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The two decades prior to the Civil War was a golden era of science education in
the American liberal arts college. This was a time when two or three years of science
courses were mandatory and when the liberal arts colleges were not overshadowed by the
research universities. It was a time when the most important politicians, business leaders,
and professionals knew a reasonable amount of science. And of the sciences taught at
colleges in the United States, astronomy was considered "the most ancient and the most
perfect of the sciences." Motivating a student to study astronomy was not thought to be a
major problem for the faculty of the mid-19th century. After all, to quote one,
"Astronomy, in its grandest and noblest conceptions, addresses itself alike to the intellect
and to the heart." In this paper, I will examine astronomical education in a formal setting
and draw some connections with the lectures of O. M. Mitchel, who personified
astronomical education in an informal setting.
Before we examine astronomy teaching in mid-nineteenth century American
colleges, we need some context about the colleges themselves. First and foremost,
colleges in the United States at that time were relatively numerous, but very small. Of the
119 in existence in 1853, only 9 had over 200 students. I am going to focus on Yale
College in my discussion, because it was the largest, with 440 students. To give you some
sense of Yale’s relative size (and the relative youth of many U.S. colleges), it had more
students in 1850 than 95 of the other 119 colleges had alumni.
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Colleges generally attracted students from their own locality or region. Yale
attracted students primarily from New England, and especially from Connecticut. Other
examples of this phenomenon are Hamilton College, which drew 90% of its students
from upstate New York, or the University of Pennsylvania, whose college students were
almost exclusively the sons of Philadelphians.
Yale was also typical in that it was a sectarian college. Most American institutions
of higher education were religiously affiliated and debates over the religion of potential
faculty were not unknown.
College students represented a very small minority of the American population in
mid-century. Only about 1% of the American male population and a much smaller
percentage of the female population attended college. Although they served only a small
minority, colleges were not the exclusive domain of the well-to-do. There were
scholarship programs at many colleges and going to college was a path of social and
economic upward mobility for some poor individuals. A college degree was not a
prerequisite for a professional career or leadership status in American society. However,
most college graduates went on to professional careers as doctors, lawyers, ministers,
college professors, academy teachers, businessmen (including plantation owners) and
government workers. In general, college graduates may not have been people of great
power, but, especially within their local communities, they were people of influence.
Most potential students took some sort of college preparation course, either with a
private tutor or in an academia and entered with advance standing. Spending four years in
college was not typical and it was not uncommon for the junior class to be the largest of
the four and the freshman the smallest. Tutors (the equivalent of modern teaching
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assistants) taught most of the classes during the first two years. Professors taught the
upper classes.
The curriculum of American colleges in the 1850s was truly a balance of the
humanities and the sciences, at least during the Junior and Senior years. In many
colleges, science and mathematics through calculus represented up to a third of the
curriculum during the last two years, with physics, chemistry, and astronomy the most
common sciences taught. Geology or biology was less common, but they were offered at
some colleges, either as part of the required curriculum or as elective lecture courses.
Science was unquestionably part of the core curriculum. The primary debate over the
curriculum during this period focused on the distribution of subjects on the humanities
side. Educators were asking whether Latin and Greek had to make some room for modern
languages, modern literature, or modern history, all of which were usually electives or
extra curricular subjects.
Astronomy was a required subject in almost every American college. It was
generally a half-year subject, taught either in the junior or senior years (or one-quarter
each year) by the professor who also taught either mathematics or natural philosophy
(physics). Although it was required, professors did provide the students with a variety of
motivations for learning the subject. There were practical advantages resulting from the
study of astronomy, such as improved navigation, accurate time, and the furnishing of
standards of measurement. There were the intellectual advantages of enlarging the mental
powers and storing the mind with great truths. There were moral advantages: astronomers
historically represented very positive role models and it was thought that there was a
direct correlation between what you studied and the sort of human being you would
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become; also, astronomy reinforced religious beliefs. Finally, it was fun. In an
introductory lecture, Denison Olmsted, the professor at Yale, used the words ''delight,''
pleasure,'' and "fascinating" to describe the field.
More generally, there was a purpose to teaching science which went beyond the
specifics of the discipline. Students did not memorize facts for their own sake. Rather,
they learned to do astronomy, to understand how astronomers did astronomy, and
ultimately, to obtain a way of thinking and learning which would be applicable in the
wider world. They learned to move from the concrete to the abstract. They learned that
the advance of science depended on a balance between imagination and verification.
They also learned, especially from the history of science, the dangers of arguments from
analogy and arguments from authority. Students learned practical lessons for use in the
world after graduation.
