Electronic vote on the Resolution B4
“on a suggested renaming of the Hubble Law”

The Chair of the Resolution Committee presenting the Resolution B4

Background
Five Resolutions were proposed for approval at the XXXth IAU General Assembly (Vienna, August
20th – 31st, 2018). They were announced and posted on the IAU web site on June 20th (see
https://www.iau.org/news/announcements/detail/ann18029/) and initially they did not generate
any comments by the members.
However, after the Resolutions were highlighted in the e-Newsletter #7 in July (see
https://www.iau.org/publications/e-newsletters/html/72/), a lively discussion started on
Resolution B4 “on a suggested renaming of the Hubble Law”. The comments and suggestions were
well received by the Resolutions Committee, chaired by Bruce Elmegreen, and were used to
improve the text of the Resolution as well as to increase the supporting bibliography.
From the comments received before the General Assembly, it was becoming clear that the opinion
of the community was divided and the result of the vote would be uncertain. In such a situation,
which was not necessarily foreseeable in advance, the IAU Executive Committee, in its Meeting
#101 (Aug. 19th, 2018), agreed to proceed with the regular presentation of the Resolutions during
the I Business Session (Aug. 21st, 2018) followed by the vote during the II Business Session (Aug.
30th, 2018). However it was decided to consider the vote about Resolution B4 as indicative of the
opinion of the members physically present at the II Business Session and to propose to the entire
community of IAU members to express their vote electronically shortly after the GA. The result of
the electronic vote will be considered final.

The Executive Committee decided also that the presentation of the e-vote should include the
result of the straw vote at the GA and a summary of the discussion that took place both via mail
and live during the II Business Session.

The final text of the Resolution B4
The text of the Resolution B4 has been modified several times from its first edition, taking into
account the comments and suggestions received by the Resolution Committee up to the II
Business Session of the GA. The final text which is proposed for electronic voting is reported in the
Appendix A.
The main motivations of the Resolution B4 are:
§

To pay tribute to both George Lemaître and Edwin Hubble for their fundamental
contribution to the development of modern cosmology, informing future discourses with
historical facts.

§

To highlight the role of the IAU in fostering exchanges of views and international
discussions

It should be stressed that the Resolution does not formally establish a new name of the “Hubble
law”, but simply suggests that in future discourses the formulation “Hubble-Lemaître law” is
preferred.

The supporting Bibliography
For convenience of the voters, the links to the main supporting Bibliography, in particular that
quoted in the Resolution, is attached in Appendix B.
We wish to highlight an excerpt from the paper by David L. Block “Georges Lemaître and Stigler’s
Law of Eponymy” which reports an interesting comment on the matter by Lemaître himself:
“In a Comment published in Nature Mario Livio (Nature , 479, 171, 2011) has
unearthed a letter from Lemaître to W. M. Smart (dated 9 March 1931). From that
document, it is clear that Lemaître himself translated his 1927 paper into English and
who also omitted his determination of the coefficient of expansion of the Universe
(H0 ) from values of radial velocities available as of 1927. However, in his Comment
Livio omits a vital reference, namely thoughts penned by Lemaître himself in 1950
(L’expansion de l’Univers, Bibliographie: Annales d’Astrophysique , 13, 344):
About my contribution of 1927, I do not want to discuss if I was a professional astronomer.
I was, in any event, an IAU member (Cambridge, 1925), and I had studied astronomy for two
years, a year with Eddington and another year in the U.S. observatories. I visited Slipher and
Hubble and heard him in Washington, in 1925, making his memorable communication about
the distance [to] the Andromeda nebula. While my Mathematics bibliography was seriously
in default since I did not know the work of Friedmann, it is perfectly up to date from the
astronomical point of view; I calculate [in my contribution] the coefficient of expansion
(575 km per sec per megaparsecs, 625 with a questionable statistical correction). Of course,

before the discovery and study of clusters of nebulae, there was no point to establish the
Hubble law, but only to calculate its coefficient. The title of my note leaves no doubt on my
intentions: A Universe with a constant mass and increasing radius as an explanation of the
radial velocity of extra-galactic nebulae. I apologize that all of this is too personal. But, as
noted by the author (p. 161) “the history of this science competition is not irrevelant” and it is
useful to highlight the details to enable an exact understanding of the scope of the argument
that can be drawn from this. (Emphasis added)
In 1950, Lemaître clearly did not want the rich fusion of theory and observations
contained in his 1927 paper to be buried in the sands of time.”
Concerning point 6 in the Resolution, we wish to highlight an interesting comment by Virginia
Trimble which suggests that the expression “actual interest” used by Lemaître in his letter to
MNRAS is a poor translation into English of the French “intérêt actuel”. It should therefore be
better interpreted as “current interest”.

