
Journal of Astronomical History and Heritage, 27(4), 770–785 (2024). 

~ 770 ~ 
 

AT THE DAWN OF AMERICAN ASTRONOMICAL PHOTOGRAPHY: 
THE TOTAL SOLAR ECLIPSE OF 1869 

 
Jennifer Lynn Bartlett 

Center for Astrophysics | Harvard Smithsonian, 
Cambridge, Massachusetts 02138, USA. 
E-mail: jennifer.bartlett@cfa.harvard.edu 

 
Abstract:  During the late nineteenth century, techniques that would one day be called astrophysical moved from 
physics and chemical laboratories into astronomical observatories and challenged the traditional astronomical 
measurements of positions and brightness. During the same period, the chemical processes of photography 
revolutionized the recording of astronomical observations, whether traditional or physical. Their entry into main-
stream American astronomy was motivated by a quasi-stochastic penomenon: a total eclipse of the Sun visible 
between the contiguous borders of the United States of America (US). 
 

To prepare for the total solar eclipse of 7 August 1869, the US Nautical Almanac Office (NAO), a government 
agency, invested time, staff, and substantial appropriations into physical astronomy measurements and the 
recording of the event photographically. Although no NAO employee had previous expertise, these efforts led the 
way for the adoption of astronomical photography at the US Naval Observatory, which would eventually absorb the 
NAO. In addition, an NAO associate would go on to lead the Harvard College Observatory, which would develop 
the most extensive US collection of photographic astronomical observations. The resulting photographic plate 
archives continue to be a resource for twenty-first century astronomers.   
 

Keywords:  U.S. Naval Observatory. Nautical Almanac Office, solar eclipses, 1869 solar eclipse, astronomical 
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1   INTRODUCTION 
 

Although today spectacular astronomical im-
ages are beamed to computer displays globally, 
the human eye was the only detector of starlight 
for millennia. The observer subjectively captur-
ed what he, or she, saw on clay, papyrus, 
parchment, or paper, in accordance with the 
writing technology of the day. However, in Jan-
uary 1839, Louis Jacques Mande Daguerre 
(1787–1851) announced his practical process 
for capturing and fixing an image on a copper 
plate for others to view (Gernsheim, 1968; Wick-
liff, 1998).  
 

Dominique François Arago (1786–1856), 
Director of the Paris Observatory, included 
mapping the surface of the Moon and com-
parisons of absolute stellar luminosities among 
the many scientific benefits expected from the 
new technology (Ten, 2014; Wickliff, 1998). In-
deed, John William Draper (1811–1882), a Pro-
fessor of Chemistry at the University of the City 
of New York (now New York University) captur-
ed the first astronomical daguerreotypes: the 
Moon in 1840 and the solar spectrum in about 
1845 (Williams, 2014). The superiority of da-
guerreotypes over human eyes and hands for 
recording scientific details was tempered by the 
difficulties in reproducing and distributing the 
images. 
 

The wet collodion process developed by 
sculptor Frederick Scott Archer (1813–1857) in 
1851 enabled multiple paper prints to be made 
from an original glass negative. This process 
also  allowed  for  shorter  exposure  times  and 

could record fainter stars (Wickliff, 1998; Wood 
and Ward, 2022). In 1857, William and George 
Bond (1789–1859 father, 1825–1865 son) and 
John Whipple (1822–1891) used this process 
to image Mizar and Alcor (3rd and 5th magni-
ude, respectively) at the Harvard College Ob-
servatory (HCO). Alcor is nearly 40 times fainter 
than Vega (1st magnitude), which they had pho-
tographed using Daguerre’s method seven 
years earlier (Lamuniere, 2008; Turner, 2014a; 
2014b). However, the process prohibited lengthy 
exposure times to capture faint stars because 
the photographer had to develop the plates 
while the collodion remained moist (Gendler 
and GaBany, 2015). 
 

By 1880, commercially produced dry gela-
tin photographic plates were available based  
on the 1871 suggestions of Richard Maddox 
(1816–1902). This process addressed the de-
ficiencies of the earlier photographic technol-
ogies, allowing plates to be prepared well in 
advance, to be exposed as long as necessary, 
and to be developed when convenient (Anony-
mous, 1902; Common 1887). Henry Draper 
(1837–1882), son of John Draper, took the first 
known successful image of a nebula in 1880 
when he photographed the Orion Nebula. An 
amateur, he is best known for his work in 
photographic spectroscopy (Gendler and Ga-
Bany 2015; Gibson, 2014).  
 

