however,

the elements of the structure are not only direct observations but
also derived relations between the members of the galaxian sample,
and since the structure agrees with observations not entering into
the original analysis (Table I), we conclude that the validity of the
structure surpasses what may be inferred statistically.
are undoubtedly in error and subject to refinement.

Many details

Before comprehen-

sive physical interpretations are advanced, the sample should be
enlarged in order to detect exceptions and explore the more detailed
nature of the structure.

•

TABLE I Comparison of observed synoptic redshifts (column 3) with synoptic redshifts calculated from
discretization integers (column 6). The observed mean synoptic redshifts are derived from the formulae:
1 Ill
is the redshift of an individual galaxy
, l-Jhe re
/1.
with
z = - I::
i
m i=l
in the cluster. All redshifts are taken from Humason-Mayall-Sandage (5).

(6~)

Cluster

Number
of Redshifts

Virgo
Perseus
Coma.,'
Hercules
Pegasus II
Cl 2322 + 1425
Ursa Major I,'
Haufen A
Leo

Cl 1239 + 1853 *
Corona Borealis
Gemeni
Cl 0348 + 0613
Cl 1513 + 0433
-/,
Bol:ltcs
ur·sa Major II.,'
Cl 1153 + 2341
Cl 1534 + 3'749
Cl 0025 + 2223
Cl 1228 + 1050
Cl 0138 + 1840
Cl 1309 - 0105
Coma B~\Cl 0925 + 2044
Cl 1253 + 4422
Hydra

73
j

so
7

3
2
4
2
1
2
8
2
1
1
2
2
2
3
2
2
1
1
1
1
1
3

Observ£_d
log u 0
2 .4234
1.7499
1.6780
1.4749
1.3874
1.3757
1.3149
1.3012
1.2147
1.1741
1.1719
1.1360
1.1038
1.0640
0. 9356
O.0213
0 .9037
0.8767
0.8616
0.8487
0 .8312
0.8280
0.8104
0. 7937
0.7819
0. 7730

"

[ '-' ,N ]

2
7
4

1,1
3,2
3,4
3,2
2,4
2,4
3,5
3,2
2,4
3,5
3,5
2,3
1,2
2,4
3 ,4.
2,4
3,6
1,1
3,4
3,5
2,4
2,4
2,4
3.4
3,4
2,3

0

10

4
4
5
12
5
6
6
7
6
6

10
7
7
14
11
9
8
8
8
12
12
11

Calculated log uc= 3C

0

-

-

0

Residual

2 .4225
1.7534
1.6779
1.4603
1.3 769
1.3769
1.3257
1.3086
1. 2008
1.1795
1.1795
1.1514
1.1002
1.0546
0.9375
0. 9296
0. 9083
0.8785
0.8583
0 .8485
0.8205
o.s205
0.8205
0.7858
0.7858
0. 7791

0,0009
-0,0035
0.0001
0,0146
0,0105
-0.0012
-0,0108
-0.0074
0,0139
-0.0054
-0.0076
-0.0154
0.0036
0,0094
-0.0019
-0.0083
-0.0046
-0.0018
-0.0033
0.0002
0.0107
0,0075
-0.0101
0.0079
-0.0039
-0.0061

log v(v+l) + [v ,N

0

0

]

where [v ,N 7 = log v (v +l) - log N (N +l)
0

0

0

0

and 3C 0 = 3.2007

0

o-c

log uc
Calculated

0

I
00
I
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Fig. 1 Values of mean redshifts based on the v - N discretization grid. Mean
synoptic redshifts for clusters may occur at the intersection of Hubble lines
(dotted) with vertical v- lines. Observed intersections are denoted by solid
circles. (A double circle indicates a multiple occupancy.) The Hubble lines
required for all clusters in Reference (5) pass through eight v - N intersections
circumscribed by squares.
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Figure legend for "Discretization Phenomena in Synoptic Redshifts,"
by A. G. Wilson

Figure 1

Values of mean redshifts based on the v - N
discretization grid.

Mean synoptic redshifts for

clusters may occur at the intersection of Hubble
lines (dotted) with vertical v-lines.

Observed

intersections are denoted by solid circles.

(A

double circle indicates a multiple occupancy.)
The Hubble· lines required for all clusters in
Reference (5) pass through eight v - N intersections
circumscribed by squares •
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Galaxtic Scale Discretization

Description:
This project is a joint theoretical and observational investigation of
the various discretization phenomena which have been predicted and/or
discovered in the large scale aggregates of the universe: galaxies,
clusters of galaxies, and the observable sample of the universe itself.
Project Personnel:
The two principal investigators are D. G. B. Edelen of the Mathematics
Department (Theoretical studies) and A.G. Wilson of the Planetary
Sciences Department (Observational studies). In addition, the consulting
services of T. Y. Thomas, and G. de Vaucouleurs have been employed in
the past year. Supporting work in RAND has been contributed by
Oliver Gross.
·
Activity and Results:

Observational

1) The initial Edelen theoretical prediction concerning discretization
in galaxian diameters has been quantitatively confirmed in two samples'
of data: (1) EO galaxies in six clusters as measured on 200 inch plates,
(2) EO bright galaxies from G and A, de Vaucouleur's new catalogue.
2) Two additional discretization parameters have been discovered, one
probably related to ages of galaxies; the other, a discretization in
redshifts. Patterns in discretization sequences have led to the
formulation of several new empirical relations between cosmological
observables which unlike many current cosmological results are purely
empirical, independent of all theoretical models.
3) A new absolute constant has emerged from the diameter and redshift
data which is numerically close in value to the fine structure constant
of quantum physics. The existence of the fine structure constant in
cosmology has ~een predicted by Eddington and Jordan. Its observational
discovery, if definitively identified with the new empirical constant
discovered in the current work, would constitute a proof of Mach's
Principle and bridge some of the gaps between relativistic and quantum
physics.

19

C
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To: S. Greenfield
Ted Harris
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4) Some curious properties of the discretization sequences lead to
the possibility of an entirely new construct for describing certain
classes of physical phenomena. Already some of these properties have
successfully predicted the numerical values of the mean cluster redshifts
of all published cluster data. The possibility exists that certain
phenomena currently stochastically described may be accounted for equally
well by discretization "packets."
B.

Theoretical

1) After the prediction of discretization in the diameters of EO
galaxies, the analysis was extended to the entire E-series and the
number of necessary assumptions was reduced. Additional predictions
were made as to the inclination angles of the axes of ellipticals and
the distribution of the semi-major axes as a function of the true
eccentricity.
2) The general theory was extended by considering what are termed
conformally related metric spaces. This allows us to predict the actual
shapes (morphology) of ellipticals. The results of these predictions
will be put to the test by de Vaucouleurs.

•

3) Preliminary investigations have been completed on what is termed
conformally homogeneous cosmological models. The results show that we
can predict the nodal properties of clusters and the dispersion
velocity relations. A general paper on this subject is under preparation.
4) Preliminary investigations on the properties of invariant averaging
operators have given very promising results. Since such operators are
at the heart land of epitactic considerations, the results will be
extended and written for external publication.
5) T. Y. Thomas has derived the epocal discretization as well as the
radial discretization from considerations in which the galaxies are
imbedded in an overall cosmology in which the. mean mass density and
radius of the universe appear as a ratio which only assumes discrete
values.
Future Work:
The direction which this work will take should not be predicted. The
accompanying sheet of proposed papers describes research anticipated at
this writing. The unfinished portions of observational and theoretical
results to date will be given the first priority.
In view of the emergence of a new epistemological construct, which seems
consistent with both the observational findings and theoretical advances,
it is proposed that the name of the project be changed to EPITACTIC
COSMOGRAPHY. This term is felt to be one underwhich all anticipated
studies might justifiably be grouped.
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TO: S. Greenfield
Ted Harris

1/7 /64
M-99

Personnel:
For the coming year the following level of effort is anticipated:
Edelen
Kocher
Wilson

1/2
1/2
2/3

In addition, Thomas, de Vaucouleurs, and Page will be brought in as
consultants.

6c07u
~
Dom Edelen

{lf 11/:t0r1
Al Wilson

AW:cn

•

PROPOSED PAPERS FOR THE RAND SERIES IN EPITACTIC COSMOGRAPHY

1.
2.

Theory
Edelen

Galactic Scale Discretization - II: Observations
RM-3771-RC

Wilson

Diameters of Elliptical Galaxies
RM-3772-RC

Wilson

4.

Morphology of Elliptical Galaxies - Theory

Edelen

5.

Fine Structures in Galaxian Morphology

de Vaucouleurs

6.

Galaxian Masses, Densities .. and Luminosities

7.

The Hubble Effect and Discretization Algebras

Wilson

8.

A Discretized Cosmology - Observations

Wilson

9.

A Discretized Cosmology - Theory

Edelen

10.

Local and Global Discretization

Thomas

11.

Cluster Structure I - The Coma Cluster

Kocher and Wilson

12.

Cltster Structure II - The Virgo Cluster

Kocher and Wilson

13.

Statistical Problems of Discrete Null Functions

14.

Epitemological Aspects of Discretization

15.

Invariant Averaging Operators

3.

•

Galactic Scale Discretization - I:
RM-3941-RC, Nov. 1963

Edelen

D No:

D-11954-PR

D(L) No: _ _ _ _ _ _ __

Project No:

~1~00~0~-----

ControctNo:

AF 49(638)-700

Task Order No: _ _ _ _ _ __

NOT TO BE DISTRIBUTED OUTSIDE OF RAND, OR QUOTED OR
CITED IN EXTERNAL RAND PUBLICATIONS OR CORRESPONDENCE.

REPORTS OF OPERATIONS IN THE DEPARTMENT OF PLANETARY SCIENCES
FOR THE YEAR 1963
STAFF, DEPARTMENT OF PLANETARY SCIENCES
January 13, 1964
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RSR 7086:

GALACTIC SCALE DISCRETIZATION

j)ESCRIPTION:

This project is a joint theoretical and observational investigation
of the various discretization phenomena which have been predicted and/or
discovered in the large-scale aggregates of the universe:

galaxies,

clusters of galaxies, and the observable sample of the universe
itself.

PROJECT PERSONNEL:
The two principal investigators are D. G. B. Edelen of the
Mathematics Department (Theoretical studies) and A.G. Wilson of the
Planetary Sciences Department (Observational studies).

In addition,

the consulting services of T. Y. Thomas, and G. de Vaucouleurs have
been employed in the past year.

Supporting work in RAND has been

contributed by Oliver Gross.
ACTIVI:£X AND RESULTS:

A. Observational
1) The initial Edelen theoretical prediction concerning discretization
in galaxian diameters has been quantitatively confirmed
samples of data:

in two

(1) EO galaxies in six clusters as measured on

200•inch plate~, (2) EO bright galaxies from

G.

and A. de Vaucouleurs'

new catalogue.
2)

Two additional discretization parameters have been discovered,

one probably re~ated to ages of galaxies; the other, a discretization
in redshifts.

Patterns in discretization sequences have led to the

formulation of several new empirical relations between cosmological
observables which unlike many current cosmological results are purely
empirical, independent of all theoretical models.
3)

A new absolute constant has emerged from the diameter and

redshift data which is numerically close in value to the fine-structure
constant of quantum physics.

The existence of the fine-structure

constant in cosmology has been predicted by Eddington and Jordan.

Its

observational discovery, if definitively identified with the new
empirical constant discovered in the current work, would constitute a
proof of Mach's Principle and bridge some of the gaps between relativistic
and quantum physics.

-12-

•

4)

Some curious properties of the discretization sequences lead

to the possibility of an entirely new construct for describing certain
classes of physical phenomena.

Already some of these properties have

successfully predicted the numerical values of the mean cluster redshifts
of all published cluster data.

The possibility exists that certain

phenomena currently stochastically described may be accounted for
equally well by discretization "packets. 11
B. Theoretical
1)

After the prediction of discretization in the diameters of EO

galaxies, the analysis was extended to the entire E-series and the
number of necessary assumptions was reduced.

Additional predictions

were made as.to the inclination angles of the axes of ellipticals and
the dist~ibution of the semi-major axes as a function of the true
eccentricity.
2)

The general theory was extended by considering what are termed

conformally related metric spaces.
shapes (morphology) of ellipticals.

This allows us to predict the actual
The results of these predictions

will be put to the test by de Vaucouleurs.
3)

Pl:eliminary investigations have been completed on what is

termed conformally homogeneous cosmological models.

The results show

that we can predict the nodal properties of clusters and the
dispersion velocity relations.

A general paper on this subject is under

preparation.
4)

Pl:eliminary investigations on the properties of invariant

averaging operators have given very promising results.

Since such

operators are crucial for extensions of relativity theory to observations,
the results will be developed and written for external publication.
5)

T. Y. Tho~~s has derived the epocal discretization as well as

the radial discretization by considering the galaxies to be imbedded
in an overall cosmology in which the mean mass density and radius of
the universe appear as a ratio which assomes only discrete values.

-13-

FUTURE WORK:
The direction which this work will take should not be predicted.
(The unfinished portions of observational and theoretical results to
date will be given the first priority.)

However, certain problems

such as the following clearly must be covered.
· Diameters: of elliptical galaxies, morphology of elliptical galaxies

(theory), fine structures in galaxian morphology, galaxian masses,
densities and luminosities, the Hubble Effect and discretization algebras,
a discretized cosmology (observations), a discretized cosmology {theory),
local and global discretization, cluster structure (the Coma and Virgo
Clusters), statistical problems of discrete null functions, epistemological
aspects of discretization, and invariant averaging operators.
Edelen, Kocher, Wilson -

(1 2/3).

(In addition, Thomas, de Vaucouleurs,

and Page will be brought in as consultants.)

•

i;

Dear Professor Thomas,
There are two new results which I feel may modify
the derivations given in your paper and which you may wish
to incorporate.
The first concerns· the relationships of mass, luminosity,
and density which I promised to investigate. Provisionally,
I find confirmation of your equation (10.3) for the bright
EO sample. Specifically, what is found is the following:
If S represents the linear diameter of a galaxy
8 the observed angular diameter
u the synoptic redshift
p the mean mass denisty,
equation (10.3) states

log S = const. + 1/;I.og n(n+l) Observed:

½ log

p •

loge - log u = const. +½log n(n+l) + log m(m+l)

If u-l is a measure of distance, then log 9 - log u
is· consistently interpreted as logs.
Comparison states that
log

p=

const - 2 log m(m+l) •

This result may be theoretically derivable from your
equations. Tne mass M will be given by
log

M =

const. + 3(1og

e

~

log u) -

2

log m{m+l)

or by
log M = const. +~log n(n+l) + log m(m+l}.
The luminosity of a galaxy is given by
log L

=.

const. -0.4(mc + 5 log u)

where me is a corrected apparent magnitude.

Hence, we predict

log M - log L = const. + 0.4(mc+5logu) + 3(1og8-logu)
- 2 log m(m+l).
When 0.4(mc+5logu} is plotted against
3(log0-logu) -.2 log m(m+l)
the galaxies fall into two narrow bands with slope approx-·
imately equal to (-1). Tnis seems like a good confirmation
of (10.3) with p proportional to
[m{m+l) ]-2.

-2-

The second matter involves equation (1.1). In this
empirical result it may be e-rroneous to interpret the left
member as lo~ R. It was assumed because of the appearance
of a½ log n{n+l) discretization in the right member that
the left member must be dimensionally R. However a new
½ log n(n+l) type of discretization has been found •in
redshifts which has nothing to do with the size discretization. It is therefore open to question whether the dimensional argument is valid since discretization of the type
½ log n(n+l) may not be uniquely associated with size.
I feel therefore that equation (1.2), based on the
assumption that loge-} log ii= log R, w~y now be open
to question.

A.G. Wilson

•

P.S. I failed to ment1on that the ratio of mass to
luminosity is currently believed to be constant for a
given type of galaxy, which explains Whf the (-1) slope
seems like a good confirmation of (10.3).
It would be most interesting if an [m(m+l))-e
discretization for density follows from your equations.

From the ASTRONOMICAL JOURNAL
69, No. 2, 1964, March-No. 1317
Printed in U. S. A.

Discretization in EO Field Galaxies. ALBERT G.
WILSON, The RAND Corporation.-The Edelen
discretization prediction (Edelen, D. G. B., Astron.
J. 68, 535, 1963) states that the linear diameters
Sn of E0 galaxies are given by a relation of the form
Sn= So~-1 l 2[n(n+l)J+112 ,
where S 0 is a constant and~ is an energy parameter
with n = 1, 2, 3 · · · . This prediction is tested
against the sample of all E0 galaxies for which
diameters and redshifts are given in G. and A.
de Vaucouleurs' Reference Catalogue of Bright
Galaxies (University of Texas Press, in press). The
sample, consisting of 31 galaxies divides itself into
five different"~ classes." Within each class(~ being
constant) a relationship of the type
l+logDn-½logu-½logn(n+l)=Cv

(1)

is observed. In Eq. (1), Dn is the catalogue angular
diameter, u= (1 +Z)/Z is the synoptic redshift of
the galaxy whose diameter is Dn, and Cv is a constant for all members of the class. The two largest
classes have 10 and 11 members with the mean
spread (difference between the minimum and maxi-

•

mum values of Cv) in each class being 0.02.
Attempts to generate similar fits based on random
numbers to within a spread of 0.02 failed in 100
tests on the RAND 7090 computer.
The close fit to the Edelen eigensequence suggests that Eq. (1) determines the principal component of the redshifts. Residual components representing peculiar velocities are small as deduced by
G. de Vaucouleurs (Astron. J. 63, 253, 1958) and
Neyman and Scott (Astron. J. 66, 148, 1961).
It is further found that the constants Cv belonging
to each class are related by an equation of the form
Cv+½ logv(v+l) =a constant.

(2)

The mean color of the galaxies of each class is
correlated with the class index v, suggesting that the
parameter v represents an evolutionary or age
parameter. If this interpretation is correct, the
cube-root discretization relation of Eq. (2) allows
the concept of discrete ages and, hence, of discrete
epochs of creation for E0 galaxies. Enlarged samples
should affirm or deny this interpretation's consistency and also its applicability to other morphological types .

DISCRETIZED, STRUCTURE IN THE DISTRIBUTION
OF CLUSTERS OF GALAXIES

A. G. Wilson

•

•

To

PvlJJ

c&'ht--M

April 1964
V'/1- •'

c,,. kj

if~

T. :-:

r ~ ~ ao

-1-

DISCRETIZED STRUCTURE IN THE DISTRIBUTION

OF CLUSTERS OF GALAXIES *
Albert G. Wilson
The RAND Corporation, Santa Monica, California
(Communicated by T. Y. Thomas, April, 1964)
From the basic Einstein equations positing the equivalence of
the geometrical and physical tensors,

Edelen(l, 2 ) ~nd Thomas( 3 ) have independently predicted discretization
in the geometrical sizes of galaxies.

Both theories suggest 'that the

diameters or major axes of the galaxies should be, under certain
conditions, proportional to a sequence of eigen numbers of the form
[n(n+l)J

112

'
, where n ts a positive integer.

This theoretically

predicted size discretization has been observationally confirmed by
Wilson( 4 , 5 ) for samples of field and cluster galaxies in the case
of ellipticals of small eccentricity.
From general Machian-type arguments, one mig~t surmise that the
discretized geometry observed in galaxian structure is also manifested
in large-scale cosmological structure.

The present paper reports an

observed structural relation in the mean redshifts of clusters of
galaxies which apparently confirms this surmise of some form of
discretized regularity on a cosmic scale and which, together with the
observed discretization in galaxian sizes, may be interpreted as
observational evidence for Mach's principle.

*This

research was sponsored by The RAND Corporation.
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Theoretical cosmologists customarily assume isotropy and homogeneity
in constructing their models, ignoring the granularities which are observed
to be present in the large-scale distribution of matter.

While smoothing may be

a justifiable simplification for~ zero order sosmological models, there is
danger of a large loss of information when observers habitually design and
interpret their observations on such models.

Furthermore, the offspring of

the union of a structured world and a smoothed model may,'be epistemologically
- . - ......___. ___ illegitimate.
I:; tJ ;

c::$

This point is well expressed by Neyman:(~)

t!J

"The contrast· between the domain of current observations

of individual galaxies and their c·lusters on the one hand, and the theory
dealing with the smoothed-out substratum on the other, is the more striking
because every effort to verify
. empirically the conclusions of the theory must
.

deal with observations of objects whose very existence this theory ignores.
! .
Thus, in order to effect a verification it is necessary to adopt a number
of ad hoc hypotheses and, as a result, the conclusions 1re open to the
question."

Hence, it is most important to examine the qbservations for

_, any structure hitherto. ignored in a mental climate conditioned to
smoothing.
The granularities in the cosmic distribution of ~tter princ~pally

,manifest themselves as galaxian clusters found in large numbers throughout the observable universe.

Their distributions have been discussed by

several observers, who have concentrated on counts and cluster sizes,
whose statistics are unlikely to show any consistent quantifiable
structure like that observed in the galaxian size discretization.
( .
'

Investigations of discretized structure require observables of higher

.
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The most precise observable is the redshift.

Furthermore, i_t is

particularly useful for our purposes because the total errors in redshifts
are not directly dependent on their sizes, and their relative errors
!

are consequently small except for nearby objects.

This has made

possible the results of observational cosmology out to great distances.
The principal errors and uncertainties in observational cosmology
reside not in redshifts, but in magnitudes and diamet1ers.
.,..

For a structure

investigation, we need: not be concerned with scale or dimensional calibra•
.

tions requiring these latter_ 'observables; by intercomparing redshifts,
we can: use their full undiluted precision.

When the redshifts for

maµy individual galaxies in a cluster.have been observed, the
mean cluster redshifts should provide a highly precise measure of
relative cluster distribution in depth and, hence, a promising tool
for detecting any systematic structure in the granularity.
Though cluster mean redshifts are precise, the sample is
unfortunately small.

To date, galaxian redshifts have been

published for only about 30 clusters.

A

few of these clusters, such

as Virgo and Coma, have 50 or more observed redshifts, but most of the
more distant clusters contain only one or two.
Table 1 collects the generallr available observational data_,
reducing them to cluster mean redshifts.
before the vertical double line are:

The five left-hand columns

1) the cluster designation in

terms of its 1950.0 position; 2) the common name for the cluster;
3) the numb~r of individual redshifts entering into the calculation

of the mean; 4) the mean velocity for the cluster,
C

V

=

n

n
~

i=l

~i

•

•

•

Table 1
MEAN CLUSTER REDSHIFrS OBSERVED AND CALCULATED

Cluster

0316+4121
0123-0137
1257+2812
1627+3937
.. 1603+1755
2308+0720
2322+1425
1145t5559
0106-1536
1024+1039
1239tl853
1520t2754
0705t3506
0348+0613
1513+0433
1431+3146
10~5-1-5702
2253+2341
1153+Z341
1534+3149
0025t2223
1228+1050
0138+1840
1309-0105
130!.i-+3110
0925-1-2044
1264+4422
0855+0321

Number of
Redshifts

V

log u

Virgo

73

1136

2.4234

Perseus
"NGC 541 11
COMA
Abell 2199
HERCULES
PEGASUS II

5
43
50
19
15
3

5433
5439
6432
9028
10775
12821
· 13187
15269
15872
19489
21533
21651
23366
25644
28333
39367
40860
42870
42784
45951
47836
49514
51908
52362
54917
57498
59382
60860

Name

2

I
Haufen A
U.M.

LEO

CORBOR
GEMINI

Shane Cloud
Bogtes
U.M. II

4
2
1
2
8

2
1
1
2

2

Abel 1413
2
3
2
2
1
1
Coma B

l

1
1
HYDRA

3
p"'

0

1.7499
1. 7494
1. 6780
1.5344
1.4597
1. 3874
1. 37 57
1.3149
1.3012
1. 2147
1.1741
1.1719
1.1360
1.1038
1.0640
0.9356
o. 9213 ·
0.9031
0.9037
0.8767
0.8616
0.8487
0.8312
0.8280
0.8104
0.7937
0.7819
o. 7730

M

N

p

3

2

2.4225

-0.0009

7
7
4
9
10

2
2
4
2
2
2
2
2
2
4
2
2
2
2

1. 7534
1. 7 534
1.6779
1. 5474
1. 4603
1. 3811
1. 381'1
1. 3086
1.3086
1. 2306
1. 1795
1. 1795
1. 1215
1. 1215
1.0671
0.9375
0.9219
0.9083
0.9083
0.8785
0.8583
0.8485
o. 8371
0.8205
0.8205
o. 797 5
0.7858
0.7661

-0.0035
0.0040
-0.0001
_/ 9. 0130
0.0006
-0.0063
0.0054
-0.0063
·O. 0074
0.0159
0.0054
- 0.0076
-0.0145
o. 0177
0.0031
0.0019
0.0006
0.0052
0.0046
0.0018
-0.0033
-0.0002
0.0059
-0. 007 5
0.0101
0.0038
0.0039
0.0069

11

11
12
12
7
14
14
15
15
16
10
19
7
7
20
11

9
21
15
15
22

-12 ·
16

2

4
2
6
6

2
4
5
2
3
3
2
-4
3

4.2799 - log M(M+l) - log N(N+l)
log -;:; = log ~ (C+V) /VJ
0

p - log u

0

References

(8)
(9)
(10)
(11)

I

.pI

(12)

where z

1

~

(oV~)i is the spectral displacement; and S) the logarithm

of the quantity u

0

= (c + V)/V. The source of all redshifts in

Table 1 is the Humason-Mayall-Sandage Catalogue, ( 7 ) except when
indicated by a reference number in the far right-hand column.
The precision with which the mean redshift for any cluster is
known depends on the errors in the individual redshifts, the number
of redshifts observed in the cluster, and the dispersion of redshifts·within the cluster.

If w~ may take the redshifts published in the

Humason-Mayall-Sandage Catalogue as typical, then we may assume in
accordance with their estimates that each measured velocity is within
175 km/sec of the true value, and over half are within 35 km/sec of
the _true value.

Assuming the extreme bound of 175 km/sec for each

redshift, the relative errors in the individual redshifts should be
less than 3%, except for the Virgo cluster.

The relative errors

in the more distant clusters become very small, and the values

'
should be correct to the third decimal place in z.
The largest source of uncertainty in t h e ~ redshift for a
cluster is the velocity dispersion.

Good means and dispersions have

been· obtained only for nearby clusters with large samples of observed
redshifts, the values for distant clusters remaining uncertain~

If

the faint distant clusters containing observed samples of only a
few redshifts are assumed to have the same velocity dispersions as
the nearby clusters, a large uncertainty results fr~ a~suming that
the mean of the observed sample (often only one galaxy) may be taken
for the mean of the cluster.

Further enhancing the uncertainty are

the indications that velocity dispersions of the same order for near
and distant clusters may not be assumed.

Neyman and Scott(l 3 ) report

-6-

an apparent increase in dispersion with cluster distance -- an increase
that may be real or may be due to a selectivity effect that arises
in assigning cluster membership by redshift similarities.

Whether

the dispersions in distant clusters equal or exceed those in nearby
clusters, these dispersions along with the smallness of the observed
samples result in large uncertainties.

For example, the mean redshift

with highest uncertainty in Table 1 is probably the Leo Cluster, the
nearest cluster based on a s'ingle observation.

If we assume a

velocity dispersion of 1000 km/sec as a reasonable upper bound based
on the value for several well-observed clusters, the relative error
in the mean is about 5%, which is likely to be marginal for structural
investigations.

•

Perhaps, however, relative errors of this size may be much too
large,_ There is a mitigating physical phenomeno~ that may greatly
reduce the uncertainty in a mean redshift based on a small sample,
-

This is the observed fact that many clusters are centered on one or
two very bright galaxies, which are presumably near the cluster's
center of gravity with redshifts close to the value of the cluster
- mean redshift.

Observational selectivity naturally favors these

galaxies through ease of observation, and this results in the greater
than statistical likelihood of an ~solated observat'ion being close
to the cluster mean.

If we assume that the redshifts of the giant

central gal~xies equal the cluster mean, then the relative errors
for distant clusters drop to less than 1%, which is again within the
margin,of precision for discretization investigations.

This

\
\
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•

assumption will be evaluated! posteriori when comparison is made
between the observed mean redshifts and the structurally derived
mean redshifts.
Comparisons of galaxian.diameter discretization sequences in six
clusters -- based on the data of Ref. (4) -- led to a prediction
· that the cluster mean redshifts must be discretized.

This prediction

was found to be valid, not only for the original six clusters, but
for all clusters for which redshift data was available.
relation was found between mean redshifts, u

0

,

An empirical

and discretization

integers M and N of the form
log u =

(1)

0

UJ -

log M (M + 1) - log N(N + 1)

where lLJ is a constant whose approximate value is 4. 2799, and M and
N are positive integers.
The comparisons between·the observed mean redshift u

0

and the

right member of Eq. (1), which we~shall designate by P(M,N) and call
the structural mean redshift, are given in the right-hand side of'
Table 1.

