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SECTION A: PEUSPECTIVE

[AAUIBAN I WRAN

Tz purnose of this thesis iIs to subject the
secale-covariant theory of sravitatioen as {ormulated

so0 far to major cosmological tests and to compare
its verformance with that of standard, constant 3
cosmolory.

I'Mis work lg tne result of a collavoration and
conslists of four papers which form Parts 7B, C, D, and
© of this thesls. The division of labor is approxi-
mately as follows:
Dr. V. Canuto sumigested as mentor the subjocet
of bhe vined 8-z zection of C and the subjerts of
all th= other naners wita the exceptlion of DVIIT.
In hin cn:auiﬁy ans rdviaor, ne edited 211 the vapers
and salectsd the final conclugions. In additlon, ne
provided the written ftext of almost all of D and IIT.
He independently dzrivad several scale-covariant basos
or all parts cf B, ', and £, includling those used.
He pargsonally went Lhroush all the matnematlics and served
as vrincipzal investimator.

Dr. S.-4. Ysieh orovided the final form of .
Asked Lo edit D, he sumzested and wfote part of the

C 2nd rewrote part of the

text of DVITL

o

sounding voard for 2 and

Intrcduction. He actad as
D. He princivally vorked on the Paper 11 whlceh 1is

reieranced in



J. Owen wrote € and & on all levels, with the
contributions of Dr. V. Canuto ahove noted. She in-
dependently derived several scale~covariant baseg for
the other parts. She provided the calculations, nume-~
rical computations, data analysis, literature searcn,
grapns and tables, and Intermadlate and final resultl
analysis Tor D. She made Jindependent calculatlions
and acted as sounding btoard and sometime edltor on 2.

Part 7 is "Varying 3" by V. Canuto, S.-~H. tsleh,
and J. Qwen.

Part C is "fradlo Cosmolonical Testbs™ by J. Qwen.

Part D 1s "3cale Ceovarlunce and S-Varyling Cos-

moloxy: TIT, The m vs. z, Qm vs. 7, Qi vs. 7, snd

N{(m) va. m Tests" by V. Canuto, S.-H. dsich, and

part & 1s "Scale Covariance and >-Varyling Coc-
molomy: IV, The log N va. lor 3 feot by V. Canuto
and J. Qwaen.

Althoush eoech part of Lhis thnegsls has 1ts own
intreoducbtion and referonrtes tou recent developnents
of scale-covariunt gravibalonsl) theory, 1t may be
apopronriait Lo gay sometnins al tnls polnt about the
motivations for such investizatlons znd for thic tnesis

s

and to desaribe some of the sallent feoatures of euch

Cars

[
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II. A Scale Covariant Tneory of Gravitation

Two of the most fundamental guestions ever
asked may have been: ""Wnat is the meometry of the

Iniversa2?"t and “Wnat are the forces of nature?"

A guasl-relirious feelling for the baslc uaity of
ohysics has led scienvists to susvect that if

the snswer tc one of these guestlons were fully
avpreclated, the answer to the other would be
imolicitly understood. Usually the problems have
been attacked separaltely, by the relatlvistic
astroohysicists on the one hand and by the particle
physiclsts on the other. Occasionally pantoon
bridres knave been proposed bhetween the tvo'subjecns,
by Hrans and Dicke, by fioyle and Narlikar, by
NDirac, anons- otacra.

Four forces are recornized in contemporary
ohysics: stronm, electronmarmnaetic, weax, and gravi-
tational. Me strenmtng of Lheir coupling constants

) ‘ -2 -5
are aponrorimately in the ratios: 1, 10 , 19 7, and
=41
10 . Welnberag and 3alam nave shovn that a lonig-
ranze and a snhort-range force, the electicemarnetic and
weak forces may be anderstood as manlfesbtations of an

v

interzction vwnicn 1o unified in the high energy rocime

and snllt in the low enersy resime whichh obtaines on the

averare bLoday. Tt is speculatced thal all bthe forcos



may nave acted with the same strenith when the
universe was younu, and theilr diveraence today nlsht
be due to the low energles involvad in most of

our vresent obgervations., TIn particular, two long
ranse forces, the eleciromasnetic and mgravitabtional,
ray once have had the same strenstn. Frameworks
whichn might encomoass such a wvogsibility have been
erected with varyineg densrees of success vy iMilne,
Jordan, Silbert, Dirac, =2rans and Dic:e, Hovle and
Narlikar, and Canubto et al. Tt ls the last formu-~
lation vhich i1s used as the basls of thilg investication
(Pane» 1). 1t noslts a scale factor ﬁﬁ(t) batween
the eravitational and altomic {electromarnetic) line

elementsg,

R W
ds. = u« /'..)\ LY,
I
but doeg not vrovide a dynamical eguatior. [or

Q(t). For convenlernce, o paratetrlic form

deleraiaine P

[:\('t) = {t/t )7
o
is employad, which mlsght be valld only for largse cog-
moloxical tines, l.2. after deccunline. The Ctheory ic
as yat incomplete and 1L 1o iatenticnal that bhefore
atlemoting to construet a unifled model of the srevi-
tationzal and elrnctromeogaelic interacilone, vie try

X

to s2e L0 the theory, as dovelopsd

gn far, would



have auvy unphysical conszsquences by testing its
compatibllity with basle actropiaysical observations.

Such ls ithe urogram of the present dlgseltation.

Since we are tecting for a L pavrt.in 10’? change per. year
in the smravitctlonal constant, the fiegld of astro-
nony with its cosmolosical time gcales forms a
natural arena.

he model was tegted for -1 £ & < 1 and
for O < 60 < 1 in Zenzral, In particular, &
was taken to he -1, -1/2, 0, +L/2, and .92.
Tne value O corresnonds tn tandard cosmoloary.
Vnen@« € < for a ziven observed redshift, we
are loo%ing at much nore recent gravitational
nistory than would be indicated by the redsniits
interpretation in standard cosmnloszy. hen & < o,
for the ran~e of deceleration paranclers lavegtl-
wated, a ziven redshift corraseouwds to much moie
distant mravitatioral hicuery than indleatea Ly
standard cosmolory. Otherlvulucs ol & and JO warsas
tried ococcastonaliy Lo Lest the modzl s dencndence on
these parawcbterss hubt not in a serious avieaph o
test compabtibility witnh tne data. A valuve &

1dentic=211ly equrl Lo 1 owas net uged because of

and EO is unrelated Lo Lre positcd variabion of &

In thiyg Hesis and now tnelr cholee Lo relshkad Lo

the elemenbs of UThe D)ran Larse Seuncer Arnockhoed s

)



The scale covariant theory of gravitation

‘can but does not have to include the relations im-
plied by Dirac's Large Nuuber Hypobthesls. These
include the variation of 5 itself, which is inmpliced
by the near equality of the first large numbers, the
Zubble aze of tae universe counted in units of the
- time it takes lignt to cross the classical radius
of the electron,

/iy ‘ l
2 L n g lo+0 '

s e

e”/mgc
and the ratio of the electromarnetic to oravita-
tional forceg,

39
10 .

|
N

It was decided to iicoroornie 3TL/L into all the
non-standard tests pregsenisd in this paner.
A tvird larcs nunber, btae numbar of nucleons

vwinin tne dubhle radlius of tne universc,

winich ig taxen Lo Lumply that U m.tg. was not always
included. Wnenever bobh 8/4 0 = to/t (21l casern)

and eithe

¥

& = +1 {irresprctive of trn2 docelcration



parameter) or G, = 1/2 (irrespcctive of € ) are
assunad, this third larve number naturally follows
within the scale-~covariant theory of gravitation.
Conversely, 1l we assume all the large pumber relations,
then either 50 = 1/2 or € = +1. The other casecs

v 2
do not incorporate N/NO = (t/to) , contrary to the
.soirit of the Dirac Large Numbar Hypothesis.
Yowever, Lhne scale-covariant theory of gravitation is
not committed to the Dlrac Large Number Hypathesls.
The cholece €& = +) 1s Dirac's . . matter creation
zauze (Here, the word sauwse nesns the cholce of
sealer functlon 63(t).) whilch was preferred for a
time; 1t has the interesiins {eature that while
a sinmlarity @dﬁ;?&ng}extsts in atomic unite,
civiny the universe a finite ave, 1t occurs only
in thne inTinite past In eravitational or insteln
units., Tt broursnt up many Uroublesome guestlions
about how ové in what foin the mabbter woeuld  bhe created.
Prurthermore, within the context of the tests developed
in thig thesis, we shall cee that the data 1s not
most zasily interorctable within this qaﬁge. It
wa reject bthis zause and still want to iaciude all
the larse nambers, withia the scele-covariant theory

/o

of mravibtstion, we choose ¢, = /2. I in addition

2%

o]



we wish fto exclude all degices of matter creatlon,
not only as t2 as when € = +1 bubf in any anounts,
then we assune in addition that € 2 =1. TIhis is
Divac's non-matter-creation waucse, which for practi-
cal ournoses is equivalent to the old additlive
creation case (the creation we discuss above 1s
multinilicative creation). In this gauge, the third
large number proceeés from th=2 relative rateg of
growvth of the horizon and the acale factor K of
the universe; it ig due to more matter coming within
2 v
the horizon as £ . Dirac cogmnolersists have inde-
pendent reasone for choosine €, = 1/2. TInstead
of uzing 1L ouly to predict thae third lerse nurnber,

they are concernnd thai with all other deceleration
Ptc
[ E

peranztars, 30 we agsume no mabter creacion and bhe

third larvz murher, we can Torm another larze number,
2

. PR P v D R
the teinl mass withia 7, whicn would be ladevendent

of tiue.

’

Tt is sncowa In Part 2 that wnen /w - constant,

tne theory raeduces to standnrt coonmelosy. Tn this case.

IS

M oLa concerved, bubt it 1o voussible Lo

th2 nrod
allowv o to vary 5T aod only 4Lf o is allowed Lo vary.
Many authnars, oroce dine Troa the results of ctandord

cencral relativity theory, nave digreparded

and violated its Fonudsticons. Aliovwing only § Lo vary, tney
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have obtained the following relations for the angular

frequency n and orvital distance oftwo massive bodies:

They should

N
EHER

Measurements of n and ¥ will then tell us whether
standard theory is correct without telling us
wnebther we can in addition lmpose &g 1o traditional

Moo= congtant and 3 = congtant.,

obtala the 2elalion

5
-

In oeale covariant theorv

P

= constant,

>

which for /3 = coastant, reducas to stasxiard theory.

3

Fnersy oand ansular monentam are nol congserved on cos-—

moloaical scales. Feoler's low of periods holds, but

his law of areas dones not. We then obtaln

n - - S _‘}'
n ‘[J I3

Inless we nave furtiher evidenee, we can only de-~

termine pow much ﬁ or the nroduct i varites. 1he

cone 1o radar-geno

atlian ni

additionnl inTor



experirents oxr from data on the expansion or shrinkage
of macroscopic bodies, bubt then we would have to know
more about thelr internal structure as described in
Part 3. The present evidence on the period of the Iiloon
indicates : tentativeiy that &€ 4 0. If we then assunme
that ¥ 1o constant for convenience, it would imply that
53 1s indeed decreasing with time.

It meyv be posaible when more data ere avallable
to apnly these welations to the orbital elewents of
two comwact gtellar bodice, such as nesutron stars.
Ssuch bhodlies may be nroporticnately an enouzh avart to
make Lidal effects nezslisible, end any cnanzes in thelir
internal striascture may be monlored throush thed:
vulse frequencies.

TE c&ﬂ'ﬂlso e oebhown Chal the standard argaments
azainst the variation of 3 based on the golar lunlnonity

varyine as

+7., 5
el

suffer romn the game assunobisn of congtant mass, varl-
able 47 within Slosteln s equatiors. It ilg then con-
tendcd tanv L0 T JA , Lhe fxrth would have becn un-
reascnably Mot within the time of geological records.
T€ the product 370 Lo Xent consbant within 8instein s
theory, tnen Lov377 only, which is sceenbable as fav

3

azg the Sarbh tenmperature s concernad., The evplicit

3 oand o dopendence of gstellar» Luminosibiza withi

scale covarlant theery of rravifation has nob yel becen

datie

11
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We have been describlng tests involvineg objects
wnich are relatively close to us. We remind the
reader that standard zeneral relativity theory has
only been tested on the scale of the solar system
and 1t remalins to be shown if it 1g as successful on
an eytramalactic scale. WYWe pass therefore in Parts
C, D, 2nd E Lo tests involvinsg nish redsinifi objectsn:
galayies, Q350's, and quasars. dlpgn redsnift objects
have already been used in standard cosmolougy to test
the subset of cosmolonlical models represented by
different deceleration waramasters. For various
reasons detalled 1n the text, standard cosmoloswy .
has not been able to come un wlith an unequlivecable
number for §,. Yhen we ave discussinzg early times in the
aravitetional history of the wniverge, the cholee of decns
leration parameber nas ercoter iniluence on our nre-

dictlong than wanen we discuss rocent bives. thevelore,

when € < 0 a2nd for a wiven obeerved redsnlfh, we deber-

o
e
.
p]
o
P
=5

mine a laraer redgt gravitational units, the eifect

ol S 1s very oproncunced and wa can distinsulsh readily
wnileh of its values are mnost comopatible wilh the data.
Convers2ly, wnaen € > 0, the effoect of QO oM our prediciions

in svandard cosmolozy,

e,

is even less oroncunced than L4

and an ohaarved redgnlfh corresaonds Lo a more ecent era

in gravitational histowy thaw 1L deas in suandard cecaolony.



IVv. Part C

In Part C we examine the high redshifi tests
as they perform in standsr»d cosmology in conjunctlon
with recent radio data. Standard Friedman models
with /\ = 0 are tusted for ﬁo = 10, 5, 2, 1, 0.5,
and 0.03 and occasionally for other values, One
advantame of this work 1s that several major cosmO-
lozical tests are run with the same source popula-
tion whereas the results of the tests in the litera-
ture are hard to compare because they are hased on
different data. TIne tests were repeated for both
interfaerometric and scintilletlon data snts with the
oriminal intention that any accevtable cocmolosical
cuoniclusions drawn trom the teoests would have to be
comnzbitic with beoth data sets. In order to be
suitahle for all tests, the dafta sels consisted of
gourcas {or which redshifts, fluzes, ancular dlanzters,
and upectral Indlces were avallable. Althousn
drawn {rom differsnt surveys, the sources are found

in re~ions of tne sky all covered by the deepest

survey used. Mis oy no nmeons eliminates selection
effacts, bhult undorctanding the data In ternms of selcection
effects 18 parit of ithe ilmpetus of the work.

The resulis For the interfleromstric data are:

Iin mene&al corrziation tests and dota distri-

bubtionsg indicals acoociabion of small) ohysical dia-
Dy

-

mebter withn brisghlisss, with Tlabt smectbiral indey, &

wiibn blan z. At the same Lime, flat specltral indiczs

are corvelated wceoaily with hisn o oand it dimnesns.
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A vnractical result of the investligation 1s the
recommendation that sources with flat spectral indlces
be used for the ancular diameter-redshift test in-
stead of ateen spectral index sources as somellimes
sugzested in the attempt to pvlcek out a subselt of sources
wnich could serve as standard measuring rods. Steep
spectral indax sources are usually the more exlended
ones, and thsgse are mora orevelant at low z than nigh
Z; thils may be due to a selzction effect or to the
zreater» sensitivity to cosmoloslcal evolution of the
extended nortions of tne souvrce. Wnhatever the reason,
the small, flat indey sources are present at all
redrhifTthts and are thus morae sultalle for an snzsvlar
diameter-redshift test.

If we nlot the absoluie luminosily ¢f the gources
versus the reﬂshift, tnhe abhsence of bricht sources at low

redshiift and of dinm couvvees &b hlon redsnlft is immedl-
ately apparent at Qll Q- Mhe disepoearacnce of tne

dim sources isu adcéuntely undersvood ac a selectlon
effect. It is not apnareat whether the lack of n=ar,
hrisht gsources i1g due to selectlon, Lo evolution,

Lo a local inhonowsasltiy cor to intezoretalion witnin

a Taulty coemalomy. A resregsicn it for
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s

was made for all the data and for the first through
fifth ranking sources in bins of increasing redsnift.

The evolutionary exponent g'remaincd non-zero even at

q, = 50; this would secn to eliminate interprctation

of the data vurely in terms of a clozed universe

with moderate Q- In order to examine the poszsgibility
that the aovarent evolution misht ke due to a local hole,
the tests, ranked and unranked, were rerun {or the

far z data only; lesser but finite evolution persiated.
Finally, instead of a.»lét of Lthe absolute lumintsitics
aralnst redshirft, & plot of abgolute luminoslty vercus
volume was made; the local nole was much less in evidence
since the smzll redcnifts of the locel reglon corresnond
to only omall volumes. The absolute magnltudes were

then plotted a=alast V/Vm with the resnlt that even

the bricht sources scem Lo have a uniform distributlon

"

and there absence at small z may b2 due to thelr

ALOW
space density. T thls 1s no, most ol bLhe apparont

evolution 1n a selection offect.

It is then ghown that 1f we assume a physical
relationshlns teitwzen the Luminoesity and linear diareter
of a source of variousg anctlonal forms sucn that
the brichter sources are tne smaller ones, we can use
this relationshln in conjuncilon with -bhe luminoslby-

redshift correlation juast dlscussed to pradict bhe



upver envelope of the metric ansular dlameter-redshlflt
.diagram. The angular dlameter-redsnlift test was per-
formed for ranked and unranked sources, for all data,
for steen soectral Index sources only, and for flat

spectral indey sources only. A reuression it for

real or apparent evolution of the linear dilameter as

D =D (]. o+ Z)
was made. It indicated an-apoarent decrease of
source size with cosmological distance in excces of
that exvected in bthe standard Friedman,./\ = 0, models
from seonctrical considerations alone. Less apparent
evolution 1s needed in open models than in cloged
models. This can be understood as a selecution effect
it vre happen to be seelns the brishter sources
at tirh z and these haosoasn to bhe the physlically
smaller ones. A possibility exists that at nlegh red-~
shifts we are nizing nmeasurcs of sowvce components
intoe our gsamwnle of. measures of "larmgest ansular slzev
which is usually the distance belweon source components;
this would aceount for some of the ducrease of D with z.
However, the source components generally Have [latter
spectral indices than tne extendsd reslons of.the
sources and a plrot of the dighbribacion of spectral

indices as a fuaction of redohift to witn the

2an of the correspondine corvelatlion factonr
indicataes bthat small and larse sy oirnl indices are

found ‘abouvtl ecgually Lan the near and

r reglons se



this possibility deesn't seer to dominste the statistlces.
Therefore the flat indey siurces would seem to form

an acceontable set and the fit was indeed bhetier when
these sources were uged rather than the steep

ones. wﬁen the latter are used, we are Investligating

the selection envolooe or the apparent evolution of

the extended sources to a2 greater dexree while probing

Tests with the gcintillation data showed wids
scatter and were inconclucive. PFlatbt spectral index
sources were proxressively absent {rom the sample at
hirn 7z so these could not be used for the tests. The
scirclllation technigne ma» measvre mosbly compaient
sizes. The spectral indices used arc crude para-
meters darived frea the Miuy data of the totul souvecs
and do not necessarily repregsent the spectral indices
of the source rexiong; these are presunably flntter
thon the indices of the whosle sources. FEven so,
no relationghiy cSuld be debtermined hefween the scintil-
lation anzular size and Lhe redsh)ift. Lven {or
the Intersferomebric data, no relatlionchip wags deternined
betwzen component silze and radshif{t although 1t appoared
to e avoroxinotoly vroportional to the square root
of the leargest anenlav slze; this leaot relationghio
may denend on the zcel thabt we can not measure venry

.

accurately the {ine structure of bne agmall comnonents.



A vord of caution with respect fto the posited
correlation bztween size and brizhtness is in order.
Even in the sample used, 1t only applies loosely to
the extended sources. Small souvrces appear with all
apoarent luminositiegs; 1t may be that the correlation
of lunminosity with steep index 1s derived from the
the small sources and the correlation of larse
linear diasmeter with stecp indey and with briehtness
is derived from the larse dlameter population.

V. Part D

Tn Part ) we nacs on to the full solution to
Elnstein's #ravitational equations in atomic units
for a matter dominated unlverse. e solution in
Einstzin units remaing the some as in standard theony,
but when viewed throush atomic measurements, they
can e elther maxnified or reduced. The choice
G/.’;o = ta/t s lunosed. 'ere are now two decele-

ration varameters, Ltwo Hubble congtants, and two

fined in gravito-

i

univers=zl scale facltors; those dc

tional units and those observed in atomle unlits.

The results are aoplied to the nasnitude- redohirflt
test far elliotical ralaxlies and 950 s, to the iscpho-

tal anvle-redshifc tect for elliptical walaxics,

~ 1

te the number count- mzamilicde tost for 2%0t's, and

to the metric ansle-redahift tacst for guasars.

Trne wmetric ansiler diarclse-redshiit best isg

the onily 1L0 test in £hig nark, and 1t 1s here




applied to essentially the samas data as emnloyed in
Part €. 1In scale-covarlant cosmology 1t 1s posslble
to accountl for the sharp decrease of metric angular
size with redchift without recourse to selection
effects or evolutian 1T an opnen wnilverse and a scale
function {5 increasing wita time are chosen.

For elliptical salavies, the evolutionary

parameter e, wWhare

is caleculated within scale--covariant theory extendings
the models used In standard theory. 3ubject to the
same uwacerbaintice as thase models, Lt 1s‘f0und

that the wvalues o obtained account adegquately for
the observations. VYhen & < 7, it bzcomaes apnarent
that an osven unlveryn fitc the data betler than a
closed one for the o obtained. Ag ¢ &approuches 41,

DA

the reoulitsc becomns indifferent to Ty

anortunatnl§ tnere is no accentable theory for
the evoluflion of 0r S kn standsrd theory which we con
rendnr in sncale-covariant forn to determﬂng c. the
expedient uvsed 1s therelore to determine what evolublonery

varameter 1s necessary to cibther pass Lhrough the Q30

data cn the maonlbude-redshifl it diaaraa or to define ity



ites envelope and to see whether this value 1s consistent
with other tests, such as the number count-magnitude
test. In standard theory, as we shall wzee, the values
are not compatible. In scale covariant cogmology

we obtain for the intesrate nunber count wien qo = 0

)

.}

3t

v ol ln(l+28) - ELLﬁf
2 1+

%

where
L2 (m-tig) p/?
10 = F(1 +2F) /(l-€) '

and

and wrnen ¢ = 1/2:

1/3 )

/3 Riang LS U2 SO
" =3 Ho (J.»:wjo)T.l_{.:-?.;v)“/‘" gy (LvF)

1

= 10 :'1—0/;*10.

()]

Plmemg) /2 4 e/?
B

In standard cognolomy we2 would have had only

VAl
L2 (=T ) /P
# o= 10 (1+z)

o= L (Lezd oo



Because of tnis difference, i1t becomes possilble to
satisfy both the magnitude-redsnift test arnd the
numbar counb-marnituvde test for the same e when € < 0,
We emdhasize that 1t is not the masgnlitude of e which is
pertinent but its unliqueness across saveral tests.
for instance vhen & = .22, e = 0 can simnulate the
= b5 of standard cosmolozy in the nuumber countl test,
but e ¥ 2.5 is reguired in the redshilt-magaitude test
for the cames Q80's and mauke.
VI. Part g

In Part & we examine the number count-flux test
for radio sources in a scale-covariant cosmolozy. Tnis
nart is a lowical conbtinmaaticn of Part T, and 1t was glven

its own section only btecause 1t i3 50 larse. I'ne date used

are the samne ag bthoge vsed In Part C.  Agaln, theroe are

b

12 adequate wmodels for wredicting the evolution of the
sources. “e rederive the radio lusdnoully function and flod
expressions Tor woth tne intevrared and difforsntial counts.

e ranve of e acceptable Tor eacn test is found for

diflferent acoumed raures and decelaratbtlon parameters. In

ry

gtandard cosmology these ranzes do not overlap and compli-

o

cated evolutionary assumobtions muaht be made Lo amnve the

cosnolory. In scele-coveriant coswolorny when € < 0 witn

an onen universe, 16 1s nosclble Yo obtain iz unin features
of hoth tests with bhe gsame simole cevolutionery oavansbri-

e

rle succeass is nobt limited to our sssumniion of

=3

zation.

nitinosity eveolutlon. In =oneral, 41 sdurced deasity evo-

lubion 15 =zssuned 1n those tesbs instead of Laning-

siby evolublon, it entare with =n eyoonent woual Lo
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3/2 the value which would have been accepntable for
luminosity evolution. Tnis is true as well in
standard cosmolo.sy where it is well known that these

1

tests do not distinsuisin between the two kinds of

X

evolutlon and accouits for some of the confusion in
the literature as to the wvalue of the 2iponent. It
is suseested that i a diffuse sosctrum could be
taken at the saaxe fregquencies at wnich we obgarve
the discrete souvrces, clnce we are determining
e + s, where s 1s the exponeat for density cvolution,
in the case of the dlffuse aspectrum and 32/2 4+ o
in the cage of the discrate spectra, a little alsebra
comLinineg tine resulls of hoth tests misht determine
e z2nd o s=paraltely.

Mls oreface Ls intended only to zive the
maln imoetus of each Part Lo provide benchmarks ior

the reader

S wWileno purpose is bo
shonw that at least on bthls level Lhere are no conltirm-
inidicatioans to a seale-cevariant iaternrebation of

sravitatlional tLheory.
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SECTION B:  PLANETARY CONSIDERATIONS

I. INTRODUCTION

Me Crea (1978) has pointed out that there is no sense in which the standard
general relativity (GR) can admit a variable "gravitationzl constant”. Il was also sug-
gested (Me Crea 1974) that with improved observational confivimation of Einstein's results,
thus establishing the corvectness of his theory of gravitation, any variation ol the gravita-
tional constant can be ruled out by inference,  While we agree with the forimer remark, we
do take issus with the Jallew inference. In the present poper, we shall exolaiu bow Einglein's

iheory of pravitation cap be reconciled with a varying gravitational constant,

1 phyrical constant decends on the vinits one erwploys.

