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DEDICATION

Like all unconventional astronomical programs, airborne astronomy
depends heavily upon the skills and hard work of a large number of
people. These proceedings are dedicated, with gratitude, to the many
individuals who have contributed to the development, operation, and
administration of NASA's airborne astronomy program.

IN MEMOR IAM

Unlike most unconventional astronomical programs, support for
airborne astronomy can exact the maximum toll. During the fifteen
years of active airborne infrared research, four flight-crewmen in the
NASA program have been killed in the performance of their duties. We
recall with pleasure the moments shared with our departed colleagues:
Pat Riley, Frank Brasmer, Roy Atkins, and Dave Barth.
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PREFACE

Following pioneering near-infrared spectroscopic observations of the
sun and Venus from NASA's Convair 990 by Gerard P. Kuiper, and
remarkable far infrared photometric observations of the planets and
galactic nebulae from NASA's Learjet by Frank J. Low, an observatory
consisting of a 91cm telescope mounted in a modified C-141 jet aircraft
was developed by NASA-Ames. This facility began operations in January
1974, and was christened the Gerard P. Kuiper Airborne Observatory
(KAO) at a ceremony in Tucson, Arizona on May 22, 1975.

The KAO has taken its place among the elite astronomical observatories
which have dominated a particular wavelength regime at any one time.
Other examples are the Copernicus and Einstein satellites, the Inter-
national Ultraviolet Explorer, and the NRAO 36 foot telescope.
Typically the success of such observatories depends upon the sustained
dedication of highly skilled staff and users, which is certainly the
case for the KAQ, In addition to its capability for broad infrared and
submillimeter wavelength coverage however, the Kuiper Observatory can
readily be deployed to assure optimum observation of ephemeral events,
even at wavelengths well outside the infrared. Thus the KAD is truly a
unique facility. Such capabilities - and the recurring opportunities
for proposing new science and instrumentation - guarantee that many
interested astronomers will continue to exploit airborne observations
as the primary technique for future astronomical research programs.

In December, 1983, a committee was formed to organize a symposium on
the occasion of the tenth anniversary of operations of the Observatory.
With the exception of L. Haughney, the KAO manager, this committee was
madé up of the KAO Users' Subgroup. These are members of airborne
astronomy research teams who advise NASA on the operation of the Kuiper
Observatory and the Learjet Observatory. Presentations were invited
from all current research groups, as well as from individuals whose
scientific efforts were directly related to those conducted on
aircraft. Ninety-seven individuals attended the presentation of 52
research papers during 2 1/2 days, July 11 - 13, 1984, at NASA Ames
Research Center. These proceedings are the product of that symposium.

" Cameron, R. M., Bader, M., and Mobley, R. E., 1971 Applied Optics 10,
2011. -
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FOREWORD

The NASA/A.S.P. Symposium on Airborne Astronomy, held at the Ames
Research Center July 11-13, 1984, was an appropriate celebration
for the close of the first decade of operation using the Kuiper
Airborne Observatory (KAO). This symposium brought together
active researchers from a wide range of astronomical fields from
solar system research to the physics of distant quasars. The KAO
" has made possible the study of an invisible universe at infrared
wavelengths, enabling research on many fundamental aspects of
astrophysics such as the distribution of interstellar material
and the early stages of stellar formation.,

The many talks and discussions were more than reports on current
problems in infrared astronomy. Taken together they comprise an
excellent summation of the present status of a broad range of
research and they also lay out the requirements necessary for
making future advances in these fields. The accomplishments that
were described would not have been possible without the
outstanding contributions of many who have played key roles in
the development and operation of the Observatory over the past
decade. The KAO suborbital platform requires a highly
coordinated and disciplined team of experts, both on the ground
and in the air, in order to plan the observations and produce the
data. Many of these key positions have no counterparts in the
operation of traditional ground-based observatories, and yet the
scientific results depend on a reliable, efficiently running
facility. As much as anything else, this symposium stands as a
tribute to the skill and dedication of these individuals who have
made airborne astronomical research a reality.

