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galaotic sources is & phenomenon of considerable cosmological interest.
Bven from the simple cbservation that the night sky is dark on & moon-
less night, far-reaching conclusions sbout the nature of the universe
cuerge. It nay not therefore be too much to hope that when this subject
is considered in more detail, both theoretically and observaticnally, it
will throw valusble light on many cosmological problems, Different
theoretical world-models predict different results for the background
brightness and spectrun, and observations of the baskground radistion
gy therefore enable us to discriminagte between these muiels. loreover,
the problen of background radiation is one whisch must eventually be .
faced. For, other attempts to find which world-nodels are in olosest
soocord with the empirical data concern only those galaxies which can be
distinguished individually with modern instruments. It is conceivable
that a particulor model nay give a good fit for such data and yet diverge
considerably from the actual universe at greater distances. Oun the other
hand, the background brightness and spectrun essentially depend on
conditions in the move remote regions of the universe.

The theoretical problea of determining the total intensity of baok-
ground redistion was examined in o sisple form using Newtonian concepts
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of spage and tiwe by W. Clbers (1) in a classic paper published in 1826,
o considered a static werld-model filled with stars whose overage
brightoess and density are constent in both spase and time, and caloulated
the ebsclute intensity of the background rediation assuning that space is
Buolidean and that light from a star will be absorbed by any other star
it changes to meet on the way. Olbers was greatly gystified by the
incongruous result he obtained from such naturel assunptions, nasely,
that the brightness of the night aly would be the same as the average
brightnes: of the stars. iHe explained eway this paradoxical result by
postulating the existence of a tenuous ges, too thin to be detected, which
abgorbs the bulk of the radiaticn when it travels very leng distances.
The postulated gas, however, will not preduce the desired effect, because
it will heat up wntil o temperature is reached at which it rediates as
meh energy as it receives.

Hany 10th century writers Lad discussed this same problem now
asscoiated with the name of Olbers. As early as 1720 Halley (2) came
across Qlbera's problem when atteupting to vindicate the hypothesis that
the sphere of fized stars is infinite, for he writes, "if we suppose all
the Fixt Stavs to be as far from one another, ss the nearest of them is
fron the Sunj that is, if we may suppose the Sun to be cne of them, at
8 greater distance thedr Disks and light will be diminish'd in the
proportion of Squeres, and the Space to contain them will be increased
in the same proporticn.” Unfortunately lalley then erronecusly argued
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that the light fron the distant stars would not be cbserveble, for he

Sgys, “"their Deams, aided by any help yet imown, are not sufficient to
move our Sense; after the same mamner as & suall Telescopical fixt Star
is by a0 means perceivable to the naked Hye."

Assuning that the stars are equidistant from one ancther, lalley
dedused in a second peper that there could not be more than thirteen stars
on & sphere with radius egqual to the distance of separation between the
stars, and with the Sun ot its centre., Assuming further that the stars

~have the same brightness as the sun, Halley identified these thirteen

stars with the st magnitude stars on the celestial sphere. lidlley
acoounted for the fact that there are more than thirteen 18t magnitude
stars by relaxing the conditions that the stars are equidistant and have
the same brightness., Halley then made the following interesiing cbserve~
tions on Olbers's problen regarding successive shells, again dvawing the
erroneous conclusion that the light from the distant stars in a static
infinite universe will not be visible:~ "If therefore the Number of them
be supposed Thirteen, ocumitting Micities in a latter of sush Irregularity,
at twice the distance from the Sun there may be placed four times as nany,
or 525 which with the same allowance, would nearly rvepresent the number
of the Stars we find to be of the 24 negeitude: 6o 9 x 13 or 117, for
those at three times the distance: and at ten times the distamce 100 x 13
wiﬁM;MWﬂWWﬁom&wﬂh
Stars of the first magnitude to that of the sixth, it being but the
hundredth pert of what, at thedr present distance, they eppear with,.



