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Abstract. Thisis areview of analternatve cosmologyrecentlyproposedy FredHoyle, Geofrey

Burbidgeandthis author It beginswith a brief discussiorof why oneneedsanalternatve cosmol-
ogy, whenthe standarchot big bangcosmologyis claimedto be doingwell. It is aguedthatthe
obserational and theoreticalconstraintson the standarcbig bangcosmology from variousdirec-
tions,leave avery narrav window, if ary, in the parametespaceof plausiblemodels.Thereis thus
astrongcasefor alternatve cosmologiesTherestof thereview concentratesn onealternatve, the
quasisteadystatecosmology(QSSC)andsummarisethe recentwork on this model. This includes,
the theoreticalformulation and simple exact solutionsof the basicequationstheir relationshipto

variousobsenations, the stability of solutionsandthe toy modelfor understandinghe growth of

structuresn the Universe.
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1. Introduction

The quasi-steadgtatecosmology(QSSChereafterwasproposedn 1993by FredHoyle,
Geofrey Burbidgeand myself[1]. The obsenationaland cosmogonidssueswere dis-
cussedby usin two following papers[2,3]. The basictheoreticalframavork was laid
down thefollowing year[4]. Sachst al [5] studiedthe exactsolutionsof the basicequa-
tionsthat give simplehomogeneouandisotropicmodels. The productionof light nuclei
have beendiscussedyy Hoyle et al [6] andby BurbidgeandHoyle [7]. Narlikar et al [8]
have discussedhe detailsof analternatve mechanisnfor generatingandmaintainingan
isotropicPlanckiarradiationbackgroundMore recently obsenationaltestslik e theangu-
lar size-redshiftrelationandthe magnitude-redshiftelationin the QSSCwerediscussed
by BanerjeeandNarlikar [9] andby Banerjeeet al [10]. The stability of the QSSCmaodel
for smallfluctuationsof densityand creationprocessvas demonstratedy Banerjeeand
Narlikar[11], while Ali et al [12] have shovn how anelementaryunderstandingf thepro-
cesof structureformationin this cosmologycanbe achiezedthroughatoy model. These
resultsindicatethe progressachiesedby this modeltowardsoffering a viable alternatve to
the standarchotbig bangcosmology But beforeproceedingowardsthis taskit is perhaps
necessaryo saywhy analternatveis beingconsideredvhen,it is commonlybelievedthat
the standarccosmologyoffersa goodapproximatiorto the actualUniverse.
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I shallbegin by questioninghis premise.Recentobsenationalcheckson the standard
modeldo not leave ary reasonfor sucha complacenyg. As wasdiscussedy Baglaet al
[13], the constraintof the Hubbleconstantthe agesof globular clusters the existenceof
high redshiftobjects,the alundanceof rich clustersandthe deuteriumabundancemake
it impossiblefor the hot big bangmodelwith inflation and no cosmologicalconstantto
survive. Evengrantingthe existenceof anonzero), thewindow of permissiblevaluesfor
Hy and() is verysmallandmayaltogethedisappeaif onetakesseriouslytheconstraints
from gravitational lensing. A non-zero) is indeedindicatedby the Type IA-supernwa
relatedmagnitude-redshiftelation[14,15]. The problemwith suchan ‘inflation-induced’
X isto understanavhy only anextremelytiny (~ 10~198) fractionof theinflationary\ was
left over afterthe epochof gracefulexit. This problemhasbeenpointedout by Weinbeg
[16], asaninstanceof ‘fine-tuning’.

Hencethestandardnodelwith or without A isin troubleandit is thereforenotpremature
to give someconsideratiorto alternatve cosmologies Evenso, ary alternatve proposed
mustdo atleastaswell asthe standardnodel,if it is to betakenseriously In particularit
mustsatisfythefollowing conditions:

1. It must explain the redshift magnituderelation for galaxies,the obsenations of
countsof radio sourcesandgalaxiesthe dataon angularsizeredshiftrelationand
theevidenceon thevariationof surfacebrightnesof galaxieswith redshift.

