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PREFACE

Tuis book has been prepared at the suggestion of Dr. Harlow
Shapley, Director of the Harvard College Observatory. Indeed,
a similar request had been made several years earlier by Profes-
sor E. C. Pickering, the preceding director. The author has
been associated with the Observatory since 1887 and during
this time has had favorable opportunities to become familiar
with its varied activities. From the limitations imposed by the
size of the volume, little more than an outline of the subjects
presented has been possible. In Section II a discussion is given
of only the more important researches undertaken by the
membersof the Observatory. Anaccountof manyinvestigations
of which no explicit mention is made in this book may be
found by reference to the publications enumerated in Chapter
VI

The author acknowledges the assistance which has been
generously given him by other members of the Observatory
Staff, by Professors Edward S. King and Willard P. Gerrish,
Dr. Willard J. Fisher, Mr. Leon Campbell, Dr. Annie J. Cannon,
Mrs. Doris M. Wills, Miss Constance D. Boyd, and especially
Dr. Cecilia H. Payne and Dr. Harlow Shapley.

S.1. B.

CAMBRIDGE, Mass.,
April, 1931.
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HISTORICAL OUTLINE






THE HISTORY AND WORK
OF THE
HARVARD OBSERVATORY

CHAPTER 1
THE ANCESTRY OF THE HARVARD OBSERVATORY

Tue Harvard Observatory was established by an official
act of the Corporation of Harvard University in October, 183¢.
The first director (who possessed the title of Astronomical
Observer) was appointed at that time and observations were
begun at the end of that year. A number of other astronomical
observatories were founded in the United States in the first
half of the nineteenth century as a result of the general quicken-
ing of scientific interest; but the beginnings of that interest
appeared much earlier, and were intimately connected with
Massachusetts and with Harvard University.

In spite of the difficulty of direct communication with
European centers of thought, an interest in astronomical
science and discovery was by no means lacking in the Massa-
chusetts Bay Colony during the first century after its settle-
ment. European astronomy was still in its childhood; the
Paris Observatory was not founded until 1667, and the Green-
wich Observatory, not until 1675. Galileo died in 1642, the
year of Newton’s birth, and six years after Harvard College
was founded. Newton’s discoveries, though announced during
the last half of the seventeenth century, were not generally
familiar to the scientific world until the beginning of the
eighteenth. The Royal Astronomical Society was not founded
until 1820.

3



4 THE ANCESTRY OF THE HARVARD OBSERVATORY

Foundation of Harvard College.—The Massachusetts
Bay Colony was founded about 1630. It is remarkable that
within its first decade, in 1636, this pioneer colony, by a vote
of its elected representatives, established a college for the educa-
tion of its youth. The college thus founded as a public charge
was early called Harvard College, after John Harvard, its
first private benefactor. It was intended especially to teach
and to perpetuate the religious doctrines of the early settlers.
A liberal spirit, nevertheless, breathed through the official
act.

After God had carried us safe to New England, and we had builded
our houses, provided necessaries for our liveli-hood, rear’d convenient
places for God’s worship, and settled the Civill Government, one of the
next things we longed for, and looked after was to advance learning, and
perpetuate it to Posterity: dreading to leave an illiterate Ministry to the
Churches, when our present Ministers shall lie in the Dust.

The name of the town in which the college was placed was
changed from Newtown to Cambridge in 1638. Instruction
was begun in the same year, the first building having been
erected in 1637. For a long time the faculty of the College
consisted of a president and two or three tutors; yet even
in those early days astronomy was held in considerable esteem.
In 1642, the year of the first Commencement ceremonies,
according to “The Laws, Liberties and Orders of Harvard
College,” it was declared that:

10. Every Scholar that giveth up in writing a synopsis or summary of
Logic, Natural and Moral Philosophy, Arithmetic, Geometry, and
Astronomy, and is ready to defend his theses or positions, withal skilled
in the originals as aforesaid, and still continues honest and studious, at
any public act after trial, he shall be capable of the second degree, of
Master of Arts.!

Astronomy was not required for the lower degree of bachelor.
During the first century after its foundation, the struggle

and poverty of a pioneer community had their inevitable effects

on the life of the College, which was dependent, in large part,

1 Josiah Quincy, History of Harvard University, 1, 517, 1840.



EARLY ASTRONOMY IN MASSACHUSETTS S

on special state grants for its equipment and maintenance.
In addition to these difficulties there was almost continuous
dissension between the deep but narrow and dominating reli-
gious spirit of the times, and the more liberal element which
was never lacking. As President Quincy says: “Of all per-
secutors, politicians whose power depends upon a display of
religious zeal, are naturally the most bitter.”?

Early Astronomy in Massachusetts.—Such an atmos-
phere was evidently none too favorable for the pursuit of
astronomical science. Something was nevertheless attempted,
and real contributions to science were made by such men as
Thomas Brattle. Bornin 1657, he was graduated from Harvard
College in 1676, and was Treasurer of the College for 20 years.
He was distinguished among his contemporaries for his scientific
attainments:

Bailey in his supplement to the account of Flamsteed, states, that
“Mr. Thomas Brattle, of Boston in New England, is the anonymous
person alluded to by Newton, in his Principia, as having made such good
observations on the comet of 1680.”3:¢

Mr. Brattle also observed the solar eclipse of June, 1694,
and the lunar eclipses of February, 1700, and December,
1703.5 Among the transactions of the Royal Society of London
is a communication entitled ‘“Observatio Eclipsis Lunaris
peracta Bostonii Novanglorum, die quinto Aprilis, Vespere,
A. D. 1707, a Tho. Brattle.”® William Brattle, son of Thomas
Brattle, was a Fellow of the Royal Society of London, and, like
his father, a man of scientific tastes.

Although astronomy appears to have been taught since the
beginning of instruction at Harvard College, a professorship
of mathematics and natural philosophy was first established

2 Ibid., p. 335.

3 Ibid., p. 412. By ‘ Bailey,” Francis Baily is meant.

4 Newton, Philosophiae Naturalis Principia Mathematica (Geneva Edition),
3, 633, 634, 635, 638, 1742.

8 Phil. Trans. Roy. Soc. (abridged), s, 148, 1704.

¢ Ibid., s, 379, 1707.
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there in 1727, through the generosity of Mr. Thomas Hollis.
The first appointment to this professorship seems to have been
an unfortunate one, but in 1738 John Winthrop, friend of
Benjamin Franklin, able scientist, and lover of astronomy,
was chosen for the position. Two years later he communicated
to the Royal Society of London a paper entitled ‘“Observations
of the Transit of Mercury over the Sun.”” These observations
were published in the Transactions® and were favorably noticed
in the Memoirs of the Royal Academy of Arts and Sciences at
Paris.

The Venus Expedition of 1761.—Observations of the tran-
sit of Venus in 1761 were desired, and

Professor Winthrop was inspired with an intense desire to assist in
accomplishing this important object; and, as the transit was not visible
in the latitude of New England, he determined, if possible, to observe it
from Newfoundland. He therefore addressed a memorial to Governor
Bernard, who, entering cordially into his views, by a special message on
the subject, obtained from the Massachusetts Legislature leave to place
the Province sloop at his service for this purpose.?

The plan was carried out successfully. Professor Winthrop,
with such apparatus suitable to his purpose as was in the
possession of the College, went to Newfoundland and observed
the transit on June 6, 1761. The expedition is worthy of
special attention, since it shows that astronomical interest was
strong in Massachusetts even at this early date.

The transit of 1769 was also observed by Winthrop, who was
doubtless placed at some disadvantage by the disastrous fire
of 1764, referred to on page 7. This transit was visible, however,
over the eastern United States and was well observed in
Pennsylvania by Rittenhouse and others. Although Ritten-
house lacked the early educational and social advantages of
Winthrop, his native genius and his modesty brought him a
wide reputation, and the friendship of Washington, Franklin,

7 Josiah Quincy, op. cit., 2, 25.

8 Phil. Trans. Roy. Soc. (abridged), 8, 713, 1743.
9 Josiah Quincy, op. cit., 2, 22.



CAREER OF JOHN WINTHROP 7

and other eminent men of the day. He was eighteen years
younger than Winthrop. Although both astronomers were
members of the American Philosophical Society of Philadelphia,
they appear to have been but slightly acquainted, and little
correspondence passed between them.

Career of John Winthrop.—Winthrop has been called the
first American astronomer. Belonging to one of the oldest and
most prominent families in New England, he enjoyed the best
social and educational advantages that Massachusetts could
offer. The duties of his professorship occupied the greater
part of his time, but he took part in many scientific investiga-
tions in mathematics, meteorology, and geodesy, as well as in
astronomy. He made no great discoveries but he gained a
wide reputation both in this country and abroad. He was
elected a Fellow of the Royal Society in 1765, and member of
the American Philosophical Society in 1768. He received
the degree of LL.D. from Edinburgh in 1771, and from Harvard
in 1773, the first time that degree had been awarded at Harvard
University. Winthrop died in 1779 at the age of sixty-five
years.

Under Winthrop’s guidance, scientific observation and the
teaching of astronomy at Harvard attained real importance.
Both, however, were seriously retarded by the disastrous fire
that consumed Harvard Hall and all the instruments it con-
tained on the night of January 24, 1764.

For Astronomy, we had before been supplied with telescopes of different
lengths; one of 24 feet; and a brass quadrant of 2 feet radius, carrying a
telescope of a greater length, which formerly belonged to the celebrated
Dr. Halley. We had also the most useful instruments for dialling; and,
for surveying, a brass semi-circle with plain sights and magnetic needle.
Also, a curious Telescope, with a complete apparatus for taking differences
of level . . . [list of several donors] . .. From these gentlemen we
received fine reflecting telescopes of different magnifying powers, and
adapted to different obscrvations; Microscopes of the several sorts now
in use; Hadley’s quadrant, fitted in a new manner; a nice variation com-
pass, and dipping needle; with instruments for the several magnetical
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and electrical experiments,—all new and of excellent workmanship.—AZ
destroyed!*®

Foundation of The American Academy.—The American
Academy of Arts and Sciences was founded in 1780, while
the American Revolution was in progress. In 1785, the first
volume of the Memoirs was published. On page viii of the
Preface the editor states that:

The Astronomical and mathematical papers in the volume will, per-
haps, be the least entertaining of any in the collection, and will have the
smallest number of readers. However, they are useful in such a work.
Few, if any of them, contain deep speculations and abstruse researches
and calculations; but they are chiefly of the practical kind . . . These,
and all other mathematical pieces will be gratefully received, and due
attention paid to them by this body.

The volume contains 14 astronomical papers, which deal with
the determination of the difference in longitude between
Harvard Hall and Greenwich, the latitude of Cambridge,
the transit of Mercury in 1782, the solar eclipse of 1780, and
various other subjects. For many years astronomy had
evidently received much attention in Boston and the vicinity,
and especially at Harvard College. Of special significance
is the paper by Reverend Joseph Willard, President of Harvard
University, entitled “A Memoir Containing Observations
of a Solar Eclipse, October 27, 1780, made at Beverly; also,
of a Lunar Eclipse, March 29, 1782, of a Solar Eclipse, April 12,
and of the Transit of Mercury over the Sun’s Disc, Novem-
ber 12, the same year, made at the President’s House in
Cambridge.”!!

