
Hubble: A mirror 
up to (human) nature 

By Robert W. Smith 

One of my most vivid recollections of following the 
Hubble Space Telescope program for several years 
is a briefing by a Perkin-Elmer representative. The 

briefer was smoothly flipping his chart and, as usual, we 
were hearing how well things were going. At one point, 
however, a member of the audience rather sheepishly ques
tioned a claim that a component "exceeded specification." 
Surely, the real meaning of the chart was that the component 
failed specification? "That's right," the briefer asserted, "it 
exceeds specification in a negative direction." And he 
pressed confidently along. 

To tell this story of Orwellian doublespeak is not to 
malign very many highly dedicated, talented, and 
hardworking people who toiled—and in some cases sweated 
blood—to bring the Hubble Space Telescope into being and 
who strove to make it work as originally planned. They 
deserved better than to witness the telescope turned by 
the media into a symbol of abject failure during the sum
mer of 1990. 

Rather, the point of this anecdote is to underscore an 
issue that plagued the telescope project from its inception: 
communication—or rather, the lack of communication— 
and an unwillingness to reveal bad news. The overwhelming 
evidence of participants and program records is that many 
people who should have been closely involved in decision 
making processes were often excluded. The concept of 
Perkin-Elmer's "corporate wall" is more than symbolic: As 
the NASA administrator conceded to Congress in 1983, the 
space agency had never really penetrated the activities at 
Perkin-Elmer. 

In the same hearings, by the way, there was much ani
mated discussion of how, after manufacture, the primary 
mirror had gotten so dusty in the Perkin-Elmer clean room 
that it needed to be cleaned. The mirror's spherical aberra
tion is not the only evidence of sloppy quality control 
procedures. 

Underestimated from the start 
The telescope as authorized was also a buy-in—that is, 
approval was won at an unrealistically low figure. NASA was 
publicly acknowledging as much by 1980. Hence the original 
cost estimates and time to launch, as approved by Congress 
in 1977, were woeful underestimates. 

But it must be understood, too, that the program philoso
phy that NASA articulated publicly and explicitly in the mid-
1970s was one of "low cost and high risk." Such a philosophy 
had been adopted by NASA to cut the telescope's cost and 
make it more palatable to Congress. At the heart of this 
approach was the Space Shuttle. The idea was that if prob
lems arose, the shuttle would be readily available to help fix 
things. Hence, greater risks could be taken than might 

otherwise have been the case because of the "insurance" 
the shuttle would provide. 

The Space Shuttle is a remarkable machine that provides 
many capabilities. But it has also been a policy disaster for 
space science. Even before the Challenger accident, the 
reliance of space science missions on the shuttle was lead
ing to massive delays. The shuttle's cost increases also 
undercut to a significant degree the space telescope's de
sign philosophy. In 1977, the telescope was sold with the 
idea of using the shuttle to cut development costs. By 1979, 
changes in the telescope program were proposed to drop 
the numbers of expensive shuttle flights. The design phi
losophy had come almost full circle. 

Political damage 
Now NASA and the astronomers are pinning their hopes on 
a fix for the telescope's mirror problem that relies on 
astronauts installing in orbit what is in effect a kind of 
optical bench. One might even argue that this scheme is a 
vindication of the original design philosophy. But what a 
vindication! It completely misses the enormous political 
damage that was inflicted on both NASA and space science 
by the spherical aberration problem—and it ignores the 
costs associated with the philosophy. A shuttle launch now 
costs $400 million plus; in the mid-1970s, the space agency 
was talking of launches at around $30 million. 

The result of these various factors—a buy-in, lack of 
communication, and escalating shuttle costs that make the 
reusable spacecraft less accessible to the telescope pro
gram—was that almost from day one of the telescope's 
design and development phase, there were serious cost and 
schedule problems. These problems were compounded by 
a bad program design for the various NASA centers, scien
tists, and contractors involved—too often it invited, and 
got, factionalism and the protecting of turf, rather than the 
cooperative solving of problems. 

