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CHAPTER FOUR

4.

THE LICK OBSERVATORY SOLAR ECLIPSE EXPEDITIONS

A total of fifteen field expeditions were sent out by the Lick Observatory for the purpose of
making scientific observations of the Sun during a total eclipse as its primary mission. The
corona, by far, was the focus of most of the photographic and spectrographic investigations.
Additional investigations included a photographic search for intra-Mercurial planets, and the
verification of Einstein’s General Theory of Relativity by the examination of photographic plates
for star light deflection caused by the gravitational field of the Sun. A small number of these
expeditions involved multiple field stations either arranged some distance apart along the path of
totality, or in the case of the Einstein verification studies, set up to record data to support
observations made during totality.
Over this forty-one year period from January 1889 to 1932, the Lick astronomers had just
thirty-nine minutes of totality to ply their trade. Three field expeditions, in 1896, 1914 and 1923
faced total obscuration of the eclipse due to clouds. One of the three stations of the 1905
expedition also suffered the same fate. A portion of the precious thirty-nine minutes was wasted
because of instrument failure, operator error, mistiming of the 2nd and 3rd contacts, and variable
seeing conditions with the totality time interval. The expedition of 1914 to Imperial Russia not
only had totality obscured but had to suffer the indignity of hastily leaving their instruments
behind with no guarantee of ever seeing them again as foreign troops invaded the area with the
beginning of World War I. Fortunately, the instruments were kept safe in storage at the National
Russian Observatory at Pulkowa Observatory for the duration of the war and finally returned to
the LO in 1919.
The total impact of weather and other unpredictable events on these expeditions becomes
apparent upon reading the summaries of the expeditions in this Chapter. Yet, at times, bad
conditions changed to good at the moment of totality, rewarding the persistence of the Lick staff
and their colleagues. A substantial investment in staff time, financial resources and effort went
into all stages of planning, and implementation of the expeditions both at the local and
international levels. These scientific ventures were truly expeditions in every sense of the word.
Obstacles, challenges and unknowns presented themselves at every stage of planning, staffing, and
implementation of the expeditions. Additional information on some of the women participants is
provided in Appendix 9.6

78

DATE

Yr / mn / d
1889/ 01 /01
1889/ 12 /22
1893/ 04 /17
1896/ 08 /09
1898/ 01 /22
1900/ 05 /28
1901/ 05 /17
1905/ 08 /30
1905/ 08 /30
1905/ 08 /30
1908/ 01 /03
1914/ 08 /21
1918/ 06 /08
1922/ 09/ 21
1923/ 09 /10
1930/ 04 /28
1932/ 08 /31

LOCATION

Bartlett Springs,
California, USA
Cayenne,
French Guiana
Mina Bronces,
Chile
Akashi,
Japan
Jeur,
India
Thomaston,
Georgia, USA
Padang, Dutch
East Indies
Cartwright,
Labrador
Alhama,
Spain
Elephantine Isle,
Aswan, Egypt
Flint Island,
Pacific Ocean
Brovary,
Russia
Goldendale,
Washington,USA
Wallal,
Australia
Ensenada,Baja
Calif., Mexico
Camptonville,CA.
OakValley,USA
Fryeberg,
Maine, USA

SITE
COORDINATES

Long. / Lat.
08h 00ʹ 11ʺ
39º 00ʹ 17ʺ
52h 20ʹ 07ʺ W.
+04º 56ʹ 38ʺ
+4h 41ʹ 22.5ʺ
-28º 26ʹ 03ʺ
09.5ʹ
E.
12.1ʹ
37ʹ 18.8ʺW
53.7ʹ
41ʹ 20ʺ E.
56ʹ
S.
47ʹ 59ʺ W.
42ʹ 30ʺ N.
07ʹ 35.5ʺW.
+41º 17ʹ 40ʺ
75h
+18º
05h
+32º
06h
00º
03h
53º

SUN
ALTITUDE

SITE
ELEV

66.5º

(ft)
2040

66.5º
Tube axis
40º ±3º
Schaeb.1895
45º ±5º*
( photo)
51º

100+
6600

1700

50º ±5º*
(photo)
70º ±5º*
(photo)
25º 44ʹ 35ʺ
55º

2200

24º
10h 07ʹ 13ʺ W.
11º 25ʹ 27ʺ S.
02h 03ʹ 5.5ʺ E.
+50º 30ʹ 24ʺ
08h 03ʹ 21.5ʺ
+45º 48.9ʹ
08h 02ʹ 43.7ʺ E.
19º 46ʹ 00ʺ S.
116º 31ʹ
+31º 46ʹ
39º 29.9ʹ
121º 02.0ʹ

73º 58ʹ

16

45 º
58 º

50
Approx

58º ±5º
(photo)
3100

SUNSPOT
CYCLE

Minima
1883.9+5.4
Minima
1883.9+6.2
Maxima
1894.1-0.7
Intermed.
1894.1+2.7
Intermed.
1894.1+4.0
Minima
1894.1+6.4
Minima
1894.1+7.4
Maxima
1907.0-1.4
Maxima
1907.0-1.4
Maxima
1907.0-1.4
Maxima
1907.0+1.1
Intermed.
1917.6-3.1
Maxima
1917.6-1.0
Minima
1917.6+5.2
Minima
1917.6+6.0
Intermed.
1928.4+2.0
Minima
1928.4+4.3

CONTACT TIMES

I
0h 22m 31.8s

II
1.48h

TIME
II - III

III
1.50h

IV
3h 7m 16.8s

02ʹ

13h 58m 11s

15h 9m 57s

01ʹ 58ʺ
02ʹ 51ʺ

Clouds

Clouds

02h 52m 46s
04h40m43sd
Clouds

0h 59m 14.8s
L.M.T.
7h 38m 10.1s

01h 01m 15s

01ʹ 59.5ʺ

7h 39m 33.8s

01ʹ 12.7ʺ

22h 45m 31s

0h 18m 52.3s

0h 25m 1.3s

01h 57m 36s

06ʹ

09ʺ

07h 3m 12s
Calc.L.M.T
GMT

08h 05m 37s
Clouds
01h 11m 06s

08h 08m 07s
Clouds
01h 14m 45s

09h 15m 06s
Clouds

02ʹ

30ʺ

03ʹ

39ʺ

04h33m34s

04h 36m 05s

02m 31s

9h 22m 20s
G.M.T.
Clouds

09h 26m 12.3s

03ʹ 52ʺ

10h 58m 56.9s

11h 00m 54s

(PMT)

Rain

13h 56m 13s

1h 38m 52s
Clouds

rain
Clouds

Clouds

Clouds

Clouds

02ʹ 40ʺ
01ʹ 57.4ʺ
05ʹ 15.5ʺ

Clouds

Clouds

Clouds

Clouds

Clouds

11h 03m 28.3s
P.S.T.
3h 28m 19.5s
E.S.T.

11h 03m 28.3s

Clouds

03h 30m 1.1s

35ʺ

03ʹ

1.5ʺ
01ʹ 41.6ʺ

Table 4. Station locations, site coordinates, Sun elevation at totality, site elevation, sunspot cycle, contact times, totality duration. *Photograph used to estimate Sun elevation.
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DATE
1889
Jan.

PERSONNEL
Lick Staff:
E. E. Barnard, Astronomer
J. E. Keeler, Astronomer
C. B. Hill, Assistant Astronomer
A. O. Leuschner, Graduate Student in Astronomy
Volunteers:
Mrs. C. B. Hill,
H. A. McCraney, editor of the “Lakeport Avalanche”.
F. B. Staples (Oregon), Geo. W. Yount, F. Klays, P. McGee

1889
Dec.

Lick Staff:
S. W. Burnham, Astronomer
J. M. Schaeberle, Astronomer
A. O. Leuschner,
Volunteers:
C. H. Rockwell, prolific veteran eclipse viewer, Tarrytown, N.Y.
Mr. Burke, Mr. L’hote, Admiral Mouchez, Reache, Amer.
Consul L. Wacogne
Lick Staff:
J. M. Schaeberle, Astronomer
Volunteers:
Hon. J. J. Aubertin, with his secretary A. Hole, London
W. F.Gale, Esq., Amateur Astronomer, Paddington, N.S.W.,
R. A. Walker, of Valparaiso
J. King, Esq, British Consul at Carrizal Bajo.
Captain Bray, In charge of the mine at Mina Bronces.
Mr. Tirepegui, mine engineer at Santiago, Chile
Mr.Curmey, mine employee
Woolfe, correspondent New York Herald, Valparaiso.
Lick Staff:
J. M. Schaeberle, Astronomer
Volunteers, guest researchers, dignitaries:
Mr. Burckhalter, Director of the Chabot Observatory
Dr. G. E. Shuey and Mr. Louis C. Masten; Professor H. Terao,
Director of the Imperial Observatory of Tokyo
Lick Staff:

1893

1896

1898

SCIENTIFIC APPARATUS
-6 1/2ʺ - 76ʺ f/l Clark equatorial refractor with Chabot spectroscope (below) on clock
driven Warner and Swasey mount, Keeler assisted by Hill (at the finder).
-Chabot Observatory single prism spectroscope with front mounted double reflecting
prisms,
-8x10 Scovill camera box with Voightländer 1ʺ - 9ʺ f/l lens,
-1 1/10ʺ aperture of 23ʺ f/l Clark back focus lens of the 36ʺ refractor with 5x7ʺ plates,
-Brashear wheeled photometer, Leuschner assisted by Staples
-3ʺ stopped to 2 1/2ʺ - 49ʺ f/l Clark water reservoir telescope with 5x7ʺ plates,
Barnard.
-Chronometer, Mrs. Hill
-stopwatches, clock driven polar axis for 3 cameras, sextant.
-6 1/2ʺ aperture (reduced to approx. 3ʺ aperture) and 76ʺ f/l Clark equatorial refractor
and mount, Burnham, and Schaeberle (finder sightings).
-Clock driven Dallmeyer 6” - 33” f/l photographic lens and body from the U.S.N.O,
Schaeberle.
-18ʺ Newtonian reflector with Schaeberle made mirror; Burke, L’Hote, Rockwell,
and (Schaeberle?).
-Negus No. 1719 sidereal chronometer, Rockwell
-Sextant, Admiral Mouchez
-40ʹ Schaeberle hill supported telescope with 5ʺ Clark photoheliograph lens.
Schaeberle
-6 1/2ʺ aperture and 76ʺ f/l Clark equatorial refractor and mount, Walker
-Pierson’s Dallmeyer 6” aperture and 32.6” f/l photographic lens, Bray and King.
-5x7 camera, Tirepegui
-4x5 camera, Hole
-Chronometer, Curmey
-Sextant.

-40ʹ Schaeberle hill supported telescope with 5ʺ Clark photoheliograph lens,
-Pierson’s Dallmeyer photographic lens,
-5ʺ - 68ʺ f/l Floyd telescope-camera with 5ʺ Willard portrait lens,
-Master’s mount and driving clock
-40ʹ Schaeberle tower telescope with 5ʺ Clark lens, Fleet and Garwood.
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W. W. Campbell, Astronomer
Volunteers:
Mrs. Campbell, Miss Beans,
Capt. H. L. Fleet, R. N., in charge of Her Majesty’s marine
forces in the Bombay harbor.
Royal Navy Lieuts. Kinehan, Mansergh, and Corbett; Garwood.
Major Boileau, Royal Engineer
Rev. J. E. Abbott, former student under Prof. Young, Dartmouth
College
Major S. Comfort, United States consul at Bombay.
Mrs. Comfort
1900

1901

Lick Staff:
Dr. W. W. Campbell, Astronomer
Dr. C. D. Perrine, Astronomer
Volunteers:
Professor A. A. Nyland, Director, Utrecht Observatory, Holland.
Dr. J. H. Wilterdink, Astron., Royal Observ., Leidan, Holland
H. D. Curtis, Prof. of Astronomy and Mathematics, U of the
Pacific, San Jose and Fellow in Astronomy, U of Virginia
J. A. Miller, Professor of Astronomy, University of Indiana.
W. P. Russell, Professor of Astronomy, Lincoln U, Illinois
A. H. Buchanan, Prof. of Mathematics and Astronomy,
Cumberland University, Lebanon, Tenn.; G. E. Lumsden, Esq.,
President, Toronto Astronomical and Physical Society.
J. R. Atwater, Major of Thomaston; E. T. Booth, Thomaston,
Professor R. G. Smith, President of the R. E. Lee Institute
Professor G. K. Orr, Lee Institute; J. E. Hannan, Col. J. H.
Lewis, A. A. Matthews, of Thomaston
Lick Staff:
Dr. C. D. Perrine,
Dr. R. H. Curtiss, Astronomer
Volunteers:
F. A. Delprat, Chief executive of the government railways.
Mr. Lagerwey, Leut. P. L. de G. Fortman, Leut. W. H.
Warnsinck, Leut. E. Sieburgh, Mevrouw de Gaay Fortman, J.
Kempens, F. Bouman, van Leeuwen Boonkamp, von der
Straeten, Junius, Cleton, Nieuwenhuys, Guldenaar, d’Hanens.

-6 1/2ʺ clock driven Warner and Swasey mount (no lens),
-Camera with Pierson’s Dallmeyer photographic lens, Kinehan and Miss Beans
-Floyd telescope-camera, Mansergh and Major Comfort.
-6.5x8.5ʺ camera of W.W. Campbell’s,
-Ordinary camera of 1 3/8ʺ aperture - 11ʺ f/l, Mrs. Comfort.
-Break circuit chronometer No. 1719,
-{Bruce spectrograph of the Crossley telescope. One prism spectrograph (1 lens from
Princeton)}, Dr. and Mrs. Campbell.
-Six prism spectrograph (4 compound prisms from Princeton University), Abbott
-Grating spectrograph, Boileau
-W.J. Hussey and L.C. Masten’s drive clocks, an objective from T.P. Andrews, large
packing case polar axis mount, sextant.
-40ʹ Schaeberle tower telescope with 5ʺ Clark lens,
-Pierson’s Dallmeyer photographic lens,
-Floyd Camera,
-Four small undisclosed cameras,
-Objective-prism spectrograph with two 60º prisms,
-Slit spectrograph,
-Two other undisclosed spectrographs,
-Chronometer, two large clock driven polar axis mounts, sextant.

-40ʹ Schaeberle tower telescope with 5ʺ Clark lens, Curtiss and Bouman.
-Pierson’s Dallmeyer photographic lens, Straeten assisted by Boonkamp.
-5ʺ- 68ʺ f/l Floyd Camera, Fortman assisted by Warnsinck.
-Four intra-Mercurial cameras of 3ʺ aperture - 11ʹ4ʺ f/l, Nieuwenhuys assisted by
Cleton, Guldenaar, d’Hanens, and Perrine.
-Tangential 60º prism spectrograph with N.-S. slit, Junius.
-Radial slit prism spectrograph with E.-W. slit, Mrs. Fortman.
-Polarigraph camera of 20.75ʺ f/l with front mounted Nicol prism, Sieburgh assisted
by Kemphens.
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1905
Labr.

1905
Egypt

1905
Spain

Lick Staff:
H. D. Curtis, Astronomer
Volunteers:
Dr. J. Stebbins, Assist. Prof. of Astronomy, Univer. of Illinois.
W. T. Reed, former Assist. Prof, of Astronomy, Princeton Univer
E. F. Harvey, St. Johns, Sir A. Paget R.N.,K.C.B., Commodore.
Prof. E. R. Marle, Science Master, Methodist College., St. Johns.
Dr. W. T. Grenfell, Labrador Deep Sea Mission.
W. E. Swaffield, Hudson’s Bay Company Agent at Cartwright
Sub-Lieut.Viney R.N. H.M.S. “Scylla”, W. Macgregor, A. C.
Cleminson, Capt. C. H. Elgee, H. Reeve, Lieut. Reinhold, A. R.
House, Mrs. Curtis, Mrs. Stebbins.
Lick Staff:
W. J. Hussey, Astronomer
Volunteers:
Messrs. Dray, Trimen, and Curry, Survey Dept., Cairo; Messrs.
Swift and Wild, Ministry of Public Instruction; Joy (Oberlin U);
Prof. West, Nelson (Chicago U); B. J. Giffen and Mr. Bruce,
American Mission at Luxor; Godfrey (Zagazig), A. Knowles
(Cairo), G. C. Brackett. (Brooklyn N.Y.), Mrs. Hussey.
Lick Staff:
W. W. Campbell, Director of the Observatory
C. D. Perrine, Astronomer
Volunteers:
Dr. T. E. Mckinney, Prof. of Mathematics and Astronomy,
Marietta College, Ohio; Dr. R.S. Dugan, Princeton University;
Professors S. Arrhenius and G. Kobb, Stockholm University.
C. M. Olmsted, American student in Bonn University; F. Palmer
Jr., Haverford College; Mrs. Campbell, Mrs. Perrine,
Prof. J. Hartmann, Astrophysical Observatory, Potsdam.
D. E. Ernesto Greve, National Observatory, Santiago, Chile.
Dr. V. Strӧyberg, formerly of the observatory, Copenhagen.
D. A. Cuvás, Madrid; Professor J. Casares, Central University,
Madrid; H. Gimeno and A. Rocasolano of Univer. of Zaragoza
F. Lavilla of University of Hernandez; Lieut. M. Hernandez of
Geodetic Survey, Madrid; D. Esteban Terradas of University of
Madrid; D. E.Ibañez, Secretario de Municipalidad of Alhama.

-Chronometer.
-40ʹ f/l lens (from Princeton University) tower telescope, Stebbins assisted by Reed.
-Four intra-Mercurial cameras of 3ʺ aperture and 11ʹ4ʺ f/l from Harvard, Messrs.
Harvey, Paget, Marele, Grenfell, Swaffield.
-Precision stopwatch, sextant and thermograph from University of Illinois.

