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ASTROPHYSICS

A history of violence: How mergers are rewriting the Milky Way's past

Vasily Belokurov, University of Cambridge, UK
Amina Helmi, University of Groningen, The Netherlands
Rodrigo Ibata, CNRS and University of Strasbourg, France  [HE KAVLI PRIZE 2026

Vasily Belokurov, Amina Helmi and Rodrigo Ibata
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Heavens. By William
Herschel, Esq. F. R. S.
Philosophical
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Royal Society of
London, Vol. 75. (1785),
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Source: Kapteyn's Universe from his 1922
publication of his photographic star count survey.
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PERIODS OF 25 VARIABLE STARS IN THE SMALL MAGELLANIC
CLOUD.

The following statement regarding the periods of 25 variable stars in the
Small Magellanic Cloud has been prepared by Miss Leavitt.

A Catalogue of 1777 variable stars in the two Magellanic Clouds is given
in H.A. 60, No. 4. The measurement and discussion of these objects present
problems of unusual difficulty, on account of the large area covered by the
two regions, the extremely crowded distribution of the stars contained in
them, the faintness of the variables, and the shortness of their periods. As
many of them never become brighter than the fifteenth magnitude, while very
few exceed the thirteenth magnitude at maximum, long exposures are neces-
sary, and the number of available photographs is small. The determination
of absolute magnitudes for widely separated sequences of comparison stars of
this degree of faintness may not be satisfactorily completed for some time to
come. With the adoption of an absolute seale of magnitudes for stars in the
North Polar Sequence, however, the way is open for such a determination.

Fifty-nine of the variables in the Small Magellanic Cloud were measured
in 1904, using a provisional scale of magnitudes, and the periods of seventeen
of them were published in H.A. 60, No. 4, Table VI. They resemble the
variables found in globular clusters, diminishing slowly in brightness, remaining
near minimum for the greater part of the time, and increasing very rapidly
to a brief maximum. Table I gives all the periods which have been deter-
mined thus far, 25 in number, arranged in the order of their length. The
first five columns contain the Harvard Number, the brightness at maximum
and at minimum as read from the light curve, the epoch expressed in days
following J.D. 2,410,000, and the length of the period expressed in days. The _%W %tﬂ: . Hﬁﬁ . Ej]iﬁfl;% . 1868-1921
Harvard Numbers in the first column are placed in Italics, when the period H ’ Mo
has not been published hitherto. A remarkable relation between the bright-

ness of these variables and the length of their periods will be noticed. In 'ﬁ'-}\
H.A. 60, No. 4, attention was called to the fact that the brighter variables A ki !_'l:/ \—l‘r = ” N 14 % ‘?ﬁ
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The Shapley - Curtis Debate in 1920

B - YEF]: 1985-1972

C19144E X AR HT i L B2 b
Willson KX EHFF R )

.i\ v/\

Harlow Shapley Heber D Cuis %'fﬂ [ ] ﬁ%%: 1872—1942

:I:: .
The Scale of the Universe ﬁlﬁgggigf' Je B R L Bl

What the Great Debate was, how it was resolved, and why it was important.
A subjective abstract in three short paragraphs.

Published version of the 'Great Debate.' This is a reprint of the texts of Great Debate published in 1921 in the Bulletin of the National Research Council |
The 'Great Debate:' What Really Happened by Michael Hoskin, editor of the Journal for the History of Astronomy. This is a reprint of an article appearir
"The 1920 Shapley-Curtis Discussion: Background, Issues, And Outcome”. This excellent review of the historical context, personalities, and scientific is
A long bibliography for the 1920 Great Debate. This collection of over one hundred articles and books was compiled by Robert W. Smith, a historian we
A short bibliography for the 1920 Great Debate. Five key books and articles about the Great Debate.

A lesson plan for teaching undergraduates about the Great Debate. The lesson plan consists of an outline, a lecture, suggested classroom uses for the plar

A Glossary of terms used in the Great Debate.  Nittps://apod.nasa.gov/diamond jubilee/debate20.html

10.30 a. m.—12:30 p. m.

2.00 p. m,—4.30 p. m.

8.15 p. m.

9.30 p. m.

MONDAY, APRIL 26

MORNING SESSION

Joux M. Crarke: Conservation of natural resources as a
proper function of the National Academy. (15 minutes.)

Ravymoxp Pearn: On the rate of growth of the population
of the United States since 1790 and its mathematical
expression (illustrated). (15 minutes.)

Franz Boas: Growth and development as determined by
environmental influences. (15 mmulc«)

Cuarres B. Davexrorr: Plural births in man (illustrated).
(12 minutes.)

Samuer J. Merrzer: The importance of the presence of
both sympathetic superior cervical ganglia to the main-
tenance of life; and their possible relations to respiratory
discases. (15 minutes.)

Crartes D. Warcorr: Structure of Marrella and allied
Middle Cambrian crustaceans. (15 minutes.)

JamEs R. Axceun: ‘The National Research Council (illus-
trated). (20 minutes.)

ROBERT M. YERKES (introduced by E. L. Thorndike): A
psychological study of the medical officers in the Army.
(15 minutes.)

AFTERNOON SESSION

Roeerr W. Woon: Spectroscopic phenomena of very long
vacuum tubes (illustrated). (25 minutes.)

L. T. E. TrompsoN, C. N. HickMAN and N. Ri¥roLT (intro-
duced by Arthur G. Webster) : The measurement of small
time intervals and some applications, principally ballistic.
(10 minutes.)

Roperr A. MuLikan: The effect of molecular structure upon
the reflection of molecules from the surface of liquids
and solids (illustrated). (12 minutes.)

