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On Friday, May 27, the 100-inch glass was stripped of its
old aluminum coating and prepped for a new covering in
the Observatory’s aluminization chamber. The procedure
is described by Observatory Director Tom Meneghini as “a
fairly Herculean undertaking.”

Observatory staff has located a photograph of Dr. John
Strong and Dr. Enrique Gaviola of Caltech inspecting the
surface of the 100-inch mirror coated with aluminum in-
stead of the “customary silver.” Although the photograph
appears to be undated, it was most likely 1935, for this
was the year that the 100-inch mirror lost its silver coat-
ing and was recoated with aluminum in a new vacuum
chamber designed by Dr. Strong and built in the Carnegie
Observatories’ machine shops on Santa Barbara Street in
Pasadena.

THE NEW VACUUM cHAMBER. On February 15, 1935, the new aluminizing
chamber designed by Dr. John Strong of Caltech was delivered to the 100-inch

NIK ARKIMOVICH

PREPARED FOR A NEW ALUMINUM cOATING. The bare 100-inch (it is actually
101 inches) mirror, with its layers, bubbles, swirls, and cavities, in a prepared
condition for a new aluminum coating.

According to Milton Humason in his article entitled “The
Aluminizing of the 100-inch and 60-inch Reflectors of the
Mount Wilson Observatory” (Publications of the Astronomical Society

of the Pacific, vol. 47, no. 276, April 1935), Dr. Strong’s method of
aluminizing glass, pyrex, or quartz disks by the evaporation pro-
cess was developed so rapidly that “it has recently been possible to
aluminize successfully both the 100-inch and 60-inch reflectors
of the Mount Wilson Observatory.”
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ANNOUNCEMENTS

son. 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., offering a variety of fresh-made sandwiches and other treats to visitors. At
the café you may purchase a National Forest Adventure Pass and tickets for the weekend walking tours. The Cosmic Café

WELCOME VISITORS

is located in the Pavilion overlooking the large parking lot at the entrance to the Observatory. We will see you at the top!
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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 tele-
scope 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 * ix

L.A. COUNTY GRANT TO REPAIR OBSERVATORY’S FIRE SUPPRESSION SYSTEM TANK

The Los Angeles County Board of Supervisors, with the assistance of Supervisor Mike Antonovich’s office,
approved a grant for $500,000 to repair and renovate the half-million-gallon water tank that serves as the

mainstay of the mountain’ fire suppression system.

CUREA PROGRAM BEGINS JUNE 19, 2016

The CUREA (Consortium for Undergraduate Research and Education in Astronomy) program at Mount
Wilson Observatory begins June 19 with 11 students from the U.S. and several foreign countries. This is
shaping up to be one of the most ambitious programs in years. This two-week residential program in obser-
vational astronomy combines classroom instruction with hands-on solar and stellar observing to introduce

students to the physics of stars. For more information on the CUREA program, see www.curea.org.

CARNEGIE LECTURE SERIES AVAILABLE ONLINE

The Carnegie Observatories’ popular annual public lecture series, held at the Huntington this year, is

available for viewing at the Observatories’ website — obs.carnegiescience.edu/content/2016-lecture-series.

MOUNT WILSON OBSERVATORY PUBLIC TICKET NIGHTS

The very popular Public Ticket Nights for individuals are returning with even more sessions on the 60-inch
and 100-inch telescopes. Some dates offer both telescopes on the same night. The ticket price includes an
Observatory tour, a box meal from the Cosmic Café, and observing until 1 .M. This offer allows individu-
als, rather than just groups, to experience the thrill of viewing celestial objects through a large telescope.

For details and ticket purchases, see the Observatory website at www.mtwilson.edu/.

GLOBAL LIGHT POLLUTION OBSCURES THE MILKY WAY

Across the globe, light pollution is making the night sky lighter, according to a new study. In a paper pub-
lished in Science Advances, researchers reveal that 1 in 3 people worldwide are unable to see the Milky Way
when they gaze at the heavens in their hometown. More than 99 percent of people living in the U.S. look
up and see light-polluted skies. In Singapore — the country with the most light pollution in the world —
the skies never go dark. There are still a few places where dark-sky conditions exist, including Big Bend Na-
tional Park in Texas and the Dry Tortugas off the Florida Keys, and countries such as Chad and Madagascar,

but as one of the researchers says, “We've lost some of our view into the cosmos.”

