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Mount Wilson Observatory Winter Season

Mount Wilson Observatory has initiated winter season hours of operation. Visitors can access the grounds from 10 a.m. to 4 p.m. 
every day, unless the grounds are snowy or icy. Note that no vehicles will be allowed to remain within the gate after 4 p.m. The 
Cosmic Café is currently closed for the season. An April 2018 opening of the Cosmic Café is anticipated, when the weekend 
walking tours will also become available. The Café is located in the Pavilion overlooking the large parking lot at the entrance to the 
Observatory. Current conditions at the Observatory can be found on our website at www.mtwilson.edu.
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Mount Wilson’s First Hints of Dark Matter
by robert anderson

vi
sit

 the observato
ry

 all welcome

At the end of the 1920s, Mount Wilson astronomers pointed the 
100-inch telescope at eight galaxies in the Coma Cluster. The star 
systems were so distant their light had traveled some 340 million 
years to reach the giant mirror, leaving when Earth was dominated 
by amphibians, and reptiles had not yet appeared. The photons were 
focused and beamed through a spectrograph’s prism to be recorded 
as tiny spectra on glass photographic plates, rainbows of galactic 
light just a few millimeters long. Capturing the faint light was not 
easy; long exposures were needed, often over several nights. 

The astronomers who did the work were the best. Francis Pease, 
who obtained two of the eight spectra, had been in charge of build-
ing the 100-inch. Milton Humason took the other six. An 8th-grade 
dropout and former mule driver, he had risen to become a virtuoso 
with the world’s largest telescope. Edwin Hubble had tapped Hu-
mason to get these difficult spectra to extend his famous distance–
velocity relationship, published in 1929, far deeper into space. The 
redshifts displayed by the Coma Cluster galaxies (along with others) 
appeared in 1931, in a paper by Hubble and Humason [1], confirm-
ing beyond any doubt that distant galaxies were speeding away at 
predictably greater speeds — the primary evidence for the expan-
sion of the universe and the Big Bang.

But Pease and Humason could not have imagined that the eight gal-
axy redshifts from the Coma Cluster would also provide the first hint 
of dark matter, the mysterious stuff that makes up nearly six times 
the amount of regular matter in us, the planets, and the stars. The 
man who did imagine it was Swiss physicist Fritz Zwicky. In 1933, 
just two years after the redshifts were published, he showed how to 
use them to measure the mass of the universe at the scale of galaxy 
clusters [2].

Zwicky had arrived in the United States in 1925, with the aid of an 
international fellowship from the Rockefeller Foundation. He came to 
Caltech to work with Nobel Prize–winning physicist Robert Milliken. 
He had graduated in mathematics and experimental physics from ETH 
Zurich, the same university Einstein attended. Zwicky was exactly the 
kind of talent George Ellery Hale wanted to attract when he helped 

sitting on the 
“diving board” 
next to the Cassegrain 
focus, Milton Humason 
demonstrates how he 
guides the 100-inch 
telescope on a galaxy. 
His spectrograph in its 
mount is visible above 
his head. The internal 
prism and camera to 
record the spectra are 
at the far right end. The 
photograph appeared 
in the February 1938 
issue of the popular 
science magazine 
Modern Mechanix.
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page one banner photographs

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. 

news + notes

a b o u t  u s

A slice of an ultraviolet image of CW Leo, a 

runaway star plowing through space shed-

ding its atmosphere, by the Galaxy Evolution 

Explorer (NASA). (Inset) Edwin Hubble at 

the Newtonian focus of the 100-inch Hooker 

telescope on Mount Wilson, circa 1923.

For the use of historical photographs 
of Mount Wilson, we thank the Obser-
vatories of the Carnegie Institution for 
Science, the Huntington Library, and other 
sources as noted.
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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 the Cosmic Café and our telescope nights to fund our contin-
ued 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.  
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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.

