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ABSTRACT If they are successfully to carry out a research programme, astronomers
need two crucial resources — access to telescopes, and sufficient time allocated on
them to make observations and collect data. This paper employs the concept of the
‘moral economy’ - the unwritten expectations and traditions that regulate and
structure a community — as an analytical model to examine how astronomers and
science managers allocate resources. | use the example of the Gemini 8-Meter
Telescopes Project, a recently completed pair of large telescopes in Hawaii and Chile,
as a vehicle to explore the moral economy of contemporary astronomy. Paying
particular attention to the early years of the project (1987-92), | describe plans to
build a new telescope facility for the entire US astronomy community, against the
backdrop of the institutional, political and financial forces that shape national and
international astronomy. By focusing on the process through which astronomers
moved the Gemini telescope project from abstract blueprints and budgets into glass
and steel, | examine themes such as access, equity, control and authority in
contemporary science.
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Large Telescopes and the Moral Economy of
Recent Astronomy

W. Patrick McCray

All scientists need resources — equipment, funding, time — to carry out
their research. For optical astronomers, two of the most important assets
are access to telescopes and sufficient time allocated on them to make
observations and collect data.! Astronomers are critically affected by the
availability and distribution of these, and they describe the sociology of
their community in dialectical terms based on resource allocation. The
community makes a fundamental and long-standing distinction between
those who have access to telescopes through their institutional affiliation
and those who do not, and must instead compete for time at one of the
federally-funded national centres. A former observatory director explained
the situation:

There are the independent observatories which some people call the
‘haves’. And there are the ‘have nots!’ . . . The people who are the ‘have
nots’ still have to rely on the National Observatory to get time.>?

A key difference separating postwar optical astronomy from other
physical sciences in the United States is its long tradition of private and
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philanthropic support. Historically, private institutions or state-supported
universities have funded and managed most large American telescope
facilities. The largest and best telescopes have been available, therefore, to
only a small fraction of the entire astronomical community. There were not
nearly enough telescopes or observing time to meet the demands of the
rapidly growing postwar astronomy community.

In 1957, the US National Science Foundation (NSF) responded to the
need for more telescopes and observing time by establishing a system of
national observatories. While the participation of the federal government
provided extensive funding and telescope facilities for the entire astronomy
community, it created ever-increasing competition and divisiveness in that
community about how such resources should be used and distributed.
Should funding go to cutting-edge instrumentation and long-term observ-
ing programmes at institutions run by the ‘haves’, or to build and operate
facilities for the larger community of ‘have nots?’. Goetz Oertel, former
president of the corporation that manages prominent national facilities
such as the National Optical Astronomy Observatories (INOAO) and the
Hubble Space Telescope, described this tension as . .

. a natural tug of war between those who have and those that have not,
in terms of access to their own telescopes. The national observatories have
always been controversial. With the ‘haves’ being reluctant or negative and
the ‘have nots’ being enthusiastically in favor of them.®

E.P. Thompson’s concept of the moral economy, introduced in his essay
on food riots in 18th-century England, is used here as an analytical model
to describe how the essential resources for doing astronomy are allocated,
and access to them negotiated.? For Thompson, a moral economy refers to
the mentalité — the expectations and traditions — that structured and
mediated interactions between the consumers and producers of life’s basic
needs. The moral economy is concerned with the rights people have to the
necessities of living; it also addresses the manner in which non-economic
relations are regulated according to tradition and non-monetary social
norms. Robert Kohler later modified Thompson’s concept to include the
activities of experimental scientists; he wrote that ‘unstated moral rules
define the mutual expectations and obligations of the various participants
in the production process’, and that these ‘[m]oral conventions regulate
access to tools of the trade. . .’.*

The moral economy of astronomy functions through negotiations and
compromises. It shapes how access to resources — telescopes, funding, and
observing time — is acquired. What is accepted as an equitable distribution
of resources is contested frequently and in different ways by astronomers
and science administrators. The historical tradition with regard to re-
sources in postwar American astronomy is a divide between the ‘haves’ and
the ‘have nots’. This pattern of resource distribution creates strong emo-
tions among both groups of astronomers. Moreover, debates over the
authority to divide resources and set priorities have been, and continue to
be, a traditional part of astronomy’s moral economy. For example, since
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the 1950s, the National Academy of Sciences, the NSF, and NASA all
convene formal committees of prominent astronomers which are influen-
tial in shaping long-term resource allocation.

In 1975, a small fraction of the American astronomy community, led
by America’s national observatory, initiated exploratory plans for a new
and larger national telescope facility. For over a decade, astronomers and
engineers proposed building a new telescope that would be significantly
bigger than any operated by private institutions. Yet, by 1987, nothing had
been funded or built. Moreover, there was persistent and contentious
debate in the community about the future réle of the national observatory
as a resource provider. Astronomers knew that several new telescopes
larger than the Hale 200-inch, the biggest (and privately operated) tele-
scope, were going to be built by private American and international
institutions in the next decade.” Many astronomers debated the purpose
the national optical astronomy centre should have in this new world of
larger and more powerful instruments, and asked how their community, as
a whole, could remain competitive without access to the independent
private facilities. Between 1987 and 1993, there was a crisis in the
American optical astronomy community. In this period, astronomers and
science managers thrashed out plans for a new and larger national observ-
ing facility, eventually named the ‘Gemini 8-Meter Telescopes Project’
(hereafter, ‘Gemini’). However, political and financial forces determined
that the United States build Gemini as a partnership with six other
countries — the United Kingdom, Canada, Australia, Chile, Brazil and
Argentina. In June 1999, on the barren, windswept summit of Mauna Kea
in Hawaii, the first Gemini telescope, one of the largest in the world, was
dedicated. With a twin companion telescope in Chile scheduled for com-
pletion in 2000, the Gemini Project was the culmination of a 25-year effort
to build new observing facilities that the entire American astronomy
community could access. The total cost of the two telescopes was
$184,000,000; operations each year are roughly another $20m; the US
pays half these costs.

Since 1990, Gemini’s cost and scale have been exceeded by more
elaborate and expensive technoscientific endeavours. The telescopes are
well on the way to becoming a ‘black box’ (but with 24-ton, 8.1-meter
primary mirrors). However, in 1990 Gemini was a controversial science
project, especially for ground-based optical astronomy. Its future was far
from assured, and many in the astronomy community expressed great
concern that the telescope would not (or would) be built.

The Gemini telescopes are only two of several new, very large tele-
scopes completed in the past decade; others will see “first light’ in the next
few years. Any astronomer in the United States or one of the Gemini
partner countries can apply for observing time on any of these new
instruments. At the dedication ceremony on 25 June 1999, Rita Colwell,
Director of the National Science Foundation, remarked: ‘This observatory
represents the journey by scientists, engineers, and administrators to a
symbolic summit’.® What exactly was the journey that Colwell referred to?
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This paper is, in part, an exploration of Gemini’s early history, and of how
the people who advocated it overcame obstacles that threatened the
nascent project. I will describe plans to build a new national telescope
facility against the backdrop of the institutional, political, and managerial
actors that shape the moral economy of national and international
astronomy.

