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Abstract. This paper presents a brief biography of Professor Kiyotsugu
Hirayama (1874-1943) who discovered families of asteroids in 1918. This
bibliography includes the background of the period when he lived, and
explains how he discovered the families and developed his ideas.

1. His background

K. Hirayama was born on October 13, 1874 at Sendai, which has been the
largest city in the north-east district of Japan. It was the 7Tth year of Meiji
era (1868-1912) when a Venus transit was observed around Japan in December
and French, U.S. and Mexican astronomers including P. Jansen (1824-1907) and
F. Tisserand (1845-1896), Paris, came to Japan to observe this phenomena. It
was only 19 years after the first treaty between Japan and U.S. was signed. In
fact for more than 200 years before that year it was prohibited for Japanese to go
abroad and for foreigners to come to Japan except for one Dutch boat every year
to come to Nagasaki. Such boats brought books on sciences including astronomy
to Japan, through which Japanese could learn sciences developed in Europe. In
fact scientists were called Dutch scholars those days.

During this period, Tokugawa Shougun (Lord) at Edo (Tokyo) governed
Japan through about 250 feudal lords. On the other hand the emperors had
stayed in Kyoto without any power. In the meantime pro-emperor groups which
intended to turn over Tokugawa Government were grown up and in 1867 the
last Tokugawa Shougun declared to return his power to the emperor and the
new era started. Still battles broke out between the pro-emperor and Tokugawa
forces and continued for a few years. As the lords in north-east district were
generally conservative, they joined the pro-Tokugawa group and were defeated.

The emperor moved to Edo which became the capital under the new name of
Tokyo. Soon after the new Government was established, the educational systems
took form with obligatory primary schools and junior high schools. Also one
university which already existed even in pre-Meiji era in some sense as a school
of Tokugawa Government started its function as the highest school by inviting
several professors from Europe and U.S. and in 1877 it became the University
of Tokyo. In 1878 H. Terao (1855-1923) who finished a course of physics at the
university was sent to France to study celestial mechanics at Paris University
for four years, his teacher there being Tisserand. After he came back to Japan,
he was nominated as the first Japanese professor of astronomy and in 1888 as
the first director of Tokyo Astronomical Observatory which was founded as an
institute of the University of Tokyo.
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K. Hirayama was educated at Sendai up to the age of 20. There he studied
foreign languages and basic science as well as classical Chinese which intellectual
Japanese should have mastered. As many brilliant young boys did, he left Sendai
to enter the University of Tokyo in 1894. It was one of the ways for them,
particularly, those grown up in areas where their feudal lords had been enemies
of the new government, to get good jobs. In fact girls could not study at the
university. He succeeded in the entrance examination, majored astronomy and
graduated it in 1897. Then he started to read Tisserand’s Traité de Mécanique
Céleste in four volumes, which were published in 1888-1897.

When he finished the university, the department of astronomy and the
Tokyo Astronomical Observatory had almost common staff members as well
as a common facility and office building at Azabu, Tokyo. Terao took charge for
the both offices and the major job of the observatory was that of the national
observatory.

In 1888, the first two students graduated from the university majoring in
astronomy. One of them was S. Hirayama (1867-1945) who was sent to Berlin
to study astrophysics and became a professor of astronomy soon after he came
back to Japan. At Azabu he made sky survey, particularly, to map dark areas of
the Milky Way. He also made solar observations routinely. In 1901, by a chance
he discovered the two asteroids, (498) Tokio and (727) Nipponia. However, since
their orbits were determined by assuming that they were circular by using his
observations his name is not listed as the discoverer of the asteroids according
to the IAU regulation. He became the second director of the Tokyo Astronom-
ical Observatory in 1920 and served as a Vice-President of the International
Astronomical Union in 1922-28.

On the other hand K. Hirayama was engaged in latitude observations. In
fact one of the first major jobs for the Tokyo Astronomical Observatory was to
establish the geodetic datum of Japan at Azabu by determining the latitude and
longitude by astronomical observations. For the latitude, its temporal variation
was detected in 1891 and the International Association of Geodesy started an
international observation campaign in 1899 to determine the latitude variation
using five zenith tubes located at 39 degrees latitude around the world, one of
them being at Mizusawa, Japan with H. Kimura (1870-1943) as the director.
Kimura received the gold medal of the Royal Astronomical Society in 1936 for
his discovery of the 2-term in the latitude variation.

