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e_NEBULAR DISTANCES DETERMINED FROM THEIR DI AMETERS

~A second relation
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‘I. Introduction

Some years ago Hubble and Tolman in & joint paper discussed

t the various methods whieh could be employed to determine the nature of
" the nebular red-shift. This éaper considered how observablevquantities;.:};:;
'4‘could Be applied to test various cosmological models;‘ The observaﬁle S

iue parameters which were con31dered were 1) the total luminosities of
‘-}’f~1nd1v1dual nebulae, 2) the apparent s1ze of the nebulae, 3) “the spectra i
:of ‘the nebulae, and 4) the counts of the total number of nebulae to

1f_successive llmltlng magnitudes.

- The procedure used was. to determine the line element which

"chharacterized the cesmological model; then to derive from this line
:'element the expected relations between the observable parameters. For
* 'examp1e, Tolman constructed a hamogeneous non-static model u81ng the

u'” 1ine element
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. Where R is a constant determined by the pressure and den31ty of the ; e 5

v model.’ Startlng w1th this 11ne element, 1t can be shown that the :

bequat;on"
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obtains between the apparent bolometric luminosities 1y and 1j of two

identical.nebulae at distances r and r! and with spectral displace-
ments z and z' where z = EXL . (The distance r is the distance of

the nebula at the time the observed light signal left the nebula.)
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can be shown to hold between the observed angular diameters 68 of two

identical nebulae, the distances r, and fhe spectral displacements z. o S

Equations (1) and (2) are fhe only laws which provide for a
direct detérmination'of distance in the model. (Methods based on counts
or properties of élusters contain further assumptions such as properties

of & luminosity function.) Equation (1) is the form the familiear

invgrse square law takes in this particular model of Tolman'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
b the universe has been measured. |

Equation (2) is just as fundamental, but it has nbt been used
in astronomy because diameters in general arenot observable quantitiesf
In fact it i;;only when we come to consider the e;tragalactic nebulsae
fhat the use of equation (2) (or its enalogue derived from some other

line elemsnt) becomes possible.

This fact was realized by the pioneers in the extragalactie
field and some interesting results concerning nebular diameters were.
obtained, such as Hubble's

m + 5 log d‘= ¢
where C depends on the type of nebula and d is the diameber of the

"main body™ of the nebula,

‘But there are two serious difficulties inherent in the use
of diameters as measures of disﬁance.. And these difficulties have
precluded their use in the cosmological problem. First, and most
fundamental, is the difficulty of establishing a suitable definition.of
diemeter of a nebula, And by suitable definition we me@&n a diameter

which could be used for the quantity 66 in equation (2).
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If nebulae were balls, cans, or disks with sharply defined ; |

- edges, there would be no difficulty. But nebulae are stellar o

aggregates whose density and luminosity vary throughout.v In general
the distribution of luminosity is such that there 1s a dense bright
core or nucleus surrounded by a region in which the brlghtness gradually ;:

fades out. But neither the core nor the outer portion is sharply

' defined. The real spatial extent of & nebula is unkmowm. In fact,

what is meant by real spatial extent is & paraphrase of the problem. .

\  A usable definition is: the distance from the center out to where the o

e density falls to a specifiéd value, such as one per cent of the

/JT nuclear density; For objects as nebuiouS‘as nebplae; the definition
ﬁ:‘of diameter‘m%st take som{such.form. But actually we don't deal with
-‘the neBulae themselves but with such things as iﬁages on photographic
plates and photoc'elllreadings. So, clearly, our definition of diameter f'-: R
 must be an operational definition. And having agreed on an operational'w'_
diametér; our problem is to find what modifications And corrections . §V15 2f*
" must bo made to this operational diameter to give a quantity whichfgvr
,‘Jcan be used for 66 in ‘equation (2). ‘ |

What is really wented in order to apply equatlon (2) is some»f; f;'

linear dimension which can 1) be measured, and 2) be compared. And in ’

- order to be compared, our linear dimension must be measured on corres : .

sponding parts of similar galaxies. It is this requirement which

“brings us to the second fund&mental'difficulty in applying diameters

to the cosmological problem; viz. the heterogeneity of the nebulae.




.
. As'is well known, nebugievdiffar'in intrinsic form. A
classification based on appearance divides them into ellipticals,
spirals, and barred spirals. But a more refined classificétion

shows that even those nebulae which appear similar may be quite

- different. For example, mebulae which appear globular (round) may

actually be globular, or they may be flattened disks with their axes

parallel to the line of sight. Amdin order to ﬁse equation (2) we

_ A ISR
‘must compare nebuale which are identical in every respect except as to.

their distance and velocity. So we must either determine by some’

‘mothod which nebulae are strictly comparable or resort to certain.

statistical devices which allow us to compare samples.
It is 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 ‘o the‘f * o

" same sampling or idemtification difficulties.

. The two foregoing fundsmental problems afford a»hatu:al .

. dichotomy in the analysis of the problem. So we shall divideithe &

discussion into two parts: 1) The Definition Problem and 2) The = =

Sempling (or Identification) Problem.
- 24 The Definition Problem.

-.In order to separate the two above problems, in the present
seqtidn we shall treat a set of hypotheﬁicallstandard nebulese all of
whose intrinsic properties are idehticalj"the differences in a?pear—
ance thus being dge to differences in velocity and distance. Our
problem is to formulate an operationgl definition of'diametérbof such

a standard nebula and then determine the corrections which must be
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emplojed to reduce the operational diameter to a quantity equivalent

to 66 in equation (2).

in this procedure we may.start at either end, i.e. start with‘

a measured quantity and work toward a dimensién of the nebulabof startl .

}‘with a'linearvdimension of the nebula and work toward a measured
quantity. Let us adopt thevlatter proceduré and consider the pro§ess .

‘fin two 5asic steps: |

~ Step I: Conversion of the true spatial nebula at distance & wi#h veloqit# ;f ¥“

.; v to the apparent projected light distribution received at our ga;aiy._;;iijff
Step II: Gonversion of the projected light pattern by the galactic and._:"- :

o atpospheric absorption.and the several recording instfuments to the |

form of presentation on which the data is measured.

u Step I. First we must define our standard nebula., In doing thié, We, 7

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’":‘U>

| define a sfandard nebula'wﬁich is not unlike real nebulaé, of better, > .f3 ﬁ ‘

’.:-:which is‘liké'at least oﬁe type of real nebuia. We c#n do the latter:T ?;1',. f
The stendard nebula will be defined as a stellar aggregate ’, SR
7 pos#essing:spherical symmefry. Let us suppose'thatvit is composed of ¢y
‘1 differént'types of stars; each having a density diétfibﬁtion giveh
by F (W), where W is the distance from the center. Each of the‘n

. types offsta:s will be characterizea by.a respectiva energy envelope

L, W. |
’ ' Now Step I can be considered as composed of two sub-steps.
A) The conversion of the spatial nebula to the projected luminosity

6} . patfern. It is in this projected luminosity pattern that our &6 of "




. equation gives: @
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‘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 displacemen‘b. .

A) If R is ‘the progected radius in the plane of the sky and P (R) is

4 the projected dens:.ty (stars per unit area), ‘then von Ze:.pel’

WF, (W) aw

=

P (r) =

The lum.inos:Lty per umt area at a wave length A and a.t a distance’ R e

i from the 'center ‘due to stellar type m will be I, W) By (R) " The SR

total lumincsity at a dlstance R and at wave length A will be

Ir(4, R)=Z 1, @) B (R)

m=1

The function I, (4, R) is en axially symmetric fumetion .

_-a function of A,a’h}ieliwave' length in terms of an undilated scale at,

; the nebula, and R, the linsar dls’cance from the center. But we mayw

whrch

‘alternately consmer I ()\ @) &S representr@g the apparent d:.strl-

bution of energy as observed a.t some standard distance A . Where A
is the wave length measured on the observer's scale and® is the

%iar distance from the center. . It is exactly this representation

of the nebula which is employed in equation (2). So it ist in terms of

I (l,@) tha:b we must deflne 5 8.

' ‘The functlon I (x6)) Will be an even f‘unctlon, i.e.

I’; (A ®) = IT x, =-®), which has its meximum velue at@= 0 and is

assymptotic to O as ()= «.

giving the distribution of radiant energy intensity per unit area as. LR

/J'( rvc“/

ruan // /fw'}
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':‘function,
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Corresponding'to the forégoing definition of diameter of the ’

spatial nebule, viz., twice the distance from the center to a shell in

which the density drops to some specified fraction of the central

‘density, we can define §@as equal to 2@0 where @o satisfies the

L equatidnv v

I, M@)=21I,(0 , 0<¥<l.
Wherees cdrresponding linear dimensions clearly are suited for use in

equation (2) (or its analogues), it is mot clear under What conditions.

Conv i // fu;‘t

' diemeters defined in terms of & central imtensity will eenssilite
co‘rrespon‘ding linear dimensions. To investigate this que_suon_. as v.re]-.l'.
i, ’_::‘-_~;‘as the modifications of the projected luminosity pa‘ctern due to the S
veloclty a.nd dlstance factors in accordance mth Step I, substep B), 25

let us cons::.der what we shall call Eroflles.

A profile is ‘che mtersectlon of the &x1a11y symmetric

luminosity pa.ttern with a plene p‘assmg through its center. . ‘Both the :":i»:' 3

, f"solid" lummosi’cy pattern end the profn.le may be represented by ’che

¥ (x,@)

In accordance with the cosmologloal model, we assume there

exists some law connecting dlstanc_e with red—shift, z=nh (A)'. We do -

not know h, but will assume it to be uniform so that for every distance:

4, there will exist & unique value of z. (Present observational

jmaterlal out to about one-eighth the veloclty of light :.ndlcates h to

be a linear function.) -
Now let I (A,8) be the profile of the standard nebuls

located at some specified distance B - We shall call this the

reference nebula, If we move this nebula to a distance 4, and give it

the corf‘espond:’mg value of z, its profile will assume & form i’: (n, o).




‘véngular disteances from the center to corresponding points on the

7mnst be of such & nature that these 1ntegrals ex1st )

‘ffA write

80'

The parsmeters (y) and € are corresponding angular di&meters,>i}e.

 ; profiles.' As the profile I, is moved from the distance 4, to the

_‘dlstance A, (the spectrel shift always malntalnlng the proper value
- defined by z = h(A)). The abscissa (® of each point on the proflle ' H”L¢‘\
. ,:will be modified according to equation (2).Oor its analogue). The i
U total boldmetric_luminosity, (or volume under the‘bqloﬁetficjf

- luminosityASurface)-will be modified according to equation](l).;  -

- Let oo

=0

V",’_:v'bhen‘ N oo

o 1, = 2n (J/ﬁylb (6} 6de

- 8=0

BY PaPpus theorem for volumes of solids of PGVOIutlon o osz L

.:where 6 is the dlstance from the center to the center of grav1ty of the
3i half-area‘A under the profile. But there exists a 6, such that

SRR » .
A= iy (0) © by the mean value theorem,

L% L% 2
. 1b & i (o) ¢

where a is a constant and 6, & determined angular dimension or .

ebscissa. Similarly ‘L = a'»I: (O)Cl where (%) and 6, are
. ) ]

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

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

2 * . X% L * 2
Ao? (1+2,) .1 -eaiy (0) 0, _ = i, (0) &, (1 + z)?

'A_V.z (1"'3):’.2 -Li at I;(O) @'2 at I‘bf (0) Az.(l + Zo)a

lb (e) = /i ':.()., e) d’_)\' o :‘, w3 e ‘j’,p--_.[":f .fé’fa f ¢

';'f(Sinée‘the-luminosity of & nebula is finite, the'functions:i:"and W



o0 ar*@_(1ez )

(3)
al z; (0) (1+32)
 But the constants a end a' are izddeéendent of z. In the
case of 1o spectral displacements, the energy intensity per unit area ‘.
is constadt, Loa=al, o |
Equations (2) and (3) give the variations of sbscissae eLnd
the centrel ordinate of the bolometric‘profile with distance and

velocity{ Profiles have been expressed in terms of the ano"ulé.r |

e distances @ and € from the center to correspondlng pouﬁ;s. Let Zand

: . defined by L

~ o be any. two correspond:mg a‘bsclssae. If we mtroduce a v&r:.able x

AN xad@_g_e._ |
Z [+
' fbhe profile,v éxpresved in terms of X, is indepanden"b of equation (2)

We defined & diameter of & nebuls. in torms cf a parame‘cer ¥ and {-.ha

central intensity. If x, is the wvalue of x,. such 'tha.t

Ib (x,) = 7 Ib (o)
‘then, clearly, every ordinate‘I,: (x) is related to everjr, ordinate

, ‘ib” (x) by.equation (3)., Thus, if we hgve bolometric profiles at our
disposal, a' diameter defined as above will transform by equation (2).
_ But we are faced mth the dlfflculty of not hav:mg bolometric,
but rather y-3 llmlted—spectral-ra.nge profiles. And the usefulness of

bolametric profiles depends on ‘bhe properby that equatlon (3) is /. /53'
¢ T Ca 7

[y

. \5‘/&&( Y ?‘ ,// l‘f({:‘-’.- i, Aea 1 Cntig, , / /( 7(
Ien ¢
' independent of x (or 8). -In the case of photographlc or other prof:.les,,, R .

may 4o o w“' hw

. thls is not always true, the ordmate transformation bei{ng e function

of 6. Imn such a case, fthe foregoing diameter defined in terms of

and central 1ntens:z.ty would not transform accordmg to equation (2).
in ovid a cave

It will be necessary,to resort to other operational devices to arrive

at measurable parameters which transform according to equation (2).
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Theory'of.Profiles based on Tolmen's Line Element. L

. We wish to derive the transformations which govern lumlnr

oaitiea arnd inﬁénsitiea in Tolman's homcgeneous non-static model, which‘;:.‘

o is characterlzed by the line element. -

-

o/‘,z: - e‘?, ) o/r L POt FELimt S /;pj # o’&’"_\,g

; Geodesicsvin this'universe afe'obtained by setting as'= 0. 1£ ‘

- And by settlng de and d¢ = 0, we get an expression for the radlal {,;;juﬁx B

2
2 /-)‘

d? ; Re

Thls differential equatwon may be solved by separatlon of  ;
. «

 ,varia§1es. SRR . dg, - &%;J
S L = e d¢
J p 9 _ S ,

Ry ¢,

Where our coordlnate system is centered at the radlatlng

_1nebula. At time ﬁl’ light leaves the nebula; it arrives at the
‘observer at tzme tz after traversing a dlstance A '

' Differentxatlng both members of thls equatlon with respect to,? : :

e e R
or RO R (PO
LS |

It aty represehts a time interval at the,nébula, dt, is the A'

. corresponding interval at the observer., TFor example, if dti is the -

period between successive wave crests of a light pulse (photon) -

leaving the nebulae, then




- 'the tota.l energy of pho’cons of wave length A

end for the observed light, dty = A, (1#2) 4 e
. | - Y
i -
o', - e {7 .7'}:. C1+42)
0,

This change in wave length is the so-called energy effect. '

" Let us next' coneider the rates of departure‘ and arrival 55 the phetons : 3
themselves. (The number effec‘b‘).' If dtl is the interval between

. successive departures of photons of we.ve length A; from the neoula,

: F"Pl __.a_i;.é will 4e /{c rale 1/ //4,/”( 7'.(( I'R/( 0/ Q/I/Mv/ p/ /4‘/{ :
‘ﬁl(;/nj ln//d( /6 O/t ‘é P : R e

£ %

. But the photons which leave with wave lenth A, arrive w:.th wave leng'bh B e

The -observed monochromatlc lummos:.ty 1 (x ) is def:med as

2 arrlnng from the nebula G

L per unrb time per un:.t area (at the recelver)

e 00 - L

76’/73‘9*4‘: Ay
 but % (4 4an<i /c o he
i _ /)‘ A 1?2

/ ONE v //,1, ) //7‘2'} v

‘/f/‘ef" a* ) (el

where n (Xl) is the rate of departure of photons of wave length N and

AC is the emergy of each -photon. » -
. “ “This may also be expressed in terms of the frequency, z2
=7

2 )= L l2) -

According as to whether we use frequency or wave length expressions,

we can write , , ‘
o . 4?)%/?} < f/_w/[/fz/ or /c ,[/?/: FlA

A /+2
where E is the func‘bion representlng the energy envelope of the nebula.

2¥)) = Fl5)

YT A 1429

The transformation law for monochromatlc luminosities follows :meediately
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RPALCRP LI el 7:&:) e A /42,) @
z J - :
A ,13‘[/1) 4, { /*Zo) ,_r[ /fg,) | .A/;f /7‘24‘ ' E[“/;
: v/’l‘ / 4([4) L*CA) A "lim-ced-speotral-range

11minos1ty, we have:

Zd - v "( 143)° /OC[’U[[/ J(é} __,/f (#2) /“[/Ui [”‘2)(//{ )

,Zj‘, as (143, )} /x()}.:’-' [/-/-2 )5/) - 2y, /az[)/ F(—'—'J &m :

Hubble uses the notation K for the correction factor. Hence we write

Kel22,) = 2.5 /g /"’“’U“"[’T)’/J_‘
| VA7 W)q/)

S v F
e 4 t+e) ow/s,zp)
‘/«’ »/,,'y 0+24) '

- (If we ’ca.ke o( =1 equatlon (5) reduces to an identity. )

L

Surf&ce brlghtness or wmit mtens:Lty is defmed as lum:.nosn.ty :

per unit. aree of the source, If %[J r/% is the total number of

. = photons of wave length A radla‘ced per unlt 'blme in & rlng from
i rtor +. dr, ‘then the luminosity of the ring Will be ‘ " o BRI
| 2L s A g,u,d/» oAy r)dlr
E ; "//78-"‘4‘6/7’:‘./" Y e e did I
| PR L
- the brlghtness of the ring w11 be R el , S
# C - SRR USRS O S
2¥(4,4) = LU48) . _eld,r)  tho momochromatic imtensity
o :Urﬁa/é? pmressliF2)5 R S
. / 0PI/ ’ |
Lé [ ﬁ/ /) a s (r) the bolometr:.c :.ntens:.ty

U ef'[/faJ“" 77 g2 1%
1*09) < o/ az(/l/,e(/i/'f/a/L et
' M‘eﬁ( 1#2)° ' :
L mee gy [Uporede s ) |
© | [ sk

r."intensity = .-

0 ol
g e 24 1rES z/rzefm*l/fv_’

Flis [ramd

or - =




e Sixﬁilarly i ’/[f,/'[/‘jjo

‘rl o L

v and the cen‘bral 1ntens1’cy may be used in equat:.on (2).,

3 'Similariy

13.

Further:

L{M} et /ozu/ e(;;—z;,,)c/,/,w,.

(Bquation (3) may be deduced by tak:.ng g = 1)

: In'the case of bolometric intensities, we have:

X - e, r) .
2,08 ) = 4/
”/‘ 2 frie 3 (1#2)° )

and éé'ﬁ[ﬂ/ = 7/ 9«4/[ f/jo :
o L ’ f;]l-eﬂsc A"ij : i
: ii‘[@/ CE 03(4) '[:/%(0)‘ — lf’f?)" Qo e

ZFG) s ) 12y s w I

[6"/ [!‘/],

" end el and @ satisfy equation (25 because they both correspond, to i

Hence for bolometric mtens1t1es, dlameters defined in terms of

.But .in the cese of Z“, a , We have  ;‘ :-_"
WOE J “tl) e /"J “. il s woy SO
I7!( @) ¥ 0 143,) I*[ o) S et

8, andﬁboth correspond to ry, and therefore satlsfy

~ equation (2), but ¥( /;‘,_2_) % ¥(/+},) and the corresponding

diameters consequently camnot be located by t% of the central intensity, ‘

L so some other operational dismeter must be used for this case.

In the most ‘general case, profiles can be used to derive the e

intensity and diemeter transformation laws, if we can identify the

 untransformed and transformed position of the seme point. This .

"reversed™ approach would seem more desirable. than der:Lv:Lng the ‘bre*w-— R

formation laws from a specified cosmological model, for account could

be taken of evolutionary features as well as those considered above.




The great difficulty, and the one which v1t1ates thls approach to the .

" problem, is the identification of corresponding points. The struoturev

of globular profiles is such that no such polnts can be deflnltely

V‘establlshed So even in the case derlved from Tolman's model we have

":reéched a'"dead end " The points of 1nflect10n, Whlch can be readily
"1dent1f1ed in transformed and untransformed proflles, suggest themselvss L

" as possibilities for epplying equations (2) gndw(S)a; waever,ilt can~,,l

be seen that 'eqﬁation (S)Y does not necessarily 'Eransform an ini‘lection;
’po:Ln't‘. in‘bo an 1nflect1on po:.n’t: wh:Lch precludes use of diameters for
: ‘deternuning distances in thls case. . |
However, by maklng further aséumptlons as to the proper‘bles

g ""'v_;of our standard nebulae we may proceed. We shall assume tha'b the color '

. 4

- of the s’candard nebula 1s independent of the dlstance from the cen‘ber.

.In mak:.ng this assumption we are ma.klng our hypothe‘c:.cal nebulae llke

o real globular nebulas, in which no apprecia’_ble.color"change has been

R

colors of severs.l near-by elllpt:.c 1 nebulae.

“Thare’ appears o -be-zio
" color change with center distence 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 e i
"~ of ‘papula't‘;ion,II’ is only about 0.8 magnitude.‘ This is equivalent to
I,[@;/"Ié[eg} o
— <2 for all J.J k]
L, [‘9./} = [& (8]

Therefore, if we restrict our measurements to the nuclear portions

/<

of the nebula, we may safely assume that color variation is negli~
.fj gible on the basis of present observational evidence.

See wido folodery o ol b
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Then on the basis of no color change, we may write

Ir [A-; l‘)

whlcn implies that we may wm'te,
I,(A,r): FlA) B(r

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 ensergy envelope for all the
stars, which is highly unlikely.)

We an now rewlte the foregoing equations in the separable

form. Specifically,

. take el N r) = eCﬂ)'j[i‘J

v

but /wec 2, 0) dr = eC/\)/ girdlr = £CY
-0 0

o?
9() r¥) = 55/”@3{—” where Jd:/j“/ 0/)'
Hence l;[ﬁ/ - / M[/]}E[/“)C//‘I

gmiedr (172

A
and IJ(8): _/__"ff_'*_jf_ﬁ_z_
’. eme H ﬁl'/goj‘r

Thus, when we have separability, equation (6) becomes

LB o) [V EFL)AD e
BT (/%2[’ Tl E ()] T Uray”

Dividing by equation™5), we obtain

Iq/[ﬁ/ /d ) 4’;‘ L/h?)
e E 4 (4 %)

The left member of this equation contains only measurable

oy ,{/;([2/ Zo/

quantities (i and I can be readily measured at the center), and both
z and Z, are kuown; therefore we have the ratio of the bolometric

luminosities. And from equation (2), the distances can be derived.

7.)
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In the case of separab:.ll

ix6) « g 4 <L) 5/,,9///3 = glh) Slrmz)

P

heogirtess irz)t %
and zd{zv- [u"'[’/] J'[/fZ'j

hence (X (8 6,‘7_&2 LX) = v i
u"/’J]a » SRR
-And since 7 depends only on r, this type of diameter may
- be used in equatmn (2).
‘ ‘A few final remerks on the theory of profile transfo'fmation"i
" are in ordér here. The color excess fou‘nd-by“steb‘binsband Thitford
‘suggests:that some a_lte?ations in presen'b coﬁcép’és are in ofder._
~First, space m&y not be tré«nsparent és’vprevi'oiisly supposed. Ther>e'1‘nayf
v bexist_ an interg(alactiﬁcv absorbing medium. If this absorbing‘ agéncy’\is :
‘ ;./isotropic,b dian.xeters cen still be of use‘fo’r fche determinatioi; of
- distance. | - e e
‘Say sbsorption is & function of wave length and distance. -

=k (A: A) " -
£LN y[ rl
g (/1r2)
’ photons of wave length k 1eav1ng the nebula per unit time from a ring e

Now will bé' 'hhe total number of- '

"'..r-tor+dr.

The observed monochroma:blc 1nten31ty in this rlng with no g

. :absorptlon will be: [/f ﬂ} . £ /,)ﬂﬁj/(,/

/{uuﬂ

| Noles 4//4 o
9Lr) 4“1'1/5[/*’/ ’ . ”/’."

Jgr  frredrlrzo7

with é.bsbrp’cioﬁ:. I(use bar) Z?,[/l/gj:: Z’F[/f/ﬁj e

and Zd[lgj?—

' i’ is the effective wave length presented to the absorbing

' medium end varies with the per cent of the path traversed. It




- We may therefore assume little change in distribution. The evolutlon

,gels predomlnantly in 1um1n031ty rather then in s1ze.<vi«~"

“equation (2) to give true distances.

. by the law.
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follows that the ordinate transformation is independent of r and

SR

: T diameters may be used in equation (2).

Another possible interpretation for the Whitford excess

reddening is nebular evolution. BEvolution of course may be either in /l
' intensity or in radius or both. In the 2 x 108 yéars since light left
 the Bootes cluster where an excess of about 0.3 magnitude is observed, e

‘& star such as the sun w111 have depleted its mass by about one part A

4

of this order: 1 part in 10% end certalnly no't more than 1 part in 103. bl

We can generallze the emission functlon so that E (X) 1s _

B (xs t) Our only restriction belng uhat changes are»such that color :
ui i$ independent Of r. In the eﬁolution&rY-GQSé’ the‘l&w;0f~drdingte,

iftransfonmatzon becomes

zdfﬁj (42,)° /«M}[(.a, z&jo//? (,*2/ ”,‘.“/‘Q/EJ‘%:Z,\‘T/H " '° 

I(@‘) (#2)" /oz[/i)é'[.-—,Tja/ﬂ C/fé)‘-

~ Since this is independent of r, :-diameters mey be used invf; :

In the case of evolution, lumin031t1es w111 be transformed

’ j,‘i‘ Q Aol [/7‘20] /ooo”kc(( 20,2«‘/7]

L: - A:‘[/*ijs (9)

Equation (8), therefore, offers a method of obtaining the evolutionary

K term which can be used in (9) for obtaining distances from luminos-
ities. We may then write & gemeral equation for derivation of distance,

which is valid with nebular ewolution and/or intergalactic absorptiom.

‘f,ln ten ‘thousand. The total change in the mass of the nebula must be

OF




e 1. Galac'clc absorptlon.  Account must be taken of the 1atitude': S

18.