Astronomers adopted photographic plates 
as their recorder of choice for most of the twen-
tieth century. Today, more than 4 million of these 
pieces of glass store unique sky views that are 
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Figure 1:  Path of the umbra and penumbra of the total solar eclipse of 7 August 1869 
(after NAO, 1869b). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2:  Locations in the US where successful observations of the eclipse were made. 
Key: 2 = Sioux Falls (Fort Dakota); 3 = Jefferson; 4 = Des Moines; 5 = Ottumwa; 6 = Mount 
Pleasant; 7 = Burlington; 8 = Springfield; 9 = Vincennes; 11 = Jefferson; 12 = Shelbyville; 
13 = Nicholasville; 18 = Wilmington (map: Wayne Orchiston). 

 
revealing how stellar objects move and evolve 
over decades (Pevtsov et al., 2019; Whitten et 
al., 2024). While time-domain astronomy is on 
the cutting edge of twenty-first century science, 
the technology of detecting and recording star-
light moved from photographic plates to charge-
coupled devices (CCDs) starting with a 1974 
image of the Moon (Gendler and GaBany, 
2015). 
 

The transition from visual to photographic 
observations occurred gradually over the last 
quarter of the nineteenth century and beginning 
of the twentieth century, alongside the transition 
from traditional astronomy based on positional 
and kinetic measurements (astrometry) and 

morphological observations to the new physical 
astronomy that incorporated techniques from 
physics and chemistry laboratories. However, 
photography was agnostic in the late nineteenth 
century debate over ‘real’ astronomy. Despite 
its accompanying chemical laboratory, or dark 
room, photography could, and did, record astro-
metric, morphological, photometric, and physi-
cal astronomy observations. 
 

In the US, the NAO showcased the po-
tential of photographic techniques during the 7 
August 1869 total solar eclipse, which swept 
diagonally across North America; Figures 1 and 
2 illustrate the path. This Government agency, 
in particular, invested significant resources—
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time, personnel, and funds—in the production 
of photographic records, as well as physical as-
tronomy measurements. They explored these 
technologies at three Iowa locations despite 
NAO staff having neither previous expertise nor 
interest in such processes. 
 
2   BACKGROUND 
 

In the second half of the nineteenth century, the 
leading US astronomers were primarily employ-
ed by the Government. The gatekeepers of US 
astronomy were those working for government-
sponsored entities. Of the forty-nine charter 
members of the National Academy of Sciences, 
six were government astronomers.  
 

For example, the US Congress assigned 
the publication of astronomical data relevant to 
navigation to the NAO, a mission it retains to-
day. The American Ephemeris and Nautical 
Almanac of 1869 is now The Nautical Alman-
ac, a joint US and United Kingdom publication. 
Figures 3 and 4 show The Nautical Almanac, 
then and now. The US Congress tasked the 
USNO, shown in Figure 5, with establishing 
precise time, a navigational essential for which 
it remains responsible. Until about 1894, the 
NAO and USNO were separate institutions; 
USNO would not fully ingest the NAO for about 
a decade (Dick, 2007). Today, the NAO is a 
Division within the USNO Celestial Reference 
Frame Department. Because both institutions 
required personnel proficient in astrometry, 
staff shifted between the two (ibid.). Work at 
NAO was primarily computational while USNO 
hosted observational programs. 
 

To determine their longitude, celestial navi-
gators, like NAO Superintendent John Coffin 
(1815–1890, see Figure 6), observed the alt-
itudes, or heights above the horizon, of select 
bodies at a given time (Coffin, 1968; Comstock, 
1913). By comparing the predicted time and 
altitude of a body for a standard longitude with 
his, or her, observation, a navigator knows how 
far east or west she, or he, is from the standard 
meridian. Navigators usually observe fifty-eight 
select stars, the Sun, the Moon, and four of the 
naked-eye planets. As an extreme case, the 
difference in eclipse contact times observed 
locally and those printed in an almanac trans-
lates into the observer’s longitude. Therefore, 
historically, astrometrists timed eclipses to hone 
their predictions of future eclipse circumstances 
and to improve their models of solar and lunar 
motions. Previously, the observers of the 28 
July 1851 solar eclipse tested NAO models 
while the NAO sent an expedition to observe 
the 18 July 1860 total solar eclipse and test 
their theories (Dick, 2007). NAO and USNO 
astronomers, therefore,  planned to observe the 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3:  Title page from The American Ephemeris 
and Nautical Almanac for the Year 1869 (after NAO, 
1969a). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4:  Cover of The Nautical Almanac for the 
Year 2024 (after USNO and HMNAO, 2024).  
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Figure 5:  The U.S. Naval Observatory, ca.1879 (courtesy USNO, https://www.history.navy.mil/browse-by-
topic/exploration-and-innovation/first-us-naval-observatory.html). 
 
total solar eclipse on 7 August 1869. 
 

