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Preface 


I have lived in Arizona, in three separate moves, for over thirty years. I was first ex­
posed to Arizona's nature and history in Florence, where I lived as a youngster. I am 
also an amateur astronomer; my brother-in-law introduced me to the wonders of the 
night sky when I was a teenager. My interests in Arizona and astronomy fit together 
nicely with the events that have led to writing this book. 

One night, I don't remember the date, while observing the sky out in the desert 
of the Harquahala Valley west of Phoenix, my observing companion, Mike Toye, 
casually mentioned that Gary Weisner, a local independent geologist, had told him 
there was an old observatory on nearby Harquahala Mountain. I My first vision was of 
an abandoned building with a classic white dome that once held a telescope. 

I didn't think much more of the site until one day in the summer of 1990, while 
my wife and I were returning from {l trip to Laughlin, Nevada, driving through the 
Harquahala Valley, I thought I saw a glint of something on top of Harquahala Moun­
tain. I began asking questions. 

My first inquiry went to Dr. John McGraw at the University of Arizona's Stew­
ard Observatory in Tucson. By letter McGraw told me, "The Harquahala astronomical 
site was used by the Smithsonian Astrophysical Observatory many years ago, princi­
pally as a solar observatory. I'm afraid I know very little about this site, though I have 
seen pictures of it in books." 

McGraw referred my inquiry to Dan Brocious, the public information manager 
at Fred Lawrence Whipple Observatory, the modern site of the Smithsonian Astro­
physical Observatory, south of Tucson. In turn, Brocious referred me to the book 
Lighthouse a/the Skies/ a comprehensive history of the Smithsonian's efforts to meas­
ure the so-called solar constant;' here there were the pictures of the "observatory" on 
Harquahala Mountain, a building quite different from my first vision. The book, how­
ever, provided only a few details about this site. I was determined to go there myself. 

Gary Weisner told me of the few times he had been to the site and suggested 
that I call the Bureau of Land Management (BLM) tor more information. I dreaded 
making this call because I thought the BLM was a police department that kept people 
off government land. I was very wrong; the BLM is doing a good job of managing our 
"public" land. 

I Today, the adopted spelling is "Harquahala" (one word), the convention used here in the Preface. Back in the 1920s, the accepted spelling 

was "Harqua Bala" (two words), the convention used in all other chapters. 

2 Bessie Zaban Jones, Lighthouse o/the Skies, The Smithsonian Astrophysical Observatory: Background and History 1846-1955, Smith­

sonian Institution, Washington, D.C., 1965. 

3 Discussed in Chapter 1, the solar constant is a measure of the amount of heat the sun sends to the earth 
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At the BLM's Phoenix District Deer Valley office, Jack Ragsdale put me in 
touch with Rich Hanson, supervisory outdoor recreation planner of the Lower Gila 
Resource Area. While Hanson cautioned me that access to the site was via a difficult 
four-wheel road, he encouraged me to go and faxed a map to me. I was on my way. 

Early one Saturday in November 1990, Mike Toye and I left Phoenix for the 
summit of Harquahala Mountain. It took us two hours to drive to the base of the 
mountain and then over an hour to go ten miles to the mile-high summit. Only in the 
last mile or so could we see the odd building prominently placed at the summit of this 
barren, mile high peak, so typical of the many mountains in the Sonoran Desert. 

Up close, the narrow two-story structure was odder still. It was completely cov­
ered with corrugated steel, except for a door with bars on the south side. It certainly 
didn't look like an observatory, instead more like an old bam. Two concrete water 
tanks, sagging gutters, an empty secondary foundation, the remains of wooden attach­
ments and the building itself gave Mike and me the impression that wind, rain and 
snow had taken their toll. 

A BLM sign at the site identifies this building as a 1920s field station for the 
Smithsonian Astrophysical Observatory. 

That day, in November 1990, was a relatively nice Arizona day, yet at the top 
of the mountain the wind was miserable. I could only imagine how difficult living on 
this mountain had been for those who operated the field station. I was determined to 
find out more about this site. 

Back in Phoenix I made an appointment with Cheryl Blanchard, archaeologist, 
at the BLM. In the late 1970s the BLM stabilized the building on Harquahala Moun­
tain and had it placed on the National Register of Historic Places. To support this ef­
fort they had gathered what records they could find and documented the stabilization 
work with photographs. Blanchard let me sit down in a conference room and pour 
through the BLMJiles. In these files I first saw a few period letters and photographs 
obtained from the Smithsonian Archives. I was beginning to find the level of detail I 
was looking for about the beginnings of the Harquahala site. 

My next inquiry went to the Smithsonian Archives in Washington, DC. They 
didn't reply for a month, but it was well worth the \vait and the real turning point in 
what was by then a legitimate research project. Archivist William Deiss sent me addi­
tional period letters about the Harquahala site, including an unpublished compilation 
of letters from one observer to his family, and copies of dozens of period photographs. 
Deiss advised, "There is additional material here, and I think that you should consider 
coming here to look at it. This material may be too voluminous to photocopy." 

What kept me going was the fact that few in Arizona seemed to know about the 
Harquahala observatory. The few that did, had no idea what it had been used for. I felt 
I had an opportunity to contribute to written history~ my first effort was an essay, writ­
ten in the fall of 1991 and published in the 1993 spring issue of The Journal of 
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Arizona History. In addition, I presented the essay orally with slides at the 1993 Ari­
zona History Convention in Bullhead City. 

In the spring of 1992 I got a call from Jane Pike, an archaeologist at the BLM. 
Pike was putting together a brochure about the Harquahala site and wanted to look 
through my records for anything that might help. During our first meeting I casually 
mentioned that I thought there was more information at the Smithsonian Archives that 
could lead to a book, but proper evaluation of this material would involve a trip to 
Washington. To my surprise, Pike mentioned that possibly the BLM would sponsor 
such a trip. Before I knew it, I signed on with the BLM as a volunteer research assis­
tant. Early in August 1992 I flew to Washington and the Smithsonian Archives, and 
spent the better part of a week combing through records related to Harquahala Moun­
tain and the Smithsonian Astrophysical Observatory's efforts to measure the solar 
constant. 

Deiss' comment about voluminous records was very accurate. With the help of 
Susan "Libby" Glenn, I found an almost complete set of letters written between the ob­
servers on Harquahala Mountain and administrators at the Smithsonian. I also saw 
firsthand the sizable collection of remarkable photographs that documented life on 
Harquahala between 1920 and 1925. 

Most of the letters to and from Harquahala were lengthy, five and even seven 
typewritten pages. A typical letter began with a summary of the scientific work on the 
mountain during the preceding week, particularly about the tedium of keeping the 
delicate instruments working. Other than for a scientist in the field of spectrometry, 
most of what the letters discussed regarding the observatory's instruments and work 
might as well be Greek. 

However, what is very interesting in these letters from Harquahala Mountain is 
the incredible detail they provide about living on this remote mountain. In almost 
every letter, after the technical business at hand was discussed, the writer would give a 
glimpse of the social situation in Wenden, the mental and physical burdens involved 
with living in such isolation, the insects crawling on the wall of the simple building, 
and countless other details. 

I collated copies of the letters and then read them all March 7, 1916 through 
November 24, 1925 - over 1300 pages in 535 letters. They read like a diary, detailing 
the history of the Harquahala site against the background of the Smithsonian's solar 
constant research program. I felt as if I was there, back in the 1920s, reading and writ­
ing the letters myself. To me it was fascinating reading about science in the early 
1900s and Arizona in the 1920s. I felt that if I could condense the letters into book 
form, others would also find it interesting. 

In a nutshell, this is how I have come to put together the pages that follow. My 
intent is to tell of the lives of the observers on Harquahala Mountain back in the 
1920s. While this is not the scientific story of the solar constant measurement effort, 
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which is well documented in Lighthouse of the Skies, I have included enough about 
the scientific work to give the reader a rudimentary understanding of it. 

What follows is mainly a compilation of the letters from the observers. While 
each letter was usually promptly answered by administrators in Washington, I have 
used the latter only where necessary to keep the story moving. In addition, especially 
in the early chapters, I have brought in letters from others that significantly add to the 
story. 

To have simply compiled the letters as originally written would have resulted in 
a tome you would not be inclined to pick up. Instead, I have cut each letter signifi­
cantly. However, what I have included from each letter is word for word, including 
some misspelling and dated English usage; I have only had to edit in a few places for 
clarity. In addition, while the normal procedure is to insert an ellipsis when omitting 
sections, I decided early in the wTiting process not to use such marks as they would 
cover each page. I have also tried to capture the atmosphere of the writing process by 
presenting typed letters in a typewriter-style font and handwritten letters in script font; 
further, I have given each letter writer a script font that is as close as possible to the 
writer's style (and persona). 

Pieter Burggraaf 
Phoenix, Arizona 
March 31,1995 



Introduction 


Harqua Hala Letters is a unique story of the lives of about a dozen people associated 
with making observations of the sun's radiant energy every clear day possible for a pe­
riod of over five years in the early 1920s. Harqua Hala is an isolated mountain peak in 
the southern Arizona desert about half way between Wickenburg and Quartzsite, 
south of U.S. Highway 60. The nearest small hamlet, with a population of some forty 
souls at the time, was Wenden about fifteen miles distant This factual story, that reads 
like a novel, is told by the author through the personal letters written under the most 
primitive conditions. The reader will get to know and like, or dislike, each one ofthem 
personally, and will share their problems and concerns. 

One cannot but admire the scientific zeal of the man who spent little actuar time 
on the peak as compared to the others, but was the driving force that inspired the oth­
ers to endure the hardships and discomforts to get a job done. He was Charles O. Ab­
bot, director of the Astrophysical Observatory, and later, secretary of the Smithsonian 
Institution of Washington, D.C. His mission was to try to verity the constancy of the 
energy emitted from the sun, a program his predecessor at the Smithsonian, S. P. Lan­
gley, began in 1881. He dealt decisively with the personal problems, the discontent, 
and even the questioning of the validity of his basic program at the Harqua Hala site 
by his observers. 

The only access to the top of the mountain in those days was a five mile trail up 
the northwest slope. Radio had not yet been developed, so communication with 
Wenden was done by heliograph (mirrors) and Morse code. This was time consuming 
and very unsatisfactory. The one character that provides continuity on the peak was an 
old prospector by the name of Bill Ellison who lived by a spring, a mile and a half 
from the top. He had filed several mining claims around the peak; but he readily 
granted the Institution surface rights to use the land. He, with his burros, was the sup­
ply link to the outside world, and often brought the later residents vegetables from his 
garden or a piece of freshly killed venison for dinner. 

It is interesting again to experience the advent of radio broadcasts during the 
observer's last years on the peak. Attempts to establish communication by way of wire­
less telephone were never successful. Finally a telephone wire was strung between the 
peak and Wenden so that daily values of the solar "constant" could be sent to H.H. 
Clayton, a climatologist and private weather forecaster, for use in short range weather 
forecasting. 

In the Epilogue, the author masterfully puts this project in its perspective. After 
the abandonment of the Harqua Hala site, determinations of the solar constant by 
Smithsonian personnel continued for another thirty years at several other sites. The 

IX 
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U.S. Weather Bureau was vitally interested in this question, and as early as 1947, sev­
eral years before termination of the Smithsonian observations, sponsored another ob­
servational approach to measure this constant; first from studies of the reflected light 
of our sun from the planets Uranus and Neptune, which eliminated the uncertainties of 
the earth's atmosphere, and as a byproduct, a study of the constancy of solar type stars 
in general. Much of this work was also done in Arizona, at Lowell Observatory. This 
28-year study showed there was no more than two-tenths of one percent variation. 
With the advent of artificial earth satellites, observation of the sun's radiation outside 
the atmosphere became a routine procedure. These observations for the past eighteen 
years, covering more than one full sun spot cycle, show a variation of no more than 
one-tenth of one percent. 

It is a great tribute to these hardy Smithsonian observers who struggled with 
temperamental, primitive equipment and rugged living conditions on high windy 
mountain peaks to lay the ground work for what is now an easy routine observation. 
The effect of this small solar variation on terrestrial weather is still being debated in 
scientific journals. 

Henry L. Giclas 
Lowell Observatory 
Flagstaff, Arizona 
June 14, 1995 



Chapter 1 


The Legacy 


Hired about October 1, 1920, Frederick A. "Keg" Greeley immediately boarded a train 
west to Wenden, Arizona. He was the new assistant for the Smithsonian Institution 
Astrophysical Observatory CAPO) field station on Mount Harqua Hala, a few miles 
east of Wenden. Certainly Keg Greeley had some idea about the work ahead of him: 
His younger brother Paul E. "Peg" Greeley was doing similar work at an APO field 
station on Mount Montezuma in Chile. And Keg was a cousin to Dr. Charles Greeley 
Abbot, director of the APO and assistant secretary of the Smithsonian Institution. At 
the time, the task underway in Arizona and Chile was on the forefront of climatologi­
cal research. 
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Greeley's first letter to his mother and father in Pelham, New Hampshire, didn't tell of 
the incredible remoteness of this desert mountain or of the stark facilities at the Har­
qua Hala field station. Nor in his first weeks there could Greeley foretell how arduous 
living on this mountain, or how tedious the scientific task, would become. 

The extraordinary story of this remote Smithsonian field station began with the 
scientific vision of Dr. Samuel Pierpont Langley, director of the Allegheny Observa­
tory at Western University of Pennsylvania.! He served as observatory director and 
professor of physics from 1867 to 1887. Langley believed changes in the sun caused 
"vicissitudes in terrestrial climates. I! He wanted to measure such solar changes, their 
causes, their periodicities and effects on earth. His vision was that scientists might 
eventually I!foretell climatic events in a way to be of great value to mankind.1! He lik­
ened this ability to that of Joseph, the ancient prophet in Genesis, who predicted that 
seven years of famine would follow seven years ofplenty.2 

Scientists dubbed the measure that Langley sought "the solar constant. n Of it 
Langley said, nIf the observation of the amount of heat the sun sends the earth is 
among the most important and difficult in astronomical physics, it may also be termed 
the fundamental problem of meteorology, nearly all of whose phenomena would be­
come predictable if we knew both the original quantity and kind of this heat; how it af­
fects the constituents of the atmosphere on its passage earthward; how much of it 
reaches the soil; how, through the aid of the atmosphere, it maintains the surface tem­
perature of this planet; and how in diminished quantity and altered kind it is returned 
to outer space. n3 

Pursuing his vision, in 1881 Langley led an expedition from Pennsylvania to 
Lone Pine, California and Mount Whitney - the highest peak in the Sierra Nevada 
mountains. He wanted a mountain site because he believed that solar-constant meas­
urement accuracy depended on reducing absorption of the sun's energy by the earth's 
atmosphere. After his expedition, Langley published the value he determined for the 
solar constant, yet, at the turn of the 20th century, scientists still debated the various 
published values.4 

Langley left Allegheny Observatory in 1887 to become the third secretary of 
the Smithsonian Institution in Washington, D.C. There, in 1902, he established the 
APO. Part of the APO's charter was to continue solar constant measurements. 

Charles Abbot picked up Langley's vision of a useful solar constant, eventually 
pursing this knowledge more passionately than his mentor. Abbot was born in Wilton, 
New Hampshire, in 1872, attended high school there and Phillips Academy in 

I Western University is now the University of Pittsburgh. 
2 Charles Greeley Abbot, The Sun and the Welfare a/Man, Smithsonian Scientific Series, Vol. 2, 1934, p. 4. 
, Ibid., pp. 10-11. 
4 Langley's solar constant was 3 caVcm2/min. In 1901 solar constant values ranged from Pouillet's 1.76 caVcm2/min to Angstrom's 4.0 
caVem·/min. 
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Andover, Massachusetts, for one year before entering Massachusetts Institute of Tech­
nology where he earned academic honors in physics. In 1895, after completing his 
first year of graduate study, he began working for the Smithsonian APO. Abbot 
quickly established himself as Langley's protege and, in 1906, became APO director 

s just before Langley retired.
When Langley retired, the Smithsonian board elected Dr. Charles Doolittle 

Walcott the fourth secretary of the institution; although a preeminent paleontologist, 
Walcott continued to support the APO's effort to determine the solar constant. 

From 1902 to 1905 APO observers made many solar-constant measurements at 
the Smithsonian. Interestingly, by 1904 this work led to the premature conclusion that 
the sun was a variable star a star with dramatically changing physical properties. 

Another conclusion during this period was that Washington, D.C. was not a 
good observing location. Writing in later years Abbot said, "Dr. Langley recollected 
the wonderfully clear sky of the California mountains and knew that nothing satisfac­
tory could be done within the bounds of a smoky and dusty sea-level city." The search 
was on for better a location.6 

In 1905 Abbot accepted the invitation of astronomer George Ellery Hale to use 
the grounds of the Carnegie Institution's solar observatory that Hale had established in 
1904 on Mount Wilson, northeast of Los Angeles.? On Mount Wilson, Abbot made 
solar-constant measurements in summer and autumn from 1905 to 1920, except 1907.8 

He compared these data with other measurements made at Mount Whitney in 
1909-10, at Bassour, Algeria, 50 miles south of Algiers in 1911-12, and from a 
Weather Bureau balloon launched from Omaha, Nebraska, in 1914. 

Slowly, Abbot received recognition from the scientific community for the 
Smithsonian's solar-constant work, and the Smithsonian regents endorsed continued 
study. 

, Despite his passion for solar constant research, today Langley is better known for his pilotless airplane that flew in 1896, seven years before 

the Wright brothers. 

6 Abbot, The Sun, p. 20. 

1 Hale built his now renowned 100-inch telescope on Mt. Wilson in 1918. 

• Publication of the non-periodic APO annals kept him in Washington. 
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1331 Connecticut Avenue 
Washington, D.C. 

March 17, 1916 

Dear Secretary Walcott: 
Dr. Abbot's researches have shown that atmospheric 

conditions profoundly affect the amount of heat received 
from the sun and it is important that the solar constant 
for each day should be determined as accurately as 
possible so that the relation between the amount of solar 
energy reaching the outer limits of the atmosphere 
should be ascertained and compared wi th the amount of 
heat actually received by the earth's surface. The con­
nection between solar variations and changes going on in 
the earth's atmosphere are so well worthy of investiga­
t ion as to warrant, I think, the proposed allotments. I 
quite approve of your recommendation to allot $5000 a 
year for three years from the Hodgkins Fund for the es 
tablishment and expenses of the proposed station in 
South America for that period. 

Yours sincerely, 

.Alexander graham Bett 9 

Describing his need for a good, permanent observing location that he proposed for 
South America, Abbot recalled in his 1934 book, The Sun and The Welfare ofMan, 
"We desired to establish a solar-radiation station at which measurements could be 
made daily, as far as possible, at all seasons. It was known that great interruptions of 
continuity would occur in the winter months at Mount Wilson.tllO 

Even from May through November when APO observers used the expedition­
ary station on Mount Wilson, the average of good observing days was only eighteen 
per month. Abbot recalled, "Mount Wilson atmospheric conditions had proved unsuit­
able, and seemed steadily deteriorating for these exacting purposes, as Los Angeles 
and neighboring towns expanded. Every day, towards mid-forenoon, the sea breeze 
rises there, and brings a haze over the mountains which is aggravated by the smoke 
and dust of the business of this immense population lying between the mountains and 
the Pacific,lIll 

9 Then seventy-five years old, Bell was a regent of the Smithsonian Wltil his death in 1922. 

10 Abbot, The Sun. , . , p. 62. 

11 Ibid., p.68. 
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Actually, Abbot believed he needed two stations, at widely different locations 
in the most cloudless regions of the world, to confirm observed fluctuations in the so­
lar constant and to ensure that observations could be made virtually every day. With 
the original set of solar-constant measuring equipment still at Mount Wilson, he had 
another "outfit of apparatus" built at the Smithsonian by Andrew Kramer, the APO's 
instrument maker. This equipment was ready in April 1917, just when the United 
States entered World War I. The uncertainties of the world situation deterred Abbot 
from his first-choice site in South America. Instead, he tentatively selected Mount 
Hump, North Carolina. There, .APO observers made solar-constant measurements 
from June 1917 to March 1918, but the results were unsatisfactory because of the high 
humidity in southeastern United States. 

Finally, in June of 1918, Abbot had the Mount Hump outfit transferred to 
Chile. He said, "By the excellent advice of Dr. Walter Knoche, forinerly in charge of 
the meteorological service of Chile, we chose the region of the Chilean city of Calama 
as the most favorable, one not likely to be involved in the operations ofwar. n12 

The first year of observing at Calama proved this site to be the best yet; 
seventy-five percent of days there were suitable for observing. Increasingly, the data 
gathered appeared to support an ability to forecast weather. Several meteorologists 
were studying the effects of solar radiation variations on the world's weather. Most no­
tably, American meteorologist Henry Helm Clayton, working for the Argentinean 
Weather Bureau, was using reported observations, made daily at Calama and tele­
graphed to him, for officially forecasting the weather of Argentina. At the time, Clay­
ton reported, "For nearly a year numerical and graphical analyses have been made of 
the solar variations and of the variations of temperature at twenty selected stations 
well distributed over Argentina, Chile and Brazil. This analysis shows that each varia­
tion in solar radiation has been followed by similar variation of temperature in South 
America, with a few exceptions which may easily have resulted from errors in the 
measurements of solar radiation. The results of these researchers have led me to be­
lieve that the existing abnormal changes which we call weather have their origin 
chiefly, if not entirely, in the variation of solar radiation." l3 

In the fall of 1919, Abbot continued to pursue approval and funding for a sec­
ond station, one to replace the temporary use of Mount Wilson. In a written proposal 
to Smithsonian Secretary Walcott, he explained, "Though suspected since 1903 and 
proved since 1913, the variations of the sun are not yet adequately measured. The 
variations of the sun are of two kinds, first, those which run their course over a period 
of several years, often in attendance on the periodicity of sunspots, and, second, those 
which run their course in a few days or weeks. The study of these latter is the object 
12 Ibid., p, 62. 
" From a published paper referred to in Abbot's October 8, 1919, proposal to Walcott for an additional field station; the journal of publication 
is unknoINn, 
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for which the observatory is desired. The range of the variations of the sun frequently 
reaches three or even five percent within a single fortnight. The maximum range hith­
erto observed since the year 1902 is twelve percent. Knowledge of the matter suffi­
ciently complete for general forecasting requires better data. Daily observations of the 
radiation of the sun must be secured at sufficient stations to get good mean values for 
each individual day. For we must assure ourselves that these data are accurate to a 
small fraction of 1 percent. There is no hope of this without more observatories. The 
station in South America will be continued. A station in Egypt is proposed, also one in 
Australia, but these are as yet uncertain." 

SMITHSONIAN INSTITUTION 
Washington, U.S.A. 

October 8, 1919 

Dear Doctor Walcott: 
I enclose herewith a copy of a proposal in regard to 

a new observing station as a branch of the Astrophysical 
Observatory, to be located near Bagdad, California, for 
the purpose of studying the variations of the sun and 
their effects on the weather. As I wrote you some time 
ago, the Wea ther Bureau has been making some reconnais­
sances in the general neighborhood, including the states 
of Nevada, Cal i fornia and Arizona, and it seems de fi­
nitely established that such a station should be situ­
ated on an isolated mountain wi thin a hundred miles of 
Bagdad, California, which is by all means the most 
cloudless region in the Uni ted States. 

The Weather Bureau will probably undertake de­
tailed observations of the cloudiness for a period of a 
year or more at several of the most promising stations, 
so that by the time a year has elapsed we shall be in a po­
sit ion to know where to choose our place. 

It seems to me that if possible an effort should be 
made to induce Congress to appropriate $25, 000 to be made 
available July 1, 1920, in order that the si te might be 
procured, the road to it arranged, building erected and 
necessary equipment purchased, wi th a view to occupying 
the site in 1921. It will not be necessary to use a staff 
of more than three persons in order to carryon the work 
and to be in position to furnish telegraphic reports 
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daily of the variations of the sun for such purposes of 
forecas t ing or otherwise as the Wea ther Bureau and oth­
ers interested may desire. This may be done. I am sure at 
the cos t 0 f $8000 a year. 

Very truly yours. 

~ce.::gj:~~£ 
Assistant Secretary 

Despite Abbot's intentions to expand the APO's solar-constant program, the Smith­
sonian did not have available funds. Until 1920, much of the support had been coming 
from a bequest to the Smithsonian from Thomas Hodgkins,14 but this fund could not 
support expansion of the program. Abbot's only recourse was a direct request to Con­
gress supported by some lobbying from the scientific community. 

The University of Chicago 

Yerkes Observatory 

Williams Bay, Wis. 


October 14, 1919 

Honorable Charles D. Walcot t 
Secretary of the Smi thsonian 

My dear Dr. Walcot t: 
I am very glad to learn that a plan has been proposed 

for the establishment of a station at the cloudless point 
of Bagdad, California, for continuing the invaluable 
researches 0 f the Smi thsonian As trophysical Observatory 
on the changes in the radiation of the sun. In my opinion 
there is not a more important study being made in astro­
nomical science. reckoned by its possible benefi t to the 
human race. 

If the committee having charge of the mining inter­
ests of the country was approached for a small 
appropriation to study methods by which variations of 
from five to ten per cent in the production of coal could 
be brought about, it cannot be imagined that there would 
be any hesi tation in making the necessary appropriations 

14 A reclusive English eccentric resident in the United States who supported the study of the influence of the atmosphere on the well-being of 
humanity. 
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and initiating the researches at the earliest possible 
moment. The argument is only stronger when we consider 
that the sunshine is free for all, shining alike on the 
just and the unjust, that it cannot be exploited for the 
benefi t of any particular group of promoters. This very 
fact that such researches cannot be capi talized for the 
benefit of special interests makes it a reason why the 
support of Congress, the guardian of the interests of the 
whole people, mus t be asked. 

Very truly yours. 

E:dwin B. :lroji 
Director of Yerkes Observatory 

The Smithsonian's solar constant program received other endorsements, including one 
from George Hale at Mount Wilson and from William Wallace Campbell, director of 
Lick Observatory. However, even with the compassionate appeal from Frost, Abbot's 
request for a $25,000 Congressional appropriation failed. 



Chapter 2 


Finding a Mountain 


Although the funds needed to expand the APO solar constant program were not in 
sight, Abbot confidently continued his search for a location in the United States to re­
place the unsuitable Mount Wilson. He informed Charles Frederick Marvin, chief of 
the United States Weather Bureau, that the desired qualities were cloudlessness, uni­
formity of sky, elevation above the surrounding country to avoid the dust of the plains, 
and an isolated but accessible and habitable mountain site. 

Marvin ordered a special research effort to find such a site. At first, Edgar H. 
Fletcher, assistant observer at the weather bureau office in Phoenix, Arizona, made 
two journeys to prospect for suitable mountains. After surveying the deserts of the 
Southwest, Fletcher recommended Table Top Mountain twenty-five miles south and 
Montezuma Peak fifteen miles northwest of Maricopa, Arizona; Black Peak near .Ajo, 
Arizona; two peaks in the Mohawk Mountains between Gila Bend and Yuma, Ari­
zona; the Chocolate Mountains thirty miles north of Yuma; San Jacinto Peak near 
Idyllwild, California; the Calico Mountains ten miles north of Daggett, California; Old 
Dads Mountain fifteen miles northeast of Bagdad, California; Sugar-Loaf Peaks in the 
San Bernardino Mountains near Barnwell, California; Kessler Peak five miles north of 
Cima, California; Crescent Peak twenty-five miles northeast of Cima near Crescent, 
Nevada; and Mount Harqua Hala seventy miles northwest ofPhoenix near Wenden. 

From this preliminary list, Marvin recommended the mountains near Cima/5 

Bagdad16 and Wenden for further evaluation; he thought these sites were the most ac­
cessible. Marvin contracted local residents to make daily observations of the amount 
and kinds of clouds, direction and velocity of the wind, and the visibility at seven and 
nine o'clock in the morning, noon, and three and five o'clock in the afternoon. These 
special observers began recording data in December, 1919, with the objective of con­
tinuing for one year.17 

" Between Barstow, Calif. and Las Vegas, Nev. 

16 Between Barstow and Needles, Calif. 

17 C.G. Abbot, "Values of the Solar Constant, 1920-1923," Monthly Weather Review, February 1922, p. 71. 
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With the site selection process underway, Abbot also found the much needed 
financing, at least enough to get started; John Augustus Roebling of Bernardsville, 
New Jersey, came to the rescue. He was a son in the Roebling bridge-building family18 
and chief heir to the fortune earned by the Roebling Iron Works of Trenton, New Jer­
sey. After a brief period with the family firm, Roebling devoted himself and his inheri­
tance to his own private chemical research and to worthwhile efforts of others. Hoping 
for a modest gift of $5000, Abbot first met with Roebling at the Plaza Hotel in New 
York City on May 15, 1920. To his surprise he came away with $8000 and later, on 
June 3rd, received $3000 more. 

With Roebling's financial support and approval, Abbot first moved the station 
in Calama, Chile, to a more remote location, "about 2500 feet higher and about six 
miles away," in the Chilean mountains near Montezuma. 19 Although the observing 
conditions in Calama were acceptable, at times drifting smoke from a mine at nearb-y 
Chuqui, and from the residents of Calama burning their trash, interfered with observ­
ing the sun. Abbot planned to use the remaining funds to establish his new field sta­
tion in the United States and to help keep both stations running. 

Anxious, in hindsight perhaps prematurely so, to begin the second permanent 
field station by June 1920, Abbot believed data collected at Cima, Bagdad and 
Wenden were showing that Mount Harqua Hala near Wenden was going to be the 
winning site. Reportedly, on almost 60 percent of the days at Wenden the sky did not 
exceed 10 percent cloudy in the morning hours. Considering information from 
Fletcher's field reports, and other weather bureau data that showed Yuma and Needles, 
California, had slightly better skies, Abbot also favored the Wenden location because 
"the prevalence of dwarfed vegetation in the desert and upon Mount Harqua Hala 
would tend to keep down dust." In addition, the mile-high altitude of this mountain 
was 3700 feet above the surrounding countryside.20 

Abbot first inspected the Harqua Hala site the summer of 1920, stopping in 
Wenden on his way by train from Washington, D.C., to Mt. Wilson. 

0/ea/b 0/i/. J%~ 
_Yu>~d;;;/I~_eilo'41~ a;tkn£Kj/n/~nl9 21 a~aJb~/£fo//t/ 

o/'cdrL ~/u~)d;;;/I~ a/{~ tH>~/mn4a~II;1vnieYtpA£eavn/ life 
jl4'~~doJjp/tvai04;Y041/ life tnUM1.lai1l; Yr/#Altltjl/d/l~ 041/ 

------''---""­

" Builders of the Brookl}'TI Bridge. 
)9 TIre new Chilean station was in operation by August 3, 1920; Abbot suggested naming the field station "Roebling," but the station director 
later selected the regional name "Montezuma." 
20 Abbot, "Values ... ," p. 72. 

http:countryside.20
http:Montezuma.19
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21 In 1995, the "concrete hotel," which had most recently been a bar, was for sale. Standing in front of the building, with keen eyesight or bin­

oculars, you can see the old APO field station about fifteen miles away on top ofMount Harqua Hala. 

22 Today, the trail to the top of the mountain and the old observatory building are within the Harquahala Wilderness Area, beautiful, but vi­

cious desert. This trail ascends over 3200 feet in approximately six miles. Although marked with cairns, at times it is difficult to follow. It 

should be attempted only by experienced desert hikers. 

23 During settlement of the West, soldiers would flash Morse code messages from mountain tops. 
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Abbot stayed in Wenden for a week, hiking twice to the proposed mountain-top site. 
Before leaving on June 28th, he agreed to a contract for construction with Thomas 
Banks and Frank Lucas.24 

Wenden, Arizona 
June 28th, 1920 

We hereby propose to furni sh necessary sand, water, rock 
and adobe, to pack from Wenden to the summit of Mount 
Harqua Hala, necessary building materials, and to erect 
in a workmanlike and substantial manner on the site 
agreed upon a building as per plans submitted by e.G. Ab­
bot acting on behalf of the Smi thsonian Insti tution of 
Washington, said building to be made ready for occupancy 
on or before September 15th, 1920. In compensation the 
said Smi thsonian Insti tution shall pay for said packing 
and said erection of the building, two thousand nine 
hundred dollars. 

Signed, 

'Jri1 BankJ & :lrank ofucaJ 

In addition to the construction contract, J.E. Matteson, a Wenden merchant, agreed to 
obtain the necessary construction materials from Phoenix for an additional $800. 

Also, before leaving Wenden, Abbot obtained authorization to use the summit 
of the mountain from a reclusive miner who held mining claims on Harqua Hala. 

Rigkf ofoccupan.c,! 

permit fo buld, mainfain, occup'!, and operate an, obJervafo~ bui!JiYUj, 

/or fke purpoJe ofaJfron.omical inveJfigafion. 

Said budlliYUj beiYUj Jituafed on fke new Sfafe no. f miniYUj 

claim owned curd in pOJJeJJion b,! fke un.derJigned William B E:IAJon 

>< 1991: The contractor's son, Westley Banks of Oregon, has the original contract. 

http:Lucas.24
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of Wenden yuma Co. .Arizona. grantor of tkin permit to Cr;;. _Abbot 

of Wajkington :1).C agent Ot' agent in /act for tke Smitk:Jonian ..9-ruti­

tute, Wajkington:1). C 
3n CJranting tki:J permit tke under:JiCJlWd William B. llA:Jon 

waive:J aftand :Jingular any ro:JporuibiAty fIYJm ~ or injury to :Jaid 

bUilding or to tke occupant:J, content:J, irutrumeni:J, potj, pam, cIYJch:J or 

bIYJhen cIYJch:J, or any pIYJperty wkat:Joever tkat tke Smilk:Jonian !Jrutilute 

or ilj agent:J may kave tkero. 

Plans were that Abbot's field station director in Chile, Alfred Finley Moore, would 
transfer back to the United States and direct the new field station on Mount Harqua 
Hala. With family in southern California, Moore looked forward to the new station 
which Abbot described to him. 

Pasedena, Cali f. 
June 28, 1920 

Dear Al fred: 
I am just in from Wenden, Arizona. I contracted for 

a building of adobe as mud of the best quality lies within 
a quarter of a mile of the summi t. I build on level ground 
thus: that is a cellar half underground, the other half 
banked up to top of cellar. Dwelling house above of four 
rooms. Cellar ten feet by thirty feet, dwelling house ten 
feet by forty feet inside. Instruments all in the cellar. 

There is a miner about one and a half miles beyond 
the observatory who has animals and garden and is a good 
sort. There is no water wi thin one and a hal f miles, 26 but 
with eavestroughs and a 500 gallon tank we shall get some 
water from rains. I think I may engage a young ex-soldier 
at Wenden as camp rustler and assistant. I expect to be 
there myself from September to January. 

Yours truly, 

~cc.::#J~::V"~ 

2> Initially, Abbot established a verbal agreement with Ellison. 'This document, in Ellison's handwriting, is dated January 17, 1921. 
26 Harqua Hala is derived from Aha qua hala, Mohave Indian for ·water there is, high up· - RG. Willson, "Arizona Days," Arizona Maga. 
zine, Jan, 5, 1969. Although dry today, you can still find the site of this spring on the trail. 
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From California, where he, his wife Lillian and APO assistant Loyal Blaine Aldrich 
were conducting the APO's last summer of solar constant observing on Mt. Wilson, 
Abbot oversaw the construction of the Harqua Hala field station and laid plans for 
moving in, in September. Much of his communication with the Smithsonian was to 
Harry W. Dorsey, chief clerk. 
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On August 17, 1920, Abbot received word that the field station on Mount Harqua 
Hala was completed, well ahead of schedule. 

jltNUlt ~pn' 
_~kqnJ:/b' 2" /gPO 
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Chapter 3 


Moving In 


Accompanied by APO assistant Loyal Aldrich, Abbot returned to Wenden about Sep­
tember 20, 1920. They brought the solar-constant observing instruments from Mount 
Wilson. Since his last letter to Harry Dorsey at the Smithsonian, Abbot had hired his 
cousin Keg Greeley as the field station assistant or, as Abbot called the job, camp 
rustler. 

Abbot's wife Lillian, who had been with him on Mount Wilson throughout the 
summer of 1920 experimenting with solar cooking, did not travel to Harqua Hala. In a 
letter to Walcott Abbot explained, "There is so much necessary to do for the work on 
Mount Harqua Hala that I did not feel I could spare the time to equip a domestic estab­
lishment that would pass muster with a woman." Instead, Mrs. Abbot stayed several 
weeks sketching scenes on Mount Wilson and then moved to a little apartment in 
Pasadena, California where Abbot planned to meet her in January before returning to 
Washington. 

Packing the observing equipment and living supplies up the tortuous trail, on 
the northwestern slope, to the summit of Harqua Hala proved more difficult than Ab­
bot and the local hands from Wenden expected. On September 30th he wrote Dorsey, 
"Our equipment is all up today and in fine shape and nearly all ready to use. It has 
been a hard dangerous job but fortunately there were no accidents, though one close 
escape. The work takes much out of the animals and is a nerve racking job for the 
men. We hope to observe tomorrow." In a postscript, Abbot added, "It is not likely we 
can correspond inside one month. I may be able to telegraph and receive telegrams af­
ter a little." 

Aldrich stayed on Harqua Hala long enough to help get the field station up and 
running, leaving after Keg Greeley arrived the first week in October. The plan was to 
have Aldrich return to this station in January, replacing Abbot and filling in as station 
director until Alfred Moore completed his transfer from Chile, after taking four 
months of accrued vacation. 

17 
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Busy setting up the observing routine and making the instruments work cor­
rectly, establishing a heliographic link to the Bunker's hotel in Wenden for ordering 
supplies and relaying telegrams to and from Washington, and training Greeley, Abbot 
simply did not have time to write to the Smithsonian until late in October. By then, in 
a letter to Secretary Walcott, he first revealed the bittersweet nature of field station 
work and some difficulties peculiar to Harqua Hala. 

M;~La/ !:#~jllL 
.g~/U2.5; j9P{) 
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Abbot's letters to the Smithsonian always praised his field station staffers. After only a 
month in Arizona, he wrote to Secretary Walcott, "The more I work at Harqua Hala, 
the more impressed I am by the enormous amount of splendid work Mr. Moore and his 
assistants have done in South America." Abbot also was impressed with his camp 
rustler. 

It was obvious that Abbot valued assistants with "an ability to live pleasantly with oth­
ers so on an isolated desert mountain they would not be sticks in the family." The right 
individuals were so rare, and Greeley so exemplary, that Dorsey finally convinced the 
Commission - The Civil Service Commission to waive its required examination be­
cause "angels seldom came under its jurisdiction." (In later years, G. Edward Pendary, 
science editor of the Literary Digest, called the APO field observers "heroic sentinels 
of science."i7 
Z1 Bessie Zaban Jones, Lighthouse of the Skies, The Smithsonian Astrophysical Observatory: Background and History 1846-1955, Smith­
sonian Institution, Washington, D.C., 1965, p. 328. 
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William Ellison's presence on Harqua Hala and his willingness to serve as Ab­
bot's supply link to Wenden and water were also immediately apparent. Abbot, 
Greeley and Ellison quickly built a friendship on this desolate mountain. 

Abbot paid Ellison to replenish the observatory's water tank and to bring up supplies 
and mail delivered by Wenden merchants to the bottom of the mountain. Water was to 
be a continuing problem: when it rained the eavestroughs could collect some water 
from the roof of the observatory. But the observers could not count on frequent rain, 
so several times a week Ellison hauled water from a spring at his camp. Establishing a 
routine for living, Abbot and Greeley rationed about thirty gallons of water a week for 
drinking, cooking, bathing, dish washing, laundry and processing photographic plates. 

As Keg's mother could read in his newsy, unscheduled letters, the observers did 
all their own housekeeping, instrument and building maintenance, and doctoring. 

28 Later Greeley wrote, "Mr. Ellison doesn't make very much at mining. He has a few gold bearing ledges. Before we inhabited the mOWltain 
he used to grind out ore with the burros and get enough gold dust to live comfortably on. Now he lives on what we give him for packing our 
provisions. Like all prospectors he is waiting to sell to some company who will operate on a larger scale." 
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The need for improved communications and access to the top of Mount Rarqua Rala 
remained at the top of Abbot's list. Anticipating another chance to convince Congress 
of the necessary appropriations, he surveyed a route for the road through a canyon 
down the more gradual northeastern slope. 
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Jj~Jjak 
~20, /920 

Forever optimistic, Abbot was more positive about the proposed route for the road 
than Greeley. Leaving his assistant alone to run the field station the best he could, on 
the way to Washington, Abbot telegraphed to Walcott: 

Ashfork. Arizona 11-22-20 Starting Eas t arrive Washing­
ton Wednesday morning. Road requires six miles. All good 
road rna terial. Grade one in ten no bridges eu t s or 
swi tehbaeks. Four miles easy made sample dig at rate two 
feet per hour. Estimate this part twelve thousand 
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dollars. Two miles harder rock work required but rocks 
loose and broken plenty gravel fill. Estimate this part 
thirteen thousand. Total twenty five. Am bringing photos 
and informa t ion. Abbot 
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Chapter 4 


Aiming at the Sun 


On Harqua Hala, the observers aimed a variety of instruments toward the sun: they 
had a theodolite for measuring the sun's altitude above the horizon, and two silver-disk 
pyrheliometers and a pyranometer for measuring the energy of the sun. The pyrhe­
liometers were mercury thermometers with shutters to open or close at set intervals; 
this action and the resulting thermometer readings provided a means to calculate heat 
both from the sun's direct rays and from rays reflected or scattered by the atmosphere. 
Conversely, the pyranometer, looking like a glass dish, was an electric instrument that 
measured heat from the atmosphere around the sun, excluding direct rays. 

Readings from these instruments supported primary data from a recording 
spectrometer-bolometer, an electrical thermometer that Abbot claimed to be sensitive 
to a millionth ofa degree. 29 Briefly explained, the bolometer used on Harqua Hala con­
sisted of two very thin, narrow strips of blackened platinum, each built into half of an 
electrically balanced battery-charged circuit The bolometer was housed in the base­
ment of the observatory where one strip was hidden from the sun, the other exposed to 
a beam reflected from a coelostat - two opposing mirrors outside that tracked the sun's 
movement across the sky. Before it hit the bolometer, the incoming sunbeam passed 
through the spectrometer, which spread the beam into a spectrum, and through a rotat­
ing sector or beam chopper, which controlled the intensity of the beam. 

The exposed platinum strip of the bolometer absorbed 97 percent of all parts of 
the sun's spectrum. Thus, the sun's energy heated the exposed strip and caused a 
change in the electrical balance of the bolometer's circuit This produced a current 
flow on a galvanometer - a gauge that measured very small changes in electrical 
current 

To record data from the bolometer, the observer captured a secondary beam, 
split from the beam reflected into the dark basement This beam fell on a very tiny mir­
ror attached to the string "needle" of the galvanometer that reflected it, as a period-size 

29 Abbot, The Sun, p. 82. 

25 

http:degree.29
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spot, onto a photographic plate. As the galvanometer mirror moved in proportion to 
the rise and fall of temperature on the bolometer strip, a clock drive scanned the spec­
trometer through the spectrum and simultaneously moved the photographic plate. In 
seven minutes this apparatus scanned through the solar spectrum and produced a re­
corded plot of energy versus wavelength of the spectrum. During each seven minute 
run, the observer operated the rotating sector so he could compress the entire expanse 
of energy plots onto the eight-inch wide photographic plate. 30 

'" Intensities of various parts of the soo's spectrum differ enormously, being very slight in the ultraviolet and violet and very high in the red 
and infrared. 
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Work on Harqua Hala began at sunrise. One observer would prepare breakfast in the 
upstairs living quarters, the other the instruments outside and in the basement. 

Outside, the instrument preparer would first uncover the coelostat. He would 
breathe upon its stellite mirrors and polish them with clean hospital cotton. Then, he 
would set the coelostat in motion, aligning it to reflect a beam of sunlight into the 
basement observing chamber. Abbot described, "It is carefully adjusted until a single 
ray forms its pinhole image of the sun within a little circle, drawn with India ink on a 
bit of cardboard, ten feet back on the wall of the observing chamber. This is our guid­
ing image. All through the observations, we must take care to keep it exactly central 
with the inked circle, so that the main sunbeam will enter the spectroscope squarely. 1131 

Next, the observer carried out of doors a stand holding the two silver-disk pyr­
heliometers and the pyranometer; he aimed these instruments at the sun and briefly 
tested them. Likewise, he readied the theodolite for observing. 