The columns to the right of the vertical double line are,

consecutively: M, N, P, and the residuals, P - log u,
0

of log u

0

The values

and of the residuals are often given to more significant

places than are consistent with the precision of the.observations.
This is .done to avoid contamination of discretization by possible
round-off effects.

The residuals range from less than 0.0030 (lowest

meaningful v~lue) to 0.0177, corresponding to a discrepancy of 47..
Except ,for the cluster Abell 2199, the residual is always bounded by
the value of the uncertainty in the observed mean redshift, estimated

-8-

•

from an assumed 1000 km/sec velocity dispersion for each cluster.
To one side c:Yf Abell 2199 are four galaxies whose velocities are
markedly higher and whose membership in the cluster has been
questioned by Minkowski. (lO)

If these four are rejected, the value

of log u0 for the remaining 15 galaxies is 1.5483 with a residual
of -0.0009 -- well below the statistically estimated uncertainty in
.the observed.mean.

Note that the residual generally decreases as

the size of the observed sample increases.

For those.clusters with

large numbers of observed redshifts (such as Virgo and Coma), the
residual becomes minute.
Thus we have a remarkable agreement between observed mean redshifts and structural mean redshifts, based on a numerical equation

•

containing one arbitrary constant.

But while it is valid for all

clusters with published redshift, it nonetheless is established only
over a very small sample.

Here caution dictates that we determine

whether pure chance might not also produce agreements of this order
with Eq. (1).

Certainly, if UJ is taken very large, we could find

large integer values of Mand N that would give values of P(M,N)
fitting any set of numbers to within any prescribed residual.

All

the integer values in Table 1, however, are small, or belong to
sequences beginning with small numbers, or fit consistantly with
derived sequences.

Note also that P(M,N) may assume the same value

for different combinations of Mand N; consequently, the identification of Mand N is not always unique.

Alternative assignments of M

and N are.therefor~ possible for six clusters in Table 1.

We can

distribute clusters as listed in Table 1 into "N" classes, as follows:

-9-

•

18 of the 29 clusters to the class N 2, three to N 3, five to N 4,
one to N 5, and two to N 6.

Considered singly, classes with two or

three members have no significant statistical existence.

Their

existence may be inferred only from structural consistency with
classes for which a sufficiently large sample of members is.
available -- at least until the sample size in each class is larger.
In order to examine the probability that the distributions in
Table 1 are reproducible by chance, let us consider the most
stringent case:

The class N 2 containing 18 clusters from a sample

of 29 which fit a ~-parameter sequence involving one arbitrary
constant.
No standard tests are available for the statistical significance

•

of fits to discretized null functions.

We can, however, derive a good
\

estimate of the probability that the observed fits are fortuitous
by comparing the number of fits occurring between sets of random
·numbers and the theoretical values, with the number of fits occurring
between the observed data and the theoretical values.

In such tests,

the ranges and density distribution in the random samples must be
the same as in the observational sample, and the allowed theoretical
values must be the same for both.

Table 2 gives the results of one
(._

set of tests comparing the fits of the random samples and the observations
to the values of f?for N2.

A discussion of the problem of discretized

null functions and the results of more extensive tests will be
pµblished elsewhere.
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Table 2 ·
RANDOM AND OBSERVAT1-0NAL FITS TO THEORY

0,02

0
N

0,015

0.01

0.005

18

17

r

17.5

13.1

9.5

4.3

r

2.1

2.8

2.5

1.4

15% .

0,7%

0.1%

0

16

9

..J
<N ")
C1

85%

p

•

The first row gives the values of
sec;ond row, N

0

,

o,

the maximum residual.

The

gives \the number of fits (within 5) between the

observations and the theoretical values,
P(M,N) = 3,5017 - log M(M +l)

in the sample of 29 clusters.

N

r

is the mean number of fits to the

null function (less than or equal to o) occurring_ in each .set of
29 random numbers·:

the third row, <N >, the value of N averaged over
r .

r

all the sets, is the most probable number of fits to the random
sample.

The last row, cr, gives the dispersion in N.
r

r

The

probability,· p, that the fit between the data and theory is the
result of chance can be estimated from N , <U >, and or

o

by means of the probability integral.
the last row.

r

The values of pare given in

-11Note how strongly the statistical significance of fits to the
discretized sequence depends on
is no statistical significance,

o.

For low precision (0,02), there

However, all but two of the

clusters fitting the N 2 sequence have a residual of less than O. Ol,
corresponding to a discrepancy of 2 1/2%•. The likelihood that this
precision of ~it occurs by chance is O. 7%.
the size of the residuals, P - log
.

u,
0

The consistency between

and the estimated errors in

the cluster mean redshifts lends further confirmation to the validity
of Eq. (1) and to the assumption that the redshift of the bright
central galaxy in a cluster is approximately equal to the mean
redshift of the cluster.

More difficult to attribute to chance

are the nine clusters whose residuals are less than 0.005.

•

These,

for the most part, are clusters with larger numbers of individual
observations contributing to the mean.

The hypothesis seems unlikely,

the~, that chance agre~ment has produced the observed residuals.

Unless

contradicted by definative tests based on larger samples, Eq. (l) seems to
represent a real relatipn governing the distribution of cluster mean redshifts.
If so, a further prediction should now be possible.

If all

matter is indeed concentrated in clusters or at nodal points whose
redshifts are given by Eq. (1), and if the velocity dispersion about
each node is bounded, then whenever z is sufficiently large, the
relative error in replacing the mean nodal redshift by the redshift
of any single observable object in the· node should be small.

In

particular, the redshifts of high-velocity radio sources (including
the quasi-stellar sources) should also fit Eq. (1).
is confirmed by the data of Table 3, in which u

0

This prediction

is taken as the

function (1 + z)/z of the single redshift observation.
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Table 3
OBJECTS WITH LARGE REDSHIFTS

M

N

p

0.8651

11

4

o. 8583

-0.0068

(14)

0.367

o. 5711

29

2

0,5622

0.0089

(15)

3C 47

0,425

0.5254

30

2

0,5332

0,0078

(17)

3C 295

0.461

0.5009

31

2

0.5052

0.0043

(16)

3C 147

0,545. 0,4525

33

2

0.4518

-0. 0007

(17)

Object

z

log u

3C 273

0.158

3C 48

0

p - log u

0

Reference

As M becomes largu, the logarithm of the interval between

•

successive nodal values approaches zero.

In Table 3 the intervals

\
i

are small, but the residuals always remain less than one quarter of
the interval.

Note that most of the objects again belong to the N 2

sequence.
Also of considerable interest is the value of the dimensionless
constant appearing in Eq, (1).

This equation may be written in the

form
z
-

=

M(M

+

1)

•

N(N

+ 1)

l+z
which is to say ~hat the redshifts to the centers of concentrations
of matter, corrected for light travel time, may be mapped into a
two-parameter grid whose basic structural constant is
10-4.2771
where 4,2771 is the value of W which minimizes residuals.
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•

correct in the first three digits.

The numerical coincidence between

the dimensionless structural constant of the redshift discretization
grid and the fine-structure constant is an unsuspected feature which
~

posteriori lends considerable additional confidence to the validity

of Eq. (1) and strongly supports the possibility of Machian
relationships between the structure and distribution of variously
sized aggregates throughout the universe.
It should now be noted that a ~possible alternative interpretation of Eq. (1) exists.

Rather than representing cosmic phenomena,

this equation may express some property implicit in the observed
spectra.

It bears some resemblance to Ba1mer's formula governing

the wave lengths in the hydrogen spectrum, conslsting as it does of

•

two integer parameters and a constant; but it is the occurrence of
a number approximately equal to the fine-structure constant which
gives rise to the possible spectral origin of the relation.

It is

conceivable, for example, that rather than doppler effects some discretization relation governing allowable values of c~/A results in the
observed spectral redshifts~

Such an i~terpretation of Eq. (1) appears

rather unlikely, however, since ~ redshifts in the form (1 + z) jz,
and not individual redshifts, occur in the left member of Eq. (1).

The

existence of a non-doppler component of the redshift, howevrer cannot be
ruled out.
If, then, Eq. (1) indeed represents cosmic distributions,
it states that the allowable coordinate values which may_be assumed
by the time and radius coordinates of matter concentrations as seen
by an observer located at one· of these concentrations may be mapped
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into a canonical bi-discretization grid developable with positive
integers from a universal constant.

At the moment, we lack a model

allowing a physical interpretation of this observation.

The Robertson-

Walker line element, which provide~ a metric adequate for homogeneous
models (including both evolutionary and continuous creation models),
is not adaptable to this observed discretized structure.
The observation of galactic and cosmic discretization is only
beginning.

Consequently, we cannot now specify all of the discretiza-

tion structures that cosmological theories will eventually have to
take into account.

It can be said, though, that models based. on

assumptions contradicting fhe existence of granularity will presumably.
be of little use in accounting for observed structure in the cosmic

•

distribution of matter.

Homogeneous models may nevertheless be of

immediate use in providing a first-order description, from which
models with structural inhomogeneiti~s may be derived by perturbations.
/

f-f'I; 11.,~ly;,,i:_c.i +k,

r

Whenever a chasm opens between theory and observation~ the
/:

-episteme-log,iea-1:-s-tattts-ct-f, the theory becomes th&t"-0£. an antiquary like
or

Ptolemy's Epicycles, w~e the epistemo-iog,:i:ea-l-status,;..,,.of~ the observation

'

remains tha-t:-o•f. a curiosity like Bode I s Law •

•
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@

From the basic Einstein equations positing the equivalence of the geometrical
and physical tensors,
RAB - ½ RgAB = KTAB,

Edelen
and Thomas have independently predicted discretization in the geometrical sizes of galaxies. ~ lheor~ suggestc.that the diameters or major axes
of the galaxies should be, under certam conditions, proportional to a sequence of
eigen numbers of the form [n(n + 1) flt, where n is a positive integer. This theoretically predicted size discretization has been observationally confirmed by
Wilson 4, 5 for samples of field and cluster galaxtes in the case of ellipticals of small
eccentricity.
·
3

1, 2

The evidence for discretized distributions in sizes of galaxies
suggests the possibility that there exist further regularities in the
large-scale distributions of matter which have not been suspected.
The present paper reports an observed regularity in the mean redshifts
of clusters of gaiaxies which appears unlikely for randomly distributed
clusters.

There is at present no cosmological theory which predicts

such regularities.

This is not surprising, however, since most current

cosmological models assume that the observed granularities in the
distribution of matter -

galaxies and clusters of galaxies -

may be

approximated by a uniform, smooth distribution.

No theory which ignores

the granularities can be held accountable for structure in the granularities.
The epistemological difficulties which arise from smoothing assumptions
6
have been well expressed by Neyman:( )

"The contrast between the domain

of current observations of individual galaxies and their clusters on the
one hand, and the theory dealing with the smoothed-out substratum on
the other, is the more striking because every effort to verify empirically
the conclusions of the theory must deal with observations of objects
whose very existence this theory ignores.

Thus, in order to effect a

verification it is necessary to adopt a number of ad hoc hypotheses and,
as a result, the conclusions are open to question."
Furthermore, when observations are designed and interpreted with

specific theoretical models, there is a tendency to ignore information
which does not bear directly on questions posed in the verification of the
\
model. Accordingly, the design and interpretation of observations around

\

cosmological models which assume a smoothed-out ;pistribution of matter,
tends to de-emphasize the investigation of possib~e regularities in the
distribution of the observed granularities.

'\

.

Most published discussions

concerning the distributions of galaxies and clusters have emphasized
the stochastic aspects of counts, magnitudes and sizes.

--------

In investigations of galaxy size discretization, the angular

diameters of galaxies in five clusters (from the data of ref. 4) were
combined with mean cluster redshifts, V, to obtain linear.diameters
by using a velocity distance relation of the form
Hu d = 1
0

where His a constant, u 0 = (c +

V)/V,

c is the velocity of light and

, dis the distance.

Comparisons of the resulting diameter discretization

sequences suggested a relation between mean cluster redshifts of the
form
log u + log N(N + 1) = constant

(1)

0

where N is a positive integer.

Equation (1) was tested against the

..

28 clusters for which published r~dshifts are available.

It was found

that there exists an integer, N, such that the mean cluster redshifts
of 20 of the 28 clusters fit equation (1) to within the estimated observational ·
error (these are those clusters listed in Table 1 for which the parameter
M = 2).

Of the 8 remaining clusters, an integer N was found such that

7 fit equation (1) with a different constant in the right member (those
clusters for which M = 4 in Table 1).

Finally, it was found that all

values of the constant in the right member of equation (1) can be
expressed as
LJ.J

-

log M(M + 1)

where w is a constant and M takes on values 2, 4, and 6.

A single

\

empirical formula expressing the mean cluster redshifts in terms of two
integer parameters, Mand N, and one arbitrary c~nstant, uJ , can thus be
written as
log u0 = Lu - log M(M + 1) - log N(N + 1)
where the constant, w , has a least square value of 4.2765 for the 28
clusters.

(2)

(J; Table 1 collects the generally available observational data, reducing them to

•

cluster mean redshifts.

The first five columns are: (1) the cluster designation in
TABLE 1

Ga~•·
~

~e~t\

i -1
t~
i
-~,"" \
l v'-~

I.
'

\J_t,~.

f\\o-v

I.).

\\

0316
0123
1257
1627
1603
2308
2322
1145
0106
1024
1239
1520
0705
0348
1513
1431
1055
2253
1153
1534
0025
1228
0138
1309
1304
0925
1264
0855

MEAN CLUSTER REDSHIFTS OBSERVED AND CALCULATED
Name

redshifts

No, of

v

log 11o

Virgo
Perseus
"NGC 541" 8
COMA 9
Abell 2199 10
HERCULES 11
PEGASUS II

73

1136
5433
5439
6432
9028
10775
12821
13187
15269
15872
19489
21533
21651
23366
25644
28333
39367
40860
42870
42784
45951
47836
49514
51908
52362
54917
57498
59382
60860

2.4234
1. 7499
1. 7494
1.6780
1.5344
1.4597
1.3874
1.3757
1.3149
1.3012
1.2147
1.1741
1.1719
1.1360
1.1038
1.0640
0.9356
0.9213
0.9031
0.9037
0.8767
.0.8616
0.8487
0.8312
0.8280
0.8104
0.7937
0. 7819
0.7730

+ 4121
- 0137
+ 2812
+ 3937
+ 1755
+ 0720
+ 1425
+ 5559 U.M.I
- 1536 Haufen A
+ 1039 LEO
+ 1853
+ 2754 CORBOR
+ 3506 GEMINI
+ 0613
+ 0433 Shane Cloud
+ 3146 Bootes
+ 5702 U.M. II
+ 2341 Abel 1413 12
+ 2341
+-S-149- -:.i'¾Cf
+ 2223
1050
+ 1840
- 0105
+ 3110 Corna B
+ 2044
+ 4422
+ 0321 HYDRA

2
3
2
2
1
1
1
1
1
3

+

\--! = 4.2799 -

Jog M(M

+ 1)

5
43
50
19
15
3
2
4
2
1
2
8
2
1
1
2
2

- log N(N

+ l);

log 11o

= Jog

[(C

M

N

p

P - log 11o

3
7
7
4
9
10
11 .

2
2
2
4
2
2
2
2
2
2
4
2
2
2
2
2
4
2
6
6
2
4
5
2
3
3
2
4
3

2.4225
1. 7534
1.7534
1.6779
1.5474
1.4603
1.3811
1.3811
1.3086
1.3086
1.2306
1.1795
1.1795
1.1215
1.1215
1.0671
0.9375
0.9219
0.9083
0.9083
0.8785
0.8583
0.8485
0.8371
0.8205
0.8205
0.7975
0.785&
0.7661

-0.0009
-0.0035
0.0040
-0.0001
0.0130
0.0006
-0.0063
0.0054
-0.0063
0.0074
0.0159
0.0054
0.0076
-0.0145
0.0177
0.0031
0.0019
0.0006
Q.0052
0.0046
0.0018
-0.0033
-0.0002
0.0059
-0.0075
0.0101
0.0038
0.0039
~-OQ69

11

12
12
7
14
14
15
15
16
IO
19

7
7·
20
11
9
21
15
15
22
12
16

+ V)/V].

\ \o.JA, terms of it§ 1950,0 position; (2) the oommon name for th0 cluster; (3) the numbe~
b.l>':pe-v of in?ividual redshiftsh-,me.::ing into the calculation of the m~an; (4) the mearl
velocity for the cluster,

·

"V= ~

·i

.

n

:E

Zt,

n i =l ,
,,
,
where z, = (,,>../X), is the.ispectral displacement; and (5) the logarithm of the quantity i1o = (c + "V)/"V. The source of all redshifts in Table I is the·Humason-=May- .f.
all-Sandage Catalogue,7 except when indicated by a reference number in th9fsecami (J..N
column.
·
·.
·
-.,,.e,.v-'SUJ\.e~

(1)

·

~~,IA+-haµJ

F · The comparisons between the observed mean redshift uo and the right member of
,equation Of-), which we shall designate by P(M,N) and call the structural mean red-

.shift, are given in the right-hand side of Table 1. Columns 6-9 are, consecutively:
- log u0• The values of log iio and of the residuals
1,.1s..,.11 are,\often given to more significant places than are consistent with the precision of
6 the observations. This is done to avoid contamination of discretization by possible round-off effects. The residuals range from less than 0.003f (lowest meaningO, Cl 81 ful value) t o ~ 1·corresponding to a discrepancy of 4 per cent. -Exeept:.for-the
\: ;' ~HSt~l.99rthe-residual-is-aJ.ways-bounded· by--the·value of--the--uncertainty
'in the obsew-oo-meruwooshift,estimated·from arrassumed·l0OO·km/sec·velocity.dis:PSrsi1,n1 for each cluster To one..side-.of...Abeli.2i99-·are·four"galaxies-whose--veloci-ties--are-ma,l'JiedlY41ighei:-and-whose-membership--irrthtrclllSter·hn.s--been·questioned
b1 nfinko wsk.r.10-H-tlre:srn ur a:rn-rej-ected;-tl1e-v-alue of log iZo fortnefeihain:ing-t5
,:galftxies-is+.5483--with.n-esiduaror=o:0009-··we11·oe1owthestatistica.ny·estimated~inty--ia-the--observed•mean:--,..Nott:rthat th:e-residual~generally-decreases.. as·the Eiizo of +be observed samp.w...iru:If:ases--EoHhose·elusters"With-large--numbers
-----~-of-observed-red~~~~if~4-as-Virgo-arnl-Goma};~the-residual·becomes·minu_te._._ _ _ _ _ _..,.,..._

IV; M) ':M::FN, P, and the residuals, P

of.

,Number
Redshi,fts ·' · ·

, '::J

Virgo

, 'c":,i,i:

.. , _

· -_

1_i(
~·,l:

;·

·
•·"

· , ,

1~;:;;~; · · ·

11228¼-1050
;,-; , . "
'!013$tl840 .,
: _[1309-0105~-~
1304+3110
Coma B
, ~, ·. :, 0925+204/i ....
: :. ~• ': :-. : 1253+4422 . •
..
Q855+0321
_Hydra·

· .> ·

••

'

:{:-73 ·

1136.

2.4234 ·

2. . 2.4191.

-0.0043

.7
2
1.7500
7
2
1.75004
4: 1.6745
9
2. _ 1.5440
10
·2 . 1.4569
11
2
1.3777
11
2
1.3777
12
2 - '1.3052
12
. 2
1.3052
7
4
1.2272
14
2
1~1161
14
2' 1.1761
15
2
1.1181
15
,2
1.1181
16
2
1.0637
10
4
0.9341
19
2° 0.9185
7
6
o. 9049
20
2
0.8751
11
~ , 0.8549
., ; ii\... 2
49514 - o. 8487
11
4: 0.8549
t\:.1•,;:,51908
0.8312
21 •- . 2: 0.8337
- ~;;;t,1:'.:'"'~:.2:t:52362_, ___ o. 8280 ... _ . 21 ,.. ____ 2 . o. 8337
; _.1 :l · _ ·,. 54917
O. 8104
21
: ,2' 0.8337
'""
- ··-··o • 7937- -- . 22 ·
:·_ .cj....Jc·:---'-c·---·
, • . 51 4 98
2- ;-- o. 7941
(\<:': ,'. l_ : .; 59382 o·. 7 819
12
4. -. o. 7824
_ _ 3 _.
60860
0. 7730
12
. 4 ..' 0.7824
. ·:;.,. .-_.J_: .:··'

+o. 0006
+o. 0006
-0.0035
o. 0096
-0.0028
-0.0097
0,0020
, -o. 0097
o. 0_040
~
o. 0125
0.0020
0.0042
-0.0179
0.0143
0003
-0.0015
-0.0028
0.0012
-0.0016
-0.0067
+o. 0062
0.0025
+0. 0057
-0.0163
0.0004
0.0005
+o. 0094

,(,.'·-

t _

3

0316+4121 ; Perseus
' · 7;
5435 • · 1. 7494 ·
0123-0137. ' "NGC 541"
43 5439, 1. 7494
· 1257+2812
Coma
,, ...:. 50
6432 . 1.6780
1627+3937
Abell 2199
19
9028 - 1. 5344
, , 1603-1-1755 _ Hercules
-15
10775
1.4597
-. :2308¼-0720
Pegasus II
3
12821 -1.3874
' - :2322+1425
,J '.2
-, 13187 _1.3757
_;1145+5559
Ursa Major I
!4
15269
1.3149
0106-1536
Haufen A
_t _ · 2
15872
1. 3012
.. -: 1Q24+1039
Leo .
; _1 ·
19489
1. 2147
· 123~1853
,2
21533
1.1741
1520t275l►
Corona Borealis 8
· 21651
1.1719
_:0705+3506
Gemini
2
23366
1.1360
-. -:0348-f-0613
- _ _ . 1\25644. 1.1038
:1513+0433
"Shane Cloud" /- 1 ·
28333
1. 0640
'.1431+3146
Bootes
.
_.2 ,
39367 · 0. 9356
1055+5702
Ursa Major II -1 2 .--:-"'·"40860
0~ 9213 ,l153+234f--~ AbdL1413 ._c---·::-2- _- ,42784
0.9037
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·
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(9).
(10)
.. (11)
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4. 2765 - log M(M+l) - log N (N+l)
log ~o = log [ (c+V)/V]
·.~-I·._\,:.._-::.:·.-/,
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It is apparent that if uJ is taken very large, we could find
large integer values of Mand N that would give values of P(M, N)
fitting the set of observations to within any prescribed residual.

It

is the low values of N that are the most stringent statistically.
Accordingly, the integers, N, in Table 1 are selected as the smallest
integers which provide as many dist'inct values over the range of log tr
0

(i.e. 2.4234 to 0.7730) as there are distinct cluster redshifts.

Note

also that P(M, N) may assume the same value for different combinations
of Mand N; with the result that the identification of Mand N
is not always unique.
While the sequences for M = 2 and M = 4 each contain enough
members to establish the statistical significance of equation (1) for two
different constants, there is no justification in the present sample
of redshifts,other than mathematical convenience>for the writing of
. ·equation (2) with two integral parameters, M a~d N, · and for assigning the
\

unusually rich cluster Abell 1413 to a tentative,M = 6 sequence.

If

this is done, however, taking.the exponential of \oth sides of equation (2)

\

leads to the form,

1

z

l+z

M(M+l) • N(N+l)

=-------2

\

\
1

(137.5)

where again z is the dimensionless quantity {V/c).

The numerical value

assumed by the fundamental constant, W, affords us, a curious numerical
coincidence with the fine structure constant, which may, or may not be
· meaningful but should be noted.
'

Before investigating the statistical significance of the agreement
between the observed and structural mean cluster redshifts, it is ne_cessary
to evaluate the estimated errors in the observed values, u •
0

uncertainty in V or u0 depends on:

The

1) the errors in the individual

redshifts, 2) the velocity.dispersion in the cluster, and 3) the
_size of the sample of measured redshifts in the cluster together with the
extent to which the sample is contaminated by including redshifts of·
non-member galaxies.
Compared with other cosmological observables, the errors in
redshifts are small.

The total errors in redshifts are more or less

independent of their sizes, and their relative errors are consequently
small except for nearby objects.

If we may take the redshifts published in

the Humason - Mayall- Sandage Catalogue as typical, then we may assume

•

in accordance with their estimates that each measured velocity is within
175 km/sec of the true value, and over half are within 35 km/sec of
the true value.

Assuming the extreme bound of, 175 km/sec for each
\

\

redshift, the relative error in the individual redshifts is less than
~-'percent (except for the nearby Virgo cluster) •. '~e relative error

\

in the more distant clusters becomes very small and the values are correct
I

I

The dispersion cr .\, for individual
l.:
'I
redshifts will be taken as 35_km/sec.
to the third decimal place in z.

t
I

•

•

A much larger source of uncertainty in t h ~ ~ redshifts of
clusters is the velocity dispersion.

The values of the means, V, and

the dispersions, crV, for all clusters for which three or more
redshift measurements have been obtained are given in Table 2.

The

contribution of cri to the error in Vis negligible compared with crV
for all clusters except the Hydra ·cluster (where the effect of cr i has been.·
included).

The remaining columns in Table 2 give the relative error,

du/u = crv/V(l +

z),jn;

the logarithmic error,

6u =

log(~du)-log(u);

and the observed residuals, p, from Table 1.

For the clusters in Table 2, the magnitudes of the estimated.errors
of mean cluster redshifts 6 , are of the same order as the residuals, p,
u

with the mean 6 equal to 0.010 and the mean IPlequal to 0,005,
u

This

agreement is consistant with the interpreta~ion that the structural
\

redshifts, P, predicted by equation (2) are e~pected values of the means

\

and that the residuals, p,are attributable to errors of observation.

\
However, of the remaining clusters for which there are only one
or two measured redshifts, the mean

IPI

\

of 0.006 is lower than expected.
\

If we assume that the·velocity dispersion of the r~maining clusters
\

is_equal to the mean velocity dispersion, 720 km/sec, of the clusters
in Table 2, / then the mean value of 6u for these remaining
clusters is 0.008.
,

.,.y:·
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>(0123-0137
1257+2812

Perseus
. . . 1'NGC

541 11 ·:

Coma

2308+0720

-

:·X<:/X_:-'··st41.33_6s··..,
. :_.}:_';;,:;

,-43

/'.·· '5439 ..•,.
6432';:.
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~
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,.0006
.,..
.
.
o·:012·0~038'· ,,·.,•
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.

·

;0006 .

;•,

0.016
0.009

. ; 1}627+3937
·1603+1755

' ···-~-

Hercules.
·. Pegasus. II

0.007_

d.012

1145+ 5559_ i:
1520+2754 1··•
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The fact that the mean o of the second set of clusters is less than
u

that of the better observed clusters of Table 2 is die in part to the
greater distances of the second set.
explanation.

But the low 6 's may have another
u

It is an observed fact that many clusters are centered on

one or two galaxies which are appreciably brighter and larger than other
lt1sf:A

r·

Te-1f>le- 3

cluster members. _ It is seen in Table 3 that for nearby well observed

a

;:,
clusters, the values of the redshifts of the brightest galaxy, VB, are
very close to the cluster mean V.

If this is true for the more distant

clusters, then the observational selectivity of the brightest galaxies in
clusters generates a bias which gives better mean·redshifts from small
'.; ,yamples than is statistically expected.
-•'"•"""·•

.. , . , . , ,

v

:.,;,~,.._.~.,,,,.:.,.:(!~1,:,.(

• ..::., ••••

·,.•.-

•

.

.-r,u••-•~<' ,, ..,,,,,.,..,_~_,.'¥
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The effects of contamination of the cluster sample with non-cluster
members on the value V may become large as fainter clusters are included (/2.~ .. -

This serves to increase the size of the residuals in the well observed
sample.

However, in the present paper, no selection criterion has been
',

used for selecting or rej~cting individual redshifts to determine the
of Table 1.

•

_,'

Vs

All published redshifts have been \sed with equal weight •

-:r"ns.tv+ "'." to he f"'+:
i Y\'1'0

·Table 3

SON OF CLUSTER MEAN REDSHI
BRIGHTEST

- >1\Q ...... , .. ~itt·

'f•

s

In order to examine the probability that the agreement betw_een the
observed and structural mean redshifts is not reproducible by chance, we
shall use as a statistic the number of fits to within a prescribed

o o~cuiing
.,.

between test samples and the discrete values defined by the right member of
equation (2).

The test samples to be compar_ed are 1) the observed values of

the redshifts and 2) a set of random values drawn from a _suitable density
distributibn defined over the same range as the observed sample, 0.7700

~

log ~ ~ 2. 4300.
0

If y is the number of clusters with redshift u,
then the density
function.
0
.
/

derived from t~e envelope of the observed sample is logy= 0.76 - 2 log
u0
.
over the above range.

.

·

.

J,.,µ,.,J T<th1 ,-,;)

This function is adopted for the density distribution of

the random values.
The results of.two Monte Carlo exper~ments programmed for the RAND 7044

·computer are given.in Table 4.