By examining the unwritten rules, interests and historical traditions
that are inherent to the astronomy community, we can discern more clearly
the processes and negotiations through which its members allocate and
distribute commodities, tangible and otherwise. We must also consider the
motivations behind these processes, and whether and when an individual
or institution is acting primarily out of a concern for fairness and equity, or
in self-interest. By focusing on the people and institutions who brought the
Gemini telescopes from the abstractions of blueprints and budgets into the
messy and imperfect real world, I explore important themes such as access,
equity, control and authority in contemporary science. The questions I ask
here are simply put: What is the historical basis for the allocation of
resources within optical astronomy? How did Gemini get approval and
funding? What was the process and what forces and people influenced it?

Drawing on Thompson’s insightful development of the moral economy
concept, I examine the values and social processes that exist in contempo-
rary astronomy and, in particular, in the early history of the Gemini
telescopes. At the same time, I adapt and extend the idea of a moral
economy to examine the traditions, assumptions, rules and relationships
that exist in late 20th-century astronomy. What are the essential features of
a moral economy as it is used in this paper?

A moral economy, like any economy, involves objects of value.” The
most important commodities for the astronomers and science policy
administrators whose story I tell here are an adequate amount of observing
time, resources to build and operate new telescope facilities, and funding
for one’s own research. Other less tangible goods, such as the power to
control resource distribution, the authority to set astronomy’s priorities,
and the prestige (and jealousy) accorded to an institution or individual
having a rich supply of resources, are also part of astronomy’s moral
economy.

A moral economy certainly is not apolitical. The process through
which the Gemini telescopes were approved and funded clearly required
the mediation of American and international politicians. Some astrono-
mers also became politically involved within their community and at the
national level, and attempted to influence aspects of the Gemini telescope
project.

A moral economy, as considered in this paper, is founded on certain
principles of fairness and means of control regarding access to the re-
sources astronomers need. These standards are not defined explicitly by
members of the community. However, they are understood tacitly and
frequently reconsidered, redefined and renegotiated. Indeed, it will be seen
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by the paper’s end that one of the factors determining whether an in-
dividual or institution is able to secure access successfully to resources is
the ability to understand and use the unwritten conventions, traditions and
rules of astronomy to best advantage.

Contemporary Optical Astronomy and Its Moral Economy

One feature of moral economies is that they are historically created,
changed, and destroyed.® Between 1957 and 1987, there were several
developments that altered optical astronomy’s moral economy. It may
seem, at first, that American astronomy after World War II simply experi-
enced many of the same changes historians have noted in other physical
sciences, with the influx and influence of government funding and the
construction of new and elaborate facilities.® But the extensive private and
state investment that defined and shaped American astronomy before
World War II did not die out after the introduction of generous federal
funding.

Before World War II, American astronomy was a relatively coherent
discipline.!® The community was small, observations were made almost
entirely at visible wavelengths, and, despite the use of large and expensive
instruments, astronomy was practised mostly as ‘small science’.!'! While
teams of pre-war astronomers worked on research projects at institutions
such as the Harvard College Observatory, the romantic image of the lone
astronomer on a mountain patiently guiding a telescope through the cold
night had a degree of truth to it. But, after World War II, practices changed
dramatically. Astronomers began to use new technology, such as rockets,
electronic detectors, and radar, to make observations at other wavelengths.
New technologies also had a synergistic relation with astronomy, stimulat-
ing and requiring bigger funding sources and collaborative research efforts,
and creating many sub-disciplines of research such as radio and x-ray
astronomy.

After World War II, American optical astronomers were slow to take
advantage of federal patronage. They certainly did not respond as quickly
or enthusiastically as did the American physics community. Before the
advent of the national observatory system, the directors of private observa-
tories wielded considerable power, and controlled access to the nation’s
largest telescopes.!? David DeVorkin attributes the initial tepid response of
astronomers to federal funding to ‘an élite infrastructure that was more
concerned about preserving authority and control than it was in increasing
its size or introducing new technologies’.!> Gradually, these attitudes
changed. A key development was the emergence of a national observatory
system for optical astronomy.

Throughout the mid-third of the 20th century, larger and better
private telescopes continued to be built in the southwestern United States,
where the climate and observing conditions were better. By 1960, the
nation’s largest telescopes were concentrated mostly in California, and
there were no nationally available facilities that were competitive.!* A
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dichotomy developed in American observational astronomy as the balance
of power, in terms of access to the best instruments, shifted away from
older observatories such as Harvard and Yerkes (Chicago). Astronomers
without access to the large, private telescopes were understandably con-
cerned about their limited resources and lack of time on the largest
telescopes. Many of these astronomers were from institutions in the
Midwest and the East, where observing conditions were poor and easy
travel to California was not possible. In 1953, at a special conference at the
Lowell Observatory in Flagstaff, Arizona, Leo Goldberg, then chair of
astronomy at the University of Michigan, spoke up: ‘I think what this
country needs is a truly National Observatory to which each astronomer
with ability and a first-class problem can come on leave from his uni-
versity’. Goldberg’s suggestion got a favourable response from the NSF,
and that agency began to explore possible sites for the observatory.!” In
1957, representatives from seven universities — California, Chicago, Har-
vard, Indiana, Michigan, Ohio State and Wisconsin — met and soon formed
the Association of Universities for Research in Astronomy, Inc. (AURA).
AURA’s charge was to operate the new national observatory for the NSF.
In 1958, AURA selected Kitt Peak, near Tucson, Arizona, as the observa-
tory’s site. A solar observatory and an optical facility in Chile soon
followed. In 1984, to consolidate facilities, the three national observatories
— Kitt Peak, the Cerro-Tololo Inter-American Observatory in Chile, as well
as National Solar Observatory in Sunspot, New Mexico — were merged
into the ‘National Optical Astronomy Observatories’ (NOAO) and man-
aged, as before, by AURA.

Formal evidence is scant that the American astronomy community had
a sense of entitlement — that is, that the federal government owed them
telescope time and other resources — or that this is the case today.
However, the moral economy is about unwritten but commonly shared
values and traditions. The mentalit¢é among postwar astronomers — as
evidenced by extensive reports, correspondence and oral histories — shif-
ted, and the federal government, via the NSF and NASA, became seen as
a generous and essential provider of resources. The nationally available
telescopes were built and operated with the NSF’s support, and their
presence greatly increased the light-collecting area available to the overall
astronomy community.!® American astronomers not affiliated with
privately-run observatories soon had access to two national 4-meter tele-
scopes, numerous smaller ones, and could observe in both the Northern
and Southern hemispheres. By 1980, about two-thirds of the NSF’s
support for astronomy went to the national observatories.'”

