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Newton to Hale

The Rise of the Reflecting Telescope

6y ROBERT ANDERSON

Every so often planetary orbits line up, producing a spectacular
show. In late July 2018, such an alignment will bring Earth and Mars
unusually close. For two months, the Red Planet will become the
third brightest object in the night sky, after the Moon and Venus. Ma-
jor anniversaries can also align in interesting ways. This year marks
the 350th anniversary of Isaac Newton's invention of the reflecting
telescope. And, on June 29, it will be the 150th birthday of George
Ellery Hale, the founder of Mount Wilson Observatory, who finally
brought Newton's design to its full potential. Newton explored light
to make a better telescope; Hale made a better telescope to explore
astrophysics.

In 1663, at the age of 21, Newton began investigating the phe-
nomenon of light and color. He was motivated by a seemingly
insurmountable problem telescope makers were having: they could
not get a glass lens to focus all the light at a single point, a serious
impediment called chromatic aberration. It produces a blurry image
with red and blue halos.

In 1666, Newton repeated earlier experiments with a glass prism,
spreading the white light of the Sun into all its colors. But he added
a second prism to prove that those colors could be divided no fur-
ther. The colors (or wavelengths) were intrinsic to the light —a
fundamental discovery in physics. And different colors of light pass-
ing from air to glass would always be bent, or refracted, to different
degrees. From this he concluded a telescope using an objective lens
(which also refracts light like a prism) could never be made free of

HUNTINGTON LIBRARY/OBSERVATORIES OF THE CARNEGIE INSTITUTION FOR SCIENCE

A REPLICA OF NEWTON’s TELESCOPE presented to the Hale
Observatories (Mount Wilson and Palomar Observatories com-
bined) in 1952 by the Royal Greenwich Observatory resting on the
1938-39 volume of Contributions from Mount Wilson Observatory.

This realization inspired Newton to build a whole new kind of tele-
scope, one using a concave mirror instead of a lens for its primary op-
tics — a reflector. Mirrors could redirect the incoming light and focus
it with zero chromatic aberration. And they do not absorb any light
passing through them like the glass of a lens. Reflectors, he thought,
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ANNOUNCEMENTS

Observatory will be open every day for the season. Come on up to the mountain to enjoy the beautiful weather and up-
lifting 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!

WELCOME VISITORS
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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 * i

SNOW CLOSES MOUNT WILSON OBSERVATORY

In late February, a snowfall that left about 4 inches of snow and ice
caused the temporary closure of the Observatory as well as Red Box
Road. The 150-foot solar tower Towercam image is from February 27.
Be sure to check our website for current conditions before driving up

to visit.

CONCERTS AND TALKS AT MOUNT WILSON OBSERVATORY

In 2018, the popular Sunday concerts in the 100-inch dome return, and this year we are adding a Saturday
lecture series. Concerts have two performances, at 3:00 .M. and 5:00 p.m., each followed by a reception
with light refreshments; tickets are $50. Lectures will begin at 5:30 p.m. and end with telescope viewing on
the 100-inch until midnight; tickets are $20. Concert programs (chamber music or jazz) and lecture topics
will be posted on the website. For detailed information and to buy tickets, see www.mtwilson.edu.

» Sunday concert dates — May 6, June 3, July 1

* Saturday lecture dates — May 19, June 16, June 30 (Hale’s Birthday Lecture), July 21

LOOK THROUGH OUR TELESCOPES

The 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. The 100-inch telescope, the world’ largest
from 1917 to 1949, forever altered our understanding of the universe. For information on how you can
reserve time, available dates, fees, and to make reservations — visit www.mtwilson.edu/60-telescope/ and
www.mtwilson.edu/100-telescope-observing/.

CARNEGIE LECTURE SERIES IN APRIL AND MAY

The popular Carnegie Astronomy Lecture Series returns to the Huntington in Rothenberg Auditorium on
four Monday evenings in 2018 — April 9, April 23, May 7, and May 21. The lectures are free, but reserva-
tions are required through Eventbrite: visit obs.carnegiescience.edu (Lecture Series page) for more informa-
tion and to locate a link to Eventbrite to make a reservation for individual lectures.

JET PROPULSION LABORATORY OPEN HOUSE IN JUNE

Free tickets for the June 9-10 JPL Open House, known as “Explore JPL,” will became available soon. Visit
www.jpl.nasa.gov/events/special-events.php for more information. The event is so popular that the Laboratory
now issues tickets for timed entry.

DON'T WANT TO MISS ANYTHING?

Subscribe to Mount Wilson Observatory News for updates on concerts, lectures, public telescope nights,
and other events. Sign up right from our website — visit www.mtwilson.edu to find the link.