In Table 4a, the observed sample of-28 redshifts

is compared with 25 sets of 28 random values selected from the above density
distribution.

The comparison in Tab le 4 is between observational and random

data fits to equation (1) written_as
P = A - log N(N+l)

'\

where A is independently selected for the 28 observed redshifts and for each
of the 25 sets of 28 random redshift values.

In both the observational and

each random case, the machine program selects that value of A which gives the
maximum number of fits within the prescribed
the machine-selected-A equals 3.4976.

o.

For the observed redshifts,

(rhis is the same as A equal to

LU - log M(M+l) in equation (2) with M set equal to 2 and'.UJ = 4.2758.)

COMPARISON OF OBSERVATIONAL AND RANDOM. FITS

N (obs)

~-

b.

NR

NRmax

0.020

26

24.56

27 ·

0.010

19

16.40

18

0.005

14

11. 28

14

0,003

io

8.36

0.020

28

27.44

o. 010

24

20.44

23

0,005

17

14.48

16

0.003

12

10.80 ·

12

O'R

0.98

-10-

•

The first column in Table 4 gives the prescribed o's defining the allowed
'

+

margins of fit, P - o.

The second column, N(obs), gives the number of fits

i"o

(within o ~ fu#r::--~w~e-4- the 28 observed redshifts,~using the above equation with
A= 3.4976.

N ·is the number of fits (within o).occuring in any one sample of
R

28 random redshift values.

Since there are 25 sets of computer generated NR 1 s,.

the third column of Table 4 lists NR' the most frequent value of NR occuring
in all 25 sets for a prescribed o.

NRmax is the largest number of fits in the

25 sets and crR in the dispersion in NR.

In the sixth column, tis the standardized
.>

variable., [N(obs) - NR ]/crR.

Je.,.iv~d

The las: column gives the probability/\ cl(h iso'l from·

t using the standard error integral,that N(obs) occurs by chance.
,I\

It is interesting that the largest value of t occurs at the value of o
.which equals the estimated observational error, o .
u

This is expected if the

values of NR derive from a unimodal or monatonic density distribution and

•

the values of N(obs) derive from a multi-modal density distribution consisting
of a set of error functions whose means are· located at the discrete values P(2 ,N)
and whose standard deviations are equal too •
u
NR will decrease uniformly with decreasing

oJ

In this situation, the size of

i.e.

Jline\the size of N(obs) will

v.V'\til ·

be relatively insensitive t o o
~ o = o • -For o <;o , N(obs) will decrease
ti 1 ~~
U
\u
sharply.

This results in the difference, NR

N(obs)'\~aving a maximum near

o = ou •
Table 4b is the same as 4a except that the comparison of the observed
redshifts and randoni redshifts is for the M = 2 and M = 4 sequences taken
together.
o

Tables 4a ?-Ud 4b both show that for the significant value of

= ou = 0.010,

in one-hundred.

the probability that N(obs) is due to chance is less than one

COMPARISON OF . OBSERVATIONAL
.

N (obs)

I.

i

0,020

23

18.40

21

0,010

20

11. 76

16

0,005

13

.

:

-11-

Of additional significance is the test summarized in Table 5.

We recall

that equations (1) and (2) were originally derived from relations between mean

" es
redshifts and diameters in five clusters (Coma, UMI, Corona Borealis, Bootcs
and UMII).

The original equation (2), based on these five clusters was
log u

0

= 4.2792 - log N(N+l) - log M(M+-1)

(2a)

. if equation (2a) is adopted as the complete hypothesis, including the value of

~Jr
(>'\

ilt

~

the constant,W, and is tested against the remaining 23 clusters, we get the

~ e s u l t s reported in T':~::_-~.,)

~ fr

,·

.c:-;e compare the number of fits in the remaining 23 clusters to the

values of equation (2a) with the number of fits occurring in 25 sets of
random redshift values.

1.1

In this test the value of the constant in each set

·of random values is not floating -to maximize the number of fits, but is held
fixed at the predicted value, W = 4,2792,
again occurs at o

The most significant level of fit

= Ou with the probability of t~e number of observed fits

occurring by chance equal to one in one thousand.\
\

\
A conservative assessment of the statistical r~sults of Tables 4 and 5

\

allows the hypothesis of regularized structure in the. distribution of clusters,
as expressed by equation 2, at least equal admissability with the hypothesis of
random distribution.

(The values oft actually suggest that greater weight be

given to the hypothesis of discretized structure.)

However, in the absence of

theoretical justification for equation (2), it cannot be assumed that it is the
best representation ~or the. discretized structure which seems to exist.
Several arbitrary expressions cruld be tested for possible better fits, but
a more direct approach is to develop a cosmological theory allowing for
inhomogeneities in the distribution of matter.

With empirical refinements and theoretical justification left for the
future, the salient point of this paper is the inference for the existence
. of regularized structure in the large scale distr;bution of matter.

If we may

assume for the present that equation (2) does ·represent the cosmic distribution
of clusters, it follows that the allowable values for the temporal and radial
coordinates of matter concentrations, as seen by an observer located at one
of these concentrations, may be mapped into a bi-discretized net developable
in integral steps from a single constant.
Following this interpretation, if the clusters are located on shells with
discrete radii centered on a given observer, the cosmological principle requires
that the clusters also be distributed on shells with discrete radii centered
on all other observers.
cluster centers.)

(Observers are here·postulated to be located at

It follows that a discretized cluster distribution compatible

with the cosmological principle must exhibit structure in angular distribution
as seen by any o?server.

This is amenable to observational verification.

In

fact, the statistical evidence for second order clustering and sub-clustering,
which is open to certain objections when interpr~ted as physical clustering,
\

may· be properly interpreted as the optical cluster,ing expected with discretized
distributions.
While the possibility of regularized structure on a cosmic scale poses
several difficult questions and will require many additional observations, if
confirmed, it will provide new techniques for cosmo~ogical investigations •

•

•
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DISCRETIZED STRUCTURE IN THE DISTRIBUTION OF CLUSTERS
OF GALAXIES*

BY

ALBERT

G.

WILSON

THE RAND CORPORATION, SANTA ~IONICA, CALIFORNIA

Communicated by T. Y. Thomas, July 20, 1064

From the basic Einstein equations positing the equivalence of the geometrical
and physical tensors,

Edelen 1• 2 and Thomas 3 have independently predicted discretization in the geometrical sizes of galaxies. Theory suggests that the diameters or major axes of the
galaxies should be, under certain conditions, proportional to a sequence of cigcn
numbers of the form [n(n + 1) ]1 12 , where n is a positive integer. This theoretically
predicted size discretization has been observationally confirmed by Wilson 4• 0 for
samples of field and cluster galaxies in the case of ellipticals of small eccentricity.
The evidence for discretized distributions in sizes of galaxies suggests the possibility that there exist further regularities in the large-scale distributions of matter
which have not been suspected; The present paper reports an observed regularity
in the mean red shifts of clusters of galaxies which appears unlikely for randomly
distributed clusters. There is at present no cosmological theory which predicts
such regularities. This is not surprising, however, since most current cosmological
. models assume that the observed granularities in the distribution of mattergalaxies and clusters of galaxies-may be approximated by a uniform, smooth
distribution. No theory which ignores the granularities can be held account.1ble
for structure in the granularities. The epistemological difficulties which arise from
smoothing assumptions have been well expressed by Neyman :6 "The contrast between the domain of current observations of individual galaxies and their clusters
on the one hand, and the theory dealing with the smoothed-out substratum on the
other, is the more striking because every effort to verify empirically the conclusions
of the theory must deal with observations of objects whose very existence this
theory ignores. Thus, in order to effect a verification it is necessary to adopt a
number of ad hoc hypotheses and, as a result, the conclusions are open to question."
Furthermore, when observations are designed and interpreted with specific
theoreticll,l models, there is a tendency to ignore information which does not bear
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directly on questions posed in tho verification of the model. Accordingly, the
design and interpretation of observations around cosmological models which
ns:sume a smoothed-out distribution of matter, tend to dG-@mplmsi;w the investigation of possible regularities in the distribution of the observed granularities. l\fost
published discussions concerning the distributions of galaxies and clusters have
_emphasized only the stochastic aspects of counts, magnitudes, and sizes.
In investigations of galaxy size discretization, the angular diameters of galaxies
in five clusters (from the data of ref. 4) ,vere combined with mean cluster red shifts,
V, to obtain linear diameters by using a velocity distance relation of the form

Huod = 1,
where His a constant, u0 ~ (c + V)/V, c is the velocity of light, and dis the distance. Comparisons of the resulting diameter discretization sequences suggested
a relation between mean clusterred shifts of the form
log u0

+ log N(N + 1)

= constant,

where N is a positive integer. Equation (1) was tested against the 28 clusters for
which published red shifts are available. It was found that there exist integers,
N, such that the mean cluster red shifts of 20 of the 28 clusters fit equation (1) to
within the estimated observational error (these are those clusters listed in Table
1 for which the parameter M = 2). Of the 8 remaining clusters, integers N were
found such that 7 fit equation (1) with a different constant in the right member
(those clusters for which M = 4 in Table 1). Finally, it was found that all values
· of the constant in the right member of equation (1) can be expressed as
w -

+ 1),

log Jlf(M

where w is a constant, and 1'vl takes on values 2, 4, and 6. A single empirical formula
. expressing the mean cluster red shifts in terms of two integer parameters, 111 and
N, and one arbitrary constant, w, can thus b0 written as
log uo = w - log M(M

+

1) - log N(N

+

1),

(2)

wberc the constant, w , has a least square value of 4.2765 foi· the 28 clusters.
Table 1 collects the generally available obse1:vational data, reducing them to
cluster mean red shifts. The first five columns are: (1) the cluster designation in
terms of its 1950.0 position; (2) the common name for the cluster; (3) the number.
of individual red shifts available for the calculation of the mean; (4) the mean
velocity for the cluster,
C

V= -

n

n

t ' Z·

L.,
i=l

"

where z1 = (8A/t..), is the measured spectral displacement; and (5) the logarithm of
the quantity u0 = (c + V)/V. The source of all red shifts in Table 1 is the Humason-Mayall-Sandage Catalogue,7 except when indicated by a reference number in
the second column.
The comparisons between the observed mean red shift uo and the right member of
equation (2), which we shall designate by P(M,N) and call the structural mean red
shift, are given in the right-hand side of Table 1. Columns 6-9 are, consecutively:
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Cluster

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

Name

\'irgo
Perseus
"NCG 541" 8
Coma•
Abell 2199 10
Hercules 11
Pegasus II ·

log M(M

+

TABLE 1
SHIFTS OBSERVED

Xo. of
red shifts

70

0316
4121
012:3 - 0137
1257
2812
1627
3937
1603
17,55
2308
0720
2322
1425
114.5
5559 Ursa i\fajor I
(HOG ·- 1536 Haufen A
1024
10:m Leo
12:30
1853
1520
2754 Corona Borealis
0705
3506 Gemini
0;343
061:.3
1513
0433 "Shane Cloud"
HH
3146 Bootes
105.5
5702 Ursa i\fajor II
1153
2341 Abell 1413
1534
3749
0025
2223
1228
1050
0138
1840
1309 - 0105
1304
3110 ComaB
0925
2044
1253
4422
0855
0321 Hydra
P .= 4.2765 -

RED

7
43
50
1\)
1.5
')

•>

2
4
2
1
2
8
2
1
1
2
2
2
3
2
2
1
1
1
1
1
.3

I) - log N(N

+

i'
1136
5435
54;3\J
6432
9028
10775
12821
1:3187
152G\J
liiS72
1U4S\J
2153:3
21651
23365
25644
2S:.333
3\l367
40860
42784
45\l51
47836
40514
51908
52:rn2
54\l17
:';7498
:'i\l382
60860
I); log

u, =

AND

log ul)
2.4234
1.7494
1.7494
1.6780
1.5:344
1. 4:i97
1. 3874
1.3757
1. 314\)
1.3012
1.2Hi
1.1741
1. 17HJ
1.1360
1.1038
1.0640
0.0356
0.9213
0.00:37
0.8767
0.8616
0.8487
0.8312
0.8280
0.8104
o. 7\)37
0. 7811)
0.7730
log [(c

+

CALCULATED

,v

J[

p

3
7
7
4

2
2

\)

2
2
2
2
2
2

2.41\)1
1. 7500
1. 7.500
1.674ij
1.5440
l .4i>G\J
1.3777
1.3777
1. 30,i2

2
4

10
11
11
12
12
i
14
14
15
15
16
10

4

2
2
2
2
2
4

1\)

2
6
2
4
4
2
2
2
2
4
4

7
20
11
11
21
21
21
22
12
12

1.a0;)'.2

1.2272
1. 1761
1.1761
1. 1181
1.1181
1. 0637
O.\l:Hl
0. 918.5
0.904\J
0.8751
0.8540
0.854\l
o.8:3:37
0.83:37
o. s:3ai
0.71)41
0.7824
0.7824

log Uo
-0.00-13

P -

0.000G
0.0006
....: 0. 0035
0.00\JG
-0.002S
-0.00\)7
0.0020
-0. 00\17
0.00-10
0. 012:i
0.0020
O.OO-t2
-0.0170
0.011:3
-0.0003
-0.0015
-0.0028
0.0012
-0. Olll6
-0.0057
0.0062
0.002ii
0.005i
-0.orn:3
0.0004
0.0005
O.OO\l4

V)/V].

N, M, P, and the residuals, P - log u0 ._ The values of log u0 and of tl1e residuals
are usually given to more significant places than are consistent with t_he precision of
the observations. This is done to avoid contamination of discretization by possible
round-off effects. The residuals range from less than 0.003 (lowest meaningful
value) to 0.018, corresponding to a discrepancy of 4 per cent.
It is apparent that if w is taken very large, we could find large integer values of
lJ1 and N that would give values of P(M,N) fitting the set of observations to within
any prescribed residual. It is the low values of N that are the most stringent
statistically. Accordingly, the integers, N, in Table 1 are selected as the smallest
integers which provide as many distinct values over the range of log u0 (i.e., 2.42:-M
to 0.7730) as there are distinct cluster red shifts. Note also that P(M,N) may assume the same value for different combinations of ilf and N, with the result that
the identification of Mand N is not always unique.
'While the sequences for M = 2 and M = 4 each contain enough· members to
establish the statistical significance of equation (1) for two different constants, there
is no justification in the present sample of red shifts, other than mathematical convenience, for the writing of equation (2) with two integral parameters, 111 and N,
and for assigning the unusually rich cluster Abell 1413 to a tentative 1'.1 = 6 sequence. If this is done, hov.rcver, taking the exponential of both sides of equation
(2) leads to the form,

z
1

+z

M(M

+ 1)· N(N + 1)
(1:37.fi) 2

---:----~----,.,___,_---:-,---,-,,-........,......,,.....,..,_,...,...,......,.,..,..,.,.,...,..__,..,......,.,..._.,,
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where again z i:; the dimensionless quantity (V/c). The numerical value a&;umed
by the fundamental constant, u..J, affords us a curious numerical coincidence with
the fine structure constant, which may or may not be mca11ingful but should be
noted.
Before investigating the statistical significance of the agreenient between the observed and structural mean cluster red shifts, it is necessary to evaluate the estimated errors in the observed values, il0• The uncertainty in V or il 0 depends on:
(1) the errors in the individual red shifts, (2) the velocity dispersion in the cluster,
and (3) the size of the sample of measured red shifts in the cluster, together with the
extent to which the sample is contaminated by including red shifts of nonmember
galaxies.
·
Compared with other cosmological observables, the errors in red. shifts are small.
The total errors in red shifts are more or less independent of their sizes, and their
relative errors are consequently small except for nearby objects. If we may take
the red shifts published in the Humason-Mayall-Sandage Catalogue as typical, then
we may assume in accordance with their estimates that each measured velocity is
within 175 km/sec of the true value, and over half are within 35 km/sec of the true
TABLE 2
ESTIMATED ERRORS FOR MEAN CLUSTER RED SHIFTS

•

Cluster

Name

n

0316 + 4121
0123 - 0137
1257 + 2812
1627 + 3937
1603 + 1755
2308 + 0720
1145 + 5559
1520 + 2754
1534 + 3749
0855 + 0321

Virgo
Perseus
"NGC541"
Coma
Abell 2199
Hercules
Pegasus II
Ursa Major I
Corona Borealis
,
Hydra

73

7
43
50
19
15
3
4
8
3
3

v
1136
5435
5439
6432
9028
10775
12821
15269
21651
45951
60860

"V

643
715
450
1745
864
652
662
358
1294
408
137

c:ryv'ii

76
270
69
246
198
169
383
179
457
236
80

du/u

0.067
0.049
0.012
0.038
0.021
0.015
0.029
0.011
0.020
0.005
0.001

ou
0.028
0.021
0.005
. 0.016
0.009
0.007
0.012
0.005
0.008
0.002
0.0004

p

-0.0043
0.0006
0.0006
-0.00;35
0.0096
-0.002S
-0.0097
-0.0097
0.0042
-0.0016
0.0094

Note: Table 2 includes only those clusters with 3 or more observed red shifts.

value. Assuming the extreme bound of 175 km/sec for each red shift, the relative
error in the individual red shifts is less than 3 per cent (except for the nearby Virgo
cluster). The relative error in the more distant clusters becomes very small, and
the values are correct to the third decimal place in z. The dispersion ui, for individual red shifts, will be taken as 35 km/sec.
A much larger source of uncertainty in the mean red shifts of clusters is the
velocity dispersion. The values of the means, V, and the dispersions, uv, for all
clusters for which three or more red shift measurements have been obtained are
given in Table 2. The contribution of u 1 to the error in Vis negligible compared
with uv for all clusters except the Hydra cluster (where the effect of u; has been included). The remaining columns in Table 2 give the relative error, du/u =
uv/V(l + z)v'n; the logarithmic error, ou = log (u
du) - log (u); and the ob:served residuals, p, from Table 1.
For the clusters in Table 2, the magnitudes of the estimated errors of mean cluster
red shifts ou, are of the same order as the residuals, p, with the mean ou equal to
0.010 and the mean /P/ equal to 0.005. This agreement is consistent with the interpretation that the structural red shifts, P, predicted by equation (2), are expected

+
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assumed

values of the means and that the residuals, p, arc attributable to errors of observation.
However, of the rcmainiug clusters for which there arc only one or two measured
red shifts, the jpj of 0.006 is lower than expected. If we assume that the velocity
dispersion of the remaining clusters is equal to the mean velocity dispersion, 720
km/sec, of the clusters in Table 2, then the mean value of o,. for these remaining
clusters is 0.008.
The fact that the mean ou of the second set of clusters is less than that of the better
observed clusters of Table 2 i" due in part to the greater distances of the second set.
But the low ou's may have another explanation. It is an observed fact that many
clusters are centered on one or two galaxies which are appreciably brighter and
larger than other cluster members. It is seen in Table 3 that for nearby well-observed c!;_,sters, the values of the red shifts of the brightest galaxy, VB, arc very close
to the cluster mean 17. If this is true for the more distant clusters, then the observationalselectivity of the brightest galaxies in clusters generates a bias which
gives better mean red shifts from small samples than is statistically expected.
The effects of contamination of the cluster sample with noncluster members
on the value V may become large as fainter clusters are included. a This serves to
increase the size of the residuals in the well-observed sample. However, in the
present paper, no selection criterion has been used for selecting or rejecting individual red shifts to detennine the V's of Table 1. All published red shifts have
been used with equal weight.
In order to examine the probability that the agreement between the observed and
'structural mean red shifts is not reproducible by chance, we shall use as a statistic
the number of fits to within a prescribed o occurring between test samples and the
discrete values defined by the right member of equation (2). The test samples to
be compared are (I) the observed values of the red shifts, and (2) a set of random
values drawn from a suitable density distribution define,; over the same range as the
observed sample, 0. 7700 ~ log 110 ~ 2.4300.
If y is the number of clusters with red shift 110, then the density function derived
from the envelope of the observed sample is logy = 0.76 - 2 log 110 over the above
range. This function is adopted for the density distribution of the random values.
The results of two Monte Carlo experiments programed for the RAND 7044
computer are given in Table 4. In Table 4a, the observed sample of 28 red shifts
is compared with 25 sets of 28 .random values selected from the above density
distribution. The comparison in Table 4 is between observational and random data
fits to equation (I) written as

n.ith
11
be
the obthe esticnds on:
, cluster,
with the
,member

1

rn small.

nd their
my take
:al, then
locity is
the true

p

-0.0043
0.0006
0.0006
-0.0035
0.0096
-0.0028
-0.0097
- ,). 0097
0.0042

--~

relative

y Virgo
all, and
for in; is the
for all
11cd are
)CCU

in-
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. P = A - log N(N
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+ I),

where A is independently selected for the observed red shifts and for each of the

the ob-

TABLE 3
COMPARISON OF CLUSTER 1-IEAN RED SHIFT WITH BRIGHTEST GALAXY RED SHIFT

cluster
qual to
~ intertpected

•

c1;,ster

Name

Brightest galaxy

Vs

0316 + 4121
0123 - 0137
0257 + 2812
1627 + 3937

Virgo
Perseus
"XGC 541"
Coma
Abell 2199

4486
1275
NGC 547
XGC 4889
XGC 6166

1171
5293
5472
642S
9082

NGC
NGC

IV- .Vnl
35
142
33
4
54
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TABLE 4
CO;\!PARISOX OF OBSERVATIO:-;AL A:-;D RAXDO;\I FITS

•

{;

N(obs)

5;11

(a) 0.02tJ

26

24.M

0.010
0.00,i
0.003
(b) 0.020
0.010
0.005
0.003

HJ

10:40
11. 2S
S.36
27.44
20.44
14.4S
10.SO

14
10

2S
24
17
12

1.Ynma.x

.,~
..,,

<7R

1.24

1S
14

0.9S
1.0-l
1.05
0.50
1.13

11

28
23
16
12

o.ns
O.S5

t

Probability

1.17
2.65
2.62
1.56
1.13
3.14
2.56
1.41

0.2-12
0.CJOS

0.009
0.110

0.258
0.002

0.010
0.1.59

25 sets of 28 random red shift values. In the observational and in each random
case, the machine program selects that value of A which gives the maximum number
of fits within the prescribed o. For the observed red shifts, the machine-selected
A equals 3.4976. (This is the same as A equal tow - log M(lll + 1) in equation
(2) with il1 set equal to 2 and w = 4.2758.)
The first column in Table 4 gives the prescribed o's defining the allowed margins
of fit, P ± o. The second column, .N(obs), gives the number of fits (within o) to the
28 observed red shifts, using the above equation with A = 3.4976. N R is the number
of fits (within o) occurring in any one sample of 28 random red shift values.
There are 25 sets of computer-generated N R's. The third column of Table 4 lists
NR, the mean of the values of .NR occurring in all 25 sets for a prescribed o. N Rmax
is the largest number of fits in the 25 sets, and o-R is the dispersion in N R• In the
sixth column, tis the standardized variable, [.N(obs) - N R]! o-R. The last column
gives an estimated probability, derived from the standard error·integral, assuming ..,
· a normal distribution for .NR•
·
It is interesting that the largest value oft occurs at the value of owhich equals the
estimated .observational error, ou, This is expected if the values of N R derive from
a unimodal or monatonic density distribution and the values of .N(obs) derive from
a multimodal density distribution consisting of a set of error functions whose means
are located at the discrete values P(2,.N) and whose standard deviations are equal to
ou, In this situation, the size of N R will decrease uniformly with decreasing o,
while the size of .N(obs) will be rnlatively insensitive to o until o = ou. For o <
ou, ]{(obs) will decrease sharply. This results in the difference, N R - Ncobs), having
a maximum near o = ou,
Table 4b is the same as 4a except that the comparison of the observed red shifts
and random red shifts is for the 111 = 2 and Jlf = 4 sequences taken together. Tables 4a and.4b both show that for the significant value of o = ou = 0.010, the probability is minimum.
Tb2 test of statistical significance is summarized in Table 5. We i·ccall that
equations (1) and (2) were originally derived· from relations between mean red
shifts and diameters in five clusters (Coma, UMI, Corona Borealis, Bootes, and
UMII). The original equation (2), based on these five clusters, was
log u0 = 4.2792 - log N(N

+ 1)

- log J.lf(M

+ 1);

(2a)

if equation (2a) is adopted as the complete hypothesis, including the value of the
constant, w, and is tested against the remaining 23 clusters, we get the results reported in Table 5; Here we compare the number of fits in the remaining 23 clusters
to the values of equation (2a) with the number of fits occurring in 25 sets of 23
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TABLE. 5
CoMPARiso:,;

•

0.020
0.010
0.00.5

OF OnsBRYATIO:S:AI, A:S:D

RA:rno,1 Frrs

TO

EQliATION (2a)

.V(Gbe)

5lt~

,\"n,n::a.:,

qf;

t

.t'rulntbility

23
20
13

18.40
11.76
6.92

21
16
11

2.32
2.4ii
2,:30

1.99
3.36
2.65

0.047
0.001
0.008

random red shift values. In this test the value of the constant in each set of random
values is not floating to maximize the number of fits, but is held fixed at the predicted value, w = 4.2792. The most significant level of fit again occurs at o =
Bu with the probability of the number of ob:;crvecl fits being accounted for by a
chance mechanism being 1 in 1,000.
A conservative assessment of the statistical results of Tables 4 and 5 allows the
hypothesis of regularized structure in the distribution of clusters, as expressed by
equation 2, at least equal admissibility with the hypothesis of random distribution.
(The values of t actually suggest that greater weight be given to the hypothesis of
discretized structure.) However, in the absence of theoretical justification for
equation (2), it cannot be assumed that it is the bept representation for the discretized structure which seems to exist. Several arbitrary expressions could be
tested for possible better fits, but a more direct approach is to develop a cosmological
theory allowing for inhomogeneities in the distribution of matter.
With empirical refinements and theoretical justification left for the future, the
salient point of this paper is the inference for the existence of regularized structure
in the large-scale distribution of matter, If we may assume for the present that
equation (2) does represent the cosmic distribution of clusters, it follows that the
allowable values for the temporal and radial coordinates of matter concentrations,
as seen by an observer located at ono of these co11ccntmtio11s, 1nay be mapped into
a bidiscretized net developable in integral steps from a single constant.
Following this interpretation, if the clusters arc located on shells with discrete
radii centered on a given observer, the cosmological principle requires that the
clusters also be distributed on shells with discrete radii. centered on all other observers. (Observers are here postulated to be located at cluster centers.) It follows that a discretized cluster distribution compatible with the cosmological principle must exhibit structure in angular distribution as seen by any observer. This is
amenable to observational verification. In fact, the statistical evidence for secondorder clustering and subclustering, which is open to certain objections when interpreted as physical clustering, may be properly interpreted as the optical clustering
expected with discretized distributions.
·while the possibility of regularized structure on a cosmic scale poses several
difficult questions and will require many additional observations, if confirmed, it
will provide new techniques for cosmological investigations.
The author wishes to acknowledge his indebtedness and appreciation to D. G. B. Edelen and ·
T. L. Page for many helpful discussions, and to J. L. Carlstedt for his assistance in developing the
computer program.
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ORGANIZATION IN A GAMETOPHYTE CALLUS OF LYCOPODIUM AND
ITS MORPHOGENETIC IMPLICATIONS*
BY AUGUSTUS

E.

DE MAGGIOt

COLLEGE OF PHARMACY, RUTGERS, THE STATE UNIVERSITY, NEWARK, NEW JERSEY

Communicated by Ralph H. Wetmore, July 17, 1964

The study of organization in plants has been stimulated in recei1t years primarily ,...,
as a result of refinements in the techniques of tissue and organ culture. It is now
well established that vegetative cells of higher plants can be grown in vitro and
propagated as relatively homogeneous, undifferentiated parenchyma or callus
tissue. Recent findings suggest that these cells, even though maintained in an
undifferentiated state for several years, still retain the potentiality for differentia;tion. of ·vascu1ar tissue, irnots, -shoots .. anchwen .,vholr ;plants. llhr welklocumented
c;tudiesc of'Skoog: and· :'iTiller;' St-mv::ird· and co-workers; 2--4 ' Reii1ert,5 Ralperiil and1
vYetherell, 6 and others7 have demonstrated that mature diploid cells can be induced to develop into plantlings representative of the species. One recognizes,
.therefore, that totipotency may be inherent in any vegetative cell of the plant and
can be expressed to varying degrees when stimulated by the appropriate conditions
of nutrient culture.
The potentiality for multiple pathways of cellular expl'ession is equally characteristic of the vascu_lar cryptogams although fewer studies have been carried out
.- 0n these groups of plants. The regular alternation of a haploid gametophyte
generation with a diploid sporophyte generation (both can be maintained and
grown indefinitely in sterile nutrient culture) is an advantageous feature of these
plants for morphogcnetic experimentation. Studies of apogamy and apospory
indicate that vegetative cells of the gametophyte can be induced to develop into
sporophytic structures, 8 - 10 and also that vegetative cells of sporophytic origin can
give rise to gametophytes. 11 - 13 It would appear that the totipotency of cells in
. both haplo1<l and diploid plants is retained and can be evoked by manipulating the
~ environmental conditions · of growth. The implication from these and related
$tudies 14 • 15 is that the genetic complement of plants in either generation imposes
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Extract from
New Scientist, London

l

Should it ,be spasmodic
universe? 1..,{r fo;
·~:, '.