-40ʹ tower telescope with 5ʺ lens from the U. S. N. O., Hussey assisted by Dray.
-Four intra-Mercurial cameras of 3ʺ aperture and 11ʹ4ʺ f/l, Swift, Wild, Curry,
Nelson, Bruce, Giffen.
- Spectroscope, stopwatch, sextant from the Santa Clara College.

-40ʹ Schaeberle tower telescope with 5ʺ Clark lens, Dugan assisted by Lavilla
-Pierson’s Dallmeyer photographic lens, Cuyás assisted by Casares.
-5ʺ- 68ʺ f/l Floyd Camera, Gimenko assisted by Terradas
-Four Alvan Clark & Sons intra-Mercurial cameras of 3ʺ aperture and 11ʹ4ʺ f/l,
Perrine assisted by Greve, Ibañez, Hernandez, and Herreros.
-Objective-prism spectrograph with stationary-plates, Hartmann
-Objective-prism spectrograph with moving-plate, Arrhenius
-Ultra-violet spectrograph with moving-plate, Campbell assisted by Kobb
-Objective grating spectrograph, Kobb
-Three-prism lit spectrograph, Palmer
-Single-prism spectrograph, Palmer
-{Double-image polarigraph. Two polarigraphs with glass mirror reflectors in front of
the objective. Polarigraph standard camera for unpolarized image. Lensless camera
with standardized squares on plate as a photometer}, McKinney, assisted by
Rocasolano, Mrs. Campbell, Mrs. Perrine, Barajossa and Blasco.
-sextant, thermograph from the Solar Observatory of the Carnegie Instit.,
-16ʺ coelostat from the Yerkes Observatory.
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1908

D. F. Herreros, Telegraphico, Alhama; Serg. E. Barabajossa and
J. Blasco, Guardia Civil de Espagna.
Lick Staff:
W. W. Campbell,
R. G. Aitken, Astronomer
C. D. Perrine, Astronomer
Dr. S. Albrecht, Assistant Astronomer
Volunteers and Researchers:
Professor E. P. Lewis, Depart. of Physics, U of C at Berkeley
Professor B. Boss, in charge, U.S. Naval Observatory, Pago Pago
Mr. Merfield, Sydney Observatory
Mrs. Campbell,
Mr. Mortimer, Consul Dreher, Mrs. Dreher,

1914

Lick Staff:
W. W. Campbell, Director of the Observatory
Dr. H. D. Curtis, Astronomer
Volunteers:
W. Campbell, D. Campbell, K. Campbell, C. F. Brush, Jr.,
Mr. Zenchenko, President, Kiev Circle of Amateur Astronomers.
Mr. Iliinsky, prominent member of the Kiev Circle society.
G. M. Day, American in charge-International Y.M.C.A.- Russia.
Mr. Linnik, Mr. Merelli, Mr. Morgilevsky, Gen. Nicolskov and
son, Mrs. Campbell, Mrs. E. Thompson (Mrs. Campbell’s
mother),

1918

Lick Staff and Luminaries:
Mr. and Mrs. W. H. Crocker, expedition donors, Regent U of C
F. W. Bradley, San Francisco; W. W. Campbell, Director of the
Observatory; Dr. J .H. Moore, War time Director; Dr. H. D.
Curtis, Astronomer; J. E. Hoover, Observatory foreman
Volunteers and Researchers:
Dr. E. P. Lewis, Professor of Physics, U of C.
Miss L. B. Allen, Depart. of Astronomy in Wellesley College
Miss E. Glancy, Assistant – Argentine national Observatory
Professor S. L. Boothroyd, University of Washington, Seattle.

-40ʹ Schaeberle tower telescope with 5ʺ Clark lens, Campbell assisted by Messr.
Campbell and Albright, observations by Dr. Albright
-Floyd Camera, Mortimer
-12ʺ coelostat mirror,
-two sets of 4 Alvan Clark & Sons intra-Mercurial cameras of 3ʺ aperture and 11ʹ4ʺ
f/l, Perrine assisted by Boss
-{Coelostat fed moving-plate spectrograph. Three-prism high dispersion
spectrograph. Two single-prism spectrographs with E.-W. slits}, Merfield
-Lewis’s quartz spectrograph, Schroeder metal mirror, Lewis
-lens-less camera with standardized squares on plate as a photometer,
-{two polarigraphs with glass mirror reflectors in front of the objective, one
polarigraph with double-image prism}, Perrine assisted by Messrs. Campbell and
Dreher.
-40ʹ Schaeberle tower telescope with 5ʺ Clark lens, W. Campbell assisted by Day.
-Floyd Camera, Linnik
-Four Alvan Clark & Sons intra-Mercurial cameras of 3ʺ aperture and 11ʹ4ʺ f/l, Curtis
assisted by Morgilevsky and Iliinsky.
-Polarizing photometers as in 1905 and 1908, D. Campbell assisted by Mrs.
Campbell, Zenchenko, and Merelli.
-Two objective lens extra-focal photometers,
-One-prism spectrograph,
-{Three-prism spectrograph Objective grating. Ultra Violet objective spectrograph},
Brush, Jr.
-Coelostat fed moving-plate spectrograph, Director Campbell.
-drum chronograph, break-circuit chronograph, thremograph, sextant, thermograph,
aneroid barometer.
-40ʹ Schaeberle tower telescope with 6ʺ Brashear lens, W. W. Campbell assisted by
Boothroyd.
-Coronal camera of 3ʺ aperture lens and 48ʺ f/l, Mrs. Campbell
-Landscape camera of 11ʺ f/l, Miss Allen
-{Camera with 4 1/2ʺ aperture lens and 15ʹ f/l. Two cameras with Brashear lenses of
4ʺ aperture and 15ʹ f/l of Chabot Observatory. Camera with Vulcan lens of 3ʺ aperture
11ʹ 4ʺ f/l}, Curtis assisted by Hoover
-{One-prism lit spectrograph. Objective-grating spectrograph. Three-prism slit
spectrograph}, Moore assisted by Babcock
- {Lewis’s 2-prism quartz spectrograph. Lewis’s 3-prism quartz and fluorite objective
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1922

1923

1930

A. H. Babcock, Consulting Engineer of the Southern Pacific Co.
D. Campbell of Stanford University; Dr. and Mrs. J. S. Plaskett,
Director of the Dominion, Astrophysical Observatory, Victoria,
B. C.; R. Young, Chief Assistant of the Dominion Obs.; E. A.
Fath, President of Redfield college; Mrs. Campbell, Mrs. Moore,
J. A. Brashear, A. Swasey.
Lick Staff:
W. W. Campbell, President of the U of C, Director of the LO.
J .H. Moore, Assoc. Astronomer; R. Trumpler, Assist. Astron.
Volunteers:
Dr. and Mrs. C. E. Adams, Govern. Astron. of New Zealand
Mr. J. B. O. Hosking, Melbourne Observatory; A. D. Ross,
Professor of Astronomy and Physics, University of Western
Australia; Messrs. Rhoades, Keane, and Kenney - Naval party
members; Lieut.-Com. Quick, Naval ship commander, R.A.N
Mr. Hutchings, Mrs. Campbell, W. Campbell,
Lick Staff:
W. W. Campbell, President of the U of C, Director of the LO
W. H. Wright, J. H. Moore, and R. Trumpler, staff astronomers
C. A. Bergman
R, Shields - construction foreman, F. Cox – transport,
D. Tachet - chef
Volunteers:
E. P. Lewis, Head of the Department of Physics, U of C
H. M. Jeffers, University of Iowa; Z. A. Merfield, University of
Melbourne; W. J. Luyten, Harvard Observatory
W. F. Meyer, J. A. Pearce, Astronomical Department at Berkely
Mrs. Campbell, Mrs. Wright, A. Swasey, W. Campbell, Mr. and
Mrs. R. Lieb, Hyde, A. H. Babcock,
Lick Staff and U of C Administration:
President and Mrs. Campbell, U of C; Vice-President and Mrs.
Hart, U of C; Regent of the University – unnamed; R. G. Aitken,
Associate Director; J. H. Moore, staff astronomer; D. H. Menzel
and F. J. Neubauer, Assistant astronomers; B. Olsen - foreman,
J. W. Marley - transport, J. Cosh – instrument maker
Volunteers and other Researchers:
G. B. Blair, professor of physics, University of Nevada,
W. F. Meyer and Dr. C. D. Shane, associate professors of

prism spectrograph}, Lewis assisted by Babcock.
-break-circuit chronograph sextant, theodolite, from UC Berkeley Students’
Observatory.

-40ʹ Schaeberle tower telescope, Dr. Adams assisted by Mrs. Adams
-Two cameras with Hastings-Brashear lenses of 5ʺ aperture and 15ʹ f/l: Trumpler
assisted by Hoskings and Hutchings.
-Two cameras with Ross-Brashear lenses of 4ʺ aperture and 5ʹ f/l: Director Campbell
assisted by Rhoades and Kenney.
-Floyd Camera: Mrs. Campbell
-Two one-prism slit spectrographs, Moore and unnamed
-Rowland grating spectrograph, Moore and unnamed
chronograph, wireless station.
-large measuring microscope for the Einstein plates
-40ʹ Schaeberle tower telescope with 5ʺ Clark lens: W. Campbell and Bergmann
-Floyd camera: Moore and Mrs. Wright
-Two Ross cameras of 4ʺ aperture - 5ʹ f/l.: Trumpler assisted by Swasey and Cox.
-Two lenseless cameras for coronal photometry: Luyten
-Moving plate spectrograph: President Campbell
-One-prism E.-W. slit spectrograph, Two-prism slit spectrograph, Three-prism slit
spectrographz: Moore assisted by Hyde.
-Quartz spectrograph and polariscopic apparatus: Lewis assisted by Mrs. Lieb.
-Slitless quartz-fluorspar spectrograph: Wright
-Polariscopic and spectroscopic apparatus belonging to U of Melbourne: Merfield
-Repsold Alt-Azimuth instrument with 2ʺ lens: Jeffers
-wireless receiving station: Babcock
-Parkhurst “sensitometer” style aperture photometer with Heffner standard lamp.
-Two cameras with Ross lenses of 4ʺ aperture and 60ʺ f/l: Dr. Neubauer, Dr. Meyers
-Camera with Willard lens of 6ʺ aperture and 30ʺ focal length: Dr. Neubauer,
-Camera with Goertz lens of 2ʺ aperture and 10ʺ focal length: Dr. Meyers
-Floyd Camera: Professor Blair
-Two moving plate 3 flint prism spectrographs designed by Moore and Menzel, fed
by a 12ʺ aperture coelostat mirror: Moore and Menzel assisted Osen and Marley
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1932

astronomy, U of C; Mrs. Aitken, Father Ramm and family
Lick Staff:
J. H. Moore and W. H. Wright, staff astronomers
D. H. Menzel, assistant astronomer
J. F. Chappel - photographer, B. Osen - foreman and carpenter,
Miss L. G. Potwin, Lick Observatory secretary
Volunteers and other Researchers:
C. D. Shane, associate professor of astronomy, U of C
E. A. Fath, professor of astronomy, Carleton College
C. E. Mulford, author
Mrs. E. Stephens, professor of astronomy, Washington
University; Miss R. Jones, instructor, Wheaton College
D. Campbell, Mr. and Mrs. K. Campbell, C. Swanson, W.
Edwards, E. Fletcher

-Two cameras of 5ʺ aperture and 15ʹ f/l: Wright assisted by Mrs. K. Campbell
-Camera with Ross lens of 4ʺ aperture and 5ʹ f/l: D. Campbell assisted by Fletcher
-Two coelostat fed moving-plate spectrographs designed by Moore and Menzel:
Moore and K. Campbell assisted by Osen and Stephens
-Two jumping-film spectrographs: Menzel and Chappell, assisted by Edwards and
Potwin
-Interferometer spectrograph: Shane
-Plane-grating spectrograph: Shane
-One-prism spectrograph: Shane
-Two-prism spectrograph: Fath
-Three-prism spectrograph: Fath
-Concave-grating spectrograph: Swanson
-Choronograph: Shane assisted by Jones

Table 5 The LO staff, guest researchers, volunteers, and instruments of the expeditions.
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The organization of this chapter is in chronological sequence by total eclipse year that was
attended by the Observatory. For each expedition, the pertinent details are given of the eclipse
site locations, site and eclipse statistics (see Table 3), administration, planning, staffing, and postreview of each expedition. The personnel and instrumentation of the expeditions are listed in
Table 4.
Additional technical and configuration aspects of the primary cameras and spectrographs may
be found in the appendices. The earliest Lick Observatory expeditions utilized off-the-shelf
house instruments and those borrowed from other individuals and organizations. Modifications
were applied to make these instruments more suitable for eclipse work. Cameras intended for
normal landscape and portrait photography were the standard cameras found in the arsenal of
eclipse expedition tools. Plate-holder fitted visual astronomical telescopes were also widely used.
A small correction in the focus allowed acceptable solar images to be obtained. The typical solar
photoheliographs were for the most part fixed in place with their components mounted on
massive concrete piers and protected from the elements by fixed buildings. Towards the end of
the LO eclipse program, all of the instruments, their mountings, plate and film-holder
mechanisms, and the chemistry of the plate and film emulsions, were designed especially for the
intended task.
4.2

The 1 January 1889 Lick Observatory Expedition to Bartlett Springs, California

4.2.1

Introduction – travel logistics, site conditions, local relations, and communication

The planning for this first eclipse expedition was in full force when E.S. Holden’s published a
staff produced pamphlet titled Suggestions for observing the Total Eclipse of the Sun on January
1, 1889. This pamphlet was distributed locally and in Northern California along the predicted
eclipse path. Holden also published a meteorological report in the MNRAS for the international
visitors expected to come. Additional meteorological reports were obtained from W. Upton and
A.L. Rotch of the Harvard College Observatory (Upton and Rotch 1889: 1-35). Holden held
meetings with the Photographic Association of the Pacific Coast, coordinated by C. Burkhalter,
Director of the Chabot Observatory, hoping to form an organized group to make scientifically
useful observations. The Astronomical Society of the Pacific was formed as a direct result of
these meetings (Holden 1889b:1).
Holden arranged for a network of telegraph services, connected to the Observatory’s timekeeping service, to all areas of interest for the expected eclipse expeditions. The photographic
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plates were loaded into the plate-holders one month in advance of the eclipse. Provision to
standardize each plate, by exposure to a Carcel oil lamp, was made before departure to the eclipse
station.
The Lick Observatory observed the eclipse from two sites. The first station was the
Observatory where the partial phase was visible. The second station, the focus of this summary,
was established at Bartlett Springs after careful consultation of meteorological reports (Holden
1888a: 303).
Keeler (1889: 32-33) oversaw the instrument preparations and packing of the instruments for
transport. This included fitting of the clock mechanism of the Observatory’s 12 inch refractor to
a wooden polar axis especially made for the camera array, and the fitting of the Chabot
Observatory’s spectroscope to the 6½ inch Clark refractor. All of the instruments were
dismantled and placed securely in the packing crates fashioned at the Observatory.
The party departed 16 December stopping in San Francisco for two days. A day’s travel on
the Southern Pacific railroad took them to Sites, in Colusa County where they transferred to
narrow gauge rail service to Colusa Junction. Here, stage service would take them over thirtyfive miles of muddy wet roads westward in the mountains on 24 December.
The Bartlett Springs eclipse site was established on the grounds of a hotel owned by the
McMahans, a mineral springs resort for therapeutic mineral water soaking.
While this site had the best weather projections of the possible locations, it rained
continuously right up to the day of the eclipse, putting a damper on everyone’s moods. The
volunteers arrived and were assigned and trained as to their duties. A resort member, Mr. Yount
would oversee the housing and comfort of the eclipse staff. The instruments were set up within
two days of fair weather within
the confines of the resort’s
croquet court, see Figure 39
(Barnard 1889: 58; Keeler 1889:
85).
Figure 39 The Lick party on the
croquet court at Bartlett Springs
(Mary Lea Shane Archives).
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The morning of the eclipse was clear and last minute practice sessions were conducted to
familiarize everyone with their expected duties. The party was in telegraphic contact with the LO
for the reception of the necessary time signals.
4.2.2

The Lick Scientific Staff, Guest Researchers, and Volunteers

Lick staff members Keeler, Barnard, Hill and Leuschner were sent at the expense of the
Observatory with funds approved by the Regents. A full list of the participants will be found in
Table 3.
4.2.3

The Eclipse Equipment and Operators

The Observatory’s equipment of cameras, telescopes, spectroscope, timekeeping, and auxiliary
equipment is listed in Table 4. The spectroscope form the Chabot Observatory was patterned
after an instrument used by C.S. Hastings during the 1883 eclipse. Refer to Appendix 2 for
details of this instrument and for the 6½ inch Clark refractor and mounting, Brashear wheeled
photometer, and the Clark & Sons ‘water reservoir’ telescope.
4.2.4

Expedition Mission and Summary of the Experiments, Observations, and Findings

Scientific work consisted of four entities (Keeler 1889: 32):
1.

Keeler used a replica of Hastings’s spectroscope to repeat

C.S. Hastings’s observations at the eclipse of 1883 at the
Caroline Island, which led Hastings to propose his theory of
coronal diffraction. He would also look for any other coronal
occurrences of interest.
Figure 40 (Left) Keeler at the eyepiece of the Hastings replica
spectroscope assisted by Hill who guided the instrument (Mary
Lea Shane Archives).

2.