A=z 4, (+2) 2% o ! .
+a) I - QQ £« o . (10)
J (o) 7 Mo te thal o (10) all
- Grandi Mer s (g A s dd
Step II. We now come to step II, 'bhe conversion of the theoretical = wre odvidva (/v

. CQien e
nobular profile by loeal absorptiens end various instrumentai effects ﬂﬂ?};j/; ‘
. i ; R P +lg e ety
: . ‘ by et
to the form which we measure. , VAR
o o dmed e e
v ; . . ; ) . RS /' . (,‘_,{;
A careful analysis of this aspect of the problem has been o ff.yg ,
. . . Al boiiifj 10;9/“'3

made by De Vaucoulewrs (Am, d'Astrophisique t. 11, no. 4, 1948 = freed J, gm

- pp 247-265). lost of the technical problems imwolved in micropho- =«
tometric photometry are common %o ordinary photographic photometry. } 1

- Ve may lists

effect either by the cosecant 1aw or some refmemen‘c. If the

infjfordlnate‘%ransformatlon is independent of r,*lt follows that o

/ Q(ug/z
do=a i, 6

or jéi, - —/1: : . . where u  designates .
(e gc ‘ R SR

:uncorrected and c¢ designates corrected values.
2 Atmospheric absorption. This can be teken 1nto account by the  1i:
functlon éx(x) used above, except for differential effects. | »

- Zenith’ dlstance correctlons also follow the rule- t

o Ao

Lu bc
3. Seeing. As in ordlnary photometry, seeing can be & source of

error. C&mparison of tracings made of the same object with varloug i
seeings do not show appreciable differeﬁée except in the moré |
‘stellar-like images.' However, as in all careful photometric work,
plates to be compered must be taken wnder similar seeing condiﬁionsm:
.4. Sky backgroﬁnd. This cen be a rather serious source of error.

o Py - v x
Since certain critical measurements, such as st depend on the

baékground level, variations cen vitiate the results., All the

usual precautions. must be teken.
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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‘ar? in order. | ‘ E
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

4

image until the demsity reaches saturation, (Mees, Thedry of the

' Pnotographic Process, p. 888), after which the size increases '

eccording to the well-kmown Greenwich formule., Fine-grain |
emulsions show much less turbidity. So for reasons of rgsoiution\
as well.as turbidity, fine-grain emulsions should be used with>‘ *
exposures short enoﬁgh to prevent the center of the image
reaching saturation.
Calibration.
7. Conversion of demsities fo intensifies is the same problem
' encountered in ordinary photqgraphic photometry. H-{ curves for
the Séme developing and expésure conditions must be had. There |
is still_the uncerteinty 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 comparaﬁle to the nebulae. Holmberg has obtained very
@

satisfactory results by calibrating his nebular tracings against
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extrafocal tracings of stars. At present this promises to be the
most satisfactory method. However allcwance for highly reddened

distant sources must be meade.

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 mede of
clusters on 48-inch Schmidt plates show that the beckground 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.

Rescluticn,

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. This
problem is an old one in spectroscopy whérq}giveqathe instrumental
characteristics and the observed profile (tracing), the true
profile is desired. Whereas the spectroscopic problem is a two-
dimensional problem, the reduction of nebular tracings is three-
dimensional. There is &a slit-length effect as well as a slit-width
effect, Both Holmberg and Vaucouleurs menticn this problem but
both are justified in neglecting it in théir work which is the
photometry of large near-by nebulae. However, when we wish to
work with distant nebulae, the area of the scanning spot becomes
& sizable fraction of the total area of the nebula and this

instrumental error can no longer be omitted.
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One method of getting an accurate profile would be %o count

grains, as has been done in spectrophotometry. But even this

method is not so simpl‘e‘ when we are dealing with the three-dimen-

sional case, It is best, first, to get an idea of the nature of . .-
the error from a theorstical study. We essentially have an’

integral equation to solve of the form:

Hny < /o’u/f(u Wl g o) e

N where H is the q’bserved profile, I"is _’che true profile, a;rid Wis
- the instrumental function. 4 formal solution §f ‘the problem’may
~ be obtained., but it is of no use in applica‘cibn,' But we .éan;
thain some interesting and useful resui'ts‘by'proceeding aé
‘fsl,lows': z - |
As a first‘ appréxima’cion, let us assume that the inéfrumentai

function is unity in & rectangle of width 26 end length 2¢

and is zero outside. We may then write the é,bove equatio‘n in thé‘ :

- form: - | Fie

HF

¥*1y?
0

Now our profiles are all even functlon, i. e,
I(r) =1 (-2)
We'm‘ay, therefore, expandAI in a series of the form
L4 . .
_Z s Z Cx [X‘*/:/‘
. . 40
‘where x% + y2 = r®, It can then be shown that
H(r)z IcH+£ 6*1'/'/ + < d’ Ir) + IV 1%+ c?é [I"W £_’££/ +
# ‘-’"""(J_LJ z 1"0 Lrer)) + d' L) 4+
‘I'o normalize our represgatlons, we can alce “Zhe dlste.nce

(or mtem devtating) _
out to the point of inflection,as the wmit., We shall designate

this by @. (In all cases we have - </.) Then if R is ing

units and €= 6, ‘we have

- ' L _d [ iR 3
H(R)-{I[&ja“ = T,L.z [/?)]:P




‘,/‘;’/“f'we can f:md R, H' (R) ‘E" (R) From ’chese values we may derlve ks £

- whlch by the formula.
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(Note that the first two terms of the right member constitute

Bessel's equation of zero order.)

Neglecblnr higher order terms, we have

TUR)= HUR)- f £ R 0&0 (,/ o*{ /z 0

To keep within our measuring accuraules &= 5 <0.70 (1 part in \ /273
;:. S ‘ N ',}’_V AN
150) In the case of use of the central 1n‘bens1‘ty, : o \ _
L ()= prog- HU)es) S L

If we are using t diameters, a trial and error nrocedure

R

o

k5

/
P E Y et

0D

.~ must be used. If we 'balre some value %, such that H (R) =£E (0), et

- where I (R) = 'l’I (O)

| i
[ Hs MZZ ‘4 #2’5;)]

[/ - £4dY Hy 7
| o HY y
 Going 't:hen to our. transf'ormed 't:racmg, we mus’c find a valus F

[/- 1f e Al +_g_'_‘ A //)]
T ity ot
[7- °+6" A ]

“iio) ‘
gives ¢ such that L(f/ 't c(o} We must by ’crlal a.nd error in

! ~by ’che formula "

L

B) find the r and %, Whlch gives the 3 de’cermlned by A)

'-Ifkwe ta}:e //[X}.-",aa 4 a,xt+ a_;x’;f-'--

using as‘many points ‘as convenlent,
| L B (0) = 2 &
Th:\.s is a ready n;ethod for evaluatlng the qua.n tities used in the
~ correction equa'l?ion. |
An alterngtive method is %o employ normal‘ error functions -
to approximate the vprofile. The .in’cegral eqﬁaﬁion is easily -
Solﬁble in this case, “and thé corrections can be ree.d from error

tables. »
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o An evaluation of the‘foregoing'technical difficultiés allows
: ué to list the following procedures as advisable ones:
o 1 } The diameter problem is subject to all fhé éitfalls of
5'f:photographic éhotometry and all the usual precautions must be
J taken.  Sky meter’readingsvpuld be a useful adjunct.
A'.‘2) 'Only two’clustersvat a_time shoﬁld be compared, these by

;f‘ means of half-half plates. The nebulas in the two clusters

e . being photographed should be of comparable brightness in order.
.that‘turbidity effects may be avoided by staying‘beloﬁ‘saturag‘ ¢Vf  s
"tionf; This necessitates that the Wpr2 Be done‘infa'seriesiﬁfa ;f.ﬁlfl“

.'»kks.tevPS: cluster A to B, cluster B to C, et cetera. i . .
s ©3) 'Wideéi’ield plafes ‘should be used for local backgfoimd R

corrections.

fine-grain emulsion should be used.
'5) The largest scale feasible sho@ild be employed, the 'Cvassegraj.ln;

foci if possible. .

3. The identification and Sampling Problems:
i'We must now examine to whai‘: extent the foregoing theory

based ph a hypothetical standard nebula can be applied in practice. |
It is c‘lear that what was séid.abou’c globular nebulae is immediatély B
- applicable *bo other elliptical nebulae provided that 1) the two

ellipticals are identical, 2) their axes are'parallel, and 5)"??6

compare the same profiles (e.g. major or minor axes). In general it
will not be possible to kmow when requirements 1) and 2) ére satisfied,
just as in the case of globulars it is not possible to know whether a

 given nebula is truly globular &F is an elliptical with its axis

‘ 4) For minimizing both resolution and ’&gurbidity troubles, & e
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parallel to the line of sight or even a late neb&la of wﬁiéh we see
only the_nucleus. :

‘We may approach the problem in one of two ways: 1) We may
seek more refined criteria whereby we may positively identify two or
more nebulae as being the same, or 2) we may establish certain
statistical criteria which will allow us ‘o work with samples.

Great progress was made in stellar astronomy because of the
evidence of observables which served as labels that a certain star
belénged to such and such a type. These observables were notably
spectral characteristics and singular variations of luminosity. Though
this type of label is not avalilable in extra-galactic studies, by
studying fine structure of nebulae presenting the same projected form,
we may be ablé to arrive at suitable identification procedures, and
narrow down the comparability uncertsainties.

Let us consider the globular nebulae., Whereas, as
mentioned.above, singls plate identification is subject to many
uncertainties, it is>surprising how much information may be gleéned 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 & blue plate. These and other changes allow a globular to be
identified without too much uncertainty. But we are still left with
the problem of sorting the globulars. 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, Coronsa, and Ursea Major II clusters.
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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 greaph
on which is plotted

log & = log (l_%%éJ + log (constant)
for the globular nebulae in the four clusters. It is possible to pass
paralle; 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 sug-
gests a way oanccurately determining 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 parallel femily which passes through the globulér distri-

buﬁion in clusters of known distance. The abscissa will then give the

value of (1 + z)/'Distance. 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
mog T

the supposed quantization exists also in magnitudes eem—weedsdy be

verified.,

In the absence of directly comparable objects, Hubble
established certain statistical procedures. He assumed that the fifth

" brightest nebula in each cluster was comparable. If the luminosity

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




At the present, littlevis known about the luminosity functions, but the

above diameter studies provide sufficient material for studying the

la?ge ends of the diameter frequency functions of the above named
‘clusteréQI ‘
~If allowance is made for the decrease of both mean value
: and dispersion with_distance, the Coma, and_two Ursa'Majqrvclusters are
- not fooIAissiﬁilar. ’The Corona Cluster, h&wevef, has an.excesg of
lérge‘nebulée. | ‘ . :

The second graph shows a comparison of the dlfferent methods of

~samp11ng. Neglectlng the Corona Cluster, wo see that the results us1ng SR

the mean of the five largest, the mean of the 10 largest and the mean of ;{'

_4’the 20 largest are in excellent agreement as shown by the nearly equal i ,afmJ   ;

slopes. Use of the mean of the E0's 1ﬁ/the largest 20 nebulae gives

results which shOW'more homogenelty as ev1denced by the constant slope.;lﬂjE‘

Further  the general,sample and the»EO sample are in good agreement.“

'r?i It follows that the sample'wé use is of minor import provided that the
. ‘distributions are comparable, The large‘disparity of the Corona Cluste?f€f _'3
;,isvdue to the excess of large nebulae, Conseguentlyy‘if distances ﬁéreg S

"’vbnaiveiy computed from the diameters, withou#;knowledge of the diameter[ik

frequency function, we ccﬁld expect sizeableferrbrs. That the.éams ‘
might be said about luminosities is problbly true.
From the prellmlnarny study outlined in thls paper, 1t is seen‘that
the poSsibilityvof using diameters in the cosmological problem is not
 to be gxcluded.‘ It is true that diameters will not provide something for |
‘nothing. They point the way around the difficulties of envelope shift
and evolution,. but the photometric probleﬁs require the highest order
of care, It must be remembered that the atteck on the cosmological problem
i is not a restricted one, but that diameters mll be used in con;)unctlon R
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. :
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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, VIIOTPI) .

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 & 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.
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TENTATIVE OBSERVATIONAL CONFIRMATION OF DISCRETIZATION IN GALAXIES
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 disténce.
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

. . . » 1/2
‘occur at discrete intervals proportional to the sequence [b(n+li] /

where n is a postive integer. The observed proper diameters, nor-
malized to uniform distance by relative red shifts, corresponding
to apparent EO's were found to exhbit 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

nd&?uﬁf&
observational demonstration, it is felt that ermmsidersble justification

Forhan

now exists for the design and implementation ofﬁobservational tests

for discretization phenomena.
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down to about 18th magnitude on an additional
608 stars; however, the photoelectric lmit 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 con-
traction, hydrogen-burning, and helium-burning,
together with a non-unique epoch of stellar con-
densation. 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 two-
color diagram of the bluest stars is of a blackbody
character. Sp vs (B—V), is monotonic for all
stars: The M supergiants are shifted redward over
previous studies and form a steep two-color relation.

Thermodynamics of the Gray Atmosphere. Ru-
PERT WiLpnT, Yale University Observatory.—The
classical problem in radiative transfer is to find the
source function sustaining strict radiative equilib-
rium in a gray atmosphere. That restriction, owing
to the linearity of the monochromatic transfer equa-
tion, 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 nonequilib-
rium radiation, of Wien’s displacement law. For
every pencil of radiation inside a gray atmosphere
in strict radiative equilibrium, energy spectra char-
acteristic of different effective temperatures (net
fluxes) are linked by a certain similarity transforma-
tion, provided that the source function, which need
not be Planckian, undergoes the identical trans-
formation; 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 simi-
larity laws have in common are quasistatical proc-
esses that convey, by a finite change of the net flux,
the radiation field of the gray atmosphere, ie., 2
nonequilibrium system, from one steady state to
another. Because thev satisfy all appropriate
criteria, it is well within the bounds of accepted
usage to call them reversible adiabatic processes, a
term reserved in classical thermodynamics for
passage through a sequency of equilibrium states.

Aﬂihm&w;ca/ %t/rmq/l

The complete distribution, throughout a gray
atmosphere, of the spectrum of the source function
accrues from a tentative extremum principle re-
placing arguments from thermostatics. Minimiza-
tion of the global entropy deficit of the source func-
tion (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 f{unction. It differs from the
Planck function by an additive parameter related to
the nonvanishing free enthalpy of nonequilibrium
radiation. Since the new parameter varies propor-
tional 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 Dis-
cretization 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 11, and Coma B clus-
ters were measured and reduced to quantities quali-
fying as proper diameters in the sense that, con-
sidered as measures of angular diameters, they
exhibit inverse proportionality to distance. The re-
duction of the measurements to proper diameters
was made by calibration against cluster redshifts.

The theoretical distribution function of diameters
of true 0 galaxies, according to the Edelen theory,
will be such that they occur at discrete intervals pro-
portional to the sequence [n#(n+1)7]} where nis a
positive integer. The observed proper diameters,
normalized to uniform distance bv relative red-
shifts, 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 measure-
ments of the photographic images of the galaxies,
and microphotometric based on luminosity profiles.

On the basis both of the importance of the im-
plications of the Edelen prediction and of the
tentative nature of this initial observational demon-
stration, it is felt that adequate justification now
exists for the design and implementation of further
observational tests for discretization phenomena.

L’ﬂ/, éyjﬂ/pé'—ﬁcf./7£3/ay4/7



Galactic Scale Discretization. Dominic G. B.
EpELEN (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 averag-
ing 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 semi-
major axes of E-series galaxies can assume only dis-
crete values that are proportional to uniquely de-
termined 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), for integer #. Using # as a parameter

From the ASTRONOMICAL JOURNAL
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to distinguish the various branches of the dis-
cretization curves, it is found that there is a for-
bidden region between the branches #=1 and n=2.
For the branches with #>1, the allowable lengths
of the semimajor axis become multiple-valued for
values of the eccentricity corresponding approxi-
mately to the well-known limit of 7 for the ellip-
ticity. It is found that there are z+1 curves in each
branch, referred to as twigs, and that each twig is
associated with a circulation on the bounding sur-
face together with a polar flow. The twigs cor-
responding to the ellipticals are those of vanishing
polar flow but nonvanishing circulation; the twigs
with nonvanishing polar flows are tentatively identi-
fied with the nonellipticals. As an immediate con-
sequence of these results, one can obtain the true
eccentricity and inclination angle of ellipticals as
well as a theoretical basis for their geometric
morphology.



Tentative Observational Confirmation of Dis-
cretization 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 clus-
ters were measured and reduced to quantities quali-
fying as proper diameters in the sense that, con-
sidered as measures of angular diameters, they
exhibit inverse proportionality to distance. The re-
duction 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 pro-
portional to the sequence [#(z+41)} where # is a
positive integer. The observed proper diameters,
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normalized to uniform distance by relative red-
shifts, 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 measure-
ments of the photographic images of the galaxies,
and microphotometric based on luminosity profiles.

On the basis both of the importance of the im-
plications of the Edelen prediction and of the
tentative nature of this initial observational demon-
stration, it is felt that adequate justification now
exists for the design and implementation of further
observational tests for discretization phenomena.
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found in visible and ultraviolet spectra.

Dr. George Wallerstein of the Uni-
versity 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®/Li" 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 A Andromedae, a KO IV star with
exceptionally strong Ca II emission,
probably showed the helium line at
A5876 in absorption. This has been con-
firmed by Wallerstein 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: 8 Ceti,
x 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, how-
ever, 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 KO0-K3 range.
Striking differences in the intensity and
character of the central self-reversal are
apparent among stars of nearly identica
spectral class.

These spectrograms have been supple-
mented by some at 8 A/mm covering He
and the Ca II infrared triplet. It is hoped
that additional plates of stars showing

much more intense emission can be ob-
tained; 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 Palo-
mar 48-inch schmidt was successfully
used on August 28 and 29, 1962, to photo-
graph at distances out to 600,000 km the
Agena carrier rocket which injected the
Mariner II Venus probe. (These photo-
graphs were made five weeks before the
Soviet announcement of their “first”
photograph of a space craft on an inter-
planetary mission.)

Dr. D. G. Edelen of the Rand Corpora-
tion, applying the Einstein field equa-
tions 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, pre-
dicting that the distribution functions of
the major axes of galaxies should have
discrete peaks distributed proportionally
to the eigen sequence, [n(n + 1)]%, where
n 1s a positive integer. To test this pre-
diction, Dr. A. G. Wilson of the Rand
Corporation has resumed his ecarlier
studies of galactic diameters (Carnegic
Year Books 49 and 50), reexamining
previous observational suggestions of dis-
cretization 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 diame-
ters of early ellipticals in the Coma and
Corona Borealis clusters. The diameter
distributions show asymmetric density
maxima occurring at values whose ratios
are consistent with the theoretical pre
diction to within the observational errors
The preliminary results indicate tha:
larger samples must be studied befor:
there can be definitive confirmation o:
the Edelen hypothesis.
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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 aepparent gravitational contraction but
with main-sequence stars extending, nevertheless,
to the observational limit. At present the data are
best represented by theories of gravitational con-
traction, hydrogen-burning, and helium-burning,
together with a non-unique epoch of stellar con-
densation. 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 two-
color diagram of the bluest stars is of a blackbody
character. Sp vs (B—V), is monotonic for all
stars. The M supergiants are shifted redward over

previous studies and form a steep two-color relation. -

Thermodynamics of the Gray Atmosphere. Ru-
PERT WILDT, Yale University Observatory.—The
classical problem in radiative transfer is to find the
source function sustaining strict radiative equilib-
rium in a gray atmosphere. That restriction, owing
to the linearity of the monochromatic transfer equa-
tion, 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 nonequilib-
rium radiation, of Wien's displacement law. For
every pencil of radiation inside a gray atmosphere
in strict radiative equilibrium, energy spectra char-
acteristic of different effective temperatures (net
fluxes) are linked by a certain similarity transforma-
tion, provided that the source function, which need
not be Planckian, undergoes the identical trans-
formation; and vice versa. Analogous displacement
laws hold for the concomitant changes in spectral
distribution of radiant entropy and of the eutropy
source function. The physical correlate these simi-
larity laws have in common are quasistatical proc-
esses that convey, by a finite change of the net flux,
the radiation field of the gray atmosphere, ie., a
nonequilibrium system, {rom one steady state to
another. Because theyv satisfy all appropriate
criteria, it is well within the bounds of accepted
usaze o call them reversible adiabatic processes, a
tert reserved in classical thermodynamics for
pas~ar chrough a sequency of equilibrium states.

AJﬂom&m}cq/

The complete distribution, throughout a gray
atmosphere, of the spectrum of the source function
accrues from a tentative extremum principle re-
placing arguments from thermostatics. Minimiza-
tion of the global entropy deficit of the source func-
tion (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 propor-
tional 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 Dis-
cretization 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 1I, and Coma B clus-
ters were measured and reduced to quantities quali-
fying as proper diameters in the sense that, con-
sidered as measures of angular diameters, they
exhibit inverse proportionality to distance. The re-
duction of the measurements to proper diameters
was made by calibration against cluster redshifts.

The theoretical distribution function of diameters
of true EO0 galaxies, according to the Edelen theory,
will be such that they occur at discrete intervals pro-
portional to the sequence [#n(n+1)7]% where n is a
positive integer. The observed proper diameters,
normalized to uniform distance by relative red-
shifts, 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 measure-
ments of the photographic images of the galaxies,
and microphotometric based on luminosity profiles.

On the basis both of the importance of the im-
plications of the Edelen prediction and of the
tentative nature of this initial observational demon-
stration, it is felt that adequate justification now
exists for the design and implementation of further
observational tests for discretization phenomena.
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TENTATIVE OBSERVATIONAL CONFIRMATION
OF DISCRETIZATION IN GALAXIES

A. G. Wilson

The RAND Corporation, Santa Monica, Califormnia

Abstract

The design of an observational test to corroborate the theoretical

o
®

prediction that the diameters, r, of galaxies of low eccentricity

are proportional to an eigen-sequence:
L
(a@t1)]? 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.

2,

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



The procedure adopted in constructing the present test of the
Edelen discretization hypothesis was to take 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 galaxies on a homogeneous set of photographs of six clusters are
shown. The plates were 30-minute exposures taken by Humason with the
200-inch telescope on 103a-0 emulsions. The sample of galaxies
measured was selected from probable cluster members having apparent
ellipticities of three or less.

Patterns were prescribed for discernment of 'signals' which might
correspond to the distributions expected from the discretization eigen
functions. These patterns were defined by one or more criteria based
on (1) condensations at roughly periodic intervals, (2) abrupt gaps
on the lower edges of the condensations, and (3) only EO galaxies
at the "band heads" (so called for obvious reasons). The more
sophisticated the pattern the rarer the event and the higher the level
of noise through which discernment is possible. On the bases of
identification of patterns according to these specifications, values
of (s) were determined which were thought likely to correspond to a
band head signal emerging from the general noise of the data.

The (s) values of these signals are shown plotted against the
red shifts of the clusters in Fig., 2. The fact that a set of very
closely parallel lines can be unequivocally constructed passing
through the (s) values of the signals allows feedback to establish
further confidence in the pattern identifications. The signals from
each cluster lying on the same line are identified with a corresponding
letter designation such as t, u, v, etc.

If the (s) 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 proportional to distance, such as possible factors
of (1+z) or variatioms in the parameter £, simply by raising each
measurement to the 1.63 power. In other words if g = s1'63, then the
quantity 6 may be considered to be a proper diameter.

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

A scale factor is assumed in Fig. 3 and a line drawn through the origin
to demonstrate a possible correspondence of band heads, gaps, etc.

The particular correspondence shown is not to be taken as the correct
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 ofbthe 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 mac—
roscopic Einstein field equations contain terms exhibiting
small deviations from oblate spheroidal symmetry, (%) 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 semi-
major axes can assume only discrete values that are pro-—
portional to uniquely determined functions of the eccen—
tricity. 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 distinguish the various branches of the discretizatlon
curves, it is found that there is a forbidden region
between the branches n = 1 and 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 twlg is assocliated 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 non-—
ellipticals. 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
thelr geometry morphology.
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Iet 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 1s that the region interior to S is occu—
pied by the world lines of a galactic structure, and
that exterior to S is the background field of "free space."
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 momentum—
energy tensor with any acceptable degree of certainty.

We therefore adopt the viewpoint that although appropriate
functions TAB exist for any pa{ticular galaxy, we know
them only to the extent that Ti;B = 0, as required by the
Einstein theory. 3Since S is to represent the effective
boundary of a galactic structure, we consider those
models for which at least one component of TAB has a

Jump across S. This 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 meaningful 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 8ap? 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 equlilibrate the local fluctuations. Hence, if the
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averaged t'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 isa%ngg%; and hence we assume that the
boundary of a galaxy is geometrically stable. Mathematically,
this means that there is an irrotational isometry in the
bounding surface S which takes the boundary seen in three—
space 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 irrota—
tional 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 "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, €), where n and m are integers and € is the
eccentricity. The 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, ¢) is given in
Fig. 1. For obvious reasons we refer to n as the branch
number and m as the twig number. The twigs corresponding
to equatorial circulation without polar flow are m = O.
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The discretization function p(n, 0, €) is thus appropriate
to the description of elliptilicals, and i1s given in Flg. 2.
This figure 1s the basis from which the remaining con—
clusions of the first paragraph are drawn.
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July 11, 1963

Crars IV

TO: S. M. Greenfield
- o, e B Ede/en,
FROM: A. G. Wilson '

SUBJECT: EXTENSION OF RSP-7086, '"GALACTIC SCALE DISCRETIZATION"

COPIES T0: D. Edelen, T. Harris, W. Kellogg, M. Klappert

Memos 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-P4275§ by A. G. Wilson, to be reported
before the American Astronomical Society, July 24 at the Rimx Fairbanks
meeting. Summarizing to date:

1. 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 mikkpkikirx
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.
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b. A solution to the Hubble sampling problem through the
use of a ''paradigmatic set" of elliptical galaxies.
c.  Coalescence tests for world models., ~— #vauy ff?v£f%rf;f”f”ca@“”4??
MNow 5

In prospect.or currently being studies:

1. The application of the Edelen equations to the problem of the
morphology of galazies of further types, S0's, spirals, barred spirals.

2. Patterns in galactic evolution hased on the r-E diagrams.

3. Identification and calibration of nearby paradigmatic galaxies
for observational analysis according to the new morphélogical
paramaterization.

4. Examination of stellar-planetéry 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, implications

as to the dynamical structure of galactic nuclei.
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7. An examination of the evolution question by means of conformal
transformations - the same idea as used by Weyl in 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 m=m
usual quantum mechanical transition probabilitiks, but without the

undesired indetermanism - at least as to the geometry.
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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 discussion 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,
IB:WB 1. S. Bowen '
v N
N
=
o
Q
. I
LR L S R (—:
§ » e e - g qeiir e et T N b e <
(VI ' ™~ N é
[ N <
- . >
e TR Shdi NI
REEREHNEE ‘, 8
) w = s e B 4 }
2UEISIa] [Fl=iBlz]zialzld ale b 3 2 ’
é§§§-§§a;s£8$s ElSisizl8lslalstzlEtalz 8] ol 2]y % 3
E HE R H B E HEH R B R R R R B FEHE R B ’
uuam?ugcuzzﬁxEiéﬁngszigﬁg§;§§§é i§ g

FORi

y 2330

=70 '!\l

¢



-1-

THE L o
EVIDENCE FOR DISCRETIZATION DERIVED FROM LUMINOSITY FUNCTION Jc?.2% /763

OF THE COMA CLUSTER§
A wiLdoy
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 kh=m 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 éigen sequence for discretization in sizes
of elliptical galaxies derived by Edelen (Disérete Galactic Structure =---
RAND RM).

The discretization eigen functions for elliptical galaxies according to
the Edelen theory, are nearly constant with eccentricity (or ellipticity)
for low valuef. 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 eigen functions, 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.




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 conéists 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
or less, the EdelenAtheory would predict regularized fine structure in the
luminosity function of clﬁsters.