FOMWO Membership

* All are invited to join the Friends of Mount Wilson Observatory. The Observatory receives no continu-
ing state or federal support. You can help ensure the continued operation of this science heritage site
with your tax-deductible gift. FOMWO offers a variety of membership levels and benefits. For informa-
tion on how to become a FOMWO member, visit www.mtwilson.edu. The Observatory welcomes donations
and volunteer efforts of all kinds, and we thank you.
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Mount Wilson Obwuator)/ dedycates “memorial plow\ose to Robin Mason

vatory Director Tom Meneghini, is in brass relief on a hand-
crafted redwood tree section from the Descanso Gardens.
The plaque’s mounting was created by woodworker Lor-
ence Orosco. The plagque now sits near the cement bench

next to the 60-inch telescope dome.

Robin, with her husband Todd, produced the PBS docu-
mentary The Journey to Palomar, in which Robin helped
refocus for a new generation the story of George Ellery

Hale’s pursuit, against all odds, to seek and uncover the

truth of our universe.

sAM HALE addresses the gathering during the ceremony. Grﬁuring the dedication ceremony, held outside in the

n a recent Saturday afternoon in May at the Mount Wilson Ob- mild spring weather, Mount Wilson Institute Chairman and

servatory, heirs of George Ellery Hale, members of the astronomy CEO Sam Hale spoke at length about Robin’s dedication

community, and friends and family gathered to honor the life and years of work to uncover the essence of Hale's story,

and work of Robin L. Mason, who lost her brave battle with can- and her efforts to communicate that drama to as wide an

cer about one year ago. audience as possible.

To PAGE 4 P
A beautiful memorial plaque, conceived by George Ellery Hale's

grandsons Brack Hale and Sam Hale, and coordinated by Obser-

In N

ROBIN’s PLAQUE is admired by Sam Hale, Todd Mason, and Brack Hale. ; Robin I

Here is a 30-minute YouTube
video link that covers the
dedication —
https://www.youtube.com/
watch?v=J6kdZS1Z0K4

There’s also a short video of
one of the music pieces on
flute —
https://www.youtube.com/
watch?v=50EWXY-CblQ

THE HALE QUOTATION is from the article “The Possibilities of Large
Telescopes” published in Harper’s Monthly Magazine, April 1928.
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Fobin — continued, /fr’om page 3

_(Z/F?ose present included Brack Hale and Don Nicholson,
both of whom remembered knowing George Ellery Hale;
Bruce Babcock, whose father, Horace Babcock, was Director
of Mount Wilson and Palomar Observatories from 1964-1977;
and many associates of Mount Wilson, including Anne
Vaughan, Larry Webster, Steve Padilla, Craig Woods, Tim
Thompson, Gale Gant, and members of the Carnegie Obser-
vatories, as well as personal friends and associates of Robin
and Todd. A poem written by Todd Mason was read aloud by
Robin’s friend John Stodder, Jr.

.%Ilovving the formal remarks, Todd invited attendees to
share a remembrance of Robin. At the end of the ceremony,
Todd presented two original charcoal drawings to Sam and
Brack Hale, each made by their grandfatherin 1911 while he

was travelling in Italy. Afterward, most of the 50 guests walked

over to the 100-inch dome to enjoy a special concert by violin-

ist Ambroise Aubrun and flutist Sara Andon.

AMBROISE AUBRUN performed for the attendees inside the 100-inch dome after
the dedication ceremony.

sARA ANDON performed Debussy’s “Syrinx” for the guests inside the 100-inch
dome.

This poem, written by
Todd Mason, was read
aloud during the p|aque

dedication ceremony by Robin's

friend John Stodder, Jr.

Robin, you must have come from the stars.