Barnard was to complete all of the photographic work with the array of cameras. His
assignment was to obtain the highest possible resolution images of the corona and to record
the inner detail, extensions and form. His images would be compared with those from other
eclipse stations for a study of uniformity of the corona.

3.

Hill would time the 1st, 2nd, 3rd, and 4th contacts, assist Keeler with the spectroscope, and
inspect the corona for any changes in color or shape that he might observe.
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4.

Leuschner’s tasks were to make coronal brightness comparisons with the wheeled
photometer and also with an ordinary candle flame.

In addition to the above tasks, Yount, Mrs. Hill, F. Klays, and P. Mcgee sketched their impression
of the solar corona at totality. Yount made an additional sketch after totality with corrections.
Upon totality Keeler (ibid. 37) described seeing the corona as:
The corona was beautifully bright and distinct … with broad “fish-tail” mass of light
extending some two diameters of the moon on each side, nearly in the direction of the
ecliptic …. Mercury shone brilliantly a short distance to the southeast.
Barnard (1889: 59, 70) operated the
three cameras making three exposures
with each. Two cameras captured widefield coronal images. Of major concern
was light leakage when the plates were
taken and replaced from the plate box.
With the Clark ‘water reservoir’ telescope,
that magnified the image significantly over
the other cameras, he obtained the fine
coronal image (Figure 41) that he and the
LO would become well-known for.
Barnard found totality to be of

Figure 41 The Barnard water reservoir telescope
image copied from an original print (Lick
Observatory Contributions No. 1, 1889).

“… excessive disappointment and depression … clouds in the

north, showed that they appeared of a sickly, greenish hue.”
Mr. Hill kept the 6½ inch Clark telescope tracking on the Sun while Keeler adjusted the
spectrograph’s slits seeing a continuous spectrum on both sides of the Sun at totality along with
the 1474 K line. He attributed the unexpected brightness of the spectrum to light from the
corona. He looked carefully for the changes in the 1474 K line and other bright lines reported by
Hastings in the Caroline Islands but could not with any degree of certainty reconcile with him.
Some of the changes were quite different and highly unequal in appearance at 2nd and 3rd contacts,
than what Hastings observed. Suddenly at nearly 3rd contact on the right limb, Keeler saw bright
lines appear, describing them, “… as brillant and vivid in hue as the colored fires of pyrotechny.”
He attributed these lines to the chromosphere. Direct photometric observations were made by
A.O. Leuschner of the diffused light of the corona and compared to the light of an ordinary
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candle using a Brashear wheel-photometer. He recorded readings at the beginning of totality,
even though he could not accurately adjust the candle and photometer. He then took 7 more
readings at3 different positions of the candle, with which he had an adequate comparison. Preand post-totality, none of the observers saw any diffraction bands that were occasionally seen.
The actual production of photographic exposures and photometer readings were less than
planned. This might have been a direct result due to the overwhelming impact and excitement to
this new group of eclipse viewers, not yet seasoned by the solar eclipse experience. Keeler
(1889: 38) found that the quality of the observations was acceptable. Mr. Staples made a sketch
of the corona as he was busy turning the photometer wheel for Leuschner during totality.
The expedition members left for home under heavy rain on muddy roads. Barnard suffered
the indignity of having to ride on top of a trunk because the stage passenger compartment was
already full. He had to get off the wagon on hills and slog through the mud on foot and he
unhappily complained ‘It was uphill all the way to Sites.’

Upon returning to the Observatory, the plates were processed with a developer that had been
adjusted to prevent overexposure and loss of coronal detail near the very bright light close to the
limb of the Moon. All of the negatives were of fine quality and five of the best negatives were
selected for standardization with the Carcel oil standard lamp and analysis of the corona. The
planet Mercury was prominent on the plates and was used for the orientation of the corona
(Barnard 1889: 59-60). Diagrams of the corona were made for the purposes of mapping and
indexing individual structure features and for brightness variability within the coronal
measurements. These diagrams were produced from Barnard’s photographs and those supplied
by Messrs. Ireland and Lowden of the Amateur Photographic Association eclipse expedition
(Holden 1889f: 344). The ordinary candle was standardized to the Carcel oil standard lamp in
order to compare results with the Harvard Observatory’s images (Holden 1889b: 83-87).
Keeler (1889: 54-55) summarized the findings of the expedition as follows:
1. The corona appeared to exist mainly due to reflected light by solid particles about the Sun.
2. The corona nearest the Sun was self-luminous and might be the result of the ejection of
material from eruptive disturbances within the photosphere and chromosphere.
3. The ejected material formed the rifts, streamers and other coronal form in an irregular
distribution around the Sun.
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4. Within the inner corona appeared a bright ring of uniform light that is caused by diffraction of
light from the chromosphere and is not an effect of diffraction by the lunar limb.
5. The gaseous nature of the solar atmosphere did not reach a great depth when compared any
ratio with the solar diameter.
Other eclipse parties included the US Coast and Geodetic Survey party under Professor
Davidson, Professor Davidson’s Observatory party, the Student’s Observatory of the UC
Berkeley, the Chabot Observatory party directed by Burckhalter (Holden 1888a: 303).
The images made by the members of the Amateur Photographic Association of the Pacific
Coast, were used by the LO for the composite drawings and photographs. They made a
significant contribution to the analysis of the coronal structure of the Sun (Aitken 1917).
4.3

The 21-22 December 1889 Lick Observatory Expedition to Cayenne, French Guiana

4.3.1

Introduction – initial planning, travel logistics, site conditions, local relations, and

communication
Initially, the LO was unable to obtain funding from the University of California to mount an
expedition to South America for the December 1889 eclipse. University of California Regent and
‘liberal friend of the Observatory’, Hon. Charles F. Crocker came forth offering to fully fund a
small expedition (Holden 1889h). The Observatory conducted a wholly photographic program
designed by Holden and his staff. Additional primary support came from the U.S.N.O. through
the loaning of equipment, and planning information from the Royal Astronomical Society eclipse
committee under H.H. Turner.

Figure 42 The battery site with the 18-inch reflector astride one of the cannon carriages. The Clark
refractor is located far right-center. The Dallmeyer camera appears right of the reflector telescope
(Mary Lea Shane Archives).
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The expedition departed New York 31 October on the steamer “Bermuda” under the
command of Captain Fraser. After a voyage of 2 weeks, visiting 8 tropical Caribbean islands
along the way, they put in at Port of Spain, Trinidad. After a 10 day delay, they boarded the
French steamer “Venezuela” for a 6 day ‘unpleasant’ voyage to Cayenne arriving 1 December.
The Governor of the colony, M.G. Réache graciously assisted the party in locating the station at a
gun battery (see Figure 42). It rained often and sometimes in a ‘torrent’ fashion preceding the
eclipse. Equipment was kept dry by placing it inside a boiler house that continuously leaked, and
within the drier confines of the boiler itself (Burnham and Schaeberle 1889: 22-23).
Homeward bound they picked up Comte Le Baume of the English eclipse party in Trinidad.
They received the unpleasant news that Father Perry who had headed the English party, had fallen
seriously ill and had died while on the return home. He had been carried to his eclipse
instruments for the eclipse itself. The Lick party boarded the ‘Venezuela’ 3 January in Cyenne
and reached Trinidad on the 8 January. They waited several days and then joined the American
steamer under Captain Fraser reaching New York on 19 January.
4.3.2

The Scientific Staff and Volunteers

Burnham led the expedition assisted by Schaeberle. A list of participants is found in Table 4.
4.3.3

The Eclipse Equipment

The staff assembled a timber base for the 6½ inch refractor, spending a significant amount of time
getting the telescope to work in the wet tropical climate. The Dallmeyer camera, with its fine
Clark equatorial mount, was adjusted, along with the addition of a 3 foot finder.
It was a time-consuming task to improvise and erect the 18 inch reflector telescope which
housed a mirror, hand-figured by Schaeberle in 1880. The tube was fashioned from wood
scantlings and barrel hoops then covered with black cloth. The mirror was backed with cloth
padding and placed in a tub which served as a mirror cell. The hour-axis of the mount consisted
of a wood beam fitted with bolts whose heads served as the inner bearings. The outer bearings
consisted of nothing more than large steel washers mounted to the carriage framework of one of
the large cannons. To provide the necessary diurnal tracking during totality, a screw abutting an
upper piece of the tube could be turned. Each turn of the screw would give ten seconds of time
tracking. Aligning and adjustment of this awkward assembly continued right up to the day and
moment of the eclipse (Burnham and Schaeberle 1891: 27-29).
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4.3.4

Summary of the Experiments and Observations

The objectives of expedition in the order of importance were (Holden 1891d: 5; Resolution of the
Regents attached to memo to Burnham and Schaeberle):
1.

Obtain negatives of the inner corona to reveal detail from the lunar limb to possibly 60 ʹ plus
from the center. These images would show the forms and details in gradations of light to
replace the inaccuracy of sketches.

2.

Obtain negatives of the outer corona to reveal detail from, 80ʹ to as far as possible from the
limb of the Moon.

3.

Use negatives that were standardized at the LO for photometric measurements of the
brightness of various parts of the corona. From these plates, an attempt would be made to
determine a law for the distribution of coronal light and to obtain the total coronal light to
compare one eclipse with another.

4.

Obtain a standardized negative immediately after 3rd contact for the measurement of the
distribution of light in the sky.

5.

To make other astronomical observations as time permitted. These observations included
searching the southern stars for new doubles by Burnham; the making of a photographic
determination of the law of atmospheric absorption by Schaeberle.

6.

To accurately determine the latitude and longitude of the eclipse station.
Holden’s program, established well in advance at the LO, made no provision for change in

procedure that would accommodate varying seeing conditions. The exact exposure times were
laid out in advance with no provision made for sky conditions, moisture, temperature, or coronal
brightness variables. One exception permitted Burnham to add a couple of exposures, of his own
judgment, at the end of the exposure sequence. In practice, Burnham never made the extra
exposures as totality had ended (Burnham and Schaeberle 1891: 33). Holden believed discipline
and order would rule out errors of human judgment in the moments of excitement and confusion
that were to be expected at the time of totality.
It rained and drizzled right up to twenty minutes before totality. During totality, five
exposures were made by Burnham with the Clark refractor with had its objective stopped down to
three inches of aperture. The shutter consisted of a black velvet flap over the objective that was
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attached to a string that could be pulled at the eyepiece. After 3rd contact, t2 exposures were
made over a time interval on one plate with the telescope at rest, making a determination of the
position of the Meridian possible. Schaeberle made 5 exposures with the Dallmeyer camera at
full aperture with the last one shortened when 3rd contact arrived. Again, the shutter was
Burnham’s clever velvet flap over the objective. Mr. L’Hote made 4 exposures with the
Newtonian reflector while R. Rockwell adjusted the screw of the drive with a hand wrench. The
shutter consisted of a large black cloth cap to be placed and removed from the front end of the
tube (ibid. 1891: 24-29).
Schaeberle (ibid.) provided a visual description of totality:
The coronal light, was so surprisingly bright that the belief in the possibility of bringing the
phenomenon within the reach of observation in full sunshine … certainly appeared to have
nothing absurd about it … that the illumination appeared much more effective than that due
to the light of the full Moon … terrestrial objects were plainly visible and sharply defined,
but entirely devoid of all color, only the difference in the degree of colorless darkness
appeared to be the boundary line of things seen.
Upon the party’s return to Cayenne, the exposed plates were leisurely processed within four
days after the eclipse. The plates were developed, one plate at a time, allowing for changes in
development time. Chemical strength was adjusted based on the results of the preceding plates.
All negatives taken with the reflector showed the effects of bad focus, vibration, and errors in
tracking, see Figure 43. All of the plates from the Dallmeyer lens were grossly overexposed as
well. The brighter Sun and more luminous
sky conditions in the tropics effectively
overexposed all the plates using the
exposures that had worked so well during
the 1889 January eclipse (ibid.). Despite the
overexposed nature of the negatives, the LO
was able to utilize them for the intended
photometric and coronal detail studies.
Schaeberle worked on the first draft of his
Mechanical Theory of the Corona on the trip Figure 43 The corona from an original print
made with the 18 inch Newtonian reflector (Lick
home and used the large images to support
Observatory 1891).
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his new hypotheses. Holden (1890a: 340-344) held Burnham and Schaeberle to lengthy account
for their failure to keep detailed expense records. This was time taken for other than scientific
research. Holden also thoroughly dressed down Schaeberle for a miscommunication regarding
the use of the Dallmeyer camera at full aperture when it should have been reduced.
4.4

The 17 April 1893 Lick Observatory Eclipse Expedition to Mina Bronces, Chile

4.4.1

Introduction – travel logistics, site conditions, local relations, and communication

Mrs. Phebe Hearst, a friend of the University of California and Observatory, donated one
thousand dollars to fund the expedition to Chile. Planning for the trip began in the fall of 1892.
The leader of the expedition, Schaeberle, selected a high altitude site that offered the predictions
of dryer and clearer atmospheric conditions.
The expedition departed San Francisco on the Pacific Mail Steamship Company’s ‘The City
of Sydney’ under Captain Friel on 25 January with thirteen crates of equipment and supplies.
They experienced a pleasant voyage to Panama with numerous stops, arriving on 10 February. At
one stop, Schaeberle encountered ‘thousands’ of stinging ants, when he came in contact with a
plant in Esquintla, Guatemala. They missed their connection with the English steamer to Carrizal
Bajo, Chile, and had to layover for a week while waiting for a Chile line ship. Schaeberle also
had to cancel the shipping contract for the equipment that was to sail only on an ‘English’ line
and then book it onto the Chilean ship. The date of 18 February saw them on the way again,
onboard the steamer ‘Mapoche’ under Captain Roberts. Without incident they reached the city of
Guayaquil, Ecuador which was 90 miles up the Guayas River. Passing the Peruvian port of
Tumbez, they stopped at Payta on 24 February, Eden on the 25th, Salaverry on the 26th and Callao
harbor 27 February. The port cities in Peru were in a sad state of decay, including Lima which
was visited on a short side trip. Things were in a much better state of preservation when the party
reached Chile, with the port of Arica being reached on 5 March. After stopping at several other
ports, they reached the final port on the itinerary, Carrizal Bajo (Schaeberle 1895: 5-8).
The site at a mining camp at Mina Bronces (Figure 44) was reached by rail, and then a five
hour trip over a rough dust cart road through a dry barren mountainous landscape. According to
Schaeberle (1895: 10-14, 32) ‘Reckless determination’ was required to transport the equipment
and provisions over such a difficult road. The presence of a large mountain in the direction of the
eclipsed Sun was beneficial as it blocked a significant portion of unwanted background ambient
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sky light. The daytime atmosphere impressed Schaeberle as to its extreme steadiness. Night
seeing conditions were found to be generally excellent.

Figure 44 Overview of the Mina Bronces mining camp (Lick Observatory 1895).

After the eclipse, on the return home, Schaeberle visited the observatory at Santiago, Chile
under the directorship of Professor Obrecht, who was described as dignified and most agreeable.
The state university was visited as well. On 17 May, Schaeberle stopped in Mollendo, and
traveled by rail for eight hours to Arequipa where the Harvard College Observatory had
established its eclipse site. Once there, he visited the observatory directed by Professor Baily and
left with fond memories (ibid: 16-21). Schaeberle joined an expedition led by Baily, to mount a
high-altitude mountaineering expedition in an attempt to be the first white men to summit Misti
and as a scientific enterprise. They climbed neaby Chachani’s west peak instead. Seriously
altitude sick, Baily stopped at 17,000 feet and Schaeberle and one guide, both suffering the
effects of altitude, continued on to the 18,000 foot summit. They descended the peak to the
march of ‘mucho frio’ mumbled many times by Schaeberle’s barefooted companion (ibid.). The
rest of the voyage home was uneventful for Schaeberle who reached Panama 14 June, and he then
proceeded to New York.
4.4.2

The Scientific Staff and Volunteers

Schaeberle alone was sent on paid leave by the Observatory. All of the Chilean officials
encountered went out of their way to help the party in any way they could from transport matters
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to reaching the eclipse site itself. The mine manager, Bray, at all times was available to the Lick
staff helping in many capacities. Schaeberle found many highly qualified volunteers to man the
equipment during the eclipse. A list of volunteers manning the equipment at eclipse time is
presented in Table 4.
4.4.3

The Eclipse Equipment

The Clark telescope was installed on its equatorial mounting and the field cameras were attached
to their non-tracking mounts. Aiming of the telescopes and cameras was accomplished by
repeated sightings using a chronometer and sextant. A fence was assembled around the entire
area to keep stray sheep, horses, and the curious natives at bay. A mining office served as a
makeshift darkroom.
The instruments, of narrow field coverage, to reveal fine coronal detail were the 40 foot
Schaeberle camera and the 6½ inch Clark equatorial. A 6 inch Dallmeyer ‘Portrait’(Pierson) lens
on loan from Wm. N. Pierson was selected for wide field coverage of the entire corona.
A complete list of instruments may be found in Table 4. Detailed information on the 40 foot
Schaeberle Camera and its pertinent setup information and operation are given in Chapter 3.
Setup and adjustment of the instruments continued to within one week of totality. Over
several days the rest of the volunteers arrived. The Lieutenants walked the entire cart road to the
mine and then enthusiastically practiced their assigned duties. The plate-holders were loaded the
night before the eclipse.
4.4.4

Summary of the Experiments and Observations

The direct photographic goal of this expedition, essentially the same as for the December 1889
expedition, was to obtain high-resolution images of the inner and outer solar corona, coronal
form, and to permit accurate photometric measurements within the corona (ibid. 1895: 1). To
accomplish the mission, explicit instructions were given as to the manner in which the
instruments were to be used. A summary of these instructions includes:
1.