REFLECTIONS STAFF

CENTENNIAL OF THE 100-INCH TELESCOPE

On November 4, 2017, the Observatory held a public event celebrating the 100th birthday of the 100-

inch telescope. Longtime friends of the Observatory mingled with new celebrants in this joyous event 

that also celebrated the genius of George Ellery Hale, the Observatory’s founder. See page 6 for more on 

the story.

YEAR-END DONATIONS TO THE OBSERVATORY

Many exciting events occurred in 2017. There were new initiatives, a concert series, a new gallery space, 

and more. Mount Wilson Institute, which operates the Observatory, relies on grants, donations, and rev-

enue from our public telescope nights to fund continued operations. At year’s end, we are respectfully 

requesting donations to keep the Observatory operating as well as expand our educational and cultural 

outreach. A contribution of any amount is welcomed! See Sam Hale’s letter on page 3.

SPECIAL EVENTS ON THE MOUNTAIN

Please periodically visit our website — www.mtwilson.edu — for information on upcoming events in 2018. 

Of course we’ll be scheduling viewing nights on our 60-inch and 100-inch telescopes. The Observatory 

grounds are open for self-guided tours during winter unless conditions are snowy or icy. The Cosmic Café 

will be reopening in April 2018 (weather and roads permitting). Weekend tours will also become avail-

able again in the spring (private tours by appointment are ongoing).

FIRE THREATS TO THE OBSERVATORY

A fire started on October 17 near the Observatory, forcing closure of the grounds, the Cosmic Café, and 

the immediate area. Steep, inaccessible terrain made it difficult for firefighters to quell the blaze; air drops 

helped. By October 22, 7 hotshot crews, 14 engines, 9 dozers, and 4 aircraft were working on the fire. 

The area closure was lifted on October 27 (because the potential for rapid growth had diminished), with 

the fire remaining at approximately 50 acres and 75 percent containment. Warm, dry conditions persist. 

On December 7, the fire danger for the Angeles National Forest was raised to Extreme, with all campfires, 

open flames, and stoves forbidden — maximum penalty is $5,000 for individuals, $10,000 for organiza-

tions, and/or six months imprisonment. 

PAPER MODEL OF THE 100-INCH TELESCOPE

For a donation to Mount Wilson Observatory of $12.50, you can download a paper model of the historic 

100-inch telescope. It is a 1:150 scale architectural model, scaled to fit on a letter-sized base. Building 

the three-dimensional model gives a much deeper appreciation for the engineering and architectural 

design that went into this famous telescope. Information is on our website — www.mtwilson.edu/100-inch-

telescope-paper-model/.
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Dear Friends and Colleagues,

In this Centennial year of the 100-inch telescope, we have 
taken a number of innovative strides in increasing public 
awareness of the Observatory.

Our aim is to reestablish Mount Wilson as a destination site, 
as a prime example of the impact that exploration and edu-
cation has on progress and culture. In that pursuit, we have 
instituted: 

• STEM education programs: (1) daytime field trips for all 
grade levels with professional astronomers teaching their 
science in front of the telescopes that made the historic 
discoveries; (2) teacher training seminars; (3) overnight 
science excursions for students, with night-sky observ-
ing on the big telescopes.

• Chamber music concerts in the 100-inch dome: the fin-
est musicianship in a glorious setting with cathedral-like 
acoustics. 

• Art shows with images from the astronomical archives 
and historic technical illustrations.

• An open house during the solar eclipse, where we gave 
away nearly 1,000 solar-viewing glasses.

• The inaugural Mount Wilson 5K Run, connecting us di-
rectly with outdoor enthusiasts who know and love the 
mountain.

• A new gallery space inside the 100-inch dome — The 
Museum of Photon Technology — Larry Webster’s su-
perb display of key instruments and artifacts used in the 
Observatory’s pioneering astrophysical research.

• A revamped website that keeps the public informed and 
connected to our various events and activities, and tells 
the remarkable stories of achievement by brilliant, but 
human, beings.