Discussion: questions raised by IAU Members and answers by the Resolution Committee.
The discussion on the Resolution B4 was very lively both in some of the Division Days meetings
and in particular during the II Business Session. Unfortunately the latter had to be stopped after 20
minutes in order to keep the schedule of the Session and of the subsequent Closing Ceremony.
However some of the questions that were not presented at the Session, were sent by email to the
Resolution Committee. Below is a summary of the most relevant Q&A.
Q. Is the IAU recommending that any other “Hubble”-named things change?
A. No
Q. Will this lead to other re-namings?
A. This particular case involves one of the most important astronomical discoveries and the history
is clear about the contributions by Lemaître and by the IAU. “Informing future discourses” about
this history can only be good. Future discourses about other historical precedents should strive to
be correct too, and if the current resolution begins this conversation then that is good. This does
not mean that other historical reflections should be modified by IAU resolutions.
Q. Should others who noticed the correlation between galaxy velocity and size or brightness or
distance be recognized also in this resolution?
A. No, the others (Wirtz, Lundmark, …) are noted in one of the bibliographic references, but also
did not interpret the relationship as expansion (they referred only to the static de Sitter or Einstein
universes). The resolution recommends only that the “expansion of the Universe” be referred to
as the “Hubble – Lemaître law”, not that the velocity-distance relation be given additional names.
Q. Should other contributors to the data used in the early expansion law (Slipher, Leavitt,
Stromgren, …) be acknowledged as well?
A. No because they did not use their data nor invent new theory to discover the Universal
Expansion.

The straw vote.

After the discussion, the Assembly was asked to vote in the following sequence: votes against,
abstentions and votes in favour. To facilitate the work of the official tellers, the vote was called by
sections of the Hall. The results are indicated below: please note that, being a straw vote, the
General Secretary decided not to resolve the minor discrepancies among the scores reported by
the three independent tellers. The results are therefore approximate within few percent.
Total number of voters (IAU Individual Members):
Votes against:
Abstentions:
Votes in favour:

385
53 (14%)
46 (12%)
286 (74%)

All the Individual and Junior Members of the IAU (including those present in Vienna) are now
invited to express their vote electronically (instructions are sent by e-mail).
In order to assure total neutrality, the e-vote will be totally handled by the external Company
mi-voice (https://www.mi-voice.com/). The e-vote will close on Oct. 26th 24:00 UTC and the result
will be communicated by mi-voice soon after.

Appendix A
Final text of Resolution B4 to be voted electronically by the IAU Members

THIRTIETH GENERAL ASSEMBLY
RESOLUTIONS PRESENTED TO THE XXXth GENERAL
ASSEMBLY
RESOLUTION B4

on a suggested renaming of the Hubble Law
Proposed by the IAU Executive Committee

The XXX General Assembly of the International Astronomical Union,
considering
1. that the discovery of the apparent recession of the galaxies, which is usually referred
to as the “Hubble law”, is one of the major milestones in the development of the science
of Astronomy during the last 100 years and can be considered one of the founding pillars
of modern Cosmology;
2. that the Belgian astronomer Georges Lemaı̂tre, in 1927 published (in French) the
paper entitled “Un Univers homogène de masse constante et de rayon croissant rendant
compte de la vitesse radiale des nébuleuses extra-galactiques” [1]. In this he first rediscovers Friedman’s dynamic solution to Einstein’s general relativity equations that describes
an expanding universe. He also derives that the expansion of the universe implies the
spectra of distant galaxies are redshifted by an amount proportional to their distance.
Finally he uses published data on the velocities and photometric distances of galaxies to
derive the rate of expansion of the universe (assuming the linear relation he had found
on theoretical grounds);
3. that, at the time of publication, the limited popularity of the Journal in which
Lemaı̂tre’s paper appeared and the language used made his remarkable discovery largely
unperceived by the astronomical community;
4. that both Georges Lemaı̂tre (an IAU member since 1925 [2]) and the American astronomer Edwin Hubble (an IAU member since 1922 [3]) attended the 3rd IAU General
Assembly in Leiden in July 1928 and exchanged views [4] about the relevance of the
redshift vs distance observational data of the extragalactic nebulae to the emerging evolutionary model of the universe;
5. that Edwin Hubble, in 1929 published the paper entitled “A Relation between Distance
and Radial Velocity among Extra-Galactic Nebulae” [5] in which he proposed and derived
1

