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A3STWOT 

The problem of aso4xound radiation in hLmegeneous isotropio world-

moue's due to raliation oaitted by (=trace-Lactic :Aebulau i3 oonsidored in 

more detail sac. &Tooter venerality than souls to have eon attempts, 

previously. 

In chapter is a brief historicsa survey is wade of fortxtr theoretioal 

saI empirical attem,ts to detine the oos-LiJal beekground radiati in 

both the eptiosl and radio regions of the spectrum. 

In Mlapter II the general formula for the baoLzround siT,00trum in 

hoLicL:uneous isol„ropic warlc.-models i3 cab bated. on the assumptions that 

the ga_asies ra,aate as point-sourcoa an that intort;alactio 8p000 is 

totally bra 	rent. These oalculations are -ade for various o as,es of 

world-mo4ea, including Gisela for vhioh the nubernsit f 'Lett 

sources is constant 14 oo-aoriug co-ordinates the steady-state world-

model with oontinual oreation, and static world-aodels in which the 

frequency of a traveflin photon deowis with time. 4ith the Same assump 

tions, general fornulae for the total baoLcround radiation in these 

models is derive. in M.  ter III; the senora' female for the rate of 

reeeption of i....n,e:Atif,,z1 in these mo,iels is also dorivekl. 

The total beef4;round raAation in specific world-models Is 

calculated in chapter IV, as-,;u:_ling that ori.,the avoraalit  the souroes do not 

evolve aith ti and that the averse aouroe is a blac.-oody radiator at 

6000°4 with total luoinosity 161°  SIMS. The mouels for shioh these 

caloulations have been made inoludu the Vilna. Pace, do Sitter irac 
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Llattre and steady-state world-models. In Chapter V numerical results 

and graphs of the background spectra of these models are given. 

In Chapter VI the ef:ect on the bac.4,--round radiation of absorption 

due to dust in the arms of s iral galaxies a d in intergalactic s-jace is 

considered in a general preliminary liay. Also the effect of evolution is 

considered in a particular model (the :Jane model) and the possible 

combined effects of absorption and evolution arc briefly considered. 
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Chapter I is pniny historioal. There is a reforeitce t ha11r 

Which does not seem to have been asntioned before. 

Chapter II is main2y cadzitlal. 

Chapter III (from Section 2 omerds) is original)  and cows 

some now general theorems. 

Chapter IV consists mainly of new caloulations. Theorem VIII 

is oriGinal. Theoretioal results for tne Lo:aattre mouel in Section 14. 

aro ribi. Thu criticism of Metzner's and '4orrison's wor at the 

end 

 

u this ailapter 13 aLso original. 

Chapter V carat 	original numerical results and grt*hs. 

Chapter VI is entirely original. 
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The radio region, however, has not been considered in such detail since, 

(compared with most light sources) mare' radio sources may be short-lived 

and it i3 therefore prObebly not safe to easue that radio sources are 

non-evolutionary. In the second stage a preliminary attempt is made to 

take into aocount the possible effects of obscurntion of the beckeround 

radiation by dust in spiral galaxies and by intergalactic eetter, and 

also the secular evolution of the gaieties. It is found that, in 

expanding world-models in which the pasties were more luminous in the 

past than now, the baokground radiation is greater at longer wavelengths 

then it would be if the evolutionary effects were absent. On the ether 

hand the effect of absorption by dust is to decrease the background 

radiation et longer wevelenethe. Consequently, in such oases, the effects 

of evolution and absorption will tend to counterbalance one another. 

Therefore, the results of our calculations for idealized models in which 

the sources ere reeerded as points and their evolution is neaected ere 

perhaps somewhat more realistic than might otherwise be thought. 
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Uvneral F rwula for the  ,,pectral yistribution of  

bac,croupd hadiation in Various Ciazaes of World-Lodel 

Throughout this theeis attention will Le retricte- to homogeneous 

isotropic world-hodela which obey the Co 	oil 14-inciple. Robertson 

an 141ker (1 , 2 ) have ehown that aueh modele are aasoCiated with a 

line element that ia exixessaible in the ton 

f 2 2 	r2(t)  /dr + r2  (d 2e i sin 2e cit 	
(2.1) 

)1 di ,  
cZ 	(1 + kr2/4)2 

wnere t ia a cosmic time, !(t) is a function of t that increamme mono- 

tonically during ex:pan:lion, c the local speed of light, (r,E3 1)P) are 

dimensionless spatial co-ordinates and k car take V..e values 1„ 	-1 an 

denotes the constant curvature of dc' 	where 

do- 
2 	

b2  r2 (de2 + sin  29 
- 

( 1 4- ir,r24 )2 

The radiation sources in these world-models have constant spatial 

co-ordinates (r, 0, 	throughout the history of the model. An observer 

0 is introduoed at the origin of the co-ordinates (r, since we 

are only oonaiderin model in whittle the 0osmologiosl ,rUncilJle holds, 

any point in the model can be chosen as origin. i,et the number of extra-

galactic radiation sources lying within the ranee (r, r dr) according 

to U be denoted by dN. The average intensity of the radiation (energy 

per second) emitted by the sources in the shell (r, r + dr) at time t 

2) 



in the waveband kA,A i hA)vii,11 lee A. t d 	ay. /04 t) is called 

the raelhtlen-thinsitY,  /hen the eyetematic effect c evolution of the 

sources le either neglieible or etatietically zero tnremghoet the past 

history of the model (as in the steady-state model of contineal crea-

tion) then tae averat;e Intensity of the 1,0ArOCJ W113. be oontent it 

time;  and t will not seer explicitly in Y. 

The total flux (energy per unit (live eer seeoni) reciaved At 0 at 

time to  from a ecurce in the ehell r, r e dr) omittine at time t is 

obtained by dividing F(Xs  t) dA by .ehe feotor 	ehere 

and n = R(t) and T o  R(t0). The quantite ) is oftex referred to ee the 

1eminceiteedieteece,  because it is defined in eusha ..traler that in the 

nodela ye are considering the intensity of i.adiation from distant 

sources varies as the eeverse seuare e their eimenoeity-dietance 1. 

The factor 41T1)2  therefore automatically aceoente for the effects of 

both receaelen and dietanoe on the radiation from the eoerces. 

ee waveband of the raelation received at 0 at time to  due to the 

eouroea in the hell ewiteine in he wavedand tX,\Ae ‘IX) ie denoted by 

(\, A d>e), where 

 

A. (2.4) 

and 	 d 

 

(2.5) 



,ence, t.,e total flux received at 0 	all the sources in the at 

(r, r i• dr) will be * 

Te(N. t) 	I (ipla, t RclX0IN 
R 	4i1 Ro  1)2  

(2.6 

Tne flux received in isotropic modele in solid angle.. at 0 is a 

factor SI of (2.6). 
101 

1. LxiAndin6 Moaels with Conservation of titter. For the preent, it 

will be assumed that the number of radiation-sources per unit volume of 

the 3-space .Lien by equation (i.2) in the homogeneous, isotropic world 

models of metrio given by equation (20) is the sane throughout the model 

and does not change with time. (This asaumption is normally made in the 

analyais of homogeneous isotropic world-modele, bet in fact may not be 

equally valid for all types of rnthation sources. In partioular, in an 

evolutionary world-model the number of intense radio-sources, the so-

called -radio eters", whether due to collisions of galaxies or to peculiar 

properties of el1i tical nebulae at a certain !,t.age in their history, may 

have been greater )er unit volume of the co-ordinate space (r,(9,,D) in 

the ceist t ran now). Therefore, we may write for ea 	models 

, 3 2 
dN = TT no.  g r dr, 

(1 + kr2/4)3  

where no  ie tne number of sources per unit oroper volume at tima to. 

.....M.111.11,1010 Left.. .....11••••••61.••• 

The obsolvtas Wong er the intermediate galaxies and inter- 

galactic matter are neglected. lose effects will be, considered 

in 0'.; yter VI. 



inoe in this type of oauoioioai moael the iAti.a. of eaotons are 

liven by the null geodesics of metric (2.1) it foilowe that for the path 

of radiation arriving at 0 

dr 	= 

(1 kr3/4) R(t) 	
(2'9) dr 

which gives the time of emiesion of a radiation eouree at distance r *hen 

the signal is received by e.  at time to. 

Eence, in expanding orld odels, we aeduce from (2.6) and (2.7), 

with the aid of (2.3) and ;?.6), teat the flux of radiation received at a 

given speak to at 0 in the waveband (A0, Ao. diko) in olid angleafrom 

aourcee 
	

ting at times in the range (t - dt, t) can be expressed as 

rZo 	0/ 
n adt 
	 (2.10) 

e observe that tao total radiation recteved at a given epooh from 

uourcee emitting in a given range f time (t dt, t) le independent of 

the curvature index k. ThJ.i result, *Lich does not ase al to ilave been 

jointed out by previous writers, is a generalization of the rule 

characterising euoceesive ehells in diecuesione of Olbers's paradox in a 

universe eithout exeansion, but unlike the eituation analyzed in these 

discussions the total radiation received is not the *sae from each nell. 

IntegratAg equrition (2.10) over the range of radiation eources from 

which radiation reaches 0 at the present epoch to, we obtain 1.(>1/40, to ) oNo 

(1 + kx2/4) 

and since (2°8) holds at every point along the nuli eeodeeic, 
ft 



the total radiation flux * in the wavebnnd c›No 	d X0) 

bj t

O 
X0 	= 	

2 
dt0  Tr 	 0 

t' A 
where t' is the :t•oper time of aL;iL,8ion' of radiation frail the moat 

(2.11) 

distant radiation sources visible at time to 	iearly the particular 

value of t1  will depend on the model considered. 

The justification of formula (2011) in the case of models with 

positive curvature reciuires further consIderation. For, if radiation can 

circumnavigate ti e universe, then at a given in.Aant to the observer may 

receive radiation, from ,;ources of given r wdtted at different epocha4 
 

r(al), which nee irado La circuits of the univerae, where m = 1, 2 . • a * 

e ob-erve first that, if to(1)4; t t,  formula 2.1C.) ap!„Lies to radia-

tion received by 0 at tie to  wnich i4L3 nods not more than one oirodt. 

L.ilarly, for to 1)4 t‘ to, a f _ormula 6imilar to (2•1L) 
to radiation ro eived by ( at to(m) whilb has made not more than one oicau.t. 

The flux por unit waveband-width I(A0. to  is referred to as 

the flux-denany.  

In the case of a closed world-model ;there the curvature index 

k =1, t' i3 the earl/wit ixoyer time of emission of radiation 

from the &oat distant radiation sources. 

The epoch of omission will depend on whether the toiAaiogy of the 

model is eliiptlial or spiIerioale 



e (e0 LC the sources at r auit rueli,, ation at tine 	of wavelengthAr  ' a 

this radiation is reeolved by  0 at to(I') at waVelengte A 	then 

N1.(4  	A (°) 

R(tr(a)) R(toW) 
(2.12) 

'hence, the energy received per unit area per second at 0 at to
(a)  

in tbe waveband (A0(2), A0(4)  d;0(141)) from sources emitting in the 

time range (tr(ra)  dtr()„ tr  ) is given by (2.10) with t reAaeed by 

tr(a), to  replaced by to(4°*  X0  repbeced by X0(sa)  andil = 417*  namely 

FIXe(m)R(tr(41)) 	(2 	( 

91) 	 tr
)  

A /nt,to`')) 
R(t (  

a2(tr(411))  

d'\) 12(to  m))  
joai  

ur (2.13) 

/there n(t) is the number of ources in unit i.roper voiu e at time to 

inc ice are considering models in which matter is conserved, we nave 

the condition that 

o(i1°)R3  (t (")) e 0 

Using formele (2.14), (2.13) can be ez,prts.sd in the fel:levant; form, 

• 14) 

fx (al) 
1,1 

t  (ss R2(tr")  
r 	04 (4f) 

odtr(')  dX0("). k2.15) 

This radaation makes m complete circuits of the universe before 

e at time to  in the temeimumi (A0, )No  * ii AC , where 

Xszo(a) 
Ro  * It(to(.ai) • 

Its intensity at 0 after this number of circuits will. be civen by 

multi;lyint- 	by F.(t (14)) two of theee. factors 	being 
Ro 

due to the ual number effect and energy frequency effect, respectively, 

(2.16) 



and the other two due to the diminution of apparent solid an,c sub-

tended at 0 by the uouroe et time t0  as wavered w la that at time to  

Conee4uently, the energy flux in the waveband (A04  ;k0  41X0) 

received b, . to at time t0  due to radiation emitted by sources in the 

groper time interval (t 	dt, t 
	

to1/4411 	1;'  <t 	to
f 	

1 

n
o  odt d A0, 

Ro 

7 for m = 1$ 	d, 	Zinc*, as previously hown, this result holde 

( ) 	e for to 1  -. t.e to, equation (2.11) is tbe appropriate formula for the 

spectrum of the background radiation in expanding models when the 

curvature index is *1 as well es 0 and -10 

To oomplete the derivation of the general formula for the beckground 

spectrem in expanding modele It rowel= to doeoribe the we hod of obtain-

ing t'. The relation between the distance of a galaxy and the time of 

emission t at which light mdet be emitted by that galaxy.  in carder to 

row* 0 at time to  io given by 

tØ odt 
(2.16) 

   

Wore or(r) is defined in terms of co-ordinate U.stance r by the relation 

dr 0-(r) = 	 (2-19') + kr24 

ana lies in the ramie 6 4; 0-  4; 00 whatever the curvature index may be. 

The determination of the most distant radiation source that can be 

seen b, at time to deb 	on the lergest value of Cr(r), and this 



4.3 

correaponde to the earlieet value t' of t in equation 2.16). This will 

depend on the existence and ird 'icnoe of e zero of 7(t). If an 

initial zero of this function ladioatee en epoch of eorld-oreation (in 

other *OM, if the model can be assumed to exist only for aebsequent 

valea or t) then t' to  1r, where T is the a6e of the world-model, and 

henoe if to  = T it Coaeee telt t' =C. On the other hand, if' tee model 

ex.ititi both bereve uee al.ter a zoro-ainoularity at t = t of 1-.(t), we 

must ouneider whet, er account should be talon of realotion from zources 

which were Atine before the singular event at t = 	On physical 

grounds, it might be argued that thie radiation would be absorbed by the 

highly condensed mattor and that instead we have to consider the remnant 

radiation from the singular tate. Unless otherwise etated, it will be 

us* that no radiatia reaches the observer at t = to  which ilea 

passed thxou a singular state., 

Voraula (2.11) tacco a eorriowhat eimpler form when we change over 

from wavelen6th (X) to trequerey ())). Let the average intensity of 

the radiation emitted by the eourcee in the shell 	r + dr) at time t 

in the range of frequenoiel' (1)- #110,1)) be i;001, t) d)0, let the flux of 

radiation received at 0 at to  in the range of frequenceee 000  d'100,'00; 

zolid anglen be J(1)0, t) d1)0, and let A .110 an'i dA = 

 

 

since the freieency range (1)- n9„10) eorreeponde to the range of wave-

length (A, X+ 0), the following two identities hold: 

to) dVo 	10\0, to) dX0, 	(2.20) 

F(N, dA. 	 (2.21) 



eubetitutine for 1 and F in (2.1 ) ine to relatione (2.2C! and 

(2.2i), it folloree that 

J(9oAto)d90
floe 
 

0;49,11:,  t)dt 	(2.22) 
t' 

Radio-setronomers, who work in terms of ereeueeciee, would meaeere 

the flux-deneity e()) to) (given by (2.22.)) in olid. anglenin watts 

(metreari  cycle per ec)-1. Optical aatronommee, on the other hand, 

normally work in wavelengthe wid would meaeure i(X0, to  tee flux-deneity 

in solid angle...ft (given by equation C2,41):i in eri;z (centimetre e) 

(eectonde' / (engstrolimer. 

eo far ea neve ooneedered only the beckvound spectrum from the 

whole observable universe, but it is also u.ieful to introdece the residual 

beeeeround epeotrue, correeeonding to e out-off at acme particelar loeer 

limit of spectral shift 	 L 5. Alx:0$0 in general the cut-off 

is at SN = z, then if t" is the epoch of eziseion of 116ht which arrivez 

at C at to  from those sources receding with a red-shift of amount so  the 

eeeidual background Le.7.ectrum is obtained by inteErating expression (2.10) 

from t' to t", where tt le the time of emlesion of radiution fro the 

meet dietant eource thick arrives at 0 at time to, and t" is the tiee of 

emieeion of rad.letion from the eourcea with spectral shift z icL arrive 

at 0 at time to. Clearey the contributioe to tht baciqyound radiation 

from those eoerces pith epeotral shift loam than z has been oeitted. 