Next year will be the Year of Hale, as June 29 marks the 
sesquicentennial of my grandfather George Ellery Hale’s 
birth. We will present a retrospective exhibit of his sci-
entific, photographic, and literary works. We will expand 
the chamber music series to six concerts, once a month 
between April and October. And given the success of 
Berkeley astronomer Alex Filippenko’s standing-room-only 
talk in early November, we plan a series of lectures in the 
auditorium arranged around themes such as the critical 
contributions of women astronomers and ways of seeing 
the cosmos across history and cultures.

After 100 years, much infrastructure needs refurbishing 
and repurposing for the new era. We rely on the great 
talent and knowledge of volunteers to maintain, update, 
and operate our unique telescopes, but we must profes-
sionalize in order to guarantee a solid future. All the above-
mentioned programs have operated in the black because 
of our dedicated volunteers, but we need help to keep 
growing as we expand our audience.

So I’m asking you to think of the Mount Wilson Institute at 
this time of year.

If you choose to support us, you can make a tax-deduct-
ible contribution at our website at www.mtwilson.edu.

Or by mail to:      

Mount Wilson Institute 
c/o Carnegie Observatories 
813 Santa Barbara Street 
Pasadena, CA 91101

And if you’d like to know more about the specifics of our 
short- and long-term initiatives, please feel free to call (626) 
796-7467 or email me at samhale@mtwilson.edu or our 
Executive Director, Tom Meneghini (626) 304-0269, email: 
support@mtwilson.edu.

With sincerest thanks,

Sam Hale

a letter from the 

chairman and CEO, 

mount wilson institute

Sam Hale
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Dark Matter — continued from page 1



two bright galaxies in the Coma 
Cluster, NGC 4872 (left) and NGC 4874 
(right). Both were targets for Humason’s 
spectrograph. Both are copyright-free 
from Wikipedia.

irrepressible, 
flamboyant Fritz 
Zwicky, well-known 
as an astronomer, 
taught theoretical 
physics at Caltech 
and also worked at 
Aerojet Engineering 
Corporation in rocket 
development.

found Caltech: world-class scientists who would contribute to Mount 
Wilson’s astrophysics program. And Zwicky did. During the 1930s, he 
evolved from a laboratory physicist into an observing astrophysicist. 
Visitors to Mount Wilson’s 60-inch telescope can still see “Zwicky” 
engraved on a staff locker. Hubble’s is just above to the left. 

Zwicky’s 1933 insight was to calculate the mass of the Coma Cluster* 
using an obscure bit of math that is now frequently used in astrophys-
ics, called the virial theorem. Developed in 1870 by Rudolph Clausius 
(one of the founders of thermodynamics), it is a trick of statistical 
mechanics that allows one to model a stable system of particles, such 
as molecules in a gas. Zwicky realized the particles could just as well 
be galaxies. Using the distribution of the eight velocities, the redshifts 
measured by Humason and Pease, Zwicky could approximate the 
average kinetic energy of the entire cluster as the galaxies orbit their 
common center of gravity. Then, according to the virial theorem, that 
would be equal to half the average potential energy of the system. The 
potential energy of the cluster is governed by its size and shape, the 
number of galaxies, their individual masses, and then — the number 
Zwicky was after — the total mass of the system. Basically, the wider 
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**In calculating the distance, and thus the size of the Coma Cluster, Zwicky used an old Hub-
ble constant. With the current value, the ratio of dark matter to “ordinary” matter becomes  
50 to 1 — still not the current measure of ~6: 1, but closer.

*At the time of Zwicky’s paper, the Coma Cluster was thought to be much closer, some 
45 million light-years away.

the distribution of galactic speeds, the more mass the cluster has to 
have to be a stable, bound system. 

