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Moment ONE

30 August 1905
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George Darwin, 1905, and 
the limits of astronomy

Was it not as futile to 
imagine that humans “can 

discover the origin and 
tendency of the universe as 

to expect a housefly to 
instruct us as to the theory 

of the planets?”
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The One-Galaxy Universe, 1905
our Milky Way galaxy is the only visible galaxy in space
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American astronomy remade 
by new forms of patronage
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Andrew Carnegie Charles Tyson YerkesJohn D. Rockefeller
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Hooker 100-inch 
Mount Wilson

the most important 
result of the new 

wave of telescope 
building 



Proof of Other Galaxies Secured in 1923
Discovery by Edwin Hubble 

of Cepheid variable stars  (VAR!)
in the Andromeda “Nebula”
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Henrietta Leavitt, 1912

Established the 

Period-Luminosity relationship 

for Cepheid variable stars, a method of 

determining distances to these stars

This relationship was crucial for determining: 

(1) the size and nature of our galaxy

(2) the existence of other galaxies
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Moment TWO

4 October 1957
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Soviet Union’s Sputnik I 
launch on 4 October 1957, 

crucial step in the Space Race 
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Federal patronage transforms the prospects 
for Space Astronomy 
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Panchromatic Space Astronomy Emerges
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With JWST’s completion and operations, 
the builders and users of JWST will add to 
the remarkable adventure of the human 

spirit that is the enterprise of space 
astronomy, remarkable in that it has been 
so extremely productive while also being 

so incredibly hard.
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Moment THREE

13 September 1989
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1989 Workshop at the Space Telescope 
Science Institute to plan a successor to 

the Hubble Space Telescope
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At that time 
(1989) 
Hubble

still had not 
launched

Hubble’s 
detailed 

design and 
construction 
had begun 

in 1978



20 July 1989: President Bush and the 
Space Exploration Initiative  

17



18



19



What Sort of Successor to Hubble? 
Suggestion from 1989 Workshop 
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Moment FOUR

24 April 1990
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Hubble Space Telescope launched
but a blunder awaits discovery: 

spherical aberration
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Shuttle repair mission to Hubble
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Wide Field/Planetary Camera 1 being removed 
from Hubble by astronaut Jeff Hoffman 

Shuttle Endeavour launch on 2 December 1993
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Iconic imagery: 
demonstrated 
Hubble was 
working as 
intended 



Hubble Deep Field

Wide Field/Planetary 
Camera 2

Ten successive days in 
December 1995

Revealed close to 
10,000 galaxies 
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Hubble’s troubles slowed planning for a 
`Next Generation Space Telescope,’ but 

with Hubble’s rebirth matters could 
move forward
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Moment FIVE

22 May 1991
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Bahcall Committee 1991

Proposed priorities for U.S. ground-
based and space astronomy in the 

1990s

Declares the 1990s will be 
the decade of the infrared, 

with huge improvements in detectors

BUT DOES NOT SUPPORT 
PROCEEDING WITH A UVOIR NGST
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STATE OF IR ASTRONOMY: Malcolm Longair, May 1991

“…the enormous revolution in infrared astronomy which 
has taken place over the last ten years.  The technology of 
infrared detector arrays and advances in all related aspects 
of instrumentation — mechanical, electronic, optical and 
cryogenic design — have led to quite staggering advances 
in scientific capability.  Most major observatories now have 
programmes of advanced infrared instrumentation as a 
matter of course…” 
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Passive cooling opens the way to a BIG 
infrared space observatory
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Tim Hawarden (Left) 

Examining prospects 
for a big infrared 

space observatory

Conference Participants
May 1991 (above)



POIROT
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Edison (Planned Infrared Observatory)
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Moment SIX

17 January 1996
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Longair again, 1991

“…it is still mostly the pioneers and afficionados who are using 
these wonderful new [infrared] instruments…

The point of this argument is that, when the case is being made for 
a major new astronomical facility such as POIROT, it is plainly of the 
greatest importance that the scientific case for the facility is very 
broadly supported within the whole astronomical community and 
not just among infrared astronomers…