Assuming the Hubble relation

log D = - 0.2m + const. n
whére D is the diameter and m the magnitude, the Edelen discretization

sequence for diameters,
log D = log J@+ '% log [n(nt+1)] 2

where J is a parameter, @ which may assume a limited number of wvalues and
n is a positive integer, may be transformed into a discretization relation for
magnitudes

log [n(n+1)] = - 0.4m + 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, Am 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
& Fig I

were measured at the faint end of each group, 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
16.2 (or 16.17)
15.6
15.0
4.7
14.5 (or 14.55)
(14.1) or 14.15
13.7
(13.4) or 13.33
12.6 (or 12.65)

A Am 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 sequeﬁces
(i.e., different values of J). One such set, A:%iven 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 Valué of the residuals
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 V and re-converting Am to A log D by equation (3), we obtain:

-

N
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TABLE VI
A C __E I' G
0
C 0.820 O

0.880 0.60° O
I' 1.428 1.144 0.548 0
1.592 1.308 0.720 0.164 O
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,

{A} - {c} = 0.820 = 3T + .004

{c} - {E} = 0.600 =T + 3§ & - .005 = 7§-T
{E} - {1'}= 0.548 = 2T + .004

@} - {6} =0.164 =T - 8§+ .003

The intervals between setsv(the AJ's) in excellent agreement with
those. in the Virgo Cluster.

Sets A, E, and G may span the break at m = 14.7. Sets C and TI'

appear to be divided by the break. The relative populations of each set

determine the slope on both sides of the break.
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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
Monta Klappert, X 7246,
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6a. Discretization in EO Field Galaxiea
Albert G. Wilson ,
: DR
The Rand Corporation, Santa Monica '

Diameters of all galaxies fdentified as Eo's in de Vaucouleurs‘

Reference Catalogue of Bright Galaxies fall into four sets, each of

which exhibits the Edelen eigen-sequence, [n(n+1)]%, where nis a positive
'{nteger. The synoptic red shifts, u= Esl}, are related to the diameters
-(D) by the relation, 5’&"vr»~ S AR S i G : ‘

- [log D ~ % ‘log(n(ntl)) ] Ci +a log u 17

where o = 0.44 .and the four values of C satisfy the equation

St C1 + ; log [i(i+1)] ? constant for 1 = 6 7 8 and 9

The sharp linear relations between [log D - %log n(n+1)] and log u

imply that any peculiar velocities which-might be associated with the red»

shifts are very'smallg"

.\' 0

7a. FﬁrtheriMeasurements of #}
Sources at 8000 Mc/s .. .-

F. T. Haddock and R. W. ®

Radio Astronomy Observatar

Plane-polarized emissienaf
at 8000 Mc/s, using a 1000-Mc/s iy
and an 85-ft telescope. On clearc
is typically 0.01 °K r.m.s. with T
IBM 7090 processed data. .-

The flux‘deasity and positi
ponent of the following sources ha

3C111, 3C123, 3Cl44, 3C196, 3c218,
3C295, 3C345, 3C348, 3C353, 3C380

All 16 radio galaxies andﬁj
definite polarization.
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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, bﬁf 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
requinrés that all equivalent observers (observers located at clusters)
should view the clusters as similarly distributed. (For present purposes
we may be associated with the Virgo Cluster) Structured radial distribution
of clusters observed by equivalent observers requireé structured angular
distribution of clusters observed by the equivalent observers. Hence

if the regularity in radial distribuﬁion 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
a& initio on the basis éf 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. 0., 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). 1In 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 Some sord of Super- omﬁm%fnﬂj‘m
to the hypothesis of the ex1stence of which the clusters of galaxies are

members.

19¢y



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 109 parsecs, the

value consistent with the distances and angular separation of the clusters

involved. Consequently'ﬁthe apparent super-organlzatlons to which these
arerea, +Z

clusters belongA must orlglnate through physical communication processes

other than those presently recognized.
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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 Sn of EO galaxies

are given by a relation of the form

s -5 =712
n o

(a(n + 1)_‘,“/2 ,

where So is a constant and £ is an energy parameter with n = 1, 2,
3.... This prediction is tested against the sample of all EO
galaxies for which diameters and redshifts are given in G. and A.

de Vaucouleurs' Reference Cutalogue of Bright Galaxies (University

of Texas Press, in press). The sample, consisting of 31 galaxies
divides itself into five different 'g classes." Within each class
(£ being constant) a relationship of the type

L

> logn (n+ 1) = CV

@9) 1+ logD =~ 4 log u -
n 9

is observed. In Eq. (1), Dn is the catalogue angular diameter,

1 +2
Z

u = 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 maximum values of Cv) in each class being

*
This research was sponsored by The RAND Corporation.



0.02. Attempts to generate similar fits based on random numbers
to within a spread of 0.02 féiled 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 Neymazﬁ and Scott
(A._J., 66, 148, 1961). |

It is further found that the constants Cv belonging to each
class are related by an equation of the form

1

(2) c, +3

logv (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.
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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 dérives 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 ﬁrinciple 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.



Let ¥ 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 models considered are those for which the
region interior to £ is occupied by the world lines of a galactic
structure, and for which the région exterior to ¥ is the background
field of '"free space.'" 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 adgquate 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 T, 6 exist for any

AB
particular galaxy under consideration, we know only that their
covariant divergence vanishes, as required by the Einstein theory.
Since ¥ is to represent the effective boundary of a galactic structure,
we consider those models for which at least one component 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 2; hence, for the models we are comnsidering 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 represePt macroscopic behavior,
since observations of galaxies show composite or averaged data,
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



local momentum-energy tensor by t and the corresponding metric
tensor by g, an invariant averaging process leads to Einstein
equations formed on the averaged metric tensor h and an associated
momentum-energy tensor T; 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. It also follows that if the
averaged t exhibits oblate spheroidal symmetry, the resulting T will
generally exhibit deviations from oblate spheroidal symmetry. These
deviations are assumed to be small and spatial. In retrospect, we
may view the local fluctuations as arising from thevgalaxies' local
inhomogeneities--their granular structure.

We assume over a Eeriod 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 I, These equations show that the magnitude
e-w, of the vector field generating the irrotational isometry gives
a measure of the local fluctuations of E,Iand 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 o = 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 ¢ of a galaxy is approximately
constant for the time interval of interest, the above assumptions
imply the existence of a class C of models of quasi-oblate spheroidal
galactic structures, for which the effective lengths r_of the semi-
ma jor axes are given by

@ el2 12 oty m, ) .

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 mdmentum-energy tensor and the metric fensor.

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



effect for sources on the periphery of galaxies is extremely small
(if not altogether nonexistent to the observer, who cannot perceive
individual stellar images in distant galaxies), and since the
theoretical r is what would appear under projection, we assume that
the theoretical r and an observational r are numerically equivalent;
In addition, although the quantity € is 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 that 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 £. Combining Eq. (1)
with this conjecture, we are led to the follcwing-prediction: The

lengths of the semi-major axis of the quasi-oblately spheroidal

galaxies of class C(v) are given by 2(v)p(n.m,c) where g(v) is a

unique constant depending only on C(V).

What does the number m signify? If m = 0, the vector U defines
a circulation on Z(t), whose stream lines are parallel to the
equatorial plane. If m # 0, 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 = 0



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 ¢ goes to zero, we have

) o, m, % =n@+1), 0<m<n

In addition, all branches of p(n, m, ¢) have horizontal tangents at

¢ = 0, Thus,

3) r = e 2oy

for small values of €, as well as for ¢ = 0.
With observational confirmation of Eq. (3), we can determine
the actual eccentricity ¢ and inclination angle, i, of the galactic

axis by the well known formula

~

%) €g = € sin 1 s

sipce €9 the observed eccentricity, is known and since ¢ is
determiﬁed by a projection of a data point of constant r onto the
appropriate curve p(n, 0, ¢).

Our primary concern has been with the discretization sequence for
Eo'galaxies -- the eigenvalues of a certain elliptic partial differ-
ential operator. There are, however, equally interesting and
significant predictions from 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. The geometric
morphology that is thereby predicted from m = O corresponds to

r-l-]

observed morphology with surprising accuracy.L Although the



mathematical and interpretative problems are significantly compounded
in the case of a nonvanishing m, preliminary results reproduce certain
of the morpholbgical 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 fracings, 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

[2]

of Bright Galaxies.

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) logd(n,v) - % log ﬁ=Co + %'log n(otl) -~ %’1og v (v+l) s

where 8 is the observed angular diameter, {i is the mean synoptic

+
redshift of the cluster (synoptic redshift is defined as u = l;é and

- +z
u = lgg where z = %; ), C, is a constant with the numerical value

1.067, n is the integral parameter of Eq. (3), and v is an integral
parameter which characterizes the different classes C(v). Logarithms
are all to base 10. 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 (logd(n,v) - % logn (atl) - % log 1) is the
same from clﬁster to cluster.

Comparing the angular diameters of the bright galaxies given in
the de Vaucouleurs Catalogue is complicated by the gpread in relative
distance, which disallows the sgbstitution of angular diameters for
linear diameters. An empirical relationship of discretization

found to hold for the nearby galaxies is



Table I
CLUSTERS
Cluster v tﬁ -log u Ao-2/3logﬁ Ao-2/310g6+1/310gV(v+1)
Coma (1.594) (1.063)
3 1.768 0.174 Q.705 1.065
4 1.694 0.100 0.631 1.065
5 1.640 0.046 0.577 1.069
U.M. I (1.315) (0.877) ,
5 1.454 0.139 0.577 1.069
Cor Bor (1.172) (0.781)
4 1.416 0.244 0.635 1.069
5 1.358 0.186 0.577 1.069
6 1.305 0.133 0.524 1.065
7 1.267 0.095 0.486 1.069
Boltes (0.936) (0.624)
4 1,262 0.326 0.638 1.072
9 1.040 0.104 0.416 1.067
U.M. I1 (0.921) (0.614)
6 1.143 0.222 0.529 1.070
9 1.026 0.105 0.412 1.063
0.810 0.540
(Coma B) (0.810) (0.540)
. 6 1.064 0.254 0.524 1.065
9 0.956 0.146 0.416 1.067

mean 1.0674

l

log 8 - 2/3 log u C, *+ 1/2 log n(n+l) - 1/3 log v(v+1)

A
o

C
o

f

log & - 1/2 log n(nt+1)

log(2 cot y) = log (35/3) = 1.0669
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b4

' (6) logb (n,v) - % log u = constant + %— log n(ntl) - %‘ log v(vil)
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 8(n,v). All 31 galaxies of the sample fit the relatiom
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 evolutioﬁary tracks of a popuiation 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 zero-
age main sequence. This pattern is manifested by the mean colors of
sets 9, 8, and 6.v Tentatively, then, the parameter v is associated
with age; and, since it is discretized, it may be identified with
discrete epochs of creationm,

Together, Hubble's law and the 2/3 relation between angular
diameter and redshift imply the existence of yet another discretiza~
tion 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) 3Co - log N(W+1) = QN )

where N is a positive integer. Table II gives the observed means of
redshifts, log u or log U, the calculated quantities QN’ and the
residuals, for the clusters whose redshifts are reported in the

[3]

Humason-Mayall-Sandage catalogue. The constant Co is the same
as that of Eq. (5).

In the Virgo Cluster, where the residual is the smallest, the value
of log 4 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 andigenerally 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 obsérved redshifté having values >6000 km/éec (to assufe they
are not foreground objects)f‘ This sample fifs the calculated value with the
same order of discrepancy found for oﬁher, more distant clustérs;

A tentative interpretétion of the foregoing empirical results
summarized in Tables I and II leads to the postulation of a universe
that is both spatially and témporally discretized. This ‘universe,
based purely on observations, is hierarchically arranged. The
clusters designated by Hubble as ''great clusters' such as Virgo, Coma,
and Corona Borealis seem to be located at or near 'nodal shélls,"
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+1) sequence.



Cluster

Virgo (73)
Perseus
Coma (50)
Coma (7)
Hercules
Pegasus II
Cl 2322+1425
U.M.1
Haufen A
Mean of (4)

Leo

Cl 1239+1852
Cor Bor
Gemini X
Mean of (3)
Cl 151340433
BoBtes

U.M. I1
Mean of (2)

log u

2.4234
1.7499
1.6780
1.5942
1.4749
1.3874
'1.3757
1.3149

1.3012
1.3448

1.2147

1.1741
1.1719
1.1360
"1.1607
1.06401
[0.9356

0.9213

©.9285

~Noovu N

10
11

13

Nodal

QN‘
2.4225
1.7236
1.5774
1.5774

- 1.4524

1.3433
1.2464

1.1593
1.0801

0.94006

NODAL DISCRETIZATION

Table 11

Velocities: Qg = 3C_ - log‘N(N+1)7

. QN-logu

-0.0009
-0.0263
-0.1006
-0.0168

-0.0225

-0.0015

0.0317

" 0.0014
~0.0161

0.0121

Cluster

Cl 1153+2341
€1l 1534+3749

' Cl 002542223

Cl 1228+1050
mean of (4)

C1l 0138+1840
Cl 1309+0105
Coma B

Mean of (3)

Cl 0925+2044
Cl 1253+4422
Hydra

mean of (3)

- 0.8232,

10.7819

log u

0.8767

0.8616
0.8727

[0.8312]

0.8280
0.8104

[0.7937]

[0.9037 ]

0.7730 |
0.7828

N g ~logu
G G

14 0.8785 -0.0058

15 0.8205 ~0.0027

16 0.7661 0.0167

-Z'[-
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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‘%/ v(vtl) type sequence., If this interpreta-

tion is correct, the interval between successive "v-Epochs" is

changing as %/ ;EE , 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 Mé(n+1) relation which is

theoretically predicted by the modified general theory.

If we consistently interpret the redshifts as being velocity
shifts and éngular diameter as being an indicator of &istance, each
system seems to be éxpanding according to a different law: Tﬁe nodal
system is expanding in accordance with the Hubble relation; the sub-
clusters 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),
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-explosion) 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+1) relation,
while the distances may be such as to assure conformity with the

Cosmological Principle.
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The parameter £, which appears in the original theoretical
discretization relation, seems to be associated with the epochal

parameter v as follows

(8) - 5 log € = const + £ log v(W1) .

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
satisfy{ng 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-clusterAexpanéion, rather than by
dynamical models similar to those of sfar clusters. In fact, the very
low scatter observed locally, when the expansion component has been
accounted for, indicates 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 dynamical 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 been 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, ﬁhe basic
observational data can be shown at least phenomenologically to be
consistent and theoretically predictable.

The importance Qf 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 by-
products of the test are believed, because of intgrlocking paradigmatic
inferences, to have a high level of confidence far exceeding that
which in any way could be justified as statiséical 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.
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DISCRETIZATION PHENOMENA IN SYNOPTIC REDSHIFTgt//
A, G. Wilson

The RAND Corporation, Santa Monica, California

Chleceiece. 2 Lo dnc /96 3)

From the basic Einstein equations relating the geometric and
* physical tensors (RAB -»% Rg,p = # T\n ) > Edelen‘(l) (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
(1) s =5, e V2 e+ 102

where Sn is the linear diameter or semi~-major axis of the elliptical
galaxy, So is a constant, £ is a parameter representing the juhp 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 observa-
tionally tested (3) using diameters of sample EO galaxies measured on

200-inch telescope plates of six distant clusters (marked with an

* :
This research was sponsored by The RAND Corporation.




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 uncertaintieé, 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, E.took on six

different values. From this, followed the discovery that in terms of

¥ (defined below) an empirical relation of the form

(2) 1og§-§1ogi=co+-§1ogu(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 digmeter en, such that a contracted diameter § exists

with

log 8 = log 6 .- % log n(n + 1) = a constant .

In comparing the sets within a cluster, the logarithms of the
parameters © that characterize the set were found to be similarly
related themselves through a new discretization sequence of the form
% log v (v + 1), with v a positive integer. Writing the § with

appropriate subscripts v, one could then characterize the cluster

*
itself by a new parameter 6 , with

1

3 log v(v + 1) = a constant .

* ) ~
log 8 = log 8+
v
*
Finally all the log 6 of the different clusters were found to be

related through their mean synoptic redshifts, U to a single constant
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. Co whose value seems close to (log 35 - log 3) = 1.0669, i.e.,
log e* .2 log u = C .
3 0
The synoptic redshift used here is defined by u = !32 , where
v = cg% , ¢ being the velocity of light and é% the observed wave-

length displacement ratio. The mean synoptic redshift u of a cluster
equals Eéﬁ , where v is the arithmetic mean of the individual
redshift of the galaxies belonging to the cluster. The operations in
defining the discretization Eq. (2) may be performed in any order.

* That is to say, if all the log @; of the individual sub-clusters in
each cluster are reduced by the appropriate 2/3 log u for the cluster,
the values of (log 7 - 2/3 log U) for the same p are the same from
cluster to cluster.

. : Equation (2) asserts that the quantities (log § - 2/3 log u),
characterizing the sub-clusters, may assume only those values
determined by an integer v; Fig. 1 graphically represents (log u)
versus (log § - 2/3 log u); the sub-clusters will occur only when
their characteristic parameters lie on the discrete vertical
lines corresponding to integer »'s with values given by [CO - 1/3 log v(v+1)].
But sub-clusters und clusters are 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

* - *
log 8 - log u = {H } for clusters

(3) or
log 8 - log u = {H} for sub-clusters,

Y

. _where {H*} and {ﬁ} are constants or, rather, sets of allowable

constants.
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In Fig. 1, Eq. (3) defines a family of "Hubble 1ines“ (drawn
dotted) having slopes of 3: 1l and intercepts determined by the set
{H*}. The validity of Hubble's Law as established by observationv
requires that clusters be located aléng the Hubble lines. It
follows that if Eqs..(Z) 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
values for the set of constants {H*} or {E}. Since mean redshifts
for clusters (but not for sub-clusters) are known, we shall here base
our test on clusters; this restriction is assumed throughout the re-
mainder 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 discretigzation 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 I;E—g) 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 U = 3Co - log N(N + 1) ,

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

positive integer.



Equation (4), which describes the nodal redshifts, gives us the
clue for determining the constants {H*} which, in turn, allow us to
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 v-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 v = 1, it includes both the inter-

3, N = 2), and inter-

section with the top or 3Co line (equivalent to v

sections with N = 1 and N = 2; it then jumps to v 2 for N = 2, 3,
and 4; then jumps to v = 3 for N = 4, 5, and 6. All twenty-six
clusters whose redshifts are reported in Reference (5) lie at the
intersections of one of these eight Hubble lines with a v-line. A
cluster is located by the intersection of a Hubble iine with a single
v-line, although the sub-clusters into which the cluster may be
decomp&sed possess several different v values. The relation between
the various v's of the sub-clusters and the cluster p is not known
at present.
If we designate the Hubble points by [vo, No], the corresponding numerical

values being log vo(vo+1) - log NO(NO+1), we should be able to calculate the

mean synoptic redshifts for any cluster by the numerical equation:

(5) log u, = 3Co - log v(v + 1) + [vo, No]



With this equation, we have calculated mean synoptic redshifts for
all Humason-Mayall-Sandage clusters. It is to be emphasized that the right
member of this equation involves only the constant CO and positive integers!
Table I compares the calculated log GC with observed catalogue value, log Go'
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 parameter £ of
Eq. (1) and the integer v.
The immediate question is whether the redshift discretization
ié 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
galaxi;s have been averaged, indicating statistical dependence on the
individual spectra.
It is observed that most clusters of galaxies have one or two
large galaxieé 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.)



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 model.

These summarized results are based on too small a sample of
original observations to be ihductively 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 1), we conclude that the validity of the
structure surpasses what may be inferred statistically. Many details
are undoubtedly in error and subject to refinement. 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 1 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:

: m
a =1+ 1/2 with 7z = N by (§L> . » where (§L> , 1is the redshift of an individual galaxy
m -1 AL : A

in the cluster. All redshifts are taken from Humason-Mayall-Sandage (5).

Cluster g?mg:;_ Obisgvﬁi v [vo,No] log u, 0-C
shifts Calculated Residual

Virgo 73 2.4234 2 1,1 2.4225 0.0009
Perseus 5 1.7499 7 3,2 1.7534 -0.0035
Coma* 50 1.6780 4 3,4 - 1.6779 0.0001
Hercules 7 1.4749 10 3,2 1.4603 ' 0.0146
Pegasus II 3 1.3874 4 2,4 1.3769 0.0105
Cl 2322 + 1425 2 1.3757 4 2,4 1.3769 -0.0012
Ursa Major I~ A 1.3149 5 3,5 1.3257 -0.0108
Haufen A 2 1.3012 12 3,2 1.3086 -0.0074
Leo 1 1.2147 5 2,4 1.2008 0.0139
Cl 1239 + 1853 ,| 2 1.1741 6 3,5 1.1795 -0.0054
Corona Borealis 8 1.1719 6 3,5 1.1795 -0.0076
Gemeni 2 1.1360 7 2,3 1.1514 -0.0154
Cl 0348 + 0613 1 1.1038 6 1,2 1.1002 0.0036
Cl 1513 + 0433 1 1.0640 6 2,4 1.0546 0.009%
‘Boltes ™ 2 0.9356 10 3,4 0.9375 -0.0019
Ursa Major II™ 2 0.0213 7 2,4 0.9296 -0.0083
Cl 1153 + 2341 2 0.9037 7 3,6 0.9083 -0.0046
Cl 1534 + 3749 3 0.8767 14 1,1 0.8785 -0.0018
Cl 0025 + 2223 2 0.8616 11 3,4 0.8583 -0.0033
Cl 1228 + 1050 2 0.8487 9 3,5 0.8485 0.0002
Cl 0138 + 1840 1 0.8312 8 2,4 0.8205 0.0107
cl 1309 - 0105 1 0.8280 8 2,4 0.8205 0.0075
Coma B* 1 0.8104 8 2,4 0.8205 -0.0101
Cl 0925 + 2044 1 0.7937 12 3,4 0.7858 0.0079
Cl 1253 + 4422 1 0.7819 12 3,4 0.7858 -0.0039
Hydra 3 0.7730 11 2,3 0.7791 -0.0061

Calculated log u9= 300'- log v(v+l) + [uo,No]
where [uo,N01 = log v, (v *1) - log N (N +1)

and 3C_ = 3.2007

-8-
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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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RSR 7086: 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 comstant 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.
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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 investigatdons 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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Personnel:

For the coming year the following level of effort is anticipated:

Edelen 1/2
Kocher 1/2
Wilson 2/3

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

consultants. o

Dom Edelen-

Al Wilson

AW:cn
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1.

10.
11.
12.
13.
14,

15.

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

Galactic Scale Discretization - II: Observations

RM-3771-RC

Diameters of Elliptical Galaxies
RM-3772~RC

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 I - The Coma Cluster

Clwes ter Structure II - The Virgo Cluster

Statistical Problems of Discrete Null Functions

Epitemological Aspects of Discretization

Invariant Averaging Operators

Edelen

Wilson

Wilson

Edelen

de Vaucouleurs

Wilson
Wilson
Edelen
Thomas
Kocher

Kocher

Edelen

and Wilson

and Wilson
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RSR _7086: GALACTIC 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

?lanetary 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:

A. Observational

K 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 Vaucouleurs'
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 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.
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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 incliﬁation angles of the axes of ellipticals and
the distribution of the semi-major axes as a function of the true
accentricity.

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 inveétigations 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 crucial for extensions of relativity theory to observations,
the results will be developed and written for external publication.

5) T. Y. Thomas 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 assumes only discrete values.
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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 hull functions, epistemological
aspects of discretization, and invariant averaging operators.

Edelen, Rocher, Wilson — (1 2/3), (In addition, Thomas, de Vaucouleurs,

and Page will be brought in as consdltants.)
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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 1ncorporate.

The first concerns- the relationships of mass, luminocsity,
and density which I promised to investigate. Provisionally,
I find confirmation of your equation (10.3) for the bright
EQ sample. Specifically, what is found 1s the following:

If S represents the linear diameter of a galaxy
® the observed angular diameter
u the synoptic redshift
p the mean mass denisty,

equation (10.3) states
log S = const. + 4log n(n+l) — Y% log p .~
Observed: 1log 6§ — log u = const. + % log n(n+l) + log m(m+1)

ir d_l is a measure of distance, then log 8 — log u

is consistently interpreted as log S.
Comparison states that

log p = const — 2 log m(m+l) .

This result may be theoretically derivable from your
equations. The mass M will be glven by

log M = const. + 3(log 6 = log u) — 2 log m(m+l)
or by
~ log M = const. + g-log n(n+l) + log m{m+l).
The luminosity of a galaxy 1s given by
log L = const. --0.4(mc + 5 log u)
where m, 1s a corrected apparent magnitude. - Hence, we predict
log M — log L = const. + 0.4(mc+51ogu) + 3(logs—1logu)
— 2 log m{m+1). ~

~

When O.4(mc+510gu) is plotted against
3(logb—logu) — 2 log m{m+l)
the galaxies fall into two narrow bands with slope approx—

imately equal to (=1). This seems like a good confirmation
of (10.3) with p proportional to
(m(m+1)] %,



D

The second matter involves equation (1.1). In this
empirical result it may be erroneous to interpret the left
member as log R. It was assumed because of the appearance
of a !4 log n%n+1) discretization in the right member that
the left member must be dimensionally R. However a new
Z log n{n+l) type of discretization has been found ‘in
redshifts which has nothing to do with the size discretiza-
tion. It 1s therefore open to question whether the dimen-
sional argument is valid since discretization of the type
¥ log n(n+l) may not be uniquely associated with size.

I feel therefore that equation (1.2), based on the
assumption that log o -2 log u = log R, may now be open
to question. . >

A. G. Wilson

P.S. I failed to mention that the ratio of mass to
luminosity is currently belleved to be constant for a
given type of galaxy, which explains why the (—~1) slope
seems like a good confirmation of (10.3).

It would be most interesting if an [m(m+1)]™™
discretization for density follows from your equations.




Discretization in E0 Field Galaxies. ALBERT G.
WiLsoN, The RAND Corporation.—The Edelen
discretization prediction (Edelen, D. G. B., 4stron.
J. 68, 535, 1963) states that the linear diameters
S, of EO galaxies are given by a relation of the form

Sa= St Ln(n+ 1)1,

where S; is a constant and £ is an energy parameter
with =1, 2, 3 - . .. This prediction is tested
against the sample of all EO 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

1+logD,—+4 logu—% logn(n+1)=C, 1

is observed. In Eq. (1), D, is the catalogue angular
diameter, #= (1+Z2)/Z is the synoptic redshift of
the galaxy whose diameter is D,, and C, is a con-
stant 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-

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

)oita‘l’:

mum values of C,) 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 sug-
gests that Eq. (1) determines the principal com-
ponent of the redshifts. Residual components repre-
senting peculiar velocities are small as deduced by
G. de Vaucouleurs (4stron. J. 63, 253, 1958) and
Neyman and Scott (4stron. 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)

The mean color of the galaxies of each class is
correlated with the class index », suggesting that the
parameter » 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 EQ galaxies. Enlarged samples
should affirm or deny this interpretation’s con-
sistency and also its applicability to other morpho-
logical types.

C,+1 logr(v+1) =a constant.



DISCRETIZED STRUCTURE IN THE DISTRIBUTION
' OF CLUSTERS OF GALAXIES
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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,

Ry, - 1/2R g5 =

AB ® Tyg

Edelen(l’z) épd Thomas(3) have independently predicted discretization

in the geometricaL'Sizes of galaxies. Both theories suggest ‘that the‘
'diamgters or major axes of the galaxies should be, under certain %
conditions, proportional'ﬁo a sequence of eigen numbers of the form E
[n(n+l)]1/2, where n is a positive integer, This theoretically | |
predicyed size discretization has been obse;vationally confirmed by

Wilson(a’s)

for samples of field and cluster galaxies in the case
of ellipticals of small eccentricity.

From general Machian-type arguments, one might surmise that the
discretized geometry observed in galaxian structure is also-manifésted
in large=-scale cosmological struéture. The pfesent paper reports an
observed structural rela;ion in the mean redshifté 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, K Co

= .
'~ This research was sponsored by The RAND Corporation.