2. It mustgive a theoryfor the origin of the microwave backgroundjncluding its ob-
senedspectrumjsotropy andsmallscaleinhomogeneities.

3. It mustaccounffor light nuclearabundancesvhich cannotbe otherwiseunderstood
within the framework of stellarevolution.

Having doneso, the alternatve cosmologymay seekto explain other aspectsof the
large scaleUniversewherethe big banghasso far proved inadequate Theseincludethe
eliminationof asingularbeginning,the problemof accommodatingld stellarpopulations,
anunderstandingf darkmatter andthe origin of largescalestructure.

Finally, the nev cosmologyshouldoffer predictionsthat distinguishit from standard
cosmologyso that obsenationaltestsmay be designedto find out which cosmologyis
right, or atleast,closerto reality.

Herel will try to make acasethatthe QSSCdoesoffer aseriousalternatve whenjudged
by theabove criteria.

2. Thebasic theory

Thebasictheoryfor the QSSCis theMachiantheoryof gravity first proposedy Hoyle and
Narlikar[17,18]in whichtheorigin of inertiais linkedwith along rangescalarinteraction
betweenmatterand matter Specifically the theoryis derivablefrom an actionprinciple
with the simpleaction:

A=— Z/madsa, (1)

wherethe summationis over the particlesin the Universe labelledby a, the massof the
ath particlebeingm,. Theintegralis overtheworld line of the particle,ds, representing
the elementf propertime of the ath particle.
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The massitself arisesfrom interactionwith otherparticles. Thusthe massof particlea
at point A onits worldline arisesfrom all otherparticlesb in the Universe:

me =Y m®(4), (2)

b#a

wherem®) (X) is the contribution of inertial massfrom particleb to ary particlesituated
at a generalspacetimegooint X. Thelong rangeeffectis Machianin natureandis com-
municatedby the scalarmassfunctionm(®) (X) which satisfieshe conformallyinvariant
wave equation

om® + éRm(b) +[m®)P = NO, (3)

Herethewave operatoris with respecto thegenerakpacetimgoint X. R is thescalar
cunvatureof spacetimendtheright handsidegivesthe numberdensityof particleb. The
field equationsare obtainedby varying the action with respectto the spacetimemetric
gix- Theimportantpoint to noteis thatthe above formalismis conformallyinvariant. In
particular onecanchoosea conformalframein which the particlemassesreconstant If
the constantmassis denotedby m,, thefield equationseduceto

&G, . 2 . 1 .
C—4[T’k - g(czck — —g*de)), (4)

. 1 . .
ik _ — ik tk _ _
R 59 R+ Xg 1

wherec is ascalarfield which arisesexplicitly from theendsof brokenworld lines, thatis

whenthereis creation(or, annihilation)of particlesin the Universe. Thusthe divergence
of themattertensorT** neednotalwaysbezero,asthecreationor annihilationof particles
is compensatetly the non-zerodivergenceof the c-field tensorin eq. (4). The quantities
G (the gravitational constant)and A (the cosmologicalconstant)are relatedto the large
scaledistribution of particlesin the Universe.Thus,

3hc 3
= dm2’ T T Nem2 ®)
P p
N beingthe numberof particleswithin thecosmichorizon.

Notethatthe signsof the variousconstantsaredeterminedy thetheoryandnot putin
by hand. For example,the constantof gravitation is positive, the cosmologicalconstant
negative andthe coupling of the c-field enegy tensorto spacetimds negative. A more
completepictureof creationof matterwhich incorporatesnputsfrom quantumtheory is
neededn orderto determinethe coupling of the c¢-field to matterandto determinethe
rateof creation.Whatis describedelowv is a somavhatempiricalpicturewhich is purely
classical.

3. Matter creation

The action principle tells us that matter creationis possibleat a given spacetimepoint
providedthe ambientc-field satisfieghe equalityc = m,, atthatpoint. In normalcircum-
stancesthebackgroundevel of the c-field will bebelow this level. However, in thestrong
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gravity obtainingin the neighbourhooaf compactmassie objectsthe valueof the field
canbelocally raised. This leadsto creationof matteralongwith the creationof negative
c-field enegy. The latter alsohasnegative stressesvhich have the effect of blowing the
spacetimeoutwards(asin aninflationarymodel)with the resultthatthe createdmatteris
thrown outin anexplosion.