The Harvard Eclipse Expedition of 1780.—In May, 1780,
Reverend Samuel Williams was installed Hollis Professor of
Mathematics and Natural Philosophy. A paper by him
appears in the first volume of the Memoirs, giving an account
of his various astronomical observations made from 1761 to
1784. The paper includes a description of the solar eclipse of

10 I'bid., p. 483.
11 Mem. Amer. Acad., 1, 129, 1785
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THE HARVARD ECLIPSE EXPEDITION OF 1780 9

1780, already mentioned, as observed by him at Penobscot
Bay in the present State of Maine, then a part of Massachusetts.
The Colonies were at this time at war with Great Britain, but,
for the second time in the history of Massachusetts a public
subsidy of the eclipse expedition bore witness to the value
that was placed upon astronomical observation. In regard
to this expedition Professor Williams states:

A favorable opportunity for viewing one of these eclipses occurring on
October 27, 1780, the American Academy of Arts and Sciences, and the
University at Cambridge, werc desirous to have it properly observed in
the eastern part of the State, where, by calculation, it was expected it
would be total. With this view they solicited the Government of the Com-
monwealth, that a vessel might be prepared to convey proper observers
to Penobscot-Bay; and that application might be made to the officer
who commanded the British garrison there, for leave to take a situation
convenient for the purpose. Though involved in all the calamities and
distresses of a severe war, the Government discovered all the attention
and readiness to promote the cause of science, which could have been
expected in the most peaceable and prosperous times; and passed a
resolve, directing the Board of War to fit out the Lincoln Galley to convey
me to Penobscot, or any other part at the eastward, with such assistants
as I should judge necessary.!?

There was evidently much enthusiasm for the expedition,
and volunteers were numerous. Professor Williams selected
as his assistants Professor Sewall, Mr. Winthrop (librarian),
Mzr. Vernon (a graduate), and Messrs. Atkinson, Davis, Hall,
Dawson, Rensselaer, and King, students in the College.

Although the British officer in command at Penobscot
Bay permitted the expedition to land, he imposed time limits
which were so brief as to afford small opportunity for preparing
the camp or for determining its position. The position of
the site was incorrectly given on the maps of the time, so that
an error of half a degree was made in its selection, and the
eclipse therefore appeared not quite total. Professor Williams
deserves no discredit for the error, and he seems to have made
the best of very difficult circumstances.

12 Ibid., p. 86.
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Bowditch and Sumner.—The active and widely extended
interest in astronomical problems, long present in Massa-
chusetts, bore witness to the enduring influence of the large
element of University graduates among the early colonists.
An immense impetus to the scientific development of the colony
was also given by a few men of genius. Benjamin Franklin
and Benjamin Thompson (Count Rumford) were born in
Massachusetts and passed their eailiest years here, and their
influence cannot have failed to foster a broader scientificoutlook.

Among those in Massachusetts whose influence was greatest
in the development of mathematics and astronomy, and in the
establishment of the Harvard Observatory, was Nathaniel
Bowditch (1773 to 1838). He was born in humble circum-
stances, of New England stock, had few educational advantages
in youth, and was almost entirely self-taught. While young
he made five sea voyages, during which he devoted every spare
moment to study. His enthusiasm was contagious—on one
ship every sailor, and even the cook, learned the art of naviga-
tion and could determine the position of the vessel with sufficient
precision.

Bowditch was the author of many astronomical papers, in
addition to his famous “New American Practical Navigator,”
and his translation of the ‘“Mécanique Céleste” of Laplace.
Of this translation Legendre wrote, in 1832: “Your work is
not merely a translation with a commentary; I regard it as a
new edition, augmented and improved, and such as might
have come from the hand of the author himself.”

Bowditch gained an international reputation in astronomy
and was deeply interested in the development of the science,
especially at Harvard. He was offered the position of Hollis
Professor of Mathematics and Natural Philosophy in 1806;
he also received flattering offers from different parts of the
country, all of which he declined. Harvard University con-
ferred on him the degree of LL.D. in 1816.

Another name prominent in the history of navigation
is that of Captain Thomas H. Sumner, an American shipmaster.
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In 1843, Sumner published at Boston ‘““A New and Accurate
Method of Finding a Ship’s Position at Sea.” The discovery
of this method proved to be of incalculable value to navigation.
Its essential feature consisted in the proof that a single observa-
tion of the sun’s altitude determines the ship’s position as
somewhere on a line—the ‘“Sumner line”’—whose direction
is readily determined. (This line is really a part of the so-called
“circle of position,” but for convenience may be regarded as a
straight line at any point.) In America, Sumner’s method
received the unqualified approval of Benjamin Peirce, and in
Europe, that of Lord Kelvin and others. A similar method
had already been tried, it is claimed, by officers of the British
Navy, but even if the claim is justified, the method remained
of little use until it had been simplified and made practical
by Sumner. The details of this method were later considerably
modified.

The Harvard Observatory First Planned.—John Quincy
Adams, sixth President of the United States, was highly
influential in bringing about the establishment of the Harvard
Observatory. He also aided greatly in the development of
astronomy elsewhere, especially in forwarding the foundation
of the National Observatory at Washington, and in the dedica-
tion of the Cincinnati Observatory founded by General O.
M. Mitchel and built by the citizens of that city. To Josiah
Quincy, President of the University from 1829 to 1845, should
be given equal honor, as will be seen in subsequent pages.

The remarkable interest in astronomy, so well indicated
by the establishment of many observatories in America in
the first half of the nineteenth century, was fostered by the
great and even spectacular events and discoveries of the time.
Uranus was discovered in 1781, and was an object of great
popular as well as scientific interest. Neptune was not found
until 1846, by the labors of Leverrier. and Adam., but the
nature of the problem involved was by no means original with
them, and had been in the minds of astronomers for more than
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20years. Several satellites, or moons, had also been discovered
in the solar system; four minor planets were discovered early
in the nineteenth century; comets of great brilliancy, especially
Halley’s comet at the return of 1835, fanned the public interest;
the meteor shower of 1833 was a most spectacular event.
The total eclipse of the sun in 1806 was the means of turning
the life of William Cranch Bond into astronomical lines. The
first authoritative determination of the distance of a star was
made in 1837 for 61 Cygni. These various events made a
strong appeal to all intelligent men.

Just when the idea was first conceived of establishing an
astronomical observatory for Harvard University cannot be
determined with certainty. It was probably not later than
the closing years of the eighteenth century, for:

As early as the year 1805, we find Mr. John Lowell, at that time residing
in Paris, consulting with the French astronomer, Delambre, on the subject
of astronomical observatories, and procuring from him written instructions
in regard to suitable buildings and instruments. The information thus
gathered was transmitted to Mr. Webber, at that time Hollis Professor
of Mathematics and Natural Philosophy in Harvard College, from which
we conclude that the purpose of erecting an observatory was then under
serious consideration by friends of the College. It does not appear,
however, that any official action was taken upon the subject at that time.
It was ten years later that the Corporation adopted active measures for
the promotion of this object, when, at a meeting of the President and
Fellows, held May 1oth, 1815, present, the President [Dr. Kirkland], Dr.
Lathrop, Hon. Christopher Gore, Judge Davis, Hon. John Lowell, Judge
Phillips,—it was ““ Voted, That the President, Treasurer, and Mr. Lowell,
with Professor Farrar and Mr. Bowditch, be a committee to consider
upon the subject of an observatory, and report to the Corporation their
opinion upon the most eligible plan for the same and the site.”13

This was probably the first corporate act passed in the
United States having for its object the establishment of an
astronomical observatory.

A subcommittee consisting of Professor Farrar and Dr.
Bowditch was afterward appointed to attend especially to
the subject. Mr. William Cranch Bond, a Boston clock

1H, A, 1,ii, 1856.
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maker and amateur astronomer, was about to make a trip to
Europe, and, on June 23, 1815, he was requested by the chair-
man of the Committee, Professor Farrar, to make a careful
study of the Greenwich Observatory, and:

Also, inquire of Troughton the price of an eight-foot transit instrument
of the best construction for an observatory, and the price of an eight-foot
circular instrument of the kind lately made for the Observatory at Green-
wich, and how soon these two instruments can be completed upon being
ordered. The prices of the best clocks for observatories, and how soon
one can be made, and the price of a heliostatic movement for a telescope.

I would observe further, that, with regard to the sort of information
which we wish you to bring with you, in order to answer our purpose, it
must be such as to enable you or some other person to superintend and
direct in the erection of an observatory.!4

These instructions were faithfully carried out by Mr. Bond,
and on his return he had a model dome constructed at his own
expense, on the same plan as that later used for the large dome
of the 15-inch refractor. A discussion of the mass of informa-
tion collected by Mr. Bond and that received from other
sources showed that the expense of establishing and maintaining
a well-equipped observatory would greatly exceed the estimates
that had previously been made. An unsuccessful appeal to
some wealthy friends of the plan proved that the time was not
ripe for its execution.

The design was revived in 1822, and the same committee examined
various positions in the vicinity of the college, for the purpose of selecting
the most suitable for an observatory. A report was made very favorable
to a position in that vicinity, on land owned by Edmund Dana, and an
authority was given to purchase two acres and a half for that purpose.
The negotiations, however, failed, and further proceedings were postponed.

In October, 1823, John Quincy Adams, then Secretary of State of the
United States, addressed a letter to a member of the Corporation, urging
that a building should be erected, without waiting for instruments from
Europe, and recommending that the site nearest the College should be
selected, even should it occasion some addition to the expense; proximity
to the College being, in his judgment, important to the health and comfort
of both the professor and the students, as the night and the winter are

W Ibid., iii.
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the time and season specially adapted to astronomical observations.
Mr. Adams strongly recommended a subscription to be opened for the
purpose, and, upon condition that the requisite sum should be raised in
two years, authorized a thousand dollars to be put down on his account,
but requesting his name to be concealed. The attempt, however, did
not succeed. In October, 1825, the time limited in his former subscription
having expired, he wrote again, to the same member of the Corporation,
on the subject, urged a renewal of the attempt, and renewed his offer of
one thousand dollars, on the same conditional limitation of two years.
About this time, an address to the public was prepared and published. and
a subscription opened, but in the result proved insufficient.!s

President Kirkland, in his Annual Report for 1825 to 1826
to the Overseers of Harvard University, made a strong appeal
for the establishment of a professorship of astronomy at the
University, together with an astronomical observatory, stating
that such action would establish the first observatory in the
American hemisphere. This appeal appears to have met with
no response.

Foundation of the Harvard Observatory.—For 13 years
the hope of establishing an observatory lay dormant. The
events that finally led to their realization are best related in
the words of President Quincy, who had a deep interest in the
plans, and who wrote in 1840, before the Observatory had
been removed from its original site:

No further active endeavor (since 1825) was made for this object until
the autumn of 1839. During the interval, the land formerly selected as
a site for the observatory had been purchased, and thus one great requisite
for success was attained. The house on this land was also large and
commodious; the site for the observatory the best in the immediate
vicinity of the College, and satisfactory. When the subject was com-
municated to the friends of the design, their opinion was unanimous, that
the opportunity was highly favorable for its commencement. Funds
adequate to the buildings immediately requisite having been readily
obtained, the house was furnished with all the additions that were needed
to fit it for its intended purpose.

The Observatory has now at its command, from the College apparatus
and the instruments belonging to Mr. Bond, a transit instrument and

1 Josiah Quincy, o0p. cit., 2, 567, 1840.
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variation transit, by Troughton and Symms; an astronomical clock, one
refracting and two reflecting telescopes; an astronomical quadrant, by
Bird; Gauss’ magnetometer; a small transit, by Bird; a quadrant and
sextant, with chronometers, thermometers, barometers, hygrometers,
dipping and variation needles. To render the observatory as efficient
as could be desired, there is wanted a refracting telescope equatorially
mounted, a mural circle, and a large transit instrument. These, it cannot
be questioned, will soon be supplied in some form, by the liberality of the
public or individuals, as soon as the advance already made towards a
sufficient apparatus for an observatory shall be understood and realized.

Although the apparatus possessed by Mr. Bond was excellent, and
sufficient for the observations in which he was engaged in connection
with the Exploring Expedition, yet it was not expressly adapted to the
purposes indicated by the Royal Society of Great Britain, in their address
to the several scientific societies in Europe and America, on the subject
of a conjoined and contemporaneous series of observations on meteorology
and the elements of the magnetic power; and the American Academy of
Arts and Sciences, in Boston, being desirous to codperate with the Royal
Society of Great Britain on this subject, and to aid, also, the exertions in
this direction of the Corporation of Harvard College, appropriated one
thousand dollars for the purchase of the requisite instruments, in con-
formity with the suggestions and request of the Royal Society, deposited
them in the rooms of the University, and placed the whole at the disposal
of Professor Lovering and Mr. Bond, and have thus enabled the College
early to become one of the few magnetic stations yet established on this
side of the Atlantic.

