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Abstract.

From the beginning of the big-telescope era in American astronomy there has been a California-Michigan Axis of
exchange of astronomers between these two states. Several of the earliest participants in it are identified, and their
careers are briefly described; some of the reasons for which it came into existence and survived are discussed.
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1 INTRODUCTION

Over the years since the beginning of the big-
telescope era in American astronomy, roughly dating
from the completion of the Lick Observatory 91.4-
cm (36-inch) refractor on Mount Hamilton,
California, in 1888, there have been many Michigan
astronomers who went to California to do research,
and many who went the other way too. Both state
Universities had active astronomy programmes, and
this traffic was natural. It was strengthened by
several personal factors, as we shall see.

2 EARLY DAYS

Three early members of the California-Michigan axis
were George Comstock, Martin Schaeberle, and
Sidney Townley, all discussed in another paper in
this issue (Whitesell, 2003). Comstock spent a
summer at Lick Observatory in 1886, even before the
big telescope was completed, and Townley was a
graduate student there for one year in 1891-1892.
Both departed from Mount Hamilton harbouring
strong dislike of the first Lick Director, Edward
Holden, who had failed to follow through on
promises they believed he had made to them. This
was to be a repeating motif throughout his
Directorship. Comstock had expected Holden to
recommend him as his successor as Director at the
University of Wisconsin's Washburn Observatory,
but fumed as he learned that the Lick Director-to-be
had recommended three other astronomers, all more
senior friends, instead. After they all turned it down,
Holden did recommend Comstock, but by then the
hard-working young assistant had already won it on
his own (Osterbrock, 1984:64-65). Townley, on the
other hand, had his meager Phoebe Apperson Hearst
Fellowship terminated after just that one year, when
Holden decided to switch the wealthy University of
California donor's gift to support an eclipse
expedition (Osterbrock et al., 1988:178-180).
Neither one of them trusted him after that, nor
mourned him after he was forced out of his position
less than a decade later after a fight initiated by a
California-Michigan cabal, as we shall see.

3 ARMIN LEUSCHNER

Armin O Leuschner, the first graduate student at Lick
Observatory, and later the founder and long-time
head of the Berkeley Astronomical Department at the
University of California, was born in Detroit in 1868
and completed his undergraduate work at the
University of Michigan. Leuschner was born in a
German-speaking home, and his father, an immigrant
to America, died when Armin was quite young. His
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mother took him back to Germany, where he grew up
in Kassel, attending school and then a Gymnasium
(the German equivalent of an academic junior and
senior high school). Leuschner's mother brought him
back to Detroit in 1886, after his graduation, and as a
native-born American citizen he entered the
University of Michigan. With his Gymnasium
education and knowledge he was far ahead of the
other freshmen in most subjects (though not in
English), and he easily earned his bachelor's degree
in two years. He was especially good in
mathematics, and was already interested in
astronomy (Alter, 1953). Leuschner's teachers were
Schaeberle, then an Acting Assistant Professor, and
Mark Harrington, the Professor of Astronomy and
Director of Detroit Observatory, on the Ann Arbor
campus.

In 1888, just as Leuschner was completing his
undergraduate work, Holden offered Schaeberle a
position at Lick Observatory after Comstock had
declined it, and the Michigan astronomer took it and
was on the scene by 1888 July 1, when the
Observatory officially went into operation as part of
the University of California. Perhaps attracted by the
lure of California and the Wild West, which German
boys of his generation read about avidly in pot-boiler
adventure novels, Leuschner followed him to Mount
Hamilton as Lick Observatory's sole graduate
student. Very probably Leuschner was also keen to
begin research, for all his life he worked assiduously
at it himself, and pushed it whole-heartedly at the
University of California, in astronomy, and later in
all sciences as a senior faculty leader and Dean of the
Graduate School from 1913 to 1923 (Einarsson et al.,
1958:69-72). Harrington, who earlier had taught
mathematics and almost every college subject, and
had been a museum curator for a time, was editing
and publishing a meteorological journal throughout
Leuschner's years in Ann Arbor, and apparently had
never done any research in astronomy. Whatever his
reasons, Leuschner decided to follow Schaeberle to
California in 1888 September rather than to stay in
Michigan with Harrington (Osterbrock, 1984:75-6).

