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Phoebe Waterman Haas
A Computer’s Legacy

Before computers, there were computers — individuals
who were mathematically inclined who worked at various
laboratories and astronomical facilities. As Allan Sandage
wrote, “It’s difficult to imagine today the long, tedious calculations necessary to reduce astronomical observations before the age of electronic computers.” He gives the details
in an example — reducing a stellar spectrogram to obtain
the wavelengths of the absorption lines for radial velocity.
“An entire cadre of ‘computers’ — that is to say, people —
had to be hired [at Mount Wilson Observatory] to make
the reduction to the Sun calculations for every entry in the
observing logbooks. ...Every observatory employed people
skilled in arithmetic calculation and patient enough to handle the tedium of the work. These individuals were the lifeblood of the research effort. Often they were women with
a gift for attention to extreme detail. But many young men,
too, began their astronomy careers in the Computing Division. The work provided both excellent on-the-job training
and partial funding for graduate school.”

ascending the solar tower. Phoebe Waterman, understandably

looking a
bit nervous, is shown perched in the bucket lift used to ascend the 150-foot solar
tower on Mount Wilson. The photo was taken circa 1910.

Seares, who had been Chief of the Computing Division since
1909. Sandage points out, “Part of the past was lost forever
when modern computing methods replaced logarithmic

As Sandage states, “The number of such human computers [on Mount Wilson] grew quite large over the years. A
good idea of their loyalty and longevity can be gained by
comparing the yearly listings in each year’s Annual Report.
Many names appear year after year; some became computational legends.” The formal Computing Division was
disbanded in June 1940 upon the retirement of Frederick
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Weather and roads permitting, Mount Wilson Observatory is anticipated to open to the public on April 1, 2017. The
Observatory will be open every day for the season. Come on up to the mountain to enjoy the beautiful weather and uplifting surroundings! The Cosmic Café will be open Saturdays and Sundays, 10 a.m. to 5 p.m. At the café you may purchase
a National Forest Adventure Pass and tickets for the weekend walking tours. The Cosmic Café is located in the Pavilion
overlooking the large parking lot at the entrance to the Observatory. We will see you at the top!

visit

Mount Wilson Observatory Opens to Visitors April 1

or

announcements

dc, and the thomas w. haas foundation.
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The Mount Wilson Institute operates
Mount Wilson Observatory on behalf
of the Carnegie Institution for Science.
Mount Wilson Institute is dedicated
to preserving the Observatory for
scientific research and fostering public
appreciation of the historic cultural
heritage of the Observatory. Reflections
is published quarterly by the Mount
Wilson Institute.
INFORMATION
For information about the Observatory,
including status, activities, tours, and
reserving 60-inch and 100-inch telescope time, visit our website — www.
mtwilson.edu.
✰
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page one banner photographs

In this infrared image by NASA’s Spitzer Space
Telescope, the red arc is a giant shock wave
created by a speeding star known as Kappa
Cassiopeiae. (Inset) Edwin Hubble at the
Newtonian focus of the 100-inch telescope on
Mount Wilson, circa 1923.

news

+

notes

LIVE FROM MOUNT WILSON — IT ’S OUR NEW WEBSITE!
With heartfelt thanks to developer/webmaster Robert Anderson (with support from Sven Eberlein), Mount
Wilson Observatory has a completely redesigned website. We encourage you to visit www.mtwilson.edu for
Observatory history, status, current conditions, special events, links to videos, today’s sunspot drawing,
and much more. The site is optimized for viewing on various devices, such as tablets and smartphones.

CHARA SCIENCE MEETING AND COMMUNIT Y WORKSHOP
The 2017 CHARA (Center for High Angular Resolution Astronomy) Science Meeting was scheduled for
March 13–14 at the Carnegie Observatories in Pasadena. On March 15, a workshop was held for astronomers interested in applying for community access time at the CHARA Array. We hope to provide a report
on the proceedings in the next issue of Reflections.

PUBLIC TICKET NIGHTS RETURN
The popular public ticket nights for individuals return in 2017, allowing individuals to experience viewing
celestial objects through the 60-inch and 100-inch telescopes. A limited number of tickets will be made
available on a first-come, first-served basis starting in April. Several evenings in summer and fall will be set
aside as individually ticketed nights. Information will be posted on www.mtwilson.edu.