A regular series of observations is now, and for these eight months
has been making, by Mr. Bond, and Professor Lovering, with the valuable
assistance of Benjamin Peirce, the University Professor of Mathematics,
a publication of some of which, it is expected, will soon commence, and
be afterwards regularly communicated to the public.18

Thus did the Harvard College Observatory come into being.
Its future was placed in the hands of William Cranch Bond.
The time and manner of the engagement of Mr. Bond by the
Corporation can also best be told in the words of President
Quincy:

In October, 1839, the Corporation were informed that Mr. William

Cranch Bond was engaged, under an appointment and contract with the
Government of the United States, with a well-adapted apparatus, in a

18 1bid., p. 567.
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series of observations on ‘“meteorology, magnetism, and moon-culmina-
tions, as also upon all the eclipses of the sun and moon and Jupiter’s
satellites,” in connexion with those which should be made by the officers
of the expedition to the South Sea, commenced in 1838, under the authority
of Congress, for the determination of longitude and other scientific pur-
poses. Being also apprized of the reputation sustained by Mr. Bond as
a skillful, accurate, and attentive observer, they made arrangements
with him, with the consent of the Government of the United States, for
the transfer of his whole apparatus to Cambridge, appointed him Astro-
nomical Observer to the University and took measures to raise by sub-
scription a sufficient sum to erect such buildings as were immediately
required.”

7 Ibid., p. 391.



CHAPTER II
THE OBSERVATORY AT THE DANA HOUSE

For about four years the newly established Observatory
remained at the Dana House. The main building, more
recently referred to as the Dana-Peabody House, was probably
built by Thomas Foster, who purchased a part of the old
Dana estate; it still stands in the southeast part of the College
inclosure near the corner of Quincy Square and Quincy Street.
It was occupied as a dwelling by Richard H. Dana, the poet,
from 1822 to 1832, and later by President Felton, and Pro-
fessors Peabody and Palmer. A cupola on this house was
provided with a dome for the use of the principal observing
instrument, a reflecting telescope. The instruments then in
the possession of the College were useful for teaching rather
than for research.

The Early Astronomical Equipment.—Bond brought with
him from Dorchester his own instruments with which he had
for some time been making observations for the Government
of the United States. These observations were continued in
Cambridge. His instruments included two small telescopes—a
reflector and a refractor—a 234-inch transit instrument made
by Troughton and Simms, and two excellent clocks. Bond
and his family lived in the Dana House and one room was
occupied by an astronomical clock, a sidereal chronometer,
a standard barometer, and three auxiliary barometers. The
transit instrument was placed in an adjacent building made
especially for it on a foundation of massive construction,
according to Bond’s usual methods. A meridian mark was
placed on a stone pier of solid masonry on the western slope
of Great Blue Hill, a distance of 58,520 feet, or a little more than
11 miles from the observatory. In the direction of the meridian

17
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it proved necessary to purchase the privilege of tunneling a
neighboring building in order to obtain a clear view of the mark.
The stone pier served its purpose admirably, but it has now
disappeared.

Two small rooms were constructed to the west of the transit
instrument for the continuance of the observations of magnetic
declination which Bond had been making for some time at his
Dorchester observatory. Another building was placed to the
north of the transit instrument for the use of the Lloyd magnetic
apparatus provided by a grant of the American Academy of
Arts and Sciences. These magnetic observations were made
under a cooperative plan proposed by the Royal Society of
London. The apparatus consisted of three magnetometers,
one for declination, one for horizontal force, and one for vertical
force. The details of the arrangements may be found in the
Annals of the Observatory.!

During the years 1840 to 1842, Bond continued the observa-
tions begun at Dorchester in connection with the geodetic
work carried on by the Government of the United States.
Aside from this, the work of the Observatory was chiefly
magnetic and meteorological. The magnetic observations,
made in cooperation with other observatories in different parts
of the world, were carried on for three years, but they proved
to be extremely engrossing and interfered seriously with any
attempt to initiate new astronomical observations. Further-
more, the equipment was unsuitable for astronomical investiga-
tions. Bond was assisted in the execution of his plans by his
sons, William C. Bond, Jr., and George P. Bond, and also by
an organization of students styling themselves “ The Meteoro-
logical Society of Harvard University.” No salary was paid
either to Bond or to his assistants. Joseph Lovering, Hollis
Professor of Mathematics and Natural Philosophy, and
Benjamin Peirce, Perkins Professor of Mathematics and Natural
Philosophy, both took a deep interest in the beginnings of the
Observatory.

1H. A,, 1, vi-xiv, 1856.
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The Naming of the Observatory.—No definite name was
chosen for the Observatory for a number of years, although
several were proposed. It was even suggested at one time
that the institution, which after its foundation was usually
referred to as “The Observatory at Cambridge,” should bear
the name of some hoped-for benefactor, who might suitably
endow it. There can be no doubt, however, that its founders
intended it to be associated with Harvard University.

The Observatory has long been popularly known as “The
Harvard College Observutory,” or simply as the ‘“Harvard
Observatory.” An observatory is usually understood to
be an astronomical institution, but the existence of a meteoro-
logical observatory as a department of Harvard University
makes desirable the use of the prefix ‘“Astronomical.” The
Statutes passed in 1849 declare that the name shall be
“The Astronomical Observatory of Harvard College ’—still the
official title, although, since 1780, Harvard has held the rank
of a university.

In their report for 1851, the Visiting Committee, including
such distinguished men as Josiah Quincy, William Mitchell,
Robert T. Paine, David Sears, J. Ingersoll Bowditch, and
Francis Peabody, proposed that the name be modified by
changing the word “College” to ‘“University ”:

To an Observatory which has, from the nature of its objects and duties,
a necessity of frequent intercourse with foreign seminaries, it is far from
unimportant that the most comprehensive name, and that by which it
is best known in Europe, should be retained. Your committee, therefore,
respectfully suggest, if it shall not be deemed advisable that the Observa-
tory should be hereafter, as it has been heretofore, designated by the

name of the city in which it is located, that it be permitted to take the
name of The Observatory of Harvard University.

No attention seems to have been paid to the proposal.
Although the Observatory is in reality a department of Harvard
University, the retention of the word ‘“College” in its name
appears to be consistent with the official name of the Corpora-
tion of Harvard University—‘The President and Fellows of
Harvard College.”
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Standing of the Observatory in the University.—The
relations between the College professors and the newly
appointed ‘‘Astronomical Observer” were for several years ill
defined and uncertain, as may be inferred from numerous
letters written by persons of influence, as well as by acts of
the Corporation. In 1839, in the official report of the agree-
ment with Bond by action of the Corporation, it is stated that
the southwest room of the Dana Honse is reserved

. as an observer’s room, to be used in common by the said Mr. Bond
and the Professor of Natural Philosophy for the time being in Cambridge,
and the chamber over the same, together with the small room adjoining,
for the exclusive use of said professor.

Sometimes the name of the professor preceded that of Bond.
For example, President Quincy, in 1840, referring to the use
of the magnetic instruments given by the American Academy,
wrote: ‘‘And placed the whole at the disposal of Professor
Lovering and Mr. Bond.”

Such an arrangement evidently gave opportunity for friction,
but no complaint seems to have been made by Mr. Bond, one
of the most unassuming of men. The uncertainty was still
present in 1845, when the site of the new Observatory was
about to be occupied. This is apparent from a letter addressed
to President Quincy by John Quincy Adams containing vari-
ous recommendations for improving the efficiency of the
Observatory:

4th. The appointment of an Observer and one Assistant, a measure
indispensable to make the whole establishment effective for the purpose
of continuous observation. In the first instance, it is very important
and desirable that these offices should be conferred upon Mr. Bond and
his son, but as a permanent institution, it seems that provision should
be made for a regular succession to these offices. That the mode of
their appointment, the occasions of vacancy, the tenure of their offices,
their right of occupation and custody of the buildings, both dwelling
house and Observatory, and of the adjoining grounds, should be regulated
and prescribed. That the line of division between the duties of the
Observer, and those of the Perkins Professor of Astronomy and the Mathe-
matics, should be accurately drawn. That the extent to which the
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Professor shall have a right to the use of the instruments and of access
to the Observatory, for the purposes of instruction in his department to
the students of the University, should be clearly defined. Whether
some liberty of occasionally assisting the Observer in making observations
may be indulged to students, whose inclinations may take a special
direction to the study of physical astronomy, and whether the teaching
of the use of the instruments to all students of the higher classes may not
be included among the joint dutics of the Professor and the Observer.

Mr. Adams foresaw clearly the problems which would
arise later. In 1849, the Statutes of the Observatory were
passed, which use the term ‘“Director,” in place of ‘“ Astronomi-
cal Observer,” and give to him entire authority over the
details of the Observatory equipment and work, subject only
to the authority of the governing boards of the University
The Observatory was thus wisely made a distinct department
of the University, with research as its chief duty.

The Observatory and the Public.—The policy of the
Observatory in regard to teaching and service to the public has
varied greatly from time to time, under different directors and
presidents of the University. Perhaps the suggestions of Mr.
Adams represent a wise and conservative course of action.
As chairman of the Visiting Committee in 1847, he advised in
his report that a plan be provided:

For the occupation and employment of the Observatory in both its
capacities as a constituent department of the Universijty, for the instruc-
tion of youth and as one of the towers of human science erected by a
spontaneous and sympathetic consent of civilized nations, to extend by
constant observation and calculation the knowledge of the physical
universe.

For many ycars after the installation of the ‘“Great Tele-
scope,”? much time and effort were expended in entertaining
the public. The popular demand for the privilege of using
the telescopes has always been much greater than the Observa-
tory could satisfy without too great interference with its
scientific work. All concessions of this sort have reduced the

2 Sce p. 26.
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scientific output of the members of the staff, and sharp restric-
tions have unfortunately been necessary. The problem could
best be solved by a special endowment for the teaching and
entertainment of the public, which would thus be carried on
more satisfactorily, and without interfering with the scientific
work of the Observatory. Such a plan was first proposed by
George P. Bond, second director of the Observatory, in 1860,
and the need of some arrangement of the kind has been generally
recognized ever since.

In recent years, under the direction of Dr. Shapley, a closer
cooperation has been effected with the teaching staff of the
University, and the opportunities for advanced astronomical
study have been much extended. A series of “open nights”
has also been introduced at the Observatory, for which tickets
are distributed, in the order of application, to the public. On
these nights visitors have the opportunity to observe some
celestial object or objects in the telescope, to see the illuminated
photographs of stars, nebulae, comets, and other objects, and
to listen to brief lectures on astronomical subjects. The
Observatory has also given much assistance to the American
Association of Variable Star Observers and to the Bond Astro-
nomical Club, societies largely composed of amateur scientists
and the scientifically interested public.



CHAPTER III
GROWTH OF THE PRESENT OBSERVATORY

It was clear to the founders of the Dana House Observatory
that the equipment and arrangements were of a provisional
nature. The institution was ill equipped, and work was
carried on entirely by volunteer observers; but the University
then had no further available funds. If the Observatory
was to take a position at all in keeping with the spirit of its
founders and the traditions of Massachusetts and the Uni-
versity, some great impulse was needed to arouse the public
interest. Otherwise, like most of the other observatories
founded at about the same time in different parts of the United
States, though it might enter upon its task with enthusiasm,
it would rapidly sink as a center for astronomical research, into
a condition of comparative uselessness.

