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ABSTRACT

    In this treatise I will explore the origins and evolution of the college observatories found at the U.S. Naval Academy at Annapolis, Maryland, from the Academy’s 1845 foundation, to the present day. Seamanship and celestial pursuits have perennially kept each other’s company, and here is no exception, with astronomy taught within the mathematics, then physics departments, with varying associations to the venerable Naval Observatory all along. This examination will reveal that permanent observatories at USNA belong to two diverse eras: the nineteenth century (recently reclaimed), and modern times. While celestial navigation and astronomy were taught in between, they did not benefit from a permanent observatory; the Navy relied on USNO for its celestial prowess. Observational astronomy (primarily celestial instruction) began with the original observatory erected shortly after USNA’s founding, and while some physics research began during Nobel laureate Albert Michelson’s tenure, observatory research remained on the periphery - more so with the dome’s razing in 1908 (although evidence suggests plans had been to replace the dome with one atop Mahan Hall). A replacement observatory finally made its debut in 1968, atop newly-erected Michelson Hall, while another ‘vintage near-restoration’ came about in 1991. This dome, whose rebirth is an interesting tale, houses the rediscovered Alvan Clark 7.75-inch (19.7-cm) optics. Michelson Hall’s dome originally housed a 0.41 meter catadioptric, replaced by a 0.51 meter in 1994. 

    I visited “The Yard” to speak with faculty about the observatories, and toured the equipment with pleasure, some two decades since my involvement as a student. The resultant research as discussed here will reveal my findings, in four elements, discussing: key observatory personnel, the observatory telescopes and instrumentation at USNA, research programs specifically involving these observatories, and the school’s educational activities relating to the two domes there then, and now. 

LIST OF CONTENTS

Title Page

Abstract

List of Contents

1        Introduction

2        USNA’s Beginnings In Celestial Study

2.1    Academy Beginnings

2.2   Observatory Built

3        The Original Observatory and 19.7 cm Clark

3.1  The Clark Telescope

3.2  Other Observatory Instrumentation

3.3  The Observatory, Pictorial Perspective

4        Education And Educators At The Old Observatory

4.1   What 19th Century Mids were Taught

4.2   Role of the Professors of Math, U.S.N.            

5        Michelson, Science-For-Science In Physics, The Demise  

5.1   Michelson 

5.2   End of the First Observatory and What Taught Then?

      5.3 Were there Plans for Mahan Hall? 

6        The Academy and USNO – Close Ties

6.1  Similar Science Paradigms

6.2   Solar Eclipse of 1869

6.3   Today’s Relationship – Finding the Refractor

7        Michelson Hall’s Observatory:  0.41 Meter

7.1   Overcrowding Leads to New Hall

7.2   Naval Academy Again Gets an Observatory

7.3   The Original Reflector

8        The New 0.51 Meter: Today’s Instrumentation

8.1   Renovation and Growth in 1994

8.2   Midshipmen in the Robotics Biz

9        Return of Venerable Optics: 19.7 cm Refractor

9.1   Lost and Found

9.2   Seeking a Home on the Yard Again

9.3   The Class of 1941 and a New Dome

9.4   Details of the New Instrument for Old Glass

9.5   Curiosities about the Clark Achromat

10    Observatory and Faculty today

10.1  The Physics Department

10.2  The Astronomers

10.3   Professors: Teaching vs Research

11    Research Alive and Well Today

11.1   The Midshipmen

11.1.1    Trident Program

11.1.2    Another Former Midshipmen doing Famous Things

11.1.3    Near Earth Asteroids

11.2   The Professors

11.2.1  Radio Astronomy

11.2.2  Galactic Jets, Tomographic Methods

12    Modern Education at the Yard’s Domes

12.1  The Classes

12.2  The Astronomy Club

12.3  Community

12.4  Small Radio Telescope In the Works

13    Discussion

14    Conclusion

15    Acknowledgements

16    Bibliography

The U.S. Naval Academy Observatory Programs and Times Gone By: A Tale of Two Domes

1          INTRODUCTION

    Seafaring means navigation, and throughout mankind’s existence, when a mariner set sail upon the high seas, his navigational method to reach ports in distant lands primarily focused on where he was in relation to the heavens above. So it is not surprising that, when the U.S. Naval Academy (USNA) was founded in 1845 in Annapolis, Mary-land, construction of an astronomical observatory followed short suit. While its educational focus aimed primarily at celestial navigation and timekeeping, there nonetheless existed an early forum by which to introduce the rudiments of astronomy to midshipmen. Originally a part of the mathematics department -- indeed, taught mostly by intriguingly designated “Professors of Mathematics, USN” -- the Naval Academy sought to emulate its “elder brother”, the esteemed US Naval Observatory, with USNO providing its more practical paradigm of ‘application’. Eventually the Naval Academy broadened its scope to include a more purist fare, and research was carried out in the Yard (notably by the likes of then-fledgling Albert Michelson) – but not in observational astronomy until the late twentieth century. However, as solar astrophysics gained an American footing in the late nineteenth century, the Naval Academy was able to carve a small piece of historical pie for itself by providing its primary observatory instrument for USNO use on a solar eclipse expedition in 1869. As would be expected, the observational research aspects did not dominate the original astronomy program, and in fact, the observatory lost its stand to demolition crews (in 1908; some documentation – incorrectly – recounts demolition in 1907) carrying out Admiral Porter’s wholesale renovation plan, a Flagg/Thompson design of 1895 to improve an otherwise meager campus. Ironically, an observatory was not included (apart from plans suggesting otherwise, to be considered later).

    While celestial navigation and textbook astronomy continued to be an educational product at USNA, a permanent observatory program did not return per se, until the construction of Michelson Hall in 1968 (the first to be done in over half a century). Research discussed herein reveals a fascinating implication that Mahan Hall may itself have been the target of observatory plans as the Porter renovation began. With a modern Michelson Hall, its rooftop dome housing a 0.41 meter Cassegrain, a broader observational pedagogy returned to the Yard -- and as well, a more purist undergraduate academic environment took real root.  Of late (1994) the Academy upgraded Michelson’s main instrument to a 0.51 meter Cassegrain, and midshipmen have made it a sophisticated, robotic affair, capable of Trident scholarship research. Trident scholars are those promising midshipmen who are allowed to do a senior research project in lieu of several majors courses; this, too, will be covered. In fact, the physics department has performed a wide range of research by both students and by professors, sometimes in concert with peer universities, sometimes with institutions such as the Naval Research Laboratory, although this was not the original practice. The infusion of “astronomy you can put your hands on” has broadened interest in the subject, and even stirred a USNA Astronomy Club to life to supplement the traditional gamut of academic offerings.

    In 1986 this very club took a field trip to USNO in nearby Washington, D.C., and spied a crate in the Naval Observatory basement, marked “Naval Academy”…. Could it be? What was this, the original instrument’s optics? Indeed it was, as suspected as far back as 1975 in discourse between the USNA Museum and USNO. What followed was an intriguing tale to secure the venerable if not rare 7.75 inch (19.7 cm) Alvin Clark achromat for restoration and use in the Yard once again. In 1991 the newly-housed, still-esteemed objective saw first light from a dome funded by alumni from the class of 1941, set in a telescope, mount, and dome carefully designed for modern utility, yet original “feel” and look. This instrument is used by astronomy classes again and even more so by the club.

    The story of observational astronomy at Annapolis thus takes two paths for our discussion: one, a chronicle of the original dome, and its eventual restoration at the Academy, and two, of the more research-oriented observatory atop Michelson Hall. We will look at both, compare and contrast what is a synergistic and enthusiastically-run program, well designed to educate the undergraduate who will one day pilot his ship or his jet out upon the high seas; and further, to hone sharp thinking with chaste intellectual observation so fundamental to the pure sciences. USNA continues to evolve geometrically in academic 'depth'. The latest research uses the .51-meter in a multi-year near-earth object (NEO) study to support Minor Planet Center endeavors (to include collaborative parallax studies). The most recent plans include purchase of a small L-band radio telescope; as well, a visual spectroscope purchase for extragalactic work. Indeed, research depth is a perennial issue at USNA; depth (and enough time) to conduct cutting edge, multi-year research poses a real challenge for an institution bent on academic excellence -- while training officers to lead at sea. Regardless, today’s midshipman receives an outstanding undergraduate education because for one, every resource is devoted to small undergraduate classes. Yet most of all, the Academy makes every one of its leading professors accessible to every student while also providing top quality, hands-on equipment not often seen at the undergraduate level. The road to such teaching methods -- especially for astronomy at USNA -- is rooted in the school’s very inception nearly two centuries ago. The observatories discussed here manifest the growth of the academic bent in the Yard, while perpetuating the nobler of seagoing traditions. To be sure, this is a tale of a blended old and new, of tradition and technology, of technical training versus unadulterated academia. It is a story of the maturation of a noteworthy piece of American astronomical history. It is undeniably a “tale of two domes”.

2          USNA’S BEGINNINGS IN CELESTIAL STUDY

    Much of the Yard is steeped in tradition, and we find this especially so surrounding the early development of astronomy there. The observatory was erected very soon after Academy’s own founding, so that a brief recount of the Academy’s founding is in order -- that one might understand the character of those groundbreaking times. What follow are a synopsis and then a discussion of how and when the first Naval Academy observatory was erected. 

2.1       Academy Beginnings

    The Naval Academy’s founding is affixed to 1845, becoming fully collegiate (expanding from a two to four year program) by 1850. The impetus to create such an institution is an interesting one, and began some years earlier. The seeds were planted with the birth of the U.S. Navy in the Revolutionary War, and the need was further articulated by President John Quincy Adams in 1825; it was again underscored in 1842 by US Secretary of the Navy A. P. Upshur. Yet it took an incident of attempted mutiny aboard a naval training vessel to have naval leadership reconsider the wisdom of immediate on-the-job training for future naval officers. The incident occurred on the American Brig Somers in 1842, orchestrated by a midshipman named Philip Spencer; courts-martial and three hangings at the yard-arm ensued. 