We shallreferto suchpocketsof creationasminibangs or mini-creation events. A spher
ical (Schwarzschildtype) compactmatterdistribution will leadto a sphericallysymmetric
explosionwhereasan axi-symmetric(Kerr type) distribution would leadto jet like ejec-
tion alongthe symmetricaxis. Becauseof the conseration of angularmomentumof a
collapsingobject,it is expectedthatthe lattersituationwill in generabe morelikely.

In eithercase however, the minibangis nonsingular. Thereis no stateof infinite cur-
vatureandterminatingworldlines, asin the standardbig bang,nor is therea black hole
typehorizon. Thelatterbecausehe presencef the c-field causeshe collapsingobjectto
bounceoutsidethe eventhorizon.

4. The cosmological solution

The feedbackof suchminibangson the spacetimeasa wholeis to make it expand. In a
completelysteadysituation,the spacetimewill bethatgivenby the deSittermetric. How-
ever, the creationactiity passeshroughepochsof upsanddownswith the resultthatthe
spacetimelsoshowns anoscillationaboutthe long term steadystate.Sachst al [5] have
computedhe simplestsuchsolutionwith theline elementgivenby

ds? = Adt? — S%(t)[dr? + r?(d6? + sin? 6d¢?)], (6)

wherec standgfor the speedf light andthe scalefactoris givenby

S(t) = el/P [1 + ncos 27r22(t)] . 7)

Theconstants”? and() arerelatedto the constantsn thefield equationswhile 7(t) is
afunction~ t whichis alsodeterminedy thefield equationsFor detailsseeSachst al
[5] (op. cit.). The parameter maybetakenpositive andis lessthanunity. Thusthescale
factorneverbecomegzero:the cosmologicakolutionis without a spacetimesingularity

5. The observations of discrete sour ce populations
5.1 The parameters of QSSC

We now considerthe parametersf the theorythat provide a direct contactwith obsena-
tions. Hoyle et al [2,3] have shovn thatthe above cosmologygivesa reasonabhgoodfit
to the obsenationsof discretesourcepopulationssuchasthe redshift-magnitudeelation,
radio sourcecount, angulardiametefredshiftrelation and the maximumredshiftsso far
obsened,with the choiceof thefollowing setof parameters:
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P~20Q, Q~44x100yrs, n=0.8,
A=—-0.3x10"%%cm™2, t;, = 0.7Q. (8)

Of these thelastis the presentepochof obsenation. It is not essentiathatthe model
hasonly theseparametersindeed the parametespacds wide enoughto make themodel
robust. Moreover, thefitting of obsenationsto theorydoesnot requirepostulatingad hoc
evolutionwhichis commonlynecessaryn the caseof standarctcosmology

In orderto comparethe QSSCwith the standardcosmology it is corvenientto recast
someof theabove formulaein termsof thevariousQ2-parameterfor density cosmological
constantcreationfield enegy, and spacecurvature. We begin by definingthe following
parametersor the c-field:

1

pe= 1 po=—3fE. ©
Notethatalthoughthepressur@andenegy densityarebothnegative, they follow theequa-
tion of statefor disorderedradiation,viz. p = p/3. Thisis hardly surprisingwhenwe
notethatthe traceof the enegy momentumtensorof the c-field haszerotrace. For this
reasonwe alsofind thatthe dependencef p. on S is the sameasfor radiation,namely
pe o< S%. In the QSSC the Universeis never radiationdominated andso the radiation
termis dominatedy the c-field term. Thus,although,in principleit is possibleto imagine
a Universein which theradiationtermdominatesover the c-field term,therebyproducing
aspacetimesingularityasin the standardnodels thereis no suchpossibilityhere.