Checking the spectrometer-bolometer was more difficult. First, the observer set 
. the spectrometer to the "oxygen band" at the extreme red end of the solar spectrum; he 
focused this band on the sensitive strip of the bolometer. Then, with the spectrometer's 
shutter closed, at the far end of the observing chamber, he looked for the secondary 
31 Abbot, The Sun, p. 12L 
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beam of light entering at the comer of the chamber, passing through a slot, reflected 
twice and falling upon the tiny galvanometer mirror and then onto the photographic­
plate carrier. He made adjustments by moving tiny magnets on the galvanometer's nee­
dle. Gingerly, so he didn't send the needle of the galvanometer spinning, he closed the 
switch to start the bolometer and made small changes in the balancing resistance to 
swing the spot of light back to zero. Finally, putting everything together, the observer 
set the rotating sector spinning in front of the spectrometer, opened the spectrometer's 
shutter and checked the spot oflight falling on the photographic-plate carrier, carefully 
aligning the carrier so he could record up to six bolographic curves on one plate dur­
ing the day. 

With all instruments ready, the instrument preparer went to breakfast. Usually, 
his colleague had found time to set the page in the field station's record book, placing 
another sheet and carbon paper over it for a copy to mail to Washington. 

After breakfast, if the sky was clear, observing began with a measurement of 
the sun's altitude using the theodolite. Then, throughout the morning, this observer 
would make a series of readings with the theodolite and the two pyrheliometers. 

Reading the pyrheliometers was not easy: it seemed as if seconds galloped by 
and things went wrong. When the observer should have opened the shutter, perhaps 
he left it closed. When he should have merely read the thermometer, he inadvertently 
closed the shutter. Invariably, these slips happened toward the end of an observation 
after four to five minutes of readings, requiring the observer to begin again, though the 
proper time to begin had passed away forever. 32 

Greeley took to the task easily, and by October 20th Abbot had enough confi­
dence in his work to put his readings in the logbook. Usually, he made five sets ofpyr­
heliometer observations a day. The first sets were only ten minutes apart because the 
path of the sun's rays changed rapidly early in the day. Later, a full hour elapsed be­
tween sets. 

Each time Greeley.made a pyrheliometer reading, Abbot was in the basement 
making a seven-minute run with the bolometer-galvanometer. There were sixteen ex­
act instants within the seven-minute run, including times to check the pinhole solar 
image centered in the guide-circle, to open and close the shutter, to start and stop the 
rotating sectors, and to start and stop the runs. During bolometer runs, Abbot also peri­
odically read the pyranometer five times successively, carefully avoiding conflicts 
with the bolometers?3 

Inside and out, everything had to be timed so the observers read all instruments 
at certain intervals, right on the second. 

32 Ibid, p.124 
33 Although the pjTanometer was outside, the observer measured its electrical output with the galvanometer when the bolometer was not 

operating. 
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In one letter to his mother, Keg Greeley explained, "Am sure I'll like this work 
as I learn more about it. Chas is a fine instructor. He has written a book on this kind of 
work describing the process and the instruments. It surely takes a book to describe it. 
Am reading it at piece meals. Every time I take it from the shelf I have to take down 
Webster too, and any words that aren't in there I have to refer to Abbot." 

Abbot found satisfaction in piecing this observational puzzle together. "Every 
pyrheliometer reading affords its moment of expectancy and gratification if it falls in 
nicely. with the series. The bolometric observer has rather less to carry along his inter­
est during the observations, although for him the agreement among pyranometer read­
ings is always to be looked for. At the end of the morning, when he develops the 
photographic plate and sees his five or six curves beautifully superposed, with never a 
mistake marring their similarity, he has a little moment ofexultation. ,,34 

The observing routine was collectively "the long method" because, in addition 
to the tedium of daily observations, the observers spent several subsequent hours, of­
ten falling days behind, "computing" the observed data into a solar constant value. The 
long method used empirical "corrections" for water vapor absorption in the atmos­
phere, and for unobserved ultraviolet and infrared radiation. Langley had originated 
the long method when he first began his solar constant research. 

For more practical daily measurements, Abbot began in 1919 to develop a 
quickly computed "short method" using a "function" that could be determined only 
from an accumulation of long method observations over an extended period at a given 
observatory. Thus, Abbot and his observers had to determine the function of the Har­
qua Hala site before they could make useful daily measurements of the solar constant. 

34 Abbot, The Sun, p. 126. 
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Chapter 5 


Near Disaster 


Although the U.S. Weather Bureau had dubbed Harqua Hala Mountain "one of the 
most cloudless regions in the world," right from the start Abbot and Greeley fought an 
almost overwhelming battle with wind. Combined with the wind, the relatively small 
amount of rain, ice and snow that fell on the mountain were enough to damage the 
adobe structure seriously. By early November, the new building's exterior adobe coat­
ing was falling, exposing the underlying adobe brick And the south wall was begin­
ning to sag, separating from the two story building where it connected with the roof. 
Abbot's trip to Washington, D.C., on November 21, 1920, came at a bad time - just 
when the work at Harqua Hala seemed more than two men could handle. 

With Abbot off to Washington, Greeley was to be alone on the mountain for 
what he hoped would not be much more than ten days the length of the round trip 
from Wenden to Washington. Before leaving, Abbot encouraged his young assistant to 
stay busy, keep up the observing as much as he could, and rely on himself, letters from 
home and Mr. Ellison for companionship. After ten days, there was no sign of prob­
lems in Keg's letter to his mother. 

U~Uak 
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Abbot's trip to Washington stretched to twenty-two days, even longer than Greeley had 
expected; the return trip probably seemed longer than normal because he still did not 
have Congressional funding for the Smithsonian's solar program. Arriving at the 
Wenden train station on December 13, 1920, Abbot was surprised to see Greeley wait­
ing for him. 
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~/de-n; -~rna/ 
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With his ability to take charge, and his multitude of skills, Abbot immediately saw to 
stabilizing the wall, repairing, testing and resetting the water tank, repairing the instru­
ments, and replacing the dry cells that powered the coelostat and spectrometer­
bolometer, all while trying to maintain a reasonable schedule of observing. Within a 
week he could report a completely different situation to the secretary of the Smith­
sonian, in a letter that also clearly outlined the burden of this remote, poorly equipped 
field station. 

" An old Mexican man lived near the trailhead at the foot of the mountain, probably raising a few cattle. 
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~Lb-l~ /JUXI£JUcJ!A/ o/)iWtMW4M"'. _al, c;t;£lruMdzy ~A/ 
odJ-e/t/vU;? /bewentdo.f-lHl/ arL4l/ cv/ldt1~~ /60/uJcI,///ldf/ o/J/p,-R.f 

ai!4-1Lo4W-~dtte /DCZy!L/V. 5I/;/DM& ~l' a/nd'cocl-lLfii£vr4 '/nak 

co//o// ttd:n~ !JiJuLtte!LXIff;1;eO~dJ£t dU'r/tcJ'{-IA/ tfatdoclclHI/UYe 

uHY'nt ne.!"L /no/tyU;/;? aLtJJ:.zddlYVt4-P/£a/ ?letu ea"ltP/t, umy Iu ~ 
a//ldak a/t/t/J//,?:d~/aktatn//le't. attteJ:.z~XIy ILfiU~/U¥~/?,?: 
51/;rttte/~du/v~ at.5 9/t. andtl!e/:fl,dJdl%db-lfO'bclH'k 

V/lcl!k~dr~~JmL£UXIdjd/laJfi~,?~m£j£)///¥ ./%xt 

mo/t//u;:t;?uYeC()//njdtkdtteJofa41d/u-l/&cl;l;JoaLtuXIfft~v/;.ae. ~ 
J:.zd.Ja~ou.ta&wLbLycpV/lotAJ'.J.o. tfatahd~-I?v/lk my 7L)04fl/ 

drLJcI~~dwd.J Ju/'i1£!4eituXILtIo£t¥Io,dbd!£o/~. 
!:/!?ata/e't,/lOo/NJ&y.tUI/ Iu mp4ldtte1It~ !:/~ m/J-I/?/' 

affdUXI4, JlLJkno;/fcvnd&..nf; a//ldJ-P4Ye/t41,fmvnM~LMLJ~nt. JJeL 

b-lx:vJ/p~-OWt-lJl.d/v/lk tte an:da4td!l!:Nl,JoI/#/tdit. JJrf1-p/U tfa.tJr 
it/;-IL'@ e'/lot~J£t ttd~Je:tMdbve t:Jdod notJNN/r,?o~A/ 0..5' 0/ 
at'L/ WI, a C04njt~k totalio41'. ~~a,!/JCO//l/JeA'7 tte t/?/dJlLumentitf/ 

'/lL4-1fo aJ. acca.4aie aLt evP/b. 

5ockty:, aYe/-l$'ntdo'{'{p/l'Io/~/tv. ~~4041/:rCO//nj'7 ,t,h~d/DCZ~/V 
Oc/LLo/doeO/t47 a/:t/d10.0£1/zd3/ocldo/doo/tLt. !:/Ife//l/aYe &ndujv ,PO 

r/l~nJ. o/-IXIb~ / /ndi; /000Idu/t; a/:t/o&/V / 60/tLJclUl~o/DP~ 

http:Jofa41d/u-l/&cl;l;JoaLtuXIfft~v/;.ae
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By the beginning of January 1921, Mr. Ellison had returned and resumed his water 
and supply runs for the observatory. With a few cloudy days, Abbot and Greeley 
caught up on computing and further improved the equipment set up. 

Despite the early difficulties and near disaster with the wall, Abbot believed 
that the first months of observing on Harqua Hala were more favorable than expected. 
Clear skies permitted observing on more than seventy percent of the days. In addition, 
there was little difference in the clarity of the sky between morning and afternoon, a 
great improvement over the condition on Mt. Wilson. 

Now, Abbot turned his attention to the temporary return of Lloyal Aldrich and 
eventual arrival of permanent field station manager, Alfred Moore. Abbot expected to 
return to Washington by February 1st. Aldrich had already left Washington before 
Christmas so he could move his expectant wife to be with family in the Midwest. 
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36 An inflammation followed by itchy irritation on the hands, feet or ears, resulting from exposure to moist cold. The photograph showed Ab­
bot had wrapped his feet tightly in wool socks and canvas. 



Chapter 6 


Aldrich Returns 


Late in January 1921, Loyal Aldrich returned to manage the Harqua Hala field station 
temporarily until Alfred Moore's arrival from Los Angeles; Charles Abbot left January 
26th to return to Washington. 

Arriving in Wenden, Aldrich was preoccupied with concerns for his wife in 
Milwaukee and their infant son who was having medical problems. Perhaps, much of 
the determination to run the field station, along with the necessary luck, left with Ab­
bot. Immediately, Aldrich's letters and reports to Washington showed how difficult the 
scientific effort and even routine tasks could get on the mountain. The weather and 
day-to-day operations, especially communicating and dealing with Wenden merchants 
Bunker, Wilkinson, Harrington and Matteson, did not start well for Aldrich. 

Z'ea4 ?ItA-. AIkt, 
SUue~teft«le ~~~~~tUt 

~29, '9~ 1,2 aMi I. aMi~~~ 
tUt 4ef.IeIt ~~.~~ tI<Uf de 4«It hu de&t Old ~ 
~ fn ea ~ fJd alt ~ aMi tiu ~~ do4e «/p. 

(')Ht S~~tpJ«It~, ?ItA-, E~ aMi 
4u~~,~«/pde~~ (~hu 
de&t4~~), euetaMidtuf~, ~ 
aMi~, alt ~~ k ~at de /tut, ~~ It6t de&t 
It&Vt ~ aMi ~ k ~ It(J, ~~~ tieJze fn 
4INHe tiHte ~ C(UHe, 

1Ue~~OId~~aMi~~Ut~ 
~,~ «Ie aded E~" k ~9'J'~~ de 
pu.tfn tieM 4INHe tiHte 4fI(Ut" ~~~ 9'J' de ~ 

37 
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~ aMt «Ie Ht4de ~ tfJ, ~~~~ t4at tk 
~tpUt~Ie~~tfJ,~ 
~ tpUt Ht4de. '1fIea E~~ dedded tfJ, 90' d4«Nt 
tJ4t S~ aMt ~ IUtttt ~~ k «PJ«U ~ tk 
~.s,.«Ie~aftS~~~~tfJ,~ 
'1fI~~4~~~. 

. ~~ «Ie ~ tk eIttiIre ~~ tfJ, Wtak 
~~ tJ«It ~~~. s,. '74&1t "7!fd 
~ tk Putit tfJ, ad E~ tfJ, 4tatf tWeJt, 4 datf. ~~ Jet 
fH.(U ~~ aMt '1fI~ hut ~ atd Ut, tk ~ (HO-t ~ 
~ tk HUfIit) tfJ, 4ee ~ (Q<U «p. S(U(J. tJ«It ~~ 
~ d«t tkvt:t ~'t~ aMt ~~ «Ie nut4t Ie ~! 
(E~ u 01 tk ~~ «Ie!Ze aft too. ~ tfJ, ~.) '1fIea, 
E~ tMaitd tWeJt, aMt ~~ «Ie ~~ afHuut 

~~ Ut, Iatde~. AU ~ «PJ«U ~ (Q<U t4at ~ 
«PJ«U IH£et E~ d«t ~ tfJ, 4a4f ~~ HO-t ~ 
~tJ«It~. 

7w Ht4de 4 ttJf4t 01 felt ~ 0I1te'UJe ~~ tfJ, 
Wtak ~~.~ tk ~~ Ht4de «Ie!Ze ~ 
~. 

';'td etIe#t tfJ, IH£et tkM tJ4t ~ euiti ~~ 
HIe '" ~~ I«J-~ tfJ, ~ euiti ~, Ib«t atd ~ 
(Q<U ~ aMt ~ atd tk ~ tfJ, E~ tk 44me datf. 7~ 
eaHte atd ~~! ';'td etIe#t dad euiti~. 7~ Ht4de 
eUll,4U t4at ~~'t 'te4d tk~, ~~ 4aeUt't ttJU 
~ k hut tU~, ea. ';'td ~ tk ~ aeted ~ 
~ -~~aMt fudatd t4at ~ hut&ut tU 

~.~ «Ie dod ~ t4at ~~ Me too. «IIU!1eu aMt 
~P't 4I«f «4e Ut, ~~~~ tued tfJ, 
~It. 

'1fIea. ';'td~~~~P't ~ tfJ, ~ 
P't tk~. "7!fd ~ It Utt6 tk eud6 aMt ~ It dad tfJ, tk 
~. ~ett ~ ';'td eaded 4 ded Ut, ~~:t~ aMt 
~~~dadtfJ,tk~. '1fI~~$lt 
~P't~~~, Said k (Q<U tQzed ~46~ 
P't ~ 1ItIMetf! (JHe 01 tie4e ~ tpUt H4-fe (Q<U ~ 
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~,7~~ «Ie «IeIte aid. &a 1et tiNe t6 dee ~ 
1fI~ In old ~~~ «It- t6 ek top" «Ie hut~. 1'ted 
hut fUJ, ~&a t6 fMUI ad tak. a~. 37 

~ Hte ~~. 1fI~, et at, witt fjet fUJ, ~ 

~~ Hte t6 'l«It fiat~. 'D~~~ ek 
~HVUCIt,~~~~~~46-~'tt 
'jet~, 

1f/ett, t6 ~ r4u ~ t4/e, ~~~ 
faded ek 10 ek, ~, 5 epd, ~ ad ek ~ t:aIt 

fe4kd 46- ?ted hut t6 ~ "'~ tIrip fJ4t, ~ t6 ek 
~ad~ it, ~ iH4tead ot I epd, ataJkt ~ «Ie 46­

dIJu4 tteedd, k 4eItZ I epd, deep &pII 
~~~ fJ4t, 1~ 5 a 4ttJIuK WtU ~ ad 

E~hutt6~9fJ't6~~, ~~~fJ«It~ 
~adk~t69fJ't6~ad~~oat 
ad 'jet 44IIt.e ~~ «Ie tteedd, (?ted hut ~~~ 
euett 46- 1 ~ a ~ CIt, diet tIPJ«U ~ 4/m" 1fIe ~MMe 

fred~, ~, ~, cU, ~ a aft ~ 1UUfI,,) E~ 
;kat~~~ek~~fiat~ 
~ek~, 9'U, cU" ~ 4eItZ ~ oat ek 
~dat4~~~/E~~4/m,"k 
~ k (~) aat ~ at ek ~ aft dat ~ dat tiNe a 
daHuHd t'AtUU- fAI4it4, fn ~II 

1~H«fHeu~~t6~ad"~ 1'tt 
etIait «#fit ~ 4ttJIuK ~E~~ t6 fjet it, 1'"" ~ 
~ ek ~ HUUIe ot~, at Ie44t ~ ek ~~ at 
ek ~ ed, ~ 1 ~ t6, 1'"" 44ItIUf ~~ de 46­

~~aIte't~~, &a 1 e6utt~ huu.1 
C<J«id ~ eUute ~, 

1 ~ tatkd it tWeIt ~E~ad k ~ mtJ4t 
~fiat«le'tt~fjet~~~~, ~ 
~~ k 'jet a ~ I.ad auto. adkep it at ek 
/Mt, 7k. k C<J«id 9fJ' CIt, t6 ~, 'jet fJ«It ~ lifted addad 
fJ4t, top ek 4aHte dat, 1t tIPJ«U de "' «teat ~ad 1 
~ k ~~ a Uttte ~ t6 ttUJ, it. 

)1 The nonnal procedure involved submitting bills to the field station manager; then, he sent them on to Washington for n,'imbursement. 
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1, aHtf ~ 4'te tD. de II«!UIe O«t ~ 1 ~ 
~ thtt 4tUH.e ~ de II«!UIe u" tie ~ atwe ~. 
';Ited ad 1~ t&u (J(IIt,~. ~ad tua4ted IH4I«f ~ 
~~ tD. fJd (J(IIt, ~~, 'U'e UUt fJd ~ 4eWlu 

~ It,~ tie 9aaJi«e tMd ~ fJ«, tiem tD. ~ tiem 
~, ;4,ut tbee u d(J, HI«d tD. M it ~ 4 ftit9 tD. II4e ~ 
(6He fJ«, tiem. 

1IJett. ~~ad~ UIe 4'te ~ tie H«Ut 0.1 
tiell~.~ad~, 

7k ~ u atilt u" ~ fJ«, tie d.a4, ~~ 
~~t~~ad~11ed~ 
~ad~ ,we 4 9fJd deat ~ dette" HUtit 4eWlu. 

~~~, 
B~ 

'PS, Z'fJ«,t ~ UIe ~~~ tD. aHtf 'U'~ 


~, 7k~4'te~(J(IIt,~~, 


Without a reliable service link with Wenden, it was even difficult for the observers to 
get word of these problems to Abbot in Washington: Aldrich's letter of February 9th 
did not leave the mountain for a week and was not postmarked from Wenden until 
February 18th, by which time he had added another letter and another harrowing tale. 

Z'~~. AIk. 
7kt4tee~';eJ II. It ad 13fDe1re~~ 

4«t ~ it ~ad &eeu- 4 tp1e. -6ta ~ tie ~ ((J(U 

te«iIte att~, &d E~ad ';Ited 4aIf it ((J(U tie etJfIIUt 

~4i«e tie ~ ((J(U d«dt, 1d{Ie#tt 4 ~~~ 1 
~e~~ tie ~ tD. 9'J' (VI, tie 4ide ettatt tD. (!(We u". 1 
t;ot up ad~~ 1~~ kueet u" HUf~' 
7~ UIe IUed fIt4. ~ euept 4 ehaUt fdPe ~~, 1e 
de4Aed ~ ad~ Jatd ad UIe t;ot pdt~. 

~~tut4. 
8~ 
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Back at the Smithsonian Institution in Washington, D.C., Abbot was now in a better 
position to manage the financial support from Roebling and address the needs on Har­
qua Hala Mountain. He recognized that continued moral support was crucial for suc­
cess of the observatory and the well being of the observers. One of the first 
improvements he sent to the mountain was "Victor and Columbia records" for the ob­
server's Victrola. 

By return mail he told Aldrich, "We have the financial support to end some of 
the troubles which you so feelingly describe. The question is, how to carry through the 
improvements." Part of the situation was, which problems should be solved by Aldrich 
and which by Moore the permanent field station manger who was still in Los Angeles 
and not due on the mountain until April. 

Through his letters from Washington, Abbot explained to Aldrich some of the 
improvements that Moore was already planning. He said, IIMoore has found a pl~ce in 
Los Angeles where they make up special wireless telephone sets at very reasonable 
prices. I have instructed him that if he is convinced that the sets are satisfactory he 
should go ahead and get the necessary equipment for Harqua Hala. Naturally, it will 
be some time before that is installed." Abbot also asked Aldrich, "Do you think it is 
best to take up the matter of the regular supply service before Moore arrives on the 
ground? I leave it to your discretion. Of course the matter should be kept confidential 
from the people in Wenden and from Ellison too, unless you are quite ready to go on 
with it." Then, two days later he offered more specific advice. 

SMITHSONIAN INSTITUTION 
Washington, U.S.A. 

February 25, 1921 

Dear Aldrich: 


The more I think 0 fit, the more des irab Ie it seems 
to me that you go and see Moore in Los Angeles and talk 
things over, in the light of your information and his, 
before you make any deal with Ellison in regard to the 
weekly mail and supply service which we now have the 
money to inaugurate at any time. Moore proposes to get a 
Ford. We have an appropriation of $250 to build a garage 
for it at the foot of the trail. We have also some unal­
lot ted funds wi th which, if you and Moore recommend, we 
could do something towards promoting the jitney end of 
Ellison's mail service if he should undertake it. 

Very truly yours, 

_Yt~_~b' 
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Time, or perhaps the delay in return mail from Washington, always seemed to help the 
difficult situations for those who manned the Harqua Hala field station: Seemingly, 
writing a letter to Abbot was a way for Aldrich to vent frustrations at the end of a 
difficult week. Invariably, however, a letter full of frustrations was followed in a week 
or two, before receiving a reply from Abbot, by a letter that reflected greater tolerance 
to all the situations and surprises on the mountain. 

~~ata, '1Itt, 
'9~27, 1921 

Z'~1Ik,~: 
'9wfutU tt att ~ tHe ~tAe~, 'rile ~ 

att I,u 4ft4'te ~ a«d a ~~~, 38 

er.lelUf ~~ «Ie tab fUVl, &HftI9 ~ e4Ia ~ t'6 
e~4, tit tAe~, 'rile tdtJ, «4-~aha~, ~, 
de, a«d a ~~ t'6 «4-, 1Qe ~,a~ - dfNHe 

~eak, a.dUlet¥~ (kj«4t~~~), dfNHe 

~fd4Itt~I,u~, ~~~fn~ 
~, de, 'I tItNt, t ~~ «Ie 'd M ~e~, 'rile a tAe 
~ titu ~ fUVl, ~ iete 'rile 4a4, ~~~ t'6 
fJ6 ~ t'6 1Q~aha (UI,U, be ~~ fn «4-, 'It fQtU 

~ a. ~ taa tIMe t'6 ,a fUVl, ~e~ a4- «Ie 

addfn ~ a«d ef.ltW ~ fn k ~ I,u ~~ tit 
~~tAe~~, 

'I ~ k a ~ t'6 fJ6 ~ fAa ~ deca«4e k a 
~ t'61«iU I,u ~fAa~ a«d a~~, 
~, de, 

7~ date «Ie ~~ 1B jedt ~ #Idee tit tAe 
~ a«d ~ 'UJ4M, 7~~~ I«J. tMJIe 
~tIt, 

~~ «Ie Welte ~4 a. td4a ~~ t¥ tAe 
~~~~'I~~t'64ee, 7~ 
~ f.UIJIt4e ~ tAe H«Ude~, ~teadtn~, ~ 
a«d aIUHed t'6 tAe teed, 'I fQtU a. lit UtlIfed a.t ~ lett ~ 
~ r.IeIUf ~ a«d tut4 addfn~' Said ~ Welte 

~~fn ItO# eattIe~, 71,u a a. ~ dIuf 
38 Having also been beaten by Greeley, Abbot wrote, "1 believe Fred must be in league with some powers of the air. . he was quite as likely 
to get a ringer by throwing four feet from the peg as by throwing anywhere near it. " 
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4e44fN1. 46 ~ a«d de e4ttte a«d deep IIIeIt- tVle 4aIut pea, 7~ 
tVle 4()()() deep ~ 1M de ~ f«4t ~ «4-, 7Ue ~~ 
eue'Uf tI4If a«d ~~E~ /In /e4't ~ fJd. ~ a«d 
fUdIt, Ia~, 71e ~~ d4Ut ~ 4- 'UIUt eame 4fNUt, ~ 
~ aft rile ~ tJiM.t, E~~ Me ~ de ~'fd ~ 4­

~~MId 4-11«U-~ a.t &tt ~ aJde aIJtl" -:fte 
~it, 

()we, 1'idJuJta, ~ 1M 4-1<Ut~, 71e ~~ eJ&t 
~ita«d~~~. 7Ue 4<utejdda«d~ 
«Jld ~ I«t it IUtttte4. tlk 4- '() ~ Jd *;fJIUt. 71e ~ tVle 

~ 4- tIHte~. 7Ue deacd ~ bt4«Le a«d tUtt a«d tVle 

~ tut4 ~~~I'fte't~. 7Ue 4tlIt «4e de 
ttPed t61eae~. 9t~ ~~ fhut, ~ a«d 
~~. 7Ue 4<ute Ht4de 4fNHe ~fJatMe4t~, ~ 

~a«d~a«d~ ~Ht4de 4-/bte ~ eak 
tUtt ~ de "Eue/4," ~.~w, ~~ fAa fuUt 
eued. 

Instead of Aldrich going to Los Angeles, as Abbot had suggested, Alfred Moore vis­
ited the mountain field station on March 2, 1921; Moore and his brother, Edgar, drove 
to Wenden from Los Angeles. Spending just one day on the mountain, Moore talked 
with the Wenden merchants and Ellison and spent some time with Aldrich and 
Greeley explaining the improvements he planned to start when he returned in April. 

Aldrich was encouraged by the plans, but knew they would not change his ten­
ure on Harqua Hala. While he was able to improve supply service to Wenden by rely­
ing on Ellison/9 Aldrich's troubles now took a different form: increasingly he was 
plagued with difficulty running the sensitive instruments at the field station and mak­
ing sense out of the scientific data. Results were erratic at best; problems emerged as 
an apparent error in the mathematical "correction factor" used to determine the solar 
constant; the observers applied this factor to the raw data taken from the daily 
bolographs. 

As refined as the scientific procedure seemed, it was still very experimental; 
the scientific work at Harqua Hala could be explained theoretically, but day-to-day im­
plementation was extremely difficult. Accuracy even depended on the eccentricities of 

,. Ellison arranged with Mr. Barnett of Wenden to deliver supplies weekly to the foot of the mountain, at $5.50 a trip. 
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the observers' pocket watches, which they used to time their measurements. Opera­
tional procedures were in the form of a handwritten "precept" that Abbot had left. In 
addition, Abbot continued to suggest procedural changes by mail. 

Coming up with a solid correction factor and resulting solar constant meant that 
Aldrich had to ensure that all the delicate instruments were running correctly, but he 
constantly found functional problems particularly with the coelostat and the various 
beams of sunlight associated with the bolometer and galvanometer. In addition, with 
each tweak of an instrument he needed to verify proper operation with test runs to en­
sure measurements corresponded with previous data. Such test runs required days 
with continuously clear skies, a condition that was increasingly rare because during 
Aldrich's time on Barqua Bala the sky was often hazy. 

Throughout March 1921, letters to Abbot discussed minuscule .changes to the 
instrument setup and the effects on the calculated solar constant. 

~~ 
~10, 1921 

Z>~~,~, 

~CUUf, tiItee tetfe,u elate 1~ 19, 23 attd 2 5 ~ u" 
CUUf, IIUIit fJ«, S~ taa, ~ (ttHJ, IfI4h -~4-II~ 
attd '1Itat4 ~" attd ~4-"'P~ tJ/- tie Autl

' ­

~tiItee~~, 1t4tUut4I ~~ 
attdtle ~~~,407~~ 1'tda 
~4~~, 

'7 ~ 4et t6 ~ t6 tIett?uHUte tie uaIe ~ 
tJ/- tie ~ attd IIUtd t611Vf ~~ it ~~, 
'7~ da~ t6 tie ~, '7 ~ fJ44te tt» ~ fJ«, tie "u ~ 
4i11e, So, '7/ad«tv 4 ~IN~~ tie IIIi!vuJIt fJ«, ~ 
6, 7~ fJ«, ~ " IIVf #z4t~, '7 ~ tie uaIe 
~ [attd ~~Ja4-tpI«-~, 

7k ~ a ~ Ut-~ due t6 44tJ1Zt tJ/-~ 
~'7~~, '7~itatle~tJ/-/PWt 
~,~~attd~~~athJ",e, '74M 
~ t6 CI41'f tie ~ attd (de ~ t4IIe tJ/- tlUJ4ett attd ~ 
~ tfIiIt 4iNNtt ~, 

40 Roebling paid for the calculating machine and had it delivered from Los Angeles. Abbot described it as "very quick for multiplying and di­
viding, which you can do with your eyes shut by simply listening to the ringing of the bell, so it is quite a restful thing to eyes." 
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~~~ fJ«II, 1I~ IIlUfI. 'UUa ~ Ietfe", ad 
~~ eu.ef" 74e ;e~'fJ~, ef,e, ~ IUIt tie ~ 
euJJte ad file ~~ aft tie ~ IIUJIee, ~ file eu.ef, 

~flleClUtU, 
1Wad 'J ~ead. ~4-1.aut dfJ4e tU file CIUtU ~ 

~4-~,41 

74u ~ file hut 'UfiIt, ~ (0. pa tAtee ~ tJ./ 
~ Ut, tIe~, ~ it wilt dtuu tie 4h" pn tie fMUt ~ 
hulee.~ i4w ad~, 

~~~, 
4AUud 

Increasingly, Aldrich's letters showed the physical and mental ups and downs, particu­
larly mental, of life at the Arizona field station. 

~~ 
~/9, 1921 

Z'e4If ~, AJI.t, 
'J 4£eM (0. Ie ~ Ut, da~ tJ./ tie ~ 

~, 7«dee 'J hwe ~tIe~~adhwe ~ 
~u. ,a 'J ~ IIlUfI. it a tU lad tU eu.ef,. 'J wilt AIf (0. tea ~ 
~ '" file M4 tJd a, dtuu 4h,. 

fJlUl-~~ hu IfI4eH, 4iIeee tue ~ ««e (0. 

~~lutlltlf~~hu~ 
~ tU a,~tJ./ da ~~.a-¥. 1e'e~ 
a«,~~ tie ~~ (0. Up ~fJ«II,~, 

~~tw4. 
4AUud 

41 Greeley described them as "baldy hair cuts. If we had on striped clothes would easily pass for two 'birds' from Sing Sing tonight. We both 
had hair long enough to braid and the clippers were decidedly dull so the operation soon turned into a hair pulling contest. " 
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By April, Aldrich obviously had Moore's pending arrival in mind to cheer him up as 
much as possible, as well as an occasional win at horseshoes. However, nothing 
seemed destined to change the plague of the weather or instrument problems. 

~~ 
Aput 4, 1921 

Z'&Vt~. ~, 
1()td t4e /1444i1k e~~~ 16 ad 17 eve ~t 

~a,~~~~ t4e euiJe HUMt4,~~. 
1()e ~ t6 MA4fJe tJ«t ~ 44If4-~~, ad 
(u.~~HtetJd~.1",~t6u~~~ 
ad ~# t4ete etIM a, ~~ ad~ eu da-tt 
eu aNf eve W fJIt, 1/(e. ~.~~~~ teuiee eu 

~eufJlt,~~~. ~~~ 
~1H«d~. 7~ hu I«It lee"" a, ~~ t61H41.e 
~~ Ut t4e ~~~. 1IJe ~ t4e 44IHe 

~w~ad~~UPUtt4e~t4ateveW46 
IH«d a-e 1/(e. ~. 1 ~ t4e ~~hu etWUetIlH«d 
lUte d«4t UtttJ, t4e ~~.~,~~~~, 
~a,~eatHe. 7~~eveWa,~~ad 
~-2~~~/J4,ut~te(4,~~ 
~ a, lUte dI«e~. SJ. 14aue ~~~ t4e ~~ 
~. 

1~t6~~Aput 19cn2(), ~~fNIh 
aaItJ- 4eWlee. 1", t4e t!QeItt~. ~ (4, ~ a, 44If cn~, 1 
aM ~ 'JW eaIt-~~HtetJd~. 1«NJ«U Uk 
~~~t6~fnt4e~~""I~' ,,~ 
Ute 116~, ad 'UUld 1()~ fJIt, 1Ita, 2 cn 3. 