But 4if, since we hove roeom encugh for it, we should suppose the Sphere
oontinued to 10 times the last, or 100 times the first distance, the
nwber of Stars would be 150 000, and they would appear with the

10 COCth part of the Light of a first cognitude Star, a8 we now see it,
This is so small a pulle of Light, that it may well be guestioned,
whether the Hye, assisted with any artificial help, oan be made sensible
thereot, " ‘

Co Ve Le Charlier (3) in 1922 postulated s static hierarchical
world-nodel in which Olbers paredoxz ngy be removed, when olassical
conoepts of physics ave used, The world-smodel is largely of historical
interest, however, siuoe it mevely "ssves"” the phencnencn and does not
prediot or explain uany of the remaining large scale features of the
uwiverse, @.5. the universal red-shif't of the extragalactic nebulae. In
this world-nodel, stars cluster together to for: galaxies of the first
order; in g sicdlay samwmer firet order galaxies cluster together to fora
Seoond ovder galaxies and so on ad infinitun, Charlier showed that, if
Ry is the average radius of the ith order galaxies and lij the average
nusber of the (i - 1)th galaxies foruing an 4 th order galaxy, then
provide.

~H Sy ym (161)

Rj-1q
for 4 = 1, 2, 3, sees the oriterion of Olbers (that the night siy must

be dark) is satisfied, Further, Charlier showed that if the inequality
{1+1) holds, then & further paradox due to Seeliger (4) - that the law




of Newtonian gravitation in a static infinite umiverse in which the total
mess is infinite leads to an infinite attraction at every peimt - is also
oversone,

Regently, the problem of the darkness of the might sky bas been
considered anew by H, Bondi (5) in the light of modern knowledge. Since
no satisfactory explanmation resolving Ulbers's pareadox of the type
suggested by Olbers himself has been found, Bondi concludes that one or
more of the original assumptions must be altered, These assumption: may
be tabulated as follows:~

(i) The average brightness and density of the stars is comstant

throughout space.

(i1) The average brightness and demsity of the stars is comstant

for all tiume,

(i1i) The stars have mo systematic motioms.

(iv) The geometry of space is BSuclidean.

(v) The kmown laws of physies apply.

Bondi decided to confine attention to bomogemeous and isotropic
world-meodels and further, he decided to retain assumption (v). I shall
discuss the possibility of sbandoning this sssumption later im this
thesis, but mormally it will be sssumed to hold implieitly,

It should be noted that although the peradox can still be derived
if (i) and (ii) are modified so that the aversges mentioned are the same
merely in those regions from which light reaches us at the present moment,



such & state of affairs is exoluded if the Copernican principle, that
the Sarth cannot be in an exceptional position in the wniverse. is
accep tad.

The paradox rexains even if (iv) is no longer retained and one of
the other twc pessible goometries of a homogencous isotropic wmiverse is
acoepted instead of Muslidean geometry, BSondi gives s preof of this
only for the asisplo case of & static model in which the stars ave
considered a8 points (and therefore do not cbscure the beckground radis-
tien)s It will be shown in Chapter II that, not only does the geonetry
of the universe make no diffevence to the basiground redistion in a statie
universe, but that the result holds for any homogeneous and isotropio
universe irrespective of whether the sources of radiation have an
evolutionary history, or have a systematic motion apart from saaller
individual proper motionc.

Almost gll nmedern cosmwlogical theorics are based on the Cosmologisal
Pricoiple which states that the general sspest of the universe is the
sace throughout space, ® apart fron ninor local irregularitiss. The

¢ The standerd treatoent implies the existence of a cosumio or public
time, In terns of this the first of (lbers's assuptions cen be
appropristely reformulated: the average brightness and density of
the "stars” at & given cosadc epcch is the sawe fron the stand-
point of esch. By "stars” we mean, in fact, clusters of galaxies.
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Cosmologioal Prineiple together with the assumptions of homogeneity and
isotropy imply the validity of (1) and in order to resolve the paradox
of Clbers, either (ii) or (iii) must be abandoned, or else both, since
they are the only uninvestigeted assumptions remaining.