Helmut Abt, who edited The Astrophysical Fournal — one of the most
important publications in astronomy — for 28 years, recalled that the
national observatory’s most important effect on astronomy was providing
competition with the private observatories, and the tools to evaluate other
astronomers’ research results.? In a 1978 interview, influential Caltech
astronomer Jesse Greenstein described the national observatory system as
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having a profound effect, offering a place where astronomers, regardless of
affiliation, could carry out research. He went on to note:

The main problem for the AURA management is the question of demo-
cratic choice versus elitist, snobby concentration of effort ... How to
choose the select few, how to do this without ruining their position as the
national observing facility?'®

Astronomers’ emotional reactions toward nationally-available tele-
scopes depend on whether one is a ‘have’ or a ‘have not’. In 1998, I asked
a prominent (but anonymous) astronomer at a large Midwestern school
without its own large observing facilities how people in the community
without private telescopes feel. He replied:

Thoughts toward the National Observatory are in the vein that they are
your support. That’s how we get our observing time around here.

But how do people who have access to their own telescope facilities feel
about the existence of the National Optical Astronomy Observatories? This
astronomer responded with anger and resignation:

They don’t give a flying fuck about the rest of us. They’d just as soon as
take it all. In fact, not too long ago some of them [astronomers from
private institutions] proposed we gut the national observatories and, more
or less, give it all to them. The people who proposed this said that the
people who wouldn’t have access to telescopes anymore were minor
players in astronomy and so they wouldn’t be missed.

On the other side, some astronomers whose access to facilities mark
them as ‘haves’ believe that the national centres have not always operated
at the cutting edge of technology development, and that the considerable
federal money spent on them would be better used as grants to individuals
or private institutions. For example, in 1993, in a letter widely circulated
throughout the scientific community, Sandra Faber of the University of
California (which has considerable access to private facilities) described an
American astronomy community that was deeply divided over the réle
NOAO should have, and suggested a radical re-organization of the national
observatory. She noted that the national observatories are a source of
jealousy in that they compete with private and university groups for
funding, and that it might be better to give away NOAO facilities to private
or university consortia. These groups would operate the telescopes and
reduce the services and support offered by the national observatory.!®

With its establishment, the national observatory system altered the
balance of resources, and brought about a new and tacitly understood
social contract with the astronomy community. The availability of large
telescopes outside the private observatory system came to be seen by some
‘haves’ as a challenge and a threat to their own resource base and prestige.
Demand for observing time with the Kitt Peak and Cerro-Tololo tele-
scopes soon outpaced availability.?’ This shortage was accentuated by the
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fact that scientists from institutions with their own private facilities could
also apply to use the national telescopes. The allocation of observing time
at the national facilities, and their management, became sensitive and
politically charged. In time, the dearth of adequate and available observing
time would play an important factor in plans to build a new national
telescope bigger than those at Kitt Peak or Cerro-Tololo.

American Astronomers Debate a New National Telescope

In the late 1970s and early 1980s, the US astronomy community clearly
articulated the scientific advances that telescopes bigger than the Hale
200-inch could make.?! Also, in the 1980s, the National Science Founda-
tion, in cooperation with NOAOQO, was funding plans for a new, much larger
national telescope that would be available to the entire American astron-
omy community. The technical design and scientific agenda for the new
telescope provoked impassioned discussions; they were matched in in-
tensity by debate over the future of the national observatory and priorities
for astronomy in the next decade. Between 1975 and 1987, the long and
continuing tension between private and federal patronage for American
astronomy affected plans to build a new national telescope.

In the summer of 1975, Kitt Peak astronomers and engineers began
working on concepts for a telescope with a 25-meter aperture. The new
telescope programme at Kitt Peak was called the ‘Next Generation Tele-
scope Project’. If built, it would have a collecting area 125 times that of the
Hale 200-inch, the largest operating telescope in the world at that time.
Between 1977 and 1980, the Next Generation Telescope programme
became somewhat unfocussed, as engineers and astronomers advocated
and explored several different design concepts. Soon, Kitt Peak manage-
ment scaled back their ambitions and initiated the 15-meter ‘National New
Technology Telescope’ (NNTT) Project as an extension of their earlier
programme.

Kitt Peak, as the national centre for optical astronomy, took the lead
role in the organizing efforts. Funding for the NNTT programme origi-
nally came from the operating budget of Kitt Peak. A year later, the
National Science Foundation demonstrated support for the effort by
funding a proposal for telescope technology development.?? In January
1982, the NNTT project received another major boost when the National
Academy of Sciences published the third decadal survey of astronomy.?
These reports describe the health of the discipline, summarize important
scientific advances of the decade, and set research goals for the next ten
years. More importantly, through a process of debate and negotiation that
is closed to the public and the general astronomy community, the decadal
survey committees present a prioritized and influential list of instruments
and facilities for federal funding. The 1982 survey, chaired by George Field
of the Harvard-Smithsonian Center for Astrophysics, listed a ‘New Tech-
nology Telescope of the 15-meter class’ among its recommended priorities
for new facilities.
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In 1984, shortly after the national observatories were consolidated to
form NOAO, a committee of high-ranking astronomers chose a design
concept for the NNTT that was later endorsed by the AURA Board. The
overall NNTT design was based on concepts advocated by astronomers
from the University of Arizona. At its heart, the telescope would also use
four 7.5-meter mirrors on a single common mount to achieve the light-
collecting power of a 15-meter telescope.?* The mirrors were to be made by
a team led by astronomer Roger Angel at Arizona’s Steward Observatory.
In 1984, as part of its NNTT development programme, NOAO estab-
lished an Advanced Development Program, led by Jacques Beckers.

Following the 1984 decision to use the Arizona design, there were
instances of personality clashes and institutional competition between
Steward Observatory and NOAO.? Arizona had its own large-telescope
ambitions. During this time, the NSF was also heavily committed to
building the Very Long Baseline Array, a national radio-astronomy facility
given the highest priority in the decadal survey chaired by George Field.
Partly because of its commitment to this facility, the NSF’s funding for
NOAO decreased steadily by about 21% between 1984 and 1990, while
staff numbers dropped by 15%.%2°

With the support of the NSF, the Steward Mirror Laboratory and
NOAO continued developing NNT T-related technology at a modest level.
However, at the National Science Foundation’s Astronomy Division, there
were growing concerns with the slow progress in scaling up mirror-making
technology.?” Meanwhile, Jacques Beckers and others at NOAO tried to
create community support for the project which varied:

Some were very skeptical. It was mixed . . . There was a big disagreement
in the community about large telescopes . . . a big fear in the community
at smaller universities that this grandiose telescope project would push the
little guy out of the way.¢

By the end of 1986, the NNTT Project had become unstable, and its
future uncertain. Community support for the project was not overwhelm-
ing. Other institutions in the United States, including Caltech and the
Carnegie Institution of Washington, had plans to build their own large
telescopes in the next ten years. While the 15-meter NNTT was clearly
bigger than any of these, astronomers and administrators had questions
about the scientific justification for a national facility at a time when private
or international groups were building a new generation of instruments. At
the same time, community doubts were growing about the future of
NOAO as an institution in the coming era of large-telescope optical
astronomy and the Hubble Space Telescope.

The Future Directions Committee

E.P. Thompson’s concept of a moral economy suggests that when people’s
needs are not being met, they will act in proscribed manners mediated by
customs and values. 1987 was a watershed year for the national observa-
tory; there was a crisis in the American astronomy community over the
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future of the NNTT project and, more significantly, of the national
observatory system. Differing visions of the national observatory repre-
sented conflicting views of astronomy’s moral economy. Some astronomers
valued reducing the rdle of the national observatory, and leaving the
allocation of resources to private and state-operated institutions. Others
favoured a stronger and more prominent position for NOAO as the
flagship of American astronomy. Each path would re-shape the means and
degree to which astronomers had access to necessary resources. What does
the community’s response to the crisis in 1987 tell us about the moral
economy of astronomy, and its values?