~tulJU~, 
4AtMid 

In a reply dated April 5, 1921, Abbot seemed to know he could not deter Aldrich from 
his planned departure. Abbot wrote, "Mr. Moore reports that it will be impossible for 
him to reach Mt. Harqua Hala until April 23, and he hopes very much that you will be 
there to instruct him in the details of the outfit. I have written that I feared that tele­
graphic communication would be out of the question and so was writing you and that 
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it might be that you would receive this letter too late to alter your plans for that 
purpose." 

~~~ 
AfPUt II. 1921 

Z'~~,~, 
'I~~~«JUut,ee(4,~at~, 'I~f6 
~~~ (JII, de talk a«d rI«4t a«d 44Mt eIIre ~ att 
tWeIt HIe, 7~~~~, 7~~~~Ut~ 
~~ 4#tJUU. ~&4 WJt etNIte, ~ «Ie ~~ a 
~~~ Ut 'aw~, 7~ «JUut (4, ~~, 
1tn~~'I~~a~tleaea4eUt 

~~de~, ~~de~tfIe!ee 
tut4 ~ 1/4 ettW ~~ de 4tJ, a/te't 44#He ~ a«d 
HUtd~, 'I ~ it 4paItt, 'lit de ~~~ de 
~, 'I HI4de ~ (()DIt4e a«d ~~~ de 
~, 'I ¥"t de wAJe ~~~ f6patd 
tk."fJ-, 'I daN ~ etUVt4e ~ iU ~(~ 'I rp:t 
a~~), 

'I~~~, ~dat'l~AfPUt20a«d"~ 
~t a«We ~ '196. 'I'tt ttIf f6 ~ att ~~ 
";W, ~4tu~~~~~,

114 ~~Ut (JII, AfPUt 20 witt de de ~ fMte 

'I'ue~, 
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Chapter 7 


From the Comfort of L.A. 


While Loyal Aldrich struggled to keep the Harqua Hala field station running, his re­
placement, Alfred Moore, was in Los Angeles. Staying at the home of his brother Ed­
gar, Moore was using his vacation time before he completed his transfer from Chile to 
Harqua Hala: He was tending to problems with his eyesight, making arrangements for 
his move to Arizona, and looking forward to marrying Miss CheBa Moore42 in early 
March and a planned honeymoon at the Smithsonian's cottage on Mount Wilson. 

753 Carondelet St. 
Los Angeles, Cal. 
February 3, 1921 

Dear Mr. Abbot: 
I was down at Chella' s horne last evening, and her 

mother seemed anxious to know jus t wha t the Ins tit u t ion 
had at Harqua Hala in the way of bed and table linen since 
she said she wanted to have Chella take all that would be 
necessary for our new horne. Since Chella is a brave 
enough girl to be willing and even anxious to go up there 
wi th me, I certainly want to do all in my power to make the 
place as cozy as possible for her. 

If I thought that I would have any use of it in Ari­
zona, I would buy me a Ford automobile. If a strong garage 
could be cheaply constructed at the foot of the trail, we 
might get a good deal of use out of the machine even 
though we had to walk the five miles up and down the 
trail. It would at least break the monotony of having to 
stay at the observatory continually. 

Yours sincerely, 

A4aulF.H~ 

42 Apparently, Alfred Moore and Chella Moore (Orange, Calif.) were not related before marriage. 

49 
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Anticipating having his wife at Harqua Hala, Moore asked Abbot about his annual sal­
ary. "You mentioned $2500 and my subsistence. Of course, CheBa will be with me 
most of the time. While she isn't a direct employee of the Smithsonian, and under ordi­
nary conditions would not be supposed to share in the subsistence arrangement for her 
husband, still she will doubtless have a good deal to do in the subsistence department 
and will make the place more livable for both observers. As Fred will doubtless eat 
with us, I suppose this will have to be considered in arranging things also." 

Moore and Abbot corresponded often between Los Angeles and Washington. 
They needed to arrange for further outfitting the Harqua Hala field station. Abbot was 
finalizing the financial support promised by John Roebling. 

SMITHSONIAN INSTITUTION 
Washington, U.S.A. 

February 9, 1921 

Dear Al fred, 


In regard to the bed and table linen and table serv­
ice on Mt. Harqua Hala, there are six sheets, six pillow 
cases, six blankets and two eiderdown blankets, either 
six or twel ve small Turkish towels of very ordinary 
quali ty, almost nothing in the way of dishtowels or 
cloths, no tablecloths, a large lot of paper plates and 
paper sauce dishes, six plates, six cups, six saucers, 
six each 0 f knives, forks, teaspoons and tablespoons, 
six oatmeal dishes, four vegetable dishes, and qui te a 
collection of cooking utensils. All of the table service 
is of a very ordinary variety, although the knives, forks 
and spoons present rather a brave appearance. I believe 
there are a lot of paper napkins, but no linen ones. 

Your suggestion to procure a Ford automobile is a 
very excellent one. I will include the proposed garage in 
my discussion of the financial question and will let you 
know about it in a few days. 

Very truly yours, 

-~~j;~£ 
Assistant Secretary 

The much needed financial support from John Roebling was a breath of life for Ab­
bot's hopes for improving the APO field station on Mount Harqua Hala. 
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SMITHSONIAN INSTITUTION 
Washington, U.S.A. 

February 15, 1921 
Dear Al fred: 

I visited Mr. Roebling a few days ago, in response 
to his invitation "to discuss what might make life more 

.1 i vable on Harqua Hala. " He has approved and given us 
·money to carry out the i terns below. 

Mail and supply service, 1 year. $750 
Wireless telephone. . $1000 
Cottage for director....... $2500 
Two cement tanks ......... $1000 
Garage at foot of trail ...... $250 
Furni ture and furnishings .... $500 
Paint and brushes .......... $100 
Books and musical records ..... $200 
Foot power lathe. . . . . . . $200 
Meteorological instruments ... $200 
Monroe calculating machine ... $300 
Grinder and small tools ...... $100 
Fly screens. . . $100 
Pressure cooker .......... $100 
Stoves ................ $100 

Total ...... $7400 

I would like to have you satisfy yourself that the 
wireless telephone outfi t proposed will answer its in­
tended use. 

The matter of the mail and supply services, I have 
entered into cons idera t ion wi th Mr. J. E. Matteson. 
postmaster at Wenden. 

In regard to the cot tage, I think it should be lo­
cated at several hundred yards distance from the obser­
vatory. preferably to the northeast to avoid 
contamination of the atmosphere by smoke issuing from 
the fires in the cot tage. There should doubtless be a 
couple of small out buildings which you will attend to, 
one for the house and one for the observa tory. 43 As you 
are to 1 i ve in the house wi th your wi fe, I think you 

43 If this is a reference to toilet facilities, it is the only such reference in all the correspondence about the Harqua Bala field station. 
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should be the one to choose the plan, the material and 
arrange for the construction of it. 

As for the garage at the foot of the trail, I had in 
view one of the ready-made structures which are now upon 
the market, but it might be necessary to add something to 
the securi ty of it, and also you would doubtless wish to 
put irons on each of the four wheels of your Ford so that 
even if evil disposed persons should break into the ga­
rage they would still not be able to use the car. 

As to the furniture and furnishings, they would 
evidently comprise two beds for the cottage, and such 
chairs, bookcases which are always necessary to make a 
house comfortable. In addi tion, there should be certain 
bookcases and tables and easy chairs for use at the ob 
servatory, but you can best select what will be needed 
after a visi t there to see what is on the grounds at pre­
sent. It is not necessary to spend all this money at the 
moment unless you see how you need to spend it, for it 
will be continued as the Roebling Fund until exhausted, 
whether this year or in some future time. 

Wi th regards to the paint and brushes, I shall order 
so much of these directly as are needed for coating the 
outside of the observatory, for the plaster has, much of 
it, fallen away, and the rest of it is loose. 

We shall also spend a considerable part of the ap­
propriation for books and musical records from here, and 
purchase the foot power lathe perhaps in Bal t imore or New 
York. The recording meteorological instruments, Monroe 
calculating machine, grinder and tools are also being 
taken up from here. 

You will attend to the proper screening of the ob 
servatory and cottage against ies, scorpions, centi­
pedes, tarantulas, and other venomous creatures when you 
arrive. 

Mr. Roebling and I thought Miss Chella might like 
one of the pressure cookers which are coming into such 
extens i ve use in your neighborhood, and as to the stove, 
we leave you free to select whatever you wish for in that 
line. Our experience with the Coleman blue-flame stoves 
is like that of Longfellow with the little girl when 
they are good they are very. very good, and when they are 
bad they are horrid. 
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As for lamps, there are several ordinary small 
kerosene lamps and lanterns on the mountain now, and you 
will find that there is nothing equal to the Coleman man­
t le lamp which burns gasol ine, one 0 f which we have in the 
observatory and another of which you will evidently want 
for the cot tage. 

Mrs. Roebling also takes an interest in the station 
and has suggested that she should subscribe for certain 
magazines, including, I believe, Life, Li terary Digest, 
and others, as well as certain books, humorous and 
otherwise. 

Very truly yours, 

_cc.~_~£ 

Alfred Moore had not yet been to Rarqua Rala; his impression of the place had all 
come from his correspondence with Abbot. While the list of improvements seemed 
impressive, the comment about the building's outside plaster must have confused his 
mental image of the new building. And perhaps he wondered about all those venom­
ous creatures that he would have to screen out. To get a better feel for what was 
needed at the observatory and to see if the place would be suitable for his wife, in 
early March Alfred Moore visited Wenden and Rarqua Hala Mountain (see previous 
chapter). 

753 Carondelet St. 
Los Angeles, Calif. 
March 9, 1921 

Dear Mr. Abbot: 
Edgar and I returned from Wenden this morning, ar­

riving at seven o'clock after an all-night ride in his 
auto. We left here last Friday evening, going as far as 
Banning that night. The next day we had 90 miles of 
abominable road to contend wi th, as well as engine trou­
b le, so we only got to Blythe on the Colorado River that 
night. The next morning we discovered that we had broken 
a leaf of a spring the day before, and this held us back. 
the rest of the trip. We got to Wenden about five o'clock 
that evening (Sunday). and after making the acquaintance 
of Mr. Matteson, and having him tell us how to reach the 
foot of the trail, we proceeded. I had never heard of the 
old Mexican living there, and my meager knowledge of 
Spanish came in good place, for he told us how to find the 



54 HARQUA HALA LETTERS 

trail in the pitch dark. I guess we were pretty lucky, for 
wi th the aid of our flashlights we went right up to the 
observatory wi thout any trouble. We got up there about 
eleven 0' clock, being three hours on the trail. 

Aldrich and Fred were very much surprised to see us. 
We pu t in the next morning discuss ing rna t ters wi th Ald­
rich and Ellison. We left about two o'clock. We made 
Parker that night, and left there yesterday morning for 
the trip home across the desert, via the Parker cutoff 
road. It was pretty bad too, so doubtless the longer 
route via Needles is the best way to go by auto. 

Aldrich and I talked over many things in regard to 
the present and proposed arrangements. One of the most 
important things considered was the matter of the mes 
senger service. Probably the best arrangement would be 
with Mr. Ellison, since he had expressed a willingness to 
do it. 

I have bought me a Ford auto, for $750, but since it 
is brand new and has an electric starter and several 
other extras, I would of course prefer not to have other 
people run it. It seemed to Aldrich and me that it might 
be best to purchase a secondhand Ford truck for the use of 
the messenger. If approved by you, I will get the auto 
here in Los Angeles. I think I can get a sui table truck 
for about $300 or less. I would drive it out to Wenden 
when I go the first time. I would stay about a week or so, 
to get the present quarters in shape for Chella, and then 
return here and take her out. I think it would be best to 
defer the actual building of the cottage until after I go 
out to stay. Mr. Ellison expressed a willingness to help 
us build the garage, and I think he would probably like to 
help on the cot tage too. 

The old Mexican said we could put the garage at the 
foot of the trail, but from what Ellison said, I'm not 
sure that the Mexican has much ti tle to the land. How­
ever, we want to keep on the good side of him, for his be­
ing there will be a good deal of protection to the garage. 

Here in Los Angeles, I started the man to work on the 
wireless telephone this afternoon. He agrees to make all 
the wireless apparatus except the aerial, gas engine and 
dynamo, for $185 for both ends. He agrees to tes tit out 
to my satisfaction for a greater distance near here. He 
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says he is giving us a price of actual cost plus 10% since 
he thinks it will be good advertisement for him. 

Since we have to get a small gas engine anyway. it 
seems to me that we should get a 30 vol t dynamo too. to 
charge the storage batteries44 as in Chile. 

I wonder if the Institution would object to paying 
Edgar the equivalent of the round trip rail and sleeper 
fare that I would have had to pay had I gone on the train. 
The single rail fare is $21.19 and the sleeper $4.86. The 
wear and tear is pretty heavy on a car on a 700 mile trip 
over such roads as those. 

Sincerely yours. 

A~ F. 11iUJM, 

A week after his first visit to Harqua Hala, Alfred and CheBa Moore were married on 
March 16, 1921, in "a quiet little home wedding." While at first he did not voice his 
opinion about the conditions on Harqua Hala, a tone of disappointment began to grow 
with each letter to Washington. In addition, his honeymoon to the Smithsonian's cot­
tage on more accessible Mount Wilson seemed to set his opinion that the APO's field 
station should have been moved to a better location within the mountains of Southern 
California, instead ofArizona. 

I1t.W~ 
11~ 2~, 1'i21 

.... The storage batteries provided electric power for the observing instruments. 
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Of course, at the other end Aldrich was prodding Abbot to get Moore to Harqua Hala 
before he left on April 20th. His mind was set to return to his family and on to Wash­
ington; Aldrich had already told Abbot, "My walk down hill on April 20 will be the 
happiest one I've taken." He was simply not going to delay his exit from Harqua Hala, 
even if it meant a lapse in the solar constant work. Nor could Moore pull himself away 
from Los Angeles any sooner; he was busy with last minute plans and "many social 
events planned in our honor since our return from Mount Wilson." It seemed Moore 
dreaded leaving civilization as much as Aldrich wanted to return to it. 
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Jamieson Apts. 
915 S. Carondelet St. 
Los Angeles, Calif. 
April 17 , 1921 

Dear Mr. Abbot: 
I have certainly been kept on the go, and I don' t see 

how I could have reached Wenden by the 20th. Considering 
Aldrich's report of the weather conditions at Harqua 
Hala for the same period, I think much bet ter condi t ions 
prevailed at Mt. Wirson. On only one day observations 
would have been impossible al though there was consider­
able haziness on many days. 

I have bought a secondhand Ford truck. furI].i ture 
for the present house and gas engines for the wireless 
outfi t. The wireless man has been held up in getting some 
of the things for the out fi t. 

I have wri tten to several building material firms 
of Phoenix getting their prices, but want to confer wi th 
Mr. Ellison before takingdefinite steps with the new 
cottage. We drew up some plans while on Mt. Wilson, but 
have not decided definitely yet just what style of house 
we will build. 

Sincerely yours, 

A4uJ. F. HIJ~JIL 
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Chapter 8 


Moore's Attitude Arrives 


As both had planned, Alfred Moore left Los Angeles on April 20th headed for 
Wenden, Arizona, the same day that Loyal Aldrich left Mount Harqua Hala. From the 
mountain, Moore quickly established a routine of writing to his boss, Charles Abbot, 
in Washington; his unfavorable opinion of Harqua Hala was evident even in his first 
letter from the mountain. 

Ht. HM4jW4. H~ 
A~26,1121 
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45 Here, Moore is referring to his brief meeting with Aldrich in March and to Aldrich's comments in the field station log books, 
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With each letter to Washington, Abbot was quick to reply with encouragement for his 
isolated observers. He thought that building a house would add a lot. Abbot told 
Moore, "If I were Mrs. CheBa I could be a good deal more contented in a house of my 
own, perhaps, than I could in the station itself, especially if I had to be as quiet as a 
mouse every morning while the observations are being taken lest I interfere with the 
galvanometer or make a smoke which would interfere with the seeing." 

Abbot held to his belief, and decision, that Harqua Hala was a promising loca­
tion, reminding Moore that the site was selected "after an extensive survey of the mat­
ter by the Weather Bureau and a year of special observations of various localities in 
the Southwest compared with all available records of the cloudiness; we supposed we 
had picked the best in the United States." 

Back in Washington, Aldrich seemed to have forgotten the unpleasantness of 
the place: Abbot relayed from Aldrich to Moore, "He said that you had gained a wrong 
impression from him that it was a poor place. On the contrary, he had never seen such 
fine conditions as in February, and the haziness of March and April were temporary 
and exceptional. Even when the haze was present, he found that sky very uniform all 
day, so that he believed good results were obtained even on the hazy days. He is of the 
impression that we would look very far to find so good a site, except for its isolated 
character. " 

Yet, from the mountain, obviously Moore was experiencing the same daily 
frustrations that had caused Aldrich sleepless nights, many of them caused by the ex­
perimental nature of this underfunded work to tie solar measurements to the earth's 
climate. 

Mt. Harqua Hala 

May 20, 1921 


Dear Mr. Abbot: 

I brought Chella out on the train, leaving Los 

Angeles a week ago last Tuesday , arriving in Wenden early 
the following morning. 46 Fred came down wi th the truck, 
and we went up to the foot of the trail in it, where Mr. 
Ellison had his burros. He had a saddle on one burro, and 
Chella rode most of the way up on it, and stood the trip 
very well. 

Wi th the cleanup that we gave the place just before 
going to Los Angeles, and the work that Fred did during my 
absence. the place was looking pret ty good when we got 
here, but there have been a thousand and one things to do 

46 According to Greeley, Chella Moore arrived on May II, 1921, bringing with her fflinolelUll, curtains, oil cloth shelving and a real table 
cloth." 
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since our arrival. Putting things to rights, and adding a 
li ttle paint surely makes a marked improvement in a 
place. 

I was very much surprised at the great difference in 
the methods of observing and computing here and in Chile. 
I have almost had to learn the business allover again. 
About the only similari ty in the observing is in the 
method of reading the pyrheliometers, and even in this 
the computing is entirely different. I am wondering what 
is the reason for this, .for undoubtedly your ins truc­
t ions are being followed in both cases, and yet there is 
very little similarity. The Chile method seems much 
longer, although I am inclined to think it is much more 
accurate. I surely had to dig out most of the comput-ing 
methods from your "precept, " for aside from the pyrhe­
1 iometer and air mass, Fred knew very li t tle abou t thi s, 
for he had never been shown, and Aldrich took away every 
single reduction to date, so I had nothing to go by except 
the precept. 

I had much trouble in keeping the gal vanometer spot 
where I put it on the scale jus t preceding each bolo­
graph. It seemed impossible to get a good looking bolo­
graph. Fred said that Aldrich laid the trouble to air 
current sst irred up when the observer walked pas t the 
bolometer. For several days I did not have time to look 
in to the rna t ter, but when I did I dec ided tha t such was 
probably the cause of the trouble. It looked to me that 
the easiest and most sensible thing to do would be to put 
up some sort of housing around the bolometer and 
spectroscopic instruments to shield the bolometer from 
the air currents. So one morning Fred and I got busy, and 
in about two hours we had constructed a housing of some of 
that heavy roofing paper. It works admirably, so that now 
the condi tions as regards drift are very good indeed. I 
am surprised tha t some such thing had not been got ten up 
sooner, for undoubtedly wi th the bolometer so exposed to 
air currents, much error has been introduced by fluctua­
t ions happening between zero readings. 

We got a most unusual display of northern light last 
Saturday night (May 14) . Huge patches and streamers were 
seen far to the south 0 f the zeni th, and at times the 
whole northern sky was aglow. 
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The skies have been very poor most of the time since 
I returned, in fac t, I haven't seen a very good sky here 
at any of the three times that I have been here. It seems 
that this ought to be one of the best seasons of the year. 

The wireless telephone fellow surely is taking his 
time. Wi th all my urging, he did not get it finished be­
fore I left Los Angeles. I told him I would not OK his bill 
until I got it to working up here, since he did not get it 
ready for a tryout over the required distance around Los 
Angeles. I expect to test it out over a short distance in 
Wenden before bringing it up here, so as to get the ad­
justments made there, where we can easily go back and 
forth between the two ends. 

It is a very dry year here. It seems to me that this 
water has much more of a taste now than when Edgar and I 
came up here in March, but none of us has gotten sick yet, 
so it may be all right. 

Sincerely yours, 

Alfaul F. H~~ 

With a brief, likely bewildering, reply about the tedious scientific method used on 
Harqua Hala, Abbot confessed, "I had never done any computing of solar constant ob­
servations myself, with the exception of the very few days in Algeria, until I arrived at 
Mt. Harqua Hala. I had nothing to go on there except what is included in the Annals47 

and the data which we collected on Mt. Wilson this last summer, so that I manufac­
tured the whole method afresh. II 

Mt. Harqua Hala 
Wenden, Arizona 
May 25, 1921 

Dear Mr. Abbot: 
We expect to go to the foot of the trail tomorrow to 

start work on the garage. We will have a carpenter from 
Wenden help us, and I think we will get it up in two days. 
It will be of corrugated iron, as this will be more thief 
and fire proof. 48 

I was certainly very much surprised to read what you 
wrote about Aldrich's report about this station, and I 
cannot help thinking tha t his ideas have changed very 

47 Smithsonian Institution Annals Vols, III and IV, 

•• After the carpenter quit because it was too hot, GTeeley and Ellison completed the garage on May 29, 1921, 




64 HARQUA HALA LETTERS 

much since Edgar and I were up here, both as regards the 
weather and the livability of the place. If you will read 
over his wea ther notes on his February bolographs, I 
think these will more nearly agree wi th what he told us, 
than what he has told you since his arrival in Washing­
ton. As to the uni formi ty 0 f the skies, I remember dis­
tinctily that he mentioned several times that he had 
never seen a place where the sky condi tions would change 
so rapidly! 

I did not mean to convey the idea to you that I con­
s ider this a poor place, as you ment ion in your let ter, 
but I do not think that the sky conditions justify the 
extreme isolation, and general awkard conditions up 
here. It is my opinion that when a place is selected for a 
probable permanent station, one factor to be considered 
is the livability of the place for the observers who must 
stay there year in and year out. In this regard, a tempo­
rary station is vastly different from a permanent one. By 
livability, among other things I mean its access to 
civilization, for no normal human can be satisfied to be 
continually tied up with his work alone. But aside from 
Phoenix about one time, Los Angeles is about the only 
place worth going to from here, and it cost over $100 for 
railway fare alone each time Chella and I go to Los Ange­
les and back. 

You have expressed much confidence in Edgar' s 
judgement, and he has said to me many times that he thinks 
you have got ten too far east so as to be wi thin the bounds 
of the thunder cloud area. He thinks a much more favor­
able region is located a short distance north or east of 
the Sierra Madre Mountains in California, and it cer­
tainly would be much more accessible to decent sized 
cit ies. That "Rim of the World" auto road back of San 
Bernardino, and reaching out on the Moj ave Desert toward 
Victorville, rises to elevations around 8000 feet, so 
surely there is plenty of elevation. 

I am glad to report that Chella finds this place 
much more livable than she anticipated, but we both think 
that it would be wiser to defer building the cottage un­
til a more thorough tryout has been made of the place 
generally. We have limi ted our purchases wi th Smi th­
sonian money almost entirely to things that can be 
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carried out of here, and it seems to us that the permanent 
things should wai t . 

Sincerely yours, 

AlJrwlF. HI1~ 

With each letter to Washington, Moore's attitude about the unsuitability of Harqua 
Hala seemed to build. Finally, Abbot had to stop the complaining with a firm letter. 

SMITHSONIAN INSTITUTION 
Washington, U.S.A. 

June 7, 1921 

Dear Al fred: 


Reports from many sections of the country incline 
me to the belief that abnormal weather is very widespread 
this spring, and I hope that further experience at Harqua 
Hala will tend to confirm the view we formed last year 
that the sky there is highly favorable to the work. 

At the same time, I appreciate the isolation of 
which you complain, and which I presume you fear more for 
Chella than for yoursel f. Perhaps we can arrange to re­
lieve this somewhat by financing an occasional trip to 
Los Angeles. 49 You will readily see, I am sure, that, hav­
ing employed the Wea ther Bureau to survey the condi t ions 
of the Southwest and through their advice having settled 
upon this station, and having expended a considerable 
sum of Mr. Roebling's money on establishing it, it would 
require very strong reasons to justify my endeavoring to 
secure more money to bring about a removal to some other 
un tried local i ty. I hope that the various i terns which Mr. 
Roebling has financed for making life more agreeable up 
there, and the cheerfulness of your companions, will al ­
together tend to make you as contented as the circum­
stances will allow. 

Very truly yours, 

_Cff:Y._~b 
Assistant Secretary 

•• Already, Keg Greeley had received $100 fora vacation trip to Los Angeles, whieh he planned for June or July. 
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In a postscript added to a June 14th letter about the wireless system, Moore humbly 
told Abbot, "I have just received your good letter of the 7th. I can readily appreciate 
your position regarding the new station, and I'll do all in my power to make it a suc­
cess. I think, like you, that probably the weather conditions are very unsettled now and 
from the wide variations which seem probable in old sol, don't you think it likely that, 
that is the cause in part at least It is totally overcast again today. Wireless has not ar­
rived so I'm sending Knight a letter to hurry him up." 



Chapter 9 


Troubles With Knight 


Moore's hopes were that the wireless radio system ordered in Los Angeles would help 
with the isolation on Harqua Hala. First, with one radio station on the mountain and 
another at a merchant in Wenden, he could get telegram messages to Wenden, arid on 
to Washington, without making a trip down the mountain; faster communications with 
Abbot were necessary to help solve the problems with the field station's instrumenta­
tion and the observing procedures. And, the wireless would help the observers order 
supplies and arrange for deliveries from Wenden. With the wireless overdue, Moore 
was getting frustrated. 

Wenden, Arizona 
June 12, 1921 


Mr. G. M. Knight 

6053 Hollywood Blvd. 

Los Angeles, Calif. 


Dear Sir: 
I received your letter of May 21, enclosing the 

statement and have been expecting the telephone sets 
ever since. Yesterday my assistant brought up a letter of 
June 5th, and I take it that you are holding our appara­
tus, awaiting my OK. I have received the gas engines and 
dynamos. so 

When the Smi thsonian authorized me to place the or­
der wi th you for the sets. it was wi th the understanding 
that they were to be tested out over a distance equal to 
that between Mt. Harqua Hala and Wenden and this test was 
to be carried out in my presence. You failed to get the 
sets ready for the test by the time I had to return here, 
and hence there is nothing else for me to do but to awai t 

,. Each wireless station required a gas engine ("prime mover") and a dynamo to generate power. 

67 
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okaying your bill until the apparatus is found to work 
all right up here. I have no authori ty to change the 
Smithsonian's instructions. 

Certainly you are not fearing that you will not re­
ceive your pay for the sets when they are shown to work 
all right. Should you have any fears in this regard, I can 
refer you to Fairbanks Morse where I got the engines, to 
the Advance Electric Co. and the International Electric 
Co., where the motors were gotten, to the J .M. Overell 
Furni ture Co. and the Mathews Paint Co. , where I have 
bought many things on Smi thsonian orders. You may wri te 
to the Smithsonian Institution if you care to. 

What I want to know is when are we to expect those 
telephone sets, for we are greatly in need of them, and if 
you cannot send them soon, it looks as though we mus t make 
other arrangements. It seems to me it is to your advan­
tage to hurry them along, for if they prove successful, 
our prestige will probably help you in getting other 
business. And what is certain, if they work, the 
Institution will likely place an order with you for sets 
for Chile. 

I have spent about ten years in electrical work, 
mostly in testing lines, so I don't think you need fear to 
trust the apparatus in my hands. If you have any doubts in 
this regard, please call up Mr. A. S. Price 0 f the tes t 
department of Southern California Edison in Los Angeles. 

Hoping to receive the sets by next Saturday, or if 
not a let ter from you explaining things. 

Very truly yours, 

A.F.HiJ~ 

The heat of summer in 1921 51 made Moore change his plans for testing the wireless. 
He told Abbot, "I have decided that it would be wiser to test out the wireless tele­
phones (if they ever arrive) up here instead of in Wenden, as I first planned. It is pretty 
warm here now, and it must be fierce down there. And besides, it would be conducive 
to much cussing to have trouble in getting it to work down there in all the heat, and 
with all those loafers and bums hanging around and making suggestions." 

Constantly concerned with details and justifying all expenses at the field sta­
tion, Moore added, "It will not be necessary to bring the Wenden gas engine and 

" One letter explained that the observers were using correction factors in their calculations for 42°C (108°F) at the field station, which was 

one mile above sea level. 
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dynamo up here, for we can make one set do for the test, by putting wires between the 
two test stations. It will probably require about 300 or 400 feet of lamp cord to make 
the test up here, but this can be used in putting in some electric lights in the house 
here, for use during the hot weather. The Coleman lights are certainly dandy, except 
that they throw offa good deal ofheat on warm nights. II 

In addition, with each letter Moore continued his subtle negative assessment of 
the Harqua Hala site. "We kill a lot of enormous big flat brown spiders in our rooms, 
but we haven't been bitten yet, II he told Abbot. Moore added, "We are now boiling all 
our drinking water. Strangely enough, it does away with the bad taste about which I 
wrote you, and makes it pretty good to drink. But I think it contains a lot of inorganic 
salts, and I'm wondering if such will prove injurious to us after a time. We keep it very 
nice and cool by using wet canteens. " 

Mt. Harqua Hala 

June 13, 1921 


Dear Mr. Abbot: 

I told Mr. Knight it would be necessary for me to 

test the telephone sets out here. Personally, I am get­
ting pretty tired of their un-business-like way of doing 
things. Mr. Ellison thinks that they are afraid their 
outfi t will not work successfully, and are trying to get 
the money before we find it out. I am not so certain about 
this, for their sets look to be well made, and the Los An­
geles Evening Express uses one of their sets, so I still 
have hopes that it will work, if we ever get it up here. 
However, I think we should hold them to their agreement 
to try it out firs t. I am pret ty anxious to find out if he 
intends to send the things out here. 

Knight is a sort of erratic, pugnacious individual 
(the last time that I saw him he had a dandy black eye, and 
a badly banged up knuckle that he had just gotten in a 
figh t), so he may fly 0 ff the handle and wri te to the In­
stitution. I am enclosing a carbon copy of the letter I am 
sending to him, for your reference, should he wri te to 
you. 

As we get time we are getting the screen windows and 
doors put in, for we surely need them, with the choice 
collection of bees, wasps, yellow-j ackets, bumble bees, 
etc. that we have here at this season of the year. 

Sincerely yours, 

A~ f. Ht'UVlI­
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Finally, while Keg Greeley was on vacation in Los Angeles, the wireless apparatus ar­
rived. This seemed to brighten Moore's attitude and bring out his plans to improve 
Harqua Hala's living conditions. 

Mt. Harqua Hala 
July 12, 1921 

Dear Mr. Abbot: 
Mr. Ellison made the trip to Wenden and back in the 

flivver without mishap, it being his first trip alone 
wi th the car. 52 

He reported the wireless apparatus is in Wenden, 
but did not bring it up. I will telegraph you tomorrow to 
that effect, for it may be well for you to know as so.on as 
poss ible, in view 0 f the let ter tha t I wrote to you abou t 
ten days ago. Fred and I will start in right away to test 
it out. It will be qui te a Ii ttle work to put up the 
aerials. 

With the wireless apparatus, engine, dynamos, 
lathe. etc., I find it will be necessary to construct a 
small shop building just south of the present building. 
It will probably be well to get all that iron farther away 
from the galvanometer, anyway. Since I am in pret ty much 
of a hurry to get this building uP. I suppose it will be 
all right wi th you to go ahead and order the material for 
it, especially since it will not cost much, and will 
probably come wi thin the balance left over from the $250 
allowed for the garage. Fred and I will build it. I am 
planning it to use as little material as possible, and am 
going to make the roof of corrugated galvanized iron, so 
as to ca tch this much more rain wa ter. My plan is to use 
the lower front room of the present building for the 
telephone apparatus, pyranometer, theodolite, and Ed­
gar' s large telescope which he has very kindly promised 
to loan us for a time. I think nine feet by twelve feet 
will be about right for the shop building. 

We had a pret ty good run of wea ther from the middle 
of June until a couple of days ago, but I guess we are now 
in for a lot of cloudiness of the thundercloud var ty. 
We got 25 days wi thout a break, but have lost yesterday 
and today. We have some "humdinger" electric storms in 

52 Moore and Greeley taught Ellison to drive so he could make trips to Wenden when they were too busy. Greeley said, "He finds the sensa· 
tion ofleading burros some diff,,'!"cnt from being led by a Ford" 
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this vicinity, but this mountain itself, seems a little 
less" favored" than the immedia te region on all sides. 
While I am writing this there is a grand bombardment go­
ing on toward Wenden. I never saw anything before to 
equal the rapidi ty of the flashes, and their intensi ty in 
a storm of several hours' duration to the sou th 0 f us las t 
evening. I wonder if our telephone aerial will not prove 
a grand thing to get hit by lightning, but if well 
grounded I guess it will be safe. I will arrange to have 
the apparatus entirely cut loose when not in use. 

The tank holds water pretty well, but I think there 
is still a very small leak, for about two inches goes out 
of it every 24 hours, and I don' t think the evapora t ion 
would be nearly that much. Mr. Ell ison was fearful a week 
or so ago tha t his spring was failing, but wi th the rains 
that we are now getting, I guess there will be no danger 
of our having to leave the mountain for lack of water this 
summer. 

I have put up a lot of much-needed shelves, etc. , 
and painted them, as well as put up some railings along­
side the steep steps of the house to keep Chella from 
taking a bad fall. Chella has also been busy getting cur­
tains fixed for the windows, and arranging coverings for 
c lothes shelves for Fred' s and our room. I wish you could 
s·ee the house now. for I think it would present a pret ty 
homelike appearance. If you come west you must be sure to 
make us a visi t. 

Sincerely yours. 

A~ F. Hl1.l1M­

PS. W~, ,113 -F~~~~. 

One can imagine the trek up the trail on July 13th. Perhaps all Alfred Moore could 
think about was his anticipations for the wireless. Keg Greeley, on the other hand, had 
mixed emotions after spending two weeks visiting relatives and friends in Los Ange­
les. Greeley wrote to an aunt in New Hampshire, "I started back on the 12th with last­
ing memories of California, its good generous people and the fine time I had. Alfred 
met me in Wenden the next morning and then came the worst part of the trip, walking 
up the mountain after I had been riding around in autos, trains and electric cars for 
two weeks. The old canyon was boiling hot with no wind stirring. It took us over three 
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hours to come up and the canteen was dry when we got here." Like Keg, Moore's 
happy thoughts were soon brought back to reality. 

Mt. Harqua Hala 

July 16. 1921 


Dear Mr. Abbot: 

When I was in Wenden last Wednesday I sent you a 

telegram rela t i ve to the wireless telephone. We brought 
it ,up here. and when we opened it I found to my dismay and 
disgust that Knight had proven himself to be crooked, 
along wi th his other failings. There are eight vacuum 
tubes in the out fi t, two for receiving and two for send­
ing at each end, and when I looked them over I found tha t 
he had "honored" us wi th seven out of the eight burned out 
and utterly worthless! I thought they looked rather 
smoked up for new ones when I took them from the box. The 
apparatus was well packed and came through in good shape, 
so there is no ground for thinking that they were injured 
in transi t, for they look old and used. 

Knight had wri t ten me to have the pay sent to the 
International Electric Co. in L.A. as he owned them 
money. I am wri ting them by this mail, explaining about 
the burned out tubes, and telling them that they will 
have to make Knight replace them wi th new ones, unless we 
deduct the value of them from the bill. The cost of the 
burned-out tubes will amount to nearly $50. I am so thor­
oughly disgusted wi th Knight, and he is so utterly irre­
spons ible, that I see no use in wri t ing to him. As ide from 
the tubes, his apparatus is pretty well made. Were it not 
for this I would recommend sending the whole thing back 
to him, and inform him that the deal is off as far as we 
are concerned. I f there were a shadow of a doubt that he 
did not knowingly send the burned-out tubes, I would gi ve 
him the bene fi t of the doubt. Possibly he has it in for 
the Electric Co. I am certainly sorry that I ever got in 
wi th this fellow, for he has been nothing but a source of 
worry and trouble from the start. 

Sincerely yours, 

A~F. HIUJM­

P. S. We really should have two 0 500 vol t D. C. vol tme­
ters. to use in keeping the vol tage right at both 
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telephone stations, for this is pretty irnportant in 

wireless telephone cornrnunications. 53 


Adding to his problems with the wireless apparatus, the Post Office returned Moore's 
June 12th letter to Knight; Moore concluded that Knight had "flown the coop" and 
that the only recourse was to discuss the matter with officials at the International Elec­
tric Co. in Los Angeles. Fortunately, he and CheBa were planning a trip there begin­
ning July 29th. 

With the dream of a useful wireless link to Wenden not yet realized, Moore 
came up with three more ideas to make the isolation of the Harqua Hala field station 
more tolerable. 

Mt. Harqua Hala 

July 24. 1921 


Dear Mr. Abbot: 

Fred has often wished we had a shower bath to cool 

off under. Since we have a little gas engine, and I arn go­
ing to build a little shop just south of the observatory, 
the idea struck rne that if I could procure ali t tle sec­
ondhand purnp I could easily and cheaply rig up a little 
shower bath near the shop, fixing it so that the purnp will 
keep the wa ter running round and round, so that two or 
three gallons of water will suffice for a fine shower 
bath, and one would easily irnagine he had a whole ocean to 
draw upon. 

In order to bet ter keep the bugs, cent ipedes, etc. 
out of the cistern, I think it would be well if I would get 
a cheap hand purnp, and then board it over care fully, jus t 
leaving a little trap-door to exarnine the interior of the 
cistern occasionally. It does not leak at all now, and 
keeps us supplied wi th nice rain water for everything 
except drinking. 

Since we get tired of playing horseshoe all the tirne 
for out-of-door exercise, I wonder if it will be all 
right for rne to get a cheap set of croquet, for we can find 
roorn for tha t near the observatory. I don't think it wi 11 
cost over $5, and likely less. 

Chella is counting the days until we are to start 
for L. A. , and I guess I arn too. Wi th these occas ional 

" Author's speculation: this postscript certainly leads one to wonder if Moore did not bum out the vacuum tubes himself because he did not 
properly control the voltage of the dynamos? 



74 HARQUA HALA LETTERS 

little trips I think we will be very contented here for 
sometime. 

Sincerely yours, 

Alft.,ul F. HtJ-CM­

P.S. Sunday evening, July 24th When it was hopelessly 
cloudy Fred and I took a hike down a ridge to the north 0 f 
the observatory, to see if a road would be possible down 
that way. It looked qui te promising for qui te a long way, 
but at last the hogback'dropped off suddenly into a big 
canyon running east and west. It looks to me like it will 
cos t a pret ty large sum 0 f money to cons truc t a road to 
the top of this mountain, and that the upkeep of such a 
road would cost a good deal every year. To me the chances 
really look better to the south and east, for there do not 
seem to be such precipi tous ledges in that direction, and 
the descent into the valley is much more gradual, but a 
big trouble there would be that the road would land so far 
away from any town on the railroad. A. F. M. 54 

Back in Washington Abbot and Roe~ling had already decided against constructing a 
road. Abbot replied to Moore, "Mr. Roebling and I discussed it sometime ago, but he 
is of the opinion that if we should build a road, although it would relieve the isolation 
of the mountain to a considerable extent, it would do so at the expense of bringing up 
a horde of prospectors and fake mining concerns whose operations might make obser­
vatory work there quite impossible. On that account we decided to defer indefinitely 
the consideration ofbuilding a road." 

With the Moores off to Los Angeles, again Keg Greeley was alone to operate the Har­
qua Hala field station. Curiously, Greeley's attitude about the remote mountain site al­
ways seemed better than Moore's. 

54 Today, the road to the summit of Harqua Hala ascends from the south; this road was built circa 1979 to provide assess to a modem solar­
powered communications facility for the Bureau of Reclamation and the Central Arizona Project canal system from the Colorado River to 
Phoenix and Tucson. An earlier road up the south side of the mountain gave ranchers access to high pastures and the mountain's springs. 
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55 There is no mention in the letters written from Harqua Hala where the dog came from, but it was probably a stray from Wenden or from the 

Mexican's camp at the foot of the trail. 

" Prohibition, or the period (1920-1933) during which the 18th Amendment banned the manufacture and sale of alcoholic beverages, was in 

force in the United States, 
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Chapter 10 


After One Year 


Following two weeks away from Harqua Hala, Alfred and Chella Moore returned from 
Southern California by train on the morning of August 13, 1921. As always, an arrival 
at the Wenden depot was an event for the little town. And with the Moores returning, 
this arrival was an excuse for Keg Greeley to get off the mountain; he and Ellison met 
the Moores at the train station and drove them out to the base of the mountain where 
Ellison had left his burros. Then, "Chella rode up in state on 'Jack Sprat' or 'General 
Jackson' as Mr. Ellison sometimes calls him," Moore wrote to Abbot. 

Refreshed, Alfred Moore seemed to return from California with a renewed atti­
tude, ready to make living conditions better at the field station. He had settled the bill 
for the wireless apparatus with the International Electric Co., and brought with him 
the parts needed to make the wireless work properly and other supplies to build a 
shower bath. In addition, Alfred's brother Edgar had given CheBa a croquet set for her 
birthday. 

Keg's letters to his family on the east coast always seemed to capture the posi­
tive side of living on Harqua Hala and the progress being made, along with the contin­
ued adventure of the place. 

77 
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'" Moore had already told Abbot, "The bath uses only two gallons of water, but one would think he was drawing on the whole oeean," 
" It's unoortain where this (3reensboro was, 
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Despite the hope for progress, it didn't take long before Alfred Moore was again berat­
ing the Arizona site. He continued to compare observing conditions on Harqua Mala 
with his brief views of the sky while traveling through California's deserts and valleys. 
Just before leaving for California, Moore had experienced a run of "five days in a 
stretch with practically total cloudiness all of every day." Referring to his train ride to 
California in late July, Moore wrote to Abbot, "I was quite surprised when I awoke on 
the train the morning of the 30th, out near Barstow, and saw an almost perfect sky! It 
remained so until we got across the Cajon Pass, when we ran into low fog, which 
turned into a high fog as we got lower down." 

Of course, Moore's judgment didn't always consider that Arizona was in the 
midst of its summer thunderstorm season. By autumn, writing in October to his Aunt, 
Greeley said, "We have had fairly good weather for observing since the last of August. 
Got twenty-three consecutive days in September and twenty-seven in all for the 
month. This month we have sixteen chalked up and the sky has been perfectly clear all 
day today." 

Abbot had directed the observers to run a long method on all days possible for 
six months. But even when sky conditions allowed the observers to make their solar­
constant measurements, the measurement method and instruments continued to be a 
problem. Writing about the pyranometer, Moore reported, "I am now changing the 
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value for K',s9 and really should have done so a couple of months ago, I suppose, but 
yours and Aldrich's constants agreed so well that I was a little afraid to change it. This 
will have the effect of decreasing the function value, increasing the transmission, and 
decreasing the solar constant. I looked into the matter today and was surprised to find 
that it makes as much difference as it does. Most certainly, very little dependence 
should be placed on anything that was gotten in July after the 7th. Personally, I have 
very little faith in ever getting a very satisfactory set of curves on Harqua Hala, for the 
sky conditions are too changeable." 

Moore added, "We have so many things to do that must be done soon, that I 
wonder if you want us to take long measurements every day with low functions. We 
have been putting in very long hours, I think averaging about eleven hours per day 
ever since I took charge, and I think we will have to have considerable help with the 
computing if we are to get so many long methods. I know from various things that 
Fred has said of late that he is getting pretty tired of this continual grind of long hours, 
and I guess I must fess up that I am too." 

Along with the observing conditions, increasingly, Moore worried about the 
deteriorating field station building. "The heavy rain of last Saturday night surely about 
ruined the paint on the adobe outside the house. It peels off bodily. Since some of the 
same paint is peeling off of woodwork, possibly it is poor paint. I do not see much use 
in putting more of it on, but do not know just what to do. When I look at this house 
and see the cracks widening in the adobe, I wonder if it is worth spending much 
money upon. I think it will probably be necessary to get some more tie rods before 
long to go in the other direction at the south end of the house." 

And there was a new problem: the "awful state that the trail to the landing is 
in." Moore told Abbot, "Mr. Ellison asked me the other day if I thought that you would 
be willing to furnish some funds with which to have it put in repair. I tried to get out 
of him what he thought it would take, and the best that I could do was to find out that 
he thought it would take two men about a month. I don't think he wants to work on it 
himself. Since the Mexicans use part of the trail, it seems nothing but right that they 
should help repair the part that they use, but from what Mr. Ellison says, I doubt if 
they will do much to help." 

Back in Washington, forever optimistic Charles Abbot, the recipient of all of Moore's 
written complaints, knew that a valuable solar constant measurement depended on 
correlating measurements made at his field stations in Chile and Arizona. Abbot also 
knew the Arizona field station would not be a success unless Moore's attitude about 
the work and living conditions changed. 

59 "K prime" was a constant used with calculations that reduced observations to a solar constant value, 
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SMITHSONIAN INSTITlITION 
Washington, U.S.A. 

September 12, 1921 
Dear Al fred: 

Your first letter, besides enumerating the centi­
pedes, scorpions , rat tlesnakes , tarantulas and Gila 
monsters, goes on to say that the paint is all off the 
building, the walls are sagging east and west as well as 
north and south, and the tank leaking, and you question 
whether it is worth while to do anything wi th the house 
other than let it go to ruin. That house cost $4000, and a 
stone and cement construction would have cost between 
$6000 and $ 7000. At that time we had not the money to 
build the stone one. It seems to me best to tie the walls 
together east and west and try some other variety of 
paint if the Sears Roebuck paint is worthless. 

As for the tank, we have money to build cement 
tanks, but I know that you are inclined not to put any ex­
pense on the mountain, wi th a view to moving away. All 
your experience is so diametrically opposi te to mine. 

This summer has been the most extraordinary one 
everywhere tha t I can recall, so far as wea ther goes. 
Possibly we may never see another like it. If we now move 
to another place, all the long method observations which 
have been taken will be worthless for establishing the 
short method and we must wai t another year after the re­
moval before the work can get settled into a groove. 

As to the pyranometer, I am sorry that the calibra­
t ion 0 f the one you have had so long has so certainly 
changed, but the change only confirms the view which I 
expressed to you that the pyranometer is not reliable as 
a standardizing instrument, however, satisfactory it 
may be for single day observations. 

Mr. Roebling has made it possible for me to go to 
South America and Arizona. The work is so promising, in 
view of the resul ts some of which I am sending you, that I 
am in the highest degree anxious to get the two stations 
cooperating in a thoroughly satisfactory manner. 

Very truly yours, 

_Cf:~,WAbb 
Assistant Secretary 
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In a subsequent letter Abbot added, "As for the trail, suppose we appropriate $200 to 
the repairing of it, and when that is exhausted and more is needed let me know. I do 
not think it is wise to inform anybody jus~ what amount is appropriated for that object, 
but only to go about repairing the worst places first and to stop when the result appears 
tolerably satisfactory. II 

About the instrumentation, Abbot added, III have long believed the principal 
causes of the poorer definition at Harqua Hala are two. First, that the bolometer slit 
width is quite a little greater than you employed at South America, and second, that 
probably the neck of the glass flask which encloses the bolometer happens not to be as 
good and optically perfect as the neck of the flask which is used in Chile. Perhaps, 
there may be some striae, or it may be that the bolometer strip is not strictly parallel 
with the elements of the cylindrical neck." 

Whenever things got tough on Harqua Hala, Moore seemed to find refuge in 
working on the challenge of establishing easier communications with Wenden and 
Ellison. 

Mt. Harqua Hala 

September 16, 1921 


Dear Mr. Abbot: 

Fred and I had a general straightening up yester­

day, get ting things in order to try to get the wireless 
telephone going. We will have it in the li ttle room in 
front downstairs. We have the engine and dynamo all 
mounted up here, and as the engine drives the dynamo at 
considerable over rated speed, we get 350 volts, which is 
just what our transmi tting vacuum tubes are rated at. We 
are now working on the aerials, and I wish we had them uP. 
for it is no fun get t ing them thirty- five feet above the 
ground. 

Mr. Ellison was up the other day and was wondering 
if we could get ali t t le telephone between hi s place and 
the observatory. of the wire variety of course. He sug­
gested having a friend of his save some baling wire in 
Wenden. but I hardly think this would serve very well, as 
well as taking a mighty long time. for it would take a lot 
of baled hay to get 5500 feet 0 fit. I looked in Sears & 

Roebuck's catalogue, and they have small magneto tele­
phones, including transmi t ter , receiver. magneto and 
bell, for $28.80 for two phone. The wire would cost about 
$12.20 and the freight about $6.00. No poles would be re­
quired, but the wire should be fastened to bushes wi th 
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some sort of insulators, so the whole thing would cost 
about $50. While this is not an absolute necess i ty, since 
Mr. Ellison goes to Wenden for us and packs our wa ter up 
here from his spring, it would be pretty convenient both 
to him and to us. It would not take a day to install it. It 
would save Fred qui te a lot of running down to his place. 

I don't know whether I wrote you about the croquet 
set or not. We have leveled 0 ff a place between the house 
and the peak, where we get a lot of enj oyment out of it 
every evening after -supper. 

Chella and I are celebrating our sixth (month) an­
niversary of our wedding today. 

Sincerely yours, 

Alfpul F. HlJ~Jll, 

Keeping busy, with a few breaks for croquet, was still not enough~ two weeks later the 
tone ofMoore's letters changed dramatically. 

Mt. Harqua Hala 

October 1, 1921 


Dear Mr. Abbot: 

As I am writing this it is still pouring. It began 

about two o'clock yesterday morning, and rained quite a 
bit during the day yes terday. Late in the a fternoon I 
rigged up a rain gauge. and up to dark thi s evening it 
regis tered three inches. Early this morning the rain got 
into the cracks at both south corners of the house and 
so ftened the adobe so tha t chunks 0 fit fell from both 
corners. Fred and I covered it as bes t we could wi th can­
vas, but about an hour later a great big piece fell from 
the southeast corner. Only the outer row of adobe bricks 
have fallen thus far, but if the rain keeps up much 
longer, it would not surprise me if the whole south end 0 f 
the house should go down. Chella and I have moved out 0 f 
our room into the compu t ing room. The inner layer 0 f 
bricks are so poorly put together that it will not take_ 
much to put them out of business. If it gets no worse, we 
may be able to fix it by building up the place wi th con­
crete, placing the concrete on the stone foundation, and 
reinforcing it in some way. I am in a quandary to know 
just how to protect the whole house, for in a recent 
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let ter, in which you seemed to think I was greatly exag­
gerating conditions, you instructed me to go ahead and 
fix the house up. I am absolutely certain that, that 
paint arrangement is no good at all, for in the part that 
went down today, the paint was little injured by the 
August storms. 

Chella suggested a plan today, that seems to me 
about the only way to save the house, and that is to build 
practically another house around it of corrugated iron. 
This would probably cost between $300 and $400 wi th gal 
vanized iron, and about 20 per cent cheaper wi th painted 
iron. In this way the adobe would be protected from the 
wea ther, and the iron could be nai led to timbers that 
could be easily fastened to the rafters and floor. Please 
let me know soon what you think of this plan, and if you 
approve of it, let me know whether to order galvanized or 
painted iron. 

Sincerely yours, 

A~E. Hc-tJ/tL 

Moore's disconcerting letter did not arrive in Washington for over a week; Abbot re­
plied immediately, but not by telegram. 

SMITHSONIAN INSTITUTION 
Washington, U.S.A. 

October 10, 1921 

Dear Al fred: 


I do not think it would be proper to cover the whole 
house wi th galvanized iron, as Chella sugges ted, because 
it would al together change the magnet ic condi t ions 
around the galvanometer. 

It is qui te impossible for me to corne out there be­
fore I go to South America; transportation is engaged for 
October 26th. Would it not be practical to replace the 
south wall wi th s tone and cement or reinforced concrete, 
and drive the balance of the walls with projecting ten­
penny nails and then plaster the whole house? If you ap­
prove of it you are authorized to have it done. I am 
obliged to leave the matter in your hands to do the best 
you can, and if the wors t should corne to the wors t, so 
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that you see no way out of it at all, I shall have to 

authorize you to close the station until my return. 


Very truly yours, 


_(e.~~·_~t 
Assistant Secretary 

A day later, Abbot changed his mind, added a small variation to the concept, and 
wired Moore, "Approve plain thin galvanized iron use zinc ten feet each side west 
door. Cannot south wall be patched. Tie rods sent. This corrects letter." Moore pro­
ceeded by ordering the necessary materials (and ordering a telephone set to install to 
Ellison's place). 

Then, in an exchange of letters, Moore and Abbot were on the verge of parting 
ways. First, Moore bared his soul. 

Harqua Hala 

October 11, 1921 


Dear Mr. Abbot: 

As to myself and isolation, I guess this is not a new 

subj ec t to be discus sed between us, buts ince it figures 
in this plan, it looks as though it must be up for discus­
s ion again. As you know, I have now been four and one hal f 
years at this isolated work with the Institution, and I 
feel that I must ask you what is in store for me in the fu­
ture in this work as regards isolation, especially since 
at the present time I have up for consideration another 
proposition, which I cannot decide about until I know 
better what to expect as regards isolation. I am not 
wri t ing this in a complaining mood, and I am certainly 
grateful to you and Mr. Roebling for the many things that 
have been allowed to help ward off the ill effects of 
isolation. But, at the same time, I think you must agree 
wi th me that four and one hal f years is a long time to be 
virtually deprived of the benefits of social life. 

And last, but certainly not least, is the fact that 
there is now another one to be cons idered in this connec­
tion, and that one is Chella. She is not of the complain­
ing sort, and says that she will be perfectly happy in 
wha tever I am happy. Yet, certainly, you mus t agree wi th 
me that an isolated place like this must be harder for a 
woman than for a man, and surely you can't blame me for 
wishing to bet ter her condi t ions as soon as I can arrange 
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it, but I wish to make it clear to you that she is not urg­
ing me in any way to make any change for her bene fi t . 

Sincerely yours, 

Alf.ul F. H()-tJ,Il£, 

Only five days before he was scheduled to depart for his field station on Mt. Monte­
zuma in Chile, Abbot replied finnly, baring a little of his soul also. 

SMITHSONIAN INSTITUTION 
Washington, U.S.A. 

October 22, 1921 

Dear Al fred: 


I do not know that you fully appreciate the impor­
tance which I attach to getting the present series of 
measurements at Mt. Harqua Hala and at Mt. Montezuma on 
every possible day for the coming two years, until July 
1, 1923. We have requests from government meteorological 
establishments in India and in England for the solar 
constant resul ts, in order tha t they may be compared wi th 
the meteorol cal elements wi th a view to their value in 
forecasting. The United States Weather Bureau is also 
deeply engaged in the study of our results, and I feel 
that it is up to us to give a really satisfactory basis 
from comparative observations at two first-rate sta­
t ions so tha tit may be defini tely dec ided by these gov­
ernment agencies whether or not it is worth while to 
carryon the solar constant work forever, or whether it 
may be discontinued as of no practical benefi t in 
forecasting. 

I do not expect to live forever and intend, if it is 
humanly possible, to t this piece of work accomplished 
right now. This is a piece of work that we set our minds to 
accomplish and which, to use an expression you may have 
heard, we intend to carry through if hell freezes over. 

We place the most implici t confidence in your work 
on this solar constant job. Your results in Calama are 
far and away the best that we have. You, no doubt, take as 
much pride as I do in the work. and. if you can stand it, I 
feel perfectly sure you will be enthusiastic to see the 
end of this two-year job that I have in mind. If you 
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cannot stand it or if you feel it is too much of a sacri 
fice, of course you will have to get out, but I do not see 
my way clear, financially or otherwise, to transfer you 
to Mt. Wilson. 

Very truly yours, 

_~~tJ_~~ 
Assistant Secretary 



88 HARQUA HALA LETTERS 



Chapter 11 


A Voice From Stockton 


Charles Abbot returned to Washington from Chile on January 7, 1922. He seemed 
mellowed from his three weeks at the Montezuma field station where the equipment 
needed "careful readjustment and repair." His experiences there included a "dreadful 
time with the Ford," problems with the gas engine, and keeping the piano tuned. 
Sounding more like Moore than himself, about the weather in Chile Abbot wrote, "It 
was certainly very discouraging to lose so many days in the month in which we hoped 
to get observations. There seems to be a fatality operating against us, for when we had 
only the Mt. Wilson station in the early days, 1905-1910, it seems to me that the sky 
was much better there than it ever was during the times that we had cooperating sta­
tions, and now it seems the same with respect to North and South America. Last year 
in the spring in Calama you had a run of nearly every day for almost four months, 
whereas this year in the corresponding period the weather was abominable, and in fact 
it has been very discouraging at both stations during the whole of 1921. Let us hope 
that 1922 will reform itself." 

Abbot asked Moore, "I should like to know more particularly how things are 
going at Harqua Hala, whether you found out the cause of the depression of the last 
bolograph of which you were writing when I went away, whether you succeeded in re­
pairing the house, whether the wireless works now, how the weather has treated you, 
and in short what the general outlook is and the number of observations hitherto." 

Mt. Harqua Hala 
January 17. 1922 

Dear Mr. Abbot: 
I was glad indeed to receive your letter of the 7th a 

few days ago. If it does not storm Fred is planning to go 
to Wenden today. so I'll wri te a few lines for him to 
mail. 

We a t las t got the house fixed up, so it give us no 
more concern during bad wea ther. We got the corners fixed 
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in good shape wi th concrete and then covered the whole 
house to keep the rain off the adobe. We used corruga ted 
galvanized iron. except for a 20 foot strip near the gal­
vanometer. where we used zinc. as you reques ted. It makes 
the place look a lot better too. We have the space under 
the eaves made airt igh t wi th adobe bricks and adobe mor­
tar. so the house is a lot more comfortable during windy. 
cold wea ther than when you were here. 

The wireless has proven the worst hoodoo up here. 
but we now have it in a fair way to be working before long. 
When I was home Christmas. 60 I went around to the Brode 
Electric Co. and showed him one 0 f Knight· s sets. which I 
took back wi th me for the purpose. I got nearly a complete 
receiving set from him and tried it out in Los Angeles to 
make sure it would work. Since bringing it up here it 
works even bet ter than it did in L. A. for I have a much 
bet ter aerial. We hear concerts ever day from Los Ange­
les. San Franc isco and Stockton. Cal i fornia. and qui te 
often from Denver. Colorado. I also get the time signals 
every day a tone 0' clock. and they come very strong. Be­
sides the concerts we get daily news, weather forecasts. 
stock and market reports. etc .• so it aids qui te a bi t 
with the isolation. I am wondering if the Institution 
would sanction our getting some sort of a "loud speaker. II 
which is an arrangement like a phonograph horn. to make 
the concerts and speaking audible throughout the room. I 
think the prices range from $30 to about $90. 

I have to do a lot of changing around on Knight· s 
transmi tters to make them practical for 12 miles. and as 
soon as I do this I will test them out. and then have the 
aerial put up in Wenden. and get the thing to working one 
way to make sure it is all right before getting the 
necessary things for the other way. 

The weather has been qui te a bi t worse for observing 
this year than last .We lost six days in October. nine in 
November. twenty in December. and seven thus far in 
January. We got thirteen long methods in September. 
eleven in October. five in November. four in December and 
four thus far this month. 

60 Moore's "first Christmas at home in five years." Also, while Abbot was in Chile, Keg Greeley went to Los Angeles in November 1921 rid· 
ing back with Moore's brother. Greeley told Abbot, "We started from here early in the morning (moonlight) and reached LA the next morning. 
Nearly twenty three hours on the road. It was a rough and rather tedious trip towards the end" 
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I hope you wi 11 find it possible to vis it us soon. 
for there are many things that we should discuss. 

Sincerely yours. 

A4ulF.H~ 

Although Abbot had previously said his trip to Arizona would follow his trip to Chile, 
he replied, "I am arranging to be on Mt. Wilson, probably with Mr. Aldrich, for one or 
two months this summer,6l and I wonder if that might not answer. It is quite an expen­
sive and time-consuming trip from here to Arizona and return, and naturally there is a 
great deal here which I ought to attend to. However, if you think it is indispensable, I 
will try to take it up." 

Abbot approved purchasing a loud speaker and again encouraged Moore to 
build "a cottage for the director and his family" if Moore felt it was necessary. He also 
told Moore that he had agreed to keep a rain record on Mt. Harqua Hala for the 
Weather Bureau. 

On the mountain, Moore seemed almost obsessed with the receiving end of his 
wireless apparatus and its ability to connect him with society. While Moore couldn't 
find time to work on Knight's transmitters, and perhaps stealing time from his observ­
ing duties, seemingly he could always find time to work on the receivers. 

W~ 
J~24,1122 

~,
A.F.H. 

" Abbot's plans on Mt. Wilson included "observing the energy spectra of the brighter stars with the roO·inch telescope. My computations 
show that we may reasonably hope to get curves of stars of the zero to [JISt magnitude, like Sirius, Vega, or Arcturus, which will approach 
very sensibly in their appearance and detail the energy curves which we are now obtaining from the sun, and it will be possible to obtain in· 
formation of real value in regard to spectrum distribution from stars even as faint as second or third magnitude. " 
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Increasingly, in every letter, Moore talked about radio reception and potential prob­
lems with his aerial, at the expense of other work on the mountain. 

Mt. Harqua Hala 

January 27, 1922 


Dear Mr. Abbot: 

I have decided that in view of the terrific 

electrical storms up here in summer, it would be unwise 
to have the aerial pole joined onto the south of the house 
as it now is, so when we put up the higher one, we will put 
it away from the house. I think the buildings up here 
should be protec ted wi th 1 ightning rods, for we had some 
very scary electrical storms last summer, and with.the 