DECISION as to which of the· .
current . cosmological theories is
A
the most plausible is almost certain· -

to rest upon more ·detailed observa- ·
t~ons of'. the distant galaxies. Put · '\
simply, 1f the so-called "steady-state" y
· theory of the universe is correct and
the universe, though continuously ex- .
panding, maintains a constant density
by the spontaneous creation of matter,
the~ space everywhere should contain
a mixture_ of galaxi~s of all ages. ·Con_versely, if the universe has· evolved
from o_ne prim~rd~al "big bang", the
most distant gru11x1es, from which the
li&h; or radio waves take hundreds of :,
@lhons of years to reach us, should

appe~r to be the, youngest · in age,

Lookmg outwards mto space we would
see yo_unger and younger stages of the
evolutionary process.
Last year. an American physicist,
G. B. Edelen, of the Rand Corporation
_presented a theory to the annual meet:
mg . of the _American Astronomical
Society, backed up by some preliminary ,
experimental observations made by
~nother r_esearcher from Rand, suggesting a third type of galactic arrangement. His ideas have now been incorporated into a tentative new cos-·
. mo~ogy dei:ived. by T. Y. Thomas, of
Indi::ina University (Proceedings of the
National Academy of Sciences, Vol. 51
No. 5, p. 718).
.
'
Essentially what Edelen suggested
_was that, ~ather than having a com• plete_ly variable and continuous range
• of di~meters, the . sizes of the extragalactic nebulae might fall into discrete
: g_rour,s, rather as if they were "quan-. t1sed . .The :natpematical reasoning
: th:at led to tne idea was, naturally,
'. fairly abstruse, but measurements made
. by A. G. Wilson, of Rand, on photographs of certain galaxies obtained with .
the M~unt Palomar 200-inch telescope
. taken m conjunction with their ranges
~educ 7d from the "'red shifts" in their ·
_light, m~1cated that there may be some
fo~ndat1on for the hypothesis (Astronomical Journal, Vol. 68, p. 547).
,
The v:'ay in wh~ch galaxies probably
evolve 1s from a simple spherical form
-through ":n elliptical one, to a matur~
. f~rm havmg chara_cteristic spiral arms
lrn:e . our own Milky Way. · Wilson
stud1~d . the younger elliptical ones,
~lassifiec as the Eo galaxies, occurring
1:1 the clusters of Coma, Corona Borea.hs, U~sa ~1ajor and Bootes. They ·
seemea ~c c:&.ve diameters that could be group_ed i:.ccording to a simple
~athemat1cal relationship. Clearly, ·if
~::' results are_ su?stantiated, this galac"'" structure 1s incompatible with the
~heory of _continuous creation of matter
m th_e universe; equally it does not fit
the idea that, fr,t; 1Jniv;;;r;c;~ b:.c been
at\ladl!,r
~-or,
., ~•a•" (...•~E.,ch)-,
. · __., ..1~('"1:::.
•·h·
•· -~--::, .ev"l•·•••"'
V v·.•': 0
A:l
.,·)iut:
/J 1c ev~nt
-.

n:

•
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· The cosmological theory of Thomas
is completely at variance with the new
gravitational theory of Hoyle and
Narlikar (see New Scientist, Vol. 22,
p. 730) in that it assumes fields of force
rather than "action at a distance" to be
important. It starts from the belief
. that originally the universe contained
; no "ponderable matter". The accidental creation of the first material. par-__
ticle · by some disturbance of the fields
in this placid universe-like a ripple on
a smooth pond-led to further distur,bances and the creation of more particles. In time they built up and aggre- · ·gated to form one large body. The
,, ultimate exp10$lOn of this body them
began th~ expamlin,g phase of the uni"
verse as astronomers are now familiar
with it.
However, the violence of the first
episode set up extremely intense gravi•
tatlonal waves which, 'Thomas sup•
, poses, lapped backwards and forwf1rds , ·
across the "pond" of space-causing,
each time they returned to the site of
their origin, an "epoch" in which- the
· conditions ·were right for the creation
of a fresh batch of galaxies. His theory
is thus an evolutionary one but also
., stipulates that spontaneous creation of
matter occurs-though in his conception it is discontinuous rather than
continuous creation as in the steadystate theories.
./,,.,,
!'<-

,.
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H II regions (66) gives a theoretical interpretation of the correlation between diameters of the
largest H II regions and the morphological type of the galaxy. He concludes that the age of the
galaxies is approximately the same but that their evolutionary rates depend on the morphological
type. J. L. Sersic and R. Sister6 are investigating the pulsational stability of a plasma in an
external axisymmetrical magnetic field under the action of a concentric gravitational field
arising from another mass distribution. This may have application to matter in elliptical galaxies.
According to S. van der Bergh (67) studies of the metal abundances of stars in the Galaxy
lead to the following conclusions. (a) The heavy element enrichment of the interstellar medium
was well advanced at the termination of the halo phase of stellar evolution. (b) The rate of
heavy element formation in the Galaxy has declined more rapidly than the rate of star formation.
(c) The enrichment of the interstellar medium in heavy elements has been negligible during
\1,,)
the last 4 ·5 • 109 years.
\ ,•; !
G\:t\. ~q_:__~ilson ~ - Edelen have conducted work at the Rand Corporation on relativistic
J
discretizationo~~uste~diameters (Preliminary results were reported at the meeting of the
American Astronomical Society in July 1963). Edelen has shown that the Einstein theory of .
general relativity, when used in conjunction with the epistological equivalents of certain well
known properties of galaxies, predicts a relation between the galaxian semi-major axis r and
the eccentricity e (or ellipticity) of the form r(n, m, e) = const., where n is a positive intege~ and
o :::;; m < n. In the particular case e = o, the relation between r and n takes the form,

r2g = n(n

+ 1)

independent of m, where g is a physical parameter corresponding to the jump in the total energy
density across the surface of the world tube representing the galaxy, as seen by an observer
moving along an intrinsic time line of the surface. If g is constant, or of limited ·variation, it
follows that the diameters of Eo galaxies should exhibit discretization of size.
The earlier data of Wilson (68) which first suggested discretization among _globular galaxies
have been re-assessed.and combined with new measures. The present observational confirmation
rests on (1) Wilson's angular diameters of Eo galaxies in six clusters re-measured on 200-inch
plates. (2) The diameters of all Eo galaxies in the new Reference Catalogue of de Vaucouleurs,
(3) the fine structure in Abell's (69) luminosity function of the Coma cluster. The diameter
redshift relation for cluster galaxies confirms the Hubble law and reveals the hitherto unsuspected relation that the redshifts of all clusters so far published obey the empirical
relationshipµ, n(n + 1) = K,,, whereµ,= 1 tz,\n. is a positive integer, and Ka is a limited
:set of discrete constants related to the paramet~{ g of Edelen's discretization function.

\

Cosmology
\
In conclusion, some investigations in which cos~9logical theory has been applied to observational problems may be briefly mentioned. Sandage (70) has examined the possibility of using
observations made with the 200-inch Hale telescope 'to distinguish among the members of the
sub-group of general relativity models of the universe characterized by a zero cosmical constant
and also to contrast these models with the steady-state\model. He points out that the observations of redshift versus apparent magnitude are the most promising for the purpose. Sandage
(71) has also investigated the effect on the redshift versus apparent magnitude relation of a
postulated evolutionary change in the absolute magnitudes of the brightest members of clusters
of galaxies. Significant changes in the value of the acceleration factor are obtained if the
•evolutionary change of absolute luminosity amounts to om·4 or om·3 per billion years. Observational evidence for such changes is difficult to find though estimates of colour variations due to
. evolution have been said to amount to om·o3 per billion years and there are indications that a
/ residual Stebbins-Whitford effect may be present in the spectra of galaxies (72). Sandage (73)
and McVittie (74) have also examined the possibility of detecting changes in the redshift, the
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PROGRAM FOR OBSERVING REDSHIFTS IN NEAR-BY CLUSTERS··
I.

Past observational programs of redshifts in clusters

have been directed toward collecting<data needed in the investigation
of two problems:

1)

The law of redshifts to the greatest distances

·observationally feasible, and 2) the dynamics of individual
clusters.

These programs to date have accumulated more than 250

published redshifts of individual galaxies in clusters which are
distributed among 29 different clusters.

It.is interesting that

the selectivity effect of these two programs.has resulted in
measurements of redshifts in .only six o~ the 27 nearest clusters
(distance .classes 0, 1, and 2) listed in the Abell Catalogue.
Recent investigations (Wilson PNAS Sept. 1964) suggest that there
may exist "preferred values" for cluster redshifts implying some
sort of structure in the distribution of the clusters.

There is

also preliminary evidence that many.clusters are centered on a
sing1~ giant elliptical whose redshift is very close to the mean
redshift of the brightest galaxies of the cluster.
If the latter hypothesis is correct, a check of the structure
hypothesis may be made from the redshifts of the brightest one or
two galaxies in a cluster.

As. an initial step, therefore in testing

the discretum - redshift hypothesis it will be useful to measure
the redshifts of the brightest galaxies in the 21 near-by clusters
of Abell's list.for which no measurements have yet been made.

, --~•-··v
~y'

Since the brightest galaxies in these clusters are all in
the neighborhood of 13th magnitude, the B spectrograph at the
Newtonian of the 100-inch would be an observationally efficient
instrument for the purpose.

(The brightness of these objects also

assures that suitable finding charts can be made from 48-inch
Schmidt plates.)
A possible difficulty may be encountered in interference with
I

H and K by L. A. sky lines for values around 0.02 of 6A/)...

Large

eastern hour angles then may be required •.
II.

The current program of galaxy diameters using the 48-inch

Schmidt depends on redshifts for reductions to linear diameters.

•

The present indications of discretization in diameters must be
tested against additional samples of cluster galaxies.
purpose redshifts in near"".by clusters are required.

For this

In addition to

galaxies in the clusters listed for part I, redshifts of about 15
bright individual ellipticals will be· needed. ·
It is estimated that, with a margin for cloudy nights, that
the 60 to 90 required redshifts can be obtained in one years' time
with the B spectrograph with 3 full nights per dark run •. In the
event this time is not available, the nature of the requirement is
such that any fraction of this time would still prove very useful.

A. G. wilson
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NEAR BY CLUSTERS

:.Abell ;No·z .

194*

262 *
347 *

1
1·
1

400

1

407 *

0
2
1

1
2

539 *
548 *
569 *
576 *
779 *
1060.*
1185
1213
1228
1314 *
1367.
1656
1736 *
2147
. 2151
2152
2162 *
2197
2199
2634 *
2666 *

:

.{

•
'

,1Jistanc.e C.lass -

0
0
0

426*

•

RichnesfF~Class

1

0
1
0
1
1
1
1

0

2
.2

1

l

1

0

1

l

1

2
1

l

1

0

0

0

8731

11.31.t~}.~j:

2

2

5433

0

1

2

5439

.2
1
1.
2
1

1
1
1
.2
1

0

V/km/sec

6432

10,775

9028
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The mean redshifts of clusters of galaxies do not appear to be distributed
nndomly, but rather show a tendency to be distributed in accordanc_e with functionally
related discrete values (Wilson, A. G., Proc. Nat. Acad. Sci. Vol. 52, 1964).

This

moy be interpreted as implying that clusters are located on a set of shells which
possess a definite relation between successive radii.

The cosmological principle

requires that all equivalent observers (observers located at clusters) should view the
clusters as similarly distributed.
the Virgo Cluster.)

(For present purposes we may be associated with

Structured radial distribution of clusters observed by equivalent

observers requires structured angular distribution of clusters observed by the equivalent
observ,ers.

Hence if the regularity in radial distribution of clusters is real,

angular structure in the distribution of clusters should also be in evidence.
The large numbers of clusters observed in all unobscured directions in the sky
-r~nders statistically meaningless any patterns selected ab initio on the basis of
angular distribution criteria. -This difficulty may be avoided by invoking an independent

-selectivity.factor.

A study was made of the clusters in Abell's catalogue (Abell,

.G. O., Ap. J._Suppl. 3, No. 31, 1958) selected on the basis of membership in the
richest classes (4 and 5).

Though widely separated, these clusters have angular

positions consistent with structured_ rather than random'distribution (the details
to be published elsewhere).• In addition, the same distribution properties
observed for the richest clusters Jobtain in the subset of the rich nearby clusters.
These non-random angular distribution patterns lend confirmation to the hypothesis
of the existence of some s·ort of super-organization of which the clusters qf galaxies
are members.
In view of the same difficulties which arise in exp_laining super or second order
clusters as dynamic systems (Zwicky, F., Pub. Ast. Soc. Pac. 69, 518, 1957), it is
completely unsupportable to postulate the existence of a dynamic system with a diameter
.
9
I
of the order of 10 parsecs, the value consistent with the distances and angular,\
<

-separation of the _clusters involved.

:

Consequently, if the apparent super-organizations

to which these clusters belong are real, they must originate through physical colll!llunication
processes other than those presently recognized.

•

'ON SUPER-ORGANIZATIONS AMONG CLUSTERS OF GALAXIES
Albert Wilson

11 g'i 8
The measurement of redshifts of galaxies beyond the local supercluster has been primarily to determine the law of redshifts and
secondarily to study the dynamics of rich regular clusters such as
Coma and Abell 194.

The selectivity affects of these two programs have

resulted in the measurements being distributed among a very small sample
of less than 30 clusters.
This sample is far too small to allow any definitive conclusions
on the distributions of clusters in distance, but an analysis of this
(l)

limited sample which was reported last September~showed that the distribution
of the mean cluster redshifts might not be random.·

•

The data were fit

by a discrete distribution function to a level which allows the
hypothesis of regularity in the distribution of clusters with distance.
Redshifts of galaxies in even the near by clusters can be observed in
only the largest telescopes, so it may be a good many years before a
satisfactory sample of mean cluster redshifts may be amassed.

There

are, however, other ways to test the hypothesis of regularized distribution
of clusters.

One of these, as described in the abstract, is to

investigate the possibility of statistically significant pattern$ in
the angular distribution of clusters.
The angular position data of cluster centers may be used to
generate "quasi-redshifts."

If we assume redshifts to be proportional

to distance and space to be approximately Euclidean for z's up to 20%
we may use the law of cosines to determine the distance between two
clusters whose redshifts are known. · In this way the valttes of the
redshifts of a set of clusters as measured by observers located in other

members of t~e set may be derived.
The sample of observed cluster redshifts has been augmented
3
with some recently reported redshifts of radio dources (Z, )which in
many cases are identifiable with giant ellipticals.

It is both

interesting and useful that these galaxies in the few cases which may
be checked have redshifts near the value of the cluster mean.
augmented sample of 45 objects -- clusters and radio sources

The
can be

used to generate almost one thousand quasi-redshifts, which, as far as
the assumptions of proportionality and flatness of space are valid,
represent the distances between the 45 clusters.
If the clusters are distributed at random, the histogram of quasiredshifts should present a noise-like spectrum.

•

'ho1

If there exists a single

dl..rferfcd

structure/\ by the Euclidean approximation, the spectrum should consist
of a set of sharp resonances or peaks.

Actually, the spectrum consists

of several singular peaks~ which anerge from a set of lower values
which we car, call noise.
4000 to 8000 km/sec.

~

Slide 1 shows 11 portion of the histogram from

The resolution is 100 km/sec.

The question to be

"

investigated is whether the high peaks are random fluctuations.
The second slide illustrates the situation for a typical resona..ce,
the one centered at 10281 km/sec.

The quasi-redshifts corresponding

to the separations of the two objects listed at the left are given in
kilometers/second.

The fifth value from the top is an actual observation.

·

tfc

Half the spread, S, is near in value 'wJ the mean error of an individual
observation.
The probability of success in a single trial is p = S/r, where the

•

ranger is taken over M ± 1000 km/sec to assure that the mean density
used is the local mean density.
n.

The total population of this range is

The probability of c successes inn trials is determined in the usual

way for binomial distributions.

3.

•

The score 3.680-corresponds to a probability of 2 parts in 10

4

that the observed number of successes can be obtained by chance from a
unifonn probability density over the ranger.
Slide 3 gives a table summarizing the statistics for ten of the
resonances which occur.

Mis the midvalue, S the spread, c the number

of redshifts in the resonance, x the expected number of successes, and
c-x
- - the measure of statistical significance.
cr
scores of

All resonances with

£:3f.

3
cr > 3 (probability 3 parts in 10 ) will be taken as not likely

to be due to random fluctuations.

Corresponding probabilities are

given in the right column.
It should be noted that the resonance at 5461 km/sec agrees with the
observed mean redshifts of 5435 km/sec(from 7 galaxies) of the Perseus

•

cluster and 5439 km/sec (from 43 galaxies) of the Al94 cluster.
quasi-redshifts also have this value.

Five

It is also interesting that four

observed redshifts occur in the interval 9024 to 9080 km/sec and five
quasi-redshifts fall in the same intervalt25 km/sec.

It might be

suspected that peaks in quasi-redshifts are results of proliferation of
this peak in observed redshifts, but a check of the objects associated
with .each peak shows this factor is not a contribution.
The midvalues of the resonances are themselves not randomly distributed
but bear simple ratios to one another.

The resonances out to 19,000 km/sec

may be readily expressed by the numbers.
/

/

/

/

JlO, 3/3,. 2/7, 6, 3./5, 2/14,
times a scale factor of 1720 km/sec.
km/sec.

•

Jll,

,,,

6,/2, 3-.)13

The residuals are of th~rder
of 30
I .

Beyond 20,000 km/sec the fits to simple ratios disappear.

The

interesting thing about these numbers is, that with the exception of
2/14, these are the ratios of the distan:es between centers of un-i-'f@'.'-1:J

4.

~

V'>'l 1~;-..,,.,.
closely packed~spheres arranged in a cuboctahedral pattern.

This suggests that the observed angles of separation of the clusters
may also conform to the angles expected for 'ttJ.~ closely packed spheres.
Statistically significant fits are found for the sample(selected on the
basis of possession of redshifts) in the case of some of the very
rich clusters, particularly Abell 1689 and 2065.
Further the number of fits to± 35 km/sec between quasi-redshifts
for a given cluster and the cuboctahedron ratio sequence is found to
depend on the richness class of the cluster.

The percent of successes

various from 0.34 for.radio sources (not identified with clusters) through
0.36 for Abell richness class O, 0.47 for richness class 1vto 0.55 for
richness class 2.

•

These several representations suggesting structure pose some
fundamental cosmogonic questions.
In view of the same difficulties which arise in explaining super or
second order clusters as dynamic systems (Zwicky, F. Pub. Ast. Soc. Pac.
69, 518, 1957), it is completely unsupportable to postulate the existence
of a dynamic system with a diameter of the order of 10

9

parsecs, the

value consistent with the distances and angular separation of the clusters
involved.

Consequently, if the apparent super-organizations to which these

clusters belong are real, they must either originate through physical
communication processes other than those presently recognized or be the
result of structure which existed in an early stage of the universe when
matter was highly compact.

We may speculate that in a universe which

5.

•

expands from a

11

primelfal atom" according to one of the evolutional models,

the structure observed at present may be the vestige of a crystal or
molecuJe-like structure which obtained during a brief time during the
earliest stag~s of the expansion.

At this time certain aggregates of matter

may have been positioned according to one of the configurations available
t o ~ closely packed filleres.

A uniform dialation would have preserved

the general features of this arrangan ent with regard to relative angular
and linear distribution.
The existence of a structured distribution affords a test for
evolutionary vs. other cosmological models.

If the hypothesis of struct~re

being the result of a stage through which the universe passed during its

/;yA+

(corr«fecf for-

•

fr'-l,,vtf fi',,..,,,}

expansion is valid, then the world roap~should possess a higher level of
(,._,f c-,,-rccf.<J l:;,r J,,J f -I r'1.v~f +i""v}
statistical significance than the world picture. That is, when the
A

distribution of the peaks beyond v = 20,000 km/sec are compared, with a
sequence such as the cuboctahedral, the peaks
V(l

+

+J.. -..')\ p~,._tr /,., flv V

z) whould possess better fits/\histogram.

ah

redshifts of the form

If, on the other hand, the

resonances depend on some communication processes proceeding with the

be
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velocity of light, the reverse wuld~expected.

The large residual "noise" in the quasi-redshift histogram must be
accounted for before any hypothesis of structure can be given serious
weight.

It may be due to two or more co-existing structures, it may be

due to non-linearity of redshifts, the non-flatness of space, or to
combinations of these causes.

•
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~t mayA be due to the random distribution

of the clusters -- a distribution, however, with some very unlikely
random fluctuations.
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. ON SUPER-ORGANIZATION AMONG CLUSTERS OF GALAXIES

A. G. Wilson
The mean redshifts of clusters of galaxies do not appear to be
distributed randomly.

The small sample of available mean redshifts is

consistent with the hypothesis that the clusters are located on a
set of concentric shells which possess a definite relation between
successive radii (Wilson, A.G., Proc. Nat. Acad. Sci., Vol. 52, 1964).
If this distribution is real, the cosmological principle requires that
apparent cluster distribution should be on concentric shells for all
equivalent observers, (i.e., observers located in or near a cluster).
The actual spatial locations of clusters nrust then be at the intersections
of the several sets of cluster-centered concentric shells.

This requires

structure in the angular distribution of cluster centers as seen by
equivalent observers.
The investigation of regular structure in the distribution of
clusters may be investigated further by combining the angular positions
of clusters with the mean redshifts to generate additional "quasi-red-shifts"
by triangulation.

If a linear redshift-distance relation and Euclidean

space are assured, the quasi-redshifts may be derived by the ordinary
laws of cosines.

If these assumptions are valid and if the spatial

distribution of clusters is regular the frequency distribution of quasi-

or

redshifts should be a set of discrete peaks 'd resonances which represent
the allowable separations between clusters.
The observed histogram of 1000 quasi-redshifts shows a set of peaks
distributed among a "noise" background.

Statistical tests show that

2

over fitteen of these resonances a:renot likely to be random fluctuations,
(observed occurrence minus expected occurrence> Jcr).

It may be inferred

that at least a subset of clusters manifests structured distribution.
The noise may be due to breakdown of the Euclidean and linear-redshift
approximations, to the co-existence of two or more independent organizations,
and/or to actual random distributions.
It is further found that the ratios of the values at which sore of

~re

the resonances occur~

J3,

2,

.

J5, JB,

J13 suggesting the distance ratios

which obtain for closely packed spheres.
The unlikelihood of the occurrence,of these peaks and ratios in
distances between clusters distributed in a random uniform manner suggests
either that sore form of super-organization exists among the clusters or
that we are observing the vestiges of a structure whose angular and
linear ratios have been preserved under a uniform and isotropic expansion
from a time when the universe was in a highly compact stage.

The latter

hypothesis if physically consistent, would be corroborative of an oscillatory
or other evolutionary model .

.,

Alternatives to the vestige-hypothesis must account for an organization
extending over 109 parsecs, the value bounding the separations of the
clusters involved.

It is difficult to explain such an extended

organization without the introduction of physical communication processes
not at present recognized.
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particular, the high disk temperature at 1.35 cm mean redshifts to generate additional "quasi-redplaces an upper limit on the amount of water vapor shifts" by triangulation. If a linear redshift-distance
in the lower atmosphere of the planet. Various types relation and Euclidean space are assumed, the quasiof atmospheric constituents are suggested to explain redshifts may be derived by the ordinary law of
the spectrum.
·
cosines. If these assumptions are valid and if the
In September 1964, a series of observations of spatial distribution of clusters is regular the frequency
Jupiter, Saturn, and Mercury were made at 1.53 cm distribution of quasi-redshifts should be a set of
with the 85 ft reflector of the Radio Astronomy Lab- discrete peaks or resonances which represent the
oratory at Berkeley. Saturn, which was close to allowable separations between clusters.
opposition at the time, was found to have a disk temThe frequency histograms of the quasi-redshifts
perature close to that of Jupiter: T 8 /TJ=;;0.94±0.15. show a set of peaks distributed among a "noise"
The implication is that the emission from Saturn at background. Statistical tests show that over fifteen
this wavelength probably arises from layers of of these resonances are not likely to be random
saturated ammonia below the visible cloud surface of fluctuations, ( observed occurrence minus expected
the planet. Several days observations of Mercury occurrence>3u). It may be inferred that at least a
were averaged to obtain an adequate signal to noise subset of clusters manifests structured distribution.
ratio. A disk temperature about three times that of The noise may be due to breakdown of the Euclidean
Jupiter was obtained: T u/TJ=3.0±0.75. If one takes and linear-redshift approximations, to the coexistence
the temperature of Jupiter as 155°K at this wave- of two or more independent organizations, and/or to
length, one obtains a temperature of 465°±l15°K actual random distributions.
for Mercury. During the period of observations, the
It is further found that the ratios of the values at
average illumination of the disk was 25%. Assuming which some of the resonances occur are 3½, 2, 5!,
a subsolar temperature of 620°K and a pole darken- 8•, .13½, suggesting the distance ratios which obtain
ing proportional to cos• 0, one finds that the contribu- for closely packed spheres.
tion from the illuminated part of the disk amounted to
The unlikelihood of the occurrence of these peaks
about 100°K. If one assumes that the surface proper- and ratios in distances between clusters distributed in
ties of Mercury are similar to those of the moon, one a random uniform manner suggests either that some
can explain the large dark side contribution to the form of super-organization exists among the clusters
disk temperature by postulating internal radioactive or that we are observing the vestiges of a structure
heat sources which produce a flux of heat at the sur- whose angular and linear ratios have been preserved
face of Mercury some 30-40 times that which is ' under a uriform and isotropic expansion from a time
observed in the case of the earth.
when the universe was in a highly compact stage.
This work has been sponsored by the Office of The latter hypothesis if physically consistent, would
Naval Research under contracts NONR 222(66) be corroborative of an oscillatory or other evoluand NONR 222(54).
tionary model.
Alternatives to the vestige-hypothesis must account
for an organization extended over 109 parsecs, the
On Super-Organization Among -Clusters of value bounding the separations of the clusters inGalaxies. A. G. WILSON, The Rand Corporation.- volved. It is difficult to explain such an extended
The mean redshifts of clusters of galaxies do not organization without the introduction of physical
appear to be distributed randomly. The small sample communication processes not at present recognized.
of available mean redshifts is consistent with the
hypothesis that the clusters are located on a set of
concentric shells which possess a definite relation
Measurement of the Flux Density of Cas A at
between successive radii (Wilson, A. G., Proc. Nat.
Acad. Sci., 52, 1964). If this distribution is real, the 4080 Mc/sec. R. W. WILSON, A. A. PENZIAS, AKD
cosmological principle requires that apparent cluster D. C. HOGG, Bell Telephone Laboratories.-The 20. distribution should be on concentric shells for all ft-aperture horn reflector at the Crawford Hill Labequivalent observers (i.e., observers located in or oratory,, Holmdel, New Jersey, has been used to
near a cluster). The actual spatial locations of clusters measure the flux density of Cas A at 4080 Mc/sec.
must then be at the intersections of the several sets Some forty drift curve observations, each approxiof cluster-centered concentric shells. This requires mately forty minutes in duration, were made on five
structure in the angular distribution of cluster centers nights in September and October of 1964. An argon
noise tube was used for comparison in each observaas seen by equivalent observers.
The investigation of regular structure in the dis- tion. The night to night variation in the results was
tribution of clusters may be investigated further by less than ±0.3%.
The equivalent effective temperature contributed
combining the angular positions of clusters with the

Reprinted from
THE ASTRONOMICAL JOURNAL

VOLUME

70,

NUMBER

2

MARCH

1965

Abstracts of Papers Presented at the 117th Meeting of the American Astronomical
Society, held 28-31 December 1964 at Montreal, Canada

•

•

On Super-Organization Among Clusters of
Galaxies. A. G. WILSON, The Rand Corporation.The mean redshifts of clusters of galaxies do not
appear to be distributed randomly. The small sample
of available mean redshifts is consistent with the
hypothesis that the clusters are located on a set of
concentric shells which possess a definite relation
between successive radii (Wilson, A. G., Proc. Nat.
Acad. Sci., 52, 1964). If this distribution is real, the
cosmological principle requires that apparent cluster
distribution should be on concentric shells for all
equivalent observers (i.e., observers located in or
near a cluster) . The actual spatial locations of clusters
must then be at the intersections of the several sets
of cluster-centered concentric shells. This requires
structure in the angular distribution of cluster centers
as seen by equivalent observers.
The investigation of regular structure in the distribution of clusters may be investigated further by
combining the angular positions of clusters with the
mean redshifts to generate additional "quasi-redshifts" by triangulation. If a linear redshift-distance
relation and Euclidean space are assumed, the quasiredshifts may be derived by the ordinary raw of
cosines. If these assumptions are valid and if the
spatial distribution of clusters is regular the frequency
distribution of quasi-redshifts should be a ·set of
discrete peaks or resonances which represent the
allowable separations between clusters.
The frequency histograms of the quasi-redshifts
show a set of peaks distributed among a "noise"
background. Statistical tests show that over fifteen
of these resonances are not likely to be random
fluctuations, ( observed occurrence minus expected
occurrence>3u). It may be inferred that at least a
subset of clusters manifests structured distribution.
The noise may be due to breakdown of the Euclidean
and linear-redshift approximations, to the coexistence
of two or more independent organizations, and/or to
actual random distributions.
It is further found that the ratios of the values at
which some of the resonances occur are 3½, 2, St,
8t, 13½, suggesting the distance ratios which obtain
for closely packed spheres.
The unlikelihood of the occurrence of these peaks
and ratios in distances between clusters distributed in
a random uniform manner suggests either that some
form of super-organization exists among the clusters
or that we are observing the vestiges of a structure
whose angular and linear ratios have been preserved
under a uniform and isotropic expansion from a time'
when the universe was in a highly compact stage.
The latter hypothesis if physically consistent, ,vould
be corroborative of an oscillatory or other evolutionary model.
Alternatives to the vestige-hypothesis must account
for an organization extended over 109 parsecs, the
value bounding the separations of the clusters involved. It is difficult to explain such an extended
organization without the introduction of physical
communication processes not at present recognized.
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PREFACE
Accounts of 1964 activities in the Department of Geophysics and
Astronomy, together with estimates of future work, are listed by
RAND project number,
A list of 1964 publications is included at the end of this
document.
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(2052)
RPN 2052:

RADIOACTIVE FALLOlIT

DESCRIPTION :
The purpose of Project 2052 is to improve the techniques of
. predicting radioactive fallout Lazard and keep abreast of what is
being done in the field elsewhere.
PROJECT PERSONNEL:
R, R. Rapp, R. E. Huschke, L. C. Kern, C. Leovy, E. Rodriguez.
ACTIVITY AND RESULTS:
The major activity of the past year has been an attempt to
incorporate a fallout-prediction scheme into an existing simple
machine method for predicting the winds.