    In response to this near-mutinous training travesty, succeeding Secretary of the Navy George Bancroft sought a schoolhouse to formalize the educational process, settling on a ‘cramming’ school called the Philadelphia Naval Asylum. In 1845 he moved it to the “healthy and secluded location of Annapolis to rescue midshipmen from the temptations and distractions that necessarily connect with a large and populous city”, and set up a school with 50 students and seven professors (King et al., 1995). The “Naval School at Fort Severn” in Annapolis was renamed the Naval Academy in 1850; and while accreditation and conferred degrees did not begin until much later (1937), serious academic studies did. This included astronomy classes from the start in what archival documents clearly identify as astronomy (Phythian, 1869) in 1845 under the Math Department, and was formalized in 1853 with the creation of the Department of Astronomy, Navigation, and Surveying. 

    Not eight years after USNA’s founding, ground broke for the Academy’s first actual observatory, with the now-venerated refractor finding its home there and operating by 1857 (Bell, 2001). The Department of Astronomy, Navigation and Surveying was first headed by now-honored mathematics professor William Chauvenet, followed by Professor Coffin, then LCDR R.L. Phythian. Before that astronomy was taught in the Mathematics department, also under Chauvenet. From 1853-1865 the requirement was to have a “professor of mathematics, USN” to teach this subject (see section 4). Typically three line officers and a civilian professor worked there. Conversely, the Physics Department was not formed until 1895 per se, but a precursor, the Department of Natural and Experimental Philosophy, was instituted from the start in 1845 and from here midshipmen studied various physical sciences. In fact midshipman-then-professor Albert Michelson’s famed work took place in this department. What makes this relevant is which department (and under what paradigm) astronomy fell at the time. While purist research and provocative thinking appears to begin during Michelson’s tenure, astronomy education itself was more structured, somewhat rote and practical. After all, it was taught to familiarize future naval officers with celestial navigation, as opposed to science for science’s sake. That tack would not take place for astronomy until a full century passed, and this mindset thus influenced the construction, then demolition, of the Academy’s observatories.

    It should be noted that the neighboring U.S. Naval Observatory’s influences over Naval Academy astronomy are peripheral, but really cannot be denied. USNO set(s) the tone for navigationally-based, positional astronomy in the United States. Indeed for nearly a century, USNO had a dominating and foundational influence over much of American astronomy (see Lewis, I., 1947). Other substantial readings explore the complex history at that venerable institution, but a few principle relationships are worth discussing here (and later, two specific collaborations will be deliberated upon). Firstly, USNO itself began shortly before the Academy in 1830, as the Depot of Charts and Instruments. As it became the ‘Naval Observatory’ at its Potomac River site in 1844, it had developed a cache of unprecedented instrumentation -- a world-class collection for that era. Also in 1848, a corps of professors of mathematics was shared between both USNA and USNO, though it was created primarily to fulfill a need to train its midshipmen. Following USNO’s lead, USNA’s approach to teaching astronomy also remained strictly positional throughout the 19th Century. Indeed, astronomy remained entirely separated from the Natural Philosophy, then Physics (and Chemistry) departments throughout the life of that observatory. Nor did navigation join seamanship, its present association/department until 1933 (M.A. Anderson, 1935).

2.2             Observatory Built

    The first observatory building on the Yard found a central location near the west end of Stribling Row and was adjacent to the original chapel. Spencer Baird (1879) of the Smithsonian reports the precise location east of Washington, D.C. by 0h 2m 15.91s (unusual annotation, the exact reference meridian is unclear), at latitude North 38º58’53.5” which is midway between today’s chapel and Chauvenet Hall.. Begun during CDR Stribling’s superintendence on 1 July of 1850, the building was finished a year after the astronomy department was established, in 1854 on November 1st; the main objective was then completed in 1855, and the observatory was reported to be operational with the telescope in place by 1857. It cost $4696.75 to build (Lull, 1869). By comparison, the Chapel cost $3292.86 and the entire Academy budget in 1853 was $48,044.22, per Todorich (1984).  Its dimensions were 31 x 16-feet, with 9ft x 15-foot extensions to each side as small wings, which housed a number of instruments aside from the primary refractor. The building formed the shape of a cross. It (along with several buildings built during Stribling’s tenure), was apparently built with inferior materials, so that the wall of one neighboring building spontaneously fell one night as midshipmen studied. Recitations were sometimes held in the left wing, while additional instrumentation was held in the right. 

    As well, there is some speculation that the academy’s unusual wooden cylindrical “turret dome” (not hemi-spherical) was attributed to an architectural design prototyped at the 1830’s-constructed Hopkins Observatory at Williams College. William Milham’s treatise on this observatory (1937) does not make such outright suggestion, although similarities are striking, and such speculation exists at USNA. Milham indicates there is some commonality of design for that era (and this was confirmed more recently by the author), but no other ties seem to exist. Albert Hopkins himself had a hand in the building of that observatory; those observatories were actually designed by completely different architects according to historian R. Ariail of the Antique Telescope Society (ATS). Further, public works documents at the Yard show no indication that one was built as some replication of the other. It thus appears that some generic influence of the times may have taken place times in the Academy dome design, but to date no direct correlation has been proven.

3          THE ORIGINAL OBSERVATORY AND 19.7 CM CLARK

    The soul of the original observatory was of course the 7.75-inch (19.7 cm) achromatic refractor made by Alvan Clark of Boston (Cambridgeport). With a clear aperture of 7 ¾ inches and a focal length of 112 ¼ inches, this objective was the only known Clark lens of this exact size, and was manufactured early in Clark’s career (Warner and Ariail, 1995).  The telescope and its companion instrumentation were among the prized educational accoutrements in the eyes of Academy leadership even then; to wit, as the Academy moved to Fort Adams in Rhode Island during the US Civil War, the Superintendent himself penned a letter to his fellow superintendent at USNO to implore that the Naval Observatory store these instruments for safekeeping (Letters, 1845-1865). Further description follows, and thereafter discussion will turn to other instruments at the Academy’s observatory. 

3.1       The Clark Telescope

    Often considered to be in the ‘8-inch class’, this rare lens was regarded then (and now) to be of exceptional quality and one of the few remaining Clark lenses from the 1850’s. When the lens was rediscovered (see section 9 below), its quality was tested by Muffoletto Optical Company using modern methods;  The Muffoletto team described it to be ‘good with beautiful spherical bands’. Historian Bob Hambleton (also of ATS) also indicated that this test had some good results. 

   Conversely, Consultant Barry Greiner inspected the achromat to initially have good correction for spherical aberration but severe astigmatism persisted; this was caused primarily by irregularities in the cell spacers, that vary in thickness from .003-inches to .141-inche, as tested in double-pass autocollimation. This curiously contrasts the original testing by Muffoletto, which does not discuss the spacer issue. Additionally, both elements containing many bubbles and flakes; which is not wholly unusual in the glass of the time. These flaws do not detract from the overall performance because lenses were artfully matched sets. Clark approached lens-making in a holistic, almost aesthetic manner, his hands reportedly often gauging excellence merely by feel. Modern, anecdotal evidence suggests this mythical ability attributed to the Clarks is perhaps wishful thinking. Nonetheless, Clark’s revered lens-making techniques as disclosed in Warner and Ariail’s account describe Crowns and flints matched as unique, optimized pairs. It is the author’s belief that defects noted by modern methods are of little consequence as compared to the ‘net effect’ of an objective brought together by Alvan Clark, offsetting errors; personal observation of the achromat’s quality by the author suggests a fine net optical effect. Confidence was enough that Clark and Sons signed this objective, not a common thing, indicating a highly regarded hand at its fabrication, and the company willingness to stake its reputation on the objective’s excellence. Hambleton believes the actual glass pusher for the 7.75-inch may be Robert Lundin, incidentally the last director of the Clark Works. This is a somewhat contentious and unresolved issue, as it is unclear whether Lundin was yet employed by the Clarks when the lens was fabricated.  Discussions with Barry Greiner of D & G Optical, who also repaired the objective cell and made measurements of the glass in early November of 1990, feels as well that the craftsmanship found in this glass more likely reflects Alvan Clark’s own work, at least in the optical figuring. His personal observation of the flint-edge signature, signed “Alvan Clark Cambridge, Mass. 1855”,  and the implied difficulty working this piece of glass (rejectable by today’s standards with at least four veins of internal striations, notable internal inhomogeneities,  and a very thin edge, remarkably surmounted by the maker) leads him, along with ATS experts Bart Fried and Peter Abrahams to conclude it was unlikely Lundin’s work but the elder Clark’s. Indeed, the signatory etching is in Clark’s hand and is on the flint’s edge. 

    An old USNA report (Phythian, 1869) from that era also notes the telescope to be “one of the best in the state [of Maryland]”, and another modern optical assessment (by expert Paul Watson) declares it to be “very nice”. The laudatory comments of the past are really only of interest as documented commentary about the lens; one must recognize that the 7.75 inch had very few “competitors” with which to compare quality at that time. Empirical evidence was sought from that era as to resolution of double stars, but little further original documentation was found. The author’s opinion is that the lens is above reproach, while it remains unclear if it reached its half-arcsecond theoretical limit of resolution during its initial use in the 19th century. Suffice it to say that Watson and Greiner’s conflicting modern reports leave the enthusiast hungry for information on any original testing of this curious lens, to resolve this debate as to this lens’ original caliber - which may incidentally help gauge the level of performance generated by Clark in the 1850’s. Certainly, as verified by discussions with Fried and Greiner, the lens itself is of superb quality. Greiner noted the problem was in fact due to spacers and possibly pinching in the cell (which is hard to adjust for a thin-edged element), now corrected. See section 9 for more on the lens. Greiner’s test comments were based on spacers he found between the elements which were very irregular for a lens of Clark vintage, with spacer variations such as 4.1, 10, and 3.2 thousandths of an inch. Surely, these must not have been the original spacers, and must have been put in place after Clark’s time. The elements themselves are superb in quality, and now show no astigmatism with new, proper spacers. 