Make at least two exposures with the 40 foot ‘photoheliograph’.

2.

Make at least four exposures with the listed times with the Clark refractor stopped to 3
inches aperture. At least two plates must be standardized as stated.

97

3.

The Dallmeyer camera must be used at a reduced 4 inch aperture (modified in practice,
Schaeberle ibid. 48). Two exposures, one short – one long, as stated but adjusted to as
whether the Dallmeyer camera is clock-driven or fixed in place.

4.

If the day is not clear or if different type plates are used, then adjust the exposures
accordingly.

5.

All plates must be copied and separated for shipment home to be sent on separate ships
(Holden 1892c).
A set of plates was exposed at night to

provide an independent value of the light
absorption of the Earth’s atmosphere. The
star Sirius was selected as having a number of
magnitude readings catalogued by several
observatories (Schaeberle 1895: 33-37).
Eclipse day arrived cloudless and clear.
The corona (see Figure 45) presented itself to
Schaeberle’s ‘little army of scientific
assistants.’ Schaeberle made eight exposures
with the 40 foot camera on 18 x 22 inch
plates. He was worried as to the correct

Figure 45 The 1893 coronal image (Mary
Lea Shane Archives).

pointing of the large instrument, “I confess to having asked myself several times, Will the sun’s
image fall centrally upon the photographic plate at the critical moment?” (ibid.: 41). W.F. Gale
and R.A. Walker obtained ten exposures with the Clark equatorial refractor. Tirepegur and A.
Hole made six exposures and eighteen exposures respectively with the 4 x 5 inch and 5 x 7 inch
plate sized cameras. J. King and Captain Bray made four exposures at 3 inches aperture and
seven images at full aperture with the Dallmeyer camera. Curmey beat the time signals on a
wooden box, and Aubertin, Parr, Brown, Bodger and Wilson sketched the corona (ibid. 39-48).
The most memorable visual observations were: Schaeberle, “… the coronal white light filled
the whole view”. Gale: “… landscape presented a slaty, sickly aspect … corona presented a most
delicate and complex structure of faint penciling and curvatures while a narrow rift of curious
clearness separated the corona in a vertical direction.” Aubertin:

“… margin extending all

around into valance or festoons of lovely texture.” Walker: “… the rays, so splashy … most
beautiful spectacle it has ever been by fortune to witness.” (ibid. 42-50).
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Altogether 52 negatives were developed over a several night period. The plates from the rest
of the cameras were considered outstanding and would be standardized and subjected to critical
analysis back at the Observatory. The exposures made with the Clark telescope were spoiled as
the driving clock had been disengaged during totality. Four excellent negatives were sent to the
LO by Martin from nearby Cerro Blanco (ibid. 40-43).
4.5

The 22 January 1896 Lick Observatory Eclipse Expedition Akashi, Japan

4.5.1

Introduction – travel logistics, site conditions, local relations, and communication

Schaeberle was sent with private funds by C.F. Crocker. Meteorological reports were provided
to the LO, on a continuous basis up to the time of totality, by Professor Hiroi of Sapporo, Japan
and from five other stations on the island of Yezo (Campbell 1894: 218-220).
4.5.2

The Scientific Staff and Helpers

The list of participants is given in Table 4.
4.5.3

The Eclipse Equipment

The eclipse equipment is given in Table 4, including instruments taken by the guest researchers.
The Observatory’s Floyd camera fitted with the Brashear refigured 5 inch Willard portrait lens,
was taken in place of the Clark 6½ inch refractor. Mr. Burckhalter, of the Chabot Observatory,
obtained a special photographic telescope of 4 inch aperture, 20 foot focal length sent at the
expense of William M. Pierson, a prominent San Franciscan amateur astronomer, and with
additional funds provided by Mrs. Phoebe Hearst (Holden 1896b: 30-31).
4.5.4

Summary of the Experiments and Observations

The program was entirely photographic with the same goals as in 1893. A cable-telegram from
Schaeberle reported no observations because of clouds.
4.6

The 22 January 1898 Lick Observatory-Crocker Eclipse Expedition to Jeur, India

4.6.1

Introduction – travel logistics, site conditions, local relations, and communication

By 21 June 1897, Campbell still did not have a field expedition approved (Holden 1897a). Four
days later the expedition was approved by the Regents and Holden asked R.S. Ball, President of
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the Royal Astronomical Society, to help obtain the necessary permissions and site arrangements
in India (Holden 1897b). The English Government in India sent detailed meteorological reports.
C.F. Crocker would again fund the expedition at a cost of $1250.00 (Schaeberle 1897). This
would be the first eclipse expedition that Mrs. Campbell accompanied her husband. She would
maintain a lengthy diary of the trip, In the Shadow of the Moon which remains unpublished.
On 21 October 1897 the expedition departed San Francisco onboard the steamer, ‘China’ for
the trans-Pacific segment of the voyage to Hong Kong. After stopping in Honolulu, Hawaii, they
arrived in Hong Kong after twenty-eight days at sea. En route, the Campbells spent many hours
in their stateroom seasick with their luggage sliding back and forth across the floor of the
stateroom. In Honolulu the ship picked up 300 scantily dressed Chinese passengers who
gambled incessantly. The ship left in a festive mood for Yokohama, Japan, with seasickness
returning for the duration of the voyage. After a train trip to Tokyo, Osaka, and Mogi, they
departed for Kobe, with Mt. Fuji as a scenic back drop. Next visited were Nagasaki, Shanghai,
and finally Hong Kong. They boarded an P & O ship, ‘Ancona’, heading for the scrap pile, for a
seventeen day trip to Bombay, India, stopping at Singapore, Colombo, Ceylon and finally
Bombay, India near 10 December. W.W. Campbell was feeling very ill from the ‘rotten chow.’
(Campbell 1898a: 131-132, E.B. Campbell n.d., 1898: 1-64).

Figure 46 The local inhabitants in Jeur meet the expedition party (Mary Lea Shane
Archives).
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In Bombay Campbell rounded up a small army of military and scientific volunteers, and soon
became mired in logistical red tape. They learned that their intended destination of Karad, was
closed due to the bubonic plague. Campbell picked another site four miles from the railroad
station, at Jeur, where they were greeted by the local natives, Figure 46. He had a very difficult
time rounding up more volunteer workers as the non-commissioned officers could not eat or sleep
with the commissioned officers. The promised time signals for the establishment of the exact
positional coordinates of the site did not materialize. When Campbell asked the station official
for an accurate time reading to one second, the operator replied ‘Why should he be so impatient
over one second? There are plenty of seconds’ (ibid.).
Campbell roped off the instruments and set forth to erect the Schaeberle Camera. The local
natives were amazed at Campbell’s ability to work hard. Mrs. Campbell (ibid.: 94) noted in her
diary, “He is working from before dawn till after the sun has left the sky. Stones that four men
cannot move, he lifts with ease. And he is never tired!”
From 17- 21 January highly qualified volunteers arrived and practiced their assigned duties.
Days were hot, reaching into the mid 90º with the nights a cold low to mid 40º F, a spread of 50º.
Eclipse day arrived with perfect calm and clear weather conditions. All natives and nonparticipants were kept away from the stations by the Government (Campbell 1898a: 137-140).
After the eclipse, the expedition members packed up. The plates were shipped home via
Hong Kong on the steam ship ‘Socotra’ which had a special compartment aboard to protect the
fragile plates. The Campbells, separated from the party, set off on a world tour to visit Delhi,
Agra, and the Himalayas. They would stop by the observatories at Cairo, Rome, Florence, Milan,
Nice, Paris, Greenwich, Tulse Hill, Kensington, Cambridge, Oxford, and Williams Bay (ibid.).
4.6.2

The Scientific Staff and Helpers

W.W. Campbell led the expedition with Mrs. Campbell and R. Beans as volunteers. See Figure
47 for a group portrait.
4.6.3

The Eclipse Equipment

See Table 4 for a list of the photographic and spectrographic instruments. W.W. Campbell
designed the four spectrographs. Driving clocks were loaned by L.C. Masten (Campbell 1898b).
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Figure 47

The Campbells and volunteers (Mary Lea Shane Archves).

One of the spectrographs featured a Rowland grating and was fitted with a moving plateholder. Young, of Princeton University, loaned a train of four compound prisms for the
spectrographs. A clock driven polar-axis mount made of shipping crates that rotated on steel
pivots, carried 5 of the instruments (Campbell, 1898a: 127-131).
4.6.4

Summary of the Experiments and Observations

This expedition would focus on obtaining spectrograms of chromospheric, reversing layer, and
coronal spectra. Campbell wanted to test whether H, K, or hydrogen lines were truly coronal, or
diffused from the chromospere and prominences. He wanted to find if the lines were due to
diffusion, as it would apply to Deslandres results for the rotational velocity in his rotation of the
corona theory (Campbell 1897c).
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The direct coronal photographic program would continue as at previous eclipses. Coronal
brightness studies of the corona would be conducted with photometry of selected standardized
plates. The Observatory had not attempted eclipse spectroscopy since the 1889 January eclipse.
Again, highly qualified volunteers filled out the party. Eclipse time arrived and Captain Fleet
at the Schaeberle Camera called out the traditional ‘Go’ signal at 2nd contact. The rest of the
eclipse party carried out their observations in a calm professional manner. According to
Campbell (1898a: 139), “It is plain that no astronomer was ever more ably assisted by volunteer
observers.”
Campbell (ibid.) remarked upon his visual observation of totality, that “… it is impossible to
describe the beauty of the Sun’s surroundings. The corona was exquisite more beautiful by far
than anything else we saw in a journey around the world.”

Figure 48 Coronal Image from India made with the 40 foot Camera (Mary Lea Shane Archives).

The plates were processed at night in moments of cool weather. The developer formula was
adjusted to accommodate the humid climate (ibid.). Campbell (ibid.) judged all of the negatives
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to be successful for their intended area of study (see Figure 48). From selected plates he found a
unique feature of streamers beautifully displayed with streamer hoods inclosing the prominences.
4.7

The 28 May 1900 Crocker Eclipse Expedition to Thomaston, Georgia

4.7.1

Introduction – travel logistics, site conditions, local relations, and communication

On short notice, the Observatory assembled an expedition and departed for Thomaston, in
western Georgia. They travelled, passing through El Paso and New Orleans. As other major
eclipse parties were locating their sites in an eastern area of Alabama, Director Keeler selected
the Thomaston site. Upon contacting the freight company in San Francisco for shipping the
eclipse freight, (Keeler 1900) asked for a highly reduced rate reminding them “… it seems proper
to remind you that the Lick Observatory has furnished the time signals … for the past ten or
twelve years, without
consideration.”
The party arrived 30
April, and started preparing
the site and setting up the
instruments (see Figure 49).
One polar-axis mount was
set up to carry four
spectrographs and a
medium-sized camera. A
second polar-axis was fitted
with two medium-sized
photographic telescopes and
four small cameras. A
complete darkroom,
described by Campbell as
being complex, was
established.

Figure 49 A sketch of the eclipse camp (Mary Lea Shane Archives).
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The Schaeberle Camera was set up in the normal fashion, refer to Chapter 3.
Time signals would be received directly from the USNO via the Western Union telegraph
lines and then by wired connection to the chronograph. This enabled the astronomers to obtain a
precise set of location coordinates for the site (Campbell and Perrine 1900: 175-177).
The Schaeberle camera was erected, along with four clock-driven spectrographs and a
medium-sized camera on a clock-driven polar axis. Two medium-sized photographic telescopes
and four small cameras were set on another polar-axis.
Several days before the eclipse, Perrine fell ill and was bedridden, with hemorrhages of the
bowels. By the 26th of the month, he had quit eating. Yet despite his troubles, he still managed
his duties on eclipse day (Campbell 1900f).
The site had been located in a isolated part of the country. It had been the Observatory’s
policy to ‘get along with everybody … and they did’, leaving there with everyone practically
revering, the LO–except for the land lord who Campbell referred to as a ‘terror’ (ibid.).
The party departed for home bound 4 June. They had their first square meals in days upon
reaching Charlottsville via Atlanta. They met Professor Stone of South Carolina who had triple
coated plates that he did not know how to process. After he begged Campbell for help, Campbell
gave some assistance, though he was not familiar with the triple coated process of Stone’s plates.
After Campbell learned of the failures of the other parties, he commented that there seemed
to have been a ‘hoodoo’ on this eclipse, however, the people of the city of Thomaston promoted
the success of the party (Campbell and Perrine 1900: 183; Campbell 1900g; Campbell 1900h).
4.7.2

The Scientific Staff and Helpers

Director Keeler assigned Staff Astronomers W.W. Campbell and C.D. Perrine to represent the
Lick Observatory at the eclipse, supported by a contingent of volunteer professional astronomers.
4.7.3

The Eclipse Equipment

The full list of instruments and their operators is given in Table 4. The objective-grating
spectroscope was the same one used at the 1898 India eclipse.
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4.7.4

Summary of the Experiments and Observations

The coronal program included spectroscopic investigations of the reversing layer, chromosphere,
and corona. Large-scale coronal photography would permit the recording of fine structure and
form of the corona, allow separation of the corona from the background sky and photometric
coronal observations. An attempt to correlate the coronal streamers and the prominences would
be made upon return to the Observatory (Campbell 1900f ).
Eclipse morning arrived cloudy and Campbell figured the ‘jig’ was up, but a hole opened up
for totality and closed again afterwards. Observations with all eleven instruments were carried
out as planned (Campbell and Perrine 1900: 179-181; Campbell 1900g). Perrine gave the ‘Go’ at
2nd contact and then made eight exposures with the Schaeberle Camera. Visual observations of
the corona were carried out by Lumsden, Buchanan, Curtis, Miller and Hannan, who agreed with
each other on the lengths of the visual streamers. Messrs. Buchanan and Lumsden also observed
the shadow bands at the beginning of totality (ibid.).
The plates were processed during the cooler night hours. According to Campbell and Perrine
(ibid.), “They are of great excellence. The structure of the prominences, the thick chromospheric
stratum, and the coronal streamers are beautifully shown.” The plates revealed one streamer
hooding a medium sized prominence as in the 1898 eclipse but not as pronounced. The humps
over the prominences appeared to exist. Negatives from the smaller cameras were found of
sufficient quality for the study of the features of the corona and for separating coronal features
from the light background sky. It was apparent that the Floyd camera had been jarred yet the
plates were still of use (Campbell 1900h).
A spectrogram from the moving objective-prism plate spectrograph was considered by
Campbell of little value. While it revealed the bright and dark-line spectra of the Sun’s edge at
3rd contact, 2nd contact was missed entirely because the plate drive was not started till midtotality. The resultant shift of the green coronal line to the far end of the spectrum caused by the
defective drive, was a great disappointment to Campbell. The drive clock had tracked perfectly
during all of the previous rehearsals. Campbell (ibid.) believed someone might have shifted the
spectrographs when pulling the protective tarp off. Visible on the plates of the other
spectrographs were at least 600 bright lines and the dark line continuous spectrum. Upon
examination of the plates, the bright lines were observed to fade away as totality ended. The
spectra of the prominences indicated that principal elements existed within these features.
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The objective-grating spectroscope recorded the green coronal 5303 Å ring on the west side
of the Sun, agreed with the results obtained in India. Coronal streamers radiating with the green
light, appeared strongest near the sunspot regions. The spectrum of the inner corona produced
with the slit spectroscope was free from dark lines, the same as had occurred in the Indian eclipse
images (Campbell and Perrine 1900: 181-182).
4.8

The 17-18 May 1901 Crocker Eclipse Expedition to Padang, Sumatra

4.8.1

Introduction – travel logistics, site conditions, local relations, and communication

William H. Crocker funded the expeditions after his brother Colonel C.F. Crocker had passed on.
Planning for the eclipse was stalled by the sudden death of Director, James E. Keeler on 12
August 1900. Preparations involving the entire staff were made within one month’s time with
new instruments being designed and fabricated. The lengthy duration of totality and the high
altitude of the Sun, made a strong case in support of an expedition that the Observatory could not
pass up. Dutch controlled Padang, Sumatra was selected for the eclipse site as it was far away
from the high cloudy mountains present in most of the path of totality (Perrine 1901a: 349;
Perrine 1901b: 59).
Campbell (1901a) gave his very specific ideas on providing for the health and safety of the
expedition members:
My advice about the proper precautions in the tropics is very simple. Have perfectly regular
habits: retire and keep regular hours, do not neglect your body so much as one day … To
avoid bowel complaints – the bane of the tropics – beware of underdone food and of fruit too
green or two ripe. Do not drink unboiled water, and do not trust your native to boil it as they
will not boil it, but he will assume you think he does, everytime. Better drink both soda water
secured from a reliable firm and coffee as white residents drink coffee before, or as they get up
in the morning, do the same. Lastly, everday, keep your circulation good, by drinking some
good whiskey – whisky and soda – with you evening meal if the nights are cold, take some
whisky when you turn in. It will help you to sleep as the night comes on. Don’t neglect it on
any account.
As to clothing: Keep the sun’s rays off your head and back of the neck by wearing one the
hat’s of the country: buy a helmet at Manilla or Sinaphor. You will need several suits of whit
duck or linen … the latter buttoning up the neck. If you have a few days in Hong Kong or
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Singaphor, the Chinese tailor can make them for a song – $3 or $4 and light underclothing for
the day, and shorts of canvas or linen …
The party left San Francisco on 19 February on the steamer ‘Nippon Maru’, stopping in
Honolulu, where they met the U.S.N.O. party on the ‘Sheridan’. After days of rough seas they
stopped at Yokohama, before reaching Hong Kong on 20 March. In Hong Kong they transferred
to yet another steamer under the Koninklijke Paketvaart-Maatschappij line for the trip to Batavia,
reaching there on 31 March. They transferred to the ship, Stoomvaart-Maatschappij Nederland
reaching Emmahaven on 5 April. Here they again met the U.S.N.O. party that had arrived the
night before. The LO party arrived in Padang, Sumatra after a 7 week voyage (Bracher 2001;
Perrine 1901a: 55; Perrine 1901b: 188-189).
Upon arrival, the Dutch government helped them locate and established a station at an
abandoned race-course. During 10 days of frequent heavy showers, Perrine and his volunteers
assembled the clock driven polar-axis mounts and placed the cameras and spectrographs. The
Schaeberle Camera was set up with its site-made bamboo towers and thatch cover. All of the
instruments were covered by bamboo and thatch structures to provide shelter from the hot tropical
Sun. The rain was too heavy for canvas, so native material called ‘atap’ was substituted (Figure
50). All of the instruments were ready to go by 12 May. The promised telegraph network for
communications to other distant eclipse parties failed to materialize (ibid.; ibid.).

