THE UNIV-ERS'EXPAND‘ED HERE

° This survey and even more modern ones have shown that,
Our Place 1n the Galaxy in our neighborhood of the galaxy, the stars are indeed
evenly distributed in all directions. But from our vantage

One hundred years ago, Mount Wilson astronomer point within an arm of the spiral, there is too much

Harlow Shapley discovered our true position in the Milky obscuring gas and dust for us to see to the edges or the
Way Galaxy. With a lucky chain of events, and lots of hard center of the galactic disk. We cannot see our own galaxy
work, Shapley mapped the extent of our galaxy for the because we are inside it. TOPAGE4 B

first time and showed that we were not at the galactic
center, as most astronomers of the time supposed.
Instead, he removed us to a position about two thirds
of the way to its edge. In just a few years, he achieved
a milestone in scientific understanding that ranks as
the second act of the Copernican Revolution.

When Mount Wilson Observatory was founded in
1904, humanity’s concept of our position in the
Universe was limited. In fact, it had not changed much
since Nicolaus Copernicus started circulating his ideas
for a heliocentric universe with his first work,
Commentariolus, or “Little Commentary,” sometime
before 1514. For nearly four centuries after he removed
the Earth from the center and replaced it with the
Sun, most astronomers believed that our star was at,
or very near, the center of things.

Observing the band of stars that comprise the Milky - S : :
‘Way, astronomers made careful star counts, which From a vantage point outside our galaxy, we would see our solar
found roughly the same number in every direction. system embedded in a spiral arm, far from the center. Since we
are unlikely to get such a view anytime soon, NGC 6744, was
used. A barred galaxy visible from the Southern Hemisphere, it
is is thought to closely resemble our own. Credit: ESO

English astronomer William Herschel made a map of
our position in the galaxy as early as 1785. Efforts to
refine such surveys continued into the 2o0th century:
Indeed, Dutch astronomer Jacobus Kapteyn,

persuaded Mount Wilson Observatory director In this issue . . .
George Ellery Hale to participate in a new survey
called the “Selected Areas” program, in which a Our Place in the Galaxy ....1 STEM Program ...........cooueuee. 7

number of observatories would intensively sample 206

areas spread at regular intervals across the sky. This survey
to chart the distribution of matter became one of the Become a Member! ............ 3
principle goals for the new 6o-inch Telescope.

News + Notes ......c.cceeun..... 2 Observatory Visiting + Map....8

Mount Wilson is Open to Visitors

‘Weather and roads permitting, Mount Wilson Observatory will be open every day,
except Christmas. Come on up to the mountain to enjoy the beautiful weather and
uplifting surroundings! Until December 2, the Cosmic Café is open Saturdays and
Sundays, 10 a.m. to 5 p.m., offering a variety of fresh-made sandwiches and other
treats. At the Café you may purchase a National Forest Adventure Pass and tickets
for the weekend walking tours. On other days the pass can be purchased at the gas
station at the bottom of the Angeles Crest Hwy. After Dec. 2, our winter hours will
be 10:00 am to 4:00 pm. See you on the top!
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ABOUT US

The Mount Wilson Institute
Wilson
Observatory on behalf of the

operates Mount
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:

mtwilson.edu
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(Inset) Astronomer Edwin Hubble
at the Newtonian focus of the
100-inch telescope on Mount
‘Wilson, circa 1923.

NEWS + NOTES Y

CONCERTS AND TALKS AT MOUNT
WILSON OBSERVATORY

We have had a busy season on the mountain this
year, with many first time visitors coming up to
enjoy concerts in the 100-inch Telescope dome and
science lectures in the auditorium followed by
viewing through the 100-inch telescope. Check the

$ 54,000

website next spring for the coming 2019 events. 16K = $ 48,000
TRIPLE MATCH 14K = $ 42,000
With the help of many longtime supporters and new 12K= $ 36,000
friends, we surpassed our Triple Match goal by R S 500

$6.,000 to raise a total of $78,000! (Trustee Michael
Horner generously matched the extra donations). We
are well on our way to funding the much needed new
public restrooms near the telescope domes.

$ 24,000

LOOK THROUGH OUR TELESCOPES

The 60-inch & 100-inch telescopes provide
incredible views of some of the most beautiful
objects in the night sky, and are the largest in the
world accessible to public viewing. For information
on how you can reserve time, available dates, fees,
and to make reservations — visit www.mtwilson.edu
and click on the “Observing” menu tab at the top.
Please note that we will not be taking reservations for
2019 until March 1st of next year.

DON’'T WANT TO MISS ANYTHING?