In September 1986, the AURA Board selected Goetz Oertel as their
new President. Previously, he had held top-level management positions at
NASA and the Department of Energy. In the Spring of 1987, Sidney C.
Wolff took over management of NOAOQO as its first woman Director. The
two of them took a hard look at the NNTT project and the future of
NOAO in US astronomy. Oertel recalls that the community and political
support for the NNTT seemed limited, and he had personal doubts about
the plan to build any large telescope requiring four 7.5-meter mirrors.® His
conversations with Washington politicians added to his unease. Richard
Malow was the Congressional staffer for the House Appropriations com-
mittee that oversees the NSF’s and, therefore, NOAQO’s budget. He re-
members having concern over the rising national debt and doubts about
beginning another large-scale astronomy project.

Soon after taking office, Oertel commissioned the ‘Future Directions
for NOAO’ Committee. AURA asked the Committee to examine the
appropriate role for the national observatory, and to determine the best
way for NOAO to complement and cooperate with other astronomical
research facilities. Steve Strom, then an astronomer at the University of
Massachusetts, chaired the Committee, which included prominent as-
tronomers from private, state and federal institutions. Strom described the
NNTT programme as coming under pressure simultaneously from differ-
ent factions in the discipline’s moral economy:

. . . there were two competitions. Between the élitist institutions who . . .
didn’t want NOAO to succeed and the smaller institutions that didn’t
want NOAO to succeed, but for very different reasons.”

Strom’s comment brings out an important and longstanding debate in the
astronomy community, both in the United States and abroad: Is it better to
provide many small telescopes so that more researchers can get some share
of observing time, or is the optimal strategy to provide a few larger and
more powerful telescopes that will allow a smaller part of the community to
do research on fainter and more distant objects??®

In August 1987, the AURA Board convened a retreat for its members
in the mountain resort of Keystone, Colorado. Members of Strom’s
Committee attended, along with representatives from the NSF. Major
topics on the agenda were the future role of NOAOQO, the needs of the
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American astronomy community, and the types of facilities that the na-
tional observatory should develop.

Meeting participants discussed options for NOAQO?’s future; each gave
the national observatory a different responsibility in terms of supplying
resources for optical astronomers.?* One was for NOAO to have a flagship
réle in American astronomy. In this case, NOAO would be the premier
institution in ground-based optical and infrared astronomy, analogous to
the United Kingdom’s Royal Observatories at Greenwich and Edinburgh.
To achieve a flagship NOAO, building the 15-meter class NNTT would
have a high priority. According to Strom, some argued that this path
would presumably increase the programmatic coherence, political unity
and competitive strength of American astronomy; others countered that it
would be difficult if not impossible to implement, given the federal funding
realities of the time versus the level of support available for privately-run
astronomical institutions. Those at the meeting also did not anticipate that
private and state-funded observatories would cede the leadership réle and
accompanying federal funding to NOAO voluntarily.

At the other extreme, Strom’s Committee considered the possibility
that NOAO should provide only service and support to enhance the
research programmes of privately-run United States observatories. Envi-
sioned thus, NOAO?’s réle in this model was analogous to the NSF’s
Antarctic Program, which operates and supports facilities for scientists to
use. This model of NOAO would require a minimal amount of federal
funds, leaving the lion’s share of money to private and state-run observa-
tories. NOAO?’s scientists and engineers would not be expected to make
major contributions to United States astronomy on their own and a new,
large, and national facility would not be built. While favoured by some
members of the private-observatory community, this option was unfavour-
able to those with greater plans for the national observatory.

In the end, a third option was chosen that lay between the two
extremes. In this strategy, which Strom later described as ‘a first among
equals’ approach, NOAO would be complementary to the private observa-
tory system, leading in some areas and providing support in others.
NOAO, as it was argued by members of Strom’s Committee, would
develop leadership and unique facilities in certain areas where there were
‘scientific deficiencies and unexploited opportunities [by] directing re-
sources toward their remedy’.>* NOAO would develop facilities to the
extent that they were not being pursued by other private groups, concen-
trate on unique areas of instrumentation and research, and still continue to
provide support for American astronomers lacking their own resources.

At the Keystone meeting, astronomers proposed several different plans
for a new national telescope facility. All of these centred around building
telescopes in the 8-meter class. While the astronomers debated whether it
would be better to build one or two 8-meter telescopes, where to build
them — Hawaii or Chile — and what their scientific capabilities should be,
few participants advocated building the 15-meter NNTT.
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A vote was never taken at Keystone on whether to kill the 7-year-old
NNTT Project. However, as Goetz Oertel recalled in 1999, after the
August Keystone meeting ‘it faded away like MacArthur, an old soldier’.®
In September 1987, Steve Strom and the Future Directions Committee
released their final report.! Its executive summary described a réle for
NOAO that was most consistent with the complementary, ‘first among
equals’ model discussed at the Keystone retreat. The report recommended
that NOAO’s first priority should be to ‘build as rapidly as feasible two
8-meter class telescopes (one in each the Northern and Southern hemi-
spheres) with superlative image quality and located at excellent sites’.
Shortly after the Keystone meeting, the AURA Board resolved that it
intended ¢ ... to construct and operate 8-meter telescopes to provide
outstanding research facilities for the US optical and infrared astronomy
program during the early 1990s’.3?

After the Keystone retreat, NOAO staff — demoralized, by some
accounts — went back to the drawing board and submitted a proposal,
entitled “The NOAO 8-meter Telescopes’, to the NSF in September 1989.
The four-volume proposal describes the scientific programmes for the two
telescopes, a technical description of the facilities and instruments, along
with detailed management and budget information.?* If funded, it would
be one of the largest and most expensive projects undertaken by the NSF,
and would represent a major federal commitment to ground-based optical
astronomy and the national observatory system.

The choice the Future Directions Committee and the AURA Board
selected was a compromise between two extremes. It did not resolve the
community debate over NOAQ’s réle. At this point, it is worth asking why
astronomers perceived it was important for the national observatory to
build two new, large, and cutting-edge telescopes. Part of the answer is
that, given the new telescope facilities under development by private
institutions, without a similar programme NOAO would find itself operat-
ing much smaller telescopes. It would, therefore, have been outpaced by
developments in the private sector, and unable to offer the overall astron-
omy community access to large, competitive facilities. In the end, a select
group of American astronomers decided that having fewer but more
powerful telescopes would be more beneficial to the overall community
than the health and continued existence of NOAO.