Figure 50 The eclipse site at Pandang, Sumatra (Mary Lea Shane Archives).
After the eclipse, the instruments and plates were shipped home from Padang. The expected
delivery date at the Observatory was in mid August however, they were delayed en route until 11
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October. Perrine (1901a: 351) and a few of the volunteers made side trips to the native markets
and climbed one of the active volcanoes before the return voyage home.
4.8.2

The Scientific Staff and Helpers

C. D. Perrine led the trip with the help of fifteen volunteers. Unlike the days of Director Holden,
Campbell (1901c) instructed Perrine to do his best to conduct the scientific program as
preplanned “… However, if in your judgment changes in the program are necessary or advisable,
you are authorized here to make them, for reasons which seem, sufficient to you.” Refer to Table
4 for a list of participants.
4.8.3

The Eclipse Equipment

A full list of the ten instruments and their operators is given in Table 4. A more detailed
description of the Schaeberle Camera is given in Chapter 3.
4.8.4

Summary of the Experiments and Observations

Campbell (1901d) notified G.E. Hale that he could not spare a spectroscopic man from the staff
for the expedition so according to Perrine (1901c, 1901b: 189), the entire program was to be
photographic including a simple spectrograph:
1. To record the prominences and inner coronal structural detail with the Schaeberle Camera.
2.

Conduct medium-field coronal imaging with the Floyd telescope.

3.

Make wide-field images of the outer corona with the Pierson Dallmeyer camera.

4.

Produce one spectrogram of coronal spectra looking for Fraunhofer lines, with a radial slit
single prism spectrograph with the slit placed east-west across the Sun’s center. One
spectrogram with a like spectrograph to record coronal Fraunhofer lines, with a north and
south slit.

5. To obtain negatives of the corona with a double-image prism polarigraphic camera, designed
by Campbell and W.H. Wright. Rotation of the prism during totality would reveal any
existing polarization within the corona.
6. To secure a series of plates for a search for intra-Mercurial bodies between Mercury and the
Sun with 4 duplicate paired telescope-cameras especially made for this purpose.
The sky on eclipse day was covered with light cirrus clouds and haze. At totality the corona
appeared as a minima type with the clouds increasing somewhat before 3rd contact. Twelve plates
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were exposed with the Schaeberle Camera, eight with the Floyd Camera, ten with the PiersonDallmeyer camera, three with each of the four intra-Mecurial cameras, one each with the
spectrographs, and ten with the polarigraph camera.
Security guards protected the station, as local religious leaders had begun to prophesize about
the expedition causing an epidemic in the superstitious town of Kampong. Rumors circulated
that the camp would be attacked. Nothing of the sort occurred to everyone’s relief (Perrine
1901b: 203).
Upon developing the plates in the cooler hours of the night, it was a pleasant surprise to find
that negatives of value had been secured with all of the instruments. The plates most affected by
haze and clouds were from the Intra-Mercurial cameras where a lower limit was placed on the
recorded star magnitudes. Again the presence of hoods over prominences was observed. One of
the most interesting features ever observed in the corona was a tremendous funnel-shaped
disturbance appearing to emanate above the area where a sunspot had been present over a twoweek period. This feature was described as ‘clouds of coronal matter were piled up as if by an
explosion on the Sun’s Surface’. The corona was recorded to one lunar diameter (Campbell
1901ed; Campbell 1904b: 105; Perrine 1901a: 350-351; Perrine 1901c: 195-197).
Results from the polarigraph indicated that most coronal polarization occurred beyond 10 arcminutes from the limb. Measurements within the inner corona showed a small amount of
polarization. The cloudiness was actually a benefit, as some detail was retained that would have
been lost to overexposure (Perrine 1901a: 353).
Comparison of the spectrum of the sky with that of the corona made with the radial and
tangential slit spectrographs were essentially the same in the blue and violet regions of the
spectrum. The general coronal spectra were recorded to one lunar diameter and the H and K
bright lines were seen within the streamers to 40 arc-minutes from the lunar disk. Like the 1898
eclipse, no Fraunhofer lines were found in the inner corona. The presence of coronal bright lines
indicated a thin gaseous envelope surrounding the Sun (ibid. 354-355; Perrine 1901c: 198-199).
The results from the spectrographs and polarigraph indicated that the matter of the inner
corona was primarily incandescent and the light of the outer corona could be attributed to
scattered light from particles in a more solid state. It was also concluded that matter is ejected
from the Sun’s surface at great velocity. It was believed that the streamers and other coronal
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features were directly connected to eruptive events on the solar surface. Further study was
needed to verify if the matter was ejected in an incandescent or solid state form (ibid.).
The Vulcan photography recorded stars to sixth magnitude with no suspect objects (Campbell
1901d). Only faint shadow banding was observed by Lagerwey before 2nd contact and none after
3rd contact as clouds obscured this part of the event (Perrine 1901a: 357-359).
As a treat for the eclipse expedition party, a great comet was observed and photographed with
the Pierson camera on 5 May. The nucleus was brilliant with a tail some 6º to 7º long. Observed
in the tail were two slightly curved and nearly parallel streamers, and a faint streamer to the south
making an angle 35º with the principal trail (ibid.).
Perrine (ibid.) summarized the expedition with his comments, “The greatest enthusiasm was
manifested by all in the preliminary rehearsals as well as in the observations on eclipse day.”
And that …very valuable results have been obtained with all of the ten instruments. (Campbell
1901e) Campbell summarized the expedition (ibid.)
… Mr. Perrine managed the scientific, the personal and the financial details of the
Expedition perfectly in every way. Without exaggeration or boasting, it can be stated
that it was by far the most fruitful expedition sent to this eclipse …
The instruments returned home three months later than promised. There was damage from
rust and extremely rough handling and dropping of the cases. One of the chronometers was badly
damaged. Campbell filed an insurance claim (Campbell 1901f).
4.9

The 30 August 1905 Crocker Expeditions to Labrador, Spain, and Aswan - Egypt

4.9.1

Introduction – travel logistics, site conditions, local relations, and communication

Three Lick Observatory expeditions to Labrador, Spain, and Egypt hoped to take advantage of a
unique opportunity to obtain photographs from stations 2½ hours apart on the path of totality
(Campbell 1904a: 235-236; Campbell 1904d).
4.9.1.1 Labrador
After reviewing scant meteorology reports from the Hudson Bay Company, Campbell chose
Indian Tickle, Labrador as a site being the most free of fog. He contacted W. Macgregory, the
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Governor-General of Newfoundland, with a request for ‘four or five men of steady nerves, who
have training in astronomy or in naval for similar duties’. Macgregory (1905a) replied back,
recommending Cartwright over the Indian Tickle site and gave a promise of support and
volunteers. He also had a request for regarding the use of chronometers (Macgregor 1905b).
The party under the leadership of H.D. Curtis left New York on 8 July bound for St. Johns,
Newfoundland on the Red Cross Line steamer “Rosalind”. With connections tight, they
transferred to the mail steamer “Virginia Lake” leaving for Labrador on arrival day in St. Johns
13 July. The passengers experienced cold weather, rain, and fog. They traveled among icebergs
and pack ice stopping at the ports of Hopedale and Nain. On 18 July they arrived at their
destination at Cartwright, Sandwich Bay, Labrador. The unexpected bad weather was a result of
an unusual amount of ice in these latitudes. Cartwright, itself, was a Hudson Bay Company
township with a population of sixteen. It was set within a bleak, but impressively grand
landscape (Campbell 1905c; Curtis 1905: 174-179).
Mr. W.E. Swaffield of the Hudson Bay Co. provided a house for the eclipse party that was
highly appreciated in the subarctic weather. The local labor force, engaged in working a Salmon
run, was unavailable to assist with eclipse preparations. The eclipse party members ended up
completing the site preparation themselves in an area behind and west of the house. Biting flies
and hoards of mosquitoes were found to be most disagreeable. The instruments were set up, with
all functioning well. No chronometer was brought as there was no guarantee of a safe passage for
it. As a substitute, Campbell had sent a fine watch of great accuracy (ibid.; ibid.).
The observations scheduled for Labrador included,
1.

A photographic search for intra-mercurial planets within star field of 8.5º along the solar
equator and 4º below and 15º above the Sun.

2.

Photography of fine coronal structure and the prominences with a 40 foot replica Schaeberle
Camera. These plates would be compared to the plates from the other two sites, looking for
any changes in coronal form or motion among the coronal structure members (ibid.).

No spectrographic, polarization study or intra-Mercurial searches were planned for this station.
After a couple days of good clear weather, a fierce gale arrived and the towers of the 40-foot
camera were at risk. On eclipse day it seemed as if the clouds would clear, but the site remained
clouded over with no observations possible.
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4.9.1.2 Alhama, Spain
Director W.W. Campbell, leader of the Spanish expedition, selected Alhama, Spain, as the eclipse
site using ‘excellent’ maps prepared by the Madrid Observatory under the directorship of Iñiguez.
The city of Alhama was located in the Almazan-Ateca-Daroca region of Spain. The high altitude
of the station offered the chance of good seeing (Campbell 1905a: 118-120; Campbell and Perrine
1906; 1907a; Curtis 1905).
The LO party departed New York on 6 July, on the White Star steamer “Romantic”. Their
voyage was blessed with fair weather and calm seas. They stopped at the Azores, Gibraltar,
Naples, arriving behind schedule in Genoa. The Campbells disembarked in Gibraltar, and
traveled by land to Madrid, where they consulted with Professors Casares and Iñiguez to select a
site. The city of Alhama was recommended as a good site with the accessibility of hotel
accommodation and the probability for good weather.
The Campbells arrived in Alhama 21 July finding it a pleasant town of some 1,500 people.
They settled into the Hotel Los Termas and spent the next nine days beginning site preparations
while they waited for their instruments to arrive. Upon arrival, the instruments were quickly set
up with the assistance of numerous academic professionals. Even with this capable assistance,
Campbell described the process as ‘exceedingly strenuous’. There was a period of heavy
rainstorms between 21 July and 2 August that resulted in local flooding. The installation of the
instruments followed the storms during a period of good weather. The main group of volunteer
assistants arrived on and after 27 August and practice sessions began in earnest. A gale blew
through on 29 August and then eclipse day arrived with the presence of some thin clouds. In all,
eighteen instruments were set up in six groups with each group provided with a drive clock
(Campbell and Perrine 1906: 13-19, 21).
The primary goals were to:
1.

Record coronal structural detail with the Schaeberle Camera.

2.

Photograph the corona for motion comparison of the plates with those from other stations.

3.

Make a polarigraphic record to measure the variability of polarization within the corona.

4.

Spectroscopic studies by implementation of a variety of spectrographs.

a. To make records of changes in the spectrum of the Sun’s limb at 2nd and 3rd contacts.
b. To determine a precise wave-length number of the green coronal line.
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c. To determine the accurate wave-lengths at the moment when the dark lines give way to bright
lines, and vice versa.
d. To make a spectrogram of the general spectrum of the corona.
5.

Make a photographic intra-Mercurial search covering 9.25º along the solar equator, 14º
above, and 14º below the Sun.
To the great disappointment of Campbell, eclipse time saw the Sun obscured by light clouds.

A group of twenty-four volunteers conducted observations with the battery of eighteen
instruments. Refer to Figure 51 for images of the apparatus and its placement. It was estimated
that twenty to thirty percent of the photographic rays were transmitted to the plates. Despite the
clouds, this was a very dark eclipse, much darker than the eclipses of 1898 and 1900.
Time-signals originated from the Madrid Observatory. Mr. Olmsted counted the time out
loud in time to the clock pendulum. Ten exposures were made with the Schaeberle Camera.
Seven exposures each were made with the Dallmeyer and the Floyd Cameras.

Figure 51 The four polarimeters, top left. The moving-plate spectrograph appears in the left
bottom photograph. General views of the eclipse camp, right top and bottom (Mary Lea Shane
Archives).
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As a result of totality arriving seventeen seconds earlier than calculations indicated, the
startup of the spectrographs was late, resulting in the loss of initial information. A moving-plate
spectrograph, fitted with a lens of ultra-violet glass and two prisms of Jena ultra-violet glass,
recorded the coronal spectra in the UV region. The recorded spectrum was weak in intensity as
the clouds had blocked UV transmission. Two strong coronal rings, at 3388 λ and 3456 λ were
recorded as had been observed since the 1898 eclipse.
The objective-grating spectrograph recorded the green coronal ring to permit a determination
whether the layer, giving rise to its light, was uniformly distributed around the Sun. Clouds
obscured the desired results when the only observation of value, revealed that the ring was of
irregular intensity (ibid.).
A three-prism slit spectrograph recorded only a faint image of the coronal green line. The
goal had been to determine the green line’s wavelength more accurately and this attempt was
considered unsuccessful.
The single-prism spectrograph recorded the general spectrum of the corona. The spectrum of
the inner corona gave no Fraunhofer lines, however these lines appeared strongly in the outer
corona. They were also weakly recorded within the area occupied by the Moon and were thought
to be due to the scattering of light in the Earth’s cloudy atmosphere (Campbell and Perrine 1906:
20).
The objective-prism spectrograph with stationary-plates recorded a series of the changing
spectrum of the Sun’s edge at and near 2nd and 3rd contacts. Of special interest was the flash
spectrum of what was then called the reversing layer, Figure 52. The first exposure showed the
photosphere isolated. The continuous spectrum with dark line spectrum was visible for the
photosphere. The bright line spectrum appeared for the reversing layer. The Hβ line appeared as
a double line (ibid.).
The moving-plate objective-prism spectrograph recorded a continuous image of the changing
spectrum, see Figure 53. The coronal rings at 4231 λ and 3987 λ were strongly recorded along
with the changing spectrum of 600 to 800 lines recorded in the region of 3800 λ to 5200 λ with
the Hγ line being central on the plate (Campbell 1906: 27-29).
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Figure 52 Stationary plate spectrogram of the flash spectrum (Mary Lea Shane Archives).

Figure 53 A flash spectrogram made with the moving-plate spectrogram with comparison
spectrum below (Mary Lea Shane Archives).

116

The polarigraphs and photometer produced sharp images. The plates from the polarigraphs,
on initial inspection, appeared fine for the planned polarization measurements. The photometer
results permitted an accurate determination of coronal brightness (ibid.).
All plates from the cameras were considered of excellent quality. Solar streamers to two
solar diameters were recorded from the limb of the Sun along with great prominences on the
eastern limb, see Figure 54. Smaller prominences were hooded by coronal arches. The plates
from the intra-Mercurial cameras were of little value as they were light fogged by the cloudiness.
Campbell was pleasantly surprised that the plates were of such good quality as he figured the thin
clouds would have played havoc with them (ibid).

Figure 54 Great prominences on the eastern limb (Mary Lea Shane Archives).

Following the eclipse, the instruments were safely packed and on their way home. The
Campbells concluded their stay in Spain with a return visit to Madrid, where a banquet was held
in honor of all the visiting astronomers by the Municipality of Madrid. A number of guests then
attended a bull fight. The Campbells continued onward with a world tour visiting observatories
and astronomers throughout Europe (ibid.).
4.9.1.3

Aswan, Egypt

The expedition’s cargo was shipped along with that bound for Spain. W.J. Hussey and his spouse
started their sojourn with a holiday trip to Switzerland and Italy. They met up with the equipment
and C.D. Perrine in Alexandria. Here they were introduced to Englishmen; Captain H.G. Lyons,
Director-General of the Survey Department, and Inspector B.F.E. Keeling who was the Acting
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Director of the Helwan Observatory. These gentlemen oversaw the logistics needs and would
help in securing qualified volunteers on behalf of the Government (Hussey 1906: 37-38).
The next stop was Cairo where they met with Professor Turner of Oxford, and Professor
Robert H. West of the Syrian Protestant College at Beirut who joined to assist the Lick party.
While awaiting the arrival of the Russian and British expeditions, they toured the wonders of the
Nile. The Russian party was delayed, so the Lick party and the British contingent went on to
Luxor by rail, over a hot and dusty route. After reaching Aswan, they transferred to sail boats
which carried them to the island of Elephantine, where they were put up at the Savoy Hotel
(Hussey 1906: 38-40).
Hussey found a scenic location on the banks of the Nile (see Figure 55) that he considered
ideal, as it had a small building for storage purposes and could also serve as a work area. Trees
provided some degree of protection from the hot Sun where temperatures rose as high as 113º F.
The skies were clear, but Hussey rated the seeing poor due to the heat radiating from the hot
landscape.