By 1869, land surveyors were replacing 
celestial observations with telegraph signals. 
Once a line was strung, a surveyor could com-
pare his local clock with the almost instan-
taneous time signal from a known longitude, 
such as those generated at USNO, or another 
observatory, to determine how far east or west  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6:  John H.C. Coffin (after Comstock, 1913). 

he was from the known longitude. Telegraph 
lines carried signals around the clock, even on 
rainy days and cloudy nights. Therefore, the 
United States Coast Survey (USCS) also un-
dertook eclipse expeditions. This third, non-
astronomical Government agency determined 
the exact location of every observing site (see 
Coffin 1877a). Frequently, a USCS observer 
would survey a site and make his own eclipse 
observations. 
 

Beyond their traditional navigational role, 
NAO and USNO had the potential to function as 
a de facto national observatory. John Quincy 
Adams (1767–1848) called for such an institu-
tion in his 1825 Presidential Address but settled 
for the USNO in 1846. Meanwhile, Matthew 
Fontaine Maury (1806–1873), the first USNO 
Superintendent, claimed the honor of ‘national 
observatory’ for his institution in 1846 (Dick, 
1991; 2007; Maury, 1846). In this expansive 
vision, their scientific accomplishments would 
compete with the great state observatories of 
Europe, contributing to national prestige. As 
Europe increasingly embraced what was known 
as physical astronomy, achieving this goal re-
quired applying laboratory techniques to under-
standing celestial objects as well as producing 
highly accurate astrometry.  
 

As the 1869 total solar eclipse approached, 
US Government-funded astronomers anticipat-
ed that their European counterparts would as-
sess their scientific performance and the tools 
they applied. In addition, as documented by 
Cottam and Orchiston (2015), the US public 
was increasingly consuming popular accounts 
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of astronomical events, especially those visible 
from within the national borders.  
 

Despite a patriotic appeal, the idea of a 
national observatory was politically controver-
sial. Congress had repeatedly rejected Adams’ 
proposals; and the USNO was supposed to be 
a small practical institution (Dick 1991; 2007). 
However, Government astronomers had sup-
plied the navigation aids and chronometer 
calibrations necessary for maritime success 
throughout the US Civil War (Dick, 2007). 
Therefore, support for expanding the scientific 
mission was possible during what historian 
Steven Dick (2007: 160) calls the “golden era” 
for the NAO and the USNO. As long as the NAO 
reliably published its almanacs, Congress 
would allow some ‘mission creep.’ In its 1869 
appropriations, Congress would go so far as to 
expect the NAO to do more than just time the 
passage of the Moon across the Sun’s face 
(Coffin, 1877a). 
 
3   THE NAO ECLIPSE EXPEDITION OF 1869 
 

The NAO mathematicians were poorly equip-
ped to undertake scientific observations during 
a total solar eclipse. With a primarily computa-
tional mission, they had no telescopes. Nev-
ertheless, Coffin asserted an important eclipse 
role for his agency.  
 

While the USNO used its own personnel, 
the NAO sought assistance from outsiders, pri-
marily academics. The NAO accomplishments, 
and misadventures, associated with the 1869 
expedition were because of these loosely affil-
iated personnel, who received Government log-
istical and financial support.  
 

After obtaining endorsements from the Am-
erican Academy of Arts and Scientists, the 
American Philosophic Society, and the Franklin 
Institute, Coffin (1877a) asked the US House of 
Representatives to fund the NAO expeditions. 
Congress appropriated $5,000 (over $100,000 
today) “For observation of the eclipse of the 
Sun in August, 1869, under the direction of the 
Superintendent of the Nautical Almanac” (40th 
Congress, 1869: 6). The appropriation covered   

… defraying expenses of observers, of 
moving instruments of sufficient power 
to the line of central eclipse, and of 
preparing for abundant photographic 
records and spectroscopic observa-
tions (Coffin, 1877a: 3).  

 

Thus, the first Government funding for an 
astronomical expedition specified adding pho-
tographic observations to the traditional visual 
timing procedures as well as the collection of 
physical astronomy data. 

Because maximum eclipse occurred in the 
inaccessible Yukon Range, Burlington (Iowa) 
was the main NAO expedition site (Coffin, 
1877a). Burlington was very near the eclipse 
centerline with an anticipated 2 minutes, 53 
seconds of totality (USNO, 2012) and likely to 
be clear on eclipse day (Coffin, 1877a). 
 