We furtherdefinethe dimensionlesparameterdy thefollowing formulae:

&G
Qo = ;Tngo density parameter,
A .
Ao = -+ cosmological constant parameter,
3H;
871G
Qo = T pzco creation density parameter,
3H;
SS .
Q== |2 deceleration parameter,
S 0
K R curvature parameter (10)
= —=3 V.
0 Hg Sg p )

where,to avoid confusionwe have setthe velocity of light equalto unity. The suffix zero
indicatesthatthe quantityis evaluatedat the presenepoch.Note thatthe presenvalue of
the scalefactorSy neednotbeequalto the scaleparameteS. We definetheratio

zo = So/S. (11)
In view of thefield equationsve have thefollowing relationsbetweertheseparameters:

QO = 2K01‘071 — 4A0$073(1 + 772);
Qeo = =Koz 2(1 = 1?) + Aomo~ (1 — 1) (3 + ?). (12)
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An obsenational constrainton the QSSCmodelis provided by the maximumredshift
obsenablein the presentycle. Denotingit by 2, We arrive atthefollowing relation:

2o = (1 = 17)(1 + Zmax)- (13)

Theserelationsshow thatthe parameter which describeghe oscillatorypartof the solu-
tion is relatedto therelative physicalmagnitude®f thethreecontrollingagenciesmatter
the c-field andthe cosmologicaktonstant.n particular if  — 1, the modeltendsto have
asingularstateasin the big bang. The above relationshows thatin this limit, the c-field
termceaseso beeffective in causingabounce.

Correspondingo the relationsin the standardcosmology thoseconnectingthesedi-
mensionlessgjuantitiesin the QSSCare

14+ Ko=Ao+ Qo+ Q0 (14)
and

Qo = 2[go + Ao — Qco]. (15)
For k=0, K(,=0, whereasfor, say k¥ = —1 the parameterK, will be negative. At the

maximumredshift(z = z,.x) We have therelation
0= A0 - K—O(1 + Zmax)2 + QO(1 + Zmax)3 + Qco(l + Zmax)4 (16)

whichis satisfieddenticallyfor all valuesof the parameterg and K.

5.2 The angular size-redshift relation

Recently the angularsize (6)-redshift (z) relation hasreceved specialattentionin the
contet of ultracompactradio sources. Kellermann[19], Gurvitz [20] and Jacksonand
Dodgson21] have usedthefactthatanultracompac¥/LBI-detectedsource peingdeeply
embeddedh aradiosourcavill notbesusceptibleo evolutionaryeffectsonits sizearising
from the changesn the intergalacticmedium. Using sucha populationof high redshift
(z > 0) objectsthey wereableto arguethatthe dependencef angularsized on redshift
z canbe usedto constrainthe cosmologicaimodels. While Kellermann(op. cit.) found
the Einstein—deSitter model(the standard? = 1 model)consistentvith his data,Jackson
andDodgsonywith theirincreasediatabaséoundthe modelgiving a mamginally goodfit.
They found that modelswith large negative cosmologicakonstantgive a betterfit to the
data.

Againstthis backgroundBanerjeeandthe author[9] have foundthatthe QSSCmodel
with the parameterslescribedabove givesa better(andvery good)fit to thef — z data.In
particular the flatteningof the curve at largeredshiftsis in conformitywith the data.

5.3 The magnitude-redshift relation

The one of the earlier QSSCpapers[2] had worked out the m — z relation, although
at the time therewas no greatinterestin that cosmologicaltest. Recently this testhas

1098 Pramana-J. Phys.,Vol. 53, No. 6, December 1999



The quasi-steady state cosmology

becomesharperwith the possibility of measuringlistancef galaxiesof large redshifts
by observingthelight curvesof TypelA supern@aein them. Thework of Riess[15] and
Perimutteret al [14] hasshowvn thatto obtaina goodfit to the obsernedm — z relation,
the standardcosmologymust have a substantialpositve cosmologicalconstant(Aq ~
0.6), playingamoredominantrole in determininghe spacetimesurvaturethanthe matter
densityparametefl, throughtherelation{y + Ay = 1 for theflat inflationaryUniverse.
How doesthe QSSCfit thenew data?
Preliminarywork [10] shavs thefollowing results:

1. The simplestflat QSSCmodel givesa passabldit to the data. However, a model
with negative spatialcurvaturegivesa betterfit.