    This two-element objective appears to be a Fraunhofer design with little air spacing and a curve in the flint no equal to the convex crown. Approximate radii at R1, R2, R3, and R4, were 67.40 (convex), 35.20 (Convex), 33.49 (concave) and 105.95 (convex) inches, respectively. The crown has a few small bubbles, a couple of flakes, and a greenish cast (typical of the period); the flint has small bubbles too. The internal glass imperfections were all typical of that era, but despite these Greiner notes that Clark prevailed, producing diffraction-limited optics. Interestingly, Greiner found Clark’s polishing rouge still uncleaned from the narrow element edges; he left it there as a part of history. With the newest spacers in place, Greiner recounts that he penned in his notes, “Alvan Clark and Sons are [now] resting a bit better” (see Greiner, 1990).

    This objective was originally mounted in what was believed to be a wooden tube, rode a German equatorial mount supported by a brick and cast iron pier. The drive clock was regulated by a Bond spring governor. In the only illustration of the actual instrument, the telescope’s tube assembly can be seen as it was when loaned to USNO for an expedition (more in Section 6.2). Original documentation reports that the overall tube was supposedly 20 feet in length, while the focal length was a much shorter 9.5 feet (Marshall, 1862). This at first sounds confusing, but assessment of the documents reveals the reported length included a dewcap of sorts, and may also include the camera box which USNO added for its Eclipse expedition. Further investigation reveals that the tube itself was indeed just the focal length of the objective. The telescope had a 1.7-inch (44-mm) diameter finderscope which had a 20.25-inch (514-mm) focal length. The various eyepieces used with the main instrument over the early years included 3 positive and 3 negative (with one filar micrometer) in one report (Soley, 1876), and four basic and three micrometers, giving powers of 40, 106, 553, 966, 89, 226 and 673 respectfully, in a different Academy report. Whereabouts of the original micrometers is unknown, and at best is stored at the US Naval Observatory, but likely was sadly lost to a USNO cleaning as reported by Dr. Steve Dick, USNO historian.

3.2       Other Observatory Instrumentation

    Observatory instrumentation which complimented the Clark was surely mixed through the lifetime of the first observatory, but certain instruments are reported in 1869, 1874, 1879 and 1886 as principle appurtenances to the refractor. These included a very fine 4-inch objective meridian circle of 2 arcsecond accuracy, 4 foot in focal length, and 28.7” circle diameter. It was made by Repsold of Hamburg and was used mostly for solar observation at 200 power. It had three eyepieces, four microscope circle readers, and a couch-seat. At the time it garnered a reputation for quality observations at the small observatory.

    Included too, was a portable 3” equatorial Plosel (sic) telescope of 3-foot focal length, a  2-inch Wurdemann (sic) meridian transit, levels, an 8-inch-limb Wurdemann (sic) theodolite of 16 inches, sextants, charts, Negus mean time and sidereal chronometers, a Morse fillet chronometer, an artificial horizon, asurveyor’s compass, a library of books and many reports, and three transit telescopes – a 3” Wurdemann (sic) zenith, a 2.5” Stackpole Venus, and a portable 2” Wurdemann (sic) – each mounted on stone piers. (Marshall, 1862 and Baird, 1879). 

   Also, there was a rather rare Arnold & Frodsham (of London) sidereal clock, that was used in a USNO-led Venus Expedition of 1874-5, and the clock was apparently retained at the Academy until the Smithsonian requested it be loaned for exposition at the Centennial Exposition. The instrument made its way back to the Yard and survived another century there, until the Academy was able to again loan it to the Smithsonian for the Bicentennial Exposition in 1976. It resides in the Smithsonian today (Cheevers, 1979-2001).

3.3              The Observatory, Pictorial Perspective   (Figures not included)
    A number of photographs were uncovered during research, many which bear some scrutiny for the curious. The original Annapolis observatory as described above possessed a modicum of charm best appreciated in figures 8 and 9, and other illustrations  herein. While construction was purportedly inferior, it defiantly stood for half a century, and the structure maintained the dignity of a small college observatory of the time.

    In the original photographs one notes interesting subtleties in construction. The building has both conventional and tall-slitted windows, seen clearly in figure 8. The latter are typical of large observatories built up to that time. Likewise four slit-windows adorn the turret dome, suggesting tradition and economy over the advantages found in use of a round dome with slit. No document exists today which describes actual operation of the turret, but use of the windows as viewing slits is assumed. I would further tender that the reason for a cylindrical dome is owed to its ease of construction.  Ironically, giant modern observatories of the 21st century find advantage in a more cylindrical, flat-topped structure citing improved laminar flow of wind. The observatory was not exceptionally large, as noted both in comparison to midshipmen in navigation class in figure 10, and the original chapel standing alongside (figure 9). What the midshipmen studied in these classes will be discussed in section 4, but figure 10 underscores the emphasis on celestial navigation and positional astronomy.

4          EDUCATION AND EDUCATORS AT THE OLD OBSERVATORY

    Until the 1970’s, USNA had maintained a navigational slant to its astronomy education program more so than toward research or the advancement of pure science. Like the Naval Observatory, USNA’s interests have been rooted in positional astronomy. Today astronomy is taught in the physics department in a manner very much like other universities, while navigation -- some of it celestial -- is still being taught but in the Seamanship and Navigation Department, fully separate from ‘astronomy’. In the nineteenth century teaching astronomy was a more rote affair, taught so that ships might have knowledgeable officers to guide them by the stars and sun. In the original writing of the teachers then, one can glean a yearn to expand the program and exercise a bit of creativity in the observing agenda for classes.

4.1              What 19th Century Midshipmen were Taught

    Very useful accounts of the offerings at the department of Astronomy, Navigation, and Surveying can be found in the original reports given by head astronomer there, LCDR Phythian (already mentioned; he would become superintendent in 1890; see Phythian, 1869 and King & Cheevers, 1995); he was successor to aforementioned professors Chauvenet and Coffin from the Mathematics Department. Also, excellent accounts come from an informative Harper’s journal article of 1874, the old Academy registers of the 19th century, various Smithsonian reports, and foremost, from an old but consummate historical sketch by James Soley (of 1876). 

    Many practical evolutions were taught to the midshipman, from use of an azimuth compass, to use of a sextant and marine surveying. A core of competencies was traditionally taught, to include time observations, latitude by zenith, and portable zenith calculation. Phythian laments in writing of the limitations placed on astronomical observations and in training, noting the school’s required focus on navigation. Topics nonetheless included physical and descriptive astronomy, the solar system, Kepler’s Laws, earth’s motions and positional effects, weather and atmospheric effects, lunar astronomy, tidal theory, theory and calculation of eclipses and occultations, basic stellar astronomy, and time/equation of time. Refraction, optical theory and instrument construction also were taught to upperclassmen. Navigation itself was comprehensive and included compass sailing, great circle sailing, compass deviation, charts, sextant use, circle of reflection, artificial horizon, azimuth compass, meridian time, latitude by celestial altitudes, longitude by chronometer, Sumner’s methods, and spherical trigonometry. The second class (juniors) took a first semester course in astronomy, and first class (seniors) exercised practical celestial navigation on a short cruise, and continued taking practical instruction for four hours per week throughout the academic year. Cadet-engineers enrolled in a special astronomy course; cadet engineers became engineers on ships, a now obsolete corps for those who ran the new steam plants aboard ships of the day. That course focused further on navigation but asked midshipmen to apply learned skills in their recreation time. Elective courses in pure astronomy were recorded by Phythian as intended, but no record exists of their implementation in this era.

    Generally, use of the 7.75-inch refractor and meridian circles were used only to teach the principles of use, and time did not exist to teach any great proficiency, let alone do exploration or research. As the standards for preparation and appointment of midshipmen prior to entrance improved, less time was spent on the more basic training, and slightly improved access to the main telescope was given for education, even if still short of research; further hope was given to electives – which still did not materialize. Primarily, groups were placed at the main instrument(s) to make observations and then reduce them. However, it would be only fair to note that, during this era in America, the Annapolis observatory performed very valuable training, and can be favorably compared to other U.S. observatories in terms of staffing and instrumentation; per Lankford’s assessment of observatories (1940), there was a general lack of staffing and funding at most colleges. It is worthy to note that numerous Russian army and naval officers similarly resided at the famed and much larger Pulkova Observatory, also to learn geodetic, astronomical and nautical techniques as at Annapolis.

4.2              Role of the Professors of Math, U.S.N.

    Better officer education was prompted by the advent of steam propulsion, and as we have discussed, motivated the creation of the Naval Academy itself. With that naturally came practical training in positional astronomy.  Astronomy department head Phythian also notes that Professors of Mathematics, USN, headed the astronomy program until September of 1865, and after, it was headed by a naval line officer (such as himself), supported by four assistants (three of them also military). 