station being so high up, and with so few other project­
ing objects for the lightning to hit, it seems we should 
protect it as well as possible. Of course, I think the 
corrugated iron covering together wi th the adobe walls, 
is qui te a bi t of protection, as doubtless the whole 
house is pretty well grounded. 

It seems that the art of wireless telephony is fast 
progress ing. Las t evening I was 1 is tening in on a concert 
at the Fi tzsimmons General Hospi tal in Denver, and the 
fellow called out to stations in Winnipeg, Canada, Wash­
ington, D.C .• Houston, Texas. and San Diego, California, 
who had wri t ten him tha t they had heard him during former 
concerts. Chella and I had qUi te a surprise about ten 
days ago. We li s ten qui te frequently to the concerts from 
Stockton. California, and one night the fellow requested 
persons hearing him to wri te and he would send them a copy 
of his list of concert and news broadcasting stations on 
the coast. He also asked for names of Victrola records 
that should be desired. So I wrote to him and named two 
records for him to play. A week ago last Tuesday night. 
Chella and I were listening to the Stockton concert, and 
were surprised when the fellow called out very clearly, 
"Good evening, Mr. and Mrs. Alfred F. Moore, Mt. Harqua 
Hala, Wenden, Arizona. I hope you are hearing this well. 
We will now play one of your selections. n Later on, he 
played the other selection. They both came in fine and 
clear. 

We are having it cloudy today, the tenth day we have 
los t thus far in January. But we have managed to get eight 
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long methods, all but one wi th some sort of excellent 
grade. 

Sincerely yours, 

A~ 

Even with all the work on the receiving end of his wireless apparatus, Moore did rec­
ognize that he needed to spend time this winter to improve water storage capacity at 
the field station. 

Mt. Harqua Hala 

February 7, 1922 


Dear Mr. Abbot: 

If it is not storming tomorrow I'll probably go to 

Wenden as there are several things tha t I should attend 
to there. 

We are now putting in spare time getting the "Mt. 
Harqua Hala Water Works" in better operating condition. 
Jus t after I returned from Los Angeles, Fred and I pu t in 
a small concrete cistern back of the shop, which will 
hold about 300 gallons, and which will likely take care 
of the water from the shop roof. Today we took out the 
galvanized iron tank north of the house, and set it on top 
of the ground wi thin reach of the eaves pipes from the 
house so that it can save any water that we may get while 
we are cons truc t ing the concrete c is tern. 62 When the lat ­
ter is finished, we will keep the old tank for a reserve, 
ei ther for the house or shop. If we do not encounter too 
hard rock north of the house, I expect to make the cistern 
large enough to hold from 1000 to 1200 gallons. It will be 
of concrete and all underground. Thus we expect to have a 
total water storage capacity of about 1800 gallons which 
will nearly keep us going wi th usual rainfall. From all 
accounts this region is liable to have rain almost any 
time of year except about three months in the later 
spring and early summer and a month or two in the fall. 

I am glad that you approve of our getting a loud 
speaker for the wireless receiving set, for I think it 
will add a great deal to our pleasure. I have written to 
the company which makes the Magnavox which is the best 

62 The digging task was Greeley's; he told his mother, "I spent a eouple of days last week excavating a place for the cement water cistern. It 
was mostly rock and the process was slow. I got a hole dug five feet square and five and one-half feet deep." 
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loud speaker. They have got ten out a new model for a small 
room which sells for $45, which I think is about what we 
need. Since writing to you, I have joined up a two stage 
amplifier, in place of the one stage one I had at first. 
Of course this calls for using some of the set intended 
for Wenden. We can hear lots bet ter wi th the two stage 
amplifier. Last Friday evening the Stockton company gave 
a concert at which several Victor artists sang in person. 
We' could hear them just fine, wi th the headsets, of 
co~rse. I now have the rna teria163 here to put the aerial 
up sixty feet or so in the air, and this will doubtless 
help a good deal. Since the signals are rather weak this 
far away, except from the powerful sending stations. I 
suppose we really should have three or four stages of am­
plification when working with very distant stations. 
Each stage of amplification, costs, including the 
ampli fier vacuum tube, about $20. I picked up a concert 
from Roswell, New Mexico, last Sunday evening, but the 
signal s carne in pret ty weak, even wi th the two 
amplifiers. 

I confess that I hardly know just what to do in re­
gard to the transmitting arrangements between here and 
Wenden. I think that Knight's layout along this line is 
almost a fizzle, and it will cost quite a lot to put the 
two sets into working condition. In the meantime I'll try 
to find time to thoroughly tryout Knight's arrangement, 
to see if there is any possibility of using it, or many of 
its parts. 

As to the addi t ional house, I think it would be bes t 
to not build that now. It may be necessary to add a room to 
the present building, but I am not sure that this is 
needed. It seems to me that since the money will not 
likely be spent for the cottage, and since the cisterns, 
etc. are costing much less than the appropriation, if you 
and Mr. Roebling approve, it might be best to put in a 
good receiving set for the wireless here, and probably 
the transmi tting arrangement between here and Wenden. I 
think Mr. Matteson plans on putting in several ampli 
ers at his own expense so he can pick up concerts, etc. , 
so I guess it is only up to us to put in the aerial and 

6' To his aunt, Keg explained that the aerials "are made out of four-inch by four-inch Oregon pine twelve-feet long and spliced together with 
two-by-tours, We got them up with a pair of pulley blocks." 
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detector and one amplifier, as would be necessary for use 
between Wenden and the moun tain. 

Sincerely yours, 

A4ul F. HD.(1))L 

W~; Fd~. t~(U1~.;;t~~,~" 
~~DA4~, W. k~~~~~IWJ~ 'ttJ­
Hi. W~. t~ (il ~ k ~ L.A.1k ~~D~ 
A~ 1-D __ ~ k k~~ik~ D~ HD~~. 
We. ~~~~ dt, FDd, WI- ~:tw.D, ~~~ 
It.n~. tf'. ~ .;;t ~ ituJ- f.ta ~)), ~~~. 
A.F.H. 

http:ituJ-f.ta
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Chapter 12 


Taking Care of Lightning 


As 1922 proceeded, the situation on Mt. Harqua Hala progressed ever so slightly. 
However, for every problem solved new ones emerged, or at least Alfred Moore 
seemed to be able to find them. As always, his solutions anticipated eventually moving 
from the Arizona site. 

Mt. Harqua Hala 
February 14, 192264 

Dear Mr. Abbot: 
I sent the box of bolograph plates by express a cou­

ple 0 f days ago. Some of the pia tes seem to begin to show 
the lack of water up here, but I guess they are all 
legible. 

We have been having a run of cloudy weather this 
month, having lost seven of the fourteen days thus far, 
and only got today wi th one poor short method this 
afternoon. 

As to the lightning rod protection, I am not sure 
just how is the best way to go about it. From what I have 
read up about high frequency currents, iron is a very 
poor conductor for such, and should not be used. 65 Would 
you think it advisable to have Mr. Kramer cut some copper 
or brass tubing, perhaps about three-eighths inch in di 
ameter, thread the ends and send fi t t ings for same. In 
this way, the material could be saved whenever we should 
leave here. It could all, except the rods themsel ves, 
which should be solid, be of eight foot lengths, since 
the slope distance on each side of the gable to eaves is 
eight feet and the length of the house is a trifle over 

... Greeley told his mother, "Chella got up a Valentines' supper tonight. Decorated the table with crepe paper that had hearts and cupids 
printed all over it. Roast pork and lemon pie constituted the main dishes." 
" Oddly, Moore ended up buying three-eights inch galvanized iron cable because he could not ftnd copper cable in Los Angeles. 

97 
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forty feet, a mul tiple of eight feet. The distance from 
eaves to the ground is twelve feet, which could take two 
lengths, and be buried four feet in the ground, which is 
about as deep as is possible without blasting rock, which 
we could not do up here. If, on the other hand you think I 
should ins tall heavy copper wire, I suppose we could get 
this ready. But since this mountain is subject to such 
terrific electrical storms, and this house is so very 
much exposed, it seems that it should be petty well pro­
tected. Of course it will be several months before they 
begin, but everything should be fixed by June. 

Fred and I have gotten one of the high aerial poles 
up, it being 72 feet long. It was qui te a trick to get such 
a long pole UP. but we managed it all righ t .66 I pu t a 
fairly heavy copper lightning rod on it, and soldered it 
to the four heavy iron guy wires. These are usually insu­
lated, but we will install means of grounding them well 
before electrical storms commence. I also put a weather 
vane on top of the 72 foot pole, so we can better tell the 
wind direction. It is marvelous how very changeable the 
wind direction is here. 

By this mail I am ordering a Magnavox loud speaker 
from the manufacturer at Oakland, California. It is con­
sidered the best make. The size for our need cost $45. 
Fred and I listened to about the best concerts last night 
tha t we have heard, due to our higher aerial I suppose. 
First we caught a new station to us, at Los Altos, about 
twenty miles from San Francisco. When they finished, we 
swung over to Hamburgers at Los Angeles, and then jumped 
up to the Fairmont Hotel at San Francisco. The fellow at 
Stockton had a message for Chella and me las t Friday 
night, and played a selection that Chella had asked for. 
Sunday I caught part of a sermon from Denver. 

Sincerely yours,

A4ul f. HCtJIIL 

Greeley told his mother, "It took us two whole days to get it up straight and guyed into position." 66 
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Moore seemed almost obsessed with his wireless radio set-up; his letters to Abbot in 
Washington showed that the wireless installation occupied much of his time. 

Mt. Harqua Hala 

February 19, 1922 


Dear Mr. Abbot: 

Since I last wrote you we have lost one more day en­

", tirely, making eight for February. but have had to sand­
,wich in observing between clouds a good deal the past 
week. 

It has been fairly free from wind of late so Fred and 
I have taken advantage of it to get the higher aerials up 
in the air. Yesterday we succeeded in getting the other 
to the same height. They surely loom up above the house. I 
have taken some pictures and will send some as soon as I 
can get them finished. 

It is possible that I may be able to use the aerial 
for another purpose beside the wireless telephone, in 
connection with experimenting on some solar phenomena 
tha t I have been thinking over 0 f late. I wonder if you 
could send out some sort of measuring electroscope as I 
would need some sort of fairly delicate electrostatic 
poten t ial measurer for the tes t I have in mind. 

Our shoe repairing out t went smash proper the 
other day when I was putting some nails in my shoes. Since 
such is very much needed up here and there is not reliable 
cobbler in Wenden, I am taking the liberty of ordering 
another last and stand from Los Angeles. This is the 
worst place on shoes that I ever saw, being even worse 
than Chile. It is impossible to get any sole leather that 
is of any account in Wenden. We find that so s made out 
of old auto tires last much better, but just now we are 
out of old tires. 

We now have some new "neighbors," in the way of 
sheep herders wi th their sheep, in the canyons to the 
west of us. 67 There is now a small stream of water running 
down that canyon, but I guess it will not last long. 

Mr. Ell ison told me the other day tha t he is expec t 
ing a couple of men up to look over his claim. I have never 
been informed as to what arrangement the Institution has 
wi th Mr. Ellison, regarding this property, and Fred does 

67 The observers would see the campfIres of the sheep herders at night. 
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not seem to know. If there is any possibili ty of his 
selling out his claims, probably I should know what is 
wha t. However, he has not sold them yet, and since I think 
he is asking $25,000, I doubt very much if he sells in the 
near future. 

With best regards, in which Chella joins me. 
Sincerely yours, 

A4U­
Abbot patiently replied to all of Moore's requests and ideas: When Moore asked if he 
should consider buying a new De Forest wireless apparatus,68 particularly because he 
doubted that it would be safe for Chella to operate the gas engines and dynamos that 
the Knight set-up required, Abbot replied, "I should think that if you were able to get 
the contrivance so that you can communicate to Wenden whenever either you or Fred 
is on Mt. Harqua Hala, it might answer for all usual purposes and perhaps would be 
about as costly as we ought to install at present. I wish you would go ahead as far as 
you can with what you have and then make a definite recommendation as to what fur­
ther apparatus is required, with costs, and we will see what can be done. II In other let­
ters, Abbot replied, "I will take up the matter of the electrometer and see what can be 
obtained.69 I will send you an old tire or two so that you and Fred can keep your feet 
off the ground. I send you a copy verbatim of the writing he (Ellison) gave us. I tried 
to get a better one from him, but that was the best he was willing to sign. II Then, Abbot 
provided a solution for the lightning protection. 

SMITHSONIAN INSTITUTION 
Washington, U.S.A. 

March 3, 1922 

Dear Al fred: 


We have received repl ies on the lightning protec 
tion proposi tion. I enclose that from the Weather Bureau 
which includes Farmer's Bulletin 842. In view of their 
recommendations, it would seem desirable for you to bury 
two or three feet deep in the ground a copper ribbon one 
by one-eighth inch in section extending all the way round 
your building, and to erect a drain pipe leading down to 
it at some convenient point where you could pour the 

'" Constantly trying to educate himself about wireless radio phones, Moore wrote to various suppliers, including Lee De Forest, Inc., San 

Francisco, and Wm. B. Duck Co., Toledo, Ohio. 

69 In a subsequent letter Abbot said, "They have reconunended the Compton Quadrant Electrometer, although not fully understanding your 

purpose, and I am inquiring the cost and will hope to purchase one and forward it to you in a little while." 


http:obtained.69
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tolerably clean water, such as used for plate washing and 
for washing the hands, so as to moisten the trench. 

From this copper ribbon might go a number of one­
half inch copper cables which could be frayed at the top 
and soldered to the galvanized iron sides of the house, 
and the galvanized iron sides should be connected simi­
larly by such copper cable to the roof, on which should be 
erected three aerials, two or three feet high, which 
might also very well be of one-half inch copper cable 
frayed out and pointed at the ends. These aerials could 
be supported by means of angle-irons bent and bol ted to 
the roof. 

Very truly yours, 

~YtYJ~~L 

Abbot advised that Moore should "order the cable from Los Angeles. It would be 
cheaper than for us to order it in the east and have it sent out there." 

Throughout the month of March 1922, Moore's work and thoughts at Harqua Hala, 
and the cooperation of the weather, and Abbot's needs for a valid field station again 
began to drift apart 

Mt. Harqua Hala 

March 5, 1922 


Dear Mr. Abbot: 

Long method days have been few of late due to the 

extremely poor observing weather of February. Thirteen 
days were lost al together in February and no long methods 
were possible after the 16th. March is showing some im­
provement, but the quali ty of the skies has not been good 
the past two or three days. 

Fred and I are busily engaged now getting the main 
cistern in shape. We started cementing it yesterday, and 
as it proved a much bigger job than we had thought, we had 
to put in a half day at it today (Sunday), and will try to 
get it done tomorrow. It will hold 1227 gallons. 

As soon as I get the c is tern done, 70 I will try to get 
at that wireless transmitter. I have thought of one or 
two other schemes to try. and then I will let you know 

'" The completed cement tanks included a cover to "try to make it bug proof, if it is possible." It held about 1265 gallom making a total water 
storage capacity with three tanks of 1875 gallons. 
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wha t seems to be the bes t thing to do, and abou t what the 
cost will be for extra material needed. I got Knight's 
set to sending out high frequency current the other day, 
but had to force the tubes to do it, and wound up by burn­
ing out one of the tubes! 

There are about as many kinds of hook-ups on wire­
less telephone transmitters as there are fleas on a dog, 
so it is pretty hard to take a jumbled-up set like 
Knight's, wi th several of the necessary things missing, 
and get it to working. 

Sincerely yours, 

A4ul 
Curiously, in a March 22nd letter to John Roebling, Abbot reported about the Harqua 
Hala field station, "They have been getting results very regularly and very excellent 
ones. We have not published any of them as yet, for I felt it was highly undesirable to 
have to make systematic corrections after publication such as we had to make for 
Calama." 

In the same letter Abbot continued, "We have gone over the whole list of long 
method results obtained up to the first of February and from them have constructed the 
curves necessary for the short method work. These are now in use at Mt. Harqua Hala. 
We are working up the short method results from the beginning up to February 1, 
1922, which will be a long process of computation. We find that the long method and 
presumably the short method work, too, will require a secondary correction for water 
vapor just about the same as we had to apply at Mt. Wilson. It is a little curious that 
this is not required in South America, but possibly it may be because the definition of 
the spectroscope is very decidedly better than that which we have had a Mt. Harqua 
Hala, and also the quantity of water prevailing in the atmosphere from the station at 
Montezuma is naturally very small. I hope to go out to Mt. Wilson by the first of June. 
On the way, I shall stop at Mt. Harqua Hala and talk things over with Me Moore. Mr. 
Fred Greeley, his assistant, wishes to go home this summer for a month, in August, 
and I have approved of this and will arrange that either Mr. Aldrich or myself shall 
take his place while he is gone.,,?1 

Seemingly contradicting his report to Roebling, Abbot wrote to Moore, "I find 
it very hard to decide just how to draw the plots, and possibly improvements might be 
made, but we are trying to get them as consistent for the different air masses as 
possible." 

71 \Vhen Greeley requested a vacation, Abbot told him, " ... everyone in the Government service has a right to thirty days leave, not including 
Sundays and holidays, so that ifyou should plan your trip to include, for instance, Labor Day, which is Monday, September 4, you could leave 
the mountain on Saturday, July 29, and be back Tuesday, September 5." 
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While Alfred Moore was used to difficulties with the observing conditions on 
Harqua Hala, one can imagine his utter disappointment when disaster struck his wire­
less radio aerial, a situation that Keg Greeley described vividly to his mother. 

72 The garage, at the base of the m01mtain, was 2600 feet above sea level. 

73 Moore said to Abbot, "We put it up again making it 60 feet in height, instead of 72 feet, as the latter seemed almost too high for best results 

with the wireless anyway.· 
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In March, Moore received the Magnavox loud speaker and found "it works quite well, 
but will work very much better when I get another amplifier or two hooked up with it. 
It certainly seems strange to hear a 'phonograph' being played from 600 to 800 miles 
away, and no wires intervening. One night everything was very freaky and I could 
hear talking going on at Avalon, California, just by using my body as an aerial. I had 
the aerial entirely disconnected, and stood on an insulated platform, and held the regu­
lar aerial post in my hand." 

Finally, the task of digging the trench for the lightning protection apparatus fell 
on Keg. 

74 Moore said that the meal also included "frozen custard, cake and candy .• 
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Chapter 13 


Plans for Continued Work 


Increasingly, Abbot devoted more attention to validating the solar constant measure­
ment method. He was plagued with problems finding the right "corrections" and 
"function" to use at his Harqua Hala field station; while he was able to provide some 
temporary correction curves for the Harqua Hala observers, he could not accurately 
correlate the values between Arizona and Chile. As yet, Moore had not been able to 
obtain enough long-method measurements to statistically determine the right way to 
apply the newer short method. 

Abbot told Moore, "It is already plain that the high values of the function give 
high solar constants, and vice versa. But I think there is probability that the correction 
will be so small that we ought to get it with sufficient accuracy. I feel very anxious 
about the situation. It would be such a blow to us if the comparison of North and 
South America, which we shall be able to make in the course of another month or so, 
should go badly." 

With less than a scientific approach to the matter, Moore doubted they were on 
the right track at all. He told Abbot, "Personally, it seems to me that most likely there 
is a variation in the sun, probably of short periods, and that this variation has a very di­
rect affect on the weather on the earth, but I am pretty much on the fence as to 
whether this is a variation of radiation, at least entirely. But I guess we will have a 
chance to discuss this more at length when you come out to Harqua Hala. 1/ 

SMITHSONIAN INSTITUTION 
Washington, U.S.A. 

April 29, 1922 
Dear Mr. Roeb 1 ing : 

There are so many matters connected wi th the solar 
work about which I should like to consul t you before I 
leave for the summer campaign at Mt. Wilson. 

107 
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The most important is the consideration of what we 
shall do after July, 1923, when it will probably be nec­
essary to make a change in the directors of the Mt. Harqua 
Hala and Montezuma observatories. The young men have 
been in the desert so long that they feel indisposed to 
sacri fice the soc iety of friends further, and one cannot 
blame them for that. The two assistants are first rate in 
their way, but nei ther has sufficiently broad education 
to be sui table to put in charge of such delicate and re­
sponsible work. Accordingly we shall have to make in­
quiries very soon for the purpose of finding the right 
men, if the stations are to be continued after July 1923. 
But that question has to be decided first of all, and I 
wish to lay before you the considerations, pro and con, 
in regard to it. 

Mr. Clayton is now in the Uni ted States, near Bos­
ton, on furlough, and has a great deal of very interest­
ing data, part of which he has brought to my attention in 
the last few days, which tends strongly to confirm the 
value of solar radiation work for forecasting purposes. 
I can give you some idea 0 f some 0 f his resul ts and al so 0 f 
the present tendency of the United States Weather 
Bureau. 

Very truly yours, 

~:§.~~ 

More specifically, Abbot wrote to Moore, "Mr. Clayton called upon me for confer­
ences twice last week.75 He has brought along some of his eight-day forecasts based on 
solar variability, and these seem to correspond surprisingly closely with the actual 
weather.76 He feels very sanguine of the values of our work, and indeed believes that 
he would be able, if he had the resources of the United States Weather Bureau, to pre­
dict better for the United States than for Argentina because the changes here are so 
much larger and more definite. I wish that it may prove so. On the other hand, Mr. 
Clough of the Weather Bureau was down here with data which seemed to him to 
prove that there is no variability ofthe sun whatever. So we find people looking, some 
on the red shield, some on the blue. II 

l' Abbot and Clayton met the week of April 24, 1922. 

16 Abbot plotted six weeks of Cla:yton's eight day predictions of the temperature for Buenos Aires versus actual temperature. He reported, 

"There is a well marked correlation between the two which, in view of the piecemeal character of the solar data which he uses and some other 

considerations, seems to me to be quite a confIrmation of the view that he is working on the right track." 


http:weather.76
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Moore returned to Harqua Hala from his trip to Los Angeles, picking up with the work 
where he had left off seventeen days earlier, and immediately planning his next 
chance to get away from the mountain. 

Mt. Harqua Hala 

April 27. 1922 


Dear Mr. Abbot: 

I intended to wri te to you while in Los Angeles. but 

with going to the dentist about every day including the 
very day we left, and in keeping up wi th Edgar in his many 
attentions he showed to us, I had to postpone letter 
writing. Chella and I both managed to catch a little 
gripe or something just before coming back, and were laid 
up a day or two the early part of the week, but are about 
all right now. 

We have qui te a number of short methods computed by 
the new curves, and I am sending them under separate 
cover. But we are now putting in our time when not 
observing at getting the lightning protection arranged. 

As to Fred's vacation, I do not think he should be 
expected to remain up here until August. He thinks he 
will have a short enough stay at home as it is. since the 
going and coming take so much time. He has been here con­
tinuously since December 3rd. Personally, I think we 
should be allowed to get out of here every three months. 
The Government employees in Washington are supposed to 
have sixteen hours of every twenty-four and one day of 
every week for their own desires, and have a very de­
lightful city in which to spend their leisure time. In 
our case we virtually give twenty-four hours of every 
day, and seven days each week to the Government. hence it 
does not seem to me to be just to expect us to come 
strictly under the thirty day a year vacation limi t. It 
is my opinion that if a place as isolated as this is to be 
run continuously, the vacation trips should be taken be­
fore the person has been here long enough to begin to ha te 
the place. for then it is too late. 

I think Fred should be allowed to take any trip he 
sees fi t out of here as soon as we get the lightning pro­
tection arranged. 77 He says he really prefers going east 
a little later than August, since the trip will be such a 

77 Greeley wanted to take a trip to the Grand Canyon in addition to his one month vacation to visit his family back east 
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hot one at that time. I hope that Chella and I can get out 
of here around August 1st for a breathing spell from the 
hot summer. 

As for you or Mr. Aldrich taking Fred' s place while 
he is east, I don't think that will be necessary if it 
will not be convenient for ei ther of you to be here. I can 
do the observing alone, and probably most of the 
computing. 

Thanks for sending the Government book on wireless. 
It is abou t the bes t thing on the subj ec t that I have 
seen. We are having an awful time with static interfering 
with our hearing, and I guess it will get steadily worse 
as summer approaches. I am sorry tha t you wi 11 be here 
during the season for such poor hearing on the rad io, for 
when s ta tic does not bother we hear very plainly indeed. 

Owning to the large amount of snow and rain this 
spring the desert and the 'mountain look very different 
from the way they did a year ago. Tonight I noticed some 
very beaut i ful whi te lilly-like flowers. which grow on a 
very common looking plant resembling dandelions. The 
blossoms come out just at sundown. The are exceedingly 
fragran t .78 

We hope to see you out here before many weeks. 
Sincerely yours, 

A4ul 
On May 10, 1922, Keg Greeley left on a ten day trip to Phoenix and the Grand Can­
yon, catching the train in Wenden at 2:15 A.M. The Moores took advantage of his ab­
sence to invite a house guest to the mountain. And, increasingly they looked forward 
to Abbot's planned visit. 

Mt. Harqua Hala 

May 16, 1922 


Dear Mr. Abbot: 

I am going to Wenden after I finish observing 

tomorrow to bring up Mrs. Matteson, the wi fe 0 f the store 
keeper, to spend a few days wi th us. Chella has every­
thing looking spic and span in honor of her first lady 
guest to the mountain. 

7l! In a later letter, Moore sent a pressed flower to the Smithsonian to help identify it. He further described the plant, saying, "The buds pop 
open just about sundown, and do so very rapidly, They bloom all night and in the afternoon of the following day they wilt and other buds 
open," Subsequently Abbot wrote that Dr, Rose of the Institution identified the flower as a primrose and wanted more specimens, 
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We are hoping that you can bring Mrs. Abbot up to 
Harqua Hala wi th you. Wi th an extra single bed and cot I 
am sure we can easily accommodate all. It might be rather 
hot in the valley, but she could come up on one of Mr. El­
l ison' s burros. and it would not be uncomfortably warm up 
here in June. 

I had a rather exc i t ing time during observat ions 
yes terday morning. I was running a long method, and jus t 
at the close of the third bolograph, I heard the greatest 
crash in the galvanometer room. I went in and found that 
the sixty-five pounds of lead weight had fallen. At first 
I thought that merely the wire had broken and went right 
on wi th the succeeding pyrheliometry. But when I looked 
into it, I found that the trouble was much more serious, 
and at first thought it might put us out of business for 
several weeks. One of the shaft bearings of the plate 
carrier clock had broken off flush. letting the shaft and 
gear fall free. This evidently allowed the lead weight to 
drop, and was the cause of the trouble. I took the clock 
out into the shop, and saw that I could probably fix it by 
screwing a brass collar bearing on both ends of the 
shaft, for the bearing had broken off on the other end 
too. I did this and it works better than it did before. It 
is a wonder to me that the thing had not broken long be­
fore now. for the bearing was not much larger than a pin 
and must have been subject to quite a severe strain. This 
caused me to lose the long method yesterday, but got two 
short methods, and got a long method today. This makes 
two long methods I have run since Fred left. I haven't 
lost any days since he left. 

I must close now. Wi th best regards to all. 
Sincerely. 

A4M 
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The many trips on the trail to Wenden obviously gave Moore time to think about the 
needs of the observatory; he did seem to genuinely want to improve conditions at the 
Harqua Hala field station. 

Mt. Harqua Hala 
May 19, 1922 

Dear Mr. Abbot: 
As Mr. Ellison and I were coming up the trail yes­

terday morning, he said that having to walk up the trail 
each week was get t ing to be almos t too much for him, 
especially since the hot weather is again coming on. 
Since our loads usually require the three burros, he 
thought it would be necessary to get a horse or riding 
burro. I was rather surprised that he suggested getting a 
horse since he once said that horses tear up the trail 
much worse than burros. Since it is qui te necessary for 
Fred, Chella and I to have means of riding, I thought it 
might be well to ask you if it would be possible for the 
Institution to get a horse and saddle, and thenMr. Elli 
son can use it on his trips, and we can have means of 
transportation without being dependent upon Mr. Ellison 
wholly when we want to make the trip to Wenden, or to 
bring up anybody. I think $100 would cover the cost of 
horse or large riding burro and saddle. 

Mr. Ellison talked as though he was thinking 
strongly of selling his claims up here to some cattlemen 
who were up to look them over a few weeks ago. He said tha t 
he thought that he could very likely make the Smithsonian 
a much better proposition than formerly for a small tract 
of land where the station is, and a first right on his 
spring. I told him that you expec ted to be up here next 
month, and had better talk it over with you when you come. 

Mrs. Matteson returns to Wenden tomorrow. The burro 
got out of the corral when I went to bring her up on 
Wednesday so she had to walk up the trail. 

I think Fred wi 11 be back tomorrow. I haven' t los t 
any days since he left. We had a terrific wind last night, 
but no damage was done except the breaking of three panes 
of glass in one of the windows. 

Sincerely yours, 

A~ 
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Abbot also thought the horse was a good idea and authorized purchasing one. In the 
meantime, Alfred Moore laid the plans for Abbot's visit to the mountain. 

Mt. Harqua Hala 

June 6,1922 


Dear Mr. Abbot: 

I am glad that you will be out here soon. I am not 

qui te certain which would be the bes t time to arrange to 
come up. Your train arrives in Wenden about 9 P.M. As you 
know the hotels are a very poor excuse in Wenden, and un­
less you have arranged to stay over night wi th Mr. Har­
rington, I'd think the best plan would be for me to meet 
you when the train arrives and bring you both up :here tha t 
night. There would not be much moon, but we have a good 
lantern at the garage, and I know the trail. It would be 
much cooler coming up at night than the following morn­
ing, for it would be nearly noon before we could get here 
in that case. If we should come up at night. we would ar­
rive at the observatory about one o'clock A.M. I'll be 
glad to meet you at any time you think best, but it seems 
to me thatit would probab ly be bes t to come up a t night. 

I expect to go to Wenden on Wednesday of next week 
(June 14th) if you should wish to reach me by wire to ad­
vise me of your plans. Mr. Ell ison goes regularly to 
Wenden each Saturday. I have arranged wi th him for Mrs. 
Abbot to ride his burro "Jack" if she comes. 

Under separa te cover I am sending some more com­
pleted bolographs. I am holding out the one for May 24th 
for it was evidently a very unusual day. and I think we 
should look it over together after you come. Business 
seems to be picking up on Harqua Hala, for we have lost 
but one day in the last twenty-eight. But many of the May 
days were affl ic ted wi th a lot 0 f haze and ra ther poor 
skies generally. They seem to be getting clearer now, and 
will probably continue this way until the July and August 
summer rains begin. 

Having a lot of scrap material from the cistern 
lumber, corrugated iron and zinc. It struck me that it 
would be a good plan to have a porch on the east side of 
the house for use in the summer months, so Fred and I have 
been getting it ready the past couple of days. We have the 
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lightning rods nearly installed. I think you will note 
many changes in Harqua Hala when you arrive. 

I have told Mr. Ellison about getting a riding horse 
or burro and saddle. He will look into the matter when he 
goes to Wenden. I think it would be best for him to buy the 
outfit and we purchase it from him, as he can doubtless 
get a much bet ter buy than we could. 

We hope to see you up here soon and we do hope you can 
bring Mrs. Abbot wi th you. Chella seems so anxious for 
her to come, and for her sake too, I hope she will come 
wi th you. Chella is wri ting her by this mail. 

Sincerely yours, 

A~ 

Abbot planned to arrive in Wenden by train the night of June 17, 1922, almost two 
years since his first trip. Prior to leaving Washington, he wired his plans to Wenden. 

Washington, DC 6-12-22 Accept proposal ascent Saturday 
night. Lill ian also. CG Abbot 



Chapter 14 


Settling Down Until 1925 


When Keg Greeley returned from his vacation at the Grand Canyon, he and Alfred 
Moore turned their attention to preparing for Charles Abbot's visit to Harqua Hala. 

'W-~ 'W-ak 

~/6, 1922 
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As planned, Charles and Lillian Abbot arrived in Wenden on June 17th "on the night 
train" and ascended Harqua Hala during the cool of the night, arriving at the field sta­
tion at 3 A.M. Greeley told his mother, "They slept pretty late that morning and got up 
with sticks in their eyes. " 

During his brief stay at Harqua Hala,79 before going on to Mt. Wilson, Abbot 
raised the morale of Moore and Greeley, at least temporarily. 

,. It is not clear how long Abbot and his wife stayed at Harqua Hala, but it was likely not much more than a fe\v days and certainly no longer 
than a week; Abbot wrote his ftrst letter to Moore from Los Angeles on June 24, 1922. 
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Keg changed his travel plans to visit his parents in the Fall of 1922 because Abbot 
planned to shuffle the duties of his field station observers. Plans caned for Aldrich to 
go to Chile in October. Then, in May 1923, Keg would swap places with his brother 
Paul, Keg going to Chile and Paul coming to Arizona. Keg told his mother, "Dr. Chas. 
is going to arrange it so that Paul and I will be home at the same time. I have been 
thinking it over and think I had better wait until next May before coming home as the 
Smithsonian will pay my fare then, and I would like to make another trip or two to 
California in the meantime. " 

As he had discussed with the observers on Harqua Hala, when Abbot arrived in 
California he quickly arranged for a sink and a Kelvinator refrigeration unit80 to be 
shipped to Arizona. Abbot also arranged for the phone wire from Harqua Hala to 
Wenden to be strung on the Santa Fe poles where the line would parallel the train 
tracks for seven miles into Wenden. 

The refrigerator immediately became a concern for Moore; he seemed to have 
an ability to analyze concern into any situation. About the Kelvinator, he told Abbot, 
"The only thing that I am afraid of is whether it is supposed to run a good share of 
every day. The gas engine requires considerable attention, although I can arrange the 
oiling and cooling device so that we will only have to look at it every couple of hours, 
fixing it so that the engine will be automatically stopped should the cooling water get 
low." Moore expressed even more concern about working with Santa Fe. In addition, 
his letter to Abbot in California showed that Abbot's visit to Harqua Hala had not re­
solved the difficulties with the observing method. 

go To his dad, Keg described it: "The Kelvinator is not an ice making plant, but is a cooling system. It is claimed that it will make a refrigera­
tor 10 degrees colder than ice." 
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Mt. Harqua Hala 

June 30, 1922 


Dear Mr. Abbot: 

I am wondering if it could be arranged for their men 

to string the wires, for from what I've heard, railways 
are always very fussy about all work, and since I really 
know very li ttle about the orthodox way of stringing 
telephone wires, and I doubt if anyone could be gotten in 
Wenden who would know much more about it. I rather hate to 
tackle the job on their poles. I'll have to stay in Wenden 
while working down in the valley, for it is a pret ty hard 
day's work just going down there and back, and not much 
time would be left for working on the phone line. I think 
Fred and I can string it to the garage. Then I'll get 
someone from Wenden to set the necessary poles from the 
railroad to the garage and help me with that stringing. 

The thunderstorms have ceased for a time at least, 
and we succeeded in getting two long methods this week, 
al though the days were extremely wet, and the skies 
rather hazy. But these two days have managed to stir up 
quite a lot of trouble up here. The days showed pretty 
good agreement wi th the former points on the curve, 
especially the first day. I congratulated myself on 
this, but I guess I did not tap on wood. for when I went to 
plot the areas, instead of falling on the almost perfect 
curve that I had gotten formerly, they all lay on a good 
curve, but about 10% removed from the other curve. As I 
told you when you were here, I now have somewhat poorer 
defini tion than formerly. 81 

The defini tion here has gradually been getting 
poorer for sometime, but a sudden change for the worse 
came the day after you got here. 82 I worked some wi th the 
galvanometer. and then tried to get the bolometer in 
bet ter focus. I am qui te certain tha t the troub le 1 ies in 
the galvanometer, especially since the bolometer had not 
been touched for many months, and since I had to adjust 
the control magnets to get a larger deflection the day 
the poorer defini tion started. I do not think that the 
galvanometer here is nearly sensitive enough, but just 
why it should be getting worse in this regard isn't at all 

., Here, Moore is referring to the plot ("definition") of the resulting holograph falling as expected on the photographic plates. 
" The observing data was not analyzed Wltil after Abbot left Harqua Hala. 
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clear to me. I hate to think of having to start allover 
again, but it does seem to me that this definition busi 
ness should be brought equal wi th that in Chile, and 
probably both stations improved in this regard, before 
Aldrich starts some real work going down there. I think 
this past neglect of this definition business is one of 
the weakes t links in the chain of our work. 

I am wondering if the pile of large rocks that you 
have under the galvanometer here, together wi th the rock 
wall just back of it may not be responsible for some of 
the troubles, for the rocks up here are qui te magnetic. 

Yesterday evening after dinner I went out hunting 
and managed to bag two dandy rabbi ts. Wish you folks 
could have been here to enj oy the grand dinner tha t 
Chella got up this evening. 

I am sending in Mr. Ellison's bill for April, May 
and June. It totals $143.50 for the three months. 

Sincerely yours, 

A4ul 
Despite the apparent disaster that still lurked with the observing method, Moore's sub­
sequent letters to Abbot seemed to focus on the every day problems that he could solve 
more easily. He wrote, "We are getting a good deal of comfort out of the hens. The 
store-bought eggs are very poor this time ofyear, and it is fine to have some fresh ones 
to eat. The first week that they were here they laid nine eggs and the next week seven­
teen. They seem very contented up here, and really, I'd think they would, after having 
come from that furnace of Wenden. It got up to 120 degrees down there a few days 
ago. We had it pretty hot up here, but nothing like that." 

Keg elaborated on the heat to his mother. "The thermometer registered 120 de­
grees in the shade in Wenden, and it was about 100 degrees here. Every degree counts 
when it gets up that high, and we considered ourselves lucky to be up here on the 
mountain where there is a breeze. There have been only two evenings that I had to 
sleep on top of the bed clothes. The rest of the time I've needed a sheet and blanket." 
Keg added, "Last night I couldn't sleep at all until after three o'clock. It wasn't hot, and 
I didn't feel sick. Alfred thinks its the altitude. Both he and Chell a get those spells once 
in awhile. Says he used to have them when in Chile after being up on the mountain for 
any length of time. " 

The observers looked forward to relief from the heat with the planned refrigera­
tion unit. Moore attacked its installation like he had the wireless receiver. 
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Mt. Harqua Hala 
July 14, 1922 

Dear Mr. Abbot: 
The Kelvinator is up here. We have looked the place 

over and about the only available place for the refrig­
erator is on the north side of the kitchen, under the 
shelves. Fred and I laid out a rope the way the copper 
tubing will have to run, and strange as it may seem it 
will require about 86 feet from the place the compressor 
will have to si t in the shop. 

We have been racking our brains this afternoon de­
ciding on a place for the refrigerator and its construc­
tion. It is highly important that we make it as well 
insulated as possible, since we do not want to run the 
engine any more than necessary. Also it is necessary to 
have it arranged so as not to open the doors any more than 
we have to. Since the drinking water would be the main 
reason for our opening the doors except at meal time, at 
Fred's suggestion we planned to have a sort of drawer 
containing a zinc tank with a faucet on the outside for 
drawing the drinking wa ter. This drawer can be taken out 
and the tank scalded, to keep it sani tary, wi thout heat­
ing up the refrigerator. The food compartment is just 
under the drawer, and to the right of these there is the 
brine tank and a small extra compartment under it. I'll 
build it of tongue and groove boards, and line the inte­
rior wi th that heavy roll paper we have here. The parti­
tions will be of zinc. I have considerable cotton bat t ing 
here, and may have to order some more in Los Angeles, if I 
find I do not have enough. 

We had considerable exci tement on Harqua Hala 
Wednesday and Thursday. A party of three county survey­
ors were up here putting a signal on the peak. They came 
up unprovided with food or bedding, so we supplied them. 
Mr. Ellison brought up some provisions for them from 
their truck at the landing, and when they left they pre­
sented us wi th a lot of canned goods, and nearly a whole 
side 0 f Swi ft' s Premi urn bacon. 

We have a circus every time we give the pup a bone 
watching him trying to keep the hens from taking it away. 

Sincerely yours, 

A~ 



Settling Down Until 1925 121 

Indeed, in latter June 1922 installation of the Kelvinator seemed to occupy most of 
Moore's spare time. He told Abbot, "We have just finished putting in the sink in the 
kitchen. It had to be put in before we could start on the building of the refrigerator. It 
will not take long to get the ice plant going after the refrigerator is built. 

Mt. Harqua Hala 
July 17, 1922 

Dear Mr. Abbot: 
Mr. Ellison brought up some more parts for the 

Kelvinator and the instruction manual. In reading it 
over I noticed that they do not at all favor long runs of 
copper tubing between the compressor and condenser and 
the brine tank. I rather expect that my proposed.distance 
would be cons idered a pret ty long dis tance, espec ially 
since a good deal of it would be in soil that is continu­
ally very warm at this season of the year. The idea struck 
me yes terday thatit would be very much bet ter if we could 
have the compressor-condenser in the basement. or at 
leas t very much nearer the re frigera tor. 

I made a temperature comparison yesterday after­
noon. I used a Fahrenhei t thermometer. and the resul ts 
were as follows. In the shop wi th both windows and the 
door wide open, and a good breeze blowing through, the 
tempera ture was 94 degrees. Under the house, where I 
would put the machine, the tempera ture was 79 degrees. 
And on the front porch wi th a good breeze blowing, it was 
87 degrees. This seems to me a pretty strong argument in 
favor of the basement. 

We had a pret ty fierce wind and electrical storm 
late last night, but only got 0.11 inches of rain out of 
it. The wind managed to blow down the surveyor's sighting 
signal. I was not surprised at all. I told the head man 
that I thought he was not putting it up securely enough 
for the Harqua Hala winds, but he thought he knew bet ter. 

We have a couple of riding horses lined up, so maybe 
you won't have to walk up the trail next time. One is for 
$50 and the other $35. I think the former is a pret ty good 
animal for our purpose. 

Sincerely yours, 

A4ul 
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It seems that another trip to Los Angeles was about the only thing that could interrupt 
installation of the refrigerator and Kelvinator. 

!13 An expense account memo detailed Chella Moore's trip: "Ticket to Los Angeles & return for Mrs, Moore, $26.50 one way; Pullman ticket 

to Los Angeles, $4.50; tip porter, $0.25," 

84 Like a paint, calcimine is a solution of zinc oxide, water, glue, and coloring, used as a wash for walls and ceilings. 




Settling Down Until 1925 
 123 



124 HARQUA HALA LETTERS 



Chapter 15 


Finally, Good Results 


The Moore's had planned to be gone from Harqua Hala for three weeks, but their sum­
mer trip home to Los Angeles stretched to a month because of unforeseen circum­
stances. When they did return, Alfred Moore immediately resumed his work and 
written communications with Charles Abbot who was still at Mt. Wilson in California. 

Mt. Harqua Hala 
Augus t 25, 1922 

Dear Mr. Abbot: 
After a few days delay and considerable worry due to 

the Santa Fe strike, we finally managed to get back to our 
mountain home. We had all our plans made to return in our 
Ford on the following day when I found out that the strike 
had been called 0 ff. The Phoenix line was wi thou t any 
trains for ten days. 

When we got back we found that everything had been 
going fine except the weather, and it has been pretty bad 
since our return. Thus far we have lost fifteen days en­
tirely in August, and only one long method has been pos­
sible this month. 

We now nearly have our cisterns and tanks full, 
which is a fine thing. We have got ten over three inches in 
July. Another inch of rain will fill everything up. I am 
planning to extend the concrete on the shop c is tern up to 
the top 0 f the corrugated iron, thus increase its capac 
i ty about 150 gallons. A rain while we were away cut up . 
the lower part of the trail very badly. After the summer 
rains are over I think we will have to get those two men to 
work on the trail again. 85 

85 Ellison took on this task for pay, starting in early October 1922. 
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In L. A. I called around to see Mr. Bassett 0 f the 
Santa Fe. He says that he expects their gang will be 
stringing wires near Wenden in October, and that he will 
be glad to have them string our wire at that time. I am 
wri ting about insulators, poles, etc. , by this mail. I 
wrote a letter to Mr. Roebling before going on my vaca­
tion, thanking him for the phone and other favors since I 
last wrote to him, and describing the many improvements 
up here which his generosity has made possible. I also 
invi ted him and Mrs. Roebling to make us a visi t whenever 
convenient to them. When I got back I found a let ter from 
Mrs. Roebling. She said that Mr. Roeblingwasn't very 
well, and asked her to wri te to me. 

I have been working on the refrigerator ever since 
my return as it is a very tedious task. I have it nearly 
done now, and hope to get it ready to tryout in a few 
days. I went around to the agency in Los Angeles several 
times for instructions. 

Chella ini tiated our horse "George" by riding him 
up the trail on our return from Los Angeles. She pro­
nounces him first class. His sores have healed, and he 
has put on a good deal of flesh, so he is a pretty good 
looking animal now. He is a regular pet, too. I think he 
and Mr. Ellison are getting real chummy. Mr. Ellison 
gives him a little barley every day. and he stays around 
very close to his house. He doesn' t have to hobble him any 
more, and we can go right up to him when we want him. 

Mr. Moore. the man from whom we bought George, has 
piped the water from the spring86 down to a trough near the 
corral at the landing, and expects to put some cattle 
down there soon. Mr. Ellison is still dickering wi th Mr. 
Stokes, the cow man 0 f Aguila. 87 Whi Ie we were away, 
eleven people from Aguila came up and camped for about 
two weeks down near Mr. Ell ison' s. 

Fred thinks that our lightning protection is great 
thing. During a big storm lightning was hitting all 
around, and Fred says he could plainly hear the guy wires 
sizzling. No harm was done . 

.. Moore is referring to the spring half way up the trail from the foot of the mountain. Today, there is still a mile or two section of old three­
quarter inch galvanized pipe; while this could be the pipe originally installed, it could also have been replaced by later ranchers. 
81 Greeley told his mother, "He is a cattleman and wants to buy a right to Mr. Ellison's spring. He has offered him $2500 for the right to water 
his cattle. That's what a good spring is worth." 
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We now have the house about as bug-proof as it is 
possible to make it. Fred re-calcimined the walls, care­
fully filling up even the smallest cracks. If any bug en­
ters our abode now, he will have to come in at the door 
like a gent leman. 

Sincerely yours, 

A~ 

The addition of the refrigerator was certainly a morale builder on Harqua Hala. In the 
first week of September Moore wrote to Abbot, "We have the Kelvinator working 
since last Saturday, and it seems to be doing fine. We have had an ice cream and a 
sherbet in the time it has been running. It took a good many hours running the first 
couple of days to get the refrigerator cooled off, but since then we have not had any 
trouble to speak of. We have ice tea twice each day. The compressor still heats up 
more than it should, but with more use I think this will be all right. It now takes be­
tween four and five hours of running out of twenty-four, but when the thing gets lim­
bered up I think this will be cut down somewhat, although in very hot weather it will 
take more running. I am enclosing a couple of pictures of it. The drawer at the upper 
left comer contains a four and a half gallon zinc water tank, for drinking water. When 
we use this part of it, we merely have to press the faucet knob, thus not having to open 
the refrigerator each time we want a drink. II 

Keg described the refrigerator to his mother: "Down cellar we have a coil of 
copper pipe filled with sulfur dioxide gas. One end of this pipe is connected to a com­
pressor, and the other end leads from another pipe to the brine tank which is located in 
the refrigerator in the kitchen upstairs. The compressor compresses the gas into a liq­
uid state and pumps it to the brine tank where it passes thru an expansion valve and 
expands into a gas again. When expanding into a gas it cools off very rapidly and of 
course send out this cold into the brine. This process is kept up till the brine is ice 
cold. Power to run the compressor is furnished in relays. First, a dynamo in the shop is 
belted to the engine and then a wire runs from that dynamo to another dynamo in the 
cellar which is belted to the fly wheel of the compressor. It has been quite a job to get 
the thing set up and have the Kelvinator part of it air tight for we canlt afford to lose 
any of the gas up here.88 A little of it escaped today, and it sure is pungent smelling 
stuff. Makes you think ofthe lower regions. II 

.. They tested for sulfur dioxide leaks with "strong ammonia," the reaction producing a small cloud. 
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" Most likely this was canned fish. 
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Greeley had ordered a motorcycle from the Harley Davidson dealer in Phoenix. As 
soon as it arrived, he set out on another vacation to Los Angeles. Leaving Harqua Hala 
on September 19th, he told his mother, "I went to Phoenix to get the machine. Rode it 
around town for two or three days to get it broken in and running right. The first day I 
left Phoenix, I rode as far as Wenden, about 115 miles. It was a tough old grind thru 
sand and ruts, and I had to ride every minute to keep right side up. I was terribly hot 
too which I think took more out of me than the riding. Left Phoenix at 8: 15 in the 
morning and arrived at Wenden at sundown." After spending the night in Wenden, 
Keg rode on to Parker, Arizona. There, because he was advised that the road from 
Parker to Victorville, California, "was in fierce shape," he crated the motorcycle and 
had it shipped by train while he rode in coach, both for "about $20." Then, from Vic­
torville, he cycled into Los Angeles. 

Certainly the tragedy experienced by the county surveyors was a reminder of how dif­
ficult life on Harqua Hala could be, but it seemed as if conditions on the mountain 
were genuinely improving. While Greeley was on vacation, Alfred Moore continued 
the grind of getting everything working properly. Once the summer rainy season 
waned, the radio reception improved again with less static. Moore told Abbot, "We 
heard pretty good over the radio last night, the best since last spring. There was some 
static so we only used one amplifier most of the time. We were surprised to hear Kan­
sas City as we had never heard that far before. We also heard some good music from 
Salt Lake City, Denver and San Francisco. Strangely enough we could not hear much 
from Los Angeles last night, except Avalon." 

Even the observing results started to look reasonable. At Mt. Wilson for the 
summer, Abbot and his assistant Aldrich had found time to plan an experimental 
course of action to solve the equipment problems at the Arizona field station. On his 
way back to Washington, Abbot return to Harqua Hala for three days in late Septem­
ber. Keg told his mother, "Dr. Chas was here for a couple of days while I was away, 
and he left Alfred so much experimental work to do that he hasn't had time to do any 
computing. II All of Abbot's experimental procedures with the observing apparatus 
started to payoff: the scientific results from Harqua Hala seemed to be falling in line 
with the results from the field station in Chile. A postscript on an October letter 
showed that even Moore's attitude was improving. 
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Mt. Harqua Hala 
October 13, 1922 

Dear Mr. Abbot: 
By Wednesday's mail I sent you prints of bolographs 

as now taken here so you can probab ly see wha t the 
definition looks like, and compare it with Chile bolo 
graphs. I have prints of some Chile bolographs here, and 
by comparing ours wi th them it seems to me tha t wi th the 
exception of a somewhat smaller deflection, our bolo­
graphs now look about as nearly like those of Chile as it 
will be possible to make them. 

Wi th so many things on tap at present we are some­
what behind in computing, but from the ones that I have 
finished there does not seem to be as much increase in the 
solar constant as I had looked for. wi th so much change in 
definition. But the values had been very low just before 
we changed so that possibly there is more change than at 
first seems to be. 

I found the cause of the" jumps It on the bolograph 
curves, atlas t. It seems tha t the cord holding the pla te 
carrier got placed in the wrong hole at the top, and was 
causing friction. This was part of the trouble, and the 
rest was in the plate carrier worm gear. I spent a whole 
evening working on it, and finally got it all right. 

Chella joins in best regards. 
Sincerely yours, 

A~ 
P.S. It seems that some scientist claims that he can re­
vive li fe in a dead body provided the vi tal organs are in 
good condi t ion. The L. A. Times commented upon it edi to­
rially. But it seems that the fellow cannot make the 
brain work, so tha t there is no mentali ty. The Times did 
not seem too enthuse very much upon it, and wound up by 
saying that about all the fellow could do would be to make 
some more Democrats! 

Abbot was elated with the observing results; he wrote, "I am pleased down to the 
ground by the new appearance of the bolographs of Mt. Rarqua Rala. They are so 
nearly identical with those from South America now that it is hard to say how there 
can be any prejudicial difference after we have introduced the new form of the energy 
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curve alike in both stations. Mr. Fowle has had a great deal of trouble in getting the re­
sults straightened out, but now he has nearly finished it, and I hope to send you the 
new data very soon. II 

While the sky conditions were beyond the control of the observers, Moore now 
began to interpret the data gathered at Harqua Hala as meaningful. 

Mt. Harqua Hala 

Oc tober 21, 1922 


Dear Mr. Abbot: 

I am sending the completed bolographs from Septem­

ber 21 to October 20 inclusive. The only misSing day in 
this interval was September 22, when I had trouble wi th 
the galvanometer, and it clouded over be fore I could get 
it fixed. But the las t few days have been ra ther poor 
skies, so we are probably in for rain soon. We thought we 
would lose today, but got a couple 0 f short methods later 
thi s afternoon. 

On plotting the solar constants for this month, a 
very interesting curve is gotten, with two very marked 
sudden rises, followed during the last thirteen days, 
wi th possibly one exception on the 17th, by a gradual de­
crease, so that the value is very low now. I have plotted 
the accompanying values and there seems to be no 
simi lari ty, which ind ica tes tha t this unusual curve is 
likely not due to water vapor changes. If Chile is awake 
it will be interesting to see if they get a similar curve. 

Sincerely, 

Alfaul 
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Chapter 16 


A Wire to Wenden 


Keg Greely's nineteen days away from Harqua Hala, most of them in Los Angeles be­
ing "dated up for shows or auto rides" by Edgar Moore, soon came to an end. Recall­
ing the difficulty traveling by motorcycle across Arizona's desert, Keg returned to 
Wenden by train on October 7, 1922. Writing home and to Abbot in Washington 
about his trip, he said, "Left my machine at the Harley place. They will store it and 
keep the battery charged for two dollars a month. It behaves better out there than in 
Arizona. Think next time I go out I will try to ride it back when the weather is cooler." 

With both observers back on the mountain, fresh from a vacation to cooler 
California, they took on the task of installing the proposed telephone line to Wenden, 
in addition to observing and other tasks. 

133 
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As funding for the field station was always a concern, Moore's plan to string the tele­
phone wire across-boulders and cacti was cheaper, and he thought easier, than packing 
poles up the mountain, digging holes and setting the poles. However, near the field 
station, because their were no suitable rocks, Keg did have to set six poles from the 
observatory across the summit to the edge of the mountain. 

Mt. Harqua Hala 

November 3, 1922 


Dear Mr. Abbot: 

We have been so busy wi th the observing and working 

on the telephone line that I have been too tired at night 
to write many letters of late. 

I have placed the contract for the construction of 
the four miles of telephone from the railway to the ga­
rage to Messrs. Lawson and Fitts of Wenden. I put up a no­
tice for bids in the post office. These fellows' bid was 
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the only one forthcoming for a long time. Finally Mr. 
Boggs, who loafs around Bunkers' mos t of the time, put in 
a bid. It was lower than the other one, but I don't think 
he would do any kind of job, and especially since he was 
in wi th the Bunker crowd, I pre ferred let t ing the other 
fellows do the work, as they are both hustlers. I thought 
that their price was ali t t le too high, buts ince they 
will have to dynami te most of the holes on the upper mile 
or two, perhaps it isn't. Their price ($250) inc 1udes all 
labor of setting poles and stringing wires, all hauling 
of their material, they to furnish all dynami te needed, 
and all tools and keeping them in repair. After all mate­
rial is laid down in Wenden, they have thirty days in 
which to complete the work. They also put in a bid of $50 
to string the seven miles of wire along the railway. I 
have not placed this yet, for I want to see what the rail 
way will do in regard to their gang. Another fellow. Mr. 
Reid, who is a professional lineman, loomed up just as it 
was too late for the other deal, and I think tha t if the 
railway will not do it, I will get his bid, as he will 
probably do the work more to the railway's liking. Fred, 
Mr. Ellison and I have been plugging away at the part from 
the garage to the first spring, the wire laid on the 
ground a li ttle farther than that, and the holes dug for 
the poles needed on top. Fred and I have also finished the 
addi t ion to the garage. 

We have been kept pret ty busy wi th the ob serving, 
too. We have everything computed including two long 
methods in this interval, but only partial since clouds 
interfered. In fact the skies have been poor the past 
week. It has been very cold. On October 28th we had some 
snow and sleet. I am enclosing a plot of the march of the 
solar constant for the month of October as far as we have 
it completed. I t seems to me the mos t remarkable thing 0 f 
its kind that I have seen. As most of the days were fine 
and the values fall smoothly, it looks as though some­
thing must have been doing on Old Sol. I am wondering if 
any other phenomena connec ted wi th the sun corrobora te 
the steady drop from the 8th to the 21st of October. 

Our hens seem to be slowing down on egg laying, but 
one 0 f them, "Henriet ta, " the one tha t "talks II to us, 
laid two egg in one day. a few days ago. She lays a 
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peculiarly marked egg, and has a nest all to herself. We 
did not have very much luck with the hatching of eggs that 
we sent away for, only five hatching. 9o But we have lost 
none of the ones that did hatch. One hatched out lame, 
having no use of one leg, but even he is getting along 
fine. He hops around on one foot, but I haven' t seen him 
do any scratching yet, like the other four do. Chella is 
making quite a pet out of him. 

Sincerely yours, 

A4ul 
Abbot indeed found Moore's "remarkable" solar plot from late October interesting. He 
wrote, "The plot of the solar work is quite as remarkable as the one you obtained in 
Chile in March 1920, and is even more continuous. It happens to have occurred at the 
identical time of the month. One could almost lay one curve on top of the other with a 
slight difference for absolute magnitudes. I called Mr. Peters of the Naval Observatory 
who photographs the sun daily, and he tells me that beginning between the 15th and 
the 20th there was a sunspot group developed out of nothing somewhat beyond the 
center of the sun's disk and advancing towards the limb. It grew bigger and bigger un­
til it disappeared. This is extremely interesting in connection with your curve, and will 
be more so if after we correct your results, if necessary, for water vapor, the form of it 
still remains approximately as at present. " 

With the more promising, yet not conclusive, scientific results, Moore let his 
speculation run a little wild suggesting that the measurements being made on Harqua 
Hala might be connected to local weather conditions. He wrote to Abbot, "We are 
having it very much colder this November than we did a year ago at this time. We had 
quite a snowstorm last Monday. Strangely enough it was accompanied by thunder and 
lightning to the north of us. A night or two previous the static was as bad on the radio 
as it is in summer. I see that a big sunspot was on about this time. Don't you think it 
likely that all these things are closely related?" 

Mt. Harqua Hala 

December 13, 1922 


Dear Mr. Abbot: 

Yesterday we went down to the landing and completed 

the phone line. This made eight out of nine days that I 
went down the trail. The Santa Fe has not as yet notified 
us as to whether our wire is to go under the bridge or 
overhead on high poles. I have been after them since 

90 Moore had ordered fertilized chicken eggs from Phoenix. 
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Oc tober 20 th. Meanwhile we have the wire laid temporar­
ily under the bridge, and tied onto the Matteson-Salome 
line at Wenden. We have been using the phone to Wenden 
since last Saturday. It seems to work very well, and 
probably will work better when we get loose from the 
Salome line. 9

! 

Chella and I are going to Los Angeles next week for 
the hoI idays. We had a very pleasan t vis i t from Edgar at 
Thanksgiving. He had a great trip out here. He came via 
San Diego, Imperial Valley. Yuma and Phoenix. He struck a 
big rain storm between Yuma and Phoenix and had to be 
towed several times. When he got to Phoenix he found that 
the roads were impassable to Wenden, so left his auto 
there and came here on the train. He got here abou t noon 
Thanksgiving day, and stayed until early the following 
Monday.92 It rained nearly all the time that he was here. 
We had no chance to look through the telescope at the 
stars, but tried to look a t Wenden one day. 93 I have rigged 
up a pretty rigid altazimuth mounting up near the croquet 
ground. Could you send out a blue glass to use in looking 
at the sun? 

We have buil t a small horse shed down below the gar­
den. We will also have to build a similar structure down 
at Mr. Ellison's for George spends a good deal of his time 
down there. 94 A horse can' t stand the cold wea ther such as 
we have up here without protection. I have also gotten a 
blanket for him. 

Today, we enc losed the space under the porch wi th 
iron, so we can keep our wood dry. Chella would very much 
like to have a small screen porch at the ki tchen door, so 
she can keep the vegetables ou t there. I have a good deal 
of the rna terial that would be needed. May I order the 
other tha t would be needed and build it in the spring? We 
have two doors to take the place of the screen doors in 
winter and keep out the cold wind, but have not had time 
yet to hang them. 

" Salome is live miles west of Wenden. 

92 On the return trip, the roads were so rough, Edgar Moore's car "broke both front and rear springs and had to have a brand new set put in." 

., Abbot had sent a telescope to the field station, principally for the enjoyment of the observers . 

.. CJreeley and Moore built the second shed on December 15, 1922; Moore described them as "both nine feet by five and a half feet, large 

enough to protect him from the snow and cold." 


http:Monday.92
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I wonder if you can have four Smi thsonian calendars 
95 sent out. We need two here, and Mrs. Matteson and Mr. 

Ell ison would very much I ike to have one each. 
All this will reach you not far from Christmas time. 

Chella joins me in wishing you and Mrs. Abbot a very Merry 
Christmas and Happy New Year. 

Sincerely yours, 

A~ 

P.S. W~: HIWL ~ tu4 '& ~ kM, ~~/Yo­
~~~,&~~~~~~M4~~~. 
A~O~ '& tu1 ~4 SSO ~4~~~-+if R~. 
AFH 