The Triple Match was a success!
Our 150-foot solar telescope
served as the “thermometer.” The
Sunstar prisms at the top now
shine the solar spectrum on the
city (see mtwilson.edu/sunstar).

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

The Observatory receives no regular support from government or
institutions.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 mtwilson.edu for information on how to support
the Observatory through donations or volunteering.
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ALETTER FROM
SAM HALE, CEO,
MOUNT WILSON INSTITUTE

Join the New Observatory
Membership Program!

This year Mount Wilson Observatory and our
many supporters made great strides in securing
the future of this remarkable scientific site. We
held our first-ever triple match fundraiser and due
to the generosity of many new and longtime
friends, we surpassed our goal, raising $78,000
towards new public restrooms near the telescope
domes. My deepest thanks to all who contributed,
especially trustee Mike Horner, who agreed to
match all the money raised. We also received a
generous donation from trustee Michael Thacher
to begin the renovation of the Monastery, which
housed many of the most famous astronomers of
the 20th century.

We had a full season of events, including concerts
and astronomy lectures combined with an
opportunity to look through the famous 100-inch
telescope. We celebrated the 150th anniversary of
our founder, pioneering astrophysicist George
Ellery Hale. Although he was my grandfather, |
continue to learn about the breadth and depth of
his many achievements—and all the things he
made possible (such as Harlow Shapley’s 1918
discovery of our position in the Milky Way Galaxy,
see the feature story). These events brought many
people to the mountain for the first time. Inevitably,
visitors are awed by what was accomplished here
and many want to help preserve the Observatory
and expand its programs.

With this in mind, we are launching our
membership program for those who would like to
join us with ongoing support. By doing so, you can
help us rebuild this historic mountaintop, so that it
may inspire well into the future. We aim to build a
larger community to keep us moving forward with
educational STEM programs (see page 7),

undergraduate research, public outreach, ongoing
scientific research, and restoration of our 114-
year-old campus.

We are just five years away from the centennial of
Mount Wilson’s most well-known discovery,
astronomer Edwin Hubble’s determination that all
the faint “spiral nebulae” are really distant
galaxies. We have many things we want to do to
prepare for this grand event in 2023. It is our goal
to bring the Observatory up to a more sustainable
level by this time, so that we can properly
showcase the incredible science that has been
done in our own backyard, on this spectacular
mountain above Los Angeles.

As 2018 draws to a close, please consider joining
us with a membership to get the new program off
to a great start. Sign up for an individual or family
membership, or a higher level named after one of
our famous astronomers. Sign up is easy at our
website: miwilson.edu/membership

We are a 501(c) non-profit, so your membership is
tax-deductible. Our largely volunteer organization
receives no regular support form government or
institutions.

As always, end-of-year donations are also
welcome, greatly appreciated, and are quick and
easy via our website or mail:

Mount Wilson Institute

P.O. Box 94146

Pasadena, CA 91109

End the year on a high note with an inaugural
membership to Mount Wilson Observatory!

Thanks and Best Wishes for the Holidays,

Sam Hale

Chairman of the Board,
Mount Wilson Institute
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Our Place in the Galaxy — from page 1°

Herschel's 1785 map of our galaxy, derived from his star
counts. Finding roughly the same number in every
direction, he placed the Sun just right of the center,
represented by a tiny dot which is darker than the rest.

Then came Harlow Shapley, a brilliant astronomer favored
by a series of very fortunate events. As a young man, he
enrolled at the University of Missouri to study journalism,
but he found that program was not yet available. So
instead, he chose another major by scrolling down the
course listings; he went no further than astronomy. He
studied under an astronomer named Frederick Seares, who
later recommended him for a Ph.D. under the direction
of the brilliant astronomer Henry Norris Russell at
Princeton. In 1914, Shapley produced a masterful thesis on
eclipsing binary stars — the perfect background for his
coming work on variable stars. The next stroke of luck was
that his former adviser Frederick Seares, who had moved
on to Mount Wilson Observatory, obtained a job interview
for Shapley with George Ellery Hale. It went well.