Leovy, with the assistance

of Kern and Rodriguez has programmed a simple two-layer quasi-geostrophic wind prediction scheme.

Rapp with the assistance of Rodriguez

has introduced a particle-tracing program into the wind-prediction
routine.

These routines have been written and debugged.

A method

for determining the fraction of the nuclear device at any location,
given the particle positions, has been devised by Rapp and Huschke
and will eventually be added to the progra~.

They are at present

preparing to put the weather situations chosen for QUICK COUNT into
this model.
Rapp has served as an advisor to the DASA fallout review panel, and
has consulted with fallout people from Lawrence Radiation Laboratory
and Planning Research Corporation.
beneficial.

These contacts have been mutually

-2(2052)
FUTURE WORK :

This year should see the completion of RAND's most advanced
fallout model.

With the joining of a wind prediction scheme to the

basic concepts of fallout models developed long ago at RAND, it is
hoped that the last deficiencies in the atmospheric transport phase
of the fallout problem can be removed.

Future gains will be expected

from a study of the rise and development of the atomic cloud and better
knowledge of the nature of the radioactive particles.

(Huschke, Rapp--1/2)

COMMITMENTS :

Although some major policy changes have relieved the pressure
of RAND's commitments to NORAD, the Air Weather Service still has a

•

major problem in providing fallout warning, and this department
hopes to assist them in updating their methods.
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RPN 2054:

GENERAL GEOPHYSICS

DESCRIPTION:
The project conducts basic and applied researcl1 in atmospheric
physics, meteorology, planetary and space physics, and earth physics.
It consists of both a series of continuing studies and various
short-term efforts to meet specific Air Force requests, and provides
aid on geophysical problems to other departments.
PROJECT PERSONNEL:
Staff:

D. Deirmenijian, R.H. Ball, S. M. Greenfield,

R. E. Huschke, A. B. Kahle, H.K. Kallmann-Bijl, W.W. Kellogg,
J. W. Kern, L. C. Kern, G. E. Kocher, M. Portl, R.R. Rapp,
G. F. Schilling, E. H. Vestine, A.G. Wilson.

•

Consultants:

N. Divine, J. R. Jokipii, A.H. Marcus, Y, Mintz .

ACTIVITY AND RESULTS:
Within the spirit of what this project constantly attempts to
do (i.e., provide the background knowledge and information in
geophysics enabling us to advance the state of the art and thus
better provide a consulting service to the rest of RAND), the __
following diverse activities have gone on:
L. C. Kern, M. Portl, and R.R. Rapp have continued the investigation of the utility of falling spheres in measuring density at
high altitudes.

A computer program that calculates the v~locity

of these spheres through various model atmospheres was used to
advise the weather support unit at the Pacific Missile Range
on an experiment, which was to determine whether the density
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fluctuation calculated from the observed rates of falling
spheres was real or a misinterpretation due to the manner
in which the spheres fall.
Mintz continued his study of methods of improving the numericalmodeling techniques for the cyclone-scale motions in our atmosphere.
Greenfield and Davis continued their investigations of balloons
for planetary exploration.

Davis made a study of the effect of

balloon fabric stresses, based on the conclusions reported in
R-421-JPL concerning the use of balloons in the study of the
atmosphere of Mars.

This work, as well as the principal results

of the previous study (with extensions), was reported at the

•

AFCRL Scientific Balloon Symposium held October 19--22 at

Portsmouth, New Hampshire, in two joint papers by Greenfield
and D&vis.
Divine took a computer program he had developed and adapted it
to analyze radiative heating in the Martian atmosphere so that
it can be used to provide inputs to Mintz' models of the
general circulation of Mars.
Marcus completed several reports on the accretion of particles
in interplanetary space and the statistics of lunar craters.
Jokipii considered effects of the impact of the solar-proton
wind upon the lunar atmosphere.

The effect apparently both

augments and depletes the gaseous envelope about the moon) and
limits the density of the lunar atmosphere to a small value.

-5(2054)

Schilling's work was concentrated on problems of the earth's
atmosphere that affect aerospace planning and operations.
In this connection he showed that by the application of standard
meteorological principles one could determine the limited
atmospheric regions where certain minor constituents like water
should or should not appear.

Applying his work to water vapor,

he showed that his technique did agree with the formation of
noctilucent clouds in the region of the atmosphere where they
normally appear.

In collaboration with L. C. Kern, he developed

a computer program for the construction of model atmospheres.
He also proposed the possibility that observations of lunar
eclipses might be utilized to infer the height of the mesopause
as a function of latitude.

He continued his work with NORAD on

the problem of predicting atmospheric densities.
Vestine, Ball, and J, W. Kern continued their work on the
geomagnetic field.

Observational results of surveys of the

geomagnetic field have been collected and analyzed.

Changes

with time in the general configuration of the geomagnetic field
have been examined.

The general field configuration both

above and below the surface of the earth, as affected by
internal forces, is being considered since the findings are of
assistance or interest in-connection with the navigation of aircraft and in studies of the Van Allen radiation belts.
Assistance was rendered in planning the present World Magnetic

-6(2054)

Survey at both the national and international level.

Some

results of these studies were discussed informally with
representatives of the Strategic Air Command.
Kallmann-Bijl continued her work on the determination of basic
physical properties of the upper atmosphere.

She is, as of the

year's end, on leave of absence as a Research Professor at
Utrecht University, Holland.
Kellogg finished his study on the pollution of the upper
atmosphere due to contaminants produced by rocket exhausts
(RM-3961-PR).

The Memorandum was submitted to and published

in the Space Science Reviews.

It was his conclusion that

dangerous pollutant levels would not be reached without an
increase of several orders of magnitude in our present rate of
rocket launching.
Wilson and Kocher continued their work on Project FLOSS HILDE
for NORAD.

Experiments were continued with the 48-inch and 18-

inch Schmidt telescopes on Palomar Mountain to determine the
optimum optical-photographic systems for observation of deep
space probes.

Kocher was added to the observational team and

was trained in the use of the Schmidt telescopes,

Observational

exercises were conducted whenever space probes were available to
photographic observations.

The list of successful observations

of probes was increased in 1964 with two photographs of Zond II,
the Soviet Mars probe.

These photographs were made by Kocher

on December 1st, with the 48-inch Schmidt.
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In addition to the above, a considerable effort was expended in
consulting with various other departments in RAND.

Most of such

consulting is very transitory and at most consists of several
man-days of effort at any one time.
following submission by Huschke:

(1)

Typical of such efforts is the
Provided advlce and data on

effect of clouds on visual post-attack dam3ge surveillance;
(2) particip~ted in planning sessions for study of hard-site postattack maintenance proble~s; (3) participated in planning sessions
for tactical air-warfare study; (4) evaluated Herman Roth's system of
"climatic diagrams".
FUTURE WORK:
Observational and laboratory work will be continued on Project
FLOSS HILDE toward proviJing NORAD with guidance on the best techniques
for optical observation of deep space probe.

(Wilson, Kocher--3/4)

Work will continue on the study of balloon physics in two specific
directions.

First will be the attempt to extend prior work on possible

balloon uses to include a consideration of using them on Venus and
Jupiter as well as Mars.

Second is the completion of a study already

started describing a new variable-altitude balloon system recently
conceived.

(Davis, Greenfield--3/4)

Work wi 11 be done on studies of the possibility of making eclipse
observations from manned spacecraft, and the usefulness of such observations in determining upper atmosphere characteristics.

(Schilling,

Moore--2)
In a continuation of the work in geomagnetism, aspects of the

motion of a charged particle in the geomagnetic field will be considered
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and studies of geomagnetic secular changes will be performed.
Assistance as required in the planning and coordination of the
present World Magnetic Survey will be continued, as will work on the
impact of the solar-proton wind on the lunar atmosphere.

(Vestine,

Ball--1/2)
Observational and theoretical studies in cosmology are planned
in the coming year.

These studies stem from the observational

findings under RSR-7086 that suggest structure in the distribution of
large-scale aggregates of matter.

Wilson has begun a program on the

100-inch telescope at Mount Wilson to measure the redshifts of
brightest galaxies in nearby clusters to check the structure

•

hypothesis.

Part of the work will be to develop cosmological models

that do not assume the uniformity principle, but allow for the
existence of discrete distribLtions of clusters and other aggregates.
It is also planned by Edelen to investigate the epistemological
properties of cosmological observables in a manner somewhat analogous
to that developed under quantum mechanics.

(Wilson, Kocher--1 1/4)

Specific meteorological and climatological studies will be
undertaken and consultant service will be provided to aid in
conducting RAND's multitude of studies of tactical warfare.

(Batten,

Huschke--1/2)
This project will continue to provide information, guidance and
data as needed to personnel of other departments.
personnel--1/2)

(All project
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COMMITMEl-i'TS :
Vestine has agreed to present an invited lecture covering
purely scientific observational aspects of the geomagnetic field at
the forthcoming NATO Conference on The Magnetic Fields of Celestial
Bodies, at Newcastle, EnGland, in early April.
Schilling (jointly with C. Gazley, Jr. and L. N. Rowell) has
promised completion of a report for NORAD presenting the principal
results of the satellite iecay and impact studies .

•
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RPN 2162:

ATMOSPHERIC RADIATION

DESCRIPTION:
Theoretical studies of the scattering, polarization and
absorption produced by electromagnetic radiation in the visible,
infrared, and microwave range, falling on finite particles and
atmospheres.
PROJECT PERSONNEL:
Staff:

D. Deirmendiian, J. L. Carlstedt.

Consultants:

T. W. Mullikin, Z. Sekera.

ACTIVITY AND RESULTS:
The results reported in R-422-PR on the scattering and
absorption properties of hydrometeors illuminated by microwaves in
the ~1-unn to ~10-cm ran 5e were used to investigate the atmosphere
of Venus.

It was shown that, assuming the existence of water

substance in this at~osphere, the observed microwave radiations from
the planet could be explained by an atmosphere of moderate surface
pressure of the order of 2 to 3 atmospheres, rather than the tens or
hundreds of atmospheres needed if water is excluded (see RM-4060-PR
and ICARUS,

l, 109, 1964). The existence of water vapor and ice

par~icles see~s to be borne out by J. Strong's recent infrared
spectrometry with balloon-borne instruments.
A shorter version of R-422-PR was delivered at the World
Conference on Radio Meteorology and prepared for publication in
Radio Science (see P-2914-1) .

•
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Active participation in the Leningrad Radiation Symposium
(August 1964) resulted in establishing contacts and evaluating the
Soviet scientific effort in this field (see D-129O7-PR).
The ability of pulsed laser-radar systems to detect and measure
high atmospheric dust iayers was briefly investigated and found to
be limited to detection only.

This result is reported in a letter

to the editor of J, Geophys. Res,

(to be published early 1965) and

discussed in the Aerosol Conference organized by the Army Electronics
Laboratory, Air Force Cambridge Research Laboratories and New York
University (October 1965).
.,_

Sekera and Mullikin collaborated in perfecting a machine
computation program that will yield certain functions and the
. a~tual intensities and polarizations produced by Rayleigh scattering
atmospheres of large optical depth.
FUTURE WORK:
The theoretical investigation of the scattering characteristics
of various types of particle aggregates will continue with a view to
a compilation.of the results under one cover.

Numerical results of

the Rayleigh atmosphere problem will be made available,

Further

studies in radiative transfer will continue with the assistance of
consultants.

(D. Deirmendjian, T. W. Mullikin, Z. Sekera--1 1/2)
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RPN 2250:

CLOUD PHYSICS AND WEATHER CONTROL

DESCRIPTION:
The long-range objective is to investigate the possibilities of
weather control.

The short-range goal is to take one step in this

direction by understanding both the fundamental, microscopic interactions of individual droplets and ice crystals in clouds, and the
mechanism by which the droplets coalesce to produce rain and snow.

PROJECT PERSONNEL:
Staff:

M. H. Davis, J. O. Fletcher, S. M. Greenfield, C. L. Olson.

Consultants:

A.H. Marcus, Y. Mintz.

ACTIVITY AND RESULTS:
A shortened version of RM-3860-PR, which gives the electro-

static theory of chaq~ed-droplet interaction, appeared i_n the
Quarterly Journal of Mechanics and Applied Mathematics.

Based on

this work 1 calculations were carried out that indicate that electrostatic forces may be of considerable importance in the early stages
of the precipitation process.

Preliminary results were reported at

the Cloud Physics meeting of the American Meteorological Society
held in Chicago, March 24--26, 1964.

(See P- 2885. )

Olson and Davis examined the mathematical basis for the
hydrodynamical equations used for cloud-droplet trajectory calculations.

Olson succeeded in reformulating the equations in a way

that promises to predict hydrodynamic forces for small clouddroplet separations with considerably more accuracy.
this work was awaLting publication at the year's end.

A report on
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Marcus began an examination of the statistical problem of how
droplet distributions interact and develop.
By numerical integration of the equations of atmospheric
motion, a preliminary study was made by Mintz of the effect of
removing the Arctic Sea ice on the energy budget and the circulation of the atmosphere over the globe.
Fletcher systematically investigated the heat budget and thermal
processes of the Arctic region.

The objective was to relate these

processes to the general circulation of the atmosphere and to
climatic change, in both the short term and the long tern.

FUTURE WORK:
Computations on the effect of electrostatic forces on small
droplet collisions, using Hocking's hydrodynamics, are nearly
complete and will be reported soon.

The collaborative work of

Mintz and Fletcher on the Arctic heat balance and its effect on
global atmospheric circulation will continue.

M. Warshaw--2)

(Davis, Fletcher,
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RPN 2342:

STRUCTURE AND DYNAMICS OF THE 20-120 km ATMOSPHERE

DESCRIPTION:
The purpose of this project is to improve the description and
understanding of the atmosphere between 20 and 120 km.

Specifically

the project includes studies of (1) the time and space distribution
of wind, temperature, pressure and density; (2) the energy balance;
and (3) the relationship between atmospheric motions and the photochemical and radioactive processes occurring in the upper atmosphere.
PROJECT PERSONNEL:

E. S. Batten, C. B. Leovy, R.R. Rapp.

ACTIVITY AND RESULTS:
Work charged to RPN-2054 at the beginning of last year was
continued and expanded under this new project.
Batten continued work on the seasonal and latitudinal variations
of winds and temperatures in the upper stratosphere.

In RM-4144-PR

the seasonal changes in the circulation and temperature patterns are
described.
In the last year new rocket observations were obtained from the
tropics.

These observations revealed some unexpected features of the

mesosphere.

Rapp and Batten evaluated the soundings and instrumenta-

tion to determine the validity of the measurements.

The observations

suggest changes in the current concept of the mesospheric temperature
structure.
A study to determine the extent to which observed features of
the temperature structure of the upper atmosphere can be explained
by radiative processes was started by Leovy.

Such knowledge is a

prerequisite for the understanding of atmospheric motions.

To date,
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a computer program for computing infrared fluxes and heating rates
due to the 9.6-micron band of ozone has been written and checked
out.

Although the results have not been satisfactory) the method

looks promising.

It is felt that a refined model will give

sufficiently accurate results.
Leavy also developed a model to determine the stability in a
nonrotating) isothermal atmosphere influenced by the interrelations
between chemical heating) absorption of solar radiation, and infrared
radiative transfer.

The results indicate that chemical heating may

produce rather rapid growth in the amplitude of disturbances formed
above 75 km and having time scales of a few hours or more.

Large-

amplitude irregularities observed in this region may be due to this
mechanism.

A possible relationship between atmospheric motions and

components of the airglow is also suggested by the results.

FUTURE WORK:
Since the number of observations is increasing rapidly, computer
methods of data processing will be developed.

Up-to-date summaries

of the data will be maintained and used to revise models of the
atmospheric structure.

(Batten) Rapp--3/4)

The model for calculating the 9.6-micron band's heating rate
will be improved and applied to the atmospheric region below 7 5 km.
An attempt will also be made to adapt the model to compute heating in
other bands,

The effects of chemical heating, absorption of solar

radiation and infrared radiative transfer on the stability of
specific types of atmospheric motion, such as the tides, will be
investigated.

(Leovy--1/2)
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(7065)
RPN 7065:

SPECIAL RELATIVITY IN A UNIFIED FIELD THEORY

DESCRIPTION:
This project is an attempt to determine the conditions under
which a gravitational field is invariant under a large-scale
Lorentz transfor~ation in a manner similar to the well-known
invariance of the electromagnetic field.

PROJECT PERSONNEL:
R. L. Kirkwood.

ACTIVITY AND RESULTS:
The Lorentz invariance of Newtonian gravitational fields has
been investigated previously (RM-3146-RC) for the case in which the

•

relative velocity of the two coordinate systems is much less than the
velocity of light.

More recent work on this project has been an

attempt to extend the earlier results to include more general
gravitational fields and arbitrary relative velocities of the
coordinate systems.

It has been shown that the type of invariance

investigated previously cannot be applied under these more general
conditions, and a more general type of invariance has been defined
and investigated in the hope of overcoming this difficulty.

FUTURE WORK:
It is hoped that the conditions for the existence of a largescale Lorentz transformation will provide a new and improved system
of gravitational field equations.

(Kirkwood--1 /2)

COMMITMENTS :

The results of the project will be reported as soon as meaningful conclusions are reached.
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RSR 7086:

GALACTIC SCALE DISCRETIZATION

This is the second and final year of this project} which is a
combined theoretical and observational investigation of discretization
phenomena among the large-scale aggregates of the universe, the
galaxies and clusters of galaxies.

(See D-11954-PR for additional

description).
PROJECT PERSONNEL:
Staff:

D. G. B. Edelen, A. G. Wilson, J. L. Carlstedt, L. C. Kern,
G. E. Kocher, H. Portl.

Consultants:

T. L. Page, T. Y. Thomas, G. de Vaucouleurs.

ACTIVITY Ai.~D RESULTS:

•

This two-year investigation has led to the discovery of several
observational relations of possible basic importance to cosmology.
The project has resulted in the development of a theoretical basis for
the morphology of elliptical and SO-type galaxies, including their
size discretization.

Observations have been secured that corroborate

several of the main features of the theory.

In addition, observational

evidence has been obtained suggesting the structured distribution of
clusters of galaxies.

No existing theoretical cosmologies account

for such structure, however.
Lectures on discretization phenomena were given at UCLA, the
University of Michigan, and at Hanburg by Edelen, who also slll!imarized
the work of RSR 7086 for the RAJrn Board of Trustees.

Wilson

presented invited lectures at the University of Texas, Indiana
University, and UCLA.

He also gave one of the Loyola Golden Jubilee

Science Lectures entitled "Physical Views on the Origin of the

•
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Universe."

Kocher assisted Wilson with the development of high-

contrast techniques for defining diameters of galaxies and assisted
with the observational transfer program at Palomar Observatory.
A conference on "Discrete Parameters in Cosmology 11 was organized
and held at RAND on June 29--30, 1964.

The proceedings of this

conference are in RM-4267-RC by Thornton Page.
FlITURE WORK:
The full report of the observational work on discretization is
yet to appear in RM-3771-RC.

The completion of this report must await

closure of the 48" Schmidt transfer-plate net.

The remaining plates

cannot be taken before April 1965.
Project RSR 7086 is to terminate with the completion of the
report on the observational transfer program.

(It is consequently

believed appropriate to list on the following pages the reports and
presentations associated with this project.)

It is planned to

follow through on the findings of this project with theoretical and
observational work under Project RAl.~D.
2054 summarizes this proposal.)

•

(A separate section under
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REPORTS AND PRESENTATIONS:

(7086)
ASSOCIATED WITH PROJECT 7086

Edelen, D. G. B.,. 11 Galactic Scale Discretization, 11 Astron, J,, Vol. 68,
No. 8, p. 535, October 1963 (Paper read before Amer. Astron. Soc.,
July 1963).
Edelen, D. G. B., "Relativistic Surface Dynamics of an Isolated
World Tube of Perfect Fluid," Proc. Nat. Acad. Sci,, Vol. 50, No. 3,
p. 469, September 1963.
Edelen, D, G. B., Possible Galactic Scale Discretization, The RAND
Corporation, RM-3941-RC, November 1963.
Edelen, D, G. B., "Deformations and Momentum-Energy Complexes, n
Arch. Rat. Mech. Anal., Vol. 16, p. 316: 1964
Edelen, D, G. B., Relativistic Galactic Morphologv I:
The RAND Corporation, RM-4017-RC, August 1964.

General Theory

Edelen, D. G. B., Galactic Morphology and Scale, The RAND Corporation~
P-3020, November 1964.
Edelen, D. G. B., and T. Y. Tr.omas, "Dynamics of Discontinuity Surfaces
in Genera 1 Relativity Theory, 11 J. Math, Anal. and Appl., Vol. 7,
No, 2, p. 247, 1963.
Page, Thornton (Comp.), Proceedings of the Conference on Discrete Parameters
in Cosmology, The RAND Corporation, fu~-4267-RC, August 1964.
Thomas, T, Y., "Outline Theory of the Universe/' Proc. Nat. Acad. Sci.,
Vol. 51, No. 5, p. 718, May 1964.
Thomas, T. Y., "Radial Discretization in Spherical Galaxies," Proc.
Nat, Acad. Sci., Vol, 52, No. 1, p. 1, July 1964.
Thomas, T. Y., Discretization in Galactic Structure and Cosmology,
The RAND Corporation, RM-3990-RC, July 1964.
Wilson, A, G,, 11Tentative Observational Confirmation of Discretization
in Galaxies,,'' Astron. J., Vol. 68, No. 8, p. 547, October 1963 (Paper
read before Amer. Astron. Soc., July 1963).
Wilson, A. G., "Discretization in EO Field Galaxies, 11 Astron. J.,
Vol. 69, No. 2, p. 153, March 1964 (Paper read before Amer. Astron.
Soc., December 1963).
Wilson, A, G., 11 Discretized Structure in the Distribut.1.on of
Clusters of Galaxies," Proc. Nat. Acad. Sci._, Vol. 52, No, 3.
pp. 847-854,. Septe~ber 1964.
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Wilson) A. G. J 11 0n Super-Organizations Among Clusters of Galaxies, 11
paper read before the American Astronomical Society, December 1964
(to be published).

Discretization is also cited in the following:
1.

Carnegie Institution of Washington Year Book 62, p. 44) 1962-1963.

2.

Transactions of the International Astronomical Union, XII General
Assembly. Draft Report) p. 362, June 1964.

3.

New Scientist, June 25, 1964.
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(7087)
RSR 7087:

SOLAR ECLIPSE EXPERIMENTS

DESCRIPTION:
Completion of report on a rhotographic photometry experiment
conducted aboard a DC-8 ai~craft during the total solar eclipse of
Ju~ 20, 1963.
PROJECT PERSONNEL:

G. Kocher

ACTIVITY AND RESULTS:
Microdensitometer tracings were made of the negatives obtained
during the eclipse flight.

A Memorandum, RM-4226-RC, Eclipse

Observations from a Jet Aircraft, presents the experimental results.
Some conclusions reached as a result of this experiment are that
(1) observations from an aircraft similar to that used are not only

feasible, but more desirable than ground-based observations, for
certain research programs, and (2) manual guiding of experimental
apparatus is satisfactory for many eclipse experiments.
Kocher was invited to the July 20 meeting of the Society of
Photographic Instrumentation Engineers (Los Angeles Chapter) to
participate in a panel discussion of the instrumental aspects of the
experiment.
FUTURE

WORK :

This project is now completed and no further activity is
contemplated under it.
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PROJECT RAND PUBLICATIONS -- 1964
Batten, E. S,, A Model of the Seasonal and Latitudinal Variation of
Zonal Winds and Temperatures in the Stratosphere Above 30 km,
The RAND Corporation, RM-4144-PR, June 1964.
Davis, M. H., Two Charged Spherical Conductors in a Uniform Electric
Field: Forces and Field Strength, The RAND Corporation,
RM-3860-PR, January 1964.
Davis, M. H., Electrostatic Forces and Cloud-Droplet Interaction, The
RAND Corporation, P-2885, March 1964.
Deimendjian, D., A Water-Cloud Interpretation of Venus' Microwave
Continuum, The RAND Corporation, RM-4060-PR, April 1964.

'

Deirmendjian, D., Random Notes -- Trip to Leningrad, August 1964, The RAND
Corporation, D(L)-12907-PR, October 1964.

•

Deirmendjian, D., Complete Scattering Parameters of Polydispersed
Hydrometeors in the~ O. 1 to\ 10 cm Range, The RAND Corporation,
P-2914-1, November 1964 .
Ernst, Barbara (Comp.), A Bibliography of RAND Publications on Fallout, The
RAND Corporation, RM-4276-PR, September 1964.
Fletcher, J. 0., The Study of NATO Strategy (U), The RAND Corporation,
D-12205-PR, March 10, 1964 (Secr.-et).
Jokipii, J. R., The Distribution of Gases in the Proto-Planetarv
Nebula, The RAND Corporation, RM-3977-PR, May 196+.
Kellogg, W.W., Pollution of the Upper Atmosphere by Rockets, The
RAND Corporation, RM-3961-PR, June 1964.
Kern, L. C., and G. F. Schilling, MODAT: A Computer Program for
the Construction of Nodel Atmospheres. The RA.i."m Corporation,
RM-4204-PR, July 1964.
Klappert, M. T.,. and G. F. Schilling, Selected Hygrometric Tables for
Low Temperatures and Pressures, The RAND Corporation, RM-4244-PR,
August 1964.
Kocher, G. E., Eclipse Observations From a Jet Aircraft, The RA.~D
Corporation, RM-4226-RC, July 1964.
Leovy, C., Simple Hodels of Thermally Driven Mesospheric Circulation,
The RAND Corporation, P-2847, January 1964.

-23-

•

Page, Thornton (Comp.), Proceedings of the Conference on Discrete
Parameters in Cosmologv (June 29--30. 1964). The RAND Corporation,
RM~4267-RC, September 1964.
Schilling, G. F., On the Limit of the Atmosphere and Space Sovereignty
fil, The RAND Corporation, D-12047-PR, January 17, 1964
(Confidential).
Schilling, G. F,, Forbidden Regions for the Fomation of Clouds in a
Planetary At~osphere, The RAND Corporation, R...~-4084-PR, April 1964.
Schilling, G, F., Theoretically Permissible Altitudes and Seasons for
the Occurrence of Clouds Near the Mesopause, The RAND Corporation,
P-2899, April 1964.
Schilling, G. F., Cormnents on "The Secular Increase of the World-Wide
Fine Particle Pollution", The RAND Corporation, P-2910, May 1964.
Schilling, G. F., Latitudinal Variation of Mesopause Height Inferred
From Eclipse Observations, The RAND Corporation, D-12473-PR,
May 26, 1964.