2

RESOLUTIONS

the linear distance-velocity relation for galaxies, ultimately including new velocity data
in his 1931 paper with Humason [6]. Soon after the publication of his papers, the cosmic
expansion became universally known as the “Hubble law”;
6. that, in 1931, on invitation by the Journal Monthly Notices of the Royal Astronomical Society, G. Lemaı̂tre translated in English his original 1927 paper [7], deliberately
omitting the section in which he derived the rate of expansion because he ”did not find
advisable to reprint the [his] provisional discussion of radial velocities which is clearly
of no actual interest, and also the geometrical note, which could be replaced by a small
bibliography of ancient and new papers on the subject” [8];
desiring
7. to pay tribute to both Georges Lemaı̂tre and Edwin Hubble for their fundamental
contributions to the development of modern cosmology;
8. to honour the intellectual integrity of Georges Lemaı̂tre that made him value more the
progress of science rather than his own visibility;
9. to highlight the role of the IAU General Assemblies in fostering exchanges of views
and international discussions;
10. to inform the future scientific discourses with historical facts;

resolves
11. to recommend that from now on the expansion of the universe be referred to as the
“Hubble-Lemaı̂tre law”.

[1] Annales de la Société Scientifique de Bruxelles, A47, p. 49-59 (1927)
[2] Lemaı̂tre, G. 1950, Ann d’ Ap., 13, 344, as translated by David L Block, 2012, in Georges
Lemaı̂tre: Life, Science and Legacy, eds. R.D. Holder and S. Mitton, Astrophysics and Space
Science Library, Springer-Verlag: Berlin, Vol. 395, p. 89
[3] IAU Transactions Vol. 1, 1922
[4] Humason (https://www.aip.org/history-programs/niels-bohr-library/oral-histories/4686), as
reported by Sidney van den Bergh, 2011, JRASC, Vol. 105, p. 197
[5] Proceedings of the National Academy of Science, USA, 15, 168 (1929)
[6] ”The velocity-distance relation among extra-galactic nebulae”, Astrophysical Journal, Vol
74, p. 43-80 (1931)
[7] Monthly Notices of the Royal Astronomical Society, Vol. 91, p.483-490 (1931)
[8] Georges Lemaı̂tre, quoted by Mario Livio in Nature, Volume 479, Issue 7372, pp. 171-173
(2011)
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A Homogeneous Universe of Constant Mass and Increasing Radius
accounting for the Radial Velocity of Extra-galactic Nebulœ. By
Abbé G. Lemaître.
(Translated by permission from “Annales de la Société scientifique de Bruxelles,”
Tome XLVII, série A, première partie.)
i. Introduction.
According to tbe theory of relativity, a homogeneous universe may
exist such that all positions in space are completely equivalent ; there
is no centre of gravity. The radius of space R is constant ; space is
elliptic, i.e. of uniform positive curvature I/R2 ; straight lines starting
from a point come back to their origin after having travelled a path of
length ttR ; the volume of space has a finite value 7t-2R3 ; straight lines
are closed lines going through the whole space without encountering
any boundary.
. Two solutions have been proposed. That of de Sitter ignores the
existence of matter and supposes its density equal to zero. It leads to
special difficulties of interpretation which will be referred to later, but
it is of extreme interest as explaining quite naturally the observed
receding velocities of extra-galactic nebulæ, as a simple consequence
of the properties of the gravitational field without having to suppose
that we are at a point of the universe distinguished by special properties.
. The other solution is that of Einstein. It pays attention to the
evident fact that the density of matter is not zero, and it leads to a
relation between this density and the radius of the universe. This
relation forecasted the existence of masses enormously greater than any
known at the time. These have since been discovered, the distances
and dimensions of extra-galactic nebulæ having become known. From
Einstein’s formulæ and recent observational data, the radius of the
universe is found to be some hundred times greater than the most
distant objects which can be photographed by our telescopes.
Each theory has its own advantages. One is in agreement with the
observed radial velocities of nebulæ, the other with the existence of
matter, giving a satisfactory relation between the radius and the mass