This first decade has been exciting and challenging, but it is
clear from the results presented at the present symposium that we
have not yet reached the ultimate capability of the Kuiper
Airborne Observatory. The second decade of the KAO promises to
be even more productive. The availablity of the IRAS space data
and the rapid advances in detector sensitivity make the prospects
of future discoveries with the KAO very bright. The ingenuity of
the participants in this program in developing improved
instrumental, observational, and operational techniques should
result in many new discoveries and a growth in scientific
understanding that could not occur without this unique facility.

Nancy W. Bo ggess
Program Scientist for Aitborne Astionomy
NASA Headquarters
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AIRBORNE INFRARED ASTRONOMY: THE EARLY DAYS

Frank J. Low
Steward Observatory

INTRODUCTION

This volume of research papers, presented on the tenth anniversary of the
first flights of the Kuiper Airborne Observatory (KAO), a Lockheed C-141 jet
transport equipped with its unique 36 inch infrared telescope, marks the end
" of an exciting period of scientific exploration and discovery at infrared
wavelengths inaccessible from the ground. It also serves as a fitting tribute
to all those who have made this possible and it provides a necessary framework
on which to build for the next decade.

During the decade which led to the KAO, there were two parallel programs
which laid the foundations for what was to follow. A brief account is given
here of those developments. The use of large jet transports serving as
stable, manned platforms for observations in the upper troposphere and lower
stratosphere was complemented and extended by the additional technical and
scientific capabilities of a 12 inch diameter open port telescope, flown to
somewhat higher altitudes in a high performance business jet. Together, these
two facilities, a CV-990 and a Learjet with their respective instrumentation,
proved capable of providing significant astronomical observations throughout
the infrared from optical to radio wavelengths., Some of the names, dates, and
important events associated with this early period are reported here.

THE FIRST FLIGHTS - 1963-67

The use of a jet transport for high altitude astronomical observations
first took place at NASA Ames Research Center in July 1963 when a 6 inch
diameter optical telescope was flown in a four engine Douglas DC-8 to make
solar eclipse observations above the clouds. This successful effort, mounted
by Mike Bader and Robert Cameron, followed a long and storied series of
flights intended to overcome the many obstacles to eclipse observations from
the ground (Note: Eric Craine reports separately on these earlier pioneering
efforts).

The author and Carl Gillespie Jr. began their work to open the
far-infrared window--roughly 30 to 1000 um—-for routine observation and
discovery in early 1966. They first constructed a small, open port 1000 um
(1 mm) wavelength radiometer to make absolute brightness measurements of the
sun at altitudes of 40,000 to 44,000 feet., With the support and assistance of
Pierre St. Amand, Douglas Elliott and Cmdr. Paul Jorgenson, a series of 14
research flights were made using a superfluid He cooled Ge bolometer. The
instrument, shown in Figure 1, was mounted on a ball and socket fixture
installed in the canopy of a Douglas A3-B bomber stationed at the China Lake,
Naval Ordinance Test Station in California. The results of the 6 flights
which produced useful data are summarized in Table 1 and remain almost two
decades later as one of the few accurate absolute measures of the solar

1



FIGURE 1. Experimental arrangement in the A3-B used by Gillespie and Low to measure
solar brightness temperature at 1 mm wavelength.
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TABLE 1. FIRST FAR IR DATA OBTAINED 8Y MEANS OF HIGH ALTITUDE AIRCRAFT

SUMMARY OF FLIGHT DATA
Solar Brightness Temperature at 1 mm Wavelength

Numbaer Mean
Flight - of - Magnitude Furnace Brightness
Date Sun-Sky Doflc:'ﬂon Callbratlon Temperature
on",w,!?n, Deflection oy
22 SEPT 1966 -3 177 _— _—
6 NOV (966 3 225 _—
21 NOV 1966 8 195 29 5636
24 FEB 1967 10 184 30 4849
2 MAR 1967 | 17 ‘198 30 ’ 5963
3 MAR 1967. 16 185 30 5500

MEAN BRIGHTNESS TEMPERATURE 5550°K PE 275



brightness at this wavelength. Tragically, just after the solar observations
were complete and it had been shown that reliable far—-infrared observations
could be made under shirt-sleeve conditions at 44,000 feet, the A3-B and a
crew of two pilots were lost on a transcontinental flight.

