Jim was a deeply dedicated educator.
One of the honors he valued most was
Chicago’s Quantrell Award for Excel-
lence in Undergraduate Teaching in
1994. He also took exceptional responsi-
bility for undergraduate instructional
labs, in which he would spend long
hours working with the students. His
interest extended to early education in
science as well;, his infectious love of
learning led to the creation of the James
Cronin School for the children of
Malargiie, Argentina.

In addition to establishing the highest
standards in his current field, Jim was an
extraordinary mentor to several genera-
tions of physicists and astrophysicists.
We count ourselves exceptionally lucky
to have been among them. His foresight
and style shaped the experimental fields
of precision kaon physics and cosmic
rays and made a lasting impact on PhD
students worldwide.

Jim will be remembered as much for
his generosity, warmth, drive, and im-
peccable honesty as for his seminal con-
tributions to scientific knowledge. He
had a deep intellectual interest in the
workings of the universe and possessed
the remarkable ability to elevate any
enterprise he took on. He was wonderful
to work with and a wonderful man.

Henry J. Frisch
James E. Pilcher
Melvyn J. Shochet
University of Chicago
Chicago, Illinois
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Vera Cooper Rubin

era Cooper Rubin, who transformed

our understanding of the universe by

confirming the existence of dark mat-
ter, passed away on 25 December 2016
in Princeton, New Jersey. A trailblazing
astronomer, a passionate champion of
women in science, and an inspiring role
model to generations of scientists, Rubin
was loved and admired by her many col-
leagues and friends.

Born in Philadelphia on 23 July 1928,
Rubin moved with her family to Wash-
ington, DC, when she was 10. She devel-
oped her love for astronomy at an early
age as she watched the stars go by, built
a telescope, and wondered about the
mysteries of the universe. She graduated
with a bachelor’s degree in astronomy
from Vassar College in 1948. That year,

MARK GODFREY

Vera Cooper Rubin

at 19, she married Robert Rubin, a chem-
istry PhD student at Cornell University,
and joined him there for her master’s
degree in astronomy:.

In 1951 they moved back to DC,
where Rubin began her PhD at George-
town University with legendary physi-
cist George Gamow. Her thesis explored
the spatial distribution of galaxies. She
found that the galaxy distribution was
clumped rather than randomly distrib-
uted in space—a surprising and impor-
tant result whose significance took years
to fully appreciate. Rubin earned her
PhD in 1954 and remained at George-
town to teach.

In 1965 she joined the department
of terrestrial magnetism (DTM) at the
Carnegie Institution of Washington.
Rubin thrived at the DTM for the rest of
her career. She carried out her seminal
work there and mentored generations
of budding astronomers. Said current
Carnegie president Matthew Scott, “Vera
Rubin was a national treasure as an ac-
complished astronomer and a wonderful
role model for young scientists.”

Rubin’s groundbreaking scientific
contribution was establishing the flat
rotation curves of spiral galaxies: She
showed that stars orbit the galactic cen-
ter with velocities that remain constant
(flat) out to the outer parts of galaxies
rather than decline with distance, as
expected from Newtonian gravity. The
higher-than-expected velocity at the
outskirts implies more mass than can be
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accounted for by stars and gas. Those
findings provided crucial evidence for
the existence of dark matter—a sugges-
tion first made by Fritz Zwicky in 1933
and based, similarly, on his observing
unexpectedly high velocities of galaxies
in galaxy clusters. Rubin’s flat rotation
curves implied that galaxies are embed-
ded in large dark-matter halos.

Rubin’s work was carried out in close
collaboration with her long-time DTM
colleague Kent Ford. An outstanding
astronomy instrumentalist, Ford built
the sophisticated DTM image-tube spec-
trograph —the first electronic optical de-
tector in astronomy —which enabled the
precise measurements of galactic rota-
tions. The historic instrument is now per-
manently located at the National Air and
Space Museum in Washington, DC.

Rubin and Ford’s first rotation curve,
in 1970, was of our nearby Andromeda
galaxy. Over the next decade, they ob-
served a large number of spiral galaxies
that all revealed the same remarkable flat
rotation curves. Around the same time,
Morton Roberts and others found similar
flat rotation curves for the hydrogen gas
disks that surround spiral galaxies. Both
sets of observations were critical in estab-
lishing the need for dark matter —and for-
ever changing our view of the universe.

We now know that 85% of the mass in
the universe is dark matter; it profoundly
affects the evolution of the universe and
the formation of cosmic structure. The
dark matter is believed to be a new non-
baryonic particle, not yet detected by
direct experiments. Asked frequently
about whether the flat rotation curves
could instead be due to deviations from
Newtonian gravity, Rubin was agnostic:
“I don’t know if we have dark matter or
need a change in gravity or need some-
thing else; we know so little about our
universe. It is a strange and mysterious
universe. But that’s fun.”

Rubin continued working on galaxy
dynamics and large-scale structure
throughout her career. Among her dis-
coveries were counterrotating galaxies,
which exhibit stars orbiting clockwise as
well as counterclockwise; polar-ring
galaxies; and merging galaxies.

Rubin’s personal story, including the
challenges she faced as a woman in sci-
ence, is told in a 2011 autobiographical
article in Annual Reviews of Astronomy
and Astrophysics. When she was applying
for college, an interviewer suggested
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she consider a career painting astro-
nomical objects instead of doing re-
search. She was denied observing time
on the 200-inch Hale Telescope at Palo-
mar Observatory until the mid 1960s,
when women were finally allowed ac-
cess to it. “Don’t let anyone keep you
down for silly reasons,” she advised
young colleagues. “Do what you love
doing.” She passionately supported
women scientists: “There is no problem
in science that can be solved by a man
that cannot be solved by a woman,” she
would often say.

Cheerful, positive, and kind, Rubin
enjoyed a remarkable life. She and her
husband of 60 years raised four children,
three of whom became scientists and the
fourth a mathematician. Her love of the
cosmos was infectious: “How could you
possibly live on this Earth and not want
to study the universe?” she asked. And
so she did.

Rubin’s seminal accomplishments
have been recognized by numerous
awards, including the US National
Medal of Science in 1993, the 1996 Gold
Medal of the Royal Astronomical Society,
the Gruber Cosmology Prize in 2002, and
the National Academy of Sciences James
Craig Watson Medal in 2004. The Nobel
Committee for Physics and the Royal
Swedish Academy of Sciences failed to
honor her and her vital contribution, as
they failed to recognize other important
discoverers. But Rubin’s legacy as a pio-
neer of flat rotation curves and dark mat-
ter and as a role model to generations of
scientists will forever be remembered.

Neta A. Bahcall
Princeton University
Princeton, New Jersey
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