The value of any dimensio
In a space-tine theoiy such as GR, the fundmnental unil is a leaglh, vhich is provided

by some measuring proceaure.  However, any measuring instrument;

systera itaelf, munt obey ervlain dynomicol towe, Thus, for oxemple,

disiance betveen orbiting sravitalionad badies as g refervence, we would have a gravili-
tiopul unit (or Eihestein unit) of length, On the other hoand, i alomic instrements, whose
governing physical law is quantuin olectrodynamies, ave usced, we have en atomic unds of
length, A pricri, there }5 ne reason to hejieve that the Lwo units of Teagth soust be a
constant muitiple of each other. ‘CO)ISU({UU‘)H)’, when the Morovitwtional coustont” jg a

ub in the other system ol

constont in onz system of unit; it is nol necessorily a con
unit,

The idesn can ha botter filvgtrated. I we ~vvite (!.»‘,/\, dsF for the line elemerits
/ )

s mensuved in atomic and gravitatioral wits rogpectively, we would have in generel

da., = cixids 1N

24



it follows Lhen that all dimensionful physical guantitios in the two respective units are

similarly relaled:

Qp =8" Q, (2)

where QF‘ and Q A

by the dimensions of (. Inparticular, the "gravitaljonal constonts” in the two uonits

raay be senlurs, veclors or tensors and the exponent 1 is given

are related by

G. =8 & G, : ()

We wish (o note here a subtie difference between our use of the terms Mocneral
relativity™ and "Fingiein's theory of Cravitalion. The former assumes the steong

principle of equivalence which diclotes that B musl be striclly censtant., Ifonen

only the weids equivalencs prineiple, Iiinstein's theory of gravitalion romains intact, and

B can in gencral be o fwiclion of space-time, T the geomelrieal framework of Einstein's

theory of gravitation,. the Bianchi fdentities along with the conservation of eneryy and

momentum demand o consiant GF , whiteh is o propoytionality Sictor hoelween the goore-
5

trical Eiasiein tensor and the epae arud not

py-mornentum leveor,  We note that it is G}&‘ s
3



the "gravitalional constant' in any other unils which is required to be a constant, he-
cause Einstein's theory governs the dynaniies of gravitational phenomena only, and it
provides a geometrodynamical unit of length, Hence Einstein's field equations must be
understcod as written in Linslein units,  In standard GR, pecople use these eyuations as
though they ave also valid in atomic units, 1t should ho recognized howaver that this ‘
amounts to making an extra assumption, namely, that the sealing function B(x) in

Eq. (1) is o constant. Thus, one goes bhovend the yeolny of

pravitational physies and

stipulates o gpecific relation between pravitational dynunies and atomic dyvnanies. If

the gravitational interaction strength chanpes reletive o electromagnetic inleraction,
we must expecet B to be varying and therefore according Lo (33 GA must also be vary-
ing., Il is in this gensc thal we can accommodate and interpret  a varvying "gravitational
constant", rom ibis viewuncinl of gealing baiween bwve Linds of dvnoimiesl units, G
must be expressible as.a funetionzl of B asg is ¢iear from (3). However, it is import-
ant to note that for a complele deterniination of the variniion of G, one must know not

only the vuriation of B hut algo the value of o 5 as we shall cxplain v move dotails

below,

With this understavdisg, it becomas evident (het ohservations] conlivmation of
Einstein's results in purcly gravitational experiments can be compalihlo with capeni-
ments which purport o measure the vaviation of G, provided in ihe latier, atomic

tnils areuscd. This in fact is what gome obhservers have been attenpting Lo do in the



past few years: measuring the non-gravitational variation of the orbilal period of the
moon in terms of atomic time. Whatever theoretical prejudice one may have for pre-
ferving o null result in the above experiments, one should keep an open mind aad allow

for the possibility of a non-nudl vesult.

Historically, Milne had Iong ago anficipated the possibility of Fy. (1), Waen
Dirac introduced bis Large Numbers Hypothesis (LRTD ond proposed & varying G, he
also had Lgs. (1)-(3) inamnind,  Unfortupately, when people siudy the effcets of a vereing
gravitaelional coustant, Newton's or Eiustein's dynamical eruations ave uscd with only
the mndification that GE is allowed to he & vaviable, As was peinted ont, {his is a

lowgi wousisieonl procadure.

sngietent formulation of the gravitetionsd equations in non-provitatiors’ units
has beon giver 1o an earlier poner (Canulo ol al. 1977) in which we develupad the Ldcas

in atorice

cutlined above: gravitational dvuaanics remoing unchanged. When deseril
units, the dynomien] covations are oblained by conformal  leancfernalion as requived
by Ya.o (1), {rom the corresnonding ones in slandord Git. Cleavly the 2 priort undotor-
mined function o wadd anpesy 0 thege equaticns, IF e, g., the chservational recults

arc analyzed with these eguations, B can be deternnined ohsaevationally.  On Gic other

Liand, one could apply thecraiienl considerations such as Dirvac's TR Lo i the fonational



form of p. Inibis case, the conformally ftransformed dynmanical equations are fully
deterministic, and one can prodict results from oxperiments using atomic uunits, In

this mamner, one cun have a valid obzervational check on Dirac's ideas,

In the next sectien, we hinefly veview the Iramework ol scale covariant gravita-
tion infroduced in an earlicr paper and then illustrate the types of theorelical consider-
ations one can use for the determination of 3. In Section II7, we shall show in some
detail bow the scale covariant Iramework can be used to interprel  and analyse data
Trom atomic measuromenis of gravitational phevomens, thus giving a descuipiicen of

e obgervational determination of g .
IT. THEOREPICAL DETENSUINATION OF 8

With the premise that Einstein's theory correcily deseriies gravitational phen-
omena, the following ficld cquutions and geodesic oquations are assumaed vatid:

omena, the following ficld cquetions and geodesic oquations are assumad valid:

(i) (a2)

G = gma Y (ta)
Y L
)
2 M \_\) P
[ ST ux [ (52)

2 VTS —(T.‘—' aX. .
v ) I A o

wher o d)\E is the differentisl uffine parameter, identitioble awith the differcential path

lenglh for non-mill vendesics, I iz thevolore o jength measured in Einstein wists, We

ig dinensionloss. Thuz, given that

aontial

adopt the conwvention that the coovdinale Jii



Ecuation (1) implies

which can be veadily recopnized as a conforraal iraussformintion,

of Lq. (4a) and (52) are easily transforn.cd.

(L) (A)

£, &Y dsi =g _ axMaxY (6)
(E) (&)
5 = 2
LI B G (n

The geomelric parts

With the further assumption that the right

hand side of (4a) is form invariant (see Canuto et al. 1977, for details), we get

with

and

(A (A
G“\) + fIJ\) =~ 81 Ga 1,’“v (40)
A 5 -

8 B (&) L g
SR ¥ I <9 S0 L D

5‘ ALY p EZ -
a P 5‘\1 < dett Y i'l"'\) dxP dx )= 0 (51)
oy X LR SR Ly s oo - 5
d A 8 Ay, d M ! >‘A d Ap .
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with

(L) (&) (E)
Wenote that G~ and G are the Einstein tensors constructed from g and
v oY [IRY

A)
g regpectively.  Covariant differentiatiom in (4h) is defined with respect to g .
v t P’u‘v

Likewise, the T''s in (5a) and (5b) arce the Christoffel syinbols constructed from
(E) (A)

and o respeclively.
Buy amd &, 1 Y

It can be shown fron (), using 3) that

Ay = r -2 THY B"v v (g oy M ’:j . (8)

Y 5
(Hereaficr, we drop the index A Tor atcwie wiidts), Henee the erorgy momaninen cone-
servalion law in atomic units must he modificd ns o consequence of our assumptions,

In the sams spivit the saodificd barvon nuomber congsevvation aquaiion reads

11 : . "
nu + (1 -7 n
( ) 5 4 ( ' 8’)

perdisvig
i
[on]
—_
(]
=

e

where 1 ig the baryon nmnber densily.  The gencralization given by Eo. (8) is compuli-
ble wiih g, (8) if we assume o perfect fluid form for the cuergy momontam fonsar with

p =0, Howcever, the validity of (9) is independent of this assumplion.

30
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If one writes (p =T p)

Y

™ = pap ut 0 -y (10)

and integrate equations (8) and (8) over a volume element V, it can be shown that

Eqg. (8) yields

pvl T gl pm @3 (11)

and Eq. (9) yields

nv o~ G B (12)
where T has beon asswnad constant, and we Love again mude use of Ig. (3). Eguations
1) and (12) oive dwe allowed variation of total encrey (in atomic units) and varvtiele

} \ ) Ex

mimmber within a co-moving voluine, Olviously, the resulls of the standard thenry ave

recovered i we soel G and £ cuual to constunts.

With the aid of Egs. (11) end (12), we can indicate v cosmnlogical considera-
tions such as Dirac's LNH can be used for the determination of B, (A more detailed
discussion and » briel raview of LNIL can Le feund in Canute et al. 1977). We assume
bomogeneous cesiolepienl models so thal orly functional dependence with respect Lo

cosmic lime t (i atomic units) needs to bho considevoed,

() Firoct gouge. TPwe assune (Divie 107d)

<

G ~ 2 , N =av o i? (i3)



Ecuations (11) and (3) imply that

B N% » T, = -1 (14)
(h) Second gauge, (Dirac 1938). If we assume
G ~ } , N =15V ~ % = constant . (15)
Egs. (12), (15) and (3) then yield
3 ~L y T =k (16)

(¢) Trom considerations of the spectrum of the background radiation (Canuto

and isich 2678), ene raay preler to imposce the auxiliozy condition that vadiation be

adiabatically conserved.

Thuz with T = 4, we find from (11) that

G B?' = constant (17)

Together willh (13) and (3) we obtain

1/2

B o~ s T

= 2 (18)



The common assumption among the above three cases ix the Dirac hiypothesis
that the gravitational constant deercases as the inverse of the cosmological epoch, The
hypothesis of matter ereation which is incorporated only in Casc (a), can be modified.
Instead of gpecitying the time variation of the particle pumber within a co-moving vol-

ume, one can stipulate that the momber of particles within the observer horizon in-

creases as the square of the epoch:

2}
N @)’ ~ 1% . (19)

We shall now show that for certuin cosmological models, the asswmption {(19) leads

bacl to the iypothesis on the variation of G,

Tor thal purpose, we note drst that Iig. (11) with T = 0 gives the variation of

mass density
P, ~R VG T (29)

a3 N
where we have yaplaced the volume by BT, 1 heine the scale fzelor in the Nohertson-

Walker moetrie.  Noxt we note thal Bgs. (da), (M) are counformal travsformation of cach

aother and o must be thelr solutions.  IHepee, vsing (7) iL can he shown that

Rt = B R (21)

whoere 1’\1‘.(1.,.\) is the scale factor of the T-W melric in Binstein unies satisivivs (1a).
VR .

1t is well ows Jhat in the matier dominated cre, Tov k = 0, we have



v 2/3
Rty ~ 6 (22)

Using Eg. (1), Kq. (21) can be rewriticen as

With Fgs. (20) and (23), (39) becomes

t
2.3 .1 , -2 2
Ny ~ 870G (IO BUY )~ t

which, for simple power lnws B~ Lp, (p £ -1) yields
7

. ~1 ) - s .
i.e. C ~ t 7, the hypothesis on the variotion of G (Dirac 1938).

A

TI1l. OBELRVATIONAL DIRTERRINALTION OF &
From standurd theory, it is casy to show that

GE 'ME = couel, (24)



n., (G M)
= 2 -_.l_f____l.’.... (25)

1 G, WL
g EVE

M)
Ry (Cy My

o = arranar-v-ada (?G)
T Ty, M,

I is the radius of the planctary orbit and L = %E , with TF denoting the
b & D

period ¢f revelution,  Withoul a elear distinction between dificrent dynamienl clocks, it

where R

has hoosn topnting for observers to interpret the vaviation of (n/n) and /1), over and
above that duc fo tidad effccts, in terias of Fas. (26) and (23, In fact, assuming a

constont tolal moss, it s olten staiod thot

n, R
—= = = -2 o (27)

[T

Observationsd rosulis ave eften presenfed in terms of =, using My, (27) (soe for en-
. A

—~

ample Reasenbery end Shopivo 1977 and 3872).  Tha latter ig the vesdt of what Dirnc
has referred to as a oricitive theory" of varying G which stipudates the same Newvionian

cquations of wiotion with G being a function of time,  Sucl u stipulation by self is not

Foare ret com-

neecessarily wrosy unless one haposcs wlso covtain conzervalion lawa whi
patible with the asswaied dynunical equalions. This is oot eagily understood in the
framework of Binsiein's thoory of gravilation where for a givew Lagranpinn, hoth the

v

dynamical cipaations and the congervation lawe ave epecified, Copsidering the Newioninn

35



equalions as a classical limit of Einstein's theory, Egs. (£5) and (26) must be used in
conjunction with the congtraint (24), i.e. G]i‘ M]J = constunt, Hence; the only infor-

mation one can get from these two equations is thet

dn an .
=g, —E g (28)

rmely, constont tolal wmnss, cannof

Thus imposition of the standurd conscrvation

be compalilble with veviable G,

Cn the othier hand, measurements of planetary orbital paramelers using atomice

instruments oughl not be considered as a lest of Binstein's (heorv of graviiation per se,

Rather, assuming the latter's validity, such cbhservations should be considered o test of
’ b oy
the conslzncy of B, Since the orbifel period and radius ave both small intervals com-

pared to the cosmological seale, the differential sealing law, td. (1), applics so that

n .T.l:].,, = (I (25)

noo= =
I f3
where n and R now raefer to il corresponding orbitad parwmneie s measured in atomic

units,  With the assumaod consianey of . and R o We find hurmcdiately

n 3 R .
L 2 - Eas (‘30,

Thus hnving intreduced the distivetyon betweon iwo dynomwicsl elocke, a now-vanishing
obaecvadional resuit in noand R can be caslly understosd, Byven withoat reference to
the congiraiet (24), primitive theory avd the new theory eon i distinguished in thol they

imply dilferent yating,

[62%



3.1 4 °
.]‘ '.l.‘. = e 2 , .].}Lll. = - 1
n E/ R o R/R

which can be checked by observations.

One cuan derive (30) in a more elaborate fashion, using the cquation of motion

(5h). -However, as can be recognized, (fn) and (5h) ave conformal trarsfovinations of

cacl other, Results of (H1H) cun Le obtained from those of (Ha) by a conforn.al transfor-
mation.

To gain more jnformation [rom (80), we first note that for non-relativistic
maticr, the enerpy densily pois mostly due to te rest moos

s dunsity,
T o=

Hence vith
I 0, Eq. (11) gives
oV ~ (R

or

GMB = cons

which repluces g, (24).

Cleavly for B =1, the bwo coineide,  We now have

no_ om0k _ B
1 GM ’ ! B

T A (32)



Thus, unless one makes more detailed stipnlations, obscrvalional determination

of the variation of £ by measuring n and 1‘1 gives no informuation about the sepurate

ariation of G and M. This is expected of all gravitational experinments dealing with
geodesic motions, For the latter respond to the source strength which is always char-
aclerized by the combination GM, On the other hiand, given hypetheses (a), () or ()
as deseribed in the previous scetion, the varialions of G and/or M arve specified by
cosmological considerations. These in turn deternnine é/ B which con be checked, using
LEq. (30), against the measured values of n/n and /R, Belore making more detziled

comuments on such a comparison, we shall consider enother effect of varying B.

If the strength of the gravifational interaction does change with respect e that of
alomic dynemics, ihe size of a macroscopic object such as a planct or a star would be
exnected Lo vary with time.  To sea this, we conrider o raodel in which matter has an

equation of state of the form

where p oand p oare respectively the prossurc ond mags density. vy is called the poly-

Irepic indox,

v

It has been shown (Cavuto ef &), I877) that frow (4b), the cquation of Invdrastatic
equilibrivm ir the nen-velativiatie limit reteivs the standard Newtonian form
dy

= -p
ar F

(351)




From (33a) and (33b), we gel

C-‘CL\'I2 -y 1‘3Y -4 = coustant

so that

r G " FSIy M (312)

NMaking use of (31), we car write
. x-2 &, ¥-1_ & :
r T d-8y 8 T aTEY G (34b)

I is important tc note that unlike the casce of o planciary orbit, the voriation of
the rading of the kind of mecvosceoapie object under consideration eannot he redueed to

re3iy

sarely o variaiion of the preduct GM, Hence the two types of observalions (32) and
I D I V1 8

(311 logether pive not only the valuc of &, Tul G and M
/ 153 = 3, s

seputrately.

There has bheew indications Mo Elhinny of g1, 1978) {hat the Earth and Mars
have bheen slowly expauding wherecas Mercury has heen conlrucling.  On the other hand,

no ohservable vavintion of the size of the kInon is delected.  Not withstanding the

culties ol infeproiating paleomapinetic dula, Me Elhinay et al. @

s resulls carmot he divee-

ly compared with (34b) bocause the Intter Is moevely a vough approximation jor a sin-
plistic pelyirenic mudel. Mauy geo-thermal effects which can contyibute o ihe varisiion

of ihe radiusg bave not been included.

Ahe gpeaded does point out [hat

Cone cen gnan informaiion

on the separoie varistion of O snd M.

Yo thoereiore venlure to sogg thot with

By




sophisticated computation of stellay structure and Ligh resolulion measuremoent of the

solar radivs, one can perhaps hove sufficient accuracy for a determination of G/G.

Finally, we return to the observational determination of 8 using (30). The

latest vadees of the obaerved tota? » aviation of n foi the mmoon are

- ’ -9 .
n, = (-23.8 1" ey (Willinms et. al. 1978)

- -9

S T (-23.6 £31,06) ey © Calame and Mulholland, 1979)
- )

n_ = (21,7 £3. 6" ey “© (Von Flandern, 1978)

Trom these one mugt sublract the contribution due to tidal e¢ffects (Muller, 1478),

. ‘ e -2
n, = (-80.0 £8)7" oy
L
so that the net variation cnn be cxpressed as
n 1 . B
o= = (n - 1) a5
n n (Mg M/ (35)
Q o -1 rev . . )
where - 1,73 x 10 cy © . ‘Thege duta indieete that
! . a o -11
5T (3.6 £2,9) 16 ~/yr

it

(3.1 £2.06) 10 " /yr (35)



Ly

= (.8 #2.7) 10 g

Henee from (32),

(GM)” >0, B >0 (87)

Comparison with (14}, {16) and (18) shows that of the three different gauge con-
ditions proposed for the deierminaiion of f, only Divac's matter creation gauge (14),

ic excluded by precent observations.
TV. CONOTUSION

We have advocated the interprefaticn of a vorying O as a non-constant sco:
belween atemic and gravitatioval ciocks., Conzicient dywonicual eqguations with wovws
Goean thus be written and observational dafla should Le mnalysed in teros of these egus-
iions. The sealing function B is noi dvicuoically determined.  This is b(:cnufte the theory
is as yel incomplete.  In fact so h.n.' we have only exprossed gravitational dynomwics in
terms of atomic units,  When o theory ol coupled ateamie and gravitational dvnamics will

he availehle, we expeet B to emerge naturally as a dywswnical ficld variahide,

On the other bhand, obscrvational constraints on 8 con be a valuable guide {or the
econslrostion of sueli a theory. W is thevelora uscelful (o Jucther dovaelon the present theory
to study it astvophysica! and cosmolopical vouscquanees,  Part of this tagk hoas been ac-
complishod (Canuto and Isich, 1978; Jectlons D and ¥ telow), g fousd that
currently atailable obhscrvations on magritades, angular diameters amd 1adio-dun Go not

1

exclude a varying G of one poct in 10 per yosr,
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SECTION Ci STANDAKD TESTS

INTRODUCTION

Continuing examination of the optical and radio data for galaxies and quasi-
stellar objccle has net yictded a decisive preference for any cosmological model, The
indeterminism is ascribed to (1) the scarcity of data, (9) the superposition of selaction

effccts and evolutionary {rends of the sources upon the cosmological fnnetienal depon-

dence, and (8) the intrvinsic statisiical spread of the source parvameters.

“The obgerved parameaters available for vadio sources are appavent magnitude
m (derived {rom the observed dux 8), vedshift z, spectral index o, and anguloy
diameter ¢ defermined citber by interforometyy ox sointilfation,  Throaghout {his

paper it will be assumed that the redshifts are cosnrolopical.

The traditionn? tests are mi-z, G-, m- &, the volume tegth V/Vin, and the nomber

counts M(8), W(5), and Ny, Variations of these fests may he mode with the derived

wtc abeolute magnitude MOn, z), lincar dinveter {6, ), and bolemetric

quantiii
distance d, {(7) assuming a siven cosmological model but ave not differont ereept Ter-
o]

mally from the {asts with m, 6, ond o,

The tesls may be apoiicd to oplical or rudio data with or withoul ranking,  Most
of the tests applied o luster galiodies buve been applied to the radio dala,  Dahesil and
s (1973 and Burbidie and G'Dell (1973) heve found some trend althouvh of de-
bateble slope inthe w - 2 velation for radio gonvees using the first-ronk method, Flers
(1975 Urbine NATO Suower Schoely hiws investigoiod the (-8 velalicn, and Nagiiker and

Chitre (3077 Tote prepeinty have applicd beo statisiion] tests to G i mapping which 2lso in-

volve brea’ing ap the dula sots into haginosity elaaser, Le. a brightness vavking principle

b3



on N(g) is incorporated, Sandage (1972) has applied the fivst-rank metbod to the §- z
relation Tor clusier galrxies. The 6 - z relution for radio sources has been investiga-
ted without ranking by Wardle and Miley (1674) using interferometric angles (and in-
teipreted assuming there is no esteblished m - 2 relation), by IHowish, Readhead, and
Duffel-Swoith (1974) usiay scintillation angles, and by Readhead and Lengair (1975)
uging the scintillation index. 1t is the infention of this paper to repair a hiatus in the
family of testing Ly treating the g - 2 velation for radio souvees with ranking siniee

ravking improved the picture in the m ~ 7z test,

The possibility thit the surfice brighinesa-redghifl test may sceparate the cos-
mologicnd, evolutionary, and chservationdd offcets hag heon discussed by Poetrosinn
1976), Tinsley (1976), and Disney (1976). In the presont paper a funclionnt forn

-—\17 .
Y for D, the linecar

@ -+ z){"’ ie nsgomead for the abeolute Tuminouity L and {1 + %)
digmeater, A rvegreseion analysiz detevmmines the best goand typieal I from the
ranke? M~z {est and the best w oand lypical D {rom the vovked - 2 test for diffay-
ent cosmological models. he success of e model io judged Dy the poadness of e

fit,

The ronked 3-- 2z test is olso made aesening no cvoluijion in order to see which
pureiy cogmological fovmulation gives the bert fit, The wodels considerad ave the
tvaditionsl Fricaman volverscs with A = 0, p/pc = 2 4, = 20, 10, 4, 2, 1, ana .06
and the steady state universo, y, = ~-1.  Phe covvelaiion Diaclions of the ohserved € with

7 wnd of g owith the theovetical aagle @, whare ¢ is the hest [it of he 6 - 2 dain for

a gven comnolegical mwmodel, were also ugced as tests of the cosmaloginal 6 - 2 relation,

The probiam of the intrivsic varienee of seuree porameters in attacked by

searchine {or correlations among 2, &, 1y &5, ny, M, and o which roieght ollow

- ]
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selection of a subset with Jess intvinsie varionce. In fact it is the M - D correlation
which allows us to rank sources by their Iuminosity and thea use the first hrightest
second brighlest, etc. in the 9- z test and find a lesser spread in angular diamcter.
Comparative ranking of the scurces by g, D, m, and M is also used {o test the M - D
correlation. The correlation of diameter with speetral indesx allews us to obiain a
eleaner pictire ol the unvanked 6- z mapping hy choosing only the sources with flat
gpeetra; it had alternately been suggested thal steep sources would illustrate the
cosmolegical trend best,bit it appears that these sourees cloud the issue with their

evolution,

In ovder to investigale Twninosity and nnmbor density evelution problems und
seleeiion effocte in the dato set used, the vadio “Y/Vm test is presented and gives results

slatisiically closce to o5 or a wniforin distyibution. Graphs of M as a Tunction of 2,

of volume V oin sphere 7, and of V/vm as well as of V/vVin as a funclion ol z suow

however at Ieast sene preponderance of the dimuizy souccees ncur us which is not

sutlisfhcioriiy exwplainod,

1l

The -7 test shove the best Fit (@nd Jeast imphied heninosity evolution) for closed
models, I we nzsuiae no intvingic lnesr diamcior evolution, the 4 - » testin generad
shows the begt &t for the open miodels. Lis appoarent Lher thot no one tradivonal

1 f

deceleration paromater 4, fits hoth the m o and & dota without somo evolution or

sirong sclection cifeets, How if the universe is elesed, there is less recidual depen-

dence of the lusinesity on redelift but theve s o 1ot of rlum* rier evoluidor at cueh niph
g . Wo shall sec that the correlation of Drig h'v s with smell fincer sizes ie cven

othe D=0 reln

greabor al bigh g, than ot Jovy ¢ . and,usi fon and accepling 1he o-
O

idnal M~ o dependence, wie con predict in o very goacral Mmshion the 1) - 4 sdenee.




Since we are not considering the D - M relution to be z dependent al this level of ana-
Iysis, only a2 reduced dependence such as the M - z one,which is at least partly due to
selection cifects such as Scotlls (1951) and the superposition of optical and radio i~
tations,may need an explanation, Alsc at hipgh dy» the Magnitude vs Volume graph shows
a surprisingly uniform distributing of sources per unit volume. We nole that when the

D@y

dependence ic simultaneously found with the hest fit to the g~ z cwrve,
the best fitting 6 - z model shows no preference for high or iow 4, although the 4~ %
test without evolution gave favor to low Uy TE we choeose very open modcls, it is not
necessary to consider any great diamete: ovc}mmn hut there is a heavy Lumivasity de~
pendence on redshift and since the M ~ D correlation is reduced somewhat at low qo,
we can rely even less on this sourvce characteristic to explain il,  There may bhe othew
reasons such as the deuterium density and Mass-Luminosity Ratio, (Gott ct al,, 1974y,
1o prefer jow q., The main problom is the iwminesiiy dis lllbl'Tl()n. The 3 - v disici-
bution is undersiandalle; there may be just as mauy lavge diameters at hiph 2 o af
low 73 we just don't secn: then because of theiv Jow Junsinosity; wo see al small z
both larpe and sooall damclers. However the LI vs V/Vm curve shows o stighily
cioser disiribution of the dinmmnr sources than the hrighter enas and the M - 2 carve
slows a lock of bright sovrees near vs,  We may be in an cvelved "vacuole™ in o uni-
form universs,but the "vacvole! ‘\\'ould he Liager than the local superceluster or ahout
the size of the z~uisolropy region, On the other hand, wadding nue sirony sonree al
7 = 0, pulling curcelves in the middie of it, wenld improve the gr.a,ph. The g and m

1 ‘!

data yoight be i cconciled in o non-tradivionnd cosmelogy which shortoned the effeciive

Lolometlric dirtunces Lo the sonrees 1elative to the angtdar distuoces, making daiant

sources appest hrighter than expected,  Arothor pogsibilily is dial 6 is ped measuring

the metvice wodil of the same parts of the soveena ot diffcreat 2.



This preview has of necessity been very general,

familiar with the detzils of many varied but intercounected picces of evidence, they are

presented in separate paragraphs as follows:

I

1

viI
Vil
IX
X

P

The Data
Correlations
8-z

a) General

b) Flats

c¢) Ranking

M -2

Volume test

D - b

D-x

Spectral Index
Component Size
Seintillation Iixta

Conzelusion

Because the reader must he

Wy
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I. THE DATA

Two sets ol dati are used: that compiled by Miley (1972) and by Wardle aid
Miley (1975) with angular dafa given at 3.7 em and 11. 1 em (NRAO) and augmenied by
Riley and Pooley (1975) at 6 cm with the Cambridge 5-km telescope with flvxes given
by the 179 Milz (168 cm) survey ir addition to [usx und angulur data at 962 MHz (Stannard
and Neal, 1977), velerred to as the inlerfcrometeic data; and that reported by Recdhoewd
and llewish (1974) by the seintillation technique at 81. 5 MHz (368 cw), The daie ase

guite different for the fwo sels and so provide a cheek on cach other,

The bolometlric corvection lor ronthermal souvees is made according to tne
avgument given by Selunidi (1968).  Whoen occasionnlly no speelrad index wasg availoble,
it wus ealenlated from available data or arbitvorily set cqual to W71 (7 is considered
aboul averase), TFor the Tildey and Fooiey dota the speetiral indes is catculated over the
large vange of 5000 Mz o 179 Mllz., In some casces the spectral index had to be naed
to have it vulue of the fux wi 179 or 81,5 MHa, Howevoer no transhition of angles ro the

values they would appeny {o have at the new frequency was wmade,

Tie pumher of sousces in the dota sample used is designoted by "SET". oy
rauking tents the dote are placed in order of inereasing radshift and divided info bins
contuining 'N' members. The program was run for SUT = 96 (N = 12, 16), 1i5 (W = 23),
165 (W=~ 13, 11), 162 (N =133, 14), and 200 (N = 20) for interfevonictrie daty and lor
SET = 66 (W= 11y and SET = 31310 {7+ 11) for scintilintion date, providing a check on

the constancy ol the statisdes,

fa cvr deta bhe sbsence of small seiatilingon tngdes for W7 < 2 < L6 veporied

by Hewish ot al. (1974) is not in evidonce; the significance of the proviovs obscrvation



is doubtful since their sample does not include many small angles anywhere and the

present includes a few scattered cverywhere even at low z.