Endowment of the New Observatory.—The heavens
themselves furnished the inspiration that quickened the public
interest. In March, 1843, a comet of surpassing size and
splendor appeared, and attracted intense interest. Appeals
were made to the ‘“Observatory at Cambridge” for observa-
tions and information. Unfortunately (or perhaps fortu-
nately) the Observatory could not satisfy the demand, for it
possessed no instrument with which positions of the comet
could be accurately determined. Inspired by the remarkable
celestial phenomenon, and impressed by the inadequacy of
the equipment at the Observatory, a few men held a meeting
in Boston at the office of Mr. J. I. Bowditch, always a friend
of the Observatory, to consider means of providing new instru-
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meeting of citizens in order to discuss a plan for obtaining
for the Observatory an equatorially mounted telescope of the
highest quality. This gathering took place at the rooms of the
Boston Marine Society, and was attended by many men of
scientific interests and abundant means. Abbott Lawrence
acted as Chairman, and John Pickering, Professor Peirce,
William Appleton, and S. A. Eliot made addresses. A com-
mittee was formed to obtain subscriptions, and another com-
mittee, to prepare a report. At this meeting, also, David
Sears, through President Quincy, indicated his wish to give
$5000 for the erection of a tower for the reception of a telescope,
provided others would subscribe $20,000 for the purchase
of the telescope. This proposal was referred to as ‘‘munifi-
cent,” and indeed it was munificent in comparison with what
had already been given to the Observatory; also, when the
standards of that day are taken into consideration, the sum
proposed was really large. Materials and labor were then
vastly cheaper than now; and the salary of the leading professors
at the University was from $1500 to $180c0o a year. In the
College catalogue for 1839 to 1840, the estimated necessary
expenses of a student for the college year at Harvard, including
tuition, fees, books, room, and board, were placed at $19s.

The $20,000 needed to make good the $5000 offered by Mr.
Sears was promptly contributed by citizens of Boston, Salem,
New Bedford, and Nantucket. No restrictions of any kind
were imposed upon the gifts; the telescope, when obtained, was
to be devoted to the best interests of astronomy. The amount
subscribed was sufficient to obtain the best telescope which
could be bought at that time; and it only remained to select
a desirable form of instrument and the best maker.

Between a refracting and a reflecting telescope, the choice
was wisely made in favor of the former. The reflecting
telescopes of that day were much inferior to the refractors
both in definition and in convenience of manipulation. An
equatorial form of mounting was also chosen, such as had been
found extremely satisfactory for the refracting telescopes
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already in operation at the Dorpat and Poulkova Observatories.
After consultation with astronomers and opticians in various
countries, the contract was awarded to Merz and Mahler of
Munich, the successors of Fraunhofer. By the terms of the
contract, two lenses were to be made of 15 inches aperture,
of a quality equal to that of the lens recently made for the
Poulkova Observatory. A choice was to be made of one of
these, with the privilege of rejecting both, should the quality
be considered unsatisfactory.

The Observatory Transferred to the Present Site.—
It had been recognized for some time that the Dana House
location was unsuitable for an observatory of the first class,
such as was now contemplated. After a careful investigation,
a new site was found which promised to be satisfactory. It
was a part of the Craigie estate, known at the time as ‘“ Summer-
house hill,” and without doubt it was the best site in the
vicinity of the University. The highest part rises about so
feet above the neighboring lands, and is 8o feet above tidewater.
At that time the Craigie estate was for the most part open
country; and with no electric lights and no street cars or heavy
trucks, the situation was as favorable as could be desired.
The immense growth of Boston and Cambridge, which after
three quarters of a century has again made the surroundings
of the Observatory very unfavorable for astronomical observa-
tions, could hardly have been foreseen.

Fortunately the University was able to purchase a sufficiently
large area in the most desirable location. The land originally
acquired for the Observatory, and set aside for its use, was
between six and seven acres in area, and was bought at a cost
of $4100.

In a report by the Treasurer of the University for 1845 to
1846, it is stated that:

The Observatory account stands charged with a balance of more than
nine thousand dollars against it. Of this about six thousand and five
hundred dollars have been spent on the buildings and grounds. A



26 GROWTH OF THE PRESENT OBSERVATORY

further sum remains to be paid on account of the dome, which is not yet
completed; and thirteen thousand and five hundred dollars are to be
expended on the large telescope, and a transit circle which has been ordered
from London. So that on the whole, the College will have spent on the
Observatory nearly double the sum that it has received.

The whole expense up to this time had been about $50,000.

The observer’s house and a considerable part of the Observa-
tory buildings had been completed by September, 1344, and
the instruments were removed from the Dana House site to
their new positions. The 4-foot transit instrument and the
small out-buildings occupied by the magnetic apparatus were
removed to a location about 6o feet north of the new main
building. The following winter, a transit instrument made
by Troughton and Simms and imported by the Government
of the United States was mounted in the prime vertical and
was employed in observing the zenith distances of stars for the
determination of the latitude of the new Observatory, according
to the method of Bessel. The use of this instrument was
granted by Lieutenant-Colonel James D. Graham, of the North-
eastern Boundary Commission of the United States.

A small refractor was mounted on the grounds in December,
1844. It was replaced later by one somewhat larger. With
these telescopes observations were made, during 1845 and 1846,
of eclipses, comets, and sunspots.

Installation of the 15-inch Refractor.—In May, 1846,
Messrs. Simms and Cranch, the London agents appointed
for the purpose, visited Munich and made an examination
of the two lenses for the large refractor, which were then ready
for inspection. They found one of the lenses of better quality
than the other, and apparently satisfactory in every respect.
The tests which were applied are described in full in Harvard
Annals, 1, cix. They were the best which the agents could
make under the circumstances, which, however, did not permit
an examination of any celestial object. The better lens was
accordingly accepted and forwarded to Cambridge. Its
quality proved to be excellent. After more than three quarters
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of a century, during which the building and mounting have
become somewhat antiquated, the lens itself remains in splendid
condition. This excellent performance constitutes a tribute
not only to the makers, but also to the long line of observers
who have used and cared for the lens during many years.

The object glass of the “Great Refractor” was received at
Cambridge on June 11, 1847, and on June 23 and 24 it was
placed in its proper position, the mounting having already
been prepared for it in the Sears Tower. One can readily
imagine with what interest and even anxiety it was first
turned toward the sky. Added to some uncertainty as to the
perfection of the lens and its equipment was the fact that the
public regarded the telescope as the most efficient in the world
and expected notable observations and discoveries through its
use. The first objects examined were the Great Nebula in
Andromeda and the Orion Nebula. The results of these and
many other tests were most satisfactory. Public expectations
were soon satisfied by the discovery of the inner dark ring of
Saturn, known as “Bond’s Ring,” and by other striking
observations, some of which are described in later chapters.

Additions to the Equipment.—Next in importance to the
large refractor, in the equipment of the new Observatory,
was a transit circle, made by Mr. Simms, of Troughton and
Simms, of London. This instrument was received in 1848
and was mounted in the east wing. It had a circle 4 feet in
diameter, and an objective, 414 inches in diameter and 5 feet
in focal length. It appeared to be as perfect an instrument
as could be obtained in those days; but an injury, which appa-
rently was received during its shipment from London, affected
the divisions of both circles, and prevented its use for the
measurement of absolute declinations. It was used, however,
for many years, as a transit instrument, for the observations
of time-stars, and for the determination of right ascensions.

The west wing of the Observatory was designed for the
use of a transit instrument, and also contained a small dome
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for a refractor of moderate size, rooms to meet the needs of
computors, and the library. This wing was not finished until
1851.

A comet-seeker, presented by Mr. J. I. Bowditch, proved
a valuable addition to the equipment. With it, George P.
Bond discovered independently 1o comets, although it later
appeared that most of them had been seen earlier in Europe.
This was before the establishment of telegraphic communica-
tion between Europe and America.
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Ficuke I.
Plan of the buildings and instruments of the Harvard Observatory as given by

William C. Bond in the first volume of the Annals, 1856.

The appearance of the completed main building of the new
Observatory is shown in the illustration on the frontispiece,
taken from a woodcut which appeared in the Boston Transcript
in 1852. The view is from the southeast, near the corner of
Concord Avenue and Bond Street. The general plan of the
buildings and instruments is given in Figure 1 taken from the
first volume of the Annals. The director’s residence was at E,
the recently acquired transit circle at B, the prime-vertical
transit at C, the old transit circle at /, and the small equatorial
at F. Minor instruments were placed in various positions in
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the main building, or in small isolated shelters. At the center
of the plan, at A, in the Sears Tower, was, and still remains,
the large refractor.

Many details of the installation of the Observatory are
given by William Cranch Bond in Volume 1 of the Annals

-of the Observatory. It seems unnecessary in this place to
give more than a brief summary of them. Although much work
was done with other instruments, the real interest of the public
and of the astronomers was associated with the large equatorial
telescope. The dome containing it is still the central and
striking feature of the buildings. The Sears Tower is 32
feet square, with solid foundations and walls. These are
square on the outside, but are brought into a circular form
within, on the first floor, with recessed corners. The pier
occupies the center of this room, generally referred to as the
“Rotunda.” In recent times the pier has been surrounded
by book shelves. In the dome room above are recesses similar
to those below, and on the north, cast, and west sides of the
dome, doors open upon iron balconies which have proved very
useful for miscellaneous observations. The dome itself, a
hemisphere in form, is 30 feet in diameter, and rests on spherical
iron balls freely moving in grooves both above and below. By
means of suitable mechanical contrivances the dome, which
weighs 14 tons, can be revolved by one person through an entire
circuit in about half a minute. A suitable opening was pro-
vided, extending from three degrees beyond the zenith to three
degrees below the horizon, and covered with an arrangement
of movable shutters.

The telescope was mounted on a pier of most substantial
workmanship, after the usual methods of Bond. The founda-
tion was placed 26 feet below the natural surface of the ground.
Upon a cement base, the pier was constructed of large blocks
of Quincy granite. It was made entirely solid to the height
of 11 feet above the foundation. The floor of the dome is
reached at the height of 33 feet, where the pier is surmounted
by a circular granite capstone, 1o feet in diameter and 22 inches
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in thickness. Upon this stone rests a granite pedestal, weighing
11 tons, to the top of which the bedplate of the equatorial
mounting is secured. The pedestal is referred to by Bond as a
“tripod,” from the fact that it was constructed to rest on the
capstone by three bearings, so situated in regard to the center
of gravity of the whole block and telescope that each bearing
supported a nearly equal share of the weight. This was a
favorite method of Bond, who used it in all his piers. The bear-
ings were rounded protuberances. This method gave the utmost
steadiness, and permitted an easy change of position for adjust-
ment of the telescope.

In the equipment of the dome and telescope, Bond not only
made use of all the information which he had obtained abroad
at various European observatories, but brought to the problems
his own original ideas, derived from many years of practical
work. Everything was carried out with his characteristic
thoroughness and mechanical skill, as is shown by the observing
chair for the large refractor, which was constructed under his
direction. Seated in a comfortable chair, the observer, by
the rotation of an adjacent wheel, can elevate or lower himself
to any desired altitude. The position of the observer in
azimuth can be arranged at will by means of a circular track
on which the whole apparatus revolves. This observing chair,
although somewhat cumbersome and out of date, has served
its purpose well, and is still in use. So admirable was its
construction that it gives no evidence of being worn out after
many years of active service.

The Phillips Bequest.—With the opening of the new
Observatory, the question of salaries for the observers became
urgent. Until 1846, no salaries were paid. It was obvious
that such a system could not long continue. Since the Univer-
sity had no funds for the purpose, provision was made for two
years through the generosity of a few citizens of Boston.