You appeared one day and soared through our lives as a comet,
shining brightly and iluminating our path.

You lifted our spirits. You always laughed and glowed with contagious
enthusiasm. You were, as one friend said, “one of the finest collections of
atoms and molecules on the planet.”

You were a devoted wife, a passionate lover of music and supporter
of the arts.

You were a talented cook, organizer — an amazing host and friend.

But ... most of all ... you embraced human curiosity, and then

you learned how to share that with others. No small feat. We're here
today because of you, Robin. Because of you, millions of people learned
about George Ellery Hale's triumph against all odds to pursue the very
fruth of our universe.

Hale's story resonated with you because you also wanted to know

the deeper truths of our history, our world, and the stars above. For
years, you researched countless dusty archives. You uncovered rare
photos, film footage, and old newspaper clippings. You connected dots in
a sea of endless dots.

In making The Journey to Palomar documentary, you travelled across the
country numerous times and interviewed many of our nation’s top sci-
entists and authors. You gave lectures at our leading planetariums, the
Huntington Library, NASA, the National Academy of Science, and

the Carnegie Institution, among others.

You did all this because you wanted to make sure that this story —
Hale's story — was not lost in the noise of history, and that young
kids in particular would be inspired to engage in their own pursuit of
the truth, perhaps even to become astronomers and perhaps to make
new discoveries of their own.

Even though your own journey here on Earth was far too brief, we're here
now to celebrate you and to tell you that you succeeded by any measure.
You absolutely made this world a better place.

As we stand here in this location, this sacred location, we realize how
fitting it is.
You came from the stars, into our lives. And now, from this very moun-

taintop where the universe was discovered, you are now once again,
closer to the stars.
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Before the new vacuum chamber was developed and delivered to
Mount Wilson Observatory, the 100-inch had been coated in silver.
The process was described by Russell Porter, who was in Pasadena
to help design the 200-inch Palomar telescope, in a 1929 article
in Scientific American. “This morning I saw them silver the 100-inch
mirror. They do this twice a year. You can imagine the kick it gave
me when they flooded the big disk with some three pounds of
silver-nitrate in solution. It is a full day’s job.” He goes on: “The
old coat of silver was first removed with acid and the glass given a
thorough scrubbing with cotton swabs on the end of long sticks.
The solutions were prepared on the floor above, in four large
square glass jars. When they were ready to silver, the reducing so-
lution was first poured over the disk, and half the silver (two jars)
added. After a few moments the depositing solution was stirred
and the flocculi were kept moving with the swabs. Then the rest

of the silver was poured on. ...the sluice gate was opened, the
spent solution was poured off, and the surface dried with chamois
skin....The silver film was of the order of one hundred thousandth
of an inch thick. I figure that this amounts to a cube of silver about
three eighths of an inch on a side.”

In his 1935 article, Humason wrote that Dr. Strong made four test
runs with the new vacuum chamber, then proceeded to alumi-
nize the coelostat mirrors from the 150-foot tower and the Snow
telescope, the Newtonian flat and Cassegrain convex from the
100-inch telescope, and the Newtonian flat, Cassegrain convex,
and Cassegrain flat from the 60-inch telescope. A large tank was
constructed of corrugated iron to clean the 60-inch and 100-inch
disks. He states: “Cleaning of the upper surfaces, sides, and under-
surfaces of both large mirrors for the aluminizing process present-
ed a problem quite different from the relatively simple operation
of cleaning only the upper surfaces for the silvering process, as it
is absolutely necessary to remove all foreign material from every
surface before the disk can be placed in the vacuum chamber, the
sides of the 100-inch disk being especially difficult to clean on ac-
count of the numerous holes or air bubbles, which range in size
from the head of a pin to 1 inch in diameter, the larger ones hav-
ing been filled with wax at the time the disk was ground.”

Of course, everyone was eager to see what the aluminization sur-
face would do for — or to — observing. Humason wrote, “Be-
cause of persistently cloudy weather, no definitive tests with the
new aluminum surfaces have as yet been made. Among the few
observations obtained, however, are spectra of Nova Herculis, which
indicate a very decided increase in the amount of ultraviolet light
and direct photographs of the companion of Sirius, obtained at the
Cassegrain focus of the 60-inch reflector by [Adriaan] van Maanen,
which show an extremely small amount of scattered light.”