    The story surrounding these rare ‘professors of mathematics, USN’ is intriguing, and is discussed at length by Charles Griffin in the Griffith Observer (1988). The origin of this tiny corps precipitated from a squabble over how midshipmen would be accountable to civilian professors in a military chain of command (Dick, 2001). Originally, early professors had little more appointment (and power) than a warrant from the Secretary of the Navy to teach in the Yard. This created problems when for example, an insubordinate student burned one professor in effigy, and was subsequently acquitted at courts martial because said professor was not a superior officer. A militant Professor Lockwood (coincidentally a West Point graduate) provoked an uprising from an otherwise unruly and undisciplined collection of midshipmen, due to his high academic expectation and his institution of parade drill. Lockwood was clearly unpopular. In response to the burning and ineffectual court martial, the US Congress approved commissioning up to twelve ‘Professors of Mathematics, USN’ to teach at USNA, with restrictions only that they were hired with ‘the requisite skills for the respective job’.

   This vagueness allowed a few Professors of Mathematics, USN to be placed at other institutions as well, to include USNO. In fact, as the Academy moved away from use of Professors of Mathematics, USN, the Naval Observatory came to depend upon them, and fought to maintain the corps; further study of this intriguing corps at USNO is a thoroughly worthwhile endeavor.

    The previously mentioned Mathematics Department head Chauvenet was among the first to take such an appointment; he and the extant civilian professors easily converted to the military designation. The promotion scheme was equivalent to the officer corps, and allowed similar authority. Yet the corps’ authority seemed to be confronted at many turns, and by 1860, their powers in the administration were reduced (possibly compelling Chauvenet to leave USNA for Washington University where he became chancellor), after the Civil War, and more so as naval officers replaced these professors. Professors of Mathematics, USN found more work instead at USNO. By 1910, the Congress limited appointments to five assigned only to Annapolis, with the rank-equivalent of LCDR; this legislation which began athe corps’ slow demise. The corps essentially ended in 1916 with no further appointments allowed by further congressional edict. Twenty years later still, the last Professors of Mathematics, USN retired. The requirement for this sort of authority had concluded, and this curious yet productive corps became a permanent part of history.

5          MICHELSON, SCIENCE-FOR-SCIENCE IN PHYSICS, THE DEMISE

    In 1908 the original observatory was flattened (Warner and Ariail, 1995), and left in its stead was a question mark – would astronomy continue to be narrowed, taught only as a navigational topic only, or would the science aspect take hold? Would a new observatory replace the old? In study of the development of pure academic study on its own merit, we touch on the development of the Physics (Natural Philosophy) Department approaching the 20th century. A key player in developing this more scholarly environment was midshipman then naval officer Albert Michelson whose scientific pursuits made more lucid the merits of scholarly pursuit for young officers-to-be, in molding their potential. Furthermore, as we will explore why a 20th century observatory was not built until 1968, and we will discover fascinating indicators that may imply one was considered but ultimately, rejected.

5.1              Michelson

    A discussion of education at the Naval Academy is not complete without some consideration the influence the United States’ first Nobel laureate had on the institution, both as student and teacher. Albert Michelson, a Polish emigrant, entered the Naval Academy at age 17 as a midshipman of the Class of 1873, and did well in the sciences (albeit poorly in seamanship). After graduation and two years at sea he returned to the Academy as an instructor of physics and chemistry, from 1875 - 1878. Here he conducted his famous light-speed experiments (the location marked to this day at Annapolis) before leaving the service for professorship at the Case School of Applied Science in Cleveland in 1883, which ultimately led to his acceptance of the first department head position at the newly founded University of Chicago, where he taught until retirement in 1929. During World War I, Michelson volunteered to re-enter naval service, and at the advanced age of 65 became a Lieutenant commander in the Naval Bureau of Ordnance. After World War I he returned to Cleveland, and from 1923 to 1927 he served as president of the National Academy of Sciences. He won the Nobel Prize in physics in 1907 for his ether work, and was one of the most accurate early determiners of the speed of light; and he invented the interferometer. This and most of his work had a profound effect on the development of astronomy, cosmology, physics, and quantum mechanics, paving the way for the likes of Albert Einstein and the cadre of quantum physicists to follow (see Tankersley, 1995 for further information).

    It is clear that Michelson’s work had an impact on the Academy, too. The seeds for Michelson’s landmark work took hold during his four years’ teaching at the Academy, presumably with his first lectures on the velocity of light at the behest of superintendent, CDR William Sampson. Not satisfied with the current science found while preparing, Michelson created his own measuring device, which employed a 2000-foot baseline down the Academy’s Severn River’s shore. It was here that a result of 299,828 km/sec was measured, a mere 1/100th of a percent askew from today’s value. Incidentally, the 1878 cost of the apparatus was ten US dollars (King and Cheevers, 1995).

    Undoubtedly a fair amount of pride and heritage arose from the presence of such pioneering and famous work. In fact, Michelson’s light experiments had a catalytic effect to ameliorate the trends toward a more military and less academic education. Pure science had been demonstrated to have untold value in an officer’s education, and accordingly, the Physics Department (formalized in 1895; and which already was of a more science-oriented nature than the Department of Astronomy, Navigation and Surveying) continued in this ‘university-like’ manner (Physics Department History, 1993) through to today; assuredly his work on light and the interferometer has had a significant impact on astronomy of the 20th century to follow. 

    Furthermore, Michelson maintained a sense of duty by returning to naval service when he felt needed, irrespective of his enriched station in life. Of course Michelson surely lent academic credibility to Academy academics of the time, and he (in expected naval tradition) is thus extensively honored today about the Yard. These early shaping influences found their way into the mindset across the Yard, and were part of the foundation for collegiate development (even postgraduate programs in 1909 leading to the creation of the Naval Postgraduate School), and also eventually leading to a seeking of academic accreditation. On October 30th of 1930 accreditation was indeed granted, and by 1933 degrees were conferred. Thus Michelson, while not specifically an astronomer at USNA, was an influence for many key developments in USNA’s programs of study, to include the subjects involving celestial pursuit.

5.2       End of the First Observatory and What Taught Then?

    As noted, the first observatory saw its end in 1908. In 1895 USNA’s Board of Visitors, led by Robert Thompson, found the Academy’s facilities to be condemnable, and recommended widespread improvements. To improve the Yard, Admiral Porter (superintendent) had a number of buildings eventually leveled for replacement and expansion, based on a topographical/architectural plan devised by both himself and architech Ernest Flagg in 1895-1896. 

    Accordingly the observatory, already of less than ‘timeless’ quality, was demolished when called for. There were no replacement observatories forthrightly evident in Porter’s new construction (but see section 5.2), and this is not entirely surprising. Astronomy at USNA was more aptly described as celestial navigation, and in all honesty did not truly require the potential afforded by the Clark refractor. So the telescope and many other instruments were taken to USNO for safekeeping. There they remained until the achromat was rediscovered in the late 20th century (sadly the mount and tube were never relocated). 

    Meanwhile the teaching of astronomy became a more purely navigational endeavor, and while physics allowed for scientific thinking, observational astronomy on an observatory scale remained in temporary hibernation for 59 years (per A.B. Anderson, 1935). Variations on celestial navigation were many, but with the observatory gone it typically included one to two semesters as a junior, cruise practice, and weekly practical refreshers senior year. Over in the Physics Department (which joined chemistry and Electrical Engineering at various times from 1909 – 1969), astronomy showed no prominence as a science course for many years thereafter. When the first Annapolis Observatory met its ill fate, practical instruction was limited to smaller, navigationally-oriented instrumentation. A Spartan approach ensued; however with significant building construction beginning in the 1950’s, a change toward Athenian education was to follow, with the culmination of a new facility and program, as seen in section 7 (Sweetman, 1979).

5.2              Were there Plans for Mahan Hall?

    In the demolition of the old observatory, the future of observational astronomy had been jeopardized. This did not mean that no plans existed to replace it, however. Buried in the Flagg/Porter plans to renovate the Yard are fascinating conjectural illustrations and architectural plans to build an observatory atop Mahan Hall.  Serious consideration was given to the plan. Because Mahan Hall construction was not begun until the period 1907 – 1910 and the old observatory met its fate precisely then, the intent to replace one with the other can no doubt be inferred. In fact the leveling of the original fixture appears to be to make room for the new (now world’s largest) dormitory, Bancroft Hall; it seems unlikely that the observatory fell due to decrepitude.

    Were the Academy’s instruments to find a new home atop Mahan, they would be in notably superior accommodations.  Mahan remains today a stalwart and elegant granite building on the Academy grounds. No original documentation exists to describe why the Mahan observatory was not fabricated, but one may conjecture that money, as ever, was a primary factor. In the new scheme Mahan housed both an auditorium and the library while the sciences found other homes, which may have also contributed to a decision to not erect the dome. Instead, Mahan’s tower was adorned with a bell/clock tower, a telling but perhaps more economical decision by Academy leadership at the time (Noble, 1998).

6                    THE ACADEMY AND USNO – CLOSE TIES

    As noted above, US Naval Observatory influence swayed astronomy for the entire US Navy, the nation, and astronomy worldwide. Without a doubt the voluminous and prestigious history of the Naval Observatory is brilliantly recounted in larger works both past and pending (see Lewis, 1947; and look for a tome by USNO historian Steve Dick, to be published soon), so is beyond recitation here. But all accounts do suggest aa indirect but symbiotic relationship between USNA and USNO. 

6.1              Similar Science Paradigms

    To start, both institutions are of one Navy. Essentially, the commonalities between the two institutions can be seen as a common naval chain of command, a common scientific/academic arena, USNO’s close physical proximity to Annapolis, its employment of USNA-precipitated professors of mathematics, as well as a common, intricately-bound navigational focus; these engendered a naturally symbiotic relationship. The US Navy relied on USNO for its timekeeping apparatus and nautical almanacs; and on the Naval Academy for its officers trained in their use. Thrice USNA interacted with USNO in a major way – as discussed, USNO stowed the Academy’s instrumentation during the Civil War, and in 1879, the Academy lent its refractor to USNO for a major solar eclipse expedition; the latter is discussed below. In modern times, USNO helped find the long-missing Clark achromat. Both institutions were framed by common military requirements, and both were intent to expand science even if at some odds.