Help Sustain the Observatory

X 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 wel-
come 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.
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A LETTER FROM THE
CHAIRMAN AND CEO,
MOUNT WILSON INSTITUTE

News that Yerkes Observatory will be shuttered this October is,
simply put, not good. Located in Wisconsin, about 70 miles north
of Chicago, it houses the 40-inch refractor, the first of my grand-
father’s four very large telescopes and still the biggest refractor in
the world. The impending closure has made our mission at Mount
Wilson Observatory doubly important. We must show that, through
broad community support, national treasures like Yerkes and the
great western observatories can be preserved and made vital for
science education and ongoing astronomical research. Institutions
such as these embody the best of what human mind and effort

can achieve.

With the support that comes from our volunteers, visitors, ongo-
ing science partners, and donors, Mount Wilson is making much
needed improvements and expanding our mission programs. We
don’t yet know the fate of Yerkes Observatory, but we know Mount
Wilson continues to be a stellar example of a great institution’s

rebirth.

With that in mind, | am very pleased to announce that recently
three extraordinary donors have awarded the Observatory $30,000
to fund the first phase of the Monastery’s planned restoration.

This dormitory, with its historic library and dining room, was the
mountain-top residence for many of the most famous astronomers
of the 20th century, including George Ellery Hale of course, and
Edwin Hubble, Milton Humason, and Harlow Shapley. The, struc-
ture, built in 1909, was designed by the great American architect

Myron Hunt.

Although still in good shape, it needs a lot of tender care to restore

it to its former state. Our first step will be to restore the cook’s

quarters and utility of the kitchen, as well as common areas, the
simple dining room, and the charming library where the astrono-
mers relaxed and socialized. This will help us expand the use of
the Monastery for overnight school groups and other guests, and

thereby help the Observatory become self-sustaining.

With deep gratitude, | want to acknowledge the three wonder-
ful supporters of Mount Wilson who make this start possible.

Mr. Michael Thacher, who donated $20,000, has supported the
Observatory since 2004 with his time and energy conducting pub-
lic tours and educational outreach, contributing his intelligence and
writing skills. He is also a great supporter of astronomy at Carn-
egie Observatories, UCLA, and his alma matter, George Wash-
ington University. Another longtime supporter of the Observatory,
Mr. Bernie Walp, contributed another $5,000 to the project. And
another new friend, who chooses to remain behind the scenes,
donated the remaining $5,000 and some excellent insights after
dining one evening where Einstein and Hubble had once sat in

conversation.

The next phase of the restoration will be a careful assessment of
the exterior and interior, with an eye on structural integrity and pro-

fessional renovation worthy of its history.

The generosity of all our supporters makes possible the preserva-
tion of this key part of George Ellery Hale’s great scientific and cul-
tural vision — the Mount Wilson Observatory. We will share future
plans for the renovation and updating of Observatory facilities in

subsequent issues of Reflections and on the website.
| thank you all.

Sincerely,

Sam Hale

Sam Hale

Chairman, Mount Wilson Institute
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would soon replace the problematic refractors. (Elizabeth Connor,
Mount Wilson Observatory’s librarian from 1916 to 1950, wrote a
nice summary of his contributions to astronomy in her article, “Sir
Isaac Newton, the Pioneer of Astrophysics” [1].)

Others before Newton, including the French mathematician René Des-
cartes, had designed reflectors on paper, but Newton was the first to
actually make one. For that, he gets the credit.

We know little about the first one he built in 1668, or what became
of it. But we know he chose to make his mirrors out of metal and
experimented with different mixtures of copper and tin to make the
most reflective alloy for the job. For almost the next two centuries,
telescope mirrors, if used, were fashioned from a similar metal called
speculum. Newton developed his own method for grinding mirrors,
and was the first to write about coating the polishing tools with pitch
to hold the abrasives [2]. (Pitch can still be seen on mirror-shaping
tools on Mount Wilson.) He ground them to be spherically concave.
A paraboloid would have focused the light better, but grinding that
shape accurately was beyond his technical abilities. His addition of

a small, flat mirror near the top, tilted 45 degrees to view the image
from the side, was his design alone — the Newtonian telescope.