Holden was eager to have graduate students at
Lick and welcomed Leuschner. There were no
formal courses; the plan was that he would work as
an assistant for various astronomers, to learn what
they were doing, and would begin a thesis under
Holden's guidance. = The subject the Director
assigned him was photographic photometry, an
important topic, but Holden had never worked in it
himself, and was incapable of showing Leuschner
what to do, or giving any practical advice on
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methods and techniques. The Lick Director was an
excellent library scientist who had written .and
published some very good review papers, but he had
never done any new, creative research on his own.
Leuschner soon recognized Holden's weaknesses,
and spent an unhappy year at Lick. In his second
year he stayed on the Berkeley campus for the first
semester, taking mathematics courses which he liked,
and some physics too. Then he went back to Mount
Hamilton for the spring and summer but made little
progress. In the fall of 1890 he became a
Mathematics Instructor on the campus, against
Holden's advice, and in the summer of 1891 he
travelled to Harvard, and then on to Germany,
discussing his attempted thesis with Edward
Pickering, Heinrich Vogel, and Julius Scheiner, all
important astrophysicists of that era. Then in 1892
Leuschner was appointed an Assistant Professor of
Mathematics on the campus, and began teaching
astronomy there as part of surveying for civil
engineering  students. Holden hated this
development, for he wanted to be in charge of
astronomy on the campus as well as on the mountain.
He no doubt realized that Leuschner was becoming
more popular than he was in Berkeley. They had
several public quarrels, especially in the context of
class visits to Lick Observatory, shepherded by
Leuschner. He and Holden were both sensitive to
imagined slights, and also quite capable of baiting
each other before the students. When in 1894
Leuschner was named an Assistant Professor of
Astronomy on the campus, their struggles became
fiercer. By now Leuschner had given up on his
original thesis topic. In the summer of 1896 he
married Ida Denicke, the daughter of a wealthy,
important Regent of the University, and the
newlyweds went off to Berlin on a year's leave-of-
absence that Leuschner had been granted in order to
study there (Anonymous, 1896). He then tackled a
whole new thesis on methods for computing the
orbits of recently-discovered comets and asteroids,
his main interest in astronomy, and with credit for
the work he had already done at Lick and Berkeley,
he earned his Ph.D. He returned to Berkeley in the
fall of 1897 just as Ernst Denicke, his father-in-law,
was helping force Holden out of the Lick
Directorship and out of the University of California
(Anonymous, 1897).

Leuschner (Figure 1), promoted to Associate
Professor, began building up a strong Astronomy
Department on the campus. He got along very well
with James Keeler, the Director the Regents chose to
succeed Holden; Leuschner as a graduate student
assistant had worked briefly with him at Lick (where
Keeler had been the staff member who specialized in
spectroscopy until 1891) and later, also briefly, at
Allegheny Observatory in Pittsburgh, where Keeler
had gone as Director from 1891 to 1898. After
Keeler's unexpected death in 1900, Leuschner kept
on good terms with W W Campbell, Robert Aitken
and William Wright (who had been one of his first
students at Berkeley), the successive Lick Directors
until 1938, when "the Chief" formally retired
(Osterbrock, 1990). Over most of those years the UC
graduate astronomy programme, with students
dividing their time between Berkeley and Lick, was
generally considered the best in America (Hughes,
1925). Leuschner, a convinced California-booster,
retained many of his German traits all his life: his
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strong accent; his love of the outdoors, including a

sacrosanct month-long family vacation each year at

his 'camp’, a summer retreat in Tuolome County near
Yosemite; and writing at least one letter a week to
his mother back in Germany. But during World War
I, when anti-German feelings ran high in the United
States, he proved his loyalty to his native land by
applying for and receiving a commission as a Major
in the Chemical Warfare Service, the branch of the
Army that was then closest to science. Leuschner
served for a year and a half, mostly as an organizer
and facilitator in Washington in the National
Research Council, which astrophysicist George
Ellery Hale had brought into being to provide the
science and weapons development programmes the
army and navy needed.

Figure 1. Armin O Leuschner, the young head of the
Berkeley Astronomical Department (1903) (Courtesy of the
Mary Lea Shane Archives of the Lick Observatory).