Plugging in all the numbers, Zwicky found that the total mass of the 
cluster was 400 times the mass estimated from the luminous matter 
in the galaxies.** In his recent lecture at Mount Wilson Observatory, 
University of California at Berkeley astronomer Alex Filippenko put 
Zwicky’s finding in simple terms: Because of the galaxies’ velocities, 
“The Coma Cluster would fly apart unless there was extra gravity, 
more than what is associated with the visible stars and galaxies.”[3] 
Zwicky wrote, “If this would be confirmed we would get the surpris-
ing result that dark matter is present in much greater amounts than 
luminous matter.” Zwicky used the words “dark matter,” but he had 
used those words before, and so had many other astronomers. For a 
long time, astronomers had contemplated the matter they knew they 
could not see: stellar corpses, dim stars, brown dwarfs, Jupiters, as-
teroids, dust, and gas — all normal stuff. The modern understanding 
(such as it is) of dark matter did not begin to emerge until the late 
1970s, so Zwicky was using the words in the old sense. Nevertheless, 
he was the first to get a hint of enormous amounts of dark matter on 
the scale of galaxy clusters.

Not much notice was given to Zwicky’s extra mass, partly because 
it was published in German in a new Swiss physics journal, and the 
calculation appeared near the end of the paper, which was a review of 
galactic redshifts. Also it was a rough statistical calculation based on a 
number of assumptions, far from proof. In 1936, Sinclair Smith, who 
spent his career at Mount Wilson’s physics laboratory, made a similar 
assessment of the Virgo Cluster using a distribution of 30 measured 
redshifts instead of eight. It confirmed Zwicky’s high mass-to-light 
ratio. Smith speculated that it “represents a great mass of internebular 
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material within the cluster.” [4] Zwicky addressed the problem again 
in 1937, in a paper where he famously predicated that the consider-
able mass of a galaxy cluster might cause gravitational lensing — an 
effect that wasn’t confirmed until 1979. And that might be yet an-
other reason why Zwicky was not taken too seriously; he was often 
way ahead of his time, coming up with crazy ideas like neutron stars 
and supernovas.

As it turned out, there was another line of evidence that did far more 
to convince astronomers of the existence of a large amount of dark 
matter: the way galaxies rotate. And as with so many lines of investi-
gation, this too had roots at Mount Wilson. 

In 1939, Horace Babcock, future director of the combined Mount 
Wilson and Palomar Observatories and son of Harold Babcock on the 
Mount Wilson staff, published his PhD dissertation on the rotation of 
the Andromeda Galaxy [5]. Using the 36-inch Crossley reflector at 
Lick Observatory to get spectra from bright patches in the spiral arms 
and two spectra he took with the 60-inch telescope at Mount Wilson, 
he found that stars away from the core moved at higher speeds than 
they should if they were obeying Keplerian dynamics. (In our solar 
system, the farther from the mass of the Sun, the slower the plan-
ets orbit.) Stars closer to the concentrated mass of the galactic core 
should move faster as they circle around its gravity well, but they did 
not. (On Wikipedia’s “Galaxy Rotation Curve” page, movies show two 
simulated galaxies: one rotating as it should if there was no appre-
ciable dark matter and the other rotating as they do, with lots of dark 
matter.)

Babcock had found another hint of dark matter, the third from the 
1930s. He attributed his finding that the mass-to-luminosity ratio in-
creases radially to light absorption or to some unknown effect chang-
ing the dynamics in the outer portions of the spiral. He knew his 
results implied a high mass in the outer regions, but perhaps being 
cautious in his dissertation, he left it an open question. 