An attempt is made to take advantage of a greater mumber of obgervations
available today. However, the sarles are purposely limited to those sources for

which g, 8, and z are all known so that all tests are muade on the same population.
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I. CORRELATIONS

For any peiv of variables x and v a correlation Rinctioa »(x,y) is defined as

follows:

r(%,y SET Yxv - Ix Ty
’ ) ;
\/ (SET % X - mx X x) (Su'T ¥ y& - Ly Zy)

¥Feom ¥ we can fomn the fwction w = (5 2, ( —— ) which iz expected Lo
~ .

be normally distribuled with standard deviation SD = 1/./ SET - 3.
The covrelutions of the spectral index oo with vedshift 2z, linear diameler D,
absoluie magnituae W, wid obgerved Dux 8 are presented in 'Mabic 1 in terms of e

munber of siondord devintions. I appeara that a steap spectrem is eorvelated with

~.

low z, inivinsic Lrightness dess so for low o ) and lorvee lnear disiacter (mare so
b el A .n() o

ocst that one ey

2l

{for low qOL Tue o - 13 corvelation is subguantial cnouph to sug
pick eul o stbsct with 2ees infrincic D vavionce for the § - 2 fesl Dby using only souvcees

with chiogen gpecteal indieeg.

Table T alsce lists the D~ % and M - D corsendions. For the interieromoriric
data we tried vestvicang the sums o those soureas with D > 100 kpe because preti-

data showed small Mancicov sources with every Tuninowily

minary nepoetion of {h

and rodshift wheress the Jarge diamalor sources ware less appuarent a2 high » or

61

height 3. Thus we are nvestigating the vppes Yevolationary' bad ol the D disteiiue

3

tion, This diverimbwotlion aliows vg to avoid the regios of sclection where the aagle



subtended becomes unresolvable D(g = 1", z = ,28) = 5. 2kpe and DO = 1", 2 =23)
= 12.7 kpe. 1t is found that laxrge widih is correlated with dimness and low z (more
so for high qu). The effect is still present bhut Less pronounced when all scurces are
included. This properly of the sources allo."\vs us to pick out sourees with gencerally
smaller diamsaters and Jess statistical spread by picking the brightest for the 0 - 4

test.
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L. 6- 2 TEST

A, General

If we assume no evelution vwi find that o source with a typical diameter D in
kpe shouwld sublend an angle ¢ in arcsees given by (we tlake IIO = 50 km/scc/Npe

{hroughout this papern)

C a2
¢ = .03438 D(L+x)~/ dp

vhere d] is the bolomeutric distance to the source
.

e T i e (ST - )" 2
dy, “o t, A, 1) LV 2 Gy # 1 1 J /o

for I'riedman madels and

for Steady Slate model, I we vssume for the evelulion of the physical dizmeter a form

D~ @+n Y,

we then find



I is here assumed that the LAS (largest sngular size) ol radio sources represcots

the metric angular diwmeter since the holtest spots of double radio sources are often
necar their maxinvam diameter, and the component (which might have a lumminesity func-
tion on which to construct an isophotal anple - metric angle ratio) is only a fractlion of
the T.AS; 1t is the inner vegions which may fude out fivst and we just do not have yet

a good brightness law to determine the isophotal-aietric ratio.

We bhave vused the correlation of 9 and 2 to Llest the significance of the dota we
arc trying to fit und that of g and ¢ as a test of the goodiiess of our model, We find

that w(&,%z) =~ 5.01 8D, and w(®,¢) lov the various wordels jg piven in Table 51, In

veneral low densities are favored.

The abscrved ansular sizes 6 {for all sourcer are plotted as a function of red-

shift » m Figure I ond fitted assuming no evolution.,  We note t

hat e seatler ahoul
mean value of & at cach 7 is not constant; the "euvva' is ol varying width or vaviance
oo  This will ztill he true when we look ot only Jat sources. SUU we calenioie as test
of the fit vne statisticnl asiimete of erroy JEF = ./ ((0 - @)2/(11 ~ 2)) where ¢ s the
theorouicad fitlad ongle, © is the cxperimaoutad value idd oo ie the numrber of seavees
in the test. A low SEL indicoies a good Nt and uaing this ag eriterinn, low densitios
are lovoved (Tuble D). Tnmany Losts throughout this pepoer the SER »avy only siightly
from cusa to case, al waally in o consdsteoat menner as 9y changes and in the same

way for the many sumples vsed, wd so are presentoa,
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B. Tlal Spectra :

Assuming no cvolution, a fit to the 6 - z graph for sources with flat specira only
(@ <.7 and o < .4) is made; the case o < ,7 is prescated in Figure IIa  and the SER
are shown in Table Ill.  Again, the lower dengities give a better fit.  Just to make sure
that there is not less zeatter for flat sources than for all sources mercly becanse we
have less sources, we looked at stecp sources (o > .7 and ¢ > .85) and found we had
inereased scatter (Tigures IT L and 11 ¢). Since the steep sources tend to be the lavge
ones which tend to he even larger al low z thuun high z, their angles show an even
steeper drop with 2z then the flatsy this is probably why when there was oven less drta

than there is now and any set of angles which would show anaverage drop with »

seemed to support a cosmelogicoal 6 - 7 rela! Howae someiimas suggested that the
steep svurces be chosen. We see that this “obnly further entwines the problcms

of sclection and evolution into the seatter,

sh



C. Rapking

Thé ranking method invelves pulting the SET scurces in order of = into SEW/N
bins containing N souvces each still in order of z, A typical source is chosen from
each bin and s magniiude or angulc: size plotled as a funclion of the average on =
for that hin, In the case of the magnitude - rodshilt test, the fivst brightest (or
second or 1ifth brightest) source is chosen in general as typicaly in that ease, diseri-
mination is on the basis of the smne quantity (apparent magnitude) as is being investigoted
The first ronking rest was first applicd to clusters of pelaxies which forped natural bins
whereas here the biug contain widely separvated sourecs,  In this paper we will chaose the
typical sonrece as discussed below, make o Dest regression fit obiaining o typical diameter

and, if cvolution is asstwned, an evelutionary exponent w, and find the SEE f{or the lit.

Sirce EBaheall and Hills (19742 did not find their computer samphing B correce-
tion significant in their m - = test, such a procedure was nol imitated here. In [act
our fit of M - z, whick shou’d include cvolutionsry and seleseion offcets, shows a4 nwach

stronger » depondence than thely B correction and reflects the difference in results,

The Lin Lechniriae hoe Deen velined by adinsting the angles chosen to the valuey
%]
PR Voordt i . P oA o \ ]
fthey would have had it Joeatea b 2~ 10 whoere they ave plotted jasload of at
A A
their particular lecations,  Since Lhis did net improve the vesults, we have droppaed

this feature {yom the work presenicd here.

The “ests were run for @ variety of somple and Din clves withoot way offach ox~
cept hat when theie are fewer hing, there is o deceplively easivy fit,

VT

Tuble 1V shows the olled diomeler and SRET for vorious trials without evoluiion

ey
oy
<

and Table cognney wilh sveladion, Theae resudts wore obtained hy choosing the



sources with the first brightest (then second throngh [ifth brighiest) absolute magni-

tudes, designated by rank R=1 - 5.

Before discussing the results, we note that we repeated the -4 choosing
sources by apparvent bolometric magnitude instend of by ehsclute Covles If the
objects in the bin were all of the some redshift, there would be ne ~nen in the

apparcat and absolute magnitude varkings; theeelore changes in the -sirees chosen
would he a eommaent on the effectivencss of the z grouping in bing of objeets which
are nol physically associated like cluster galuxics, The result was that almost the
game sources were cnosen with more chonge in the fainter sevies where the mugni-
tudes ave not so dilferent frow o ..(h other, and the angle of the newly pieked sotyee

Aidn't in general improve the § -z irend. ‘Uhis reports favorably on the 2 myrouping,

Tor similer reasons woe tricd choosing the sources representing the Dins by
their angular diancters thiemselves sinee his ie a closer analegy to the m - 2 bin
method where the beightost sonrees are chegen and brighiness is plotled. Whobhor the

largest or filth levgenl cquonsar can serve as o stavdusd moaswring vod iz opon to at
. 8 < 1

Jeast as mach digoue sion as whother the et or 00 brightost con serve as o

>

siandned candle. At ary rate dserimination by € itself did not clinge the resulis.

“Asg in thoe case of diserinninetion by pisendades there wmay be some difleronce
ir nsing 8 (@ngular diaster) or D Jincar diermcter) os o widih dizerimonnnt beouuse
dhe 2z bing bal a trial dicervimination by Hncae diametey did not
chance the result. Even vithin o bin, the order of gevcces (arpest to {ifih Yorgesi) by

PARe r :

angolne dianwior s almost the came s the M ozourecs By linewy diomoaier and ihe

order of sources Ly appuarent bolometric rpagniode (frad to L0l brighlesty alanst

sam? 28 the order by abzolute maguiind.s,

e
Ch



However, if within a hin we rank the sources hy size, we lind that we are
choosing dimmer than average sources, Conversacly, if we rank the sources by magni-
tude, we Tind that the brightest sources ave smaller than average. This corrvoborates the
M - D correlation and occasions the elhoice of small sources when woe pull oul the first or
filth hrightest {or the bin method. Tu this way lecs evolutionary trend (wide sources at

low 2} is expressed in the g- 2z graph when it-is vanked.

Disposing of these scrupies we present an example of a binued 8 - z without
cvolution praph in Figre (I, Table IV shows that the SER arc usunlly smaller for
low densities when evoiution is not included.  With evolulion, Table V shows no con-
sistent U, preference of the SEE's. 1 we exclude the nearcsl sixty sourccs frory our
sample (ST = 140, N = 14), we find assuming cvolntion that the brighter ciusces show
marginzl preference for the closed models with the diometer evon increasing with = fov
some cnses, bul ere w o deesn't change monotoujcally with Ge ine typicai Jdameters
for the non-local sct are murh smalloe than those for the tetal sompic as mighl be

surmiged.



IV. M-z

e i R -26 2,
Lt So be the ohgerve wagnitude in flux waits ¢u 10 77 W/m7/ilz ond

1

S = So(l + '/,)CI - he the Lolomcivieally covrected flux.  If we assame that the absolute

. . . ) o
himminosity of the source L varics e LO(]. +2)*  then the ahsolute magnitude of the

Mu =M -~ 2.5z lg(l + %) where f is the observation fregnency in

m

standard LO i

L1z sand the absolule magnitude is M = -2.51g ({* 8) - 5 lg d - 12,688,

Figure IV shows :r}.n;oiute maguniiuds as a function of redshill. Tlere we showdd
sec a combination of scleetion and evolutionary effects if the maodel usced in eonputing
M from m is correct. If the cosmolopgical model iz inadeqguate, we bope to distingnirh
the discrepaoucy. The graph showe thal M hocomas beighter with 2 as capected from
sclection. The dimmosi gbrolute mognitude neccssary to obsarv_e 2 &u ab coamological

2z was plolted sad he dala follows the curys very vwoll as expeetad since L apeead of

M -z plotinithe M diveciion is a falvly upiferyy band {instead of narroving mroledly

with increasing = os expected) sad th same conetion raiscey the obscrved tiux and the

2 6u . But il is endy Lhe lower hound of tie dato which we expeet to follony the 2 eu line as

long as there nve no dim sonvees missing,  The Scoty effeet (1051) §s especied Lo 1L the

g
Tower vidues of M oar hizh v, pot decveaze the vpper volues of M oal oo o if all bright sowrees

veed n

ave assumad (o be known for emall 2.0 There is o curious local puueity of infringfeally hright

ohjerts, ITiveu 1) Lhe average foen) brighiness were Jower, we should still see some brighier

1
1

Aear zources. The uniform widih of thig corve might Do (ahen as an arvgiaent for ron-
cosmmsleoical = oor anon-teadilional cosmolory in which the "effoctive! bholemetyic

digtarnes, which relaios m oand M, hos only o owenk 2 dependence.,

L

w



A best regression fit of M vs éa2(1 -+ 2) for all sources shown in Figurxe V in

2
terms of the abgelvte luminosity resulted in I, = 13%(L + 2)4" a3

= . .t\
L= 121(1 + 7> ¥

for 4y, = 1 and

for q, =« 03. The function L ~ (1 + z)‘gis steeper for low Ay

An ¥ test on the variances for d, = 1 and G4, = . 03 shows the values io be
sipnilicanily different at the 1% level for M indicoting that the cosmolagical modal is

not swa.nped hy variance in M.

A by-product of the bin technicue in 6 ~ 2 is an applicatioa of that sam=2 nieihod
to M - z,investigated by Zolov and Davidson (1673). The analysis gives some preju-
dice in fuvor of luninosity evoluiion, The tables under Figure VI ivclude the ahsolite
magnitude of the first through fifth brightest sources in coch hin with its given hin
average log 2. We sce that M generally increnses with <lp z>  although not woso-

tonically,

We have need these binned valves of B to it T, - ]'..0(1 A Z)g and M o anl ¢
and the STE of the §it are shown in Tabic VI and Tigure VIl We seo thot the bost {1t
and lesst avolotion is indicated for high - For 9, 7 10, vonk 3, = 2.5, Ior
qo = =1, ronl 3, g = 6.3, Thinking thel this high value of g (which pevsisted at ehout
-2 Jor g, = 40 aud 50y might be cue to Tocal behavior, trinls were made for the Inst

140 sources of the SIXT = 200 sormaple with N = 20; the ranked fitted test yietd a roduced

goof 4.7 for g = =i, 1.2 fovr g = 10 und .8 for q_ = 40.
* [¢) o Q .



V. VOLUMIE TEST

Assume that objects with property (V) are distributed uniformly in space with
dengity p. Tlere V isg the voluuwe of a splhere with an object on ils surlace and an ob-
server at its center. The nuinboy of objecis foundin V is N = pV. Assume there is

a liwiting fm  corresponding to Vi and N, hen the average <[>/fn =
N
,.I\m
(1/fm) J f N/ Nm.
0

. n . .
For apowerlow [~ V', woefind <{>/0in=1/(n+

W i= Vitsei, n=1 and <V/Vin> = 3 iz expected fov a woiform distribution,
so 2 test of unifovmity cousists i forming Lhis averege vhaere Var is the volane cos-
responding (o an ehjest-olscrvey bolomeirvie distanco .'i.[_ such that the obsirved tadi~

Skl

ation v fvom ‘il‘ . would be Soi. the Hmiting {lux of the curvey averagoerl,
P

We berd foliow the procedure Taid ont by Sendage (3561 snd use Wegiein's
jterciion scheme, We hove ealevinted the staii dical estimate o error:

2
Sinls = JA{r(V/Vm - < V/'\»'m 2y SEVSRT - 1))

v

since il gives o phyvaicad feeling of the dispersion evon thoeeph @neh o pavanccter usually

describes o normad distribution and our bugie physical asswaption is thal the values of
V/ Vo would he spread out evenly from 0 to 1 oud this hus furned oud 1o not boe jpeon-

sigtond with the daio,

The resulis are presented in Toile VID awd are finaty Tovorable to the hopathe-

sis of veiformity.  The veader i worned (hat Liis

the redia average and the optical

aver-ee ig higher for optically Hmited somplos.
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Unfortaiately the test ic very sensitive to the choice of 4 mindimum flux w
great earve must he tuken if one dares to mix surveys as we bave done here. We have
chosen the minignan fax o he 230 for the inlevferometric set and 420 Jor the
scintiltation get.  These values correspond approximalely to the lowest valiies ob-
served in the sets and survey lower Himits. We nole that only the region 6 > 77 is
not coverced by all surveys used aud we did not include any souvces from this avea.
Our sample is thus complete only in the sense that our data commes frem overlapping
regions of the survevs. It is incomplete in the sense that it selects only those objects

for which angultre diam 2leve and rodshiils arc svailable. The superposition of the vis-
)2

ig ordy the

o~
o

ual magnitvde selection upon the radic gelection cen lower the V/vm, I
imprebelility that ol these hmpropriaties should combine to give sach happy rosults

which epeaks iu their favor,

We Lave plotted absolute magpitude M ovs velume Vo(erujtracy units) in Fignve

VIF becanse an M o~ 2 gragh sives the small Toosl volume (oo mueh visnal importance;

P>

quite aside rota the Seolt and codio-uptica) swevey Lmitation clicets, it i noere prob-

ez owhore there nee more sourcees (volunwe) than at

able we find o bright sonrco at

low z, and thiz can Le effective aosaming & rether Tevw over-ull density of bripht

)

sources (McoCroea, 19¢8). The M-V plot can he read to form numboer densitics

<

o= AN/ AN ~ad v ANV albeit encumbered with selection effects, The

1

gross v odeclines ordy slowly with Voo This, ol course, covld come nbout divecily

from a secular decline in sonryee density Lonsuir & MocLonadd (1969), oheorving ilie
7 \ b i

1

prependerance of bigh 2 obiccie and nssuing the Lright sonrees to ba youss, cuantificed

2D .
this by« soarce Livthrale decressing oo perhops (1 o+ 2) with no souvvress eroeted

priov to n - 2005, GV could 2ise vesult froem o1dy a ol imprebaio

docrevse in pGly with M, a decruagse howvever widch cannol be segn from the ompivienl
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(M) divectly. Similuxly we have ploited V/Vm vs z (Figure VUHI) and M vs V/Vin
(FPigure IX) and finally in this slice, the local paucity of high magnitudas apperrs

much less importiant but cannot yet be suid not to exist.



(2N
w2

V. D- M

We have already noted the association of Stall Mncur size with brightvess by

means of the correlation function. The assceialion is even closer for high G,

Even for the components

1O

Mackay (1978) has noted thal of two ouler components,

]

the brighter is usually clozer to the center, smaller in linear diexieter and flatter in

spectryum,
Figure I shows a graph of D~ D fov a, = .03.

Tor all sources (ard also in trials with D > 100 Lpe bat with bavely ¢hauged ve-
Ss) we have found by regression the best linenr, D= Cl M Cz, hyperbolic, D=
034"(04 - M}, and exponenticl, D= C5 ]_.._f fits. These ase presented in Table VIIL
(When restricted to Jarge D they vepresent only the upper evolutiopany banag. Noflel
(1948) predicts 0= .33 for a spectral indor of .75, and at that tirae 33 was thought to

be low. Our [itied { ranges iron L8306 (¢ = 10) to 083 (g = ~1).
' ‘0 / o

Ykers (1875 N/

"0 Snmmer School, Urbino) hag reported some success with
the G- 8§ relationship altbongh data sets bod to Le matched ond spzetral indices tenus-
latc(ll to 21 em. De reporis ihat the data Motien oul (oo minch at low § meening that the
g for dim & are too large (Lo fit the cosmology but not recessarily in themssives), I
these S arve dim becavse M ois dim this may we an indicnten that D (and thevelore 6)

is Jarge for dim M. Howevay, to he faiy, il m is dim because 2z is large, the siiu-

ation is not supportive of the D - M corvalation haeause we vsually eoienlate:



D~ d B/ (1 +7)°

and
2 )
L o~ (lL 13

implying

or

s76% LY et .

Tor

D ~ Iff

we have

2 -1/1-2 ~4 I AT
5/00 ~ D e (1 -+ ) Yoo LI . A+ ) !

i 2 ) .
What Ekers found is (Lat the 3797 may be sinnilec thon cxpecled from pure cosmalog

at high z, wicre boeaver Lods laege and b is siandl and the sovvee propertics might

be expeetaed to prolie the ratic evon Laxger.,



We remind the reader that ranking within the bins made for the § - z and
M - z tests indicated an M ~ D rclation, Mowever, such a relation fails to appear

in an expecled decrease of filted D for each Livighiness class.
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VI D-z

Tor the interferometric data w(D,2) inercased from ~1.373 5D (q0 = 1) to
~1.679 SD (qo = .08). Tor the steady state case w(b,2) i3 -2.346 SD.
A negative w(D, 2) is equivalent to suying that geometyically extended sources are

characterized by Jow z's.

Figure M shows the linear dinmeter ag a function of redshift ascuming a
cosinclogical model.  Yor the interferometric dofn there is a geacrul decvease of D
with increasing » even though small diameters confinue Lo ke present at all values of 7,
The curve representing the angular rescolution Hwmit lics so low on (he seale of ihe

.

graph as not to ha discernible.  This javesfigalion tries (o Jit the upper data points

which vary with z.

A goap in the Enear diemeicr distmbuliva hebwoon 186 ma 210 Jpe in Mley's
ata, Tound simmificant at the 4, 4% Tevel by Reinhart (10672) and Giccussed hy Vaa dey
data, | 1 sigmili at the 1%, Jevel by Reinhas 672y and diceussed by Vaa des
Lruwit (1674 and somiessdol prescint in this larper intericroaetrio sampls, s ohaod
Karuit (1674) 1 ! cint i ¢} Vi 1 rosacirio sampls, QR
in the scintiilation data ¢o 7 diametorn giving waight Lo the hypoibosis that its caiigio

is obscrvationnl, I fhe livear size gop were real, Lha immadiohe suggestion would be

that evolution in this region were Tast,

If the cpall D ab low z were a projestion offcet, we wouldn't expeet theso sources
to be brighter than the lurge Do The projection 2ifact is not Iikely we b a stron; factore ho-

cause thers aven't {oc many smwall projections v on ceswaad rondovd orvienintion and

thare arve velatively mony small counces in Lo data,

e disteibaiion of Hneoy dismeters with rodabi % wag pavtitioacd for a sumyple
iy R

2 ; - . .
O(with Yatea correction) snd variance tost {on SEC = 130, The tesis show the laal

of many dirmaeters cecater than £00 Lpe for z o= 1,25 to he statisticny signilican



If we assame that the large sources at high z are as faint as the large sources
observed at lov 2, thoir absence at high z ig unlecstood because they could be as
much as b magnitudes fuinter than the 2 to 12,5 3u's observed at high # in our sample
and thev would thus Le near or below the Iimit of the survey used., Their abzonce hy
selection makes it difficult to dutc:‘:.‘"minc if the =ourcees were uciformly produced in the

past.

Using the theorelical shsolute magnitucde corvesponding to 2¢8u and a given z
and the D - WM [its we have consirucied the shape of the upper D - » distributiou. This
is shown o Figore M. Among other couses scloction certeinly limils us {o hripghier

sources which tend fo be the onos with small lincor sines.

Table V from ihe ranked @- » test already gives us the cvelulionary cxponent

w., Raik 3 (he first Lrighlcsl) eives wuch o anl o w than otbere, A sopacatc deter-

mination of w, using all sources is shown in Tignre XTT where wea bave plotted

: ; : T™ R T ~-1.68
D ows Lr (1 v vy, Torall sovrees we find 1 18T 3+ 2) kpe for ¢ = 1
(¢

-1.37

(compare withh w ~ .5 to 2.6 Tur binsy and D= 178 (3 2) kpe for Uy 03

(w =, 6 to 2.3 for bins)., As expected, w is sroaller ior Jow .,

Tanle IX shows the prodicwd wool vavious radio scuree models.  Assuming

br)

that guusars are aseoviated with carly paloics, Hills (1977) has cadeulated theic op-

mation times ac ¢ imetion of mass, Using hic copregsions fov o galactic igothoyomad

sphere with @i inverse square deca ity digtribution, ve find the radivs = M/ = 0,45

. e e . =8/ . .
Lkpe (t,,,/to)n For G, =9 thig yiclds v = 4,45 koo (4 + :ar) 0 s could Le the

adivg of the souree eompornnnis, H thoe gonver ovgorl angalae sive D goca s thae

o
e

scuare of the corrponent sive (Cf, Part T35, then Do~ (LA 2. Wainelude this

prediction i Toabla TX,



The theoretical exponent coming closest to the experimental values is w=2 of

the Christianscen radiation limited, BO constant model,
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VIII, SPECTRATL INDEX

We cxpect thal the more compact sources have higher mean apacity and higher
magnetic fields and consequently higher Iuminosities and flatter spectra (c¢f. Moilet,

1968).

In addition it can be shovm that if a power law spectiam

s =1 () My

is assunmad Lotween \1I and V}I' and if halfl the power Q is emitted at v < W and half
A k4 o

the power Q is emilted at v >, then v, is bluer fur the same v T end Q for a
‘ W]

Aot speclrom (Ban a steep onos

2 - - 2-0 2-q O g
: - v = v - v = Q2 - ey v /2T
Y * * L Q@@ -a) v /2T)

Ag v increases and we gee ordy the brighler courees, we might expect to see bluer aad

Tlaiter sources.

We alxo note that sinen

res . 2 d-a,, 1o
B8, = Wy, /) @y /(L)



flat speciral indices can raise the V/Vin, If uniformly distrilated, the flat sources
appear weaker than the steep onaes after the bolometric correction and obfusedte the

corrclation w, M).

T}m datan support  these expiatations, The steep spoetra ave associated with
Jow 2 (~1.313 SD) and apparvently bright sources (2. 832 SI) and large sources (more
so for low qo) and intrinsically bright sources (fces so for Tow qo). This is conjoined
with the association of lavge dimensions and dimness (less so for low qo). Figure

XML is a geod iMustration of we,D).

We have alveady discussed the reasons for using the flat sources an'l not the
Y L

steep ones for the - o test,

Pacholzryk and Seott (3876) nole in suppert that in head tail souraes, afler a

nuinjimemm in slope (hear o ez iaximuam and pelavization miviroum) the opeetre seem

to ke stenpor oid dmmar as one maves down the il awny from the head, A discussion

of the yize in o in the Lridge between two components of the suine sonree can be found

T

in Gopal-Krishio and Swayus (0877),
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IX. COMPONENT SIZI
The angles 8 we have been using arce reported as the angular distances across
the entire width of composite sources. Representing the average angalar width of the
several components of a source by ¢, we have taken 42 sources with reporied 8 and ¢
from Miley (1972) and arranged them in order of increasing 6, placing them in 7 bhins
f 6 members exch and Jorming the average 9 and ¢ ineach bin, A rcgrcssion fit for

-
. - J
these averages vieldad ¢ ~ 8%,

I scems that the components as detectablie regions do nol expand as fast as the
whole soures, This cuestiion shewdd be re-examined as the resclution of the components

is improved.

The ¢ were guite clearly an om dreical function ¢f 6 whoereas there woo uo

obvious dependence of ¢ on u,



X. SCINTILLATION DATA

The foregoing remarks apply to the inferfevoinetvic data.