CARNEGIE LECTURE SERIES IN APRIL AND MAY
The popular Carnegie Astronomy Lecture Series returns to the Huntington on four Monday evenings in
2017 — April 3, April 17, May 1, and May 15. Reservations are required. Free tickets became available
on Wednesday, February 15: visit obs.carnegiescience.edu for more information. Videos of 2016 lectures are
available at the Carnegie Observatories’ website.

JET PROPULSION LABORATORY OPEN HOUSE IN MAY
On March 11, free tickets for the May 20–21 JPL Open House, known as “Explore JPL,” became available
at https://explore.jpl.nasa.gov. The event is so popular that the Laboratory now issues tickets for timed entry. Though 18,000 tickets were available for each day this year, they were all claimed within one hour. In
2016, 26,000 total disappeared quickly, but only about 19,000 people showed up. It might be worthwhile
to check the website occasionally prior to the event.

CUREA 2017 DATES ANNOUNCED
The Consortium for Undergraduate Research and Education in Astronomy (CUREA) is a two-week introduction to solar and stellar observing for undergraduates held at Mount Wilson Observatory. CUREA 2017
will run Sunday, June 18 through Saturday, July 1, 2017. Applicants must be 18 years or older by June 18
to participate. Information: www.curea.org.

Help Sustain the Observatory
 The Observatory receives no continuing state, institutional, or federal support. We rely on donors, a
few small grants, and the revenue from our telescope nights to fund our continued operation. You can
help ensure the continued operation of this science heritage site with your tax-deductible gift. We welcome donations of any size and volunteer efforts of all kinds. Visit www.mtwilson.edu for information on
how to support the Observatory through donations or volunteering.
reflections
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Unsung Heroes Sung

Bound for Taiwan, the EVA Air Boeing 777 took off to the east from
Los Angeles International Airport’s south runway complex. The air
traffic controller at the approach control who was handling EVA
instructed the pilot to make a left turn to a 180-degree heading,
but she meant to tell the pilot to make a right turn to a 180-degree
heading. Following the controller’s instructions, the pilot turned left.
Instead of flying south, the aircraft flew north toward the San Gabriel Mountains and an Air Canada jet that had departed from the
north runway complex at LAX.

The Los Angeles Times ran a story in February about Observatory volunteers Kenneth Evans, Gale Gant, John Harrigan, Richard
Johnston, Eric Johnston, and Bill LeFlang, who have been working
on upgrades to the 100-inch telescope. Titled “Maintaining the
Scope of Their Work: On Mount Wilson, Retired Engineers Keep
Observatory Alive,” the article was written by Louis Sahagun and
appeared in both the newspaper and on the LA Times website. As
Tom Meneghini, the Observatory Director said, “Our volunteer engineers are heroes.” To read the story, go to www.latimes.com and
search for “Mt. Wilson.”

When the controller realized the mistake, she issued the EVA pilot a
series of instructions to help him turn south.

Be a Famous, Unremunerated Author

A graphic depiction of the aircraft’s flight path, altitude, and speed
shows the plane turning north and flying over Pasadena toward the
San Gabriel Mountains. Just five minutes after takeoff, the plane
is hovering 5,000 feet over Eaton Canyon when it begins turning
away from the mountain range and heading south.

We thank Bill Leflang for providing a status report on the 100-inch
upgrades for this issue. We welcome stories about the Observatory for Reflections, issued quarterly (March, June, September,
December).

D o n a t e , Vo l u n t e e r !

As the aircraft banks directly to the south of Mount Wilson, it continues to gain altitude and appears to fly between 500 and 800 feet
higher than the Mount Wilson Observatory. FAA regulations require
that airliners be separated by at least 3 miles laterally, or 1,000 feet
vertically. The regulations also require airliners to be at least 3 miles
away laterally or 2,000 feet vertically above obstacles such as
mountains.