Coffin solved the NAO instrumentation 
deficit by borrowing. Philadelphia Central High 
School, Pennsylvania College (now Gettysburg 
College) and the University of Pennsylvania all 
loaned their telescopes (Coffin, 1877a). The 
1869 solar-eclipse photographers got the three 
telescopes: two 6.4-inch (16.3-cm) Merz & 
Mahler refractors and a 4-inch (10-cm) Dollond 
instrument. All three were equatorially mount-
ed, but the Dollond did not have a clock drive 
(Morton, 1869). 
 

The USNO contributed chronometers and 
other equipment to the NAO expedition. In 
addition, Western Union allowed NAO free tele-
graph services (Coffin, 1877a). 
 

The railroads—Pennsylvania Central; Chi-
cago, Burlington, and Quincy (Great Burlington 
Route); and Burlington and Missouri—were 
also generous to the NAO with in-kind contribu-
tions of an estimated $1,500 (about $35,000 
today). The companies provided free travel 
along their lines. Pennsylvania Central Railroad 
also outfitted a special train car for the principal 
participants and most of their assistants by 
removing seats to accommodate instruments. 
In addition, railroad employees actively facilitat-
ed their travel (Coffin, 1877a; Morton, 1877). 
 

Despite the devastation of the recent con-
flict, Coffin raised sufficient resources to equip 
two NAO stations besides Burlington; these 
were also in Iowa. While August in Iowa is 
generally fair, the weather is unpredictable 
enough that dispersed stations were a practical 
precaution against clouds at any one location. 
The photography-detailed telescopes were also 
scattered among the three observing stations to 
bedevil clouds (Morton, 1869). However, “… 
the weather on the eventful day of the eclipse 
was, at all our stations, perfect …” (Morton, 
1869: 208). 
 

At each station, an NAO assistant coupled 
instruments and telescopes, although an NAO 
scientist might observe the procedures and 
learn the techniques. Traditional visual contact 
timing remained the primary responsibility of 
the NAO astrometrists. Table 1 

 lists the signifi-cant events in 1869.  
 

To meet the Congressional photography re-
quirement, Henry Morton (1836–1902; Figure 
7), a University of Pennsylvania Chemistry Pro-
fessor who was also Secretary of  the Franklin 
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Table 1: Solar eclipse circumstances for Burlington, Iowa on 7–8 August 1869 (after USNO, 2012). 
 

Contact Time (UT1) Description
First 22:00:45.6 leading lunar limb reached the solar limb initiating partial eclipse 

Second 23:02:08.8 trailing lunar limb reached the solar limb beginning totality 
Third 23:05:01.4 leading lunar limb reached opposite solar limb ending totality 

Fourth 00:01:07.2 trailing lunar limb moved away from the solar limb ending partial eclipse

 
Institute, recruited Philadelphia camera enthu-
siasts to accompany the NAO astronomers 
(Morton, 1877; Sellers, 1894). Participants had 
to be  
 

… those whose position or engage-
ments would allow them to volunteer 
without other compensation than the 
moral contingent [up]on success … 
(Morton, 1877: 116).   

 

While a visual observer could work alone, pho-
tographic teams using the modern wet col-
lodion process required several—between five 
and seven—people to ensure pictures were 
recorded and developed expeditiously (Morton, 
1869). 
 

Photographic assistants prepared wet col-
lodion plates by spreading glass sheets with a 
potassium iodide solution and then dunking 
them in into a bath of silver nitrate. The chem-
icals reacted producing the silver iodide salt 
that would react to light. Once the photographer 
had exposed the photographic plate, the team 
had to develop it in an on-site darkroom. To be 
successful, these actions had to be completed 
in under 15 minutes (Gendler and GaBany, 
2015). Earlier, British physicist William Crookes 
(1832–1919) had recommended using multiple 
photographic technologies for maximum output 
(Cottam and Orchiston, 2015).  

3.1   Burlington Station 
 

Professor Charles Young (1834–1908; Figure 
8) of Dartmouth College accompanied Coffin to 
Burlington to observe the Sun spectroscopically 
and to ascertain its nature. He was as expert a 
spectroscopist as was available and his pre-
sence met the Congressional request for spec-
troscopic observations. Despite his application 
of physics to studying the Sun, he was a visual 
observer who would be credited with detecting 
a new green coronal emission line due to highly 
ionized iron (Habashi, 2014; Young, 1877). In 
fact, Madras Observatory Director Norman Pog-
son (1829–1891) previously saw this line during 
the Indian eclipse of 18 August 1868 (Nath, 
2013), but his discovery was not publicized at 
the time (Nath and Orchiston, 2021). 
 