K. Hirayama published several papers on latitude observations in Astrono-
mische Nachrichten. In 1906 the Japanese Government sent him to Sakhalin
to determine the 50 degree latitude border between Japan and Russia after
the 1904-05 Japan-Russia War. He was promoted to associate professor of
astronomy in 1906.

The Tokyo Astronomical Observatory also compiled astronomical almanacs
and K. Hirayama was engaged in computing ephemerides of the moon and the
planets. At that time the lunar theory was one of the most exciting topics in
astronomy. In fact E. W. Brown (1866-1938) completed his famous lunar theory
in 1908 and started to work to publish the so-called Brown’s lunar table based
on his theory.

In 1916 Hirayama was sent to U.S. to study celestial mechanics at Yale
University with Brown. In the early 20th century not so many Japanese scientists
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went to U.S. to study, rather most of them went to Europe. At Yale he spent
some time to compute a part of Brown’s lunar table. And during his stay at
Yale his interest was directed to asteroids and he obtained some ideas on families
there. After he came back to Japan, he published his first paper on the families
(1918) and he was promoted to professor in 1920 as Terao retired. He had held
this post for 15 years.

At the university, he gave lectures on general astronomy, practical astron-
omy, celestial mechanics, calendar systems and so on. However, as he had not
been in good health for many years, he did not accept the directorship of the
Observatory. Still Y. Hagihara (1897-1979), one of his students, testified that he
could spend a few hours to give lectures without any break. Since he could easily
read classical Chinese, by reading Chinese and Japanese literatures which were
also written in classical Chinese, he studied history of astronomy and calendar
systems and published a few papers on ancient Chinese and Japanese records of
solar eclipses, Halley’s comet, Leonids meteor shower and the comets of AD 373
and 374.

It should be noticed that for the period 1920-28, the two professors of as-
tronomy at the University of Tokyo, in fact only the two professors working
there, were both named Hirayama. That is a reason why two Hirayamas were
confused with each other even by Japanese science historians. Once a histo-
rian wrote that Hirayama’s work on families could not have much merit as he
discovered only two asteroids. In fact K. Hirayama was not awarded any prize.

He retired from the university at the age of 60 by the age-limit regulation
in 1935 and died in 1943. His obituary by Hagihara was published in the As-
tronomical Herald (in Japanese) (1943) and Monthly Notices of Royal Astron.
Soc. (1947).

2. Families of Asteroids

K. Hirayama went to Yale University to study lunar theory. However, there
Brown suggested to him to take up the problem of asteroid motions and then he
tried to explain why Kirkwood gaps exist in the distribution of asteroids with
respect to the mean motion. He knew that the gaps correspond to places with
mean motions commensurable with that of Jupiter and that only by resonant
actions of Jupiter the gaps could not be explained. Finally he thought that the
gaps were due to resisting medium in the solar system, however, his idea could
not convince Brown.

Then he found some clusterings of asteroids in the three dimensional phase
space (the mean motion, the inclination and the eccentricity). In 1917 there were
790 numbered asteroids and he grouped them into 6 groups according to the
inclinations, 0-4, 4-8, 8-12, 12-16, 16-20 and 20- degrees. Then he grouped by
the same way asteroids in several mean motion regions. There were 37 asteroids
with the daily mean motions between 720” and 740”. And for them the numbers
in the six inclination regions were, respectively, 16, 6, 6, 6, 3 and 0 whereas the
numbers predicted by the distribution of the total asteroids were 7, 10, 9, 6, 3
and 2. In fact there were many more asteroids in this inclination region (0-4
degrees). He also found that in the same mean motion region there were many
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more asteroids in the eccentricity angle region between 0 and 4 degrees than
predicted.