,X0„ t0) diko  denotes the reeiduel backerokuld Zpuctval radiation 

received by C at tiee to  froe all. those radiation source with spectral 

eeift greater teen 	tee 



tg  
t ) 4: V 	• • g  

noC dN,S1 .1 rs•rX 

411 	
ti 	'0 

where t' .iatisfies the equation 

dt 

  

1.00 
+ a, 

 

and thererore 

4.1,.At 

t•i = m (2-25) 

   

2. 40a4y-oi.4tv iNgpl  

 

t.Lo °alga of tLe 

  

stea4-atate dei formulae 2.11), 2-22) and (2.23) for *La baoksround 

ralLation in expatiain moduls ,f4th continual creation =IA be modified. 

In the stea -6tate iode1 th4:,  number of sourcoo j?L'r unit kroper vo1 

b a conatant, no, and none 

dN = 4ITn0 	dr. 	(2-26) 

The luiAinoaiV dizUnco is oivon by 	ti (2) 	 k C and the 

equatioa of the .:)at,h of a i)..otoa ttlatisfi 	2.8) with k C. 'enoo, for 

Le study-statc Nodel:  

a 

and 
	

(2-03) 

Allee tia Perfect Coomological Principle holde In this medal 

41mwage +ntennitY (F( X, t) (IX) ehlitted by the Sourinf la Independent 

or the epoch of emiz3sion (t). Further, the heehawing rediaticil el the 

observer 0 will be independent of the time of reeeption to. Albstitc.ting 

for dN, !) and dr ivet by evationt (2•26), (2.27) am l (2-28), 

reopectAre],y, exrer44on (21.6) becomem 



(5 )ER  )5  cdt d te, 
wooer, 
R -e 	0 

46 

(2.29) 

whicn is the total flux received at 0 in the eaveband Xo, N + d 

from all sources in the shell (r, r dr) in the eteady-etato 

The expansion factor R takes the specific form 

Ht R = e 1  

were h is Eebble'e constant in the steady-state model. 

Upon integrating (2.25) over all values of t earlier than the epoch 

to  and substituting for r asing equation (2.30) we obtain the total back-

ground flux at 0 at time to, eenoting the total bactgreund flux-density 

in solid t eletgeln ti; oteady-etate model by 1 ›e0), teen 

t. 	, i  a 	f Xoer e  to ) )e5h(t e te)dt.  (2•31) 

a. mem 	 0.v 

From his observations of extragalactic nebulae, Bubble found taut 

to a first aperoxieation the spectral red-shift of the galaxi‘L,  

14 directly eroportional to their eietanoe. More precisely, if t 

is the time of emiesicn of radiation from a source, to  the timse of 

reception at 0, r = r ao  the proper distance of the source 'roz 

and a the spectrums red-shift, then 

cs = e e 
where e is a constant for all cluaters. lbie relation between 

the red-shift and distance of the extragalactic nebulae is known 

as Hubble's Law and the constant e is called eee.le'e constant. In 

the ateady-etate model e rust be independent of tiee, but in other 

models it may vary with time. 

(2.30) 



The integration is performed over all epochs earlier than to, becaue it 

follows fr 	2.2b) that the path or a photon arrivin6 at C at t to  ia 

ven by 

( -Ht r 	e 

and thi equation is satisfied by all dositive values af 	and these 

corrond to all values,  of t in the ran6e to  t >-00 

;z, a o)look on forialzi (231) We observe that the integral is 

independent of the soon of observation to, for t - to  in the integrand 

can be replaced by t lvi 

r Et- rqt 1(?•0)d 	1;1,Xis ) dt. 	(2•33) IT -00 
The residual baci4.:round radiation in the stea4y-state world-model 

when there is a out-off t"15 = z is obtained by integrating (2.29) 

from - oo to t" where t" is the time of emission of radiation from those 

sources with a spectral shift of amount z which arrives at C at time to, 

hence 

e 

or 	t" 

hence on replacing t - t0  by t we obtain the formula 
pia(' +2) 

aXoS1  F(xoht)e514dt. 	(2.35) 
-00 

3. 	A4112.19,112 wit,Lps of Lhorgx by Tallkaa fhot. 

It ie of particular intereat to derive the general formula for the 

baokground apootrum for nomogeneow; isotropic world-models in abash the 
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red shift of the spectra of he extresslastie nebulae 13 due to some 

physical_ oauae other than recession'  

0n..recessional t-eorie44 may be subdiviusd into two types, (a) anu 

07), say. ,n type (a) the red-shifts are attributed to some secular 

variation in one of the 'constants" of nature, whereas in typo (b) the 

red-shift dekonds on some factor influenoinG photons as they travel 

turcugh intertAlactioa.pac. Ay a suitable choice of natural measurements 

in type a) it Jo often ;)oasible to arrive at a recessional theory. I 

shall consider tne simpler hypothesis of type (b): thot over interiAlactic 

,Aotances the frequency of a photon decreases with Uie passage of time, 

whilst ail the constants of nature are seculor Invariants. 

since we are now cosiierin static LomOcene0u4 isotropic world-

models, we Wall restrict attention to the Robertoon-,alker line element 

(1.1) in tbe special form 

2  f 612  dt2  

where R. is 44. oorant scale factor. 
Let the number of sources of radiation in the shell. 	r dr) be 

dF. Let us consider radiation emitted by these sources at time t in the 

wawetan (;\, 	d/k) and EitIppWe tat the observer reccivs this 

radiation at time to  in the waveband (X0,;\0  dAo). if it is assood 
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Althoup:h no physioal explanation of the o4tracalactiored-shift, 

other than the effect or reoescion, nes been geherally accepted, au 

alternative process cannot yet be ruled out. 

(2.36) 



C. 

that the red...shift is independent of wavelenz-ta, then A o  nnd Amost be 

connected by R functional relationship of the tom 

x0 	N 
(2°36 G(to) = 177 • 

3ince 3 is independest of A , it follov•s, on differentiating (2°37), that 

a 
t ) z(t)  

If we aestas furtber that the rcd-6Lift is indek endoht of the ei;och of 

emi.4,sion t, then (. 47. Wbitrow (3) has ahor,n that zA:t) take4, the specific' 

form 

(2°M 

',there a is a constant, but wo shall take the Eeneral form of 3 until we 

come to<Luke nuwerioal calculations. 

The flux of radiation received Gt 0 at time to  from ozces in the 

shell (r, r dr) in the waveband 0\0,A0  + d N0) in solid anzie a is 

obtained from the left hand slue of equation 2.,,t)) with the aid of 

equations (2.37) and (2•36), and is given by 

SI A-0 
411 	,,J15 

where 	S (to) and 3 	s(t). 

The luminozity-distarloe A:,  for static models with Uocayin6 ohotons 

is given by 
r  Ro 	)1Y n 	 4 .robsanS 

1.  
:024+1) 

where the term ---...a: 	takes into account the ciiminution in the 
1 

( 
intensity of razLIation due to dietaNce and the tem -° 'i  the diminution .,, 



t. 6 2  j noRodX0 	
, h 

	

e e 	. 
n42.;lom-) dt, 

14•Tr 	, t) t .Je (X0  to  )dX0  
-00 

(2•46) 

50 

in inteneite due to the decrease in frequency of ,ii1Cot0113 with the passage 

of time. :eince the model is static there i; no number effect. 

The number of sources per unit apatial volume or world-model:3 

aeoeisted wite metric 24,36) les 

dn  4nno  Ro3 r2 dr 	
(2642) 

(1 ± kr2/)3  

where no is the oonstant nueber of sourcea per unit proper volume. hence 

(2•4C."; become 

t)(t)20,0  rigkodr  „ 	(2.43) 

where (2'4.1) and (2.4) iieve been used to eliminate L and dN. 

The equation of a lieht path ip a null geodesic of the etrio (2•3), 

therefore for an incoming ray 

dr 

	

	 (2-44) 
ho  

iliminatine dr from (2.43) using (2e44; we find that the radiation 

received at to  in the waveband kX0,X0  ON()) from eourcee emitting in 

the time interval (t 	in solid an le 

t (.7.) Cat • 
411.  (2. 

The bao'eeround flux-density -A.  (No, to; at e at time to  is obtained 

by inteerating (2+4,5) from t, to to, vihere t., is the epoch of emission 

from the meat distant source that can be observed by.  U et to. Eor static 

models, t1  e -oo, hence 



which is independent of the curvatere index k as in the ceee of the 

expand:I% mode18 with coneervation of matter. 

Tee background epectru I (X0, to) (I.;\°  when there is a out-off 

at8X/X= a t obtained leilarly by integrating (2.45) from ...vete t" 

where t" eatiefies the relation 

and 

.40  (2•47) ", 
s  n051,00,3  I(N0 A0 )00  =  411 	104. (.)2dt0  . 	(2-43) 

-00 

We note the eimilarity which exit e between formula (2.46) and the 

correeponding result given by equation (2-11) for the beceground apectrum 

in exeanding models when in equation (2e46) is replaced by the exi;anion 

factor R. An exact releelity doe e not exist, however, because the lower 

limit of integration in formula 2.11) is not the acme for all exeandeng 

world-models. If, however, we take 	= eat  then the formula lei identical 

with that which we would obtain for an expanding model*  with exeenzion 

et feetor = ti provided the conetant a licee tee same numerical value atl 
0=11111, 

eebblei e conetant 	In general It is impoeeible to (=pare the theoretical 

fermulee for the epectral background radiation in hoeogeneous. isotropic 

eorideecdele because the lower limite of into ration are different for 

....e.•••••••••••••MO 

ee shall refer to exper:eing world-modele with coneervation of wetter 

and exiAezion factor = 	a  de Sitter metric model. If in 

adaition the curvature index is zero and the model is subject to the 

lawe of general relativity the model iB the de Sitter model and there 

ia no matter in it. 



different 	.n tt intearal ca not be evaluated explicitly. 

;onaequently, recourze murt be made to numerical evaluation of tile 

formulae before a compariaon can be rtzde between various world-modela„ 

this task i deferred until C.'ap. ter TV. 
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1144Waimak in Varicup 	-orld-Loeel 

in this on&p ter the - echeral formula for the total laterality of 

background radiation in eta end ieotropic world-models will be 

derived, and the closely related problee of tae rate of reception of 

information from extragalactic sources, recently investigated by.  ...etener 

and Morrison, will be diecued. 

1, 	Milnes_UniformlY E.leoanding 	Nal/owing the classical 

discueeion by Olbers, tee first significant madarn theoretical contribu-

tion to the problem of 'Use total background radiation in the unive'se, 

apart from a :apex. by C. V. 14. dharlier in 1:;22 (1) on hierarohiesi 

eorld-wodels, was due to Milne (2). In t*iiine'8 uniferiely expandih6 

model the number oe :sources receding from the observer u with velocities 

in the range (7, V 4. dV) is 6iven by 

dN . AV dv  
(I -V 2702 

A , 
k .7 • 1 

where is a constant and c the velocity of light. As 'Milne remarked, 

when = 

 

e. di Given by equation. (3.1) becomes infinite, and therefore 

it might happen that the radiation from the very distant extragalactic 

radiation souroes would be infinite in this uniform4 exi.Ahding eerie-

model. if this model were to be regirde as a utefoa aioximation to 

titie empiricel universe, it was eeceasary for ":dilne to Aow that the total 



back6rouna brightnee in it is finite. Ulm 6W3titatgl l4plicitly that 

the algorage total radiation from ',Jae extragalaotio aouroes ia constant 

for aii epoona of omiabion. 	intenoity of xsitiation from a 4OUVOC7 

which i6 rcoeding fru.. 0 with veiootty V In Milne's itiodel is reduced by 

a factor 

d to tiie effect of recession 

- 	 ) Vic  
, (3.2) 

(3.3 

/ 0I 

and by a further factor 

1 	,  
-----, 

Vt o
.) 

( 

due to diztance, where t is the epoch of reoei:tion of radiation at e. 

Qbixuxij expression C3s1), (3.2) and k3-3) toother with the 

average luminosity I of the louse in tile world-Llociei, we find the flux 

of radiation froz all ts. aouroeL; lying in the range (V, V 4.dV . to be 

dV 

2 	

„,)2 	v/Q  

V 3/4  
(3 e  

2 	 v /0 	V to  

;nts6rating ;3-4; over the rane or vtocitie O, a), we obtain 

the total intensity of back6round radiation received by 0 at epoon t0. 

Denoting the total intensity received by C 	solid ant;len. at Spool:, to  

by 	we find tnet 

4  SL AL 4V 
411 to2  + 0)2  

St AL 
x  471. 	2 

with 15 finite. 	result vi obtained by Milne. 



F  
wile* 

(3.7) 

\3-8) 

. • R 
417 	

1,(t) 	d 

0 	Ro 

2. 	hoetosentpub I4otrovig 	iir 	jwitam.prva4on of  

raltter). In the general ease or an 	and..tn evol ionary world-model 

associcted with metric (2'1), th  formula for tte total background 

radiation ! ecoived at epooh t0  in scai. anc,13alti an observer t can be 

obtained by integrating 1(\0, to) given b e4sation (2.11) over all X0. 

enoting this quantity by 
.

J 

 00  
I( No,  to) ()AD. 	 0-6) 

0 

;:.iubstituting for I(X0„ to) from equation (2a11)0  it follows tnat 

for ekpanding evolutionary world-,models, 

and t' is the coc of emission of radiation from the most distant source 

ob;.ierved at toe present time to. 

(Al osanging the variable in 1,3.W by rol)L 	r)\()acing 	bj 	we 

deduct: that 
00 

=F(No„ t) dX0 	0.5) 
0 

so that :,(t) is the average luminosity of the light sources itting at 

..,roper time t. 

Mbors's criterion that , given by (3°7) ie to be finite will be 

satisfied if 	to  

ita 
	 t3.U4 

ia finite. 



f there is no vstemetic evolutionary c-rrect throughout the history 

of the 	so that F is indei-endent of t, then L given by equation 

( .9) will b a constant. In this case the condition that is finite 

is that 

is finite. 

:4tn the aid of conditions (3.1U; and Y.:5-11) a number 't.41  useful 

theorems on background radiation in hozlet;eneous isotropic world-models 

nay be derived when absorption effects due to the finite else of the 

extragalactic nebulae and to intergalsotio iaatter are assimsted. 

For exam,le, if tize model expands from a Angularity at a particular 

och 	can be taken to be zero and if there is no systematic 

evolutionary effect throughout the history of the model then since from 

the analysis of Chapter Li t'.:C, it follows that, ir E(t) is everywhere 

finite in the range 	t to, 3.11) will be finite and nonce must be 

!rinite, The we have the foliolnu  theorem: 

Theorem I, In any oxpsndin homogeneous isotropic world-model in 

which the number of source:, (galaxies) and taoir average luminosiV are 

conserved, and a(t) = C for 	C and finite for G‘st‘. to, where to 

is the present epoch, the total Antansity of background rad-ation at 

time to  is finite. 

This theorem is a benerallsetion of Miine's result' for a uniformly 

0,10.4 	Owenka,m/V 

Tt is interestln to note that for many of these models,inoluding 

Milne's, the number-density of sources. diverges for an infinite 

Doppler bnift, e.g. into', 
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ex.vAnding world-model nith L independent of t and R = ot, Moreover 

even if L variee with t, provided the quantity LR is always f° '''t00 we 

ngve the follnoing tneorom 

n arky CX LflcLng homogen ow isotropic world-iiodel in 

wnion the number or sources is conserved, if R(t) = 0 for t = 0 and 

L(t)a(t)is finite for 0 t4. to  where L(t) is the average luminoeity 

of those sources which wat radii,tion at time t that arrives at the 

observer at the present epoch to, the total intensity of background 

radiation at time to  is finite. 