6.2              Solar Eclipse of 1869

    In the latter half of the 19th century solar astrophysics became a forefront field for astronomy, and expeditions to eclipse paths so that the sun could be studied became very important evolutions. Such expeditions regularly made major newspapers, often making headlines if discoveries were made. So a major solar expedition to the solar eclipse of 1869 was forefront science for the time, and USNO accordingly planned to send along key scientists and the best equipment. Recounted in thorough detail in the 1870 printing of Meteorological Observations Made at the United States Naval Observatory (see Sands, 1869), this expedition was headed by Dr. Edward Curtis and supported by Professors William Harkness and J.R. Eastman. They took with them the Naval Academy’s own 7.75-inch refractor, loaned to Commodore Sands by Vice Admiral D.D. Porter at USNA; the instrument’s primary purpose was to photograph the eclipse. Dr. Curtis’ report is an uncommonly meticulous description of the refractor and is a meticulous description of the original telescope, not to mention the expedition at large.

    This expedition to Des Moines, Iowa, marked the first time Clark instruments were extensively used, and of course the USNA 7.75-inch was principle among them. (Warner and Ariail, 1995 and Nourse, 1874). The telescope, original mounting and pier were all used. The telescope was temporarily set up in a wooden shed at USNO to fit it for astrophotography the May prior, then taken on the expedition.

    Dr. Curtis’ report describes the telescope to have been outfitted with a wooden cross base for the pier, a camera box, plate-holders and diaphragm, new drive weights, and new pendulum components (to account for latitude changes). A Huyghenian [sic] eyepiece was used for projection to improve accuracy and measurement with cross-wires. The 7-inch plates were placed 4-inches behind the eyepiece for use.  The arrangement included an assistant at a nearby chronometer timing an exposure. The trek began three weeks prior to the eclipse, which was to take place 7 August. A short-term observatory was erected on high ground near the northeast Des Moines, Iowa city limit, on the central eclipse line. It was of tent-like shape and of board-and-canvas construction; the 23x16-foot structure included a floor, darkroom and a large observing room.

    There existed a fair amount of concern about the hoped-for performance of the telescope because the achromat was corrected for visual focus use rather than for photography, so a number of preliminary focusing and timing tests were done. The experiments also allowed for optimization of photographic chemistry. The result was as desired: the Clark produced excellent photographs during the eclipse (despite water wash problems just prior to the event and tracking challenges during). Eleven negatives of the sun and 119 of the eclipse were taken, as well as 23 stereo views. The corona was also drawn on a white screen. 

    Lessons that were learned from use of the refractor included a need for a flat-field eyepiece, a better means to ensure sharp focus in the dimness of totality, and the aforementioned achromat concerns – to select a telescope corrected for violet rather than white light. Also, Curtis reports a disconcerting flexure in the wooden tube, problems with his employment of the camera box (which caused vibrations and shifts in tracking), and serious difficulty using the finderscope with a white screen. These are not marks against the instrument, but reflect the adaptive employment of it. In the final analysis the refractor performed well, and contributed to forefront science of the time, a worthy achievement for the Naval Academy instrument.

6.3       Today’s Relationship – Finding the Refractor

    The intriguing story of the Academy refractor’s rediscovery serves to underscore the symbiosis between the two organizations, and that tale is woven in section 9; but it should be noted here as yet another indicator of the relatively close relationship. The Annapolis telescope, stored at USNO once the observatory was gone, was all but forgotten until potted during an Academy field trip. After much correspondence between the two commands, the objective returned to the yard. Most assuredly, the working relationship still thrives.

7          MICHELSON HALL’S OBSERVATORY:  0.41 METER

    From the 1950’s another facelift began at the Naval Academy, and a number of present-day buildings were erected in a major upgrade to the capacity of the Yard.  Among the upgrades was the construction of the modern Michelson Hall, which would become home to the Physics Department, and the domicile for Academy teachers of astronomy (celestial navigation had transferred to a separate Navigation Department in 1920). Most notably, an observatory was included in Michelson Hall’s construction, and would be the basis for genuine pursuit of astronomical education at USNA – for astronomy’s sake.

7.1       Overcrowding Leads to New Hall

    By the late 1950’s the Naval Academy had 4000 midshipmen enrolled at any given time, a four-fold increase from the number designed for in the Porter/Flagg expansion. Mahan and Sampson Halls were significantly overcrowded, Bancroft hall overflowed, and construction was urgently needed. The call was answered with a number of buildings put in, to include four principle academic buildings in the sixties and seventies. These halls were named Michelson, Chauvenet, Rickover, and Nimitz, the latter an immense library opened in 1973. Rickover, an engineering building (complete with a reactor) opened in 1975, while Chauvent, were mathematics was to be taught, opened in October of 1969. Michelson Hall was actually the fist of these to open, in May of 1969, and became home to Physics, Chemistry, and some Electrical Engineering. As mentioned, Michelson Hall had a new observatory on its roof , which housed a sophisticated (for that time) 0.41 meter/16-inch Cassegrain reflector. With these buildings – to include the new little observatory. Spartanism was taking on a distinctly Athenian air (Sweetman, 1979).

7.2       Naval Academy Again Gets an Observatory

    When Michelson Hall opened, on its roof stood the first observatory at USNA in fifty-one years; today that dome still stands, but with a newer instrument, which will be discussed in section 8. A twelve-foot diameter cylindrical brick building with an Ashe-style round dome whose slit opens horizontally, this building has provided 32 years of service thus far. Not a freestanding building per se, there are not wings nor is there extensive storage, relying on Michelson Hall below for that. Access is by elevator or stairs to the roof which is a flat, graveled construction with walkways to the dome.

7.3       The Original Reflector

    The first modern reflector housed atop Michelson was a closed-tube .41-meter/16-inch Cassegrain for which records are sparse.  However, from firsthand experience in that telescope’s heyday (1979-1983), its focal ratio was f/10 and it had a 102-mm (4-inch) guidescope. Its fork mount was quite massive, a sign of the times, and was driven by a rudimentary digital/analog drive system with only coordinate readout capability. It was not a GOTO system; and sidereal time had to be manually figured and entered. In sixties fashion the telescope ‘system’ had a button for practically every operation, and its wiring was quite complicated. The optics were satisfactory but were difficult to keep collimated. The telescope was used to some extent for introductory observations in astronomy classes, but was more frequently used by the Naval Academy’s then-budding Astronomy Club and occasionally by professors who taught astronomy in the Physics Department.

    Eventually the telescope became outdated, yet to upgrade it would cost more than its replacement by something better altogether. When the .41-meter Cassegrain was in fact replaced in 1994, the removal process was complicated by the observatory’s location (centered on a roof) and the telescope’s sheer weight; a massive crane was required. Once removed the telescope was retired to a warehouse, whereupon a number of individuals consequently expressed concerned that a decent instrument however in need of work, should not lie dormant. Enter local professional telescope maker Thomas Collins of IDAI, Baltimore (now Berkeley Springs, West Virginia), who had been the creator of the newly re-housed 7.75” Clark achromat’s tube assembly and mount (to be discussed in Section 9). Collins was well-connected and consequently found a home for the reflector in the Morgan County School system of West Virginia once it was refurbished with school funding of $30 thousand (US). Funds took time to procure by the school system superintendent, so that the telescope remained warehoused for more than five years, only recently removed for the refurbishment to begin. A more upscale observatory will be erected at the county’s middle school, and it will house the simplified and renovated Cassegrain sometime in 2002, at greater cost (now approximately $250 thousand) but at far greater utility for the schools in Morgan County.

8                     THE NEW 0.51 METER: TODAY’S INSTRUMENTATION

    The .41-meter Cassegrain served admirably for 25 years, and when removed, a more modern, larger instrument was chosen – one that would still fit in the existing dome, and would be ‘crane-able’ to Michelson Hall’s roof. The chosen telescope was a closed-tube .51-meter 20-inch Cassegrain reflector made by DFM Engineering (see DFM, 2001). 

8.1       Renovation and Growth in 1994

    The latest Cassegrain is a handsome step up from its predecessor. The optics are specified to have an image quality such that 80% of light on the primary falls within 0.6 arc seconds in a point image. The assembly is of high-stiffness steel-aluminum construction, and is fully automated and computer-driven. It can execute a full range of GOTO, auto-guide and robotic functions. The f/3 primary mirror (in a 12-point steel cell) has an effective focal ratio of either f/8 and f/18 at the focuser, depending on setup. The finderscope has a 12.7-cm f/9 optical train with a video camera attached (to assist robotic use), while the mount is a robust equatorial fork with a zero-backlash friction drive and servo-motors. An X-Y guider and a -30 degree-cooled Photometrics CH-250 1024-by-1024 CCD-camera with a Kodak 8-filter computer-controlled wheel (wheel is below 5900 Angstroms) are mounted for robotic use at the primary. Plans for additional equipment may include a spectrograph and improved photometric gear. Control of the telescope is performed remotely from the third floor of Michelson Hall primarily through a proprietary PC system; the control functions were developed as a midshipman senior project by a Trident Scholar, MIDN Douglas Campbell, discussed next.

8.2       Midshipmen in the Robotics Biz

    MIDN Campbell’s Trident research Project (see Section 11.1.1 for more about the Trident Program) spurned development of the Academy’s .51-Meter for robotic and automated use. Much of his project hinged of setup of the system prior to tracking Near Earth Asteroids (NEAs) with the telescope’s Photometrics Charge-Coupled-Device (CCD) camera. Several computers are used to control the telescope, dome, camera, filter wheel, and process the tracking data. The Telescope control itself is centered on a LINUX-based, DFM Engineering-designed, serial-data system with on-scene paddle control or remote-room control at the rack-mounted PC. It is menu-driven and uses a celestial object library; it can remote focus, slew, guide, and control filters, while providing up to 10-arcsecond blind pointing accuracy at the optics. The Windows-based program was developed with help from the Minor Planet Center (MPC) and has allowed camera control, and NEA location, tracking, analysis and prediction capabilities. Campbell’s and others’ efforts were rewarded with a most modern, sophisticated observatory which has allowed not only NEA tracking, but it recently used for parallax work, and has many other research possibilities up for consideration.