THE LEARJET AND THE CV-990 PROGRAMS - 1967-73

Encouraged by their experience at China Lake, Gillespie and Low studied
alternatives which would provide higher altitudes and larger apertures. The
famous U-2 was considered as was the less well known RB-57F. The U-2 could
not carry both telescope and observer while even the much larger RB-57F would
have required pressure suits and remote access to the instrument. Given that
the Learjet Model 23 stationed at NASA Ames Research Center could easily
operate at 50,000 feet, the ceiling for shirt-sleeve environment, and that so
little was then known about what a far—-IR telescope would require of its
users, we chose the small "personal” jet with its obvious economy and ease of
operation.

THE CV-990

Roughly in parallel with the efforts at longer IR wavelengths, Gerard
Kuiper, then director of the Lunar and Planetary Laboratory at the University
of Arizona, recognized the potential of the Convair 990 at ARC for optical and
near-IR observations through thick quartz windows. Accurate guiding and
pointing was accomplished with a gyro-stabilized heliostat developed by ARC.
Kuiper's interest in obtaining spectra of bright planets free, or nearly free,
of COZ and H,0 contamination from the Earth's atmosphere, was the chief
motivation for a series of flights using what was then the very new technique
of Fourier Transform Spectroscopy (FTS) and InSb detectors cooled with LNZ'
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Figure 2 shows one of the remarkable near-IR spectra of Venus published
by the Kulper group at LPL. These early results, dating back to May 1967,
stand even today as the best observation of water vapor in the upper
atmosphere of Venus.

It was soon realized that the CV-990 could support more than one
instrument and more than a single observer. This capability was demonstrated
in August 1971 on a mission devoted to the study of Mars during opposition.

In addition to the Kuiper group with their near-IR spectrometer, several other
experimenters were on board. Jim Houck, from Cornell University, made
spectroscopic observations of Mars and detected water of hydration in the
soil.

Again tragedy struck the program when in April 1973 the original CV-990
and a Navy P-3 collided on approach to ARC. Although great losses were
suffered, the program has survived these losses and airborne science within
NASA has continued to prosper just as those who are no longer here would wish.

THE LEARJET

In 1966 it became apparent that an open port telescope was needed to
extend the wavelength coverage beyound the ~ 25 um limit of ground based
observations. Becklin and Neugebauer discovered IR emission from the galactic
center, and the 10 and 20 um observations of many sources at the University of
Arizona clearly showed that a variety of objects, including the galactic
center, were emitting vigorously at the longer wavelengths. After discussion
with the group at ARC, it was decided to submit a proposal to construct and
test a'6 inch diameter open port telescope to be flown in the escape hatch of
the Model 23 Learjet. '

’ The proposal entitled "Flying Infrared Telescope”, written at Rice
University where the telescope was to be built, was submitted to NASA
Headquarters December 1966; the contract was awarded in April 1967; the first
astronomical flights took place at ARC October 1968, During the design phase
it was shown that a clear aperture of 12 inches could be realized and this was
accomplished without increase of cost or additional schedule.

There was, however, a large obstacle to be overcome: the open port,
situated only a few feet in front of an engine intake, might affect the
performance and hence the safety of the aircraft. Since no experience existed
in this area, it was decided that wind tunnel testing would be necessary
before the first test flights would be approved. This, of course, would have
involved both time and cost with the probable consequence that the program
might never have "gotten off the ground”. Glen Stinnett, Jr., one of several
test pilots at ARC who made enormous contributions to the success of the
program, decided to fly a mock up of the telescope on a series of test flights
with Carl Gillespie Jr. as observer. These flights, marked by courage, deter-
mination and skill, showed that with the addition of a small air-dam in front
of the cavity, accoustic resonances could be suppressed adequately and that no
significant effect on the low altitude or high altitude flight characteristics
of the aircraft was encountered. With this breakthrough, the schedule was
maintained and the era of far-IR astronomy began.