Thus there is finite aky bri6itness in any world-nodel expniiun 

from a singularity tint occsrred at e finite epoch In the past provided 

the quantity IA is always finite. On the other hand, in the case of an 

oscillating universe bare may be infinite ski brightness. For those 

world-models which have been oscillating' without singularity-  (R> 0) for 

an infinite time in the •st, Viz nonatively infinite. Fence usinn 

condition (.11) we have the following theorem: 

Theorem 	in ay oscillating homogenvoun isotrojio 	d-model 

*vith an infinite 'nest for vhicb 

(i) rimax 4(0  ) R1411 ) for all valuos of t t<  where 	is 

finite, and to  is the present epoch, 

(ii) the average luminositT of the couroes does not change 

significantly with tine, 

the total intensity of background radiation is infinite. 

Clearly if L varies with t condition (3.1(0 yields the two following 

theorems; 



In any oscillating homogeneous iootropic world-model 

iiith an infinite past for which 

kJ) it.utax ?„ R(t) Rida  > , for i.13 t to, where t0  La the 

1,reaent el.00h and R 	is finite, 

4-144-kx L ,.) 	 > s  for all t 4 to, where 	La f inite, 

the total intensity of background radiation .4z 

Theorem V. In any osoilltin6 homogeneeu, iL.tro„ic 

with an infinite past for which 

Risecx›. .Pt) 	for all t to  where to in the hrv.3ont 

epoch le 	is finite, 

0.5.) h(ti > u for an interval of tiie 6 t not vanishingly snail in 

each osoillation (6 t > 4, 
the total intensity of bookground radiation is infinite. 

:t is of interest to compute the formula for the total background 

radlation from all sources Faith red-ahift greater than some cut-off 

value 	in homogeneous iaotropio viorld-c.odels with conservation 

of matter. 'nteratihg over all wavelehgtho the bacround opeotrum 

in solid anglegtfrcei :such sources, which is given b equation (2-23) 

we find that 

tit j 	(3.12) .07 xo, to)
iir 

where is the total background radiation in solid angle .% from all 

sources with r d-ahift greater than a, h(t) is given by (3.8) and is 

therefore the average luminosity of the sources omitting at time t, and t" 



given by equation (2.25) is the epoch of emission from 

with red-anift z whose light reaches 0 at to. 

.teads,-State XoAlel (with oontinual creation). in the case of 

the steady-state theory we must use equation (2'33) in ilea() uf (2'11) 

when evaLating the total background interity. Consequently, writing 

for the total background_ intensity in solid angiea in this model we 

have 

= noc °2.t. 	Le 	dt, 
LTI 

(3-13) 
DO 

where 	L = 	Xo  )ci  (014  X0) j f(X)d7 	(3"14) 
0 	 0 

is the average constant i.uminosity of the 	tic . Integrating (3-13) 

,Ae obtain the following result: 

Theoreia VI. In the steady-state world-model ovith continual creation 

the total background intex:sity of raLiation in solid anglen is 

nocL 	 \ 
(orA/ 	 U-•*) 

where no  is the number of galaxies in unit i.xoper volume, c the velocity 

of light, L te average luminosity of the galaxies and 'h is hubble's 

constant. 

e total intensity of background radiation in solid angleafrom 

all sources beyond the cut-off distance defined bySAl% z is obtained 

similarly by integrating (2'35) over Xo  we find that 
-01(64z) 

(3.16) 

5 1) 

those ::;40WOQ:, 

4 .I.  .1  fe':.51 	e"dt = !al, 	1 .. 	(151) 1T . .00 	
e 

	

14 	(1  + z)te. 47- 



4. 	3tOic 	with Lo of '5-.41erY by Iravellini] kilotons. The total 

background. intensity of radiation in solid angle31 in non-expandin6 

world-models in which the frequency of photons diminishes in transit is 

obtained by inteGrating (.46) over all No. Bence 

00 

= 

= nocS/ 

00 

1 1:to) dX0  
0 

L(t) 	dt, 
4T1 	-00 	"o 

oo 

(3•17) 

ivnere L(t) 	F(-12.1 , 4 dX 	i( X, t)dX,  oo 0 
0 

is the average luminosity of the sources at proper tilac t 	d ,(t) i a 

function of time and ?lays a similar role to the exahsion faztor in 

expanding models. 

e note that equation (3'17) is 3Uar to eqsztion (3.7) for the 

total intensity of background radiation in wending.  world-models as in 

the corresondinz formulae for the spectral distribution in the two types 

of model. Clearly from equition (3.17) we can derive the following 

theorem:- 

Theorem VII. A necessary condition for finite background radiation 

in static non-evolutionary world-models in which the frequency of 

travelling photons diminishes with the passage of time is that 

) 	C as t 	. 

The background intensity in solid angleSt when there is a cut-ofr 

st SA /A = s is obtained by integrating.  (2444b), the result 

st . 	zn, _0;1,m dt, (3'i) 



where t"oatitifleo (:e47) and i* the opoou af eniaion or radiation fru-) 

aources which arriveo at 0 at epoch tL  with red- hilt &AA. z. 

e • 	il0e 	 orld-W,odoo. it 13 interootino to oee 6ow 

cur oori compareo 	tint of Oetzner acid Loroison (3) who have 

cooroached the orobleo from the point of view of informotion theory. 

They nave considered toe rate of reception of information in a given 

frequency band fro extraoalactio radietion aourceo of givon. Pioopler 

shift. The rate of reception of information by an observer with a tele-

SOOpe (or radio teleacope) from cu ob:ieet of given type dimlnioheo tho 

farther away the object is. etzner and korrioon have investiGated the 

way in which the information rate approacheo the lioitino zero rate at 

tho horizon of various world-modols. They conoidered :Pra ti o invootioo-

tion homogeneouis lootrooic world-modolo aoaooilited with toe iloo olooent 

Given by eqootion (201), and they aseumod that the radiation 000roez in 

thee world-oodclo ore non-ovolutionary. iurtnor they neglected the 

obaouring effoot of ooarhy radiation oourceo fro more distant onto. 

We ahall now dertvo the general foruulae for the inforoation rate 

of a aingle aource with given Doppler ratio, and the inforwatlon rate 

from all sources with Doppler ratio greater than a given value. ance 

Metzner and Morrison coneidore epeciflo world-models they did not 

obtoin theoe foraulae. 

ir.%441,......MM.RWSIMINIIV.11.014.4,011,01.* 
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A It in more convenient in the foiling an 1i to nee Dappllx 

+ SA 	 fa. • ratio 3 defined by 2 = , 	than the Doppler shift 	= o - 1. 
/1 	 )1 



Ur 

Denoting the apparent lu:.,inosity in a well-defined frequency band 

(100, Vo  - d'00) of a Wizgle source with Oopader ratio i b5 b (w), then 

the rate of receition of information in this band (4) Lb given by 

C(Z) = d '00  log [1 	N 	7 
	 (3.20) 

where N is the noise oower (associated with the moasurement of bN whine 

e will treat as a constant. If the base of the locarithm is or o then 

the units of ;(..) are in bits per seoond or natural units, respectively. 

ake information rate L; 	from a single source with large .4 v;s-

calculated by .etzner and Morrison for partiukar world-models ihaludi 

the oteady-state model with continual creation. 

For sufliciently large equation (3.2G) may be rritten 

b(4), k 

and we note that the information rate from a remote single source is 

ixoportional to its apparent luminosity. 

Turning now to the consideration oz : total bookground radia on, we 

note that the rate (:). reception of information from all sources with 

Doppler ratio not less than Z is given by 
00 

	

,1") 7 \  	C(Z) n(Z) dZ 	(3.22) 

	

where n(L) dh is the number 	sources with Doppler ratios in the range 

(z, Z dZ). For cuff ioient4 large Z, however, we have seen that C(; 4) 

is proportional to b(Z). Therefore, the total information rate from all 

sources with loppler ratio greater than 'S is proportional to the total 



backisround radiation from those uources 	(say s 	fro ui (3.22) efe 

ace that 

63 

(3.23) 

In the next chapter we sLall aerive toe values of the total 

information rate from all 5ourceo with :)oppIer vatic yester than a 

wore laree value for special clasise of world—mc,102 and compare cur 

recultl, with Aetenerie and Yorrison'e. 
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WoOkilot14  

In this chapter the totai background intensity will be calculated for 

a nuMber of ;Articular viorldm 	NegIecting the possible abortion 

effects do to the finite Use of the galaxier and to interealnatic matter, 

and assuming, exceiA hore otherwise stated, that L, the average 1a2inosity 

of the sources, doe not ohange significantly .Nitn time, re shall consider:- 

(1) Models for which the expansion-factor R(t) i zroportional to 

*here p is a constant. 

) Models for which the 	otor (t), or t), is an 

exponential function of t. 

(iii) The steady-state model with continual creation. 

(iv) Models for which the expanait:41 factor t) i otermined by tha 

fiola equations of Crenoral elativity 

The required formula in oases (i), (,L) - d (iii) are easily derived 

from our previous general results, but thoae in 00.110 (le) require semeebat 

lengthier calculations* 

ca40414tiop4 r 	 e 

oonstapts, 

ecidation (3.!) the total background intenzity of rad..tation per 

unit solid angle in ezioualing wead-amodela with conservation of matter in 

hloll the radiation sourooa are not evolving with tie ie given by 



to  
:lc, 	L 

41T 	 °
P0 

dtt 	 (4'l) 

where L 13 the averav lumino:Aty of the 30U,r003 and t is the evooh or 

emission of the moat diatant source:: that oan be obaerved at the prezent 

epocil to. 

In thia -artitUar type toe world-modelt  t' = end. (4. l ) becomes s 

t\pat  
411.  0  kto) 

o 	t —2 • 
4TT p 1 

(4.2) 

It is interesting to note free this fors.ul t_ct 	no  is 

proportional to t4g3Po  it follows that Q is :roortional to tol 31). Thus 

i 2 men p = it  We find that Q is proportional to /to  which agrees with the 

result obtained by Milne for hi. model, aee equation (3.5). ter ge 

we obtain the folic:mine, theorem  

Theorem  VIII. In werldmnodcds for which n(t) 	 and L is independent 

of t, the backzround brightness diminishea with t if p> 	toe not change 

if g = (Dirsek; Medal) and laareases indetiaitaly with t if p4 

If the present value ot Htibbleis constant in the rd-Aft diatance 

law is denoted by hot  then 

Aliminsting to from (4.2) using (ge3), it follows Us, 

(ft„sth). 
p.1 %/mite/ 



:i„rhe t 	- 	in (4.4) .4-4y be evaluated directky from observational 

data. ,„e will take the average luminosity of the light sources to be (1) 

04 x 10 0 	 k4.5, 

(where 	e >  x 10 	. sec, 	iu the luminosity of tie sun);  the 

number-dowity of L;alasies at ti4 present epoch to be (2) 

no  /3 galaxies per cubic moo-Areas 

sia x 3°42 x 10.44  galaxiea 04 
	(4.6) 

and the ,resent value of ilubble's constant to be (3, 4) 

x 'ft(j km sec 

y 	3.'24 x 10-18 sec 
	

(tj.7) 

vterae4, , and X are numeriosi constants, which allow for uncertainties 

in the observed values et L, no  and Ho, respectively., and are of tie order 

of unity. Hence we find that 
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The total flux of bonnsid radiation is Obtained by oultipiyiag 

(4'6) by the factor 	1). 14 nate that t,is factor is A vim nit 

(Dime NOcel), i when n = 1 (Milne uniformly exi.anding model) and 

ciTroxinately unity when n is large, it is also interestin6 to note from 

(402) that when I) = 	-- and nonce R is a oonstant - the total flux of 

background radiation A3r unit solid angle in a tutic universe in which 

the aourties began emitting at coo t = 0 and nave continued emitting at'a 

eonotant rate up to the present epoch to  is given by 



 

(49) 
4.Tr 

This 	 1 known result serves ab c ueL;ok on formula (4,2). 

Nuaorionl values for the total background radiation for particular 

models of tee tiype R = atP are given in .u01(. ; aLL=t tAlat oc /4= 1. 

Cur theoretical result for the total fluA of beckgrouncl radiation in 

n al, 
the !Lillie uniformly expanding model, na4ely, 

4,1TE0  
MoVittiels anu 4utt's (5 ) formula for flux-density 

this serves az an independent chock on our raults. 

obtained by MoVittie and ':ott 18 given by equation 

may be derived from 

in this model, and 

The flux-density 

450) in their japer, 

namely, 

LT no 
411 

I
to 

0 
( C) 

whore the syabole used ore relnt d to ours by the relatlons, 

de =St, no  = no, dfo  dlio, Li = L, ti  

X. is defined by the equ&tion 
YAVI) 

C;. (1))d10 being the average luminosity of the urees in the frequency 

range (V - d10, v) 

Tntegratini: (4.12) over all fl-e„ueno1o, 	murt 14:41.1 ) 
00 

) fl 	n 	 (49  3 ) 

, 	. 
Hence intezrating (4,1:) ovor all frequenoloo, ,ve fled that (in cur 

notation) the flux opt lAokamin4 radiati,..41 in uni;, ..,olid angle 

	

n 	e6  t tit = .1  (nob C +1,  t0
i 

 
:i wilimpurromi 

IT 
0

to 	4.1T 

in agreeaent with our previous result (4.2) with p 1. 

is given by 

(4,' 1 it- ) 

(4 .1 2 ) 



If a out-off at SA A = s is introduced, i.e. only background 

radiation from remote galaxice with red -shifts La excese of z is considered, 

the radiation from these galaxies in unit *end angle le given hy equation 

(3.12) vita.= 1, namely 

41T 
.221E 

Cis/ 
dt, 	.15) 

*here t" (which satisfies equation (2.20), is the epoch of emiee on of 

radiation from galax.iea with red-shift s ehich rcacilec the observer at to, 

and 

 

t " 	IL # 
4• Z 

( no  0  ) 	1 
4Tilio 	I : 7-4'z 	) 

(4.-1 ) 

  

vN, find. Numerical values for the background radiation When there is a 

cut-off at s = 0.2 are given in Table II. 

2. 	calgyutiona for_eodels  *40.11 gt)  is an aeegmeAkelelLmaeten 

Az stated at the end of Chapter ITT, we shall refer to expandine 

eorld-models with coneervation of matter and expansion factor R = elit  aa 

de qateize metric models.  The special case rith zero curvature index which 

is eubjeot to the lav or general relativity,, is the de Sitter n odel and 

there is no matter in it. 

It was shown in Chapter i I that, art from the lower limit of 

integration, the formuie, for the background radiation in static vorld-modele 

in widen VW wavelength of a photon increases with time coocwdine to the 

Law, namely* 

(4-18) 



is the same as tat for an expanding model with 	ansion Motor in 

which matter is conserved provided 3 = R. In particular, if the atatic 

model it. non-evolutionary then S takes the apecific fora 

eat, 	 (4.19) 

whore a ia a constant. xnndin L. to the firot order maw derive 

hubble's red-shift distance law with.a equal to Hubble's constant. hence, 

since the lo4er limit of integration in the de Sitter metric model and the 

static non-evolutionary model ia the sail*, the bae4yound flux ?or unit 

solid angle 4 in these model is given by the same formula. Laing (4•1) 

with R = eht and t' = -ootbizi 

IT 
c 	

Ito 

-co 
no  C 
47'111 

d 

(4.20) 

•.0 note that this result is also the same as that for the ttio non-

evolutionary model 4escribo4 above in which there is no red-enift and the 

sources lace been radati6 from time t 0 up to the present epoch to, 

roilere to  

:.hen there la a cut-off atSA it = z, we WV uso eqwtion (3.12) with 
Lt R = e and t' = -oo. Then 

where 

and therefore 

t" 
n0oL 	 11(t dt • 
411 	-00 

kit" 	e e - 

Trii 	1+ s 



3. itiSLLAYAI 	 c 	ual croat3.  

The forzsila for the backe,round radiation in the Lady-atate model is 

given by equation (3.15), namely 

N 9-:it • 4.1T ki 
f 	1. 

Vihen there is a cut-off at SAA= z, the result is riven by ( .16), namely 

,,. (1121..\ 
Ais.1111) (1 + z)41' 

Vie note that expression (4.24) and (4.35) agree with the eorrespond 

ing results far the Dirac model given by fonsulae (4.4) and (4.17), 
respectively' when ij = and li 

;-uaterical values for the total background radiation in the models 

considered above withoc.P/ = 1 are given in Table I. The background 

radiation in these models en there is a cut-off' at red-shiftSA / A = 

;.;• 4:i 	iven in Table L. 