The Allen Committee's "The Hubble Space Telescope 
Optical Systems Failure Report" refers to the enormous 
cost and schedule pressures that were in play in 1981. The 
manufacture of the mirror was completed in May of that 
year. Cost and schedule pressures were so great that some 
people were afraid that the telescope was in such a financial 
hole that it might be cancelled. In December 1980, after 
several months of agonizing reappraisals of the program, 
the NASA administrator had finally approved a plan that 
added about 15 more months to the schedule and about 
another $100 million to the budget. But the space agency 
had hardly addressed in a serious way the fundamental 
problems facing the telescope program. Within a very short 
time, matters seemed as bleak as before. As the telescope's 
project scientists put it, "Our present position is one of 
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decisions being driven by costs rather than technical needs." 
Since the mirror problem became public, there has been 

much discussion about possible extra tests that might have 
caught the spherical aberration. But in 1981, many engi
neers and scientists were fighting hard to prevent tests 
being removed from the program. Many other parts of 
the program were in trouble, particularly the fine guid
ance sensors, also being built by Perkin-Elmer. In the 
financial climate of 1981, it was very doubtful that extra 
tests would be approved. Indeed, as the Allen Commit
tee points out, some people did urge that independent 
tests be made of the primary mirror, but such pleas met 
an unreceptive audience. 

Lessons for next time 
Unusually for a NASA report, ones senses an anger among 
the Allen Committee members that such a mistake could 
have been made and not detected. Null corrector errors 
similar to the one that flawed the Hubble Space Telescope's 
mirror had been made before. This author is aware of three 
cases that were known in 1981 to at least some people 
associated with the telescope. Yet, incredibly, the tele
scope fell victim to the same error. Here surely is a lesson 
that optical engineers and astronomers should not forget. 

The Allen Committee has done a superb job in identifying 
the source of the spherical aberration. It is also strongly 
critical of NASA and Perkin-Elmer. However, following the 
direction of NASA headquarters, the panel concentrated on 
technical issues. And it did not have subpoena powers. 
Hence, its report cannot offer fully convincing arguments or 
evidence on the circumstances surrounding the null correc
tor error and the associated issue of why, given the sets of 
discrepant interferogram data indicating spherical aberra
tion was present, the spherical aberration was not picked 
up. 

During the summer hearings, the House Committee on 
Science and Technology urged that names be named. NASA 
agreed, but established the investigating committee with 
such limited powers that it was practically impossible. 
Thus, the group's report studiously avoids naming anyone. 
Who knew what when about the discrepant data and whether 
that information was truly restricted to only a very small 
group at Perkin-Elmer directly working on the manufacture 
of the mirror are still very open questions. 

But even more important than these questions are the 
broad lessons to be learned from the story of the Hubble 
Space Telescope. Even if things had worked perfectly in 
orbit, there are still major issues raised by a program that 
was seven years late and about $1 billion over budget. Let 
me offer just three lessons. First, too often on the telescope 
program the scientists were not centrally involved in major 

decisions. The scientists, as the ultimate users in a program 
like the Hubble, have the biggest stake in doing the job right. 
They must demand, and secure, more control over their 
programs and not rely on someone else to do the work for 
them. This must happen, even if, as the Augustine Report 
suggests, NASA has to adopt new institutional arrange
ments. Second, the current NASA system of procurement 
often, in effect, both invites and delivers buy-ins. It is time 
for some honesty. If not, there will continue to be a climate 
in which fiascos like the spherical aberration of the Hubble 
Space Telescope's primary mirror can occur. Third, the 
nation should not shy away from projects, like the Hubble 
Space Telescope, that are exacting—scientifically, techni
cally, and managerially—but which promise very important 
results. We must, however, be open to new ways of ensuring 
that the inevitable risks involved in such projects are 
squarely confronted. 

Robert M. Smith is a historian at the National Air and 
Space Museum, Smithsonian Institution, and also teaches 
the history of science at The Johns Hopkins University in 
Baltimore. He is the author of The Space Telescope: A Study 
of NASA, Science, Technology, and Politics, (Cambridge 
University Press, New York, 1989). 

COMING IN MAY 
May's OPN is a special issue on 
"High precision engineering and 

metrology." Guest editor Jean Bennett 
of the Naval Weapons Center brings 
the experts together to examine such 

topics as optical lithography, soft x-ray 
projection lithography, diffraction 

gratings, ST M/ AT M measurements 
and surface profiles, fabricating and 
measuring interocular lenses, and 
precision measurement of optical 

fibers, among others. 
• 

April 1991 Optics & Photonics News 31 