A second problem was encountered on the first test flights in October and
November: in order to make astronomical observations in the thermal IR a means
must be provided to separate the signal from the thermal background emitted by
the sky and, if it is warm, from the telescope. On the ground at 3, 5, 10 and
20 microns, this problem was only partially solved by means of a “focal plane
chopper™ consisting of a small diagonal mirror close to the detector which was
displaced mechanically in order to switch the beam of the telescope between
two closely spaced locations on the sky. Following the efforts of Harold
Johnson and the author, a number of schemes of this type were tried, with the
accumulated result thgt impegfect separation of the signal from the much
larger background (10" to 10" times larger) led to unsteady baselines and
excess noise, resulting in limited sensitivity and accuracy. When these
primitive methods were tried in the far-IR on the first Learjet flights, it
was found that the problems seen on the ground were greatly exacerbated by the
fact that the temperature of the airborne telescope was constantly changing
and the background was never constant. It was essentially impossible to
measure even the brightest sources.

While testing the telescope system on the ground at shorter wave-
lengths--as was the custom before each series of test flights—-it was found
that the secondary mirror of the cassegrain telescope could be tilted enough
to displace the star image without producing a significant change in the
background. A simple electro-mechanical device for square wave modulation
using the small secondary mirror (~3 inch diameter) was quickly built at Rice
University and tested at ground level on the campus in Tuscon. It was
immediately clear that this new method of modulation--scanning the telescope
beam on the sky by tilting the secondary mirror--represented a very great
improvement in performance and offered a general solution to the problems
associated with spatial filtering and background subtraction in the IR. The
first airborne tests of the new system were successful and made possible the
observations described below. Similar devices were constructed for the F/45
IR secondaries on the 28, 61, and 90 inch telescopes of the University of
Arizona. Today most telescopes used in the IR are equipped with some form of
modulation using the secondary mirror--of course, this includes the KAO and
the modern Learjet telescopes.

Figure 3 shows the 12 inch Learjet telescope after the modulating
secondary was added. It was in this basic configuration, with the addition of
2-axis gyro-stabalization, that a series of about 85 flights were carried out
between October 1968 and January 1971 by Gillespie, Low, Aumann and Harper.



FIGURE 3. The Learjet telescope with modulating secondary
mirror and far infrared photometer.
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George Aumann was the first student to earn his doctorate using the
Learjet. The first measure of the effective temperatures and internal
energies of Jupiter and Saturn were obtained on a series of 6 flights, results
ultimately confirmed by spacecraft. Far IR observations followed of a variety
of objects: the famous IR nebula in Orion, other bright regions of star
formation, the galactic center region with its three bright IR sources Sgr A,
B and C, Venus, Mars and two comets. Operating from Panama, observations were
made of the galactic center and of the Carina nebula. When Al Harper joined
the effort in 1970, he designed and built much better spectral filters and
undertook a systematic study of bright HII regions. This work revealed their
extremely high far-IR luminosities and showed a rough proportionality between
their free—free emission and their total emission from dust. It was concluded
that the galactic nucleus required no more exotic mechanism or source of
energy than the thermal reradiation by dust of UV and optical energy produced
in the luminous HII regions that are. present. Attempts were made to extend
the observations to extragalactic sources that were already known, from
groundbased observations, to be highly luminous in the IR; however, correct
far-IR measurements of M82 and NGC 1068 were only obtained by Harper and
co-workers using the more powerful KAO.



During this period other users of the Learjet came on board. Bob 0'Dell
joined Low in observations of Comet Bennett in April 1970, The first far—IR
spectra were obtained in 1971 by the ARC group led by Ed Erickson and Fred
Witteborn. They produced a spectrum of IR nebula in Orion from 50 to 300 um.
In 1972 Bob 0'Dell and his co-workers at Yerkes built an apparatus to observe
Venus and obtained measures of water vapor from optical spectra of the planet
taken at 50,000 feet.