In Figure XV we show the SS scintillation angle plotted against 6 interfero-
metrie cngle foir those sources which occur in both our sets. A correlation test for the
two angles was performad for the 50 sources common to both sets. It was tound thot

= 0,396 and & = 0.198 = 1.359 S0 whove SD = .2146 indicaling somewhat less than

brillinat agreement,

Yo find that steep spectral indices ave corselaied wilh large width bot pocrly
(whereas the interferomatrie picture was cleary and with apparent brightness (570 515
and with abigelute Lrizhtnese (ess so for Jow ) as for the nterfercmstrie datn hut witp
high = (3,02 8D instead of wilth 1ow z. Therclore, we coupare a pict ol o ve o few
scintillation deta (Pigare XIVe) with the same for intervfersmctric datu (Figure 2.
In the fater case «ll aveas of the graph ave faivly well covered, bul the former cane

reveals omarkedly increadging ubsenca of [Tab sources,

Weo next sce that the covrdation paracics w(d, ) is only -451 8D and w{g, #)
favors the higher q, (ond not thedovor q, preferred in the interfevometsic case)
at this lovel of incignificauee, Intrying Lo {it the 0 - 2 curve, we can't uge the ilad
gpectrun: sourcos heeanse there arcndt any ab kigh ¢ Using the steep sources aoes

not produce even 4 trend.  Bhming tie sovrees pruduces o had {il which is ogain

"hoter? For hieh e

Faithiul to cosmalogy, wo describe fhis © hebavior as a corvesponding Draadiy

scattored dependencs of linear diameter on vedshift, o find wi(D, ») associules
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breadth with high z. It inereased from .107 8D (q = 1) to 2.460 SD (qo = ,03)
;xdth 3.805 SD for the steady state. We note that flewish, Readhead and Duffel-Smith
(1974) and Readlead and Longair (197 5) obinired indication of 4 corrclation of small D
with large z for scintillation duta which is not oblainakle from ouwr seintillation dota
but would be consistent with the intericrometric dala. Regression fits of €rn D vs

gn {1 +z) show the sume dependence, with stecper slope for low Uye

Also breadih of sowrece was positively corrclated with Drightness (more so for
low qo) it contradiciion to the intexferemetric case and mast source models,  Of course,
other factors may enter; Roeder (1979H) desceribed the absoence of small D at nighv 2 in
connection with & maxiwmm in the bolomelrte distinee even lor Low q, bheemise of in-
homogoncitics. Tlowoever, the correlation itself is contestalle, Tlewish et al. (1673)
stule that strony sciniiilaiors have high mincsives (Readhend nud Longair, in press,

LR

Mon, Not. LAS).

In way of lemporary cxplanation of these conflicts, woe sugest that we are obser-

w

ving ivercasingy ntoen and intrivsically browd soarecs wilh lvereasing 7, svanping e

6~ o relution; and this might cccar if wien z ig smell, components ({daf) aay be the
right size la scindilatle, and wher 3 is lavpe, toial composile sourcas {sloep) may be

the vight size. Aprarent growib of D is cuhanced if ¢ /6 .

Yinally in support we nefe thet whon we ndded #4 mestly low 2, low § sources

‘y
v

to the 60, W0, ) jurped lo -1, 518 S althoush the groph ¢~ = still Jouked Jike a

scatter diagriam.
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XI, CONCLUSION

The 8's decrease with increasing 2 as though q, were very low. Howcver
at leust some of the drop in 8 with z is duce to selection effects and the civcumnstance

that absolule luminosity and linear sive are inversely correlatoed.

In contrast io the 9-z behaviev the magnitudes deerease with z as though dy
were very high. 1t might be thought that by accopting high dy and Lmitaling § by
seleciion, the posiulation of source evolution could be avoided, However we ha o
maanipulived the data fox G, up to 60 and even there we have found an evolutionary
]uminosii.j' exponentl of about 2 at 4, = 50 and the persistence of the lecal paucivy of
bright sourzes in the m-z and M-V distributions (although it becomes enlirely incig-

nificaat In the M-V disteibation),

Thevefore within the framework of a homoeencous Friedman A = 0 model, it

seems necessnry o nciude source evolution althoogh less of ivin a closed universa

thap in an opzu wniverse. The very existence of larse seale sourec rvolution rules oul

the simpler versions of the sleady atnle theory even if eventunlly we [ind objects vwhich

might be used ag stan® o 0 candies, o, g. compononts with a "signatuve” identitying onc

point of th2iy develepimient.
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FIGURE CAPTIONS

Angle vs., Redshift. q, =,03, SET = 200.
Fitted DRiameters = 210 kpe,  SEE = 52,
Angle vs. Redshilt for {Tat spectram sources.
o< .7 qo = ,03. SET = 200.

Number of [1al gpectrum sources = 97.

Tiited Dismetler = 241 kpe, SLE = 63.

Angle vi. Nodshifl for steop speetrom sovregs.

o> 7. a, = .02, SET = 182.
Number of steep spectruim sources = 102,
Fitted Diametry = 192 kpe, 88D = 50,
Angle vs. Redshift fory steep specirum sourccs.
o > .85 S, = L03. BT o= 182,
Numbev of stecp speeitwn suurees = 19,
Fitted iXameter = 187 kpe,  SKE = 33.

<1

Angle ve. Bedshifo jor rankod sovreos,

g = .08, ST =182, W= 14 Ranly = 4,

g = .03, ST o= 1862,
Absolute Magnitode va, f0 (34 2).
g = .03, SRV = 182,

(6]

Regression vields o boest fil

M = =5.80 22(L 4+ %) -16.7

with 818 = 1,15,



Figure VI.

Figure

Figure

TFigare

Figure

Figure

Vii.

VI,

IX.

Xia.

Abgolute Magnitude vs log(l + z) for ranked sources.
Yy = 10. SE'T = N = 14, RANK = 5.
Regression yields a best [it
2.1

M = -16.6 (1 + )
with SE = (595,

Absclute Mapuitude vs. Volume,

q. = .03 SET = 200.

0

This figure shorld be compured with Figure IV.
Radio V/Vm vs. Redshift,
= ,03 31T = 182,
Alsolufe Magnilude ve, V/Vm.
g = .03, SET = 200,

o

Thie figuee sherl e corapnred with Figeres (Vo nad Vi

Lincor Diarmcter ve, Absolute Magnitude,
g = W83, SiTT = 182,

)

Linene Dameter vs, Rodsbift,
. = .05, SET = 182,

0

Lina shows dinmeter of lowes! Twminosily source ohscrvable al o given
yedshite for oo swrvey Himit of 2 flux unite asstning the best exponential

B BE 7
digmeter-huaaivazsity it Dope)y = 14076 1 - i3 (watts/m’y,



Figure 23b. Lincar Dimueter vs, Redshift

g, =1. SET = 182

¥

Line shows diameter of lowest luminosity source observalle at a given
redshift for a survey limit of 2 flux units assuming the best hyperhotic

diameier - absolute magnitude fit Dkpey = 74.3/(16.3 + M),

Tigure Xlla. & Lincar Dizmeler vs. Z:(L + 2).

9, = .03. SET = 182.

Regression yields a best fit

fn Dpey = -1.37 dn(l 4 2) 4+ 5.18 with STE = 1.60.
Figure XM, & Tdneay Diometer vs. 2:(1 4+ z),
Uy = 1. RET = 184,
Regression yields o hest i
Gn DHkpe) = =1.98 (1 4 7y + 5,20 with SERE = 1,69, DNote that this case
with higher o  is steeper. i, ¢., looks more evolulionaty, than cuse a,

L
hut scattery i« dominanl in bolu cases.,

Figure XNif. Spectrel Index o ve. Liancav Dlametor
g = =1, SBT = 200.
o
Cuse G = 03 looks similan bl to Lo pexfently fair ot lecst one of the
sample coses presceuted i this paver should be from the steady ntado
model.
Iigure XiVa,  Epcoetval Inder o va, Roedshift {or Infeifevemetrvic Dt SET = 162,

Even thoush theve is a nen-wevo correlulion coctiicient; w(o,2) =-1.3

S DL, e dinprom shiows cnormcus seates,



Tigure X{Vb, Spcctral Indc-x‘cr. vs. Radio V/Vin for Interferomelric Data.
4, = .03. SET =177,
This figure amplilics Figure Xiva beeause there is a dangoey that bright
component sources may be solected over wide double sources as 2
increases.

Figure XIVe. Spectral Indext o vs. Radshift for Scintillation Dafa.
SET = GO,
lote the increasing abscnce of Jow  specleal indices with increasing
redshifi which docs not occur in the interfeirometrie data shown in
Figure gifj_:l .

Figare XV. Scintillation Angle ve, Inicerferornetric Argle,
Corrcluation Coeflicieat = r =~ 0.196.
Normally distriboted cosTicient = w = 158 = 71,359 &, D,

Tigure VI Anle vo. Redshift for Seiatilhntion Dala

a4, = 100 SET = 110.

Tegression yicids o "hest
. . 081
Dpey = 168D {1+ 7) &

with SEE = ,L20,
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TABLE I

CORRELATION w IN STANDARD DEVIATIONS

wo.,

.48
2.32
2.18
2,710

2. 02

1.88

wa, m) w(M, D) wlD, )
- . 892 1.81 ~-2.40
-1. 17 2.41 -3.11
-1.46 2,73 -3. (4
~1.07 2. 88 ~3,91
-1. 44 3.02 -4,20
-2. 36 3. 17 -4, 57
~2.71 3.23 -4, 82
w,zy = -1.31

i

9
o]
2

w(,s) = 2.
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.03

+ 49

REGRESSION I'[T OF ¢ - 7 XYOR ALL SOURCES

w{b, )

7.02
6. 97

6. 93

TABLE 1I

SEE (no evolution)

54,21

53.80

ST (evolution)

6G. 08

566,06
56,07
56,10

66,22

s



TABLE HI

STATISTICAL ESTIMATE OF ELRROR
OF REGRESSION 1T OF g~ 72

FOR o < .7

dy SOE
-1 64. 62
.03 65.18
.40 66. 09
3 GG. 8O
2 67.72
5 69, 03

10 69. 90



R g
Diameter
1 sprp
) Diameter
2 SER
Diameter
3 SKE
Diamator
4 5o
Diameter
5srE

Fitted Diameters to Dins for 5 Brightness Classcs R

- 1.00
150.408
4}.484

508,885
23.007
481.737
28.8061
295,867
43,535
366,531

31.942

TABLE IV

Without Agsuming Evolution

Set =182

0.03
142,919
40.051

45} .409
30.638

426,665

35.150

e

’

20

323.395
42.294

3
-4

254,
7

-3 O3

C

0.45
132.84¢
40.431
397.90]
27.790
386 .819
39.810
216,403

0 2 Q4
JKJ-'\()O

307.464
42,476

3
45,6062
199,514

36.121
259.596

45,857

0
jor4



(O3]

Uy
Diameter
STE

w
Diameter
SEE

VV
Diameter
SEE

w
Diametor
SEE

W
Diameter
5L

o

TABLE V.

Fitted Diameters to Binzg & Drightness Classes R

Set = 200 N = 20

-1.00 0.03 0.49 1.00 10.00
59,083 58.286 60,21 59.683  42.058
42,881 42.874  42.883  42.88l 42,672
~0.952 -0.554  =~0.169 0.048 0.640
415,285 405,564 418,961 415,284  274.077
22.387 22,413 22.375  22.387  20.951
2.099 2.497 2.882 3.099 3017
248,741 389.831  503.125 498,77 350,618
39.971 25,791 21.616 21,672 27.131
1.546 1,770 .389 2.606 3.779
237,935 250,457 258.562 256,295 171,998
30.8206 30.79 29.276 29,200 27.54l
0.313 0.715 1.462 1.679 2.367
383.110 357,615 295.886  1el. 816 53,684
20.629 22,676 26.276  44.053 41,860
0.983 1,418 0.267 0.373 0.722

20.00
33.896
41.999
0.782
260,479
16.083
3.240
285,572
27.746
3.933
134,851
26.973
2.430
TG.021
75.370
1.627



(%]

Sk

TABLE VI

Fitied Magnitudes to Bins for 5 Brightness Classes R

Set = 200 N =20

do -1.00 0.03 0.49 1.00 10.00 20.06C
Magnitude -19.,115 -19.031 -19.07 -19.042 -18.260 =17.780
See 0.704 0.6%9 0.723 0.724 0.692 0.681

a 5.744 4,907 4.255 3.842 Z2.490 2.216
Magnitude  -18.501 18,445 ~18.482 -16.451 -17.657 -17.180
See 0.407 0.375 0.380 0.368 0.282 0.260

g 5.781 5.001 4,225 3.796 2.43] 2.153
Magnitude -17.928 -17.850 -17.912 =-17.880 ~}17.095 -16.622
See 0.284 0.3%1 0.414 0.455 0,414 0.398

g 6.074 5.311 4.550 4.133 2.775 2.4499
Magnitede -17.855 -17.818 =17.933 ~17.901 ~17.05 ~16.562
See 0.436 0.461 0.528 0.57%4 O.Ju, 0.470

g 6.030 5.193 1,521 3.904 2.627 2,374
Magnitude -17.822 ~17.718 17,757 -17.754 ~16.,954 -16.510
See 0.491 0.481 0.512 0.532 0.534 0.523

g 5.772 5.008 4,35 3,017 2.527 2.215



q

.03

.49

TADBLIL VII

VOLUME TEST

V/VM

SEE



TABLE VIO

D~ M (all sources)

Yy = C_M o+ = (O D w0 -
I o= (.,11\1 1 C2 D (‘3/(('4 M) D (‘,)L

C C C. C C.

1 2 3 4
28.8 7o 193 -19.4 445, 4
28.1 768 155 ~18.8 1,175
52.0 80Y 94,2 -18. 5 3,177
32,2 2308 71.3 -18.3 5,458
83.3 774 55,8 ~18.0 9, 354
30,8 677 26,1 ~17.4 16, 088

27,3 571 25.6 - =16G.9 18, 806



TABRLE IX

" PREDICTIONS OF w

Cllrlstlulnr-{}n
cf. 4 . . . 1% Cons: {u“ll- 11 (./0 1LAnt
I;.J(-L..l)lkl .Lu" 1 lidt-l 01 0 > [e)

Expansicn 3 3
Radiation 2.75 2
Conspton 3.75 6

Rees & Felbli: 1.5
De Young: . 8

ills Model: 3
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111
SECTION D: SCALE COVARIANT TESTS

I. INTRODUCTION

In previous papers (Canuto of al, 1977, Canuto and Hsieh 1978b; bercalter re-
ferred to as papers I and IV resp otively) the theorelical structurc of scale covariant
gravitation was introduced so that geavilational phenoment can be etudied in atovaic units,
asswmning quitc gencrally that the gravitational and atomie dynamicsl units arve related
through Lhe scaling function for), I svas emphesived fhat Dinstein's theory of gravitation
remaing unalleved i7 ope linits oncescelf to using gravitulional clocks,  Mowever, when
obsorvations are inade and recovdoed with atomic instruments, oue goes beyond the realm
of purely grovitational dynawmios, The function PO was thus explicitly inlrodnesd o
parometsize our ignorance ol ihe correct coupling of gravitution to atomic dynamics
over larpge cosmologieal scales. I vas argued that any variati \)l‘ of the gravitutional
constant G st be interpreted as o rolotive variation of graviinticnal md atomnic
dypamics.  Fusthermore, cuch o vavialion does nob conlradicl the veproved oxperimen-

tal conlivenation of Dinsiein's penceni relativity,

Aloug wilh the new formnaticg:, we derivesd new conservadion s which munt be

o dndeel, the inconsislaney of

adherod foir place oi the standerd v m i

studving the effeets of varying G with the impositica of the siandord conger vation laws
.

aag been repealedly poinitedt oul (ree e, tnils work, Jecbion B ), A caroelu
cxaminaiion of the thevmodynamic Jows consigtont with the scole coveriaut gravitation
was wiven in paper T, where a scomi-clussical descripiion of puriicies and plhotong in

terms of the ganmetol al parametors of the sesle coven

fnnd theery cun bo Iovud, 16 was

Cradiation

mrihermcre domonate: in tho shove parey st o consistent

nrcte the obaereed haol greond vodiziion a5 vemnant of an

probiest sllows one to inte




equilihrium vadiation of an cdrlier cpoch, just as in standard cosmology (see alco

Canute and Hsich, 1878a).

Papers I and 11 will serve as a foundation upon which the astrophysical analysis

will he haused.
L4

In the present popor we consider well known cosmmelogical ebservotions and see
if they arc in agreement with the predictions of the scale covariant theory., Hefore
cntering iato a detailed diseussion, we indicate here some qualitative features poculiar
Lo the scale covarianl framev.ork, normalizing our dosceriplien to the wall krows stand-

arcd cogiuology,

First, it must be noled that the lundameital cosmological ebsevvations such os
redshift and luminesily moensurements are of altomic nature.  To deduce [rom these

measuvrements the geomalyienl structure of the Universe ag determined by gravitaiion,

one must fiv ¢ tho reladon hetwern croviwdional dynamics. That

domic o
iz, one must know the sculing funetion B() (sce this work, =9gcetlen 8 fora

criminations of the tme dexiva-

tlonal and theoretienl de

thorough dise
Lives of By, Opezifically, if the melrvie (n alomic units) desceribing the cosmaoloxiea?
b Sy ¢ 2 il

space-tinie Jas ihe Bohoerison-"Vrdier fovp, the time variation of the zcude fmetor (G

being voveraed by equation (2.1) bafow, doponds not aniy on gravitalional dynamizs oat

alzo on the Ume cvolution of the tunetlion 6. Thus, only iU g is knowi, oenncae dodice

thoe true seomeirics! structare of the Universe. Vhe lotlor 1o still charastorizea by 1

sohin (e wans] mannoy i @y, it

awd Uey s

ic “o’ N avl not L’O\ of, , defived in toerens of the atosnic meteic , whicl nwe divect)s
&

reluted Lo foe povaly grsvitalionsd pavaeeters such as the cuirvadiure of space, k,

ey (2,80 *
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Hence, the theorcticad ostimates of Appendix A should be vsed as a guide to the ovolu-

tionaxy cliects and for th s reasor, in muany tables and grephs below, we give resvlts

Tor different values of the evolutionary index e defined in eg. (7.8).

The use of RSO's as cosmological probes has heen another controversial subject
in standard cosimology. Treating the Q30 ag objects at distances indicared hy their
redshifts, we use the observed slope of the MN-m relation to determine the evohr{:i.c;na.r;,'
index for these objects,  When such un evolution is used o evaluate ithe magnitude-
redshift 1-(:.'13,1.1011, wa obtaia theovetical m-z curves vhich {it the data points represen
g the QGQU. Whonowe epply o similar procedure uaing siandard cosinology, the fit-

ting of tl date is Jeus cucoesaful,

thes given s proview ol the highlighis of tie present papor as & peveral

oriencilion, we precesd with the dolails of he analysic by first solving the cosriological
equations for cach choiee of {the scaling Mnetion, Linvivosity ana angular diainciers are

then devived as acuetions ol the observad recshift, Sixeept when anidylic solulions can

e obtoined, results are presonted in abulay forsm,  Comparigons with existing dala ave

then made ond precented in figures.
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.

II. COSMOLOGY

As shown in previous papers, Einstoin eguations in atomic unifs and for ¢

Robertson-Widker metric vesd (I, By, 3.2 ¢ in this paper we shall take A = 0)

R, 8y . k81
<R t B) F 5 = 3 Gp (2.1a)

[
=

keadrveliy
.

\gca-

J} -ty o=t e 3p +p) (2.1h)

where the devivatives sre takon with respect Lo ntomie Gime, to 3 s the seale factor

and p, p oand G are in genoval funelions of the sende function 3 whicl depend:s on the

chioson gauge,  Hone deeides lo work in the se-called Kinstein  gouge, f= 1, then the

atenie and Einstein dimes, pdi = au, coineide, The dots in g (2.1) would then re-

presert derjvadives with respene o 1, Clearly, §if 8=1, all the £ terms Jdisappoar

and Bas. (2. 1) reduce to the Tniliar Binsioin eonations, 1L is the contention of our

ithenwy thot the ¢

G ety usuly mode o cosmolagy, and leading o no
diffcrence hetveen Finslteia and eromie times (exeopt for o time independent locege num -

erical Juetor) Is nnproven and should be testad by using observational dala.

Tor Uml recson, we hove exiowded the theory so 08 o wmeorporate o non-copstant

.

The extre e n Boys, (2.0) renresend pied

f.

oly thiz contribulion. Shonid it tuam

iho daia ean be fitied only with 2= covat., we would hove Logitizaizen Jhig

gauge choice, heraiolors made ¢ e ovr theory dozs not chapge the

jav]
—
()
d

pe
o~
et

—



physics underlying Einstein theory, neither does il substitute Einstein cquations with
new oncs. Dather, it investigates uader which circumstances  the assumption of a con~

stant £ is aztuelly verilied, il at nll, The scale over which 8 varies is the age of the

]

Universe and therefore the ellecs of 2 can he felt gighificant only il one extends the
analyais Lo high red-shilt objects so that o good poriion of the Universe is getually in~

vestiginted., Trom now on, quantities seferring {o Einstein units will be denoted by & har,

Wilh ﬁ(-t—) = R, di = p)dl, it is casy to derive the following relations, (BO = 1)

' — ] - . - .'- .\2 ;
Hoo=Ji + by b =(88),,0, = - @88 _ (2.2)
I
. L p g N [5]
S o S L A 1H“ oo
) (."(10 1 ’-0 k P PR (u.u
T c H
I
P q - (/ 1 \.)2 . .
>p-- 2»40 T ) (2.4)
C
2 2

-1

- h
g = ' e e S
‘o qo ( e ) b ‘2()) C-—
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where
- d
= =

crvation

NLE

(.]o

”
IS

From Binstein's equations (2, 1), one can also devive the following encygy co

law (1, ¥q. 2.35)

Itar an equation of stale of the fomn

b=l op
Py
4P L8

crnetly with the resnlt (soe 1
(2.7)

L. (2.0) can he integroten

of e se
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A) World modals

(2}
Substiluting Lg. (2.7) in (2.1), and integrating we ubtain (c; = 0)
k=0
t 2/3
Rt 3 .
B(t) Ri) {'2' 5] J B(l) dL}
o o
(2.8)
§_1_I e = X w2 g - T e
7 Sy Py T P" 10 A - L'I“o
‘o
k=-1
R(D) A ot a3/
B T s (Sogh § ~ 1) 5 | poy db = (A/2EY Ty (einh b - )
0 A3 R()
(2.9)
oy L = NN ¥ S = 272
A/2n = 4, (1= 2q) ;o AJED R AL (1 - 26,,)



BH T =
0

Numerical soluli

values of ao .

n
1

B R(G/1

t

.'.:_%5 (1 - cos 6) ; J p(t) dt = (A,’ZBS/Z) (6 ~ sin @)
(o]
@, - vt aes? =G T eq) - 1372

ons for R(t) vs. t are presenied in Tables 1-4 for different

)

B) Radiation dominated wniverse: (‘:: = 31/3
o ot 1/2
B(l) R/ = {2 7 B(L) qt}
o
o
"T o) P - ’)— - A 2 <)
20 (1/2 . '1 2q,, L 2 \}1/3,

=) | i == 1 J Bl _l -1y

1~ 260 o

1183

(2.10)

(2.11)
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. 2q 2 2¢ 1
Bty Rity/m = (=t {[] poemfeem FO[ amar | -1y (2.13)
2q - 1 - o) -
o A 24

C) The uge of the maiter dunninated cra, ('.0 .

Thisage can eacily be defermined Dy pulting (= (:0 , R = Po N (B0 = 1}, in the
5 geliing

2o

upper liwit of the integrals (2. 3)-(2.10), thu

o
! -} e—q— {§)) (2. 1)

= — J’ ———— ——
to IIo A h . .1 R
' 1 = D ) o
K i ) J B
(&) G

Ei. ; ~ 5
. 0 -7 R 10 )
to l)o =TT TR L COs ( = l/) - == (uqo - 1) ¥p) (2.1%)
’ (2q -1 ~ u -
0 (o] [0}

W& (2. 15)



oo put g= 1, (2. .16y reduce to the well known expressions in Fiustein

uwite, i.e. fo ﬁo . We il . obtain in gencral,
— rl
i o = to ‘Jo B(x) dx (2.17)

an ezpression whiceh relutes the age l‘o in Linsteiv ana atomric units, Valvos of to Ho

arc presented in Tables 1-4,



IO. THE RED-SIIFT

[~ A

As provedin IT {Eqg. 3.14), the measured red-shilt should be detined as

B (3.1)

i.e. as a function of the scale fuctor in atomic units, Within the present iheory, the

ratio of the scale factors in Einstein units is o convenient symbol wnd not a pliysically

moxningiul gnaastity.  We shall denote it by z,

(3. 8)

We ghall lind it convenient to copress inter mad

adinte resulis in terms of 2 instead of =z,

However, physical resulls will adveeys be exprogsed in oy

IV, FLE SCALL FUNCTION 2f
{

As we have alrendy discuszod in groal delwsl in the previcus papers, the {unction
8(t) ecammot be dewermined from witiin the theory vs we b

ave formulated it Beternal
considerations must he uzed wlich can vary dependiog on which cala are deem

3 rrost
significam.  In the previovs papoes we dizcunsed ditferent furotional depondenceas
of B3 ov {, voppescuiod by o single funclion

6(t) - %‘:) . e El; RL/2 (.1)



coryesponding {o the foflowing ganges

(4.2)

~1 . - . T
If G-t 7, the fivsi two ganges are flic ones propesed hy Dirac in 1228 and 1673 re-

spectively,  The therd one was propesed by Canuto end Hsioh (1978) whereas the Tourih

+

one was discunsed for the fivst tiine in the provious papor, I1L
V. THE COMPLLTE SCLUTION
a) General Reloalions

Using (2.17), (4. 1), (2. 14)-(2, 16), we now oblain
ty =t -8 , H ot o= (1-¢) T

¢ 9 0

Since it is easier to evninate IT,_) t0 than IXO i’o » we shall use {5.1) as the equaiion

defingg I-_T() L . The relation (4. 5) hehwoeen q, el f,, Cuw dalso be congiderubly

¢

It hecones

L '?.q - h*": C;—' : 1- ‘
s} L | '
p C o -
- 7o 8 €
c} e (! l\ _,,J '_ - —— - —
o} o N U ’ o
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~
Wi

b) The Auvalytic case: k= 6, q, = 1/2
The case k=0 can be treated analytically and we shall therelore present the re~
sulls correspouding to it before giving the full numeaericnd solution. We present. only the

zero pressure case, fince these resulls are the oncs of physical interest for the pur-

poses of the present paper.
From Eg. (2.5) we cbicin

T

Ry = Ro < .) . oo (24 ¢) . (H.3)

o7 i

(5. 1)y or

()
-

Since 1t is equal to 275 [Soc (2,17 wilh g =
o 0 ) ’

it follows

G.3) that

TR TR N I T s (5. 1)

.

it

From (5.2) we finally ohitain

G T FI (5. 5)

Wy +)

or



124

At the samce time, from (3.3) we devive
3

1+2=(1+z) " , By = (1 2)° (5. 6)

Expliciily

- R(t) m L q 0 14z

1/3

_ T4
-1 t 1/3 2 ¢ (1t 2) (5.7).

+1 i 1 G { _ const, (5.8)

: 2
-1/% " (L + 2y (5.9)

2 /" 5

SVae ~1/%
+1/2 7 5/6 1/5 ¢ (%) (5.10)

where tis nermalived to Ln aaed R o B,

[

In spite of having Gy = O, 1/5, 1T and 2, the four casrs corvespond {o Y, T /2
¢ 3
and, an we shall see, SR abcl nob o, is the deceieratizn parancley deteranied from

o,

the o ve, w wolation (sce 7.7 wul 7011,
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¢) The [ull «clufion

Eoguations (2. 8)~(2,16) were solved vamerieally and the vesully ave presented
in Tabies 1-4. Tha proccdure ir as follows. Sioce the physically sipgnilicant
parametev ie the curvature k, we first speeify valuce of Efo , which in spite of having
lost its dircel physien] memning in our interpleiation, is nontlioless o convenient para-

meter whose values indicates whether k= -1, 0, +1, Eq. (2.3).