Moore was confident about the newly installed telephone and the positive observing 
results; his attitude about Harqua Hala certainly improved throughout the Fall of 1922. 
But just before leaving on December 18th for Los Angeles, he wrote to tell Abbot 
about the latest news from Wenden, still showing his disdain for much of its citizenry: 
"A bunch of prohibition agents swooped down on Wenden Saturday night and 
grabbed a couple of moon shiners. But they missed the worst offenders along this line. 
I think those Mexicans down at the landing are at this business, but they evidently got 
a tip and got out ofthe way before the officers arrived." 

With the addition to the garage at the landing completed, Alfred and Chell a 
Moore planned to return from their Christmas trip to California in their Ford, or 
uflivver" as Keg called it. Greeley was left alone for Christmas on Harqua Hala, but 
the newly installed telephone kept him in touch with the social life in Wenden. 

95 Mrs. Matteson, the Wenden merchant's wife, had visited Chella again on November 15th. 
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With Fred Greeley pending transfer to Chile, this was his Jast letter home from Harqua 
HaJa. He looked forward to seeing his family again in the Spring of 1923. 



Chapter 17 


Ready for a Real Test 


The new year had all the markings of a turning point for scientific results from Rarqua 
Rala. It began with Charles Abbot and John Roebling meeting on December 30, 1922, 
in Bernardsville, New Jersey, to review the status of the solar constant program. In ad­
dition to solid results from the Smithsonian stations in Chile and Arizona, Abbot was 
preparing to equip two new independent solar constant stations: one in Australia for 
its government's Committee on the Solar Radiation Station and Rev. E. F. Pigot at 
Riverview College96 and another at La Quiaca, Argentina, for the Argentine 
government. 

With Alfred Moore back on Rarqua Rala January 7th, Abbot filled him in on 
the latest developments. 

SMITHSONIAN INSTITUTION 
Washington, U.S.A. 

January 5, 1923 

Dear Ai fred: 


Your let ters 0 f December were duly received as I was 
leaving to attend the meeting of the American Associa­
tion for the Advancement of Sciences in Boston. While in 
Boston I attended a meeting of the Meteorological Soci 
ety at which Clayton was present and described his stUd­
ies of the variation of the sun for forecasting of 
wea ther a week in advance, as it is now being carried on 
in Buenos Aires. The excellence of the showing of Clayton 
was, I think, favorable to impressing those present wi th 
the probable future value of our work for meteorology. 97 

.. Part of the Australian apparatus was built by William Gaertner & Co, Chicago, III. 

97 At the meeting, Clayton's results were favorably received, according to Abbot, by "Marvin, director of our Weather Bureau and Sir Freder­

ick Stupar!, director of the Canadian Weather Bureau," 
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The next day after the meeting I visited Mr. Roe­
bling in New Jersey, and he showed even more interest 
than common in our work. He has arranged to provide me 
wi th a new assistant, to be secured as soon as possible so 
as to help me in the preparation of the delicate parts of 
the out ts for Australia and Argentina. It has been my 
intention to go myself to Australia to set up the appara­
tus there, but in the course of our conversation Mr. Roe­
bling and I discussed quite extensively the desirability 
of starting Mr. Clayton on intensive study of the weather 
of the Uni ted Sta tes as depending on our solar rad ia t ion 
resul ts. 98 

Mr. Roebling authorized me to get an estimate from 
Clayton as to the cost of starting a private forecasting 
bureau to make eight-day forecas ts, similar to those he 
has made in South America, for selected stations in the 
United States. This is confidential, for the present, as 
we do not wish to have any inkling of it get out to make 
possible friction with the Weather Bureau. This would 
involve daily telegrams from Chile and from Arizona, and 
Mr. Roebling contemplates standing back of the whole 
proposi tion financially. 

He asked why someone else could not be sent to Aus­
tralia. He asked me to consider the proposed new assis­
tant, who would at all events be in training for the 
directorship of the Argentine station, and whether he 
with Paul Greeley could not run the Harqua Hala station, 
sending you to Australia to set up the out t there in my 
place. I pointed out to him that it was doubtful if you 
would care to go wi thout Chella, and he at once offered to 
pay Chella's way to Australia and back, including her 
sub s is tence whi Ie there, and made an appropria t ion on 
the spot of $1000 for that purpose. I understand, of 
course, that the Australians interested in the project 
will pay the transportation and subsistence of the ob­
server sent out there to set up their outfit. 

The matter would have to be delayed until the ex­
change of the Greeleys has taken place, and until I can go 
out to Mt. Wilson to be somewhere near the ground so as to 
look after Harqua Hala in case anything should go wrong 

98 Interestingly, Abbot was also aware of "Fabry's work on variable ozone in the upper atmosphere," He and Roebling wanted to study "the 
high probability that variations in ozone are influential in affeeting the weather of tbe earth," 
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there, so that the journey might perhaps start before the 
firs t 0 f July and extend for some three months. It would 
be qui te a change for you both, would enable Chella to get 
a glimpse of Hawaii, the South Sea Islands, New Zealand 
and Aus tral ia, and would save me from having to go so far 
away from the Smithsonian Institution, which is, after 
all, a thing very undesirable. This also, if you please, 
you may keep confidential for the present. 

Tell Fred I saw his father and rode down wi th him 
from Nashau to Lowell last week. Remembering how good 
Fred's cranberries were the year I was there, I sent out 
for you all a box 0 f them, a while ago. and hope tha t they 
came in nicely. 

Very truly yours. 

_Cf:. c:Y.__~b 

Moore was elated~ he wrote to Abbot, til received your very interesting letter of the 5th 
a few days ago. When I read it to CheBa, she was just as much excited about the con­
tents as I was when I first read it! I know she would have the time of her life on a trip 
like that." 

Moore also reported on good weather and stated, "We have run three long 
methods since the 9th, all of excellent grade, and showing fine agreement between 
long and short method values, so I guess we are on solid ground after our change of 
definition. It 

As Abbot had explained to Roebling during their meeting, measurement results 
through 1922 from Arizona99 and Chile verified lithe introduction of the new form of 
solar energy curve. The new abbreviation of the short method will permit additional 
observations and higher accuracy each day." Abbot proclaimed "the two stations are at 
the highest level ofefficiency and exactly on the same basis. II 

Arrangements for private forecasting were in place by the first of February. Abbot 
wrote to Moore, "To whet your interest, I may inform you confidentially that Me Clay­
ton, Mr. Roebling and myself had a conference yesterdaylOo and all the preliminaries 
were arranged to start Mr. Clayton on his private forecasting bureau. He will make 
quantitative forecasts of temperature and pressure at several stations long enough so 
that we can see how they go, and if the result is satisfactory we shall then be in 

.. Abbot told Moore, at the Smithsonian, human 'computers," Mr. Fowle and Mrs. Bond "had completed the discussion ofnearly 500 days of 

solar constant measurements at Harqua Bala. Apparently they are coming out beautifully, although it is necessary to use a systematic correc­

tion just as we did at Calama for the short methods, depending on the humidity." 

"oFebruary 8, 1923. 
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position to show the Weather Bureau that we have accomplished something." In an­
other letter Abbot explained, II Mr. Clayton thinks it will be something like May and 
June before he will be ready for the daily reports." 

At Harqua Hala, attention turned once again to daily operations, what were 
now more routine problems with the equipment not working on occasion, and to the 
Greeley brothers exchanging posts. Moore wrote to Abbot, "As soon as we hear when 
Paul is to sail, we will arrange the date of Fred's leaving here." Keg Greeley was plan­
ning on one more trip to California. Moore added, "One of the cloudy days Fred and I 
put the new steps on the front porch. They are a lot easier than the old 'ladder' we had 
there formerly. Did I write you that I picked up a concert from the broadcasting station 
ofthe General Electric Co. at Schenectady, New York, a couple of weeks ago? It came 
in clearly with but one amplifier." 

New construction also included a corral for George at the landing because, as 
explained by Greeley, "There are so many horses, cows, dogs, goats, sheep and hens 
around down there now that every time we feed him it is necessary to stand around 
with a club to see he gets his share." Moore also asked permission "to build a small 
screen porch off the kitchen door. Weare getting pretty crowded for room, for the 
space under the house is rapidly filling up." 

SMITHSONIAN INSTITUTION 

Washington, U.S.A. 


February 20. 1923 

Dear Al fred and Fred: 


I have a cable from Paul saying that he sails north 
on March 9th by the Santa Elisa. That will bring him to 
New Hampshire about March 29th. and it seems to me that it 
would be desirable for Fred to have arrived earlier so as 
to have had part of his vacation before that and after 
staying a couple of weeks at home while Paul is there he 
might be ready to go on to Chile about the middle of 
April. 

In regard to the passport. I think it would be dif ­
ficul t or impossible for Fred to get that in the West. but 
think he will be able to obtain it at Nashua or therea­
bouts while at home. We are looking up the matter and will 
send him a let ter to Pelham. 

We shall probably wish to send some boxes of sup­
plies to Aldrich along with him. It may be necessary for 
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him to come by way of Washington to sail, but we will let 
him know about that later on. 

Very truly yours, 
CL? ({7 \/7////
Ju. ~9._crMc:tb 
Assistant Secretary 

Immediately, Keg Greeley made plans to leave Harqua Hala on March 17th. In addi­
tion, Alfred and Chella Moore planned a brief trip to Phoenix early in March because 
it would be their "last chance to get out of here before June" and the trip to Australia. 

A telegram from Abbot changed Greeley's plans: "Paul delayed to twenty-third. 
Hold Fred two weeks." 

W~ 
HMd16,1123 
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Moore welcomed the delay of Greeley's departure from Harqua Hala because he 
needed help to repair the phone line to Wenden. As he explained to Abbot, "The 
Western Union wire stringing gang that worked through Wenden region the past few 
days played havoc with our phone line on the railway poles. When I went down today 
to locate the trouble, I found the wire broken and on the ground in one place, and so 
loose as to nearly touch the ground in three other places. In making their transposi­
tions, they had found it necessary to cut our wire frequently, and instead of phoning 
me about it, and having me take them some steel wire they very poorly spliced it back, 
and left it in a very poor condition indeed, so that I fear we will have to go down and 
tie in all their splices in those seven miles to keep it from blowing down with every 
windstorm. " 

Moore caught up with the Western Union crew working near Golden, twelve 
miles east of Wenden. He just missed the foreman, Mr. Fancher, but "some of his flun­
kies were there and said they knew the crew left the line in bad shape, but thought the 
'old man' did not know about it." Moore told Abbot, "I wrote a note asking him if he 
would kindly have the trouble remedied. I told him that the line was the property of 
the Smithsonian, a branch of the Government, and that we had put it in as per arrange­
ments with Mr. Bassett of the Santa Fe and Mr. Ord of the Western Union." 

A few days latter, seemingly the line was repaired. The foreman "sent one of 
his men back to put the line in shape, and afterwards addressed a letter to me, in 
which he stated that our line had been put in good order." But still there was trouble, 
at least enough temporary trouble to cause Alfred Moore to vent his feelings. 

Mt. Harqua Hala 
March 19, 1923 

Dear Mr. Abbot: 
It looks as though Fred and I will have to put in a 

day's work tomorrow, further repairing the damage done 
our phone line by the Western Union outfit. The whole 
thing is such an unusual piece of business procedure. 
Today I was quite surprised when Mr. Stauffer, the chief 
electrician of the Santa Fe in this vicinity, telephoned 
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me that I would have to lower our line in places, so that 
the new copper lines just installed for the railway would 
not touch our wire. Now that the Western Union gang did a 
poor job stringing their wire, so that it sags too much, 
the Santa Fe figures thatit is up to the Smi thsonian to 
be the goat instead of making the Western Union put their 
1 ine in proper shape. 

If fixing the wire in a few places tomorrow were the 
only thing, it would not be so bad, but I have an idea that 
we will be troubled in this way whenever they take a 
notion. 

Since they put the other two wires on the poles, we 
have been troubled a good deal wi th considerable noise in 
the phone, sometimes so noisy that it is hard to under­
stand what is said. It does not seem to be the telegraph 
so much as a very noisy hum. 

I think I wrote you that I had signed the tri-party 
agreement which was sent to me by Mr. Bassett. A couple of 
weeks ago I also signed the crossing permi t papers, and 
paid the Santa Fe agent at Wenden five dollars each for 
the two permits. This afternoon Mr. Mann, the agent at 
Wenden called me up on the phone, and said he had a commu­
nica t ion from Los Angeles in which they asked Mr. , Mann 
to inquire as to my "official title" and if I had author-
i ty to sign the papers in behal f 0 f the Smi thsonian. 
Talking over the phone wi th his usual loud voice, I sup­
pose every loafer in Ma t teson' s store knows more about my 
business than I do myself before now! 

As soon as I get through working for the Santa Fe and 
the Western Union, I hope to get you a lot of back bolo­
graphs which we have stacked up here. 

Sincerely yours, 

A4uJ. 
P.s. F~~ t~ tk ~UJ~ -~~ UJ, ~Mtt4 t7M-1­

~~21~. tt ~dc~~ A.H. W ~M4~ 
P.H. ~~ duvad t7-U 1AJ, ~~~ ~ ~:tD, t7t­
¢WL ~ tk W~lI~~~. Ht7~, t~ 
~ i(UJ,J,i ~~ k l,.e,.,;t NJ4 :tD, aJ~ :tD, ~ WI-~ 
k~~~ UJ, ~ tk ~~~ ftJh"" UJ,~. AFH 
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Fred Greeley left the Harqua Hala field station for the last time on Sunday, April 1, 
1923, after serving there thirty months. Finally, he headed home to visit his parents. 



Chapter 18 


Changing the Staff 


Early in March 1923 Abbot hired William Hoover to fill the position that Roebling 
had agreed to. With so many new projects pending for the burgeoning solar constant 
program, especially Moorefs trip to Australia, Abbot wanted to train his new assistant 
as soon as possible. 

SMITHSONIAN INSTITUTION 
Washington, U.S.A. 

April 5, 1923 

Dear Al fred: 


Mr. Hoover seems to be just of the right sort. It 
occurs to me tha t the bes t way to get him thoroughly ac 
quainted wi th the work, and at the same time to give you a 
li ttle aid in it, will be to send him out to Mt. Harqua 
Hala about April 15th and let him stay wi th you for about 
three weeks and then return to Washington to help me in 
packing up the out fi t for Australia. I spoke to Mr. Hoo­
ver about this, and he is qui te agreeable to going, so 
that if you see no objection I will have him do so. You 
will find him a very quiet but very pleasant fellow, and 
one who is qui te skilled wi th his hands, and he seems to 
understand perfectly and be able to carry out wi th large 
independence whatever one tells him to do. The idea, of 
course, would be for you to teach him every detail of your 
practice both in observing and computing, so that he 
could carryon the work during your absence wi th a good 
deal of confidence. 

These are very happy days here .We have been trudg­
ing along on this solar variation for years, spending 
thousands of dollars and enormous thought and care and 

149 
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trouble in the faith and hope that the two stations will 
support one another and indicate a substantial variation 
of the sun. Now, at last, we have the Harqua Hala work all 
treated for its systematic errors and have made a com­
parison between the two stations. The average deviation 
of individual daily observations on acceptable days is 
0.6 per cent. The average deviation of monthly means is 
about 0.3 per cent. Naturally the agreement would be much 
bet ter if the days in the individual mon ths were ident i ­
cal. However, both stations show substantially the same 
march of the solar variation, confirming one another 
wi th highly gra t i fying con t inui ty. 

In short, we can walk by sight rather than by fai th 
from now on. 

With kindest regards. 
Yours truly, 

~_Cf:._~ 
Assistant Secretary 

In a follow-up telegram, Abbot told Moore, "I plan to start Hoover from here Sunday 
evening, April 15th, via the Pennsylvania and Santa Fe,lol so that he will probably 
reach Wenden on April 19th." While Hoover would train at Harqua Hala for only 
three weeks, longer plans called for him, with his wife, to report back to Harqua Hala 
"so that the Hoovers and Paul Greeley could hold the fort on Mt. Harqua Hala during 
Moore's absence, from approximately July 1 st to September 1 st." Alfred and CheBa 
Moore expected to leave Wenden by June 12th, going first to Los Angeles and then on 
to San Francisco, preparing to sail June 26th on the Oceanic Line's Sonoma.102 Also, 
during the summer months of 1923, Abbot planned to be on Mt. Wilson doing more 
research measuring solar variation of stars; he would be readily available for the ob­
servers on Harqua Hala. 

Mt. Harqua Hala 
April 27, 1923 

Dear Mr. Abbot: 
The poor observing weather continues, which is 

somewhat bad for breaking in Mr. Hoover, but he is 

'·'This route would take Hoover through Phoenix, rather than transfer at Ashfork, Ariz.ona. 

lO2Moore had expressed the desire to travel to Australia by Union Line; he told Abbot, "I think the Union Line offers better steamers and a bet­

ter schedule, with more interesting ports. The Oceanic Line has on the Sonoma and Ventura, which were old tubs when you and I went to Ta­

hiti.. " But, Abbot, wanting Moore to sail at an earlier time than the Union Line offered, convineed Moore, saying. "Not withstanding your 

disparaging remarks on the Oceanic Line, I would prefer to have the sailing made on June 26th. It would also have the advantage of being an 

American line where there is not so much fuss and feathers for dinner as there is on the British line which you speak of. ' 
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get t ing along very well indeed. I have shown him prac t i­
cally all the computing methods, and he catches on very 
quickly, and gets a thorough understanding of it all very 
readily. It took him a little while to read the pyrehe­
liometers accurately, but I guess this is a stumbling 
b lock for many. He is doing much bet ter now. I'll break 
him in at the other end of the observing the first of the 
week. and then I think we will al ternate on succeeding 
mornings, and probably at the last I'll let him practice 
at running the whole .thing himself. Besides being good at 
his work. he seems to be a very agreeable fellow, and from 
my observation thus far, I think you made a good choice. 

Fred has not honored us wi th any let ters thus far 
since he left here. I guess he is pretty busy at home. Do 
you know about what time Paul will come out to Harqua 

l03 be­Hala? Chella is anxious for her father to visi t US 

fore Paul comes, and after Mr. Hoover goes back to 
Washington. 

Sincerely yours, 

A~ 

In transit from Chile to Arizona, Paul Greeley arrived home in Pelham, New Hamp­
shire, on April 10, 1923, anticipating a four month vacation. Abbot told him, however, 
"I wish very much that you could go out to Harqua Hala soon after the first of June in 
order to get the hang of it before Mr. Moore goes away." Paul Greeley willingly 
agreed and immediately made plans to arrive at Harqua Hala about June 6th. 

Hoover completed his training and left Arizona May 12th. Advising Abbot that 
Hoover "should be there for work the morning of the 17th," Moore reported, "I have 
shown him about the observing and computing, and I think he will easily be able to 
keep things going satisfactorily during my absence. We have run quite a few long 
methods, and he has done all parts of the computing, including the extrapolation." 
Moore added, "I hope that we may be able to start for Los Angeles in our car on June 
1Oth or 11 th, but if Me Hoover is not here by then, Paul will not have much time in 
which to get onto running the station here along. It has been quite warm of late and we 
get much comfort out of the ice plant, and also the screen porch,l04 where we fre­
quently eat, as I have built a folding table out there, large enough for five persons." 

"'There is no indication in the letters in the Smithsonian Archives that Chella's father made this visit to Harqua Bala. 
H"Moore had completed the new screen porch the first week in April. 
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Mt. Harqua Hala 
June 7. 1923 

Dear Mr. Abbot: 
I expect to go to Wenden tomorrow afternoon to meet 

Paul and bring him up here tomorrow night. I would let him 
wai t in Wenden overnight and come up wi th Mr. Ellison 
Saturday. but as it is imperative that we get away from 
here Monday. I want to have as much time as possible to 
show Paul about the observing at this station. I am sorry 
that he did not get here several days earlier. but I do 
not see how we can possibly put off starting for Los 
Angeles later than Monday, as there are many things to do 
there, and we must start for San Francisco the latter 
part of the following week at the latest. 

I was sorry to learn that you may not be able to get 
to California before I start for Australia. There are 
many things that we would do well to talk over. but if you 
cannot get there by that time I suppose we mus t make the 
bestofit. 

Sincerely yours. 

A4ul 
Obviously, arrangements were not falling into place the way Moore had anticipated 
they would: Hoover had not yet returned, and Moore only had two days to acquaint 
Paul Greeley with the procedures on Harqua Hala. It must have been a tense weekend, 
but the Moore's did leave the mountain on time June 10th, only to have more serious 
problems in Los Angeles. From his brother's home, on Thursday, June 14th, Alfred 
Moore wired to Abbot, "CheBa threatened appendicitis, possibly necessary postpone 
trip, will wire later." Abbot replied, "Shocked your wire. Hope speedy recovery. Wire 
frequently. W ill cancel trip if necessary." 

753 S. Carondelet St. 
Los Angeles, Calif. 
June 15. 1923 

Dear Mr. Abbot: 
I have telegraphed a couple of times in regard to 

Chella' s illness, and received your answer to my first 
telegram. but thought you might want to know more of the 
particulars. 

We had it pretty hot crossing the desert, and the 
road was none too smooth, and we found it necessary to 
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drive a good deal of the night, so that Chella was pretty 
tired when we got to Los Angeles Tuesday morning. We got 
caught in a heavy windstorm about 115 miles from Los An­
geles about midnight, and fearing the top would be blown 
off, we had to pull up under a sheltering hill and sleep 
in the car until daybreak. We stopped in Banning for 
breakfast, and Chella thought she ate something there 
that did not agree wi th her, for she fel t a heaviness in 
her stomach shortly after reaching L. A. This rather grew 
worse as the day wore on, but she slept fairly well that 
night and felt a littlebetterWednesday, but still not 
very well. About one 0' c lock Thursday morning she was 
taken wi th very severe pains in her abdomen, but we still 
thought they were caused by her stomach. A couple of 
times I started to call the doc tor, and then she got bet 
ter, and finally went to sleep. But yesterday morning I 
thought I ought to call the doc tor, and when he examined 
her, he said it looked very much I ike appendic i tis, and 
he thought she should be taken to the hospi tal right away 
for a blood test. So I called the ambulance, and went with 
her over to the hospi tal. They took a blood test, which 
showed some pus, and the doc tor called in another doc tor 
to examine her, to dec ide about operating. They dec ided 
thatit might be bes t to wai t a day or two, and ordered her 
put on a starvation diet and ice packs kept on her abdo­
men. This morning I saw the doctor at the hospi tal and he 
said she was getting along very well, and he did not think 
an operation would be necessary. I asked him about the 
chances of her sailing on the 26th of this month, and he 
said he thought she should have from two to four weeks to 
rest and recuperate before starting on such a long trip. 

This evening I went over to see her and found her 
very much improved, in fac t she looked bet ter than I have 
seen her since her return from Arizona. So I am very 
hopeful that she is well on the road to recovery, al­
though I think she will have to be very careful for sev­
eral weeks, so she won't over-exert herself. 

Of course if I had had any inkling of what was before 
her, I would have ins is ted on her coming back on the 
train. But I had to dri ve the auto back, and as she is al­
ways such a good sport, she wan ted to come back wi th me. I 
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do not intend to take my car back to Arizona, for I think 
those desert roads are too much for her. 

I thought that Father Pigot could probably look af­
ter the apparatus after it reaches Sydney. It might be 
well to get it started on its way by the boat we intended 
going on, so that it would be there ready when I'd get 
there. In this case it would be necessary for me to get it 
started on its way at San Francisco, and I said in my 
telegram today that I thought I could leave Chella for a 
few days next week to at tend to this if it seemed des ir­
able to you. 

As the Union Line has a steamer sailing on July 20th 
which is eleven days in advance of the next Oceanic boat, 
I thought that possibly you might want to try to arrange 
wi th the steamship company to go via the Union and return 
via the Oceanic. 

As Chella is get t ing along so well, I think I'll be 
free to do anything you may wish in the 1 ine 0 f the work 
wi thin a few days, but I do not think it would be advis­
able for her to go out to Harqua Hala during the hot sum­
mer wea ther . 