Alfred Mayer (1836–1897; Figure 9), a Pro-
fessor of Physics and Astronomy at Lehigh Uni-
versity, oversaw photography in situ at Bur-
lington (Mayer, 1869; Stevens, 1897). Today, a 
bronze plaque in South Hill Park marks the for-
mer location of their stone pier with professional 
astronomers and amateur photographers ar-
ranged in the same area (Coffin, 1877b). During 
the eclipse, Mayer and his assistant photo-
graphers worked inside a makeshift, planked 
observatory alongside Young and his spectro-
scope (Morton, 1869). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7 (left):  Henry Morton, first President of the Stevens Institute of Technology (courtesy: Stevens Institute of 
Technology; https://en.wikipedia.org/wiki/Henry_Morton_(scientist)#/media/File:HenryMortonPortrait.jpg). 
 

Figure 8 (right): Charles Young (right) and an unidentified assistant with a spectroscope in ca. 1897 (courtesy: AIP 
Emilio Segrè Visual Archives, Mary Russell Edmondson Collection). 
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While the photography teams were at work, 
Coffin and his professional NAO astronomers 
observed the eclipse visually in the traditional 
manner. They positioned themselves outside 
and  about  six  meters  west  of  the  temporary 
structure. Separating the groups ensured that 
each could accomplish their assignments with-
out being distracted by the other (Coffin, 
1877b). 
 

Mayer had carefully scripted the photo-
raphic activity for the Burlington photography 
team in advance to ensure smooth eclipse day 
operations. He wanted  
 

 one picture every 4 to 5 minutes during the 
partial phases of the eclipse.  

 five rapid pictures starting just before the 
computed time of first contact. 

 one picture just before and one just after 
second contact.  

 one picture just before and one just after 
third contact. 

 five rapid pictures starting around fourth 
contact. 

 During totality? As many as possible! (May-
er, 1869) 

 

His plan should have produced the abundant 
photographic observations required by Con-
gress.  
 

During the partial phases of the eclipse, a 
diaphragm reduced the 6.4-inch telescope ap-
erture to 2 inches (5 cm), decreasing the light 
entering the camera. During the initial partial 
phase, exposures mostly followed Mayer’s 
plan. For instance, when Young announced 
that the lunar limb had nearly covered half of a 
large sunspot, Mayer snapped the shutter, pro-
ducing an image with the sunspot umbra bi-
sected (ibid.). 
 

Approximately 5 minutes before second 
contact, an assistant photographer removed 
the diaphragm from the telescope. With the full 
aperture unblocked, all available sunlight could 
reach the camera during the total phase (ibid).  
 

Mayer took the last photograph of the par-
tial phase with the unblocked aperture just sev-
en seconds before second contact. During the 
first 116 seconds of totality, Mayer (ibid.) took 
five more photographs. 
 

With 50 seconds remaining before third 
contact, Mayer was anxious to make another 
set of exposures, but he had no prepared glass 
at hand. “plate! plate!!” (Mayer, 1869: 259) he 
cried to no avail. Despite his desire to expose 
and expose again, he was a mere visual ob-
server for the rest of totality (Mayer, 1869).   
 

The ambitious observing cadence and the 
short window of totality had inundated the sta- 

tion’s darkroom: six plates in 2 minutes and 3 
seconds.   
 

Photography resumed over 29 seconds 
after third contact. Returning to the scheduled 
and manageable four-minute cadence, photo-
graphers captured another six images during 
the second partial phase (ibid.). 
 

Finally, Mayer used up the available plates 
with four more images of the uneclipsed Sun 
(ibid.). 

 

Consisting of Mayer and five assistants, his 
team was still overwhelmed by the need to 
adjust the telescope, reset the shutter, expose 
the plate, and record the time … simultaneous-
ly. At the beginning and ending of each ex-
posure, the photographer should have trig-
gered an electric circuit that caused a remote 
pin to mark a paper tape. Measuring the dist-
ances between the marks on this chronographic 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9:  Portrait of Alfred Mayer (cour-
tesy: AIP Emilio Segrè Visual Archives, 
Physics Today Collection). 

 
record would reveal the exposure time. When 
reviewed, the tapes disclosed that team mem-
bers triggered the signal when they could amid 
their myriad duties rather than with the de-sired 
precision (ibid.). 
 
3.2   Mount Pleasant Station 
 

The second NAO expedition station was in 
Mount Pleasant, Iowa. The NAO-contracted 
staff, shown in Figure 10, also had a strong 
physical astronomy component as well as their 
own ancillary troupe from the Philadelphia Pho-
tographic ‘Corps’. 
  