Leuschner's main interest in astronomy for his
entire life was the calculation of the orbits of the
smaller objects in the solar system, especially by the
method which he had developed and demonstrated in
his 1897 Berlin thesis. He insisted that all the
graduate students in his Department know it well and
use it. Frank Ross, one of his first Ph.D.s, who
actually did his thesis in mathematics, afterward
calculated the orbits for the first 'irregular' satellites
of Saturn and Jupiter (with large eccentricities, high
inclinations, and long periods), soon after they were
discovered by William Pickering at Harvard and by
Charles Perrine at Lick (Nicholson, 1961, Morgan,
1967). Ross was the Chief Assistant to Simon
Newcomb, the 'grim dean of American astronomy' in
Washington and a world authority on celestial
mechanics. After becoming an expert in that field in
his own right, Ross later switched to positional
astronomy and then an optical designer, but
Leuschner preferred his former students who stayed
in celestial mechanics. Every student who passed
through the Berkeley Astronomical Department took
part in at least one race to beat Harvard, Berlin, or
any other astronomical centre in determining the
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orbit of a newly-discovered object (Herget, 1978).
Very soon after Clyde Tombaugh discovered Pluto at
Lowell Observatory in 1930, Ernest Bower and Fred
Whipple, then both graduate students at Berkeley,
calculated the first orbital elements for it. Then,
from the pre-discovery positions of Pluto that were
found using that preliminary orbit, Seth Nicholson
and Nicholas Mayall at Mount Wilson Observatory,
both former Leuschner students, calculated a much-
improved orbit for it, and Bowers then calculated the
definitive orbit as his Ph.D. thesis in 1931
(Osterbrock, 1990).

Leuschner regarded it as natural to hire one of
the best of the graduates of his own Department onto
its faculty whenever a vacancy occurred in it. As a
result, it was heavily weighted toward celestial
mechanics. After he retired as Chairman in 1935, his
first three successors in that office were Tracy
Crawford, Donald Shane and Sturla Einarsson, all
California Ph.D.s. Crawford and Einarsson had done
theses in 'theoretical astronomy', as celestial
mechanics was called at Berkeley, and continued in
the faculty basically as teachers. Shane, who had
done his thesis on stellar spectroscopy at Lick, had
learned and taught himself astrophysics, and he left
Berkeley to become Director of the Observatory after
World War II (Vasilevskis and Osterbrock, 1989).

But Leuscher's heart embraced all astronomy;
he supported all the students he could, especially if
they were good. Lawrence Aller, who was born and
grew up in far Northern California, was taken out of
school and put to work by his father, but ran away
from home and made his way to Berkeley. There
Donald Menzel, then teaching on campus from Lick,
met him and was so impressed by his knowledge of
astronomy and interest in it that he succeeded in
having Aller accepted as a special student at the
University. Leuschner helped young Lawrence get a
scholarship, and in addition hired him as a part-time
gardener at his own home. Aller, a very good
student, earned a bachelor's degree at Berkeley and
took one year of graduate work there before moving
on to Harvard to study astrophysics under Menzel,
who had moved there in 1935. While doing his
Ph.D. thesis on planetary nebulae, and later during
World War II when he was working on the atomic-
bomb project at Berkeley, Aller returned to Mount
Hamilton whenever he could for a few nights of the
nebular observing which he loved (Aller, 1993). He
later became an outstanding theoretical astrophysicist
and a member of the California-Michigan Axis, as a
member of the University of Michigan faculty from
1948 until 1962.

4 WILLIAM WALLACE CAMPBELL

W W Campbell, as he always signed his scientific
papers, the long-time Director of Lick Observatory,
was an important part of the California-Michigan
Axis. He was born in 1862 on a farm in Hancock
County, Ohio, near Fostoria in the north-western part
of the state. He was one of a large family of brothers
and sisters, and his father, who was a skilled
carpenter, died when young Wallace (as he was
always known to his family and close friends
throughout his life) was only four. From then on his
mother had the main responsibility for their farm,
and his sister Isabel, fifteen years older than he was,
took most care of him when he was a little boy. As
soon as he was old enough Wallace began helping
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with the chores, and then in the fields. He was very
bright, especially in mathematics. The young boy
was naturally left-handed at birth, but was made to
learn to write and do other tasks with his right hand;
as a result in adult life he was ambidextrous, for
instance in using tools (Campbell, 1938). Campbell's
heritage was all Scottish and he was proud of it; he
and his wife named their three sons Wallace,
Douglas, and Kenneth, all celebrated names in the
history of Scotland. Many of his closest friends in
later life also tended to have Scottish -names,
including Robert Bruce, a shipping agent in San
Francisco whose services Campbell used extensively.
Later, when the Lick Director had a well-deserved
reputation for keeping a tight rein on the budget, he
boasted of his frugality as a positive Scottish trait,
though many of his staff astronomers who suffered
under it considered him a tightwad (Wright, 1949).