It will be essential to further the case for the next generation 
infrared telescope that the scientific case be absolutely first-class.” 
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Dressler Committee 1996

Argues that the “Origins” theme should 
guide space astronomy in the next decade

Desire to ‘break’ the cost-curve represented 
by Hubble

Recommends a passively-cooled infrared
space observatory (not UVOIR)

“NASA should develop a space observatory 
of aperture 4m or larger, optimized for 

imaging and spectroscopy over the [infrared] 
wavelength range.” 
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At this point, the future telescope is sometimes 
referred to as ‘the first light machine’ however…

“Our recommended large-aperture IR-optimized space 
telescope will be essential for the detailed studies of the 
early universe at 1-5 microns. However, we also 
recommend that it be operated as a powerful general 
purpose observatory, serving a broad range of scientific 
programs over the wavelength 0.5 to 20 microns, the 
exact coverage to be determined on the basis of future 
technical evaluation.” [HST and Beyond p. 69]  
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NASA’s Dan Goldin
Speech to the American 

Astronomical Society in 1996

“Our next big step in space 
astronomy is in the infrared. We have 
to move beyond the visible… We’re 
going to open up the whole universe 
to our eyes; young stars, planets, 
faint IR galaxies…”
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NASA’s Dan Goldin
Speech to the American 

Astronomical Society in 1996

“I see Alan Dressler here. All he wants 
is a four-meter optic that goes from half 
a micron to 20 microns. And I said to 
him, ‘Why do you ask for such a 
modest thing? Why not go for six or 
seven metres?’ … we have years to 
work this, so I think we ought to relax 
and not make these major 
commitments.”
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By late 1995, NASA planning for “Next Generation 
Space  Telescope” (NGST) is underway

October 1995: Study contract established with 
Goddard Space Flight Center; John Mather is lead

Goddard takes the lead for NASA, working closely 
with the Space Telescope Science Institute

Industry also involved on a serious scale
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Lockheed Martin’s 
Original NGST Concept: 

Monolithic 6 m 
telescope. Lockheed 

had been responsible for
the spaecraft part of 

Hubble. 
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NGST Design Notes

April 1996



c 1996: Goddard yardstick design  (left), TRW design (right) 
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Current conception of JWST
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1997

Study has been greatly 
influenced “by many other 
concepts of passively 
cooled telescopes, in 
particular POIROT and the 
Edison Infrared Space 
Observatory and MIRORs.”
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From George Rieke’s  The Last of the Great Observatories: 
Spitzer and the Era of Faster, Better, Cheaper at NASA

Illustrates the move to 
passive cooling made in 
1993, and the shift from 
launching a telescope in 
a large cryogenic system

Also underlines the major 
problems of funding for 
space astronomy in the 
post-Cold War 1990s
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Moment SEVEN

3 December 1999
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Loss of Mars Polar Lander (and later Mars Climate Orbiter) 
heralded the end of “Faster, Better, Cheaper”
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Faster, Better, Cheaper (FBC)

16 FBC missions launched between 1996 and 1999

Represented five Science Mission Directorates at NASA, 
including missions to do with planetary science, earth 

observation, astrophysics

6 FBC missions failed  

(perhaps worth noting that of the first 10 FBCs, just 1 failed) 
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Moment EIGHT

24 September 2002
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SWG Meeting at STScI

By September 2002:  TRW selected as Prime Contractor;  ESA and 
CSA had agreed to make contributions to project

SWG coping with impacts from earlier cost summit at Goddard

Descope from 8m to 6-6.5m

Mid Infrared Instrument (MIRI) under threat

Aim for 2009 launch

No NEXUS (a technology `test bed’)

“Magic” cost number of $800 Million
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Moment NINE

6 July 2011
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JWST zeroed out of budget on July 6, 2011
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Maryland Senator Barbara 
Mikulsi was a  key figure in the 
subsequent budget fight; also 

key figure in Hubble history

Frank Wolf’s House Appropriations 
Subcommittee for Commerce, Justice and 

Science says: “billions of dollars over budget 
and plagued by poor management” 
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Establish a Coalition of Support on the Run

PLANETARY EXPLORATION NEWSLETTER – SPECIAL EDITION

Volume 5, Number 40 (September 8, 2011)

…We individually and together reject the premise that JWST must 
be restored at all costs. We further stand by the following positions:

(1) There are important national priorities in space beyond the 
goals of JWST that as a country we cannot afford to sacrifice.