Morton chose Mount Pleasant for his own 
team during the eclipse (Morton, 1877). They 
established a makeshift ‘bservatory’ at the 
Henry County Agricultural Society fairgrounds 
to house the small Dollond telescope donated 
by the University  of  Pennsylvania that Morton 
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Figure 10 (left):  Members of the 
NAO expedition to Mount Pleasant. 
In the front row starting at left are 
Edward Pickering, James Watson (in 
chair), John Van Vleck (in chair) and 
George Merriman. Likewise, in the 
back are Donald McIntyre and Wil-
liam Johnston (Van Vleck’s Assist-
ant). The man in the doorway is un-
identified (courtesy Detroit Observa-
tory). 

 

Figure 11 (below): E.C. Pickering 
(https://discover.hubpages.com/edu
cation/Edward-Charles-Pickering-
19th-Century-Astronomer). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
had selected for his own use (Coffin, 

1877a; Morton, 1869; Watson, 1877). 
 

Edward Pickering (1846–1919; Figure 11), 
a Massachusetts Institute of Technology Pro-
fessor,  also accompanied the NAO  personnel 
to Mount Pleasant. In 1869, he was a physicist, 
neither a traditional nor a physical astronomer, 
with experience in the technique of laboratory 
spectroscopy (Pickering, 1868; Smith, 2014).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12:  Stephen Alexander (courtesy: Princeton 
University Archives, Department of Special Collec-
tions). 

Although not a photographer either, Picker-
ing suggested pointing a “… common portrait 
camera …” (Pickering 1877b: 156) with the big-
gest possible lens at the Sun for the duration of 
totality. In contrast to Mayer’s detailed plan, the 
Hoover brothers, two local photographers, bet 
all or nothing on a single lengthy exposure 
(Pickering, 1877b). No one had asked them to 
produce copious photographic observations. 
 

Pickering, himself, eschewed simplicity and 
photography. He juggled an impressive-sound-
ng suite of instruments from the window of his 
room in the Brazelton House hotel (Pickering, 
1877a). However, none of his experiments pro-
duced new science.   
 
3.3   Ottumwa Station 
 

Prior to 1869, Professor Stephen Alexander 
(1806–1883; Figure 12) of Princeton University 
had amassed a phenomenal record of solar 
eclipse observations from personal experience 
and the literature. However, his anecdotal re-
search methodology that employed little analy-
sis was out-of-date in a world ready for physical 
astronomy (Young, 1884). Consequently, he 
led the NAO expedition to Ottumwa, Iowa, a 
secondary station rather than the flagship sta-
tion in Burlington (Alexander, 1877). His chief 
photographer was Charles Himes (1838–1918; 
Figure 13), a Professor of Natural Science at 
Dickinson College, who had published in the 
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American Journal of Photography and was the 
author of Leaf Prints; or Glimpses at Photo-
graphy (Himes, 1868; Vodra, 1997). 
 

The last group of NAO civil servants and 
Philadelphia photographic volunteers establish-
ed their station in a manner similar to the other 
two. They had a standardized, temporary ob-
servatory designed by Coffin to house their tele-
scope. Likewise, each member of the photo-
graphy team had a duty to perform comparable 
to those on other teams. However, Ottumwa 
had no local photographers to contribute to the 
effort (Himes, 1869). 
 

The first challenge to the Ottumwa party 
was damage to the telescope clock drive that 
occurred on their way to Iowa. They success-
fully disassembled, repaired, and reassembled 
it onsite. But, 
 

The trouble and anxiety which this 
cause of delay occasioned, was, how-
ever, no small trial of fortitude to the 
Ottumwa party. (Morton, 1869: 208). 

 

The second challenge to the Ottumwa party 
was the misplacing of their chronometer; they 
had inadvertently left it in Burlington. Fortunate-
ly, Alexander had packed a spare. As at Bur-
lington, the Ottumwa photographic party was 
too frantic during totality to record exposure 
start times promptly. Therefore, they extrapolat-
ed photographic times after the event (Himes, 
1869). 
 

Ultimately, the relatively inexperienced Ot-
tumwa party exposed only three plates during 
totality. Of the other thirty-six Ottumwa photo-
graphs, four were unusable because of poor 
placement of the Sun or other technical issues 
(ibid.).  
 

Not a photographer, Alexander (1877) tried 
to measure the heat of the corona during totality 
using a thermo-electric pile. Although he had 
previously measured the relative temperature 
of sunspots (Henry and Alexander, 1845), his 
first-ever application of an electronic instrument 
during a total solar eclipse failed (Alexander, 
1877). 
 