The steady-state theory of Bondi end Gold gues o stage further than
other coswologioal theories in being based on & more restricted prisciple
known @8 the Perfeot Cosmological Principle whish states that the general
aspect of the universe is the saue throughout spece aad also throughout
tize apart from lccal irvegularities. This implies that (ii) must be
retained and thevefore (iii) must be dropped if the bacikground rediaticn
is to be of a roasonsble magnitude, well below the estimate of Clbers.
The Perfect Cosmological Principle together with the Principle of
Continual Crostion determines the form of the large scalo motion which 48
found %o be a porbicular type of expansion.

The total basiground rediation in the steady-state world-model is
derived thecretiocally in Chapter III when the effect of intergalestic
abgorption end the finite size of the galaxies is neglected, and is given
explioitly by formula (3445)s Since the Perfect Cosmologicsl Principle
is adopted in this worldenmodel, the physicel quantities involved are time-
independent and arc therefore the sane as those that are observed et
the present cpooh in our neighbourhood. It 48 found upen substituting
espirical values into foruuls (3415) that the density of baociground
raddation is indeod well below Olbers's estimate and is of the order of

10" epg. ca™’, The recession of the galaxies has ceused their spectra
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to be reddened and hence they have lost some of their emergy. This loss
is sufficient to keep the radiation density at a value low encugh to
resolve the paradox. The total backgroumd radiation in the ateady-state
world-model when the obscuring effects of intergalactic matter and the
finite size of the galaxies are included has also been discussed
tentatively in Chapter Vi, Unfortunately, very little is knowm at
present about intergalactic abserption and it is therefore not yet
possible to obtain even the correct order of magnitude of the totsl back-
ground radistion by means of this formula.

Suppese nmext that, while retaining postulate (iii), we abandon
postulate (ii) so that the average brightness of the galaxies is mow
assumed to be & function of the time, Eguation (3.7) in Chapter II1
shows that the radistion density in a static universe can be of the
empirically correct order of magnitude provided the average brightness
of the galaxies decreases rapidly enough as we extrapolate back inte the
distant past., Furthermore, if 1n such & universe the galaxies were all
oreated 10'° years ago (which is approximately the current estimate for
the age of cur Galaxy (6)), but since then have been radisting uniformly,
the density of radiation could still be of the right erder of magnitude,

Finally, suppose that postulates (ii) sad (iii) ere discarded. We
note that postulate (ii) makes two assertionms. In rejecting it, in
conjunction with our rejection of (iii), I shall consider models im which
the density varies with time but im which the average brightness of a
galaxy ssy or may not change with time. In Jjustifying relaxation of
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postulates (idi) 4n general, I shall apposal o the usual interpretation
of the redw-ghifts observed in the speotre of the emtragalactic nebules
(shen compaved with soue referense speotrun) as due to the Duppler effect
assoolated with recessicnal moticn. Fron time ¢ tice alternative
aezplanations of the extragalestic red-shifts have, houever, been suggestod.
These have usually depended on scme modificaticn of postulate (v). For
exanple; in ldine's theowy, when his T-soale of time is used, the
galaxics yemain at rost, and the fregquency of e photon is conserved. The
froguency of an atomic tramsition, however, increases with the passage
of time.s The redeshift is caused by the inorease in the frequency of the
speotral lines emitted fron the atoms used to form o comparison spectrume
he particular case of static homogeneous isotwropiec world-models in which
the frequanay of & photon diminishes with time whilst the freguency of
atonie transitions reneing constant will be considered latew. Confining
attention to the Doppler interpretation of the reds-ghi i, we note that
in angysing his criginal unifernly expending world-model ifilne mede @
ploneer contribution to our subject (7). UGdnoe, the rediatica sources
in this model ave oonfined o the interior of an expending Buclidean
sphere of radius ot, at epoch ¢, and their number density at distance r
from the cbeerver is proporticnal to

&
Y (1.2)

it follows that they form an cpen set end g0 their total nunber is



infinite, Since lilne assumed implicitly thet the everege absolute
luninosity of o galswy does not ohangs sigaificantly with tise, he was
obliged to show that the total intensity of reiistion at any point in the
model is finite. le found that the apperent lusinosity of & sourve
receding with velcoily V is reduced a8 compared with thet of a sinilar
stetionery source ot the same distance by e faotor