Science Politics and the Birth of Gemini

At its heart, the moral economy, as I am using the concept here, is about
how people obtain resources and address questions of equity. In addition,
the question of who has the authority to decide the distribution of
resources looms large. Between 1987 and 1993, astronomers and science
managers transformed the plan to build two 8-meter telescopes as a
nationally accessible telescope facility. When this was done, the Gemini
Telescopes Project was an international collaboration, the US astronomy
community had a 50% share in it, and infrared optimization of the



McCray: Moral Economy of Recent Astronomy 697

telescopes was a guiding design goal. These events and developments are
too complex to fully describe here. Instead, I wish to present key events
with an eye toward the people and institutions who played key rdles in
shaping the community’s access to resources, and the process of how
Gemini was approved.

In the late 1980s, the United States was not the only country pursuing
plans for new, very large telescopes. The United Kingdom and Canada
were also considering how to build an 8-meter class telescope. Unlike the
situation in the USA, astronomy in both the UK and Canada is almost
solely supported by government funding, and does not have a history of
private support. Because of this tradition, and an understanding that
British or Canadian governments would not fully fund telescopes solely for
their astronomers, international collaboration was necessary. Beginning in
1987, UK and, later, Canadian astronomers discussed plans with NOAO
staff to build a new observing facility together.>*

In the United States, the possibility of a collaborative American-
British-Canadian effort attracted the attention of Erich Bloch, the NSF
Director. Bloch advocated industrial competitiveness and, at times,
seemed to direct the NSF on a path that deviated from the agency’s
traditional mission of supporting basic research. As a result, astronomers
saw Bloch as not especially supportive of their discipline. However, Bloch
strongly favoured international collaboration, and used astronomy as a
convenient vehicle to pursue this goal.?

In July 1989, astronomers from the USA, the UK and Canada met
formally for the first time to discuss potential collaboration. This was
followed by a series of meetings throughout 1990. In April 1990, the
AURA Board recognized ‘the opportunity for scientific excellence and the
pool of technical expertise’, and unanimously passed a resolution to
‘enthusiastically endorse the international collaboration to build two
8-meter telescopes’.®

The plans to build the two 8-meter telescopes, and the possibility of an
international effort, were reported by Ann Gibbons in the 18 May 1990
issue of Science.>” Gibbons’ article drew attention to what would be one of
the controversies surrounding the telescope project in its formative years —
that of international collaboration. While describing the powerful capabil-
ities of the new instruments, she also reported that the NSF would not
commit to building the telescopes, now estimated to cost $176m, without
foreign contributors paying half the cost. American astronomers began to
complain about the direction the project seemed likely to take: the two
national telescopes might be built as an international facility in which
American astronomers would have only a 50% share. Gibbons said that
some astronomers were angry that the United States could not (or would
not) provide all of the funding, and worried that an international effort
would take longer to fund and build, and be harder to manage. Some
noted that the last decadal survey had advocated a new, national telescope
8 years before, with no clear progress visible. Gibbons went on to report
how the United States astronomy community was split over whether it
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would be better to build only one national telescope in Hawaii or share half
of two international telescopes giving full-sky coverage: she quoted Ed
Stone (a Caltech astronomer and, later, Director of the mission-oriented
Jet Propulsion Laboratory) as summarizing some opinions when he said:
‘Half a telescope is better than none’.

Building the two 8-meter telescopes as an international effort was not
explicitly envisioned at the 1987 AURA meeting at Keystone, or in the
‘Future Directions for NOAQO’ report that came out shortly after. Even as
late as 1989, it was not at all certain that the international route would be
chosen. But, by 1990, AURA had endorsed an international effort, and
plans for an American-British-Canadian partnership were well under way.

There were several reasons for this transformation. Interest in an
international effort existed at two levels in the worldwide astronomy
community. In the United States, it was largely from the top down, via the
NSF and the policies of Erich Bloch. American astronomers, in general,
certainly wanted new facilities, but ones funded and operated by the
United States: as Gibbons’ article makes clear, Bloch was adamant that
any new large telescope be built as a collaborative venture, despite resist-
ance from astronomy’s rank and file. British and Canadian governments
were reluctant or unable to fully fund separate national telescopes, creating
a favourable environment for collaboration. British and Canadian astrono-
mers took advantage of United States interest in international collabora-
tion that came from the top down. Science policymakers and admin-
istrators (such as Bloch) favoured international efforts in general, and saw
astronomy as a convenient vehicle to pursue them. The opportunity to
build two new large telescopes as an international effort was a timely match
between science and politics of which astronomers and policymakers took
advantage.

By 1990, the planned two-telescope project had the firm support of
the NSF’s upper management and science agencies abroad, and the
approval of AURA (who expected to manage the project). Although
American astronomers continued to debate the role of the national observ-
atory and its participation in an international effort, there was some
satisfaction that a course of action had been selected both for NOAO and
for the telescope project. If it was to receive the necessary funding, the
telescope project now had to build support and attract additional advocates
in the larger world of science policy, as well as in the US political arena.

In early 1989, the National Academy of Sciences was preparing to
conduct its fourth decadal survey of astronomy and astrophysics. The
National Academy asked John N. Bahcall, a theoretical astrophysicist at the
Institute for Advanced Study in Princeton, to chair the survey and set
the discipline’s priorities for the coming decade.>?® Bahcall immediately
began selecting his Committee. Shortly after being asked to chair the
decadal survey, Bahcall was also elected President of the American Astro-
nomical Society. This raised his profile in the science community, and gave
him an additional base from which to call upon his astronomer colleagues.
By the end of 1989, Bahcall had selected a Committee including six
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members of the National Academy of Sciences, two Nobel laureates, and
two directors of national observatories. Fifteen different panels reported to
the main Committee on topics ranging from optical astronomy to comput-
ing and data processing. In 1989, an article in Physics Today quoted Bahcall
explaining the size of his Committee, and noting: ‘We want to make sure
we don’t miss anything. In the end, the strength of the report we issue will
depend on consensus’.*

Bahcall knew that one of his thorniest jobs was to form a consensus for
priorities within the optical astronomy community. In a 1999 interview, he
explained features of what amounts to the community’s moral economy:

It was not a community used to working in groups and used to getting
along and used to helping each other achieve their priorities ... We
worried about it more than any other group. The intensity of it, the
feelings, were much higher, among the individuals involved with
the discussions in those groups.®

Steve Strom, who chaired the 1987 ‘Future Directions for NOAQO’
Committee, headed the panel that addressed ground-based optical and
infrared astronomy for the decadal survey. Members of Strom’s panel were
keenly aware that at least eight other telescopes larger than six meters
would be built within the next ten years. Several of these would be
operated by groups outside the United States. Bahcall and his Committee
interpreted this trend as a serious erosion of American leadership in
astronomy, where dominance is often measured by the amount of available
telescope collecting area.*°

Strom organized forums in different parts of the country where
astronomers could meet and discuss their perceptions and wishes for the
next decade. Each regional group of astronomers viewed the situation
differently, depending on their access to resources. Strom recalls that the
scientists from the Midwest felt very disenfranchised, and the least blessed
with resources; as a result, they felt most in need of the national observa-
tory that would provide telescope access, but not necessarily new or larger
facilities. On the other hand, astronomers from places such as Caltech and
the University of Arizona had plans for their own facilities; they were less
concerned about having a big, new national facility, and wanted federal
funds allocated to help build instruments and operate their own
telescopes.'