Given a value of E}O (first colump), we o solve Kgs, (2, 1H)-~(2.10) with g =1,
so as fo gnt I-fo t—o (3rd colummny. Witk this infermulicn we then compute Ho 1:0

(Bg. 5.1), @th colovmm) and finnlly Uy By, 5,2 (sccond cobmn). Louations (2,8)-

(2.10) can then e solved,  We presant in eolumnm 7 and 8 the fanciion ll(t)/'I'(o vs.

t/e ), as well as the ved-shift 2, g, (3.1) (G colommy and 2, Bq. (3.2) (5ih
colves ), Fiudly, in columu © owe present g0, which can then be read eguinst J'.":,"Ro
or /1 or .
¢
The values corvespording to 9, = 172 (k= 0), can be chacked agninst the ana~

lyiic expressions givenr by Bgs. ((5.0)-(5. 1065,

A} Leok-bock Lime

An imporiant poramaoter inoany cosmeoingy is the lovi-back tnne; defined os

»;

o=l - = (1 T (5.11)



From column & of Tables 1-4, we can consiruet the function 'r/to vs. uz. Tor

the four Cascs € = %1, +1/2, the curves T/LO vs. z arc prescuted in Figures 1, 2, 3,
and 4, for two valucs of EO = o and 1, i.e. fovran open and closed Universe. Thege Fig-
ures should be compared with the one presented by Saundage for the case of ordinavy

cosmolopy (Sandage 19G11h)
¢) Small look-back times

The case of smull look~-back times can be worked out cxplicitly and it is theroe-
{fore of interest hecause it yields a simple relation hetween the paivs of variables 2,

HO and &, ?IO. From Bq. (4. 1) we have

B) = 1= (i, -fh - b Q B - .. (5.12)

From (3.1) we ohtain the expression fov i‘o -1, nuwnely

7
t, ~t T f1-q@n+ qO)A] Foues
O
so that
h h
- Q . L0, - i o L2, - an
Bt) = 1= g 4t 3 (.1-.: Sy~ 5O, ) e e (5.13)



Substituting (5.13) into (3.3), we uow obiain

ho e A h() 1

=3z J R -] | '] Y - <~

z =z {l' T AR AT 9
o o

which on the hasis

by
il

3

v

(=
I
=
¢ la
i

|
/'\
=
—1

The range of vadidily of this epproximation can be checked

z vs. z presemied in the Tables [aud By, (5. Gy fov the k

relationship can alveady be reached at the Jevel of (5, 15).

[Bq. (2-2) with (+.1)) ﬁo > 1 for ¢ < 0 audse
‘7 > Z
Converscely, for the cases & > G, In < 11 apcl o
- o 0

These bvo cenclusions nee Bborna cul by the navericnl valu

Tabloes 1-4,

€ - o .
]_,i ) A (5. 15)
0 o

n=ing the exacet values of
=0 cusc]. Some general

Since 'N“ = 5

o - E./l,o,

(5. 16)

(5.37)

Ueoand v Mstedin

N

~J
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Vi, THE HORIZON

A concept of greal importance in cosmology is that of the horizon, pavticle hiori-

zon and event horizon (Rindler 1956)

TFollowing Rindler, we ghall define the proper distunce of the particle herizon

(i. e. the larlhest object from which wo ean receive s

snals) os

1 = w04 5. 1
Aty = R ), ] (6. 1)

Since gdt =dt  and § I = R{y, the integeal can be transforimed into an expression

in Einstein units. The integrafion cin then be peviovmed,  The final reodt volid foe

any Lk, is

B . , i 172

v opy e / €l e ® e Agnivh AT (6.2)
d, {8y = I | el R FAR SR IH e J

H AT :'.{0/ (1 -~ g )t I

53

For 2y, <1, it can Boe furthey (tansformed Lo

. (s 3

12



We note that with a presceribed 8, the cosmological cquutions (2,1) become a
roper sot of sceond cvdor dilferential equations so that the scale coveriar WOIY can
I t of Pevder dilferemtial eguatic that the seale coveriaut 4 ¥y cay

be suljected Lo cosmialogical teats jusi as general relativity is tested with standnrd cos-

wology, The objeciives ave algo ~imilar: firstly, one must demonstrate the compati-

bility of ihe observer data with the predictiong of the theovetical model,  (Other altempts
. ‘ P BT .

to prove tha consistency of G ~ L with the m vis. 2 relation have notoriously failed.

Sce the discussion. ) I ithal is vekicvad, one then proceedas to daterinine the parancters

which charvactervize the medel, namely L, andq.. The fenctionnl forms of B eonsid-

cred nave been derived fror varcious Dmpesitions of gauge conditions. Hence the cosmo-

logical fests must Lo concicered as lects of the sper ilic gaug conditions,

It is natoral ol tiig point {o aasl whether cosmoleogicad obsovvations con Lo usad
as a censteaint on the sealing funcelicn 8(L) and thus constituie an allernative obsorvn-
tional determination of 5, We con anticinote the resulte: for all scealing funclions of
the: forme givear by (401), there oxist theovelically nllowed peromaters which make the

@l an in-

theorctiond prediciions corpotible with oheevvation.  (Whelher we should nre
creaniny oy doeerrasiog Py vals by raust o based v puvely gravitational lests as dis-

cussad o part Xv

A
je

A common foature that plegees 23] cosmolooica] investipntons is the evolutiopary

COTLCT Ciees, the fnirinsic varinton of the sourcas,  As is we'd Lrown, the incluzion

of evelutionayy corvectjon has conqod Hiticultios over the interprelation of ihe cosmzlo-

noelfoets ave nel eovily gepareted Tiom the evolulion-

gleal dntay fox the bruly meomely

ary offr o, To o Tarpe exient, these vocortaintions gt in the meale covariand frame-

work.  Iven thongh Qe evelinlonary ol atody as we have oo in Appen-

dixr A, to whal « e vaviews ovolulonay proce s 1o opesalive e now kvown,

1239



Analogously, for g = 1

Po) 3

d.,(t)
k=+1: i

where we have used Lgs. (2

Tinally for k =0,

' o ey rR
1) ST it
[0] 0

Using Fya, (5.8

(5.8 and {4,

wriliop as

3\ HE
d” ()

Explicitiy,

€= ~1

Avstorcusly for

€= 4./4

dH\ ty = gd

= P seb
oot (l“(.l) = get o= o

Gy awd (2.10),

1) for R and 3@ and (5

|

20N o £
() & G2
(& O

Y
p't

), I (G.5)

(6. 4)

(6.5)

n be re-

(6. 6)

(6. 8)



where dll(r) = 3¢l corresponds to standard cosmology. The rclation (6.

is clearly valid also for the 1> ¢ > 0 case. Wc can thervefore conclude that

ay©

RSN <1 € = -] , € = .41/2

d,®

)
)

by The k=21 cases.

131

or (6. 8)

(6.9)

Due to the fmipiicit nature ol the R(Y) va. t furclion, we can only present

asymptotic relations. . Numerieal values of c‘eu(l) can howover be computed using

the value of Uy andl R(t)/no given in the'tiblez. Yor the k = -1 case and for

lavge development angles ¥, we obtain from (2.9)

q

Rt 1 d

B(‘) é__l 0 — - Qq
"o 1-2q

| oemd - A
‘o 1
(]
ol
O 1/2 o

o)

(6.10)

(6.11)



We now have {rom (G.3)

t
¢ j Bty dt
' C R o . e
4t = == e e e (6. 12)
H T Ry a- Zqo)l/z 0
or using (4. 1)
. ct ' )
dH(‘t) i (6. 13)
or
Ay = ket ¢ o= 57V a (@) (&= ~1)
n 4 O n
(G. 14)
dyh = Zoety =Bl un(t’f) (€= -1/2)

~

An anadogeus velalion  holds trae for the case 0 > ¢ » 1. The general conclusions

(6.9 ) ave therefore still valid.
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Vii, THE m-z RELATION

We now proceed to devive the maguifude ve, red-shift relation making use of re-
sults obtained in paper I, Radiation propagaiing frcely through space can be represcnted

by the cuergy-momentum {enser
WD " ’
o= MR

where kM is the tangent veetor of the plioton path. Tt bas been shown {gce Egs. (3.23)
and (8. 25) of I} that ailonyg the bewm of radintion,
—’ITg
AR = conslont
where A s the cross section of the heara,  For vadiation emerging yadindly  from the
souvrce, A takes on toe value of the arca of conerniric sphevizal suwrfrccs, Fora R-W

melric

2 .2
A=dye™ 1
and hanae

-7T
2 .7 &

4By RY A ¥ = ecnsiant {7.1)
Next, we note that the wvpavent lmninosily, neiug cqunl fo the observed fux is givea Ly

ULV . 2
L=0vp, =T Vo u o= ek (. k7)
Y . S M

wbere in che Jast enuadify, T, (3.5) of T has heov soedy Thus we ean write (V.10 ae

L
AT -2 2Ty o e
~ 5 L TR £ = conslant (7.2)



Dut, as we apvroach the source,

R 2 .2
lim ATy R L = L) .
r -0 ( fem

where L (i) is the latrinsic luminosity at the time of emivsion, t. The abovs two
Tguations yield

L
obs. £ ],2 AN
“ohs” oy

Ly 1 (femy

3] 2
T, (6) 1 /ooan g e
) ) TE O O\BL - (7. 4a)
4y R (1 + %) )
obs b

where Y ibs is the radial coordinte distusce from the emilter to the observer, I fis

normulived guch that 8= 1 at the poiet of ¢hrevvation, we linally have

y o= —tl

2
AT R
e

= 37 G(F) (7. 1h)
O

al:aeript ohs Drowy ) and enlled Yohs o Yot snd
v

P
~
£
—
pod
o

whete we have dronps
R, =R =Nt Y. Tris easy lo veduce (7. 00 to the cuae ol ordinary cosmelogy:
obs 0 0 ‘ : b

in Mct it is sulficicot o put § = & and G(B) = 1. It is in fact understeod tat GER) is

nermalized fo today's vadue,  Wo want to nole at this poiat thai the paupe copdifion

Gp” =1, which makes 'D"Y (Ege 2.7 independent of £, alse makes f independoni of

be

the seale facter B, ab Least cxplicilly, An wliernative devivalion of {7, 4h)

presemed in Appendiy G,
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The comoving radiad cuorndinate cy of the light source is obtuined by solving

the equation

Since the integrand ol the r.h. s, cun be bransformed to Binstein units by the change of

fe

variahles pdi=df, BR@) = Ti(f), and since R(E) satishes the ordinary Einstein cqua-

tion, we chinin, upon intcograting, the following result

= Iz, g ) (7. 0)

with

Fig, o) (1. 6)

i
A
=
~
C
b
kS
—
flad
~
c
H
led
-
T
N
"
[
w
Bl
c
N
L
{
et
e

THmonya it
oy alternatively

| (7. Ga)

where (7.60) is an slgeoraie manipdation of (7.6) (Terrell, 1577) which facilitates a
greal deal the compatation Ir thae limit ol g - 0.
U

R



We reeall that the guantily 2 was introduced ar o symboel for T—{o/ R -1 andis
not a n;casurzﬂ)lc guantity. The advantage of goivg to Einstcin units when c:\fzniLlafli ng
the previous intezgral is  that it yields a lamiliar exprossion for Yo which
however must be re—-expressed i terms of the physical parameters Ho’ Uys and 2,

gcof (7.0) and (3.3) thus yields for (7.4)

,{‘ = - ._._.1‘..'_(.9__... . .»;g.(@<-._ (7. 7

= 2 o=
4 (e/H )" - E, q)

we note thal no approximmation his been made in the derivation of this expression, Be-
fere we chanpe £ to m, we make explicit the depenrdienee of  the whsolule Iuminosily

L{t)y on 8. Lot ug wrile in gonerald

L) = L a%m (7. 5)

whare the index "e” stands for cvolution and will e dizevssced in the Appondices. Al the

P

sume Hime, Gy will be wrilten as [ 8ee I discusision precoding B, (2.40) ),

~
»
AL
o
Noa
n
~
4
L
i
"
!
Q
™
]

(7. 9)

I ene dewands tal G ~ 1/t g0 (4.1 and (7, %) boply thet

P

=3

ge= -1 . (7.30)
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As discussced in the previous papers,(G) is the power of G under scale transformations.

. .. - -2m/5 o re -5 -2
With (7. 8) and (7. 9), we finally have rom (7.7) (£ = 10 x 2.52 10 crgs. cm

- ~-2M /5 4 D -1
, L =10 /5 % 3,02 x 10°” ergs sec

9]
0
Q

5]
m=51g FE, 0) - 2 (c-g) lg 8t + 5 Ig ( ——9> + m (7.11)
(&) & . ﬁ (9]

(o]

mo = M~ 97,45 + 51g (/.':/HO) = M +42,38 - 5 lg(HO/IOO) (7.12)

. . . . . R -1 -1
where M is the absolute mognitnde, and 1],(. is measurced in wils of 100 Em sce ™ Mpe 7.
3

I colunm 10 of Tubles 1-4 we B . dn Tables 5-8 we

—

;ent the funetion Iz, U

present the vidues of m with m =0 for four values of . Trom By (7.34) it iz cleay

thot the o vz, 7 relation will yield s not P

heosilte are peesodod in Wgs, 5-8.

a) The analyiic case: k=0

Since in the L= 0 cusc we bhuve an explicit expression for (0, Foo (G.3), we
ghall devive the m vs, 2 rolation divectly and show that it ig indeed o parvticular case

of the gercral exprossion (7.7). To this end, we compile v, direcly using Xq. (5.2).

We obtain alter o short computation

r-i
r c » . r ] woqm
v, ot Ty noar Ll @) i (7. 18)



Introducing (7.13) nnd the second of (5, 6) inte (7.-), we obtuin

e~ 1)/ (e+2)

=

S 11 B {11 7)

o]

g

-+
o]
/

()

) i T
4TT(C/HO) L]' - @ z)(&' - 1)Ae 2)__|

Cu the other houd, from (7.6) and the first of (5.6), we have

¥z, =1/2) =2 {14 1w (1 + ) e

(e-
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(7.14)

W2y (g1

Use ol (7.34) and the second of (5.4), shows that (7.7) is indecd identical to (7. 1d).

ve dervive making ase of (7.4

Ao

mn particulor, from (7.13) ond (7.18),

m o= Blg v R Blp 202 4 )L )T S e - ) N (U r) b i LS m
)
€ =172

ri=3lg z oo I sy 2560 L g> le(h + 2 + m
& ~ Y P (¢}
€= /2
I N » 3 G e
m = Bl [{(1 4 z) =1} gl ey - 5 (e e 4oy ok Bl E m,

CBas. (70207078 Por the case oy ==L, (Des, (7.9,-(7.10) 7, cud o= 0

in Talles 5-8.

T
and .

Py
t

(V. 16)

(7.17)

(7.18)

ave labuiated



VI, THE EFFECTIVE DECELERATION PARAMETER

Since the physically most important feature of the present theovry cousists of
having dsentangled atowvic from gravititional tiines, it is to be expected that the

higher tha time derivative one cotciders, the morve prouounced the efiect will be.
2 . v

We shull illustrate this phenomenon by studying the m vs., 2z relation in the
limit of small 2's, inwhich case the exaet relation (7.7) can be rewritten in a form

that depends on measurable quantitics only,

*

Al thz saane time, an effective curvature q? will be defined which cleacly dia-

plays the desived offoct,
Tror small 2's, the funcltion ¥z, 60), 7.6y cav be written as
Flz, y) = z[1+ 35 Q-ci>] (8.1)

Using (7.8), (.9, (8.1}, (5.38) end (5. L), ou (7.7) can he Lravsforoed o the

Tamiliar form

=3 oo — ) v ¢ moane. e s rie 4] 12
L dry ( ¢ J O (6.2)

¥

where the eficctive cucvetore ¥ i dofined as

com (e DoNE bl o Do o
o =G, (1 5 - masae) () cten g (8. 3

139



140

a) The Slandard Case

Eg. (8.3) can be reduced to the standard case.  To (hat ead we put € - o, (tE

'l
i
~

g -0 I - -ﬂo’ h, =0, Q = o hutee=mn Infact

L) ~ 89 ~ 1787 N (8.4)

We ol:iain

a* = ( B
IS. C. 10

1
=
i

n
r)‘::l
19

1

H
|
N\
o bl
Ny
E
8

a well-hnown evpression io stondard cosmaology.
by Presenl Cosmalogy

We shail vewrite (8.8) so as to exhilit & forin that will heln us compare it with

the stansovd case. Weo shall write

2

h
PR ) 0™ 1 A
a* = q, vt g e are) () i (8.6)
] [ 0O O

Contrary to (8.5), where ¢ is multipliod by unity, here we have a magnifving effcet
J 0 H O J vy o . o

duefo ¥ /0 which makes e gt vs, g oven moere nopiintar than wsnal. To this,
[} 4] -

wa mrsl ado (bo bo exira tey

@ deprending entively on the {Irst and sceond derivarives

of 5. Por future use, we oball present (8.6) Jor k=0, g = 1/2. Using (8.4) we

ohisin



143

¢ =~1 g*¥ = -1 1r3n (8. 7a)
€= -1/2 g¥ = 1+2M (8. 7)

e=+1/2 gt =

i

(13 + 3e) ' (8. 7¢)

€=1 q* = 3+ 1 (8. 7d)

¢) The Value of n

Using (A22), (A.13) and (B.7), woe obtain

- -
ce ® o= e(g-lx + LT (Lhegs) - ens

.

1 - R . .
e ¥ 95 v o | e R Liegs +

(evol.)
(8.8)

(dyn, fr.)
When €. 0, 4 - 0 we obinty

o= X R 1 1 1 o
n= Ty oW OITs T oyt T (6.9)
o~ 1 R+1 1-a ) L-T /T
C
(evol.) (dynr. fr.)

1 well Mown erpression recently discusscod by Guon and Tinsley (1876,
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d) The Complete Scluiion

'Evcn though we have derived an exnression for n = e €, il would not be conven-
ieut to nee it at this stuge since wa wanl (o stress generad propertics ol cur couzmology.
We shall therafore solve eq. (8, 8y ivr different values of ny, The resuliing ¢* vs, ao
curves are shown in Ficures 9-12 togelher with the ones corresponding to {8.5). Exani-
nation of (8.3) shows that in the present cosmology in addition fo the intrinzic huninosity
variatioa, there is alsoe the evolution due Lo the relative variation of grovitaticnal and
atomic fovee clrengths (whose effects can also be seen from cq. (7.:4b)). This is expec-

ted: Dby etudving the provitationnd evelulion of the Universe throagh alomic ingtiuments,

we have no g priori reoccon (o assuine we eon sec elearly the gravifatinona] dynornics,

in this cuse chavactenized by the paramctoer Gy Instead, swe should allovw for distor-

tione as if looking thyougi: & lens, which may be magriflying or . reducing Gepending on

the evoluiion ol thae gculiag Monction,  This iz most casily scen from the fiest teem on
o e

the right hand side of (8.3

be 2 s andvereasing anelion of time, b
> o

oy . . - Q) . P N .7 s
the multiplicative fnctor 1o ) s ogreaterthan unity,  In this cauc

instruraents amplify smell difierences in the georeteicnl structare, given hy A Aoy e
The reverse is teue 0 B ig o decreasing fection of s, OF ecourse, when B is pre-

seribed as a fuaction ol the cosmic thaes, ]zo becomes a fonction of the age ol the

Universe, whichin taen is an poplicit foaction of g o The "lens effcci! thus bocomss

)

more cemples. This "less effest can bhe reen from I

slopes of the 0l corvaen with ihiose of 5 ioed cosimolc

observationnl tneortainily in o, w sicop olope reducss the uneertzinity in o .
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For positive g, the golid curves generally have slopes simalier than those of
standard cosmology. Such positive or negative "magnification™ of the gravitational
dynamical effecis through the atomice lens ean alse be scen in Figures 5-8 and 13--20,

where curves corvesponding to ¢ = ,1 and .5 are presented.

In eaclh case, the separation between the two curves is enhanced if € < ¢ and

reduced if ¢ > o.

L

It ig also of interest (o see fvom Figures 9-12 how an unceriainty in 1 affects

the delermination of d given an ohscrved g*,

Her:s again, for o family of more or less horizontal curves, a small shift in v
& ’ .

causes a large shift in - This hog heen the situation in standard cosmiology and it

presents an obstaocle proventingy the determination of the {rue cuvvature of apace, For

positive e, lhe situation has nol tmproved,  Yor negative e on the other hand, theve

are regions where a ehangs in M produces velutively vnimpertant changes in g .
K 0
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IX. METRIC AINICULAR DIAMETERS

Consider two events at the points A( GP, Cﬁ(,) and B(re, 8.+ AB, qw.o)

T,

e e ¢
oocurring al the same time te and let the obscerver he located at (0,0, 0) at the time
to. The two emisgion events arc separated Ly a locul distance y.

The metric angulor diameter 6 ig deflined as
< m

S S (9.1)

5

Using (7. 5), (8.1) and (3.3), (9.1) hecomes

] t . [#] t Y ) 2
G = 6 ( LI VN ) B (A (. 2)
© 0o 0 Wiz, qo)

whoere
. H
A — 8 (. // :\7 \.\' (: If_') \' f&l'(".r‘c (L} n)
= 8.6 T Ve e Aresc Y. 3
) SN 200 kpe L0 B0 "
ks
Using tie valucs of z, 5 and M(z, (;O) ve, o ogiven in Tolles I-4, ¢ can he com-
i

puiod from (9.2, Che vamerical values youolea in Tabios 5-8 correspond ‘o

IR Y BN

- . ~1 -1 N .
v = 2530 kpe and Ho = 50 kan sce T Mpe T . We have not inciadoed a poseibic zodepen-

devee of the radivs y. A sceling of the forp ylu) =y G + 2"

can be cesily sunerim--

posestan the valos guoted in the dhbles onee a pavticular model has bheen mwesen The

o

resuits are prezonrted in Pigures 1036,
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a) The analytic case: k=0

Usiug (5.4), (5.06) and (7.15), 9111 can he expressed as

1+2
1- (14 ¢ DA

(9. 1)

»-G)
=
I

O
(o]
7N
L3t
it
OLMm
o/

For € =0, (9.4) veduces to the well-known resall in ordinary cosmology coviasponding
to the Einstein-de Sidler Universe. Egquation (8.4) can be compared with the values

quoted in Tulles 5-8.

X ISOPIIOTAL ANGLIES

(

In crder to derive the tsaphiotal angudar dansetees ('i , we shall irst deline the

surlazee brightness B oas

0
B = .(,/i)]“n ) (10. 1)

where 4 s gives By (7.4), Using (9.1), we now have

B ot oy e eyt (10.2)

The deteraninaiion of Ei is usnally madoe adopung o fermula (due to Hubkie) piving the

'

varvistien of B vs, & nomaly

1
) B/ o 2 (10.3)

6./ ~—
I''m



We thep have

f (10.4)

and using (3.1) (with p = 2)

va

-~ {JJ()LZ G
C(] )

n._\,_. 2

Combaving (10, 5) with {7.4), we ohtain the [inal rosull

% m -+ const, (10, 6)

1 arve presented in Flgures 17-24,

The vatues of 1g Si

AT, DISTANCIES

From (7.4) and (8.1) we can derive o, the inosily distance as well as d

L

A’

the anmyar dicmeter distance as

D

= Y S o o
N r, 'Mt'u) (i1. 1)

145



go that

€= -1/2 (= 2)

147

(11.2)

(11.3)

(11, 5)
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= .92 (g = ~1,087)

A A0 - 47
A L AL (g gl 800 v aT200 (11.6)

Another wey of expressing the experimental results is ta say that the luminesily
distance increnses slowly with 2 (and even deeveasces after a maximara) and the angaley
distance mereases quicid; with ». This meang thar a eosmology in which d.r'\/dL is a
strong funcilon of 2z is a good condidate fo. the tesis, We have, using Fgs. (31, 2),

(7.9), (5.1), acd (3.3)

L (11.7)

which is only cn approxiastion for 2 ~ ¢, Ifor qo = 0 o 1/2 Lg. (11.7) is excct,

We want the

sooncent 1o be as Licge ay neasible and pegilive.
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XII. THE MN@m) vs. m RELATION

A test that is hecoming increasinely importont is the munber count, i.e. the
number of sourvces (pet square degree) brighter than apparent magnitude m, The most

widaly used form of this test is in relerence to optical quasars.

A [orinuia of the type

lg N(m) = a+ bm (12.1)

if oltoen cwoployed for its simplieity: the diccussion then concenlrates on the value of the
Proy i

perameaeter b peedicted by Gie theory vs. the one oblained hy fitting (12.1) to the data,
I I Y N £

For a Neclivean spae =, 6; all Friedmon universes willii A = 0 predicl o value
of b less than (6. Flowever, ovidence has been repeatedly ndduced lor values in exeess
of .G Dracoesi and Formipggint (1864) bhuve concluded thatl b= .72; Soandage and Luylen
(31069) supgeested b= .95, although Uctti and Woltjer (1973) have concluded thay 21! the
diita until 1075 were actunlly consistent with b= .6, In the moest recent work on the

b

sulsjc Cuaen ana Schmidh (3078) have presonted what they belicve to e a cfear indi-

cation ol o value of b much lnrper than sy of the ones proposed so fay: iv fact their

analysis jadientes D=, 88, a value impessiDle to 1econcils with any purely geometricenl

Toin the aumber of guasars ave then invelied ac the

cosmslogy, Strong evolulionayy ire 3 it

logsicnl Dnplicution of such resulie.

In iy section woe shodl 2 he N(B:y vee om 1<4~*nm peviaising to the prescnt

sosmoly oy g we shal) thon diseuss the covreopeadine values of b,



To that ead, let vs {irst derive N{z), the number of sources as a {unction of
AY

rad-shift. If we start with a 2-W mectric (in atomic units)

2 o

2 2 2 N 2
ds? = dt” - R7(Y Sy rz dxf} (12. 2)
{ 2
1-ky
hy virtue of the transformation
du = ~-—-(1_-£:: , U= (—k)*l‘/z Avsini [(_—1{)1/2 ] (12. 3)
2
1 -l
we oblain
) 9 9 9 9,
ds™ = AT - Rz(t) {du}’ + )?2(11) d0° (12.4)
where
L1/ /9
r= g = (-k) 2 g [("]-:)J" “uj (12,9

The volume oloement cormpuied from (12.1) is

N VAR

— . 3, 2 2 N
dv = Jg dr dbdgp = B (1 - k) o dr sin8 d0 de (12. 6)



and conzequenily the total number of sources is given by

X1

o 5 5
&0y, (nt) RT (L) = const.)

3 o
N =41 n .[{0 J du & (12.7)

The vumher of sources per square dogres is then

N = F/Q (12. 8)

where 2 is the tolal muahber of sauave degrees in the sky,  Integration of (12.7) yiolds

N o
N= = (9777 ey - ooy ) (12.9)

whore
D)
41rn RV
_ [ 1/2
NO = e g s v = (-k) u (12.19)
Using (12,3}, (7.5 and (2.5) ta capress voin terms ol 4, and =z, we linal’v obiain

(12.11)

relalion he-

Fops. (i2.8) and (22, 11) solye the problom of hinding N vs, v, since the

tween % and 2 hag clyrewsdy becn givenin Tobles i-4, Ligs. (12.2) and (12,11
arc Jormally identicnl to the once In ctundard cosmotopy: howover i the pregent ccontexd
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2z iz not to be jdentitied with the obsvyved red-shift, whieh is the aloyme one, z. The
N(z) vs. 2 relation is therefore different in the present context than in standard

connology.