(:—-:—-%3-2- (1e3)
and by a further feotor !
(_;_%_/‘_)a (1)
due to distance, where %o is tho epoch at whioch the observer receives the
radistion, Since the total number of scurces with velcolties in the range ‘
V to V « &V is proportional to

ZT%F 5 (15) )

corresponding to the spatial density givem bty (142), it followed on |
combining (143), (1e4) ani (145) and integrating over the range (0, ¢)
in V that the total intensity at the crigin (and hence, by the Cosmologiocal \
Prinodple ot ey podnt of the model) was findte.
udlne's originel model eonsisted of fundemental particles (ldealise- ‘
tions of galexies) receding uniforaly in Suclidean spoces In the ususl
technique of relativistic cosmology, the fundenental particlos are
represented by points embedded in an eupanding spase. I shall show that,
mwm,.wmfmmmwm(m))



agy be derived for the total intensifty of background rediation in
nemogeneous isotropic world-models in which the densily of rediation
sources is constant in co-moving oo~ordinates. Provided the world-ucdel
is of this type, the formula (3.7) can be applied to any expanding and
evolutionery world-model, wheve the terns expanding and eve
have bean used in the following distinot senses:-

(a) by en expaniing world-uode) is meant & werld-model in whish
the average nusbeor-density of galaxies (or oclusters of galaxies) tends
to diminish with time.

(b) by en evolutionary world-model is meant a worid-model in
which there 18 on the sverege a giatistical change with time in the
intrinsic chavecteristics of galeries and clusters of galaxies.

Thus there are four {ypes that can arise, nanely:-

(1) expanding end evolutionary world-nodels, e.ge the Lemadive

world-nodel ,

(2) none-empending and nonwevolutionayy world-nciels, G.ge. the
Einstein static universe, the steady-state wodel wiih
continual oreatiom,

(3) noneexpanding end ewolutionavy world-models, and

(&) euwpanding end non-evolutionary worldenodels.

With the aid of formuls (3.7) we ave able, in particulsr, to
establish finite siy brightness,in genersl, for any homogenecus
isotropic medel of types (1) and (4), expanding from an initial state




(@sge point singularity) et a finite past epoch. This result ngy be
regarisi as g gensraliszation of Milne's, whioh was of course ocnfined
%o o wiforaly expanding nodel of type (4).

It is vemerisble that, whan temporal uniformity of ebsclute
luminosity of individual sources i3 assuned, the caloulated nuncriocal
values of the rediation density in mayy of these wodels are very nearly
equal, whereas the correspanding valus for the steady-state ncdel is
soneuhat soallor. (The comparisons ave, of oourse, all made for the
sane eupiriocally given valuo of Hubble's constant in the law relating
red-shift and distasce,) This result has been confirmed in a paper by
liotaner and Horrisen (8) eatitled "The Flow of Information in
Cosmologisal Hodela”, In this paper they oaloulated the total intensity
of basiground vedigticn, due to radisticn Sources wid 8 Doppler-ohift
less then any given value, for the world-uodels* of lidlns, Pege,
Binstein~de Sitter. Dirac, de Sitter and alsc the stesdy-state worlde
model of Bondd acd Gold. The effect of one rediation svurce cbscuring
anothor was neglected in the caloulstions, and it was assumed that the
axpanding models considered were of type (&). Unfortunately, lotencr
end lNorrison made an error when deriving the formula for the number of