Sincerely yours, 

Alf.ul 

Pleased to hear of CheBa recovery and knowing that the Australian trip would not be 
canceled, Abbot once again concentrated on details for his observing stations. He 
asked Moore, "It seems to me that it would be very desirable, if you can arrange to do 
so, to go back to Harqua Hala for a few days and see to it that everything is being done 
just as you would wish it to be in your absence. They have now been there long 
enough to have run up against some difficulties which you could straighten out. If, 
however, anything should make this journey irksome, I do not feel that it is indispen­
sable, but wish you to have everything in readiness for the Australian trip." 

While Moore did go to San Francisco to arrange shipping the observing appara­
tus on to Australia, he found a reason for not returning to Harqua Hala, as Abbot had 
asked. 
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753 S. Carondelet St. 
Los Angeles, Cal if. 
June 30, 1923 

Dear Mr. Abbot: 
A while after I went over to the hospi tal this morn­

ing to see Chella, the doc tor came in. He noted much im­
provement in Chella, but since she is contemplating the 
trip, he said he thought she should use the grea tes t 
care, and thought she should remain in the hospi tal about 
a week longer. I asked him what he now thought about our 
sailing July 20th, and he said he thought she would be 
able to start then. I then broached the question about my 
making a trip to Harqua Hala, but he frowned on this. 
Chella wants me to see her two or three times each day, 
and I think he thought if I were away three days or so, it 
might not be the bes t thing for her. She got pret ty lone­
some while I was away in Frisco. 

So I wrote a short let ter for Mrs. Matteson to phone 
up to Mr. Hoover. I told him that if they had struck any 
snags, to let me know and I would try to take a run out 
there soon. I also suggested that he send me a long method 
and a short method that they have finished reducing, for 
I can tell a good deal from them, both as regards comput­
ing and to some exten t the observing. 

From what the doctor said this morning, I think he 
now rather doubts whether she had appendicitis, but more 
likely inflammation of the bowels. This of course might 
be more serious than appendic it is, but wi th proper care 
now, not so likely to re-occur as appendicitis would be. 
Now that she is recovering from the attack I rather hope 
this is the proper diagnos is, for she would be in con­
stant fear of another attack were it appendicitis, and an 
a t tack in the middle 0 f the Pac i fic Ocean or on Mt. Harqua 
Hala after our return might easily prove very serious 
indeed. I did not realize it before we left the mountain, 
but she was pretty thoroughly tired out, and I guess this 
had made it harder for her to get over the attack quickly. 

Los Angeles is get t ing worse and worse as regards 
the traffic congestion, so it is really hard to get 
across streets on foot many times. I often wonder what 
they will do when they get 200,000 or 300,000 more autos 
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here. It 1s certainly no pleasure to drive a car around 
and not much more to walk across the street. 

Sincerely yours, 

A4ul 
Once CheBa recovered fully, she and Alfred left Los Angeles by train the night ofJuly 
18th, then sailed from San Francisco July 20, 1923, on the steamer Tahiti. They ar­
rived in Sydney, Australia, August 26th to begin advising Father Pigot on setting up 
his solar constant observing station at Riverview College. He advised Abbot, "We ex­
pect to sail from Sydney on the Union boat Tahiti, leaving October 25th and arriving 
San Francisco November 19th. II 



Chapter 19 


Paul and Bill 


With the Moores on their way to Australia, the Harqua Hala field station was now 
manned by Paul Greeley. While he adapted to the mountain easily, right away he had 
trouble because of his short training with Alfred Moore and his lack of experience 
with all the accouterments Moore had installed. 

VeoJrJ COUAoo Ch.aJJ.e4, 
11:1 W04 OJ IuJfi trip Oldi IwrIu buD I eAj~edJ ib o!h ~~ 11:1 W04 h 

kDt.te41:1 00 C~&, ~f)t i&W of gctt.g fD'h bo! gOllRJ wettfI fD' h C~f)t 
StJdRJ Tki.otlJu ThIJ ~ WMIJ IuJfi fD&, buD ,tDOdJ Oldi Oft! h oO,eJW04onJ 
pratlO'tlll~~W04'~ ~ I ecwgldih~f~ldi 
f'fDNJ Wi.tietW1lIfg fD' W~ tWh .AU_1Uti lUI 'UwteI. 11:1 i4 flNJ ~ 1wtIJ, 
tWh I ruw ib NOtJu b6t.elu 'duutI M~. I tJtiAUrJ h W i4 g'tllftl4 1ko.ti i4 
h'~. 

ThIJ 'OIIRJ ~ 1ko.ti .AU_ fMt, I gC)tj b_1wtIJ tWh ,tMtedJ h 
eftgiNJ. 105 11:1 'rIJ.IfJ flNJ fO'fJ abOldi ()AJ lu!wuu ,tDppedJ ruWu OJ tlf.QAhJ tWh bOAtg. 
WPAtJ Oldi tWh fOUNh hJJi of h gOUlVtAlD'V g_ tWhh gOUlVtAlD'V 'p~ b~ 
I ~h~ off tWhol4&h ~ 'dldJ1ko.ti IJIOIfh ~ ruWuh 
obu ~ tWh rwleJ OJ ,rtJJlJ piltll of wocdJ h ~Idi r.e.gtJv 1ko.ti hthl4 h obu 
~OOOJ~ pftwlJ. Wi1J.JOJ'~ lotuhib'W.ftA OK. 

ye6~ I ~ OJ ~h.OUJerV tWh ~eti ib tD& f&AU GMlu ib W04 IlCNJ ruw 
b~ OldioohG~of £~ooOJk.ttflJtWh,IPAJ,~ r:~ hbtbi 
tJl.IWIJ off tWh I W04 ~uL 

'''This was the engine used to eharge the instrument batteries and run the Kelvinator. 
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M"" £fIi4oftJ o.ntL I w goodJ f'fie4ul4 ~. 41f?J i4 quitIJ ~1Utg fD' 
fi4flAt1fD' o.ntL MA Oft& kobitt of b~~~ oUwv,~ wi1Jv OJ ITh.iAi& 
I,· QA yow p1f!bob~ ~ 

Paul's new assistant William Hoover returned to Harqua Hala, this time with his wife 
Sally, later the same week that the Moores left. 
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About the chicken house, Paul admitted, "I had forgotten to lock the small door." He 
recorded the kill as "three hens and a rooster. Bill and I rushed out in our pajamas with 
a flash light and rifle. I didn't even put on any slippers, and when I got back began to 
realize that the traveling had been rough. The cat was out on the roost with the hens. 
Bill held the flash in his eyes while I put a bullet through his head. He was two feet 
eight inches long." 

Considering the season with its increasing thunderstorm activity in Arizona, 
observing conditions were generally good for Greeley and Hoover, with good results 
for their first few weeks. However, the succession of other problems continued to 
march on. 

In addition, logistics with Wenden seemed doomed because of automobile problems. 
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l)eIl/V Cou.aUti CkmJ.e4: 
Wei tW?J f.&rtICib~ Uti needJ of ~ tWtb. EueJrJ ~ -AflwIJ fe.ftj M'U 

E~b~Mlt& IuweJtmubt.eJ wi& itt F~ itJ got; ,O' btUb Uw1i itJ ~ IuweJ 
pOOJelfJ ~Iu t& g~ i.fttb W~ettp~. l)i.eiJ "'BwWw t.otuedJ IWrJ Uti 0JUlJ h 
~ Oft! itJ off 0JUlJ Oft! fO'fJ fAlJ& wuD, IUati of tJtfJ w ~ fO'fJ prudl f'IDIWI 
-p~. I III tJtfJ IWiftI W "'BwWw N.OJl.eJtJtfJ fltiiJ' cedi t& tJtfJ g~eI ~u...g 
$6.00 peNfltiiJ 0JUlJ b~45 0JUlJ 50 drllJw fO'fJ ~ itt 

I ti UJOIfletb f~ weIlJ fO'fJ OJ fltiiJ 0'fJ fAll&, h ,tDJCtedJ t& gO' lII'f.Oftg ~o.iAtt 
FO'fJ tJtfJ I.Mti 'dvte.eJ S~, I IuweJ gOftfJ t& W~wi& M'U EfIiAOftI betlWAeI 

heJ tJJitJ ItOieJ itJ ol.ott& -A~, get4 ,tUtJrJ Uti W04W 0JUlJ get4 botJrJ rww ~ 
oitsv ~ 0JUlJ fAlJ& wuD ~O' WeI ~g~ botJrJ IIJtt1fJ tJtfJ ne.di~. lheJ 
~tuuWt& IuweJ b~ 1fI.b0'lellJ twit.eJ 0JUlJ ouehJ ,~..u.g, putJ Oft! tJtfJ p14tDft4. I ti 

'wu foofi4lu of goiAtg t&Uw1i ~ett4eJ ~o.iAlI wite.ttJ tJtfJ MgiNJ 14 OJ Iqn 0'fJ Iql~ 
~ Irww 14 IUJ1i IIAltJtJ fe.ftj Oft! itJ Uw1i 14 F0'tdJ 1t(kUI. 

I ti ~ ,w by ~ itJ wite.ttJ ifA etIftb 0JUlJ iff itJ W04"iifO'fJ tJtfJ kil£ 
~ WeI UJOUbb alb ~MY ~iDtU I ti 14 Mm~ t& 'rNipel tJtfJ ,~0JUlJM 
f'IDIWI tJtfJ 'pllldtJ ping, ,~11M.e4 rluJUAtg 0ftfJ fltiiJ. I ti w ~ MIb pOOJelfJ fWe«I 

Uti ~~ itJ w dRMl.DpedJ boeb. -APA& wki4'11e4 fUw OJ petiftU1j ,w loAti 

fltiiJ tJtfJ,~ gell/V b'fDbJUti'dvte.eJ ptD.ee4 up by tJtfJ~ "'By ~~ 
,fDa, Uti fDa, IUati of tJtfJ ~ WeI lW.O.M!jedJ t& g~t&W~ lheJ 1JU.ftg needA 
ItPAV' M. 

-A~ t& ~ i.dJu4 tJtfJ td.eiJJ MJfJ fO'fJth.i4 bUAiAteu UJOUbb bel OJ l)odgel 
C~ COJU If yew dPbtWLt& pWttJwel ~ ~1diUw1i I eeuIilJ ~ itJ 
botJrJ wite.ttJ I gO' cedi t& L.-A. 106 M'U E~ wouftL bel1itW.ecb t& tMA!I cedi 0JUlJ 
ItOieJtJtfJ fltiiJ botJrJ wi& rteJ. 

Wei IuweJ ob,etwedJ 18' ~, && fQ/fJth.i4 ~ OJUlJtJtfJ ~ IDoIrJ ~ 

i06Greeley was planning to leave Harqua Hala on September 6th for Los Angeles and Catalina Island. 

http:fQ/fJth.i4
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Paul Greeley had a way of getting just what he needed from Charles Abbot. First, Ab­
bot sent him a "folding organ" that Hoover claimed !!has been in operation most every 
day since it arrived." Then, Abbot, who was at Mt. Wilson for the summer, readily ar­
ranged to buy a new automobile for the field station. As Abbot explained a few 
months later to Moore, "I went with Paul to the Dodge place in Los Angeles and got a 
1922 delivery auto which functions beautifully. I hope that you will not wish to ex­
change it for a Ford, although you may be sure that I obtained it with fear and trem­
bling, knowing your preference in that direction." 

Mu -H~IUlJ-Holm 
gP.1'teabwv26, IQ2.3 


"DOON COUAiAtJ ChIlA: 

-A'tItiMedJ iAtJ WeMIAe(dt.eJ 22nth. ThRJ ~iNJ didAt'D 1liA& QI &1JtDiw twL 

IIIO'fJrA fuw. M'U EtliaOft! didAt'D eGIUJ ou1i fDt IW.o.teJ'dt.eJ tm.p boti.t -H~ hIlA bUAJ QJ 

tinf.eJ llNlmv tJw ~ fO'fJ QJ wed! 0'fJ &&. 

T~-fweJ bora of C'WJWfJ"D~ t>f.otM107 fWjiAtJW~ M'U 
EtliaOft! uHllJ Ito»eJ fDt IIJli.eJ fOUlfJ t!¥1MJ tm.p &fDt tJw fruvliAtg fO'fJ 1JtIm 

ThRJ M fO'fJ tJw "D~~ fWj .32rl4. Nt toofA tJJ.IUJ w41Jv ill eUke'U I 
bOUlJh1i QI PtLM4J, 1ihRJ iMft4 twL P~ iAtJ L.-A. buti didAt'D geti ltftg jatMt 0'fJ g'WWl 
gUIlt GoodJ ~ I didAt'D Ito»eJ ltftg 1ihRJ tMub~ Oft! tJte, tm.p. L&f1i L.-A. w41Jv 
~q,40 iAtJ ~ P~~ &O»i.ftg ou1i ~kJ fO'fJ gOA twL oiL twL QJ wJrJ of 
0'f.tUtge6 ko.tL fDt PJJ1J etJffw twL dtJugluwtA. LONI.edJ iAtJ W~ w41Jv jU41i.38' 
eeftf4. 

g~ hIlA cltoppedJ U9 011 of tJw rU bora botkJ of tJte, &Mp twL 
~ tJte, ~ fWJUJVlJ llNlmv tJte, pO'tclv w41Jv ~of M'U EtliacQ 
uHteefb~, 

t>,g, M'U MotteAOft!l4 gGiAtg fDt UJlti.tpjfDt yGWobou1itJte,~'tlUU, M'U ErIi4Oft! 
&Q.g& hRJuHllJgiAHY$25 fO'fJtJwF0rtt4 O'fJ~b~OA ~kJOA f~, butiI ~ 
wa.adi fDt b~ tJte, ~ fDt &ef£ ill fDt hUwJ fO'fJ f~. Nob~ iAtJ W~ weuI.dJ fAbJ tJw 
giJ1i of i4 &t pfR.aA~ rn, Q ~ wh1W fDt db w41Jv i4 0'fJ uHllJ ill b~ be61i fDt rn, 
-APi'fPJ1J di4pu of W. 

tQ'These were the photographic plates used with the bolograph, supplied by G. Cramer Dry Plate Co., St. Louis, Mo. The price for this ship­
ment was $387.26 for 30 dozen plates. 
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Beginning about September 15th, the Harqua Hala observers began sending daily so­
lar constant measurements by telegram to Washington. They telephoned these to 
Matteson's store in Wenden early each morning around eight o'clock. In tum, 
Matteson would take the report to the telegraph room at the train station, sending them 
on to Washington. 

MATIESON'S MERCHANDISE 
J.E. MATIESON, PROPRIETOR 


GENERAL MERCHANDISE' MINE MACHINERY' AUTO SUPPLIES 


VVENDEN, ARIZONA 


Oclober 8, 1923 


SmUtuonian !JnJlifution 

Wa3hifUjton, 2>.C 

(jentlenum: 


!J hereb';} jubmU a propojat0/ ($10.00) ten Jltarj per month 
/or receiving telephone reporb /rom.J.JafYjua.J.Jala Objervation Station 
and /orwardtfUj jame to Wa3hilUJton, 2>.C b';} teleCJram. 

J.G. 'fl1atiejon 

Early in November 1923, Abbot summed up his solar constant work, telling Paul 
Greeley, "The results from Harqua Hala compare beautifully with those from Monte­
zuma. Since the telegraphic values began to come in, if we make allowance for the 
definition during the last half of September, it looks as if the mean value between 
North and South America ought to be accurate to one part in a thousand, or better. 
The two sets of values go right along, up and down hill, together as prettily as the 
heart could desire." 

VeDIV CCUAUtt Ch.oJJ.e&: 
.A..,gtJub~keoNtlWih'tflAuI.t& OM'tbW.¥~ ~&gcodL I ~h 

V~fJtl.tD.4~M olb O,K, Vi.dAdi ge1J ~~~ tWb wouldlfib ~ 
h.o.ofJ 0tteJ Utt tDAfJ h b~ g0e4 bttdt -H0»fJ fOCLltlh OJ ~~ fntiJ h M/fJ tWb 
tlWiiA truwhgeDIV,IWfti~wi&yGWol4&h~ ~~i.tWh 
~wL b~ wIwteJ h fOUJU ~ g& tAu S& wk.e«J I g&~d.twa. Utt W~ 
h.o.ofJ UvtUJ uw.g~ ~UUM of, ~ 0/fI!J. pulih ~ Utt pcehtt 'POM' 
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1iIw ~MolDA0et4 1u!uA~ 0IlIh getlJfJ!hih 1U1iWvUte! beth l)etdi~Db beJ 

tJW.I.e4! ftDWI.! OJ IIIh.cbJ g~eJ eGIU4 ~. 


M'U Etl14Oft! wntJ feItJ ~ uJ£!i.ftt.fJ I weedi1:& L..A. S~! lUll w 
!f.ont.a.tJvWfIJ 0IlIh h1!JhI blDodJ p.!Uh& (IUII~! ftDWI M.PJfD&!hMt! fO'U kU.J1:& 
..aJwUte! 'tDWltlJ1hip 1:& W~ (lUll nigldA fJJfPJ pv11g e«iJ fO'U kU.J1:&!~ cuti 
Oft! OJ ~ 0IlIh lUll ~!~ o1J '"Bu.dM4 fO'U OJ UuluAOIlIh drJlDJrA. .J1eJ IlIOUbbdi 
~Ute!l)~eJ~ !~! IUIIwntJgotiUte!F~footi~cutiof h.i41wuh 
yeti. .J1~ befAJ gWiAtg Ute! ~~ of Ute! ~ettWtM cuti of Ute! bfJKIl!.O.tJu 
weeIrJ. 108 S~of lu>4»! p~ fO'U 11WJv Iri..w.e.u 1:& MJ!J. 

~:~' 
William Hoover left Harqua Hala again shortly after Charles Abbot visited the field 
station on October 8th to work on the apparatus. 

l""Every week a Phoenix grocer shipped a box of vegetables to Wenden for the observers. 

http:uJ�!i.ftt.fJ
http:tJW.I.e4
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Chapter 20 


The Moores Return 


Alfred and Chella Moore returned from Australia arriving in San Francisco November 
19th and returning home to Los Angeles the evening of the 21 st. However,. they 
needed to delay their return to Arizona: Abbot advised Paul Greeley, "He has to have 
his eyes attended to, it may be some days before he gets up to Harqua Hala. II While in 
Australia, Moore eyes "gave away due to the strain of making galvanometer needles 
by electric light." He told Abbot, "I gave them almost complete rest during the voyage 
home. My oculist here thinks that they should have treatment before fitting new 
lenses. I'll have to be careful about strain, glare and dust. The trouble manifests itself 
in the eyes, particularly the left one, being blood shot, and occasional pains shooting 
through the eyeball." 

Los Angeles, Calif. 

November 27. 1923 


Dear Mr. Abbot: 

When I went to the oculist the next time he said my 

eyes were get t ing bet ter and that it would be fully as 
well if not better for me to postpone fitting the lenses 
until later. I asked him if it would be all right to wait 
possibly three months or so. as I do not expect to be back 
in Los Angeles much before that. He said it would. We then 
thought we would go back to Wenden today. but we both have 
teeth that need attention, and since we may not be back 
here until spring thought we should see the dentist about 
them. We went to see him yesterday morning and he found 
urgent work to do on both of us and is rushing it through 
so we can leave here Friday evening. We are both awfully 
anxious to get back to the mountain and are sorry for this 
extra delay. but when I found how close the nerve carne to 
being exposed in two of my teeth, I suppose it is well, 

165 
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for he said it would have been a very short time until 
they would have ached. 

I received a letter from Paul yesterday. He said 
things are going fine. He seemed glad of the prospects of 
a trip to California for the Christmas holidays. 

I am glad that the new short method is working well, 
as I'll have more time in which to work at some of the 
things tha t I have stored up for several years. 

Yours sincerely, 

A~ 
P. S. I took a lesson in running a Dodge from Chella' s fa­
ther a few days ago. Had good luck. A. F. M. 

Despite the good tone of his communications with Paul, Moore was desperately 
needed back at Harqua Hala to handle problems that Greeley could not. The weather 
forecasting test with Clayton using solar constant measurements was well underway, 
and, with all the reports of satisfactory results and good correlation between solar con­
stant measurements made in Arizona and Chile, there still seemed to be some funda­
mental, mysterious problems with the apparatus at Harqua Hala. Abbot wrote to 
Moore in Los Angeles. 

SMITHSONIAN INSTITUTION 
Washington, U.S.A. 

November 16, 1923 

Dear Al fred: 


We found that a very peculiar situation exists at 
Harqua Hala, namely, a variation in the excellence of the 
de fini t ion. I found tha t in nearly all 0 f the ob serva­
tions from the middle of June to the first of October the 
definition was poor. The disturbing thing, however, is 
tha t on some days wi thout any change in defini t ion having 
been intentionally made, the definition came up to its 
normal val ue. 

I made a trip down there109 and introduced a new gal­
vanometer needle and refocused the bolometer, so that 
you now have some sens it i veness to spare, and a series 
resistance has been introduced to bring the condi tions 

109Abbot traveled from Mt. Wilson to Harqua Hala on October 8, 1923. 
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of the bolographs identically with those of South 

America. 


I am at a loss to know why the definition changes 
from day to day. and I depend upon you to make some ex­
periments to discover this. The most likely thing in my 
judgment is that changes of temperature introduced by 
the presence of the refrigerating apparatus near the 
bolometer alters the focal length of the concave stel ­
Ii te mirror. I f this proves to be the cause. it will be 
necessary for you to move the refrigerating device out­
side of the building in some manner. In fact. it is very 
undesirable that any causes of fluctuation of tempera­
ture in the observing chamber should be present. and. of 
course. we have put the observing chambers underground 
for the sake of minimizing these. 

Hoping that you and Chella had a pleasant trip home 
and are both well, I am, 

Very truly yours, 

_Cf: :gj4fAb~ 
Assistant Secretary 

Suddenly, in a flurry of telegrams from Wenden to Los Angeles and Washington, Paul 
Greeley reported serious problems with the galvanometer. Although Abbot was pre­
pared to make a quick trip from Washington, Alfred Moore left CheBa in Los Angeles 
and expedited his return to Harqua Hala, arriving December 1, 1923. He immediately 
addressed the problems with the observing apparatus, uncovering more than 
anticipated. 

Mt. Harqua Hala 

December 7, 1923 


Dear Mr. Abbot: 

We have done so much telegraphic communicating the 

past few days, I'll now write a few lines for Mr. Ellison 
to mail tomorrow. Paul is going to Wenden wi th him to give 
him another lesson in running the Dodge. I managed to run 
the Dodge to Wenden and return the first of the week when 
I went down to bring Chella up the mountain. I had no mis­
hap with the car, the only trouble being that I wanted to 
run it 1 ike a Ford, and had to s top and think each time I 
shi fted gears. 
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Just what caused the trouble with the galvanometer 
here is still a mystery to me. Paul said it was very windy 
the night before the trouble began. The next morning he 
found the needle s tuck up agains t the magnet. He tapped 
it and it went into place, but when he tried the deflec 
tion it was very small. He tried adjusting the control 
magnet but had no luck. 

The above is Paul's story. However, when I tackled 
it, I found the control magnet "wrong end to. " I have had 
considerable trouble getting all the requisi tes ful­
filled in the adjustment, but I think I about have it now. 
I ran a test plate to try it out this afternoon, but some 
surveyors came up, and are spending the night so that I 
have not had time to read the plate to see how it is. I 
also found the bolometer out of the focal plane of the 
concave mirror. This necessi tated moving the bolometer 
toward the concave mirror. The regular bolograph today 
looked pret ty good. 

As to the causes in the changes in de fini t ion, I am 
not certain, but I strongly suspec t the close proximi ty 
of the kitchen to the galvanometer as the chief cause. By 
actual experiment, I know that moving the stove oven 
across the room causes a swing on the scale:. and moving 
the wash tub causes even more. The water bucket and the 
frying pan also. Now if all these things exert enough 
magnetic force to cause such movements, and since the 
needle magnet systems are so very closely astaticized, 
it would not seem impossib to me for the galvanometer 
to be affected in this way. I cannot agree wi th you that 
it is probably that the ice machine affects the defini­
tion through temperature changes. In the first place, I 
noticed these changes in the defini tion long before we 
had the Kelvinator. And the motor and coils make very 
little change in temperature, since the slight cooling 
in the coils is more than offset by the heating of the mo­
tor. And besides the thick paper room intervenes, and 
paper is a poor conductor of heat. 110 I really think that 
the cause is likely to be found in the ki tchen being 10­
cated over the galvanometer. 

We are getting so very crowded here, both upstairs 
and downstairs, that it looks as though we will either 

110 Walls in the underground observing area of the building were made from roofing paper. 
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have to build some sort of storeroom or else add a room to 
the house. Hence I thought that if another room were to be 
built, it might be wise to add a kitchen just east of the 
present one. I am not very fond 0 f the idea 0 f more car­
penter work to do, but if the ki tchen is hurt ing our ob 
serva t ions it would seem to me tha t the ki tchen should be 
moved. 

As soon as I get straightened around here I must 
start on the Australian trip accounts. It will be some 
job converting the clumsy English money to our 
denomination. 

Sincerely yours, 

A4d 
Alfred Moore was able to get the observing apparatus "as good now as is possible,tf at 
least temporarily, leaving time to work on the other problems at Harqua Hala. For ex­
ample, Mr. Ellison wanted to fix the road between the garage and the railroad. Moore 
reported, "The road just below the garage is certainly in a bad fix, and about the only 
way to repair most of it is to clear off another road for most of the first mile. If Abbot 
replied, "By all means fix it, if necessary, providing the expense is not too onerous. If 
it runs over $100, let me know." 

Moore also needed a means, other than a foot pump, to air the tires on the 
Dodge. "When the warmer weather starts in, it will be a very strenuous job to pump up 
those four tires each week. It is very important not to run on soft tires, especially on 
that rocky road, and I find that the tires lose their air much quicker while standing idle 
than when in use." Abbot sent out "a power pump to be attached to the Dodge itself to 
pump up the tires. It sticks in where you crank the engine," he wrote. 

But the "good" in the observing apparatus didn't last. Moore wrote, "As I tele­
graphed you a few days ago, it seems that one of the pyrheliometers is acting erratic at 
times. I noticed this shortly after I returned, but was so busy with the galvanometer 
and bolometer that I did not have time to look into the matter further. When we ran a 
comparison with the pyranometer and reduced the pyrheliometry, I immediately saw 
that something was rotten in all of the six successive sets of readings that Paul took. I 
have looked carefully and can see no cause for it." 
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SMITHSONIAN INSTITUTION 
Washington, U.S.A. 

December 19, 1923 

Dear Al fred: 


The advice about the pyrheliometer disagreement 
are very disturbing. I see no way but to send out a new 
pyrheliometer as soon as a box can be made ready. You will 
be, the best judge, after making the comparison, which of 
your two instruments should be taken out and the new one 
substituted for it. 

I am glad that you were able to get the galvanometer 
all right again. I f now it had to be moved 2 mm to be in the 
best focus, it proves that something has happened to 
change the focal length of the concave mirror. That would 
not be affected by the ki tchen, but might be affected by 
change of temperature in the room. I do not see that it 
would al ter the force of the argument whether the Kelvi 
na tor cooled or warmed the room. The real ques t ion is, 
are there changes in the focal length of the concave mir­
ror, and are these produced by controllable changes in 
the temperature of the room? I wish you would settle that 
point to your satisfaction and mine. 

I agree, however, that the proximity of the 
ki tchen, wi th iron things, and possibly the proximi ty of 
an iron bedstead in the screened porch are bad. You are, 
as you say, very crowded, and if you think best you are 
authorized to add another room for the ki tchen. Perhaps 
you can get some local help wi th the carpentry. 

Mrs. Abbot and others here join me in wishing you 
all a Merry Christmas and Happy New Year. 

Yours truly, 

_Cf:. 9l_~b' 

Again Moore was able to get the apparatus working smoothly, and Abbot tried to look 
positively at the observing results from Harqua Hala, justifYing the problems. He told 
Moore, "Queer things seem to happen at your place now and then, but you seem to 
manage to control them. I think we may be pretty well pleased with the results of the 
past year, both as to the number of observations and the agreement between the two 
stations. Harqua Hala results of July and August were almost worthless, I suppose on 
account of the extensive cirrus which covered the Southwest." 
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While Abbot encouraged Moore to build a new kitchen, Moore decided against it. 

Mt. Harqua Hala 
December 21, 1923 

Dear Mr. Abbot: 
I note what you say about the kitchen. I am not fond 

of the idea of having to tackle this job of carpentry un­
less the injury to the observations make it seem neces 
sary. So I think it might be well to wai t a while and see 
if the galvanometer continues to behave as well as it has 
been doing the pas t ten days. I f so, it may not be neces­
sary to move the kitchen, or we might try getting buck­
et s, dish pans and frying pans, of al uminum, so as to keep 
iron away from the galvanometer as much as possible. The 
needle is surely behaving most beautifully now as re­
gards drift, in fact, it just naturally does not drift at 
all. It gives one a grand feeling when he can lay a 
straight-edge on the plate and it passes through the 
centers of all the zero positions clear across the plate. 

Did you leave instructions to compute the Sunday 
observations on Sunday to telegraph them in that day? 
Paul does not seem to be sure about it. When I was sending 
the telegrams to Clayton in Chile, he used to be qui te 
satisfied wi th tting the Sunday values on Monday. It 
practically gives us no Sunday at all, when we have to 
compute until the middle of the afternoon. On cloudy days 
there are always a thousand and one jobs to do around 
here, and we have to stay around pretty close for possi 
ble changes to observe. Sunday afternoons are about the 
only time in the whole week tha t we can plan hikes. Paul 
very often goes to Wenden for dances on Saturday nights, 
and I think that it is well that he does. But Chella and I 
have practically no time to go places together when the 
most of the day is taken up with observing and computing. 
The observing of course is absolutely necessary, but I am 
wondering if the computing cannot be finished up and 
telegraphed in on Monday. 

We have had qui te a snow the past few days. In fact, 
clouds have interfered a good deal since I returned. I 
figured out the rainfall for 1922 and thus far this year, 
and was quite surprised to find that it practically 
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equals that of Los Angeles and is distributed over almost 
every month of the year. 

I found more trouble in the radio out fi t due to the 
1 ightning. The small grid condenser was shot to pieces, 
and the tuning coils were shot up and some of the turns 
shorted out. I am ordering others from the Meyberg Co. to 
repair the trouble. It is almost impossible to tune well 
the way it is now. 

They certainly have the most inconvenient hours at 
the depot in Wenden. At -one time the business hours were 
from 9 A.M. until 6 P.M. But then the agent could be got­
ten mos t any time, provided he was not busy wi th a poker 
game, so it was not so bad. But now they have a new set of 
business hours, from 3 P.M. unt1l11 P.M. and along'with 
it comes a new agent and he proposes to live up strictly 
to the rule, which means that we have to ask Mr. Matteson 
to get our vegetables, freight and express each week and 
cart them over to his store, for Mr. Ellison cannot wai t 
until 3 P.M. to start from Wenden. The idea was the proud 
crea t ion 0 f some "e ffic iency expert" who found tha t once 
in a while the evening train from Phoenix was late, and 
when it was so, the agent chalked up some over time 
against the company, so he decided to have the agent stay 
on duty until 11 P.M. So the poor patrons of the railway, 
and part icularly the out 0 f towners 1 ike us, are the 
goats! But I guess nothing can be done about it. 

Sincerely yours, 

A4ul 
Regarding the Sunday calculations, Abbot replied, "We prefer to have the series go on 
regularly without breaks because Mr. Clayton is sending in his results for every single 
day. However, I appreciate very well the need of you getting something of a holiday 
each week. Would it be possible, perhaps, for you and Paul to work up the Sunday val­
ues on alternate weeks." 
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Having just returned to Harqua Hala from their Australian trip, the Moores were obli­
gated to spend Christmas on the mountain 

Mt. Harqua Hala 
December 28, 1923 

Dear Mr. Abbot: 
We have had a most unusual storm here the past three 

days, it being very warm so that it was all rain, wi th a 
total precipi tat ion 0 f 3.66 inches for the storm. We had 
2.70 inches on Wednesday alone. We have lost the past 
five days on account of cloudiness. I think the total 
precipi tation for 1923 is now well above 20 inches, 
pretty good for a dry climate! 

Chella and I spent a qUiet Christmas up on the moun­
tain. The Mattesons very kindly invited us down there, 
and we had about made our plans to go, but Chella thought 
the trip would prove too strenuous for her. She is feel 
ing pretty well, but isn't very strong, and has to take 
good care of hersel f, for she cannot exert hersel f as 
much as formerly. When we found that she and I would not 
go to Wenden, we got a Christmas tree, and decorated it up 
with twelve miniature electric lights, tin-foil, cotton 
for snow, red ribbon. strung cranberries and mis tletoe, 
so al together we had a very good looking Chris tmas tree. 
We were very well remembered. Mr. and Mrs. Roebling very 
kindly sent the station about ten pounds of nice candies. 
Chella' s folks were very generous wi th their gi fts, and 
my folks sent us a dandy Mah Jong set. 

Sincerely yours, 

A4uL 
Moore also received a "dandy" telegram from the Secretary of the Smithsoman, Char­
les Walcott. 

Washington, DC 12-22 23 Congratulating and thanking you 
and staff on splendid work of year wish Merry Christmas 
and Happy New Year. C. D. Walcot t 
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Chapter 21 


Moore Versus Greeley 


Alfred Moore was the glue that kept the operation going on Mount Harqua Hala and, 
at the same time, the constant purveyor of bad news and self-appointed critic of the 
whole solar constant program. 

Mt. Harqua Hala 
January I, 1924 

Dear Mr. Abbot: 
Happy New Year I We were unfortunate enough last 

night to lose both our aerial poles through ice forming 
on the guy wires and breaking some of the strain insula­
tors. I do not think we will try to put them so high again. 
It is a shame that we lost the poles at this time of year 
when the radio is the best and when we need it the most in 
the long winter evenings. 

I have the new pyrhel iometer ready to use, but the 
weather has been too poor thus far for a compari son. I had 
some trouble in getting the mercury out of the bulb at the 
upper end. 

AU. S. Coast & Geodetic Survey man came up a few 
minutes ago to carryon some surveying opera t ions up here 
for two or three weeks. He will stay wi th us tonight and 
tomorrow Mr. Ellison will pack his outfi t up from the 
garage. 

Sincerely yours, 

A4ul 
In with the continuing grind of day-to-day operations on the mountain, the new year 
brought unexpected news from Moore's assistant, Paul Greeley. 
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VenJV Cou.&iAtJ Ck.a4: 
MiA~.A~ ~tNll of WwWuONh! O/fIj~~edL S~ llIftwv~ 

0JfJdAKJJ iAtJ WwWu WfJ OetAllfJ g'tetl1i palA, && XIU6 W0 WfJ dMJtWlJ fA)I Of!! 
pOllbwtA. TIww iAnb goiAtg fA)I Of!! ~~,~ wdi.f,! ~UI wMIi rMJ 

goiAtg fA)I dO' Iww llIftwv fq~5 . 
.A~ k.a4 OJ flM ~oNh flM di4PM~ SIw g1ffAdwltedJ f'IDMJ 

b "P~ .J1~1u SekootJ ~ Yt.M4 ~&. SIwtM.M eoJfIj of Mll1tl.4oM ~tow 
~lwg_ fA)lh.i4 ruolA O'II~lwiA~. SlwiA ~OJC~ 

! bOfU/1Jvdi yGW oNh eruAiAtJ L~ oNh oJIJ of b ftl.b wCllJ tnw Iwv 
~ rwtlu .J10»e1 ~~ ItotteJ tlbou1i itt 

! hD»eJ oed.g ktub 0fteI 'tOl4f!! ~iNRJ! hD»eJ OU«! wi& b S~ oNh 
tJJUlJL UAf!! 0fteI ftOWI ~Idi~. V& YGW1JU.dJ! tJJUlJL hD»eJ 0fteI'? 

S~ YOUIfA, 
"Pauli 

Abbot replied, "We were all surprised by your announcement, and wish you and Miss 
Rosco the greatest of happiness in your proposed venture. As for the increase in sal­
ary, financial difficulties stand in the way. You probably know that the government 
salaries have been subject to a long discussion and reclassification to come into full ef­
fect on July 1 st. The salary attached to your brother's position has been fixed at $1680 
under the reclassification act. You, at present, are getting $1600 from the private 
funds of the Institution, and we have pleasure in putting you on an equality with him, 
which is paid from government appropriation. We would call attention, however, to 
the fact that at the present time your compensation includes not only the $1600, but 
$200 given by Mr. Roebling for vacation money, and lodging and subsistence amount­
ing to several hundred more, so that our compensation is already of the order of 
$2300." 

Moore immediately saw Paul's engagement as a problem, shifting his attention 
to activities in Wenden and away from his duties on the mountain. Increasingly, this 
created friction between the two observers, particularly with their efforts to run the 
comparisons needed to resolve problems with the pyrheliometers. 

"'The surname was actually Orosco. 

http:YGW1JU.dJ
http:fA)lh.i4
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Mt. Harqua Hala 
January 7, 1924 

Dear Mr. Abbot: 
We have been having qui te a siege of some sort of 

gripe or mild flu up here. Paul caught a bad cold when in 
Wenden Christmas, and later on Chella got it, and a few 
days later I fell victim. I was in bed two days, yesterday 
and the day before. It set tled in my eyes, and I was 
scarcely able to see. In addi tion all three of us had the 
mos t pecul iar aches in our scalps, ears, jaws, sides 0 f 
our faces, etc. 

We have had rather hard luck getting a satisfactory 
comparison. In fact, Paul and I never did have much luck 
in this 1 ine. He seems to get ra t tled or something when 
running a comparison. We got a fairly good one las t Fri 
day which indicated that #9 is almost the same as #10, and 
that #32112 is reading erratically at times, but not all 
the time. I f we do find this to be the case on further 
tests, do you want me to return #32 to you? I have just 
drawn up a plot of a short comparison that I ran alone 
this afternoon wi th the three pyrhel iometers. It makes 
me feel pretty much at sea as to just what is the matter. 

I have tried hanging a low aerial temporarily, and 
find that we can hear the California stations qui te well, 
and some eastern ones at times, so we will probably not 
have to spend much in fixing up the trouble, except to 
repair the poles. It is very little trouble to put up 35 
or 40 foot poles, and we could erect three of them easier 
than two high ones. I think these poles well rodded are 
qui te a protection against lightning, and the extra one 
would help along this line. I have so many things on hand 
now wi th the work tha t I won't have much time to work on 
the radio for several weeks anyway. 

Sincerely, 

A4U 
Moore was having great difficulty trying to find which of his three pyrheliometer was 
most accurate; indeed, his daily dealings with the idiosyncrasies of the instruments 
fostered a degree of doubt over the scientific effort. Even back in Washington, despite 

112Pyrheliometer 1132 was the instrument that Abbot had just sent from Washington to help resolve the differences that Moore thought he was 
seeing with instruments 119 and II 10, 
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the positive feeling he had expressed in previous months, the results were also trou­
bling Abbot. His comments to Moore revealed just how complex, and feeble, the 
whole effort was. "Mr. Fowlell3 and I are quite a little concerned about the whole 
proposition, both your work and Mr. Aldrich's, because of the uncertainty we feel in 
regard to the systematic corrections. In the first place, it is a sad thing to have to make 
the correction to use the curves you have. It would be really very much more defensi­
ble if we should remake the curves to suit the new conditions, but it is such a big job 
that we have agreed not to go about it at any rate until next summer. In the second 
place, the variation of the sun, as you easily see, makes it difficult to determine the 
systematic corrections. If an angel would come and tell us just what the solar constant 
was for every day, so that we could surely eliminate the solar variation, there would be 
no trouble. But we have now either to make the assumption that the sun does not vary 
at all, or that in the mean of each group of function values it does not, in theory, at all, 
or else we have to correct the values for each day by what we think it has varied be­
fore taking these means. In working out your corrections as you now use them, I made 
the assumption that the solar variation eliminated itself, and in making the systematic 
corrections for Mr. Aldrich, Mr. Fowle made the assumption that your corrected val­
ues were right so that he could allow for the solar variation as determined at Mt. Har­
qua Hala." 

Curiously, Abbot faithfully continued with a sense of accomplishment. Report­
ing on the weather forecasting work for New York City, he told Moore, "Clayton's 
own predictions have been on the whole, very good. I have not yet worked out the 
matter mathematically, but there can be no doubt that he is getting something." 

Seeing a crack in Abbot's beliefs about the methodology, once again Moore saw 
an opportunity to critique the solar constant program and restate his views on the re­
quirement to send data to Clayton on Sundays. 

Mt. Harqua Hala 
January 11, 1924 

Dear Mr. Abbot: 
Paul is going to Los Angeles tomorrow. He has had 

qui te a lot of trouble wi th toothaches and is going to the 
dentist. 

In regard to the sys tema tic error bus ines s, it 
seems to me, too, that we are get t ing too many such cor­
rections. It may sound startling at first, but I often 
wonder if this research isn' t running wi th the cart be­
fore the horse, as it were! We feel pret ty certain now 
that the sun varies, and it seems to me that too much 

113Mr. Fowle was one of Abbot's assistants at the Smithsonian. 
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emphasis is being put on making Harqua Hala vary the same 
as Montezuma, or vice versa. I think we should first de­
termine whether one s ta t ion should vary the same as the 
other, before so much work and worry is done trying to 
make them agree from day to day. I f the two s ta t ions were 
on the same meridian of longitude, and a schedule ar­
ranged so that the observations would be exactly simul­
taneous, then I would be more concerned about their 
showing the same variation from day to day. On an average 
Aldrich takes his observa t ion nearly three hours be fore 
we do, and since we think the sun varies from day to day, 
surely we cannot imagine that no change takes place dur­
ing this three hour interval. 

I am still a firm believer in my hypothesis of more 
or less rapid solar variat ion, and I think it is worthy of 
a thorough tryout before I would want to take too much 
time to make one s ta t ion agree wi th the other from day to 
day. I think I wrote you along this 1ine a year or two ago, 
viz, that it seems very probable to me that there are at 
least two kinds of solar variation, one kind having to do 
wi th the gradual stirring up of things on the sun as shown 
by sunspots. If this type of variation is prevailing, I 
would expect to find Harqua Hala and Montezuma in close 
agreement, for three hours does not mean a great deal of 
change on the sun. But in the other type, it is my opinion 
that there is surely something doing on Old Sol, which we 
on the earth can hardly even imagine, and during these 
times, wi th probably great masses of absorbing material 
thrown out enormous distances in the course of a few min­
utes possibly, it would not surprise me if in the course 
of the interval between Aldrich's and our observa t ions, 
several variations of the "solar constant," as great as 
ordinarily we find, take place. And probably in addition 
to these two types of variation, in fact the most certain 
of all, is the very long period variation having to do 
wi th sunspot maxima and minima. 

Since Clayton is sending in resul ts seven days per 
week, and Aldrich is cabling his values on Sunday too, I 
don' t want to throw a monkey wrench into the machine, so 
we'll try to arrange it some way. I never was a very big 
crank on religion, but I have never been very much stuck 
on Sunday work. To do his best, I have always thought that 
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a person should have one day in the week to rest and let 
his mind think other thoughts. for wi th a perpetual grind 
seven days every week, 1 i fe is a ra ther monotonous 
proposition. In the present experimental stage of this 
work, I must confess that I cannot see the necessity for 
Clayton sending in his forecast every day. 

The General Electric opened up a new 1000 Watt 
broadcasting station at Oakland during the past week. 
Las t night I head Dr. Campbell speak over it. I t carne in 
fine, and he made a very interesting speech. 114 

Sincerely yours, 

A4ul 
Quickly, the grind of the work and the growing incompatibilities between Moore and 
Greeley were coming to a confrontation. 

Mt. Harqua Hala 

January 18, 1924 


Dear Mr. Abbot: 

The more that I observe with the old pyrheliome­

ters, the more I am convinced that there is nothing very 
serious the rna t ter wi th them. unless they took a sudden 
change for the better just as Paul left for Los Angeles. 
My readings this week have looked about as good as they 
ever looked. If Paul should be reading them wrong, I 
hardly know wha t to do about it. I would not mind reading 
the pyrheliometers regularly if my eyes hold out all 
right, but then I am afraid that he will mess up something 
in the bolometric appara tus, and wi th it working as well 
as it is now, I'd surely hate for this to happen. Of 
course, I am not sure yet tha t there is nothing wrong wi th 
the pyrheliometers themselves, for he read them very 
well indeed when he carne up here last June, and in fact 
mos t 0 f the time up to the early part 0 f Oc tober. 