A typical astronomy course had three components, more or less well-integrated.
The main component was the student's oral demonstration of his or her knowledge of the
facts as presented in the textbook or by the professor. These recitations, as they were
commonly called, might be held as frequently as twice a day, and focused on the current
state of astronomical knowledge. The principle areas of focus were, in our terms, celestial
mechanics and the reduction of observations. There was a limited consideration of
descriptive astronomy. As surviving final examinations demonstrate, students were
expected to have a firm grasp of practical astronomy, spherical trigonometry, the theory
and calculation of orbits--including the laws of Kepler and of Newton--eclipses and
occultations, and facts about the planets, comets and stars.
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The second component was the practical exercise. Students learned how to use a
telescope and reduce observations. They learned to calculate orbits and predict eclipses.
The level of sophistication of the practical exercises varied greatly according to the skills
and interests of the individual professors and the astronomical apparatus available at a
given college. Within the general astronomy course there was much opportunity for the
specialist in eclipses, orbits, cosmology, or meteor showers to display their expertise.
The third component of an astronomy course was the series of lectures by the
professor. These were intended to provide the big picture. In some colleges, they would
be open to non-matriculating individuals, who were generally expected to have read a
textbook prior to the lectures so as to have the proper framework for understanding them,
as well as students. To the ante-bellum American professor, the relationship between the
recitations and the lectures was analogous to the study of grammar versus the study of
literature. The former was necessary to fully appreciate the latter. For many professors
lectures were intended to provide both the historical context and up-to-date information
not in the textbook. For a few professors, the lectures replaced textbooks as the primary
form of transmitting basic scientific information. Lectures, of course, were much more
flexible than textbooks, and more sensitive to change in a discipline. To give one
example of how lectures change, we can look at the lectures given by Denison Olmsted at
Yale. His theme for the course was “Great Discoveries in Astronomy.” In 1843, Olmsted
dedicated 75% of his lectures to a historical review of astronomy and only 25% on
contemporary discoveries. Only 7 years later, in 1850, 20% of the course was historical
background and 75% focused on the great wave of discoveries in astronomy in the last
half dozen years or so, with the remainder focusing on the philosophy of science.
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History was an important element in astronomy lectures. In the recitations,
students were expected to know only what the correct answer was. The lectures showed
process, the replacement of one theory by another. They showed the students the human
element in science. Astronomers had personalities, nationalities, belonged to schools and
learned societies. The historical lectures were also used to implicitly or explicitly teach
moral points. Historical lectures would be complemented by even more explicitly morally
(or religiously) focused lectures dealing with natural theology and extra terrestrial life.
To sum up what students learned—or at least they were supposed to learn:
celestial mechanics was a major part of the curriculum. Students had to know the
elements of an orbit and be able to calculate both cometary and planetary orbits.
Familiarity with the work of Newton, Kepler, Laplace, and, more recently, Adams and
Laverrier, was expected. Knowing how to make and reduce astronomical observations
was also important. Familiarity with basic astronomical concepts like aberration,
conjunction, and opposition was expected. A basic knowledge of the components of the
solar system, stellar systems, and theories of the universe were also expected.
There was actually a fourth component to the course. Some professors
supplemented the required curriculum with extra-curricular or elective programs in
practical astronomy to those students desiring to study the field in more depth. This
sometimes one-on-one training was an important element in the development of the next
generation of professors of astronomy.
Now, let us look for a few moments at the man who taught astronomy to more
American college students prior to the Civil War than anyone else: Denison Olmsted
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of Yale, professor of mathematics and natural philosophy from 1825 to 1836, and
professor of natural philosophy and astronomy from 1836 until his death in 1859.
Denison Olmsted had the typical preparation for a career in teaching college
science during the first quarter of the nineteenth-century. He graduated from college
(Yale, 1813), served as a tutor at Yale, and did some private study in science (with
Benjamin Silliman, Sr., a chemist), before accepting his first position as a professor of
chemistry at University of North Carolina in 1817. His credentials for becoming a science
professor at Yale were--and these were typical--alumni status, moral standing,
commitment to teaching, and understanding how science operates (he published in
chemistry while at North Carolina). That he had no experience in the area of science he
was teaching was not of primary importance to Yale in 1825.
Olmsted did arrange for Yale to have a telescope, a 5-inch Dolland refractor, with
a focal length of ten feet. When it arrived in 1830, it was, at the time, the largest telescope
in the United States. It was placed on an altitude and azimuth mount. The legs had casters
so that the telescope could be rolled around the observatory--which was the converted
steeple of a college building. One had to observe through low windows which concealed
from view any object higher than thirty degrees above the horizon.