CONCLUSION

During the last 10 years since the KAO made its first flights in January
1974, the Learjet has been further developed and used with great success as a
small airborne observatory. The second generation CV-990 has explored other
areas of airborne science. Certainly, one of the most important results
generated by a successful research program is the training of new scientists.
It is from these ranks that those who make the next advances will come. Table
2 lists the names of the individuals, along with their home institutions, who
have earned their doctorate degrees on the Learjet and the KAO at the time of
this writing. The 1list will continue.

Although impossible to include all the people, dates and events in an
article of this kind, it would be highly remiss not to mention the continued
and mostly unacknowledged support of those who do their work at NASA
Headquarters. In the early days Morris Dubin and Nancy Roman were responsible
for the CV-990 and Learjet programs. Nancy Boggess followed them with years
of long and dedicated service which she began by joining the author on several
Learjet flights in 1971, observing IR stars beyond 30 microns.

Challenged by the beautiful and puzzling views of the IR sky from IRAS,
we can confidently look forward to the third decade of modern airborne
astronomy, equipped with the knowledge of the past and inspired by the
prospect of discoveries and insights yet to be made.
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TABLE 2: LIST OF DOCTORATES AND THEIR HOME INSTITUTIONS WHO HAVE
EARNED DEGREES USING THE LEARJET AND KAO FACILITIES

1970

1971

1975

1975

1976

1977

1980

1981

1984

LEARJET

Aumann, H. H.
Rice University

Harper, D. A., Jdr.
Rice University

Schaack, D. F.
Cornell University

Ward, D. B.
Cornell University

Dennison, B.
Cornell University

Reed, R. A.
Cornell University

McCarthy, J. F.
Cornell University

Melnick, G. J.
Cornell University

Stacey, G. J.
Cornell University

1977

1977

1977

1977

1978

1978

1979

1980

1981

1981

1981

1982

KAQ

French, R. G.
Cornell University

Gatley, I.
California Institute
of Technology

Telesco, C. M.
University of Chicago

Thronson, H. A., Jr.
University of Chicago

Dunham, E. W.
Cornell University

Russell, R. W.
University of California,
San Diego

Moseley, S. H.
University of Chicago

Keene, J.
University of Chicago

Whitcomb, S. E.
University of Chicago

Smith, L. L.
Polytechnic Institute of
New York

Herter, T.
University of Rochester

Watson, D. M.
University of California,
Berkeley :



The Beginnings of Airborne Astronomy: 1920 - 1930

An Historical Narrative

Eric R. Craine
" E/ERG, Inc.
2030 E. Speedway
Tucson, Arizona

Author's pteface

Few astronomers are aware of the exciting events which
formed the very early years of airborne astronomy; indeed,
few even appreciate how early those years truly were. This
is unfortunate, because a rich historical heritage,
belonging to all of us interested in this field, is rapidly
becoming lost through the death of the early pioneers and
"the “loss or destruction of many of the key documents.

For several years I have been attempting to recover and
preserve some of this history. In some areas I have been
quite successful, in others I have been discouraged by the
dearth of material which has survived. As with any
historical study, one is drawn deeper into the available
material, looking for answers often only to find more
gquestions. In this paper I have attempted only to set the
stage for the beginnings of airborne astronomy. The
requisite brevity of this treatment precludes any pretense
of a scholarly presentation, hence the narrative approach.

In response to many questions regarding my original
symposium presentation, I can reply that a manuscript for a
book is in preparation and the intent is that it contain
facsimiles of many of the original documents, letters and
photographs in ‘which interest was expressed.

The Idea Emerges

On January 5, 1918 Col. John Millis, U.S. Army Corps of
Engineers wrote the Chief of Engineers, U.S. Army,
Washington, D.C. a rather innocuous letter which was to
ultimately precipitate a remarkable chain of events. It was
in this letter that the first serious-proposal was presented
for the undertaking of airborne observations of astronomical
phenomena from powered, manned aircraft.