- Explicitly, wc have

1 N ¢ Pl PR
k = 0 N= & N u o= L -2 Lz, ”“)_J (12.12)
3 0 o =3 ..3 1+z
H' R
00
1 - e P, ;‘{._rl N
o= -1 Ne= 7 N (sithzy -2y) ; y= Avsinh [ J -2, J (12.19)
1 . . o T ag)
L= 4 N = y NO {2y - sin 2y) y = Arsin [:,/ Zqo -1 TR (12.14)
Let us vow use (7.11) to eliminale 2 in favor of m, We have
2 - . — E‘;“-‘;_-c— 110 ~,
102 =me) gy B <~—-) (12.15)
© I
o

a) Sinall look-bael: timc:.

Iu this case, L'ys. (19.9) and (12.11) roeduce to



. n_c i .3 F(q,., 2).3
p= 4T o <—£> { o1~ (12.16)
3 3 - 142
h&d 11
) o
where, using (8. 1)
F(a,, 2) 1 I
= - — o -~ 9
1+z = & [1 9 (1 ’ qo)gJ (1u. ]7)
Fipally using (5.15), we obtain
n o
wo= i o w21 -30210 (12.18)
3 3
1l
where
n i
~ 1 - 0 [ 7~ €-1 o .
A= @L+ra) 7 - 331 W9% ' T > = (12.19)
2 o T ZH_t % b o T
Let us now use 4 as derived in (8.2), i.c. (L, = L{t))

1,
("69) (41&) = x = z[1+ %1~ g% z] (12.20)
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where we have again made use of {(8.1) to express (z, q* for small z, Elinmunating

z between (12.26) and (12, 18) we obtain

L _3/2 : T jE] .
- AT —0 1. 3 . = 0 _ o
mo= 5 on <4Trl,> 1- & x [_1 @t 1+ Ty 5 2B — ” (12.21)
o H
g
where
€ €-1
ZHO 0] K o t(') }O

“Contrary to the well-known case in standard coswology, the correction to the

Euclidean case does depend on the corvature Uy, - In the case of standard cosmology,

€-0, g ~0, Ho - ”o’ we recover {rom (12.21), using (8.5)

L 3/2 . 31 L, 1/2 -
= 4T 7ol R ¢ 0 T LN 7
N o= n, &‘ATT{‘J {1 <111TL) LJ k oT CL)J}
0

C

(12. 22)

a well-known expression in standard cesmology. Iquation (12.21) can be forther sim-
plified. In [act, using expressions (2.5) and (8, 3), one can show that the square paren-

thesis in (12.21) in equal Lo



9 - Edte-p)
? H t
O o

so thak finally we have

L /e

477 o N\
7= A ()

) {1—3):[1‘- &

z)ff”Tﬂ] } (12. 23)

Thiz expression clearly indicates that o =lope greater thon the Huclidean one con he

ehtained 03 long as the value in the cquare breackel iz negative,

(9,1
LS,



XIiI, THE SLOPE OF THE IgN@n) v, m CURVE FOR QSO

AND THEIR m vs. z RELATION.

Since evolutionary cffects are very important, one cannotl derive any reliable

m vs. z relation for QSO without them.

However, due to the still uncertain nature of the physics of Q30, the evaluation

of evolutionary effects is very uncertain since it is (oo model dependent.

F¥or the case of elliptical galaxies we computed ¢, sce eg. (7.8), using the best
model presently available and the results shown in Tigs, §6-8 are salisfaclory, Howcever,
there is no compelling reason why such values of e should also apply to QSO in peneral

and the dotted curves in the Figurcs should not be extrapolated muceh further than the

region where they belong.

This leaves us with the problem of estimating e for QSO. We proceed as Toi-
lows. We domand that ¢ safiglics the Igdim) vs. m ovredation with o given slope b
determined by observations, For purposc of illustrution we shall take b =,75, an

average value among the ones quoted before,

Once e is so determined, we shall use it to construct the m vs. 2 relation e

To understand the results better, we shall apply such a procedure first to the

casc of standard cosmology and then to our case,

We shall show that within ouvr cosmology the resultant m wg. 2 velalion gives a

better fil than the one of standard cosmology.

Instead of presenting a full numeriv .1 solution to this prokival, we shall emiploy the

k = 0 case since we can work cut the problem entively analytically.



157

Using (5.06), eq. (12.15) becomes

L2m - m ) i
oy, o (- D a™

10 = Wz, 1/2) (L +x2) o
()

(13.1)

where

= 3 eli-¢) (13, 2)

so thoet [inally from (12.12) we obtain

~. 3 . (;(]Tn - ) 0
Nm) = % N (i’x—c_n") 10 O (1447870 (13.3)
(¢} Q

ay

lg N@n) = '. G - 3(p + 1) g3 + &) + congl, (13.4)

The slope ol the 1g N@m) vs, m curve can then be devived Lo he

¢

.G =
/3 (13.5)
1-2(p + 1y + 2(p + 1) (L +2)

slope = deéa N
siope = A

a) Slandavd cosmology

In order fovecover the exprezsion povtaining to staedand cosmology, we musl
a) didentity - with the chacrved ved-shilt by put g - 0, £ = 0, i.e. ];IU - L hut

so thal (sce 8.4)

keow the product €eo finite, sny 1,
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3
- ¢ - M
Lty ~ B® ~ t7 8¢ ~ ty0 o~ (1+z)2 (13. 6)
The value of p becomes
3
p=-zn (13.7)

(13.5) remains unaltercd with p given by (13.7); (13.1) beeoines now

-
m=m_  + 5lg W=, 1/2) - %13 n lg(1l 4 z) (12.8)

with
1/¢ Sit+z ~J/1iz]

F(?., 1/2) =

Let us now look for a valite of 1 such that the slope (18, 5) is .75, a value inlevmedi-

We obtaln Table 9, wrhich

ate amona the ones quoted above.

upon insertion in (13.&) ylelds Table 10.
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Since for small »2's, cq. (13.8) hecomoes identical to eq. (4) of Sandage (1972¢), where
m has been {fitted to be 20,625, the magunitude m without n wonld be in the range
23-24. 5, too high a value to fit even the envelope of the QSO's, as clear from Tigs.
5-8. The addition of the cvolutionary term 1, determined for the slope of the JgN(m)
vs. m relation, helps a great deal since it reduces coluwmn 2 of Table 10 by abont 8
magnitudes. However, the [inal resuil (Jast colvinu of Table 10) is slill too high to (it

ihe data.

In gencral, climinating v between (15.5) and (13, 8) we oblain

= .60 . 1} 1g(l + 2) (15.9)

m = m o+ 5igHe, 1/2) + 6 | 7
h 20 - 2o (L a)”

where ¢ e the slope (13, 5).



b) Present cosmolugy

When the same procedure is followed within the present cosmology, one gets

better results. The relation (18, 5 hecomes, using (5. G) te climinale » in favor of 2,

slope -= -6

T (13.10)
25 e

1-2 @ +1) + 20 F1) (14 z2)

or

4

slope 5 i 8 o= 3(e-1) (13.11)

w0
S

o

Sli)pff: e e R S I G A (13.]2)

Analopously, for €= <1 and @ = - 172,38, 1) de given Ly egs. (7.36) ond (7017).

1wt now veguirs again thot the glope e . T5,

W ohain oy ¢

-

Mese valuos in S5y and (7.17),

—
-3
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A considerable buprovement exists over the corrogponding values of m - m o of
colurnn 3, Tabie 10. In fact, we sublract more from m . A5 an example, let us talke

7z =2, Jgez = 5.8, Wo oblain

Standavd cosmolony Present cozmology

m = I ~ . G83 m = m - 1,89 (€= -1
! [¢] O ( )

m=m_ - 1.35 (8= ~-1/7)

Since m_o 21, when these values are reporcwed in Fisures 5-8, we get a helter

J
fit to the data with the present cosmuolegy.  The cases corresponding to « > 0 ave indis-
tinguishebie Drom those of the casce stendard, In conclusion, we can say Lhat the method

Z SAYy

of determining the evolulionery b

aumeter ¢ from the elope of the 1eN va, m relation
Tor Q0 and therousing ibin the m v, % relalion, yicids a betler 0t in the present than
Ly ) . je

standied cosimolovy.,



The previous devivation could lead one to conclude that we have
excluded density evelutior in favor of Tuminosity evoluiion only. This
however is not the case. To prove our point, let us suppose that we add
a factor ﬁs to (12.12) to sinulate a density evolution. The derivation
of (13.5) then Tetlnws: The relation {13.2) between the paramater p in {3.5)

and e 1s ncw changed to

]
}
i
o
}
{
&.)2:_):
g™
H
'U
N\
D
w
N

: :2 + S

-
H
A

The paramgter s affects p in the same way os /20 does, and, just as in
standard cosaolaay, one cap interpret the resulis in terms of Twminosity or

density evolution or as a compination of the fwe.



XIV. RESULTS

(2) The m vs. 7z relation

The cascs €= -1 and € = -} arc presented in Tigs. 5 and 6, dashed lines,
The solid Tine corresponds to standard cosmology with oq, = 1 and no evolutionary
clffeets.  'The observational points of Figs, 5-3 arce token from Fig. 3 of Sanduage 19724,
hd

The value of the parameter m of By. (7.11) is [itted to be m = 21,03, Saveral

commaonts cre in order concorning Figs, 5 and G

k= u. Gy T b case, correspoatiing to the orizinal Pirac rooded,

1

Trivsi of all, ihe

as beon vepculedly criticized for yielding g = 2, a value censidered too
<)

hizh Lo L the v ve, 2 velation,

This conelusion woo bosed on an incovveet devivation of the m vs. » relation

13y {Hp

i the context of (his now cosmaology, We now sec that since the m ve, © relation

Vi

depends on a4, ard ot g
i

i, 2 walue of 4, = 2 is perfceliy nceeptable since it can still
J

correcpond Lo anopen Universe,

Sceordly, conrary tu the case of standard cosmoltopy, the m v, 2 curves are

in Yy In fael, 2 change frem o1 to 05 has a very Jdistinet

clfiect on e glape of the ceovves,  In stndaadt ool oy, e o curves corresponding

o ¢ = .1 sl g = .5 are praciical e oW 1 oo 26,
- O 1

yoimdistinguinhad



The higher sensilivily 'in cur case mukes il posgible to get a good it even wilh
se, say with k = 0, something not possible n standard cosmology,

an open Universe,
5 curve,

where o heading towards lower m's, Jike the one churactevizing the Uy = o
can he achicved only with a large S (>06), L.c. with a clesed Universe, as seen from

Fig. 1 of Sandage (1961a).

e >0

A

are represesied in ¥ 7 and §, dashed Yines,

= and e = .92 igs.,

The cases ¢ = by

Tor any given 7, hoth the a4, = 1 ol Gy 7 B ocases correspond-to lower m's
than they would in standard cosmoelogy with the sowe a4, In foect, the =olid line covre-

sponds {o qo = 1, i.e. a closed Universe.

(M Angular Ulametors, & wvs, u.
m

The crses € = =1 and ¢ = -7 arc presented in Figs. 13 ind 11, dashed Hros

)
As inthe m v, v case, we wlso nole that within the peeszent theory in the
= 6 Inostandar:d

€= -1 case a sizable differomcee existe hetween Qy 7 Ldoand Yy 7o
. h Q
cosmolegy, a nuch less pronouneed d farence oxists botwesn carves 1 and 1L

38 Boensi-

sitive, the predictions of the peesoat cosmoelogy become le

Wiien € is posjith iy
tive to the vaiuce of 4, to the point whove no differevca oxicly hoetwoen a, = - 1 and
In kot sense the contiast Lodwoeen Pip, 13 (¢ = -3) and

= 4, when € - 1, Fip, 16,
L1 odoes proviae a

a, =

g

19 e 8T) I3 very instrucetive. Ap epen Universo v ith i,
O
Canlisinetovy.

actory fit fo the doia Indhe ¢ - 0 cases; the a, = O easedo nol ang
(

1+ 1ot
satird

For positive &, po preoforalie g
0
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The diffexcnces between the present theory and the standard one, as displuyed
in Pigs. 13-16 sre mainly due to the disentanglivg of atomic and gravitationad times.
In that sense they constitule a purer cosmslogical probe thon others, where astrophysi-

cal effects intervene very heavily.

For negative €, we conclude that values of d,, greater than § (closed Universe)
)
would fic the daia very poovly. For positive €, Loth closed as well as epon Universes

are acceplahic.

(¢) Isophotal Angles, 0i VS, Z.

Bl
—
i

v

The isopholal angles (Ji vs. 7 piven by Xg. (10.6) arve presented i b

17-20, dashed lines.

The obscrvational poinls as well as the full lines arve taken from Fig. 5 of
Sandage (1972h).  The mumaber Libelling caclh curve is the vidue of Yy The value ~1

corresponds to the sleady siate, Tigares 17-20 ave very instructive since they elearly

show the sengitivily of the curves to the values of Gy In standard cosmnlogy, o value
of g, = 2.5 yiclas a lesser slope than does (!O = . b in the present theory,  Firom this
circumstiance siema our hope of being oble to diceern ¢ valve ol q,

Yor nepative ¢, an open Universe Jils the data ceetainly holter than o closed one,

whicli weould predict angles too large for a given red-ghift, This seme feature chavacter-

o

es the metrie diometers,  ‘the (lof.onm"'urm of the fit as q , passes § boconies less
8

evicent as € Becomes posgitive., Tt is inferesting that for the isophotal as well as for

the molric angles the sensitivity of the cesulls {o 9, thai chavnclerizes n

progressively disappears as ¢ goos through zero (2 - 1, stendord case) and becomes

posilive.



As the extreme case e ~ 1, the curves ave totally insensitive to HO.

(4 The N(m) ve. m rclation for QSO.

As explained in the text, ihe present impossibility of computing theoreiically the
evolutionary parumster ¢ for Q50 has Leen circumvented fa this paper hy requiring

that ¢ he such a8 to give a salislactory IgNon) ve., m relation. When such an e ig
used in the m vs. 2z wvelation, we derive a curve thao nicely follows the envelepe of the
QRSO dala, This again happens only if € < 0. Tor positive e this procedure leads Lo

resulta that are not bhetler than those of stondiivd cozinclogy, whoeye a very satisfactory

fit cannol be achicved.  (See paragraph X

[op%

[2)



' XV, DiSCussionN

Tven though it mioht he olear by now, we want to stress onee moze that the
scale covariant cosmology does vol provide just one curve for the m ve., =z rolation,
which would make the acceptability or rejection of the theory a simple matter of com-

ady stdle cosmology. As stated in

parison with the data. Such is the case for the st
the Wntveduetion, our objective is analogous Lo that of standard cosmology, namely the
delermination of the geomettica!) pavameters thal chavacterize the nature of space-time,

o with

survations nis

However, (he cenfral idea of oor work is the vecognition thol o

atomic instvwacnis do sol necessnvily vield 1he ceomotricn] paramaoters toless gpecilic
TR RS - R

v

e relation botwoeon atoruie and groavitedonal dynamies,

agssurmnpitiong are made regardine

a relation that we have emdbodied iu the function B{t). Oncce a particular form ol the
gscaling function B{l) {s chasen, ithe anolysis of the dala can be carvicd ont exactly as in

standard cosinoltoyy, cmployiig the newly devived nwe va, 72 relation, o, (V.34), Given

this framowork, we con now assass the viability of the senle covariant cesmdaology,

aadaxies,

The canunical lest is given by the m v, 7z relation using ol
.

From Fips. 5-5, w2 can appre eiote the rolation between the ehserved data and the

theoreticn] predictions.

In ihe past, the m v, 2 ccloiion was cinploved to discriminatle against possible

variatiors of G, Tor cxampls, Tinsley and Dnepsthy (1073 coacluded that ol least one
k v

version of Hoyle-Naviiiog (IIN) theovy yvields av oo va, # reladjon incampatible with

the deta. '/.‘4‘»(-’.-(‘. Loveever Covwto and Naelihor (18749) {or an exicugive compuriton of the

\

I theary with obeer .'ati(m'g Cisveathough tho 1y thoory 1vos 3 copunob with Lhe pressnt

v no eosy

one ¢overving C, e shruetwere is very differect oq are e phycfoal nssumplions

eompneieen jg thevelsos posgiblo,
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In the present theory, for positive e, all the tests yield vesulls very similar

to the ones in stardard cosmology, in the. scnse of being insensitive to Gy -

For negative £, however, e {it to the data beeomes certainly botter since one
can diseriminate beiween an open and a closcd Universe,  Positive and negniive € be-
have therefore in very distinct manuers.  Given the histocical importance of the m vs, 2z
relaiion vis a' vis the variation of G and tha impression creatad hy the work cited
(see also Maeder 1977), we can conclude thaf among the miwny possible theovetical
struaclares cne cun Jevige to acoauat for a G(U), the present ene, based on a4 scaic co-
varianee, yields results which ave either canal or botter than the ones of standurd

cosmolosgy.

O N R HE T e I
raviont Losmelony and Reve soen how

We have covpleted o deseription of seals ¢
it cempares with o Lost of obscervidions,  The el that none of the gealing funclions 8(4)
we huve chosern can be endod ot by the avasla™le duia 15 ranaable, In et 10 wus nol

our main thrus! e achiove o fit Lo the dota cupeorior fo thone itz pted so far.

LERS

Rather, ousr [est aim was 1o show thad the da JloRenT

provided evaory irgroedient in the

with the theory.  This aim has boes accomplished,

It therclore follows il alternalive

from {ho present voirk thet there caisls 0 consis

internretation ¢

- “)" ﬂ'l’

To arive powe his poivg, we shall give tha tellowing fusthe s ihustvaiion,  Tor

A given chaeryed 370 (see 7,11 and 70123, v oo oeon deline o Ueritical densily™
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From (2.4) we have

Thus, from the abscrvoed aveiage densily and the vdue of Py a8 computed {rom Hu .
we connol deduee directly Ihe curvatine of 5

He<0, b >0, Yoragiven (ob=crvalionally drf‘.c:rn‘n,lncﬁd)PO/DC , the corre-

!

aal

sponding vakice ol 4 is sivatier than
) O

slov €= 0, joe. stendurd cosmaologsy,  This favers

an open Universe.  The opnos
b

This allogether different relati

P

siv Delween he wmovnt of matter in the Universce

andd the curvelure of space is perhaps the nozin fcature of this new coswmeloay,

Since 1

(15.2) depends eriteally on £, do we buve

e

By away Lo choosc helween

€< andl €079

Ag dizenzsoed elrowhere (Cmatlo, Raieh ond CGwen 1078), proscent data on fime
viriedion of the Moon angidary veleoity (o= 0 = 211719

Ao Ry

R (15.8)
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(nA1 and n, o are the alomic and tidal covtreibutions), scem to indicale a non-mnll posi-
z
tive result. In fact, the data presently kviown for the Meon read (the wnits are
2
arcsce per ceufury’)

n, = =30.0 3 (Mullexr, 19798)

-21.7 £3.6 (Vau Flandern, 1378)

=1
il

(15.4)

= -24.06 *3.6 (Calame and Mulhollawd, 1978)

n = -23,8 %4 (Williarmg of 2l,, 1978

. .

Since in the present theory - s divectly given by —? (eco Bge. -h210 of L owiih
3i | : 3

- ; G Vet no. .

GM P = consi., g, I, 2.00;, a1 positive . imnplies

i.e. € < 0, becwase of (401),

Should (15.4) be cofirmed by fvinre wralysie, it weuld then follow that the Lulk

of the cosmologienl tests presented n hie paper favor wn open Univovse,

inally, a comvment s in ordor copceruingg the 1adintion daminvicd Uiiverse,

chaveectervizad by the occurrence of ruclecsynthesis,  With the nrezont novwledge of genle

i [

e winiorany! Healubonf
o sintenizal, hrotyhott

SOV ARG GOSIRUIORY, WO ATe Jn no nesiton to make ary sons

Ccan be changed by the

DRI em e e LR
CINENT Y \_‘lll\.jr

our wok we have lonvied thael overn the rasael el

presence of 2Ly, sce for exumpde W, Erneo (2018,
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The study of miclecosynthiesis necegeilates ingredients like Fermi-Dirac distri-

buiions, invariont phusc-space, reaction rates cle. that must he vederived in a manner
k4 & ?

consistent with the premises of the theory, 'This problem is now under study.
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Appendix A, Evolutierary Coriections

a) Stellar Fvolution

We shall firat study the confribuiion to the paramoter e, due to stellar cvolution,
Work by Maeder (1977) Das alveady Lecn pullished which treats the case when G and
- . - e 2 =1
M oare funclions of time. Macder has aralyred the two gauges 1) M ~ ", G wt
0 ~ -1 1y . Tism hic §aepmet . Y P .
and M ~ &, 3o~ t 7. Wea shell generalize his tveatment so as to have resulis
valid for an arbitvary gauge. ‘To that end, let us enll € the epoch st which a given pho-
ton leaves a galawy wnd ‘L_l the titre al which the galaxy is born. Al tivaes are compuled
rom t =0, The so-colled one burst model lor formation of clliptical galaxies is here
T t=0, T Hed > Durst model lor format [ alliptical galuxics is herc

adopted, ag ivall previcus computations of this kind, N

The contribution of dwar! stars fo the toind Juminesity is writlen n

Lagy Y (4. 1)

where M is the turoodi mese.al tine }\",] (t) is the Tower mass Hnsid of time {
3 .4

4

aN/IM dg the wmags spowt the Tumiiosity of w atar of moes M@, We

e and

RN

shall write in goneral

7. o T‘,,“("" (],) {:‘& ({} IA’\.‘» (A‘ 2)



wheve the coeflicient ¢, §, andy dopend on the type of opacity and nuclear renctions
1 ~1- 3 )

employed, The Salpeter mass function at thne t=¢_, i.e.

0’

an M~ LX)

v (A 3)
musl be generalized at M = M(l). Using the general relation [Heo I, Bq. 2.50]
G(B) M 38 = const. (A.4)
we obtain
-3 I . -
N(l) = 8 (ty G 9y (A..;)
gso {hat (AL 3) gets generalized to
aN(L - (1 b x o aex .
(TT»T(tl) « M70 TN ) e o) (A. 6)

In generul tha main sequence lifetime ¢ scales like

e

T oo M{U/4() ~ Wt 0 Gh(’(fs) gy (A7)

L]
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Theralore

M) e 70 1-a gy gl-a (A 8)

= -1 and so

For a particular mass M[(t), one has T 1’

1
! b t,. . 1-o 1\:0

, 1-a ,1-c P o
MY = L G . (.L t) 8

(A9

Muaeder, like all the other authors, has negiceted thn t.‘/L factor.

Inserting (A.0) and (A.Z2) into (AL 1) and integrating, one gets

L,oe ¥ e N ll“m“ RS 11 (A.10)

o~ M L X . .
- —— & Sreemio oK 'Y $ & .
- = 1 -
c -1 -0 o (A 17)

The eguivelent expraogsion foverdisary cosmolopy, wilh G = const, and 2= 1 can be

casily retvioved: (he rosull coineides witly that derived Dy “Binsloy, (19746).
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Using now Eq. (4.1) and (7.9), we can rewrite (A, 11) in the form (7.8), i.e.

e
L) ~8 0@ (A.12)
We have lthen
1 ao-x 1-x
eq = (8-1) x+ § T Qtegd) -gotY 7Ty (A.13)

Tor the commonly used value x = 1, ¢, becomes independent ol o, Y and §, i.e.,

d

cq = E-1% g (A.14)
Since we further acsume . that G = % , ge = ~1: Cy then becomes
g =1 ‘ (A.15)
Following other authors, “I'c also include the e¢ffect due to red-giants, Here

too, we follow and generalize Macder's results,  Let lg and Tg be the mean luminosity and

mean lifetime in the red giant pbase. The contribution to L can he written as

dM (U
- AN() . A 10
Ly = Tele | @u @y (A 16)
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* Using (A.6) and (A.9), we then have

-1 - -x-Y -x-§ . :
1~-a 1-a 1-0 G B
T 1 ot G 1486 = t+y =t A,
Ty “Tgg P [146 G try 5t] @i
or using (7. 9)
X % X
-1- — ~-xX-Y - px 4+ 8y .
L, =Tl 1-a g 1-a g 1-o [1+(Y~6g) gt] (A. 18)

In order to recover Tinsley's expression, onc has to posit G = const. and 8 =1 in
either (A.17) or (A.18). From here on, we shall negleet the seeond term in the

parcuthesis with respeet to unity,  Transforming (4, 18) inlo an expression containing

only 8., 'we have (’l'g lg ~ 8"1 al . g8~ 1 , see A.T)
¢
L o« B® (A.19)
8
where .

¢ =-DEAD F T+ e (Lhegh) - P (4. 20)
B s € e(l-u) 1-a -



Tor the total Juminosity, we Jinally wrile

where

Por €g=a, (5,22

The tmporiant remaric (2 Lo muae coneoriing (AL 28) s bsi (e lust positive tere

din L
dea 3 -

recduess fuether (o

177

(A, 21)

(A. 22)

(A, 23)

lavgely concels the first one, lehving only the simmall condeibubion of the second Lerm,

la-6) < ow-1.
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b) Dynamical briction

A dificrent type of evoluticn: thal can 2{Tect the luminosity is repref;c_nf,cd Ty
dynemical friction. The phenomenon, first described by Chandrasekhuar (1943) in the
context of steilsy dynminics, has been recently azplied to gloinlue cluslers and forma-
tion of gidactic muclel hy Trenwiine, Oatrikey and Spitzey (1975). Ostriker and Tremuine
(1975) have poated out that the swme mechuuism may be opevating in clusters of galaxies,
where a small grdaxy 1= dragged into the neelous by the collective actlion of the field .g."Ll-
axjes and thereby disrupted.  The compuladion of the increase in mass aud therelore
lurainosity o) the giant galway has been porfosmed by several people hesides the refer-

cnees quoted albwve (see for orample, Lecons 1074). 'Che resalt is

17 17 f
a /e 2 {1/_4

5 o D B (13.3)

where sve have included sab-indices B oo indieate that the quantitios enteving this ex-
pression are to bhoe understeod iu Rinsteln urites I foel, the equations used w arvive
at (B.1) invelve ondy grovitationnd quantitics and no atomic constiants; here L is the

mass of the gulaxy evertually (o be disrepted by tidal forces, Lot us generalizne (B. 1)

to an arlitravy catgo, We first recall thal (L, Ta.o 2.50) for any object of mass M,

the Tollowing reintion hoelids

Bp Mo Gp v B Mg Cp (i 2)
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We therelore have, using dip* ¢ = R({) dt

(B. 2)

or [inally (BF = 1)
1 - j o
SR, Brty dt
M e zam ( Brt) d) (B. 4)

where we have suppressed the indes Ay the time Lp cai e taken to be zero {as origi-
nally dene Ly Quivirer aud TremeainG: or more voalistically ag o given fraction of the

Hubble tiine. In fuel gaioxics did voi form ab = 0, ot atter decoupting, We shall

leave t(‘ undetevimined for the ticie being.,

(B. 4y is the penerndizalion of Sy (8) of Tragnine ol ol to our cosmological
framewstclk.,  Wo mest uote that (D, 4) s enwct v the same extens to which 'Uramnine

et al, ie. Infact, onv gencralizetion hog not infreduced any appreximalions, Wa ean

now wuile, for the contvitation to L by dyvnmmical friction, the exprossion

g1 o b 378 '

o g (] 2ty dt ) 1,5

Ly, o £ L, Fha) (1. 5)
1.
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For small look Lack times, we can approximaie the bracket so that

g-1, 1 V4 1 .
L, . ~2B ) {1 - B - - } (33, 6)
dy.ln. 2 H ot 1=/t

Usirg now (5. 18) we finally get

e. — 1 - B PR

Vg, v, ~ 57T 0 (B.7)



APPEND:X C. TI1i m~7% RELATION

We shall now present an alternative derivation of the magnitude vs. redshift

relation using 2 Robertson-Walker metric:

« - 5 n
2 = w? - R%q Lﬂ'—"—-——,; %@ v s e dn‘p”"):]

The tangent vector of o photon path, extending irvom the origin radially oulwards, can

we written as (see I, Eq. 2. 26)

0, o> (C. 1)

where Vo is a constant, We reeall that (C. 1) satisfics o puil hi-geodesic wgeition,
searee, located ot the

The evorgv-momentom tenser of radiation emerging from the

origin, can boe reprosonted by

AN Y .
pHY et Y (€. 2)

The wmodified ercrgy moementum corservidtion cquation anud the mall in-geadanic equation

imnly (see Eqs. (2.86), (2.27) of Ti)

(EEY, =0 = @Y - i) T KM (0B

i ; ' : .
] L b N

= e (/e rK™) . SO SR I I O S N "

s o LA
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where A/_é,- = [ - det (g“v)jl/‘ . Making use of (C. 1), the above cquation can he

rewrvitten as

I) € 1 ’
Yo cexly 1 S it <1~3r2>
3 B/, i) 2 B

b , T

[

Y B Y £
. — (.0 Lt o 22 Dy L
F-y) L(}_m 2t " (1 - kr?) : )- 0

\)0
T,y et Ol
3. 4 4 i
B = i{ r
whoeroe
(5 - TT‘-
= QRZ vTB s

ence

“

E=Er~7) . (C.3)
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Since on a null path v - £ ig constant, € is n conserved quantily along the beam

ol radintion, Noxt we note that the ohserved [Tux,

luminosity, is piven hy

e = 0 ’I‘H\,
PY UM

fad
]

i}

ck

= c I e
¢l (uu kM

which is equivident to the gpparent

2

where By, (6.5) of II bas been used,  Thas, we ean write Ty, (C.3) as

Subscripte 1 and 2 denole diffcrent space lime point

we approach the souves,

where I, is the tnuinsic luminosity. Henee,

2L = -
¥ obs 17 B
003
' S €S
Yobs 2 A

long the beam of radiation, A
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TABLI, CAPTIONS D

YVidues of &, 27, R(L)/RO, t/t.o, Bl and T, eq. (7. 6), for different

valucs of 4, €= -1,

Same as Table 1 for e = - .,

Sanie ag Table 1 for e = o .