After attending local Hancock County schools,
Campbell entered Fostoria High School and
graduated first in his class, which evidently
numbered only six (Fostoria High School, 1880).
His graduation oration was entitled "Every Man in
His Place", and he had long ago decided that his own
was not on the farm. He disliked the constant,
mindless toil, though he loyally did his share. His
high-school principal recognized his abilities and
urged him to go on to university. First however, he
worked for a year, probably at a job in Fostoria.
Then in 1881, at the age of eighteen, he entered Ohio
State University, but he only lasted for one term
before dropping out and coming home. Probably he
was insufficiently prepared and maybe he was
homesick too. At any rate, he got jobs teaching at
various local schools (in those days such schools
typically only held classes for one term of four to six
weeks, and graduation from high school was
considered plenty of preparation for the teachers),
and undoubtedly studied a lot too.

Then Campbell entered the University of
Michigan, which in Ann Arbor was actually closer to
Fostoria than Ohio State University was in
Columbus. He had registered in the engineering
course, but he did so well in it that he had time
enough to study more mathematics on his own. Then
a book he found in the University library changed his
life in a completely unexpected direction. It was in
the summer of 1885, between his junior and senior
years, when he had accumulated enough money to
stay in Ann Arbor and study rather than returning to
a summer job near home. One day he picked up
Newcomb's book, Popular Astronomy, and found it
so interesting that he checked it out and took it to his
room and read straight through it in two days and
nights, according to his later story. By the time he
reached the end of the book, he knew he wanted to
be an astronomer for the rest of his life. Still
practical however, Campbell kept his major in
engineering but managed to take two additional
courses in astronomy, one based on James Watson's
book on Theoretical Astronomy, very probably
taught by Harrington, the other on William
Chauvenet's Spherical Astronomy, certainly taught
by Schaeberle, with whom he also did some
additional reading in astronomy (Campbell, 1938).
Chauvenet was Holden's father-in-law, illustrating
how small the world of astronomy was at that time.

Upon graduation with his B.S. degree in civil
engineering, Campbell got a job as Professor of
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Mathematics and Astronomy at the fledgling
University of Colorado in Boulder. Perhaps, like
Leuschner, he wanted a taste of the Wild West, but
not quite as far from the University of Michigan as
the younger German-American student had gone. At
that time, and for many years afterwards, astronomy
was considered much more a mathematical subject
than a physical one, and was taught in a department
of mathematics and astronomy almost everywhere.
Campbell's extra reading had paid off for him, and he
taught a lot of mathematics at Boulder, and only a
little astronomy. Then when Schaeberle decided to
leave the University of Michigan for his new
research post at Lick in 1888, Campbell was offered
the job as his replacement back in Ann Arbor as an
Instructor in Astronomy at $900 a year. Eager to
teach in his chosen field with no mathematics
courses, he jumped to accept the offer, even though it
meant a considerably lower salary. The University
of Colorado wanted to keep him and in the end
offered him $2,000 a year to stay. That made it
harder to leave, but he knew he wanted to be an
astronomer, not a mathematics teacher for the rest of
his life in Boulder, so back to Michigan he went.

There Campbell again did very well as a
teacher, but by then he knew he wanted to do
astronomical research, and there was little chance for
that at Detroit Observatory, except to calculate comet
orbits or measure double stars. But he kept in touch
with Schaeberle, and with his recommendation was
permitted to spend the summer of 1890 as a
volunteer Research Assistant at Lick Observatory.
Holden had him work most of that summer with
Keeler, who was then doing his pioneering (visual)
spectroscopic measurements of the radial velocities
of planetary nebulae and the Orion nebula
(Osterbrock, 1984:62-103). Leuschner also worked
with Keeler at times that summer, and these two
assistants must have reminisced about their
respective periods at the University of Michigan,
which had just missed overlapping. But Campbell
was much more interested in spectroscopy than the
younger Leuschner was, and by the end of summer
he had become a real expert in it.