N



-2=

Theoretical cosmologists customarily assume isotropy and homogeneity
in comstructing their models, ignoring the granularities which are observed
to be present in the large-scale distribution of matter. While smoothing may be
a justifiablé simplification for &= zéro order sosmologicél models, there is
danger of a large loss of information when observers habiﬁually design and
interpret their observations on such models. Furthermore, the offspring of
the union of a structured world and a smoothed model may;be epistemologicaily
| e

illegitimate. This point is well expressed by Neymau;(éo

%§=%kgﬁﬁﬁa-ga "The contrast: between the domain of current observations

of individual galaxies_and‘their ciuste:s on the one hénd, 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 tgeorybmust‘by
-deal with observations of objects whose very existence this theory 1gnores.;k  
Thus, in order to effect a verification it is necessary to adopt a number C
of ad hoc hypotheses and, as a result the conclusions are open to the"

question." Hence, it is most important to examine the abservations for }3

' -f_;any structure hltherto ignored in a mental climate conditloned to

, smoothxng.‘

The granularities in the cosmic dzstrlbution of matter princzpally
.manifest themselves as galaxian clus:ers found in large numbers through=
out the observable universe. Their distributions have been discussed by

several observers, who have concentrated on counts and cluster sizes,’

Al

‘whosé statistics are unlikely to show any consistent quantifiablé

structure like that observed in the galaxian size discretization.
' - {

Investigations of discretized structure require observables of higher . °

PEécision.




"~ ‘mapy individual galaxies in a clﬁsterAhave been observed, the

-3-

The most precise observable is the redshift. Furthermore, it is

~particularly useful for our purposesAbecause the total errors in redshifts’

~are not directly dependent om their sizes, and their relative errors

i

ére 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 coémology

reside not in redshif;s,'but in magnitﬁdes and diaméqers. Fdr_a structure
investigation, we nee@ynot be concgrned with scale or dimensioaal calibxa-

tions requiring these latter observables; by intercomparing redshifts,

.we can’use their full undiluted'preciéion. When the redshifts for

i

mean cluster redghifts should provide a highly precisé measure of . 2

relative cluster distribution in depth and, hénce, a promising tool
. \

‘for detecting any systematic structure in tﬁe g;ahularity.,

Though clugter‘mean redshi fts are precise,'tﬁe sample is
unfortunatély small, To date,‘galaxianrfedshifts have been
published for only about 30 clusters. A few of these élusters, such
as Virgo and Coma, have 50 or more observed redshifts, but most of the
more distant clusters contain only one or éwo.

‘Table 1 collects the geherally available observational data,
reducing them to cluster méan fédshifts. The five left-hand columns
before the vertical double line are: 1) the cluster designation in
terms of its 1950.0 position; 2) the common name for the cluster; |
3) the number of individual redshifts entering into the calculation

of the mean; 4) the mean velocity for the qluéter,




Table 1:

MEAN CLUSTER REDSHIFTS OBSERVED AND CALCULATED

‘ Number of _ _ ' o
Cluster Name Redshi fts A log U, M N P P - log u References
Virgo 73 1136 2.4234 3 22,4225  -0.0009

0316+4121  Perseus 5 5433  1.7499 7 2 1.7534 -0.0035

0123-0137 "NGC 541" 43 5439 - 1.749 7 2 1.7534 0. 0040 (8)
1257+2812  COMA 50 6432 1.6780 4 4 1.6779 -0.0001 9)
1627+3937  Abell 2199 19 9028  1.5344 9 2 1.5474 — 0.0130 (10)
. 1603+1755  HERCULES 15 10775  1.4597 10 2 1.4603 0. 0006 (11)
2308+0720  PEGASUS I1I 3 12821  1.3874 11 2 1.3811 -0.0063

2322+1425 2 13187  1.3757 11 21,3811 0. 0054

11455559 UM, I 4 15269  1.3149 12 2 1.3086 -0.0063

0106-1536  Haufen A 2 15872 11,3012 12 21,3086 -0, 0074

1024+1039  LEO 1 19489  1.2147 7 41,2306 0.0159

1239+1853 2 21533 1.1741 14 2 1.1795 0. 0054

1520+2754  CORBOR 8 21651  1.1719 14 21,1795 " 0.0076

0705+3506  GEMINI 2 23366  1.1360 15 21,1215 -0.0145

0348+0613 1 25644  1.1038 15 2 1.1215 0.0177

1513+0433  Shane Cloud 1 28333 1.0640 || 16 2 1.0671 0.0031

1431+3146 =~ Bootes 2 39367  0.9356 10 4 0.9375 - 0.0019

1055+5702 °© U.M. II 2 40860  0.9213" 19 2 0.9219 0. 0006 :
2253+2341  Abel 1413 42870  0.9031 7 6 0.9083 0.0052 (12)
1153+2341 2 42784  0.9037 7 6  0.9083 0. 0046

1534+3149 3 45951  0.8767 20 2 0.8785 0.0018

0025+2223 2 47836  0.8616 - || 11 4  0.8583 -0.0033

1228+1050 2 49514 0.8487 9 5 = 0.8485 -0.0002

0138+1840 1 51908 0.8312 21 2 0.8371 0.0059

1309-0105 1 52362 0.8280 || 15 3 0.8205 -0.0075

1304+3110  Coma B 1 54917  0.8104 15 3 0.8205 0.0101

0925+2044 : 1 57498  0.7937 22 7 2 0.7975 . 0038

126444422 1 59382  0.7819 12774 0.7858 -0.0039

0855+0321  HYDRA 3 60860 0.7730 16 3 0.7661 0.0069

P = 4.2799 - log MQ41) - log N(N+1)

log ;; = log [(C+V)/V]
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where z, = (ax/x)i is the spectral displacement; and 5) the légarithm
of the quantity :o = (¢ + V)/V. The source of all redshifts in

@)

Table 1 is the Humason-Mayall-Sandage Catalogue, except when

indicated by a reference number in the far right-hand column.

The precisioﬁ with which the mean redshifg 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 we may take the redshifts published in the
Hum;son-MayallQSandage Catalogue aS‘;ypicgl, 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%, exéept for the Virgo éluster; The rélafive errors

in the more diséant clusters become very smﬁll, and the values ‘
should be correct to the third decimal place in z.

The 1argést source of unceftainty in the mean redshift for a
cluster is the velocity dispersion, Good means and dispersioﬁs have
been obtained only for nearby clusﬁers with large samples of observed
redshifts, the values for digtant clusters remaining uncg;tain, If
thgifaint distant clustefs.containing observed samples of only a
few redshifts are assumed ﬁo have the same velocity dispersions as
the hearby clusters, a large uncertainty results frqm assuming that
the mean of the observed sample (often only one galaxy) may be taken
for the mean of the cluster. Further enmhancing the uncertainty are
the indications that velocit§ dispersions of the same order for near

(13)

and distant clusters may not be assumed. Neyman and Scott report



an apparent increase in dispersion with clustef diétance -- an increase
that may be real or may be due to a selectivity effect that arises
A_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 1arée uncertainties. For example, the mean redshift
with highest uncertainty in Table 1 is piobably the Leo Cluster, the
nearest cluster based on a single observation. If we assume a
‘velocity disbersion 6f 1000 km/sec as a reasonable uﬁper.bound based.
on the value for several well-oﬁserved clusters, the relati&e exror
“in the mean is about 5%,»which is likely to be marginal for structurgl :
investigations, | i
2¢rhaps, however, relative errors of this size ﬁay be much too ?
large. .There is a mitiggting physical phenomenoh‘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
tw§ very bright galaxieé, which are presumably near the cluster's
centér of gravity with redshifts close to the value of the clu;ﬁer
mean redshift, Observational selectivity naturally favors these
galaxies through ease of observation, aﬁd this results in the greater
than statistical likelihood of an isolated observation being close:
to the cluster mean. If we assume that the redshifts of the giant
vcentrél galaxies equai 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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assumptionvwill be evaluated g posteriori when comparison is made
between the observed mean redsﬁifts and the structurally derived

mean redshifts,

Comparisons of galaxian diameter discretization sequences in six

clpsters -- based on the data of Ref. (4) -- led to a prediction |
" that the cluster mean redshifts must Be discreti;ed. This prediction
was‘fbund fo be'valid, not oﬁly for the original six clusters, but

for all clusters for which redshift data was available. An empirical
relation was found begwegn mean redshifts, ;5, and discretizétion

integers M and N of the form
1) 1og§°= Wi- log MM + 1) - log N(N + 1)

where UL} is a constant whose approximate value is 4,2799, and M and

N are positive integers.
/

The comparisons between the observed mean redshift u, and the

right member of Eq. (1), which we "shall designate by P(,N) and call

4

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 ;o‘ The values

of log ;; and of the residuals are often given to ﬁore sigﬁificant

_ pléces than are consistent with the precision of the.observations.
This is done to avoid contamination of diséretization by possible
round~of£f effeéts. The residuals range from less than 0.0030 (lowest
meaningful value) to 0.0177, corfespouding to a discrepancy of 4%.
Except for ﬁhé.cluster ABell 2169, the residual is élwéys bbunded by

the value of the uncertainty in the observed mean redshift, estimated
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from an assumed 1000 km/sec velocity dispersion for each cluster.
To one side of Abell 2199 are four galaxies whose velocities are
markedly higher and whose mEmbershipbin the cluster has been

questioned by Minkowski.(lo)

If these four are rejected, the value
of log G; 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'samplefincreases. For those clusters with
‘large numbers of obsérved redshifts‘(such as_Virgo and Coma), the
residual becomes minute, | |
Thus we have é‘rémarkablé agreement between observed mean fed- .
‘shifts and structural mean redshifts, based on a numerical équation %

containing one arbitrary constant. But while it is valid for all v
\

clusters with published fedshift,'it nonetﬁeless is established oniyf
over‘a very small sémple; 'Hefe caution dictates that we determine
whether pure'chahce might notlalso produce agreements of this order
with Eq. (1). Certainly, if W is taken very'large, we could find
lérge integer values of M and N that would give values of P(4,N)
fitting any set éf numbers to within any prescribed residual. All
the integer values in Table i, howgveg,'are small, or belong to
éequenceé beginning with small numbers, or fit consisténtly with
derived sequences, Note alsé that PQ{,N) may assume the same value
for different combinations of.M and N}\consequently, the identifica-
tion of M and N is not always unique. Alternative assigmments of M
ana N are._therefore possible for six clusters in Table 1. We can

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



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 signiiicant statistical existence. Their
existence may be inferred only from structural consistency with
classes for which a suﬁficiently large sampie of members is
available ~-- at least until the samplé size in each class is larger.
In ordéf to examine tﬁe probability that the distributions in
" Table 1 are reproducible by chance, let us consider the most
- stringent case: The class ﬁ 2 containing 18 clusters from a sample
‘Sf 29 which fit a one-parameter sequence involvihg one arbitrary
constént.
No standard tests are available for the statistical significa%ce
v of‘fits to discretized null functions. We can, however, derive a_go%d
estiﬁate of the probability that the obsefved fits are fortuitous |
by cémparing ﬁhe number bf fits occurring between sets of random
‘numbers and. the théoretical values, with the number of fits occurring
between the observed data and thé 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 2ygives the results of one

.

set of tests comparing the fits of the random samples and the observations

to the values of P for N2. A discussion of the problem of discretized
null functions and the results of more extensive tests will be

published elsewhere.
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Table 2

RANDOM AND OBSERVATIONAL FITS TO THEORY

& 0,02 ) 0.015 0.01 0.005
N, " 18 17 1.9
Ny 17 : 13.1 9.5 4.3
o R T 2.8 a5 1.4
P 8s% 15% °  0.7% 0.1%

‘Thé first row gives the values of &, the maximum residual., The
second row, No, gives the number of fits (within 8) between the

observations and the theoretical values,

PQL,N) = 3,5017 - log M(M +1)

_ in’the sample of 29 clusters. eris the mean numSer of fits to the
null function (less than or equal to &) occurring in each set of

29 random numbers: the third row, <Nr>? the value of Nr averaéed ovgr
all the sets, is fhe most probable number'oflfits to the random
sample. The last row, . gives the dispersion in Nr‘ The
probability, p, that the fit between the data and theory is the

result of chance can be estimated from N_, <Nr>, and o,

bf means of the probability integral. The values of p are.given in

the last row.
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Note how strongly the statistical significance of fits to the
»discretized sequence depends on 8. For‘low precision (0.02), there
is no statiétical significance, Hﬁwever,'all but two of the
clusters fitting the N 2 sequence have a residual of less than 0.01,
corresponding to a diserepancy of 2 1/2%. .The likelihood that this
precision of fit occurs by chance is 0.7%. ' Thé'consistency between .
the size of the‘residuals, P - log Eo’ and the estimated errors in»
»the cluster mean redshifts lends fuither confirmation to the validity
‘of Eq. (1) and to ﬁhé assumption that the redshift of the bright
v éentfal galaxy in a cluster is apﬁroxima;ely 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,,il.r
_for the most part, are clusﬁers’with larger numbers of indiiidual K
observations contributiﬁg to the mean, -Thevhyﬁothesis seems unlikely,

‘then, that chance agreement has produced the observed residuals. Unless

contradicted by definative‘tests based on larger samples, Eq. (1) seems to

represent a real relation governing the_distribution of c¢luster mean redshifts.

1f so; a further prédiction shﬁuld now be pogsible, If all
matter is indeed concentratgd in ciusters or at nodal points whose
rédsﬁifts 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 objéct in the‘node'shquld be small. In
particular, the redshifts of higﬁ-velocity radio sources (including
the quasi-stellar sources) should also fit Eq. (1). This prediction
is confirmed by the data of Table 3, in which ;Q is taken as the

function (1 + z)/z of the single redshift observation,
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Table 3

OBJECTS WITH LARGE REDSHIFTS

Object . z  log E; M N . P P - log ;; Reference
©3C 273 0.158 0.8651 11 &  0.8583 -0.0068 sy
' 3C 48 0.367 0.5711 29 2 0.5622  0.0089 o @s)
3C 47 0.425 0.5256 30 20,5332  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)

As M becomes la;gb, the logarithm of the interval Sétweeh
sucgessive'nodal_values apéroaches zero, In Table 3 the intervals R
afe small, but the residuals always remain less than one quarter of |
'the interval, Note that most of the objects agéin 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

- 0% Me+1) - NEA+D

z
+z
which is to say phat the redshifts to the centers of concentratioms

of matter, corrected for light travel time, may be mapped into a

two-parameter grid whose basic structural constant is

10-4.2771' (137.6)-2 ,

- where 4.2771 is the value of {{! which minimizes residuals,
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correct in the first three digits, The numerical coincidence between
the diﬁeﬁsibnlesé structural constant of tﬁe redshift discretization
gfid and the fine-structure comstant is an unsuspected feature which
a posteriori lends considerable additional confidence‘toiﬁhe validity
of Eq. (1) and gtrongly suppérts thevpossibility of Machian
_relationships.bétwéen the structure and.distribution of variously
sized aggregates throughout the-univefse.

It ‘should now bevnofed that a\poséible alternative interpreta-
tion of Eq. (1) exists. Raﬁherithan representing cosmic phenomena,
'this equation may express some property implicit in the observed

2

spectra, It bears some resemblance to Balmer's formula governing
‘the wave lengths in the hydrogen spectrum, consisting as it does of E

-~

it is the occurrence of |

two integer pafaméters and a-constant;'but_
a number approximately equal to the fine-structure constant which
gives rise to the possible spectral ofigin of the.relation. It is
goaceivéble, for example, that rathér than doppler effects some‘diS{
cretization relation governing ailowable Qélues of §\/» results in the
‘observed spectral redshifts. Such an‘igterpretatidn of Eq. (1) appears
rather unlikely, however, sin;e mean redshifts in the form (1 + %) /Z,
and not individual redshifts, occur in the left member of Eq. (1). The
existence of a non-doppler component of the redshift, however cannot be
ruled out.

1f, then, Eq. (1) indeed represents cosmic distributions,
it states thét the allowab%e coordinate values which may be assumed
-by the time and radius coofdinates 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 provides a metric adequate for homogeneous

"models (including both evolutionary and continuous creation models),

is not édaptaﬁle to this observed disc:étized structure,

The observation of galactic and cosmic discretization is only
beginning, Consequéntly, we cannot now sﬁecify all of the_discretiza-
tion structures that cosmological theories will e&éntpally have to

take into account, .It can be said, though, that models based on

assumptions contradicting the existence of granularity will presumably .

5e of little use in accounting‘for observed structure in the cosmic
distribution of matter. Homégeneous models may hevertheless be of
immediate use in providing a first-order description; from which
models with structurai inhomogeneities may be derived by perturbatiéns.

. / o bt / 'iJL
/ el P2 rwar
Whenever a chasm opens between .theory and observation,ﬁthe

epistemological-status—of the theory becomes that-of an antiquary like
N O ){ . .

‘ Ptolemy's Epicycles, wﬂ%@é the—epistemological~status-of- the observation

remains that-of a curiosity like Bode's Law.
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" metrical sizes of galaxies. <Both Fheorief suggeststhat the diameters or major axes
" of the galaxies should be, under certain conditions, proportional to a sequence of

ot A R i i i it i e
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DISCRETIZED STRUCTURE IN THE DISTRIBUTION
OF CLUSTERS OF GALAXIES*
By AiBert G. WiLsoN
THE RAND CORPORATION, SANTA MONICA, CALIFORNIA
Communicated by T. Y. Thomas, April 16, 1964 :
/' From the basic Einstein equations positing the equivalence of the geometrical o

"and physical tensors, T
RAB — 1/2 RgAB = KTABJ ¥

- Edelen" 2 and Thomas® have independently predicted discretization in the geo-

eigen numbers of the form [n(n + 1)), where = is a positive integer. This the-
oretically predicted size discretization has been observationally confirmed by
Wilson* 5 for samples of field and cluster galax1es in the case of ellipticals of small ,
eccentrlclty - o L e

The ev1dence for dlscretlzed dlstrlbutlons in smes of galax1es

- suggests the possibility that there exist further regular:.t:.es in the

i

large-scale distributions of matter which have not been suspected.

The present paper réports an observed regularity in the mean redshifts

 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

diétribution of matter — galaxies and clusters of galaxies — may be




. S 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 curfent observations of individual galaxies an& their clusters om the
vjjone hand, and the theory dealing with the smoothed-out substratum on -
the other, is the more striking becauée every effort to verify empirica11y 
_ the conclusions of the theory must deal with observations of ijects |
- 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."

’furfﬁérmore, when observations are designe&m;;&>interﬁréféd with
specific theoretical models, there is a tendency to ignore information
“ which does mot bear directly on questions posed in_the verification of the ;7
model. . Accordingly, the design and interpretgﬁion of observations aroﬁhd.
fcosmological models which assume a smoothed-out*@istribution of matter,-
tends to .de-emphasize the investigation of possiBie regularities in the
: distribution of the observed granularities. Most ;ublished discussions

- concerning the distributions of galaxies and clusters have emphasized

the stochastic aspects of counts, magnitudes and sizes.

PR

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

where H is a constant, G; = (c +-V)/V, c is the velocity of light and




i

d is the distance. Comparisons of the resulting diameter discretization.
sequences suggested a relation between mean cluster redshifts of the
form

log ;; + log N(N + 1) = constant ' 1)

where N is a positive integer. Equation (1) was tested against the
28 clusters for which published redshifts are available. It was found

that there exists an integer, N, such that the mean cluster redshifts

' of720 of the 28 clusters fit equation (1) to within the estimated observational -

- error (these are those clusters listed in Table 1 for which the parametér~*

M= 2). Of the 8 remaining clusters, an integer N was found such that ;;f

written as

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 - log MM + 1)

where s is a constant and M takes on values 2; 4, and 6. A single

} g .
" empirical formula expressing the mean cluster redshifts in terms of two

integer parameters, M and N, and one arbitrary constant, u , can thus be

i

1og53; =-ld - log MM + 1).5 log N(N + 1) (2)

where the constant, us , has a least square value of 4,2765 for the 28
o
clusters. Lo . L




: f’“: Table 1 collects the generally avallable observational data, reducmg them to
cIuster mean redshifts. The first five columns are: (1) the cluster designation in

TABLE 1

Mean CrusterR REDSHIFTS OBSERVED AND CALCULATED

Cluster Name rgishxffts Vv log @ M N P P — log it
Virgo 73 1136 2.4234 3 2 2.4225  —0.0009
0316 4 4121 Perseus 5 5433 1.7499 7 2 1.7534 = —0.0035
, 0123 — 0137 “NGC 541" 43 5439 1.7494 7 2 1.7534 . 0.0040
-\ 1257 4 2812 COMA® 50 6432 1.6780 4 4 1.6779 —0.0001
éyﬂ’ 1627 -+ 3937 Abell 2199® 19 9028 1.5344 9 2 1.5474  0.0130
pe \ 1603 + 1755 HERCULESH 15 10775 1.4397 10 2 1.4603  0.0006
i ,“0355- 2308 4- 0720 PEGASUS II 3 12821 1.3874 11 . 2 1.3811 —0.0063
27 2322 4+ 1425 2 13187 1.3757 11 2 1.3811 0.0054
WYL\ [ 1145 4 5559 UM. I 4 15260 1.3149 12 2 1.3086 —0.0063
v )(D&:b’)‘ 0106 — 1536 Haufen A -~ 2 15872 1.3012 12 2 1.3086 0.0074
' 2"} 1024 + 1039 LEO 1 19489 1.2147 7 4 1.2306  0.0159
Ko™ 1239 + 1853 2 21533 1.1741 14 2 1.1795 = 0.0054
B 1520 + 2754 CORBOR 8 21651 1.1719 14 - 2 1.1795  0.0076
S 0705 4 3506 GEMINI 2 23366 1.1360 15 2 1.1215 —0.0145
0348 + 0613 . 1 25644 1.1038 15 2 1.1215  0.0177
1513 + 0433 Shane Cloud 1 . 28333 1.0640 16 2 1.0671 0.0031
1431 4 3146 Bobtes 2 39367 0.9356 10 4 0.9375 = 0.0019
1055 4 5702 U.M. II 2 40860 0.9213 19 2 0.9219  0.0006
2253 -+ 2341 Abel 141312 42870 0.9031 7 6 0.9083  0.0052
© ] 1153 + 2341 2 42784  0.9037 .7 6 0.9083 ~ 0.0046
et o} 1534 4319 34q 3 45951 0.8767° 20 2 0.8785  0.0018
0025 + 2223 2 47836 0.8616 11 4 0.8583 —0.0033
1 1228 4+ 1050 2 49514 - '0.8487 9 5 0.8485 —0.0002
S F 0138 4 1840 1 51908 0.8312 21 2 0.8371 0.0059
e ’ 1309 — 0105 1" 52362 0.8280 15 3 0.8205  —0.0075
' 1304 + 3110 Coma B 1 54917 0.8104 15 3 0.8205  0.0101
.1 0925 4 2044 1 57498 0.7937 22 2 0.7975  0.0038

: 1264 -+ 4422 i 59382 0.7819 12 4 0.7858  0.0039 .

.} 085540321 HYDRA 3 60860 0.7730 16 3 0.7661  0.0069 -

ERN \p’z 4.2799 — log M(M + 1) ~ log N(N + 1); log & = log [(C + ¥/ 71

‘ | awetlgg, terms of its 1050.0 position; (2) tho common name for the cluster; (3) the number
- aoaﬁw ’ of individual redshiftspsntering=inte the calculation of the mean, (4) the mea.d

- velocity for the cluster,

e n
- 2

s =1

7=

"wed N2 *'“ E
where z; = (6A/N\),is thekgﬁgctral displacement; and (5) the logarithm of the quan-
tity @ = (¢ + V)/V. The source of all redshifts in Table 1 is the ' Humason-May-
all-Sandage Catalogue except when indicated by a reference number in th%eemi
e column.

(_’m .ll‘lc‘M'}"AGHG/

e

5 , ' The comparisons between the observed mean redsh1ft i and the right member of .
B - (Q) equation Oﬁ) , which we shall designate by P(M,N) and call the structural mean red- =
I shift, are given in the right-hand side of Table 1. Columns 6-9 are, consecutively: SR
' ' N M B, P, and the residuals, P — log 7, The values of log 7 and of the residuals W

,,.suau arejoften given to more 51g111ﬁcant places than are consistent with the precision of

' the observations. This is done to avoid contamination of discretization by pos-

;i sible round-off effects. The residuals range from less than 0. 0035’ (lowest meaning-

G 0‘31 ful value) to 8:8%#%, corresponding to a discrepancy of 4 per cent. Except{for-the
. ecluster-Abell-2199,-the-residual-is-always-bounded- by-the-value of-the uncertainty
" ‘in-the-observed-mean-redshift;-estimated-fronr arrassumed-1000-km/sec-velocity-dis-
pepsiomfor.ea.ch_dustﬁr.__'ﬂn.one,side.of«Abell«%iQQ«are‘four‘galaxieswhosemreloci-
tes-are-markedly-higher-and-whose-membership-in-the cluster hasbeen-questioned
by-¥imkowski-—If-these-fourarerejected; thevalug of Tog %, Tor theéTeitiaining 15
galaxiesis-1:5483-with-aresidual of —0.0009=—well below thestatistically estimated
uncertainty-in-the-observed-mean:—Note that the residual-generally -decreases-as~
the-size-of the ohserved sample_increases.For-those-clusters-with-large-numbers
of-observed-redsh&ﬁt&(suehas&:rgo« andGoma};the residual-becomes-minute.
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-MEAN CLUSTER REDSHIFTS OBSERVED AND CALCULAIED

=

JRedshifts:;;m; A : 10§T;;'M
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.- 12308+0720 |
71232241425

1114545559
"10106-1536
11024+1039

} 0348+0613
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" 1055+5702
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I;1309 0105
“1304+3110

R

;?Pefséﬁs' . 7 .fg‘>"5'\1 7496

~30mm e oL I . 1.6780
' Abell 2199 . 19 "._ - 9028 -.1.5344
! Hercules . R 5  1,4597
‘Pegasus II. . 3 . 21 - 1,3874

! UrsaMajor T L4 T < 1.3149
i Haufen A = ;-2 . - 1.3012

i
1
!
x

o Geminl 2 o 1.1360

o}
.

o Bootes 20
_ Ursa Major 11/ _g“ %0860 0,9213 "
= ' Abell 1413 2" 42784 10,9037 ¢
153443749 T LT

0025+2223 o

10925+2044

512534622
| 10855+0321

<

2, 4234
7! ‘ 11,7500
"NGC 541" " 43 .. 5439 1,749
1.6745

- 1.3777
~.1.,3757
"1,3052
" 11,3052
01,2272
©1,1761
1.1761
1.1181

Leo . f_ij 1 - 1.2147
SR LAY 11741
Corona Borealxs ; ©1,1719

, i .1,1038.
"Shane Cloud" / 1 : 11,0640
| ‘ 70,9356

" 1,0637
'0.9341

| © 0.9049
| 45951 0.8767
. 0.8616
08487
1 0.8312
...0.8280 ..
©0.8104
70,7937
' 0.7819
] ,o 7730

. 0.8549
. 0.8549
0.8337-
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a0,

~ +0, 0006
~F 7 -0,0035
- 1.5440

1.4569
©=0.0097

10,0020
-0.0097 ..

10,0040 1

0.0096
-0.0028

0.0125

. .0.0020
- 0,0042

-0.0179

0,013
o -0.0003 -
-0.0015 .