of the universe. It seems desirable to find an intermediate solution
which could combine the advantages of both.
.At first sight, such an intermediate solution does not appear to
exist. A static gravitational field for a uniform distribution of matter
without internal stress has only two solutions, that of Einstein and that
of de Sitter. De Sitter’s universe is empty, that of Einstein has been
described as “ containing as much matter as it can contain.” It is
remarkable that the theory can provide no mean between these two
extremes.
The solution of the paradox is that de Sitter’s solution does not
really meet all the requirements of the problem. Space is homogeneous
with constant positive curvature ; space-time is also homogeneous, for
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all events are perfectly equivalent. But the partition of space-time
into space and time disturbs the homogeneity. The co-ordinates used
introduce a centre. A particle at rest at the centre of space describes
a geodesic of the universe ; a particle at rest otherwhere than at the
centre does not describe a geodesic. The co-ordinates chosen destroy
the homogeneity and produce the paradoxical results which appear at
the so-called “ horizon ” of the centre. When we use co-ordinates and
a corresponding partition of space and time of such a kind as to preserve
the homogeneity of the universe, the field is found to be no longer
static ; the universe becomes of the same form as that of Einstein, with
a radius no longer constant but varying with the time according to a
particular law.
In order to find a solution combining the advantages of those of
Einstein and de Sitter, we are led to consider an Einstein universe
where the radius of space or of the universe is allowed to vary in an
arbitrary way.
2. Einstein Universe of Variable Radius. Field Equations.
Conservation of Energy.
As in Einstein’s solution, we liken the universe to a rarefied gas
whose molecules are the extra-galactic nebulæ. We suppose them so
numerous that a volume small in comparison with the universe as
a whole contains enough nebulæ to allow us to speak of the density
of matter. We ignore the possible influence of local condensations.
Furthermore, we suppose that the nebulæ are uniformly distributed so
that the density does not depend on position. When the radius of the
universe varies in an arbitrary way, the density, uniform in space,
varies with time. Furthermore, there are generally interior stresses,
which, in order to preserve the homogeneity, must reduce to a simple
pressure, uniform in space and variable with time. The pressure, being
two-thirds of the kinetic energy of the “ molecules,” is negligible with
respect to the energy associated with matter ; the same can be said of
interior stresses in nebulæ or in stars belonging to them. We are thus
led to put p — o.
Nevertheless it might be necessary to take into account the radiationpressure of electromagnetic energy travelling through space ; this
energy is weak but it is evenly distributed through the whole of space
and might afiord a notable contribution to the mean energy. We shall
thus keep the pressure p in the general equations as the mean radiationpressure of light, but we shall write p = o when we discuss the application to astronomy.
We denote the density of total energy by p, the density of radiation
energy by 3p, and the density of the energy condensed in matter by
8 = p — ip. We identify p and — p with the components T44 and
Tj1 = T22 = T33 of the material energy tensor, and 8 with T. Working
out the contracted Biemann tensor for a universe with a line-element
given by
ds2, = — B.2cfo-2 + dfi,
.
.
.
.
(1)
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where da is the elementary distance in a space of radins unity, and R
is a function of the time t, we find that the field equations can be written
R'2
3^2

3
jpi

K

^

p

•

♦

•

(2)

and
R'2

R"
2

R

+

i

2 +

R

,
2

R

~ ^

^

^

Accents denote derivatives with respect to t. X is the unknown cosmological constant, and k is the Einstein constant whose value is 1 *87 . io~27
in C.G.S. units (877 in natural units).
The four identities giving the expression of the conservation of
momentum and of energy reduce to
§+^(p+í>) = °
which is the energy equation.
V = 772R3 it can be written

....

This equation can replace (3).

d(Yp) + pdY = o,

.

.

.

.