In 1849, by the will of Edward Bromfield Phillips, the sum
of $100,000 was received by the Observatory. This was a
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munificent bequest for that time. It opened up new possi-
bilities, and obviated much hardship and worry. Perhaps,
however, too much was expected from it. Section VII of the
Statutes of the Observatory states:

The salarics of the Director and Assistants shall be fixed by the President

and Fellows, and be paid out of the income of the fund established for
this object by the will of the late Edward Bromfield Phillips. From the
income of the same fund shall be drawn such sums as, in the judgment of
the President and Fellows, shall be necessary or expedient for the purchase
of books and instruments, and fer their repairs and preservation.
For some years after the enactment of the Statutes, this
Fund may have been able to supply the demands made upon it,
but later it was obviously insufficient to care for the great
growth of staff and equipment. Further endowments, however,
supplied other resources, and relieved the strain on the Phillips
Fund.

The Cambridge Astronomical Society.—The growth of
astronomical institutions on the American Continent ran
parallel to the development of the science in Europe. The
Royal Astronomical Society, founded in 1820, had held monthly
meetings since its foundation. In 1854 the first forerunner
of the American Astronomical Society was founded at Cam-
bridge. The leading spirit in its foundation appears to have
been Benjamin Peirce, at the time Perkins Professor of Astron-
omy and Mathematics and head of the theoretical department
of the American Ephemeris and Nautical Almanac, then
located at Cambridge. Professor Peirce thought the Society
should be formed as a local body, but in such a way that it
might later become a branch of a national astronomical society,
the foundation of which he foresaw. The original records of the
recording secretary of the “ Cambridge Branch of the American
Astronomical Society” are in the possession of the Harvard
Observatory.

The members of the Society were very carefully selected,
and the papers and discussions at the meetings were highly
technical. The sciences to be covered by the members of the
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Society were astronomy, geodesy, and mathematics. Professc
Peirce was chosen first President. Joseph Winlock, at the tin
a computer in the office of the American Ephemeris, was mac
Recording Secretary, and John D. Runkle, Correspondir
Secretary. Other distinguished members of the Society wer
Newcomb, Gould, George P. Bond, Hill, Oliver, Peters, Eas
wood, Kerr, Wright, and Safford.

Meetings were held each fortnight. The first took place ¢
January 24, 1854, and others followed with considerab
regularity until October 24, of the same year, when the seve
teenth meeting occurred. The eighteenth, and, by the record
the last meeting ever held, took place on September 22, 185

The American Astronomical Society, first known as t}
‘“‘Astronomical and Astrophysical Society of America,” ti
establishment of which was predicted by Peirce in 1854, we
begun in 1898, at a meeting of astronomers held at the Harvar
Observatory.

The First Directors; William and George Bond.-
William Cranch Bond, the first director of the Observatorn
and the first to hold the Phillips Professorship of Astronom;
died in 1859, at the age of seventy years. He had been i
charge of the Observatory for about 20 years. The Universit
could have made no wiser choice of a leader for the establishmer
of the institution and for its control and encouragement durin
its early years.

On the death of William Cranch Bond, his son, George Phillif
Bond, was his logical successor. Even when a young boy b
had assisted his father in his observations, and in the work ¢
the new Observatory he had taken the leading part. H
familiarity with the needs and the activities of the institutior
the abilities which he had already shown, and the scientifi
reputation which he had gained, made him the choice of th
Corporation, and he was appointed second director of th
Observatory, and Phillips Professor of Astronomy, in 185¢
The only other candidate for the position appears to have bee
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Professor Benjamin Peirce, no doubt the ablest American
mathematical astronomer of his day, but with little or no
experience in observational astronomy. George P. Bond gave
a whole-hearted devotion to the interests of the Observatory.
Unfortunately, his health slowly failed, and he died in 1863,
at the early age of thirty-nine years.

Under the Bonds, whose lives and achievements are described
elsewhere in this volume, the Observatory gained an enviable
international reputation. The large refractor was kept con-
stantly busy in the observation of Saturn, Mars, and other
members of the solar system, of Donati’s and other comets,
of the great nebula in Orion, and of other celestial objects. The
positions of faint stars were determined in a zone extending
from the equator to 1° oo/, north declination. Much attention
was given, through the voluntary aid of Messrs. Whipple and
Black, of Boston, to a study of the application of photography
to scientific research; and George P. Bond, especially, clearly
foresaw the amazing possibilities of the introduction of photo-
graphic methods into astronomical investigation. During
all this time, in spite of the income of the Phillips Fund, the
want of money for badly needed developments was always
keenly felt. Assistants came and went, drawn by their interest
in astronomy and the reputation of the Observatory, and driven
away by their inability to exist on the salaries offered.

A year elapsed after the death of George P. Bond before the
appointment of his successor. During this interval, the Observ-
atory was in charge of Professor Truman H. Safford, who
applied himself chiefly to the preparation for the press of
additional volumes of the Annals. A large amount of unpub-
lished material had accumulated, and its reduction and publica-
tion were carried forward as rapidly as the limited staff and
inadequate income permitted.

Appointment of Joseph Winlock.—Joseph Winlock, the
third director of the Observatory, began his term of service
in 1866, at the age of forty years. He had received adequate
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training, and had gained a wide experience in mathematic:
and astronomical lines. He had held the positions of Professc
of Mathematics and Astronomy at Shelby College, Head of tt
Mathematical Department of the United States Naval Academ
at Annapolis, and member of the United States Naval Observ:
tory at Washington. His interests lay especially in what h:
been known as the ‘‘old astronomy,” or the astronomy ¢
position. His skill in mechanical appliances of all kinds we
unusual, and his energies were directed largely toward th
perfection of the equipment of the Observatory. Not satisfie
with the transit circle already in use, he arranged for the pu
chase of a new meridian instrument of larger size and greate
perfection. With this new instrument William A. Roge:
began work on one of the zones of the international cooperativ
revision of the Durchmusterung, that between 50° and 55° ¢
northern declination.

Much effort was expended during Winlock’s administratio
in the perfection of the time service, which furnished accurat
time for the people of Boston and vicinity. This service wa
made to provide a small but much needed addition to th
income of the Observatory. The large refractor was devote
especially to physical researches, and to the measurement ¢
binary stars. It was also employed in an unsuccessful searc
for new planets, and for the determination of positions ¢
asteroids and comets. Various spectroscopic studies of star:
of nebulae and comets, of the aurora, and especially of th
sun at the total eclipses of 1869 and 1870, were undertaker

During this period Professor Shaler of Harvard began a
investigation of the lunar surface, with the large refracto:
from the viewpoint of a geologist. Trouvelot also used th
same instrument for several years in obtaining numerou
drawings of various celestial objects. Meteorological observa
tions were regularly made.

Professor Winlock’s activities were suddenly and unex
pectedly closed by his death at the age of forty-nine year
in June, 1875.
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Development of the Observatory under Pickering.—
Edward C. Pickering, the fourth director of the Observatory,
received his appointment in 1876, but he did not assume his
new duties until February 1, 1877. During the interval,
Professor Arthur Searle was acting director of the Observatory,
and devoted the energies of the small staff to the preparation
for the press of several volumes of the Annals, in addition to
the usual astronomical observations.

Mr. Searle brought up to date the history of the Observatory,
begun by William C. Bond in the first volume of the Annals,
publishing this work in the eighth volume and including
elaborate diagrams of the Observatory grounds and buildings,
the various instruments, their piers, and the electrical connec-
tions, as well as the different clocks and chronographs.!

In 1877, at the beginning of Pickering’s administration,
the condition of the Observatory was that of an institution
struggling with insufficient income to support its staff, and to
find means for the publication of the accumulated observations
of preceding years. It is significant of his methods that once
he had begun work with the facilities already provided, Picker-
ing made repeated efforts to increase the income. He found
the Observatory equipped with two instruments of the highest
class for that time: the large equatorial refractor, and the new
meridian circle obtained by Winlock. It was extremely desir-
able that these instruments should be fully employed, and
at the same time that the results of the observations should be
prepared promptly for publication. Up to that time, only the
first eight volumes of the Annals had been published, with
the exception of Volume 4, Part 2, which was nearing completion
by Professor Safford, then at Williams College. By the close
of Pickering’s directorship, the number of published volumes
of the Annals was approaching one hundred.

As a physicist, Pickering naturally directed the work of
the Observatory largely into astrophysical lines. Neverthe-
less, the work of the large meridian circle occupied the time

1H. A, 8, Part 1, 1877.



36 GROWTH OF THE PRESENT OBSERVATORY

of one or more assistants and a corps of computers for nearly
40 years.

During Pickering’s term of service, the endowment and
equipment of the Observatory were greatly increased. His
leading interest for many years was in the photometry of the
stars. At first, this was confined to visual observations, but
later became more and more photographic. A rare oppor-
tunity for spectroscopic researches was also utilized to the
utmost, chiefly by photographic methods. Toward the close
of his life, the completion of the Henry Draper Catalogue of
stellar spectra, the classification for which was done by Miss
Cannon, absorbed his attention. This catalogue, consisting
of nine volumes of the Annals, was nearly finished at the time
of his death. The photometric and spectroscopic researches of
Pickering’s time are described in later chapters.

Some of the other problems which had a great development
during the directorship of Pickering were the discovery and
study of variable stars, novae, clusters, and nebulae, as well
as observations of comets and planets. The creation of the
library of celestial photographs, mainly of stars, containing
more than 200,000 original negatives, was a unique achieve-
ment, involving the foundation of the most valuable and
irreplaceable astronomical collection in the world.

In order to extend the rescarches to the whole sky, an
auxiliary southern station was established in 189o, under the
Boyden Fund, at Arequipa, Peru. This station remained in
active operation until the end of 1926, when it was removed
to Mazelspoort, near Bloemfontein, South Africa.

Professor Pickering died on the third day of February, 1919,
at the age of seventy-two years. He was Director of the
Observatory for 42 years, more than one half of the time since
its foundation in 1839.

During nearly three years following, the Observatory
was in charge of Professor Solon I. Bailey, whose chief endeavor
was to push forward as rapidly as possible the unfinished
researches begun during Mr. Pickering’s administration. The
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staff at this time was large and able, and considerable progress
was made.

Shapley Chosen Director.—The fifth and present director
of the Harvard Observatory is Harlow Shapley. He was
graduated from the University of Missouri in 1910, and took
the degree of Doctor of Philosophy from Princeton University
in 1913. While at Princeton, he was the author of an important
series of studies of eclipsing binaries. Called to the Mount
Wilson Observatory in 1914, he soon gained an international
reputation, especially from his researches on Cepheid variable
stars and globular clusters, and their relation to the structure
and size of the galactic system.

In November, 1921, Dr. Shapley was chosen by the Cor-
poration of Harvard University as the fifth director of the
Observatory. In command of the great accumulations of data
at Harvard, he has extended his investigations so as to include
many additional lines of observation and discussion, which
may be expected to throw light on the nature, distribution,
and motions of the different members of the visible universe.



CHAPTER 1V
INSTRUMENTAL EQUIPMENT

TuE development of modern astronomy has been intimately
associated with the invention and perfection of mechanical
aids. Without the telescope, the spectroscope, and other
astronomical instruments, comparatively small advance would
have been possible.

A large number of telescopes and various other instruments
have been in use at the Observatory during its history. A
list of telescopes is given at the end of the chapter; a brief
description follows of the most important instruments,
special attention being given to those which have peculiarities
in construction devised by members of the Observatory staff.
No attempt is made to explain the principles and construction
of standard instruments.

The Chronograph.—The introduction of a satisfactory
astronomical chronograph, for recording observations made
with the meridian circle and other instruments, marked an
important advance in observational procedure. Its use soon
became almost universal in time observations for geodetic
work, as well as in more purely astronomical investigations.
The credit for the invention and perfection of a successful
chronograph was for a long time the subject of much con-
troversy. As usual in such cases the instrument was the result
of many attempts by many minds. As developed by the Bonds,
it was called by them the ““spring-governor and electric clock.”
The term ‘‘spring-governor” refers to the control mechanism,
and the electric current, which had recently come into use, was
a necessary element in its operation.