-0.0028

0.0012
- =0.0016
. .=0.0067 .. .
S 40,0062 o

0.0025

40,0057 oo
. =0,0163 ~ L
©0.0004 o
-+ 0.0005.
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‘ ) o It is apparent that if u_l is teken very large, we could find
e large integer valees of M and N that would give values of P(M, N)‘

h;fitting the set of observations to within any prescribed residual. .It‘

s the low values of N that afe the most stringent statistically.
',"Accordingly, the integers,»N, in Table 1 are selected as the smallest
'7f’integers which provide as many distinct values over the range of log ﬁb
3 (i.e. 2.4234 to 0. 7730) as there are distinct cluster redshifts. Note‘ejv h
' also that P(M, N) may assume the same value for different comblnatlons ,;;:”"“

“ of M and N; with the result that the identification of M and N

k'1s not always unlque.

Whlle the sequences for M= 2 and.M 4 each contaln enough

- members to establish the statistical significance of equation (1) for two o
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 and N, and for assignlng the
k unusually rich cluster Abell 1413 to a tentatlve M = 6 sequence. If
. this is dome, however, taking. the exponential of‘both sides of equation (2)

leads to the form, S \ :

z M) . NQWL) ‘11
147 (137.5)2 "

where again z is the dimensionless quantity fV/c)o “The numerical value

j assumed by the fundamental comstant, i , affords us a curious numerical

coincidence with the fine structure constant, which may or may not be

- meaningful but should be noted.




non~member galaxies.

Before investigating the statistical significance of the agreement B

.~ between the observed and structural mean cluster redshifts, it is necessary ]_}-’
.?u:to evaluate the estimated errors in the observed values, ;;. The

" uncertainty in V or u_ depends on: 1) the errors in the individual

redshifts, 2) the velocity'dispersion in the cluster, and 3) the

lﬂ stize of the sample of measured redshifts in the cluster together with the - ﬁ*liv

{'éxtent to which the sample is contaminated by including redshifts of

et et e et et et e R T

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

A
the true value. Assuming the extreme bound of\175 km/sec for each

redshift, the relative error in the individual redshifts is less than

"";bercent (except for the nearby Virgo cluster). .ihe relative error

A

: ) \ '
~in the more distant clusters becomes very small and the values are correct
X . 4

\ ;
to the third decimal place in z. The dispersion cﬁ, for individual:

{

redshifts will be taken as 35 km/sec. ; %

P
!




.’ {f’v‘ A much iarger source of uncertainty in the mean redshifts of
clusters is the velocity dispersion. The values of the means, V; and
e«the dispersions, o, for all clusters for which three or more
‘redshift measurements have been obtained are given in Table 2. The
,;eicontriEﬁtion of o, to the error in.V is negligible compared with dv
1forﬂa11 clueters”except the Hydra cluster CWhere the effect of Gi hae beeeefifT
ei{included). The femaining columns in Table 2 give the relative error, B

vbgdu/u = GV/V(I + E)J n ; the ldgarithmic error, 4§

u = log(urdu)-log(u);

fleyand the observed residuals, p, from Table 1.

jweear Toble 2 S

N e b 0 414 e 1 S A s P Ve e 2T Ao

For the clusters in Table 2, the magnltudes of the estlmated errors;'
| ""e Qf mean cluster redshifts 5u, are of the same order as the residuals, p;
.\  _ " with the mean 5, equal to 0.010 and the mean Iplequal to 0.005. This

T "‘ agreement is consistant with the interpretaeion that the structural

',e redshifts, P, predicted by equation (2) are egpecfed values of the means

~: and that the residuals, p,are attributable to eérrors of observation.

\ 4 . L #;gmmiw;;;www

However, of the remaining clusters for whlch there are only one
or two measured redshifts, the mean lo| of 0.006 1s lower than expected.
1f we assume that the velocity dispersion of the remalnlng clusters
is equal to the mean velocity dispersion, 720 km/sec of the clusters

in Table 2, then the mean value of § for these :emalnlng clusters is 0.008.

-




“-0316+4121 B
6i23¥6157_f.'»,f{
125742812 . Coma)
162743937 . " Abell 2199

1603+1755 ' 'Hercules .

2308+o7zo:7_1__;;Pegasus I

|1145+5559 ' Ursa Major T
: 1520+2754!‘ ACorona Borealis
1534+3749

5 0855+o§21'

Naﬁé:f Tablé 2'1n¢1ﬁdes_on1y those clusters with 3 or more observed redshifts:
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The fact that the mean 6u of the second set of clusters is less than
‘ ’_ that of the better observed clusters of Table 2 is die in part to the
greater distances of the second set. But the low 6u's may have anotherF'; ‘ff:~
"explanation, It is an observed fact that many clusters are centered on_f{
- one or two galaxies which are appreciably brighter and larger than otherﬂ’~_c
- s .. cluster members.. It is seen in Table 3 that for nearby well observed
lnsear e—s .
Tuble 3 ~cc1usters, the values of the redshlfts of the brlghtest galaxy, Vé, are

very close to the cluster mean V. 1f this is true for the more distant‘;""

~.'_‘_'clust:ers, then the observational selectivity of the brightest galaxies in ‘vik”

‘clusters generates a bias Which gives better mean redshifts from small

vwsamples than is statlstlcally expected.
ks

o A 1 AN 8l e i Jrow.

S The effects of contamination of the cluster sample w1th non-cluster B ';«';v
" members on the value V may become large as fainter clusters are included(gé.*
This serves to increase the size of the residuals in the well observed

sample.lbﬂoweVer, in the present paper, 1o selection criterion has been »“

‘,'-used for selectlng or rejectlng individual redshlfts to determine the V s
. of Table 1. All published redshlfts have been\used with equal weight.




vhanuger

fo be ‘Ou'f'

.

%4

'In s.w'i‘

Yo

ipt:

IGHTEST

‘REDSHIFT

BR

M |

.

ghtest

Bri

1

+412

0316




~9-

In order tb examine the proBability that the agreement between the
observed and structural mean redshifts is not reprbdupible by chance, we
shall use.as a statistic the number of fits to within a prescribed d oécué}ng
between test samples and the discrete values defined by the right member of
equation (2). The tést samples to be compared are 1) the observed values of
the redshiffs-and 2) a set of random values drawn from a suitable density
distributibn defined over the same range as the observed sample; O.7700 <
log u, < 2.4300. |

If y is thé number of clusters with redshift G;, then the density function

4 derived from the envelope of the observed sample is log y = 0.76 - 2 log ;;
over the above range. This function is adopted for the density distribution of
S . the random values,
o gond Tible Y
Tmgued Tble 4

The results of.two Monte Carlo exper;ﬁents‘programmedbfor the RAND 7044
 computer are given in Tabie 4, 1In Table 4a; thekobserved s#mple of. 28 redshifts
ié-compared with 25 sets of 28 random values selected from the above density
distribution, The'comparison in Table 4 is between observationalland:random L

~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-boéh the observational and
each random case, the macﬁine program selects that vélue bf A which gives the
maximum number of»fits within thé.prescribed 6.' For the observed redshifts, -
the machine-selected-A equals :3.4976. (This is the same as A equal to

L - log M(M+1) in equation (2)'with M set equal to 2 and Wi = 4.2758.)




" COMPARISON OF OBSERVATIONAL AND RANDOM FITS
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The first column in Table 4 gives the prescribed 6's defining the allowed
margins of fit P L 5. The second column, N(obs), gives the number of fits
(w1th1n 6) the 28 observed redshlfts,@using the above equation with
A = 3.4976. NR~1s the number of fits (withiny&).bccuring in any one sample of
28 random redshift values. Since there are 25 sets of computer generated NR‘S,
the third column of Table 4 lists NR, the most frequent value of NR occuring
in all 25 sets for a prescribed §. NRﬁax is the largest number of fits in the

25 sets and o, in the dispersion in N In the 31xth column, t is the standardlzed

R R’ , devived
variab}e,[N(obs) -»NR]/GR ' The las column gives the probablllty éevrsag from:
t using the standard error integral,that N(obs) occurs by chance.

It is interesting that the 1at;est value of t oecurs at the value of §
. which eguals the estimated observational errbr, Gu. This is expected if the
values of NR derive from a unimodal.or monatonic density distribﬁtion and
the values of N(obs) derive from a multi-modal density'distribution consistiﬁg
of a set of error functions whose means are located at the eiscrete value s P(Z,N);t'
and whose standard deviations are equal to 6 . In thisAsituation; the size of

L.e.
N will decrease uniformly w1th decreas1ng 5, /W%ile‘the size of N(obs) will

wntil
be relatlvely insensitive to §j§§§%%\6 = éu. .For § <\5u’ N(obs) will decrease
sharply. This results in the difference, NR;- N(obs),xhaving a maximum near
Table 4b is the same as 4a except that the comparison of‘the observed
redshifts and random redshifts is for the M = 2 and M =é4 sequences taken
together. Tables 4a and 4b both show that for the significant value of

§ = 6u = 0.010, the probability that N(obs) is due to chance is less than one

in one -hundred.
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. Of additional significance is the test summarized in Table 5. We recall
that equations (1) and (2) were originally derived from relations between mean

" g

redshifts and diameters in five clusters (Coma, UML, Corona Borealis, Bootes

and UMII). The original equation (2), based on these five clusters was

log IIO = 4.2792 - log N(N+1) - log M(M+rl) (2a)

_if equation (2a) is adopted as the compiete hypothesis, including the value of

ok < the constant,L“, and is tested against the remaining 23 clusters, we get the

M
bl
?,\\\\\egesults reported in Table 5.7
- : T . L.
: AW'gD ; ‘Here we compare the number of fits 1n_the remaining 23 clusters to the
- 'values of equation (2a).with the number of fits occurring in 25 sets of 23
random redshift values. In this test the value of the constant in‘each set
~of random valﬁes 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 § = éu with the probability of t&e number of obsetved fits
occurring by chance equal to one in one thousand.\

A conservative assessment of the statistical Qéfults of Tables 4 and 5
gllows the hypothesis ot regularized structure. in thé;distribution of clusters,
as expressed by equation 2, at least equal admigsability with the hypothesis of
randoﬁ distribution. (The values of t actually suggest that greater weight be
éiven to the hypothesis of discretized structure.) ,Hoﬁever, in the absence of
theotetical justification for equation (2), it cannot be assumed that it is the
best represenuation.ﬁor the discretized structure which seems to exist.

Several arbitrary expressions could be tested for possible better fits, but

a more direct approach is to devélop a cosmological theory allowing for

inhomogeneities in the distribution of matter.




With empirical refinements and theoretical justification left fortthe
future, the salient point of this paper is the inference for the existence
.of regularized structure in the large scale distrabution of'matter. If we may
assume for the present that equation (2) doeSA:epreeent 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 ﬁapfed into a bi-discretized net developable.
in iﬁtegral steps from a single constant.

Following‘this‘interpretatioq, ii the clusters are located on shells with
' discrete radii centered on a given observer, the cosmological principle requiteS'
that the clusteré also be distriButed on shells with discrete radii eentered
on all other observers. (ObserVets:are here'postulated to be located .at
elﬁster eenters.) It follows that a discretized cluster distribution compatible
with the coemolegical principle must eXhibit structure in angular distribution
as seen by any observer. This iseaﬁenable to‘observetionalxverification. In
fact, the statistical evidence for- second order clustering and sub—clustering,
which is open to certain objections when 1nterpreted as Ehzs1ca1 clustering,
b'.may'be properly interpreted.as the optical clustering expected with discretized
distributions. o o - ' .} » |

While the- p0331b111ty 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.
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; DISCRETIZED STRUCTURE IN THE DISTRIBUTION OF CLUSTERS :
i : OF GALAXIES* '
use of
ion of By Avsert G. WinsoN
mv.14 ' . THE RAND CORPORATION, SANTA MONICA, CALIFORNIA.
f\iﬁgﬁ » Communicated by T. Y. Thomas, July 20, 1964
oryla- . L From the basic Einstein equations positing the equivalence of the geometrical ‘
: and physical tensors, : ‘ . X . :
: : v ' SR i
DPN, i Rap — Y/aRgan = «Tap, ; i
Jnosine o Edelen® 2 and Thomas® have independently predicted discretization in the geo- ”~ ‘
: metrical sizes of galaxies. Theory suggests that the diameters or major axes of the
" galaxies should be, under certain conditions, proportional to & sequence of ‘eigen
nsalus numbers of the form [n(n -+ 1)]¥?, where n is a positive integer. This theoretically

: predicted size discretization has been observationally confirmed by Wilson* ® for . e
sf‘ ‘ ‘ samples of field and cluster galaxies in the case of ellipticals of small eccentricity.

' : Ly The evidence for discretized distributions in sizes of galaxies suggests the pos- » 4
s sibility that there exist further regularities in the large-scale distributions of matter
which have not been suspected: The present paper reports an observed regularity

demic -~ , in the mean red shifts of clusters of galaxies which appears unlikely for randomly

o : 7 distributed clusters. There is at present no cosmological theory which predicts

demic ~ v F 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 - :
o smoothing assumptions have been well expressed by Neyman:$ “The contrast be- E
un., 7, 0 - tween 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

y 2140

xmon, 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
1933). - y theory ignores. Thus, in order to effect a verification it is necessary to adopt a
tosyn- : 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




-
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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 distribution of matter, tend to de-emphasize the investiga-
-+ tion of possible regularities in the distribution of the observed granularities. DMost
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 rvef. 4) were combined with mean cluster red shifts,
. ¥, to obtain linear diameters by using a velocity distance relation of the form

Higd = 1,

where H is a constant, @, = (¢ + V)/V, ¢ is the velocity of light, and d is the dis-
tance. Comparisons of the resulting diameter discretization sequences suggested
. arelation between mean clusterred shifts of the form

log @y -+ log N(V + 1) = constant, : ey

“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 4/ = 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 — log MM +1),

_expressing the mean cluster red shifts in terms of two integer parameters, 3/ and
‘N, and one arbitrary constant, i, can thus be written as

log @ = w — log M(M + 1) = log NV + 1), @

where the constant, u, has a least square value of 4.2765 for the 28 clusters.
Table 1 collects the generally available observational 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.
tof individual red shifts available for the calculation of the mean; (4) the mean
- velocity for the cluster, ' '

V = Z 2y
_ i=1 ;
where z; = (8\/\),is the measured spectral displacement; and (5) the logarithm of =~
the quantity @ = (¢ + 7)/V. The source of all red shifts in Table 1 is the Huma-
son-Mayall-Sandage Catalogue,” except when indicated by a referénce number in
the second column. ' ’

The comparisons between the observed mean red shift 4, and the right member of
equation (2), which we shall designate by P(34,N) and call the structural mean red
shift, are given in the right-hand side of Table 1. Columns 6-9 are, consecutively:

I 0
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' where w is a constant, and } takes on values 2, 4,and 6. A single empirical formula .
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TABLE 1
MeaN CuusteEr RED SHIFTS OBSERVED AND CALCULATED
No. of

Cluster Name red shifts v log 7 N M r P — log
Virgo 3 1136 2.4234 3 2 2.4191 —0.0043
0316 + 4121 Perseus 7 5435 1.7494 7 2 1.7500 0.0006
0123 -~ 0137 “NCG 541”8 43 5439 1.74904 7 2 1.7500 - 0.0006
1257 4+ 2812 Coma?® 50 6432 1.6780 4 4 1.6745 —0.0035
1627 + 3937 Abell 21991 19 9028  1.5344 9 2 1.5440 0.0006
1603 + 1755 Hercules!? 15 10775 1.4597 10 2 1.4569  —=0.0028
2308 + 0720 Pegasus IT - 3 12821 1.3874 11 2 1.3777 - —0.0097
2322 4 1425 2 13187 1.3757 11 2 1.3777 ©0.0020
1145 4 5559 Ursa Major 1 4 15269 © 1.3149 12 2 1.3052 —0.0007
0106 -~ 1536 Haufen A 2 15872 7 1.3012 12 2 1.3052 0. 0040
1024 4+ 1039 Leo 1 104890 1.2147 7 4 1.2272 0.0125
1239 4+ 1853 ' 2 21533 1.1741 14 2 1.1761 0.0020
1520 4+ 2754 Corona Borealis 8 21651 1.1719 14 2 1.1761 0.0042
0705 + 3506 Gemini 2 23366 1.1360 15 2  1.1181 —0.0179
0348 4+ 0613 1 25644 1.1038 13 2 1.1181 0.0143
1513 4+ 0433 ““Shane Cloud’’: 1 28333 1.0640 16 . 2 1.0837 —0.0003
1431 + 3146 Boétes . 2 30367 0.9356 10 4 0.9341 —0.0015
1055 + 5702 Ursa Major 11 2 40860 0.9213 19 2 0.918  —0.0028
1153 4 2341 Abell 1413 2 42784  0.9037 7 6 - 0.9049 0.0012
- 1534 + 3749 3 45951 0.8767 = 20 2  0.8751 —0.0016
0025 4 2223 2 47836 0.8616 11 4 0.8549 —0.00067
1228 4 1050 2 40514 0.8487 11 4 0.8549 0.0062
0138 + 1840 1 51908 0.8312 21 2 0.8337 0.0025
1309 - 0105 1 52362° 0.8280 21 2 0.8337 0.0037
1304 + 3110 Coma B 1 54917 0.8104 21 2 0 0.8337 —0.0163
- 0925 4 2044 1 57498 0.7937 22 2 0.7941 0.0004
o0 1253 - 4422 ‘ 1 59382 0.7819 12 4 0.7824 0.0005
- 0855 4 0321 Hydra -3 60860 0.7730 12 4 0.7824 0.0094

P .= 4.2765 ~ log M(M + 1) — log N(N + 1); log % = log [(c + 7)/V]. .

"N, M, P, and the residuals, ” — log @%. The values of log % dnd of the residuals

are usually given to more significant places than are consistent with the precision of
the observations. This is done to avoid contamination of diseretization 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 wo is taken very large, we could find large integer values of
M 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 distinet values over the range of log 4, (i.e., 2.4234
t0 0.7730) as there are distinct cluster red shifts. Note also that P(A/,N) may as

sume the same value for different combinations of 3 and N, with the result that.

the identification of 3/ and NV is not always unique.

While the sequences for 8/ = 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 con-
venience, for the writing of equation (2) with two integral parameters, M and N,
and for assigning the unusually rich cluster Abell 1413 to a tentative M = 6 se-
quence. If this is done, however, taking the exponential of both sides of equation
(2) leads to the form, : . ’

E M@ 4+ 1NN+
1+3z (137.5)2

?
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where again Z is the dimensionless quantity (V/c). The numerical value assumed
by the fundamental constant, ws, 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 agzeoment between the ob-

- served and structural mean cluster red shifts, it is necessary to evaluate the esti-
mated errors in the observed values, @. The uncertainty in V' or %, 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 slufts 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 pubhshed 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 EERRORS FOR MEAN CLusTtER RED SHIFrs
- Cluster Name n Vv oy a;r\/n du/u Sy p

Virgo 73 1136 643 76 0.067 0.028 = —0.0043
0316 4 4121 Perseus -7 5435 715 270 0.049 0.021 0.0006
0123 - 0137 “NGC 541”7 43 5439 450 69 0.012 0.005 0.0006
1257 4+ 2812 Coma .50 6432 1745 246 0.038 '0.016 —0.0035
1627 + 3937 Abell 2199 ‘ 19 9028 864 198 0.021  0.009 0.0096
1603 + 1755 Hercules 15 10775 652 169 0.015 0.007 —0.0028
2308 -+ 0720 Pegasus II 3 12821 662 . 383 0.029 - 0.012  —0.0097

1145 + 5559 Ursa Major I 15269 358 179 0.011  0.005 —0.0097

4
- 1520 4 2754 Corona Borealis 8 21651 1294 457 0.020  0.008 0.0042
. 3

45951 408 236 0.005 0.002 —0.0016
60860 137 80 0.001  0.0004 0.0094

Note: Table 2 includes only those clusters with 3 or more observed red shifts.

1534 4 3749

w

 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 2. The dispersion o, for in-

dividual 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, oy, for all
clusters for which three or more red shift measurements have been obtained are
given in Table 2. The contribution of ¢; to the error in ¥ is negligible compared

 with gy for all clusters except the Hydra cluster (where the effect of ¢; has been in-
- cluded). The remaining columns in Table 2 give the relative error, du/u =
- oy/ V(1 + 5)+/n; the logarithmic error, 8, = log (w + du) — log (w); and the ob-

served residuals, p, from Table 1.
For the clusters in Table 2, the magmtudes of the estimated errors of mean cluster

red shifts 8,, are of the same order as the residuals, p, with the mean &, equal to

0.010 and the mean || equal to 0.005. This agreement is consistent with the inter-
pretation that the structural red shifts, P, predicted by equation (2), are expected
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values of the means and that the residuals, p, are attributable to errors of obsecrva-
tion. ’ .

However, of the remaining clusters for which there are only one or two measured
red shifts, the |p| 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 &, for these remaining
clusters is 0.008. :

The fact that the mean §, of the second set of clusters is less than that of the better
observed clusters of Table 2 is due in part to the greater distances of the second set.
But the low é,’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-ob-
served chisters, the values of the red shifts of the brightest galaxy, V3, are very close
to the cluster mean V. If this is true for the more distant clusters, then the ob-
servational selectivity 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.’® 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 in-
dividual red shifts to determine the ¥’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 preseribed § occurring between test samples and the

discrete values defined by the right member of equation (2). The test samples to
be compared are (1) the observed values of the red shifts, and (2) a set of random
values drawn from a suitable density distribution defines over the samne range as the
observed sample, 0.7700 < log i, < 2.4300.

If y 1s the number of clusters with red shift @, then the density function derived ‘

from the envelope of the observed sample is log y = 0.76 — 2 log %, 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 sclected from the above density
distribution. The comparison in Table 4 is between observational and random data
fits to equation (1) written as

P =A —logNN + 1),

- where 4 is independently selected for the observed red shifts and for each of the

TABLE 3
ComPARISON OF CLUSTER MEAN RED SHIFT wiTH BRIGHTEST GALAXY RED SHIFT
Cluster Name , Brightest galaxy VB \V - Val
. Virgo NGO 4486 1171 : 35
0316 + 4121 Perseus : NGC 1275 5293 142
0123 - 0137 . “NGC 5417 NGC 547 © 5472 . 33
0257 + 2812 Coma, NGC 4889 6423 : 4

1627 + 3937 Abell 2199 . NGC 6166 © 9082 . ‘ 54

.o
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TABLE 4
CoMPARISON OF OBSERVATIONAL AND Raxpoum FI1s

§ N(obs} Ne o NRwmoax TR t Probability
{a) 0.020 20 24, 56 27 - 1.24 1,17 0.242
0.010 19 : 16.40 | 18 0.98 2.65 0.008 |
0.005 14 11.28 14 1.04 2.62 0.009
0.003 10 8.36 11 1.05 1.56 0,119
- (b) 0.020 28 27.44 28 0.50 1.13 0.258
0.010 24 20.44 23 1.13 3.14 0.002
0.005 17 14.48 16 0.98 0 2.56 ) 0.010
0.003 12 10.80 12 0.85 1.41 0.159

25 sets of 28 random red shift values. In the observational and in each random
case, the machine program selects that value of 4 which gives the maximuni number
of fits within the prescribed 5. For the observed red shifts, the machine-selected

4 equals 3.4976. (This is the same as 4 equal to w — log 3/ (3 + 1) in equatlon

(2) with M set equal to 2 and w = 4.2758.)

The first column in Table 4 glves the prescribed &'s defining the allowed margins
of fit, P = 8. The second column, N (obs), gives the number of fits (within §) to the
28 observed red shifts, using the above equation with 4 = 3.4976. Njzis the number

of fits (within &) occurring in any one sample of 28 random red shift values. :

There are 25 sets of computer-generated Ng’s. The third column of Table 4 lists

Nz, the mean of the values of Ng ocgurring in all 25 sets for a prescribed . N pmax
is the largest number of fits in the 25 sets, and o is the dispersion in Nz. In the
sixth column, ¢ is the standardized variable, [N (obs) — Nz]/ez.  The last column

a normal distribution for Nz.

© Itisinteresting that the largest value of ¢ oceurs at the value of § whlch equals the -
. estimated observational error, 8,. This is expected if the values of N 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,V) and whose standard deviations are equal to

" 84 In this situation, the size of Nz will decrease uniformly with decreasing 6,

while the size of N (obs) will be relatively insensitive to § until § = 8,. For § <
84, IV (obs) will decrease shar ply This results in the difference, Nz — N (obs), having
g maximuni near 6 = §,.

Table 4 is the same as 4a except that the comparison of the observed red shifts
and random red shifts is for the M/ = 2 and M = 4 sequences taken together, Ta-

. gives an estimated probability, der 1ved from the standard error-integral, assummg

bles 4a and 4b both show that f01 the significant value of § = 8, = 0.010, the prob- »

ablhty is minimum.
Tha test of statistical swmﬁcancc is summa,mod in Table 5. We recall that
equations (1) and (2) were originally derived from relations between mean red

~ shifts and diameters in five clusters (Coma, UMI, Corona Borealis, Bodtes, and

UMII). The original equation (2), based on these five clusters, was
log @y = 4.2792 — log .N(N + 1) —log MM + 1); (2a)

if equation (2a) is adopted as the complete hypothesis, including the value of the
constant, wr, and is tested against the remaining 23 clusters, we get the results re-
ported in Table 5.  Here we compare the number of fits in the remaining 23 clusters
to the values of equation (2¢) with the number of fits occurring in 25 sets of 23
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TABLE. 5
CoMparisoN oF OBSERVATIONAL AND RANDOM }xrs to EquaTioN (2a):
$ ' N{vbe) Nu Namas ol [ Probability
0.020 23 18.40 21 2.32 t1.99 0.047
©0.010 20 - 11.76 16 2.45 3.36 0.001
0.005 13 6.92 11 2.30 2.65 0.008

“‘random red shift values. In this test the value of the constant in cach sct of randon:
‘values 1s not floating to maximize the number of fits, but is held fized at the pre-

dicted value, w = 4.2792. The most significant level of fit again occurs at é =

" :8, with the probability of the number of observed fits being accounted for by a
.chance mechanism being 1 in 1,000.

A conservative assessment of the statistical results of 'labICb 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 ¢ 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 for the dis-
cretized 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 one of these concentrations, may be mapped into

‘a bidiscretized net developable in integral steps from a single constant.

Following this interpretation, if the clusters are located on shells with dlSCI ete
radii centered on a given observer, the cosmological prineciple requires that the
clusters also be distributed on shells with discrete radii centered on all other ob-
servers. (Observers are here postulated to be located at cluster centers.) ~ It fol-
lows that a diseretized cluster distribution compatible with the cosmological princi-
ple must exhibit structure in angular distribution as scen by any observer. This is
amenable to observational verification. In fact, the statistical evidence for second-
order clustering and subclustering, which is open to certain objections when inter-
preted as physical clustering, may be properly interpreted as the optzcal clustering
expected with discretized distributlons.

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.

* This paper is part of the RAND-sponsored research in Epitactic Cosmography.
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ORGANIZA TION IN A GAMETOPHYTE CALLUS OF LYCOPODIU]I[ AND -

ITS MORPHOGENETIC IMPLICATIONS*

By Avcustus E. De Mageiof
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 recent 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 wasculartissue, roots, shoots. . and-aven wholeplants. EFho’WfilL'l')mmﬂntﬂd

studies: off Skoog and! ¥Miller;! Steward and’ co~workers;** Reinert,® Halperin and! -

- Wetherell,® and others” have demonstrated that mature diploid cells can be in-
- duced 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 inultlple pathways of cellular expression is equally char-

acteristic of the vascular cryptogams although fewer studies have been carried out

- on 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 morphogenetic experimentation. Studies of apogamy and apospory
indicate that vegetative cells of the gametophyte can be induced to develop into
sporophytic structures,’—% and also that vegetative cells of sporophytic origin can

- give rise to gametophytes.?=*® It would appear that the totipotency of cells in

_both haploid and diploid plants is retained and can be evoked by manipulating the
environmental conditions ‘of growth. The implication from these and related
studies'® ** is that the genetic complement of plants in either generation imposes

i
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"i ; . Extract from
New Scientist, London

. The cosmological theory of Thomas
' is completely at variance with the nevg %
' gravitational theory of Hoyle and
' Narlikar (see New Scientist, Vol. 22, .
' b. 730) in that it assumes fields of force
i Father than “action at a distance” to be -
“important. It starts from the belief
_:that originally the universe conta_med
| no “ponderable matter”. The acciden- :

‘.’ ¢ Should it be spasmodic .