Shapley was to use the 6o-inch, the first modern reflector
and the world’s biggest telescope, to which he owed a debt
to Hale, Ritchey, Carnegie, and the many others who had
worked so hard to bring this amazing instrument to
fruition. But Shapley would also rely heavily on the work

S W
Harlow Shapley about the time of his

revolutionary discoveries at Mount Wilson
Observatory. Credit: Armagh Observatory

REFLECTIONS

of two astronomers at Harvard College Observatory,
Henrietta Swan Leavitt and Solon Irving Bailey. Michigan
State University astronomer, Horace Smith, an expert on
RR Lyrae variable stars (which are important to the story),
has researched the groundwork that they laid for Shapley’s
grand achievement. He notes that Leavitt’s contribution is
now well known. She developed her period/luminosity
relationship between 1908 and 1912. It showed how
Cepheid variable stars could be used to measure great
distances. Figure out how long it takes for these stars to
dim and brighten, and you could know their intrinsic
brightness. And once you know that, you can figure out
how far away they are. (In 1913, both Shapley’s Ph. D.
adviser, Russell, and Danish astronomer Ejnar
Hertzsprung, began the process of calibrating the
Cepheids by finding distances to 13 close ones using a
technique called statistical parallax.)

Harvard astronomer Solon Bailey

Smith points to relatively unknown Solon Bailey as the
other major Harvard contributor to Shapley’s success.
Before traveling west, Shapley paid him a visit in
Cambridge, Massachusetts. The meeting was momentous.
Bailey, the former director of Harvard’s observatory in
Arequipa, Peru, was well known for discovering variable
stars in globular clusters, the dense balls of stars that lie
above and below the galactic plane. His tally stands at 509
variables in 21 clusters, with most of them being the very
short period RR Lyrae stars that dim and brighten in a
matter of hours. (Bailey discovered many of these with the
13-inch Alvan Clark refractor that was moved from Mount
Wilson to Peru in 1890.) According to Shapley, Bailey
advised him to use the new 6o-inch at Mount Wilson to
further the study of variable stars in globular clusters. And
Shapley followed his advice. It is also evident that Bailey
wanted to use plates from the 60-inch to further his own
research. The director of the Harvard Observatory,
Edward Pickering, had asked Hale to send plates to
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George Ritchey’s hotograph of globular cluster
M3, taken in 1910 with the 60-inch Telescope. This

photograph was among those sent to Bailey to aid in

his variable star research. Carnegie Observatories.

Bailey, and a few were forthcoming.

When Shapley arrived at Mount Wilson in 1914, he got to
work studying the variable stars in globular clusters and
writing papers. His first settled the debate as to the nature
of Cepheid variables—some astronomers thought they
were merely eclipsing binaries, where one star passed
behind the other causing the observed changes in
magnitude. Shapley, an expert on eclipsing binaries, argued
convincingly that they were not. He pointed out that they
were giant stars, so big that the orbit of a companion
would have been smaller than the star itself. These were
single stars that pulsate, getting brighter as they grew in
diameter. (It would be decades more before anyone figured
out the mechanism that makes stars pulsate.)

As Shapley delved further into these giant variables, he
came very close to discovering the horizontal branch of
the Hertzsprung—Russell diagram, a key stage near the end
of a star’s life when it runs low on hydrogen and begins to
fuse helium. As Mount Wilson astronomer Walter Baade
later commented, “If Shapley had only gone a few
magnitudes fainter, he would have had stellar evolution in
his grasp.”

After several years puzzling over the nature of the stars in
globular clusters, Shapley turned his attention to
measuring their distances. It was not an easy problem, but
by November 1917, he wrote paper No. 6, which presented
the three steps he used, each suited to progressively more

distant globular clusters. These steps allowed him to map
the entire system, hopping from the closest clusters all the
way to the most distant.

Step 1, Calibrate RR Lyrae Variable Stars.

Shapley began the process of measuring the size of our
galaxy with Bailey’s data on RR Lyrae variable stars,
adding some he found with the 60-inch. These stars are
distinct from the Cepheid variables Leavitt studied, which
are found in galactic disks. Both kinds have used up most
of their hydrogen fuel, passed through their red giant
phase, and are now fusing helium, pulsating as they do so.
The main difference is that RR Lyrae stars have very short
periods measured in hours vs. the periods of Cepheids
which range from several days to several months. Eighty
percent or more of the variable stars found in globular
clusters are in the RR Lyrae class (Shapley referred to
them as “cluster variables”). This class of stars is named
after the brightest example, the star RR Lyrae in the
constellation Lyra. This prototype for the class happens
not to be associated with a cluster and is relatively close to
us, making it convenient to study. It is about half the mass
of the Sun, yet 50 times brighter, but much dimmer than
Cepheids, which can be 50,000 times brighter than our
Sun. (The American Association of Variable Star
Observers has a great webpage on RR Lyrae stars with a
video clip of them blinking in M3: aavso.org/vsots_rrlyr)

Shapley verified Bailey’s discovery that RR Lyrae stars in a
given cluster seemed to have the same apparent luminosity
no matter what their period was, whether it was five hours
or eight. Shapley made the correct assumption that they
were the same in all clusters; if you find one of these stars,
you know about how much light it is putting out — the
perfect “standard candle” to measure relative distances.