When we firs t got back we not iced how very nervous 
and fidgety Paul had gotten. Finally, he announced his 
engagement to the young lady in Wenden, and since then he 
has seemed a little more settled. He told us that he wrote 
to you about his engagement just before he went to Los 

114Moore had moved his radio apparatus upstairs iuto the computing room, adding a couple of shelves, where it was more convenient to use 
during the evening hours. On January 25th he tried unsuccessfully to hear Paul Greeley "playing" (probably the piano) over KFI from Los 
Angeles. 
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Angeles. She is a very nice girl, but nei ther Chella nor I 
are very enthusiastic about an American young fellow 
marrying a girl of Mexican parentage. When Paul an­
nounced the engagement, he sounded out Chella on the 
subject of their coming up on the mountain to live. 
Chella was not long in telling him that she considered 
this house far too small for two families, so then he said 
tha t they did not intend to marry until after July 1925. 
We are hoping that before that time it will blow over, but 
Paul is such an impetuous fellow tha t he isn' t given to 
much thought in advanced in such matters. Chella and I 
have talked it over and we have decided that the best 
policy for us to follow is to II saw wood and say nothing. " 
But I cannot help feeling that this business is apt to be 
a very serious handicap to the proper carrying on of the 
work up here. What bothers me most is that he will doubt 
less want to make very frequent trips to Wenden. He has 
made qui te a number since we have been home, and he always 
makes all his plans and then shortly before time to start 
informs me that he has a date in Wenden. Now since this 
always necessi tates losing some of this time from ob­
serving and probably computing, it seems it might be a 
li ttle better for him to phone or tell me when he is mak­
ing his dates to see if it is convenient. Thus far I have 
said nothing to him about it except that on one occasion, 
when we had a pyrhel iometer comparison to run, I told him 
to get back as early as possible the next morning. He got 
back just as I was about through observing, which was 
about as early as he could have made it. 

Every time tha t they have a dance down in Wenden, 
which is fairly often this time of year, they think that 
they simply mus t have Paul there, and they give the or­
ders and he makes the da tes accordingly. Do you wish to 
impose some sort of a limi t on this business? 

From my resul ts this week I think I can carryon the 
observing just as accurately alone, and the computing is 
not a great hardship, but what bothers me is that I do not 
think his loafing around Wenden will serve to give this 
place a very good reputation for serious endeavor. 

Sincere ly yours, 

A4ul 
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Paul returned from Los Angeles on January 24th to what must have been a cold 
reception. 



Chapter 22 


Round Two 


On the last Thursday evening of January, both Alfred Moore and Paul Greeley sat 
down, separately, to write to Washington. A recent letter from Abbot to Moore sup­
ported Moore's position about Greeley's engagement to Amy Rosco of Wenden; Abbot 
thought that sending Paul home to New Hampshire for a vacation would get Greeley's 
parents involved and give the young assistant more time to think about his plans. 

Mt. Harqua Hala 

January 31, 1924 


Dear Mr. Abbot: 

As to Paul's proposed rna trimonial venture, I mus t 

confess that it is a pretty knotty problem from whatever 
angle you look at it. From what you wrote, I think your 
views on the subject about coincide with Chella's and 
mine. I have found out a few more facts in the case. 

Paul got back from Los Angeles a week ago. He 
brought back a diamond engagement ring for the young 
lady, for which, he told Chella, he paid $150. 

Yesterday he informed Chella that since next Sunday 
was "his Sunday off" (where he got this idea I do not 
know) he would go to Wenden Saturday night. I made up my 
mind that it was about time to call ahalt on this busi­
ness of making da tes, taking him away from the observa­
tions, without first consulting me. 

Yesterday, I found four of the leaves broken on one 
of the Dodge springs so I do not think any unnecessary 
trips should be made to Wenden until it is fixed, which 
will be a week or so, as Bunker will have to send away for 
the new leaves. 

Wi th due cons idera t ion be forehand, I picked a time 
when Chella was in the next room so he would not fly in to a 

183 
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tantrum like he once did down in Chile, and also so that 
I'd have a witness that I was not asking anything unrea­
sonable of him. As expected he ew off the handle and 
said that he supposed that he should hunt another job. I 
told him that the Smi thsonian is spending a great deal of 
money on this research in the hope of getting something 
defini te by July 1925, and that we should certainly let 
nothing stand in the way of the purpose for which we are 
up here. I told him if he took exception to doing this I 
though t he should hun t another job. Then he flew 0 ff on a 
tangent about not proposing to put up with the hard 
II graft" up here. I promptly squelched this by tell him 
that he should have been up here the first two years when 
we had to run a lot of long methods and do all the repair 
and construction work in addition, and that I thought he 
would have a hard time finding a job that would pay him as 
well as the one he is on, and with as little work. I then 
told him that I did not think it looked well for the 
Smi thsonian for him to be loafing around Wenden too much. 
After this he said he'd go chop some wood! I told him he 
could go to Wenden a week from Saturday evening, and that 
I would 1 ike to know your views on the subj ec t. He said 
that he had given out making the trip east this summer. I 
did not mention what you said in your letter. 

Chella and I have talked the whole matter over to­
gether since I got your let ter, and we both think tha tit 
will do very li ttle good trying to cure the affect, but 
that probably efforts should be put in to cure the cause. 
I am sorry to have to admi tit, but we feel absolutely 
sure that the real cause of this trouble is Mrs. 
Ma t teson. She has been "bugs II over Amy for a long time. 
Amy is a likable sort of girl, and I did not blame her for 
trying to advance her s ta te in 1 i fe, but I think it is 
carrying ita lot too far when she tries to marry her to an 
American. And I do not think she has acted very wisely in 
taking Paul away from his work when he was running the 
station here alone. 

Mr. Ellison volunteered a little information. He 
has one of those test phones in his house and the receiver 
does not cut out as in a wall phone. The receiver speaks 
up very loud and he could not help hearing all the 
conversation going on between Harqua Hala and Wenden. He 
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said it was almost a daily occurrence for Mrs. Matteson 
to call up Paul and beg him to go down to Wenden for a card 
party or a dance. I do not think it would be at all wise 
for me to bring the subject to the Matteson's attention, 
but I surely think that in some manner they should find 
out that you do not at all approve. 

You asked about the young lady' s father. I do not 
know him for he is away from Wenden a good deal. He raises 
a few ca t t Ie, and has some horses, and does some truck­
ing. Her mother helps keep the finances up by taking in 
washing. 

I am surely sorry for all this mix-up, for which we 
are in no way to blame, but which is likely to make hard 
feelings. I cannot help worrying about ita great deal, 
and I can see that it is making Chella nervous at times. I 
can't put my mind on the work as I should when something 
like this is worrying me. 

I f Paul continues to fly off the handle and make 
life a nightmare up here for Chella and me, I see nothing 
to do but let him go and get some young fellow who would 
not let the Wenden social whirl turn his head. 

As to telling his parents more about the case than 
they probably know, I think that you are·a better judge of 
that than we are. It seems, on general principle, that 
they should be informed of it. On the other hand it is a 
very delicate subject to handle, and if Paul found out 
that you or I was mixing in the matter, he might fly off 
the handle and marry right away out of pure spi te. Paul 
has a very fierce temper, as you likely know. He has a way 
of doing things wi thout much thinking before hand. 

Sincerely yours, 

A4ul 
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That Thursday evening, as Paul sat in his room also writing to Abbot, the air must 
have been tensely quite at the field station. 

MfL -HOJtqlLOJ-HolJu 
J~.3t. tq~4 

VeDJfJ COUAiAv C~: 
ArJ'WlJ 0JVlJ I Iw.dJ 0Al01Jwv big MgIUteft1i~, 0JVlJ ill L\ goiAtg to' bel h 

taA"b 0ftRJ QA fQ}fJ QA I QIlJ ~ Wk.eAtJ ~ r=th~ tJtecM, eM.e4, ll£ bel 
~hJlwt& 

ThRJ ~t1toubfp; WOA ctboutJ ~17if'& to' WetUWu -Hel &PPJU to'tJti.ftiJ 
tktUi ill dne4ni1 fAdJ goodJ ffJIV IW to' &pt>AVlJ ~ 1io wi.Uu h bwu 0JVlJ tDoiw iAv 
WetUWu W~ I ~ bUftJ iAv W~~ 1io h.OA bUftJ &pe.ttti d~ wi.Uu 
ML\& "'RMtb fJIV o1Jh M~. 

-Hel M1IJti.e4 ki4 g~ tD& fQIU 0JVlJ I ~fg wif!J IUJti &W ffJIV ill ~ 
fDftgeru I ~MJ~C1tttJ>fp;f~ ol1Jh1io TlIJtl.IfJJUNlJ ~ I"b&PPJU 
fiJw ctboutJ ~tJtiAlg I db L\ bI'tDftg. I n&H!IV Iw.dJ OJ WO'fJIJ wi.Uu M'U Af.cbU.t.W fJIV 

M'U -Hoooorq wtJjUA"b gofl olDag f~ bldi IwteJ ifa g'lOfllfJ ffJIV OJ uHtileJ wfticlv 'fe4uItA 
wi.Uu OJ g'dlUtlv 0IlI ffJIV h 'fe4"b Mh ~. 

I ~g_1ki4 OJ goodJ tJrlo1JM &~~. Nofl ~~ bldi iAv 
Ckiht 0JVlJ ~~tO'h~iAJftltktUi wtJ ~~ iAv ~. 

AboutJ MOIltAv t&"b I e«;p~ to' g&tO' h MQAfL If yow wouI.dJ N IW ~ 
wdi M~ I wouI.dJ bel pf.eOAe<4 QA ill ~kt1 kPl.p iAv ~tJtiAlg I 
~te.dJ to' to. 

Ar/; M1ki4 h.OA Iw.dJ to' ~ ctboutJ &OOfUYV fJIV ~ 0JVlJ ~ d.ed4iAJft1 L\ 
ctb&~ ftM.I.t 

The next morning, Alfred found Paul "in better spirits." Not yet knowing about 
Greeley's resignation, Moore told Abbot in a scribbled postscript to his January 31 st 
letter, "Paul said he wasn't planning on going to Wenden oftener than once every two 
weeks. Maybe the little lecture did some good. But of course I did not touch on the 
matrimonial question." Then, once Paul told Alfred and CheBa of his resignation, the 
air between the two observers cleared rather quickly, almost as fast as the run of good 
skies gave way to clouds. 

http:M1IJti.e4
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Mt. Harqua Hala 
Feb rua ry 7, 192 4 

Dear Mr. Abbot: 
At last our long run of good skies has been broken 

into by clouds. We have st two days this week and only 
got one observation yesterday, and it was rather 
unsatisfactory. 

Today, we started putting up the new aerial poles. 
We got the north one up, and the south one part way, but it 
is more difficult, owing to the steep canyon to the west 
of us. We are going to put up a third one on the ridge a 
little northeast of the house. By pointing the aerial 
wire toward the eastern states, we hope to bring in New 
York and Chicago clearer. We have extremely sharp points 
on the top of each to dissipate the electrical strain in a 
silent discharge. These points are well grounded in sum­
mer time. 

We were qui te surprised in a way, and not much sur­
prised ei ther, when Paul informed us last Saturday eve­
ning that he had written you his resignation to take 
effect March 1st. He did not seem at all "sore" about my 
Ii ttle talk to him, but said that he could not stand this 
isola t ion business any longer. As he expressed it, he 
said tha this" feet had been itching for somet ime. " 

If he does not change his mind I'll be sorry to see 
him leave, for Paul is a likable fellow, but if he is not 
contented up here I really do not think it will be good 
for the work for him to try to stay on until 1925. 

If Paul leaves March 1st as he intends, I suppose 
another man will have to be gotten to take his place. I do 
not know 0 f anyone who would be sui table. 

The day tha t I was working at the garage, Chella and 
Paul were talking about his leaving. From what he told 
her, I think he has his mind set on striking out on a new 
venture, and I very much doubt if he will consider chang­
ing his mind and remaining here longer. I have said very 
little to him about the matter of quitting. I thought 
that possibly you might come out here during the next few 
weeks, when you received Paul's let ter, and the let ter I 
wrote by the same mail. 

Chella saw a big fox out near the chicken yard the 
day that I was at the garage. He came around for apiece 0 f 
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meat again last night. Mr. Ellison is going to bring up 
one of his big traps and we hope to catch Mr. Fox tomorrow 
night. 115 

Sincerely yours, 

A4u1 
Once again, the radio was a great comfort to the observers. Shortly after the new aeri­
als were up, Moore described "two treats." "The first a recital by Estella Hart Dryfuss, 
a noted contralto of Los Angeles, and the other a full grand opera broadcast from Phil­
harmonic Auditorium at Los Angeles by the Los Angeles Examiner. It was Verdi's 
'The Force of Destiny' in Italian. It is some contrast from your pioneer days up here, to 
be able to sit comfortably in your rocker and hear grand opera, isn't it?" 

In the days that followed, Paul confided with Chella that he did not blame her 
nor Alfred in any way, but that he felt that he must get away from this kind of work, 
that he never did like desk work or computing. Although he stuck to his plan to leave, 
he seemed willing to ensure a smooth exit. 

Mt. Harqua Hala 

February 21, 1924 


Dear Mr. Abbot: 

Paul told me about receiving a let ter from you, 

asking him if he would arrange to remain here a month 
longer so as to give you more time to get someone to take 
his place. He very kindly consented to remain until April 
1st. 

My eyes still bother me some, and since my oculist 
told me that he thought I should come back in two or three 
months to have new lenses fitted, it seems that I should 
go out to Los Angeles and have this done before Paul 
leaves. When a new man comes it will likely take some time 
to break him in sufficiently to leave all the observing 
and comput ing in his charge. I don't think I should take 
too many chances wi th my eyes, for they have never fel t 
the same since they gave away in Australia. I try to favor 
them as much as I can. They are not inflamed, but at times 
sharp pains shoot through them. 

This is get t ing to be rather a trapper's s ta t ion. 
Chella and I took a walk down to the spring north of the 
station last Sunday afternoon and saw some large tracks. 
I set a trap night before last, and yesterday morning I 

'''Indeed, Mr. Fox fell victim to trap "before 7 o'clock in the evening" and his hide was subsequently "dried in the shop." 
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found I had a large bobca t. He was sure some mad, and had 
chewed up almost everything in reach, but I managed to 
end all his seven lives wi th one shot from my revolver. We 
skinned him and gave the mea t to the chickens. This wild 
meat seems to be a great thing to provide egg material. We 
fed them the fox, and have been get t ing eight and nine 
eggs per day from eleven hens. 

Since none of the hens have had time to sit, I bought 
a li ttle 50 egg incubator a few weeks ago. The chicks are 
supposed to hatch today, but last Monday night the tem­
perature got too high and then too low, and I am afraid 
that this hatch will be a fizzle. I made a little brooder 
for the chicks (counting the chickens before they 
hatched!) so last night Chella used the brooder to raise 
some sponge for light bread. Some new use for a brooder. 

We have had it qui te warm, and there have been a good 
many clouds of late, but we usually manage to get some 
observations. When Chella and I were over at the north 
spring las t Sunday we were surprised to find some snow 
still there in patches, though we have had no snow since 
January 1st. Paul and I went down and brought up a couple 
of buckets of it, and we had some ice cream a couple of 
days ago. 

The new aerial favoring the eastern stations seems 
to help out a good deal in tha t regard. Tonight we had 
Kansas Ci ty on the loud speaker so that we could hear it 
allover the house. 

Sincerely yours, 

A4ul 
P.S. Tk "~gll-D~ 17"",," (~4)~~~, 
~ IJAkt ~Akt1£ll~ ~ 'UJ, ~~~~~. 

Moore planned to start for Los Angeles by the end of February. Before he left, Abbot 
wrote, "Mr. Clayton has just written me a letter in which he points out that ~is predic­
tions of the temperature of New York City have been completely verified for the 
months ofNovember, December and January, in 78 per cent of the cases. His detailed 
forecasts three days in advance give 48 percent correlation coefficient, four days in 
advance 25 percent, and five days in advanced 10 per cent. I am writing to the heads 
of meteorological bureaus in this country, Canada and England, to inquire what 
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degree of correlation they could expect from the synoptic data alone. I believe that Mr. 
Clayton's success has been very notable. Of course, this is confidential." 

Mt. Harqua Hala 
February 26, 1924 

Dear Mr. Abbot: 
I was very much interested in what you wrote about 

Mr. Clayton's resul ts. Of course I'll keep this 
confidential. 

We certainly have had a very remarkab le run 0 f days 
for thi s time 0 f year. We have los t bu t three days in Feb­
ruary this far, making but four days lost since December 
28th. 

I am glad that it was possible to arrange to go be­
fore Paul's departure, for my eyes have been troubling me 
quite a bit the past few days, and I think I should not 
delay having them looked after. I have had an eye head­
ache most of today, so it is likely that I should have new 
lenses. Bes ides, the drops that he gave me in November 
are just about gone. 

Paul said that he did not think he would go to Wenden 
whi le we were away. He said he would be on the job every 
day so as not to miss any observations. 

We expec t to ret urn to Wenden on the nigh t 0 f March 
14th. 

Sincerely yours, 

A~ 



Chapter 23 


Between Assistants 


Alfred and CheBa Moore returned from Los Angeles without a delay this time, arriv· 
ing in Wenden on Saturday morning, March 15th; they "came up the trail that day." 
Within a few days, Moore's letters to Washington brought Charles Abbot up to date on 
operations at Harqua Hala. 

Mt. Harqua Hala 

March 19. 1924 


Dear Mr. Abbot: 

We had a very pleasant trip to Los Angeles. but we 

were kept very much on the go. I had my eyes looked after 
and had new glasses fi t ted. The ocul ist gave my eyes a 
thorough examination and prescribed other drops. 

While in Los Angeles we got some things to repair 
and fix up the house up here. When we got back from Aus­
tral ia. we found things pret ty badly broken uP. espe­
cially the dishes. Also. the interior of the house looked 
far different from the way we le ft it. due to rain having 
beaten in last summer. The ceilings and floors will have 
to be gone over. and I got some paint for this purpose. 

When I got back I was glad to find that Paul had suc­
ceeded in observing every day while I was gone, continu­
ing the long run of days. We lost yesterday. as the sun 
did not shine at all. which was the thirty-ninth day 
since we had los t a day. This is a record for Harqua Hala. 
I think. We had rain, snow. hail and sleet yesterday. the 
first precipitation more than a trace that we have had in 
1924. We got busy and shoveled snow yesterday. so that we 
now have about 1400 gallons of rain water on hand. 

191 
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We got considerable practice at Mah Jong while in Or­
ange. 116 We get a good deal of pleasure up here out of 
playing the game too. 

Sincerely yours, 

A~ 
P. S. Paul informed Chella yesterday that he intended to 
leave on the 29th, going with Mr. Ellison that day, in­
stead of staying until his month was up on the 31st. I 
thought he might have discussed the matter with me, but 
since he didn' t, and since this involves the loss of 
three days' time, I thought that I should wri te to you. He 
may argue that he is entitled to this much time in the way 
of vacation, but he has had every other Sunday entirely 
off since his last vacation, with the exception of one 
when I was in Los Angeles. I will say that I don't take 
very much to his always entirely ignoring me in making 
such plans, but since he is soon to go I don't intend to 
say anything to him about it. A. F. M. 

In Washington, Abbot was having trouble finding a replacement for Paul Greeley. He 
asked Moore jfPaul would extend his stay again, but Moore advised, "I think it is wise 
not to interfere with Paul's plans for it will likely do no good and might cause hard 
feelings. I can run the station alone for a while. I have a lot of painting to do, and hav­
ing a vacant room at such times is quite a convenience, when we are so crowded for 
room.fI 

As for Paul's replacement, several times Moore suggested to Abbot that "a man 
from this part of the country might be more satisfied up here than one from the east, 
since he can go out among his friends every few months. II Paul Greeley left Harqua 
Hala on schedule. 

Mt. Harqua Hala 

April 3, 1924 


Dear Mr. Abbot: 

April does not seem to be starting out very fine, 

for al though I have lost no days since Paul's departure, 
there has been considerable cloudiness, and the skies 
have been far from good. 

Paul left as per (his) schedule last Saturday morn­
. We have not heard a word from him since he left, but 

II'Chella's home town in Southern California. 
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he is still in Wenden. Yesterday, Mrs. Matteson called 
Chella and said that Paul had accepted their invitation 
to remain over until next Sunday. and accompany them to 
Yuma. where he would take the train. Things are get t ing 
along fine up here. Even wi th the rather poor skies, the 
resul ts on the whole have looked bet ter than when there 
were two observers. 

I am enameling the ins ide 0 f the re frigera tor as it 
will then be easier for it to be kept clean. Paul seemed 
to think that the ice.plant dynamo did not work well after 
they let the field coils get loose last summer and took 
off quite a lot of the windings. I wrote to Los Angeles 
about rewinding the field coils, but they say a small dy­
namo like that isn't worth re-winding. I tried it out a 
few weeks ago, and it seems to work all right. 

I am going down to the garage this afternoon to 
change tires around on the car to save having a blow-out. 
We hg.ve two new ones which never have been used, and I am 
going to put them on. Mr. Ellison has greatly improved 
the road and trail. 

Sincerely yours, 

A4uL 
PS. PMJ. ~~~~~~~fI',t)).~.
AFH. 

With only one observer at Harqua Hala and the pending training of a new one, it was 
hardly the time to start a new project. But Clayton had asked Abbot if his stations 
could record sunspot activity each day. Abbot wrote to Moore, IIClayton deplores the 
lack of visual observations of the sun's appearance which, if he had them, he thinks 
would aid him to make forecasts to twelve days in advance. He employed such data in 
South America. I told him that you had a six-inch telescope, and that if we could ar­
range a suitable code perhaps you could take a look at the sun each day and add to the 
daily telegram something about its appearance. II 

The initial idea was for Moore to make a drawing of sunspots, tracing an image 
projected through the observatory's six-inch telescope. The first problem was that 
Moore had not yet gotten the telescope to work well, except for entertaining guests 
and looking at Wenden. Moore told Abbot, liOn my waiting list of things to do, I have 
it down to try to rig up means of photographing the sun each day. The main drawback 
is that the mounting that I fixed up is a pretty poor excuse for an instrument of such 
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power, for the tremor makes it very hard to see anything, especially if the wind is 
blowing, and it usually is. It would probably be necessary to arrange some sort of cov­
ering for the instrument for it is quite a task to carry it back and forth each day. I have­
n't any sun screen1l7 for the eyepieces, so I do not know just how the solar image 
would look. Ifyou think a smaller glass would answer the purpose better, I see a pretty 
good one listed in Sears-Roebuck & Co. catalogue." llg 

Despite the problem with the telescope and the other work at the field station, 
Moore did find time to run a few experiments. 

Mt. Harqua Hala 
April 10, 1924 

Dear Mr. Abbot: 
There was a thin cirrus over the sky today until 

late this afternoon, so this morning I tried out the six­
inch telescope. It seems to me that it would be much bet­
ter to fix it so that we can photograph the sun each day 
ra ther than try to draw the sunspots, which would doubt­
less be pret ty di fficul t to do wi th the ra ther fl imsy 
mount ing. Since the solar image is so bright, it would 
probably be necessary to insert a fairly rapid camera 
shutter. 

It seems that most of the tremor in the mounting is 
in the revolving part, for the legs are really qui te 
sturdy being firmly set in concrete and well braced. I 
don' t think I could make a much better arrangement wi th 
the material that I have here, but if you'd care to go to 
the trouble, it seems to me that castings could easily be 
made, and then the thing would be solid enough to do 
something wi th it. I have measured up the arrangement and 
drawn up a rough sketch which is enclosed. 

It seems to me that if we use the photographic 
method. I could mail him prints each week. 

Sincerely yours, 

A~ 

--..- ..~-

117A filter to reduce the bright image of the sun. 

IISMoore sent an ad clipped from the Sears-Roebuck catalog, showing "Extra High Grade Telescope, $34.00." 
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Along with the work on the mountain, and a spurt of ailments, Moore also managed to 
keep up with the whereabouts ofPaul Greeley after he arrived in California. 

Mt. Harqua Hala 
May 2, 1924 

Dear Mr. Abbot: 
I am ordering a canvas cover to go over the tele­

scope. It is supposed to be water-proof. 
We have not heard direc tly from Paul since his de­

parture, but I heard indirectly through Edgar. He wrote: 
"Paul has been around two or three times. I think he has 
gotten into the right place now. He is a moving-picture 
actor out at Hollywood. While waiting for his Goodyear 
Rubber Co. Job to turn to, he took a night Job at one of 
the Hollywood studios. " 

Getting back to the telescope, it would be very much 
better to make a concrete pier for it, and it would not be 
very much trouble, or cost very much. I may try the pre­
sent arrangement first, though. 

The Kelvinator motor pulley was eccentric and a 
li ttle too large, so I got a piece of oak up here and made 
another one on the lathe. And I came very near taking the 
end offmy left little finger. I got it caught between the 
chuck and tool rest, and mashed it so that I am losing the 
nail. 

In some unknown way I sprained my right arm near the 
elbow, so that I have been ra ther crippled the pas t week. 
At first I thought the latter was due to rheumatism, but 
later decided it was a sprain. I am troubled some at times 
wi th rheuma t i sm up here, and wonder if it could be due to 
Mr. Ellison's spring water since 1 t contains so much 
mineral matter. I wonder if it might not be well to have a 
sample of it tested. We have never been able to get the 
cistern water so it tasted good enough to drink. 

Sincerely yours, 

A4ul 
Throughout May 1924, Moore wrote a steady stream of letters to Abbot. He was wait­
ing for a shipment of parts for the telescope. In addition, Moore was anxious to hear 
about a "Mr. Worthing," who Abbot had hired to replace Greeley. And, Moore hoped 
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that Abbot would visit Harqua Hala again on his way to Mt. Wilson for summer 
research. 

The new assistant, Arthur B. Worthing, was 24 years old, a graduate of Ripon 
College in Wisconsin and had done post graduate work at the University ofWiscon­
sin. Working through various recommendations, Abbot found him "in electrical con­
struction work and an inspector with the Western Electric Company." Abbot wrote, 
"He would like the position and the only thing which may interfere is that the settle­
ment of his father's estate is going on, and he will not be able to report before May 
15th, and it is just possible that something might interfere in connection with these 
matters. If Paul would only have stayed until the close of the schools, we could much 
more readily have obtained someone." Later Abbot wired to Moore, "Worthing ex­
pecting leave Chicago May 20. 11 

Mt. Harqua Hala 

May9,1924 


Dear Mr. Abbot: 

We are still engaged in the spring cleaning, al ­

though, I am glad to say, we are nearly through wi th the 
job. 

I wan t to be ab Ie to get on tha t telescope job as 
soon as the things arrive. I notice a rather large clus­
ter of spots on the sun these days. We observed the tran­
si t of Mercury last Wednesday, by throwing the sun's 
image on a whi te screen. 119 

I have ordered thirty day-old chicks from near 
Phoenix. 120 We have had such poor luck at hatching chick­
ens that I have about decided that our eggs aren't good, 
so I think we need a new stock. A good many 0 f our hens are 
getting old, and ought to be killed off. 

I haven't heard anything more from you in regard to 
Mr. Worthing, but suppose that he probably will be wi th 
us shortly. 

Please tell Mrs. Abbot that wi th George, and Mr. 
Ellison's horse "Blink," we can get her up the trail more 
comfortably than in 1922, so we hope you both can visi t us 
enroute to Cali fornia. 

Sincerely yours, 

A~ 

I "In rare occurrences, Mercury passes between the earth and the sun in Just the right circumstances to be silhouetted against the sun. 

120From a chicken farm in Gilbert. 
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Once again, the periodic problem with the pyrheliometers, and even the pyranometer, 
plagued Abbot and both field stations. 

Mt. Harqua Hala 
May 16, 1924 

Dear Mr. Abbot: 
I was sorry to learn 0 f the trouble tha t Aldrich has 

had wi th the pyrheliometers. I can hardly believe that it 
is as much as ten percent. I qui te often find discrepan­
c ies in the pyrheliometers here, which as yet I have not 
been able to explain. I am strongly of the opinion that 
these changes are due to some error, possibly fundamen­
tal, in the cooling corrections. 

I note what you write about the pyranometer being 
affected by wind, making it read as much as ten percent 
too low. I knew that the wind sometimes makes the reading 
of the instrument almost impossible, due to the constant 
moving of the needle. I have noticed of late another 
"mystery" in connection with the pyranometer. and that 
is that the first reading of a series during a bolograph 
almost always is too high, compared with the others that 
follow. 

The day old chicks that I ordered have failed to put 
in their appearance yet. Maybe they thought the weather 
was too hot, for we have had it very warm yesterday and 
today. Chella and I went to town last night to get them, 
but they failed to arri ve. She used George and I use Mr. 
Ellison's horse. Going down we saw a big rattlesnake, but 
he got under a rock before I could hi t him wi th a rock, and 
there was no stick available. We got back at 1:20 A.M. 

Early this morning I heard the mos t ou tlandish 
noise outside. I couldn't imagine what was causing it, so 
I went out to investigate. When I got alongside the lit­
tle chicken house, I found the cause. It was one of the 
two-and-a-half month old roosters trying to crow. There 
are four of the crowd of little chicks hatched in the in­
cubator. They hatched out a day or two late, but believe 
me, they have been making up for the delay ever since when 
it comes to being progress i ve! They started roos t ing on 
the high perches when they were six weeks old. 

Sincerely yours, 

A4uJ. 
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The month ended with Worthing arriving in Wenden on May 23rd and the day old 
chicks on May 30th. For both arrivals, Moore made a trip to town, in the latter case 
starting out "at daybreak, making it to Wenden in two hours and one minute, and the 
round trip in five hours and fifteen minutes. n 

And there was more news from California: Moore wrote to Abbot, "From what 
Mr. Matteson told us, I guess Paul and his Wenden girl have played quits. They did 
not take to his movie aspirations very much down in Wenden, and they found out that 
he was blowing in his money pretty freely out in California. He told Edgar that he had 
signed a three months' contract to play in the movie play called "Ambition." He has 
rented a piano for his apartment, and also has a motorcycle." 

Abbot replied, "I was glad to hear that there is a good chance of Paul having 
broken offwith his friend in Wenden, and not much surprised to hear that he had gone 
into the movie business. He is a very engaging character from all angles. He will make 
a good hero for a novel by and by." 
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Worthing Spits! 


At first Alfred Moore reported that Worthing "seems a very agreeable fellow. I think 
he will soon get a good grasp of the subject. He seems to want to read up on the vari­
ous matters, which is a very good sign. II However, by the end of Worthing's first week 
at Harqua Hala, Moore's opinion had changed dramatically. 

Mt. Harqua Hala 

May 30, 1924 


Dear Mr. Abbot: 

We are observing Decoration Dayl2l by not observing 

since it has been cloudy all day today, and while I am 
wri t ing this we are having an elec trical storm and some 
rain. Rather early for thunders torms. I have been so busy 
wi th the new man, and wi th some trouble that has appeared 
in the pyrhel iometers, that I haven't had time to work on 
the telescope this week, but hope to get a,t it next week. 

The pyrheliometer trouble is proving qui te a mys­
tery. At times the two instruments read very consis­
tently. At other times there is too much difference 
between the readings, and at still others, there is too 
little difference. I am sure that these conditions are 
not usually due to acc idental errors of reading, for they 
continue for several successive readings. I am hoping 
that you will be out here before long to look into this 
matter, and perhaps take the instruments apart, if such 
becomes necessary. 

I now have something to wri te that has caused me 
qui te a li ttle worry the past few days. This is in regard 
to the new man. He seems quick at catching on to the op­
erations of observing and computing, but there are other 

l2'Today, more eommonly called Memorial Day, 
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things that make me greatly fear that he is not the man 
for the place. I am practically certain that he has tu­
berculosis. When he arrived here he was as pale as a 
sheet. He is hollow-chested, has a slight cough, and has 
to go out to spi t very often. He seems to spi t a sort of 
phlegm. These are pret ty strong indica t ions, and wha tis 
more, he seems to have practically no pep. He spends a 
large share of his spare time lying on his bed. I thought 
he should do as the other boys have done, also attend to 
his own room. Thus far he has shown very litt attempt at 
extra work. I haven't a doubt in the world but tha t he 
would deny having TB and most likely would be insul ted at 
the mention of it. 

I am sure you would not expect us to live in such 
close contact with a person having this trouble. Al­
though this climate doubtless is good for such persons, 
we certainly do not want to run a sani tarium up here. 
Chella isn't very strong, and I often wonder if I am doing 
the right thing to continue up here where the extra man 
causes her a good deal of extra work. It would not be so 
bad if we had a pleasant young fellow up here wi th a lot of 
pep, but I am sure that the present fellow is going to 
prove too great a care for us to have him wi th us very 
long. I think his expectorating around outside and then 
its drying up is a real menace to us. 

I suppose that doubtless you will be out here before 
many weeks. My sugges t ion would be that you size him up 
for yoursel f, and then try to get a wes tern man, perhaps a 
graduate of Pomona College or of the University of Cali­
fornia. It seems to me that this place is so very di ffer­
ent from the east, that you will find it very difficult to 
get an eastern man who will readily adapt himself to such 
changed condi t ions 0 f living. On the other hand the 
western fellow is more or less brought up in an environ­
ment not so very different from this, and most likely 
will like it better up here. 

We are taking every precaution against getting TB 
from Mr. Worthing such as sterilizing his dishes in hot 
water, but even so this thing is a source of considerable 
worry to us. 

Sincerely, 

A4ul 




Worthing Spits! 201 

Moore now added his preoccupation with Worthing's health to his lists of problems 
with the pyrheliometers and setting up the telescope for photographing the sun. 

Mt. Harqua Hala 
June 13, 1924 

Dear Mr. Abbot: 
I have rigged up a good camera for the telescope and 

made it very rigid. But thus far I have not been able to 
get a very sa tis fac tory solar photograph. There was 
qui te a group of spots when I completed the camera about a 
week ago. They showed up fine and c lean on the ground 
glass, but I couldn't get sharp images at all on the pho­
tographic pIa tes. To focus more clearly, I set on the 
crescent moon one night and focused on the craters. Wi th 
the same settings I took a shot at the sun the next morn­
ing, but the spots did not show up clear. 

I cannot see any improvement in the new man as re­
gards pep. I have succeeded by keeping at it, in getting 
him to do some 0 f the chores around here, but from wha t I 
have seen of him thus far, I would hate to trust the place 
entirely in his care if we should go to the coast. And 
what is worse, we have about despaired of ever getting 
him to be at all companionable. We have invi ted him sev­
eral times to take part in our garnes, but he declines, and 
goes and I ies on his bed and reads. Never once has he 
shown the least appreciation of the many nice dishes 
Chella has prepared. 

Al together, his behavior has had amos t depressing 
effect on both Chella and me. His behavior is probably 
largely due to his state of health. He has spoken on sev­
eral occasions about heal th resorts, and asked about 
their location. so we rmly believe that he carne out 
here primarily for his heal th. He has taken on consider­
able color since he carne up here, but certainly the Har­
qua Hala climate has had no effect on his pep thus far. 
The three weeks tha t he has been here seem much longer to 
us than the nearly two months tha t we were alone. 

The Kelvinator is certainly a grand thing this time 
of year. We have installed an arrangement to turn the ice 
cream freezer by means of the gas engine. which saves a 
lot of hard cranking on a warm day. 
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The little chicks are getting along fine. The other 
day when I was coming up the trail I caught a Ii ttle baby 
quail. and brought him up here. He now resides with his 
cousins the chicks. and they get along very well to­
gether. He is so small tha t he crawls under one of the 
chicks when he goes to sleep. 

Sincerely yours. 

A~ 

The problems at Harqua Hala were serious enough that Abbot made plans to stop at 
the Arizona field station on his way to California for more research at Mt. Wilson. 
Moore was elated and immediately confinned arrival plans: "We note with much 
pleasure that you will visit us in a few weeks, and we are happy that Mrs. Abbot wiJI 
accompany you. If we make the trip up the trail at night, I am sure that the heat will 
not be oppressive. She can ride our faithful steed George, and we can use Mr. Ellison's 
horse. With the probability that Mr. Worthing has tuberculosis, we do not think it wise 
to put either of you in his room, but Mrs. Abbot can go in with CheBa, and you and I 
can use the extra bed and cot that we have here. II 

Mt. Harqua Hala 
June 11. 1924 

Dear Mr. Abbot: 
Under separate cover I am sending three solar photo 

prints. Two were taken on one day and one on another. Of 
the two. one is printed much darker than the other. and 
al though not so artistic. I am not sure but that the dark 
one brings out what we want to see better than the lighter 
one. I found great di fficul ty in not hopelessly over­
expos ing the plates. even wi th a very narrow sl it in the 
shutter. I also need very weak developer to try to con­
trol the development. but this did not help much ei ther. 
It occurred to me to try using an orange glass to pass the 
light through to cut down the intensi ty. and this is the 
method I used wi th the accompanying photos. However. I 
think it might be much better to not use this screen. as 
it probably tends to distort the image somewhat. 

I have ordered some copper sulphate from Phoenix 
and will get it tomorrow, and try the Eastman Company's 
scheme. I have also ordered some hydroquinone developing 
powders. as this gives much more contrast in negat i ves 
than the metolquinol developers tha t we have here. and 
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which are intended primarily for photo paper. Wi th these 
improvements I am hoping to get better results than the 
accompanying prints show. When you come out here I sup­
pose we can remedy some of these numerous ills. 

I am not certain tha t you will receive this let ter 
before you and Mrs. Abbot leave Washington. but I will 
have a copy of it here in case you do not. We will be very 
glad to see you both. and hope tha t the wea ther will be 
fine while you are here. I suppose you will let me know by 
telegram or let ter. when I' 11 meet you in Wenden. Chella 
says tell Mrs. Abbot she is looking forward to her visi t 
on Harqua Hala wi th much pleasure. and is very anxious 
for her to see the many improvements up here. since her 
visi t of two years ago. 

Sincerely yours. 

A4ul 
Abbot and his wife Lillian arrived in Wenden on July 5th. While he immediately made 
the trip to the field station on Harqua Hala, it is not clear whether Lillian Abbot also 
ascended the mountain, stayed in Wenden or traveled on to California ahead of her 
husband. 
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Chapter 25 


Changes in the Wind 


Abbot's trip west the summer of 1924 to Harqua Hala and on to California brought so­
lutions to some of Moore's problems at the Arizona field station and a hope that his 
fondest wish could come true. Worthing was dismissed,122 and Abbot revealed 
thoughts about moving the Smithsonian's U.S. based solar constant station to the more 
accessible Table Mountain in Southern California. 

Once in California for research at Mt. Wilson, Abbot began interviewing 
"western" candidates to replace Worthing; before the end of the summer he hired 
Hugh B. Freeman of Glendale. 123 Freeman agreed to report to Harqua Hala on the first 
of September to train and serve as the "bolometric assistant." Long range plans were 
for Freeman to transfer "about May 1925" to the station in Montezuma, Chile becom­
ing the director there for three years, succeeding Loyal Aldrich. 124 

Without an assistant through July and August, the Harqua Hala field station 
was unmanned while the Moore's took a few weeks off for their annual summer break 
in California away from the heat ofArizona. 

112Letters in the Smithsonian Archives do not detail exactly what happened to Worthing, except to say that he would be reimbursed for travel 

back to Chicago; there is no mention of him following Abbot's visit to Harqua Hala in July 1924. 

123Freeman lived at 417 W. Doran St., Glendale, Calif. 

""Freeman's salary began at $ 135 per month plus subsistence with the potential of rising to $250 per month after 12 months. 
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The Moores returned to Harqua Hala on August 20th. Then, right on schedule, Hugh 
Freeman arrived in Wenden on September 1, 1924. 

Mt. Harqua Hala 

September 3, 1924 


Dear Charles: 

I met Mr. Freeman Monday morning, and we got up 

abou t noon. We are more than pleased wi th him al though 
the wea ther has been so poor ever since he came tha t I 
have not had a chance to try him out much on the work. He 
is always pleasant, is good company, and what is most 

125Curiously, neither Moore nor any of the others who lived on Harqua Hala ever mentioned the toilet facilities at the Arizona field station, It 
is assumed they used an "out house," but none of the photographs show its location, 
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important, seems full of pep. He is a husky fellow, so we 
will not have to run a sani tari urn wi th him around. 

He said, when I asked him how he le ft Mrs. Freeman. 
that she was well, but that she sure hated to see him 
leave, since they had not been separated since they were 
married. Che lla and I talked it over and we think thatit 
migh t be bes t to arrange for her to come up here. There 
are very few couples that we would consider this with, 
but we feel that they will be better satisfied if she is 
up here, and we think we can make out all right, even 
though it will be rather crowded. She probably will not 
come for a few weeks. I hope that when he gets broken into 
the work I can report just as favorably. 

Sincerely yours, 

A4d 
Now, the Harqua Hala field station was hampered with another difficulty: Santa Fe 
closed the Wenden telegraph office. This required a plan to transfer the daily reports 
phoned down to Matteson's store, on to Salome via the Santa Fe telephone line at 
some cost. Encouraging Abbot to request the railroad to reconsider, Moore wrote, "I 
really feel that this matter should be pressed a good deal by the Institution since it is 
very likely that the next step will be to close the Wenden depot altogether. This has al­
ready been done at Vicksburg,just west ofSalome, where they have even removed the 
depot building. There has been much fear in Wenden for sometime that the depot will 
be taken away from them before long." 

With the field station not fully manned through the summer, cloudy skies, and now 
with the greater difficulty of getting daily telegraph reports to Washington, there were 
great breaks in the continuity of data needed for Clayton's weather forecasting experi­
ments. Moore also lapsed into his "growling" mood, writing to Abbot who was still at 
Mt. Wilson. 

Mt. Harqua Hala 

october 5, 1924 


Dear Charles: 

I was rather surprised at the content of your letter 

since you did not favor paying the amount that the Santa 
Fe wanted, in a recent letter to me. In my letter to you, I 
expressed an opinion thatit might be well to wai t a while 
and to further try to help Wenden get back the telegraph 
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office. The wai ting would cause no great inconvenience 
to us since it has been too wet to send corrected val­
ues. 126 There were six days the latter part of September 
tha t we could have telegraphed, but only one day thus far 
in October ,the others being entirely too wet, and too 
hazy. 

We are certainly having some very poor weather for 
this time of year, there being a great deal of haze, and 
streakiness. In fact. since August 20th, there have been 
just two days when the sky was clear, right up to the sun. 
The more tha t I see 0 f this haze bus iness, the more 
pessimistic I become about getting solar constants of 
any good accuracy. Wi th the thick haze and the sky bright 
for several degrees around the sun, I think that task is 
almost as hopeless as wi th cirrus clouds. 127 

This business certainly does not have a very good 
effect on allow's morale. as they would say in war 
times. I certainly hate to have to di ve into the monumen­
tal amount of computing needed to get a new set of curves 
for Harqua Hala. You have never mentioned the outcome of 
the campaign for changing the station to Big Pines, where 
we have a reasonable chance of getting some clear skies. 
After having seen Big Pines twice. it has required a lot 
of urging not to get downright discouraged at the clouds 
and haze and wind we have had here the pas t several weeks. 
Wi thout any exaggeration, I think I am sa in saying 
that on not more than ten days during the three years that 
I have been at Harqua Hala, have I seen a sky that equaled 
the two days that I saw at Big Pines. 

Another thing is the condition of my eyes, which 
have bothered me a good deal the past few weeks. This 
would be the same ei ther for Harqua Hala or Big Pines, and 
in getting the larger amount of computing done, I might 
have to have help in Washington, while get t ing the new 
arrangement started. 

And last, but not least. is the old and often­
discussed question of isolation. If this work is to be 
kept up indefini tely at Harqua Hala, I can see nothing to 
do but make a change, unless you can work me in some other 
place. any event, I hope you can arrange to come out 

126There was too much moisture in the atmosphere to accurately determine the solar constant. 
l27 The solar constant method used the brightness of the sky around the sun as an index of the atmosphere's ability to adsorb solar radiation; 
good measurements could only be made when the sky appeared clear right up to the sun. 
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here before going to Washington, so we can better discuss 
this and several other matters. 

Sincerely yours, 

A4uL 
Moore's letters of early October 1924 clearly indicated that, once again, the work at 
the Arizona mountain field station was wearing on him. But with the hope of eventu­
ally moving the station to California, he continued on. 

Mt. Harqua Hala 
October 17, 1924 

Dear Charles: 
I suppose the first thing is to congratulate you on 

the Senators' victory in the World Series! 128 I know it 
mus t have greatly pleased you, and I only wished that you 
could have been there to see them do it. 

I have been pret ty busy this week, for we have had 
several very good days, more like October should be, and 
I have taken advantage of them by doing some extra obser­
vations, as well as the regular run. In addition, I have 
got ten the telescope ready to give it another trial, 
which I expect to do tomorrow morning. There is a big 
group of spots on the sun, and it ought to be a good time 
to try it out. 

Hugh is learning to run bolographs now, in fact, he 
ran one of today' s set. I think he will soon be able to 
observe alone. at least short methods. He expects Mrs. 
Freeman to come out next Friday. Chella and I hope to go 
to the Canyon a few days soon after the election. This 
will give him a chance to keep the thing going alone for 
several days. I think I can see some improvement in his 
speed the past few days too. This seems to be his greatest 
handicap. 