Axrraur G. Wessrer: The Springfield rifle and the Leduc
formulae. (5 minutes.)

ARTHUR G. WEBSTER: Some new methods in internal ballistics
of the Springfield rifle. (15 minutes.)

Grorce E. Hate: The 100-inch Hooker telescope of the Mt.

ilson Observatory (illustrated). (15 minutes.)

A. A, MicarLsox: The vertical interferometer.

Preliminary tests in an attempt to measure the diameter of
the stars.

A modification of the Foucault method adapted to long-
distance measurement of the velocity of light (illustrated).
(30 minutes.)

Arrrur G. Wesster: Preliminary measurements on the pres-
sures in the “Onde de Choc.” (15 minutes.)

ARTHUR G. WEBSTER: On the connection of the specific heats
with the equation of state of a gas. (10 minutes).

Epwix Ig. Hary: Thermal conductivity of metals. (15 min-
utes.

WirriayM ELLiRY HALE LECTURES. Discussion: The Scaleof
the Universe. Harlow Shapley, Mount Wilson Solar
Observatory, an({ Heber D. Curtis, Lick Observatory.
(mustrated). (open to the public), U. S. National Museum
(main auditorium).

Conversazione. Galleries, U. S. National Museum,
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Why the Great Debate’' Was Important

Although the *Great Debate' is important to different people for different reasons, it is a clear example of humanity once again striving to find its place within the cosmic order. In the debate, Shapley and Curtis
truly argued over the “*Scale of the Universe," as the debate's title suggests. Curtis argued that the Universe is composed of many galaxies like our own, which had been identified by astronomers of his time as
““spiral nebulae". Shapley argued that these ““spiral nebulae" were just nearby gas clouds, and that the Universe was composed of only one big Galaxy. In Shapley's model, our Sun was far from the center of this
Great Universe/Galaxy. In contrast, Curtis placed our Sun near the center of our relatively small Galaxy. Although the fine points of the debate were more numerous and more complicated, each scientist
disagreed with the other on these crucial points.

A partial resolution of the debate came in the mid-1920's. Using the 100 inch Hooker Telescope at Mount Wilson, then the largest telescope in the world, astronomer Edwin Hubble identified Cepheid variable
stars in the Andromeda Galaxy (M31) . These stars allowed Hubble to show that the distance to M31 was greater than even Shapley's proposed extent of our Milky Way galaxy. Therefore M31 was a galaxy much
like our own. In the 1930s, the further discovery of interstellar absorption combined with an increased understanding of the distances and distribution of globular clusters ultimately led to the acceptance that the
size of our Milky Way Galaxy had indeed been seriously underestimated and that the Sun was not close to the center. Therefore, Shapley was proved more correct about the size of our Galaxy and the Sun's
location in it, but Curtis was proved correct that our Universe was composed of many more galaxies, and that ““spiral nebulae" were indeed galaxies just like our own.

Another reason the “Great Debate' is important is captured nicely in the book Shu, F., 1982, The Physical Universe, An Introduction to Astronomy, (University Science Books, Mill Valley, California) p. 286: "The
Shapley-Curtis debate makes interesting reading even today. It is important, not only as a historical document, but also as a glimpse into the reasoning processes of eminent scientists engaged in a great
controversy for which the evidence on both sides is fragmentary and partly faulty. This debate illustrates forcefully how tricky it is to pick one's way through the treacherous ground that characterizes research at
the frontiers of science."
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A SPIRAL NEBULA AS A STELLAR SYSTEM,
MESSIER 31"

By EDWIN HUBBLE

ABSTRACT

Material.—The present discussion of M 31 is based on the study of about 350 photo-
graphs taken with the 6o- and 100-inch reflectors, distributed over an interval of about
eighteen years. Two-thirds of the total number were obtained by the writer during the
five years 1923—-1928. Since the image of the nebula is much larger than the usable
fields of the telescopes, alfention was concentrated on four regions centered on (1) the
nucleus, (2) 23’ north following, (3) 17’ south, (4) 48 south preceding the nucleus.
The combined area, with allowance for overlapping, represents about 40 per cent of the
entire nebula.

Resolution.—The outer regions of the spiral arms are partially resolved into swarms
of faint stars, while the nuclear region shows no indications of resolution under any condi-
tions with the 1oo-inch reflector. Intermediate regions show isolated patches where
resolution is pronounced or suggested.

Variables.—Fifty variables have been found, nearly all in the outer regions where
resolution is pronounced. The survey is believed to be fairly exhaustive in the four selected
regions down to 19.0 photographic magnitude. .

Cepheids.—Forty of the variables are known to be Cepheids with periods from 48 days to
10 days and maxima from 18.1 to 19.3 photographic magnitude; one exceptional star varies
from 17.9 to 19.2 in a period of 175 days. The period-luminosity relation is conspicuous,
and the slope is approximately that found among Cepheids in other extra-galactic systems.

Distance of M 31 derived from Cepheid criteria.—Comparisons of period-luminosity
diagrams indicate that M 31 is about 0.1 mag. or 5 per cent more distant than M 33,
and about 8.5 times more distant than the Small Magellanic Cloud. Using Shapley’s
value for the Cloud, we find the distance of M 31 to be 275,000 parsecs.
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Extragalactic nebulae.
Hubble, E. P.
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Galactic center
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BULLETIN OF THE ASTRONOMICAL INSTITUTES
OF THE NETHERLANDS.

1927 April 14 Volume IIL No. 120.

{ 1927BAN. ....3..

COMMUNICATION FROM THE OBSERVATORY AT LEIDEN.

Observational evidence confirming Lindblad’s hypothesis of a rotation of the
galactic system, by 7. /. Oort.
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