SCIENTIFIC
AMERICAN

September 1929 35¢ a Copy

SILVERING LARGEST TELESCOPE MIRROR
IS THE AIRPLANE DIESEL PRACTICAL?
STEAM VERSUS WATER POWER

RUSSELL PORTER described the silvering process of the 100-inch mirror in this
1929 article.

REMOVING THE sILVER from the 100-inch mirror prior to its initial aluminization in
February 1935.

Humason went on to say (anticipating the Palomar telescope),
“Dr. Strong deserves hearty congratulations on the efficient per-
formance of his new vacuum chamber and pumping system. The
quality and tenacity of the aluminum coats on both the large re-
flectors are excellent. Both of them were obtained on the first trial,
and only a minimum amount of time was consumed during the
process. The surprisingly short time (about 8 hours) in which Dr.
Strong obtains a vacuum of 10~* mm of mercury with his new
9-foot vacuum chamber, and his success in aluminizing the 100-
inch reflector indicate that the aluminizing of a disk 200 inches in
diameter should present no serious difficulty.”
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CHARA Array Adaptive Optics Program 4y THEO TEN BRUMMELAAR

The Center for High Angular Resolution Astronomy (CHARA) Ar-
ray — the Georgia State University interferometric array on Mount
Wilson — consists of six 1-meter telescopes distributed around the
mountain and can achieve images with the same resolution of a tele-
scope over 300 meters in diameter. This requires extreme precision in
the optics and the electromechanical systems of the instrument. Even
with all of this, the CHARA Array still has to deal with atmospheric
seeing, the distortion of the light waves as they pass through Earth'’s

turbulent atmosphere.

The seeing on Mount Wilson can be very good, but we still have
many nights of less than excellent seeing, and during these nights
we cannot reach the faintest objects. In order to improve the qual-
ity of the images at the array, we have, since 2011, been pursuing an
adaptive optics program for all six telescopes jointly funded by the

National Science Foundation and Georgia State University.

An adaptive optics system measures the distortions of the incoming
light waves at the telescopes using a device called a wavefront sensor,
and then uses a deformable mirror to correct them. There are many
kinds of wavefront sensors, but we use a type called a Shack-Hartman
detector. In these devices, the telescope aperture is broken up into
many smaller subapertures, each of which creates a separate image

of the star. The position of the star in each of these subapertures is

THE OPTICS LAB. This view shows several of the optical tables contain-
ing the equipment used to combine the six beams from the six telescopes.

Light from
Telescope

Adaptive %

Mirror

|| Beamsplitter
! Corrected Wavefront

Wavefront Sensor

Distorted Wavefront

High-Resolution
Camera

HOW IT WORKS. Schematic of the adaptive optics system for the CHARA
Array.

directly related to the average slope of the wavefront across that sub-
aperture, and by combining these slopes we can calculate the shape of

the wavefront across the whole telescope.

This shape can then be reversed and sent to the deformable mirror.
Deformable mirrors are very thin mirrors with many actuators behind
them that allow us to change the shape of the mirror in real time. If
you can shape the mirror to the inverse of the measured distortion

of the wavefront, once the light reflects from it, you can create a flat
wavefront. The shape of the incoming wavefront is measured and the
deformable mirror shape is changed many hundreds of times per

second.

We also have a second pair of wavefront sensors and deformable mir-
rors in the laboratory to correct for dome seeing and seeing internal

to our structures between the telescopes and the optical laboratory.