Thus, less than a year later when Keeler
resigned his Lick position to marry and move to
smaller Allegheny Observatory as its Director,
Campbell was the only logical candidate to replace
him as the spectroscopist at Mount Hamilton. He
was one of the few astronomers in the country who
knew anything about the subject, and the only one
who had personal experience with the Lick telescope
and the spectroscope that Keeler had designed.
Campbell (Figure 2) accepted the offer at once and
soon converted the instrument into a photographic
spectrograph, just what Keeler had built for his own
continuing research in Pittsburgh. Photographic
plates had become the detector of choice for
astronomical data-taking, and Campbell and Keeler
both started using them as soon as they could.

Campbell began his own astrophysical research
on planets, nebulae, and stars with the Lick telescope
and spectrograph. He started observing Mars at its
close opposition in 1894, and proved to his own
satisfaction that it had little if any water vapour in its
atmosphere, certainly less than the amount in the
Earth's atmosphere above the high, dry Mount
Hamilton site. However the celebrated German
astronomer Vogel, working with a smaller telescope
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in the damper climate of Potsdam thought he had

(seenswater vapour in the spectrum of the red planet,

and published a note politely questioning the
unknown young American's result. Campbell was
sure he was right (as he was) and struck back hard
(Campbell, 1894a, 1894b). This controversy dragged
on for several years, and from it Campbell developed
a strong distaste not only for Vogel personally, but
also for German professors as a group, whom he
regarded as arrogant, closed-minded and dictatorial.
Though he tried to repress this attitude in their
presence, he never shed this prejudice (Osterbrock,
1984a:248-252).

Figure 2. W W Campbell, in his first year as Director of Lick
Observatory (1901) (Courtesy of the Mary Lea Shane
Archives of the Lick Observatory).

On a much more pleasant note, Campbell had
married Elizabeth Ballard Thompson in 1892
December, and in doing so added another member to
the California-Michigan Axis. He had met his bride
as a student in one of his mathematics classes in
Colorado, which she entered the same year he joined
its faculty. She had been born and grew up in Grand
Rapids, Michigan, where her family were pillars of
the community, her maternal grandfather a liberal
Congregational minister, her father a successful
businessman and investor who was called Colonel
H E Thompson, meaning he had been an officer in
the Civil War, or perhaps in a Michigan militia
regiment. Bessie, as she was known to her family,
friends and husband, had accompanied her mother
and younger brother to Colorado where they lived
several years in a vain attempt to save him from
tuberculosis, a fashionable cure in that age. She
attended the University of Colorado for four years,
received her B.A. in 1890, and then taught
mathematics for a year at Rockford College, a
women's college in Illinois, where her mother had
been a student a generation earlier (Preston, 1985;
Surrey, 1985). Evidently Bessie and Wallace had
corresponded after he left Boulder in 1888, and they
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became engaged in 1891 June when she came to Ann
Arbor, heavily chaperoned, after the Rockford school
year ended (Cheever, 1891; Thompson, 1891). No
doubt they went on to Grand Rapids, where she
stayed with her mother (her father had died) until
Campbell returned for the wedding there just after
Christmas in 1892 (Campbell, 1892). He had kept
his courtship by correspondence secret from even his
closest friends, and had told them he would never
marry, so they were surprised as well as pleased to
learn of his engagement from letters he sent after his
arrival back on Mount Hamilton (Hussey, 1891;
Lehman, 1891). But almost certainly that had been a
pose he adopted to deflect their curiosity, and he had
recognized Miss Thompson as his 'Mrs. Right' while
he was still at Boulder. His new job at Lick
Observatory paid well, a university house on Mount
Hamilton came with it, and the book which he had
written so industriously at the University of
Michigan on practical astronomy for engineering
students would help provide funds for their married
life and future children.