Jammu 
The Total Background *a4iation in iartioular ,c)rld--Models 

(4.25) 

x 10 

9.7 x 10.  

6.5 x 10-4  

4,9 x1614  

3.9 x 1.,"4  

2.4 z 10 

2.4 .4 x 10 

2(or a) 	AGE 

de i.tter 	 eEt ie 	Infinite 

Liooaying 'hoton 	eat 	Infinite 

Pol• 
	

ate 
	1.5 A 101°  

Milne 	at 	9.7 z 105  

Einstein de L'ittor sits 	it 1À   

Dirac 	at:'i 	3.2 x 109  

Steady-state 	fufinite 

4.5 z 14-34 
4.5z14-31+ 

3.0 x 

2.3 x 1L-34  

1.8 x iu-34  

1.1 x 10 

-4 141 	x 1t4 

94.6 

63.4 

47.8 

38  .1  

23.4 

23.4 

2.71 
2.71 

2.4.5 

2.26 

2.14. 

1.91 

1.91 

.gODY 



T=IILE II 

i;as!Azround 4iatic.n in Particular World-Uncials 

mhon there la a out-off atSkiik = 0.2 

71 

MODEL 	It(orS) 

do -ittor ii(.tric 	0kit  

rt Jeøa ying khotan 

L-ass 	at-  

Aline 	ct 

in:tan-de .itter at 

I.,irac 	at3  

t ,taa 

	

	e7 cy-z,tata 

AGE 

Infinite 

Infinite 

1-9 z 101C  

9.7 x 109  

6.5 x 109  

3.2 x 109  

Infinite 

4 	e 
6.1 :c 10.14 	3-3 z 10 

3.1 x 10 	3-3 a 10 

	

1ii."4 	6654. 2-3 x 10 

..4 
3.4. x IJ 	-1.6 X i 

2.5 x 1(. 	1.2 a 10..34" 

...4 1.2 x 10 	056 x10-  

	

/. 	-54. 1.L.- x ic,
..
' 	0.56 x 	iv 

u 

79-1 

79.1 

47.3 

33.2 

24.4 

11.7 

11.7 

I 

2-58 

2.56 

2.29 

2.09 

1.90 

1658 

1.58 

niptoc: qn Tables .1  4111.LL 

Column is the flux of rmdiation per unit solil aN;le and is given in 

- 	. ere zoo-1 om-2 star 1  . Lolumh e  ia the mass densitv of radiation in 	cm-3, 

ttir 7 
arlia is obtained by 	coivalt by 	Column denote* the 

nuMber of ;.,tars of the tenth Jhotovlsual isagn.Autie per square dodree which 

would ,i,roddoe a total flux of radiation equal to the backzround radiation 

fAltiidugh the spectral distribution would be different). 	method of 

computini; this measure of brintneas is as follows:- 

The *un has an ulyiolulm.vuetovisual magnitude of -26-66 and an area of 

acoiam Ue6re*. Lf 1,44,4oilotea 	luminoaity of atar of phoLdviuuhl 

madndtude 100  then 

I, 	= 41tx .10-L.4(-26.66-10) 

where L ia the iumino*it;i of the sun. 



The luminoaity of the sun i..)e equare degree is 

	

e 	U.223 
15 x 6+19 etars or oagnitudo 10 .,,er 

square degree. 

The flux of radiation at the erfoce of tne s 

4T! 
	1C x on34 erg Leo cm ste 

	

1C 	-1 	 1 

where ke  = 6-96 x 10 (3  OM i3 the rEnlien of The sun. 

If the background flux in given by 	then the background radiation 

is a fraction V.6.34 x 10i  of the sun'e. Therefore the background 

- 5 brightness is equivalent to .i.oicr:6..5 	 6.19 X 101 
	

X 9*76 x 10 atare 

of tenth magnitude per squnre degree. 

Column T in Tables I and fl: gives the effective blackbody temperature 

of the back8round radiation in degrees Kelvin. hi definition, the flux of 

background radiation per unit solid angle e 2: 	whore c-  = 5.67 x 107.5  
TT 

-1 
erg cm 

-2  300 deg-4  is the Ltefan-boltemann constant. 

Finally, it should be noted that the aee of the model is given in 

:ienre, corresponding to one 1, niereas the columns for e,(?„ m and T 

dennd only on the condition oet3 W = 1, If 0<. 	= k, .„,„(0  and m must 

be Lmaltiplied by.  kend T by 1. 

V:e notion from lable t, . t the gneateet backe,round radiation ie founla 

in the de Sitter metric model and the Deoeying illoton model with x eat, 

and is least in the steu4-ntate model with continual creation and in the 



Dirac model. Further, on comparing able t with Table ils  we notice teat 

ehen teem ie a cut-off at SA /A = 0•2 tee residual bacdceround radiation 

in the eteady-Ltate model and Dirac medal ic about iA4ur the total betake 

ground radiation, whilst in the dofitter metric model and Deogying Photon 

model the reeiduai backeroun0. radiation is more than 60 per cent, of the 

total baokground radeation, the other eaeoz menLevned being intermediate. 

iaia last result inlicete teat eae background raeation in the steady-

state and eirac models comee mainly from the forteround gaiexien, whilst 

in the de Sitter metric and. Deeayine ee:ton module it come 4ainly from 

the more distant galaxiee, 

It is intereeting to cooeare Lee effective temperature T for the total 

background radiation given in tee last zolumn of Table t with that derived 

by1.4dineton (6) in 1926 for the total radiation reoeived froz the ittlaxy. 

aasemine the light from the Galaxy to be equal to 2000 stars of aecarent 

bolometric magnitude 1 0, i'idington found that tee effective temperature of 

this radiation is 3:16K. Jaime. the tefan-boltzmann law, we find teat this 

eadiation is about five times as intenee ea the total background radiatien 

in the world models considered in Table I. 

In 1957 l'avey and aoach (7) round that at galactic latitude-a greater 

, than 30o  the residual beaground radiation (due to deviation in the mean 

number of eters, to extregalactic nebulae, and to starlight scattered by 

interatellar matter) le less than 25 :Aare of tenth magnitude per square 

. hen the effects due to aireloe and zodiacal light have been 

subtracted. 



degree,. Assuming thate40/ 	i um:Ay, we see from the oo1u,Lin in Table I 

that Le background radiation in the ateady-stato model ane the Dirac model 

ia of this order of magnitude, whilst in the,  de Sitter metric and 'Decaying 

iheton models it is nearly four times as large. The background radiation in 

these models, however, oozes mair from the infra-red region of tne 

soctrum and ti a was not observed bylavey and Roach. 

Nevertheles, if we conclude that ceeparison of our results in Table: 

th their observations implies theta- b'14. 1, we can deduce that ,A.1S 4 1, 

since ia now believed to be approximately unity 	0(44" 

3ince, in priicipie 3 can be determined directly by oounts of galaxies in 

our neiGilmurnoon, this measa that we have an upper limit for r..4 • ,e 

therefore conclude that, if the universe approximates in the lortm  to an 

isotropic homogeneous world-.model (of expanding, steady-state or decAying 

oton type) with negligible intergalactic absorption of light, our 

Interpretation of the results obtained by Elvey and isech indicates 

an u)ner limit to the avie absolute 	t 	t•L 

ItAZ iint4re ruq4  9f the W4,-Velof4 _01ftirti 1lA  

L:cwer. For example, if the number of gaiaxie,; in our neighbourhood is 

O. i'er cubic megaparsoc, tLen (3 = 	nenco , L4;2, and so the average 

absolute luminosity of a Galaxy \.culd be leas than 2 x W C)  time that of 

the sun. T144._weuici be t4 aVerate alma 

  

tudo 	ra 

  

   

991.  the entire pt history of tile universe. 

  

.ed 



radlatien in expanding %load models in the aternatise form 

TR, 

RA') 
411 

idni 

(WI Tc-157.—A*R-12  
3R 

(4.29) 

MOM 

 4,  iialliktIPWlar MQ9046  In w44 Akt/_ia 44  

& 411014L1WWWW. 
The expeasiem fait= R in hoslogenecua isotropic modeld of general 

reIativi satisfies (11) the following equation:- 

„„2 	
,AR2 	4.4026) = 	K e c2  R2  

wLery K = 81T4/02, kw is the -ravitationi constant, c the velocity or 

ii6ht, r is the dum of the mass density of tter and radiationsA is the 

cioamolo‘ical oondtant, and k = 0, f 1 or -1 thf: curvature index. 

The enemy of actter and radifttien in volume R3 is given by 
= 2 3 	

(4.27) 

and therefore (4.26) may be written in the alternativ form 

   

dt 
X0 	4” 	.4“.. ( 4..28) 

   

where the plus sign is taken when the model ie exanding and the minus ign 

When the model is contraoting. 

sin6 (.42b) we zay write eivation (5-7) for the total bacy.ground 

Gkt fA21,4 

where t' ia the epoch of omSdaion of the most distant sourced that can be 

d,een by the observer C at time to. 

fn general the inten-ral in 04..24 tin,y be evaJuated nuuerica14 for 

particular values of k and A when the functional det..endences of and L 

the average luminodity of the sourced at ti ue t - are known in terms. of R. 



in .articular, re will consider those xot,ei for kk4io4, t 	 lergy per 

unit proper volume of space ia conserved, ar.41 therefore from equation 

(4*27) 
e  R3  foRc3. 	 (4-30) 

In TablelTEisabrief aummary of the types of beoviour that arise 

for such models with particular values of the curvat,ro index when the 

uoahologicai constant is positive, zero and negative (i2. Models for 

the expansion factor starts free 0 and increases to infinity are 

said to be axpaading i, whilst models for 'which P starts from JOWO non-

zero value and increases indefinitely are called Exrianding 

4,hen there ii a out-off at $2 z, the bacround radiation is Liven 

b eiustion (3.12), and using equ-4tio:. (4e28) we find that 

4, :2 ri,0111(e9 L 	 (4.31) 
JR69 ° 

-471 

where (4.32) 

and t" is the epoch of emission of radiation from those sources -v4ith red,-

shift a that arrives at the observer at time to,Lnisatisfies 

Ro 	 1 z 
	 (4..33) 

;MA ill  
penaviour of Relatiyiatlo 	4i  

A > 0 A = 0 A 4 0 

1 

Expanding I 

1..xpandang IT 

Oscillating 
Oscillatinc, Oscillating 

LI Upending I uling I OseiLlating 

-I 	 BMPasigni I Illielndi 	I Osoilla 



The two classes of relativity world-model for which (a) A= 0, and 

(b) Ako, in 'Lich energy is conserved will now be considered in turn. 

(a) Models for whioz A = 0 

(i) Curvature index k = 	This model is the Einstein-de sitter 

model and has already been considered amon6 the models of type P = atP 

where a and p are constants. It is instructive, hwever, to derive the 

total flux of background radiation in unit solid angle min equvtion 

(4.29). Putting k and A equal to zero we find that for non-evolutionary 

sources, 

n0cL 	I R 3R 1'2' dR . 	 (4.3) 
it(t) K  005  o1  

Ance sources can be seen that began emitting immediately after the 

singularity, R(t') =O. Using (414..26), the present value of hubbleis 

constant ho  is given by 

ho  = Ro 	'11 
	

(4.35) 

and therefore 

(4.36) 

in agreement with(44) when p = 

If there is a cut-off at SA/A= a, the upper limit in LI .34.) is 

replaced by P(t") where 

     

(4.37) 

     

 

R0 	1 + z 

 

hence we find that 

     

 

2 fn0cL\_J, 
5  k 11.77; (i i372  

 

in agreement w,th (4.17) when p = 

    



that the sources are non-evolutionary, 
00  

Q 	 (1 - LA2  
47TR0  0. 

(3.7) becomes 

cos )2  de, (4.43) 

(ii) Curvat(Are index k = L This model, known as the Einstein 

oscillating model, has a parametric solution which may be expressed as 

follows 

where 

and e is a Arameter. 

where 

R = 	- 
ot = A( e- sin e ), 

A =z K req.)  

(4.39) 

(4.4u) 
(4q41) 

Clearly this model has a period of oscillation T 

T = 21TA/0  

Since both R and t have been expressed parametrically, it is simplest 

to use equation (3•7) when deriving the background radiation. Assuming 

whereeo  andl9sare given by the equations 

eto 	 (4.44) 

and 	et' = a(Er- 
	 (4.45) 

respectively and to  and. t' have their usual meaning. The equation of a 

light path is given by 

0 di' 	 t. d 4 = cd.t 
R. • 
	 (4.46) 

Using (4,39) end (4-40) we find that 
J-04, 

2 tan-1  r/2 = 	= 	0 090 	 (4-'47) 
0 

wnere 00  satisfies (4°44). Without loss of generality we may take 0 = U at 

the beginning of the present oscillation; hence t = 0,00 44.1T, anu (4047) 



fiati5fied ty all 0 in the range (0,190). Consequently, the earliest 

epoch of eutiza....on of light froo a liourco which roaches the obsorvcr at 

the vresent epoch is t =L, 	thererorefroa (4..43), the baokeround 

radiation in the Einstein oscillatin nive a u&Lnt, that no 

radiation reaches us froia epochs Em.rl e than t= , in liven by 

Ba:=. (tr.. "" 2 in 00  4 sin 280). 
4:TP 0  2 (4.43) 

If 110  is the ;present value of i.ubble's constant, then from (4.26) 

with k  

and for a real solution 

2 kt2)2 1<o 
0 	 fs.c,4  

(4'49) 

K 026 • 	 (4°50 

Suppose that Ho 100 kilometree per second per megapersec = 

3,4.4 x 10.18 see4.1 , then 311100 K = 81T/c2  = 1 • 86 x 10-27, 

eo >1.48 i7  
We shall now calculate trio b8ckground flux of rad.i.s,tion per unit solid 

angle Men H ce 3-24 x 1C-lb  sec-1  and (0  = 2 x 1C''29  

equation (4•4.b). Substituting these values in (4.49) we find that 

= 5.70 x 1028cm, and firma (4.41) A = 3.14. x 	FVC (4..39) at 

t top 

ito 	A O.- 	 (4 .52 ) 
.henoe, substituting the values derived for anu R0  we find that 

eo  = 



Jee p  usind (11.44), the ,iresent ade o t..e model i iven by 

to  = (00  - bin e„) 2465 x v17600 

10)  years. 	 (4'53) 

Thtit :CI dra  Xnd. for a porjod 	1.05 ::t 1014yrs. using (/+,42). 

is6umini; ti value... fox no  .9341 L Ivon by (4..6) and (4•5), respectively, 

we find that, with 04 

..1 3.37 x 4.C*4' ere; en-2  oos ster 7 	(4•54) 

using (4.43). oe find frog 	t.t tzii is stecnorable -;ottri tile total 

eack;rounfl flux in model 	tyoe it = atP wit p".'. 

;nen there is a c,t-off at SA/A x, the msid.;n1 baekGround radia- 

tio i 	ven b with the upper limit of' tne intcr roplaoed by 

e" ter' 

   

1 - coqe"  
000 e * k4'5) 

   

   

V is am 	 cfradiation from those ;3 oureQg iv:minis a 

red-ah:ift 	which arrives at U at to. ith z = 0.2 we find from (4.5:)) 

e 	;„i.r.d on £e?1.cifl O  by 0" in (1.0i0) we find that. 