¥ A wore conplete desoription of these models is given in
Bondd's book. e shall show that, given the nusber density
of the rediation sources, it is encugh o lnow the analytical
form of the expansion faptor when caleulating the beoiground
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rediation sourccs in & given range of Doppler-shift in the steady-
state model, with the result thet their value is lower than the sctual
one. Uhen the correction 38 gpplied it is found that the steady-state
model snd Diresc's model of type (4) yield the samc vaiue for the
background radistion, Murther, 4f it is assumed in the Dirac model
that the enission spoetra of the redistion sources have alugys
remained the same since the time of creation, the Direc model and the
is uisplaced les: to the rod than are the basiground speotra obbained
from the other world~nodels of type (4) considersd by letaner and
Morrison. This indicates that in both the steadywstate model and the
Dirac model the background redietion is supplied mainly by the fove-
ground galaxies. The siightly lavger value for the rediation density
in the other world-codels may be prinarily esplaindd by the fact that
the lizht received at the Sarth from more distant gelaxies was endtted
at & correspondingly earlier epoch when the density of light sources
and therefore the average emi:gion per unit volume of space was groater,
shilet these same quantities resain constant in the steaiy-state world-
nodel, The radistion from these dlstant reglons will therefore produce
more radiaticn in the ved end of the speotrua in the evuluticnary
nodels than in the steady~-state worldemodel. The couplete explanation,
however, is move dirficult ¢c find, The rate of recession inoroases
rapidly with Gistasce in he Dirac model, with the res.lt that the



weaiening effect of recession on the radiastion due to the very distant
galaxies more than counterasts the strengthening effest due to the inorease
in the nunber of sources por unit volume, It is shown in Chapter IV that
with increasing epoch of cheervaticn in expanding world-nodels whose
expansion fagtor R takes the special forn R = ot’ (where ¢ is a cosuic
time, @ and p ave oonstants) the total beoiground inteasily increases
when p D %, deorcaces when p < §, and is constant when p = . The last
casg, » = 5, represents the Dirac universe, Ve conclude that for world-
Bodels of the type & = at’ the weakening effect of recession apd the
strengthening ef eot of inoreasing number decsity must balance when D = &,
the latter effect predeninating when p D js 411 the worldeuodels of this
particuler gype® which werc considered by listzner end liorrison had
P> o

If the effect of the finite size of the galaxies is taken into
account, zowe absorption hy then of radietion from remcter scuroes will
vocur in the expending models than in the stealy-state model. Consequently,
80 long as we assume that ell sourees in the former radiate unifornly, i.6.
nodels of fype (4. the total basiground inteusity of radiation will be
alzost the same for all moiels considered by lietaner end liorsison. This
result is dmportant bessuse ay significant difference in praotice betwesn
the empirical total background intensifty end this thooretical value

¢ @hen p < ; the tine scale 4s rather ghort.



theoretically the spectral distribution of the basiground radiaticn
ssens Yo hove been made by Leontovaid (9) in 1936, leontoveid confined
his investigaticon of this problem to lilne's wmifornly expanding world-
model of fype (4) containing podnt sources, so that the offect of one
galasy obseuring ancther was neglected., le assumed that on the averege
the souroes emlt light of the same continuous speotral distribution as
the Sun's. Although the theoretisal formuls whieh he derdived for the
spectral intensity of bsalgrowmnd raddation sppears to have been
misprinted, his awserdcal results, which were obtained by e rough
érapghdoal method of integraticn, oxe oocrrest.

lecntevali presented his results in grephical form. le expressed
ﬁ-mmwmmnwwmmmmmummwm
logarithn of the wavelength. because the resulidng curve is bodily
displaced without ddstortion as a copsequence of the Duppler shift, and
this siaplifies nunerdcal caloulations, lewntove:il thus cbtained o
greph of bacigrouwnd spectrel intensity against logaritimio wevelength
which he converted to the more fanmiliar greph of spectral intensity and
vavelength, He plotteld the continuous soloyr gpectrun end assumed that
i% also youghly represented the rediaticn from & stationawy galaxy. e
ther ploited the speotrun of radiotion from ell galaxies in Hilne's
model (type ) and also that of the beckgrownd radisticn in this model



due o all galaxies receding with Doppler shifts exzcseding scme given
out=of'f value, In order to nate a comparison between these three spectral
digtributions, the three curves were plo.ted in such & wgy that the aress
under each were egqual,

