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THE REALM OF
THE NEBULAE

EDWIN HUBBLE

Edwin Hubble, 1936 “The Realm of the
Nebulae” (Yale Univ. Press)
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lines of calcium and show the amounts these Lines are
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AMONG EXTRA-GALACTIC NEBULAE
By EpwiN HUBBLE p
MoOUNT WILSON OBSERVATORY, { RNEGIE INSTITUTION OF WASHINGTON v ’_ v : H r
Communicate| [anuary 17£1920D - A O o [~
U 1000k f t A
Determinations of the motion\ / the sun with €t to the extra- = “I . S e
actic nebulae have involved a hundred kilometers E Y \“Jj )[/E ;& ’o o S
. ~
A RELATION BETWEEN DISTANCE | = —
° °
AND RADIAL VELOCITY AMONG 11 so0ew : a e
>
EXTRA-GALACTIC NEBULAE 1wk -
. o [ =7 o
By Edwin Hubble m =
tl:e other crite.r;a merely cheék the order of the distances. This method A s
is restricted to the few nebulae which are well resolved by existing instru-
ments. A study of these nebulae, together with those in which any stars DSTANCE
at all can be recognized, indicates the probability of an approximately = O PARSECS 2210° PARSECS
uniform upper limit to the absolute luminosity of stars, in the late-type EE I'iiﬁ (pc) FIGURE1 |° :
sfgfédi Mﬁ:’:{f;ﬁ:f 'i’;“,;‘;i;if;s‘ éfoih?iﬁfe;f silar(sp:::)mzl:l:)ﬂ; Velocity-Distance Relation among Extra-Galactic Nebulae.
are thus criteria w.hich, although rough and to-be applied with caution, Radial velocitiw, corrected for solar motion, are plotted against
Proceedlngs of the National distances estimated from involved stars and mean luminosities of
. nebulae in a cluster. The black discs and full line represent the
AC_ademy of Smences _Of the solution for solar motion using the nebulae individually; the circles
United States of Am erica, Volume and broken line represent the solution combining the nebulae into
_ groups; the cross represents the mean velocity corresponding to
15, Issue 3, PP- 168 173 the mean distance of 22 nebulae whose distances could not be esti-
) mated individually.
JLA—R LD 1927 D 3/ 3 TEE (2 Ho 4l , _ o
BZRENYT ILEMARDON TN ‘Lost in translation: Mystery of the missing text solved’,
CEMBIREEREIC S TN, Livio, M. 2011, Nature, 479, 171-173
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Cosmic Black-Body Radiation

No. 1, 1965 419

|—H 4 ~
high pressure, su 75\ b 0) ““1$ ﬁ& E-J- se through the
i f 2 X 102

period of heliun
gm/cm?® is needeff. W nhout a zero-mass scal ar, or some olher ““hard” lmeracuon the

energy could notjpe ir - “resumed to be gravita-
tional radiation @Vhe

One other posgibili % 0) K oviding the energy con-
tent of the univdrse, ins a net electron-type
neutrino abundafjce ( than the nucleon abun-

dance. In this cdpe, if the neutrino abundance were so great that these neutrinos are
degenerate, the fegeneracy would have forced a negligible equilibrium neutron abun-
dance in the earlf, highly contracted universe, thus removing the possibility of nuclear
reactions leadingfto helium formation. However, the required ratio of lepton to baryon
number must bef> 10°.

We deeply apfeciate the helpfulness of Drs. Penzias and Wilson of the Bell Telephone
Laboratories, Crjjwford Hill, Holmdel, New Jersey, in discussing with us the result of
their measuremefjts and in showing us their receiving system. We are also grateful for
several helpful sflzgestions of Professor J. A. Wheeler.

TYO R KRE
May [ 1965 @ﬁﬁ%%%

PALMER PHYSIQAL LABORATORY
PrINCETON, INEW JERSEY

R. H. Dicke
P. J. E. PEEBLES
P. G. RoLL

D. T. WILKINSON
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A MEASUREMENT OF EXCESS ANTENNA TEMPERATURE
AT 4080 Mc/s o

Measurement§ of the effective zenith noise tempejature of the 20-foot horn-reflector
antenna (Crawfdrd, Hogg, and Hunt 1961) at the C Hill Laboratory, Holmdel,
New Jersey, at Mc/s have yielded a value abouf 3.5° K higher than expected. This
excess temperatife is, within the limits of our obseryations, isotropic, unpolarized, and

) ' . A. A, PENzZIAS
R. W. WiLson

May 13, 1965
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Wilkinson—Microwave—Anisotropy—Probe

Planck{§ £ (2009)

http://www.esa.int/Our_Activities/
Space_Science/Planck
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