2.14 It 1.) 	erg seo-l ea,-2:,, ter 

(iii) 	 I 	&y ana.lozy with the ia t xample we 

may oxpressit and t in :Aram-trio faro c foliows: 

e -1) , 

cc k in h e 
where()) 0 i3 a _parameter and 

(4.56) 

(4'57) 

(4.5b) 



C11 

Thif model i* of ,xi,o.nding 	Pe and PM:A (4..56 414.d. (4..57) w an, 

tat mar tits sin6ularity when e ia acall 

, oC 
_2 

(13 	 he -‘-e) • 
oc t 

since oos 	and ein 

e i 	lari;E:4 

is the kereaent value of ilubbles  coiitant Lor. froz 

and for a real solution 2>i1 	o2K ea 
Takinze, fi0 	i 	1a sec my() 	then froiL (4 ,  2.; 

3Gia 1314 

a/mil no calculate the total bLyckzround flux per unit solid angle 

re.ter. 	:4: 100 kin sec mpo and =In ezr. 	btitutin6 in (4.59) 

we find that R0  9.29 x 1027cm, and hence using (456) we find that 

B 1.1 2048 1025. At the present cocti to  (4.56) bosoms 

	

ao 	B (cosh e  - 1) 
	

(4.61) 

and therIEForo from this equation we find that 610 =6.62, Using (4.57) we 

obtain 

	

t 	9-7 x t:ry yrs . 	 (4.62) 

Tice bacx&round flux of radiation for non-evolutionary uource4.i 

iven by (3.7)  wnich becorget,,, u4oing (4..56) and (4.57) 
2 leo 

(coo he- 1 )2  des  411R0 0. 

ore  ot t  Binh  

and t" i the epoch of emiasion of radiation frc& the 1;:x.y4, LLtant sources 

tat reaches 0 at t0, 



Thu equation of a light path ia CIVVP by 

7 dr 	= 	re:di a .., e). 	c4-65) 

O t 	8 
Vrom (4.64) we seo that the moat distant sources that can be seen at the 

present epoch i iven by 0 = . TOereforeiY, 0 and (4-63; becomes 

:4( sInh 206 - 2 einh 0). 

,1);ztitiitinz the va2uw4 found above fo a,P and O, ad t,king the values 

for L and no  tiven by (4.5; and 	with oc= = 1 we flh6 

x 10-4' erg oat -2sec-1  er-1. 	(4.67) 

e note from Table I that this is numerically equal to the total flux 

of background radiation per unit solid ank;le in the Milne uniformly 

expandint; model Alen the same assumptions are wade about no, L and no, 

(This is a conrirnation of the numezioal otIAItion%, since when 0 is 

• ot ae.5 in the Milne asdel. 

In the case of a cut-off at 13)1/21/4 = u.2030  in (466) is repiaced by  

siovre 

003  efi-1  
1.2 	ooh  G0.1 

The baokground radiation iu fount to b* 
e 

a 3.38 x 10 erg 	aeo *stor 

(..68) 

(4.69) 

on takint.„ tae sums values for the empirical or)natants 

Aeain we note that this is egt,a1 to the baokground radiation in the 

Aine z.sdel when there is a cut-off8X/X=2 0.2, 

The background radiation has also ben calculated when the density.  of 

-3e  matter takes the values 10-25*  and 10gm am-3  rosictively and the result 



e 
2.5 x 	0 

2.1 x 1C74.  
2.b x 

3.35 x 10-4  
3-44 x 

1-2 x 10 
-AL 

0.9b x lo 
1.3 x 1C,  -34 

1-5 x 10 -34 

1-0 x 10 

24.4 

20.5 

27 3 
32.2 

33.2 

which are given in Table TV show that the background radiation is 

insensitive to the density-  of matter and radiation. This Table Gives the 

background radiation in the relativistic models with zero cosmological 

constant considered abeivm. The first column gives the lialaG of tho model, 

the second column gives the curvature index vlhilst the remaining columns 

e i and P have the same meaning ls those in 'Sables 1 and LI. 

Table V .ive$ the background radiation in these models when there it a 

atiAN.:: 0.2. in these tables...43= 1,1 = I. Ir.(S=k, 1= 1  

the values of 	and m are multi lied by k and T by 

We note from Tables IV and V that the background radiation in these 

models with the assumptiont; made about the light sources is restricted to 

a narrow range of values. 

TAL f IV 

Backaround Radiation in 4?elativistic 

aodi 

Einstein-de A.tter 

Ninstein Oscillating 

Expanding 1 (14m.h343  

4=10-3°  
(u)e 10-31 

Mode). k 
Linstein-de sitter 	0 

Anstein QscillatiNo 1 

*pandingI (i)c=1(f4  -I 

(ii)c'101° -1 
(iii) o=.10 3' -1 

“60  
yrs. 

2.16 Q.2 
2.06 

2.20 7.3 
2.27 9.1 
2.28 

.ge 
yr.4. 

1.53 6.5 
1-65 z..3 
1.',2 7.3 

2,07 ').1 

10'4  
x 

4.2 x 10 

4.E x 1C-4  

4.5 x 

e 
1.8 zUr?' 
1.6 a 
2•0 x 10-34  

2.2 x 10 

2.3 x 10 

58.1 

33.2 
41.o 

46.8 
47.8 

 

Mas V 

rrLtjo  in Relatpristic  models 
SA/\ =  

for viniati A - 

  



RelaxtivLitie iLdoi,L) l''or which A*c..  

7,Iany, but not all, theorists now believe t;-,:at the coasiolceical 

constant raust be zuroi, but oven if' we relax tnia condition we find that 

only one model with A o haz; bell: extensively studied. Thi3 is3 the 

Leisattre odel, of ourvature index k • +1, sbich la of typo F,:xpanding I: 

it explodea from a singular state, passes throu&k a phase in which it 

behavez like a static Einstein universe and then beLins 	andin ,  again.* 

The value. of the parameters A and in the Jtatic phaaa will be denotad 

by A0 and. Re fezpoctively. n t4i.s model the derivative of R*  given by 

,,4*26), lias a double root at 17.1e ( 9 ) , and there 	we find that 
r\d.R 2 
k citi 3R-77 kk - 	kR 214), 	(470) 

.iKeo  k03 	 (4.71) 

and 	 A0  (4°72) 

Let 	be tile ;.reisent value of ii,.ibblets censtant„ then u' in (4•7C) 
• 2 

itf:7 

.4.73) 

c2 
- Re  ?iR,0  2:e) 

3R0  Re 

(4.•74) 

and 	in (4'71) 	(a,44), (4.67) bt7comea 

be2  =i•K(e c2  

	01111111011.1=0•19110.1,MIWII. 	wame.issramr. 	 -4=101.1411•106•••••••MiiIMINIO•100.0.1.06090•1. 

(4.75) 

 

Eddineton considered this model too, but restricted attention to 

the phase following the 	thin .;-,tate.., 



If L and e, are known empirically, then with the aici of equations 

(4.71) and (4.72) the constant& Tie, Re  and Ae  may be detennined 
0,g4 fallewo:- F. mm ectL4.utloil (4,73) q may be founds  and since (2071) mgy be 

written in the form 

1. '1,Lp.z 2 - D 

we may ustermine •henoe 	anuAe  may be found from ‘4.74) and (4°72) 

re4pectively. 

The bacwound brightnel.s per unit solid angle in reihtiviztic world- 

models is given by (4.2;) uaieh tor the .1,eaidttre ieiei r(,x11,10(10 to 
R. 

ROB 	(4-.76) = 
411 	Ro 	2Re / 77:77) 1  

Re 
=Lave 	= II(t') and t' is the epoch of amlasion eV raic.tion rrem ',Lite Lost 

distant soureca that reaohes the observer ut to. ,inoo the extragalactic 

nebulae were formed after the static phase, TO = 	A viiiere A is a 

positive oonstant which must be determined. if we assume t at 'when the 

extragalactic nebulae are formed they nave an average , u4inosity L, and if 

we assume further that they do not evolve, then 
go 	1 

_ 	n L .4.- 	) ( :-..a..it....— .:-.1.... % - •••••••.• 

41 	 ko la + 2Re 	(R-Re) Kea 
which m4y be integrated analytically as follows:- 

(4.77) 

J

R°  en,Ro (Ittlz)c111  iRe  ReAR  
Re+A 

(R- Re)(R42 RR )fr2- 	(R2+2-R12d7- JR e+A(R- R eCre+ 2RIte.P* 
t  Rela 

= ra2+2RRIllIk°  
ge+p 1-t (3t4tR+livt4.1Ze+0

14 
(4.76) 

- wherefrt 1  R 
.1 

aelyo = 	Re and/Ali-1  mil,* In order to evaluate the 



intecral on the right hand side or(4.7: e put 43 Re fr4+ 

43 cash e , then 1,40 ge,c1,.  _ f00R,1440 
je 	4314 	43 

 (00-ed, 

ere 43 Rope  t 2 a 43 cosh et  0  and 43 Reilie + 2 a 4 3 ooeh 

-n0L,i3Re,  {R.04  2Re)._ (kt+  Xi+  2-Re, )/4-1 
Ro 	 Qua 

Ifitg 
tcosk-ieZc 

 43 
t  1) _ cosk-1(_4_+  

;- 	a  R 

(4.79) 

0 note from this exiiression that doi.ends oritioaUy on the 1:ertioular 

value enosen for p . 

:,Trom equation (4.70 we .:'.2nd that 

odt 	(  3R  1' 
R + 2Rei 

 

(4.81) 

and into eating (6•84) over the interval of time (0, iset 

 

J'RO 	

43RttiRdit  

k:41N  
Now (to 	) ler (say) is the age of the most remote p,,alaxtes observable 

in the model; 4 depends on this age. 	find that 

JR° 
4.11Re.RJR 	

jR° 
J3ReAR  

/14 	
R d g  

4R- Re 	R4)(1421U4W [zeta  (W4 ;Mike) 16- 11- 	k OW+ 2. RRe)12- (4.83) 
Ktt& e  

From (4..79) it has shown that 

R° 	4314,Mg___ , 	tco4,-' (
-A  
Re+ 21— (61.7 4 (14-+2).}. 

(Z-R )(g2+2RReY2- 	 TS 
itchN 	 R." Re , 43 (4..8) 

Ro 	 fe 

	

43R9c1R 	o,13R,,,c1f! = 43(40o  - 	/ F..1rthers 

	

	 (4.85) 
/Zeta ON2.006- 

where 	Re  1 Gosh 0  , 	Re nt/ t'e  oolh90  and 2Re 	= Re  00811)210 



once, wain; (4.85) arid (14.„e4), (4.o2) becomes 

Ct .13 ictoosk-1( Ro+ Re-)- costy-e( 2Re-,1-  )} Re_ 	 Re 

ReICOSO(A4-1g)- 0:6(-1(Ro_ekef;t01 

in the case of a cut-off atSA/A = z, the upper limit in (4.7i) is 

replaced by R", where e.** = i(t"") and t" is tee epoch of emirs ion of the 

radiation from those galeeiea with red-ehift z which arrives at e at to. 

Therefore, 

= 1 t z, 	 (4. 7) 

(...be) is replaced by 

Q=  noL43  tplt (141.1q2,_ 

	

R 0 	T‘ Re-fa 
(Re+ ,t9 +  2 R  

TteL 	tcosk-1(ge+ 	- Cos -- I( Le_ X)} 

	

kg R. 	A ^3 	kQ43 ) 

eumerical values for the background radiation in the Le-a r tte 

 

25 u,oeel a ave been calculated when the density (0  takes the values le 

-3e-31 and le 	gm cm
3 
reee.ectively, and the background radiation Is 

given in Table VI. The baceeround radiation ellen there is a cut-off 

et WA = U.2 is Given in labia VII. It has been assumed in these 

calculations that, as before, the average luminosity of the sources is 
ecx 	x ec)(wnere Loie the luminosity of the sun) and the number 

density of galaxies is (3 Galaxies per cubic meeaparse 0 weerece and a are 
constants. in labice, 	and ell the product4ihas been taken to be unity. 

- rubble's constant Vie eeve assumed the value le)  e lUe km bee.1  mpe-1  

The constant w Re  - A' has been chosen so that in all cases the age of 

tie oldest ealexiee is I 	years. 'ine re,-shift of these galaxies is 

(4.86) 

and 



T 

given llytA/A 71.- 1 = ii47:74.6: 1 and the numerioal value of this red- 

shift is includedi 2able 11. It is interesting to note that whe the 

density is 'C**29gm m."3  the red-shift of the olaest zalav is about 0.8. 

awl-shifts as largo as .::;.4.61 have been measurea by Mi.owski (10) from 

spootrograas of abn,...ral galqxies with strohc emission lines. 

TA3LE V;  

Total !3'omd. RA44at ou in the LOmOttre Tgor401 
10-29 	10 .30 	10-31 

0.74 x 1028 
	

1.73 x 1C 	3.83 x 1 

3.75 x 10 27 
	

4,82 z 1027 
	

5.22 z 1027  

	

0.083 	0.431 	1.698 

	

0.822 	1.4.25 	1.722 

7.09 x 10.4 	6.61 x 1O 	6.38 x 10-4  

3.30 x 10-34. 	5.07 x 10-34 	2.97 x 10-34  

	

69.2 	64.5 	62.3 

	

2.50 	2.46 	2.44. 

TAAWLvi  
13a9kground 4adiatioa $p. the Loulattre Ueda whorl 

thero is a out-Of ati3k/X 0.2 

10"29  

5..40 x 10-4  

2.51 x  

.1 r.- -4-41( 

.2.54 

	

10..3° 
	

10-51  

	

4.97 x 10 
	

4.76 x 1C-4  

	

2.31 x 10 	2.22 	10 

	

48.5 	46.5 

	

2.29 	2.27 



14-,,,ptep  oars TOles Vi and VIi 

The density of matter and radiation& is given in gleam-3. 

R0  and 1 are given in cm. 	is the flux per unit solid angle 

in e.g.'s. unite. e  is the maze density of background radiation 

in em ou-3, Th n..cnber of tenth magnitude stars ;:er square 

uegree equai to the background radiation is m. T Li the effec-

tive temperature of the background radiation. In thee tables 

oL (3 = IS lir= 1. Ira. = k, W = i the values of 	(9  and m 

are multi4ied 	k and T by k- 

•••••••••••••••ave.......•••• 

e note from Table VI and VII that the background flux is comporativaay 

insensitive to the density over the density range considered, but we find 

that it is very sensitive to the age of the o16.cst galaxies. or eamples  

if we double our previous value for the age of the oldost galaxies taking 
-3 

= 2 x 1010yrs; then we lind that for the ease C, = 1( Gm om the 

back6round flux hos increased b 0 per cent to the value 

1(;,• x 10ergemsec-later-i. 

( :4  4,7 Xiu au= , = 'aat) stars of tenth magnitude yor square degree 

T = 2.73°K). 01 the other hands ±1= 
_ -30 	-3 

it; 	gm era 

10 xi()
1!

yrs., we find that when 

6().1 x 1C4ergan'.2secrlater-l. 

= 2.6 x 1U
. 
 )̀ginem
. 
 * m = 567 stars of tmWtenthmajlitude per square degree 

3  

T = 4.270  which is three times as great as .Wdington's value for the 

light from the Galaxy. 



Comparing the background rauletion in ehe Lemattre model - ellen 

the oldest galaxieu are 10 e'er's. old and the deneity lie e in the range 

10 	to 10-1 grow
.3 

- with the models coneideree in Table 1 ee find that 

the total backTound radiatien in the Lemattre model lie& very close to 

teat of the :aee world model. 

In cc/nem', when 	the background radiation given by (4.29) 

does not yield a Ample analytical solution; instead elliptical functions 

must be used. In sech cases it would be simplest to integrate (4°20 

numerically when the constants Ro  and A have been determined. In order to 

determine F and A it is not enough (in general) to know h, and (. if the 

acceleration parameter defined by q is known, however, we may &z.e 

in audition to (4.26) a seceue fundamental equation given by (8 

h- + ReK 	
2 

+ A = tee 

where is the pressure of matter and radiation and way be taken to be 

zero 11). The constante A and Ro  may then be determined by inserting the 

present values of ho,e0  and qo  in (4.26) and (Je•89) and solving these 

equations simultaneously. 

5. 	The stow of Infmetoijosinexlicepor orld node's. 

It was shown in ahapter III (see equation 3.23)  that J(s) the informa- 

tion rate from all sources eith Doppler ratio greater than Zs  (when Z is 

sufficiently large), ie given by 

ow  (Woe 
V 8  

(4.90) 

where &V°  is the width of the receiving frequency band, c the total back-

ground radiation from all sources with a Doppler ratio larger t.an the cut-

off value Z and N is the noise power. 