During the next three decades, interest in the problem posed by 
high mass-to-luminosity ratios was sporadic and further indications 

of large amounts of unseen matter were met with skepticism. The 
paradigm shift began in the early 1970s when better measurements 
of Doppler shifts at great distances from the galactic core could be 
made. Vera Rubin and Kent Ford, both of Carnegie’s Department of 
Terrestrial Magnetism and using telescopes at Lowell Observatory and 
Kitt Peak National Observatory, extended the rotation curve out to 
78,000 light-years from the core. This was made possible by Ford’s 
invention of an extremely sensitive light-tube spectrograph that could 
gather the light of faint stars and dust on the periphery. They detected 
a flat curve, showing no decrease in rotation speeds. They calculated 
that the dark matter was 5 to 10 times the luminous mass, closing 
in on the modern ratio. In 1965, during her pioneering studies of 
galaxy dynamics, Rubin became the first women to observe with 
the Hale telescope at Palomar Observatory. Finally, radio telescope 
measurements extended the flat curve even further by measuring ve-
locities of rotating hydrogen beyond the visible edge of Andromeda 
and other galaxies. All the data showed that the stars in a galaxy move 
almost as if the galaxy were a solid, which could only be if the galaxy 
was embedded in a much larger, massive halo of dark matter.

The long road to acceptance of dark matter began with Zwicky’s use 
of redshifts from the Mount Wilson 100-inch telescope, but many 
observers and theoreticians contributed to our current understanding 
[6]. Exactly what dark matter is, of course, remains to be discovered.
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at lowell observatory, Vera Rubin and Kent Ford (in white 
hat) get ready to gather spectra from the fast-rotating outer 
regions of galaxies, which would provide solid evidence for dark 
matter. 
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Observatory’s website — www.mtwilson.edu
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100-inch 
Telescope 
Centennial 
Celebration

the 100-inch main section en route to the mountain.

o
b

s
e

r
va

to
r

ie
s
 o

f 
th

e
 c

a
r

n
e

g
ie

 in
s

ti
tu

ti
o

n
 f

o
r
 s

c
ie

n
c

e
 

c
o

ll
e

c
ti

o
n
 a

t 
th

e
 h

u
n

ti
n

g
to

n
 l

ib
r

a
r

y

alex filippenko gave a keynote speech.

sam hale noted that the telescope ushered in a “second Copernican 
revolution.”

author dava sobel was one of the distinguished guests.

First-light night was celebrated on November 1, with a subsequent 

public evening on November 4. Guests arriving in the 100-inch 

dome enjoyed the new gallery — The Museum of Photon Technol-

ogy — before heading up to the telescope.

Marking the telescope’s 100th birthday, Sam Hale, the grandson 

of Observatory founder George Ellery Hale, spoke about how the 

telescope ushered in a “second Copernican revolution,” when we 

learned that our Milky Way Galaxy was not the center of the uni-

verse, but one of billions of other star systems.

To start off the public event, Nik Arkimovich, a docent on the 

mountain for 14 years, gave centennial visitors a well-honed pre-

sentation on the Observatory’s origins and rich history. University 

of California at Berkeley astronomer Alex Filippenko spoke about his 

personal connection to the 100-inch telescope, the Observatory’s 

history, and Edwin Hubble’s discovery of the expanding universe and 

how we came to know that the expansion is accelerating owing to 

dark energy — a discovery to which Filippenko contributed with his 

research on supernovae. 

Author Dava Sobel spoke about her latest book, The Glass Universe: 

How The Ladies of the Harvard Observatory Took the Measure of the Stars. The con-

tributions of these women laid the groundwork for Shapley’s and 

Hubble’s work at Mount Wilson. Her other books include Longitude 

and Galileo’s Daughter.

Science writer Amina Khan wrote an extensive article for the Los 

Angeles Times entitled “At Mt. Wilson, Scientists Celebrate 100th birth-

day of the Telescope That Revealed the Universe.” She quoted Alex 

Filippenko: “In some ways, I consider Mt. Wilson Observatory to be 

the most important optical observatory in the history of astronomy.” 

Filippenko, as a Caltech graduate student, was one of the last re-

searchers to publish papers based on work conducted at Mount 

Wilson. 

Images, videos, and links can be found on the Observatory website 

at www.mtwilson.edu.
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Today the star is known as possibly the closest white dwarf 

(about 14 light-years) to Earth not part of a binary system. An-

other claim to fame is that it is one of a number of white dwarfs 

known as “polluted,” i.e., having heavy elements in their photo-

spheres, according to the JPL press release.