2. Althoughthe QSSCmodelhasa negative Ay, it givesa goodfit to theobserneddata,
becausehe c-field hasnegative enegy densityandit leadsto arepulsive effectakin
to thatproducedy the cosmologicatonstant.

3. The behaiour of the c-field in the immediatepastcrucially affectsthe theoretical
m — z relation.If we assuméhatmatteris createdn a sharplylimited epochatthe
minimaof the oscillatoryscalefactor, thenthe c-field increasesloseto thatepoch.
If the creationis continuing,albeitat a reducedatethroughouthe growing part of
the oscillation,thenthe growth in the c-field is at a steadierrateandover a longer
period. It is foundthatthelattermodegivesa betterfit to the data.

Thesestudiesillustrate the intimate connectionbetweenthe creationprocessand the
expansionof the Universe. A word of cautionis, however, required,in the sensethat
the supern@a methodhasnot yet beenfully dehuggedandsystematicerrorsin distances
measuredherefromcould still be significant. The possibleextinction by the whisker-
like dustemittedby superneae canalso make themappeardimmerthantheir assumed
luminosity, aspointedout by Aguirre (1999). This type of dustplaysa crucialrole in the
thermalizatiorof radiationleadingto the obsenedmicrowave backgroundaswe shallsee
next.

6. The microwave background

In the QSSC,the microwave backgroundis the thermalizedrelic starlightleft by stars
which have burnt during the previous cycles. The presentday stellaractiity allows usto
estimatethe total starburning activity during a typical cycle of duration@. We canuse
it to work out the backgrouncenepgy that canbe maintainedat the samelevel from cycle
to cycle. Thusif the enegy densityof radiationat a typical minimum-S stateof a cycle
is u, thenthe enegy densityat the end of the cycle to the next minimum statewould be
uexp(—4Q/P). For P > @, thedepletionis by anamountx — 4u@/ P, andthis hasto
be madeup by the starlightenegy producedduring the cycle. Equatingthe two we can
estimatethevalueof » atthe minimum-S phaseandhenceatthepresenepoch.lt is very
reassuringo find the presentday temperatureof the microwave backgrounds closeto
2.7K. I maymentionthatthe big bangcosmologydoesnot predictthe valueof thepresent
MBR temperatureits valueis assumedsa given parametefor the big bangmodels.

But what aboutspectrumandisotropy? Although Hoyle et al [2] haddiscussedhese
issuesthe caseof the spectrumrhasrecentlybeendiscussedby Narlikar et al [8] who have
shawn thatiron whiskers of around0.5—1mm lengthandabout10~3mm crosssectional
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diametercanactasefficient thermaliserof starlightwithout blackingout the extragalac-
tic radio and optical Universe. The extinction propertiesare wavelength—-dependerind
the outcomeis a spectrumof radiationthatis Planckianout to wavelengthsshorterthan
~ 20 cm. Thusthereis no conflict with the presenbbsenations.Whetherthe differences
from the Planckianspectrumat long wavelengthsare presentcannotbe decidedat present
asthereis considerableontaminatiorof dataatthesewavelengthdrom galacticradiation.

I should perhapspoint out that an earlier criticism of a similar ideadiscussedn the
contet of the old steadystatetheoryis not valid here. The criticism was basedon the
calculationof opticaldepthandthe numberof scattering®f starlight,andclaimedthatthe
obsenedcloseagreemento the Planckianspectrumcould not be achievedthis way. That
criticism doesnot applyto the QSSC asherethe distancethe radiationtravelsthroughin
atypical cycleitself is muchlargerandthe scatteringakesplaceover mary cycles.