Same us Talle 1 for e = .92, ['This value is derived by reguiring that the
cosmological constant A computed from gauge field theory ot carly times
and which scales like /\O 27, Do compatille with today's value .

Values of the appavent magiitvde m (Joy. 7,11 and the metrie diameter

Gm s T (9.2), va, the red-shift 2 fov different volues of E!.o , nd the

evolutivnary purameter ¢, Ty, (7.8): €= -1,

Same o5 Table § lor e = -4 .,
Same 2g Teble 5 for e = &,

Same as Pobie § for e = 02,

e}

Vadues o the poramotey », eg. (L&

IgN{m) ve. e relation.

that vizld o clope of (75 1nthe

The ro vee 2 relation ol standavd cosiiology (K = o) uzing the values of

1 determined in Tanle 8,

Vadves of Jhe evoluticunyy wameler ¢, B, (7. 8), (kat yvield a slone of

i
.

JTH i the JgWam) ve, o ocelalion iv (he nresent coswslogy. Ten sanaes

<

ave prosonicd,
The o vo, 2 selation (Mya, 7,06 and 7, 17) correcponting to the prosent

3

cosinalogy with tiwe ovciuiionary covecolions from Tobia 1L,
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FIGURE CAPTIONS D

Loeok-hack tirac (normalized to foday) vs., 2z for 4y = ¢ and 1

€= -1.

Samne a5 in Figuve 1 for

[
.

Same as in Pigure L for €=

Same as in Figure 1 for €= ,92 ,

7

The m va, » diagram, sec By, (7.13), oy e = -1 and tweo videcs of

bt 1
G, = 1 oand 5 .

The eveluiionavy parameter is ¢ = - 1.0, The velee

of the ncemalization my ie 21,03 {ibe obgervationud points ave from

Tigure & of Suw

Sarce as fw Figuve 5, €= -5 3

Same ag in Piguve B, =4 ;3 e= =10,

Same as in 1Iigare 8, e¢= .02 e= -1.2.

The offective Jecclorution parmmclier ¢f as determined fron. She m vs.
Yo, (8.3, for

relafics, By (5.2) as o lancson of the geormcirical £

Aifferent values of the evolufionary paurameter 7, B (8.4): o= -1,

Samne as Fipgure 2 for
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Trigure 11. Same as Figure 9 for €= +

TFigure 12. Same as Yigure 9 for €= ,02 .,
Tigure 13. The metrie anguls. diamaeters vs. 2z, Eg. (9.2), Tor two values of G, = 1

and .5 (Jashed lines). Predictions of standard cosmology are represented
by full lines; e = -1, (The observational poinls are Irom Wardle and

Miley -1971).

Figure 14, Same as Figure 13 for ¢= -4 .,

H.T‘igurc; 15. Same as Figure 13 for e¢= & .

Tigure 106. Same as Figure 13 for €= ,92

TFigure 37. Isophotal angular dinmeter Si vs. z, Eq. (10.06), for Lwo values of

g, = .1 and .5, The value of ¢ is the same as for Figure 5:

€= -1, (The observational pointg are from Fig, 5 of Sandage 1972b).

Figure 18. Same as Figure 17 for €= -1,
Figure 19, Samo as Pigure 17 for € = .
o [~] -

Figure 20. Same as Figure 17 for €= ,92,
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sEcTIod E: s N-l= S

I. TNTRODUCTION

‘It is the purpsse of this paper to study the novmalized, differential form of the
log N - log 9 relriic. fur radio souvees within the framework of the scale-covaviant
cosmology daveleped and tested o previous papers.  The formulation of the theory is
descriticd by Cumide et al,, (1977, velerved to as Iy; e formulalion of therniodynamics
and the 3°K baekground vadintion is deseribed by Canuto and Hsich (1978, relerred to
as I, The magnitede-vedshift tost, the radin angdar diamefer-redshift test, and the
optical number-magnitede test nie deserised in Nection D oof thls WOTA « .
I‘n. D an improvement over nen scule-covariunt cosmology was abtained in fitting the

data for a cheice of parameters conaiatent with the prosent physical undevsiancing of

evolution, In {he some paper ¢ geod G Lo the luvpe N ove, m slope for Q80's was

aleo achicved., These tentative sueecsacs impel eue te seck subsiavtintion of the theory

with further tesis.

o ool noyber comdn, 1o, the number of sources having

an ohcerved flux proecter thar 8, is an interesting cose in point since fifteen yeos of
;

modal diting under Jhe assuwption s ol standoed (ncu-seale-covariant) cogoiology have

yvicided o disereponey with the date wbich s rathor inz msitive Lo the pavameters of that
cosinclosy and which hns boen Tump o into o fvee Mevalutionns y Senction' as deccribed
,

halovw,  Wo shell demcinaorale in (uie paer thail the £110 covarinnt v oda] necds lo aneribe

\’ 1

less of the Amdacestel form of the data fo aw "evolvtionney At

‘

jer', which he-
sides o not froe ot ally Indecd the stendard tioory docs not depend seusibly oo the de-

dnule-covarival theory con. This incvoagcs our

caleraiion pevametet G, vhile {he

coniidonee in the presililive of detomaining the cosvalire of the universo when il tosts
ave in, For oo seiios sensitivivy of e vomatg fo e velue o) 4, FOC the toais dus-

eribad v .,



Petrosian (1069), using the integrated N(®) count, found that ithe 3C dalu were
consistent with the Lemaitire model with a2 weiform distribution of soureces, hud he bad
1.5 . \ , . . ] ) . .
touse a (L +z) evolulionary law Lo veconeile the 4C aa 5C data with thiz model.
Yurthermore, the differeniial form of the fest vould have been superior statistieally

Jauncey 1967 and 1975). ‘The eaJeulations fura g = ¢ =1 mode] reguired sub-
.(0 C o 1

stantial evolulion, nmwaly. (1 -+ z2) .

Vou Hoerner (1973} coblained & 1g a0 Mlat" rodie lnavinosily

from the duta

function (RT.07); a density fuaction 5 (10a) T8 {2} , mudie to ovdar
and a rel-xed vedshift ent-ofl, A terilicsl' hnuivnesily fuiction woula roguire in addi-
tion a hm‘nxwlry Tope evolulion Lo miak 2 the LT flatler in the past enaking 1L no Jonger

really eritical of conrsel, tpavaholic! R1E weuld voquive in addition o lundnosily range

evolution. ITia cesnlls wore presonted foy o madilied 0 = o , 7 I modid (faking advin-
«

tage of e juseasitivily o e, ung Jor i o owgquad to -1,
J

Wail, Pocrscen (30770 nsing the T tein-de Sithery meadal foomnd thels
] y \ iz

hest fit for wo cvolutionsry fancdon 1301, 1) whicl: dopeads on four paramoetevs. They

did not have (he same success whaon thcy apulicod the maded to a saraple ot Bigher reguen-

cies contaiving v wider gomut of gpectrol iodicer, vreaumablv hocause the RLE of steep

&
sources  which show up at high frequencios s difforcei fronc that of theze which chow
up at low frequencies,

sevted o Prec-lovim iteactive ealonlotion of the

ey
e
[
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~
=
i

v Rahectzon (L9705 hos e
Temdnosity dfelmboiion reguieod to prodoce (o chaorved diffevent™al Tog I - 1og 53 curve
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In all of the previous calculations, ad hoc cvolutionary effects were assumed to
fit the data. Their very existence rules out all simpler versions of the steady-state
theory which have no rooin for cvolution. Using the scale covariant theory, it turns out
that part of the ad hoc evolution is accounted for by the new geometry, i.e. by the secale

. 4-5 . ; )
used, =o thal the large exponents like (1 + z) are herce reduccd. 1t also turns out
that in contrast to the standard casce, most chosen scales when combined with the data,

put consiraints on the acceplable deceleration parameter 4,

In Part I we present a derivation of the log N - log 8 relation for the near
region, This has the advantage of being casily interpretable and it can be made o
produce the characterislically steep slope of -2,2 at high 8 in the quasar counts
(Véron, 1966). This turns oul to be possible if we use a model with a maximum in the
effective luminosity distance QL . The definition and behavior of QLare‘ explained in
Part III and both noew and old reasons for the observed luminosity-vedshift distribution

are offered,

In Part 1V we present the derivation of the expression for the differential count
apd the conditions under which it is computed. In Part V we present several analylic

cases.

Part VI is dedicated to the discussion of the RLTF, We have performaed compu-
tations a) by calculating the RLIY within the context of the present theory and L) by
Yassuming” a RLT to allow corepavison with previeus resullts, The 177 sources used in
this wo-rl; are drawn mostly from the 4C survey and have lmown redstills, spectral indices,
and radio diameters. We also reran the program with a set compiled by Solton (1978 4, b} with
criteria of completeness. In order to make full use of the available information, we used the
spectral index characteristic of each source instead of the (:o.mm on convenicnt practice of one
average index for all sources.

In port VI we discuss the resalts and in part VII we present the final discussion,



I, THE NUMBER COUNT

The scale covariant theory us described in I, II and 30, posits that ihe gravila-
tional (or "Eiustein") and electromagpeiic (or "atomnic') lire clemonts, ds and ds,

which form tLe bogis of their vespoctive dynamizal theerios are related by 2 time-

dependenyt - Fuontion g,

2.1)

Py
—
e
-~
jol)
[
.s
T2
~
—
—
|5
-

s == S

squation (2.1) tmplics thal praviiational cod clesiromagnetic interactions did not always
bave the relative streugths obsorved tedany. ALl guantitics a-th:uiln.!:c{l within the goovita-
tienal theory ave indicaled Ty a bar, excoert the redsBifts which we denote Ly . Quenti-
fics vitimately derivable {rom guantom cloetrodynamic theory or observed throngh alomie
processes ave unbagred includiag Uie vedsBifl, « (see D Fogse 3.1 aud 3.2). Uhe scole
fooeetion § in {2, 1) is ¢ fmetfon of dlomic tine, Currend rosenrch hay concentraied on

tha conaeruences of anmuming o genarnl {orm

it = (L7 € = &1, £1/D (2.2)
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Two gauges, i.e. two values of € were suggested hy Dirac 1938 and 1974 e = +1;
and the othor two by the present authors (II aid Dy R( ) appearing in
Einstein's theory, is related to the scale factor R(1) as it is abserved threugh atomic

processes, by the scale Tactor £(1) [N, Fge. 2.1-2.57.

The full soluiion of the gravitalioral equations writien in atomic units ag well as

the behavior of 8(t), R(t) vs. t and v can he found in D, Tables 1-4.

To fina dN(tv), {he total numbair of radio sourcas which emitied theiy ight wfter
time 1‘0’ we must first find the nunboe of palaxics cuclosed hetween coordinaies Yo and
r -k drc al time te. If we assame o Robertson-Waller metric and if n(t) is the num-
ber of gulanics per unit proper volwnns, we have

) 1 b4

2 .2 2 -1/2 .
AN(t ) =n(h) 41 7 RO BE)dr (1 -k ) . (2.3)
¢ . C e I
I the radio sonree density depends orly on expansion, Lo, there is no new crealion oy de-

struction of sources, then
. ) — i
)y Rl = n_ R . (2.1)

Usinug thoe relation
o

. L. 2.-1/2
dr (1 ]-.le)

o = ¢ dte/R({;O) , (%. 5)

we find thet e tetal number of gources thatl emilted theiv Leld aficr € de given by
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rpanaing

st form

a0 thatl

R N e I L XU A (2.8

wo bave
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we obtain the radio Bolomairic correction

> N - ,Q. .y "(1 'i'(’;) 0 1«
Pl dv, o~ vE R dv, (2. 12)

Within fhe scole covarciant theory the vniversad gravitotional Yeonstant™ G is

written in geoneral ay (sce I and 1)

o & : of (2.13)

As Tur as evolulio: is

concerned, we chell generalive the exprossion vsed in

stondord cosinology, runely

A b i
Ly = %Wt (1) (2.1

. } O ¢,
Laty = DALY BY F L k)

2.15
6 (2.3 D)

Foor the inclusion of donsiiy evolution,

0 aommert after

vt (de1)
D, Section J1MN. Then Sy (0, 7.0 bicownses

(S

N
-

Ly/das =Ry

r
™
:
e
s
o
bl
L\
]
[

(2. 16)

Subgtituting too expsayien (), 5.12) {or &



and (2.7) and (2.8), we obtain

/2 . W 1/2
t= 2 __.\ _ Lo o LN
L < 4, Ll 2 ¢ \ins. - Cl):l ? (2.18)

where

. e2 r e - ,
C, = (—(2—_ f}"lf“ . (2,19
(o]

Bubsiituiion of (£.18) intu (2.9 yiclds

dn L. 3/2 1 . 172 .
- o7 o - . o 7 ’ o g
N(> &) = —z= ( == L.l - e K'fz-‘f{é‘{.) (1~ )]‘ (2. 20)

2oLl

3 L HTE

with

@]
EN]

In the opfical casc  (obinined By msetiing ¢ = =1, (&, 2p) reduces to (), 12,0 20) an oxe

poerted,  Inthe case of glonderd cosranlopy, € = 0 uud g =0, Fq. (2.20) reduens

von Heciner

nie

to B, (14,733 of Weitabory (1972 or o Ba. (15.36) of
) &) 1

From (Z.27) wo ean cagily evaluate the slepe of the N

NS covve,

o a ot o5 .
3] 3 ! (3 - ) ¢ .
glemyo =S¢ S A s (U C ORI, Q. 1 - O .
: N 3 i 3 o G- Oy
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Using lhe well-known expansion
1

Lo, -t == [1-@+3 q,) %]

in (2.18), we finnlly obtain

H I, 1/2 -
o/ o f 20N n A 4
2% we{ie[(F3¥)a-cp-uria]} o

/
-

s0 that to first ovder in

alopsn = ."i S}.I.\.].- I e :‘_ . - KL_.'_.g} e ] : 2] ?]
lile\,. = N as 2 Ll P (1 ('2) 7 (u- )

.
. - -3/2

The fivst term in (2.21) reproduces the well-huown Bucelidian result, 8 ° s
whercas the term in parentheses reprasents the correction due to cosmelogy.

The decelevation parameter appears in {2, 21} throuel 11 { .
< [Shye]

The second term in brackete can be made positive if ., 7 1,
(4
thus increasing the siope from -5 to perhaps -2, 2, the ob-

served values for quasars.t This can be achieved if

(1 -x) Hyty« E(24e - g) A (z.22)



The values of e which produce a slope steeper than -1.5 assuming eg = -1 and
= -.75 ave given in column A of Table 1. Ly nwltiplying e Ty the numbers in
column Il one obiuins the egquivalent T in stancard cosmology for ap assumed evolu-

s .
tionary furcticn (14 )77, sce (2. 14) and pert VIL o a real sample, the sources huve
a wide ronge of redshifts of couvse., When z becomes very small, the regaived | ei
for a slope of ~2.2 is very large except for € > 0. We might not have Lo take such a
sliingent veauiroment as a slope of -2, (whizh comaos from sodvees with large as woell
ac gmall reduhills), We ssust realize et oneo evolnbion Is assumedyiliore is no reasen

to wish it {9 be srall oviavge as leng as il is consnistent with the olher tests and the

modc] of physicol evointion,

L THE LUNMINOSITY DiSTANCE

e e
T o= S Sl jﬁ’.l_ 9
e oz o (i) ’ d.1)

R /

Q O
let ws rowrite the exent oxprossion (20148) s
0

P TN 2 ‘
Ty A (= ) EREED) (3. 2)

oatt



where we have introduced the “luminosity distance

’ 87 2vE g -1l-w-o (3.3

which merely tries to incorporate into one exnression evoiuticonary, geomcirical
Y i 3 Yy & y

and bolorictrie fwetors contribating to the velationship between I, and S,

Nete thal as priven i I is a lunction of & (the redshifl in

gravifational usnils, not that ohecrved iy atomic urtts) and of 8 which is useally
given az a fnetion of sicmice thne L In sinnderd cosmolepy, R=1, & =%, and
8¢ (3. 2) and (.3 topethar roduce o the siandeed equaijeoas deseribing both the

G-z diagram far any o and e m-v diagras 3§ we toke o = -1. We vole thut for

anitable eholce ol oy i s ity aistanes C.{ f heve o max-

J
* A
imom, ¢, o, ot redsbilt », o Inostandard costiology, it is also possible e have a
by IJ B .

maxinman in oo fuminoesity distanee but ovelution o ust e oy streny bo ranke i
occur af obsorvable vodshifts if Yy is nol very tavge,  The interest in a Kuminositly

distance whilch 15 o slowly fueveasing funclica ol & or which has even a masimuam

is thet sueh o Lehoviovr seovn indicatoed by the radio 3

ara and Dy ik inte-
grated N(S counis, The delo can nel yol eotublish iy exisionce in U gvailoble
‘

reashifl range ¢ < 3.5, so il i maxirum exists il nist be ot 2 > 2 at Jenst op
p

else it wouldd be more evideal.

The prosence of an ohservable mooimna in stand weoudd

iraply a ol untversa srd/oy

e of e pres-

20, ond the faots

circe of the wede funetion

funciion cannot fu gererec! Lo poven
bl 1.
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the value of z, will he dilforent in scale-covariant theovy than in standard

theory for the same 9, for soms choices of € and only moderate or null
. s . ,*
evelution it is possible to have g, oeour of cbscrvable or neavly oLservable
Joi

Z, Inan openuniverse. Thus for some seale choices, the 8-z diagram corre-
sponding to an open univorae in ovl cesmnlogy will look like the S~u diagrom

within a cios~d vniverse of standird cosmology.  Similarly as tho resulis {or

m v, % and Gm vs. 2z of paper B indicate, jt is possible withia car theory
aud an open univarse {o obiain resnlis tat an stancart theery enis only b obfainaed

with o ¢losed universe,  Fou the Gi ve, % lestas ciplained in D, the resulls of
ouvr theoary can e siimulaied by stundrd theory by cither a higher ¢ bower

depondivy on the gauge € oad Yy, choso.,

This exvlaing tha iaconsisteney of the vesalls of the varisus cesmnlegical

tosts (which require the angular ditviaecd o incccise paosve slowly than the lnmine-

enretaad by alondard thoeory Bat which @

osity distance vwith vy as auirn o unique

§

sle-covaviael theory.,  These remaris b

G inthe = cme particutaeiy @
O

iF it tuvog oud that the rcasured Jentervivim ahundauee noalls

240 OprN LRlveTSs

algo in the new thoo uns is o preliem now wnder investipaiion,

A priori we should nol expect the eptice® dato o behizve the sameway.,

However, the sieen stope of the W vo. w dingram can in fnel nply 2 masimum

i
in the Rolometric distanes ag diceassed in Pars o) Sectiong X and XNTL Also

the m ovae. 2 dincseom combining e QB0 and oadnceiie data shows sioos of & mani-

1)

mum, a circumstones which js vaviously interme Lo ap ovidonee for bigh r.J

actio evolution, miristaspreteiion of he redohit

Lor the wnsuitainilivy of QO08s

ity of “he bohiavios of the opticnl arnd radio cata mny be

" n‘ titeunly fo Teadicg fo sinilar ovolinion~

w05 deusily evelation wouid be easicy to undorstara thon



W

Tuminosity ovelution in this .':ontv.\:t)) o it may he that geometrical considerations

and/or strong sclection cffcets bosed on geomeatry arve the deminant factors in

ical lex distributions and ¢ corvected {¢. . scale covarinnt)

both yadio and opt

interpretation of spuce-tine is in order,

Let us now siudy the coses I, = 0, 172 which ean be treated analylically

and the cusc G, = 1 ip the init of small 7.
:

Frovi Bg. (06308 we now have (he oxeet resulls

2.4)

For (TO =1, sinee 13 _t_) ot for & << 1, il folluws thot

1 - oS

0o
[¢]

o =

Using new (8.3) wo can wrile

Gt = Yz (e L (3. 62)

where (1, 7.0

P, ) = & — T (3. 6b)

]
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and

L+ay (3.7

Usiang Fe. (5. 6h), it is casy to fiad that he roaginum of Cl occeurs at
A4

p o= -1 q - /2 . (2. 8)

Tz, =

i
~

The values of o corrosnomdiny o p o =2 qrd -7 =Y e moitsd

ar

1y

253

as o function of € Lo o = -.To, in Tigery wu (q) =0 apd for g = -,
. ¢

AL

o0, and - TR in Sigere 307 e T L 2y, h of ¢ for the

. |4 IVt -
averase speeirad jodey oo -

The vegion ahovae {he cunve for o <0 5

cnds le vaives of pofor which OO has o maxivnon at reatd,

I

weion T oond eeeed

pooitive z, he vowmaniniy weea s devotcd Segion 11 and corresponds o

the condition for a moxirean. We nole it vwheni a = 1/2, @ = ~1/2 and when
0

A9 7 1, o= =.7519, z ~ G, the divigion corrog

e o the coordinals cxes, In

Giopion 101

genered as anes simehier or . he
0

o As e ponc nte Resion 71 e all cagses {{aking o farther ron

Taxrye e daey

tho houndory for ihe A €y, pohecomos oo n

b
-

bovomes siedlaer,



Although e = 0 is not expected in the present cosmology, for the sake of under-
s Landm\,, the p valtes corrvesponding to no evoluilion ave given in Table 2 as a fuaction
of o avd &. Il is seeon lhat except for vnusually flat speciral indices and approximately
for a'o = 1 in the local region, there is very little hope in the standard cosmology of
finding p ia Reploun I, a region : ugeful for underatanding the 8-z an! m-z diagrams
and the high slopes in the counts N{mi) and N{high S). When g€ = -1 and ¢ = 0, we

bave

a2 (3.9)
(- 1) 0T T

p = pEe =0+

rafe

Ho»eg=l, the € 4 0 contribution iz positive wnd we ave tess dikely to find g rmasi-
mum tor CL at real positive 7 (Neglen I, 11 0 < ¢ <1, the contribulion from the
¢ term is negntive and we woe more Hicedy to he iu adegion 1V even withoutl postulating
any cvolulion,

Since we requize thol the moasimum, 16§l oceurs, occur ab 2 < 2z, < @ | we

have ealawiatled the ecovobinations of (¢, e, ¢) which woeuld vield =, = 2 and prosont
1) A s i

e(z* = 2) in colwunn C of Table 1. Wacen a4, = 1)\\'0 include only € > 0 beeause the

2, corrvesponding to ¢ < (s too greal for the approximation,  Examination of ¢sjumbs
C and U reveals that execpl for ¢ > 0, for a given (g, a), the ¢ (,{)n(] p) do not (‘]Iilﬁ{.’,’(}

significanily belween v, =2 and 2, = «© and ¢ ig therefore fairly well determined I
we aeeept the hypothesis that the seluiion is in Reglon I We point cut that,contiory to
the case v standard cosmolegy, withiv the seale-covarinnd eosmoloyy, 2, Mmuy oceur at

A\ 2

obgervil]

avalues (Lo on, £ 4) oven inoan oopon enlversos Neguiring 7z, >4 {hen serves

to restr ot o to a gmail runge bebween colurmne




We draw the reacder's attention to the {2t that for q = 1/%, the condition that
Zy = @, (that is,the houndery between Regions T oand 1, By, (3.7) and p = -1) coin-
cides with the condition (2. 23} that the N{&) slope boe sieaper thay -1, 5, Tor
21-0 = 0, Ea. (2.23) hag more schitions than IS¢y, (3.7) (compare columns A and I of
Table 1) and som2 sclutions in Region T will aiso producs o N(S) slope stecper than
=1.5, This i fmportant becouse we will foud that the difeyeatiad form of the N-8 test

requires solaticins in Region T and there is o woy for a4, 1/2 to satisly both the dif-

*haud, for the a, = 1 case

ferential and infograted tosis sinultaneously.  On the ofl

and then the ¢ range is

the solutions of (3.8 overlup those of (5. 23) only whe

Very narrow.

The ve.y exisicnee of awaxinuun in £y, Doses same noeklems. In s
4

for ¢iven L and &, whore ave two solutions of (5.92), and z,  (whore o

and it is to Lo vondered why we don't observe many Iurpe ¢ especially when the

corresponding space volumus ave lurge ded would covtidn many sourees ({ uwi-

fermly distribnted. Proegumanly (“,J. Twieps all offects such as peomiry,
i

holmaetyic cu.l;‘:.-,u’.‘ion, and eveiution.  Sinco the Jiphl {rave) Hmoes vembd stild

a problems, Alyo

«

be Jonr cver ough Ci iz Mshort'", there may De foeusi
4

sidorablo ropion

QI declines alice it maxiymem clower than i resc, aud a4 cor

arvound the maxbioan might not be obaery in procent surveys, bot harring

unkrnown 2ifcets in an infintle open gnivoerae, souveass with enormous

. . g
would be obgervaiie (in ety we she d recsamine O & parads

cxplanations Tor their abhsoce are:



A, The redshifis would be s¢ great that the vanal Tnes would e shilted out of {he cb-

revr

Ly

gerved froquen range or obecrvers are culy looking for patleras around 2 = 4, not

In standaxd

cosmology one just assumces thal the ovolutior iz iurned off before Z o that is radio

sources may convaniently vot exist or evolve hiriore %1 where

< Ty

2
Any

i

One should Iavesticaie whether something inter esting is oconvving at that tuac,

observationzl effeol of the rehcating of the intevgainotic gns is clearly pertiqent, In

some Q50 modacts (Reeg and Selit 1908), the scurve is gquencied before i ean be ob-

sarved of high inte o

and linite witl o cob

C. I e universe jg closed fiuite nuenboer of sources, cob

we would enp

to obzorve ondy o (niw raarber of soutees on oo side of the antipodes.