= "0 (an\ 1' 
N 41111 Z 

3) 

We shall now derive j(Z) for the particular models considered in 

the first section of tilt!, Chapter. In these models the total background 

radiation when there is E. out—off at Doppler shiftEA/X = z has been 

derived. if galaxies with Doppler shift z have Doppler ratio Z so that 

+11 	 (4'91) 
we find that:- 

Using equation (4.17) and substituting in (4.90), the total 

information rate in world-models for which the ex;ansion factor P_ = atP  

(a and i constants) is given b,-„: 

= (TO 
• p + 1 4114/0 
	(4.92) 

(ii) The total information rate in world-models for which the red-

shift factor R. or 6, is equal to eht   where 11 is a constant is given by 

(using(4-23) in (4°90), 

J( z) 

(iii) The total information rate in the steady state model with 

continuo' creation (using (4.25) in (4.9O)) is given by 

J(z) = dVo1. thooLA 1 . N ‘47iTil Z4  (4.94) 

Metzner and. Morrison have calculated the 2p-dependence for large Z 

of the total information rate in the Dirac, anstein-de Sitter, Milne, 

Page, de sitter and steady-state world-models. On comparing our results 

(i), (ii), and (iii) with theirs, we notice that Metzner and Morrison 

obtained the value Z instead of Z in the steady-state model, aria, their 



results for the remaining models is a factor L../  swaller than ours. The 

difference of a factor .;; betoecn ketanor's and Morrison':..,  reeolto and ours 

is due to the fact that they have considered the frequency band of emission 

to be conztant, *ilia we have -taken the roivirk frequency bahO to be 

oonstont. The reason for the additional discrepancy of a factor 20-1 between 

thedr result and ours for Lhe steady-state model ia that an error appears 

to have been made by-  tietzner and ticwrison 44en derivind n(Z)1  The number 

of sources in the steady-state model with continual creation i constant in 

unit proper volume. Metzner and Morrison oalcoloted proper volume in terms 

of proper distance L el)  where 1 is evaluated at the epocil of emission, 

but the formula for proper yaw° 4t1 di 	wrr.4h they used. - should be 

replaced by 41TR3r2dr. 

In faot 4142 di s  = IT 11.2r2 d ( ) • and 

d(Ur) = 	rdR. 

Alonc the incoming radiation path 

= -dr. 

Also in the steady-state modol fl= Hal  and hence dR HFdt. Furth 
Ro 

r=  0. 
R 

Consequently 	d(Rr) 	2dr, nd Ro  

41a32dis  n21' r2dr 
Ro 

vadon differs by a factor = 	from the correct formula 470r2dr. 

1avini; cleared up this disoency, there is now complete sersement 

betoocen our results and those of ilietsner ahh Morrison. 

••• 
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,..1.4,i0401.ALVISILA2A111  PlOriPutioa  or 
cowl Rijn 	Pak-tg.  

1.L'A 	u)  • L. this Chapteruai1 oe!..a.Wher first tie visual 

brouad speotru.; due to eztragalsotio aobulm L. 	 obfoou 

• tr040 	1 io, V?OnC 2„e3t3 uf i4144-,erL;alaotio o4:3i)rptiLa; are 

neglooteu. S000n4.y, we wall oonsicler briefly the 

in the railio region*  In ti vj3ual recrion 	tO klootru..: we Waal 

• nSiaor in our nu erioa oaloutatie.,a the OCOU wor1.1-..—.1012 for via:Loh the 

• ba.)::,crou.14.1 ra.l.iati-;•. 	uerivt.:-... 1n the it Chadter. 

2. :Weis for:y, i 	 0 ,eral ror  iaa for the 

spootin..,oi beeizrouild raat±u in orpanain„ Uorld-o-tols for ri-1;ish 

Latter is ao:i.zervx):i„ 	1ati i:ctor7 	tic absorpt.±, va 	rtv in 

Chapter 	aid is -ivu. by 
to  4, n2 

tQ'S to  )Clikt;   
Tr 

t, 
'there F(A t t) is the inte;sity of roxiiati. t aveletwth X in unit 171wN... 

baud. wiilth of all average gslay atio t, t1 i3 tixDoperlie5t eoon of 

• 3310Z1 of lieit fma golwc Vi-ie:1 oar; be o.)aervoi at the jam..A.tat epoch, 

I(jko,to) is the 1..tazity of bae-4,xtunti radiation at way et Xo in 

unit waveba.-sd-rri-th at the present epoch t in olia 0404 St. aearly, 

ofroatio (5.1), in ordor to deter Iine :(X.to) we ut lmoiu 

In pri.oiple, raw be datoraiLlea at t2;e pmsfsit epoch from observations 

on nearby esaa.,cies. At z.vevi outs eyooha it must be 'i..etor 	thooret.oe.1 ..y 



ui 	eurra:t thooric o 	La evolutiozi. For t 	we shall 

itt..10 LellOS °tiler-Aso stat, 	at 	the averae the 	ies ore 

ot ovolvi..c.jso that 7 is I&poont of t. We so_tai a1. asstrae that 

a averse calarj in our '04-,-.i)our‘.,00t1 has tho sai siy-etral distribution 

oi' 1'4141443o:1 as a bloc::-bor at et.'ective te.:parature 6 	". (1) miti a 

tvta ltrit-vosit,y of iu 	„eo,e, we 	ii tai,e 

(5'2) 

1,0= 3'86 :.t 1033ers soc-1  is tie luaii'hositi of the Sw...„ T. is 6O0Ocit 

1.43-,,,  is a rn,listiori e,.,. stat. 

The huzerleal. oaloulatiorle are sicvlified if we , rit,e. 7(X) = f'1,,lociaN, 

so that the flw., of raliation reeeive,1 per unit wairslaticth per wt soli 

ancle may be writAn, uair..e; (5.1), it the fors 

I I(Xo.to.) = -/:21e. 	f'(ioce)ko  + logo  441 :4-2dt . 	(5`3) 

	

!Al t 	 '' •‘';is 
If we are eonsidorinz, a eu

i
t-o:.' at8A/X= s, then the upper :Unit 

to  ii-1 (5.3) is replaced by t' , vri-v.zo 

	

........_k 	 (54) 'At') 

	

3. :7,10J.,.Iis for which R = atP  %there a ai-ylp are_tolistants• 	or this 
•-•,: 	t P 

partieular ela3-L of world-r.,toe.el, ti = 0. If we put e S o 
tiat 0.3yoocatnes 

Ix the ease 

Where 

2,2)•(„tu; 
leap0 

a cut-off at SA 

I(Ac.t.e) 	Nat lafp 41 

00 

fo.06.43k, ..4.)o."(4  

/An as  
00 

f(logok,-.z)o 442  

1Laz0 + a). 

i N  
aX • 

+ .1.)z  
P 

(5.5) 

(5.6) 

(5'7) 

so 

o fin& 
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The baskgrouLd. apootra have been calculated, using equations (5 -05) 

and (5'G) for the :lartiou 	 of Dirac (p i) • 
Zittc.-r (p 	(p 1) 	 with the above asxip- 

tion that to ra.liation souroos behave 111:0 blao,--boct r.:ddator„, with 

effeetive tozverat re GLY:13°It Gi. to -a3. lumLiositi 
	suns. ror the 

pur;oo:.: of' these cat 	it 	assuued further that the number-C=1*V 
1 of galaxies is 1 .7.410-3 

aalci Hubble' clolstant 13 100 Ica see JpØ 1 The 

results av Shorn inasph A over the range o.f wavelalgthe 2,,;!,'O, X to 

26,CO0A, extendinG frcet tl-so uitravi-oL.:t to the ..nfrered, rezieh of the 

zpectruz. In graph .::•1 is sham the suoctra when there is a out-off at 

&VA = 02. 	i stead. of the above values, Wu two.. 	total 

Oi the avoratx: 00121'00 to be of 2: 1,l-  lie  the nuaber-deasiV fgalaxi.,a to 

wo 	Lubblo's eonstar3 to be x 100 h ,,ee ape then the 

ç 02t0) i 	rtuitiv1ie..1. by the oe.etant factors( 1 II • 

Table VIII gives the iavelaic.,..t1-1 A - at ioi the uxixi into sitr 

/clan  000urs for the modals sehaiderod in graph A, an, I 	the intousity 

at Aax ana a130 k-t,, the a-Lvelenctrt dividing the spoot.r.L1into two 

partsin °hob of which the to ,a1 re1i4tie:1 is the sane. Table IXgives 

the sameiortio at3 Table Viii when there is a cut-off at SW II • 2 . 

Fine,14, the .;oriiilate 81x.:OtrtLain..,14u 	u:iforAy 

has 

 

been EL,-ive:ta in rar C, together with the spetrum of a blea..-body at 

with the saLio total =diet...Ion for cervarlsors, ,,e cte that the 

baoiound kiectrw. in the Ulna laodol 'derived by us agroes quaAitative3,y 

with that derivoe. by Leer.tovsi (1) a i also with that derived by liloVittle 

and .•,,yatt (2 who SWixi that the speotn.LA of the average source is a 

blae,4-bodu at 5000°L, 
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GRAPWA°  BACKGROUND SPECTRUM IN PARTICULAR WORLD-MODELS 

I. dlie SITTER METRIC DECAYING P1-1010N 
Z. PAGE 
3. MILNE 
4. EINSTEIN —At SITTER. 
5. 6TEAPVSTATE LPIRAC 
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t) 

t), the% we fit that (5.3) b000mes 
00 

j lo,,ek. x)c-2/-ax. 	 (5.6) 
0 

4. Models for whie,- the reP,.-a,-Iift 	r is we tial funotion 

of t. ';;e1 shall whaider first the de Sitter .tetrie motWis, where IteHt 

and H is HUbble's eonstaht. In this ease t1 a -0o, aad if e aie the 

substitution al 11 

Wnen there ia a cut-off atSAnt a s sae roplaee the lower limit in (5.6) 4 

x' ii. log (1 + z:). 

In the atatic decayi!x-photon models for vitich 6 = e where 6 

satisfies (2,37) re find fron (2.4.6) that the intensity cds beekgrouh.:1 

radiation in unit waveband width per unit, solid angle is civeci by 

1,0t 	
to 

.2 
o $ to 	f

t  
) ca ad.., 	f( 1 SA° - d 

' 	So 	
• 	(.9) 

o  

stice, if we put x = a(to  - t), Cu.:41 siuo,  ti m -0o, (5.4' 

l(Xu,to)-.x  
14.TI 

fa* 

XI 1%3-0 z), 	(5.11) 

The nularieal resuls f.r the bank&round 3ctra in the de Sitter 

models and the deesytnc-photon mo;lela halt..i been tualuded i. craphs A and 

B ana in Tables VIII and awith to sza assuaption, about the averne 

light souzoes !lade above. 

5, ple_.,rittopAy:794t.o moael with eontinuakereation. The back4-,,..:und 

spectrum in 4:.he steaay-stata model is cive ,  by (2.33) and the averkA 

Spectral intensity of tho souroos is independent of the Ipooh of.  emisaton. 

(5.10 
0 

thioh is the same result LW t..at tbtained for the de :.litter _atria wedels. 

ilen Vlore is a out-of: 111,100k • s the lower limit in (5.1L) iSrwlsoed 

by x' whore 



If vie put x 	t), the. 	uLit 301id. angle the bas4rek.u21 

(.1*:.sity is Given by 

f(lezek ;:)er5z,  
4.rf 	

(5.12) 
" 0 

awn thoro is a cut-off at SVA = z, the lower 14.54_,.._t 	(3.12) is rei)lacod 

by 11 

..c 	tat this for...Ula is icle-tical with. that ohtalxied for a 

=dal of the type 11 at IC 	l•  i.e. the DiracioJ.gI. The back-

rourk. apect:o...: in the 3tt,m4r-state saodel, withawle assuptioni:, as 

before cohcor.. 	the radiatio.t sourJes• i inolud.ed ix vaplis A oxid, 

aud io Tables VIII and IX. 

TAL1.I.S VIII 

.1p,a,Lizazuld.otruz4 i44 Particular ii'orla-Lodels 

• del X  knax. A.2  

de Sitter metric .,,::-... 52 2.: 1c:")  4. 150(r- 

)coayine, Aoton. 6,C) 52 x 104*9  4) 152wo 

6,500 43 x 10669  38 ii „800 

:ilne 6,4, 38 m 1cr9  33 10,500 

'Llastein-do Sitter 6,3Cx 33 x 10-9  28 7,800 

_;:i.racs 5,80G 214 x 106.9  19  

24, . 	'IL 	; 1 



TAX1J1"1 IX 

Baolzgroun.4:49trum in  Par4oular  "yorld-alogeis yfheLl 

ther, 	allt—Off at WA in .2 

.:Odel A 
Imax 

F m 

de Sitter metric 8,300 .58 x 107')  49 17,200 
.q 

,)eopyink; .1-11eten ii,30 )8 x 10 4.: 17,2W 

Pace 7,800 28 .;: 10.5  32 1t))3C0 

Lalne 7,3 21 x 10
.9 

22 12,700 

1astein-d 	Sitter 7,510 18 z 10 1) 11,700 

'Arno 7)400 10 x 10.9  Ii 10,4.00 

3t.state 7,400 10 x 10
r) 

11 10,4.00 

i40tes oa 2ablos VIII & ix 

The wavelengthkAu. it wilieh Mit4iaala inta%sity oeJurs is ,iven in 

AaLstr=s. 171:.a Xta:111. into_ 	Iwtx pr ed ix erE eln 2 30e-1 

ster-i 	i cri.v.w: by cauLtu F. Goluran m gives th niz3'.-ye: a stars of 

tt—th ma&litula per square de:7e, whioh are e,juivalent to 46414 at 

.asuming that ;ho stare are bleak-bed radst/4v° at 6t;e,,, 1,4, The wave-

LaigthAi. (4ve ia Anzstrons) divides the soletrum in two ocinal parte. 

Pram Tables VIII and IX avd from Graphs A aad B, ,eu 500 that for the 

lacdols considered the wavolencth at vhich maxinun intc*IS/V4  occurs is 

te the narrow range 5,800 to G1800A uhen tnero is no out-off. 

* :or a blao.,.:-bo‘y at 60)01314 A Am a 4,60,J IF'4. ahilA)1:4  = 6,8,4 A, 



hcn ther is a out-of aziouift SA /A =.2 A 	in the ILELITL.i7 A mear, 

rance 704.tkto3,300A. 	the other ha:4,AI (Vill2.0h divides the six:atm:a 

into two equal ports) has s vide range of vat 	30 that 7?oranple (if 

we oonsider the ease without out-of) in th tua.y-2tat 	iolA. is in 

the infror2d at 8,8001, wheran; at the other eurtrous, in tho do 6it -,L:r 

aetrio =401,4 is in the far i frared at 15,0001, Thin .-1.11dieates that 

a greater .1,Yro,,.,ortio of bareuu1cl reel:Lotion comes fma extreiA)1,y distaat 

eures in the de Sitter ',:etrio zledel than in the stea4-stato raodel. .;13 

noun 0;150 from 2ablos VIII and IX that 	naxiatz: isrLensity I-Inwe  is least 

in the steady-stato aid Oira.1 zo(lels and (7eatest in the do tter metric 

argi dooayine.'photon 'cxklels, When there is no cut-off, 	in the 

de Sitter L;.etrie 	is tzloe ail largo as ijax  in the sty-state 

model, a:4 throe ti:A33 as :Lame when tIlere is a out-off at SA/A = 0,2. 

'Me reason why I 	is greater in the :le itto Liotric ,i3oLiel than in 

the star-State model is that in the past the de sitter metric odel 

had a h 	nuaber-d4msiV,whiLt in the steady-state ;Ilodel the ntr.iber- 

+1•nsity hao 	isofk.stent. :a4e,-;.:xfor the 3.u4:osity per uait veluflo 

In the de jitter cei'sea 17oator in the past than at present, but has 

always .remained the awe in the steedsv•••atatO aodel. 0014SeqUe .t4 the 

gioltrilyion to the bao.ke,ivuad spectrul f'rora Source° with a given ri4-

ehift 8A/A S in the de 'Sitter riodei is Crater than l'rtcrl the correspond- 

ing sourse;; in the steadu-state model, 	there is a cut-of this 

efTe:::tiz more pronounoeLL booau;50 the contribution from the yteary 

e,alaxie: i elayed)  an4 their riaraber-donsity is a?promixaataly the 33MC 

in both ty,963o 	genertaly, 71 see from this that won; the 
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wwandint; models the uore hhly oolez'ato.i will have the hieler 

aumber-deasitios in the past '',1117in now and hence will .jive hicher value* 

or - n• 	7liz result is decorstrated in 'ablee VIII and IX. 