Narlikar et al [8] have discussedhe origin andevolution of the metallicwhiskersand
their detectabilitythroughvariousastronomicabbsenationsin the galaxy in othergalax-
iesaswell asin radio sourcesThustheideahasapplicationghatgo beyondthe explana-
tion of the MBR. Recentlyit hasbeenpointedout thatthe excessve dimmingof TypelA
supern@aenoticedin them — z testabove couldbe dueto thewhiskers[22].

The predictionof large scaleisotropy, subjectto thedipoleanisotroly dueto the Earth’s
motionis consistentwith obsenations. The COBE dataon small scaleinhomogeneities
canalsobe understoodhsarisingfrom morerecentlocal contritutionsandalsofrom the
inhomogeneitiesf distribution of grains. The latter effect arisesin this way. For alarge
enoughtemperaturgradientbetweenadjacentregionstherewill be a tendeng towards
equality throughtemperatureggradientspushingthe grainsin the direction of regions of
lowertemperatureHowever, this effect stopswhenthe AT is sosmallthatthegrainscan
no longerbe pushed.This temperaturdluctuation,which cannotbe furthersmoothedut,
is of theright orderof magnitude.

7. Theorigin of light nuclei

The origin of light nucleiin this cosmologycanbe relateddirectly to the decayproducts
of the basicparticlecreated.As seenfrom eq. (5), the basicparticlehasthe Planckmass
whichis ~ 10~°g, i.e., anenegy equialentof ~ 10'° GeV. This particleis short-lived,
with atime scaleof ~ 10~*3s. Whathappenso its decayproducts?This is a problemfor
thehigh enegy physicistgo solve. It is worth pointingout thatthe enegy regime of these
developmentss the sameasthatin the very early Universe. The differenceis thatin the
QSSC sucheventsareof recurringnature happeningavery time thatthereis a minibang;
whereasn the standarccosmologythis happenenly onceandthattoo at an epochthat
cannotbe directly obsened. Thuson countsof both repeatabilityand obserability the
QSSCprovidesa physicallymorerealisticscenaridor the so-calledastroparticlghysics.

As is well known, the subjectof high enegy physicsis currently passingthrougha
stateof flux, with severalideasrangingfrom quantumgravity, superstringheoriesGUTS,
phasetransitionsand cosmicstrings,etc. Thereis no final TOE (theoryof everything)in
theoffing yet. However, if onefollowsthestandardnodelof particlephysics which sofar
is holdingout well, thenthe generallyacceptedriew leadsto the grouptheoretichreak-up
atlower enepiesafterthe GUTsera,of SU(3) x SU(2)r x U(1). At this stagethefinal
productswill includethe baryonoctet,pions,photonsandleptons.
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Why notantibaryonsTheansweiis thatthe Universeis alreadyin a brokensymmetric
statedominatedy matter Giventhissituationin aparticularcycle,thesubsequentreation
anddecaywill propagatehis brokensymmetryto thenext cycle. Thus,unlikethebigbang
cosmologywhereelaboratedeparturegrom symmetry(e.g. CP-violation)are neededo
justify why the Universe aftera symmetricbeginning,is matterdominatedoday herethe
requirements to understandhow the brokensymmetrypropagatefrom onecycle to next.
Inputsfrom particlephysicsareneededo understandhis effect.

However, in the neighbourhoodf a typical minicreationevent the releaseof decay
particlesat high enegy will establisha fireball with thermodynamiequilibrium. At tem-
peraturesvery high comparedo therestmassenegy of the baryonghe eightmemberof
the octetwill bein equalnumbers.Of these all (six) exceptthe neutronandthe proton
arevery shortlived anddecayto protonswhereaghe neutronandthe protoncombineto
form the helium nuclei. Thusthe fraction by massof helium will be closeto 2/8, i.e.,
0.25. More exactcalculationconsideringhe detailsof photonsand otherdecayproducts
will bring down the fraction to between0.22 and 0.23. In additionthe light nucleilike
deuterionJithium, etc.,arealsoproduced.The overall abundancedistribution doesagree
very well with obsenations.For detailsseeHoyle et al [6].