D, The geomatry of the unitverse js such thai £ I im asymplotico to ils maximum al
z, = @ and the long exympiaiic vegion 1o bheyond our procent instraments,  Seversl

propiems o

INEH

Lo oz, = = depends ou o which ie didoven: for differcn sources.
2. RN 31732 would seewn Lecauge N~ S ig obsevrved w Lo non-
Feelidown, The chnire g ~ 0 » For both the integrated ard Sferent

fad

235



237

counts. 'The sclulions qQ, > 1/2, z, = » muy be acceplable; this is euplanation C

again ol course, '

E. There may ba chscuriag malevial in the early universe. The contributicn

of the obacured ronrces to the Lackground raqgintion should be calculated.

; o . - t N . .
I, Tor the saine €, ¢, p[ increases with [l‘;v,! 50 that Matter sourees Liing us

furthar inie Region 11, This weay Lo an expression of the Maitening of observec
sources with redshift, The "bue™ (2, o) may be suceh that sleep sources ave

in Region T ans Lecopre progressively inviginle with o and el scurces ave near
0 L o

or into Rewiun I I the seavees actually stzeraond with inereasing » and the
oppaerite obsarved weal: correlatizn of Fat souvecs with hish z were s scleeliun

elfect, the scurces ol hiph = would he invisible even thoagh the sources 7it ad

low 2z would imply some n, < «,

We reriind the roader thal ihe aboenos of scurces vith hiph vedshilt js
also an oudslarding paol e i the nov-se-de-coveriant cosmolooy which providas

Jowaer explanntions,
]

AL CGURTT

Lot us Fivst write tha punber of sowrcey oor sterad’ ) with luminosity

boetween ¥ooand L4 du as -

n{L, rdr= R YO Ty dh (4.1)
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If in geveral we allow for a tune vaviation of the nomb:cr of sources, then we
ghould write
3

(i) RO = v, RS 1) (4. 2)

Then

[ &)
~—
~
3
N

ML, ¥) dL dr = B2 (1 -1 )7 2% degit, L) dL (4. 8)

whore &(5) is the rolio hwniaoeity function, Using 301), (3.72), {3.3), and

drv
.

) ~ c 9 . - -1,
——— oz .....(. e Y (i =i, . \]‘ . - ) 1 ( g e ré
d.;, PR ¢ St A= L B dm S *

and changirer vaviavles, (L3 con now b expresaed as

-

N, v} dl de = an (/1 )Y
= rnlTT \5 4 [y BRI 4,4
= (e, ”O’ CH () (1) JdS de (4.4)

which Jdefines ¢ as iha mnre weim, The syvirlols
11 * i

and £, nove heon intredoced to facilitate the coinpnvison of ouy voguliy with
) L



239

the ones corresponding to standard cesmology as derived, lor example,by
von Ilocrner, which ean be vecovered hy putting 8:- 1, » =z, The exact cx-

pressions (4. 4) and (3.3) constitule the Lbeeis fur our future analyscs,

Since, as we shall see later, the huminesity unelion can be written as

-(n+ 1)

5(1) ~ L ;Lo <L <L, (4. 5)

we can use (3.8) to eliminate Loand find (Lo finnd exprossion for the number count

-3/2

normalived to the Buelidear value n B - . Integrating n(S, &) vver z lo
)

get (S, we colain

(4. 6)

vwhore

I LS+ I PR TE LI S S L L ToGen -
(B3-S e ) i]']\"L - L } ; 0 £ LD

A= ’ (‘I.. 7)

" r ) . — I3
{ en (LM, T, ; )] s n=1.5.

s owin (L2)y onee L., wnd W

The apper and Tover Imiis odepesd i ,
1) ¥ 10

arye fized,
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The [(1) which we have inclwded acceounts for nunher density evoluiion.
v . . e
It can be fonnally abserbed into the general evolulionary term g (sce 3.5).

Woe will follow this proccdure and nol refer to f{t) sguin.

The solation of (3.3} wnd (3.2) for M and “m must be found by itera-

tive teehnigues inmost cases. As 8§ hecomnes smalior, ¢ incereases and it

hecornes inereasinghy difficult to find the lmils, As p approaches region I,

¢, inereases more slowly with » and we must go to very bigh . Wien ¢ < o,

3 ]J e

7z <zt bolly g oand 2 e ogo to < ag we approach the houndany of Begion 1.

Zy

el

Vhew we ave in Regicrn 17, foy gome values of L and 5, '/;L may ho Lavoer than
.-*
(« i - . 17 Ea o NP AN - ’ s . - - g N : b

"y and therve will e vo solution foir #. Since this can cecur fer § which 2o no
L

smaller then the ohoceved values aud cinee LI\'[ comes crom the bl {as detor-

-

minced witlic (he iheory ey the Qalny on ineonsisteney might he svepoe o until

it 13 noted ek e 1., crleolated Do the dacn wasm rontehul>d by o dctum asgo-

ciated with a much highor 8 and lower ..j] L
B

wn Lheq s belog uged Tos tho Hindfts of

sorvadions would Lo of

Theovciers v very Tav 8 o

sodraes with 1, < LM aoud we are aoownd conceniuntly o Jow Lj‘ , doriow S
o Vhen the Tower Tl T and & oyivld s £ which jomeds o

inee these are

ot 1the medel

no L oobacrved sqoslloy oo I hove js stificient recaon to ve)j

corresponding o (€, o w, ). The most ebvicos endprit s a which would he

¢y bro, L

N2CesInyy
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nn( S)

e limits =
m

hers the cases

(1 -+

)y dee

[ 2(_1_ -

Cellaeeting

o i

3
Y ~

&

'

/

(3.4

¢

and .
s

when B i be expressed ¢8 nosimple power law of the va

il (S0 D) we

V.

2

J

<.
m

are azein a

0

of (2

2.9

on

(8
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ANALYTIC CASES

{3.3) we can vewrite (4, 06) as

I‘2 - 2n (=.

G 87 ay

(1]

(1 x)

o
¢

B=(1+rxn"

aerive

= ()

= 1/2
=13 o

- V(L2
(‘-107 [N o

3 -l 1)

olulion of (3. 2)

sdowe enn vowrelic (BL1D)

e

1+

and (3.5). We ghall study

rinble

1
n

(5.2)

(5.9)

n
St
2
1
H
.
B4

2

2%

L SIS

S e
R S T

’ G )
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vhere p is the same given hy (3.7). Instead of speeifying the parameters
global cases corresponding to

x(g, @, ) and € sepavately, we shall disca
specific valucs of p (vhich arise from many combinations of the pavamcters

and q,- F¥or convenience we shall use (3, 2) to define

a y €, ¢, und 1)
TH—
(&) L o e
= T AJIgg F A (5.5)

We present below the following cases: ¢ = 0: n =1 (all p) and
9. ~-9/4, ~4/3, -1, =1/2, -1/4, wnd 0).
=1/2 cases

n=2(p=-~1) and ao =% n=1(p=-2
We also have treated enalyiically the

q()
5/1, -9/8, -1,

ple reasons of snoco and

and n= 1.5 (p= - 4/3).
-7/G, =1, =0/6, and =2/3) and n=2 (= -

e 3/2’
~ able casily Lo do these

=3,/4) bul do net pregent thaan here Loy ob
will heog

n=1,5(
fow casos w

: N
st
ol

"7/8, and
becuuse the reader aftor sceing the fis
(]

and maay othors himsselll

1) Casc A, }‘—1(‘ =170, e -1

¢ hinve from Eg. (3, 6b)

= 275, w

& Cand
) 0
(5. G)

In this ¢ otrero curvaiure,

¥z, 'JC) =20 ba - JivEy

(5. Ga)

Using (3.5},
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14z = (-4 A )? (5. Gh)
m, M “ , we

2-2 2n-3. 5 o e 9-2r '
n =AS f 27N 1™ ey JTTE PP Ay (5.7)
F4

I r=1, using (1.7) we find fhat A =g /% (hy — A 171 dnd

m
“M
. /2 ~1, 5
n. o= AL (L4 2) dz
“m

(5.8) .

i.c., themmodel makes the swne predictious as e Buelidean madel,

Similoriy if n= 1.5, and if we chauge vaviables to y=./1 4 &

n,o=A f ”*.‘1"3?”‘"_' =1 ‘ (5.9)

. . - 1.2 L, -1 ~fa-1 o
Again, il n =2, eq. (4.7) hecories A 577 [/\.n - /\,‘,j 177 and we find,
. . 1

with the sarme chonge of voriables,



P

1
n =%AS 2 J R (5.10)

which is once more independent of S and L,

In general for zf() = 1/2 and for oay (g, ¢, o) which gives p = -1, the
result is Buclideen and 2, = o, The value p= -1 when EO = 1/2 corresponds
to the houndary henween Regions I and 11 and the e values which will give this
Euclidesn result are shown s a function of ¢ for varvious o iv Figure 1h and
listed for o = ~ .70 in celumn B of Tafde To When these nre nwltipiicd by

column 1, woe oblain fhe corresponding 12 values il we write

For g = o, wo have oo
0 oo
e z(L 4 2/%) : (5.12)

and

R S BRI LR L 19
B+ 255 (5. 13)



22;.5
with
o L2
142 = (1+21) (5.14)

Subslifution in (5.2) yields

. 23/ 2-n . 2-2n 2
n, o=AS f ¥ (L 28y 27 PP gy (5. 15)

Iy Hp=-2/n,

and

B2 A partiendar ense of B is n= 10 ~2), F < A/(1 - 24
(57) particnlar ense of B Is no= Lin = =23, 2 /(T - 24 and the vpper Limit

A, correspadn o oz, ve, Ads civen by (407 Ut
R spar el Lo 7 e, Aods givon Dy (B 7),as already Juund in Cuse A. Then

1] ‘_‘ ~
TENC -l By vy

(5. 16)




which ig a function of S and depends on the limits L. of the BLI,

i ond L
M m

The values of e satisfying this case are given as o {urction o ¢ for various
speetral indices in Figure fa and tabulated for o= - .75 in column B of
Table | for Uy = O Wo are again on the boundavy belween Reglons T and 11,

(B3 Avother subease of Bl is:

7 L - A B
)A.n(u) [_ S ———— “ . 172 ; 1/3_,)
'o Lo, "M ‘m
O i P

Thig

again depends on 8,

We ave in Reging 1,

12

p =i, -2, then

-1 S

o r .
,u.";) “

]
S

L4 2T =

—

and

1 az long us p & -~ 14,

L 17)

(5. 172)

246
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{135) If p=-2 and n=1, this case is the boundary casas B2,

By Tp=-1Landn=17,

e . 1/2

. 1~ @¥% /ey /4S8
. ob/2 ' PN
/\ N 1/ g‘,"z T e O 1]1 ‘ (U. J.LI)

55 : 1/
~ (2 fey (L. /4n S
1~(2 HO, ) (‘Lm‘ 4n 8)

n(S) = g
L (B) = g

K

This cuse corrcsponds to Region I, I has a Jdatter RLIT than ease B3 oud con-
sequently the gvaph of 1g n ve, 1lg S sppears morve curved,
3. Cuse €, G, = /2, p=-~2, n=1
Again we are in Region 1.

We {ing

?/:r, 5
% Y

nis - =2 i VY - STy - (5.19)
WS 5 - - 5,18

AT M

whiere the Hinits are given by

~which is ensily solvabl s by e bio oot



4. Casc D, F;D = 1/2, pr -3/, n=1

llere we are in the more conventional Region I, We casily find from

{5,2) that

.\
- (]Wl~ "J‘.’()

n (8 = 3 -
1 & Ai‘f’[ v A].Tt

(5. 20)

where the linits are ohtained from

A T (5. 20a)

74
which {3 ap ensily zalvehle cubie eonndion in vha varinele (L + 2 ! .

5, Cuase I, Gy, V2, p=-1i/?, n=1
}

We ave woain in Region I Tguation (5.4 roeduces to

. -3 NS
ArA) - Ay

n 3 AM - Am

(5. 24)



6. Case T, 60 = 1/2, p=0, n=1

We are in Region T and

wheve

1/2

o

2(Ltx) = 141 r2h)

7. Cane G, ?}O =172, p= -4/, n= LG

We are in Hoegion I and the result is

where

24g

(5. 222)

(5. 23)
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We are in Region I and

il

u (S
l1( 7

where &, and 2 are solations of
vi nm

_ -3/4 -5/
b= g™ (6. 212)

VI, THIZ RAVIGO LUMONOSLILY FUNCTION

Ji is our purpose Lo show whol saole coverianes can accormolish with

[P A N G

respoect 1o the standard thaowy, iwe (6 e data by

seine speeisl avidfice in

cvoludionary and scleclion Rmciions whoree the stardacd theovy usces ils aon

avtifices, tho separate coptribulions of the two theories are ehocored, Por this

Sairy

reason we it the stmplest RLE D conformity with orovi

ns praciice, nomely o

truncatad poveinr law

¢ , L > L T,



where @ is the mmmber of sources per unit volume with juminositics bebween T
and 101, which is velated to o, the numbes: of sources per unit volume with

Iuminositios hetween L oand L - dL and

wilh the same limits (BEq. 4. 5).

Tlie standavd maethods of caleulading the RLY as cuilined by Pefrosian
(12 69) were used, Ihe first mathog eni:ii]s caleulzting the abeolule lumiposity
Lowithin the theovy using Bgs. (3.2), (3.3), ant (4. 2), Weuse the hest ;pcci;’:a]
index availahle for cach scuree. Whon tis ia aceemplished, the Iargoest and
s ."LH(‘L I hecome the Hmite used, AL the sams thne the mavimure vedshift

sopved il the flax it ol the

34

source luminosity conld ho of

7. . atwhieh t
i

survey (2 Jv) is czleulnted; sinue -.’-‘(:«.J,w) is not known until z Zpp 15 Lnuwn, an
L

ttevative routive n caaad in penoraly wo used oue own, Wepsloints, Hewlon's
and Moollerts fithe same as used in fhaling the Timils of the integral for ) Mnding our
4

cit'e for ol -1/8, Since o Jiffers from

ownl most eopvonioni for e= =1 and We

OO MmN i

source to ecuree for the same (2, ) ‘]

ob thero e 4

vat oz, < o, there wee two solutions

while olliers donti.

for :-:(_’\\','1) aud The Intovest jn Jinding o s fo keow Che volume in

L.

LN

which (he source could be onzerved. I the sourees are uniformly disteibuted and

the un the obnscevable volume

end ialh ity Lo o computer 1s chosen. If we

in «:l and o euitahie veanmbor o ooy

are i Region 1T 2nd the cowrees are undlomaly dictviboted ad e veiverse is

cloaod, tha approsreic’e clescd voluae et be ne xde I we assume Lot sow




™~
R

don't appear before 2 =4, we may usc the voluise up to the fivst »{M;) and add

to it the volume belween the second (M) and z =4, Since however,we don't

belicve in models with CL at », < 2, it iz wiikely that we will inventi-
S
<4, . soitis

gate a madel with z{l\.’fz) sufficient to take volumas Jrom 2 = o
We would do Whig even i we were trving to simulaic sclection

o z= Z(M.l).

effect IV, A,

The volumes in owsr theery are derived below. (Bee also 1M, Secticon M1,

I

The Robevtson-Walker matric in atomic units

; 2 2 2 2, .. 2 2 2
2 . a? -n ) T/ -k v™) 4+ 27 d0"]

Q.

s
I
o

wherae

P e I T VA NI S VY A TR T N O N Yy s (6.2)

and

T
: o Uy .
dx = 2T

@
1
P
)
=
s
L)
o
2

Toi photors ds

(6. 34)

N
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which, since dl and R(t) scale {he same way, hoids true in gravitational units,

i.c.

9_.(_[_?: (G 3 ‘|)
()

Just as in standacd cosmoelogy, this metric loads o
f=R

59y A (6.4)

/

with the limit given by

where the Jmits L oo Y cerverpend fo g - o and z;, which ia oo coricdaponds

1o the emission yodsbhill 2 in aloaio uaiia as i oy (5. 4),

w2, L (‘NE!‘\.I . 'l‘(.\':v_'_’\] . V\'Vll'r( aud

3
The values =, &, B

a

DR . .

Yonx {Mpcty are given in
4

Table 2.

Once “ho uninositios ol madmua ehaurvalkic volinoes are oblained,

plots of Tg I,oves. g 7 oand 1g L owve. g g BT made, Kyoamples arce given in
Vi

ooy ene unit inlervals, ore-hall

Fiowees 2. The Jg 0 oaxio is dovided Int) coeclan)

unit apart, and the swallest 2 P (oviespoading to the weakest souree in
- \; B
y = -, 8 in Petransian 10068) ig

et ot gpectrel indox i vsed os

the interyal w!



found amonyg the sowrees in ecach inlevval.  The nwber of sources in the interval whose
L5

%% Zaen 38 counted. Thizm pumber s dividod by the voluvie corresponding to z to

M5 L : TS

SRS
e

give ¢ for caeh L intevval and a best fit of fq = gp C - 1 fn L is made in ordes

find n. 'The second meithod of obtai~;.2 the which wo denoite by an aslerisk (1))
D o ] /

in ordey to diifaventinte it Froro the fizst one, is to swm un all the reeiprocal volumes

corresponuing fo the » inocach inicvval oad make the samae power Luw approximalion,

M

1g ot = o O - n* Ip 1. We found that n* determinad this way dilfered very lifle

from n detcermined by the first moethod, % being generally slightly smalier thow b,

In Table 4 we prosent e values of o that we have deteemined ns o Buctior of

€, gy avd . As geen rom the Table, the vidues of nocover guite a range Irem L2 Lo
]

2.4 deponding on the chosen gruge aed evalution, In Figure Ja-e we then prodont threo

yiiesl LIMe for g = 0, o+ 172, and 1. Ve note that the TLE steepens as T, in-

creases and a power Inw in corininly only « fiest approsimaetion just s in standavd cos-

wology, Wo huvo chosen o nresent engos covipetible with the dota and this i puaetly

responsible fop the ceincidenee of the RO for differvent seades,

sEeom--

~

vosonrees, and has

pleteness,

v ~
t

flatter NGB curcve for the mome €, g, o, Wevertheless, the generld conclusious of Cie

;]

paper are the sume, oven less ovolulion bholng voquired for the samc resdils when ¢ < 0.

VI JiREHaLen

Teing the vt

the disTerential coanis Ivca (4.6

aaal inden noso obtaine’, we have compulod vamericsily



In Figures 4a-1j we presen! ithe vesulis for thirty sclected cases, for the four
gauges o = -1, -1/2, +1/2, .0, For the first three pauges, we present the results
for E'o =4, 1/2 and 1, For the last gouge, we only present the resulte for 7}‘0 = {0
sincs, as soen from Tuble 4, the values of noare very luscnsitive to changes in g .

)

mia date used by von Hoerner (1073).

b

We hinve fixed the normntizntion to e n (L Jyy = 1,

The following comments ave in ooder upon inspeeting the rosults,

REFERN

1} When ¢ i negntive, the vesulls depend consitively on U Woen £ is peci-

tive, they do pot, This same feature characierizes the feste studizd in .

2) i lollows that for ¢ < 6, thoreis a eleace uetevioration of e {its as 4,
J

inerouses,
3 Tor ¢ <0, nelozed Universe moda! doos nat Jit the dota,

4) Tav g > 0, the ¢ola can be fittod wita o closed o open Universe [goe also

papers 51

5) Tor aach of ihe eages presented in Wiguve: ta-4j, we have soloeied the bhest

fits ond swnmerized the characierisiic porameters in 'Pabio b,

8) In the semed ble we bave alio added o cola

vgiving e vulue of B, the

evolutionury pororeales as Jedined i stapdond cosmolon s, ogr, (20 01) owd (2, 56),

7y fuch vatues of B oare obtainable ag a funciior ol ¢ €, and G, using (&40 ond

(5.2), Inrhecago ol o <0 or /2, ihoe valall whereas for ciher values of
!

ol

io appron



ag 3
We deduce

(7. 1;

Tabie 1 and the vaiue of ¢ which corre-

The ratio ¥/e is aloo ziven in columys It of Taiie

column I

sponds to X = 5 iz given inthe same b
VITL. DISCUESION

Two major conclusions follow from our analvsis. A scelf-consis

of the paramaicrs enfecing Hhn pr

very satisfaciorily, oven when the Yeravite tonnl constant’ G

s
i

vy different frow those of stan

When ¢ » 0, ho vesudly are not

whercas for ¢ < G ibis

This does not happen in elandard commelogy. Evoloiion o

Atiss

stiudard commuetozy.,  In facl, our cosrmnlogy’s onain oifeet ig the disento

atosnie from gravitalionnd thines,

CHe probiom snd onty

which deprads on the phyoi

reon amelioration, Infoct, as =

Even 59, GIr aosmaiany bhring

5, the eguivalen! T necded hove is leos iban the ono vauadly pocited in 2

opy, ws discusscd In peel 1, is moans thal cur dilfcrestin

b €

countod for past of whal I stan

Yoveolotionnry covvaections',  Ihijs

fosetion of ¢, which in fven ie o fupclion of L oand

voeopccially n, vields resnlts that S0 (he

pol he detoriminotion oD s poromotor Yie B ooy

fon of 7 I

al veeatinent

dird cosmalony,

sitie to discrvimitalie bebween wn open and o closed Undverse.

oithe sources is necdad as in

rarteriond of

)

ialiv on comndopy,

n from Takde
tardard cosmnle-

‘o has soe-
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We can concluce by @ fug that the couni of radio scurces, mueh like the optical
tests presented in Part D ~nly does not forbid & varying G, but  can be jim-

proved by it.



Table

Table

Tahlo

Tal

tw)
(]

1.

[>)

e

™

Table Caplions T

Evolutionary pavamecier e defined in B, (2..35):
Column A:  Values of e that give dlg N/dlg 8§ < -1.5 (Fg. 2.23,
o = -, T5).

Coiwmnmn B Values of e that give Y = @ (L 3.7, p=-1, -2, a = -, 75).
Column C: Values of e thal give z, =2, (Igs. 3.4, 3.7, and 3.8,

= -, T5).

Column D:  The ratio E/e in general as given by Bg. (7.1),

Columin E: Values of e thal give E=5 (Eg. 7.1).

Exponent p as a function of o ard ¢ when there is no evolution (¢ = 0) as
given by Eq. (3.7), When p=-1 or —2(c_10 = 4y, we can expeet the data
if available to show a maximu in the Juminesity distance which is not Jue

to evalution but meraly to tha scale geometyy and (conslant) souvee spectral

properiics.

We present the valoog from wh'el the RLT is determined Jor tvpical casay,

Luminosily js given in watts/ily. Volumes ave in (Mj2) .  These cages

I

ave presented in graphical form in Pigore 2,

The parameter n of the RLT for typical (8, v, &) investigated (tox
eR 0
o= -.75). Three dizils arc reiaired for easy roesding but are obviously not

statistically signilicant.
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Table 5. For each £, g investigated, with g = -, 75, we prescit the ¢ which gave
0 o
the kest {it to the differential N(3) data with the corresponding n, equiva-

lent E as defined by Eg. (5.113), and p as givenby Fg. (3.7),



Trigure 2.

Figure Za-d.

TFigove da-j.

250

E

Figure Caplions

Evolutiorary parameter e vs. scale parameter ¢ satisfying Xq.

3.7) for p = -2 (¢

B

] 0), Tig. la, and p = -1 (EO = 1i/2),

Fig. 1b, giving z, = =,

1‘0310 L (watts/Hz) vs. observed 2 (asterisks) and “ni (dots)
from our data, correusponding to select casces from TFig., 3, cdelailed
H i g a) r

in Table 3.

The RLT corresponding fo Tuble 5, some coses of which ave farther
illustrated in Vigures 2a-d and Table 2. They corraspond to the
following cvelutionsry parameters: Figure 3a (1) ¢ = -1, 28,

(2) ¢ = -4.5, (3) ¢ = -35, () ¢ = -.5, TFigure l3b (1) e = -1,28,

(2) e = -1.65, (3) ¢ = -1.45, (1) ¢ = -1.25. Tigure 3¢ (1) o = ~1,40,
{2) b = -1,25, The BLF for g, = 1, ¢ <O isnot presented boeanse

the corvespondirg caleulated 1y W-Ig 8 curve did nwot fit the data well,

Log-Tog plots of Ly, (5.1), N(&), the dilierontial radio souwrceo counts

nerm:lized to Buclidann velues, All curves

reonade to pags througsh

the point (N, S) = (I, 1). Such vertical novmalization is custovaary.
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CONCLUDING mElARKS



We have found throunpoul that in order to
understand ohservations within standard coomo-
loxy elther a veryv convoluted cvolution of tne
sources or a »eculiar geometiry such as a local
hole nust te cogsit=ad. Farthemaore, the evolutions
1ndicatei Ly the different tests do not always
arxrea. In addition the testy are not sensitive
enourh to differentiate world models, tnal 1s to
Celternmine Qg

In the scale-covariaat theory vwien 3 1s allowed
to vary, a zeabtler evolubtion is wenorally indicated,
and teshks such as m-z aad J{(m) Qnd the differential
and intecrated forms of low d-log S are compatiile.
furthermore, wnen the scale fachor 1s an increacing
funetion of time, 1t is possible to discrimlinote
anong models with dilferent deceleration paraumeters.
In such a cagze, the strone bhendine of the m-2 curves
(typical of a clogcd universe or sironr svolutlon

;)

in standard cosmolesy) s predictable in an onen
untverse with wodesc evolublon., An oosn unlverse
secns bo be orvesantly the most vopuiar one in
standsrd cosmolory due Lo the observed deuteriun
aigtance althousn Lt 1s not vet known how this
abundsnce will b2 dnterpreted in sesle-covaricunt

conmalony. Ine cursently favored scale is %3rJt.

’
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Thus the cosmolosical geometrical Ltests are so far

favorable to the interoretation of a non-constant
scale function: indeed, there is no observational
or theoretical consideration thus far which pro-
hibits a small cosmolosical veriation of 4. To
deftermine this within the {ramework of the tesls
consldered was the nurncse of this work. Tt is
therefore of raramount lmportance Lo anyone iante-
rested iﬂAGOSﬂOlﬁjy of fisld li=ory Ghat
the lavestisgation of the valldlty of the onysiclsts
first =uess, that 15 conctant, be coryried further.
Areas of Tuivre research ars: (1) stellar siructure,
since thils fileld seems less beseb by tne uncer-
tainties whlch mzak cozmolomical effcets than bhobe
of malaxie::, QQO'S and tidally-oceriurnhaed olanctary
systems, (2) primal nucleosynthesis, (3) the deve~
looement of the Inhomoesencelty svectrum when the

'

Jean' s mass evolves with an extyra functiongl de-

pendence 2_3/2, and (4) spatial remsions of hish
energy density where 3 may not have decaved,

Such research misnt give us clues of how Lo exnbtend
the theory beyond the asyaupntcotic reicion and ultl-

meltely deteratlne the congtraints cn 2 quanbtlued,

unified fiecld theory.
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