Leontoveii found that the mean ghift between the spectrum of a
stationary galagy end the background speotrus due to those galawics which
are su distant that they camnot be resolved with a telescope (whieh, in
1936, sorvesponded to & "oubecff" Doppler ratic due to resessicn of
rather move then a guarter the speed of light) is sbouv half the leagth
of the visible speotrun, Ieontovski wrote in his letter, “to & most
sensitive gye the background of the galaxies would appsar a8 dar: ved,”
Although Lecutovalid neglegted the efivct of the nearer ga.axies cbsouring
mope distent ones in his caloulstions, he mectioned that this effect
should be inoluded and observed that it would tend to diminish the rel-
Chagter Vi.

liore vesently, lMoVitiie and Wyatt (10) have censidered the same
probles for expanding homogeneous isotropic world-models of general
velativily in which the extragalactic radistion scurces are regarded oas
podnt sources. They showed firet that 1t is possible to caleulate the
radiation for speocific models whea the average luminosity and spectrun of
& galagy in a lecalised region are given as well as the diatribution of
galaxies and their large scale motion. They pointed out that it was not
posaible to use a genersl approximstion method bYecause no restriction




can be placed on the red-shifts in the way demanded by such & method,
HeVittie and ‘yatt then comfined their attention to the Hilne model and
therefore did not show that, in genersl, the background radiation is
independent of the curvature index, nor did they discuss how to obtain,
in general, the limits of the relevant integrals. These guestions are
conaidered im the present thesis., They obtained the background spectrum
in Milne's umiferaly expanding model due to sources radiating inm the
visual region and also that due to sources redisting in the radio region
of the spectrum. Although the possible time dependence of the luminosity
and spectrum of the galaxies wes taken into accoumt when the gemeral
result was derived, in their numerical caloulations they assumed that
there was no systematioc change im these guantities with time, ~ince they
wmaintained that in order to caleulate the background spectral intensity
a priori kmowledge of the luminosity and spectral functions must be given,
in the visual region they took the profile of the spectrum of an average
galaxy to be the same as that of a blackbody at effective temperature
5000%K and the total luminosity to be 10'° times the lumimosity of the
Sun., They concluded from their numerical caloulations on & Hilne
universe tiat it would be poseible at high galectic latitudes to separate
the background radistion from both the zodiacal light and diffuse light
from the Galaxy. They suggested that measurements could be made photo-
eleectrically from outside the atmosphere with a high-reselution instrument,
and they mainteained that light from galactic stars would preduce a
negligible effect at galactic latitudes as low ss 30°,




in the radic region of the speotrum, MoVittde and Wyatt tock the average
speotrun of the galawies to be proporticnal to an inverse power of the
frequency over a given frequengy range and sero outeide that range.
(The power to which the frequency is raised is nearly -1)., The average
monochronatic power cutput at 100 megagycles per second appears tc be
of the order of 40°° watts per ayole per second, On this basis and
assundng that on the average the sourves do not change signifisantly
with lapse of time, 4t was shown that the background spectrus in the
¥ilne model would be detectsble at radio frequengiss. (In partisular,
they found the contribution to the backgrownd radistion at radic wave-
lengths from extrenely remcie galexies dus to the large rede-shift of
their visual radiatios 1s negligible.)

An attespt hes been made by Costain (11) to meeswe the beskground
radic spectrune The isciropic component fyum extragalsctic scurces ngy
be distinguished fron the galestio halc component cnly if their speotrs
are diffevent, otherwise it is only possible to plase an upper limit
on the magnituie of the extragalastic ccmponent (12). Furthersore, it
is found that, because of the difficulty in accounting for the baske
ground noise frou serials and reseivers, absclute messuwrescnts of bagk-
&ound raldiation nade by varicus radic astronomers at different
froquenscies yields a wide range of vdlues for the speotral index., In
erdor to overcome this difficulty Costain used identical asrial systens
wher measwring the baskground rediation et different frequencies. e
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found that the spectrsl index of the background extregalactic radistion
is sbout =1, and pointed out that this value provides important informe-
tion ebout the nature of discrete redio sources (13), and is alse useful
as & meens for distinguishing between different types of cosmological
model,