Thedensityandtemperatureegimefor this nucleosynthesis very different(higherby
severalordersof magnitudesfomparedo thatin the standardchot big bangnucleosynthe-
sis,while thetime scalesaremuchshorter The outcomeis thata small quantityof metals
areproducedaswell andthedeuteriumabundances notsosensitvely linkedto thebaryon
densityasin the standardhot big bang.

The abundanceof metalsin the early stagesresoles one difficulty facedby workers
in thefield of stellarevolution, namelythe evolution of massve stars. For suchstarsthe
C-N-Ocycle cannotoperatein a big bangcosmologysincetheseelementsare produced
in starslater To getroundthis difficulty in standardcosmology massie Populationlll
starsarepostulatedwhich burn slowly on the p—p chainbut do manageo producesome
metalslater. In the QSSCthis problemdoesnotarise.

More recently however, Burbidgeand Hoyle [7] have madea parsuasie casethat all
nuclei,light aswell asheary canbe madein starsprovidedsufficienttime is available. In
the standarccosmologythe stellaractivity cannotbe of longerthan~ 10'° yearsduration,
whichis notenoughto make therequiredhelium. However, in the QSSC thetime scales
aremuchlongerandtheobsenedabundancef heliumcanbeexplainedasof stellarorigin.
They arguethatthe sameholdsfor Li, Be, B isotopesaswell asto 2He. The deuterium
productionis still problematicin astrophysicaterms,but theseauthorsargue that with
betterunderstandingf stellarprocessesventhis nucleuswill fall within theastrophysical
baslet.

8. Thenature of dark matter

Let me clarify that the dark matterproblemtakeson a differentcomplexion in this cos-
mology. First, thereis no restrictionlike 2 = 1 in this cosmologyandsothe dark matter
componenteednot be very high. The extent of dark matterhasto be estimatedrom

improvedobsenations.In the big bangcosmologya restrictionarisesfrom the deuterium
abundancevhichrestrictsthebaryondensityto Qparyon <~ 0.02. In thebig bangcosmol-
ogy nonbaryonianatteris neededor anotherreasonto lowerthetemperaturéuctuations
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of the microwave backgroundo the low valuesobsened. Neitherof thesereasonoper

atein the QSSCwherethe needfor nonbaryoniamatteris, therefore,not so compelling.
Insteadit is possibleto arguethat dark matterin galaxiesarisesfrom the relics of stars
of previous generation®r in the form of small planetarymassobjects. In this sensethe
MACHO or EROStypeobsenationscarryagreatsignificance.

9. Theages of galaxiesand stars

Theageproblemwhich hasassumedgignificancen thebig bangcosmologydoesnotcause
ary problemfor the QSSC.Sincethe minima of the scalefactorsdo not represenepochs
of very high density the starsandgalaxiesof previous cyclesareableto survive into the
presentcycle. Thusvery old stars(agemuchlargerthanthe value Hy *, Hy the present
value of Hubble's constantimay exist. In fact, starsbornduringthe previouscycleswith
massesroundhalf a solarmassmayjust now be evolving off the mainsequencelf such
stars(with estimatedagesin the range40-50Gyr) arefound, it will be hardto maintain
the standarccosmology

10. Structureformation

I will concludewith a few remarkson structureformationin the QSSC.Unlike the big
bangcosmologywherestructureshave to evolve out of primordialinhomogeneitiesvhich
areputin by hand,herethe problemis to reproducehe structurein the presentycle from
what existedin the previous ones. Sincethe mini-creationeventsplay a pivotal role in
this cosmologyit is expectedthatnewn nucleiof creationwould grow out of matterejected
from them.

Neverthelessijt is worth seeindfirst, asto how the gravitational instability grows in
thiscosmology In arecentwork by BanerjeeandNarlikar (1997a)thefollowing approach
wastaken. Themetric,thedensityandthec-field wereperturbedandby restrictingto only
first orderquantitiesthe changesn theseperturbationsverecalculatedn the background
spacetime Predictablythe densityinhomogeneitiegrew duringthe contractingphaseof
anoscillation,andweredampediuringtheexpandingphase Thustherewasno significant
instability in the solution. While this generategonfidencein the robustnesof the basic
solution, it alsoforcesoneto look for non-gravitational effectsto producestructure.The
creationprocesgrovidesa possibility.