The first experiment for the determination of differences in
longitude by the electric telegraph appears to have been made

38
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r Admiral Wilkes in 1844. Electric signals were used which
re recognized by the ear. Later, similar attempts were
ade in various places until the method became standardized.
ne idea of an automatic current-interrupter occurred to W. C.
d early in 1848, according to his son, G. P. Bond. The
ea probably presented itself to others at about the same time,
1ce in the same year O. M. Mitchel, at the suggestion of
alker, of the United States Coast Survey, constructed such
| apparatus. Various improvements were suggested by
hers. Lack of uniformity in the revolution of the cylinder
. which the recording sheets were placed was the outstanding
fficulty. The Bonds, by the invention of the spring-governor,
wiated this difficulty. They constructed an instrument in
5o which was the first really satisfactory astronomical chrono-
aph. It was due to the efforts of W. C. Bond and his two
ns, Richard and George. It received the award of a gold
edal at the Crystal Palace Exposition in England and soon
me into general use, replacing the old eye and ear methods.
In the Bond chronograph a sheet of paper is placed on a
linder which makes a complete revolution once a minute.
1 the paper rests a pen, which is electrically connected with a
andard clock, and is drawn slowly in an axial direction along
e cylinder. By means of automatic signals, the pen makes
ch second a slight movement to one side. Time intervals
ve thus been converted into space intervals. The distance
tween the successive second marks may be a centimeter, or
ore, a quantity readily divisible into hundredths. The
cord of the star’s transit across the wires of a reticle is made
* an observer, who presses the key in the same electric circuit
ting on the pen. The sheet may be filed and discussed at
y time.!

The 15-inch Visual Refractor.—This instrument played
e chief role in the early years of the Observatory. It has
. achromatic lens of the usual form, consisting of crown and

H. A, 1, Part 1, xlix, clviii, 1856.
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flint glasses. The lens and mounting were constructed by
Merz and Mahler of Munich, Bavaria, the successors of Fraun-
hofer. The lens has an effective aperture of 15 inches and a
focal length of 2214 feet. The granite pier on which it was
mounted is constructed in the thorough and massive way
characteristic of the director, W. C. Bond. The mounting is
of the German equatorial form. The polar and declination
axes are of steel, and the telescope tube, of light wood and
paper strengthened by iron diaphragms. The exterior of the
tube was veneered with mahogany. Eighteen eyepieces were
provided, furnishing powers of from 100 to 2000 diameters.
The lens, the work of Merz, proved to be a most admirable one.
Certain features of the mounting, however, were found unsatis-
factory. Bond states that:

The arrangements of the divisions of both the declination and hour
circles are awkward, and the reading off of both attended with needless
trouble; the screw for adjusting the focus of the eye-pieces is incon-
veniently situated; and the clock for regulating the movement of the
telescope is disproportional to the other parts of the instrument, and toc
feeble, rendering it in cold weather nearly useless.?

These faults were in large part corrected later by the Clarks,
who introduced changes and improvements which brought the
mounting and clockwork up to the standards of that time.
The 15-inch telescope, unsurpassed in its day, was installed
at the Observatory in 1847, as already described. Around it
cluster most of the tradition and sentiment of the early days of
the Observatory. It was affectionately referred to as the
“Great Telescope.” Bond called it ‘“our incomparable tele-
scope.” Great things were expected of it by its donors—new
discoveries and improved views of known objects. Nor was this
expectation disappointed, although few spectacular discoveries
were made. For half a century it held its position as the
principal instrument of the Observatory until its importance
waned with the introduction of photographic instruments.
Although photographic work had been early undertaken with

2 Ibid., xxxi.
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this telescope by the Bonds, the lens, corrected only for the
visual rays, gave poor photographic definition, and the results
are to be regarded merely as experimental and exploratory.

Transit Instruments.—The astronomical equipment of the
old Observatory at the Dana House, within the College grounds,
was largely the property of W. C. Bond, and included a small
transit instrument. For the new Observatory, a Troughton
and Simms transit circle was provided, as described in the
preceding chapter.

One of the chief concerns of Joseph Winlock, when he became
Director of the Observatory in 1866, was the acquisition of a
new meridian circle of the best class. After elaborate investiga-
tions at home and abroad, Winlock ordered a new instrument
from Troughton and Simms, the lenses for which, however,
were made by Alvan Clark and Sons. This meridian circle
had an object glass 814 inches in diameter and of more than
9 feet focal length. The diameter of each of the graduated
circles was 3 feet. The collimating lenses were 8 inches in
diameter. Various modifications were introduced into this
instrument by the makers at Winlock’s suggestion. The most
important of these were the shortening of the piers and the
relieving of undue pressure on the pivot bearings by a system
of levers with friction rollers. Stability was thus gained and
the graduated circles were brought entirely above the piers,
which were covered with glass cases as a protection against dust.

This large meridian instrument was not received and mounted
until 1870. It was placed in the west wing and for many years
thereafter was one of the most important instruments of the
Observatory. The observations of the Zone of the Astrono-
mische Gesellschaft, from +49° 50’ to +55° 10/, by Rogers,
and that from —qg° 50’ to —14° 10’ declination, by Searle,
were all carried out with this instrument as described elsewhere.

Another meridian instrument of special interest was the
“Russian transit,” or ‘“broken transit,” made by Herbst,
mechanician of the Poulkova Observatory, under the direction



42 INSTRUMENTAL EQUIPMENT

of Struve. It also was received in 1870, and was mounted
just west of the large meridian circle. It was a portable
instrument having a lens of 234 inches diameter and 33 inches
focal length. A prism placed at the middle of the axis reflected
the light to the eyepiece at one side. The instrument was
used for longitude determinations and other occasional observa-
tions, and for teaching.?

The Photographic Doublets.—Edward C. Pickering, with
the aid of William H. Pickering, began experiments in celestial
photography in 1882. The advantages of the doublet were
early recognized, and a long series of doublets of different sizes
have contributed much toward the results obtained at the
Observatory during the last 40 years. Among the most useful
of these instruments have been the 8-inch Bache, the 8-inch
Draper, the 16-inch Metcalf, and the 24-inch Bruce. The
donor’s name has generally been used to designate these tele-
scopes. All four are of similar construction. The 8-inch
Bache lens was originally a Voigtlinder portrait lens. It was
bought at secondhand and refigured by the Clarks. Each
combination of the doublet consists of a crown and a flint glass.
The refiguring of the lens was necessary not only to improve
the definition but to change slightly the focal length, making
it 114.6 centimeters, so that the scale of the photographs
became 2 c¢cm = 1°) the scale of the Durchmusterung charts.

When the Bache telescope was sent to Peru in 188¢, for
work on the southern sky, it was replaced at Cambridge by
another similar instrument called the “Draper 8-inch doublet.”
Objective prisms were employed with both instruments for
obtaining photographs of stellar spectra. Supplemented by
the work of larger instruments, they have led to the discovery
of numerous novae, variables, asteroids, and nebulae, and have
provided many of the photographs involved in the Draper
Catalogues of stellar spectra.

3 An elaborate description of the buildings and equipment of the Observatory
from 1855 to 1876 was given by Searle in the Annals (8, Part 1, 1876).
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In 1890, Miss C. W. Bruce of New York gave the Observatory
$50,000 toward the construction and maintenance of a large
photographic telescope. Telescopes with a single achromatic
lens, corrected for photographic light, were used at that time
for photographic work at nearly all observatories. The field
of good definition of such a telescope is comparatively small.
A doublet gives good definition over a region several times as
great. For any research, therefore, such as the charting of
stars, nebulae, and other celestial objects, much greater speed
is possible with a doublet than with a telescope of the usual
form, such as that constructed by the Henry Brothers for the
use of the Astrophotographic Congress. On this account
Pickering decided to use the Bruce gift for the construction
of a much larger doublet than had hitherto been made. The
result was the 24-inch Bruce telescope of 11 feet focal length.
In effect it was an enlarged 8-inch Bache. The scale of the
resulting photograph was 1 mm = 1/, or 6 cm = 1°.

The construction of the Bruce telescope was intrusted to
Alvan Clark and Sons, of Cambridgeport. It was completed in
1894 and after preliminary trials at Cambridge, was sent to the
southern station of the Observatory at Arequipa, Peru, whereit
remained until the closing of that stationin 1927. It has proved
to be of immense value in the work of the Observatory. The
mounting was originally of the open fork type, the telescope tube
being suspended at the end of a fork, as with smaller doublets.
This plan of mounting was unfortunate in the case of so large
and heavy an instrument, especially at the latitude of Arequipa,
since manipulation was made difficult and flexures were
introduced. For use at the new South African station, the
instrument is being remounted in the two pier arrangement.
Thus equipped and placed it may confidently be expected to
yield material of the highest value in the solution of the stellar
problems under investigation by the present director of the
Observatory.

Another doublet of special importance is the 16-inch Metcalf
telescope. The lens was constructed gratuitously for the
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Observatory by the late well-known amateur astronomer,
the Reverend J. H. Metcalf. The definition is especially good.
Valuable investigations have been greatly assisted by its use,
such as the charts of the Kapteyn Selected Areas and of the
Harvard Standard Regions for the northern sky, and the
photographs for the determination of the position of the moon.
Curved plates have been used with this telescope, the curvature
being produced in the telescope with the aid of atmospheric
pressure and an air pump. The field of good definition is thus
considerably extended.

The Draper and Boyden Refractors.—These telescopes,
one in the northern and the other in the southern hemisphere,
are a pair of instruments by means of which any investigation
within their scope can be made to cover the whole sky.

The 11-inch telescope was obtained by loan from Mrs.
Draper, in 1886, in order to extend the work of the Henry
Draper Memorial. Later it became the property of the
Observatory by gift. Originally it was a visual telescope,
made for Dr. Draper by Alvan Clark and Sons. It was adapted
to photographic work by the use of a suitable correcting lens.
To obtain the spectra of the brighter northern stars, from one
to four objective prisms were placed over the lens. Spectra
of the brightest stars were thus obtained having a length of
about 5 inches, which showed in some cases many hundreds
of spectral lines.

This instrument was used for many years at the Jamaica
station by W. H. Pickering for visual observations of different
members of the solar system. It has also been employed by
King for obtaining out-of-focus images of the brighter stars
for photometric determinations.

The 13-inch Boyden refractor, of unusual construction, has
proved to be an exceedingly useful instrument. The crown
lens is reversible, and its two faces have different curvatures.
In one position, with the two lenses nearly in contact, the
spherical and chromatic aberrations are corrected for the visual
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rays. When the crown glass is reversed and separated some-
what from the flint glass, the aberrations are corrected for
the photographic rays. The plan was devised by Edward C.
Pickering, in consultation with the Clarks. The same idea
was independently proposed by Sir George S. Stokes and Sir
Howard Grubb at about the same time. In spite of some
apprehension in regard to the outcome of this scheme, the
results in the case of the 13-inch were satisfactory both visually
and photographically. Visually, it has been used by W. H.
Pickering and Douglass for observations of planetary detail,
and by various observers for the measurement of double stars.
Photographically, it led to the discovery of cluster variables
by Bailey, and provided photographs of the spectra of the
bright southern stars, a study of which was made by Miss
Cannon.

The Polar Equatorial.—An interesting instrument in
active use at the present time is the 12-inch polar equatorial,
the mounting of which was devised by Gerrish. For many
years Pickering, in his extension of the Harvard Photometry
to faint stars, used the lens as a part of the 12-inch horizontal
photometer. When the observations planned for that instru-
ment were completed, the lens was taken for the construction
of the polar telescope. The telescope itself is fixed in position,
and the images of the stars are brought into the field by a
movable mirror easily controlled by the observer. The axis
of the instrument is parallel to the axis of the earth; the observer
looks into the eyepiece in the direction of the south pole.
The telescope is placed on the south side of the west wing of the
main building, with the observing end brought into the window
of a room on the second floor. The observer thus works in a
comfortable room, always seated in the same place and looking
in the same direction. The whole northern sky is at his
command, with the exception of a small region near the north
pole. This telescope has been found very convenient for
various kinds of visual observations, especially of variable stars.
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The Meridian Photometers.—Pickering, when he began
his visual photometry of the stars, found no suitable photometer
in existence and proceeded to devise such an instrument, in
consultation with Alvan Clark and Sons. For the measure-
ment of the brightness of the naked-eye stars, included in the
early Harvard Photometry, an instrument having lenses of
about 2 inches diameter was used. Later, for the extension
of this research, a larger instrument was constructed on the
same general principles. It will probably be sufficient to give
a brief description of the second and larger instrument, which
had lenses about 4 inches in diameter and was capable of
measuring the light of stars as faint as the ninth magnitude.
Like most of the visual photometers that have been used at the
Harvard Observatory, it was a polarizing instrument, although
the 12-inch meridian photometer devised and employed by
Pickering for the measurement of faint stars made use of
wedges and shades.