But to use them, Shapley needed to know the absolute
luminosity of RR Lyrae stars to calculate how far away
they were. He needed to calibrate them. There were a few
clusters that had a half dozen Cepheids sprinkled among
the RR Lyrae (many of these were discovered and studied
by Bailey, but Shapley added to Bailey’s data with the 60-
inch and the help of his wife, Martha Betz Shapley).
Having derived his own distances to 11 close Cepheids,
Shapley used them to gauge the distances to those in a few
clusters, and thus the distances to their associated, and
much more numerous, RR Lyrae. He tied the two
together, so he could then use RR Lyrae alone. He didn’t
know it at the time, but the Cepheids in globular clusters
were less luminous for a given period than those close to
us in the galactic disk, but, as Mount Wilson astronomer
Alan Sandage noted, “Remarkably, a strange set of
compensating errors conspired to make Shapley’s derived
absolute magnitude of the short-period RR Lyraes close to
being correct.” More Shapley luck!
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Step 2, Calibrate the 25 brightest giant stars.

Because RR Lyrae are relatively faint and hard to detect in
more distant clusters, Shapley devised a second method
for measuring distances. He discovered that, in the seven
close clusters he had already measured, the mean
brightness of their 2§ most luminous red giant stars
correlated nicely with distance. For more distant clusters,
all he needed was the magnitudes of 25 stars; no need to
get periods of ever fainter variable stars.

Step 3, The diameter-distance relation.

To measure the distances to the most remote globular
clusters, Shapley abandoned the use of individual stars
altogether. Instead he would measure the diameter of
entire clusters, making the assumption that they were
roughly the same for all clusters. In 1918 (paper No. 7), he
calibrated the average diameters of clusters using the 29
clusters he had already measured the distances to by the
previous two methods. He found that the diameters gave
distances with an error of less than 20 percent.

Hopping across the halo of globular clusters, Shapley
plotted 69 of them. (See the diagram above from his paper
No. 7.) The center is our Sun, our vantage point, but the
clusters are obviously arrayed around the true center to
the lower left. The rings are in intervals of 10,000 parsecs,
which equal about 32,615 light years. On January 8, 1918, he
wrote to British astrophysicist Arthur Eddington, “Now
with startling suddenness and definiteness, they (the
clusters) seem to have elucidated the whole sidereal
structure. . .” By sidereal structure, he meant the galaxy,
which was then synonymous with the entire Universe.

Shapley found the true center of the galaxy (in the
direction of the constellation Sagittarius). And he
measured its size for the first time—300,000 light years
across! He was a bit off. He thought interstellar gas and
dust absorb little light for the distant clusters. But in fact,
they significantly reduce the light, making clusters appear
farther away. Nevertheless, Shapley was in the ballpark,
and his galaxy was far bigger than astronomers had
imagined. Shapley wrote the second act of the Copernican
Revolution. In a sense, he discovered our galaxy.

Bailey never seems to have used his data to measure
distances as Shapley did. Smith speculates on what Bailey
might have achieved if Shapley had not gotten into the
game: “Had Shapley not published his papers of 1918, it is
by no means clear that Bailey ever would have
independently arrived at the conclusions that Shapley
reached. At the same time, it is also clear that, without the
observational foundation laid by Bailey, Shapley would
either not have turned his attention to the globular
clusters or would have been unable to progress rapidly in
his research program. It was the combination of Bailey’s
data and Shapley’s imagination that permitted the rapid
progress of 1915-18. Their research programs were
complimentary and both were necessary for the
“galactocentric revolution” to succeed when it did.™
Galactocentric meaning that our Milky Way Galaxy was at
the center of everything.

How was Shapley’s monumental achievement received?
That is worthy of another article, but it happened to
coincide with the last year of WW1I, which was the focus
of attention. And soon after, in the early twenties, Edwin
Hubble proved the existence of other galaxies, destroying
Shapley’s “one large galaxy” model of the Universe. With
this, the third and final act, the Copernican Revolution
was quickly finished at Mount Wilson Observatory.

Special thanks to Horace Smith for his help.
1Smith, Horace. Bailey, Shapley, and

Variable Stars in Globular Clusters Journal X 2
History of Astronomy. Vol. 31 (2000): & X
pp- 185201
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Mount Wilson Observatory
Teaches Science!