3.4   Photographic Output 
 

The NAO photographers were not the first to 
photograph a solar eclipse. European astrono-
mers made daguerreotypes during the 1842 
and 1851 events. Warren De la Rue (1815–
1859), who served twice as President of the 
Chemical Society and once as President of the 
Royal Astronomical Society, obtained at least 
40 photographs of the 18 July 1860 total solar 
eclipse from Spain using the wet collodion 
process. Pietro Angelo Secchi (1818–1878), a 

Jesuit priest and visual stellar spectroscopist, 
also photographed that event (Cenadelli, 2014; 
Hingley, 2001).  
 

Reviewing the descriptions of the 1860 
photography was no preparation for the reality 
of experiencing a total solar eclipse. During 
totality, photographic conditions change rapidly 
with solar conditions. At every station, the NAO 
photographers avoided short, potentially insuf-
ficient, exposures. However, with hindsight, they 
surmised that one- or two-second exposures 
might have been sufficient to capture the larger, 
bright prominences. Such short exposures 
might also have produced better details for these 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 13:  Charles Himes (courtesy: Dickinson 
College Archives and Special Collections; 
https://archives.dickinson.edu/people/charles-
francis-himes-1838-1918). 
 
these solar features. Morton’s (1869) rumina-
tions would help future solar eclipse photo-
graphers but could not undo the inadvertently 
over-exposed images from this event. 
 

Mayer’s photographs at Burlington station 
reproduced the solar prominences well, but fail-
ed to capture the elusive corona, which all the 
photographers sought. Inflating their success, 
he claimed that  
 

Our work was finished, and … was of 
the past, but its history we had faithfully 
recorded in forty-one perfect photo-
graphs. 
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Figure 14:  Views of the 1869 total solar eclipse (after The Phila-
delphia Photographer, Volume 6: Frontispiece).  
 

Figure 15:  View of the eclipses Sun captured by Morton’s party (after 
Lockyer, 1869). 
 

Figure 16:  A commercial photographer’s photograph of total-
ity, taken in 1869 at Mount Pleasant (courtesy: USNO). 

 
Such good success as attended 

our efforts speaks for the entire devo-
tion of each one to his allotted duties. 
Without this devotion on the part of 
each and all we would have failed, and 
the harmony and efficiency which per-
vaded our corps need no other witness. 
(Mayer, 1869: 260). 

 

Like the Burlington photographers, the 
Mount Pleasant team was challenged to refrain 
from over-exposing the prominences. In doing 
so, they too failed to capture the details of the 
more subtle and much fainter corona. Figures 
14 and 15 show some of the photographs they 
did capture. An exposure of  
 

… five seconds was more than suffic-
ient to secure all the details of the 
protuberances [prominences], although 
it gave no decided indication of the 
corona. (Morton, 1877: 123).  

 

Following Pickering’s advice, the gamble 
taken by local Mount Pleasant photographers 
produced the detailed image in Figure 16 that 
displays an inner and an outer corona, two vis-
ually distinct regions. Simply executed, this pic-
ture rivaled everything produced by the Phila-
delphia Photographic ‘Corp’ (Morton, 1869; 
Pickering, 1877b).  
 

Despite the paucity of photographs taken at 
the Ottumwa station, Himes captured an impor-
tant phenomenon during second contact. One 
picture, exposed at the very last instant before 
totality, recorded  
 

… the curious phenomenon known as 
Baily’s beads, being simply the last 
glimpse of the sun’s edge cut by the 
peaks of lunar mountains into irregular 
spots (Morton, 1877: 123).   

 

It was the first photograph of the phenomenon 
previously described by Edmond Halley (1656–
1742) in 1714 and Francis Baily (1774–1844) in 
1836 (Luminet, 2014; Yeomans, 2014). Figure 
17 shows the partial phase seen from Ottumwa. 

 

In addition to the NAO-affiliated photo-
graphers, a photographer joined the USNO as-
tronomers at their Des Moines, Iowa, site while 
at least five other stations hosted camera men. 
Although the Bonds did not live to see the 
eclipse of 1869, Whipple accompanied the 
USCS to Shelbyville, Kentucky, where he cap-
tured the image in Figure 18, which was the first 
photograph of the diamond ring effect. When 
only one or two Baily’s beads remain, the sun-
light glimpsed through a lunar valley appears to 
resemble a bright, gleaming diamond. The 
USCS also captured 100 more photographs 
near Springfield, Illinois. In addition, the Cincin-
nati Observatory team captured a series of pho-
tographs of the partial phases from Fort Dakota 
in the Dakota Territory (Sioux Falls, South 
Dakota). Furthermore, a Canadian party took 
photographs from Jefferson, Iowa (Cottam et al., 
2011). The Davenport Academy of Sciences 
took advantage of their location as the eclipse 
crossed Iowa to obtain 24 exposures, 3 minutes 
apart, including Figure 19 (Davenport, 1869). 
 