The 4-inch meridian photometer was provided with two
object glasses placed side by side with a silvered glass mirror
in front of each. The lenses were inclined slightly to each
other, so that the light from both was brought into a single
eyepiece. A double-image prism, placed near the eyepiece
and at a distance from the objectives nearly equal to their
focal length, divided the light received from each lens into
two pencils. The pencil of ordinary rays from one lens was
made to coincide with the extraordinary rays from the other
lens, and the other pencils were excluded from the field of view.
With one mirror the star used as the standard of comparison,
generally « or A Ursae Minoris for the northern sky, was brought
into the center of the field. The mirror was capable of the
small motion necessary to keep this star in the proper position.
With the other mirror, which could be rotated readily so as to
command the meridian sky from one horizon to the other, any
star when near the meridian could be brought into the field
near the image of the standard star. Their light was then
equalized by the revolution of a Nicol placed in the eyepiece.



PLATE V.—THE 24-INCH BRUCE TELESCOPE, AS NEWLY MOUNTED AT
MAZELSPOORT.

(Facing page 46)



PLaTE VI.—THE 60-INCH REFLECTOR, MOUNTED IN FECKER'S FACTORY AT
PITTSBURGH.
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As the Nicol revolved, the light of one star increased while that
of the other decreased. Four different settings of equality were
usually made, although in special cases the number was larger,
the mean of all being regarded as one determination of magni-
tude. The observations were repeated on one or more nights.
Suitable scales enabled the recorder to adjust the mirror for
stars of any right ascension and declination, and to make
a record of the readings of equality. The instrument itself
remained in a fixed position, the observer facing east or west.
For bright stars readily recognizable the settings of the instru-
ment by the circles gave the desired star with small probability
of error. For faint stars, the identification was checked by
any catalogue stars which might be near. For zone work, the
observer passed from one star to the next by the differences in
right ascension and declination.

Pickering also devised various polarizing photometers for
the photometric work carried on during many years, chiefly
by Wendell, with the 15-inch refractor. The principles
involved in their construction were somewhat similar to those
of the meridian photometers, but with great differences in
the details.

The 60-inch Reflector.—The Observatory obtained by
purchase in 19o4 the 6o-inch reflecting telescope formerly used
by Common, of England. With this instrument Pickering
planned to extend the Harvard visual photometry to as faint
stars as possible. Much time and labor were spent in fitting
it for such observations. Owing to difficulties inherent in the
telescope and its mounting, however, the definition of the stars
was far from satisfactory. At about this time, also, the rapid
development of the photographic photometry of the stars made
a further extension of such work by visual methods less desira-
ble. Little use was made, therefore, of this telescope, although
some investigations were undertaken for the determination
of the total intensity of stellar radiations, a field for which its
great light-gathering power seemed to render it well fitted.



48 INSTRUMENTAL EQUIPMENT

Dr. Shapley, in the plans for the extension of his researches
into the extent of the visible universe, needed an instrument
of greater power than any of those in use at the Observatory.
One of the Common mirrors provided the glass for the mirror.
It was found to be well suited to the purpose and was refigured.
A mounting is being constructed (1927) by J. W. Fecker,
successor to Brashear and McDowell. The new reflector will
be sent to the station in South Africa;it will be the largest teles-
cope in actual service in the southern hemisphere. The
mounting is to be of the two pier type arranged for use in both
the Newtonian and modified Cassegrainian combinations.

The great need of such an instrument is clearly set forth in
the eighty second Annual Report of the Director:

The Harvard Observatory has carried on fundamental surveying work
in the southern skies for thirty seven years, attacking the numerous
problems in a comprehensive manner, but seldom analytically. For
example, the visual brightness, spectral classification, and variations in
light have been studied for thousands of stars: a score of new stars have
been found on plates made at the Boyden Station; some ten thousand
nebulae have been discovered; and surveys of double stars, star clouds,
gaseous nebulae, and star clusters have been products of the systematic
work with the several photographic refractors. But searching analyses
of special objects such as the Magellanic Clouds, globular clusters, gaseous
nebulae, and individual stars have generally been impossible. The rapid
photographic refractors and patrol cameras are suitable for the funda-
mental work and their use will be continued unabated, but a large well-
equipped reflecting telescope is necessary for the special analytical studies.

Miscellaneous Instruments.—Several other instruments
deserve special mention. The 10-inch triplet, in which a
double concave lens has a central position and is used in making
the final adjustments, was ground and figured by Metcalf.
The definition given by this combination is unusually good over
a large field. The triplet is similar in construction to that
devised by H. Dennis Taylor, when a member of the English
firm of T. Cooke and Sons.

A fixed photographic telescope, having a lens of 12 inches
diameter, and of 135 feet focal length, with which W. H.
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Pickering made systematic maps of the moon, was an interesting
experiment, though not of great general utility.

The 24-inch reflector mounted at Cambridge has been
of considerable value in obtaining material for special investiga-
tions.

Mention should be made of the development, by Gerrish,
of electrical methods for the control of large instruments. The
use of the electric motor synchronized by the pendulum of a
standard clock, instead of heavy weights, for driving the
instrument, as well as for securing slow motion in right ascen-
sion, has greatly facilitated the operation of heavy telescopes.
This method was introduced for the 24-inch reflector in 1907,
and was applied later to the 16- and 6o-inch telescopes.

OBSERVATORY INSTRUMENTS*

60-inch Reflector (Two Mirrors) 8-inch Bache Doublet
t28-inch Draper Reflector 18-inch Boyden Doublet
24-inch Bruce Doublet 8-inch Draper Doublet
24-inch Reflector 8-inch Refractor
16-inch Metcalf Doublet 18-inch Polar Equatorial
15-inch Equatorial Refractor 18-inch Doublets (Two)
13-inch Boyden Refractor 1634-inch Equatorial Refractor
12-inch Polar Equatorial ts-inch Transit Photometer (Two)
t12-inch (135-foot) Refractor t434-inch Transit Circle
12-inch Metcalf Doublet t4-inch Meridian Photometer
11-inch Draper Refractor t4-inch Comet-Seeker
1o-inch Metcalf Triplet 4-inch Cooke Triplet
t 84-inch Meridian Circle 3-inch Ross Patrol Telescopes (Three)

234-inch Russian Transit
t2-inch Meridian Photometer
* As of 1929; small portable telescopes and photographic cameras are not included in the

above list.
t Not now in active use.



CHAPTER V
EXPEDITIONS AND FOREIGN STATIONS

REeFERENCE has been made in Chapter I to astronomical
expeditions undertaken by members of Harvard University
during the first two centuries of its existence. The Harvard
Observatory since its foundation has carried out many scientific
expeditions—several to observe total eclipses of the sun.

Total Eclipse of the Sun, 1851.—After the establishment
of the Observatory, the first recorded attempt by a member of
the staff to observe a total eclipse of the sun was made by
George P. Bond in 1851. Taking advantage of a trip to Europe,
he made observations of the eclipse of July 28, at Lilla Eden,
Sweden. He was provided with a small telescope of about
two inches aperture and a power of 3o diameters, which was
loaned to him by Riimker of the Hamburg Observatory. The
duration of totality was about four minutes. The conditions
for observation were perfect, and the scenic setting added to
the grandeur of the spectacle. Bond wrote a graphic account
of the event which exists only in typewritten form. His
scientific observations were published in the Astronomical
Journal for October, 1851.!

Bond was much impressed by the pure white beauty of the
corona and its visibility for an instant after the reappearance
of the sun. His comments on the prominences illustrate the
imperfect knowledge of that time regarding eclipse phenomena:

. . . they had rather the appearance of flames, not in sudden motion,
than of mountains, or of solid projections from the Sun, to which they
seemed to belong rather than to the Moon, if they are not optical
phenomena.

1A. 7,2, 49, 1851.
50
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In the brief time at his command he recognized the real form
of one of the bridge-shaped prominences, which have been so
well shown in later years by photography.

Annular Eclipse of the Sun, 1854.—Careful preparations
were made by the Observatory for the observation of the
annular eclipse of the sun on May 26, 1854. An arrangement
had been made with Dr. Bache, Superintendent of the United
States Coast Survey, by which George P. Bond, Charles W.
Tuttle, and Richard F. Bond, representing the Observatory,
were provided with telescopes and time-keepers. They planned
to observe the eclipse in New Hampshire from the summit of
Mount Washington, near the northern limit of the annular
phase. Unfortunately, after the laborious ascent of the moun-
tain, a cold rain prevented any observations.?

Determinations of Longitude, 1855.—Some reference
should be given to the various trips made in early days of the
Observatory for the determination of longitude. Before the use
of electrical methods, the determination of differences in
longitude was frequently made by observations of celestial
phenomena, and also by the transference of chronometers
from one station to the other, generally in care of ship’s officers.
However, in order to obtain the best possible results for the
difference in position of Liverpool and Cambridge, Mr. Sydney
Coolidge, a volunteer assistant in the Observatory, took charge
of the transportation of the chronometers in 1855. He also
made the necessary transit observations both at Liverpool
and at Cambridge. Under his direction some 50 chronometers
were transported a distance of about 18,000 miles—a large
undertaking in view of the slow ships of that day.?

Total Eclipse of the Sun, 1869.—The eclipse of 1869
occurred on August 7. Its path was from Alaska and Canada,
through Iowa, Illinois, Kentucky, and North Carolina. It

2 H. A, 1, clxxviii, 1856.
3 Ibid., clxxxix.
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aroused wide interest and was observed by nearly all American
astronomers and by many from other countries. Congress
made a liberal appropriation for its observation. At the
request of Benjamin Peirce, Superintendent of the United
States Coast Survey, Winlock, then Director of the Harvard
Observatory, took charge of a party of observers at Shelbyville,
Kentucky. He made photographs of the corona and carried
on spectroscopic observations.

Other observers from the Observatory were Arthur Searle and
C. S. Peirce, who were assigned to adjacent locations in the belt
of totality. Peirce was stationed at Bardstown and Searle
at Falmouth. Edward C. Pickering, at that time Professor of
Physics at the Massachusetts Institute of Technology, made
spectroscopic and other observations at Mount Pleasant.
He also obtained a photograph of the corona with a portrait
lens. Survey parties occupied stations in Alaska, Iowa, and
Illinois, while representatives of other observatories and
independent observers were distributed along nearly the whole
path in the United States. The conditions of the sky were
generally favorable, and the scientific results obtained added
much to the knowledge of the nature of the sun.