In the fall of 1671, he built another. News of this one reached Henry
Oldenburg, the first Secretary of the Royal Society. He invited New-
ton to present it at a meeting, which he did on January 11, 1672.
The young physicist was elected a fellow of the society on the spot. It
was Newton'’s compact reflecting telescope that catapulted him from
relative obscurity to fame. But he was soon on to other projects, like
publishing his works on optics, mathematics, and the laws of gravity
and motion. Interestingly, Newton’s discoveries in optics had a mixed
effect on the future of the telescope. Henry C. King, in his 1955 clas-
sic The History of the Telescope, wrote that Newton's conclusion that lenses

A REPLICA OF NEWTON’S SECOND REFLECTING TELESCOPE 35S presented to the
Royal Society in 1672. This replica is in the Whipple Museum of the History of Science
in Cambridge, England. (Photo © Andrew Dunn, 2004, licensed to Wikipedia Creative Commons)

WIKIPEDIA

WILLIAM HERSCHEL’S LARGEST TELESCOPE, a 48-inch reflector, erected in Slough,
England, in 1789. lllustration from Leisure Hour, November 2,1867, page 729.

could never be significantly improved “was unfortunate in that it
delayed the invention of the achromatic lens by about half a cen-
tury, but it gave us the first reflecting telescope.” [3]

Inventive astronomers continued to make improvements to both
types of telescope over the next two centuries. In the competition
for the best view of the universe, each fell in and out of fashion.
The refractor was given a big boost in the 1750s when English op-
ticians invented the achromatic lens. By making a compound lens,
with flint glass and crown glass sandwiched together, opticians dis-
covered that one glass could cancel the negative effects of the other
and greatly reduce chromatic aberration. Nevertheless, Newton's
invention continued to attract astronomers who wanted to capture
all the light that a large mirror would allow. William Herschel, who
built more than 400 telescopes, used a reflector in 1871 to discover
Uranus, and he fashioned a 48-inch mirror for his largest telescope.
In 1845, another British astronomer, William Parsons, built the
“Leviathan of Parsonstown,” a 72-inch reflector, the largest aperture

size until the 100-inch on Mount Wilson.

All these early reflectors suffered from mirrors made of speculum
metal. It was impossible to shape and polish it into the perfect
paraboloid needed to bring all the light into sharp focus. By the
1850s, however, technology started to catch up to Newton's design.
A chemical process to coat glass with a thin layer of silver changed
everything. Glass was the perfect material for precision shaping and
polishing, and once silvered, it could reflect 50 percent more light
than the old speculum mirrors. In 1856, French physicist Léon
Foucault was one of the first to silver a telescope mirror. But his
greatest contribution was a simple optical test for mirrors as they
were being finished, which guided opticians as they approached

perfection [4]. >
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ANDREW COMMON’S MOST SUCCESSFUL REFLECTOR, the “Crossley,” was given

to Lick Observatory in 1896 where it resided in this dome. James Keeler, a pioneering
astrophysicist and friend of Hale’s, made improvements to it and obtained superb pho-
tographs of nebulae. Remarkably, according to Lick's website, “The Crossley telescope
has now been upgraded to the extent that no original telescope parts remain.”

Throughout the remainder of the 1800s, professional astronomers
favored the refractor as the proven design for the biggest telescopes.
But amateurs, experimenting with the new glass mirrors, combining
them with better mounts and photography, were paving the way for
the technological revolution to come. Andrew Common in England
and Henry Draper in New York made significant advances, but, even
with their considerable wealth, they lacked the resources and time to
perfect a large reflector.

Enter George Ellery Hale, a man of many talents. One of his best was
his ability to recognize talent in others. His collaboration with George
Willis Ritchey would bring the era of large refractors to an end.
Ritchey came from Ohio where he had been trained in his family’s
furniture-making business, but his real passion was telescope making.
The two first met in the fall of 1890 at the charter meeting of the Chi-
cago section of the Astronomical Society of the Pacific [5]. Hale saw
in Ritchey the intellect, the exacting patience, and mechanical skills

critical to figuring large mirrors and building revolutionary telescopes.

Ritchey appreciated Hale for his shared belief that large reflectors were
the future — and he had the wealth, connections, and perseverance to
possibly make it happen.

In 1892, Hale persuaded streetcar magnate Charles Yerkes to fund the
world’s largest telescope, a gift to the University of Chicago. It was to
be a 40-inch refractor. Its compound lens would be made from the
two glass blanks that were originally ordered by the University of
Southern California for a giant telescope on Mount Wilson (until the
plans fell apart). But Hale’s first big telescope, the refractor at Yerkes
Observatory, would be the last of its kind. Just two months after the

announcement was made to build it and years before it was finished,
Hale decided that what he really needed was a big reflector.

