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golden age of traditional theoretical 
physics will continue to be loved, but 
as memories of a bygone era. 
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David Mermin tells of Professor Mo­
zart's difficulty in getting a grant 
because he couldn't describe in ad­
vance what he would find . If he could 
do that, "it wouldn't be research," 
according to Mozart. 

Leo Szilard apparently shared Pro­
fessor Mozart's opinion. Szilard, the 
story goes, would write grant propos­
als for work he had already carried 
out. With the money for the already 
completed work, Szilard would carry 
out new work, for which he would 
write a proposal in due season (that is, 
when it was complete). 

The unwitting granting authorities 
were quite pleased. Szilard's research 
always was finished within the allot­

. ted time, and he always did what he 
had proposed to do. 

This lasted until a referee or mem­
ber of the granting authority objected 
that what Szilard was proposing could 
not be done. Finally Szilard pulled 
the completed work out of his pocket, 
slammed it on the table and said, 
"There, you idiot, it's been done!" 

I can't vouch for the truth of this 
story, but perhaps it has some point­
ers for Professor Mozart. I think 
Szilard's scheme would work better 
for a theoretician than for an experi­
mentalist. 

ROBERT HART 
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Mirror Aberration 
Communication 
I read with interest the news story by 
Bertram Schwarzschild on the shape 
of the Hubble Space Telescope's pri­
mary mirror (August, page 17). The 
wrong shape of the mirror is present­
ed as a gross error that happened by 
some misadventure nobody seems to 
understand. This may not be the 
case. There is evidence that current 
optical testing methods lack accuracy 
and that such an error was highly 
likely to happen. 

At the University of Hawaii, we 

LffiERS 
have recently been systematically 
checking the optical quality of tele­
scopes with a new wavefront recon­
struction technique using defocused 
stellar images. All the telescope pri­
mary mirrors we have tested have 
been found to suffer from spherical 
aberration; that is, the conical con­
stant differed from the expected val­
ue. For telescopes on Mauna Kea, the 
wavefront spherical aberrations at 
A = 0.633 µm were found to be as 
follows: 

Telescope 
UH 88" 
CFHT 
IRTF 

Peak-to-valley 
- 0.3,.l 
- 1.0,.l 
+ 3.SJ 

rms 
o.u 
0.3,.l 
1.U 

The University of Hawaii 88" tele­
scope is a Ritchey-Chretien telescope; 
that is, the primary mirror is hyper­
bolic. The spherical aberration given 
above is the residual value observed 
at the prime focus after correction for 
the expected aberration. The Can­
ada-France-Hawaii Telescope and 
the NASA Infrared Telescope Facility 
both have parabolic mirrors, and 
therefore they each have a stigmatic 
prime focus. The IRTF value is a 
rough estimate obtained at the Casse­
grain focus . Recent observations 
made at the prime focus indicate that 
the aberration is produced by the 
primary. In cooperation with the 
National Optical Astronomy Observa­
tories, we have also tested the Smith­
sonian 60" telescope on Mount Hop­
kins. Again a spherical aberration of 
1.2A peak-to-valley, or 0.4A. rms, was 
found at the Cassegrain focus, which 
may originate from the primary. The 
spherical aberration of the European 
Southern Observatory's New Tech­
nology Telescope quoted by Schwarz­
schild would have probably remained 
unnoticed in the absence of the Hart­
mann sensor used for active control. 

The estimated 1.5,.1, peak-to-valley, 
or 0.5A rms, wavefront spherical aber­
ration of the Hubble Space Telescope 
is of the same order of magnitude. On 
ground-based telescopes such errors 
are hardly noticed owing to the image 
blur produed by the atmosphere. The 
IRTF's large error is hardly noticed 
because this telescope operates in the 
infrared. In space such errors become 
conspicuous and ruin the expected 
high-resolution images. Only recent­
ly has it been realized that on a good 
site such as Mauna Kea the image 
blur produced by the atmosphere 
occasionally drops down to the 0.2"-
0.3" range, whereas telescope aberra­
tions limit the image width to about 
0.4"-0.5". 

Because such errors have long re­
mained unnoticed, people seem to 

have overestimated the accuracy with 
which the conical constants of large 
telescope mirrors are measured. It is 
indeed a difficult task, since measure­
ments are made at the center of 
curvature and the deviation from a 
sphere must be estimated with a high 
absolute accuracy. The following ta­
ble shows the deviation from a sphere 
at the mirror edge for the same 
telescopes as above, together with the 
relative error found in the measure­
ment; I have added the Space Tele­
scope error for comparison: 

Telescope Deviation Error 
UH 88" 160,.l 0 .8% 
CFHT 100,.l 3.7% 
IRTF 300,.l 4.9% 
HST 300,.l 2.0% 

In all cases the error is of the order of 
a few percent. Absolute measure­
ments with an accuracy better than 
1 % are known to be difficult. In the 
case of the Space Telescope, the diffi­
culty has clearly been underestimat­
ed. Additional tests should have 
been made. Informed engineers 
know that most arguments given 
against these tests are wrong argu­
ments. For instance, an 82" quartz 
flat is available at NOAO for testing 
purposes and could have been used 
in autocollimation. This flat would 
not have had to be as optically per­
fect as the Space Telescope mirror as 
long as the errors were known, 
which they were. Contamination 
would not have been a problem, since 
all the tests could have been made 
with an uncoated mirror. 

There are now plans to build 8-m 
telescopes with f / 1.8 primaries. In . 
this case the deviation from a sphere 
is more than 2000,.1,. A 0.06% accura­
cy is required in this measurement to 
insure that the rms wavefront error 
will be less than 0.U. Current testing 
methods clearly seem unsuited to 
meet this. challenge. A research ef­
fort is urgently needed to develop 
more accurate testi_ng methods. In 
addition, active control of the mirror 
figure during observations becomes 
mandatory. 
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(Editor's note: For an update on the 
cause of the Hubble mirror's aberra­
tion, see the news story on page 19.) 

Florida Un-sitely 
for Magnet Lab 
Recently I learned that the National 
Science Board has decided to establish 
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