Special attention was given to the form and nature of the
corona, about which little was then known, and to the spectrum
of the prominences. Photography was introduced on a scale
hitherto untried. A photograph made at Shelbyville with an
exposure of 40 seconds added to our knowledge of the form
and extent of the corona. Winlock observed in the spectrum
of the prominences during totality 11 bright lines of which 3
were visible before and after the total phase. He decided that
all such photographs should be made at the principal focus,
rather than with an enlarging lens, the more usual method at
that time.*

Total Eclipse, 1870.—The success of the observation of the
1869 eclipse induced many American astronomers to observe

‘H. A, 8, 56, 1876; Rep., U. S. Coast Survey, 116, 1869.
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that of the following year, on December 22, in Europe. Again
the Government of the United States, through the Office of the
Coast Survey, rendered important assistance. Benjamin
Peirce still retained his position as Superintendent of the Survey,
and was in general charge of American expeditions. Winlock,
aided by Henry Gannett, an assistant at the Harvard Observa-
tory, was placed in charge of the station at Jerez de la Frontera,
Spain. Charles S. Peirce occupied a station in Sicily. Asso-
ciated with Winlock in or near Jerez were a large number of
observers, some of whom later became famous. Among them
were Charles A. Young, Samuel P. Langley, and Edward C.
Pickering. The sky on the day of the eclipse was rather
cloudy, although at the time of totality the eclipse was only
partially obscured. A number of photographs were obtained
and many useful visual observations were made by members
of the expedition.

For use at this eclipse, Winlock devised a special attachment
for his spectroscope to ensure accuracy and speed in the deter-
mination of the positions of the lines observed. The arrange-
ment consisted of a point or cutting tool attached to that
part of the spectroscope which was moved to effect a pointing
on a given line. The record of position was impressed upon a
plate suitably placed. This apparatus appeared to work
successfully, but its importance became less with the introduc-
tion of photographic methods. Winlock had also constructed
a simple lens of long focus which was mounted in a fixed
position, the image of the sun being kept in position by a mov-
able mirror. This apparatus continued in use for a time at
Cambridge for taking daily photographs of the sun. The
method was not original with Winlock, but he seems to have
been the first to bring it into practical use.

Photographs made at the eclipses of 1869 and 1870 are
reproduced in the Harvard Annals. They were prepared in
general by drawings, photo-engraving processes at that time
not being well developed.®

S H. A, 8, 56, 1876; Rep., U. S. Coast Survey, 134, 1870,
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Total Eclipse of the Sun, 1886.—W. H. Pickering, while he
was a member of the faculty of the Massachusetts Institute of
Technology, formulated plans for the observation of the
eclipse which occurred on August 29, 1886. An account of this
expedition is given here, because Pickering soon after became
an assistant in the Observatory, and the Observatory provided
a part of the equipment and published the results in the Annals.
An appropriation of $500 was made by the Rumford Committee
of the American Academy of Arts and Sciences to aid the
expedition. This sum was to be applied to the purchase and
transportation of the necessary equipment, and, if anything
remained, to the cost of publication. Mr. Pickering paid his
own personal expenses and depended entirely on volunteer
assistants. The island of Grenada, in the West Indies, was
chosen as the site for the observations. Clouds covered the
sun on August 29 until within a few minutes of totality, when
conditions became favorable. Visual observations of Baily’s
beads, shadow bands, and other eclipse phenomena were made
by members of the party and by local volunteer observers. The
principal instrument was a photo-heliograph of 38 feet focus,
intended for a study of the structure of the inner corona and
for a determination of its photographic intensity. Unfortu-
nately, no satisfactory photographs were obtained with this
instrument, although with others a few good plates were
obtained, showing the prominences and the form and intensity
of the corona. From these plates Pickering reached conclu-
sions regarding the structure of the corona, and the visual and
photographic intensity of the corona and of the sky.®

Total Eclipse of the Sun, 1887.—The Observatory took
part by proxy in expeditions to observe the eclipse of August
19, 1887. It was uncertain at that time whether the corona
was a fixed feature of the sun or whether it underwent rapid
changes. To determine this, two widely separated stations,
provided with similar apparatus, were needed. W. H. Picker-

¢ H. A., 18, No. 5, 1890.
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ing prepared the instruments and plates for the experiment.
Professor Charles A. Young at Rshev, Russia, and Professor
David Todd, at Shirakawa, Japan, undertook to have the proper
exposures made at these stations. Unfortunately, clouds
prevented successful photography. Had the weather permitted,
photographs would have been obtained at each station with a
lens of 10 inches diameter and of such a focal length as to
give an image of the sun 1 inch in diameter. In addition, in
Japan, photographs had been planned to give images of the sun
5 inches in diameter without enlargement.’

The Boyden Expeditions, 1887 to 1888.—A fund amount-
ing to about $238,000 was left by Uriah A. Boyden, of Boston.
for carrying on astronomical observations at such an altitude
as to avoid, so far as possible, the ill effects of the earth’s
atmosphere. Early in 1887 the trustees of this fund transferred
it to the President and Fellows of Harvard College, for the use
of the Observatory.

A search for the site where Mr. Boyden’s wishes might
best be carried out was at once undertaken, both by study
and correspondence and by personal investigation. Altogether,
a large number of more or less associated expeditions were
undertaken, during many years, in the fulfillment of this
obligation. The southern stations of the Observatory, first
in Peru and Chile and later in South Africa, were selected and
maintained in the spirit of Mr. Boyden’s bequest.

Various appliances were devised to test the atmospheric
conditions at different sites. These appliances included photo-
graphic instruments showing the definition of star images and
trails and of trails of stellar spectra, at different localities and at
various altitudes. Meteorological observations, when not
already available, were undertaken by means of self-recording
instruments.

E. C. Pickering and W. H. Pickering visited different localities
and mountain summits in Colorado, in 1887. Records were

7 Ann. Rep., H. C. O, p. 6, 1887. ,
2 —-a
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continued after their departure by the aid of Professor F. H.
Loud, of Colorado College. Much valuable information was
furnished by General Greely, Chief of the United States Signal
Service.

Through the assistance of Mr. W. H. Cilley, of the
Oroya Railway, and Mr. V. H. MacCord, of the Southern
Railways of Peru, meteorological observations were carried
on during 1888 and 1889 to determine the desirability of a site in
some elevated locality in Peru.®

Total Eclipse of the Sun, 1889.—The total solar eclipse of
January 1, 1889 was observed by several members of the
Observatory with a large equipment at Willows, California.
W. H. Pickering had charge of the expedition, assisted by King,
Black, and Bailey of the Observatory staff. Mrs. Bailey was
one of a large number of volunteer assistants. Russell T.
Crawford, later Professor of Practical Astronomy at the
University of California, was at that time a boy of thirteen
and a resident of Willows. He became an enthusiastic helper
in the work of the station.

The instrumental equipment for the observation of the
eclipse consisted of the 13-inch Boyden refractor, the 8-inch
Bache doublet, and several smaller instruments. The condi-
tion of the sky on the day of the event was nearly perfect.
Forty-seven photographs of different kinds were obtained,
and numerous visual observations were made. Valuable
meteorological observations were made by Professors Winslow
Upton and A. Lawrence Rotch.?

A great crowd of onlookers gathered about the eclipse
station. As the corona flashed suddenly into view at the
instant of totality, a strange shout of applause, breaking a
deep and impressive silence, rose from the multitude.

The Mount Wilson Station, 1889 to 189o.—After the
eclipse of the sun at Willows, W. H. Pickering proceeded to
southern California, which appeared to offer especial attrac-

8 Ibid., p. 8, 1887; p. 7, 1888.
9 H. A, 29, No. 1, 1893.
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tions for an observatory station. King and Bailey remained
to pack up the equipment, a part of which was destined for
some site in southern California and the remainder for Peru.
Mr. Pickering consulted with several persons in Los Angeles
and vicinity, and on January 23, 1889, accompanied by Alvan G.
Clark and a number of volunteers from Los Angeles, passed a
night on Mount Wilson. As a result of the information
obtained, it was decided to establish a provisional station
on the summit. After making some arrangements for this
purpose, Pickering returned to Cambridge.

King, assisted by Black, was chosen to take charge of the
installation and maintenance of the Mount Wilson Station.
The instrument selected was the Boyden 13-inch refractor
which had been successfully employed by King at the Willows
eclipse, and which was now forwarded to Mount Wilson, where
a suitable building was constructed for its protection. A
shelter was also provided for the two observers. No good
road to the summit existed at that time, and considerable
difficulty was experienced in conveying the heavier parts
of the instrument to the station. King and Black carried
on observations in this isolated location from May to November,
1889, when King returned to Cambridge. The photographic
work was continued into 18go by Black, who then returned
the instrument to Cambridge for transshipment to the Peruvian
Station at Arequipa. The work carried out on Mount Wilson
was chiefly photographic. Many successful plates were
obtained of the moon, of planets, star clusters, double stars,
and nebulae.

Although the advantages of the climate of Mount Wilson
proved to be less satisfactory than had been anticipated, they
were, nevertheless, considered sufficient to justify the purchase
of a site and the foundation of a permanent station. For
various reasons, however, the attempt to obtain a secure title
was unsuccessful at the time, and later the establishment of
the station in the southern hemisphere made one on Mount
Wilson of less importance; hence the idea was abandoned.
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Many years afterward, Edward C. Pickering, while on a
visit to the mountain, made arrangements by which a memorial
tablet was placed on the site of the Harvard pioneer station.
It is near the present buildings of the Mount Wilson Observa-
tory of the Carnegie Institution.

First Peruvian Expedition, 1889.—A recognition of the
need for astronomical observatories or stations in the southern
hemisphere was neither new nor peculiar to the Harvard
Observatory. Astronomers everywhere appreciated the neces-
sity of securing incrcased observations of southern stars. As
soon as Pickering began the Harvard Photometry at Cambridge
he was impressed with the desirability of extending the observa-
tions to the southern sky, and researches in stellar photography
only emphasized the necessity for a Harvard southern station.
The reception of the Boyden Fund made the establishment
of such a station feasible.

At first, two stations were under consideration, one in the
northern hemisphere so chosen as to fulfil the terms of the
Boyden bequest, the other in the southern hemisphere. There
appeared to be no good reason, however, why both considera-
tions, a lofty site providing the best attainable atmospheric
conditions, and a location somewhere south of the equator,
might not be combined in a single station. For such a station
the high plateaux and mountains of the west coast of South
America seemed to offer many attractions, and correspondence
was opened with various gentlemen in Peru. As a result
of these investigations, a preliminary expedition was sent
to Peru at the beginning of 1889, under the direction of S. I.
Bailey, at the same time that another expedition, described
above, was sent to test the climate of Mount Wilson, California.

On February 2, 1889, Mr. and Mrs. Bailey and their son
Irving left San Francisco for Callao, Peru, on the San José, a
ship of the Pacific Mail Company. At Panama they were
joined by M. H. Bailey, who had with him additional apparatus
brought directly from the Cambridge Observatory by way of
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PLATE VIII.—(Above) MoNT BrLANC STATION, PERU. (Below) THE AREQUIPA
StaTION, WITH EL MISTI IN THE BACKGROUND.
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New York. The chief instruments of the expedition were the
4-inch meridian photometer, which was to be used for the
extension of the Harvard Photometry, and the 8-inch
Bache doublet which had long been in use at Cambridge for
making stellar charts and spectrum plates.

As a result of somewhat extended investigations along
the Oroya railway, which runs from Callao through Lima to
the lofty interior of Peru, a preliminary station was chosen
near Chosica, a town lying in the valley of the river Rimac.
The valley itself at Chosica, shut in by lofty elevations, did not
give the desired horizon, especially to the north and south. A
summit was therefore selected, 8 miles by mule trail from the
village. This isolated site was occupied on May 8, 188¢.
Portable buildings of rather light construction had been sent
from the United States. ‘They served their purpose fairly
well in the mild climate of central Peru, even at the altitude
of 6500 feet. This hitherto unnamed summit was called
“Mount Harvard.” The members of the mountain camp were
Mr. and Mrs. S. I. Bailey and son, Mr. M. H. Bailey, Sefior
Elias Vieyra, a Peruvian assistant, and two resident servants.
A muleteer made a daily trip from the valley to the station,
carrying food and water. Although 8 miles by trail from
the nearest neighbors, the station was often visited by Peruvians
and tourists, yet was never molested. It commanded a
wonderful view of Lima and Callao, the Pacific Ocean 30
miles away to the west, the great Andes on the east, and endless
mountain ridges and deep gorges on the north and south.

The sky at Mount Harvard became cloudy at the close
of the