Hirayama plotted the poles of the orbital planes for the 16 asteroids on a
diagram and found that fifteen of them were scattered along a circumference
with the origin at the pole of Jupiter’s orbital plane. He drew a similar diagram
taking the eccentricity and the longitude of perihelion instead of the inclination
and the longitude of the node and found that thirteen of them were also along a
circumference. As he knew that the orbital elements vary with time by secular
perturbations by planets, particularly Jupiter, along the circumferences and the
radii of the circles correspond to the proper inclinations and eccentricities which
are stable as well as the mean motions according to the secular perturbation
theory, he thought that the thirteen asteroids had the same origin and called
the group as Koronis family. The two diagrams for the Koronis family are
reproduced here in Figure 1. He could also identify the two other groups, Eos
(19 members) and Themis (22 members) families, by the same way and he
published the results in the first paper (1918).

Hirayama next started to compute the proper inclinations and eccentricities
for the numbered asteroids. In fact in 1922 and 1927 he published the lists of the
proper elements he computed with an assistant for 1025 asteroids then known.
By using the proper elements he identified new members of the families and even
new families in his 1920 and later papers. The additional families he found are
Maria, Phocaea, Flora and Pallas.

In Table 1 the numbers of the member asteroids he identified as well as
those by Brouwer (1951) for those families and by the author for 5743 numbered
asteroids now known are given. For the Pallas family with very high inclinations
and eccentricities, the numbers of the members found by using non-linear theory
are given in parentheses. It is remarkable that now the total number of asteroids
which belong to the seven families K. Hirayama discovered is more than 30%
of the total numbered asteroids whereas in 1922 it was only 14%. That is, the
percentage of member asteroids have increased very much with the increasing
number of faint asteroids. K. Hirayama noticed that the average brightness of
the family asteroids was fainter by 0.5 magnitude than that of the total ones.

Table 1. Families of asteroids and numbers of member asteroids.

Year 1918 1922 1926 1933 1951 1993
Total Number 790 950 1025 1223 1537 5743
Families ' ' /.

Koronis 13 15 20 23 33 205
Eos 19 23 27 38 58 289
Themis 22 25 32 34 53 353
Maria 13 14 16 17 118
Phocaea 11 21 105
Flora 57 63 81 125 931
Pallas 3(5) 6(9) (27)
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Figure 1. Poles of orbital planes of 13 asteroids of Koronis family
by black dots and the pole of Jupiter’s orbital plane by x on the left
part with other 3 asteroids. And diagram for eccentricities and the
longitudes of the perihelion for the same asteroids on the right part (x
expresses the point of Jupiter and @ the center of the circle). They are
from Hirayama (1918).
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In 1951 Brouwer recomputed the proper elements for 1537 asteroids by using
a high speed computer and by a new theory of the secular perturbations of the
planets. By his work Hirayama’s families were widely known among planetary
scientists. And as the number of the asteroids discovered had been increased
several more papers on asteroid families appeared. This author has noticed
that there were at least two papers, in which the authors mentioned that it was
Brouwer who used the proper elements to identify families and Hirayama used
only osculating elements. However, if one reads Hirayama’s original papers, it is
easy to find that he computed the proper elements and used them for his work.
Even in his first paper (1918), he wrote mathematical expressions for the secular
perturbations to explain what the proper elements were. In fact Brouwer cited
in his paper all the papers by K. Hirayama.

Hirayama’s interests also included the Kirkwood gaps and the asteroid,
Hilda, for which the daily mean motion is 450” and, for which he suggested one
of his students make numerical integrations to find out the behavior of its critical
argument. The student finished the integrations by using a hand-computer for
one period of the libration of the critical argument after K. Hirayama died.

K. Hirayama was a great scientist in early 20th century, when the research
activity in science in Japan was still premature. His work was one of a few
Japanese contributions those days which had high reputation internationally.
In fact G. Chebotarev, formerly director of Institute of Theoretical Astronomy,
Leningrad, told the author that he joined Japan-USSR Friendship Society to
learn much about Japan after he wrote a thesis about the families of asteroids
when he was a student. Still it was a pity that his works had not been highly
recognized in Japan, although his papers have been cited in many literatures
treating asteroid families as well as origins of asteroids and the solar system
even 75 years after they were published.
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