The total background redio emission from extragslectic radio sources
has been gonsidered theoretically by Shekeshaft (14) and also by
Priester (15), Shekeshaft in 1954 caloulated the total beockground redio
rediation for s world-model associated with a de Sitter wetric in which
the redic sources are non-evolutionary and conserved, and also for the
steady-state model, imn oxder to scoount for the amount of radic nodse
observed towards the galaectic poles, which at that time could not be
accounted for by galactic sources., This additionmal radio radistion
corresponded to & brightness temperature T of sbout 600°K at 100
megaoycles, where T is defined by the Rayleigh-Jeens Lawt

2

r-%lg-' (1.6)
where ¥ is the frequency, B (V) the flux-density per stersdisn, k is
Boltsmann's constant and ¢ the veloeity of light. Shakesheft estimsted
the rediation per unit volume due to collisions between galaxies and
found that the relativistic model could agcount for the observed polar
intensity but that the steady-state model could met, This result is not
conglusive, however, because the radio emission from the Galaxy extends
over a much laprger distance than was once thought, which would sccount
for most of the observed polar intensity.




lioVittie and Wyatt have suggested that measwrements of the baciground
rediation at optical wavelengths should be made photoelectrioally cutside
the m'a'mm. As early as 1901, however, S. lewcemb (46) had
attenpted to neaswe this redistion, and poined cut that imowledge of
the total amount of light received from all the stars would have important
consequencies on the thecrdes of the structure of the universe. Using
opiicel methods. lewoodd began by comparing various regicns of the eiy and
found surprisingly little difference between the brightoess of the galoxy
and the rest of the siy. In faot he found the absclute brightness at the
galaotic poles to be equal to Y0 stars of tenth magnitude per squave degree,
and sbout tuice this amount in the galectic plane. In the following years
uay ettenpts were made to msasure the absolute brightues: of the siy end
it was soon discovered that there weve styong contwibutions to this
radiation that hed been overlocied. It was not until 1937 that Zlvey and
Roach (17) managed to disentangle those contributions using e recording
photeelootric photometer. Iy =aking recordings at different hours of the
night throughout the year they constructed, by analytical metheds, isophotes
of the soddecal light and the light from the galeotic gystem, After the
effeot of the stars in the Galaxy had been removed, they found an excess
of light whioh includes the light from extragalectic nebuloe and light
produced by the scatbtering of starlight by interstellar matter. Iscphotes
of this ewoess light which includes deviationsin the mean number of stars,
are given in Fig. 11 of their paper "A Photoelectric Study of the Light of
the lidght Sigr®.



The problen of measuring the bagiground redistion due to exztre~
galeotic nebulae was taken up agaln in 1956 by Baua (46, 19) who alsc
pointed out the cosuclogical importance of such an cbservation. Baum
suggested that the emperinent should be carried out with an artificial
Zarth satellite because at the Sarth's swrface the air glow. even on a
moonless aight, dwars the integrated baciground radiaticn. Furthermore,
the radiation can be cbserved cver o much wider wavelength yaenge since
there would be no atmospheric absorption, The rediation received by the
satellite must then be distinguished from the sodiacal light and the
light from our own Galamy., The instrument required for the observation
would be a sinple and compaot light meter consigting of a soall leas,
some tiny colour filters, a red-sensitive photomultiplier, a radiuva paint
button for standardisstica end & szall oirguit, the total power output
requirensnts for the systen being less then a watt, The signal ocutput
of the photomultiplier is fed into & tolemetering ohamnel which would
consist of stroams of pulses whose freguenoy is an acourate measure of
the iight received, A disphragn placed at the foous of the lens would
restrict the field of view to a fow degroes and the incidental spin of
the satellite swoeps the field of view across the Zarth's stuospherc
widlst the flvotuation in brightness with variation in galsotic latitude
would provide a means of eliainating the contribution to the backgrouwnd
radiation from the stars in the lcocal galawy end the sodiecal light.