Students in the Los Angeles area have the unique
opportunity to visit the mountaintop where humanity
discovered its place in the Universe—from our position
in the Milky Way to Hubble’s observations, proving our
galaxy is one of billions, all in an expanding Universe.
At Mount Wilson, an astronomer from Carnegie
Observatories or NASA’s Jet Propulsion Lab, will teach
your students—at any level-about the astrophysics that
led Hubble to discover the expanding Universe. What
better place to learn about the Big Bang and other core
STEM topics, than standing next to the 100-inch
Telescope that Hubble used.

In the 100-inch Telescope dome, Carnegie astronomer Chris
Burns is about to give students an unforgettable
demonstration of relatively—one that reportedly fooled
Albert Einstein when he visited Mount Wilson Observatory

Come visit all our telescopes, the 100-inch Telescope,
the 60-inch Telescope, the Snow Solar Telescope, and
the 60 and 150-foot Solar Telescopes. In addition to the
historic instruments which revolutionized astronomy
during the first half of the 20th century, we also have
the CHARA array, completed in 2004 and operated by
Georgia State. This array of telescopes has the highest
resolution of any optical and infrared telescope system
ever built, including those in space—good enough to
observe “star spots” rotating on distant stars.

Some topics students cover in a typical STEM visit:

- How we found our place in the Galaxy

- How we found our place in the Universe

. The Expanding Universe & Big Bang Cosmology
. Solar Astronomy & Spectroscopy

« Geology & Regional Plate Tectonics

REFLECTIONS

In front of the 60-inch Telescope, where Harlow Shapley
discovered our place in the Milky Way Galaxy, Carnegie
astronomer Rosalie McGurk (center) shows students how
he did it. They are arrayed around her like the globular star
clusters Shapley used to figure out the size of our galaxy
and our position far from its center (see feature story).

If you teach science, bring your students for a visit! Or
if you would like your children to have this amazing
opportunity, contact their science teachers to see if a
STEM field trip to Mount Wilson is possible. We can
help arrange it. Einstein came for a visit and so did
Stephen Hawking and Carl Sagan. What better place to
get inspired to learn more science?

To learn more about Mount Wilson’s STEM
Educational Program for your school, please visit our
website: mtwilson.edu/shool-field-trips/ or contact our
STEM coordinator, Jessica Rodriguez via email at
stemed@mtwilson.edu or by phone at (571) 762-5850.

Inside the 1905 Snow Solar Telescope, retired JPL
astrophysicist and Mount Wilson Trustee, Tim Thompson,
demonstrates the emission lines in the spectra of various gases.
Then students will examine the absorption lines in the solar
spectrum. In 1906, with the same instrument, George Ellery
Hale showed that sunspots are areas on the Sun that are about
2000 degrees cooler than the surrounding photosphere.
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WELCOME, VISITORS! HOW TO GET TO MOUNT WILSON OBSERVATORY
Welcome hikers, bikers, star-gazers, visitors of all interests! From the 210 freeway, follow Angeles Crest Highway (State Highway 2
During the winter months, the Observatory is open from 10:00 north) from La Cafiada Flintridge to the Mount Wilson—Red Box Road;
a.m. to 4:00 p.m. daily, weather permitting. The Cosmic Café at turn right, go 5 miles to the Observatory gate marked Skyline Park, and
the Pavilion, offering fresh-made sandwiches and Observatory park in the lot below the Pavilion. Visit the Cosmic Café at the Pavilion,
memorabilia, will be closed until Saturday, March 30, 2019. or walk in on the Observatory access road (far left side of parking lot)

about 1/4 mile to the Observatory area.
WALKING TOURS WITH A DOCENT

Two-hour weekend tours of the Observatory are held until
December 2, on Saturdays and Sundays at 1:00 p.m. Meet at the Angeles Glear

. 2 N A orest Hwy X
Cosmic Café to buy a ticket. Guests on these tours are admitted to Jungtion
inside the historic 100-inch & 60-inch telescope domes. These
tours will resume on Saturday, March 30. Note that private tours
are available all year long, weather permitting (see below).

PRIVATE GROUP TOURS

Group daytime tours are available on any date. Advance notice and
reservations are required and a modest fee is charged. For more
information, please visit www.mtwilson.edu/private-group-tours

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 details, fees,
etc., on scheduling a viewing session, see www.mtwilson.edu.
Telescope reservations for 2019 will begin on March 1,2019.

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 Long Beach Fwy
Parks Senior Pass or Golden Age Passport is also acceptable.

Red Box
Junction

BURBANK

Angeles
Crest Hwy

Mount Wilson—
_/Red Box Road
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