•

Schilling, G. F., Atmospheres of the Planets, The RAND Corporation,
P-2964, September 1964 .
Schilling, G. F., Latitudinal Variation of Mesopause Height Inferred
From Eclipse Observations, The RAND Corporation, RM-4321-PR,
October 1964.

q Schilling, G. F., On Predicting Upper Atmosphere Densities, The RAND
Corporation, D-12943-PR, October 12, 1964.
Staff, Reports of Operations in the Department of Planetary Sciences
for the Year 1963, The RA.i'l"D Corporation, D-ll954-PR, .January 13,
1964 •

•
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RSR.. 7068:

Galactic Scale Discrettmation

Description:

This · iS the second

and

final !tear of this project whic~

is a combined theoretical and observational~ investigation of
discretization phenomena among the large-scale aggregates of the
universe, tm · gala.~ies and dusters of galaxies.

{See D-11954-PR for

additional description).
Project Personnel:
'

'

'

The two principil investigators have been D.G.B. Edelen of the
Mathematics Department am!.. A •. G. Wilson· of the Department of Geophysics
-.

· and Ast-,;-onomy.

1n

.

'

In addition, the following personnel have participated

the proj,ect:

George E.Kocher, Louise Kern and.Marianne Portl of

the Depar_tment .?f Geophysics and Astronomy and Jim Carlstedt of the
Computer Sciences Department.

The consulting services of· T. L. Page,

T .. y. Thomas, ~ G. de Vaucouleurs . have beeil employed in the past year.
Activity and Res'ults:
In brie,f,. the project has res,ulted in the development of. a theoretical
. basis for the morphology of elliptical and .so type galaxies, including
,

their size discretization.

'

.,.

'

.,

Obsetvadons have been secured which corrobota.te

several of the main features of the theory.

In additionaobservational

eviclence has been obtained suggesting the structured distribution of
clusters· of· galaxies. ·No theoretical cosmologies exist at. present ·which
account for such structure, however.
The detailed results

of

the project are contained for the most part

in the .aµ papers listed in the follo~ing Published Discretization
Bibliography, which is complete thrrugh 1964.
The fijll report of the observational work on discretization is yet to appear
in RM-

'317/- RC.

'

The completion of this report must await closure of

the 48 11 Schmidt transfer-plate-net.
before April 1965.

The remaining plates cannot be taken

The publication of this report will complete

2

In ad_dition to the listed publications, several lectures on
.

.

.

.

.

.

discretization phenomena were given during the.year.
Edelen gave lectures at UCAA,. the University of Michigan., and
'

.

.

..

summarized. the work of RSR. 7068 for the RAND Board of Trustees.

He

presented a paper before Commission 28 of the I.A.U. in Hamburg.
Wilson presented invited lectures on observational evidence for
di.scretization at the University of Texas, Indiana University, and
UCLA

He also gave one of the Loyola Golden Jubilee ·Science. Lectures

entitted l!Physical Vfews on the
:origin of
.

th~

a paper to the, meeting of
.

.

the

Universe" and contributed'
.

A~r:f.can Astronomical Society.

: Kocher a~sisted Wilson i~itb the deve lop~nt of high contrast .
..

..

·~

.

.

.

'

techniques for ;d~~ini.ng diameters of galaxies and assisted ,vith · the
. observational tran~fer prog~am at Palomar Observatory.

He attended the .

I.A.U. meeting'in Hamburg!

A Conference·
.

'·

'.·

on

,iDiscrete Para.meters in Cosmology";{iwas organized ·
..

,

and held at RAND on .June 29•30,. 1964. ,The Proceedings of this :conference

are contained inRM.-4267-RC by Thornton Page.
Future Work:
Project RSR..;7068 is

to

be terminated l;ti::k ·with the co~~leti.~n of

the ob~ervational transfer: program and ~ G - . · The results of
this t·wo-year investigation have led to the discovery of several
observational relations of_possible basic importance to cosmology.· It
is planned to follow thrrugh on these findings ·with theoretical and
observational work under Project RAND.
this proposal).

(A separate mamo summarizes

Observational and theoretical studies in cosmology are planned
in the coming year.

These studies stem from the observational findings

under RSR-7086 that suggest structure in the distribution of largescale aggregates of matter.

Wilson has begun a program on the 100,:0,~·

·,

inch telescope at Mount Wilson to measure the red6hifts of brightest
A

galaxies in nearby clusters to check the structure hypothesis.

Part of

the work will be to develop cosmological models that do not assume the
uniformity principle: but allow for the existence of discrete distributions
of clusters and other aggregates.

It is also planned by Edelen to

investigate the epistemological properties of cosmological observables
in a manner somewhat analogous to that developed under quantum mechanics.

•

(Wilson: Kocher--1 1/4)
Specific meteorologi>cal
'\

undertaken and consultant
RAND's multitude of studies o
This project will con
data as needed to
personnel -- 1/2)

•

ogical studies will be
be provided to aid in conducting
(Batten: Huschke-- 1/2)
provide information: guidance and
(All project

For · 1,/--/ ·~ ·
RELATIVISTIC GALACTIC MORPHOlOG'l I :

GENERAL 'l'REORY

t!Jo~ ✓r'//-v✓¼

f

.· -,- ,.

.

.

;

?' . :

._

, .

.•

.

..

..

.

· The theory of Galactic Morphology described in this report could
prove to be! by far P...i\UD' s most significant ,;contribution to science, for

if substantiated, it could. alter the body of current fund.u.mentltl
.

·.

g~~, out
;

,_

cosmological theory. The theory of morphology

.

.

.

,

,

of mathemati~l ·

research involving Einstein's f:i.el~ equations of general relativity •.
.

'

,

.

1

'.'

· Results of. th~ theo,ry provide for the first

time

an ~JI:planation of

~ny of the optical morphological .• forms assumed by elliptical gflla:des.~
The theory further predicts that the ,diameters of such galrudes .are

~ccu/'in

not.• continuously dis;ribu~ed, but

discrete:sizes~ · ,

.. Indications of discrete distribution in sizes, oi: globular ·
galaxies had

been

obs~rved and

rep~r;ed

by ·another RlillD staff member,.

asti-onen.ter Af Wilson, in 1950 using the Mt~
.

.

.

.

.

-

.

w:tison

100.. inch reflector~

.

·-

.

Further
ob~ervatioris and.: measurement~
made
since
the :.theoretical
;.:.
..
·:.
.
'·.

I

.

. .

:

·,

-

.

"\'

.·.

.'_

·prediction:~f.discret.edistribu~ion; have led·to provisional~onfirmation of the- theory.
'

--,

:-

••

-

'

·-

·,·

.-

Additional Obf>ervations are currently being
--·

,<

· secured, in popes of making a definitive ·tcsl.:.

MEMORANDUM
TO:

S. M. Greenfield

MEMO NO: M-392

FROM:

A. G. Wilson

DATE:

SUBJECT:

RESEARCH IN COSMOLOGY UNDER PROJECT RAND

1-18-65

COPIES TO: D.G.B. Edelen, T. E. Harris, R. L. Kirkwood, G. E. Kocher
Two years ago project RSR-7068, "Galactic Scale Discretization," was
set up to investigate the indicated conformity of Edelen's theoretical
prediction of discretization with 1950-1952 diameter observations by
Wilson, upon which a prior report of observational evidence for "quantized
sizes of galaxies" was based. Work conducted under RSR-7068 has led to
provisicnal- but not definitive - observational confirmation of the
discretization hypothesis. The results are published in papers listed
in the attached bibliography or are to appear in RM-3771-RC, whose
publication awaits the completion of the transfer-plate program on
the 48-inch Schmidt.
·

In addition to the central research question of project RSR-7068 - the
geometrical discretization of elliptical galaxies - several important
by-products have developed. On the theoretical side these include a
theory of the optical morphology of elliptical galaxies (RM-4017-RC)
and of relatavistic averaging operators. On the observational side,
these include galaxy-diameter redshift relations (A.J., March 1964)
and a cluster redshift discretization (relation (PNAS, Sept. 1964).
These by-product findings are themselves of extreme interest and of
possible major cosmological significance. Accordingly, I would like to
recommend that follow-up research be authorized to investigate the
following matters:
1.

The evidence for structure in distributions of clusters of galaxies
and other aggregates.
a.

An observational program to observe the redshifts of
bright galaxies in nearby clusters. (B-spectrograph,
100-inch telescope, Mt. Wilson Observatory).

b.

Study of redshifts, quasi-redshifts, and angular
distributions of clusters, D-galaxies, and radio sources.

c.

Structure of clusters arrl galaxies.

2. Preparation of a 'Handbook of Cosmological Mode ls" g1.v1.ng the
relations between various observables which would be expected to
obtain in evolutionary, kinematic, and steady state models.

\ ..

TO:

3.

S. M. Greenfield
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M-392
1-18-65

Development of "non-uniform" cosmological mode ls.

4. Investigation of observables and the modifications they exhibit
under various degrees of resolution.
5,

Further development of invariant averaging operators.

6.

Investigation of the 100trizability of cosmic space.

7. Development and application of d:>servational techniques supportive
of the above.
Items 1) and 7) would be carried on by the Department of Geophysics
and Astronomy. Items 3), 4), 5), and 6) would be carried on in the
Department of Mathematics (Edelen and consultants). Item 2) would
--------=b=e~s=hared, Tll~rtncipal :jmrest:igatars uo<ler tbis project would be
Wilson and Edelen. Others participating would include Kocher and
Kirkwood. Page would be continued as a consultant. It is estimated
that Kocher would spend 1/4 time, Wilson 3/4 time, and Kirkwood
consultative tiioo.
A detailed budget estimate including computer and other supportive

costs will be worked out contingent on the approval of this proposal.
The growing interest in relatavistic aid cosmological studies by the
Air Force (Wright Field Group), the recognition of the importance
of new effects, new forces, and new fundamental relationships in
astrophysics and physics by the military and NASA (see enclosure)
all suggest this research proposal may legitimately be considered
proper for Project RAND.

A. G. Wilson
AGW:cs
Encls.

PUBLISHED DISCRETIZATION BIBLIOGRAPHY (THROUGH 1964)
1.

D. G. B. Edelen and T, Y. Thomas
Dynamics of Discontinuity Surfaces in General Relativity Theory
Journal of Math. Anal. and Appl. vo. 7, No. 2, p. 247, 1963.

?·

D. G. B. Edelen
Relativistic Surface Dynamics of an Isolated World Tube of Perfect
Fluid, Proc. N,A.S. vol. 50, No. 3, p. 469, Sept. 1963,

3.

D. G, B, Edelen
Galactic Scale Discretization
Astron. J. Vol. 68, No. 8, p. 535, Oct. 1963
(Paper read before Amer. Astron. Soc. July 1963)

4.

A, G. Wilson
Tentative Observational Confirmation of Discretization in Galaxies
Astron. J. Vol. 68, No. 8, p. 547, Oct. 1963
(Paper read before Amer. Astron. Soc. Jul~. 1963)

5.

D. G. B. Edelen
Possible Galactic Scale Discretization
RAND Corporation RM-3941-RC Nov. 1963

6.

A.G. Wilson
Discretization in EO Field Galaxies
Astro·n. J. Vol. 69, No. 2, p. 153, March 1964
(Paper read before Amer. Astron. Soc. Dec. 1963)

7.

T. Y. Thomas
Outline Theory of the Universe
Proc. N,A,S. Vol. 51, No. 5, p. 718, May 1964

8.

T. Y. Thomas
Radial Discretization in Spherical Galaxies
Proc. N.A.S. Vol. 52, No. 1, p. 1, July 1964

9.

T. Y. Thomas
Discretization in Galactic Structure and Cosmology
RAND Corporation RM-3990-RC July 1964

10.

D. G. B. Edelen
Deformations and Momentum-Energy Complexes
Arch. Rat. Mech. Anal. 16, p. 316, 1964

11.

D. G. B. Edelen
Relativistic Galactic Morphology - I;
RAND Corporation RM-4017-RC Aug. 1964

General Theory

12.

T. L. Page
Proceedings of the Conference on Discrete Parameters in Cosmology
RAND Corporation RM-4267-RC Aug. 1964

13.

A, G. Wilson
Discretized Structure in the Distribution of Clusters of Galaxies
RAND Corporation RM-4263-RC Aug. 1964
Proc. Nat. Acad. Sci. Vol. 52, No. 3, pp. 847-854, Sept. 1964

14.

15.

D, G. B. Edelen
.Galactic Morphology and Scale
RAND Corporation P-3020, November 1964
A.G. Wilson
On Super-Organizations Among Clusters of Galaxies

A. J.
(Paper read before American Astronomical Society, Dec. 1964)

Discretization is also cited in the following.
1.

Carnegie Institution of Washington Year Book 62, p. 44, 1962-1963.

2.

Transactions of the International Astronomical Union, XII General
Assembly. Draft Report p. 362, June 1964.

3.

New Scientist,
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Recommendations

Aware of the parallel criteria of scientific and intellectual importance and of significance to the national interest, the Board summariz~r
its re~endations on the primary national objectives in the field of
space science for the 1971-1985 period as follows:
l.

Exploration of the _pJ_a_n_1•ts with particular emphasis on Mars
(a) This objective includes both physical and biological investigations, and especially the search for extraterrestrial life.
(b) The experimentation should be carried out largely by unmnnned
vehicles while the solution of difficult biomedical and bioengineering
problems proceeds at a measured pace so that toward the end of this
epoch (1985) we shall be ready for manned planetary exploration.

•

(c) Alternatives to the Mars and planetary exploration eoal -- (i)
extensive manned lunar exploration including lunar base construction
and (ii) major manned orbiting space station and laboratory program
-- are not viewed as the primary goal because they have less scientific significance though boFh have sufficient merit to warrant
smaller programs •

2.

An enhanced effort in basic astrophysical research aimed toward a
better insight i~to the fundamental nature of matter and energy
Particular attention should be paid to observations in the far ultraviolet and long radio wavelengths and in the x-ray and gamma-ray
wavelengths because fundamental relationships might be discovered
between the physics of the very large (relativity) and the physics
of the very small (elementary particles). Also attempts co observe
gravitational radiation should be supported and encouraged.

3.

Continuing purs~it of other nhysical and astronomical, and biological investigations on a broad scientific fr6nt usin~ sounding
rockets, earth satellites, space probes, lunar orbiters and lunar
landers

4.

Continuing ~evelop~~nt of cechn:.cal applications of space technology
in the fields of co:nm,.mication 1 meteo_rologv, geocesv and navigation
(a) Such work should be concer,traced on basic technolog:.cal. development anc on engineer:.ng demo~strationsJ but

•

(b) routine _operatio~al use of space oystems i~ these fields should
generally not be undertaken by NASA; instead, it should be sssignec
to_ 'the appropriace operating 6gency of the governa:.ent or J as feasible,

to private corporations •
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On Super-Organization Among Clusters of
Galaxies. A. G. \\TILSON, Tlzc Rand Corporation.The mean redshifts of clusters of galaxies do not
appear to be distribut~d randomly. The sma~ sample·:
of available mean redshifts is · consistent with the
hypothesis that the clusters~ are located on a set of
concentric shells which · possess a definite relation· _
between successive radii (\Vilson, A. G.; Proc. Nat. :
Acad. Sci., 52, 1964): If this ·distribution is real, the
cosmological principle requires that apparent cluster
distribution should be on . concentric· shells for all
equivalent observers ( i.e., observers located in or ·
near a cluster). The actual spatial locations of clusters
must then be at the intersections of the several sets
of cluster-centered concentric shells. This requires
structure in the angular distribution of cluster centers
as seen by equivalent observers.
The investigation of regular structure in the dis~
tribution of clusters may be invistigated further by
combining the angular positions of clusters with the ,
mean redshifts to generate additional "quasi-redshifts" by triangulation. If a linear redship-distance .
relation and Euclidean space are assumed, the qu~redshifts may be derived by the ordinary lawr of
cosines. If these ass!1mptions are valid and if the .
spatial distribution of clusters is regular the frequency
distribution of quasi-redshifts should be a set of
discrete peaks or resonances which represent the
aHowabl}.,.s,<;P,~~a!io~1s between clusters. __..,,,.._}he •
The ~ew'h1stograms of ~1as1-redsh1fts
show{"a set of peaks distributed among a "noise"
background. Statistical tests show that over fifteen
of these resonances are not likely to be random .
fluctuations, ( observed occurrence minus expected ·
occurrence>3cr). It may be inferred that at least a ._
subset of clusters manifests structured distribution.
The noise may be due to breakdown of the Euclidean '.
and linear-redshift approximations, to the coexistence .
of two or more independent organizations, and/or to ,
actual random distributions.
It is further· found that the ratios of the values at
which some of the resonances occur are 3¼, 2, 5¼,
8½, 13!, suggesting the distance ratios which obtain
for closely packed spheres.
The unlikelihood of the occurrence of these peaks
and ratios in distances between clusters distributed in
a random uniform manner suggests either that some
form of super-organization exists among the clusters .
or that we are observing the vestiges of a structure .
whose angular and linear ratios have been preserved ·
under a uniform and isotropic expansion from a time ,
when the universe was in a highly compact stage. _
The latter hypothesis if physically consistent, would
he corroborative ·of an oscillatory or other evolutionary model.
Alternatives to the vestige-hypothesis mu~t account ___..par5 cc s
for an organization extended over 1
the value
_
bounding the separations of the clusters involved.
,
· 'It is difficult to explain such an extended organization without the introduction of physical communication processes not at present recognized ..

O;, ,

MEMORANDUM

S. M. Greenfield

DATE:

FROM:

A. G. Wilson

MEMC NO,:

SUBJECT:

GOALS AND OUTLINE OF THE RESEARCH PROJECT ON COSMIC STRUCTURE

3-3-65
M-1454

COPIES TC:

The observational work which was ·initiated under RSR-7086 did not result
in definitive confirmation of the primacy hypothesis being tested but
did lead to other ve:cy interesting results which suggest the existence
of unsuspected regularities in the distribution of the clusters of
galaxies. The existence of regular structure on a cosmic scale has
most important implications not only to cosmology but to physics.
This is primarily because such structure furnishes clues to the
properties of hypothesized cosmic scale repulsion forces. Because
of the importance of the possible existence of structure, the Observatory
Committee of the Mt. Wilson and Palomar Observatories, on the endorsement
of Dr. Allan Sandage, has allotted me monthly time on the 100-inch
telescope to measure the redshifts of objects in representative clusters·
to be used to investigate structured distribution.
The current research project on cosmic structure has two observational
phases:
1.

Measurement of redshifts of cluster objects with the B spectrograph
of the 100 11 telescope (dispersion 350 Angstroms/mm).

2,

Galaxy cot.mts on 48-inch Schmidt plates for cluster size, population,
and position.

The following specific problems are at pres~nt being analyzed:
1.

The differences in the distribution of the clusters and the cosmic
radio sources, including the unexplained anomalies in the radio
source counts.

2.

The resonances in the quasi-redshift and cluster angle distributions.

3.

The dependence on structure on the (l+z ) parameter. The possibility
exists of differentiating between evolutionary and steady state
models on the basis of the value of the index ct.

4,

Description of too redshift and angular regularities as complete as is
possible with available data. The eventual goal is the synthesis
of the exact inter-cluster structur~l relations.

ct

.

Whereas the emphasis may shift from these specific questions to others as
the data accumulates, the fundamental importance of exhibiting any and all
forms of structure which may exist in aggregates of matter is unquestioned.
The current recommendation of the Space Science Board to NASA (Nov. 1964)
urges, "An enhanced effort in basic astrophysical research aimed toward
a better insight into the fundamental nature of matter and energz~ II The

To:

S. M. Greenfield

-2-
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M-1454

relativity research group at Wright Air Force Base has repeatedly
expressed interest in cosmological problems and recognizes the
scientific significance in efforts.in this area. It is also of
interest in this connection to reference the remarks of Alexei Kosygin,
then Vice Chairman of the Council of Ministers of the USSR, in his
remarks to the Tenth General Assembly of the International Astronomical
Union gathered in Moscow in August 1958. In talking of the gools of
Soviet science, he said "Soviet astronomers are keenly searching for
hitherto unknown cosmic forces and new fundamental concepts which
might suddently,emerge from research in astrophysics and space."
(p. 12, P-1801, The RAND Corp., Sept. 1959).
The remote distances to the particular objects which are the subjects
of this research investigation - the galaxies and .clusters of galaxies must not lead us to assume that knowledge of their structures and
properties is ~ f remote significance to the mainstream of our nation's
position in science.

A. G. Wilson

AGW:cs

D No·

•

D-14379-PR-RC
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Contract No·
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Task Order No'-·_ _ _ _ __

ANNUAL PROGRESS REPORT OF THE DEPARTMENT OF GEOPHYSICS AND ASTRONOMY
Staff, Department of Geophysics and Astronomy
14 January 1966

For RAND Use Only
DO NOT QUOTE OR CITE IN EXTERNAL RAND PUBLICATIONS OR CORRESPONDENCE
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PREFACE
Accounts of 1965 activities in the Department of Geophysics and
Astronomy, together with estimates of future work, are listed by
RAND project number.
A list of 1965 publications is included at the end of this
document.
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RPN 3380:

3380

ASTRONOMY

DESCRIPTION:
Project 3380 consists of basic research projects of an astronomical
nature and of astronomical activities supporting current Air Force
interests.
PROJECT PERSONNEL:
Staff:

A.G. Wilson) G. E. Kocher) M. Portl; and S. Dole (Aero)J

R. Mobley (CSD).
Consultants:

T. Page) G. de Vaucouleurs.

ACTIVITY AND RESULTS:
(1) Using the 48-inch and 18-inch Schmidt telescopes on Palomar
Mountain) Wilson and Kocher have continued Project FlosshildeJ the
photographing of Soviet and U.S. deep-space probes to evaluate the
effectiveness of optical techniques for the tracking of distant spacecraft.

During 1965) six field exercies

were held.

Kocher succeeded

in obtaining a series of four plates of Luna VII at a distance of
170)000 km on October 5.

This project is coordinated through NORAD

Headquarters at Ent Air Force Base.
(2) Of importance to projects such as Flosshilde· is the development of automatic means of reducing plate positions and angular velocities of moving objects.

Kocher) with the assistance of Mobley)

adapted the Bell Telephone Laboratory Star Chart program for use with
Rand's IBM 7044.

This adaptation) which renders the program of general

use) will be made available to some 25 other users on a tape-exchange
basis.

The program tabulates all catalogue stars and their positions

to very high accuracy in a given field of view.

It produces a graphic

output) which allows ready identification from photographs.
(3) Wilson has continued studies of galactic morphology and
cosmic structure.

With the assistance of PortlJ programs for analyzing

the distributions of nearby galaxy clusters and radio sources have been
developed.

Redshifts) quasi-redshifts and angular separations have

been derived and examined for evidence of structure.

A method of viewing

the spatial distribution of cosmic objects) as projected on any given
plane) has been worked out using the SC4020 plotter.

First results of

the structure investigation were published in the Astronomical Journal)
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Vol. 70, March 1965, p. 150.
(4) Wilson with Page (and G. C. Omer, a visiting professor at
UCLA) studied the distribution of galaxies in the Coma Cluster through
counts made on 48-inch Schmidt plates.

The results were published in

the Astronomical Journal, Vol. 70, August 1965, p. 440.
(5) Wilson received an appointment as guest investigator at the
Mt. Wilson and Palomar Observatories for 1965.

He initiated a series

of observations of the spectra of the brightest galaxies in nearby
clusters with the B-spectrograph on the 100-inch for purposes of
studying the spatial distributions of clusters in the local metagalaxy.
Twenty-seven plates were secured during the first year (1965).
(6) Wilson and Kocher, in cooperation with CSD, have helped
develop designs for adapting the RAND Tablet for projection inputs.
Hardware is now being contructed that will allow photo plates to be
focused directly on the tablet and photo-data inputs to be made
directly to the computer.

Portl has programmed the 7044 to give

digital outputs which characterize the graphic inputs.

This program

is of importance in establishing suitable techniques for the study of
galactic morphology and astronomical photographs in general.

(See

Memo M-8069, Wilson and Kocher; and D-13599-PR, Wilson.)
(7) Dole has continued his computer simulation experiments on
planetary formation through accretion of particulate matter within a
cloud of dust and gas surrounding the newly-formed sun.
The present program consists of an attempt to test the validity
of one version of this hypothesis through use of a computerized Monte
Carlo technique.

In the model being used, nuclei are "injected" into

the cloud one at a time on elliptical orbits.

The dimensions of the

semi-major axis and the eccentricity of the orbit of each nucleus are
generated by using random numbers.

As nuclei orbit within the cloud,

they grow by accretion and gradually sweep out dust-free annular lanes.
If they grow larger than a specified critical mass, they can begin to
accumulate gas from the cloud as we 11.

If the orbit of a planet comes

within a certain interaction distance from a planet formed earlier,
the two bodies coalesce in accordance with a few simple rules to form
a single, more massive planet, which may then continue to grow by
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The process of nucleus injection is continued until all the

dust has been swept from the system.

At this point the run is terminated

and the machine output displays the masses and orbital parameters of
the planets remaining in the final configuration.
Each planetary system produced by .using a different random number
sequence is unique.

However, all systems so produced share the major

regular features of our solar system.

The orbital spacings have

patterns of regularity suggestive of "Bode's law."

The innermost

planets are small rocky bodies; the midrange planets are large gassy
bodies; the outermost planets are generally small.
The general pattern of planetary mass distribution is similar
to that in our solar system with masses ranging from smaller than
Mercury's to larger than Jupiter's; orbital eccentricities are of the
same order as those found in our solar system.

Typical systems contain

8 to 13 planets.
The effects of changing various input parameters have been studied

•

and will continue to be studied in the coming year.
can be changed readily include:

Parameters that

the density distribution in the original

cloud (a function of distance from the center of mass); the critical
mass (a function of periastron distance); the gas-to-dust ratio in the
cloud; the growth pattern of gas giants; the planetary interaction
radius (a function of mass); the orbital eccentricity probability
function.
No publications relating to this program have yet been produced
because it is desired to explore further the effects of varying input
parameters and to obtain improved models.

Preliminary results, how-

ever, indicate that the model based on the accretion hypothesis is
compatible with the main features of the solar system.
FUTURE WORK:
(1) Project Flosshilde will be continued through 1966 in cooperation
with NORAD, Mt. Wilson and Palomar Observatories, and JPL.
(2) Further development of the scope of Star Chart is planned by
Kocher (1/4).

The program will be made more useful by including

parallax and radial velocity information on all catalogue stars for
which these data are available.

Also, orbital data on visual binaries,

..
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NGC data} and Bright Galaxy Catalogue data will be included.
(3) Continuation of analysis of galaxy and cosmic structure with
RAND computer-graphic equipment.

Wilson (1/10)

(4) Dole plans continued study of the accretion hypothesis along
lines elaborated under (7).
ADDITIONAL PUBLICATIONS:
(1) Kocher:

(not referenced above)

Observations of the December 18, 1964 Lunar Eclipse,

D-13426~PR.
(2) Wilson and Kocher:

Earth-Based, Moon-Based, and Space-Based

Astronomical Observatories, D-13730-PR.
(3) Wilson:

Physical Views on the Origin of the Universe, P-3247-PR.

(4) Wilson:

Olbers' Paradox and Cosmology, P-3256-PR.

COMMITMENTS:
None.
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RPN 7065:

7065

LORENTZ INVARIANCE IN A GRAVITATIONAL FIELD

DESCRIPTION:
The object of this project is to investigate the possibility of
introducing a large-scale Lorentz transformation into the gravitational
field so that the principle of special relativity can be applied to the
entire gravitational field.

PROJECT PERSONNEL:
R. L. Kirkwood.

ACTIVITY AND RESULTS:
A detailed analysis has been made of the infinitesimal Lorentz
transformation, in which the relative velocity of the two coordinate
systems is much less than the velocity of light.

The results suggest

that the analysis should be carried out for an arbitrary relative velocity, and this analysis has been partially carried out and will be reported

•

in a forthcoming document, "Lorentz Invariance in a Gravitational Field,"
by R. L. Kirkwood •

FUTURE WORK:
It was hoped that this analysis could be compl~ted and augmented
by a physical investigation of the relative rotation of the two systems
of coordinates, but these will be delayed by the shortage of funds.