Olmsted was sensitive to the inferiority of the Yale Observatory, especially as
other colleges, such as Harvard and Georgetown, began constructing superior facilities in
1840s. However, in a 1856 letter to his former student, Elias Loomis, he defended the
Yale program, arguing that it would be "more correct to have said that Yale College has
no observatory, although she has a good telescope." The telescope was a teaching
instrument, not a research instrument. The field of view of the telescope served the same
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purpose, in Olmsted’s view, as "a cabinet of minerals" in mineralogy or "subjects to the
teacher of anatomy." Its importance was measured not in the number of discoveries made
by the telescope, but the number of astronomers inspired through it. And Olmsted
inspired more students to publish subsequently on astronomical topics than any other of
his contemporaries.
We should also remember that there was much debate during this period over the
role of research in the career of a college science teacher. Olmsted was the public
spokesperson, starting in 1845, for the position that dedication to teaching was more
important than dedication to research. Indeed, he argued research could be a detriment to
teaching, labelling someone who was committed to making original discoveries as a
“Man of One Idea” who lacked the breadth to instruct properly. He once wrote the
leadership of Yale that “I have never known or heard of an instance where the same
individual was once a faithful and accomplished teacher of Natural Philosophy and
Astronomy, and at the same time an ardent devotee to practical astronomy.” For this
position he was attacked by the Lazzaroni, the group of American scientists who were
struggling to elevate U.S. science to the level of that practiced in Europe. However, when
read carefully, Olmsted's statements are actually nuanced attacks against the dangers of
overspecialization and the neglect of teaching because of a commitment to research.
Olmsted himself published fairly extensively on meteor showers, meteorology, and upper
atmospheric physics.
I now want to give you a sense of the mature (circa 1850) Olmsted lectures at
Yale.
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As an introduction, Olmsted discussed the "different classes of astronomers."
Olmsted argued that astronomers demonstrate a great diversity of strengths and
weaknesses. One had to be aware of these in order to evaluate "the respective authority of
each." All individuals are better at some things than others. When there is a conflict
between scientists, recognizing the relative strengths enables the outside observer to
decide who is more likely to be correct.
Olmsted divided astronomers into four classes:
1. Meditative (the theorists). Examples included Pythagoras and
Nicholas Copernicus.
2. Mechanical (observers). Examples included Tycho Brahe and
William Herschel.
3. Mathematical. Examples included Pierre-Simon Laplace and Urbain J. J. Le
Verrier.
4. Consummate astronomers--those who unite the qualities of more than one
class, such as Johannes Kepler, Galileo, and Isaac Newton.
Chronologically, Olmsted divided the history of astronomy into two periods, then
subdivided the second period. The two periods were ancient--antiquity to the birth of
Copernicus--and modern, which he further subdivided from the birth of Copernicus to the
birth of Newton, and from the birth of Newton to the present.
Olmsted credited four ancient societies with the cultivation of astronomy-Chinese, Indian, Babylonian, and Egyptian. Their astronomical work focused on the
prediction of eclipses and the astrology. Olmsted discussed the discoveries of antiquity
both under the subject heads of eclipses and astrology and in terms of each society.
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Although dismissive of the theoretical underpinning of their work--astrology--Olmsted
did praise the observations of these cultures.
Then ''long after the preceding nations'' came the Greeks. Olmsted focused on the
work of Thales, Pythagoras, Hipparchus, Eudoxos, and Ptolemy. The greatest of these
was Hipparchus. The Alexandrian school of astronomers in general and Hipparchus in
particular takes up the bulk of Olmsted's discussion of the Greeks. As for Ptolemy, he
was "the greatest writer among the ancient astronomers."
The Romans are quickly dismissed. They paid little attention to astronomy.
The "Arabians," as Olmsted calls the astronomers of the Muslim world, on the
other hand, were ''the astronomers of the Middle Ages."
Olmsted's outline of his lectures at this point did not mention the medieval
Christians at all. We know from contemporary publications, such as Robert Grant's
History of Physical Astronomy (1852), that there was recognition in the nineteenth
century of astronomical activity in Christian Europe starting at least as early as the ninth
century. Why the omission in Olmsted's lectures? Chronologically, the story is not taken
up again until a review of the state of astronomy in the late 15th and early 16th centuries
in order to place Copernicus in context.