: L universe? /s ‘

: DECISION as to .which of the
3 current cosmological theories is
" the most plausible is. almost certain: i
! to rest upon more detailed observa-
- ‘tions of the distant galaxies. Put

i

!’ simply, if the so-called “steady-state”
oo : S ) )

‘tal creation of the first material par-

=~ticle by some disturbance of the fields

ot B v : g
- ' L o id universe—Ilike a ripple on *
i theory of the universe is correct and an st:’ngo%xacéond—led to further distur-

i the universe, though continuously ex- S and the creation of more par- =
. panding, maintains a constant density .- ‘ ‘i'flt){acrllgs.s ?:(éirﬁréethey puilt up and aggre-
i by the spontaneous creation of matter, - - gated to form one Jarge body. The '

13

i then space everywhere should contain . =~ . Ultimate explesion of this body then

' a mixture of galaxies of all ages. Con-= " .. = began the expanding phase of the uni=
. versely, if the universe has’ evolved * . verse as astronomjers are now familiar

© ‘from gne primordial “fbig bax;lg”},] tge SO iyith it S

P 'most distant gglaxies, from which the TR ) -, : ,»

i light or rad_iogwaves take hundreds of . ...~ However, the ’y'lolerllce‘ of: tl;e ri:t;st

! millions of years to reach us, should. ~ . episode set up extremely intense gravi- °

- taticnal waves which, Thomas §u§a ,
- Looking outwards into space we would . - . poses, lapped baglfwafrds :gg_fgxg;: ‘

i see younger and younger stages of the : . facross the ‘pond’ Of SpACE BTG
+.evolutionary process. _ s ' i each time they returned to the site ‘
2 : RN . their Origin, an “epoch” in which. the

appear to be the ‘youngest im age. .

. Last year an American physicist, D. ' e ; ioht for the creation

: ' s “-conditions were rig or . B
G.e}sénligglgnéhggghig{?gg a(;o?ﬁr?;;%rt‘: : - of a fresh batch of galaxies. His theolry :
;,"pr f th Am% ican A? ical " is thus an evolutionary one but as<f> o
O backed un by somo ¢ v S . stipulatés that spontaneous creation of
'~ Society, backed up by some preliminary ¢ | Tnatter occurs—though in his concep-

. experimental observations made by - “tion it is discontinuous rather than -

another researcher from Rand, suggest- - ' i ; io1 in the steady- @
. ing a third type of galactic arrange-: - v ,(S:?;?l&oe%iigeaum gs - f.xy- :
. ment. His ideas have now been in-" . (T DUl o .
. corporated into a tentative new cos-":. : o ,
;. mology derived by T. Y. Thomas, of ’ R R,

¢ Indiana University (Proceedings of the
= National Academy of Sciences, Vol. 51, ;
«+No. 5, p. 718). .
 Essentially what Edelen suggested
i 'was that, rather than having a com-:
| pletely variable and continuous range
~of diameters, the sizes of the extra-:
. galactic nebulae might fall into discrete
- groups, rather as if they were “quan-
»-tised”. The mathematical reasoning -
ivthat led to the idea was, naturally, -
+ fairly abstruse, but measurements made
“by A. G, Wilson, of Rand, on photo-
* graphs of certain galaxies obtained with -
the Mount Palomar 200-inch telescope,.
“taken in conjunction with their ranges
~deduced from the *‘red shifts” in their
- light, indicated that there may be some
" foundation for the hypothesis (Astrono-
i mical Journal, Vol. 68, p. 547).
The way in which galaxies probably
I evolve is from a simple spherical form,
-through an elliptical one, to a mature
. form having characteristic spiral arms
“like our own Milky Way. ~ Wilson
. studied the younger elliptical ones, -
* classifie¢ as the Eo galaxies, occurring -
: + in the clusters of Coma, Corona Borea-
. lis, Ursa Major and Bootes. They !
.‘ ‘'seemed ic nave diameters that could: -
be grouped according to a simple ..
- mathematical relationship. Clearly, ‘if .
his results are substantiated, this galac- -
tic structure is incompatible with the
: theory of continuous creation of matter -
- in the universe; equally it does not fit -~
" -the idea that th¢ universe bzs been 0
gteadily evelving from
;- phic event. | . :
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H 11 regions (66) gives a theoretical interpretation of the correlation between diameters of the
largest H 11 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. Sérsic and R. Sister 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. (2) The heavy element enrichment of the interstellar medium
was well advanced at the termination of the halo phase of stellar evolution. (&) The rate of
heavy element formation in the Galaxy has declined more rapidly than the rate of star formation.
(¢) The enrichment of the interstellar medium in heavy elements has been neghoxble during

V\ the last 4-5 - 10° years.

CS“ \MG Wilson apd D, Edelen have conducted work at the Rand Corporation on relativistic
discretization ¢ c'ﬁ'éciuster d1ameters (Preliminary results were reported at the meeting of the
American Astronormcal Soc1ety 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 7 and
the eccentricity e (or ellipticity) of the form 7(n, m, €) = const., where = is a positive integer and
o<m<m, In the particular case e = o, the relation between r and 7 takes the form,

7% = n(n + 1)

independent of 7, where ¢ 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 ¢ 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 un-

' suspected relation that the redshifts of all clusters so far published obey the empirical
relationship p n(n + 1) = K,, where p = 1—+3 \n is a positive integer, and K, is a limited
set of discrete constants related to the parameter ¢ of Edelen’s discretization function, -

A

Cosmology ' - \

In conclusion, some investigations in which cosmblogical theory has been applied to observa-
tional problems may be briefly mentioned. Sandage (70) has examined the possibility of using
observations made with the 2oo-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-stateimodel. He points out that the observa-

- tions of redshift versus apparent magnitude are the most promising for the purpose. Sandage
-(7x) 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 0™-4 or 0™3 per billion years. Observa-
tional evidence for such changes is difficult to find though estimates of colour variations due to
_evolution have been said to amount to 0™03 per billion years and there are indications that a

7 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: 15 The law of redshifts Eo the greatest distances;
fobservatidnally feasible, and 2) the dynamics of individual‘
clus;erg. These. programs to date have accumulated mOre.than;ZSO ’
‘published redshifts of individual galaxies in c}ustérs which are
distributed among 29 different clusfers.  It is interesting that

thé selecfivity'effect of'thgse two pfograms.ﬁés resultgd in

- measurements of redshifgs in only six of'thé 27 nearest'clustérs

(distanceﬁclasses 0, 1, and 2) listed in the Abell Catalogue.

Recent investigations:(Wilson»PNAS Sept. 1964) suggest that there ",-

may exist "prefef:ed vaiues" for cluster redshifts implying some

T ,sort of.s;ructure in the distributionbof the clusters. There is
aiso preliminary evidénce that many clusters are centered on a
singlé glant ellipti¢a1 whose redshift is very close to the mean

: r¢§§hift'o£ the brightest'galaxies_of the cluster. | |

If the latter hypothesis is correct, a check of the-stfuctu:é: 

hypothesis may.be made from the redshifts of the brightest one or

 two galaxies in a'clustér. As an initial step, therefore in testing =

the discretum - redshift hypothesis it will be useful to measure
the redshifts of fhe brightest galaxies in the 21 near=-by clusters

of Abell's list for which no measurements have yet been made.

P
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Slnce the brlghtest galax1es in these clusters are all in
the nelghborhood of 13th magnltude, the B s;ectrograph at\the
Newtonlan of the 100-1nch would be an observat1ona11y eff1c1ent
1nstrument‘for the purpose. (The brlghtness of ﬂlese obJects also
assures that sultable findlng charts can be made from 48-1nch
Schmldt plates ) | | |

A possible difficulty may be encountered 1n 1nterference with

- H.and K by L A. sky 1ines :Eor values around 0.02 of 8A/A. Large

eastern hour angles then may be requlred

II. The current program of galaxj diameters using the 48-inch
- Schmidt debends on redshifts for reductions to linear diemeters. |
The present indieations of.discretization'in diEmeters-must'be
tested against-edditional samples of cluster galaxies. For thié
purpose redshifts in near-by clusters are required. In_addition'to
.galaxies in the-ciustets listed‘for part'l, redshifts of about 15
t,b:ight individual ellipticals will be needed. -

It is estimated that, with a maréin for cloudy nights, that
the 60 to 90 required redshifts can be obtained in ome years' time
- with the B spectrograph with 3 full nights per dark run., In the
event this time is not aﬁailable, 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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lehe mean redshifts of clusters of galaxies do not appear to be distributed
nndomiy, but rauher show a tendency to be distributed in aecordanee witﬁ functionally
related discrete values (Wilson, A. G;, Proc;“Nat. Acad, Sci. Vol. 52, 1964). This
may be interpreted as implying ﬁhat clusters are located on a set of shells which
pesscss a definice'rclation between successive radii. The cosmological principle
| rcquirce that all equivalent observers‘(observers located at clusters) should view the
.elusters as similarly distributed. (For present purposes we may be associated wi;h
the Virgo Cluster.) Structured radial distribution of clusters observed by equivalent
oBservers requires structured angular distfibution of clusters.observed by the equivelent
observers. Hence if the regularity in radial distribution of clusters is real,
, anguler structure in the distribution of clusters should aiso be in evidence.
| The‘la;ge numbers df eldsters observed in all unobscured directions'in the sky
‘renders statistieallj meaniﬁgless any patterﬁs 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 catélogue (Abell;

'G 0., Ap.'\J.N‘Sup_pl. 3, No. 31, 1958) selected on the basis of memb_ership in the
“richest classes (4 and S). Though widely separéted, these clusters have angular

h positions consistent with sffuctﬁred_rather #han random‘distribution (the details
vto be published elsewhé¥e). -In addition, the same distribution properties
:obserQed for the richest clustérs ﬁobtain in the subéet of the fich nearby clusters.
These non-random angular disﬁfibution patterns lend confirmation to the’hypothesis
of the éxistence‘of some  sort of supe:-brganization of which the clusters of gglaxies
‘are members. »

In view of thé same difficulties which arise in'explainiﬁg super or-sécond order
vcluéters as dynamic systems (Zwicky, F.,'Pub;,Ast,ﬂséc. Pac. 69, 518, 1957), it is
dompletely unsupportable to postulate the existence of a dynamic system with a éiameter

of the orde:lof 109 parsecs, the value coﬁsistent with the distances and éngulaéi \
“s(epajtration of 'the clusters involved. Conseqqe_r;tly, i,f the apparent super-organi;ations'

to which these clﬁsters belong'aré real, they must originate through physical communication

prbcesses 'other, than those presenl:ly'recogniz_ed; :

o
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‘ON SUPER-ORGANIZATIONS AMONG CLUSTERS OF GALAXIES

Albert Wilson
A8Yg

The measurement.of redshifts of galaxies beyond the local super-
'cluster 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 éample\is far too small tec allow any definitive conclusions
on the distributions of clusters in distance, but an analysis of this
limited sa&ple which was reported last Septembe%iéhowed 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 CIusters.with diétance;
Redshifts of.galaxies in even the near by clusters can be obserﬁed in
only the largest telescopes, so it may be a good many years before a
satisfactory sample of mean cluster redshifts‘may ﬂe amassed. There
are, however, other ways to test the hypothesis‘of regularized distribution‘
of clusters. Omne of these, as described in the abstract, is to |
investigate the possibility of statistically significant patternd 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 fhe distance between two

clusters whose redshifts are known. "In this way the valyes of the

redshifts of a set of clusters as measured by observers located in other




members of the set may be derived.

The saﬁple of observed cluster redshifts has been augmented
with some/recentl§ reported redshifts of radio dources (2’3>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. The
augmented sample of 45 objects =- clusters and radio sources -- 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 quasi-
redshifts should present a noise-like spectrum. If there exists a single

mot disctorted . '
structure, by the Euclidean approximatiqn, the spectrum should consist
of a set of\sharp resonances or peaks. Actually, the spectrum consists
of several singular peaks & which energe from a set of lower values
which we can call noise; Slide 1 showsjborfion of the histogram from
4000 to 8000 km/sec. The resolutiom is 100 km/sec. The question to be
investigated 25 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.

Half the spread, S, is neéf in value ééfthe mean error of an individual
observation.

The probability of success in a single trial is p = S/r, where the
range r is taken over M + 1000 km/sec to assure that the mean density
used is the lgggl mean density. The total population of this range is
n. The probability of ¢ successes in n trials is determined in the usual

way for binomial distributiomns.




The score 3.68f corresponds to a probability of 2 parts in 104
that the observed number of successes can be obtained by chance from a
unifom probability density over the range r.

Slide 3 gives a table summarizing the statistics for ten of the
resonances which occur. M is the midvalue, S the spread, c the number
of redshifts in the resonance, x the expected pumber of successes, and

c-X s e .
S the measure of statistical significance. All resonances with

C=X . .
scores of ¢ > 3 (probability 3 parts in 103) 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. Five

quasi-redshifts also have this value. 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 interval$25 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 associéted
with .each peak shows this factor is not a contribution.

The midvalues of the resonances are themselves not randomly distributed
but béar simple ratios to one another. The resonances out to 19,000 km/sec
may be readily expressed by the nﬁmbers.

7 7 7 s
J10, 3/3,.2/7, é, 3/5, 2/14, J11, 6/2, 3/13
times a scale factor of 1720 km/sec. The residuals are of thgérder of 30
km/sec. 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 distarces between centers of wadifosm
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wQdk closely packednspheres arranged in a cuboctahedral pattern.

This suggests that the observed angles ofjseparation of the clusters
may also conform to the angles expected for gasy closely packed spheres.
Statistically significant fits are found for the sample(selected on the
basis of possession of redshift§)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 0, 0.47 for richness class 1,to 0.55 for
richness class 2.

. - These several representations suggesting structurevpose 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 étage of thé universe when

matter was highly compact. We may speculate that in a universe which




expands from a "prime¥al atom' according to ome of the evolutional models,
the structure observed at present may be the vestige of a crystal or
molecult-like structure which obtained during a brief time during the
earliest stages of the expansion. At this time certain aggregates of matter
may have been positioned according to one of the configurations available
to godt closely packed gheres. A uniform dialation would have preserved
the general features of this arrangement 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 structure
being the result of a stage through which the universe passed during its

_ {(corrected *or .‘7/” revel $im
expansion is valid, then the world map,should possess a higher level of
: ['mf corrtc/-!l/ f&’r lf?‘(f 4(4”/ '/iw)
statistical significance than the world Eicturex That is, when the
distribution of the peaks beyond v = 20,000 km/sec are compared, with a
sequence such as the cuboctahedral, the peaks OE redshifts of the form
A am pe«br In thy V

V(1 + z) whould possess better fltsAhistogram. If, on the other hand, the

resonances depend on some communication processes proceeding with the

be
velocity of light, the reverse would,expected. In—eithermoasamaochypuathesis

- 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. [ it ma%:be due to the random distribution
of the clusters =-- a distribution, however, with some very unlikely

random fluctuations.
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RESONANCE IN QUASI-REDSHIFTS

' OBJECTS o , Km/Sec
A1656 -=.  3C66 : 10314
3C442 - 3C353 10300
A4L26 - A1213 10271
Al%77 -- Al656 : 10269 :
Local - ML518 10253 (observed) -
3C270 -- 3C66 10252 SEEE
= range = 2000 ' midvalue 10281
n = number of trials = 59 S = spread = 66
~¢ = number of successes = 7 p =8/r = .033
R e ’ x=mnp = 1.95
“ .o =1.38 .
. ¢ =X
s = 3.68
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¥ ON SUPER-ORGANIZATION AMONG CLUSTERS OF GALAXIES

A. G. Wilson

Thé 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 relétion between

successive radii (Wilson, A. G., Proc. Nat.'Acad. Sci., Vol. 52, 1964).

If this distribution is reai, thé cosmological principle requires that
apparent cluster distribution should be on concenffic shells for all
~equivalent observers, (i.e., observers ldcated 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 distriﬁution of ;1uster cénters as seen by
equivalent observers. |

The investigation'of regulaf 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-dis;ance relatipn and ﬁuclidean
space are assumed, the quasi-redshifts may‘be derived by the ordinary‘
laws of cosines. If these assumptions are valid and if the spatiai
distribution of clusters is regular thé frequency distribution of quasi-
redshifts should be a set of discrete peaks_%; 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

-3
iy

:




over fifteen of these.resonances arenot likely te be random fluctuations,
(observed occurrence minus expected occu:rence > 30). It may be inferred
that at least a subset.of clusters manifests structured distribution.

The noise may be due to breakdown of thevEuclidean and linear-redshift
approximations, to the co-existence of two or more independent organizations,e
and/or to actual random distributions.

It is further found that the ratios of.the values at which some ef
the resonances occuragz M35 2, J@, N85 413 suggeeting the distance ratios
which obtain for closely packed spheres. |

The unlikelihood of the occurrence.of these peaks and'raﬁios in -
distances between clusters distributed in a random uniform manner suggests
either that some form of super-organization exists among the clusters of‘_
that we are observing the Qestiges of a‘sfructure whose angular and |
linear ratios have been preserved under g uniform and iéotroPic 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 introductioh ofvphysicai.communication processes

not at present recognized.
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particular, the high disk temperature at 1.35 c¢m
places an upper limit on the amount of water vapor
in the lower atmosphere of the planet. Various types
of atmospheric constituents are suggested to explain
the spectrum, '

In September 1964, a series of observations of
Jupiter, Saturn, and Mercury were made at 1.53 cm
with the 85 ft reflector of the Radio Astronomy Lab-
oratory at Berkeley. Saturn, which was close to
opposition at the time, was found to have a disk tem-
perature close to that of Jupiter: Tg/7T;=0.94=+0.15.
The implication is that the emission from Saturn at
this wavelength probably arises from layers of
saturated ammonia below the visible cloud surface of
the planet. Several days observations of Mercury
were averaged to obtain an adequate signal to noise
ratio. A disk temperature about three times that of
Jupiter was obtained : T3/7 y=3.0=0.75. If one takes
the temperature of Jupiter as 155°K at this wave-
length, one obtains a temperature of 465°=%=115°K
for Mercury. During the period of observations, the
average illumination of the disk was 25%. Assuming
a subsolar temperature of 620°K and a pole darken-
ing proportional to cos? 6, one finds that the contribu-
tion from the illuminated part of the disk amounted to
about 100°K. If one assumes that the surface proper-
ties of Mercury are similar to those of the moon, one
can explain the large dark side contribution to the
disk temperature by postulating internal radioactive
heat sources which produce a flux of heat at the sur-
face of Mercury some 30-40 times that which is
observed in the case of the earth. 0

This work has been sponsored by the Office of
Naval Research under contracts NONR 222(66)
and NONR 222(54).

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 dis-
tribution of clusters may be investigated further by
combining the angular positions of clusters with the

ABSTRACTS

4.7

mean redshifts to generate additional ‘“quasi-red-
shifts” by triangulation. If a linear redshift-distance
relation and Euclidean space are assumed, the quasi-
redshifts may be derived by the ordinary law 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>3c). 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 3%, 2, 5%,
8%, 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
be corroborative of an oscillatory or other evolu-
tionary model.

Alternatives to the vestige-hypothesis must account
for an organization extended over 10° parsecs, the
value bounding the separations of the clusters in-
volved. It is difficult to explain such an extended
organization without the introduction of physical
communication processes not at present recognized.

Measurement of the Flux Density of Cas A at
4080 Mc/sec. R. W. WiLsoN, A. A. PENzias, AND
D. C. Hocg, Bell Telephone Laboratories—The 20-
ft-aperture horn reflector at the Crawford Hill Lab-
oratory,, Holmdel, New Jersey, has been used to
measure the flux density of Cas A at 4080 Mc/sec.
Some forty drift curve observations, each approxi-
mately forty minutes in duration, were made on five
nights in September and October of 1964. An argon
noise tube was used for comparison in each observa-
tion. The night to night variation in the results was
less than =*£0.3%.

The equivalent effective temperature contributed

l'/a/ -7""‘/ e, 2, -
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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 dis-
tribution of clusters may be investigated further by
combining the angular positions of clustérs with the

mean redshifts to generate additional “quasi-red-
shifts” by triangulation. If a linear redshift-distance
relation and Euclidean space are assumed, the quasi-
redshifts may be derived by the ordinary taw 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>3c). 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. 4
It is further found that the ratios of the values at

which some of the resonances occur are 3%, 2, 5%
8% 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
be corroborative of an oscillatory or other evolu-
tionary model.

Alternatives to the vestige-hypothesis must account
for an organization extended over 10° parsecs, the
value bounding the separations of the clusters in-
volved. 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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RPN 2052: RADIOCACTIVE FALLOUT

DESCRIPTION::

The purpose of Project 2052 is to improve the techniques of
.predicting radioactive fallout lLazard 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-geo-
strophic 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 program, 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. These contacts have been mutually

beneficial.
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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 deiiciencigs 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
knowleage 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
ma jor 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 research 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 gpecific Air Force requests, and provides
aid on geophysical problems to other departments,

PROJECT PERSONNEL:

Staff: D. Deirmendijiagn, 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 investi-
gation of the utility of falling sphgres in measuring density at
high altitudes. A computer program that calculates the velocity
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 numerical-

modeling 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 Davis.

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.
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Schilling's work was concentrated on problems of the earth's
atmosphere that affect aerospace planning and operationms.

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 air-
craft and in studies of the Van Allen radiation belts.

Assistance was rendered in planning the present World Magnetic
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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 lst, 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. Typical of such efforts is the
following submission by Huschke: (1) Provided advice and data on
effect of clouds on visual post-attack damage surveillance;

(2) participated in planning sessions for study of hard-site post-
attack maintenance problems; (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 providing 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
directioﬁs. bFirst 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 will be done on studies of the possibility of making eclipse
observations from manned spacecraft, and the usefulness of such observa-
tions 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.
Agsistance 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 discréte 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 meteorological and climatological studies will be
undeftaken 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. (All project

personnel--1/2)




(2054)
COMMITMENTS :

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 decay and impact studies,



-10-

(2162)
RPN 2162: ATMOSPHERIC RADIATION

DESCRIPTION:

Theoretical studies of the scattering, polarization and
absorption produced by electromagnetic radiation in the visible,
infrared, and microwave range, {alling on finite particles and
atmospheres,

PROJECT PERSONNEL:

Staff: D, Deirmendijian, 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 Al-mm to AlO-cm range were used to investigate the atmosphere
of Vénus. It was shown that, aésuming the existence of water
substance in this atmosphere, 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-FR
and ICARUS, 3, 109, 1964)., The existence of water vapor and ice
particles seems 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-12907-FR).

The ability of pulsed laser-radar systems to detect and measure
high atmospheric dust layers 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 colféborated in perfecting a machine
computation program that will yield certain functions and the
.actual 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 .0f the results under one cover, DNumerical 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 inter-
actions 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. Fletéher, 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 charged-droplet interaction, appeared in the

Quarterly Journal of Mechanics and Applied Mathematics. Based on

this work, calculations were carried out that indicate that electro-
static 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 calcula-
tions. Olson succeeded in reformulating the equations in a way
that promises to predict hydrodynamic forces for small cloud-
droplet separations with considerably more accuracy. A report on

this work was awalting publication at the year's end.
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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 circula-
tion 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 term.

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. (Davis, Fletcher,

M. Warshaw=-2)
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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 photo-
chemical and radicactive 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 wmotions. 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.,

Leovy 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. Lérge-
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 maintaingd and used to revise mo@els 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 75 kﬁ.
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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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 transformation 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 large-
scale 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 meaning-

ful 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
degcription).

PROJECT PERSONNEL :

Staff: D. G, B, Edelen, A, G, Wilson, J. L. Carlstedt, L, C. Kern,

G. E. Kocher, M, Portl.
Consultants: T. L, Page, T. Y., Thomas, G. de Vaucouleurs,

ACTIVITY AND RESULIS:

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 tlamburg by Edelen, who also summarized
the work of RSR 7086 for the RAND 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' was organized
and held at RAND on June 29--30, 1964, The proceedings of this
conference are in RM-4267-RC by Thornton Page.

FUTURE 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 RAND. (A separate section under

2054 summarizes this proposal.)
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REPORTS AND PRESENTATIONS: ASSOCIATED WITH PROJECT 7086

Edelen, D, G. B., "Galactic Scale Discretization,' 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,"
Arch, Rat, Mech. Anal., Vol. 16, p. 316. 1964

Edelen, D. G. B., Relativistic Galactic Morphology I: General Theory
The RAND Corporation, RM-4017-RC, August 1964.

Edelen, D. G. B., Galactic Morphology and Scale, The RAND Corporation;
P-3020, November 1964,

Edelen, D. G. B., and T. Y. Thomas, 'Dynamics of Discontinuity Surfaces
in General Relativity Theory,'" 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, RM-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., "Tentative 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,' Astron. J.,
Vol. 69, No. 2, p. 153, March 1964 (Paper read before Amer. Astron,
Soc., December 1963).

Wilson, A, G., '"Discretized Structure in the Distribution of
Clusters of Galaxies,'" Proc., Nat. Acad., Sci., Vol. 52, No. 3.
pp. 847-854, September 1964,
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Wilson, A, G., "On Super-Organizations Among Clusters of Galaxies,"

paper read before the American Astronomical Society, December 1964
(to be published).

Discretization is also cited in the following:

1.

2,

Carnegie Institution of Washington Year Book 62, p. 44, 1962-1963.

Transactions of the International Astronomical Union, XII General
Assembly, Draft Report, p. 362, June 1964,

New Scientist, June 25, 1964,
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RSR 7087 : SOLAR ECLIPSE EXPERIMENTS

DESCRIPTION:

Completion of report on a photographic photometry experiment
conducted aboard a DC-8 aiccraft during the total solar eclipse of
July 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) menual 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,

Deirmendjian, D., A Water-Cloud Interpretation of Venus' Microwave
Continuum, The RAND Corporation, RM-4060-PR, April 1964,
t
Deirmendjian, D., Random Notes -~ Trip to Leningrad, August 1964, The RAND
Corporation, D(L)-12907-PR, October 1964,

Deirmendjian, D., Complete Scattering Parameters of Polvdispersed
Hydrometeors in the A 0.1 to A 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 (Secret).

Jokipii, J. R., The Distribution of Gases in the Proto-Planetary
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 Model Atmospheres, The RAND 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-FPR,
August 1964,

Kocher, G. E., Eclipse Observations From a Jet Aircraft, The RAND
Corporation, RM-4226-RC, July 1964,

Leovy, C,, Simple Models of Thermally Driven Mesospheric Circulation,
The RAND Corporation, P-2847, January 1964,
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Page, Thornton (Comp.), Proceedings of the Conference on Discrete
Parameters in Cosmology (June 29--30, 1964), The RAND Corporation,
RM-4267-RC, September 1964.

