March 31, 1999

Colleagues,

I just returned from the excellent ULSOC workshop put on in Napa by JPL, especially Rich Capps.   Here are a few tidbits that might affect NGST and N-NGST.

1.  I heard the presentation from LLNL by Norman Thomas on protected silver coatings. I'm very impressed. Their recipe makes silver coatings that are really tough and corrosion resistant, e.g. they don't come off in boiling salt water and they don't tarnish. The coating is done near room temperature and is very cheap. They use over and undercoats of NiCrNx, nickel chromium nitride, for toughness and to retard diffusion.  They can also use layers of SiO2 and Nb2O5 to increase the reflectance.  It's the best known material over most of the visible, by far, and it can be made to work well down to 300 nm.  I'd say the coating problem is solved for NGST, and we don't have to worry about the short wavelength performance.  We also don't have to work too hard to decrease the number of reflections.  However, Pierre Bely points out; that it’s important to find out; whether the coatings cause IR absorption bands, and that until that’s clear this solution isn’t really a final one.

2. John Trauger showed his test data for a 21x21 array of 1x1 mm short stroke (0.4 um) piezo DM actuators. The work fine, are very stable and stackable into larger arrays, which are being made now.  They could well convert a good IR telescope into a diffraction limited UV telescope at low cost.  We haven't said that was a requirement for NGST, as we fear the cost of the other requirements that would go with full exploitation of such a capability.  They could also make a really wonderful IR coronagraph.  Even without the DM, his simulations show that a lot of Jupiters could be seen directly by NGST. With the DM, it gets a lot easier, and there might be a chance to see much closer to the star.  We (the science leads and the ASWG) really need to give this some more thought and hearing.

3.  The Big Occulting Steerable Satellite (BOSS) http://erebus.phys.cwru.edu/~boss/  was presented by Glenn Starkman ( gds6@po.cwru.edu ) and it also looks pretty promising. This idea, fairly similar to what little I recall of the Umbras DRM proposal we looked at before, could be an auxiliary mission that could work with all the NGST instruments. Their concept is a 70x70 m plastic sheet with an apodized occulting disk deposited on it, flying about 10^5 km away from NGST.  This is an external coronagraph, blocking all but 1.5x10^-5 of the light from a star.  Planets as close as 0.1 to 0.25 arcsec to a star could be seen.  I am more interested in this than last time I heard about it.  It (or an UMBRAS) has no effect on the design of NGST but could enable it to find planets too.  It would allow this with a much lower optical quality for NGST.  Naturally it would take some good spacecraft engineering to do this project - ion thrusters, ultralight spacecraft, giant sheet of plastic, good optical quality of the plastic and its occulting film.  The good thing about it is that it's not in line with anything on NGST, so no commitment is needed now.  Considering that there are at least the 2 groups with this idea, we would have to enable a competition if we wanted this to happen at all.  I don't know whether the HQ proposal opportunities are already open to such proposals.

Now, there's a general problem with this whole subject.  NGST exists because an extragalactic astronomical goal was shown to be thrilling, and the planet searching has been assumed to be an interferometer goal for a different project.  How shall we get a serious coommunity opinion about this, that is technically based and not programmatically/politically correct?

4. Actuators. Roger Angel and his team gave a very nice series of short talks. For NGST one key result is that they have engineered a magnetic equivalent to the Picomotors sold by New Focus.  They use tiny solenoids to kick a nut, and inertia to make a screw turn one way or the other.  The step size, in the 10 nm range, is governed by the pulse width, in the millisecond range, up to a few hundred kicks/sec. They have 2 designs, one for a 50 gm actuator, and the other for a 7 gm actuator that uses an 0-80 screw to lift 4 lb.

5. John Main of U Ky showed initial results for his electron-beam vacuum writable piezoelectric deformable mirror.  Using the variation of secondary emission coefficients with incident electron energy, the beam can write either positive or negative charges.  The initial concept is a few inches in size.  I believe this technology is very promising for a very high order deformable mirror, as there are no discrete elements to limit resolution.  The first idea is deformable in only one direction, since the piezo material is oriented, but it may be possible to use a sandwiched layer with masks and pixels that deform the material in perpendicular directions.  We don't know if we need this for NGST, but it looks to me like a good kind of insurance to have if the other technologies don't yield enough pixels.

6. We were reminded by Lee Peterson of U Co and Mike Krim that material joints can have undesirable properties, so that bolted joints are not stable at our level of precision. There will be a space testbed for this topic, flying in 2003 on Space Station, and if we want to try something out we should take this opportunity to test a configuration and reduce risk.  Peterson says that if we follow certain design rules we can avoid microlurching and nanoquakes. We need to know what those rules are!  They're not secret.

7. There are plenty of ideas for new technology mirrors for NGST or NNGST.  Metal and silicate foams, CFRP structures coated with sol-gel glass, and replicated nickel were all presented.  Progress is being made, though I couldn't guess whether they'd be ready for NGST.  For NNGST, there were also several deployment schemes shown that allow 20-25 m apertures in an EELV medium shroud, though longer is better since the systems are volume-limited.

8. For really long term progress, really big telescopes, it looks like stretched films are it, whether reflective or refractive/diffractive.  

The LLNL Eyeglass concept, shown by Sham Dixit, for an f/100 Fresnel lens looks promising because surface roughness errors are 10^6 less important than for a reflective surface.  It's true that a Fresnel lens is chromatic, but there's a 100 year old solution for this, and it works especially well if the Fresnel lens itself is thick (many waves, so it's quasi-optical) and not just a diffractive element. Hence it works best for short wavelengths; for long waves the film will have to be cold and much thicker and heavier, not necessarily impossible goals though.  Right now the technology for really precise Fresnel lenses is being developed and they're only 6" in diameter, but they say much larger ones are feasible.

If we want a reflective film mirror, we'll have to learn how to control it very well.  Nothing was presented about this, but work has been done in the past (says Max Nein) about electrostatic control. Chuck Perrygo showed a very nice concept for inflating and rigidizing a huge backing truss, to which more ordinary mirror segments could be attached. Roger Angel had a stretched membrane about 1 m across, but it was clearly a little wrinkly.  The only simple shape for a stretched membrane is flat, so either we figure out how to use a lot of flats, as Roger showed we could do, or we inflate, or we have a distributed electrostatic attraction to make something concave, or we use a pre-deformed element that doesn't have to be stretched.  How about a cast polyimide sheet 400 m in diameter,  made on a huge mandrel?  If it's 10 microns thick, and density of 2, it has a mass of 2500 kg, which we could launch.  Just have to hold it in place somehow... (pan to picture of huge telescope in space...) 
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