When actual meareaJts are tad, 30n10 et 	if must be iv;tposed 

bocauc the 1i3at rrx. 	rby alaxis will be ca.ricedly aAmArepie. 

Consequently, we so,l,  fma Graph 	the above disoussion that aleasure-

2.ts will have to .-)c ask.e at sev,Jral -AtvelenthS, partiou1ar4 at se:40 

very long wavlor.oths, in exce0s of 10,0CCA (i.e. )41), ia order to obtaiL 

04-7.1f-lorct oriteria for dietiazatabine, between aifferent world-model*. 

,1 for which the exIlansi,?n fac 	i3 d4er.d.tiod b.,;7 the field 

ovations of Ge9aral Rolativi. We shall confine attention. U4 t4e 

relatdvistie „loj,els considered. in (Nisp!:.or IV for which the total 

crQui'lu r',4-;ation was derive, It will, 110W4i.:Ver, not be noses& ry to 

consider the :Instein-de Sitter model (\= 0 k to 0) s noo it has already 

boon included wmc the me,1e:10 o!' type 	at9  the p = 

(i) Model for  

The beekgrouna si)ctrw in thi4 model i ivo by equatio (5.3) 

;Atli ti  a 0. USini: t3'.0 parametri.; eclutioas (4.39) art (4060) and puAing 

C 	 WC find that 
; 

(1 ••• 005e) 	 (5443) 

and therefore 

0 ft (5.14) 

Lance, we fiad 	(3.5) laay be written 



0 Ro  

usinc the pr etrj„n rcaatiens, 

(k.57) we find, t,n 

(5.16) 

.2 
dt 

4,10- 	02,4  
1 -oose)33.49 

-3xax 

" 	naa (5.120. 

2.0 bac.4„Tound sl,e3trm when there is a 3ut-off at13)‘/A = s is 

ataiaea by reelacinL the luwer 111.1it in (505) by loc 	s). rl/e beak- 

cmuna speotru. Las bt...a 4aleulated for tlis model, asL:uuing az a5evo that 
.3 

no  otigalal7 wpo , -41101. zeo upo 	madLue iCIvy  Furt-r, “e 

have azsuLA.L.... that t'ao 	e 2 x I 	 gm cm
.3 

as in Chapter TV, ad 

we fiz4 that 24/11,0  = 17.0. The total baek,gr,und speetrum is L,iven in 

Graph D, and whe there is a out-ore of amount SA/A = C.2 the spotruu is 

Given in Grson 	L (5.15) if A/Ro  ie arge eneuj1, the 

czpoilov.tisa. Larr,, 	11.e. * 2 	as 	tbe sreotrula of the 2instein- 
2 de nit'-er 	civE.11 'W (5.5) when p = -3-, the sama ersuvtions being made 

az berc:re oc:_oerninc: the liCat sour:es. 

(14) uoao,A, for w! lo: 	= 	.t 

In this °sac;  usinc (5.3) aad the erametrio c:rluatio-!a (!4..V) and 

putting 	= R/? , that 
00 

ICko,t0) 14)11C  f(10640VZ) 
Vrr 

.3x 

0 	Ro  

If we (mailer a out-of atiiik/A 0  the lower limit in (5.16) is repiassa 

by 10 	s). 
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The beekcround speotrue hags been aalcelatJd nueerieally ueiec („1e, 

a,rdne the saee assueptione about nem  le aad 33 in case (i). lex the 

density (70  wo have tan the two values 10-)'. avel 1072'ge wa-3  

respeetive3y. ;ieetie°  = 1O731ge ols4'3  we find that 23/p  le 5.3 x iG 

sinoo yao  is alallm 	fiad that tni leteeval (5.46) hiveu liee 
oo 	% f(f(la)y xpal

3x 
 de, 

0 
ael therefore the spectrum of backgreund radiation j_. tile model is 

groperti,nal to teat in the Milne meAel whiee is ;iv ee by (505) with 

; = 1. I Zhaptee IV we fouea that, if we take the await:yr°  to be 
.51 

1O 	gm Ice-.3 the total radiation i equal to teat in the :Jane model 

(with the seer.) values 'or nem  U tzth 1) and therefore the speetra in the 

tee uceels are leontieel. 

Ie 6Taphe J ac4 L are eivoe the spootra of the relativistic models 

ecr WeiehAis 0, k = Om  +1, -1 together with the de Sitter model and 

sterely-etate medal for eouplrieen (the same vales fal* ncy, and L taken 

in all capes), Jo note that tiel variatie, between the =eels,  with A to 0 

is 	t 4L0 prenouneue as that between melels of tree 

(iii) The  Leasettre 

eleoe eater is oonservee am this model m  the beci-roun.i apuatru is 

eiven 	Li order o evaluate t„.3) we mey we the funuaao-tae 

equatiee eerivee free the viola equations of ceeeral rolativiee aee eivae 

in teia ease by equation (4.28), nauely 

(M)   J cr + 	(5•17) at 7 

e6lere Re is the value of 9 at the statie Aesteie etage. 

t from (5.3) using (5447) we oletain 
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Re 

Z(A li ) = no f(logeA0 4. log 4 
..•.4,  

IV 

(5 • 18) 

whore 	t/) a. t/ is U corniest edos;-1 of emission. of radiatL4, 

arriving at 0 at to. Putttig e - = 1;(7.?..0  then 

= 	
fts 

f(logek 	r  • 

0 	2'1e/1  ri(fl' .0" 

10,w. • (5.i)) 

The bacround spectrum in thia model has bo,oi ,. asloulat wha the 
.-29 	.4i 

de:lad:tyro  m 10 , 10 	and 410 	ara
.3
, resp.atively, a&Akiziihz that 

AO- the averaco total luraesity of the SCAITCOZ la 	.that they are 

blae 'oodlesat6000o a,d tat n0  = 1 gala4y 	), = 	seo 

1 
• IL order to ovalu3tc 	101' we .L:tu:A 17:ciew x', and wo deterine x' 

Y anallmthi; (az in Chapter ZV) that the galaxies began emitting ra.datioll 

0 10 Jews sco. The results for the Lemaitre iie1 are given in Graphs F 

and G - r,ather with the ;zilue tulifo 	expanding =del and the d Zitt;er 

metric moliel for sc4lari4en. 

7e see from the crephs that, assuming that the sala.-ios were created 

years ado, the bac%zrouna sp,,letra in the Olafk where in (11,61.s• uAto, 

Co 	
.30 

m 10 	and 10 - show little difference, whilst the  thr i a marbod 

difi'eranoe if Co g 10-29, despite the :7-aat that, as Shown in Chapter IV 

ableo 	and VII, the total "Ite_:2 ? s nearly the 23= in all CAW.. 

If, eci  .; 1U 	or 10 	the bae:zround spootra fellow ole2,ely the eiptrum 
o, 

in the de Sitter Letric .aodel for wvelengths 1øz 1 than 10,0004%AI/40o At 

langer wavelencths the apactra fall off more rapidly and eventually 

agproaoh the background spectrum of the Nile aodel• 

Or the other hand, it 	= 10 , the maximu is :1.'K)r and sharper 
.30 

than if we take Co  = 10 	or 10 , and the spectrum falls off more 
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rapidly at longer wavelengths. The reason for th;s is that, Ong 

that the galJosies were created 101°  years ago, the value of R at this epoch 

in the past in the model with 	10-29  is much closer to he  than in the 

corresponding models with eo  10.%3(1  or Co 	 Ire° 10-29, the 

wavelength at which maximum radiation is received from the most distant 

galaxies, assuning that they are black-body radiators at 61:ka is about 

90003, and no galaxy has a red-shift rooter than SA/ A = 0,82, 
approximately. 

If, however, we assume that the galaxies were created 2 x 10 years 

ago, se get a somewhat similar effect In the model with ('o ? 	Oe 

find that the sy:ctrum behoves like the de ,itter metric model up to 

604:42 , then as we go to longer wavelengths the intensity at first 
increawa to greater values than the 6.a oltter metric model raid finally 

at very long wavelengths falls back to the de Ater value (not sholta en 

raph). The maximum of the black-body spoctztu: for the most distant 

sources in this ogso occuro at ebout 16,000? , and the effect of this 

contribution can be seen in Graph i. The effect is more noticeable in 

Graph lv where the influence of nearby galaxies hos been eliminated by 

introducing a spectral cut-off. 

7.Ittokund"xwarusialLW-----J-----..- 	n. An inorease In radio 

noise towards the galactic poles has been observed for some years, The 

most probable explanation is that this increase is due to an isotropic 

component of extragalactic radio sources. It has been shown that the 

radiation from normal galaxies is inode;!usto to account for the observa- 

tions, and therefore the bFeLground radiation must be due to discrete 
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) tt, in expandic, 

(.21) 

'eels, the baoLcround radio 

11, 
v 0 

t, 

where 

de see from 

J(V0ptio) 
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rclo sources whioh the Australian workers have oalleL Claso II (3). 

The nuaihor of Claw;II ojot 	oovee1. is now illy equal to the 

Ariber of naka, eye stars and cut of these only fifttor 50 objaoti have 

been iaentifie optioally. .13y studjing a nuciber of r4earby 1ass II (4) 

objects it is Lbund that the emissioh of enorcy at ratio frequency 

appraxiAmtes to the law 

GO)) = 0Vrx  

(G)  Where 0 is oonstant, and the spectral laaex is about unity. If we 

a3k5u:Ac that e nither of radio souros par uhit proper volumo Lconserved, 

then the baoLGrouna radio spectrum in expandin 	iLL is L;iven by 

(2.22) which Ivy be writte‘; 

spectrum $.s of the same form a$ the sourcez, with the same speotra1 

indez x. Sinoe x i5 appreatoly unity, the faotor A given by (5.22) 

becaos 

A lic;c1 

 Ito 	
dt. 	(5.23) 

t, 
Prom evatio- (4.1) we see that A la eroporLithlal to the total bes4„Touna 

radiatioa from ion-evolu.luaary Lkht  sure. For t u z,udels aon8.ero- 

i 	ab1,.; I in Ghaptor IV we see that A is 6reatost in the de Sitter me..xic 

aaa duoayinc photons aad 1=Jast i t:e steed„--stato aid Jirec 

bol.Ag four tio.vs as .4xost in the for 0.3 in .he later. Le proJleu of 
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mos3urtug the absolute inteAsity of radio sourees, however, is extra:3GL. 

aiffieuit, and .i.o is ac .:L yet possible to decide which worldf-ixdel 

approxilata- closest to the iverse. 

If mot lass II radio seurot3s were oolliding l',alagios then it 

would follow tAt in eX1)82:111. 0 models the Lumber-donsiV uf GlassII objects 

will increase as we lotal: into the past bcoau3o the urn conGostod the 

galaxies aro the erater the nuober el.  collisions. 2ormula (5.21) wuu-d 

no loLor si?ly beoause no  wouL.i be a fonotien uf t. In fact the 

appropriate forzaula in this &Ai other cases w_ore no is a funotiozi of t is 

j(vo,t0) u  001)0-xJ21 
44V 	n°(t)(t? 

t, 
- rtaenote that the beekgrotud radio spectrum is proportional to 

„1.-;ostain (5) has observed that, to within the Observational errors, 

the spect-al 	of the baolccround 	speotr= is equal to that of the 

souros, 

in the case of thu steady-state model we :Ay use equatioa (2.33) to 

obtain the bacl,zground spectrw in the raao rci. Jn ohalging from 

wavole Lths to freque.cies we find tillt 

ft°  0.411.1) 	( R 
44f Q  J-0,0ii-os  

a 0,41rx .......- 	s 
lolT11 

3 
dt 

approxic:Ately, since x is nearly 	aad R a t lbws uu 	assuminz 

that the mile sources aro nixl-avolutiunary and that the mx.Lber-doTLsity 

per ui proper volume is oonstant, We oarnact, however, neoesarily apply 

the usual asu ioai who aonsidering the steady-state model, that the 

(ix 	 (5.2) 
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avera luminosity of the radio sources par unit propor volume is a 

constant. :loyie and Narlikar (6) Lava found,  when usir..e, 	theury 

of the for:Jation of caito3 in the stea;y-state mo,:el, that aocour as to 

be tCen of tho probability of a salav be;7.cming a radiz.,  source at some 

ti,a, i its history, &yl a nudbor of possile solu:do%s coal arise. 

It would seem that whenconSi-wria,, baa4round radlatiz,'2.:: at ra,J1,,, 

aVelgt vio are 012 awl, more 	rtai n Ground. than iwhorn aonsiaerinc 

radiative at optical wava_ancths. _any radi s-urcos .435r bo snort live, 

whereas it 18 probab4 safe ti assume tat no-t licht-sources have far 

los 	lives. 

L000toveki L., (1)36), Nature, la)  
2 	 oVittie, G. G., watt, s. P. (1959), AStrephySioal Jour, 112, 40 

3. ails, 3. Y., 31oe 0. B., Hill, E. R., (1)58) Australian Journal 

of Rlysics, 11, 360. 

* 7Litfield, a. a., (1957), mobat4y Noticos of the yaL Astronomical 

Society, 	690. 

Costain, C. 1i., (1960), Month4 Notices of the 2cyal Astronomical 

SocloAy, jacip 248. 

3. hor10 Jarlikar, J. V., (1961) ilo.lthly ;.;ctices of the llojal 

o21.- al S,:c,,ety, ja, 133. 
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Chapter:Ki 
.11/10•••• •••• 

Ihe 	Zfuctb of ileserk)tion ana evolution on Sac -4 •round Ra t i on 

1. iintFoductierl. In previous chapters the calculations for the back-

:round radiation Lave been baaea on a simplified approaeh in which the 

dala iea are idealized ae pointa. it has also been aasumed that space 

is totally transparent, and the poamibility of significant effecta due to 

evolution of daiaxiee hae been neglected. in the present atate of know-

ledge, it is hardly possible to do more than oonal:er in a general 

preliminary way the aind of modificationa of our previous work which 

milt result if account eere taken of the prenonce of abaorbind material 

in the arc :3 of apiral dalaxdoa and in intergalactic apace and of systematic 

evolution of galaxiee. 

The presence of absorbing olou4o of ga4i and cut in apiral galaxies 

becomee apioarent .'ken they art seen edde-on. :,umber counts of galaxies 

observed taroogh the arma of nearby apiral galaxies which are se; face-on 

chow a deoreaae comparoa with number counts made outside, indlcating that 

between IG and 4G per cent of the Lit paeeing through the spiral arse 

has been abaorbed. In our own galaxy, Jubble (1) has calculated that the 

intensity of light, passing rigat through our region of the c.Mlaxy at 

right andlea to the galactic plane, will be reduced by 40 per cent, and 

that thia abeor;ition is non-selective an wavelength. On the other Land, 

aolmberg (2) has found that elliptical galaxiee are effectively 

transparent. 



Obecuration by diffuse intergalactic material oould vary 

enormously with the form of toe material. 'or a ivon mese of inter- 

galactio material, dust partiolte weth diametero of 	on (oomparable 

with toe wavelength of light) would be the moot efficient oboorbere. 

.toargor lumios of olid oatter or gan in the form of moloculeo, atoon or 

electrono would be far as effOoient abeorbero. Oin.Lon io divided 

among oboervotional aotronomers as to etether signi.icaot ,ivantitiee of 

insergalectic material exist. The only direct eviodeoce of intergainctio 

matter ja (a) the preeenoe of intergalactic filameoto connocting one 

galaxy to another, waieh has recently been inveotogated by i.wloky (3), 

end (b the preeence of neutral hydrogen in a number of clusters of 

galoxies revealed by 	ohen's observations (4) of the 21 cm emiesion 

line of neutral hydrogen. 