Schilling, G. F., On_the Limit of the Atmosphere and Space Sovereignty
(U), The RAND Corporation, D-12047-PR, January 17, 1964
(Confidential),

Schilling, G. F., Forbidden Regions_ for the Formation of Clouds in a
Planetary Atmunosphere, The RAND Corporation, RM-4084~PR, April 1964,

Schilling, G, F., Theoretically Permissible Altitudes and Seasons for
the Occurrence of Clouds Near the Mesopause, The RAND Corporatiom,
P-2899, April 1964,

Schilling, G. F., Comments 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 Observationsg, The RAND Corporation, RM-4321-PR,
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V*Descrigtion'v Thls is the second and flnal year of this pro;ect whlch

lS a comblned theoretical and observatlcnal z lnvestzgatlon of

'n'gdlscretlzatlon phenom~na among the large~sca1e aggregates of theri'
f'-?universe, the galaxxes andtiusters of galaxxeu., (See D 11954-PR for g;f
additlonal description) - | |

“‘E_Project ?ersunnel

The tWO pr1n61pém 1nvest1gators have been D, G B Edelén of the

S Mathematzcs ﬁepartment and A. G wllson nf the Depaltm°nt of Geophysics

v'*f}ﬂ?and Astronomy In addxtlon, the follow1ng perSonnel have particxpated kfﬁiYﬁ.
;Vin the project" George E Kocher; Lculse kern and Mazianne Portl of
"”T}_,bthe Department Df GegphySlcs and Astroncmy and Jim‘Carlstedt of the

:aiComputer Sciences Department. The convultxnﬂ serv1ces of T L. Page,ll_ﬂff-f

‘nvp~T. Y Thomas, ahﬂ G de Vaucouleurs have been employed in the past year.fi '

ti%ActiVLt and Results~ f*juzuﬂﬁ'.ﬁhw'

: In brlef tbe progect has resulted 1n the develOpment of a theoretlcal

 >ibas1s for the morphology of elliptlcal and SO type galaaieo, 1nc1ud1ng
.;ﬁgjlthelr size dzscretizatxcn.‘ Observations have been secured whxch corrobotate
:"fagseVQQal o; the main features of the theory. In additlonaob ervatlonal ? H
xllFeV1dence has been obtaln»a suggestinb the structured dlstributlon of

:,‘cluuters of galax1ea.v No theoretical cOSmplogles exist at prenent whxch

: account for such structure however. .

The detalled reaults of the pro1ect are contained for the mgqt part

in the ag papers listed in the folloW1ng Publlqhed Dlscretluatlon

"Blblxcgraphy, which 1s complete tﬁrcugh 1964

_ The 411 report of the observatlonal work on dlucretlzatlon is yet to appear

in RM- 3771‘ RC. The completlon of th1s report st awalt closure of -
_thev48"'3chm1dt transfer-plate-net. The remaining plates cannot be taken,
before April 1965. The publication of this report will complete

araicct RS!é-HiRﬁm




| l?;TI.A U. meeting 1n Hamburg. &

iFuture work"'“‘

In addltlon to the listed publloatlons, several lectures on :

e’dlscretization phenomena were given during the yeat.

Edelen gave Iectures at UGLA, the University of Mlchzgan, and S

‘; summarized the work of RSR 7068 for the EAND Board of Trusteee.~ He 5

-fefffpresented a paper before Commission 28 of the I A U. in Hamburg.r

Wilson presented invited lectures on observatlona1 evidence for

v"xdiscretization at the Universiﬁy of Texas, Indiana Hnlversxty, and
e'eUCLA He also gave one of the Loyola Golden Jubxlee Science Lectures ' j7 5f55="
“1{igentzt1ed "Phy81ca1 Vlews on the 0rig1n of the Hniverse and contrzbuted

:'ofoz;a paper to the meetxng of the &mericgn Astronomical Sooiety. g,;rf

Kocher assisted Wilson with the development of hxgh contrast

“{technzques for definlng dxameters o£ galaxies aud asulsted Wlth the 'fi ;; B

"igobservatlonal transfer program at Palomar Observatory‘ He attended the

A Conference on e iscrete ?arameters in Cosmology"ﬁwas oroanlzed

"}ana held at mm on June 29~3o 1964. The Proceedings ‘of this coxxference ;

Jfoeare contalned in RMr4267-RC by Thornton Page. ;ﬂ:_iv;,”-Thi g

Progect RSR-7068 is to be terminated ﬁXk with the completlon of

:f?fthe observational transfer program and RMMMA~»—-R€1; The regults of

- his two-year lnvestigatlon have led to the dlscovery of several

7‘observatlonal relatxons of possible basic importance to cosmology. It

 :.’1s planned to follow thrcngh on these flndxngs thh theoret1ca1 and

_'observatlonal work under Project RAND.,:(A}separate.memovsummarizes,i'

”thls proyosal)
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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 re%éhifts of brightest
galaxies in nearby cluéters 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 existen;e of discrete distributions
of glusters-and other aggregates. It is also planned by Edelen to
inVéstigate the epistemological properties of cosmological observables
in a manner somewhat analogous to that developed under quantum meéhénics.
(Wilson, Kocher--1 1/4)

Specific meteoroloéicgl and climapdlogical studies will be

undertaken and consultant sé;vice 111 be provided to aid in conducting
\

RAND's multitude of studies ofyfactical warfare. (Batten, Huschke-- 1/2)
This project will contifnue £g provide information, guidance and
data as needed to persopnel of other epartménts. (A1l project

personnel -- 1/2)




'Af-*.”lﬁ subatantmt&d it csuln a}.t&s. t’he boay af cu**reni: £unMQﬁtal ‘

R S L e e L | /Dm, w%m,/”é
' RELATIVISTIC CATACTIC MORPHOLOGY ¥: GENERAL THEORY _.;;. L égwl /7/ / Gew é

’I’he theory of_’ Galaci:zc Ma“pumovy éesc;:ibeé in t:&z,s z:‘epm.t ceu?.d

prc:ve m be ny ,»ar PJEID‘S mcst szg‘utic&nt ccvtx: &ua.ien tt) mcmce 5 fe* E SRy

E "':;:';aogﬂalagix:ai z.heory. ‘i’he theery of marphalo«ry rrw cut a;. mﬁbmztxc&lﬁ o

i -:esearch invelvino Einct.ein ;zeld uquai.ion«- mi genﬁml razativity,

m“ny 04’ the :opti.cal margholawical fomg assmed by eli pts.cal galames._,

i '.;;;Furthez abservations .-m& meaaurmant

‘-";“‘Reamt o;. the i:hac y prm«lée faz‘ the fzrst ﬁi.ﬁ?w- uﬁ &:»mlamtim 0£

.*"'»»\.,'”he thea*y'_ iurt‘ber predmts that: the éiameaers of mm:h g;.laxias m:ev

é ”-{'jzm:. can%:mum..,ly éigtributed, but accur m dlacrﬁtﬁ uwes. o

Im%i &a*.;icrs,of dla(}f&te‘ distvzbui:wn :I.n smes af srlabula,. L

iy :,: galswi&s had baen ansexved and reyarteé by amotbar %I\ID smif m@mber, L5 o

tmmmar zu ’31139‘1, in 195@ nsmﬁ,f ifée:ﬁtr,? -‘%il«an wm.:m rezmazw.,‘}.;___ S

v mée’;mce ti*m ﬁhem:etmal

’_"*'preﬁicuim s:f éiscxai;e é%stmbuxim, hav _

" - ﬁmatmn af tm’: theary A._‘_’Aé‘}ltioaal aaskrvatmns are cu rentx.y bemg

.»ecmrea, in. iw;ws az m@,king a ciszfimtwa tﬁbt




MEMORANDUM

TO: S. M. Greenfield : MEMO NO: M-392
FROM: A. G. Wilson DATE: 1-18-65
SUBJECT: RESEARCH IN COSMOLOGY UNDER PROJECT RAND

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
provisional- 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. l ‘ '

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 and galaxies.
2. Preparation of a 'Handbook of Cosmological Models" giving the

rélations between various observables which would be expected to
obtain in evolutionary, kinematic, and steady state models.



TO: §S. M, Greenfield -2- M-392
1-18-65
3. Development of "non-uniform" cosmological models.

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 metrizability of cosmic space.

7. Development and application of & 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

be shared. The principal investigators under this 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 time.

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 axd cosmological studies by the
Air Force (Wright Field Group), the recognitién of the importance

of new effects, new forces, and new fundamental relationships in
astrophysics and physies 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.

2. D. G. B. Edelen
Relativistic Surface Dynamics of an Isolated World Tube of Perfect
Fluid, Proc, N,A.8. 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. July,. 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
Astron. J. Vol. 69, No. 2, p. 153, March 1964
(Paper read before Amer. Astron. Soc. Dec. 1963)

7. T. Y. Thomas
Qutline 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; General Theory
RAND Corporation RM~-4017-RC Aug. 1964



12. 7T. 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. D. G. B. Edelen
. Galactic Morphology and Scale
RAND Corporation P-3020, November 1964

15. 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, June 25, 1964
4o T G = Tolids Oh00 = Man 5, 1745

165 T Y Thomas  Proc Wado Acad. Jc,. Vef 54 6.2, Feg /9T 44 227225
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‘ .
3. Recommendations

_ Aware of the parallel criteria of scientific and intellectual impor-
tance and of significance to the national interest, the Board summarizee
its recommendations on the primary national objectives in the field of
space science for the 1971-1985 period as follows:

1. Exploration of the plan:ts with particular emphasis on Mars

(a) This objective includes both physical and biological investi-
gations, and especially the search for extraterrestrial life.

(b) The experimentation should be carried out largely by unmanned
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 goal -- (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 scien-
tific significance though both have sufficient merit to warrant
smaller programs.

‘ 2. An enhanced effort in basic astrophysical research aimed toward a
better insight into the fundamental nature of matter and energy

Particular attention should be paid to observations in the far ultra-
violet 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 to observe
gravitational radiation should be supported and encouraged.

3. Continuing pursuit of other physical and astronomical, and bio-
logical investigations on a broad scientific front using sounding
rockets, earth satellltes, space probes, lunar orbiters and lunar
landers '

'&. Continuing developmant of technical applications of space technclogy
in the fields of communication, metecrology, geodesv and navigation

- {a) Such work should be concentrated on basic technoiogical develop-
ment anc on engineering Jdemonstrations; but )

{bJ routine.Operational use of space systems in these fields shouid
generally aot be undertaken by NASA; instead, it should be assigned
to.'the apprOpria:e operating agency of the government or, as feaa‘ole;
to private corporations. :
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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-conmsistent 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. "~

Galley A17~

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 invéstigated further by .

combining the angular positions of clusters with the

~mean redshifts to generate additional “quasi-red--

shifts” by triangulation. If a linear redship-distance .

relation and Euclidean space are assumed, the quasj

redshifts may be derived by the ordinary law§ 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
a}lowable s Eparatlons between clusters. _+he

The ebsesgwe?f/hlstograms of B0 quasi- redshlftsv
showg 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>3¢). 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 ratlos of the values at -

which some of the resonances occur are 3%, 2, 5%

8% 134, 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 4 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 evolu- ~

tionary model.

Alternatives to the vestige-hypothesis must account__ .
for an organization extended over 10% the value
bounding the separations of the clusters involved.
It is difficult to explain such an extended organiza-
tion without the introduction of physical communica-
tion processes not at present recognized.




MEMORANDUM
%Es Rev. {7-55)

Y
.
TO: S. M. Greenfield DATE: 3-3-65

‘ FROM: A. G. Wilson ' MEMO NO.: M-1454

-~

SuBJeECT:  GOALS AND OUTLINE OF THE RESEARCH PROJECT ON COSMIC STRUCTURE
COPIES TO:

The observational work which was ‘initiated under RSR-7086 did not result
in definitive confirmation of the primary hypothesis being tested but

did lead to other very 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 v
telescope to measure the redshifts of objects in repreésentative clusters'
to be used to investigate structured distribution.

The current research project on cosmic structure has two observational
phases: -

SRR 1. Measurement of redshifts of cluster objects with the B spectrograph
. . v of the 100" telescope (dispersion 350 Angstroms/mm)

2. Galaxy counts on 48- 1nch Schmidt plates for cluster size, pOpulation,
and position.

The following specific problems are at present being ahalyzed:

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.

o' .
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 .

4. Description of the redshift and angular regularities as complete as is
possible with available data. The eventual goal is the synthesis
of the exact inter-cluster structural relations.

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 energ{." The

it uhn S A A B o e i e b e o B
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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. 1In talking of the goals 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.%%Egﬁgf.remote significance to the mainstream of our nation's
position in science. - R ' : X '

R ' "A. G. Wilson

AGW:cs
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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: 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),
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 Flosshilde, the
photographing of Soviet and U.S. deep-space probes to evaluate the
effectiveness of optical techniques for the trécking of distant space-
craft., 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 develop-
ment of automatic means of reducing plate positions and angular veloc-
ities 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 Portl, 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 vieﬁing
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‘CIuster 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 ﬁlatés 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 duét 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. 1In 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 well., 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 rﬁles to form

a single, more massive planet, which may then continue to grow by
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accretion. 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 majof
regular features of our solar system. The orbital spacings have

' The innermost

patterns of regularity suggestive of "Bode's law.'
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. Parametefs that
can be changed readily include: 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, indicateAthat 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)
(&) Dole plans continued study of the accretion hypothesis along

lines elaborated under (7).

ADDITIONAL PUBLICATIONS: (not referenced above)

(1) Kocher: 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.

COMMLITMENTS :

None.
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RPN 7065: LORENTZ INVARIANCE IN A GRAVITATIONAL FIELD

DESCRIPTION:

The object of this project is to investigate the possibility of
introducing a large-scale lLorentz transformation into the gravitational
field so that the principle of special relatiﬁity 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 veloc-
ity, 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 completed 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 Relatioa to
Climate" J. O. Fletcher, RPN 3250

RM-4458  '"Positive Stable Laws and the Mass Distribution of Plane-~
tesimals'" 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 “A Stochastic Model of the Formation and Survival of Lunar
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. Leovy, RPN 3342

RM-4846  "Multiple Scattering in Homogeneous Plane-Parallel Atmo-
spheres" T. W. Mullikin, RPN 3162

P-3088 "The Coma Cluster of Galéxies, 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's Halo" R. C.

Moore and G. F. Schilling, RPN 3054
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P-3234
P-3245
P-3247
P-3250

P-3256
P-3270
P-3282

D-13274

D-13420
D-13426

D-13599

D-13690
D-13730

D-13775

D-13809
D-13970
D-14012
D-14091
D-14192

D-14278

D(L)~14170
D(L)-14171
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"Predicting the State of the Upper Atmosphere" G. F. Schilling,
RPN 3054 '

"Comments on the Detection of Water and Ice Clouds on Venus'"
D. Deirmendjian, RPN 3162

"Physical Views on the Origin of the Universe" A. G. Wilson,
RPN 3380

""Climate and the Heat Budget of the Central Arctic" J. O.
Fletcher, RPN 3250

"Olbers' Paradox and Cosmology' A. G. Wilson, RPN 3380

"A Survey of Magnetic Storms" E. H. Vestine, RPN 3054

"On the Scattering of Sunlight into Planetary Shadow Cones"
R. C. Moore and G. F. Schilling, RPN 3054

"The Effective Power of T in Planck's Radiation Law'" M. H.
Davis, RPN 3054

"Photoelectronic Devices' G. E. Kocher, RPN 3054

"Observations of the December 18, 1964 Lunar Eclipse" G. E.
Kocher, RPN 3054

"Digitized Data from Astronomical Photographs" A. G. Wilson,
RPN 3380

"Climatology for War Games' R. R. Rapp, RPN 3054

"Earth-Based, Moon-Based, and Space-Based Astronomical
Observatories'" A. G. Wilson and G. E. Kocher, RPN 3380

"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

"Some Thoughts on the Needs of a Military Weather=Satellite
" System" Y. H. Katz, RPN 3054

"Highlights of Weather Around Hanoi, Djambi, Palembang, and
Kupang' C. Schutz, RPN 3054

"The Satellites of Mars -~ What are they Like?" V. A.
Bronshten (J. O. Fletcher), tr. R. Olenicoff, RPN 3054

"Diameter Distribution of Martian Craters: Preliminary
Analysis'" A. H. Marcus, RPN 3054

"Standard Unit of Illumination for Lunar and Planetary
Research" R. C. Moore and G. F. Schilling, RPN 3054

"Irip 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

“"Comments on General War Notebook'" J. O. Fletcher, RPN 3000

"Trip Report: XVI Astronautical Congress, Athens, and
International Symposium on Weather Prediction, Vienna,
September 1965" G. F. Schilling, RPN 3054
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g} eaﬁls Qf Creation Envisioned

h

lndiana Scientist
Offers New iheory

Bv RAY BRUNER
Blade Science Editor
For a tremendous period of
time our universe existed in-
ert and unstructured, ‘‘devoid
of ponderable matter.”

Then suddexniyv. like a sieep-
ing giant, came awake.
VWest gravitational waves oc-
curred, analogous to shock

waves in a gas. As these
waves traveled through space,
they eventually converged,
and again spread out, only to
converge again.

There have been at least
three ‘‘cosmological epochs”
in which this happened. The
process may have begun 20
biliion years ago or perhaps
farther back in tlme

In each epoch, ‘atoms of
fatter that make up the pres-
lent galax1es stars, and inter-

12
‘ ° e
|Universe Lik

“{ current

To Slee

were cCre-

ened 1

stellar material,
ated.

This process is contmumg
Eventually, however, the uni-
verse must decay. It will re-
turn to a state resembling its
inert and unstructured be-
ginning.

This new theory of creation
was presented today in the
Proceedings of, the
National Academy of Sciences
by Dr. Tracy Y. Thomas, pro-
fessor of mathematics, In-
diana University. It is based
on a substantial volume of
data assembled by Dr. A. G.
Santa Monica, Calif.” ="

The data are based on esti-
mates of the size of galaxies
such as our own Milky Way,
and measurements of the red
shift in spectroscopic analysis
of light from galaxies that are

ftraveling away. frorn us at a

rapid rate.,

P 1'11'4 DLAUI‘J
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Using the data, Dr. Thomas
applied field equations of Al-
bert Einstein, to develop his
theory. One of Dr. Thomas’
purposes. was to provide pos-
sible explanation of a number
of current observations of
astronomers which have not
been adequately explained by
present theories.

Chief present theories of
the creation of the universe
are the “big bang” theory,
developed by Abbe Georges
K. Lemaitre of the University
iof Louvain, Belgium, and Dr.
AGeorge Gamow of the Univer-
*sxty of Colorado, and the
ftheory of continuous creation,
expounded * by Dr. Thomas
(zold, professor of astronomy,
Cornell University; Dr., Fred

Hoyle,  University of Cam-
bridge mathematician, and
Dr. Herman Bondi, -Univer-
sity of London. _
 Constant Process o
According to the Gold-

Hoyle-Bondi theory the ma-
terial’ of the universe is con-
tinually being created and de-
stroyed. This process evident-
ly has gone on endlessly and
will continue.

The Lemaltre—Gamow theo-
ry states that at one time the

|universe consisted of a great

mass of plasma containing a
tremendous volume of ener-
gy. Suddenly it exploded,
‘with the formation of atoms
and . molecules of matter in
the stars, interstellar gas and
‘dust, planets asteroids, and

. other obJects in space.

- The explosion -is still in

- progress with galaxies speed-

ing through space, with their
speed indicated by the red
-shift in their spectra.’

. In: their efforts to explain
‘many current phenomena in
‘the universe, scientists have
not been completely satisfied

VAL,
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. /

Fy L\:LUD A y AtLaavsas o vy
na @E uﬁ‘%‘&

v ;

the = “continuous creation’

theory. For one thing the “big’
bang” theory would limit the
age of the universe to about
6.5 billion years. There are
many indications that the uni-
verse is much- older.
Quasar Speculation
Astronomers have also run
into difficulty in trying to use
either of these theories to|

explain the . occurrence of
quasars, or recently observed
quasistellar. radio sources,

which are immense sources
of energy about. 3 billion or
more light years away. - .-
.Dr. Thomas suggested that
the quasars may. be in a re-
gion far out in space, where
gravitational waves may. be

matter.- :
It is reasonable to expect P
that his theory, 'like the two|:

cr1t1c1sm and - controversy. -

pected when a new theory
such as his is published. The|:
history of astronomy. is re-}|

been born and have died. This

In foreseeing an end to the
universe, his theory, at least,|:
in that respect,

The bright flash of iight in| .
he  sky which frightened): -
many of the world’s inhabit~
ants from Iraq to Japan inj:
A.D. 1006 has been identified].
today as a supernova—the
giant explosion of a star.

Historic' Sky Flash _
Termed A Supernova- _
In the current Astronomical
Journel, Dr. Bernard Gold-|
stein Yale University, said
the supernova was only the
fourth to have appeared dur-{-
ing historic times in our own

‘|'with either the “big bang’’ or

Milky Way -galaxy. -

e
e

converging to- produce new;"-

others, will be a .subject of s

‘Criticism is customarily ex-|; "~

plete with theories thatihave|: .

is the way science advances.|

is "different.|.
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found in visible and ultraviolet spectra.

Dr. George Wallerstein of the Uni-
versity of California has used both the
100- and 60-inchr telescopes in a search
for the presence of the lithium doublet
abt 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/Li’ 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 A Andromedae, a KO0 IV star with
exceptionally strong Ca II emission,
probably showed the helium line at

"7 \5876 in absorption. This has been con-

- firmed by Wallerstein 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: B Ceti,
x 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, how-
ever, 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 KO0-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 supple-
mented by some at 8 A/mm covering Ha
and the Ca II infrared triplet. It is hoped
that additional plates of stars showing

!19¢2- 19¢2

much more intense emission can be ob-
tained; 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 Palo-
mar 48-inch schmidt ‘was successfully
used on August 28 and 29, 1962, to photo-
graph at distances out to 600,000 km the
Agena carrier rocket which injected the
Mariner II Venus probe. (These photo-
graphs were made five weeks before the
Soviet announcement of their “first”

—phetographi of a’space craft on an inter-

planetary mission.)

Dr. D. G. Edelen of the Rand Corpora-"

tion, applying the Einstein field equa-
tions 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, pre-
dicting that the distribution functions of
the major axes of galaxies should have
discrete peaks distributed proportionally
to the eigen sequence, {n(n 4 1)}*%, where
n is a positive integer. To test this pre-
diction, Dr. A. G. Wilson of the Rand
Corporation has resumed his earlier
studies of galactic diameters (Carnegie
Year Books 49 and §0), reexamining
previous observational suggestions of dis-
cretization 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 -diame-
ters of early ellipticals in the Coma and
Corona Borealis clusters. The diameter
distributions show asymmetric density
maxima occurring at values whose ratios
are consistent with the theoretical pre-
diction to within the observational errors.
The preliminary results indicate that
larger samples must be studied before
there can be definitive confirmation of
the Edelen hypothesis.
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,'Photoelectric U, B, V magnitudes in (4450 A peak response). The purpose of

~ the range V =10= to 1725 for stars in the the program was to produce isothermal

Small Sagittarius Cloud, in NGC 6871 * and isophotic contours that could be re-
and 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 investlgatlon 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 photoelectnc work was obtained with Dr. Ray Weymann . of the Steward
the filters Schott RG1, GG5-+BG7, and-- Observatory, University of Arizona, using
UG2, respectively. A fourth color with - the 100-inch telescope, obtained spectro-
the ﬁlters GR1+UG2 was measured only grams at 4.5 A/mm showing emission
to correct for the red leak of the ultra- components of the H and Klinesin 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 determin rofiles of approximately 40 stars have
the radial velocity of the cluste;arm'r”fgvidti/iow 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. O.
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 tele-
" M. Saari of the Boeing Scientific Re- scopes when photographing moving ob-

search 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 & 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. Wiison and G. E. Kocher are con-

- with 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 omn
mapped with an infrared detector (10 to high-contrast emulsions. Transfer plates
12 4 band pass) and a photomultiplier between selected galaxies and clusters of -




48

galaxies are being taken to secure com-
parable images. The principal purpose of
the program is to investigate possible size

discretization relations and to test the.

Edelen 4/n(n+1) discretization hypoth-
esis 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 veloc-
ity with the coudé spectrograph. The
direct photographs were repeat plates of
exposures made by the late Walter
Baade. The purpose of taking the repeat

CARNEGIE INSTITUTION

plates was twofold: to attempt to de-
termine the proper motion of the cluster,
and to attempt to find at least some infor-
mation about the velocity dispersion
of the field stars at the center of the
Galaxy. T'wo pairs of plates, one of each
epoch, have been measured at Herstmon-
ceux, and the results have been closely
studied. The time interval is a little short
for the purpose, and the object is in-
conveniently far to the south, but it is
hoped to arrive at some tentative con-
clusions shortly.

STAFF AND ORGANIZATION

The retirement of Dr. Ira S. Bowen
after 18 years as Director, to become
Distinguished Service Staff Member; Was
noted in the introduction. Horace W.
Babcock was appointed to succeed him as
Director, effective July 1, 1964.

Other changes in the organization that
have occurred during the year include the
following:

Dr. Robert B. Leighton, a member of
the Observatory Committee and Profes-
sor of Physics at the California Institute
of Technology, was appointed to the
staff ‘of the Observatories as of July 1,
" 1963. For several years Dr. Leighton’s
chief research interests have been in the

Research Division

Staff Members

Halton C. Arp
Horace W. Babceock, Assoctate 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 Miinch
J. Beverley Oke
Allan R. Sandage
Maarten Schmidt
Olin C. Wilson
Fritz Zwicky

ﬁeld of solar physics, and he is also

ed-with “many problems of astro-
nomlcal instrumentation.

Dr. Edwin W. Dennison, whose special

interests lie in electronic instrumentation,
came from the Sacramento Peak Observa-
tory to accept an appointment as Staff
Member, effective September 1, 1963.
Dr. John B. Irwin took up his appoint-
ment as Staff Associate on June 6, 1964,

with responsibility for site-testing opera- -

tions in Chile.

Mrs. Mary F. Coffeen retired after five’
years as Librarian and many years as a
research assistant. She first came to the
Observatory as a computer in 1922,

Staff Members Engaged in Post-Retzrement
Studies

Harold D. Babeock
Alfred H., Joy
Senior Research Fellows

Leonard T. Searle!
Arne A, Wyller?

Carnegte Research‘FellozbS

Leonard V. Kuhi
Hugo van Woerden
John B, Whiteoak
Research Fellows
" Claude Arpigny®
! Resigned July 31, 1963.

3 Resigned June 30, 1964.
3 Resigned March 31, 1964.
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Mary -
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Emil E
Gertru
Maria

. Basil F
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"~ 'A.Lou
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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 for-
mation of galaxies. Color-magnitude rela-
tions among members of clusters of
galaxies will also be obtained. Further-
more, 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 ab-
solutely - calibrated stars, and a few
galaxies have been measured. Prepara-
tions are also in progress for the narrow-
band 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 conventional

micrometric techniques: Provisional re-
sults show that the distributions of the
sizes of major axes of elliptical galaxies
are multimodal. While the distributions
are suggestive of those theoretically pre-
dicted by Edelen, the present results can-
not be sharpened to an observational con-
firmation of the théoretical [n(n + 1)] V2
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

1967-19 ¢4~
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vehicles, Kocher succeeded in photo-
graphing the Soviet Mars probe ZOND II
at a distance of 300,000 km, using the 48-
inch 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 im-
ages 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 fine-
grained ITa-D and IIa-E plates. These
show a significant improvement in the
amount of information available over the .
103a-0 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 ex-
tension of the work begun by Matthews,
Morgan, and Schmidt. The results will be

_incorporated in a paper on the identifica-

tion of the 3C revised sources, in collab-
oration 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), absorption 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.
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spiral arms, disk, halo and intergalactic space of about § x 108, 2 x 10-%, § x 107 gauss is
suggested.