Mount Wilson Institute, which operates the Observatory, receives
no regular support from the government or Carnegie Institution of
Washington, which originally funded the Observatory. We rely on a
large number of donors, a few small grants, and the revenue from
our telescope public viewing nights to fund our continued operation. We use the money to restore and preserve the Observatory’s
historic facilities, preserve Mount Wilson as a site for ongoing
scientific research, foster public understanding of Mount Wilson
heritage and its continuing role in contemporary astronomy, and
develop and provide educational programs that capitalize on the
Mount Wilson tradition to inspire a new generation of scientists.
Contributions of any amount are welcomed. Visit our brand-new
website at www.mtwilson.edu to donate online, or send a check
made out to Mount Wilson Institute to the Mount Wilson Institute,
P.O. Box 94146, Pasadena, CA 91109.

Some Altadena residents, as well as residents on Mount Wilson,
reported hearing the low-flying plane, and the seismometers on the
mountain registered the effects as well.

A i r c r a f t B l u n d e r s Wa y To o C l o s e t o
the Observatory
An unusual and unnerving event took place on December 12,
2016. A passenger aircraft carrying 353 people was given wrong
directions by air traffic controllers and guided toward the San Gabriel Mountains, where it flew just hundreds of feet higher than the
peak of Mount Wilson before turning around, according to publicly
available flight data.

reflections
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Status Report

 by bill leflang

Control System Upgrade of the 100-inch Telescope
inch as possible. Operators trained on both telescopes was a goal,
so that making the transition is as easy as possible.

After the go-ahead for the upgrade, it was critical to maintain the
operational capability of the telescope. The existing control system,
installed in the 1990s, needed some fine-tuning to meet the needs
of the public program. That done, the existing control system plus
the new position encoder system, with the relay optics, has provided the capability for public viewing for the past 4 years.
Now, all the design and fabrication of brackets, housings, and wiring for the upgrade is essentially done. Tests of individual functions
such as mirror cover operation, secondary mirror focus, and decli-

for the 100-inch telescope was taken for the
Observatory’s 50th anniversary. (USC Digital Library Special Collections, Doheny Memorial
this photo of the controls

nation mode control are complete. These activities included mount-

Library, Los Angeles Examiner Collection)

ing new motors to verify mechanical and electrical interfaces. After

In March of 2014, then-Director Hal McAlister gave a go-ahead for

each of these test configurations, the telescope was returned to

the task to improve the reliability of the 100-inch telescope system in

operational status. This test phase is coming to an end.

anticipation of the public outreach program. Work in the previous year

The next month of April is planned to be the change-over period

had provided an upgrade of the position encoder readouts and opera-

from the old to the new. The telescope will be out of service while

tor display. A position encoder is a device that measures the position of

we install the new drive motors, wire the mirror cover motor, wire

the telescope in one axis. This information is used by the operator to

declination mode solenoids, and carry out various other functions

point the telescope to a desired object for viewing. This effort involved

to make the system operational. An operator training program will

replacement of intermittent connectors, some new wiring, and addi-

be required. If all goes as planned, we will have the 100-year old,

tion of a computer system that provides telescope and dome position

100-inch optics with the new relay optics, with the new control

information to the telescope operator.

system, running for the 2017 viewing season beginning in May.

Even earlier the design and fabrication of an optical relay system to allow an eyepiece to be located in a safe viewing position was underway.
This effort led to a viewing capability for public use beginning with
the 2015 season.

The design of the telescope upgrade follows the concept used in the
upgrade of the 60-inch about 6 years prior. The operator has a database
of object positions and uses pushbuttons on the console to move the
telescope to the desired position. When the telescope is pointed, an
observer at the eyepiece can position the pointing to center an object
if needed.

the new operator’s console

for the 100-inch telescope upgrade. Operators
will see the similarity to the 60-inch console.

Another important design concept was to make the operator display
and operating console for the 100-inch as similar to that of the 60reflections
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Phoebe Waterman Haas — continued from page 1
tables in the 1960s. The role of the computing assistant
waned until the late 1980s, by which time no such positions remained at the observatory.”
			