Bahcall was also aware that several new ground-based facilities were
going to come on-line in the 1990s. He knew it was going to be difficult to
advocate another large general-purpose telescope, even if it was open to the
national community. As a result, he was in favour of a new facility with
unrivaled capabilities, and believed that a national telescope project with-
out some unique rdle would not fare well: ‘I would not personally have
supported a telescope which was not special . . . I wanted the US to have
some unique facilities’.® A unique role was essential to the continuing
future of the NOAO/international 8-meter telescope project. It was also,
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not coincidentally, one of the suggestions of the Future Directions Com-
mittee in 1987.

A key person who helped advocate a unique réle for a new national or
international telescope project necessary to ensure that it ranked high on
Bahcall’s recommendations was Frank J. Low. Low was a prominent
infrared astronomer at the University of Arizona. He had served on
Strom’s Future Directions Committee, and was also on the optical/infrared
panel in the Bahcall decadal survey. Low suggested optimizing at least one
of the planned 8-meter telescopes for infrared observing. This would give it
a unique capability that no other telescope facility of that size in the world
could offer.>*! Bahcall recalled meeting with Low in January 1990, at a
meeting of the American Astronomical Society, and hearing about Low’s
idea for an infrared optimized telescope. As he recalls:

[I]t was clear that the scientific frontiers [for this type of telescope] were
virgin and vast! I was thrilled by the idea. I think that, within half an hour,
I said “That’s something we really have to do’.

The next political hurdle for the telescope project was actually to
receive money from Congressional Appropriations Committees. Funding
for the National Science Foundation, the ultimate source of money for the
telescope project, is controlled by the House and Senate Subcommittees
for the Departments of Veterans Affairs, Housing and Urban Develop-
ment, and Independent Agencies (VA/HUD/IND). The telescope project
appeared in the NSF’s budget for fiscal year 1991 as a request for $4m.*?

On 27 February 1990, Robert Traxler, the chair of the VA/HUD/IND
Appropriations Committee quizzed Bloch about the use of the money and
the need for any new telescope, when the much-heralded and very ex-
pensive Hubble Space Telescope would soon be operational.*® Traxler and
other committee members asked probing and sometimes critical questions
about new large-scale science projects in the NSF’s budget, including a
request for funds to begin building a gravitational-wave detector, and they
expressed concern that the NSF’s ‘big science’ projects might be squeezing
out its grants programme to individual investigators. He chided Bloch: ‘We
know they are all your children, you love them equally, and you want every
one of them’.*

In May 1990, Richard Malow, the House clerk for the VA/HUD/IND
Appropriations Committee and Traxler’s right-hand man, visited NOAO
headquarters in Tucson to meet with staff, and to discuss the telescope
project. Finally, in October 1990, Congress passed House Resolution
5158.%% In effect, the resolution said that the American astronomy commu-
nity had $88m; they could either build two telescopes with it and have half
of each, or build a single telescope solely for use by the US community.
However, Erich Bloch and other high-ranking officials had made inter-
national collaboration a sine qua non for the Gemini Project, and negotia-
tions were well under way with the UK and Canada.

Prospects for the 8-meter telescope project were much improved now
that substantial money had been appropriated. However, it still needed the
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blessing of the astronomy community to ensure community support and
future funding. In the Spring of 1991, the Bahcall Committee released its
report — this informally referred to the 1990s as the ‘decade of the infrared’
— which made an infrared optimized 8-meter telescope on Mauna Kea, the
highest priority for ground-based astronomy.*¢ The fourth priority overall
was an 8-meter telescope in the southern hemisphere, a twin of the one on
Mauna Kea. The southern telescope would operate both at optical and
infrared wavelengths. The twin 8-meter telescopes had thus received a
major boost of official community support.

The issue of international collaboration remained unresolved and
uncertain for several more months. On 19 December 1990, as Bahcall and
his Committee were preparing their final report, the UK Science and
Engineering Research Council voted formally to join the United States
and Canada on a collaborative effort. The USA would provide 50% of the
funding, while the UK and Canada would each contribute 25%.*” When it
released its report, the Bahcall Committee did not specify an international
partnership, and the language of the optical/infrared panel’s report is
somewhat vague, referring to ‘a pair of nationally accessible 8-meter
telescopes’. Bahcall was personally opposed to the international arrange-
ment, favouring American-owned telescopes.?® However, the mandate
from the Congress was one US telescope, or two done as an international
effort with the American astronomy community getting half. The Amer-
ican astronomy community gradually accepted the international option.
The plan did have the advantage of providing new and very large tele-
scopes to observe the night skies in the Northern and Southern hemi-
spheres. By the summer of 1993, the financial and organizational frame-
work for building the Gemini 8-Meter Telescope Project was largely in
place.

Gemini and the Moral Economy of Astronomy

This paper has extended E.P. Thompson’s (and others’) use of the moral
economy idea to the processes, values and traditions that astronomers
employ to allocate their resources — in this case, access to telescopes and
funding for new facilities. What do the plans for a new national telescope
and its early history tell us about the workings of astronomy’s moral
economy?

The American astronomy community has often debated how its re-
sources should be allocated, and how the national observatory should serve
the community. Historically, some in the community have advocated
building more small telescopes, while others have pushed for a few new
telescopes much larger than those currently available. This was central to
the debate at the 1987 AURA retreat in Keystone. Part of the desire for
larger telescopes comes from the need to compete with forefront research
done by astronomers at large private facilities, such as the two Keck
10-meter telescopes. Fewer nationally available telescopes means, however,
a smaller number of available observing nights, and telescopes that will
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serve a more limited group of users. The type of facilities American
astronomers selected was connected intimately with NOAO’s potential
réles in providing resources to the community — one that was more service-
oriented, or one that gave the national observatory leadership in select
areas of the discipline. In choosing to build the two Gemini telescopes, the
American astronomy community opted for bigger, more modern and
cutting-edge facilities that would serve fewer users and create a more
prominent réle for NOAO.

The decadal reviews prepared by the National Academy of Sciences
play a powerful réle in shaping astronomy’s moral economy. Through these
reports, astronomers recommend how resources should be allocated, what
facilities will best serve the community, and what the community’s prior-
ities are to be. Not surprisingly, the committees’ demographics have
historically tended to favour senior astronomers from more prestigious
universities. Despite the participation of a large number of astronomers in
these surveys, the debates they engender are kept largely opaque to the
overall community. In short, the allocation of resources is not a democratic
process. Despite this, the astronomy community is frequently held as an
exemplar of a science that makes tough choices about its priorities, offers
recommendations to funding agencies, and generally follows them.*® Given
the historical disparity between the ‘haves’ and ‘have nots’ and the increas-
ing fragmentation of astronomy into sub-disciplines, it is not at all clear
how another, more participatory mechanism would work more effectively.