In arecentattemptto understandow structuresmay grow anddistribute in spacethe
following numericalexperimentsuggestedy FredHoyle wastried by H Nayeri,Engineer
andtheauthor[23].

A largenumberof points(N ~ 10°—10°) weredistributedoverasquareareaatrandom.
Eachpoint wasmadeto producea randomneighboumwithin a specifiedfractionz of the
averageinterparticledistanceof the original set. The areawasthenscaledto twice the
original size,sothatthe particledensityremainedhe same.Thenfrom the expandedarea
a centralportion correspondingo the original areawas retained,the restbeing throwvn
away. With this new squarehe experimentwasrepeated.

Very soon,i.e., afterthreeor four iterations,of the above procedureglustersandvoids
beganto appeairin the pictureandvoids grew in sizewhile the clusteringbecamedenser
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asthe experimentwasrepeated.If the creationof the new neighbourB arounda typical
point A wasnotentirelyrandom but linkedto previoushistoryof creationof A, sothatthe
direction AB wasbroadlyalignedwith thedirectionin which A hadbeenejectedthenthe
filamentarystructuregrows alongwith voids. This latter alignmentmay be relatedto the
spinningsupermasse creationcentrediscussedn §3. Picturesgeneratedhis way show
very suggestie similarity with the obsenedlarge scalestructure.

The experimenthasbeenrepeatedn three dimensionsand slicesof two dimensions
examinedfor structures.Again theselook remarkablysimilar to the filamentsandvoids
foundin redshiftsurweys.

Theseare preliminary attemptsto cometo grips with whatis admittedlya formidable
problem. Yet, the similarity of the picturesgeneratedvith relatively simpleassumptions,
with the actuallarge scalestructuresuggestshatthe approachs worth following up fur-
ther To bring the experimentcloserto the dynamicsof the QSSC,the initial cubeis
expandeddy afactorexp(@)/P) in eachdirectionandonly afraction

f=[1—exp(=3Q/P)], (17)

of theoriginal setof pointsis allowedto producenew neighboursPreliminarywork shavs

thatfilamentsandvoids begin to appeaiafterafew iterations.Whatis moreinterestingis

thatthe 2-pointcorrelationfunction approacheghe obsened —1.8 power law in the case
of the QSSC.Theseresults[23] are encouragingenoughto proceedfurther. It may be

necessaryo studyhow the structureproducedn the beginningof a cycle atthe minimum

scalephasedevelopsduringthe cycle throughgravitational clustering.

11. Futuretests

This concludesa brief review of the recentwork on the QSSC.It is clearthat it does
offer a prima faciealternatve to the standardcosmology More work is neededo study
its implicationsin depth. However, progresson that front will necessarilydependon the
humanpower availableto tacklethe problems.

To the oft-heardcriticism from the standardcosmologistghat alternatveslike these
unnecessarilynvolve ‘new physics’,| canonly reply that the standardcosmologyitself
involvesuntestedhew physics,e.qg.,inflation at 10'® GeV, cosmicstrings,non-baryonic
dark matter etc. The QSSChasbroughtin a scalarfield not unlike thatusedin inflation,
whichitself findsechosn the‘bubbleUniverse’versionof theold steadystatetheory[24].

I may concludewith a few testswhich will setthis cosmologyapartfrom the hot big
bangcosmology Theseare:

(A) Thediscovery of afew objects(galaxies)ith modestlueshiftsof the orderof 0.1.
Thesebelongto the previouscycle andwill necessarilypefaint.

(B) Thediscovery of aclassof very old stars,e.g.,faint white dwarfs,low massgiants,
low masshorizontalbranchstars,etc. which arefar too old comparedo the ageof
thebig bangUniverse.

(C) Thefinding of baryonicdark matterwell above the limit toleratedby the big bang
cosmology

(D) Thedetectionof gravitationalwavesby mini-creationevents.
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