Phoebe Waterman was one such individual, hired at Mount Wilson Observatory in 1909. She was born in the Dakota Territories in
1882. Her father, a West Point graduate, was commissioned in the
U.S. Cavalry, posted to Fort Totten as part of troops sent to replace
Custer’s regiment after the disastrous rout at Little Big Horn. Phoebe
was taught by her parents through the equivalent of a primary education and then sent to live with her father’s family in Grand Rapids,
Michigan, where she attended high school. She received a bachelor’s
degree from Vassar in 1904 and went on to study mathematics and
astronomy, earning a master’s degree in 1906 from Vassar.

designed by James Keeler and built by John Brashear in
1898 was used by Phoebe Waterman on the 36-inch refractor at Lick Observatory
to complete her research about stellar spectra. It is now on exhibit at the Smithsonian National Air and Space Museum. (Illustration by Julius Scheiner)
the spectrograph

The computers were limited by their role of reducing data rather than
creating data or interpreting the results. Phoebe Waterman worked at
Mount Wilson for just a bit over two years. She decided she wanted
to pursue a career in astronomy, making observations and performing her own data reduction. She was accepted for graduate studies at
the University of California–Berkeley and Lick Observatory. In a letter to W. W. Campbell, the astronomer and educator A. O. Leuschner
described her as “one of the most unusually well-equipped women
we have ever had at Berkeley. She is brilliant, quick, and accurate, and
disposes of her work with promptness and accuracy.” Waterman performed research under Campbell at Mount Hamilton and was the first
woman to complete work on a PhD in astronomy at Berkeley/Lick
Observatory, earning the degree in 1913. The spectrograph she used
at the 36-inch refractor at Lick Observatory is now on display at the
Smithsonian National Air and Space Museum.

Although opportunities for women in astronomy were quite limited, she started work in the Computing Division at Mount Wilson
Observatory in January 1909. In ensuing years, she worked with the
astronomical luminaries of the day associated with the world-famous
observatory — George Ellery Hale, Walter S. Adams, J. C. Kapteyn,
and Harold D. Babcock. She performed classification and reduction of
stellar spectra, measurement of laboratory spectra, and studies of the
rotation of the Sun.
Phoebe Waterman Haas’s name is not as well known as other famous
computers of the day such as Annie Jump Cannon and Henrietta Swan
Leavitt at the Harvard College Observatory. Cannon had been hired
in 1890 to create a classification system for the known stars based on
their spectra. It was Cannon who devised the seven-letter classification system arranged by decreasing temperature that so many of us
learned in school — OBAFGKM — with its accompanying mnemonic, “Oh, be a fine guy/girl kiss me.” Cannon classified the spectra of
more than 350,000 stars; a legend grew up around her that she could
look at any stellar spectra and classify it in three seconds.

After obtaining her PhD, Phoebe Waterman won a five-year appointment as an astronomer working for C. D. Perrine at Cordoba Observatory. Fate then intervened. On the ship to Buenos Aires, she met Otto
Haas, a German businessman who had founded a small chemical
company to manufacture hide-tanning chemicals in Philadelphia. He
was on his way to sell these chemicals to Argentine leather manufacturers. The two married some months later, and they happily welcomed two children, Fritz Otto and John, in 1915 and 1918.

Henrietta Swan Leavitt could only work sporadically owing to illness
and hearing loss, but she made an extremely important astronomical
discovery. She studied variable stars and located a number of them in
the Small Magellanic Cloud. She published her results in the Annals of
the Astronomical Observatory of Harvard College in 1908. She singled out 16
of those variables, noting that “the brighter variables have the longer
periods.” This period–luminosity relationship allowed astronomers
to finally determine distances in the universe, and Edwin Hubble famously employed it in his studies of the Andromeda Nebula at Mount
Wilson Observatory.

reflections

Despite the duties of the time associated with household and children, Phoebe’s interest in astronomy never waned. She maintained
contacts at Lick, and eventually her mentor at Vassar proposed that
Phoebe contact the American Association of Variable Star Observers at
Harvard Observatory. Through Campbell at Lick, she obtained a 4-inch
t o
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Phoebe Waterman Haas — continued from page 5
Clark refractor and began doing observational astronomy again. She
requested that Campbell send her charts so she could observe variable
stars, and reported 338 observations between 1928 and 1933 for the
AAVSO.