We have completed the installation of the main hardware on all six
telescopes, and only last year obtained the funding for the large de-
formable mirrors required for each telescope. We are now placing the
order for these mirrors and hope to install the first one early in 2017,

and expect to complete the system in 2018. .
® X

Theo ten Brummelaar is Director of the CHARA Array. Visit the
website at chara.gsu.edu or link from the www.mtwilson.edu

website for more information.
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On Monday May 9, 2016, Mount Wilson Observatory (MWO)
hosted the public for a fairly rare transit of Mercury. A transit oc-
curs when Mercury and Earth line up with the Sun. Mercury appears
as a small, round, black dot, slowly moving across the disk of the
Sun. Founded as a solar observatory in 1904, Mount Wilson Observa-
tory was well suited to show the transit to the public with its Snow
solar telescope and the 150-foot solar telescope.

The last time Mercury passed in front of the Sun was in 2006, so it
was significant and important that MWO was able to host a Mercury
transit viewing. Other factors contributing to the importance were
that Griffith Observatory was not able to host an event and that the
entire Los Angeles basin was covered in fog for most of the day. We
were the only show in town.

Mount Wilson Observatory reached out to the Los Angeles Astro-
nomical Society and to the Planetary Society for assistance with solar
telescopes to supplement the Observatory’s own telescopes. A nice
variety of H alpha and white-light telescopes were available for view-
ing by the public, provided by approximately 25 volunteers. MWO
veteran Mike Simmons operated the Snow solar telescope and solar
observer Steve Padilla operated the 150-foot solar tower. Even the
6-inch Brashear telescope was fitted with a solar filter and was made
available to the public. As the transit was already going on at sunrise,
our volunteers were setting up by 5:30 .M. to be ready for the Sun’s
appearance above the trees soon after.

The local media were invited and NBC Channel 4 and Telemundo
Channel 52 had news vans there covering the event. Nik Arkimovich
was tasked with being our media contact and he gave an early morn-
ing interview to start the day. Since it occurred on a Monday morning
at sunrise, the public was not present in the numbers for which we
had prepared. Celestial happenings just don’t conform to our weekly
calendars.

L2

-’;,“\5
(P[}I in all, it was good practice for bigger events. Everyone had
a great time observing an amazing event under beautiful condi-
tions. The fog we had overnight cleared and a perfect day unfolded,
much to everyone’s relief. The Cosmic Café was open and catered to
the public who braved the early morning chill.

The next Mercury transit occurs in November of 2019. T hope you
join us then because you'll have to wait 30 years for the next one

visible from Los Angeles. x %
5 ¥

5y NORM VARGAS WITH VAN WEBSTER

PHOTOS BY GEOVANNI SOMOZA AND NIK ARKIMOVICH

ON MOUNT wiLsoN. A beautiful, clear day on the mountain; Los Angeles Astronomi-
cal Society members set up early; media interest was high, with interviews by NBC
Channel 4 and Telemundo Channel 52; and even the recently refurbished 6-inch
Brashear telescope got into the act.
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=THIS SUMMER=

WELCOME, VISITORS!
OBSERVATORY STATUS

Welcome hikers, bikers, star-gazers, visitors of all interests! The Observatory
and Skyline Park are open from 10:00 A.M. to 5:00 p.m. daily through the sea-
son, weather permitting. The Cosmic Café at the Pavilion, offering fresh-made
sandwiches and Observatory memorabilia, is 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.

DOCENT-LED WALKING TOURS

Two-hour weekend tours of the Observatory are held on Saturdays and Sun-
days at 1:00 .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

1 00-inch telescope. A one-hour tour that does not provide entry to the tele-
scope 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.

LOOK THROUGH THE TELESCOPES

Mount Wilson's 60-inch telescope and 00-inch telescope provide incred-
ible views of some of the most beautiful objects in the night sky. For details on
scheduling a viewing session, see www.mtwilson.edu.

PARKING AT THE OBSERVATORY

The U.S. Forest Service requires those parking within the Angeles National For-
est and the National Monument (including the Observatory) to display a Nation-
al 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.

HOW TO GET TO MOUNT WILSON OBSERVATORY

From the 210 freeway, follow Angeles Crest Highway (State Highway 2 north) from La
Canada Flintridge to the Mount Wilson—Red Box Road; turn right, go 5 miles to the Obser-
vatory 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

I /4 mile to the Observatory area. The Museum is opposite the |50-foot solar tower.
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