Figure 55 The intra-Mercurial cameras appear to the right. The 40 foot camera is situated to the
left-middle. The Nile River serves as a backdrop (Mary Lea Shane Archives).
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4.9.2

The Scientific Staff and Helpers

The list of staff and volunteers for each of the three sites may be found in Table 4.
4.9.3

The Eclipse Equipment

Refer to Table 4 for a list of instruments for each of the three sites. As the journey was too harsh
for transport of the Observatory’s chronometers, three highly accurate Elgin watches were sent as
chronometers, one for each of the three stations (Campbell and Perrine 1906: 19).
4.9.4

Summary of the Experiments and Observations

Campbell hoped that the search for intra-Mercurial planets would prove conclusively the
existence or non-existence of these objects (Campbell 1904c: 1). According to Campbell (ibid.),
the observational goals of the Egypt contingent included:
1.

Photography of coronal detail and the prominences with a replica 40 foot Schaeberle camera.

2.

A photographic intra-Mercurial planet search 8.5º along the direction of the solar equator, 4º
below, and 15º above the Sun.

3. The generation of a spectrogram of the general spectrum of the corona.
Eclipse day arrived absolutely clear. All observations and the operation of the instruments
ran smoothly (Hussey 1906: 43). The corona was of the sunspot maxima type with the most
prominent coronal feature being a long slender and a curved streamer. The eclipse participants
celebrated their accomplishments over tea and shandygaff. Later that night at the hotel, a banquet
was held in honor of all of the eclipse parties, hosted by the Secretary of State for Finance,
Mitchell-Innes.
The Lick Observatory party stayed at Aswan for an additional ten days to pack and process
their plates. The days became very hot and humid so ice had to be brought in from Cairo to cool
the photographic processing solutions. Nineteen negatives were developed. They were then
packed and sealed in several layers of packing. The final heavy wooden crate for shipment to Mt.
Hamilton was labeled in three different languages (ibid.).
4.10

The 3 January 1908 Crocker Eclipse Expedition to Flint Island, South Pacific

4.10.1 Introduction – Travel logistics, site conditions, local relations, and communication
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The Clash of the Clans;
or
The Flint Island War.
When Greek meets Greek there is a fearful fight,
When Scot meets Scot ‘tis worse by a darn sight,
The earth doth hide in blackest night,
The moon grows dark with sudden fright,
The sun doth cease to shed its light,
When McClean and Campbell meet to match their might.
Moko (Mary Lea Shane Archives)
Initially, no other major observatory was planning an expedition for this particular eclipse.
Campbell arranged for the Lick Observatory to observe this eclipse on Flint Island, 450 miles
from Tahiti, French Polynesia. Flint Island is a member of an isolated chain of islands designated
as the Line Islands in the Pacific Ocean.

Figure 56 The Unites States Naval ship ‘Annapolis’ (Mary Lea Shane Archives).

Plans were finalized by Campbell for the eclipse by June of 1907. Again W.H. Crocker
funded the expedition. The expedition departed San Francisco on 22 November to Tahiti on
board the steamship Mariposa (Campbell 1907c: 167; Campbell et al. 1908). Sailing with the LO
party and sharing logistic expenses, was a hastily assembled party sponsored by the Smithsonian
Institution and Professor Lewis of the University of California at Berkeley. The whole group
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consisted of eight people and thirty-five tons of
instruments and supplies. They arrived in Tahiti on
5 December where they were joined by Professor
Benjamin Boss of the U.S.N.O. station at Pago Pago.
From Tahiti, the U.S. Navy provided transport to
Flint Island, on the U.S. gunboat ‘Annapolis’, see
Figure 56, under the command of Captain C. B.T.
Moore. Leaving 7 December, they arrived at Flint
Island on the 9 December. They landed under very
hazardous surf conditions which was the norm for
the island. Mosquitoes and biting flies were present
in hordes, yet Mrs. Campbell managed to pose for a
unique portrait with one of the island’s residents
(Figure 57).
Figure 57 Mrs. Campbell sitting for her portrait on a giant turtle (Mary Lea Shane Archives).

The Repsold alt-azimuth was set up so positional sightings could begin immediately. The rest of
the instruments were made ready over the following twelve days. The lumber for the 40 foot
Camera was used to construct the two towers in the normal fashion. Coconut-thatched huts were
assembled for living quarters and two work buildings. The Smithsonian Expedition set up 1,200
feet away. On 23 December the private expedition of Mr. Francis and K. McClean, F.R.A.S.
arrived with its contingent of scientists from Auckland, New Zealand, and Sydney, Australia.
The ‘Annapolis’ returned on 1 January with dignitaries of Tahiti and a large supply of ice for the
photographic chemicals.
4.10.2 The Scientific Staff, Visiting Dignitaries, and Volunteer Helpers
The list of participants is included in table 4.
4.10.3 The Eclipse Equipment
Refer to Table 4 for a list of the Observatory’s instruments. Lumber for the Camera towers was
shipped from San Francisco. The Floyd camera was mounted horizontally with a coelostat
mirror. The moving-plate spectrograph received its light from a coelostat mirror. The four
polarigraphic camera array included a double-image prism camera, two larger cameras equipped
with plane-glass mirror analyzers, and one camera for unpolarized calibration purposes.
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4.10.4 Summary of the Experiments and Observations
The Observatory’s mission for this expedition would be the most ambitious yet in terms of the
planned program. The experiments would include:
1.

Determination of the coordinates of the station and eclipse contact times (Aitken 1908: 6).

2.

Coronal photography with the Schaeberle Camera and the Floyd Camera (Campbell and
Albrecht 1908d: 7-9).

Figure 58 The two intra-Mercurial camera arrays in the foreground with the 40 foot Camera as a
backdrop (Mary Lea Shane Archives).

3.

Search for intra-Mercurial planets, see Figure 58 (Perrine 1908f: 95-97; Perrine 1909: 98-99;
Perrine 1908e: 9).
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4.

Conducting photometric measurements of the light of the corona and surrounding sky and a
study of the total effective photographic action of the coronal radiations utilizing plates
standardized with a Hefner lamp. Images were also taken of the sky with no clouds present
to determine the sky’s brightness surrounding the corona (Campbell 1908c; ibid.).

5.

Observing the flash spectrum of the reversing layer at 2nd and 3rd contacts with a movingplate spectrograph as the Sun’s edge was covered and uncovered by the Moon, see Figure 59.
The spectrograph could be rotated on its axis of incident light-beam (Campbell 1908d: 10).

Figure 59 The flash spectrogram from the moving plate spectrograph (Mary Lea Shane Archives).

5.

Lewis would make coronal and second flash observations with his Quartz spectrograph in the
ultra-violet region of the spectrum (Lewis 1908: 10-12).

6.

Observing the coronal spectrum, prominences, and the area over the Moon with the
application of two single-prism slit spectrographs.

7.

Making a spectrogram recording of the coronal green line with great accuracy using a threeprism high dispersion spectrograph (Campbell and Albrecht 1908a: 13-14; 1908b: 168-171).

8.

Conducting polarization studies of the corona.
This would be the first time on a LO eclipse expedition that a study of the heat radiations of

the corona would be made, using measurements obtained with a bolometer. C.G. Abbot, a
renowned spectroscopic researcher, began his studies in this area at the eclipse of 1900.
On eclipse day, it rained hard five minutes before totality. The rain subsided and the clouds
were thin during totality. The instruments were wet but performed as planned. Eleven observers
and two helpers operated twenty instruments.
Albrecht made six exposures with the Schaeberle Camera. Two of the plates had standard
squares exposed with the Hefner amyl-acetate lamp the night before the eclipse. Mortimer made
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eight exposures from 1/2s to 8s with the Floyd Camera. The coronal streamers were recorded to
two solar diameters and were of uniform distribution around the Sun.
This eclipse was lighter than the eclipses of 1898, 1900, and 1905. The corona was rather
remarkable for the number of very straight, long and slender streamers. Observers were struck
with the faintness of the middle and outer coronal structures (Figure 60) (Campbell 1908c: 36-37;
1908e: 232-333). According to Campbell (1908c), “There was a conspicuous conical pencil of
radiating streamers … whose vortex, if on the sun’s surface, would be within the largest sunspot
group visible on June 3.”

Figure 60 A coronal image produced by the 40 foot camera (Mary Lea Shane Archives).

The moving-plate spectrograph was used to make a continuous exposure of the spectrum
before, during, and after totality as at the 1898, 1900, and 1905 eclipses. The resulting
spectrogram in the 3800 Å to 5100 Å region contained hundreds of bright lines. As the
photospheric surface of the Sun was uncovered by the Moon, the lengths, locations, and thickness
of the corresponding strata with their changes into dark lines were recorded. This spectrum was a
mine of information as to the structure and composition of the Sun’s higher atmosphere
(Campbell 1908d; Rolston 1908: 70-72).

124

No trace of the coronal line was found on the negative from the three-prism high dispersion
spectrograph. This failure might have been due to the strong absorption of the prisms and lack of
sensitivity of the plate at 5300 Angstroms.
Merfield, from Sydney, made images with the two single-prism spectrographs designed by
Campbell. All had slits that extended east and west across the Sun’s image. Recorded was a
spectrum of the coronal light diffused in the Earth’s atmosphere with the first spectrograph. Only
the green 5303 Å and a bright line in the ultra-violet were recorded. The spectrum of the inner
corona appeared to be free of dark lines that show faintly in the spectrum of the outer corona, and
in the Moon’s area. The plates from the other spectrograph revealed the coronal spectrum
strongly with good focus to 6000 Å. There was a faint trace of a Fraunhofer spectrum in the
violet region.
Lewis’s quartz spectrograph recorded bright coronal lines suitable for the determination of
accurate positions from 3200 Å to 5100 Å. Several of the bright lines appeared to be new.
Perrine, Campbell and Dreher made observations of the effects of polarization in the coronal
light using 4 cameras mounted on a clock-driven axis. Polarigraphic negatives showed the
existence of strong polarization in the coronal light even up to the very edge of the Sun
(Campbell 1908f).
After the eclipse the party
packed, processed the plates and
boarded the ‘Annapolis’ on 5
January. The loading faced high
surf conditions, see Figure 61,
making the exit process dangerous.
Upon arrival in Tahiti they were
hosted by Chief Tati Salmon. The
voyage to San Francisco was stormy Figure 61 Surf landing (Mary Lea Shane Archives).
but otherwise essentially unremarkable (Campbell 1908 et al. 108: 1-5).
Campbell ‘officially’ brought to an end the search for intra-Mercurial planets as a result of
inspecting the series of plates of this expedition (Campbell 1908f).
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4.11

The 21 August 1914 Crocker Eclipse Expedition to Brovary, Russia

4.11.1 Introduction – Travel logistics, site conditions, local relations, and communication
Again, W.F. Crocker, his brother, and P.A. Hearst funded what was considered a ‘powerfully
equipped eclipse expedition’. The failure of the expedition to produce results due to weather
conditions was accepted as one of ‘the fortunes of war’. War also came into play in a more literal
sense (Campbell and Curtis 1914: 225).
Campbell searched for a site in Brovary located as close to the center-line of totality as
possible. The moving-plate spectrograph required this more precise positioning. Other sites had
been offered by Mr. Grefs, Court Chamberlain to the Czar, the Lord Mayor of Kiev, and
Professor Vogel’s site at the Kiev Observatory.
The instruments, in care of H.D. Curtis, were shipped separately on the Russian-American
steamer ‘Czar’ which reached Libau, Russia on 8 July and then continuing on by rail reaching
Kiev on 11 July. Campbell and the rest of the party traveled through Europe en route to Russia.
After considerable effort, Curtis located a suitable site on an estate, Datcha Lavrovskavo,
which belonged to Judge Lavrovskoy. Several buildings were made available to the expedition,
making the erection of temporary accommodations and workrooms unnecessary.

Figure 62 General view of the eclipse station at the estate, Datcha Lavovskavo (Mary
Lea Shane Archives).
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The instruments arrived on 18 July. Campbell and the rest of the eclipse party arrived on the
21 July. The vast array of the LO eclipse equipment was set up in an unhurried orderly fashion.
Mrs. Campbell oversaw the management of the camp’s food and material logistics, and
supervised the camp’s hired local workers. Camp life was described as ‘pleasant’ and ‘delightful’
(ibid.). The field station resembled a field of sculpture (see Figure 62).
This was to be the first attempt to secure star field plates in the vicinity of the eclipsed Sun
for comparison to the same star fields without the Sun present. Einstein’s Theory of Relativity
predicted that star light would appear deflected by the gravitational field of the Sun. The test of
his theory was the chief focus of this expedition however the resultant plates were also to be used
to continue the search for intra-Mercurial planets. Although Campbell had announced the end to
the search in 1908, the upgraded cameras (see Figure 63) of the former Vulcan cameras made the
search feasible again.

Figure 63. The 4 camera Einstein-Vulcan array with a pair photometers mounted alongside (Mary
Lea Shane Archives).
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4.11.2 The Scientific Staff and Helpers
Figure 65 represents the eclipse group and Figure 66 several Russian dignitaries-volunteers.

Figure 65. The 1914 eclipse expedition party (Mary Lea Shane Archives).

4.11.3 Eclipse Equipment
The expedition’s instruments are
listed in Table 4.
4.11.4 Summary of the
Experiments and Observations
The eclipse science plans were
broad, covering a wide range of
coronal and chromospheric science. Figure 65 Visiting Russian dignitaries (Mary Lea Shane
Archives).

An overview of the planned observations included:
1.

Large scale direct imaging of the corona with the Camera to reveal fine detail needed for
structural and motion analysis.
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2. The recording of the variability and intensity of polarized light within the corona.
3

Generation of a spectrogram with a one-prism spectrograph of the general coronal spectrum
for a study of its light distribution.

4.

Making a spectrogram with a three-prism high dispersion spectrograph to obtain a more
precise coronal green line wavelength determination.

5. The study of gas distribution within the inner corona from spectrograms made with an
objective grating spectrograph.
6.

Photometry and the recording of the violet and ultra-violet region of the coronal spectrum
with an ultra-violet objective spectrograph.

7.

Recording the flash spectrum of the reversing layer with a moving-plate spectrograph.

8.

Direct photography of the outer corona and coronal form with the Floyd telescope.

9.

A study of the density of coronal matter with long focal length cameras using standardized
plates.

10. The precise recording of the 2nd and 3rd contacts and exact exposures with the moving-plate
spectrograph with a chronograph connected to the 40 foot camera and the shutter of the
moving-plate spectrograph.
Cloudy weather totally obscured the eclipse. Russia began its troop movements now
involved in World War I. In haste the expedition packed up and prepared for arduous and
dangerous travel to leave the immediate war zone. There was some fear among the group that
local inhabitants might somehow connect the American eclipse party to the war in some
unfavorable way. A superstitious local Russian Orthodox priest was already instructing children
to stay indoors and that cattle remain out of the fields.
Russian General Nicolskoy aided the party in escaping the war zone by arranging special rail
transport to take the instruments to the National Observatory at Poulkowa where they were kept
safely stored for the next four years. The eclipse party itself made it to Petrograd, by way of
Moscow, with aid form the Russian Imperial Academy of Sciences and Professor Backlund of the
Observatory at Poulkowa. They boarded a steamer in Finland for a harrowing voyage along the
Swedish coast finally reaching the safety of Newcastle, England (ibid).
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4.12

The 8 June 1918 Crocker Eclipse Expedition to Goldendale, Washington

4.12.1 Introduction – Location, site coordinates, travel logistics, site conditions, local relations,
and communication
William H. Crocker offered to fund the expedition. Despite Campbell’s numerous
communications with the Pulkowa Observatory for the return of the instruments left behind in
Russia, they would not be returned in time so, Campbell’s staff assembled what they could, from
existing equipment in a short amount of time between 1 April and 15 May. Some instruments
were borrowed from other institutions (Campbell 1918f: 312; Campbell 1918c: 219-222;
Campbell et al. 1918: 1-14).
Campbell consulted the Average Weather Conditions in June report sent to him by Professor
Marvin, Chief of the US Weather Bureau and published by the U.S.N.O. He also considered the
possibility of wild-fires, common this time of year in Northern California, and the possibility of
the return of instruments from Russia in his decision to locate the observing site at the farming
village of Goldendale. There was good rail access to this site, situated east of the Cascades,
relatively near the Columbia River, and within one-third day’s travel from Portland. The Morgan
family graciously agreed to host the expedition and provided their large home and outbuildings
with all the amenities one could ask for (Campbell 1918a: 1; Campbell 1918c: 219-222).