Beun geve strong reascns wiy we should like to imow the brightuess
and colowr of the extragalactic background radiation. First, the



cbgervation nay enable us to deteruine which world-model gives the best
£it to the uaniverse. Secondly, the empiricel results ngy be used to
distinguish between models which £it other observations whioch extend as
far as wo can sec with modern telescopes but not all the way to the
horipon. At present the situation is that may dif erent theoretical
vorld-models £it the cbgervations made in the range of telssccpes whilst
at greater distances they predist totally different resuits. Therefore
the final idemtification of & particulor world-ucdel wih the aotual
wiverse sannot be nade until eithor the present cbservations are greatly
duproved or en observation is made that depends on the state of the
universe boyo:d the range of ordinmavy optical and radio telescupss. For
this vreason an observeticn on the brightness and colowr of the night sy
is vexy duportant., Tndpdly, we should iike to imow the absclute surface
brighiness of the regions belweon the galaxies. whioch at present is
winowne Recent measuwrenents of swifece brightness in the tenucus cut~
sidrts of galaxzies suggest that they have no real boundaries, in feot they
soem to spread out indedinitely and blend into cne ancther. There ngy even
be aore stars in intergalastic space then within the ocaventional
boundarics assigned to galaziecs. DBaun suggested that in crder to
Gigtingudish Letwsen the effect of an intergaleotie population from that
due to the uaiverse beyond the renge of wolern telescopes, the brightness
of the extragalactic siy must be observed in more than two colours,
Sgun estizated the feasibility of the experiment YWy making a rough
caloul tion of the minimus Signal expested from extragaleotic sources and




comparing it with the amount of foreground light expected at high
galootic latitudes in ouwr cun galexy. Star counts indicate that the
integrated foreground light of the Gelaxy in both the red snd the infre~
red regions of the spectrum is about 6 megnitudes per square degree.
Usicg Shene's and Wirtanen's (20) counts of galaxies down to the 18th
photogrephic magnitude. Baun caloulated that the brighiness in the red
roglion of the speotrun is 10th magnitude per sguare degree whilst in the
infrered regica it is 9th sagnitude per square degres. In order to
assccunt for galaxies with appereat magnitudes between the 18th and 23rd
sagniiude (the threshold of the 200-ineh Mount Paloner telesccpe), these
values will be incressed by shout 2 sagnitudes. Then ascording to Baum,
the additional extragalactis contribution due to galaxies fainter than
the 2ird magnitude will be about 15 per vent of the total background
raddation, It should therefore be possible to measure the extragaleotio
sontribution providsd the dependence of the galaotic contribution on
galactic latitude is lmown.

S5¢ The Sesi , There is & peculisr difficulty
asscoloted with the observation of the backgrownd radistion due to thermsl
enission Wy the galaxies which does not sppear to have been discussed Wy
previcus investigators. Scme cosmologicsl theories postulate the
axistence of radiation lef't over from the initial singular state (eposh
of "oreation”), but they prodist that the present state of this remaat
radiation elosely approxinates to blacidbedy raddation at & fow degrees
fYelvin, For exaaple, Gamow (24) postulates the existence of blacibedy




. e

radiaticon which at the earliest epoch is at a suffiociently high
temperature to produce the nuclear synthesis of the various elements
from protons and neutrons., TFor adisbatically expanding relativistio
world-medels in which matter and radiation are homogenecusly and
isctropicsl ly distributed, Hermen and Alpher (22) found that i matter
end radiation were not cenverted into each other the remnant rediation
is of the same total intensity as the calculated baeiground intensity
of the light sources but is effectively blaskbody radistion at a
teuperature of about two degrees felwvin and therefore will have &
negligible efiect on the total intensiﬁy observed in the visual and

radio regions,

The ecbject of the presemt thesis is to develop with greater
gonerality and in more detail than seems to have been attempted
previcusly the theory of background radiation in homogeneous isotropic
world-models. In particular attention has been paid to the possible
effects of abserption of the background radiation due te the presence
of dust in the arms of spiral galaxies and in intergalactic space, Owing
to the complexity of the problem the calculations have been made in two
stages, In the first, I have considered the total intensity and spectrum
of background radiation in various world-models, neglecting evelutionary
effects and possible obscuring effects due to dust in the arms of spiral
galaxies and intergalactic matter. Under these sssumptions the problea
has been considered in both the visusl and radic region of the spectrum,
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