Consider the different roles the National Academy of Sciences decadal
surveys have played in the historical development of two large-scale astron-
omy facilities: the Hubble Space Telescope and Gemini. In 1971, the
decadal survey chaired by Jesse Greenstein did not explicitly recommend
the Large Space Telescope, as it was then called. Instead, Greenstein’s
report strongly endorsed the construction of the Very Large Array, a series
of 27 radio telescopes. This was in spite of Greenstein’s personal reserva-
tions of having so much of the federal funding for astronomy go to support
national centres at the expense of university programmes.>® Later, Con-
gressional opponents to the project used the lack of formal community
support to attack the Space Telescope Project. It fell to astronomers such
as Lyman Spitzer and John Bahcall to offer a different interpretation of the
Greenstein report, and to lobby members of the survey committee retro-
spectively to back the Space Telescope Project.’! The space telescope, later
re-named after Edwin Hubble, barely survived its Congressional battles.

Advocates of the Gemini Telescope Project avoided this potential trap
by emerging with strong and explicit official recommendations for the twin
8-meter telescopes. From 1987 onwards, several different committees in
the United States and abroad, including the Bahcall panel, gave support to
a twin 8-meter telescope project. Even Bahcall himself, who opposed
international collaboration, was swept along by the force of his Commit-
tee’s support for the project, and its place in the larger context of the
‘decade of the infrared’.® Gemini had the strong support of astronomers
from both Canada and the United Kingdom. When a project such as
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Gemini is international, it may become more difficult unilaterally to
withdraw without embarrassment, or casting doubt on future collaborative
possibilities. The possibility of an international project excited some Amer-
ican astronomers who looked to a time when other collaborations would
result in more telescopes available to the community.’> Moreover, having
two telescopes, one in Hawaii and one in Chile, guaranteed American
astronomers full-sky coverage at nationally-available facilities. This helped
bolster broader support for the project among American astronomers who
may not have been as supportive of a single infrared-optimized telescope in
Hawaii.

Another strategy that proponents of Gemini followed was to sell the
project as a niche facility. The Hubble Space Telescope was faced with
many of the same challenges as Gemini and its earlier precursors, lacking a
solid base of community support.”> Astronomers knew that both Hubble
and Gemini would be national facilities open to all members of the
American science community. However, the Hubble Space Telescope was
going to be absolutely unique. There would be no other large space
telescopes with which it had to compete. The same could not be said for
Gemini — astronomers and science administrators expected the completion
of several other large ground-based telescopes during the 1990s.

Securing community support for Hubble required a diverse coalition
of stellar and planetary astronomers who all had use for the space tele-
scope. It also meant that space-based astronomy could not be seen as being
promoted at the expense of traditional ground-based facilities. Whereas the
design for Hubble was incrementally altered to make it appeal to a broad
group of astronomers, a different tack was taken with Gemini. John
Bahcall and the other members of his Committee recognized that getting
community support and federal funding for a general-purpose national
facility, even if it had international partners, was not going to be easy.
Therefore, acting on the suggestion of Frank Low and others, Bahcall’s
Committee endorsed the Gemini Telescope Project as an instrument with
unique capabilities. By insisting that one of the telescopes be optimized for
infrared observation, astronomers established a clear and special ‘discovery
space’ for the project. Infrared optimization gave the Gemini telescopes a
defence against potential opponents in the community who might question
why the NSF’s research dollars should go to build ‘more of the same’ with
regard to large telescope facilities. American astronomers accomplished
this task without alienating international partners who, lacking access to
similar telescopes, were understandably less enthusiastic about having
what seemed to them an overly specialized telescope facility.

The success of getting Gemini approved, funded and built required
much negotiation and compromise. Goetz Oertel, when talking informally
with me about Gemini, used Bismarck’s familiar saying: ‘Politics is the art
of the possible’. From the standpoint of American astronomers, a major
compromise was building two telescopes as an international effort rather
than holding out for a single national telescope in Hawaii or, even more
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boldly, two national telescopes. What was the cost of compromise to the
American astronomy community?

One obvious result of the international collaboration was the loss of
observing time that American astronomers might have had if they had
gambled and held out for two telescopes fully funded by the United States.
Also, while an infrared-optimized telescope project is arguably important
to a balanced scientific research agenda, discussions continued well into
the 1990s about how to achieve this goal, and about the impact it would
have on other observers not that interested in the infrared. For example,
astronomers and project managers within the Gemini Project later debated
for months about the reflective coating that the primary mirrors should
have.>* Some astronomers argued that silver, which is better for infrared
observing but not as useful for optical and ultraviolet research, should be
used. Others pushed for a standard aluminum coating which permits
ultraviolet observations at the expense of infrared sensitivity. Such disputes
may seem trivial and technical. However, they are at the heart of how
different factions of astronomers determine whose interests will take
priority.

Why did American astronomers sacrifice managerial control and ob-
serving time? To a large degree, they had no real choice other than to have
no telescopes at all. Erich Bloch and Congress made international collab-
oration a prerequisite for the project. Perhaps the community, by forming a
united front, could have overridden this. But a united front is not,
historically, a feature of the American optical astronomy community when
it comes to resource allocation. Also, prior to Gemini, there were no plans
to build a new large telescope in the Southern Hemisphere that would be
readily available to the American astronomy community. By opting for two
telescopes, the American astronomy community as a whole gained the
ability to observe with very large telescopes in both hemispheres. Mean-
while, the European Southern Observatory was preparing to construct
a suite of four 8-meter telescopes in Chile. Gemini offered American
astronomers the opportunity to compete with foreign astronomers in the
Southern Hemisphere.

The compromises necessary to have the Gemini telescopes approved
and funded also affected institutions such as NOAO, AURA and the NSF.
While the United States was the dominant partner and best-represented on
the different Boards governing Gemini, there was some loss in admin-
istrative control by building the project as an international effort. What did
the American institutions who managed and funded Gemini gain as a
result? The NSF gained the experience and prestige of being the executive
agency for a very large and expensive international project. The NSF,
acting as the executive agency, selected AURA to manage the construction
and commissioning of the telescopes, thereby providing it with another
prominent national observatory facility to manage, in addition to the
NOAO telescopes and the Hubble Space Telescope.

But it was the national observatory which was most affected when the
Gemini telescopes were approved and funded. Throughout the 1980s,
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NOAO was a beleaguered institution. A stagnant budget, inflation and staff
cuts had depressed morale and diminished NOAQO’s position in the scien-
tific community. Concomitantly, NOAO was pulled in several directions by
‘haves’ and ‘have nots’ in the astronomy community. Some astronomers
wanted NOAO to provide large and cutting-edge facilities; some wanted
more access to smaller telescopes; and others simply wished that NOAO
would be dissolved and its funding used to support individual researchers
and private observatories. The decision to build the Gemini telescopes did
not resolve community conflicts about the réle of the national observatory
and what its mission should be. While Gemini gave new life to NOAO, it
came at a price.

In the early 1990s, the international partners of Gemini organized the
management of the Gemini project. The Gemini Board was formed under
the agreement signed by the United States, the United Kingdom, and
Canada.”® The NSF and other international science agencies gave ultimate
authority to the Gemini Board and effectively took direct control away
from NOAO and AURA. These actions eliminated any direct managerial
control that NOAO might have, and reduced its participation and influ-
ence in the project.