Bessie, who after her marriage always used the
name Elizabeth Ballard Campbell (rather than the
then more conventional Elizabeth Thompson
Campbell, because she did not want to become
'ETC', she always said), proved to be the perfect wife
for the astronomer and future Director, then
University President. She tactfully smoothed out
most of his rough edges, was always friendly,
diplomatic and outgoing with others, and at the same
time was extremely supportive of him. Campbell
became an inveterate organizer of eclipse expeditions
to distant lands, always returning with valuable new
data on the Sun, in the days when a hard-working,
intelligent, part-time solar physicist could still make
important new discoveries (Osterbrock, 1980).
Bessie accompanied him on nearly every one of
these expeditions, at first taking a hand in exposing
plates with a smaller telescope or a spectrograph, and
later taking over as organizer, supervisor, and
provider of all the housekeeping arrangements —
including doling out a medicinal dollop of good
Scotch whisky to Wallace if he became too harried,
apprehensive, and conscious of his own possible
failure during the precious moments of totality
(Campbell, 1903)! As he rose in power and
responsibility at Lick Observatory she became the
gracious hostess to important visiting astronomers,
Regents of the university, and other dignitaries. She
corresponded with Phoebe Apperson Hearst, the
immensely wealthy Regent and financial supporter of
many good causes, including Lick Observatory.
Elizabeth's interests always coincided with Wallace's,
but from a more elevated, wider point of view
(Campbell, 1904).

Campbell's upward course was rapid. As a
research astronomer he published many important
papers on spectroscopy (Wright, 1949). He got
along well with Holden, the first Director, but
gradually began to see flaws in his leadership and his
scientific abilities. In 1897 the faculty revolt in
which Campbell played an important but hidden role,
as we shall see, led to Holden's forced resignation
and departure from Lick Observatory (Osterbrock,
1984b). Keeler, Campbell's mentor and good friend,
came back from Allegheny in 1898 as the new
Director, and rather than compete with him in
spectroscopy, instead took over the Crossley reflector
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which as 'Holden's folly' had triggered the revolt.
With it Keeler blazed a new path of research in
nebular direct photography, which included his
recognition of spiral 'nebulae’ (which we know as
galaxies today) as an important constituent of the
universe (Osterbrock, 1984b:233-329). But he was
ill with heart disease, and probably emphysema or
lung cancer too, and died at an early age after only
two years back on Mount Hamilton. By then,
Campbell had done so much research that he was the
only possible successor to the Directorship. He took
over as Acting Director soon after Keeler's death, and
was named to the full post, effective 1901 January 1,
with no expiration date, and he held it until 1930.

Campbell's most important long-term research
project was the radial-velocity programme which he
conceived and started working toward under Holden,
continued under Keeler, and brought to vigorous
fruition during his own Directorship.  Other
astronomers had measured a few stellar and nebular
radial velocities by the Doppler effect before
Campbell began his programme, but their results
were fragmentary and somewhat contradictory. He
realized it was a very important problem and, with
his engineering approach, designed and built first
one, then a second spectrograph optimized for radial-
velocity measurements and nothing else. He
analyzed each possible source of error and did his
best to eliminate it (Aitken, 1938). Campbell threw
all the resources of the Observatory into it, with a
corps of student assistants observing, measuring
spectrograms, and reducing the measurements to
radial velocities (Osterbrock et al., 1988:130-148).
The results flowed out and they were so impressive
that Newcomb nominated Campbell for the first
Nobel Prize in Physics (Newcomb, 1900, 1901).
Campbell did not get it (Wilhelm Rontgen did, for
his discovery of X-rays), but Newcomb's nomination
indicates the importance this new method of
measuring the radial components of the velocities of
large numbers of stars had to the theorists of his
generation.

The overall result of Campbell's massive radial-
velocity programme was the measured velocities of
thousands of stars of all spectral types all over the
sky (he sent a telescope and observers to Chile to
build an observatory to get the stars that never
peeped above the horizon at Mount Hamilton). One
of the unexpected results was how many stars, until
then believed to be single, turned out actually to be
close 'spectroscopic binaries', moving in orbits about
one another, detected only by the periodic changes of
their radial velocities (Moore, 1939). Perhaps the
most important generalization that Campbell deduced
from this was the systematic correlation of velocity
dispersion (that is, random velocities of the stars)
with spectral type, from the small velocity dispersion
of hot, 'early-type' O and B stars to the large random
velocities of cool, 'late-type' stars. In terms of those
descriptive names, which had been assigned by
earlier astronomers on the basis of an evolutionary
picture of how stars aged, it seemed to show that
stars were formed with small random velocities,
which increased as they aged. Campbell's discovery
was anticipated by the Dutch statistical astronomer,
Jacobus Kapteyn, who first published his results,
based in large part on Lick radial-velocity
measurements, in 1910 (Kapteyn, 1910). Campbell
described the results, which he had found
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