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On the Curvature of SpaceJr .o

By A. Friedman in Petersburg ~ %‘

With one figure. Received on 29. June 1922

§1. 1. In their well-known works on general cosmological questions,
Einstein' and de Sitter? arrive at two possible types of the universe; Ein-
stein obtains the so-called cylindrical world, in which space’ has constant,
time-independent curvature, where the curvature radius is connected to
the total mass of matter present in space; de Sitter obtains a spherical
world 1in which not only space, but in a certain sense also the world can
be addressed as a world of constant curvature.® In doing so both Einstein
and de Sitter make certain presuppositions about the matter tensor, which
correspond to the incoherence of matter and its relative rest, i.e. the ve-
locity of matter will be supposed to be sufficiently small in comparison to
the fundamental velocity® — the velocity of light.
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A RELATION BETWEEN DISTANCE AND RADIAL VELOCITY
AMONG EXTRA-GALACTIC NEBULAE

By EpwiN HUBBLE
MounT WiLsoN OBSERVATORY, CARNEGIE INSTITUTION OF W ASHINGTON

Communicated January 17, 1929

Determinations of the motion of the sun with respect to the extra-
galactic nebulae have involved a K term of several hundred kilometers
which appears to be variable. Explanations of this paradox have been
sought in a correlation between apparent radial velocities and distances,
but so far the results have not been convincing. The present paper is a
re-examination of the question, based on only those nebular distances
which are believed to be fairly reliable.

Distances of extra-galactic nebulae depend ultimately upon the appli-
cation of absolute-luminosity criteria to involved stars whose types can
be recognized. These include, among others, Cepheid variables, novae,
and blue stars involved in emission nebulosity. Numerical values depend
upon the zero point of the period-luminosity relation among Cepheids,




Velocity-Distance Relation among Extra-Galactic Nebulae.
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1965

Discovery of
cosmic microwave
background (CMB)
by a radio antenna
in New |ersey

1992
COBE satellite
observes
temperature
variationsin
theCMB

2003

WMAP reveals
more detailed
variations, and
nails the age
of the universe
at 13.7 billion
yearsold
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PHYEICAL REVIEW

Letters to the Editor

UBLICATION of brief reports of impertani disiaveries

in physics may be vecured by uddrersing them fy LHis
g dade for this depariment & fise weeks
aier, No prowf will be romt to ihe anthers,
The Board o Editors does sot Aolel itself responsible for the
eapreisnl by ihe worve pomdents. Comnmumicnpio
showld nad exverd 800 werds in benghh.

The Origin of Chemical Elements
B A

Asptint Phikcs Laborokirs, Fhe Jokas Hophims (Jumra
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S poimtod out by one of we! various suckr specien
must bave orginated not 35 the reault of an equikib.
Fiuen emrrespunding to 3 cetuin temgmeuture sad density
ot Pather s & eonstmquines of B continpees bifldisgaan
ocess avested by a rapisd expansion and conlmg of the
primordial mater. Acconding 0 this picture. we must
imagine the carly stage of matter a8 3 highly comprossed
neiiron gas foverheated neutral noclear fuid) whick
started decaying Into profons and siectrns when the gis
pressure feil down ad the result of anivensal expansion. The
radiazive caprore of the ssill remaining seutrons by the
newly formesd protons mist kave led first to the formation
o detecine neicie, sed the whesqeent neutron capturcs
resuilted in 1he buliding up of heavier and beavier nuciei. It
must be that, due to shart
time allowed for this process) the buikfing up of heavier
miacled st hive procesded just above the apper iringe of
the suble eloments (short-lived Fermi slements ), and the
[wasat frequency distribution of various slemle species
was attained only somewhat later a5 the resalt of adjist-
ment of their electric charges by S-dacay.

Thus the cheerved dope of the sbaadance cirve M
st b redated to the temperatare of the origieal nesteon
s, bt ather 10 the time pesiod permitisd by the sepen-
wion process. Also, the individual abundssos of varieas
muclear species mast depend not s much an Their intrnse
stabidlivies (mass defocts) as oa the values of their peitmon
raphae cross sections. The muations governing such o
Ll ifimg-up process apparently can be writen in the form 1

g‘f-ﬂ'ﬂt...-. p=rmy) =12, 0

Tectior characierising ihe docease of the density with tme,

VOLUME 74, NUMBER ¥

AFREIL 1, 1948

We may pesnark at fevt that the buikding-up process was

the of the seutron
gas was seill rather high, since atheryiss the observad
abundsaoes would have been y affocted by the
rmscnmanes in th region of the s newtrens, According to
Hughes® the noatron cuptire crom sections of varions
elements ffar neutron energiss of aboat 1 Mev) increase
enponantislly with atomic number hallway up the peridic
wstem, srenainitg approvimstely comitant for heavier
eerments.

Lldng thes crime sctions, ome Gnds by iniegrating
Equ. (1] an shown in Fig. 1 that the relative abundances of
varius noclesr species decreise rapidiy for the lighter
elements ol remain approcimaiely constant for the sle-
mests bemvior than siver In order 1o B8 the caleniated
curve with the obeprved abundamces! it i necessary
msanimie the integral of a6 during the buildng-up [wn-l s
oqual to 53¢ 008 g e e,

(in the ather hasd, scroeding to the mia thenry of
1he expanding upiverset ihe denaity dependence on time is
given by sS100E. Since the integral of thés rprosson
diverges at fw ), it is necosary to assume that the bailding-
Up peocess begam Bt & certain time b, tislyng the
relaion:

I novepezs o, ()]

which gives usd 220 soc. and pp= L5 % 1P g mec. fem”, This
rooult may have two meanings: (a) for the higher deswitics
wniating prior 10 (Bat tima the tamparatire of the seutran
Fan was so high that no tion waa taking place, (b)
the density of the universé newer ncoeded the valuo
LER 00 g wee.fom? which can possitily be underyicod I we
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