(2) If Congress believes JWST is so important that it must be 
restored, then Congress should commit to adding funds to the 
NASA budget sufficient to cover JWST’s expenses from here 
forward, recognizing that it may well cost more than $8.7B.

(3) Without additional funds to NASA, JWST should not be restored 
unless and until an open science community assessment is 
made of the value of what will be gained and what will be lost 
across the entire NASA science portfolio.

(4) If Congress cancels JWST, it is important to preserve the NASA 
astrophysics budget and mandate the formulation of a plan to 
retain US astrophysics leadership. 58



Forum on Megascience (OECD, 1993)

“What is 'megascience,’ and why should it have an important place on the international science 
and technology policy agenda? A primary reason is the fact that over past decades, `big science’ 
has constantly become bigger, absorbing more and more of the science resources of individual 
countries, requiring larger facilities and programmes, augmenting the need for extensive long-
term and often international collaborative efforts. 

While the scientific results of such projects have often been extremely valuable in advancing the 
frontiers of scientific knowledge, the number of projects and the human and financial resources 
involved have meant that, more and more often, difficult choices must be made, priorities must 
be set not only within, but also among, disciplines and new modes of operation have to be 
envisaged. 

It is for this reason that `big science’ has gradually come to be viewed as `megascience’ and, as 
such, raises pressing questions about its role in the overall scientific effort.”
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Compare to another example 
of a Megascience project: 
the Superconducting Super 
Collider (SSC)

President Reagan approved the 

project in 1987 at an estimated 

cost of $4.4 Billion 

Cancelled in 1993 by President 

Clinton, by which time the cost 

had risen to at least $10 Billion



61

Department of Energy project for High Energy 
Physics; required a 54-mile-long tunnel

SSC ring around Waxahatchie, Texas

Initially very strong support from Texas 

(George Bush, Vice-President and Jim Wright, House Speaker)

Loss of influence for Texas by 1993

Wright no longer House Speaker and George Bush defeated 

by Bill Clinton in November 1992



SSC effort at coalition building FAILED: cancelled 1993 

Failure factors:

Lack of international partners

Dissent among physicists

Program ‘design’ created serious tensions

Congressional concern over deficits

Widespread perception of unrealistic cost 
estimates

Shift in the ‘political economy’ and loss of 
influence for Texas



The Making of a Megaproject: 
Some Lessons from HST, SSC and JWST 

Need to make a megaproject scientifically and technically feasible

Need to make a megaproject politically feasible

Need to assemble a megaproject in technical, institutional and 
political terms

Patronage matters! Not simply an issue of securing enough money 
to proceed

Finally: the advocacy of a megaproject has to be done 
OVER  and  OVER  and  OVER again
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Management of Scale

Hubble exemplified (after serious initial problems) the successful 
management of increasing scale, which is central to the broader 
success of large-scale science in the twentieth century

Hubble demonstrated the ability of ‘science managers’ and 
astronomers to operate successfully in — and to shape — the 
prevailing ‘political economy’ of science

How JWST will be seen? 
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A very big scientific instrument placed at 
the frontiers of knowledge represents huge 
political and managerial achievements that 
have to be taken into account along with 

the scientific and technical feats.
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Policy Issue: International Partnerships

Historian and Particle Physicist Michael Riordan on 
the SSC: “The project was just too large and too 
expensive to have been pursued primarily by a single 
nation, however wealthy and powerful.”  The SSC 
was “a bridge too far.”
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Other Policy Issues

Costs: How to initiate a Megascience project at a 
realistic cost?

Reaction of Astro2020: how to pursue multigenerational
very-large-scale projects? (Flagships in NASA-ese)
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Moment TEN

yet to come…..
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