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There has never been an astronomical diffraction limited 
ultraviolet imaging telescope.  Even HST is limited by the 
fabrication of the optical system rather than physical effects 
at wavelengths longer than ~3500Å.  Ultraviolet telescopes 
do not achieve the full resolution physically available.

Thanks to deformable mirrors and pointing systems developed 
for adaptive optics and exo-coronagraphy, we can correct the 
low to mid frequency wavefront error of an optical system at 
the 3 nm level.  As a result we can achieve near diffraction 
limited performance.  We have developed and flown such a 
system for sub-orbital observations of nearby exoplanetary 
systems.  We anticipate that ultraviolet imaging can 
benefit from this cross cutting technology.
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If you consider the surface errors the reasons are obvious.  
Even the best telescopes have RMS wavefront errors at the 
level of ≥40 nm (Krist and Burrows, 1995).  This is �/15 for 
6000Å light,  �/9 for 3500Å light, but only �/3 for 1200Å light 
and corresponds to excellent, good, and poor Strehl ratios as 
expected.

Much of the surface error responsible for the resolution is at 
mid spatial frequencies.  That is to say, the surface errors 
have spatial frequencies with between ~2 and 30 cycles 
across the pupil.

The surface errors of more affordable optical systems are even 
more pronounced.  The surface errors of a typical low cost 
system are roughly twice as severe as those of a higher priced 
system.
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Our system uses a camera and a tip-tilt mirror to stabilize the 
image centroid at the coronagraph.  We then measure phase 
errors on the stabilized image in the system pupil and fit a 
plane to the resulting phase map.  The derived parameters 
drive a tip-tilt-piston piezoelectric (PZT) actuator to correct the 
lowest order aberrations (the low spatial frequency phase 
errors).  The residual error (the mid frequency error) is 
corrected by a deformable mirror (DM).

Laboratory measurements show that we can achieve 3 nm 
RMS wavefront control at spatial frequencies up to the DM 
pixel pitch (~30 actuators across the pupil).  Unfortunately, a 
telemetry failure prevented us from recording flight data.  The 
flight did demonstrate the performance of the tip-tilt portion of 
the system, which was on a different TM channel.

Data from our first flight indicates that the system stabilized 
the light entering the instrument to <5 milliarcseconds RMS 
(4.5 milliarcseconds in X, 2.5 milliarcsecconds in Y).  The solid 
lines are the power spectrum of the pointing while the dotted 
lines are the cumulative distribution.
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