9        RETURN OF VENERABLE OPTICS: 19.7 CM REFRACTOR

    An ongoing centerpiece of pride in the Academy’s astronomy program is certainly what is affectionately called ‘College Creek Observatory’ (but is officially named after alumni Class of 1941). Its heritage-laden influence has become pervasive and enduring, so has been saved until now for discussion. Recall that upon demolition of the original Clark refractor’s college observatory, the instrument and its trappings found their way to storage at the Naval Observatory. There they laid in apparent hibernation for half a century; not only were the whereabouts of the old telescope not generally known, they were completely unrealized, perhaps with the exception of a premonition by USNA Museum curator Jim Cheevers, who with director Dr. William Jeffries corresponded with Dr. Harold Durgin of USNO on the matter (Durgin, 1975). The 1968 edition of Warner’s text, Alvan Clark & Sons – Artists in Optics, incorrectly states that the optics were “whereabouts unknown” (since updated in the latest edition with Ariail), while in fact the instrument appeared on an inventory of instruments at USNO dated 1926. There is some speculation that the shell of the instrument and mount suffered its demise during the first of two major “house cleanings” (in the 1940 to 1960 period); fortunately USNO staff showed the concern to remove and save the optics from many of these disposed apparatus, including this lens. Under the cognizance of USNO’s Astrometry and Astrophysics Division it thereafter sat until found during the visit from Astronomy Club midshipmen.

9.1       Lost and Found

    Eventually the misplaced lens was returned to operation. It was stumbled upon by inquisitive Naval Academy midshipmen who were members of the Academy Astronomy Club on a weekend field trip to USNO in 1986. While in USNO’s main building basement during a tour it was noted that one unassumingly stashed crate was marked “USNA”, and could be the mythical achromat. The suspicion bore out, and the energetic club membership set about to have the lens returned to USNA. The quest had unexpected benefit; it stimulated a resurgence of interest in astronomical heritage at the school. A new telescope was fabricated for the old lens.

9.2       Seeking a Home on the Yard Again

    A series of correspondence exchanges thus ensued between Washington and Annapolis to effect a transfer of the lens back to Annapolis. The superintendent of the Naval Observatory was purportedly extremely supportive of a restoration project, and assisted in the transfer. Subsequently, Collins (cited earlier) was contacted by the Astronomy Club midshipmen, and he made proposals for the project. With this information these midshipmen presented the plan to the Naval Academy’s Memorials and Gifts Board under the supervision of club sponsor Professor Albert, and with their approval, the midshipmen worked with the Public Works department in a site selection the following year. As well they sought funding. The Naval Academy Alumni Association assisted the midshipmen, locating the ideal endowment, and created a union of midshipmen and alumni to this cause. (Albert, 1988 and 2001).

9.3              The Class of 1941 and a New Dome

    With a Physics Department endorsement that is based on didactic, historical and scientific significance, the USNA alumni class of 1941 elected to fund construction of an observatory and the renovated telescope, as their fifty-year class gift to the Naval Academy. A distinctive and durable bequest, the telescope offers the midshipman a user-friendly telescope with which  to prac-tice the use of celestial coordinates, and to some extent astrophotography. The instrument has shown itself to be ideal for introducing astronomy to new students, to the club and in fact, to special groups from the local community, with coordination. The Class of 1941, veterans of World War II, voted overwhelmingly to select this restoration as their project, and remained closely involved in its construction at every turn. The executive group was chaired by Captain K. M. Tebo, Retired, and on 1991 June 6th, he presented the completed observatory to superintendent, Rear Admiral Virgil Hill in a handsome ceremony.

9.4              Details of the New Instrument for Old Glass

    As noted, Collins of AstroWorld Telescopes then in Baltimore designed and built the new refractor, a process beginning in 1988 (August); the observatory as described above opened in 1991. Collins was hired to replicate the feel of the original instrument and fully succeeded. Aspects of this restoration prove interesting. A change was made to replicating the original tube; a wood one was not used (although considered) in favor of the structural integrity, collimation and longevity afforded by a aluminum tube, supplied by Barry Greiner  of D & G Optical (who also supplied the finder brackets, guide scope brackets, and counter-weight system).  D & G also repaired the cell and commented on the objective’s impressive quality, noted in section 3.1. Tom Collins himself concurs, and recounts that Mufoletto’s comments, oft quoted in USNA literature, to be “a quality component” were in keeping with Barry Greiner’s detailed findings. Shortly after USNA had Mr Mufoletto ascertain whether this lens was worthy of resurrection, the Baltimore optician passed away, and sadly, the author was unable to acquire written originals of these tests. But Mr. Greiner’s comments attest to Mufoletto’s reported commentary. Indeed Mr Greiner had a hand at much of the tube and brasswork. The navy-blue tube was 305-cm (10-feet) long without the tailpiece. Collins machined a number of parts from brass, including the tailpiece; all machining tolerances were kept to three 10,000ths-inch. Precision weights were made. The larger of two finder scopes was fabricated by Collins with modern 102-mm optics and brass tube, at a focal length of 1220-mm; a Telrad unity finder provides backup finding. The German equatorial essentially replicated the original but with modern niceties, and included a clock-driven setting circle in right ascension and a declination brake. The 206-cm (81-inch) pedestal was originally to be veneered for the original look, but the open truss welded steel fabrication delivered its own appeal, so was left unadorned to admire. Electronics and electrical systems were incorporated in the new instrument, and hidden from open view, with the exception of the hand-paddle which runs both the dome and the telescope/mount. Throughout the construction, detailed reports of progress by Collins were made monthly during the two-year construction to the Class of 1941. The plan remained on track and the dedication took place on time. 

    The building itself is octagonal in shape, and built from brick on a knoll, close to the Academy cemetery on Hospital  Point (across from College Creek and on the banks of the crew team’s boathouse). The observatory has an ample, sealed concrete flooring; a large wide-step observing ladder rolls nicely about for convenient access to the eyepiece. The observatory has Venetian-blinded narrow windows reminiscent of 19-century slitted windows. Atop the brick structure sits an electrically driven modern Model “R” Ash-Dome with a powered vertical slit. The intent to create the flavor of the original observatory’s era but with modern particulars was met. The Class of 1941 achieved its goal to provide a first rate piece of useable heritage.

9.5       Curiosities about the Clark Achromat

    In his re-creation of the instrument Collins had many thoughts on the quality of the 7.75-inch 112.25” focal length achromat and Alvan Clark’s methodologies in general. In a lengthy interview, Collins reverently noted the very long, late hours the Clarks kept, performing hand-figuring with loving finesse and an intuitive touch. Collins firmly believed as do most that Clark produced the world’s very best optics, bar none, even as compared to the most modern optics available today (such as Takahashi and Nagler); and among all Clark optics, the USNA achromat ranks near the top. In section 3.1 some description was given as to the original lens’ character and description. Of course the same characteristics remain with the lens today; as previously noted, Muffoletto Optical Company of Baltimore tested the lens 1988 November 15, and found the lens to be a “quality optical component by modern standards” (see Qualification, c.1991).

10        OBSERVATORY AND FACULTY TODAY

    Having now a clear understanding of the instruments available to today’s midshipman, we can examine how the students and faculty put these observatories their instruments and their classrooms to good use; indeed, how astronomy continues to be studied today at the Naval Academy. In good measure, the spirit of learning astronomy is today a fully “Athenian” one. This essence of this transition is the progeny of a progressive Physics Department, manned by a thinking cadre of teachers.

10.1     The Physics Department

    The physics department is manned by a mix of officers and civilians; 26 professors, 8 officers, and 5 staff/technicians make up the department today. A Ph.D. in physics, a strong interest in schooling undergraduates and involving midshipmen in research, is required of civilian professors; officers must have the appropriate masters or Ph.D to teach three years there. The Naval Academy teaches a reasonably wide-ranging selection of courses, to include general physiscs, kinematics/mechanics, electricity and magnetism, nuclear physics, atomic physics, materials research using the USNA low-energy accelerator or reactor; acoustics, photonics and optics, atomic physics, nuclear physics, acoustics, underwater physics, solid state physics, thermal physics, fluid physics, condensed matter physics, astrophysics and astronomy (these courses will be discussed in section 12.1) and physics education research. Aside from the telescopes (and a number of portable Questar maksutov reflectors), major departmental facilities include a 1.7-MV tandem electrostatic accelerator, a low energy reactor, ultrafast dye- and solid-state lasers, a helium dilution refrigerator, pulsed/cw NMR system, and a well-equipped acoustics laboratory. The department teaches on the order of 1000 students annually in its introductory course (which emphasizes computer-based instructional laboratories), and graduates 20-25 physics majors each year. How these courses are taught will be discussed further in Section 12. The physics major program itself provides a strong technical foundation. All courses are presented with a goal to develop critical thinking yet imaginative midshipmen for the modern Navy. The physics major is well-suited to naval officers aspiring to its nuclear power program while providing a high quality foundation to enter Navy air, surface line and Marine Corps, too.