While the overall scientific return on the 
photographs taken during the 1869 solar eclipse 
was slight, they demonstrated the potential of 
astronomical photography, which would play a 
significant role in the coming transit of Venus 
expeditions in 1874 and 1882 (e.g., see Shee-
han and Westfall, 2004). 
 
4   DISCUSSION 
 

The  scholarly  debate in the US regarding  the  
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Figure 17 (left):  A view of the partial phase of the solar eclipse on 7 August 1869 
(courtesy: Dickinson College Archives and Special Collections). 
 

Figure 18 (centre):  The ‘Diamond Ring’, photographed by the USCS from 
Shelbyville, KY (courtesy: Harvard College Observatory). 
 

Figure 19 (right):  A view of the partial phase of the eclipse just after third contact, 
from Davenport, IA (courtesy: Putman Museum and Science Center). 
 
merits of physical astronomy versus traditional 
astronomy would become heated throughout 
the remainder of the nineteenth century. Disci-
pline-agnostic, photography would steadily re-
place the human eye as the detector of choice 
for recording physical astronomy data, morpho-
logical observations and positional measure-
ments. 
 

After taking part in the NAO expedition, 
Himes continued his research program in 
photography (Vodra, 1997). Although Young’s 
career-long interest was visual astronomical 
spectroscopy, he photographed solar promin-
ences during the 22 December 1870 eclipse 
(Habashi, 2014).  
 

The USNO, which dabbled in photography 
during the 1869 eclipse and which eventually 
absorbed the NAO, increasingly invested in 
photographic observations despite the reserva-
tions of some staff (Cottam and Orchiston, 
2015; Dick, 2007). With the assistance of Henry 
Draper, USNO personnel trained in Spring 
1873 so that they could photograph the De-
cember transit of Venus successfully (Dick, 
2007). Today, the majority of the USNO photo-
graphic plate collection is stored at the Astron-
omical Photographic Data Archive (APDA) 
hosted by the Pisgah Astronomical Research 
Institute (PARI; Barker et al., 2019; Cline et al., 
2010; see Figure 20). The James M. Gillis Lib-
rary at the USNO, shown in Figure 21, retains a 
small plate collection, including some of those 
taken  in  1869. The  Library  is  digitizing  these 
and making them available through the Internet 
Archive (Black, 2021; Black and Bartlett, 2022; 
USNO, 2024).  
 

Pickering, who in 1869 had but one paper 
published in his name (on laboratory spectro-
scopy) and was not a photographer, would 

eventually reshape the HCO, shown in Figure 
22, into a physical astronomy institution, creat-
ing a vast library of data recorded on over 
600,000 photographic plates. Substantial fund-
ing for his efforts came from Mary ‘Anna’ Draper 
(1839–1914), widow of Henry Draper (Kohl-
stedt, 1999). Today, the Digital Access to a Sky 
Century @ Harvard (DASCH) program has 
digitized over 95% of the HCO collection and 
made them available online (Frommer, 2024; 
Williams and the DASCH Team, 2024). This 
photographic library continues to reveal new 
insights into the behavior of stars over decades 
(e.g. Li et al., 2022; Merc et al., 2022). 
 
5   CONCLUDING REMARKS 
 

In 1869, the NAO, which was the US agency 
most heavily committed to 1869 total solar 
eclipse endeavors, was one of the principal 
astronomical institutions of the Gilded Age. The 
NAO did so despite staff having no practical ex-
perience, history, nor publicly expressed inter-
est in physical astronomy or photography. By 
the end of the century, the NAO would merge 
with the USNO, which had experimented to a 
lesser extent with this technology. Along with 
other astronomical institutions, the NAO and 
USNO moved from recording observations with 
paper and pencil to the chemical processes of 
photography ‘overnight.’ Or, more literally, over 
the course of 7 August 1869. 
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Figure 20:  The Pisgah Astronomical Research Institute. The building at the bottom far right houses the Astron-  
omical Photographic Data Archives (https://www.tripadvisor.com/Attraction_Review-g49496-d5509787-Reviews-
Pisgah_Astronomical_Research_Institute-Rosman_North_Carolina.html). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 21:  The Interior of the James Melville Gilliss Library (courtesy: USNO Library and Archives). 
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Figure 22:  Harvard College Observatory, in about 1890 (courtesy: AIP, Emilio Segrè Visual Archives). 
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