We had some more fried chicken tonight. Last Sunday 
we had fried rabbi t for a change. 

Sincerely yours. 

A4uL 

128Washington defeated New York in game seven, to capture baseball's world championship. 



210 HARQUA HALA LETTERS 

The Moore's friendship with the Matteson's in Wenden was often the best method of 
breaking up the routine at Harqua Hala. In mid-October Chella stayed a few days with 
Mrs. Matteson; Alfred accompanied her down the mountain and stayed over one 
night, joining them for Sunday dinner, before getting back to the work on the 
mountain. 

Mt. Harqua Hala 
October 21,1924 

Dear Charles: 
I am not certain whether this will reach you before 

you leave California or not, but will send it there 
anyway. 

Enc losed you will find three sun photos. Do you 
think photos such as these will answer at all? I very much 
doubt that I can get them much bet ter wi th the arrange­
ment that we have, for we have to enlarge too much to give 
very good defini tion and sharpness and detail. Of course 
the large spot shows up pretty well, but do you see any­
thing that looks like faculae?129 I do not feel very much 
pleased wi th the resul t. but I am not a good enough judge 
of just how the thing should look. 

Hugh got along all right at observing alone yester­
day. I don' t think it will be long before he can handle 
everything in the regular observing and computing. Then 
I'll have to break him in on how to repair troubles that 
may arise. 

Our long methods are showing very good agreement 
wi th the short method values got ten on the same day. The 
last two times, one of which was today, they were almost 
identical, and the other times of late the variation has 
been very small. This seems to indicate that when we have 
good skies we get values that are practically the same. 
On days that are hazy we rarely get anything like such 
good agreement between the long and short methods. 

It seems to me that the new corrections for our sta­
tion will have to be gotten out before we can telegraph 
many of the days, even if we had the telegraph, for ei ther 
the days are too wet or on clear days the functions are 
too low. 

l2'Bright patches that form shortly before SWlSpots, 
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I am going to Wenden tomorrow afternoon to bring 
Chella up. Mrs. Freeman is due to arrive here Friday 
morning. 

Commenting on the photographs of the sun, Abbot replied, "It seems to me that the 
definition of your telescope is really quite high class. I note quite a lot of detail. There 
is not only the large spot group, but another one, almost equally as far on the other side 
of the sun's equator, of very small spots surrounded by faculae, also a considerable 
showing offaculae along the advancing limbl3l." 

Although Moore hoped that Abbot would stop again in Wenden on his return to 
Washington, Abbot went directly to the east coast. Mrs. Freeman arrived in Wenden 
on Friday, October 24th. Moore told Abbot, "She seems a very nice girl, and is quite 
full of pep, and is very interested in learning about everything." To help make room 
for the two couples, Alfred and Hugh changed the screen porch into an enclosed room 
for computing. Not missing an opportunity to plug the proposed California site, Moore 
told Abbot, "I think this wooden room will give us a pretty good idea on the use of 
wooden buildings in cold weather, should we move to Big Pines.,,132 Indeed, by the 
end of October Moore was again lobbying for the move to California, finding fault 
with virtually everything on or about Harqua Hala. 

I30This authorization was received and the Smithsonian agreed to pay $30 a year for use of the Santa Fe.phone line. 

IJI The edge of the sun's image. 

IY.lLater, describing the construction of the computing room, Moore said, "I used one inch tongue and groove boards to line the inside, and un­

der these have two thicknesses of black building paper. The floor also has two thicknesses ofbuilding paper under it." 
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Mt. Harqua Hala 
October 31,1924 

Dear Mr. Abbot: 
I received your let ter, wri t ten in Kansas, the 

other day when I went to town to start arrangements for 
the phone to Salome. I have ordered the equipment neces­
sary, and will probably get it going the coming week. 

Early yes terday morning Chella was awakened wi th a 
seVer pain in the region of the appendix, though not as 
acute as it was last year. I got the ice bottle, and put 
some ice in it, and she remained in bed all day, and did 
not eat solid food. She felt better in the afternoon, and 
today was up, but felt weak. We certainly hope she wi 11 
never have a reoccurrence of the siege she had last year. 

We have been suspicious that the Ellison spring wa­
ter is not having a very good effect on the kidneys. 
Chella always boils the drinking water, but of course 
this only kills the "animals" not affecting the chemi­
cals that the water contains in solution. Under separate 
cover I am sending a small bottle of the water as it comes 
from the spring, to have an analysis made 0 fit. 133 

As to Hugh, I am still "on the fence" as to his suit­
ability to run the Chilean station. He does what he is 
told to do as well as he can, but I am awfully much afraid 
that he is very much lacking in initiative, which is 
pretty essential for taking charge of the station down 
there. I will keep you posted on his progress, and if you 
think best, possibly it might not be amiss for you to 
write him a letter to see if it will wake him up a little. 
It seems to Chella and me that his wife has to keep prod­
ding him along a good deal, for she seems to have a lot 0 f 
pep, but of course she is not the one who is to be in 
charge and keep the appara t us in order down there. 

Sincerely yours, 

A4d 

l33Later, Moore sent, with a little coneern, a larger sample: "Four quart bottles packed in saw dust. Perhaps they might be taken for bootleg 

whisky." 
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Pushing for California 


During the final two months of 1924 operations at Harqua Hala again fell into the rou­
tine of slight progress mixed with new projects and solving one problem after another. 
With each problem, Alfred Moore could only think of the possibility of moving to Ta­
ble Mountain in California. 

Mt. Harqua Hala 
November 9, 1924 

Dear Mr. Abbot: 
I have been so busy wi th the Salome phone and the new 

computing room, besides the regular observing and com­
puting, that I haven' t had time to try the experiments on 
the telescope 

I got the phone to Salome working last Tuesday. I 
went to Wenden early Monday morning, stayed wi th the 
Ma t tesons that nigh t and finished it Tuesday afternoon. 
I had Mr. Cerf help me on it the two days. I received a 
letter from Mr. Bassett of the Santa Fe a few days ago, 
asking to let him know when it was finished, so tha t a 
regular three party agreement could be drawn up. 134 

Chella and I are going to start tomorrow on a trip of 
a few days to the Grand Canyon. She has never been there. 
It will also give Hugh a chance to see how he can get along 
keeping things going alone. 

We were certainly greatly pleased wi th the report 
tha t you got from the Wea ther Bureau as regards the pre­
c ipi ta t ion on Table Mountain, 135 as compared wi th Mt . 
Wilson. I am more convinced every day of the superiority 

'''Eventually Santa Fe decided to charge the nominal rental of$1 per year for the use of their poles from Wenden to Salome. 

"'Data provided by the Weather Bureau showed that several stations within ten miles of Table Mountain reported, "Precipitation there is 

much less than at Mt. Wilson." 
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of Table Mountain over Harqua Hala from practically 
every po in t 0 f view. 

Sincerely yours. 

A4ul 
The Grand Canyon trip was a good break for the Moore's, and seemingly as good for 
Hugh Freeman. 

Despite Freeman's success in running the Arizona station alone, Moore still doubted 
the new assistant's suitability. He wrote to Abbot, "Although he is still rather slow, he 
is showing some improvement in his work. He reads the pyrheliometer better than he 
did, but not extra well yet. There are some things outside of the work proper that cause 
me still to wonder if they are the right ones to send down to take charge of the Chile 
station. It is hard to explain every thing in letters. I have written three letters along this 
line lately and torn them up." Once again there seemed to be personality conflict eat­
ing at Alfred Moore. 

Mt. Harqua Hala 
November 24. 1924 

Dear Mr. Abbot: 
You said when you were here that nearly every letter 

from Chile and Harqua Hala had some bad news in it. 
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Tonight Mr. Ellison called me up on the phone and said 
that his spring is getting so low that he thought it would 
be necessary for me to water George up here, since he 
drinks so much wa ter. We only have about 350 gallons on 
hand in the cistern, so it will be necessary for Hugh and 
me to take George down to the spring on the trail. Wi th 
the Mexican watering ten head of burros at that spring, I 
doubt if it will hold out very long unless we get some 
rain or snow soon. If Ellison's spring and the trail 
spring both go dry, there will be no water nearer than 
Wenden. Wi th prac t i cally no snow las t winter, if we get 
no rain or snow soon, the springs wi 11 be pret ty apt to 
all go dry. 

I intend to make some more experiments wi th the 
telescope unless I have to economize on the water so much 
that I cannot develop the solar plates and prints. 

I wrote you something in regard to not being sure 
about Hugh. With his three months probation period 
nearly over, it all causes me qui te a bi t of worry. I ac­
quiesced in Hugh's wish to have his wife here with him, 
but I cannot conceal the fact that I have been very much 
disappointed in Hugh ever since she has been up here. He 
has been gl urn and at times rather sulky and does not seem 
to take the same interest in the work that he did before 
she came. He is the "spooniest" fellow that I ever saw, 
and I mus t say that we get rather tired 0 f thi s hugging 
her and petting her before us at about every opportuni ty. 
She ,is only a girl of 19, but he is 28 and ought to have 
sense enough to make sure of a Job to support her, I'd 
think. 

Another thing that makes me dubious is the way she 
handles all the financial affairs. When his paycheck 
comes she opens the letter, tells him to sign the check 
and sends ito ff to her mother. When he came here they 
were prac t ically broke, having 1 i ved wi th their rela­
tives ever since they were married. Yet she is planning 
to give him a $60 Hamilton watch for Christmas. 

Perhaps it will be necessary to send them down 
there, and if you so decide I'll do all in my power to get 
him in shape to make good at it. I really don't know jus t 
how much he knows about the work. Ruth told Chella tha t 
Hugh always understood more than he appeared to. The idea 
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struck me that it might be well to spring a written 
examination on him, to see if he has absorbed anything 
from the books he has been supposed to be studying. 

Sincerely yours, 

A~ 

Finally, Moore got the hoped for positive indication from Abbot about Table Moun­
tain. Abbot wrote, "I saw Mr. Roebling. He takes a great interest in the project of re­
moval, but he considers it very desirable to have some observations made at Table 
Mountain before committing ourselves in that direction, and he has made an appro­
priation of $250 to be placed in your hands for that purpose. Our idea is that you 
should go up there several times during this winter and stay a day or two, so as to see 
how formidable that cold and snow will be for living. Also, you should arrange with 
some local man for the measurement of precipitation and especially for observing 
regularly the cloudiness." 

Part of the reasoning behind the move to California and getting a station lo­
cated under better skies came from continued favorable reports from Clayton, this time 
tying his forecasts into visual observations of the sun's surface. Abbot reported, "He 
has made eye observations on nearly every day since April and has been forwarding 
forecasts of what the solar constant will be five days in advance to us since June. I 
have reduced these forecasts and find that he is hitting it off pretty well. I spoke to Mr. 
Clayton and showed him the photographs which you sent lately. He says it would be 
just as satisfactory if the photographs were on a smaller scale. 136 Clayton has made 
great strides in the discussion of the effect of solar variation on weather conditions of 
the United States and Canada, and is gathering his material for a publication by the 
Smithsonian Institution which doubtless will go forward in a few months, and which I 
think, will be epoch making. II 

Mt. Harqua Hala 

December 1, 1924 


Dear Mr. Abbot: 

I am pleased to hear that Mr. Clayton is get t ing 

along well with the weather forecasting data, and hope 
that we may improve the accuracy of our solar values un­
til he is even more successful. 

I wrote to Mr. Wadsworth the superintendent of the 
Los Angeles County Park, nearly two weeks ago, but as yet 
have heard nothing from him. I asked him if there is any 

l:l6Moore had finally refined the photographic technique with the telescope to produee a 10 rnrn solar image printing it on what he called a soft 
grade paper. Now he planned to make daily images of the SlUl when possible. 
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place up near Table Mountain where I could arrange to 
stay over night, a few times this winter. Also if he could 
recommend someone up there who we might arrange wi th to 
keep tab on the weather for a few months. Possibly he is 
away, or possibly he has not had time to wri te, as he is 
doubtless a pretty busy man. He seemed so very cordial 
when I met him up there last summer that I cannot think 
there is any hi tch in the proceedings as far as he is 
concerned. 

I have looked a t the map 0 f the region tha t I have up 
here, and see that there are two other possible locations 
not far away where we might find condi tions favorable. 
One is over 7250 feet, and about two miles east of Table 
Mountain. The other is about two miles northwest, and 
while the altitude is a little less (6680 ft), it is 
nearer the desert, and is to one side of the draw over the 
ridge to the south from the San Gabriel Canyon. I know it 
is Edgar's idea that before definitely locating a site 
for a permanent station, we should pretty thoroughly go 
over the region, and try if possible to get the very best. 
It would be my idea that if Edgar can go there wi th me for 
a day, that we leave Los Angeles very early so as to have 
the full day, and hike allover the region around Table 
Mountain, to see where the very best location can be 
found. I would look for sky condi tions, accessibili ty, 
water nearby and ease of making a road to the place from 
the main road. 

We have had considerable cloudiness and rather poor 
skies 0 f late, but no rain. We are taking George down the 
trail to the spring every second day. We bring up enough 
water on him to last the intervening day, so as not to 
have him drinking our cistern supply. 

Mr. Ellison is blasting a shaft back of his water 
tunnel to see if he can increase the flow of his spring. 
It has been very cloudy all day today wi th the bolograph 
very low, so I am hoping that we may get some rain or snow 
soon to bolster up the water supply. 

As I ra ther expec ted he would, the Santa Fe 
electrician objected to our using their cable crossing 
over the spur track at Salome, so I went up to Salome to 
fix it. I got a man in Wenden who does line work to do the 
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climbing of the poles. It only took about two hours to 
change it over. 

A skunk got into the chicken house the other night. 
Chella heard a hen cackle, and I got my revol ver and a 
flashlight and started out to investigate. I found the 
hen on the floor wi th the skunk hanging onto her. I shot 
twice and missed. The shots did not scare him in the least 
for which I was thankful. The third shot killed him. He 
had not hurt the hen. This is the first skunk of this va­
riety that I have seen up here. They are small and spot­
ted, while the other kind are striped. 

The Freemans are going to Phoenix next Sunday morn­
ing to be gone until Thursday. They want to do some 
Christmas shopping before Chella and I go to California. 

Sincerely yours, 

A~ 

Finally, Moore heard back from Wadsworth at Table Mountain. He told Moore, "Am 
very glad you are still considering this site. I will be very glad to keep the data you 
wish as I am here the year around. I have made arrangements with the Wrights Ranch 
to take care of you on the 20th of December. We have had a very clear fall with only 
one small storm and very mild temperatures." Moore wrote to Abbot, "This all looks 
pretty good for a starter, doesn't it." 

With such good news, Moore added a post script on his letter to Abbot. "Hugh 
has been acting more agreeable the last week or so. He seems to be showing improve­
ment in his work too. If things keep on as they are now I think it will probably be best 
to keep him. II But Abbot had already sent written tests to both Hugh and Ruth 
Freeman. 
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This time the Moores boarded the train to Los Angeles atthe Salome depot. 
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Chapter 27 


Good-by Harqua Hala 


Certainly no one in Washington expected that Alfred Moore would find anything 
wrong with Table Mountain in California; he had been lobbying to move there from 
Harqua Hala for over three years. Indeed, Moore returned to Arizona with a good re­
port on all aspects of the new location. Everything was finally falling into place as he 
had wished. Once again Abbot's field stations were on the verge ofmajor changes. 

SMITHSONIAN INSTITUTION 
Washington U.S.A. 

December 24. 1924 

Dear Al fred: 


I looked over the examination papers of the Free­
mans and was very much pleased indeed. Mrs. Freeman shows 
a fine spirit in connection with the work, and he also is 
strong for it and shows that he has learned a very great 
deal about the adjustments of the apparatus. I am glad 
that you feel disposed, now, to recommend sending them. I 
feel a great deal of confidence that things will go just 
as well as they can make them after they go to Chile. 

Mr. Aldrich seems to be somewha t depressed in mind 
and heal th since his family returned to the Uni ted 
States, and he intimates that he would like to be relived 
somewhat earlier than we had proposed. Will you talk it 
over wi th the Freemans and let me know at once what would 
be the earliest date on which they would be available to 
start for Chile to relieve Mr. Aldrich? Will you wish to 
have steps taken to get a successor to Mr. Freeman as soon 
as possible, or would you prefer to wait a while. 

Very truly yours, 

_Y!:. S7.j?/7~b 
221 
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Immediately, the Freemans made plans to leave Harqua Hala and transfer to Chile af­
ter a brief stay at their home in California; they left the mountain around January 15, 
1925. And Abbot hired E. E. Smith to replace Hugh Freeman at the Arizona site; 
Smith arrived on the mountain February 9th.137 While Moore and Smith kept the Har­
qua Hala station running, Moore was preoccupied with plans for Table Mountain. 138 

The end of 1924 also brought some preliminary conclusions from Clayton about his 
efforts to forecast the weather in New York City from the measurements made in Ari­
zona and Chile between December 1923 and November 1924. On December 18, 
1924, he provided a lengthy report to Abbot, saying, "The forecasts were based on 
plots of the solar radiation values furnished by you, together with plots of the observed 
maximum temperatures for the same day at Williston, North Dakota, Chicago, and 
New York. Forecasts of the departure of the temperature from the mean were made 
Friday for the week beginning the following Sunday. For 31 weeks when temperatures 
above normal were forecasted the temperature averaged 0.9 degrees above normal, 
and for 20 weeks when temperatures below normal were forecasted the temperature 
averaged 1.8 degrees below normal. II 

Almost indecipherably, Clayton continued, "These forecasts were based mainly 
on the view that with low mean values of solar radiation the mean temperature tends 
to be above normal in the eastern states in winter and below in summer, but partly also 
on the prevailing conditions. The correlations are all plus, but so small in the summer 
half-year that they can hardly be called successful. In the winter half-year the correla­
tion values were nearly five times the probable error for the three days in advance, 
nearly three times as large for four days, and only slightly larger for five days. The 
most successful forecasts were made in mid-winter, when the correlations for 62 days 
rose as high as 0.44 for three days in advance. The least successful were in 
mid-summer. II 

Clayton summarized to Abbot, "These results are not so favorable as I hoped 
they might be when I began, but it seems to me they are encouraging of future possi­
bilities when the solar observations are more continuous and more accurate. These 
are, I think, the first definite qualitative forecasts ever made for more than one day in 
advance whose accuracy was definitely ascertained to be better than chance guessing." 

While Abbot pointed out some errors in Clayton's data and reasoning, his inter­
pretation resulted in a more positive conclusion. 

137There are no details in the Smithsonian Archives on Smith, his qualifications or his home town. 

"'Beginning in 1925, there was a great break in the letters to and from Harqua Hala. Most likely Moore was often away from the mountain 

making arrangements for the new station in California. 
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SMITHSONIAN INSTITUTION 
Washington U.S.A. 

January 31, 1924 
Dear Mr. Clayton: 

I am returning herewi th your data on the verifica­
tion of forecasts and our own which is practically inde­
pendent of it. I checked your sheet of mean monthly 
maximum temperatures and then found tha t the observed 
departures which you took from the maps differed greatly 
from these given in Climatological Data. From this point 
our reductions diverge. We recomputed the verifications 
for the three-day and four-day forecas t sand, a~ you see, 
resul ts agree essentially wi th yours in proving that you 
have had prevision of the event. I have not gone over them 
carefully enough perhaps, to express an opinion, but it 
seems to me that reductions with the Climatological Data 
make a bet ter case for you than your own wi th the errone­
ous map data. 

I worked out the verifications of the weekly and 
monthly forecasts, and have introduced some modifica­
t ions in penc i 1 on your sheet s. My resul t s show a dec id­
edly bet ter case for you than your own. I have also worked 
up the verification of solar predictions and have added 
several sheets from other angles. For example, I find 
that the march of the observed solar values when compared 
to your predic ted values 0 f five days in advance indi­
cates a very decided prevision on your part. 

On the whole, therefore, I find a clear case of pre­
vision of temperatures in New York on your part three and 
four days in advance, and seeing that the results agree 
substantially with yours I have no doubt that yours are 
approximately true. I find that you have distinct previ 
sion of the march of the solar constant values five days 
in advance. 

Very truly yours, 

~Cff:§:_W~£ 

With these conclusions, and more support from Roebling, Abbot was determined to 
continue his pursuit ofa useful solar constant method, the vision he had inherited from 
Samuel Langley back in the early 1900s. But now data would come from Chile and the 
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new United States based field station on Table Mountain. The Harqua Hala field sta­
tion was abandoned the summer of 1925. 139 In late spring, Abbot wrote to Bunker in 
Wenden, "Whatever we do not take away will doubtless revert to the people of 
Wenden who can make their own arrangements in regard to it." 

The ultimate destiny of the Smithsonian's effort to equate daily solar constant 
measurements to weather forecasting should have been apparent by late 1925, after 
Abbot attended a symposium on climate and weather in England. 

On the Med i terranean 
November 24, 1925 

Dear Mr. Roebling and Mr. Clayton: 
I have had time to meditate on rather disturbing 

experiences in England. I talked there wi th the foremos t 
meteorologists and physicists. It appears that until 
recently they were li t tle disposed to admi t the day to 
day variabili ty of the sun, though convinced of longer 
period changes. Some of them now admi t the probabili ty of 
day to day ones also. They express profound confidence 
and admiration for the solar radiation measurements, and 
great satisfaction in the prospect of a new station. 
Thus, as far as my work is concerned, they are in a very 
recept i ve mood. 

But I regret to report qui te the contrary regarding 
Mr. Clayton's. I had a tremendous discussion with two of 
the most eminent meteorologists who seemed to be repre­
senting the attitude of all the best ones. I will not 
ment ion names, for I feel sure they are pract ically all 
on one mind about it. 

They think Mr. Clayton's researches are abundantly 
worthwhile, but they are far from convinced that he has 
proved any valuable connection between weather and solar 
variation as yet. Contrary to Marvin'sl40 attitude, they 
are intensely interested and hopeful. They have studied 
Mr. Clayton's publications with great care. But they do 
not bel ieve his conclusions, though accept ing wi thout 
questions the accuracy of his figures. As one expressed 
it, "I believe if Mr. Clayton had taken, instead of high 

'''Because fewer letters where written from Harqua Hala in 1925, the exact date of departure IS unknoVI1l. Likely it took several months for 
Moore and Smith to transfer all the equipment. 
l4°Chiefofthe U.S. Weather Bureau. 
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and low groups of solar constant values, dates of birth­
days of emperors in one group and dates of birthdays of 
presidents in another, he would have gotten out a similar 
set of temperature relations for the succeeding ten days 
march. I shall not believe his curves have any meteoro­
logical significance until I see them approximately du­
plicated by similar curves covering independent periods 
of time." 

When I pointed out that there was a lot of work re­
quired to do tha t, they repl ied tha t wi th their li t t le 
means they could not do i t themselves. If Mr. Clayton 
wants them to believe. they say, it is up to him. They 
would like to believe, but must have more proof. 

They are ent irely unconv1nced by the forecas t ing 
for Buenos Aires and New York. They think as good could be 
made without the sun, but admit they have not proved 
tha t. They will be ent irely unconvinced by any commer­
cial success. "What, It say they, "does public approval 
amount to? II 

In other words, if we are to get that scientific ap­
proval indispensable to make our work live after us, we 
cannot stop where we are. Two more years of scientific 
study by Clayton, wi th fullest consul ta tions, before 
publishing, wi th eminent foreign meteorologists, seem 
to me absolutely necessary. It means the expendi ture of 
$15,000 to $20,000. With that, our position would be won. 
Wi thou tit, I fear we may go down to oblivion. 

Very sincerely yours, 
(£? (e? ""./J;

_.0. ~'7. -x:f~£ 

In the 1925 annual report of the Smithsonian Institution, Abbot outlined the work that 
remained. He said, "The investigations hitherto made having indicated that a higher 
degree of accuracy in our solar measurements is needed to supply proper data for fore­
casting purposes, we shall be obliged to regard sources of error which formerly we 
supposed would always be negligible. This has led to the designing and construction 
ofnew apparatus for use in pyrheliometry, which eliminates the employment of the ob­
server's watch altogether. It has also required the investigation of the infra-red and ul­
traviolet portions of the solar spectrum, beyond the usual limits of our daily spectrum 
observations. Still more important, it has led to a complete revision of the methods of 
!lleasuring and reducing solar energy spectra. ,,141 

141 Annual Report ofthe Board ofRegents ofThe Smithsonian Instilution, 1925, pp. 103-104. 
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Abbot added a postscript on the close of his Arizona field station, seemingly 
taking his remarks right from the mouth of Alfred Moore. He wrote, "The station at 
Mount Harqua Hala, Arizona, first occupied in 1920, proves to be too far to the east, 
so that the summer months there are unsuitable for observing because of the severe 
thunderstorms of Arizona. Very few days of June, July and August have been suitable 
for our exacting work, and even some of the spring months have been marred by long­
continued haziness. Had weather conditions there been first-rate, the observers would 
gladly have suffered the excessive isolation of the place, which is almost wholly cut 
off from relaxations, but to make such a sacrifice fruitlessly is indeed very 
depressing."142 

Once again Dr. Charles Greeley Abbot began with the belief that his new field 
station, this time in California, would finally help him achieve the scientific goal he 
sought. He reported, "Investigations have been made which have fixed on a better site, 
both as regards weather conditions and comfort. This is chosen on Table Mountain, 
within the bound of the Los Angeles County Park, about 30 miles northeast143 of 
Mount Wilson. Lying on the edge of the Mojave Desert, at 7500 feet elevation, 
weather observations indicate very decided improvement over Harqua Hala for our 
purpose. Add to this the convenience of access and pleasant surroundings, and we 
have combined there great advantages. Mr. John Roebling has added to his already 
great gifts sufficient means to enable necessary buildings to be erected on Table 
Mountain, and to remove the observing outfit thence from Harqua Hala. The supervi­
sors of the Los Angeles County Park have cordially assisted in the transfer, giving 
rights of occupancy, and extending the auto road quite to the door of the proposed ob­
servatory, without expense to the Smithsonian Institution. It is expected to occupy Ta­
ble Mountain beginning about October 1, 1925. Mr. Moore's energetic efforts in the 
preliminary arrangements and the preparation of buildings deserve high praise.,,144 

l4'Ibid., pp. 104. 

'''The Table Mountain site was actually southeast of Me Wilson in what is today the Angeles National Forest. The facilities built for solar 

constant measurement back in 1925 no longer stand, having been replaced by the modern Table Mountain Observatory operated by the Jet 

Propulsion Laboratory of Cali fomi a Institute of Technology. 

1M Annual Report, 1925, p. 105. 
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Epilogue 


Despite the tentative success at Harqua Hala and the looming questions of scientific 
validity, in 1925 the APOs solar constant program was just beginning 30 more years 
of work. The new station at Table Mountain remained in operation until 1962, the sta­
tion in Chile until 1955. In addition, there were several attempts to establish a third 
station: Mount Brukkaros near Keetmanshoop, South West Africa from December 
1926 to June 1932;145 Mount Saint Katherine in the Sinai, Egypt from January 1934 to 
November 1937~ Burro Mountain near Tyrone, New Mexico from January 1939 to 
February 1946; and Miami, Florida from May 1947 to August 1949. 

Today, remains of the Harqua Hala field station in Arizona are the only vestige 
of this lengthy, worldwide search for the solar constant and attempt to predict weather; 
it is the only APO solar constant field station still standing. Indeed, the building is a 
valuable historic site on the National Register of Historic Places. In 1979 the Bureau 
of Land Management documented the condition of the building and contracted an ar­
chitect to stabilize the remains of the Harqua Hala field station. Considering the adobe 
construction and the early problems with stability, it is amazing that the structure sur­
vived the elements for over 50 years before it was protected as a reminder of the work 
of Dr. Charles Abbot and others. 

After closing his Harqua Hala field station, Charles Abbot continued on as the director 
of the Astrophysical Observatory and solar constant program. In addition he was 
elected the fifth secretary of the Smithsonian Institution in 1928. He served both these 
roles until he retired in 1944 at the age of 72. However, even after retirement, Abbot 
maintained an office at the Smithsonian and continued to pursue a conclusion to his 
lifetime of solar constant work. Writing to Fred Greeley in later years, he said, "A 
number of people have become interested in me because I have an office on the 11 th 

I"Fil1ll11ced by The National Geographic Society. 
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floor of the 150 foot tower of the Smithsonian and because I'm approaching 95 and 
still working." Abbot never gave up the vision of Samuel Langley. 

In his later years, Abbot was driven by the thought that he needed to salvage some 
lasting scientific results from his research; from the mid-1960s he pursued one final 
publication, keeping Fred Greeley informed. In one letter he said, "I think the meteor­
ologists will be obliged at last to admit that our work has discovered means to forecast 
precipitation and temperature many years in advance with useful accuracy." 

In another letter to Greeley, Abbot showed that his belief in the potential of his 
work never wavered in his life time. He wrote, "Meteorologists are loath to accept 
these findings because they cannot understand from theory how changes in solar ra­
diation so small in percentage can affect weather appreciably. I tell those who address 
me that way that if the sun annoys them they can forget him altogether. For it makes 
no difference how the 20 periodic weather changes over 22 years were discovered. 
They exist! This, I think, is the greatest discovery for metrology made, in my time. It 
will enable maps of future weather to be made covering the whole U.S. From such 
maps farmers and others will be greatly benefited. This results crowns our sacrificial 
lives in deserts and distant lands. Fortunately the ruin of atmospheric conditions by 
atom blasts did not occur until we had 30 years of day-to-day solar constant observing. 
The future forecast maps may be made with no more solar observing at all. Yet, as not 
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over one-half of the days of those 30 years gave satisfactory solar constants, we would 
like very much to go on if suitable locations can be found. lfwe had enough first rate 
solar stations to give good solar constants every day, meteorologists could give de­
tailed day-to-day forecasts 10 days in advance. 11146 

Abbot published his final paper in the December 1966 issue of the Proceedings 
of the National Academy ofSciences. 147 Seemingly the paper was accepted more as a 
tribute to Abbot's lifetime effort than to the scientific significance of his work. Dr. 
Charles Greeley Abbot died in 1973 at 101 years. 

Reports in scientific literature show that observers at the various worldwide APO sites 
made 37,353 solar constant measurements through 1954; these data were used to sup­
port Charles Abbot's conclusion that he was measuring a significant variation in the 
energy that the sun sent earthward. Today, however, Abbofs effort is history not sci­
ence. Since 1980, modern satellite observations, beginning with the Solar Maximum 
Mission spacecraft, have detected no variability in solar radiation greater than 0.2%. 

Even before scientists obtained data from satellites, Douglas V. Hoyt of the Na­
tional Oceanic and Atmospheric Administration in Boulder, Colorado, performed a 
rigorous mathematical evaluation of the 37,353 measurements and came to a dramati­
cally different conclusion than Abbot. Using Abbot's data, Hoyt failed to detect any 
change in the solar constant greater than a few tenths of a percent. Hoyt surmised, 
"Perhaps the major failing of the APO solar constant program was the fact that it 
reached numerous incorrect conclusions about the behavior of the sun. There are some 
200 publications, predominantly by Abbot, purporting to show that the sun is variable 
and that these variations influence weather and climate on earth. II Hoyt concluded that 
although researchers external to the APO criticized Abbot's conclusions, no one within 
the APO made a detailed critical analysis prior to any publication. "The dedication of 
the observers and staff not withstanding, because of this lack of critical judgment, 
most of the publications present conclusions that are simply wrong," reported Hoyt. 148 

Hoyt's analysis and our state-of-the-art knowledge today are certainly not con­
clusions that Dr. Charles Abbot's efforts were in vain, rather an indication that tech­
nology of his day could not fully support his vision. Through the days of the Harqua 
Hala field station, and beyond, science had not yet been blessed with the array of elec­
tronic instrumentation that exists today, not even blessed with the rigors of modern 
statistical analysis manually calculated. In addition, with our exposure to the 

"6 Emphasis has been added by the author; this statement in the 1960s sounds just like Abbot's argument for establishing the Harqua Hala 

field station back in 1920. 

147 C.G. Abbot, "Solar Variation, A Weather Element," Proceedings ofthe National Academy ofScimces, December 1966, Vol. 56, No.6, 

pp. 1627-1634. 

)48 D.V. Hoyt, "Ibe Smithsonian Astrophysical Observatory Solar Constant Program," Reviews ofGeophysics and Space Physics, Vol. 17, 
No.3, May 1979, pp. 427-458. 
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sophistication of science today and its direct influence over our lives, we tend to lose 
sight of how far and fast scientific capabilities have come, particularly our understand­
ing of earth's environment, in a relatively short period. Indeed, sometimes we tend to 
conclude that all scientific work is practially fruitful; in reality, however, many scien­
tists spend their lifetimes providing the rudimentary but nonconclusive foundations 
that others eventually stand on. Also, let's not forget that even with an accurate meas­
ure of the solar constant, scientists are still trying to predict weather and understand 
our climate in a way that will be beneficial to mankind. The work of Dr. Charles Ab­
bot in the 1920s, and many before him, was the beginning of work that continues. 

Today, the story of the Harqua Hala field station is a five-year snapshot of the 
Smithsonian's effort to find the solar constant as well as a snapshot of how scientific 
field work was done in the 1920s. The story provides a glimpse of life in the desert 
West and Arizona, which was just out of being a territory, contrasted to more progres­
sive California. Finally, this story is a proper tribute to the individuals who served and 
helped on Harqua Hala Mountain from 1920 through 1925. 

Loyal Aldrich was always at Abbot's side. When Abbot retired in 1944, Aldrich be­
came director of the APO until he retired in 1955, when the directorship passed to 
Fred Whipple and the direction of the observatory changed from solar research to 
space. Aldrich died in 1969. 

Alfred Moore served as field station director at Table Mountain until March 1931, 
again from 1933 to 1936, and finally from 1945 to September 1948, when he retired 
from the APO. Moore also worked again in Chile from 1941 to 1943 and was instru­
mental in starting and directing the sites in Egypt and New Mexico. Chella Moore be­
gan working with her husband, as a station assistant, in 1943. Letters between Abbot 
and Fred Greeley showed that the Moores were living in a rest home in San Bernad­
ino, California, in 1966. The dates of their deaths are uncertain. 

Fred Greeley also made a career with the APO and served at all the field stations ex­
cept New Mexico; he served in Chile until 1926, again from 1942 through 1946 and 
finally from 1951 through 1955 when the station was closed. He served in South West 
Africa from 1926 through 1929, at Table Mountain from 1930 through 1933, 1936 
through 1941, 1948 through 1951, and 1955 through 1956, in Egypt from 1933 
through 1936, and in Miami from 1947 through 1948. His duties from 1943 where as 
station director. Greeley retired from the APO in December 1956 with over 36 years 
of service. Then he lived in Redlands and Laguna Hills, California until his death in 
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1980, at 84 years. During his first tour at Table Mountain he met and married, in Riv­
erside, California, Olive Adelia Troup. 149 

Hugh Freeman served at Mount Montezuma in Chile, transferred several times be­
tween Chile and Table Mountain, and then left the APO in 1941. 

No records have been found of Paul Greeley's movie career. He died in March 1967 
while being cared for by his brother Fred, in Redlands. 

It is uncertain what became of William Ellison and the several residents of Wenden 
who befriended the Harqua Hala field station observers back in the 1920s. 

,49 Olive was born in Maxwell Iowa, June 10, 1901, and died in Laguna Hills, Calif. in 1982. 
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"I reached here Monday afternoon June 21 at about four o'clock. There are not more than thirty houses in 
Wenden and three general stores. The mountain is a good way from Wenden, but can be reached by auto in 
about an hour or less." - Charles Abbot writing to Smithsonian Secretary Charles Walcott on June 24, 1920 
(page 10). Photograph is annotated, "Business section of Wenden, arrow indicates position of observatory 
and "x" the saddle [where the trail ascends]. This is Harqua Hala. Does it look 15 miles away?" (Smithsonian 
Institution Photo) 

"A week ago Monday I 
went down leaving at 2 
p.m. and got back at II 

a.m. on Wednesday, 

having in the intervening 


45 hours visited our 

station on the Harqua 


Hala and taken there the 

picture J enclose. Now 


we are beginning to pack 

up for Arizona. Probably 

we shall be there by Sept. 


20." Charles Abbot 

writing from Mt. Wilson, 


California, to 

Washington, D. C. (page 


15). Photograph shows 

the almost completed 


Harqua Hala field station 

on about August 26, 


1920. (Smithsonian 

Institution Photo) 
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"Our equipment is all up 
today and in fine shape, 
It has been a dangerous 
job but fortunately there 
were no accidents, 

Charles Abbot's "camp 
rustler," Fred Greeley, 

was a valuable addition 
to the field station. 

Abbot told Smithsonian 
executives (page 19), 

"Greeley is getting 
better every day. He 

observes with the 
pyrheliometer about as 
well as I can and takes 

hold of plotting 
observations and 

reading off from plots. 
He is perfection as a 

companion in this 
isolated place. " 

Photograph shows Fred 
Greeley (right) and 

Abbot's assistant, Loyal 
Aldrich, in late February 

1921. (Smithsonian 
Institution Photo) 

though one close escape. 
The work takes much 
out of the animals and is 
a nerve racking job for 
the men," Charles 
Abbot writing to 
Smithsonian Institution 
on September 30, 1920 
(page 17). In the 
photograph, Charles 
Abbot adjusts the load 
on a pack mule carrying 
the coelostat, while 
Wenden builder, Tom 
Banks, waits on 
horseback. (Smithsonian 
Institution Photo) 



236 HARQUA HALA LETTERS 

On Harqua Hala, the 
observers aimed a 
variety of instruments 
toward the sun: they 
had a theodolite for 
measuring the sun's 
altitude above the 
horizon, and two 
silver-disk 
pyrheliometers and a 
pyranometer for 
measuring the energy of 
the sun. Keg Greeley 
told his mother (page 
26), "Everything is 
timed right on the 
second." Photograph 
shows the solar 
observing equipment 
readied for an observing 
session at the Harqua 
Hala field station. 
(Smithsonian Institution 
Photo) 

Early in December 1920, 
the four month old 

Harqua Hala field station 
began showing serious 

structural problems. 
Abbot wrote to Secretary 

Walcott (page 33), 
"Building showing a fault 

in wall. Going up today 
to see what can be done 
to repair building. Devil 
appears to have claimed 

everything. Have to 
exorcise him." 

Photograph shows 
damaged south wall with 

tie rod braces that were 
used to pull waH straight 

again; Keg Greeley, on 
ladder, continues with the 

constant repair work 
(Smithsonian Institution 

Photo) 
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By January 1921, Charles 
Abbot left his Arizona 
field station in the hands 

William Ellison's presence 
on Harqua Hala was 

invaluable to the field 
station observers. Writing 
in February 1921, Aldrich 

told Abbot (page 42), 
"Every few days we take 

our empty water cans 
down to Ellison's in the 

evening. He tells us yarns 
about hunting, mining. 

We always get something 
- some chocolate cake, a 

side of venison , some 
oyster plant from his 
garden, sour dough 

starter for griddle cakes, 
etc. I don't know what 

we'd do without Ellison. 
He is the leaven that 

lightens our stay here ." 
The photograph shows 

Ellison's mining camp on 
Harqua Hala Mountain. 
(Smithsonian Institution 

Photo) 

ofhis assistants. He 
reported to Secretary 
Walcott (page 36), "I am 
leaving in a blaze of 
glory. We have observed 
thus far on II days in 
January. We caught 150 
gallons ofwater, took 
fine bathes and washed 
our hair in the rain water. 
The building stood the 
rain and furious wind. I've 
found an absolute cure for 
chilblains. I shall bring a 
photograph ofthe 
patient." The photograph 
shows that he wrapped 
his feet in wool socks and 
canvas. (Smithsonian 
Institution Photo) 
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Chella Moore arrived at 
Rarqua Rala May 20, 

Isolation on remote 
Rarqua Rala Mountain 
was a constant problem 

for the observers; Alfred 
Moore added several 

facilities for their 
entertainment. Re wrote 

to Abbot (page 83), "I 
don't know whether I 
wrote you about the 

croquet set or not. We 
have leveled off a place 
between the house and 

the peak, where we get a 
lot of enjoyment out of it 

every evening after 
supper. II As the 

photograph shows, this 
was a croquet court 

without grass on the dry 
mountain top. 

(Smithsonian Institution 
Photo) 

1921, riding up the trail 
the first time on one of 
miner Ellison's mules. By 
letter, Alfred told Abbot 
(page 64), "I am glad to 
report that Chella finds 
this place much more 
livable than she 
anticipated. II For the next 
few years, however, 
Alfred's negative opinions 
of the place were 
constantly at the forefront 
ofhis letters to 
Washington. Photograph 
shows Chella Moore 
standing by William 
Ellison's garden on 
Rarqua Rala. 
(Smithsonian Institution 
Photo) 
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When Alfred Moore 
arrived at the Harqua 
Rala field station, he 
brought a Ford truck 
from Los Angeles and 
built a garage at the 
foot of the trail; this 
helped the observers 
get to Wenden. About 
the garage, Moore 
wrote to Abbot (page 
63), "We will have a 
carpenter from Wenden 
help us, and I think we 
will get it up in two 
days. It will be of 
corrugated iron, as this 
will be more thief and 
fire proof." The 
photograph shows the 
Moore's at the garage 
after it was completed. 
(Smithsonian Institution 
Photo) 

Alfred Moore tried in 
vain to establish a 

wireless radio-telephone 
link from the top of 

Harqua Hala Mountain to 
Wenden. As it turned out, 
the equipment he ordered 

from Los Angeles was 
faulty. However, he did 

manage to salvage the 
receiver and set it up so 
the observers, for their 

entertainment, could 
listen to broadcasts from 

across the country. 
Erecting the necessary 

aerials was a difficult 
task. He wrote to Abbot 
(page 82), "We are now 
working on the aerials, 

and I wish we had them 
up, for it is no fun getting 

them thirty-five feet 
above the ground" The 

photograph shows the 
task in progress. 

(Smithsonian Institution 
Photo) 
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In June 1921 Charles 
Abbot and his wife Lillian 
visited the Harqua Hala 

Occasional visitors to the 
mountain field station 

included surveyors, sheep 
herders and cattlemen 
looking for water, and 
various residents from 

Wenden and other nearby 
towns. On one occasion, 

Moore wrote to Abbot 
(page 126), "Me Ellison 

is still dickering (over 
selling his claims] with 

Mr. Stokes, the cow man 
of Aguila. While we were 
away, eleven people from 

Aguila came up and 
camped for about two 
weeks down near Mr. 

Ellison's." The 
photograph shows the 

eleven campers from 
Aguila. (Smithsonian 

Institution Photo) 

field station on their way 
to Mt. Wilson in 
California. Moore wrote 
to Abbot (page 114 ), "We 
hope to see you up here 
soon and we do hope you 
can bring Mrs. Abbot 
with you. Chella seems so 
anxious for her to come, 
and for her sake too, I 
hope she will come with 
you. Chella is writing her 
by this mail." The 
photograph shows, left to 
right, Lillian Abbot, 
Chella Moore, Alfred 
Moore and Fred Greeley, 
on about June 18, 1922. 
(Smithsonian Institution 
Photo) 



Period Photographs 241 

Alfred Moore purchased 
a horse in Wenden to help 
the observers ascend the 

Although the Harqua 
Hala station's primary 
instruments were not 

telescopes, Alfred 
Moore did try to set up 

a six-inch refracting 
telescope to photograph 
the sun daily and record 
sunspots. In June 1924 

he reported to Abbot 
(page 201), "I have 

rigged up a good 
camera for the telescope 

and made it very rigid. 
But thus far I have not 
been able to get a very 

satisfactory solar 
photograph. " 

Eventually, Moore 
achieved marginal 

results. Shown is the 
makeshift telescope. 

(Smithsonian Institution 
Photo) 

trail to the mountain top. 
Initially, Ellison didn't 
care for horses because 
he thought they were 
difficult to handle on the 
trail But his attitude 
changed. Moore told 
Abbot (page 137), "We 
have built a small horse 
shed down below the 
garden. We will also have 
to build a similar 
structure down at Mr. 
Ellison's for George 
spends a good deal ofhis 
time down there." That's 
Ellison and George in the 
photograph. (Smithsonian 
Institution Photo) 
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The Harqua Hala field 
station required 
constant repair. In 
addition, Alfred Moore 
was the consummate 
planner and builder, 
constantly adding 
porches, storage space 
and other 
enhancements. This 
photograph taken circa 
June 1924 shows the 
building with its west 
facing porch, the 
croquet court, radio 
aerial, telescope and 
general surroundings, 
(Smithsonian Institution 
Photo) 

The Harqua Hala field 
station with all of its 

enhancements and 
facilities, in the latter half 

of 1924 at the height of 
its development. This 
station was closed the 

year following this 
photograph, Today, it is 
only a shell of its stature 

in 1924, (Smithsonian 
Institution Photo) 
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