Figure 66 The eclipse station at Goldendale on the Morgan Estate (Mary Lea Shane Archives).
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From 20 May to 4 June, the volunteers, guest researchers, and numerous other curious
astronomers arrived, including the long time philanthropists, Mr. and Mrs. William H. Crocker
who arrived on 7 June. Everybody enjoyed the luxuries of the Morgan estate, indeed a rare
occurrence of field eclipse expeditions. The installation of the instruments on the lawn, see
Figure 66, immediately west of the main house and about 140 feet north of the center line of the
main roadway, went exceptionally well with the large number of helping hands, and considerable
professional talent available. The towers of a 40 foot replica camera were fashioned from local
timber.
Time refinements were made by daily Sun observations with a sextant and then positional
coordinates determined by using these timings along with time signals sent by telegraph to the
nearest rail station. From the station a chronometer was used to transfer the time to the eclipse
station (Campbell 1918c: 222-223).
4.12.2 The Scientific Staff and Helpers
A list of staff, visiting professors, and volunteers will be found in Table 4.
4.12.3 The Eclipse Equipment
E.P. Lewis, Professor of Physics at the University of California, made available his chronometer,
chronograph, driving-clock, and spectrograph slits. Director Burckhalter loaned the Brashear
lenses of the Chabot Observatory, California. Director Leuschner made available a break-circuit
chronometer, sextant, theodolite, telescope driving clock and various spectrograph parts from the
Student’s Observatory of the University of California at Berkeley (Campbell 1918c: 220).
4.12.4 Summary of the Experiments and Observations
A large program was planned despite the modest instruments. Emphasis was placed on the intraMercurial planet search and photography dedicated to the Einstein effect verification (Curtis
1918: 234-235). Coronal photography continued in the usual manner to reveal structure, form
and motion with a complement of cameras of varied field coverage. Spectrographic studies
would look at the coronal green line, particle strength and distribution within the corona, coronal
elemental makeup, and the flash of the reversing layer. Polarization studies within the corona as
performed at previous eclipses would continue.
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Two and one-half days of intense practice at the instruments occurred 5 June to 7 June.
Concern arose as it became cloudy for the full day of the 8 June – eclipse day, with only one
exception – the moment of totality.
Eclipse day itself, saw throngs of people
gather in Goldendale. The clouds parted
less than one minute before totality and
then covered the Sun just a few moments
after totality. According to Campbell
(1918c: 224, 228), seeing conditions
during totality were ‘magnificent’ with the
atmosphere being tranquil. The corona
was unusually dark and intermediate
between maxima and minima type, Figure
67. Two volunteer observers with a roll
film camera appear in Figure 68.
Figure 67 A standardized 1918 coronal
image from the 40-foot camera (Mary
Lea Shane Archives).

Figure 68 Two observers at their stations at eclipse time (Mary Lea Shane Archives).
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From the tower camera’s results it was ‘rediscovered’ that the Brashear lens suffered ghost
effects yet useful information was present. The exposures revealed beautiful groups of streamers
that surrounded all of the principal prominences (ibid.).
Mrs. Campbell made eight exposures of 1s to 16s with the 3 inch f/16 camera. The resulting
images of the general outline of the corona were the best obtained of all the instruments. L.B.
Allen made eight exposures with the 11 inch camera showing the coronal streamers, east of the
Sun, out to three solar diameters.
Moore with a simple one-prism spectrograph, recorded the general coronal spectrum and the
wave-length of the green ‘coronium’ line. There was a mystery as to the absence of the expected
coronal lines in the streamer extensions (Campbell and Moore 1918c: 8-9).
A single spectrogram recorded the coronal spectrum to the east and west of the Sun, a
comparison spectrum of iron between the two coronal spectrums, and two outer comparison
spectra of iron. The spectrograph was a 3-prism type with optics provided by Moore. The goal
was to make a precise determination of the coronal green line. The spectrographs appear in
Figure 69 (Campbell 1918a: 3; Campbell 1918c: 232-233; Campbell and Moore 1918a: 349-351;
Campbell and Moore 1918c: 8-14; Campbell and Moore 1918b: 348-350).

Figure 69 Professors Lewis and Moore with the spectrographs (Mary Lea Shane Archives).
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The spectrogram, from the Rowland grating-objective spectrograph, contained the elliptical
appearing third order green coronal line and a much shorter spectra depth than had been expected.
An irregular distribution of coronal material was found to exist on the Sun’s perimeter, with none
present on the Sun’s north edge (Campbell 1918c: 233).
E.P. Lewis obtained, with his large two-prism quartz spectrograph, a spectrogram showing
only two or three true coronal lines instead of the larger number recorded in 1908. A number of
prominence lines were present possibly showing the presence of scattered light within the corona.
The flash spectrum for 2nd contact consisted of only a few lines due to a late starting of the
exposure. The flash spectrogram at 3rd contact displayed nearly 250 lines. His small quartzflourite prism objective spectrograph provided an overexposed plate showing a double spectrum
with the green line as the only coronal line. The plate would be further studied for any
polarization of the line (ibid.; Lewis 1918a: 3-5).
Lewis’s polarigraph, consisting of a double-image calcite prism camera, recorded the
polarization of the corona. According to Lewis, strong polarization was found to the very limits
of the corona. This strengthened the view that condensed metallic vapors had been projected to
great distances from the Sun (Campbell 1818c: 235).
A general purpose camera was operated by Miss Glancy who made five plates of the corona
and the surrounding sky through a set of colored filters. Perrine of Cordoba measured the
spectral response found at predetermined regions of the spectrum (ibid.).
General readings with a standard thermometer were made before, during, and after the
eclipse. The temperature dipped 4˚ F maximum during totality (ibid.). J.A. Brashear and A.
Swasey made visual observations with a 2 inch aperture telescope of the inner corona. Both saw
little to no detail in the inner corona. They and the other visual observers estimated that the
greatest visible extent of the east and west coronal streamers were from 1½ to 2 2/3 solar
diameters (ibid.). Six observers made precise detailed records of the shadow banding preceding
totality and post totality. The bands moved from northwest to southeast and were monitored as
they passed rods placed at strategic positions on white sheets. The bands velocity, period, and
time visible were recorded (ibid.).
It was anticipated that the reduced staff of the Observatory, due to the war, would delay any
reporting of the expedition’s results (ibid.).
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Figure 70 The Lick Observatory group portrait with the Einstein Cameras in the background (Mary
Lea Shane Archives).

4.13

The 21 September 1922 Crocker Eclipse expedition to Wallal, Australia

4.13.1 Introduction – travel logistics, site conditions, local relations, and communication
With a high degree of support from the Australian Government, Campbell convinced W.H.
Crocker to finance a fair sized expedition. Wallal, a sheep-telegraph-post station situated along
Ninety-Mile Beach, on the northwest shores of Australia, promised clear skies and an eclipse with
a totality of long duration. Campbell led the party with two Staff Astronomers, an increase from
the originally requested two LO professionals (Campbell 1923a: 13-15).
The first segment of the expedition with just R. Trumpler, traveled to Tahiti for the months
of April through June to secure a set of plates of the star fields at night in the position where the
eclipse would be in September. This series of plates were required for the comparison with the
eclipse day plates for testing of the Einstein Theory of Relativity, by the bending of starlight, by
the gravitational field of the Sun. He utilized the Einstein cameras that would then be routed to
Wallal via New Zealand and Sydney for the eclipse. He arrived 10-11 April in Tahiti and set up
his cameras on the estate of Fred Hawe. With the assistance of an American, Mr. Lieber, the
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observations and production of the plates went well. Trumpler also made a set of comparison
plates for C.A. Chant of the University of Toronto (Campbell 1922c: 124; Campbell 1922a: 171;
Campbell 1923a: 21-22).
The second segment of the expedition, set forth for Australia with the Campbells leaving 7
July on the Union Line steamship ‘Tahiti’. They reached Sydney on 5 August meeting up with
Trumpler and the Einstein cameras. They were hosted by members of the Sydney City Council,
and the Commonwealth and New South Wales Governments. From Sydney, LieutenantCommander Quick, R.A.N. and a small naval party escorted the group to Wallal. They
supervised the logistics of train and ship transfers, and would return with the group to Sydney
after the eclipse. They were treated to what seemed like an endless number of formal receptions
from all levels of government, Royal Societies and astronomical societies. In return, the LO party
gave numerous lectures and addresses (Campbell 1923a: 24-25, 27). It was 15 July before the
party left for Fremantle, arriving there by rail on 24 July. Upon reaching Melbourne, Australia,
J.B.O. Hosking of the Melbourne Observatory joined the expedition. At Adelaide, the Toronto
eclipse expedition boarded, and then onward to Perth, arriving there on 16 August. It had been
planned to leave the Tahiti plates and a measuring microscope at the Perth Observatory, however
it was decided to ship them on to Broome. It had been expected for Trumpler to have made the
first set of definitive star position measurements from the plates, but he had been caught up in
long delays getting the eclipse cargo shipped to Fremantle. Campbell was quite disappointed by
this turn in events. A.D. Ross, of the University of Western Australia and the Perth Observatory
party joined the growing group heading to their respective eclipse stations (ibid.). The LO group
was well received on their 2½ day stay in Wellington, New Zealand. Here they were joined by
C.E. Adams, Government Astronomer of New Zealand.
Father Pigot of the Riverview College Observatory in Sydney, led a group of Australian
astronomers in arranging transport by the Australian Navy, courtesy of the Commonwealth
Government. H.A. Hunt, Esq., Government Meteorologist, acted as liaison to the expedition for
any needs or logistics. The promised naval ship could not make the trip, so substitute travel was
arranged by the coastal steamer S.S. ‘Charon’ from Freemantle to Broome. The voyage along the
western coast of Australia took eight days. The Lick party transferred to the sailing schooner
‘Gwendolen’ sailing for Wallal. To speed up passage, the schooner was towed by the steamer
‘Governor Musgrav’. The women transferred over to the relative comforts of the steamer while
the men and instruments followed behind on the crowded sailing vessel (ibid.).
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Figure 71 Off-loading the instruments on Ninty-Mile beach (Mary Lea Shane Archives).

The anchorage at Wallal was reached on 30 August. Despite the 26 foot tides at Ninety-Mile
Beach, the expedition found it relatively easy to off-load the equipment (Figure 71) from the
schooner and transport to the eclipse station located at the Wallal well. Mr. Davidson, head of the
Wallal Downs sheep station coordinated a small army of aborigines along with donkeys and carts
to assist with the moving of the eclipse freight (Campbell 1921a: 254-255; Campbell 1922c: 121122; Campbell 1922a: 172; Campbell 1923a: 13-14, 28).
The Naval contingent under Lieutenant-Commander Quick took over the installation of the
camp, assisted with erecting the instruments, and performing many of the daily camp operations.
Of special mention, was the assistance provided by Petty Officer Kenny, Keane, and Chief
Victualling Officer Starling. Near fine dining was occasionally enjoyed as evidenced by a sample
menu, see Figure 81 page 143. Trumpler oversaw the erection of the Camera in addition to
overseeing the building of the large ventilated buildings to protect the sensitive Einstein
instruments. These structures, built to withstand strong winds, had Jarrah wood frames with wire
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diagonals which were covered with white duck cloth. These shelters were built next to the
covered towers of the Camera. The towers provided additional shade protection to the Einstein
cameras (see Figure 72). The eclipse site and instruments were subjected to continuous fine dust.
Especially affected was the darkroom. To hold down dust and limit heat radiation from the
ground, aborigines covered the ground with coarse sand. Next, they placed green branches about
the grounds and instruments. On eclipse day, they sprinkled copious amounts of water on the
ground surrounding the instruments for additional ground cooling and dust prevention (Campbell
1923a: 29, 32-33).

Figure 72 The white cloth covered 40 foot camera, Einstein instrument building and tents (Mary
Lea Shane Archives).

The Perth party, under Director Curlewis determined the exact longitude and latitude of the
Camera and estimated its height above sea-level. Time signals came in from Bordeax to Wallal
Downs and were then relayed to Campbell who received them from atop the 40 foot Camera
tower. Additional time signal arrangements were set up by Director Curlewis, who had them
sent by telegraph line from Perth to Wallal for comparison by Dr. Adams with the chronometer
(ibid.).
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4.13.2 The Scientific Staff and Helpers
The list of participants is listed in Table
4. Dr. Adams of New Zealand assumed
the responsibility for providing accurate
time services to the eclipse station.

Figure 73 The long controversial image of
what many thought women did on
expedition (Mary Lea Shane Archives).

4.13.3 The Eclipse Equipment
The full complement of
instruments is given in Table 4.
A second 40 foot camera, that
was last used in 1905, was
loaned to the Australian
Adelaide expedition at Cordillo
Downs (ibid.). New purposebuilt cameras with precision
lenses replaced the instruments
used in 1918 for the Einstein
effect verification studies.
Figure 74 Inspecting one of the Ross-Brashear lens of one of
the Einstein cameras (Mary Lea Shane Archives).

4.13.4 Summary of the Experiments and Observations
Although emphasis centered on the Einstein problem, the support of coronal studies was
continued in the Lick Observatory tradition. Coronal plates were exposed using long and short
focal length cameras for photometric brightness studies. Another program was the search for
evidence of motion within the coronal structures by the comparison of large-scale images from
Wallal with images from the Adelaide expedition at Cordillo Downs. The two sites were thirtyfive minutes apart on the path of totality. Plates of the partial phases, taken with the Schaeberle
Camera, would be used in the determination of the relative positions of the Sun and Moon
(Campbell 1922c: 124-125; Campbell 1923a: 31, 36-38).
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Figure 75 The 15 foot focal length Einstein camera pair with its guide telescope on its redesigned
polar axis mounting of great stability (Mary Lea Shane Archives).

Campbell took charge of the guiding of the smaller Einstein cameras, while Trumpler guided
the large Einstein cameras using a powerful guide telescope with a crosshair eyepiece. See Figure
75 for a view of the large Einstein camera pair before covered with the protective structure.
According to Campbell (ibid.), finding the correct predetermined guiding stars was a great
challenge at 2nd contact. The developed plates had numerous quantities of stars suitable for the
proposed tests.
Quick spent his eclipse time sketching the coronal outline and at the same time estimating
angular distances within the area occupied by the eclipsed Sun. The nearby Canadian party
shared the audio time signals provided by Keane (ibid.). Moore was in charge of the 3
spectrographs looking at the distribution of several of the corona’s gaseous constituents (see
Figure 76). This was accomplished by the analysis of the coronal bright lines and
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Figure 76 The spectrographs and Floyd coronal camera. Mrs. Campbell has drawn the slide on the
plate-holder of the Floyd camera (Mary Lea Shane Archives).

distribution of the Fraunhofer lines in the corona. The coronal bright lines were found to be
surprisingly faint. The light within the inner corona consists mostly of continuous emission with
a few bright lines and a lesser amount of reflected sunlight. It was confirmed that the coronal
lines appeared to be fainter at sunspot minima. Inspection of the spectrograms for coronal radial
motion yielded no results (Campbell 1922c: 125; Moore 1923a: 59-61; Moore 1923b: 333-336).
The plates were processed at night
and a preliminary inspection showed that
the Sun was in a quiet state with a corona
typical of this state (Figure 77).
Prominences and coronal structures
immediately around the Sun were simple,
small, and regular. It appeared that the
lack of fine coronal structure on the
otherwise fine quality plates would
prevent the search for motion by the LO
and Adelaide plates (Campbell 1923a:
38).
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Figure 77 A positive image of the 1922 Wallal corona (Mary Lea Shane Archives).

The aborigines preformed a folkloric show for the astronomers, see Figure 78.

Figure 78 The aborigines give a cultural performance after many of them had assisted as
eclipse station volunteers (Mary Lea Shane Archives).

Re-embarkation experienced mixed sea conditions. Some of the instruments were loaded
under fairly calm seas, but on a later day, big seas (Figure 79), from a recent storm swamped one
of the boats carrying the steel parts of the Einstein cameras. They were later retrieved on an
outgoing tide. After loading, the schooner was taken in tow by the Commonwealth naval steamer
‘Geranium’ commanded by Captain Kenneth Mackenzie, arriving in Broome on the 28
September. Here they processed the rest of the eclipse plates and began the initial measurements
of the Einstein test stars.
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Figure 79 Returning the instruments to the schooner under trying surf conditions (Mary Lea Shane
Archives).

A week later the party left on the Commonwealth steamer ‘Bambra’ arriving in Fremantle on
12 October. Over 600 pounds of photographic plates were sent separately to Sydney along with
the instruments. The party endured numerous delays and 7 train changes to reach Sydney. The
return trip via Auckland to Honolulu was made on the S.S. ‘Niagara’, and from Honolulu to San
Francisco on the S.S. ‘Matsonia’, arriving home on 21
November (ibid.).
Nearly all of the measurements of deflections for
the test stars (Figure 80) of the Einstein experiment
occurred back at the LO. Campbell (1922d) wanted
the party back as soon as possible to begin the
analysis. His telegram read “Intense public pressure
for Einstein results. Please make Swiss visit
minimum possible.”
Figure 80 The 1922 corona and circled Einstein test stars (Mary Lea Shane Archives).

The smaller Einstein plates were compared with the plates that had been exposed by
Trumpler in Tahiti in the search of intra-Mercurial planets. None were found (Campbell and
Trumpler 1923: 214-216).

Figure 81 One of the hosted
banquet menus (Mary Lea
Shane Archives).
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4.14

The 10 September 1923 Lick Observatory - Crocker Eclipse Expedition to
Ensenada, Baja California, Mexico

4.14.1 Introduction – travel logistics, site conditions, local relations, and communication
Campbell had the 1923 eclipse in the back of his mind before the 1922 eclipse and W.H. Crocker
had agreed to the financing of an expedition. The eclipse committee of the American
Astronomical Society contributed to the development of the observing program. Committee
members were W.W. Campbell, H.D. Curtis, J. Gallo, W.J. Humphrey, F.B. Littell, and S.A.
Mitchell.

Figure 82 The 1923 eclipse camp near the Santa Clara River (Mary Lea Shane Archives).