In addition to focusing the light with no chromatic aberration or
absorption that made spectroscopy difficult, he knew that mirrors
could potentially be made very large. And he needed large apertures

to gather sufficient light to record high-dispersion spectra of stars,
with thousands of absorption lines spread across the range of visible
wavelengths. Hale was confident that the information coded into these
rainbows of light, if deciphered, would reveal the secrets of stellar
evolution. The 40-inch lens of the Yerkes refractor was pushing the
size limits; it was beginning to sag as it moved into different positions.
Lenses could only be supported around the thin outer edges, while a
mirror could be cradled from the back and sides. Also, mirrors only
required the grinding and polishing of one perfect surface, rather than
the four needed for a compound lens. Light did not pass through the
mirror glass, so they did not require perfectly clear glass blanks like a
lens. And finally, Newton’s design was much more compact than the
long, narrow tube of a refractor; a dome to house a reflector could be
made much smaller, saving a good deal of money.

YERKES OBSERVATORY/UNIVERSITY OF CHICAGO

SN

AT YERKES OBSERVATORY, Ritchey tested many of his ideas for building superior
telescopes for astrophotography with his 24-inch reflector.

In 1894, Hale ordered the glass for a 60-inch mirror from St. Gobain
in France. It would be 8 inches thick and weigh 1900 pounds. Wil-
liam Hale, his father, was always supportive of his son’s scientific am-
bitions and agreed to pay for it — his last such gift before his death.
Hale hired Ritchey full time at Yerkes, where he became the chief
optician and instrument maker. Largely self taught in optics, he was
by this time as knowledgeable as anyone in the world about grinding
telescope mirrors. In the observatory basement, he built a grinding

TO PAGE 6 P
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machine and started figuring the 60-inch disk. Hale, ever on the look-
out for funding, hoped that if he got the project started, he could per-
suade some wealthy benefactor to finish it. All he needed was a site,
preferably under clear western skies, and a telescope to mount it in.

Y ears passed by with no luck. While the unfinished 60-inch glass sat
in the basement of Yerkes, Ritchey built a 24-inch reflector that took
much better photographs that the giant 40-inch refractor. Hale used
Ritchey’s images to show potential donors what a properly designed
reflector could do, but even with the evidence in hand, Hale despaired
that the 60-inch would never see starlight. Then, in 1902, Hale saw
the answer: he read in the newspaper that Andrew Carnegie, the rich-
est man in the world, was creating the Carnegie Institution of Wash-
ington (now generally known as the Carnegie Institution for Science),
giving millions to fund pure science. It took considerable “scheming”
as Hale called it, but by December 1904, he founded Mount Wilson
Observatory with Carnegie’s enthusiastic support.

The 60-inch telescope saw first light in 1908. (The details of its con-
struction can be found at www.mtwilson.edu under “History.”) It included
many innovations made since Newton's time, but Hale and Ritchey
went much further. They built the first big telescope designed just for
photography and astrophysics. It became one of the most productive
scientific instruments in history. Different secondary mirrors could be
used, depending on what sort of imaging was required. Light could
be sent down its equatorial axis to a large temperature-controlled
spectrograph. It was the first telescope good enough to show that
there were definitely no canals on Mars. (Some will no doubt still be
looking for them late this summer during the close opposition.) The
60-inch is most famous for Harlow Shapley’s work, which measured
our Milky Way Galaxy for the first time and found that the Sun is not
at the center, but far removed. Shapley’s paper on that revolutionary
discovery was, by the way, published in The Astrophysical Journal in 1918,
making this year its centennial [6]. Another major anniversary!

HUNTINGTON LIBRARY/OBSERVATORIES OF THE CARNEGIE INSTITUTION FOR SCIENCE

THE 60-INCH REFLECTOR With Cassegrain spectrograph at Mount Wilson
Observatory, circa 1920.

HUNTINGTON LIBRARY/OBSERVATORIES OF THE CARNEGIE INSTITUTION FOR SCIENCE

epwiN HuBsLE at the Newtonian focus of Hale’s 100-inch telescope. From his
perch high on the Newtonian platform, he measured the distances to other galaxies
for the first time. He needed the telescope’s brightest focal point to record the faint
light of their stars.

It took 240 years, but the people, money, and advances in technol-
ogy finally came together on Mount Wilson and put Newton’s design
permanently in the lead. The first modern telescope, the 60-inch be-
gan the race to build ever bigger reflectors. Hale’s 100-inch was next,
then his 200-inch at Palomar. It continues to this day unabated, with a
number of giant reflectors soon to come online. But it all started with
a telescope that now looks like a toy in comparison. This year, if you
come up the mountain, look for a replica of Newton's reflector on

display, visible from the gallery inside the 100-inch telescope dome.