(4)
As
(5)

showing that the variation of total energy plus the work done hy radiationpressure in the dilatation of the universe is equal to zero.
3. Universe of Constant Mass.
If M = VS remains constant, we write, a being a constant,
(6)
As
p = S + 3£>
we have
3d(_pR3) + 3^R2dR = o

(7)

and, ß being a constant of integration,
ß
^ = R4 •

(8)

•

and therefore
_

a,

Kp

3^

3 +

R

R4

À

I

(9)

By substitution in (2) we have
R'2 _ À
2

=

R

3

i
-

Kp
2 +

R

a

+ ß
3R3 ‘ R4

7 ~ 3 ~ R*

(10)

and
t

=

ÆR
AR2
3

,
1 +

«
3®

j8
+

(ii)

R2
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When a and ß vanish, we obtain the de Sitter solution in Lanczos’s
form—
(12)

E =
The Einstein solution is found by making ß = o and E constant.
Writing E' = E" = o in (2) and (3) we find
_3_
E2

X+ Kp

or
kS

Vx
and from (6)

R2

a = k8W = —7=.
VX

•

(13)

•

(H)

The Einstein solution does not result from ( 14) alone ; it also supposes,
that the initial value of E' is zero. If we write
A =

Ko2 ’

•

(iS>

•

(16)

we have for ß = o and a = 2E0
dH
« - R0V3jE_

R

RoVr+2r0

'

For this solution the two equations (13) are of course no longer valid.
Writing
k8

we have from (14) and (15)

Re2

E3 == Ee2E0

•

(i7>

.

(i8>

The value of Ee, the radius of the universe computed from the mean
density by Einstein’s equation (17), has been found by Hubble to be
re = 8*5 x 1028 cm. = 27 x 1010 parsec. .

.

(19)

We shall see later that the value of E0 can be computed from the radial,
velocities of the nebulæ ; E can then be found from (18).
Finally, we shall show that a serious departure from (14) would
lead to consequences not easily acceptable.
4. Doppler Effect due to the Variation of the Radius of the Universe.
From (1) we have for a ray of light
cr

2~

==

f1* dt

(20)

L Ë

where oq and a2 relate to spatial co-ordinates. We suppose that the
light is emitted at the point oq and observed at oq. A ra7
light
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emitted slightly later starts from cr1 at time t± + 8^ and reaches cr2 at
time £2 + S¿2. We have therefore
_ S*i
R2

8^2 _

=

Rx

0,

_ Rg
1

8*!

(21)

“ Rx

where Rj and R2 are the values of the radius R at the time of emission
and at the time of observation ¿2. If 8^ is the period of the emitted
light, S*2 is the period of the observed light. Now 8*! is also the period
of light emitted under the same conditions in the neighbourhood of the
observer, because the period of light emitted under the same physical
conditions has the same value everywhere when reckoned in proper
time. Therefore
v _ S¿2_
_ R2
(22)
1
c ~
~
“ R^
is the apparent Doppler effect due to the variation of the radius of the
universe. It equals the ratio of the radii of the universe at the instants of
observation and emission, diminished by unity.
v is that velocity of the observer which would produce the same
effect. When the light source is near enough, we have the approximate
formulæ
v
R2 — Rj
R'
R'
C - ~RT~ = IT = Rdi = Rr
where r is the distance of the source.

We have therefore
1
cr '

R

(23>

From a discussion of available data, we adopt
Rr
— = o*68 x io-27 cm.-1
xi

(24)

and find from (16)
R'
(25)
where
y - R

(26)

‘

Now from (18) and (26)
R02 = ReY
and therefore

/R'\2

(27)

.

1 — 3»/2 + z«/3

3VRyRE

=

—f—

(28)

•

With the adopted numerical data (24) and (19), we have.
u — 0*0465
giving
R = ReVí/ = o*2i5RE = 1*83 x io28 cm. = 6 x xo9 parsecs.
R0 = Ri/ = Re^ = 8*5 x io26 cm. = 2*7 x io8 parsecs.
= 9 x io8 light-years.
34
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Integral (16) can easily be computed.
x.2 _

Writing

E

(29)

E + 2E0

it can be written
4-x2dx

t —

x2)(sx2 - 1)
V3Z= R0V 3 log ^ + E0 log
I — X
V~ix +

+ c

(30)

if a is the fraction of the radius of the universe travelled by light during
time t, we have also
dt

=log^Hi + C'

= 'r =

3* -

1

(31)

Vix + i

The following table gives values of a and t for different values of
R/Rq :
Table.—Values of o and L
K
1
2