LoiCay (5) ha also tried to deteot the 'e ace of intergalactic 

material from a etatiotical analyoia of number counto of galaxiee and 

olusters of galaxieo. Osoontially the eoothod deoends on the hypotheeis 

toot deviations from a ndu diotribution of gulaxieo can be interpreted 

as evidence toot intergalactic muterial ext.. oo concludeo that there 

is evidenoe of aubt opread trough large cluotere, which in the case of 

tae Cooa cluster abeorbo 6 magnitoleo (over 	cent). ie writes 

ip.lobj, "Dust aceme to be not only.  si4rez,LL throughout the large cauotere 

of galaxies but often oeore to be atrongly concentrated in the siace 

betooen and around two or more rive neogobouring galaxies, as mao 
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be surmised from prelimnar). counts of distant galaxies in the localities 

mentionoti." 

th the 46-inch Schmidt telescope at count Weimar, Zwiclq 

hi found about ono cluster of 6alaxies per square degrei2, whiLA very 

few other clusters at galaxies could be identified with the 24A-inoh 

uunt -falomar telescopo. Zwicky concludes that there is enough inter-

galactic dust, probably wit_in the large clusters and in smaller 

concentration between them, to interfere iiith the ::) :arent structure and 

therefore identifiability of very distant clusters of galaxies, although 

brighter members of terse clusters may still be visible in the 200-inch 

telescope. 

2, 	 talLIL14:141r4 	As in 

Chapter ii we *bail ccnaider exvanding world-oUols associated with the 

line element (2.1). Without loss of generality we may consider an 

observer at the origin of the spatial co-ordinates r0 i)99). Suppose 

that at the ?resent ei?oah to, receives a light signal whion was 

emitted at epoch t b. a galaxy 6. whose radial co-ordinate distance is 

r'. At u later epoch t the signal will nave reached the point f= on the 

light path GO (see Figre 1) at distance r from c% 

0 

I 	 

Cr', t') r, t) 	(r -8r, t St) 	(e,. t0) 

    



Along the inoomiftg light path G0, the current co-ordinstes (r, t) 

satisfy the relation 

	 • 	. 	 (GA) 
24 	a(t) 

Let the function i(t - t') of the variable (t - t' be the 

.obability Fr { Non-absorption in t t
I 

* 	that the liA ,signal has 

not been abactbed by a &day in the time interval (t t'). Let Pt  be 

a neighbourins point to P on the light path GC with co-ordinates 

(r -Sr, t St) then 

1- 1 Non-absorption in t St - t'} = Pr 
f 
 Non-ab 	ih sorption 	t - V 3E  
 

r 
[ 

Non-absorption in St . 

since  the events are statistically independent. Lance, 

=,(t ,-St - t') = p(t - t') p(St). 	(6.2) 

The probability that the light signal will be absorbed bi a galaxy 

when it pacLir:es from P to 	is given by the effective absorbing crass- 

soction 1. resented by all, the galaxies in tno iell Cr, r 	divided 

the total ourface area of the shell at time t, i.e. 

Pr I Absorption in St} ASA (1 
4.1T:,'=v2 

are assuming here that tne taicknos3 of the ell is 

sufficiently thin to neglect the effect of one 6aluxy standing 

in front of another, 
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Aviv 4A 13 VIC mara o total of:,:ootivo a)aora-, 	,oa of tho 

bo a f:uncti,,n 	ti Lie nad avo10 	Sn 4,1‘ i-f5r42 8/*  ia the 

2 ;,4 trt 444kce nuaber of 0.1a, 3. a fial the aholi ' 	r -8r), a401 
(1. 

p(St) 	,-on-abaorption 8 t 

2D 	 Abaorptial in St} 
Sr 

t--3oSt  

ualac (6,1). 

Therarca,e, usi4.1g (6.2 ) 
	

(G.) wef±t that 

p(t Alt - tl) = gt v)ci line:A:4.308t 
011.0 R.. 11 

thencte 

• p(t (6.5  

 

34_4_1; at St 	equation ( ,5) bet:tomes 

atf t _t') 	-p(t t*) 14/̀ ° 	( 

Inteckratinc (6,6) we fin1 the 

t t ) = azy 	110,20 	t 	 13 	(6,7) 

whore the oon3tect of it 	tin has beJA-1 put, equal to ovdtv atve 

1. 

re. 	 wk. 	 ...Pon moo ow. • 

i we nto that A doea nut utirem the General 	nsin a ti 

U ilkIrS0* 
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The pmbabi ty that the liGht signal retehes e 	tu  is thorefore 

kydven by 

or equivalea 	tho fraotion IA" tile total liGht e.litted by a alaxd at, 

time t whi,ah arrives at C at t0  without beinG absorbe- by luter_o-iato 

ezd 	flo o3L. 
[ 	

, 

12 vie now oonsider radiatio rooeived by 0 froa Galaxies in the 

a Ito 	-2 
41I j p(to 	 t. 

My abaordtion Cuo to intergalaatio dust grai_suiil ;)rodue an 

offa;t to that alma* oensiduro... LX equatl, .(6,3). Let 

tho 	cf a dust Grain be 'Ld aad it effeotive or-sa-;eotion a. Thea 

e ia the dez,sity 4 dust za-airs at 	the nu.aber of dust 6raius 141 

en 0,4'6). Az 

 

to Ltpt alz;aal travels from ? to -.1? , it paaSea per uait 

area J7m)41, dust ains a1 therefore tho obbiiity c absordtion 

tv a d,ost Gra.:.a is -Votit velem we Lave negloatol the offeot of o.,e 

dust Grain 3ine i frox&t a wothor 	vu,u/d mane° the effootivo 

absorbing 

 

area L the (pains. This oxpreadon howver, b000thes exaot 

as ISt-÷0. Siaoe we are eonsideriac the A,:del t, be a:panairic; and 

: at 4.:t.  3 .1.133rtred, 

kte 	t')  eNP t nolAde j[t°  R  1, 	0.4) 
tl  

-'es lo give-s by 

p(to  

slA)1.1 (r, r +80 then tLlo flug. of raliation at 0 without absorption is 

civen by (2.10), a d a fraction p(to  t) of tis radiation aotuall,y 

roaohos 	the remainder being aboarboti by interediato galaxies. 14=e 

equati,n (2.12) for the total bael:Gretrad radiation in e,4:1-ng world-

do iels is rei?laoeOt by 

I().o. to) dk 



unit area i„er cm of travel is 

1C-1611( 	2  10 ) 	3 x 10-2 . 

hence usine (6.9), and taking k B0, we find 

dust eer 

122 

(6.11) 

where e0  ie the present density of intergalactic dust. hence we muat 

adi the term tfii cgt to the right hand side of (t.3). 
m R 

if we eezume that the dimeneione of InterGalactic dust raine are 

similar to Interstellar dust Grains, and take the effective abeorbing 

radius of a dust grain to be 16 cm, the mean xzue of a duet Grain to 

-13  be le gm (6), and the mean deneity of duet eraine in intergalactic 

pace to be 1C-31  gm cm-3, then the number of grains per om3  le 10-18, 

and the abeoretion of light in our neighbourhood due to Intergalactic 

teat in our own 

locality of the universe, light can travel a distance 7.5 x 106  pc 

through intergalactic dust before its intensity is redeced by.  50 per 

cent. 

n the other hand, neglecting the effect of interGalactic 

absorption we can calculate the effective absorbing area of en average 

seiral galaxy seen face-on. Taiing the average radius of a spiral 

galaxy to be le kpc (7), and assuming that 40 per cent of light paeeine 

tarough the disc of a tyeical seiral le absorbed, then an upper limit 

to the effective absorbing area could be 3(). . x 	100 kpc2. In our 

own neighbourhood of the universe, the effective absorption per unit 

area per cm of travel due to dust in the anss of spiral Galaxies is 

given by neA where no  is the number of spiral galaxies per om3  and 



2 
	ti 'e ,overai e e.fectivo cro-sectiou1 absorbin.-  area Takin4 

-3 	. 	 2c; 
no  = 	.7) and = 10e kpc

2 then no  = 1.5 x 	. hence 

using (6.9), anA considering local conditions only, bj tkin E = Ro, 
.2 

Wo find t.'i.tA liant would travel a distance ----- 	x 109 om. 
noc.t 

we t ke a somewhat lover value, 3ay L per cent, for the absorption of 

light pasine through the disc of a galaxy, then A--60 kpo2  and if we 

reduce A by a further 50 per cent to account for the random orientation 

of sO.ral galaxies then the distance light would travel before its 

intensity is reduced by half becomes ••••.• 5.9 x 1C? po which is nearly 

6 tis.es farther than in t case of a dust filled universe considered 

above, 

The tot backeyound radiation 	(say) when the effects of 

absortion are included is obtained by inte6rating (6,10) over all An,  

and if we assume that is inde?encent of Ao  we find that 

t0) L dt, 
i -11 	 Ro 

(6.12) 

foe 
w 	 t )0,10  here 

	

	 (6.13) 
0 

is the average luminosity of t 	urce at tiwe to. 

Confining attention for the moisent to the kilne model, if , is 

the total background radiation in the Milne model when the sources 

are taken to be points and the effects of evolution are assumed to be 

negligible, and. 	is the modified when the effects of intergalactic 

dust are taLen into acoounts  than we find that if we take the effective 
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absorption per unit area Lear om of travel a 	to be 3 x lo" oft 0  

= o.34 	 (6.14) 

if .;i2  denotes the modified when the effects of 	t in spiral 

galaxies is taaen Into <,.oaountS  r-uglecting the effects of intergalactic 

Oust then WO find that 

-61 (.;,b3 

where we have aesumed that the effective absorption per unit area per 

cm of travel due to iniamies sok m i.5 x 1C-29ce1 . 

On comparing (6 U.) with (605), we note Lat the effect of int' 

galactic) dust an the background radia.ti©n could be very mu greater 

than the offeot of dust in the arms of spiral galaxies, 

3. 	The ttfeet of beerpt*on 	 , a .gust 

first derive the i;robability of absorption in this model. From 

iigure is  the probability that a light signal travelling fm .,Y P to a 

neighbourin4 point 	tall be absorbed is given by the total effective 

absorbin4,: cross-:section of the galaxies in the shell (r, r -Sr) 

divided by the surface area of the shell at time to, i.e. 

[ 
,,bsorition in S t) =

4* 
	

(606) 

wbere A is the averaiN efft.otive absorbing cross-seotion of the galaxies, 

Sn 41Tn0  ;..3r2dr is the number of galaxies in the :shell (rs  r -150 
and 41Ter is the area of the 'loll at time t• Hence 

r i,:baorption in S'L = no  A RSr = noAc St. (6.17) 

sinoL alone, an inoominc 1i, ht watts 
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St re* Sr 

Therefore, if p(to  - t) = 1-r [ Non-obsorytion in to  

- (6.2) and (6.17) that 

p(t t St - t.; = p(t- t®) 	0!e 1St). 

and in tae liAlt c:4, 8 t --) 6, 

(6.1b) 

we find 

(6.19) 

- nipAop 	 6.20) 

Integrating (6.2) we find that sinoe p((;) 

p(to- t1) ex 	-Anocto 	(6.21) 

encle, when the effuot of absorption due to dust in the arma of 

;iral galaxies is taken into account, equs.tIon (2.31) for the total 

back6round spectrum io replaced by 

nocg"  f 	, 
i Cho  )01b  -  	,hoolitt to) ctip 	(511 4n0c)(t to)) dt 

14-11 

cAKILko p (Awn ) imp f 
4-Tr 	0 

( G1 
".  Anoo)t dt .  (6.22) 

The additionel effect of absorption. by intergaactic dust grains 

may be calouiatud in the same manner as in the previous Section. We 

find that the ;)robability of absorption by a dust grain as light travels 

from P to t" is given b; a rocStAa Akre (00  ia the constant density 

or intergalactic dust, and this expression is addkd to the right hand 

siUe of (6.17). 

intevatin (6.22) over all wavelengths, we obtain the total back-

ground radiation ‘la  which is given by 



dt 

) 	 (6.23) 

As before let denote the total beeksround mdiation when the 

svarces ere taken to be points, and Ql  the modified, Q when the effect 

of intergelecti° dust la taken into acoount. Tekiag i = 100 km see 

,-28 -1 
rpo 	emit sews  =3 x lu 	on , we find that 

• = 0.59 	 (6.24) 

On the ether hand, if Q2  is the modified when the effect of 

dust in spiral pianism is taken into account, then takine xi 
	

1.5 x 

10-29cm -1 we find that 

c 	(6.25) 

From (6,25) we see that in the steadr-state model the effect of 

dust in the arms of spiral galaxies is negligible whilst from (6.24) we 

see that the effect of intergalactic dust could be significant. Further-

more, compered with the Milne model the effect of dust is very mush less 

in the steady-state model, ainoe in this model meat of the besiggrowni 

lion comes from foreground galaxies 'here the effetts of Absorption 

Are smell, utereee in the Milne model a larger proportion of the bask-

ground radiation comes from remote galaxies whare the effects of 

*borpti on are large. 
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les in the 

ilusdinbditileAv 	 consider in a preliminary wsw 

the possible *Meets of the evolution of galaxies in Milne's world-model, 

In previous chapters Ile have assumea that the spectrum of an average 

galaxy is the saie aa that of &' black-body at T = 6,00 °K. In a more exact 

trentment account must be team of the deviation from a black-body spectrum, 

e.g. the Palestralaeontinuity at 36400  and also the effect of the rate of 

star formation on the luminosity function of gaisaies (which has been 

considered recently by M. !,chmidt (8)), and the effect of evolution of 

stars. Ziandage has remarked (9) that an understanding of the evolution of 

galacies is the moat important of the unsolved problems blacking the 

solution of the cosmological problem in it a first approximat on. 	shall 

therefore confne attention to a special case in which the average ge 

10 a black-body radiating et temperature T(0°Y. at cosmological tine 

where T decreases linearly at a rate of 100°K. in 109  years to the present 

value at 6,000'i. We shall assume farther that the total luminosity of 

the galaxies Obeys Stefan's law, and that at the present epoch it is 

equivalent to Shod 10 1:11ne. (On this asiamptlon, if the age of the 

model ia 10
10 

yOOXS, this would, imply that the temperature of an average 

galaxy immediately after the epoch of vesidforeation, if it were already 

in existon4, would have been 7,000°K oak its luminosity 1.85 x 101Q'uns). 

We have assumed that the Oftrane effective temperature of the galaxies 

inoroases as WO SO into the peat because current theories of nualeesseellill 

in stars indicate that the earlier neratione of stnrs have a hit/oar 



hydrogen to metal abundance then present generation stars, and will he 

intrinsically brighter than present stars. 

As before, let denote the total background redistiOn in the Milne 

model when the sources are taken to be point-sources radiating like 

blaok-hodies at T 6T)03,111. If 	denotes the modified when the above 

(hypothetical) effects of evolution a1r taken into account, then we find 

that, teking Esbble's constant B to be I ka sec-impc-1, 

1.25 
	 (6.26) 

and we note that this amount of evolution altheuah alight has. a 

signficant effect on the total beckgrouna mdiatio*.t. 

if +" denotes the modified when the effects of both absortion 

and evolution are included we find that, taking noA = 1.5 x 10-29cm.4  

= 0.998, 	 (6.27) 

end we note that in this particular cane the effects of absorption and 

evolution almost counterbalance one another. 

The background spectra in the Hine model in which the above e feet* 

of absorption and evolution are taken into account have also been 

tsilculated and the results are given in Graph H. In all the oases 

considered it hae been assumed that flubbless constant H 100 km see 

npo 	and the number density of galaxies no  =I mpe 	We see from 

Graph 1! that, oompared with the odel in which the effects of eselstiom 

and absorption are neglected, the background spectrum in the non-

evolutionary mo&l 0n whioh the effect of absorytion is taken into 
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GRAPH #1.1 9  BACIC6110UND SPECTRUM IN MILNE'S UNIFORMLY EXPANDING WORLD-MoDEL 
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account is less et longer wavelengths ind th wavticnthNinax  of m4Ainum 

intensity is shifted to shorter wavelengths. On the other hand, the 

backround spectrum in the model in 0111011 the hypothetical evolutionary 

effooto ars considered but absorption is neglected is greater at longer 

wavelengths and) 	is shifted to longer wavelerwths. 'Then the effects 

of both absorption and evolution are considered, homver, we note that 

although the total backgrouW radiation in this model is very nearly equal 

to that In the model In Which these effects are neglected, the background 

spectruT is somewhat d:fferent, be±Arg greater at shorter wsvelongthe and 

less 	Longer wavelengths, withkmx  approximstely the same in both cases. 
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