*x ¥
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Yerkes Observatory in Wisconsin, dedicated in 1897 and soon becom-
ing the home base of an expedition led by George Ellery Hale that
resulted in the founding of Mount Wilson Observatory, has entered

a period of transition following an announcement March 7 that the
University of Chicago will formally cease operations at the site by
October 1, 2018. Interested and concerned astronomers found the an-
nouncement alarming as the news circulated electronically around the
world, especially among historians, educators, and alumni of the Uni-
versity who are familiar with Yerkes.

“The upcoming summer season will therefore be the final season of
University activities at Yerkes,” read the announcement. “The University
is announcing the plans well in advance in order to engage with Yerkes
staff and nearby communities, including the village of Williams Bay, in
considering long-term plans for the property.... Yerkes has continued to
make important contributions through its education and outreach pro-
grams, and that work, which remains important to the University, will
now relocate to the Hyde Park campus.”

Yerkes is noted for its gigantic 40-inch refracting telescope, made by
the optical firm Alvan Clark & Sons of Cambridgeport, Massachusetts,
in collaboration with machine-tool builders Warner & Swasey of Cleve-
land, Ohio. The telescope, still the largest of its type in the world, was
used for both solar and stellar astronomy.

The telescope continues to awe anyone looking at or through it. Over
2,000 people have observed with the instrument in the last two years,
according to Richard D. Dreiser, a retired staff member still involved
with daily tours. And the impression of simply seeing it is difficult

to describe. Old-time Yerkes astronomer George Van Biesbroeck was
present to record what proved to be Hale’s last visit. In a great hurry
as usual, Hale visited with Yerkes staff, but then found himself late to
catch a train returning to Chicago. On the way out, Hale realized that
he had not taken time to look at the instrument. Thus he rushed back
into the building, climbing the white stone stairs to the great dome
room. Opening the heavy steel door, he looked up and through, for just
a moment. He then voiced, “Noble instrument!” — before again rush-
ing off on his way.

The inspirational effect and benefit of the Observatory, now and his-
torically, are hard if not impossible to measure and are thus a challeng-
ing accounting problem for administrators who are not astronomers.
The current crisis is flushing out recollections of the facility as an in-
spiration, reminiscent of Hale’s desire to return and of Subrahmanyan
Chandrasekar’s desire that his ashes be scattered from the dome’ cat-
walk. For some, the value of the inspiration is beyond price.

After the University’s release of the news, current Yerkes Director Pro-
fessor Al Harper noted that Mount Wilson and Lick Observatories have
had similar crises and have found a way through, and he remains hope-

by JOHN We BRIGGS

JOHN w. BRIGGs demonstrated the 40-inch refractor to the visiting Janssen
family from Peru, lllinois, in September 2013. Nate Janssen is shown listening
to John in the upper photo. Nate and his brother Ike had the special treat of
opening the dome’s shutter. Their father supplied the photos.

ful Yerkes will be likewise. “The University is leaving room for the local
and broader communities to propose something.”

Yerkes Observatory manager Jim Gee wrote to concerned historians:
“The University of Chicago’s initial press release gave the impression
that they plan to close (mothball) the Observatory effective October 1.
That is not exactly the case. It is to the University’s advantage for Yer-
kes to continue to operate as before, but transition to a new operating
entity, not the University of Chicago.... The University plans to simply
turn over the building, the real estate (77-acre campus), and most of the
historic documents, records, equipment, and artifacts. With these as-
sets, of course, come the related operating expenses.... Do not be hasty

writing a Yerkes obituary!”
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ABOUT THE AUTHOR — John W. Briggs served as a staff observer at Mount Wilson
Observatory operating the 60-inch telescope for the long-running HK Project in stel-
lar spectrophotometry. Later, and for some |3 years, he served as an instrumentation
engineer and in related roles based at Yerkes Observatory. Currently he is president
of the Antique Telescope Society, which held its 2017 annual meeting at Mount Wil-
son Observatory. His recent contributions to Reflections have celebrated the return
and reactivation of the 6-inch Warner & Swasey refractor at Mount Wilson that is, as
he puts it, “a comparatively tiny but wonderful sibling to the great Yerkes instrument.”
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WELCOME, VISITORS!
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 start-
ing March 31, 2018, 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 .M. to 5:00 p.m. You may pur-
chase a National Forest Adventure Pass at the Café for parking.

DOCENT-LED WALKING TOURS

Two-hour weekend tours of the Observatory are scheduled to begin on

March 31, 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 |00-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 PRIVATE 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 historic 60-inch telescope and 100-inch telescope are available
for public viewing of the night sky. For detalils, fees, etc., 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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