Given the postulated evolutionary history of white dwarfs (old 

main-sequence suns that have burned most of their fuel), it would 

be expected that any heavy elements present in the photosphere 

would have sunk to the core of the star once nuclear combustion 

there had ceased.

What might account for the presence of these heavy elements at 

the surface? An hypothesis advanced by Jura et al. [2] proposed 

that the presence of these heavy elements was a result of recent 

impacts of heavy-element-containing objects from dust disks sur-

rounding these stars. 

And what might cause objects in a circumstellar dust disk to be 

deflected into the star itself? An obvious candidate would be an 

exoplanet of sufficient size that its gravity would induce perturba-

tions in portions of the nearby disk so that objects therein would 

be sent on a stellar-impact trajectory, according to Jura et al.

MO U NT  W I L S O N AND  EXO PLANETS
by larry w. allen
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This line of reasoning led Jay Farihi, University College, 

London, to request an image of the 1917 spectrum from the 

Carnegie Observatories. With the assistance of Carnegie volun-

teer Dan Kohne, the spectrogram was located and a copy sent to 

Dr. Farihi. Dr. Farihi’s interpretation of the two calcium absorp-

tion lines clearly visible was an indication that the star “… has 

at least one exoplanet …”) according to the press release. He 

further thinks that there are “…dynamically active planetary 

systems at a large fraction of all white dwarfs .…” [3].

So there we have it: the first evidence of an exoplanet is pres-

ent in a spectrogram from Mount Wilson, but not recognized 

for 100 years.

Might a century-old spectrogram from Mount Wilson Ob-

servatory be the first-ever evidence for an exoplanet?

The spectrogram in question was taken by Walter Adams 

on 24 October 1917 using the 60-inch telescope at Mount 

Wilson. The object imaged was van Maanen’s Star (van 

Maanen 2), named after its discoverer, Adriaan van Maanen. 

Adam’s preliminary examination of this spectrogram caused 

him to conclude that it was an F-type star, presumably due to 

the presence of calcium and other heavy elements in its ab-

sorption spectrum, according to a JPL press release [1]. 

´
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Mount Wilson Institute

P. O. Box 94146

Pasadena, CA 91109

how to get to mount wilson observatory

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 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 
1/4 mile to the Observatory area. The Museum is opposite the 150-foot solar tower. 

o b s e r v a t o r y  s t a t u s 
The Observatory’s winter hours are 10 a.m. to 4 p.m. every day, unless the 
grounds are snowy or icy. Starting in April 2018, the grounds will be open from 
10:00 a.m. to 5:00 p.m. daily, weather and roads permitting. The Cosmic Café at 
the Pavilion, currently closed, will be offering fresh-made sandwiches and Ob-
servatory memorabilia on Saturdays and Sundays from 10:00 a.m. to 5:00 p.m. 

d o c e n t - l e d  w a l k i n g  t o u r s
Anticipated to begin in April 2018, two-hour weekend tours of the Observatory 
will be held on Saturdays and Sundays at 1:00 p.m. Meet at the Cosmic Café at 
the Pavilion to buy a ticket — $15 for adults; $12 for kids and seniors. Guests 
on these tours are admitted to the telescope floor right beneath the historic 
100-inch telescope. The 2:00 p.m. one-hour weekend tours are also anticipated 
to begin in April. 

s p e c i a l  g r o u p  t o u r s
Group daytime tours are available throughout the year. Reservations are re-
quired and a modest fee is charged. For information, visit www.mtwilson.edu. 

l o o k  t h r o u g h  t h e  t e l e s c o p e s
Mount Wilson’s 60-inch telescope and 100-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.

p a r k i n g  a t  t h e  o b s e r v a t o r y
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.

w i n t e r  h o u r s  /  s p r i n g r e o p e n i n g!
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