In 1953, the AAVSO, then under the leadership of Margaret W. Mayall,
was evicted from its 42-year home at Harvard College Observatory,
and funds were curtailed when Harvard withdrew use of the Pickering Memorial Fund. Phoebe Haas soon volunteered to assist with the
work of the AAVSO in “statistics, the figuring of mean light curves,
which could be done, by mail, at home, by volunteers,” as she stated
in a letter to Mayall. For years following, Mayall mailed forms and observations to Haas, who calculated five or ten-day means for southern
variable stars, which formed the basis for the light curves published
periodically by the AAVSO. Over 11 years, Haas became so familiar
with the observers and the stars that she was able to perform editing
of the observations.
Phoebe Haas became a financial supporter of the AAVSO from 1941
onward, sending funds once a year along with a friendly New Year’s
greeting. In fact, philanthropy became a family tradition. Otto and
Phoebe created a foundation in 1945 to help fatherless children and
support medical and educational institutions. They created various
charitable trusts, drawing on the wealth created by Otto’s company.
Their sons F. Otto and John C. Haas then led the family foundation,
concentrating on preserving open space, historic preservation, the
arts, support for educational institutions, and on helping children
and families in disadvantaged communities. In 2015, the family was
recognized as one of eight winners of the Carnegie Medal of Philanthropy. The president of the Carnegie Corporation estimated that the
Haas family has given away roughly $2 billion over four generations.

phoebe waterman haas. Photo

obtained from John C. Haas by Thomas R. Williams, courtesy of the American Association of Variable Star Observers.

ing I enjoy more than an evening out with my telescope, the thrill
of finding a faint prick of light where last time I looked, I could see
nothing, then seeing that point brighten. I’ll be at it again yet!”

One can’t help but think that she would have been especially pleased
with the Smithsonian’s educational astronomy efforts now firmly
associated with her name — a fitting legacy for a computer turned
astronomer.

In 2013, the Smithsonian National Air and Space Museum in Washington, DC, received a $6 million gift from the Thomas W. Haas Foundation to refurbish the Museum’s public observatory. It was renamed
the Phoebe Waterman Haas Public Observatory in memory of Thomas
Haas’s grandmother. The observatory’s 16-inch telescope had been
donated by Harvard College Observatory in 2005, and several solar
telescopes are also currently on hand for public programs.

				
Sources

• Melissa Joskow, “From ‘Computer’ to Astronomer: The Role of Women in Astronomy,” posted on the Smithsonian National Air and Space Museum website
on September 16, 2016.
• Allan Sandage, The Centennial History of the Carnegie Institution of Washington:Volume I—

Phoebe Waterman Haas’s completion of a PhD in astronomy was a

The Mount Wilson Observatory, pp. 205–206, Cambridge University Press, 2004.

major accomplishment for her day, as the Smithsonian pointed out
in their announcement of the Thomas Haas endowment gift. Though
she did not continue in a professional career, her lifelong enjoyment
of astronomy is clear. She shared her love for it with her children, and
shared views through her telescope with friends and family. In a letter
to the astronomer Leon Campbell in 1941, she wrote “There is nothreflections

—M. Morgan

• Smithsonian National Air and Space Museum, announcement of gift from
Thomas W. Haas and establishing the Museum’s Phoebe Waterman Haas Public
Observatory, 2013.
• Thomas R. Williams, “Phoebe Haas—An AAVSO Volunteer,” AAVSO, volume 20,
1991.
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LO O K T H R O U G H O U R
TELESCOPES

philip shane, documentary filmmaker, philipshane.com

For an experience of a lifetime, view celestial objects
through our historic 60-inch or 100-inch telescopes.
These are the largest telescopes in the world that are
available for public use.

san marino, california.

tution for science collection at the huntington library,

image courtesy of the observatories of the carnegie insti-

George Ellery Hale Accepts the 100-inch
Mirror Blank

March 4, 1913
M. Delloye, Director General
French Plate Glass Companies
No. 1 Place des Saussaies, Paris
Dear Sir:
After a long series of tests, in which difficulties not experienced with
any previous disks of glass have been encountered, we have at last found
that the 100-inch disk can be used in the telescope, if a special form of
edge-support is provided. In all of the tests of this disk made prior to a
recent date, the figure was found to be materially changed when the disk
was rotated 90 [degrees]. The edge-support was of the type used for our
5-foot disk, and there was every reason to suppose that no difficulty could
enter from this source. It was finally found, however, that this particular
disk of glass is extremely sensitive when supported on the edge, and
that exceptional care must be taken to make the point of support lie at a
certain distance, determined by experiment, between the front and back
surfaces of the disk. When supported in this plane, the disk exhibits the
same figure in both positions used for testing.