COMMITMENTS:
None.
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PROJECT RAND PUBLICATIONS, 1965
R-444

"The Heat Budget of the Arctic Basin and Its Relatio.1 to
Climate" J. 0. Fletcher, RPN 3250

RM-4458

"Positive Stable Laws and the Mass Distribution of Planetesimals" A.H. Marcus, RPN 3054

RM--4480

"Weather Factors in Air-to-Surface Missile Operations"
S. M. Greenfield, W.W. Kellogg, and R.R. Rapp, RPN 3300

RM-4557

"Eclipse Observations from Orbiting Spacecraft" R. C. Moore
and G. F. Schilling, RPN 3054

RM-4619

"On the Prediction of Satellite Orbit-Decay and Impact"
C. Gazley, Jr., L. N. Rowell, and G. F. Schilling, RPN 3054
(also 3006, 3227)

RM-4681

"A Stochastic Model of the Formation and Survival of Lunar

Craters II. Approximate Distribution of Diameter of all
Observable Craters" A.H. Marcus, RPN 3054
RM-4682

•

Craters, III. Filling and Disappearance of Craters"
A.H. Marcus, RPN 3054
RM-4715

"Elaboration of Hocking's Hydrodynamic Theory" C. L. Olson,
RPN 3250

RM-4747

"Numerical Estimates of Luminance and Total Brightness of
the Terrestrial Halo" R. C. Moore and G. F. Schilling,
RPN 3054
,

RM-4818

"Photochemical Destabilization of Gravity Waves Near the
Mesopause" C. B. Leavy, RPN 3342

RM-4846

''Multiple Scattering in Homogeneous Plane-Parallel Atmospheres" T. W. Mullikin, RPN 3162

V P-3088

-

"A Stochastic Model of the Formation and Survival of Lunar

"The Coma Cluster of Galaxies, I: Size and Structure"
G. C. Omer, Jr., T. L. Page, and A.G. Wilson, RPN 3380

P-3099

"The Effect of Electric Charges and Fields on the Collisions
of Very Small Drops" M. H. Davis, RPN 3250

P-3105

"Some Economic Aspects of Weather Modification" R.R. Rapp,
RPN 3250

P-3130

"Eclipse Observations from the Moon and Cislunar Space"
G. F. Schilling and R. C. Moore, RPN 3054

P-3145

"The Difference Between Weather Forecasters and Weather
Advisors" R.R. Rapp, RPN 3054

P-3208

"The Influence of the Arctic Pack Ice on Climate" J. O.
Fletcher, RPN 3250

P-3232

"On the Apparent Brightness of the Earth I s Halo" R. C.
Moore and G. F. Schilling, RPN 3054
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P-3234

"Predicting the State of the Upper Atmosphere" G. F. Schilling,
RPN 3054

P-3245

"Comments on the Detection of Water and Ice Clouds on Venus"
D. Deirmendjian, RPN 3162

,,,.,, P-3247

"Physical Views on the Origin of the Universe" A.G. Wilson,
RPN 3380

P-3250

v P-3256

•

V

vY

"Climate and the Heat Budget of the Central Arctic" J. O.
Fletcher, RPN 3250
"Olbers' Paradox and Cosmology" A.G. Wilson, RPN 3380

P-3270

"A Survey of Magnetic Stonns" E. H. Vestine, RPN 3054

P-3282

"On the Scattering of Sunlight into Planetary Shadow Cones"
R. C. Moore and G. F. Schilling, RPN 3054

D-13274

"The Effective Power of Tin Planck's Radiation Law" M. H.
Davis, RPN 3054

D-13420

"Photoelectronic Devices" G. E. Kocher, RPN 3054

D-13426

"Observations of the December 18, 1964 Lunar Eclipse" G. E.
Kocher, RPN 3054

D-13599

"Digitized Data from Astronomical Photographs" A.G. Wilson,
RPN 3380

D-13690

"Climatology for War Games" R.R. Rapp, RPN 3054

D-13730

"Earth-Based, Moon-Based, and Space-Based Astronomical
Observatories" A.G. Wilson and G. E. Kocher, RPN 3380

D-13775

"Weight and Volume Estimates of Astronomical Equipment for
an Observatory on the Moon" G. F. Schilling, R. C. Moore,
and G. E. Kocher, RPN 3054

D-13809

"Some Thoughts on the Needs of a Military Weather-Satellite
System" Y. H. Katz, RPN 3054

D-13970

"Highlights of Weather Around Hanoi, Djambi, Palembang, and
Kupang" C. Schutz, RPN 3054

D-14012

"The Satellites of Mars -- What are they Like?" V. A.
Bronshten (J. 0. Fletcher), tr. R. Olenicoff, RPN 3054

D-14091

"Diameter Distribution of Martian Craters:
Analysis" A.H. Marcus, RPN 3054

D-14192

"Standard Unit of Illumination for Lunar and Planetary
Research" R. C. Moore and G. F. Schilling, RPN 3054

D-14278

"Trip Notes--Notes on a So-called 'International Symposium
on Electromagnetic Sensing of the Earth from Satellites'
held in the Deauville Hotel, Miami Beach, Florida,
November 22-24, 1965" D. Deirmendjian, RPN 3162

Preliminary

D(L)-14170

"Connnents on General War Notebook" J. 0. Fletcher, RPN 3000

D(L)-14171

"Trip Report: XVI Astronautical Congress, Athens, and
International Symposium on Weather Prediction, Vienna,
September 1965 11 G. F. Schilling, RPN 3054
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.PP.ESEHT STATUS. OF 'WORK on "OBSERVATI0!UL .INVESTIGATIONS OF
MORPHOLOGY. i'J:ID DIAMETER DISCEETlZATIONtt

cALAXY '

To. d3te; the diameters. of t•stellari~kd. images''* of gala,;:ies in
iaight different: clusters have been measured by tai':rometric , ·.
techniques. :_-The •distri,butions;of- the_ am~jor axe~··-of_ . . these
gala~ies show multi;,.mpdal "distributions. iJhich are highly ·
improbable if generated by random nult mec~fsms. Because of~-•
an unc;~rtainty in the photometric' calibrations of the plates
_ it.is not possibl~ tocombir..e the datalnto a single·-sample_ · -withou~ introducing some' u~knov1n sy.&tematic et;rors. S?me
. ·.
· calibrationjilates have b~e~ taken and.additional plates vaill
· .be· ta'.Ken to. estimate·
this
·errr;ri:<
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It. is f ;ziir to say
this
thi:t.t some sort of .0 discretb:at ion°
a,ppea.rs ~o exist
the sizes <?£ eluster.g~laxies. It ca~not be
asserted~· ho~e1rnr. that this distribution conforms to the Edelen .
diset·etization aequence. ·.. Shat-per. calibration is necessary before

tn

·. ~he \ju(?+ 1)

hYpoth(:$-iS can be tested.•

·

·

·

.;n ad~itio~ to ea;ibrcl ti~n

~tudi~s, .a new method of diametter
measuring is being'develope~ using computer :graphicg. It is
hop~d to get an ind.ependent:: set of values as ·soon as 'the ·:
proj~cticin mechanism £or the RAND tablet..is· completed.
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Stellarizedgalaxy images are obtained by successive printing
on· very high contrast emulsions. By means of two or three iteratiros
it,is·possible to sharpen isophotic·eontours sufficiently to provide
an operationally defined. gala~ty diam.eter which can be .measured with

very good_internal consistency •
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stellar material, were ere·•
Using the data, Dr. Thomas the
"continuous creation"
ated.
·
applied field equations of Al- theory. For one thing the "big
This process is continuing. bert Einstein, to develop his bang" theory would limit the
_
.
Eventually, however, the uni- theory. One of Dr. Thomas' age of the universe to about
By RAY BRUNER
verse must decay. It will re- purposes was to provide pos- 6.5 billion years. There are
Blad• Scienc• Editor
~urn to a state· resembling its sible explanation of a _number many i_ndicatlons that the uniFor a tremendous period of 1 n er t and unstructured be- .of current observat10ns of verse 1s much- older. . .
··
time our universe existed in- ginning.
.
astronomers which have not Quasar Speculation
ert and unstructured, "devoid This new !heory of cr:eati?n been adequat~ly explained by Astronomers have also run·
of ponderable matter."
was presen.ed today m tne pres~nt theories.
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·v~st gravitational waves _oc- b.), Dr. Tracy Y. Thorr:as, pro- are .he brg bang th eory, quasars, or recently observed
curred, analogous to shock f':ssor of_ m~themat_1cs, In- _develope~ by Abbe (?eor&es quasistellar radio sources,
waves iri a gas. As these d1ana Umvers1~y. It 1s based ;E. Lema~tre of t~e Umvers1ty which are immense sources
\vaves traveled th;rough space, on a substantial volume of ;of Louvam, Belgmm, an4 Dr. of ene~gy about. 3 billion or
I they eventually converged, d~ta assembled by Dr. A. G. 1~eorge _Gamow of the Unrver- more hght years away. , . ! and again spread out, only to Wilson of . the R".'nd .,9?rp., :s1ty of Colo:ado, and _the Dr. Thomas suggested that
i converge again.
Santa Momca, Calif.
. theory of contmuous creation, the quasars may be in a re:
: Tl
h
b
t 1 t The data are based 0n. est1- expounded by Dr. Thomas gion far out in space where
1
a ti er~ avel ~enl a ~~. mates of the size of galaxies (;old, professor of astronomy, gravitational waves ~a:y be
!,, 1reeh. ~ost{:: 0 ~gica edpocT!s such as our own Milky Way, .Cornell University; Dr. Fred converging to produce new
11 w ic
1 e and measurements of the red Hoyle
is appene ·
University of Camtt · ·
'
·
!,~i'process
may have begun 20 h'ft ·
t
•
- b .
'
. .
ma er.
•
.
h
s 1 m spec roscop1c ana1ys1s ridge mathematician, and
It is reasonable to expect
1,, 1-r·
y~ar~ ?-got' or per aps of light from. g. alaxie.s that .·are Dr. Herman Bo. ndi_, · Univer- that his theory like the two
t, ,ar'l;'n
-1 er ac m ime.
· · tra':'eling away from us at a sity of London.
others will be' a subject of
epoch, atoms of rapid rate.
·..
c t t p ·
·t· ·' · d.
,1 Intt each
th t'
k
th
_ -----------'·--• _ "'.-"·
- :--·- ons an . rocess
en 1~1~!;1 a~ controver:sy.
I a er '.'1 ma e _up e pres
Accordmg to the G o 1 d- Cr1hc1sm 1s customarily ex- ,
, ent galaxies, stars, a nd mter.
·. , ·
Hoyle-Bondi theory the ma- pected when a new theory
terial· of the universe is con- such as his is published. The
tinually being created and de- history of astronomy is restroyed. This process evident- plete with theories that ihave
ly has gone on endlessly ;md ~een born and_ have died. This
will continue.
·
1s the way science advances.
The Lemaitre-Gamow theo- In foreseeing an end to the
ry states tliat at one time tne universe, his theory, at least,
universe consisted of a great in that respect, is different.
mass of plasma containing a
The •bright flash of iight in
tremendous volume of ener- the · sky which frightened
gy.
Suddenly it exploded, many of the world's inhabitwith the formation of atoms ants ,from Iraq to Japan in
and molecules of matter l.n A.D. 1006 has been identified .
the stars, interstellar gas and today as a supernova-the
·dust, planets\ ;;tsteroids, and giant explosion of a star.
other objects in space.
--The explosion · is still in Historic· Sky Flash
progress with galaxies speedjng through space, with their Termed A Supernova ·
speed indicated by the red In the current Astronomical
shift in their spectra.
Journel, Dr. Bernard GoldIn their efforts to explain stein Yale University, said
.~any current phenomena in the supernova was only .the
:the universe, scientists have fourth to have appeared dur~
not .be.en completely satisfied ing historic times in our ow_n
with either the "big bang" or Milky Way ·galaxy.
·
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found in visible and ultraviolet spectra. much more intense emission can be obDr. George Wallerstein of the Uni- tained; in particular, manifestations of
versity of California has used .both the chromospheric_ activity in the Ca II
100- and 60-indctele-scopes in a search infrared triplet are being sought.
for the presence of the lithium doublet
Dr. Albert G. Wilson and Dr. George
at A6708 in F stars. The line was not Abell, cooperating with the Jet Propulsion
present in 5 stars taken at 6 A/mm or in Laboratory and the Air Force, undertook
11 stars observed at 30 A/mm. Three to test the feasibility of "deep space"
plates at 6 A/mm were taken for the tracking by optical methods. The Palomeasurement of the ratio of Li 6/Li7 in mar 48-inch schmidt was successfully
111 Tauri, a star in whose spectrum used on August 28 and 29, 1962, to photoWallerstein had found lithium at the graph at distances out to 600,000 km the
Lick Observatory.
Agena carrier rocket which injected the
In 1956 Wilson and M. K. Aly reported Mariner II Venus probe. (These photothat X Andromedae, a KO IV star with graphs were made five weeks before the
exceptionally strong Ca II emission, Soviet announcement of their "first"
probably showed the helium line at - photograph of a space craft on an inter__ ,;-- --X5876 in absorption. This has been con.:. planetary mission.)
firmed by Wallerstein on spectrograms
Dr. D. G. Edelen of the Rand Corpora-·
of higher dispersion (6 A/mm). Wilson tion, applying the Einstein field equaand Wallerstein have examined 6 A/mm tions to galaxies considered as aggregates
spectrograms of 48 stars of types G8-K2 of granulated matter, has found that
for evidence of M876 in absorption. It is under certain very general conditions
possibly present in 3 stars: fJ Ceti, their ellipticities must be functions of
-rr Cephei, and HR 6791. Spectra of the
the semimajor axes. The functional
first two of these in the violet show that relationships are multibranched, prethe Ca II emission is not strong.
dieting that the distribution functions of
Recently the investigations of Wilson the major axes of galaxies should have
have disclosed some extremely interesting discrete peaks distributed proportionally
correlations involving the Hand K Ca II to the eigen sequence, [n(n + l)]½, where
emission in late-type stars. So far, how- n is a positive integer. To test this preever, a quantitative interpretation of diction, Dr. A. G. Wilson of the Rand
both the width and intensity of the Corporation has resumed his earlier
emission in terms of a series of model studies of galactic diameters (Carnegie
stellar chromospheres has not been made. Year Books 49 and 50), reexamining
To do this, reliable profiles of the emission previous observational suggestions of dispeaks must be obtained.
cretization in the diameters of cluster
Dr. Ray Weymann of the University of galaxies. Using plates of clusters taken
California at Los Angeles has obtained by Baade, Humason, and Sandage with
spectrograms of suitable quality for the 200-inch, Wilson has constructed
reliable microphotometry at 4.5 A/mm distribution functions of relative diameof a number of stars, mostly luminosity ters of early ellipticals in the Coma and
class III giants in the K0-K3 range. Corona Borealis clusters. The diameter
Striking differences in the intensity and distributions show asymmetric density
character of the central self-reversal are maxima occurring at values whose ratios
apparent among stars of nearly identical are consistent with the theoretical prespectral class.
diction to within the observational errors.
These spectrograms have been supple- The preliminary results indicate that
mented by some at 8 A/mm covering Ha larger samples must be studied before
and the Ca II infrared triplet. It is hoped there can be definitive confirmation of
that additional plates of stars showing the Edelen hypothesis.
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Photoelectric U, B, V magnitudes in (4450 A peak response). The purpose of
the range V = }Om to 17'!'5 for stars in the the program was to produce isothermal
Small Sagittarius Cloud, in NGC 6871 · and isophotic contours that could be reand 6883, and in M 37 have been obtained lated to visible surface features. In six
by Tammann, working as a guest investi- periods of observing between July and
gator with the 60- and 100-inch. These December 1963, mapping of the moon at
stars will be used as standards for the 35 different phases was completed.
Basel Observatory program· of a three- Measurements could not be made during
color photometric investigation on 48-' the December 30 lunar eclipse because of
inch plates of star fields in different a haze.
galactic latitudes and longitudes as well
As part of a program to determine the
as of some galactic clusters. The 20-inch reddening and distance to certain CH
was used in combination with the RCA stars, Dr. George Wallerstein of the
7265 phototube to get the first photo- University of California used the X
electric magnitudes in W. Becker's R, G, spectrograph on the 60-inch to obtain
U system. This system is photographi- classification spectrograms of selected A-cally defined, and the best approximation and B stars.
_.
-·
for photoelectric work was obtained with
Dr. Ray Weymann of the Steward
the filters Schott RGI, GG5+BG7, and-- Observatory, University of Arizona, using
UG2, respectively. A fourth color with the 100-inch telescope, obtained spectrothe filters GRI + UG2 was measured only grams at 4.5 A/mm showing emission
to correct for. the red leak of the ultra- components of the Hand Klines in G, K,
violet filter.
and M stars of all luminosity classes.
With the nebular spectrograph at the Observations of the infrared triplet of
· 60-inch, Tammann obtained some spectra Ca II at 6 A/mm failed to reveal any sign
of four bright cluster members of NGC of analogous emission. Plates well suited
7790 as well as of some comparison stars. for microphotometering the emission
These spectra will be used to deter~rofiles of approximately 40 stars have
the radial velocity of the cluster;ancfwith now been obtained at the Mount Wilson
this to· obtain an additional membership and Lick Observatories. These data are
criterion for the double .cepheid CE now being reduced, and the relevant
Cassiopeiae, the cepheid CF Cass, and parameters describing the profiles will be
the eclipsing binary QX Cass.
published shortly.
Radiometric and photometric mapping
A study is being made by Drs. G. 0.
of the moon through a lunation was Abell, G. E. Kocher, and A.G. Wilson of
carried out with the 60-inch telescope by the Rand Corporation to determine the
Dr. Richard W. Shorthill and Dr. John limiting magnitude of the schmidt teleM. Saari of the Boeing Scientific Re- scopes when photographing moving obsearch Laboratories. For this work a jects under sky brightness conditions
focal-plane scanner was mounted at the varying from dark to full moon. It is
Newtonian focus. With a separation be- desired to find the optimum emulsion and
tween scan lines equal to the diameter of filter combination for use in moonlight,
the scanning aperture (8"), a scan of the as well as the limiting magnitude as a
full moon requiring a raster of 240 lines function of the rate of angular motion of
could be made in less than 30 minutes. the object.
(Auxiliary photographs were obtained
A.G. Wilson and G. E. Kocher are conwith the 60-foot solar tower and an 8-inch tinuing investigations of comparative
telescope mounted on the 60-inch.) The galaxy diameters using, among other
illuminated lunar disk was simultaneously . techniques, iterative reproductions on
mapped with an infrared detector (10 to high-contrast emulsions. Transfer plates
12 µ. band pass) and a photomultiplier between selected galaxies and clusters of
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galaxies are being taken to secure comparable images. The principal purpose of
the program is to investigate possible size
discretization relations and to test the
Edelen
n(n+ 1) discretization hypothesis for elliptical galaxies.
Dr. R. v. d. R. Woolley of the Royal
Greenwich Observatory took a number of
direct photographs of NGC 6522 besides
continuing determinations of radial velocity with the coude spectrograph. The
direct photographs were repeat plates of
exposures made by the late Walter
Baade. The purpose of taking the repeat

v

Bodo]
Jacque
Eugen1
Peter f
IvanJ
Rolf p
John 1!
Rober1
Antoni
Henrie
Rober1

plates was twofold: to attempt to determine the proper motion of the cluster,
and to attempt to find at least some information about the velocity dispersion of the field stars at the center of the
Galaxy. Two pairs of plates, one of each
epoch, have been measured at Herstmonceux, and the results have been closely
studied. The time interval is a little short
for the purpose, and the object is inconveniently far to the south, but it is
hoped to arrive at some tentative conclusions shortly.
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STAFF AND ORGANIZATION
The retirement of Dr. Ira S. Bowen field of solar physics, and he is also
after 18 years as Director, to be~ed-witli"m.ari.y problems of astroDistinguished Service Staff Member, was nomical instrumentation.
noted in the introduction. Horace W.
Dr. Edwin W. Dennison, whose special
Babcock was appointed to succeed him as interests lie in electronic instrumentation,
Director, effective July 1, 1964.
came from the Sacramento Peak ObservaOther changes in the organization that tory to accept an appointment as Staff
have occurred during the year include the Member, effective September 1, 1963.
following:
Dr. John B. Irwin took up his appointDr. Robert B. Leighton, a member of ment as Staff Associate on June 6, 1964,
the Observatory Committee and Profes- with responsibility for site-testing operasor of Physics at the California Institute tions in Chile.
of Technology, was appointed to the
Mrs. Mary F. Coffeen retired after five
staff of the Observatories as of July 1, years as Librarian and many years as a
-- - 1963. For several years Dr. Leighton's research assistant. She first came to the
chief research interests have been in the Observatory as a computer in 1922.
Research Division
Staff Members
Halton C. Arp
Horace W. Babcock, Associate Director
William A. Baum
Ira S. Bowen, Director
Edwin W. Dennison
Armin J. Deutsch
Olin J. Eggen
Jesse L. Greenstein
· Robert F. Howard
Robert P. Kraft
Robert B. Leighton
Guido Munch
J. Beverley Oke
Allan R. Sandage
Maarten Schmidt
Olin C. Wilson
Fritz Zwicky

Merwy

Maryl

Student G
Subha,
Theod<
James
TomE
Manue
Robert
Alanl\,
Lauren
Neil R

Staff Members Engaged in Post-Retirement
Studies
Harold D. Babcock
Alfred H. Joy
Senior Research Fellows
Leonard T. Searle 1
Arne A. Wyller2

Photogra1
Williar

Carnegie Research Fellows
Leonard V. Kuhl
Hugo van Woerden
John B. Whiteoak

Libraria1<
Ester l
'Resig
• Resig
6 Resig
1 Resig
8 Retir
i Resig
10 Resig

Research Fellows
· Claude Arpigny1
Resigned July 31, 1963.
Resigned June 30, 1964. •
'Resigned March 31, 1964.
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distributions is important when the
magnitudes of redshifted galaxies are to
be corrected to zero velocity, and is
relevant to theories concerning the formation of galaxies. Color-magnitude relations among members of clusters of
galaxies· will also be obtained. Furthermore, it is planned to supplement these
data with spectra of moderate dispersion
in order to study the stellar content of a
few selected galaxies. Standards have
been established and compared to absolutely calibrated stars, and a few
galaxies have been measured. Preparations are also in progress for the narrowband photography, in emission lines, of
some small, dense, density-limited H II
regions.
Dr. A.G. Wilson and Dr. G. E. Kocher
of the Rand Corporation have continued
their investigations of the diameters of
galaxies in nearby clusters. A process of
iterative photographic copying of cluster
plates on high-contrast emulsions is used
to "stellarize" the galaxy profiles. (This is
in effect the inverse of the method
adopted by Baum in his galaxy-image
synthesizer.) The diameters of stellarized
galaxy images may be measured with
good internal consistency by-convention~
micrometric techniques; Provisiona1results show that the distributions of the
sizes of major axes of elliptical galaxies
are multimodal. While the distributions
are suggestive of those theoretically predicted by Edelen, the present results cannot be sharpened to an observational confirmation of the theoretical [n(n + 1)] 112
diameter distribution.
Wilson has. begun a program of
securing redshifts of the brightest galaxies
in the nearby previously unobserved
clusters, using the B spectrograph or the
100-inch. Distances to these clusters are
required not only for galaxy diameter
studies, but also for investigation of the
structure in the spatial distribution of
clusters.
As part of the continuing Rand· University of California at Los Angeles
study of the effectiveness of schmidt
telescopes in· observing distant space
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vehicles, Kocher succeeded in photographing the Soviet Mars probe ZOND II
at a distance of 300,000 km, using the 48inch telescope under conditions of good
seeing and dark sky. Two 103a-O plates
showing the faint trail of the spacecraft in
Hydra were obtained on December 1,
1964.
The existing Palomar Sky. Survey
plates do not allow many galaxies to be ·
differentiated from stars for objects
fainter than about magnitude 18.5, a
serious limitation in Dr. T. A. Matthews'
program to identify the optical objects
that produce radio sources. To improve
the information content of the faint images and to study some of the brighter
identifications, Matthews, of Caltech's
.Owens Valley Radio Observatory, has
obtained plates of 65 identifications using
the 48-inch schmidt telescope and finegrained IIa-D and IIa-E plates. These
show a significant improvement in the
amount of information available over the
103a-O and 103a-E plates used in the Sky
Survey, especially when the seeing is
better than 2. Also, plates of 26 brighter
identified sources have been taken with
the 100-inch telescope, again using the
__ fine-grained plates. This plate material
has been invaluable in classifying the
fainter identified radio galaxies in an extension of the work begun by Matthews,
Morgan, and Schmidt. The results will be
incorporated in a paper on the identification of the 30 revised sources, in collaboration with Wyndham, Fomalont, and
Veron.
In examining the plates already taken,
it was noted that 75 per cent of the radio
galaxies show peculiarities, such as jets
(7 per cent), diffuse plumes outside the
galaxy (9 per cent), abs9_rption features
(10 per cent), structure in the nuclear
region (17 per cent), structure in the
envelope (9 per cent), nonsymmetry in
the surface brightness or extent of the
envelope (47 per cent). The percentage
(in parentheses) of each group showing
the peculiarity is only a lower limit since
large-scale plates are not available for
many of the objects.

u
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spiral arms, disk, halo and intergalactic space of about 5 x 10-6, 2 x 10-6 , 5 x 10-7 gauss is
suggested.

Cos

Jn l

S. Hayakawa and Y. Yamamoto (62) have computed the intensity and the energy spectrum
of high energy y-rays arising from the collisions of cosmic ray protons and thermal photons in
the intergalactic space.
K. Ishida (63) finds negative correlation between HI gas and young stellar objects in the
Magellanic clouds. Together with S. Aoki (64) he has studied collisions and relaxation time for
gas clouds in galaxies as basis for a study of two evolutionary sequences, spherical and flat.
J. L. Sersic (65) has discussed the time scale of the Universe, starting by defining the extra~galactic scale of distances -in terms of the absolute magnitude of the RR Lyrae stars and the
corresponding time scale is comparecr\vith the nuclear· scale given by the theory of stellar
evolution according to computations by Hoyle. If the Hubble constant is H = 116 km sec-1 Mpc-I
and the absolute magnitude of the RR Lyrae stars is MB = o·oo, it is concluded that the initial
abundance of hydrogen should be smaller than 0·66 in the Old Population I. A detailed study of
H II regions (66) gives a theoretical interpretation of the correlation between diameters-of the
largest H II regions and the morphological type of the galaxy. He concludes that the age of the
galaxies is approximately the same but that their evolutionary rates depend on the morphological
type. J. L. Sersic and R. Sister6 are investigating the pulsational stability of a plasma in an
external axisymmetrical magnetic field under the action of a concentric gravitational field
arising from another mass distribution. This may have application to matter in elliptical
galaxies.
According to S. van den Bergh (67) studies of the metal abundances of stars in the Galaxy
lead to the following conclusions. (a) The heavy element enrichm~nt_ofthe inferstellar medium
was well advanced at the !ermination of the halo phase of stellar evolution. (b) The rate of
heavy element formation in the Galaxy has declined more rapidly than the rate of star formation.
(c) The enrichment of the interstellar medium in heavy elements has been negligible during
the last 4·5 • 109 years.
A. G. Wilson and D. Edelen have conducted work at the Rand Corporation on relativistic
discretization of diameters in clusters (Preliminary results were reported at the meeting of the
American Astronomical Society in July 1963). Edelen has shown that the Einstein theory of
general relativity, when used in conjunction with the epistological equivalents of certain well
known properties of galaxies, predicts a relation between the galaxian semi-major axis r and
the eccentricity" (or ellipticity) of the form r(n, m, €) = const., where n is a positive integer and
o < m < n. In the particular case " = o, the relation between r and n takes the form,
r 2!

= n(n +

1)

independent of m, where g is a physical parameter corresponding to the jump in the total energy
density across the surface of the world tube representing the galaxy, as seen by an observer
moving along an intrinsic time line of the surface. If g is constant, or of limited variation, it
follows that the diameters of Eo galaxies should exhibit· discretization of size.
The earlier data of Wilson (68) which first suggested discretization among globular galaxies
have been re-assessed and combined with new measures. The present observational confirmation
rests on (1) Wilson's angular diameters of Eo galaxies in six clusters re-measured on 200-inch
plates. (2) The diameters of all Eo galaxies in the new Reference Catalogue of de Vaucouleurs,
(3) the fine structure in Abell's (69) luminosity function of the Coma cluster. The diameter
redshift relation · for cluster galaxies confirms the Hubble law and reveals the hitherto unsuspected relation that the redshifts of all. clusters· so far published obey the empirical
relationshipµ, n(n + 1) = Ku, whereµ, = 1
n is a positive integer, and Ku is a limited
set of discrete constants related to the parameter g of Edelen's discretization function.
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INFORMAL CONFERENCE ON COSMIC DISCRETIZATION PHENOMENA
June 29 and 30, 1964
The RAND Corporation
1700 Main Street, Santa Monica
MONDAY, June 29:
9:30 a.m. -

Relativistic Models of Elliptical Galaxies,
by D. G. B. Edelen
General discussion: The morphology of elliptical
galaxies, evolution of galaxies.

2.00 p.m. -

Observational Evidence of Galactic Scale Discretization,
by A. G. Wilson.
General discussion: Measurement of diameters,
Law of Redshifts in the local metagalaxy and in
clusters.