Campbell received regular meteorological reports from the Mexican Weather Service. He
predicted that the chances of clear weather were promising in Ensenada, although it remained
within the time period of general rain activity in Mexico. After a scouting trip with expedition
leader W.H. Wright, he decided to locate the instruments in a valley near the Santa Clara River,
thirty road miles from Ensenada and twenty-five miles from the coast. The site (Figure 82) was
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set in a mountainous region of widely scattered valleys accessed from Ensenada by rough roads
which were subject to water erosion. Campbell offered his information on various eclipse sites to
the astronomical community (Campbell 1921b: 255-257; Wright 1923: 275-277).
Transportation of the instruments to Ensenada was by truck with personnel using a
prearranged stage service from the border to Ensenada. Governor Lugo and Sanchez of the
Bureau of Geography of Mexico welcomed the party.
Time signals were sent from the Naval Observatory at Mare Island to the eclipse station by
wireless radio under the sole direction of A.H. Babcock, Electrical Engineer of the Southern
Pacific Co., who furnished the equipment. This equipment was able to receive voice messages,
as well (Wright 1923: 284).
4.14.2 The Scientific Staff and Helpers
It is worth noting that a large contingent
(see Table 4) of Lick Staff was present as
well as instrument maker Ambrose
Swasey and Z.A. Merfield of Melbourne,
Australia (ibid. 278).
4.14.3 The Eclipse Equipment
This was the first time a new plate
standardization technique using the
Hefner standard lamp and a Parkhurst
‘sensitometer’ box was to be tried. This
procedure was accomplished in less than
an hour’s time. The previous calibration
techniques had required an entire nights
time (ibid.).
Figure 83 Top: The small Einstein camera
pair. Middle: The Floyd coronal camera.
Bottom: The wireless receiver (Mary Lea
Shane Archives).
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See Figure 83 for three images of the various instruments and communications and time
services. The addition of a declination-axis to the traditional polar-axis permitted the placing of
the instruments on the mount during the day before the eclipse. A simple adjustment of the
declination-axis was all that was needed to correct for the daily declination change of the Sun
(ibid. 284).
4.14.4 Summary of the Experiments and Observations
Wright (ibid. 286-289) listed a large program of coronal observations for this expedition.
1.

Coronal photography with a wide range of image scales for the continued accumulation of
plates for various programs of solar research.

2.

Precision photography with the special Einstein cameras to measure the stellar displacement
due the Sun’s gravitational field. From the measurements of star displacement, an attempt to
determine a law to accurately describe a star’s displacement in relation to its angular
distance from the Sun’s center would be made.

3.

Photometric observations produced by lens-less cameras.

4.

A confirmation of an earlier observation by Moore of the displacement of the Fraunhofer
spectrum of the corona towards the red.

5

Moore secured spectrographs to make a new determination of the wave-lengths of the
coronal 5303 Å and 6374 Å lines and make a study of the intensity of the emission exhibited
by these two radiations in different parts of the corona. In addition Moore would seek
spectra data for the determination of radial velocities in the outer corona.

6.

The recording of the continuously changing spectrum of the Sun’s limb at 2nd and 3rd
contacts, and totality with the Campbell moving-plate spectrograph.

7.

The accurate determination of time and geographical position of the eclipse station.
Merfield brought with him the spectroscopic and polarigrahic apparatus belonging to the

University of Melbourne, Australia. Wright setup his slitless quartz-fluorspar spectrograph.
Three days before the eclipse, clouds spread over the region. Violent thunderstorms struck
two days preceding the eclipse. Although it cleared partially on eclipse day, it clouded one hour
before the eclipse preventing any observations (ibid. 1923: 278).

146

Figure 84 The Lick Observatory expedition group portrait with Campbells up front-center (Mary
Lea Shane Archives).

4.15

The 28 April 1930 Crocker Eclipse Expedition to Camptonville, California

4.15.1 Introduction – travel logistics, site conditions, local relations, and communication
In a demonstration of how important the rare moments of a total eclipse are to astronomers, J.H.
Moore was selected to head an expedition for an eclipse with a totality lasting only 1½ seconds.
Regent W.H. Crocker agreed to provide the funding. Director R.G. Aitken labeled this type of an
eclipse as annular-total. Extreme accuracy was required to locate the party on the very narrow 1
mile wide path of totality. The eclipse path was first derived from the Nautical Almanac with
further corrections made at the Yale University Observatory. The Department of Commerce’s
U.S. Coast and Geodetic Survey, computed the isostatic deflections of the vertical for the eclipse
site, and had to further correct those figures by visual observations of abnormal densities in the
Earth’s crust, so as to derive the most accurate longitude and latitude. From this information, a
site was selected at Oak Valley, about 3 miles northeast of Camptonville, that offered the best
chance of clear weather, at a higher altitude that would yield the most stable atmospheric
conditions. Upon viewing the results of the observations at totality, it appeared the calculations
of center line may have been the most accurate ever made (Aitken 1929: 281-282; Aitken 1930:
109-111; Moore 1929b: 340-342, Moore 1930b: 131-133, 139).
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Aitken’s and Moore’s plan called for the placing of three cameras, one on the computed
center line, and the other two about 1/3 mile north and south. They also intended to send an
airplane to at least 10,000 feet with an observer to capture a small scale picture of the corona.
The airplane observer would be guaranteed to view totality, while ground observers might miss
totality altogether if their site location predictions were wrong or if clouds obscured the Sun. Any
expectations of scientific output from the flight were not considered and eventually the flight was
dropped from the plan. The logistics of planning a flight through coordination with the Military
are worth mentioning. Campbell, who was then the President of the University of California, put
in the request for a plane and assistance with the Air Corps under the auspices of Colonel R.O.
Van Horn, Professor of military Science and Tactics. Assistance came from Curtiss-Wright
Flying Service in regards to the type of aircraft needed (Campbell 1930; Galligan 1930; Moore
1930b: 132; Van Horn 1930).
The instruments were packed on trucks two weeks before totality for the trip to Oak Valley.
Upon arrival at the eclipse site, the weather changed from clear to cloudy with occasional heavy
rains. The instruments were set up during periods of fair weather. Time signals were sent by the
United States Naval radio station at Mare Island.
4.15.2 The Scientific Staff and Helpers
The list of staff and volunteers for this expedition is listed in Table 4.
4.15.3 The Eclipse Equipment
The list of instruments is given in Table 4.
4.15.4 Summary of the Experiments and Observations
Due to the shortness of totality, a very limited range of observations were planned. Emphasis was
placed on making a series of short exposures of the corona and to produce spectrograms of the
flash spectrum. Spectral observations were aimed at the chromospheric layer of the Sun (Aitken
1929: 281-282; Aitken 1930: 111).
Heavy rain arrived on the day before the eclipse 27 August. By good fortune, the clouds
parted just two minutes before totality, and the program of observations proceeded as planned
except for the timing of 1st contact which resulted in the late starting of the spectrographs (Moore
1930b: 134).
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C.D. Shane was set to record with precision the times of contacts. First contact timing was
lost because of the clouds. His results showed that the central station was very close to the actual
center line of totality (ibid. 135).
Cameras to record the corona were set up at three stations located some distance apart on the
path of totality. At the centerline location, the Willard camera and the 4 inch Ross camera
(Figure 85) recorded prominences and inner most corona with ¼ second exposures. At a station
some 1,500 feet southeast of central line, Meyer made a ½s exposure with each of two cameras.
One camera was a Ross camera similar to the one at centerline station and the other, a Goetz lens
camera of 2 inches aperture. Some 1,450 feet northwest of the central line, Blair set up the Floyd
telescope, where he made an exposure of 1/2s. Near the point of 2nd contact, appearing on the
plates from the three stations, was a beautiful eruptive prominence extending 100,000 miles from
the Sun’s limb, accompanied by a disturbed area within the inner corona. The eclipse coronal
form appeared the same at all three stations (ibid.).

Figure 85 The two coronal cameras at the center-line station (Mary Lea Shane Archives).

Two regions of the chromospheric spectrum from the lowest level to the highest level (K to 4713
Å region and Hß to Hα (4860 Å to 6563 Å), were recorded, each with a three prism moving-plate
spectrograph designed by Campbell. Both spectrographs received sunlight from a single
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coelostat mirror. The flash spectrum was recorded only at the 3nd contact due to the shortness of
totality. On one spectrograph, a slit of one chromospheres layer was placed tangentially to the
Sun’s limb. This orientation of the slit was set to isolate this feature for recording the flash. The
highest level chromospheric lines were recorded but the lower level lines were lost due to an error
in synchronizing the exposure with the exact time of the flash. Standardization of the absolute
photometric standards on the plates provided an estimate of the absolute intensity of coronal
emission and permitted comparisons of these plates with those plates made at other eclipses. The
green coronal line at 5303 Å was successfully recorded and a value of 5303.0 Å (I.A.) was
assigned, agreeing well with the results obtained by other observers. Campbell’s dual movingplate spectrographs appear in Figure 86 (Moore 1930c: 182-184; Moore 1930b: 136-139).

Figure 86 Campbell's moving-plate spectrographs for recording the flash spectrum (Mary Lea
Shane Archives).

4.16

The 31 August 1932 Crocker Eclipse Expedition to Fryeburg, Maine

4.16.1 Introduction – travel logistics, site conditions, local relations, and communication
The stated purpose of the expedition, according to expedition leader Moore (1932: 344), was to
continue the systematic accumulation of observations relating to eclipses of the Sun, especially
relating to the constitution of the solar corona and chromosphere. This data would not only
supplement records obtained previously by the Observatory, but in certain cases would extend
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back to earlier investigations through the use of improved methods and instruments. Regent
W.H. Crocker would again fund this expedition (Aitken 1932b: 122).
Director Aitken consulted the meteorological reports and by May of 1931 decided to locate
the site near Fryeburg Maine on the grounds of the Fryeburg Academy campus (Figure 87).
Principal-Professor Elroy O. La Casce and his board of trustees, hosted the visiting LO group.
There was good rail access, electrical power and fixed accommodations already in place greatly
simplifying logistics. Throughout the expedition’s stay in Fryeburg, local residents went out of
their way helping in any way possible. Of special note, were the assistance from C.E. Mulford, a
writer of the early western pioneers, and the assistance of the Maine Light and Power Company
with the electrical needs of the expedition (Moore 1932: 341-342, 352).

Figure 87 The eclipse station of 1932 (Mary Lea Shane Archives).

Pre-eclipse days were mild with some clouds and occasional brief rains. There was growing
concern over the chances of clear skies on eclipse day, which had fallen below the 50% margin.
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4.16.2 The Scientific Staff and Helpers
The complement of Observatory staff, researchers and volunteers is listed in Table 4.
4.16.3 The Eclipse Equipment

The instruments were assembled in the Observatory shop by foreman B. Osen and
instrument maker J. Cosh. For a list of instruments, refer to Table 4.
4.16.4 Summary of the Experiments and Observations
Eclipse day arrived overcast, but with decreasing clouds as the day progressed. Suddenly the Sun
was obscured with just thirty minutes remaining before totality. Although clouds were present
through totality, the eclipsed Sun and corona were visible.
Three areas of investigations were implemented; general photography of the corona, the
spectra of the levels of the chromosphere, and the coronal spectrum itself. The coronal form was
observed as typical for a minima sunspot activity eclipse. The corona was especially brilliant
with the appearance of several groups of large prominences and highly disturbed chromospheric
areas, see Figure 88. The occurrence of an especially large Bailey’s bead delayed the start of
totality by a few moments which caused the determination of the middle of totality to be 3.7
seconds off (Moore 1932: 350-351).
The spectral investigations were categorized under spectra of the chromospheres, and coronal
spectra. According to Moore (1932c), Menzel (1932), Shane (1932a, b), and Aitken (1932a, b),
investigations by spectrograph type, and the preliminary findings were:
1.

Recording of the flash spectrum (Figure 89) and chromospheric spectrum from the lowest to
highest levels, and to make a continuous record of the regions covered from Hß to Hα and from K
to 4713 Å. To accomplish this task, two moving-plate spectrographs were used (Figure 90). A
study was planned of the chromospheric spectra with a possible relationship to the corona.
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Figure 88 A 1932 coronal image revealing large disturbed areas (Mary Lea Shane Archives).

Figure 89 Flash spectrogram – 3rd contact (Mary Lea Shane Archives).
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Figure 90 Campbell’s moving-plate spectrographs (Mary Lea Shane Archives).

2. To more accurately determine the wave-length of the 5303 Å green line of the coronal
spectra by application of Shane’s Fabry and Perot etalon interferometer spectrograph. Due to
the precision of the instrument, there existed the possibility of finding motion within the inner
corona. The spectrogram clearly showed the coronal green line to be wider than had been
previously thought. Previous attempts using an interferometer to measure the exact
wavelength of the 5303 Å line had failed, as did this attempt.
3.

Recording of the coronal red lines with a plane-grating spectrograph. The resulting
spectrogram would be used to make an accurate determination of the wavelengths of the
coronal red lines at 6374 Å and 6775 Å. An exposure of 97s gave no trace of the 6775 Å line
and only a very faint trace of 6374 Å line.

4. Recording of the inner coronal emission lines in the photographic region – single prism
spectrograph with east-west slit and iron spark comparison spectra. Only the stronger
coronal-emission lines were recorded. Present on the spectrogram was the coronal
Fraunhofer spectrum. An analysis performed later on this spectrum, indicated some signs of
radial motion, however this was not at all certain (Moore 1933b: 147-149).
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5.

Recording of the middle emission line coronal spectrum with a two prism spectrograph with
east-west slit and iron spark comparison spectra. Only the stronger coronal-emission lines
were recorded. Also recorded was the coronal Fraunhofer spectrum.

6.

Recording of the outer coronal spectrum – Three-prism spectrograph with a east-west slit
orientation and iron spark spectra. Only the stronger coronal lines were recorded. Also
present was the coronal Fraunhofer spectrum.

7.

Recording of the coronal spectrum within the infra-red bandwidth by a concave-grating
spectrograph. No results were achieved with this instrument.

8.

Recording of the chromospheric spectrum – Two jumping-plate slitless spectrographs (see
Figure 90) with one focusing on the ultra violet coronal spectrum and other, utilizing a plane
Michelson grating, to record the visual coronal spectrum. Some seventy-five spectrograms
were obtained by advancing motion picture film frame by frame using short exposures. Fine
detail in the chromosphere and prominences were recorded, showing individual
chromospheric spikes as well as several UV rings. The red coronal ring was found to be
more uniform around the Sun than the green line, both appearing intensified in the region of
particular eruptive prominences.

Figure 91 The jumping-plate slit-less spectrographs using motion-picture film (Mary Lea Shane
Archives).
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According to Moore (1932: 343-344), there was great concern that the investigations would
be impacted by the thin clouds.
Upon processing the plates, it was
found to everyone’s relief that the
results were considered good.
Large (Figure 92) prominences,
fine coronal structure, and
detailed disturbed chromospheric
areas associated with an especially
brilliant corona were recorded on
with a variety of emulsions.
Figure 92 Prominences from
disturbed chromospheric region
(Mary Lea Shane Archives).

The two former Einstein 5 inch Brashear-Ross photographic cameras (Figure 93) replaced the
Schaeberle Camera. The technique of using shorter focal length cameras and then enlarging the
images in the darkroom, proved highly successful. This eliminated the need to transport

Figure 93 The 4 inch 15 foot Ross Cameras (Mary Lea Shane Archives).

156

and erect the larger tower style Camera. The smaller plate-magazines permitted the rapid
changing of plates as compared to the handling of the large plates of the former instrument. One
of the cameras recorded the corona in the light of different colors of, violet, green, red, and infrared. There was a faint trace of the inner corona on the infra-red plate, with the image increasing
in strength inversely with the spectral sequence. This was indicative of exceptional strength in
the shorter wavelengths (Moore 1932: 353-356; Wright 1932: 352-353).

Figure 94 The 1932 Lick Observatory expedition group portrait (Mary Lea Shane Archives).
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4.17

Summary

An eclipse expedition to a distant country during the period of the Lick Observatory’s expeditions
involved complex logistics and planning at many levels. A good amount of time was necessary
in order to determine if an expedition was even practical with the staff limitations, and small
budget of the Observatory. Long term climate reports were required for the determination of a
site with the probability of clear skies. Then there were accessibility issues reaching the center
line of totality, taking the 1908 Flint Island eclipse as a prime example.
Numerous delicate scientific instruments needed time-taking preparations, which included
design, assembly by skilled craftsmem, and testing. The LO astronomers needed to know
beforehand that their instruments would yield observations that would give the intended results
for specific areas of study. The instruments then had to be carefully packed to survive rough
handling and environmental conditions during their transport by ship, rail, animals, and wagons
over difficult terrain for long periods of time.
Then there were the foreign customs agents along the route and at the destination that more
often than not enforced rigid rules governing the entrance or passing through of the party with its
instruments. Advance approval of the host governments and their involvement with customs
procedures was a necessity.
Obtaining specific material within the host country could never be taken for granted,
requiring the transport of a ‘portable shop’ and construction materials required to build the
station’s housing, darkroom, storage, and erect the instruments.
Sufficient time before totality was needed to arrange for volunteers and train them to make
the observations with the instruments in the exact methodology required to obtain the scientific
results during the brief moments of totality. There was no margin for error time wise.
One important aspect learned on these expeditions equally as important as the planning and
implementation of the science program, were the planning and execution of the expedition’s
human needs. This is witnessed in Director Keeler’s (Letter to PerrineFeb15instructions to
Perrine for the 1901 expedition:
I specifically direct that you charge yourself with the important duty of taking the necessary and
sufficient precautions to ensure the good health of the members of the expedition.
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Sickness and distress from disease and poor food faced the scientists and support personnel
who needed to interact closely with the indigenous people and eat their local foods. Attention to
hygiene was of upmost concern at all times. Treatment would often be up to foreign medical
practitioners. There were at times the ‘other’ local inhabitants; biting flies, ants, poisonous
spiders and other stinging insects not to mention snakes and scorpions awaiting the scientific
party. The instruments themselves must be protected against animal chewing, scratching, and
being trampled.
The Lick Observatory staff, while on expedition, served as ambassadors of the Observatory
and the United States. Their actions were at all times viewed in the light of the cultural values of
their hosts while en route and at their final destination. This included the interaction of their
science with local religious practice.
So far, only brief mention has been made of the actual coronal science in progress at the Lick
Observatory. The next chapter will explore the coronal science of the period, focusing on the LO
and other major astronomical institutions.
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