10.2     The Astronomers

    Those teachers of astronomy and related sciences come to the Academy staff in this day and age well armed to inculcate budding minds in this science. The gamut of astronomy is the responsibility of two professors, Dr. Elise Albert and Dr. Deborah Katz, both professional astronomers. Dr Albert came to USNA in 1982 (the author was her very first research student), while Dr. Katz arrived in 1995. Before that, some responsibility for teaching astronomy also fell with Dr. Irene Engle, physicist by trade, but throughout the 1980’s was involved with the Astronomy Club as a sponsor and taught astronomy and astrophysics.  As well Dr. Larry Tankersley has had a notable influence in areas peripherally related to astronomy, teaching optics and photonics as a primary endeavor. For some time USNA was fortunate to have a third astronomer who had been called to active duty to teach there, CDR Alan Whiting (also a 1979 graduate and PhD holder). While CDR Whiting retired in August of 2001 (and is now doing postdoctoral observatory work in Chile, see Lewis, 2001), his dynamic influence provided positive growth in astronomy education. While teaching at USNA he created a unique course called “Intellectual Revolutions in Astronomy”. The course was designed to require conceptual thinking about Astronomy’s history, providing a baseline in applied historical astronomy and to some extent archeo-astronomy (using the same Hoskin text found at University of West Sydney’s history of astronomy course). The experimental course ended with CDR Whiting’s departure, but its success has prompted Dr. Albert to consider future implementation. It should be further noted that all of physics department professors, including those mentioned here, teach a year in physics (primarily mechanics, electricity and magnetism), to every midshipman in every major.

10.3     Professors: Teaching versus Research

    As observed thus far any analysis of scholastic methodologies at the Naval Academy reveals a thematic reference to the ‘Athenian versus Spartan’ approach to education there. While the Spartan approach has proved its merit in the maritime trade, a more holistic approach has continued to nip at Sparta’s heels at USNA, and by the construction of Michelson Hall, it became understood that to become a true “officer and a gentleman”, an Athenian, academic education was very much in order; and nowhere have such complimentary values shown as clear an impact as in the teaching of astronomy. 

    Since the founding of the Academy there have been civilian teachers of a fully academic bent there, and over time their influence has varied; since the addition of today’s many modern buildings it is more readily apparent, especially in with astronomy. Pure astronomy is completely taught by the Physics Department, and while vestiges of celestial mechanics have their rote place in the Seamanship and Navigation Department, the observatory is part of a program of pure science. Also, professors at USNA themselves teach (rather than teacher’s assistants), and do so to small classes with excellent laboratory furnishings (compared to most undergraduate institutions).  Professorial research is encouraged, but not at the expense of teaching and access to students.  This does not mean that students find greater opportunity to do research. Course loads are very high at Annapolis, typically exceeding 18 semester hours, sometimes reaching twenty-two. That and the lack of follow-on graduate research there at USNA make the biggest challenge to student research to be time, and connectivity.  Midshipmen have little time for large projects, and they cannot typically build on them in a graduate environment. But in astronomy, professors are progressively overcoming these obstacles.

11        RESEARCH ALIVE AND WELL TODAY

    A complete accounting of all study and research done at the naval academy is certainly beyond our scope here, but a compilation of key projects relating to the two standing observatories can be agreeably reviewed. The Athens-like mentality has cast a wide net of late, and for the creative development of projects, nothing could be better. The Academy has done a number of projects by both professors and midshipmen (usually the former guiding the latter) which are significant for a small undergraduate institution, but to be sure, USNA is on the cusp of even greater research. Some recent and planned projects will be seen to be right with today’s forefront astronomical issues.

11.1     The Midshipmen

    Several research projects take place regularly at the Naval Academy. When they pertain to midshipmen, the mids are invariably mentored by the appropriate professor in a series of three senior research project courses exist, or the Trident program. The Trident program is a research syllabus designed for the very best students to present original research in the graduate school format. More will be discussed in the following section. In the area of astronomy, senior and Trident research has included stellar photometry and the study of light curves, variable star research, Near Earth Object/NEO (minor planet) study, molecular astronomy, galactic redshifting, and parallax observations. Anticipated studies include further NEO research, stellar and extragalactic spectroscopy, and general L-band radio astronomy.

    As an aside, other departments also do several astronomy- and space-related projects, and in particular, one project is certainly worth mentioning. The undergraduate midshipman in the neighboring Aerospace Engineering Department have designed and constructed a space-borne video (and possibly an X-ray capability will be included) astronomy observatory, but made of very economical off-the-shelf parts for a cost (when launched from the space shuttle) of about $100,000 (US). The costs were funded by a small business loan from a local bank; the satellite is scheduled to deploy in 2003, and is being reviewed by the Naval Space Command. While not under the guise of the Physics Department, this project brings space-borne astronomy to the Academy.

11.1.1    Trident Program

    Annapolis began the Trident Scholar Program in 1963 to provide an opportunity for a small cadre of unusually talented undergraduates to take on an independent research project in their final year.  They must be in the ten percent of their class halfway through their junior year, such that averages of three to sixteen mids become Trident scholars annually. Selectees have their majors track modified to substitute research courses and thesis for conventional majors coursework.  Each is mentored by a faculty advisors in the field of study. The midshipman may also work with outside institutions like the Naval Research Laboratory (NRL) or the National Institute of Standards and Technology (NIST). Following a junior-year assessment of each project, research begins and continues through the senior year. The mid must deliver a written report, poster and conference presentation. While every midshipmen learns standard research methodology, Trident Scholars contribute individual assessments as a product of intuition and creativity.

    The principal question solicited by the Trident Board to a midshipman aspiring to a Trident Scholarship is, “How will this project supports the interests of the US Navy”. Accordingly, Trident research can often become rather restrictive in scope; with astronomy it remains a perennial challenge. The Trident Board allows for some latitude, but can challenge the young undergraduate bent on pure science. The ongoing NEA work done under the scholarship program was scrutinized in such a way, improving methodologies for NEA tracking and compare orbital elements – this work contributes to naval study. The latest application for a Trident scholarship with the .51-Meter scope seeks to carry further the work begun by MIDN Campbell, the first Trident scholar to research Near Earth Asteroids (NEAs). This work will be furthered by a project proposed by MIDN Luke Dunden, in December of 2001; Committee reply will occur in April of 2002. MIDN Dunden is supported by fellow midshipmen doing non-Trident research; foremost are MIDN Cecilia Crannell and MIDN Lee Smallwood. During and since MIDN Campbell’s initial Trident projects other midshipmen have supported NEA research as well, notably Midshipmen Brooke Massie and Aaron Fielder. Today, MIDN Dunden finds himself well on his way toward the 2003 trident program. Trident Scholars frequently present their research results at symposiums of their discipline; such is the case with MIDN Campbell’s work (see Campbell, 2000). Many are awarded graduate scholarships, with some of the recent scholars accepted to the Cambridge University, England and the Stanford University.  

11.1.2  Another Former Midshipmen doing Famous Things

    While Michelson provided foundational heritage with his work and resultant fame, astronomical headlines again included the name of another Academy graduate, this tike for the discovery of a comet. His was Alan Hale. Dr. Hale of Comet Hale-Bopp fame attended the Naval Academy where he graduated with a Bachelor's Degree in Physics in 1980. His duty stations included San Diego and Long Beach, California, and as a civilian worked for the Jet Propulsion Laboratory in Pasadena, California, as an engineering contractor. While at JPL he was involved with the Voyager 2 encounter with the planet Uranus in 1986.  At New Mexico State University he earned his and his Ph.D. in 1992 with a thesis entitled "Orbital Coplanarity in Solar-Type Binary Systems: Implications for Planetary System Formation and Detection". Made famous for his cometary co-discovery, Dr. Hale began his own Arizona research institute, and most recently has begun baseline preparations to support Naval Academy NEA research; see Hale (2001).

11.1.3      Near Earth Asteroids

    With a supportive interest to track all near-Earth asteroids (NEAs) that are at least one kilometer in diameter, earthbound and space-borne stations might adequately warn mankind of global threats to impact – and such a capability would prove to be a good theme for research. Tracking takes approximately 3 months to ensure adequate accuracy in a NEA’s orbital elements, which is not commonly done (for that length of time) by most NEA- / NEO- tracking observatories. There are a few specialized observatories for NEA/NEO discovery, and fewer still who do the requisite tracking thereafter.

    Since 1999, Trident Scholar MIDN Campbell and his successors have set up the .51-meter telescope for NEA tracking and have done so, with the intent to acquire adequate data to develop orbital element histories. Mentored by Dr. Katz, eleven NEAs were tracked and orbits established. MIDN Campbell and Dr. Katz presented this work at the summer meeting of the American Astronomical Society in 2000 (Katz, 2001).

    Recently, NEA tracking and orbit prediction was expanded to include some coordinated parallax observations. The comparisons were made with students at the Rochester Institute of Technology, in real-time. This demonstrated a new level of excellence in the research being done at USNA. NEA work is being continued by the midshipmen identified in section 11.1.1. The research will again be committed to the Trident program in the near future.

11.2     The Professors

    The Naval Academy astronomy professors themselves have areas of research interest. These will be mentioned briefly for the three (including recently departed Dr. Whiting) professors thus far identified, to date.

11.2.1    Visual, Radio Astronomy

    Dr. Whiting performed research in a number of diverse areas, generally with a focus on theory, and with some observation. Theoretical research included Local Group Dynamics, spins in the Sculptor group of spiral galaxies, work derived from the Least Action principle, using Poincaré diagrams to connect extremals, and application of cubic lattice solid state theory to cosmological distributions of galaxies. His observational work involved searches for Dwarf satellite galaxies to ascertain dim galaxy properties in the Local Group.

    Dr. Albert researched the nature of interstellar titanium in the southern hemisphere as an inter-cloud gas of the interstellar medium, and ascertained similarities in the absorption properties of titanium throughout the disk of our galaxy. Her work further extends to photometric photometry of variables and stellar spectroscopy. As Astronomy Club advisor, a large amount of her time is spent coordinating related activities and public relations.