Why was this done? A letter from Goetz Oertel to AURA Board
members in 1991 provides some clues. It asks what the relation should be
between the Gemini Project and NOAO. Oertel notes that AURA expected
to rely heavily on NOAO in the coming months for engineering, scientific
and administrative support. However, he added that it is important that it
did not appear that the United States has ‘disproportionate control over
the international Gemini project’.’® NOAO’s role was a delicate issue, and
it was forced to cede control so as to avoid alienating the international
partners whose cooperation, support and funding were critical.

Despite the loss of direct control, American astronomers continued to
associate NOAO - for better or for worse — with Gemini, reflecting the
organization’s long-standing attempts to build a new national facility.’
NOAO remained associated with Gemini when the NSF established the
‘United States Gemini Project Office’ as a separate division of NOAO.
Through this project office, NOAO serves as the American ‘door’ to the
internationally-run telescopes. This association gave NOAO the opportu-
nity to be a player in the game of very large telescopes. It also helped
strengthen NOAQO’s position in the moral economy of astronomy as a
provider of telescope observing time for the entire community. NOAO’s
compromises strengthened its position in the astronomy community, at
least in the short term. But, in reality, NOAO was weakened by having
Gemini removed from its direct control.

Contemporary American optical astronomy, unlike its counterpart in
the Canada or the United Kingdom, has an inherent tension built into its
moral economy due to a postwar legacy of privately-funded telescopes
competing with the national system. Even after the Gemini Project was
well under way, considerable disagreement continued (and still does)
within the astronomy community on long-standing issues such the role of
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the national observatory, the types of facilities it should operate, and how
access to national telescopes should be granted. These issues are part of
long-standing historical conflict over resources within the American optical
astronomy community between ‘haves’ and ‘have nots’. Whereas radio
astronomers in the United States have remained united and put their faith
largely in resources provided by a federally-funded system of facilities,
optical astronomers have hedged their bets. Indeed, one of the most
common institutional arrangements for astronomy in general is the in-
crease in the number of facilities run by consortia. Some of the collabora-
tions even have NOAO as a partner in an interesting hybrid of private-
public cooperation.’®

The process of negotiations and consensus building through which
Gemini emerged as a viable project took place over several years and in
many different countries. It required the participation of an international
meélange of astronomers, engineers, politicians and managers. Building the
Gemini telescopes was partly an effort to maintain a fair distribution of
resources within the community. It helped expand the community, who
had access to some of the world’s largest telescopes. The building of the
Gemini telescopes may be seen as a reaction against the growing number
of large telescope facilities operated by the traditional ‘haves’ in the
community. In an era when almost all the biggest telescopes were being
built as private facilities for the ‘haves’, Gemini helped preserve the ideal
that all American astronomers could compete for access at two of the
world’s most modern telescopes. But it would be naive to think that the
persons and committees who determined the direction American astron-
omy would take did so solely out of altruism. Ideals of equity and fairness
with respect to telescope access were also used to serve broader institu-
tional needs, such as the health of the national observatory system, and as
justification for its continued existence. Gemini’s early history is not simply
a story about how scientists prevailed over bureaucratic and financial
hurdles in their quest for a bigger and better telescope. Through the
political and institutional machinations that took place as the design,
support and funding for the Gemini telescopes were stabilized, members of
the American astronomy community played an active role in shaping their
moral economy.

Interviews

In this paper, I draw on a number of interviews with astronomers and administrators who
were involved in the events I analyze. With one exception (see note 18), I conducted these
interviews myself; transcripts are in my personal working files. I use alphabetic superscripts in
the main text to indicate the sources of information and quotations from these interviews.
With one exception, my interviewees waived anonymity.

The interviews are coded as follows:

Helmut Abt, Tucson, AZ, 20 January 1999.

John N. Bahcall, Princeton, NJ, 2 December 1999.
Jacques Beckers, Chicago, IL, 1 June 1999.

John T. Jefferies, Tucson, AZ, 26 February 1999.

a6 o
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e  Frank J. Low, Tucson, AZ, 23 February 1999.

f  Richard Malow, Washington, DC, 24 September 1999.
g Goetz Oertel, Washington, DC, 24 September 1999.

h  Steve Strom, Tucson, AZ, 19 January 1999.

i Steve Strom, Tucson, AZ, 19 February 1999.

Notes

This research was partially supported with funding from the National Science Foundation.
I am especially appreciative of those astronomers and science administrators who agreed to
be interviewed. I am also grateful to those who read earlier versions of this paper, including
John Agar, Harry Collins, David DeVorkin, David Edge, Robert Smith and Olivia Weaver
Walling, as well as the anonymous referees.

10.

In this paper, ‘astronomy’, unless noted otherwise, is restricted to traditional ground-
based astronomy in which scientists make observations in the visible or near-ultraviolet
or infrared parts of the spectrum. There are many types of telescopes for observing
different regions of the spectrum: ‘telescope’, unless noted otherwise, means telescopes
as they are traditionally thought of — ground-based instruments with mirrors to collect
and reflect light to detectors and other devices.

Beckers’ terms were repeated frequently by the other astronomers and science
managers I interviewed.

See E.P. Thompson, ‘The Moral Economy of the English Crowd in the Eighteenth
Century’, Past and Present, Vol. 50 (1971), 76-136. This essay was later reprinted in
Thompson’s Customs in Common (New York: New Press, 1991), 185-258, along with a
review essay entitled “The Moral Economy Reviewed’, 259-315. The term itself dates
back to the 19th century. Thompson’s interpretation of the concept has been adapted
by historians of science, most notably by Robert Kohler in his book Lords of the Fly:
Drosophilia Genetics and the Experimental Life (Chicago, IL: The University of Chicago
Press, 1994), esp. Chapter 1; Kohler builds on Thompson’s term to discuss the
practices of 20th-century biologists and geneticists. Lorraine Daston’s essay, ‘The
Moral Economy of Science’, Osiris, Vol. 10 (1995), 3-24, also presents a helpful
discussion of the term.

Kohler, op. cit. note 3, 12.

For example, the University of California and Caltech had funding for two 10-meter
telescopes on Mauna Kea in Hawaii, and the European Southern Observatory was
going to build a facility with four new 8-meter telescopes in Chile. Also, a 6-meter
Russian telescope, reputed to be hampered by a poor site and technical flaws, was
completed in the 1970s, but was not available to Western astronomers. I have adopted
the convention of astronomers in this paper, and refer to some telescopes in English
units and some in metric. For example, the Palomar telescope is often referred to just
as the ‘200-inch’ (about 5 meters), and the Mt Wilson is the ‘100-inch’, whereas other
telescopes built later are referred to in metric units — such as the Kitt Peak ‘4-meter’.
NOAO Press Release INOAO 99-08, 25 June 1999).

In Thompson’s presentation of the moral economy, the object of value was food. In
Kohler’s work, the commodities were the exchange of Drosophila stock, and distribution
of prestige and credit among biologists and geneticists.

Daston, op. cit. note 3, 7.

See, for example, Daniel J. Kevles, The Physicists: The History of a Scientific Community
in Modern America (New York: Knopf, 1978; Vintage, 1995), papers in Peter Galison
and Bruce Hevly (eds), Big Science: The Growth of Large-Scale Research (Stanford, CA:
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