In his letter Millis expressed interest in the
"...curious "bands" or stripes that have been observed at
the edges of the moon's shadow as it sweeps over the surface
of the earth." The stripes are more commonly known as
shadow bands, and it was Millis' assertion that the nature
of these bands could be deciphered if they could be observed
photographically from an elevated position.

Millis drew attention to the fact that the centerline
of the solar eclipse of June 8, 1918 would pass very near
the Naval Aviation Station at Pensacola, Florida. Colonel
Millis maintained that, "No very great expense would be
involved in arrangements to take photographs of the edges of
the shadow in this general locality from air craft, and
perhaps systematic observations and records of this nature
.may be undertaken at other points in the path of the
eclipse."

On January 9 this letter was forwarded, without
recommendation by the Chief of Engineers, to the National
Research Council in Washington, D.C.. There it was to
receive its first exposure to the astronomical community,
represented by George E. Hale, then director of the Mt.
Wilson Observatory as well as Chairman of the National
Research Council.

Hale noted, in a letter to Millis written January 11,
that the June 8 eclipse would be observed by parties from
Lick, Yerkes and Mt. Wilson observatories, but that he was
unaware of any plans to observe the "shadow bands". Hale
was to close his letter of respsonse to Millis with the
comment that, "...the method you suggest of photographing
them (the shadow bands) from aircraft is certainly a
promising one."

On the same day that Hale wrote Millis, he replied to
the Chief of Engineers that he would forward Millis' letter
to the Superintendent of the United States Naval
Observatory, T.B. Howard, RADM, USN (Ret.).

The result of that correspondence appears to be lost,
however Millis also sent a second letter directly to RADM
Howard in which he expanded his ideas to include cooperation
of moving picture corporations for photography during the
eclipse. Howard responded to Millis that he had pursued,
with the Navy Department, "...the question as to whether an
aeroplane or captive balloon will be available for the
purpose you suggest."
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It is of interest to note that the aircraft at the
Pensacola Aviation Station in 1918 were primarily training
types, all of which were largely unsuited for the proposed
project. Most were tandem two-seaters and could have
accommodated a pilot and observer, however they tended to be
very light aircraft from which the intended photography
would have been difficult to achieve. One of the best known
types, the Curtiss N-9, was a likely candidate to bear the
first airborne astronomical expedition aloft.

In the final event, aircraft were not made available
for observations related to the June 8, 1918 solar eclipse,
nor indeed any eclipse for the following five years. The
correspondence pursuant to RADM Howard's letter has not been
located, but there is sufficient evidence to conclude that
the continuation of the war in Europe was a major factor in
the decision not to pursue this project.

How much thought was given the problem of airborne
astronomical observation during the ensuing few years will
probably never be known, however, it is apparent that
Colonel Millis did not abandon the idea at all. Beginning in
the spring of 1922, four years after the initial exchanges,
we again have evidence of his activity in this. regard.
During 1922 and 1923 Millis conducted a voluminous
correspondence with astronomers, government and military
officials and the popular press in an effort to stimulate
interest in airborne astronomy. Much of this fascinating
correspondence survives to paint a vivid picture of the way
in which airborne astronomy emerged.

The response of the astronomical community to the
proposals of Colonel Millis was clearly of a dual nature.
Some, such as W.W. Campbell of the University of California,
were convinced the project was doomed to failure and seemed
unable to visualize any possible contributions to astronomy
by aerial observation. Others, such as Joel Stebbins and
Philip Fox, encouraged the effort and, while noting the
possibility of initial failure, indicated an awareness of
the potential value of this new tool.

Indeed, by the summer of 1923, Professor Stebbins had
suggested another application of airborne observations which
played a significant role in getting the project underway.
Stebbins noted the potential difficulty of obtaining useful
shadow band observations from the air, but proposed that a
group of aerial observers should be able to photograph the
advancing shadow of the moon during a solar eclipse. Such
photographs could in principle permit a very precise
determination of the centerline of the eclipse, a problem of
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some interest at that time. Beyond the specific
observations which had been proposed, there was also a
sense, among some astronomers, that the project was
worthwhile simply to see what might transpire.