    Dr. Katz is an enthusiast of radio astronomy, and much or her research has been on radio-frequency spectral analysis steep spectrum sources using Very Large Array (VLA) and Very Large Baseline Array (VLBA) in concert with the Naval Research Laboratory (NRL). Borrowing from the medical scan technologies, she also pioneered a tomographic method to manipulate celestial radio images to see subtle detail, and has been a parent-child science education advocate.

11.2.2    Galactic Jets, Tomographic Methods

    Dr. Katz’ studies of radio galaxies and quasars have been extensive and deserve further mention. Much of her analysis was to reanalyze data to determine the intrinsic faraday rotation of several extragalactic radio sources, as well as her study of supernova remnants. Radio galaxies discharge plasma plumes which stretch well beyond the disk and are mostly observable at radio frequencies. She also studied the Tycho supernova remnant (SNR) as a noted radio and x-ray source, particularly its filaments and knots, creating a spectral tomographic map of the SNR. Spectral tomography is to convolve the higher frequency image to the same resolution as the lower frequency image, then scaled to the lower frequency. Features the same as the assumed value will disappear, while that have different spectral indices will show, in a repeating process. 

12        MODERN EDUCATION AT THE YARD’S DOMES

    There have been a number of teaching schemes produced at the Naval Academy. A number of modern methodologies are being pursued various Physics Department faculty groups. Application includes programs in active learning over merely listening, stimulated team learning, development of a computer tutor that helps students learn how to solve physics problems, interactive physics problems which are  projected on a screen in the classroom in which students select answers electronically, classroom verbal, kinesthetic, graphical and algebraic demonstrations, a Web homework page,  a programmable visual model of physics problems which can be plotted in time, and real time data-fed interactive laboratories. A number of these initiatives are applied to the astronomy-based courses, and still other, more leisurely education takes place in the form of the Academy’s Astronomy Club.

12.1     The Classes

    In addition to the year-long requirement for a basic physics sequence for all midshipmen (even humanities majors), astronomy and its cousins can be taken as electives; certainly so for physics majors, and occasionally for those in other programs. The sophomore-level introduction is SP310, Astronomy as taught at USNA studies the fundamentals of stellar structure and evolution, galactic and  extragalactic astronomy, as well as historic and modern models of cosmology, to include an essay in which the earner evaluates competing cosmological models, based on a good scientific model. The course SP286, Cultural Revolutions in Astronomy, was taught by Dr. Whiting and may be taught again in the near future; its emphasis is a blend of applied historical astronomy and observational/practical astronomy, with an emphasis on critical thinking about the planetary motions and the nature of stars. At USNA, SP445, or Stellar Astrophysics, is a study of basic physics of stellar properties or processes: mass, luminosity, stellar spectra, chemical composition, stellar energy sources, nucleosynthesis, and stellar models. It is generally taken by upperclassmen in the physics major. Not specifically an astronomy course, SP438  Optics is still an important adjunct available to the student ofastronomy; it is a complete introduction to modern optics. Topics include polarization, interference, coherence, diffraction, Fourier transforms, holography, optics of solids and basic laser physics (to include laser construction and related laboratories). Of course as previously mentioned, the SP 49X series of courses allow for independent, guided research in astronomy or other branches of physics.

12.2     The Astronomy Club

    Of course the intent of any club is to enjoy the club’s ‘hobby’ as a joyous avocation, and with the 7.75-inch refractor at hand, joy is within reach of any midshipman who joins the club. Aside from the pleasantries involved in casual observing, members of the USNA Astronomy Club have performed a number of learning exercises in its own right. These primarily involve use of the refractor. A custom solar filter was created for the Clark, and a project counting and tracking sunspots took place. Several club projects have taken place involving visual observation, astrophotography, and CCD imaging. In fact, during CDR Whiting’s tenure, he supervised a number of projects to monitor the brightness of selected variable stars. During the visits by Comets Hyakutake and Hale-Bopp both midshipmen and visitors from the community were able to scrutinize these phenomena at the Clark refractor. Club members may be checked out on the working procedure at the Clark over several observing sessions, eventually receiving a qualification; the Club is allotted Wednesdays for their regular observing time. The club is sponsored by Dr. Albert, who has guided much of their quest to locate the 7.75-inch achromat. Leaders in the club are midshipmen Hayes, McGowen, and Rogers, now navy ensigns. Often, varying numbers of non-member midshipmen will be allowed open-house access under club guidance, and are often hooked to become a student in some way, of astronomy. Recently, club members have gone on-line and are creating a club web page (see USNA, 2001).

12.3     Community

    As observed earlier, a number of opportunities have allowed themselves to percolate as chances for visitors to peer through the 7.75-inch (the .51-meter is not currently suited to tours). Occasions such as comet arrivals, eclipses and occasional open houses allowed opportunity to open the Academy grounds (although security and therefore access has become necessarily more of a challenge). 

    During the annual alumni weekend a demonstration is also invariably held. Numerous groups from public and private schools, Boy and girl Scouts, have all had opportunity to gaze through those optics just as young midshipmen did along the Severn River nearly 150 years ago. Dr. Albert as well set up a program to partner the club with students and families of local elementary school fourth graders, to study contellations, do planetarium work at the Academy’s small Luce Hall planetarium (where celestial navigation is minimally taught). The midshipmen also provide lectures to children on the planets and space travel. Clearly, the already-busy staf and student population retains a sense of enthusiasm for astronomy and duty to their community (see Albert, 2001).

12.4     Small Radio Telescope in the Works

    In order to acquaint undergraduates to a broader spectrum of observational astronomy, the astronomers in the Physics Department have begun acquisition of an L-band radio telescope for introduction of techniques to midshipmen.  A four-piece quad antenna is planned; the telescope is called the “Small Radio Telescope (SRT),  Haystack Observatory at MIT has developed this small radio telescope to be capable of continuum and spectral line observations at 1.42 GHz). This economical kit provides everything needed to teach astronomical applications of microwave engineering, digital computing, digital signal processing, software development, and analysis.  It uses a seven-foot diameter satellite television dish mounted on top of a fully motorized Az-El mount. A high-gain radiometer will allow detection of weak signals at reasonable signal-to-noise ratio (SNR). The system is designed to allow undergraduates beginning access to radio astronomy at a price affordable to most undergraduate programs; accordingly, it will be well-suited to education at USNA.

13        DISCUSSION

    Throughout this treatise we have introduced novel perspectives and suggested answers to heretofore unanswered questions about several aspects of astronomy and and the observatories at the U.S. Naval Academy. Recapitulation here is not warranted, however a synopsis of certain key points would be beneficial to the reader. First, we have seen a struggle, the Military versus Academic approach, the cities of Sparta versus Athens. Michelson’s influence had early influence here as did efforts by mathematician William Chauvenet and a number of Superintendents, and even efforts at nearby USNO. Nearly a century later, the building of the Michelson Hall as the Nobel laureate’s namesake, and other modern academic fixtures, has essentially ensured an academic culture, balanced with a professional development program. Of late, the benefits of a more academic environment have prevailed, but have endured long and varied path of setbacks (in a manner of speaking) since the Academy’s founding. That path has included the raising and razing of the old observatory and decades later, erection of new observatories in its stead. The original purportedly took architectural cues from Hopkins Observatory; research reveals little connection however, other than general design commonalities of the era. The old instrument has been identified as a rather rare-sized, rarer-signed, Clark achromat, returned to service in 1991 on the same grounds. Its utility was once proven at the US Naval Observatory’s behest a century ago, becoming the central USNO expeditionary instrument for the solar eclipse of 1869. Further, the Academy’s little observatory was well staffed for its time. However, when plans called for wholesale redesign of the Yard at the turn of the century, a replacement did not materialize; while venerable documents suggest that an observatory was very likely planned to replace the original atop Mahan Hall, lack of money and priority likely snuffed that endeavor.

    With an Athenian, modern astronomy program in full swing, USNA’s future aspirations to ‘grow astronomically’ are justifiably bright, well supported, and projects planned will likely bear more and more fruit, to include adding spectral instrumentation and a small radio astronomy observatory to the fold. The Yard is these days a model of small-college astronomy, and perhaps always has been so, with robust programs that belie the student body size. Sound astronomical education for sea-bound future officers as the new millennium begins, is clearly assured.

14        CONCLUSION

    While the Naval Academy’s astronomy program is strictly undergraduate and serves a student body of just 4000, the school has created for itself a greater niche in history. It was once critical to train future naval officers in the professional art of positional astronomy, so this and celestial navigation in particular sprung forth at the founding of the Academy itself. An observatory ensued shortly thereafter. 

    Throughout the Academy’s existence, a push-pull effect between the benefits of an academic education and a professional military grounding has served to spawn a program’s development throughout its curricula. This is certainly true of astronomy there; while it was once touted as healthy for the school’s function to produce officers, it limited a scholarly approach to astronomy until well into the 20th century. Building Michelson Hall had the effect of creating a modern sanctuary for scientific study – for its own sake. The paradigm had shifted to a belief that pure subjects studied provided abstract benefit to the development of future officers. It sharpened his sense of scientific method, his worldliness and diversification, and his critical thinking skills.

    Always steeped in tradition and rife with heritage, the Naval Academy ‘rescued’ such a legacy from obscurity in the reacquisition of the original refractor objective, returning it to skyward pursuits in a new instrument and dome. Certainly the project reenergized the appreciation for astronomical heritage at USNA, and finally met the early professors’ perennial desire to deliver observational astronomy to the hands and eyes of young midshipmen -- with not one, but two, observatory instruments. The tale of two domes can rightfully claim a happy ending, with a modern program in full swing, replete with a broad band of future projects.
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