ÏC
I

15
20

~4'3
-3*42
-2*86
-2*45
— I‘2I
-0*50
0*00

25
00

°'39
00

3
4
5
10

Badiana
— 00
-0*889
-0-521
-0*359
—0*266
-0*087
—0*029
0*000
0-017
0-087

Degrees.
— 00
“Si
-30
- 21
“IS
- 5
- 1-7
o-o
i

V
c
19
9
5Í
4
3
I
-5-1

5

The constants of integration are adjusted to make a and t vanish for
E/E0 = 20 in place of 21*5. The last column gives the Doppler effect
computed from (22).
The approximate formula (23) would make
v/c proportional to r and thus to a. The error is only 0*005 for v/c = 1.
The approximate formula may therefore be used within the limits of
the visible spectrum.
5. The-Meaning of Equation (14).
The relation (14) between the two constants À and a has been
adopted following Einötein’s solution. It is the necessary condition
that the quartic under the radical in (11) may have a double root E0
giving on integration a logarithmic term. For simple roots, integration
would give a square root, corresponding to a minimum of E as in de
Sitter’s solution (12). This minimum would generally occur at time
of the order of E0, say 109 years^.e. quite recently for stellar evolution.
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If the positive roots were to become imaginary, the radius would vary
from zero upwards, the variation slowing down in the neighbourhood
of the modulus of the imaginary roots. In both cases the time of
variation of E in the same sense would be of the order of R0 if the
relation between À and a were seriously different from (14).
6. Conclusion,

i

We have found a solution such that
(i°) The mass of the universe is a constant related to the cosmological constant by Einstein’s relation
27T2 _
kM

I
R0*

(20) The radius of the universe increases without limit from an
asymptotic value R0 for ¿ = — 00.
(30) The receding velocities of extragalactic nebulæ are a cosmical
effect of the expansion of the universe. The initial radius R0
can be computed by formulae (24) and (25) or by the approximate formula
rc
R0
w/3
’ This solution combines the advantages of the Einstein and de Sitter
solutions.
Note that the largest part of the universe is for ever out of our reach.
' The range of the 100-inch Mount Wilson telescope is estimated by
. Hubble to be 5 x 107 parsecs, or about R/200. The corresponding
. Doppler effect is 3000 km./sec. Eor a distance of o-oS/R it is equal to
unity, and the whole visible spectrum is displaced into the infra-red. It
is impossible to see ghost-images of nebulæ or suns, as even if there were
1
no absorption these images would be displaced by several octaves into
the infra-red and would not be observed..
It remains to find the cause of the expansion of the universe.
; We have seen that the pressure of radiation does work during the
expansion. This seems to suggest that the expansion has been set up
by the radiation itself. In a static universe fight emitted by matter
travels round space, comes back to its starting-point, and accumulates
indefinitely. It seems that this may be the origin of the velocity of
expansion R'/R which Einstein assumed to be zero and which in our
;; interpretation is observed as the radial velocity of extra-galactic
;
nebulæ.
'■i'
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The Expanding Universe.

By Abbé G. Lemaître.

{Communicated by Sir A. S. Eddington.)
I. Introduction.
Eddington has suggested that the expansion of a universe in
equilibrium may be started by the formation of condensations. A
preliminary investigation by W. H. McCrea and G. C. McVittie seems
to point out an effect of opposite sense according to the nature of the
condensations.* I find that the formation of condensations and the
degree of concentration of these condensations have no effect whatever
on the equilibrium of the universe. Nevertheless, the expansion of the
universe is due to an effect very closely related to the formation of
condensations, which may be named the “ stagnation ” of the universe.
When there is no condensation, the energy, or at least a notable part
of it, may be able to wander freely through the universe. When
condensations are formed this free kinetic energy has a chance to be
captured by the condensations and then to remain bound to them.
That is what I mean by a “ stagnation ” of the world—a diminution
of the exchanges of energy between distant parts of it.
In order to investigate the effect of condensations in a universe
homogeneous in the mean, I consider a definite condensation of supposed
spherical symmetry, and I average the outside condensations so that
they also may be thought of as having spherical symmetry. The
condensation under investigation is limited by a spherical shell which
is the neutral zone between it and neighbouring condensations ; a
point on this neutral zone is not more within the gravitational influence
of the interior condensation than of the condensations outside. The
expansion of the neutral zone gives a measure of the expansion of the
* Sir A. S. Eddington, M.N., 90, 668, 1930; W. H. McCrea and G. C. McVittie,
M.N., 91, 128, 1930; G. C. McVittie, M.N., 91, 274, 1931.
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