Meanwhile, Millis also maintained his correspondence
with the U.S. Naval Observatory, directed in the postwar
years by Captain W.D. MacDougall. The correspondence during
this period is particularly interesting, both for its
completeness and its intensity. There is a very clear sense
of Millis' conviction that if the project was to develop at
all, it would have to do so very shortly. This was to
contribute to a variety of rather extreme assertions as to
the value of the project, the ultimate example being the
inclusion of tests of Einstein's theory of relativity among
the benefits to be derived.

By great good fortune, on September 14, 1923, nature
was to cooperate for the second time in five years by
dragging a solar eclipse shadow across an American Naval Air
Station, this time in San Diego, California. In the spring
of 1922, Captain MacDougall noted this eclipse location as
offering the possibility for the involvement of naval
aircraft in an airborne eclipse expedition. Thus began the
effort to mount what was to become the first expedition for
the acquisition of astronomical observations from airplanes.

The Eclipse Expedition of September 16, 1923

On Junel, 1923, Captain MacDougall reaffirmed his
interest in aerial observations of the impending September
eclipse. He wrote Millis for proposals of specific
observations to be attempted, while noting that he had
researched the problem of shadow band observations and was
concerned regarding their feasibility. MacDougall also
contacted Joel Stebbins and Philip Fox for additional
advice, upon which he received Stebbins' recommendation for
an attempted eclipse centerline determination.

During the summer of 1923 there was a flurry of
correspondence among all interested parties regarding the
advisability of the project, as well as the means for
accomplishing it. In July the story found its way to the
popular press which no doubt exerted even more (undoubtedly
intended) pressure upon the Navy Department. The
correspondence of this period paints a picture of a very
determined Millis, a divided astronomical community and a
skeptical, but intrigued, MacDougall. To this must be added
factions in the Navy Department which were actively engaged
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in promoting aviation in almost any way one could imagine.

On August 15, 1923, three short weeks before the
eclipse, MacDougall made a formal request of the Secretary
of the Navy to proceed with aerial observations of the
September 10 solar eclipse. It is quite likely that Joel
Stebbins succeeded in tipping the balance of the decision in
MacDougall's mind by his suggestion of aerial centerline
determination of the eclipse. It was these observations
which dominated MacDougall's recommendation, the shadow band
observations appearing as a very low priority item in the
list of observations to be obtained.

During the next three weeks a remarkable amount of work
was accomplished by the U.S. Government. The requisite
series of endorsements was obtained resulting in official
approval of the project, the State Department cleared the
way for American aircraft to overfly Mexican territory for
the eclipse, Commander Aircraft Squadrons Battle Fleet made
available the aircraft and crews, flight plans were prepared
and the expedition was equipped. Interestingly, this was to
be no small expedition; no fewer than sixteen naval aircraft
were to participate, strung out along hundreds of miles of
the California coast in an effort to attain the best
possible observing opportunities.

The exact composition of the flight by aircraft types
has not been recorded. We know that one type involved was
the F5L flying boat. It is likely, however, that most
observations made during the eclipse were from DeHaviland
DH-4B biplanes, which had substantially higher service
ceilings than the F-5L. :

As a principal in this expedition, the F-5L 1is
deserving of some description. A British wartime
improvement on an earlier Curtiss design (the HS-16), the F-
5L was manufactured in the United States under license to
the Curtiss Aeroplane and Motor Company and the Naval
Aircraft Factory. Production of the aircraft began in 1918,
with just under two hundred examples eventually being built
in the United States.

The F-5L was a large biplane flying boat with a wing
span of nearly 194 ft and a length of almost 50 ft. Powered
by two 400 hp Liberty 12A engines, this airplane typically
carried a crew of four in open cockpits at a maximum speed
of about 90 mph. The F-5Ls of this period were colorful
aircraft, typically having chrome yellow upper wing surfaces
with a gloss grey fuselage. Observations from the F-5L
aircraft would have been made at the lower altitudes as the
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service ceiling of this airplane was about 5,500 ft.
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