TUESDAY, June 30:
9:30 a.m. - General discussion:
hypotheses.
2:00 p.m. -

Statistical tests of discretization
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Enclosed is a tentative agenda for the informal discussions on
discretization phenomena. We hope very nruch you will be able to
participate and want to invite you to present any of your own work
which you feel is relevant. We are allowing two days so there will
be ample time to discuss several matters of current nrutual interest.
We hope you will be able to join us full time, but if not you are most
welcome at any portions of the discussion you find you can attend .
The enclosed map shows the location of The RAND Corporation. The
entrance on Monday, June 29th, will be the North Lobby (marked with
a red star). The South Lobby will be used on the 30th.

Dom Edelen

Al Wilson

P..,_ '

•

j\J

:·.,1'

COl\1FERENCE ON DISCRETE PARAMETERS IN
June 29-30, 1964

-I

The R..4ND Corporation
/

1~-r.....,

/

1rP-,..,

L.

Those present:
George Abell, UCLA
T. J. Deeming, Texas
Thorinton Page, Wesleyan./ C-{11/r-..,..:;..,
Gibson Reaves, USC
Elizabeth Scott, Berkeley
A. de Vaucouleurs, Texas
G. de Vaucouleurs, Texas

Carlstedt, RAND
W. Davis
D. Edelen
B. Efron
S. Genensky
S. Greenfield
T. Harris
R. Kirkwood
G. Kocher
A. :Marcus
A.G. Wilson
D. Wilson

Introductory remarks were made concerning the dichotoQ~ between

•

discrete and continuous theories starting with the atomists Democritus and
Dalton, .the quantizers Planck, Einstein and Bohr, and the continuous field
theories of Newton, Maxwell and Einstein.

It is contended that the continuous

distribution of mass assumed for mathematical convenience in relativistic
cosmology is inconsistent with the observed galaxies and clusters of galaxies.
Edelen then sumrnarized his theoretical studies of stable aggregates
of stars, gas clo::cds and dust based on the field equations of general
relativity.

Although these equations have not been solved for. the general

case of n-body motions, certain restrictions can be deduced based on the
assumption of geometric stability; that is, if the aggregate (a galaxy) is
to be identified a:c,d to retain its identity in tirr..e, it must be possible to
define its boundary in 3-space by a difference between the energy-momentum
tensor inside the galaxy and that outside.

This implies a deviat'ion function,

, on the surface of a galaxy which measures how the vector field changes
across the surface.

In Newtonian mechanics and conventional relativistic

mechanics of a continuous fluid to which the Schwarzschild solution applies,

D

D

-

2

= 0.

e

2

Edelen's theory of granular mass density has the effect of introducing

instead of 1 (unity) in equations for stable geometrical forms such as

rotating spheroids; and

where t,.

2

must satisfy the Relrl'.holtz equation

is the Laplacian operator,

r is the radius vectori to the surface,

ands is a function of the density change ~gfvE±ITN~~ defining the surface
and two constants of integration.
The solutions of equation (1) form three classes:

a)
b)

0

- C, a constant different form O, and

c)

variable, in which case,

r

2_

s

p2,.1.n, s )
n(n+l) if s

where n
e

1,2,3,

...

(2)

=

0 (sQherical surface)

(any integer),

= eccentricity of a spheroidal surface.

That is, stable spherical galaxies formed of discrete masses (stars) can

= n(n+l)/s . For oblate i,!cheroids of

only occur with discrete radii, r
eccentricity e
Fig. 1.

0, r is the equatorial radius, and p(n,e) is shown in

Other non-spheroidal forms are also possible; in fact the stable

forms of case (c) are not exactly spheroidal; the allm,ed 3-space surface
are given by
X

2

+ y

2

+

Z

2

/(1-e) 2

e

2:p

(3)

,D

3

All stable forms of density fluctuations are suIT'..marized as follows:

Form

_r_

(a)

(any values)

0

Continuous density distributions in perfect
spheroids (no stars)

(b)

Const.

(c-1)

Variable

)

(c-2)

Variable

~ 0

p(n,e)/Yf Near-spheroidal, discrete sizes

(c-3)

Variable

t

(other)

0

(any)

0

p(n,O)/(s Near-spherical (e=O), discrete sizes

Continuous density distributions in any
shape without definable boundaries
I

0

Non-suheroidal forms of various sizes.
(spirals and irregulars) including those
with turbulent internal motions. Probably
.££ RMX discretization in size.

The curves of Fig. 1 referring to cases (c-1) and (c-2) are used by
2

Edelen to explain the upper limit on ellipticity, E = 10(1 - ~

•

)

7, by

the additional assumption that in the process of formation, rotational energy
tends to be the minimum allowed for a given major diaweter, 2r.

It follows

that the larger elliptical galaxies (larger n) should have smaller sand
smaller E.

There is no predicticn of the distribution of values of _g.

A more detailed equilibrium theory of the surface layei:s in case (c-2)
shows deviations from underlying spheroidal form depending on the integer _g,
the eccentricity s, and the absolute value of

(which depends on where the

"edgef! of a galaxy is -- that is, on what isophote is measured.)
n = 2,4,6 ... (even).

For

The boundary layer is sywnetrical about the equatorial

plane and intersects the spheroid along _g circles.

Fig. 2 shows that with

n = 4 the theoretical cross section resembles isophote·s of NGC 3115, and (,,;ith
more extreme values of

) is similar to SO galaxies.

With odd values of _g,

the predict,"°'d surface is asyrn.'Ile trical ab:> ut the equatorial p la:1e.
case n = 3, a saucer shape like that of IC 3973 is predicted.

In the

These results

offer a rreans of confirming the existence of discrete sizes by observations
of the morphology of elliptical galaxies.

They may also provide the basis for

D
4

an adequate theory of the variety of non-spheroidal shapes observed.

Circular

velocity (about the axis) of stars in the boundary layer can also be pre.dieted
to vary with radial distance from the axis as shown in Fig. 2, and has the
appearance of velocity curves T£asured along major axes of spirals, but it does
not represent internal motions.
A. G. Wilson described new measures of the angular di arneters of 130
elliptical galaxies (types EO, El and E2) in 8 clusters.

In order to improve

precision, he made contact copies of Palomar 200-inch plates on high-contrast
emulsion ·with carefully controlled exposure times and development.

Kocher.' s

microphoto~eter tracings of images on the original plates, and on the copies
showed that the rate of change of density with distance from tre image
cluster was increased by a factor of 10 near the edge.

•

Each image size was

measured 5 times with a micrometer along the major axis (and 5 more measures
are being T~de along the minor axis).

Deviations from the mean values of

1

show that the internal error of measurement is proporti mal to _1.; the range
between largest deviations being 0.04d (the r.m.s. error of d being about
0.007d), corresponding to a range in the iogarithm, tlgd

= 0.015: Values of.£

ranged from 3 .125 to 0.130 rnm, corresponding to 34'.'4 to l'.14 (seconds of arc).
Star -images on the same copy plates were measured at O.020 mm, or

e'. 2
1

diameter (due to optical defects and photographic spread), implying an
increment in.£ not removed as yet.

}Ioreover, the diameters measured in

different clusters on different plates may refer to slightly different isophotes,
and Wilson is getting similar exposures of 4 different clusters on one plate
to eliminate such errors.

He had hoped that the steep surface-brightness

gradient would prevent excessive errors in
de Vaucouleurs' formula,

.s,

from this saurce; from

D

5

1 4
lg I(r) = const. - 3.33(r/r ) /
e

an error of 0~2, or 0.08 in lg I(r), corresponds to an error in _s!. somewhat
less than O .1 d or L:,lgd == 0 .03.

(¥...icrophotometer tracings of images with

magnitudes determined photoelectrically will determine L:,lgI and the aNHX~
absolute value of I in magnitudes per square second of arc at the edges
of all measured i~~ges.)
Wilson derives linear dimensions in 8 different clusters by multiplying
measured angular diameters d. by mean cluster redshifts z,, where z. is the
1.
J
J
th
mean of all published redshifts for galaxies in the j
cluster. That is,
th
.
d 1.ameter
·
· t h e J· th c 1uster 1.s
. given
.
b y_
t h e 11.near
o f t h e 1.·
ga1 axy 1.n
lg D. . == lg d. + lg z. + lg(Sc/H)
1.J
1.
J
where S

H

parsecs/mm on Palomar 200-inch plates,

scale factor== (206265)(11.06)

c == velocity of light== 3 x 10
Hubble const. == 10-

4

5

(5)

km/sec

km/sec parsec

T h e ~ in zj is less than 0.02 zj, or L:ilg-;j - 0.008,estimated from the
dispersion in measured z for each cluster.

Hence the relative errors in one cluster

(after correction for optical resolving power, d. = d - 0.020) are given
1.

by the range of measurement errors, L:ilg Di - 0.015, but the ~~ximum error
between di-Fferent clusters is given by
L:,lg D.. - tilg d. + 0.5 tilg IJ. + tilg zJ. == 0.05.
1.J

l.

Most of this is .the photometric error L:;lg Ij.

When it is eliminated, the

estimated error drops to tilg D.. - 0 .02.
'

1.J

Wilson finds seven coincidences between 22 rreasured Di in the nearest
cluster (Coma) and the discrete values given by Edelen's equation (2); that is,
K +
1
where K is a fitting constant.

½lg

n(N+l) ~ 0 .005

(6)

D

A
6

K1 = lg 2 - 0.5 lg

s1

- lg(Sc/H) = 3.5121

(7)

and the values of _g involved are 1,4,6 ,8 .•.. 17.

It is remarkable that 26

measur~d values of lg d. + lg ; . in the other 7 clusters also fit equaUon ( 6)
1.
J
with the same constant, K .
1

He finds 34 measured values fitted by equation

(6) with a different constant, K2 = 3.6131, and a third set o:E 26 fitted
by K = J.6869.
3

These are interpreted as three different values of

g.

Altogether, over 75% of the irnru:mix meausred values D.. are fitted by
1.J
·•
equation ( ) using 3 constants, K , K and K, as summarized below.
1
2
_
Values of n used wiih
No. of D ..
Cluster
unfitted1.J
lg z.
K
.-K
K
--=-i
-1
1..
--1
1. Coma
1,4,6,8 .. 17
2"

3.

4.
5.

6.
7.

8.
Mean ellipticity of
_galaxies fitted in
Coma Cluster

)

J

1.16
+

)

2.21
+

3.12
+

Evidence of a physical difference between the K , K and K sequences
1
2
3
is shown by the different wean ellipticities in the Coma cluster.

This

might accouD.t for different values of g in terms of different stages of
evolution, and suggests looking for color or absolute magnitude differences
between the three sequences.
sizes of EO

There was some discussion as to whether discrete

= E4 galaxies imply discrete masses and lumin::soties. Edelen

emphasized that the theory leading to equation (2) involves only the surface
layer and does not yet lead to anyconclusions about the m~ss or dynamics of ~½e
interior.

Moreover, the empirical formulae- for surface brightness all

involve two para~eters (I(re) and re in de Vaucouleurs' equation (4), 1
in Rubbles I= I /(r+a)
0

2

0

and.§:

or Baum 1 s I= I /2r(r+a)), so that a given edge brightness
0

can be associated with a wide variety of interior luminosity clis tributions.

A.
7

A·second consequence of the brightness formulae concerns the possible
emissivity outside the boundary of a galaxy defined by Edelen.

In fact,

if the formulae are correct beyond the boundary, they correspond to
emissivity per unit volum..~ proportional to r- 3 in 3 di~£nsions, and this
may be modified bv proiection so that equation (.2) is not correct for
2-dimensional (projected) images.
The procedure for selecting values of K so that equation (6) fits the
observations appears somewhat arbitrary, and there was extensive discussion
of the statistical significance of the fit and of the values of K so derived.
Wilson emphasized the fit in terms of success in predictin2 D.. in seven
lJ
clusters Ij == 2 .... 8,}_ from equation (6) using the value K determined in the
1
Coma cluster (j == 1) and allowing the tolerance,
to vary from: 0.005 to: 0.02.

o(:=

0 .005 in equation ( 6))

In the full range of observed lg D.. from
lJ

3.77 to Li-.9294 the 17 intervals of width 25 add to 346.

Hence, for a

uniform distribution of random values of D.. , the expected ( 11 probable") number
lJ
of coincidences with equation (6) among N
.

0

random values is
(8)

N(prob.) == 346 N0 /1.15

(For large 6 the intervals overlap at large .£, involving a ruw1xx downward
correction to equation (8) that has been included in Table 2.

The number

+
of "increases, !I N(Obs) = coincidences with observed
Dl]
.. within - 6, is
.
considerably larger than (Nprob.), as shown in Table 2.

Since fluctuations

about the expected N(prob) might account for this, a random-number Monte
Carlo calculation was performed 25 times.
program 1-,hereby residuals x.l

= 1/2

Carlst¥-t described the computer

lg n(ri+l) -were computed for N0

random numbers and the number of residuals
25 trials are listed under N(max) in Table 2.

o

counted.

= 76

The largest in the

D

Table 2. Observed or Random Coincidences with Equation (6)
(N(max) normalized to. N = 108 in 25 fields)
0

.

N(obs)
Tolerance
0

for K

1

K2

K3

N(prob)

N(max) N(obs)/N(prob)

34

26

16.8

1.55

±0.0050

26

±0.0075

39

24.0

1.63

±0.010

52

31.0

1.68

±0.015

70

46.0

1.53

±0.020

82

58.0

1.41

Wilson notes that the ratio of N(obs) to N(prob) reaches a maximum
at O = ±0.01, which tends to confirm both the error estimates and validity
of Eq. (6).

However, Scott pointed out that the uniform probability

distribution is artificial in the calculation of N(prob) and N(max).
In addition, different values of K might give a better fit to Eq. (6),
and an even better fit might be obtained with some other formula, such as
15- 1 & lg n(n+l), appropriate for projected spheroids of discrete radii.

Wilson said trials had shown that the alternative formulae n(n+l),
1/n(n+l) and 1/Jn(n+l) do not fit as well as Jn(n+l).

It was agreed

that the analysis should be extended in the following ways:

(1)

N(obs)

number of coincidences with Eq. (6) among all 130 observed values of D..
l.J

with K varying in small steps over a wide range.

A plot of N(obs) vs K

should sho tJ a general rise toward small K since large n gives a greater.
0

density of predicted discrete values of lg D, but there will be maxima
in N(obs) at several values of K.

If there are maxima more distinct than

·those at K , K , and K , they should be considered also.
1
2
3

(2) Similar N(obs)

vs K plots should be made for alternative discretization formulas, each with
a wide range in Kand in 6.

(3) Calculations of N(prob) and N(max) should

D

be made for non-uniform distributions of D.
l.

(a) Gaussian distribution about lg D.. - mean of all 130 observations
l.J

with the same variance.
(b) A skew uni-model distribution matching the observations in
3 moments.
(c) A multi-model distribution matching the distribution of observed
lg D.. smoothed over intervals about 1/11 of the full
J..J

range in lg D.
Efron proposed a direct test of discreteness in the distribution
n(D) based on the differences, yi =Di+l - Di in the ordered sequence from
smallest (D ) to largest (DN).
1

These differences will be exponentially

distributed with mean and variance= 1/Nf. where f. is the underlying
l.

distribution (constant, if n(D) is uniform).

J._

If N > 100, the correlation

between y. and y. is small, and the chi-square test for uniform distribution
J

l

is
--2
E (lg y. - lg N - lg y.)
i
J_
J_

x2
(1.62)
n-1

Tests for other smooth distributions can be similarly formulated.

(9)

Scott said·

that the "Neyman smooth test" first published about 1938 is based on similar
considerations and should be applied.

-She proposed that the smooth

distribution n(D) derived for EO - E3 galaxies in the H-M-S catalog by
Neyman and Scott be tested against Wilson's observed D
ij
Harris proposed a statistical test allowing for a_ 11 background
contamination" on ·which 1~ v . g "clumping" of observed values of lg D is
superposed, this clumping involving a spread± 6 in
values a

n

~

lg n(n+l).

x

= lg D around predicted

He divided the intervals ai - ai-l in half by

the points b.J_ and considered two hypotheses:

B,:

A

r

;D

(1)

A smooth distribution f(x)

(2)

A distributionµ. f(x) in the interval b. to b,, 1
l
l
J..•~

and A.f(x) in the small interval a. - 6 to a.+ 6, whereµ.< 1
l

l

l

, l

and L >> 1.
1.

In order to conserve probability density so that hypotheses (1) and (2)
an comparable
a.+6
l

f(x)dx = µ.

f(x)dx + A.

b

f(x)dx

l

l

b.

i

(10)

a.-6

l

l

The amount of clumpiness or discretization is defined as
a.+6

b.'
l• l

l

0·l

•

f(x)dx

I\..
l

a.-6

b.

l

and,

•.c:

Si - (bi+l

lJ..

'A.l = f3.l

(11)

l.

(12)

b. )/26
l

(13)

r/J

s.<1
l

0.)l<s.
- I)
l
l

(14)

whereµ. is considered to be O in the small interval a. - 6 to a.+ 6.
l.

l

l.

A more specific hypothesis, somewhat simpler to test, is (2) ,with

¢i=

0

= constant, and Si= S = constant, in which case 6

= (bi+l - bi)/2$

and 6 is not exactly constant.
The Neymann-Pearson liklihood test can be used to compare hypothesis

(1) with hypothesis (2s) on the basis of N observations, x 1 = lg D1 , x , .•.
2
~' by evaluating the ratio
(2s, 1)

f

<x-)
=
l.

where f (x) = µf(x) and (clumping= Af(x) around each ai) and
2
implies hypothesis (2s);

<< 1 implies hypothesis (1),.

(15)

>> 1

/\

~

D

Each coincidence of an observed X· = lg D. with a. + 1 ( a "sucess"
J.

J-

J.

or "fit" in Table 2) introduces factors in the numerator and demonimator
of equation (15)

f 2 (x.)/f(x.)
=A= p0
J.
J.

(16)

There are :N(obs) such successes, and N - N(obs) "failures 11 where
0

f 2 (x.)/f(x.)
= p(l - ¢)/(p - 1)
J.
J.

= N(obs) lg p0 + [N0 - N(obs)] lg [p(l-0)/(p-l)]

Hence, lg
where p and

(17)

0 must be consistent with equations

(18)

(10), (11) and (12).

Harris is evaluating these integrals so that Eq. (18) becomes a sum of
terms involving the "successes" and f. "failures" in each interval b. to b ...1.. •
J.
J.' 1
G. de Vaucouleurs described the Reference Catalog of Bright Galaxies
soon to be published by the University of Texas Press.

It includes, among

other things:
lg D for 2300 galaxies
lg R = lg D - lg (minor axis)
lg D(0) = lg D - 0.4 lg R, the square-on diameter mean surface brightness
and colors corrected for redshift, obscuration, inclination redshifts
of the nucleus for 959 galaxies
morphological types, radio fluxes, etc.
All published data on diameters have been included,

and converted

to the same scale -- that is, referring to the same isophote (the absolute
surface brightness of which is n9.! yet determined.)

Correction is made for

the ''Holmberg effect" by which minor diameters are systematically measured
too small relative to

tz:N

major diameters.

Intercomparisons allowed fuai±l~ 1

fairly reliable estimates of measurement errors and weights for the tabulated

.jR

D,

A

Table 3.
Cluster
Name

No. of z
measures

Discrete Redshifts of Clusters

z

lg

7

lg z lg CN(N-:-1)

Value of n with
Cl
C2

D.

diameters and other parameters.

One statistical result linked with the

Holmberg effect is that diameters measured on small-scale plates are
always too small.

This is best illustrated by a plot of d

vs dL, where

s -

ds is the image diameter measured on a small-scale plate and dL is the
value (for the same galaxy) measured on a large scale plate.
values are proportional ford
in smaller galaxies.

s

> 1 wm., but d

s

The two

is far too small for dL

Wilson is confident that measured image diameters are

proportional to angular diameter well below d

= 1 mm. in his measures but

agreed that check plates should be taken into various scales to confirm
this.

photographic

Hubble noted a different effect in

photometry of spectra is carried to intervals on the plate much smaller
than 1

1nm.

Wilson described two other sets of discrete quantities that are not
yet predicted or explained theoretically:

the observed values of Kin

Eq .. (6) fit the formula K = 1/3 lg v(v + 1), with v
v = 3 for K , v = 4 for K , and so on.
2
3

2 for K ,

1

In addition to this pattern,

the values of K needed to fit measured diameters in 8 different clusters
suggest discrete values of cluster redshifts, zj, or of u
such that u = C N(N+l).

= -;,/(1 + -;,)

As shown in Table 3, · all Jrrmmrov..m known cluster

redshifts (30 in number) fit this. expression, with N = 3~ •• 19, and two
values of C.
Wilson
spacing.

Jt interprets this as an indication of regularity in cluster

One implication of this is that the regions occupied by clusters

tend to be of the same volume, or a discrete set of volumes, which implies
further that the angular diameters of nearby clusters and the angles between
their centers have discrete sizes.

The closest packing of equal

sized spheres involves a lining up, one behind the other, that can also be
checked observationally.

Questions arise as to whether every possible

JR

cluster location in such an array is actually occupied.
G. de Vaucouleurs summarized briefly the evidence for a supergalaxy,
or organized grouping of nearby clusters of galaxies, indicated in part by
deviations from the Hubble law, cz/(l+z)
that

li is not a constant, b~t

= H d (where d = distance) such

a function of direction and distance.

Distances based on absolute magnitudes estimated from morphological types
indicate that our galaxy is located in a flattened supe~galaxy with poles
1
nearly in the plane of the Milky Way of galectic coordinates 1 = 15°
b

1

= +s 0 • The plane of the supergala~y, roughly perpendicular to the

plane of the Milky Way, defines a supergalactic latitude,]., and
deVaucouleurs has analyzed redshifts in the zone

!Bl

< 30° in a manner

similar to Oort's analysis of galactic rotation in terms of stellar radial
velocities.

T'nis indicates a 500 km/sec circular velocity of our local group

in the plane of the supergalaxy, and a distortion of the Hubble Law in
the direction of the supergalaxy center (near the Virgo cluster) at
distances near 10 7 passes, ~hich is interpreted aSI the distance to the
center.
~

discussed subclustering

rings around
clusters.

i

in terms of counts of galaxies in

selected points on Palomar Atlas prints in 7 different

After proper allowance is made for the varying density of

galaxies, she and Abell cop.elude that there is minor subclustering within
two of the clusters; probably not sufficient to account for the large velocity
dispersions that seem inconsistent with stability.

N.

SUMMARY
There is a theoretical basis for expecting certain types of galaxies
to occur only in discrete linear sizes.

Observations tend to confirm

this in individual clusters, although the effects of projection have not
yet been taken .into account.

Possible errors in photometry. still reduce

confidence in comparison between diameters ·in different clusters, but
this is countered by several unexpected regularities, including the
several sequences in discrete sizes, and the discrete values of cluster
redshifts.
It can be argued that these reaularities are a' result of chance
among a limited number of observations·.

•

Although the statistical analysis

makes this appear unlikely, further observations of cluster redshifts
and diameters of specific isophotes in elliptical galaxies are needed
in order to settle the matter.
Implications are far reaching:

on the evaluation of galaxies and

their morphology, thevariety of stable forms may be limited; the
luminosity function may have a shar~ cut-off at the low end with the
smallest size set by n = 1;

clusters of galaxies may be found to occupy

volumes in a specific pattern; and the mathematics of cosmology may
require major revision to allow for the discrete nature of m~s
distribution¢ in the universe.
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Table 1.

Fitting of Observations to Eq. (6)
Values of n used with

lg

Cluster

_· 1.. Coma.
•.:. •._;.,

··2 ~

V

KJ

J.8084

5,5,8,8,8,8

4.1201

4,6,8,8,12

3. ,UMa I .

4.1838

6, 7, 11,15

: . ·:_.4. ·Cor

not fitted

22

6

10,io · ,...,. "..

7~'. ··9,_13

20

10

1.l,16

6,6,7,7,10,
l~,13

13

2

'··

;, ·.,•

Total

1,4,6,7,8,10,
16

J'

2322+1425

No.of Dij

8,8,8,8,10,10
10,12,14,14,16

6,7,8,8,8,9
10,ll,11,14,15

3,5,6,8,10
13,13

29

8

4.4523

9,11,12,13,15

7,8,8,8,9,9
12,15

8,9,9,10,11
14

19

5

·_ 6. · Bo8tes

'•-5951

9,10,14,17

8,10

6,7,9,15,17

11

2

7 •. UMa II

4.6113

9,13,16

9 ,9 ,12 ,12

6,9,14

11

2

4-.7843

10,12, 15

12

· 7 ,9, 10

5

0

Bor

:·.;,

, : · 5. ·. Shane Cloud

8.

Hydra

Mean ellipticity for galaxies --fitted in the Coma Cluster; 1.16
+ 1.

. 2.21

3.12

·"!: 1.

....

"

Table 2.

Observed .Y.!· Random Coincidences with Eq. (6)

N(obs)/N(Prob) N(Max)/N 0
Kl

1½

0.3145

0.2405

0.4348

O .3885 ·

6

+ 0.0050
....... -~

t.0.0075
~-. ,.◄.

•

0.2405

. 0 .5.088

0.4810

0.6475

0.6475

. 0.:61+i5

/ <.<t

0.7308

0.7955

o. 7585

.

N

K3

0.5273

... i-,.+··o .010

for

Standard Score

N(Prob).·

1· ".· -'~ 0.015
- .

.

.. :.··:·: · .

for ·

. N(obs)/N0 for

· . Tolerance,

0

0.15

for

~
2.10

1.60

i0.21 ..:t.
0.24

i5,25

1.64

0.28

0,30

6.68

...:t_

0.30

1. 76

1.60

0.36

0,37

5.43

0 .z.'2·

1.54

'l.5ii.

0.50

0.5'5

4.42

0.52

1.41

1.46

0.59

. 0.67

4,85

• _'••~.I

.... ,

0.020

.

·. --~=

The fit _for K is best, for K is poorest.
1
3

The ratio N(0bs)/N(Prob) is a measure of the importance.

·The standard score is [N(0bs) -. N(Prob)]/crN.
N

. 0

~ 76 in 25

Both N(Max) and crN were based on

trials .

....

0)

. Table 3

MEAN CLUSTER REDSHIFTS OBSERVED AND CALCULATED

Cluster

Name

Number of
Redshifts

V

log u

73

1136

2,4234

Virgo

;0316+4121
Perseus
5435
7
"NGC 541"
43
0123-0137
5439
COMA
50
6432
: 1257+2812
Abell 2199
19
·1627+3937
9028
HERCULES
15
10775
1603+17 55
PEGASUS II
3
12821
2308+0720
2
13187
23221-1425
U,M. I
:4
15269
-1145-1-5559
2
Haufen A
0106-1536
15872
LEO
1
1024+1039
19489
2
21533
1239-1-1853
CORBOR
21651
'1520t27 54
8
GEMINI
2
23366
0705-1-3506
1
25644
0348-1-0613
Shane Cloud
1
28333
1513+0433
Bogtes
2
_39367
1431+3146
2 .. ·
U,M,
II
1055-1-5702
-...
.....
,,
.
---·- --- -· -- 40860
-----•·
2
42784
1153+2341 ····· ....Abell 1413
3
45951
1534+3749
2
47836
0025-1-2223
2
49514
1228+1050
1
51908
0138+1840
·_ 52362
1309-0105
'.1 ...
V'l
Coma B
54917.
1304+3110
.. ! 1 . . ---- -57498
0925-1-2044
1
•59382
1253+4422
. '0855-1-0321
60860
HYDRA
3
.•·

_

0

1. 7494
1. 7494
1. 6780
1.5344
1.4597
1.3874
1. 37 57
1.3149
1. 3012
1. 21!~7
1.1741
1.1719
1.1360
1.1038
1.0640
0.9356
0.9213
0.9037
0,8767
0.8616
0.8487
0,8312
0,8280
0.8104
o. 7937 ..
o. 7 819
0.7730

M

N

p

3

2

2,4225

7
7
4
9
10
11
11
12
12
7
14
14
15
15
16
10
19
7
20
11
11
21
21
21
22
12
12

2
2
4
2
2
2
2
2
2
4
2
2
2
2
2
4
2 ..
6
2
4
4
2
2
2·
2
4
4

0

.. ·~--....

log u

0

References

-0,0009

1. 7 534
1. 7534
1.6779
1. 5474
1.4603
1. 3811
1. 3811
1. 3086
1. 3086
,_ l_._2306
1.1795
1.1795
1.1215
1.1215
1. 0671
0.9375
o. 9219
0,9083
0.8785
0,8583
o. 8583 ·
0,8371
o. 8371
0.8371
o. 797 5
0.7858
0.7858

P = 4. 2799 - log M(M+l) - log N(N+l)
log~ = log [(C+V)/V]

p -

',

+o. 0040
+o. oo4o
-0.0001
0.0130
0,0006
-0.0063
0.0054
-0.0063
0,0074
0.0159
0,0054
0,0076
-0.0145
0.0177
0.0031
0,0019
.. 0._0006
0,0046
0,0018
-0,0033
+o. 0096
0,0059
+o. 0091 :
-0.0129
0.0038
0.0039
+o. 0123

(8)
(9)
(10)
(11)
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