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 H1 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. Sérsic (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 compared with 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-1
and the absolute magnitude of the RR Lyrae stars is My = 0-00, 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 11 regions (66) gives a theoretical interpretation of the correlation between diameters.of the
largest H 11 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. Sérsic and R. Sisteré 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. (@) The heavy element enrichment of the iriterstellar 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.

(¢) The enrichment of the interstellar medium in heavy elements has been negligible durmg
the last 45 - 10° 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 e {or ellipticity) of the form #(z, m, €) = const., where n is a positive integer and
o < m < n. In the particular case e = o, the relation between 7 and # takes the form,

r2¢ = n(n + 1)

independent of m, where ¢ 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 ¢ 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 un-
suspected relation that the redshifts of all clusters so far published. obey the empirical
relationship p n(n + 1) = K, wherep = 1{-—%’7, n is a positive integer, and K, is a limited
set of discrete constants related to the parameter £ 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 elllptlcal
galaxies, evolution of galaxies.

2.00 p.m. — Observational Evidence of Galactic Scale Discretizatioﬁ,
by A. G. Wilsom.

General discussion: Measurement of diameters,
Law of Redshifts in the local metagalaxy and in
clusters. :

TUESDAY, June 30:
9:30 a.m. — General discussion: Statistical tests of discretization
hypotheses.

2:00 p.m. ~ Open.
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PARTICIPANTS: DISCUSSION ON COSMIC DISGRETIZATION PHENOMENA

Outside Invitees:
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1700 HMAIM ST. ¢ SANTA MONICA » CALIFORNKIA 90406

18 June 1964

INFORMAL CONFERENCE ON COSMIC DISCRETIZATION PHENOMENA, June 29-30, 1964

Enclosed is a tentative agenda for the informal discussions on
discretization phenomena. We hope very much 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 mutual 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
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'CONFEREkCEiéN DiSCRETE PARAMETERS IN COSMOLOGY . -
- June 29-30, 1564 , ' —
 The RAND Corporation ¢ U/Q ﬁ r
7_{}7¢t¢5%, Z éﬁé;?é? ‘ o |

Those present:

George Abell, UCLA ‘ Carlstedt, RAND
T. J. Deeming, Texas i W. Davis
Thornton Page, Wesleyan, {4, irsea, D. Edelen
Gibson Reaves, USC B. Efron
Elizabeth Scott, Berkeley S. Genensky
A. de Vaucouleurs, Texas S. Greenfield
G. de Vaucoculeurs, Texas T. Harri
- R. Kirkwood

G. Kocher

A. Marcus

A.G. Wilson

D. Wilson

Introductory remarks were made concerning the dichotomy between
discrete and continuous ﬁheorieé starting with the atomists Dem&critus and
Dalton, the quantizers Planck, Einstein and Bohr, and‘the continuous field
theories of Newton, Maxwell and Einstein. It 1is 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 summarized his theoretical studies of stable aggregates
of stars, gas ciouds and dust based on the field eguations of general
relativity. Althcugh these equations have not been solved for the general

case of n-body motions, certain restrictions can be deduced based on the

assumption of geometfric stability; that is, if the aggregate {a galaxy) is
to be identified and to retain its identity in time, 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 deviation 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,
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= 0. Edelen's theory of gramular mass density has the effect of introducing

2 . co N s SO ' . s
e~ instead of 1 {(unity) in equations for stable geometrical forms such as

rotating spheroids, and must satisfy the Helmholtz equatioﬁ
A, () = -1 g | . : (1)
where A, is the Laplacian operator, r is the radius vector to the surface,

2

and g is a function of the density change gRmfimizzmzy defining the surface

and two constants of integration.

The solutions of equation (1) form three classes:

a) =0
b) = ¢, a constant different form-0, and
c) variable, in which case,
2. 2
rg = p-(n,c) (2)

1

n{n+l) if ¢ = 0 (spherical surféce)v‘
where n = 1,2,3, ... (any integer),

‘e = eccentricity of a spheroidal surface.
That is, stable spherical galaxies formed of discrete masses (staﬁs) can
oniy occur ﬁith discrete radii, r = n(nt+l)/g . For o5late spheroids of
eccentricity ¢ C, r is the .equatorial radius, and o(n,g) is shown in
Fig. 1. Other noﬁ-spheroidal forms are also possible; in fact the stablé

forms of case (c) are not exactly spheroidal; the allowed 3-space surface

are given by

2 4 Yz + Zz/(l—e)z = e2%y~ ' | (3)




3
A1l steble forms of deﬁsity fluctuations are summarized as follows:
Case — _E T Form
(a) 0 {any values) Gontinuous density distributions in perfect
‘ spheroids (no stars)
(b) Coﬁst. .0 (any) Continuocus éensity distributions in any

shape without definable boundaries

(c-1) Variable D O p(n,O)/?g’ Near-spherical (e=0), discrete sizes
/ .

(Cf2) Variable >0 p(n,e)/?g' Near=-spheroidal, discrete sizes

(c-3) Variable 75 0 (other) Non-spheroidal forms of various sizes.

: ' (spirals and irregulars) including those
with turbulent internal motions. Probably
no kmx discretization in size. :

The curves of Fig. 1 referring to cases (c-1) and (c-2) are used by

' Edelen to explain the upper limit on ellipticity, E = 10(l - V—Z:ZQ) 7, by

the additional assumption that in the process of formation, rotational energy

tends to be the minimum allowed fof a given major diamefer, er' It follows
that‘the larger elliptical galaxies (larger n) should ha&e smaller ¢ and
.smailer E. There isno prediction of the distribution of values of n.

A more detailed equilibrium theory of the surface layers in case (c-2)

shows deviations from underlvine svheroidal form depending on the integer n,

the eccentricity ¢,

>

and the absolute value of (which depends on where the
"edge" of a galaxy is -- that is, on what isophote is méasured.} “For

n = 2,4,5...(evén). The boundary layer is symmetrical about the eduatorial
plane and intersects the spheroid along n civcles. Fig. 2 shows that with

n = &4 the theoretical cross section resembles isophotes of NGO 3115,-and (with
more extreme values of | } is similar to SO galaxies. With odd values of a,
the predictad surface is asymmetrical about the equatorial plane. In the
Scase n = 3, & saucer shape 1ike that of IC 3973 is predicted. These results

offer a means cf confirming the existence of discrete sizes by observations

of the morphology of elliptical galaxies. They may also provide the basis for

ool
4

(Vi
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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 predicted’

to vary with radial distance from the axis as shown in Fig. 2, and has the
appearance of velocity curves measured along major axes of spirals, but it does

not represent internal motions.

A. G. Wilson described new measures of the angular diameters of 130
elliptical galaxies (types EO, E1 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
microphotometer traciggs of images on the original piates and on the copies
showed that the rate of change of density with distance from tle image
cluétef was increased by a factor of 10 near the edge. Each image size was
measured 5 times with a micrometer along the majorvaxié {and S more measures
are being made éloﬁg the minor axis). Deviationé from the mean valges of d

show that the internal error of measurement is proporticnal to d; 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, Algd = 0.015, Values of d

“ranged froﬁ 3.125 to 0.130 mm, corresponding to 34Y4 to 14 (seconds of arc).

. k4 i
Star images on the same copy plates were measured at 0.020 mm, or ©.2

diameter {(due to optical defects and photographic spread), implying an

increment in d not removed as yet. Moreover, the diameters measured in

differént clusters én 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 d fromfthis'source; from

de Vaucouleurs' formuila,



o

lg I(r)‘; const. = 3.33(r/re)1/4

an error of OWZ, or 0.08.in lg I(r), corresponds to an error in d somewhat'v
less than 0.1 d or Algd = 0.03. (MicroPhotdmeter tracings of images with
magnitudes determined photoelectrically wiil determine Algl and tﬁe hmkm
absolute value of I in’magnitudés per square second of arc at the edges

of all measured images.)

Wilson derives linear dimensions in 8 different clusters by multiplying

measured angular diameters d, by mean cluster redshifts z,, where z, is the
_ - i v b 3 J
- 3 - » . . t : § -
mean of all published redshifts for galaxies in the j cluster.. That is,

the linear diameter of the ith galaxy in the jth cluster is given by

gD, =1g d; + Ig ZJ. + 1g(Sc/H) (5)
where S = scale factor = (206265)(11.06) parsecs/mm on Palomar 200-inch plates,

¢ = velocity of light = 3 x 10° kn/sec | |

ot :iﬁubble const. = 10-4 km/sec parsec
The error in Zj is less than 0.02 'z"j, or Alg—Ej - o.oos,'estimtgd from the
dispersion in measured z for éach cluster. Hence the relative errors in one clus;er
(aftér correction for optical resolving power, d, =d - 0.020) are given

by the range of measurement errors, Alg Di - 0.015, but the maximum error

between different clusters is given by

Mg D, - dlg 4y + 0.5 Alg I, + g Zj - 0.05.
Most of this is the photometric error Algrlj. When it is eliminated, the
estimated error drops to Alg Dij - 0.02.
Wilson finds seven coincidences between 22 measured Dy in.the nearest
cluster (Coma) and the discrete values given by Edelen's equation (2); that is,
1

d, + 1g ;1 = K, + 5 lg n(¥1) < 0.005 (6)

—
0Q

~where K is a fitting constant.
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K, =1g2-0.51g g - 1g(Sc/H) = 3.5121 '(7)
and the values of n involved are 1,4,6,8....17. It is remarkaﬁie that 26
measured values of lg di + 1lg ;j in the other 7 clusters also fit eéuation (6)
with the same constant, Kl. He finds 34 megsured values fitted by eguation
(6) with a different constant, K2'= 3.6131, and a third set of 26 fitfed
by K3 = 3.686¢%. Thesge a;e'interpreted as three diffgrent.values of E.

Altogether, over 75% of the Xmmxmss meausred values Dij are fitted by

equation ( ) using 3 constants, K., K, and K_, as summarized below.

> 2 3
» _ Values o% n used wigh No. of D, ,
géuste? lg z, fl '5%2_ K3 unfitted™
1. Coma 1,4,6,8..17
2.
3.
4.
5.
6.
7.
8.
Mean ellipticity of ) .
galaxies fitted in ) 1.16 2.21  3.12
Coma Cluster ) + + *

Evidence of a2 physical difference between the Kl’ K2 and K3 sequences‘

is shown by the different mean ellipticities in the Coma cluster. This

might account for different values of £ in terms of different stages of
evolution, and suggests looking for color or gbsolute magnitude.differences
between the three sequences. There was some discussion as to whether discrete
sizes of EO = E4 galaxies imply discrete masseé and luminsoties. Edelen
emphasized that the theoxry leading to equation (2) involves only the surface
layer and does not yet lead to anyconclusions about the mass or dynamics of the
interior. MMoreover, the empirical formulae. for surface brightness all

involve twWo parameters (I(re) and rekin de Vaucouleurs' equaticn (4), Io and a

in Hubblds I = Io/(r+a)2 or Baum's I = Io/Zr(r+a)), so that a given edge brightness

- can be assoclated with a wide variety of interior luminosity distributions.
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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 be yond the boundary, they correspond to
emissivity per unit volumn proportional to r—3 in 3 dimensions, and this

may be modified by proiection so that equation (2) is not correct for

2-dimensional {projected) images.
The procedure for selecting values of K so that equation (§) 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 predicting Dij in seven

clusters Ij = 2....8) from equation (6) using the value K, determined in the
+ .

Coma cluster (j = 1) and allowing the tolerance, 6(- 0.005 in equation (6))

to vary from h 0.005 to - 0.02.  In the full range of observed lg Dij from

‘ 3.77 to 4.9294 the 17 intervals of width 25 add to 34§. Hence, for a

uniform distribution of random values of Dij’ the expected ("probable') number

of coincidences with equation (6) among NO random values is

N(prob.) = 346 N_/1.15 | ‘ - (8)
(For'large § the intervals overlap at large n, involving a #mmzx downward
correction to equation (8) that has been iﬁcluded in Table 2. The number
of‘"increaseé,f N(Obs) = coincidences with observed Dij within s 8, is
considerably larger than (Nprob.), as shown in Table 2. Since fluctustions
about the expected N(prob) might account for this, a random-numbef Monte
Carlo calculation was performed 25 times. Carlst%gt described the computer
program whereby residuals %, =.1/2 lg n(@+l) were éomputed for NO = 7§
random numbers and the number of residuals ) counted. The largest in the

25 trials are listed under N(max) in Table 2.

‘t“ :
)



Table 2. Observed or Random Coincidences with Equation (6)
(N(max) normalized to,N6*= 108 in 25 fields)

N(obs)
Tolzrance for Ki K, K3 N(prob) N(max) N(obs)/N(prob)
+0.0050 C 26 34 26 16.8 : 1.55
+0.0075 .39 , 24,0 , 1.63
+0.010 52 ‘ 31.0 . . 1.68
20.015 70 : 46.0 1.53
£0.020 82 - 58.0 1.41

. Wilson notes that the rétio éfiN(oﬁé) to N(prob) reaches a maximum
at § = £0.01, which‘tends to confirm both the error eétimates and Validity
of Eq. (6). However, Scott pointed out that the uniform probability
. - distribution is artificial in the calz:ulaytltionv‘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 migﬂf bé obtained with some other formula,vsuch'as
K' & 1lg n(ntl), appropriate for projected spheroids of discrete radii.
Wilson said trials had shownvthat the alternative formulae n(ﬁ+l),

1/n(at+l) andVILVh(n+1) do not fit as well as ,/n(ntl). It was agreed

that the anaiysig should be extended in the following wayss: (l)v N{cobs) =
Anumber of coincidences with Eq. (6) among all 130 observed values of,Dij

with K varying in small steps over a wide rangé. A plot of N(obs) vs K

éhould show a general rise towaré small K since large n gives a greater.

density of predicted discrete values of 1g D, but there will be maxima

in N(obs) at several values of K. If there are maxiéa more distinct than

‘those at K and K3, they should be comnsidered also. (2)'Simi1ar N(obs)

1’ KQ’

vs K plots should be made for alternative discretization formulas, each with

a wide range in K and in §. (3) Calculations of N(prob) and N(max) should
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be made for-non—uniform distributions of Di

(aj Gauséi;n distribution about 1lg Dij"= mean of g1l 130»observa£ions

with the sa&e variance.
(b) A& skew uni-model distribution matching the obsefvations in
3 moments.

(c) A multi-model distribution matching the distribution of obsefved
lg Dij‘smoothed’over interyals about 1/11 of the full
rénge in 1g D.

Efron proposéd a -direct test of discreteness in the distribution
n(Dj based dn the differences, Vs ='Di+l - Di in the ordered sequence from
smallesf (Dl) tollargest (DN). These differences will be exponentially
distributed wiﬁh mean and variance = 1/Nfi where fi is the underlying
distribution (comstant, if n(D) is uniform). If N > 100, the correlation
betweeq.yi and yj is small, and the chi~-square test ﬁor uniform distribution
is

2

T (lgy, ~-1lgN-Tgy) =y  (1.62) NG
1 * . n-1 ' '

Tests for other smcoth distributions can be similérly formulated. - 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 E0 - E3 galaxies in the H-M-S catalog by
Neyman and Scott be tested against Wilson's observed Dij.

Harfis proposed a statistical»test allowing for a_”background

contamination' on which ¥rmminmg "clumping! of observed values of 1g D is

superposed, this clumping involving a spread = § in y = lg D around predicted
values a = % 1lg n(ntl). He divided the intervals a, - a, 4 in half by

the points bi and considered two hypotheses:
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(1) A smooth distribution £(x)
/‘ - - .. » 1 .
- (2) A distribution By £(x) in the interval bi to bi+l
and xif(x) in the small interval a; - § to a; + §, where By <1
and A, >> 1.
In order to conserve probability demsity so that hypotheses (i) and (2)
bi+1 Pit1 ayte
f(x)dx = By £(x)dx + xi £(x)dx  (10)
‘b, b, : - ai—é

The amount of clumpiness or.discretization is defined as

ai-!-@ b

' i+l : ‘
9, = Ay ’ ‘f(x)dx/pi fx)dx - (11)
a,-6 b, '
1 L
and, if 8, = (b, -b)/26 o a2
Ay = 5. 0 - _ . o | | | (13)
by = 8- 8/, - 1) | | - (14)

where By is considered to be 0 in the small intervél ai - § to ai + 8.
A more specific hypothesis, somewhat simpler to test; is (2) with
¢i=»¢ = constant, and g, = g = comstant, in which case § = (bifl}— bi)/AB
= (agyq - 8)/28 = (/4)[1s(+2) - 1g 1]
and § -1s mot exactly constant. '
‘The Neymann-Pearson liklihood test can be used to compare hypothesis
(1) with hypothesis (2s) on the basis of N observations,,xl = lg Dl’ Xy eee

X by evaluating the ratio

(2s, 1) = f_z(xi)/' £(x) = ’;G?" (15).

where fz(x) = uf(y and (clumping = AME(y) around each ai)‘and' >> 1

implies hypothesis (2s); << 1 implies hypothesis (1).
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Each coincidence of an observed X = 1g Di with aj + 1 ( a "sucess"
or V"f£it" in Table 2) introduces factors in the numerator and demonimator
of equation (15)

£ n = = T . ‘
£,(x;)/ECxy) = A = o | 16)

There are N{obs) such successes, and N, - N{obs) "failures" where

£, (x )/ EG) = B(L = 9)/ (B - 1) | )

Hence, lg = N(obs) lg B§ + [N - N(obs)] 1g [p(1-6)/(3-1)] (18)
‘where 3 and § must be consistent with equations (10), - (11) and (12).
Harris is evaluating these integrals so that Eq. (18) becomes a sum of

terms involving the "'successes' and £ "failures' in each interval bi to bi*l’

G. de Vaucouleurs described the Reference Catalog of Bright Galaxies

" ‘soon to be published by ihe University of Texas Press. It inéludes, among
,othér thiﬁgs:
lg D for 2300 galaxies
lg R = 1g D - lg (minor axis)
lg D(0) = 1g D - 0.4 1g R, the square;on diameter mean sgrface bfightness
and colors corrected for redshift, obscurétion, inclination redshifts
of the nucleus for 959 galaxies
morphological types, radio fluxes, etcf
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 not yet determined.) Correction is made for
the '"Holmberg effect" by which minor diameters afe systematically measured
' too small relative to Fem major diameters. Intercomparisons allowed Zathiex !

fairly reliable estimates of measurement errors and weights for the tabulated
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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 ds Vs dL’ where
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, The two

.values are proportional for ds > 1 wm., but dsvis far too small for dL

in smaller galaxies. Wilson is confident that measured image diameters are

proportional to angular diameter well below d = 1 mm. in his measures but

agreed that chgck plates should be taken into various scales to confirm
this. Hubble noted a different effect in . ; . photographic
photometry of spectra is-carried to intervals on the plate much smaller
than 1 mm. - |

Wilson described two other sets of discrete quantities that are not
yet predicted or explained theoretically: the observed values of K in

Eq. (6) fit the formula K = 1/3 1g v(v + 1), with v = 2 for K>

v = 3 for K2; v = 4 for K,, and so on. In addition to this péttern,

the values of_K needed to fit measured diameters. in 8 different clusters

)

' suggest discrete values of cluster redshifts, ;5, or of u~= 27(1 + 25

such that u = C NQH1). As shown in Table 3, all km&azﬁ kﬁown cluster
redshifts (30 iﬁ number) f£it this expression, with N = 3:.. 19, and two
values of C. | | | |

Wilson # interprets this as an indication of regularity in cluster

spacing. 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
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cluster location in such an array is actually occupied.

G. de Vaucoﬁleurs summarized briefly the evidence for a suﬁergaiaxz,
or organized grouping of nearby clusters of galaxies, indieated in part by
deviations from the Hubble law, cz/(lt+z) = H d (where d = ﬁistance) such
that H is not a constant, but a function of direction and distance.
Distances besed on absolute magnitudes estimated from morphological types
indicate that ouf galaxy is located in a flattened supe:galaxy with poles

hearly in the plane of the Milky Way of galectic coordinates 1I.= 157

T °. ‘The plane of the supergalaxy, roughly perpendicular to the
plane of the Milky Way, defines a supergalactic latitude, B, and

deVaucouleurs has analyzed redshifts in the zone ]Bi < 30° in a menner

similar to Oort's amalysis of galactic rotation in terms of stellar radial

‘velocities. This indicates a 500 km/sec circular velocity of our local group

in the plane of the supergalexy, and a distortion of the Hubble Law in
the difection of the supergalaxy center (near the Virgo cluster) at
distances mnear 107 passes, thch is interpreted as the distance to the
center.

Scott discussed subclustering in terms of counts of galaxies in

‘rings around ¥ selected points on Palomar Atlas prints in 7 different

clusters. After proper allowance is made for the varying density of
galaxies, she and Abell cenclude 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.
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There is a theoretical basis fo:'expegting ;eftain types of galaxies
to occur only iﬁ.discrete linear sizes. ‘Observatiqﬁs ﬁend to ébnfifm
Fhis in individual élusters, alfhéugﬁ the.effects;of pﬁojectién.have not
&et been takeﬁ.into'acgoﬁnt. Pdséibléferrors in_Photoﬁetry sfill ?educe
éonfidgnce in comparison}betﬁeen diamefe#s;in different_;iusfers,xbut
this is Qountered by seﬁeral uﬁexpeéted}%egﬁlériiies, including the
éevéral sequences in‘discréte siZeé,;and tﬁe disé?éte‘vélues of:cluster
redshifts. | |

It can be argued that-these.reaularitieé:are afresulé of chgnée
~among a limited number of observations. Although ﬁhé’statisti;al anaiysis
makes this’appear unlikely, furthér obéervationé of cluster redéhifts
an& diameters of s?ecific isophotes in_éllipticél gaia#ies are needed"
in order to settle the matter. — -, | |

' lmplicétioﬁs are.far reachingf §ﬁ the evaluation 6f galaxies and
their morpholegy, thegvariety of stable forms may be limited; the
‘luminosity function may have a shar? cut~off at the low end with the
smallest.éiée set by n = 1; clusters of galaxies may be fognd'to occupy
volumes in a specific pattern; and the mathematics of cosmology may
fequire major revision to allow.for the diécrete nature of méss

distribution ¢ in the universe.
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iTéble 1. Fitting of Observations to Eq. (6); . -'#; T

Valués.bf‘n:used'ﬁith ) T :‘:T -N6§9f Dii.

 Cluster N o lg v | _yv;Ki GRIRAS 'Kz R , K3 : . Total not fitted
" 1. coma 3.8084 5,5,8,8,8,8 3.7,7,12 . 1,4,6,7,8,10, 2 6

Sl 20232241425 41201 4,6,8,8,12 10,10 77813 - . 20 10
3. UMa T 4.1838 6,7,11,15. 13,16 - . 6,6,7,7,0, . ‘13 2

Cor Bor  4.3355 8,8,8,8,10,10  6,7,8,8,8,9 3,5,6,8,10 . 29 8

. Shame Cloud  4.4523 9,11,12,13,15  7,8,8,8,9,9  8,9,9,10,11 T R
6. BoBtes  4.5951  9,10,14,17 8,10 - 6,7,9,15,17 11 2

8. Hydra | 47843 - 10,12,15 7900 s o

ji, Mean ellipﬁicity for gélaxiesf“”"ﬁ
©- .+ fitted in the Coma Cluster

e

A

10,12,14,14,16  10,11,11,14,15 13,13 T LI A RS
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'T§ﬁfzi;37;7;  ¢f.E3}.,“' Table 2 ) Observed vs. Random Co1ncidences w1th Eq (6) o

T A

e : ﬂ”;ﬂ N(obs)/N(Prob) N(Max)/N _ A ,
ST R AN e B for ° for Standard Score
- Tolerance, 'N(Obs)/NO for 4 N{Prob) - S o E for
b K K o K N K KK 5 0K
“+ 0.0050 .. 0.3145 .Q.2405 , O 2405 0 15 2.10 - 1.60 0.21 0.24 0 5.25
o »+ 0. 0075 - 0.4348 0.3885° 0. 3608 '@”ﬁﬁnz* ;

#1198> 1.64  0.28 0.30  6.68

0.5273  0.5088  O. 4810 o.3o 1.76  1.60  0.36  0.37  5.43

10.6475 - 0.6475 f0“6E75 [ 02 - 154 . 1.58 0 050 0.55 442

07308 0.7955  o. 7585 0.52 1.4l 146 059 0.67 485

FN

3

'.;J;Note: The flt for Kl is'best,vfor K. is péoresf..‘The fétio N(Obé)/N(?rob) is a measure of the importance.
The vLandard score is [N(Obs) - N(Prob)]/c Both N(Max) and oy were based on.

N

E,No 76 in 25 trlals.

81
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v.MEAN\CLUSTER REDSHLFTS OBSERVED ANﬁ CALCULATED

 Table 3

Cluster

Number of

-

. Name Redshifts v log ;; M N P P - log §; References
, ~ Virgo 73 1136 2.4234 3 22,4225 -0.0009
'0316+4121  Perseus 7 5435 1,749 7 21,7534 +0. 0040
10123-0137 "NGC 541" . 43 5439 1,749 7 2 1,753 +0, 0040 (8)
1125742812  COMA 50 6432  1.6780 A 41,6779 -0, 0001 (9)
'1627+3937  Abell 2199 19 -9028  1.5344 9 2. 1.5474 0. 0130 (10)
1603+1755  HERCULES 15 10775 11,4597 10 2 1.4603 0. 0006 (11)
2308+0720  PEGASUS II 3 12821  1,3874 11 2 1.3811 -0.0063
232241425 g ) 13187  1.3757 11 21,3811 0.0054
- .1145+5559 © UM, I A 15269  1.3149 12 2. 1.3086 -0. 0063
0106-1536  Haufen A 2 15872  1.3012 12 2 1.3086 0.0074
 1024+1039  LEO . 1 19489  1,2147 7 4 11,2306 0.0159 -
'1239+1853 , 2 21533 1,1741 14 2 1.1795 - 0. 0054
'1520+2754  CORBOR 8 21651 1.1719 14 21,1795 0. 0076
0705+3506 GEMINI 2 23366 1.1360 15 2 1.1215 -0.0145
0348+0613 1 25644  1,1038 15 2 1.1215 0.0177
1513+0433 Shane Cloud 1 28333 _-1.0640 16 21,0671 0.0031
1431+3146 Bootes 2 . 39367 0.9356 10 4 0.9375 0.0019
1055+5702 UM, IL ... 2" 40860 0,9213 19 2 .0.9219  0,0006 g
T71153+2341 Abell 1413 2 42784 0,9037 7 6 0.,9083 0.0046
1534+3749 o 3 45951  0,8767 20 2 0.8785 0.0018
0025+2223 2 47836 0.8616 11 4 0.8583 -0.0033
1228+1050 2 49514  0,8487 11 4& 0,8583 - +0,0096
0138+1840 1 51908 0.8312 21 2 0.8371 0.0059
1309-0105 ... 1......52362 0.8280 21 .. 2 0,8371 . . .+0,0091 : .
1304+3110  Coma B B | 54917 0.8104 |l 21 2 0.8371 . 1-0,0129
0925+2044 T T YT 74987 0.7937 | 22 20 0.7975 } 0.0038
1253+4422 , 1 159382  0.7819 12 L 0.7858 . 0.0039
10855+0321  HYDRA 3 0.7730 b4

ey

60860

log ;; = log [(C#V)/V]

|

P = 4.2799 - log M(H+1) - log NQW)

0.7858

+0.0128

61