THE 60-INCH TELESCOPE

Mount Wilson’s 60-inch telescope provides incredible views
of some of the most beautiful objects in the night sky and is
among the largest in the world accessible to public viewing.
To help visualize an evening at the telescope, our spherical
panorama virtual tour (on our website) shows two views of
the telescope, one of which was produced during an actual
observing session.
THE 100-INCH TELESCOPE

The 100-inch telescope, the world’s largest from 1917 to
1949, forever altered our understanding of the nature and
size of the universe and launched a revolution in astronomy
that continues through today. This world-heritage class instrument was used by many of the greatest astronomers of
the 20th century. This year we celebrate the centennial of
the 100-inch telescope, which has only recently been made
available for regular public viewing. Just imagine — looking
through the telescope used by Edwin Hubble in the 1920s
to measure the expansion of the universe.

In view of the extreme difficulty and expense of securing a more homogeneous disk, I feel that it will be probably safe to use this one, provided that
unusual care is taken in the matter of the edge-support. We are therefore
proceeding with the optical work on the disk, and within a few days I will
send you our draft for $5000., the sum for which you offered to sell it.
While I wish that it had been possible to manufacture a disk free from all
internal flaws, I want to express our hearty appreciation of the continued
interest you have taken in a difficult undertaking of no commercial advantage to your company. I feel that your attitude has been due to your
interest in the problem as a contribution to science, and beg to thank you
in the name of the Observatory for the repeated efforts your company has
been willing to make, at great expense, in the attempt to secure perfection.

For information, available dates, fees, and to
make reservations —

Believe me, with sincere regards,

https://www.mtwilson.edu/60-telescope/

Yours very faithfully,

https://www.mtwilson.edu/100-telescope-observing/

[George Ellery Hale]Director.
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welcome, visitors!

how to get to mount wilson observatory

observatory status
Welcome hikers, bikers, star-gazers, visitors of all interests! The Observatory
and Skyline Park are scheduled to open from 10:00 a.m. to 5:00 p.m. daily starting April 1 through the season, weather permitting. The Cosmic Café at the
Pavilion, offering fresh-made sandwiches and Observatory memorabilia, will be
open Saturdays and Sundays from 10:00 a.m. to 5:00 p.m. You may purchase a
National Forest Adventure Pass at the Café for parking.

From the 210 freeway, follow Angeles Crest Highway (State Highway 2 north) from La
Cañada Flintridge to the Mount Wilson–Red Box Road; turn right, go 5 miles to the Observatory gate marked Skyline Park, and park in the lot below the Pavilion. Visit the Cosmic Café
at the Pavilion, or walk in on the Observatory access road (far left side of parking lot) about
1/4 mile to the Observatory area. The Museum is opposite the 150-foot solar tower.

docent-led walking tours
Two-hour weekend tours of the Observatory are scheduled to begin on April 1,
to be held on Saturdays and Sundays at 1:00 p.m. Meet at the Cosmic Café at
the Pavilion to buy a ticket. Guests on these tours are admitted to the telescope
floor right beneath the historic 100-inch telescope. A one-hour tour that does
not provide entry to the telescope leaves the Pavilion at 2:00 p.m. on Saturdays
and Sundays, June through August.
special group tours
Group daytime tours are available. Reservations are required and a modest fee
is charged. Groups can also place orders in advance for box lunches from the
Cosmic Café. For information, please visit www.mtwilson.edu.
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look through the telescopes
Mount Wilson’s 60-inch telescope and 100-inch telescope provide incredible views of some of the most beautiful objects in the night sky. For details on
scheduling a viewing session, see www.mtwilson.edu.

Santa Monica Fwy
10

LOS ANGELES

Century Blvd

Long Beach Fwy
march

2017

5
710

105

88

Pomona Fwy

110

Harbor Fwy

parking at the observatory
The U.S. Forest Service requires those parking within the Angeles National Forest and the National Monument (including the Observatory) to display a National Forest Adventure Pass. For information, visit www.fs.usda.gov/angeles/. Display
of a National Parks Senior Pass or Golden Age Passport is also acceptable.
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