I don’t know why the omission. This is sheer speculation, but this was the period
of intense anti-Catholic feeling in the United States. Although by the 1850s the rioting
and the burning of churches and convents had given way to more subtle expressions of
unhappiness, in 1854, a majority of the House of Representatives would be elected on a
platform of anti-Catholicism and anti-immigration. Olmsted, a former theology student
and strong Congregationalist, may have subscribed to the theory of the war between the
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Catholic Church and science and therefore was dismissive of astronomy during the
Middle Ages.
Modern astronomy began, according to Olmsted, with Copernicus. In the preNewtonian period of modern astronomy, the most significant figures were Copernicus,
Tycho Brahe, Kepler, Galileo, and to serve as a foil for Galileo, his contemporary Francis
Bacon. In discussing these individuals, Olmsted considered social class, education, their
defects, "weaknesses," or, in the case of Kepler, his "eccentricities." The "persecutions"
inflicted upon Galileo were also part of the story.
Then came Newton. In Olmsted's opinion, the Law of Gravitation "is esteemed
the most important principle in physics" and fundamental in numerous ways for
astronomical knowledge.
After considering Newton's "personal qualities and virtues," Olmsted turned to
post-Newtonian astronomy. For what we would call the intellectual history of the nearly
two centuries after Newton's great discoveries, the student had to wait for the later
lectures. There, under subject rubrics like the sun, moon, planets, comets, fixed stars, and
"mechanism of the heavens," Olmsted discussed the great discoveries of modern
astronomy. In the last of his purely historical lectures, he broached what we would call
the social history of astronomy. He discussed observatories, scientific societies--the
Royal Society, the Paris Academy, the Astronomical Society of London—and the
national astronomical communities of France, England, and the rest of Europe. He
concluded with a consideration of the "state of astronomy in our own country."
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Following the history, Olmsted gave two lectures on the sun, focusing on the role
of the sun in producing climate, timekeeping, and the earth’s orbit. He concluded with a
consideration of sunspots, rejecting William Herschel’s theories.
This was followed by a lecture on the moon, including discussion of its orbit,
appearance, the tides, and its possible inhabitants.
There was one lecture dedicated to the planets, and another two to the planetary
laws: Kepler, Newton, the two and three body problem.
Lecture 11 was dedicated to the “Habitability of the Planets.” Although Olmsted
thought the physical evidence make it unlikely that there was life on other planets,
pointing to issues of temperature, gravity, and the lack of atmospheres, he was unwilling
to reject the possibility completely because of the argument from analogy.
Then came lectures on the comets, the fixed stars, stellar systems, “the
mechanism of the heavens,” and in the last lecture, a consideration of the nebular
hypothesis. He concluded that last lecture with reflections on natural theology.
Those concluding remarks were not throwaway lines, but rather essential
elements of the course. That the study of science led the student to the intellectual
recognition of the existence of the Supreme Being and a deeper understanding of the
nature of that Being was a fundamental tenet of U.S. education. It took its cue from
William Paley’s Natural Theology: Or Evidences of the Existence and Attibutes of the
Deity, Collected from the Appearances of Nature (1822). And the astronomical
community offered its field as the best means of proving that a supreme being exists and
to appreciating His attributes. It provided a picture of a universe which was grand and
perfectly planned. And astronomers presented themselves as the most believing of men.
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At this point, I want to briefly turn to O.M. Mitchel. Compared to the lectures
given in colleges, Mitchel’s lectures were less concerned with history and method and
more descriptive. However, where they overlapped was the concern with natural
theology. Indeed, I would argue that there was to these lectures a central, natural
theological theme:
“If there by anything which can lead the mind upward to the Omnipotent Ruler of
the universe, and give to it an approximate knowledge of His incomprehensible attributes,
it is to be found in the grandeur and beauty of His works.”
“Evidence of His glory was found in the number of stars, the eternity of His
existence in the scale of the universe, and His wisdom in the harmony of the universe and
the laws which govern it.”
That Mitchel was effective in delivering his message is seen in the reaction of
Charlotte Abbe, the mother of the future director of the Cincinnati Observatory,
Cleveland Abbe. Having heard Mitchel lecture on the Astronomy of the Bible, Mrs. Abbe
felt compelled, in a letter to her son, to compare Mitchel to a man of the cloth: "I could
but feel what a loss to the Christian pulpit.... I do believe he is doing more good by these
lectures to draw men's minds towards God than many missionaries of the Gospel.” Both
Mitchel, speaking to his mass audiences, and Olmsted, lecturing to young men at Yale,
had the same message to convey, (quoting Mitchel): "As a physical philosopher, I am
compelled to believe in God.”
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