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· Slide 2.  We should think again about the choice of 60x60 for the NGS WFS.  Why not choose 20x20 and not use the 2nd DM or 30x30?  A trade between fainter NGS & higher performance (but at the price of larger spots to centroid on).
· Pl. refer to Systems Engineering team [Action Item: CN, RGD]
· Sl. 2.  Need to confirm that 4” is large enough to close the loop on Uranus.  Uranus is ~ 4” diameter but if it completely fills the field stop then don’t you have a problem (especially if the field stop is not exactly at focus)?

· Pl. refer to Systems Engineering team [Action Item: CN, RGD]
· Slide 3.  2nd bullet says “with & without Interferometer dichroic”.  Also needs to work with and without IR ADC.  Always needs to be conjugate to the science instrument focal plane.

· Done

· Sl. 5. Last bullet.  “No control path to the sensor”.  This doesn’t sound right since you have two DMs and a tip-tilt platform in the path that are directly controlled by this sensor.

· This is correct as I understand it, please see attached messages from Marc Reinig and K. Tsubota:

Reinig: “Vishwa,

I assume you meant slide 5 (Context diagram of the NGS WFS).  It looks fine, the RTC is just a data sink for the NGS.  Technically, I guess, you should show that the RTC is also controlled by AOControl to accept the data, but that is a fine point.  The diagram looks fine. ;=) 

Marco”
“Hi Viswa,

Slide 5 looks okay to me.  

I do have a question regarding the FSM.  Are you treating it separately from the NGS WFS subsystem? 

Also slide 34 mentions you have issues with the mechanical stage requirements.  Does this also include positioning accuracy?

Thanks,

Ktt”
· Sl .11.  2nd bullet still doesn’t make sense to me.

· This is a measure of optical quality of the WFS post-lenslet relay.

· Sl. 10.  Why not show to 60 deg zenith angle?  Why stop at 45 deg?

· Sure, can do.  [Action Item: VV]
· Sl. 13. 1st bullet.  What is “(+1/2+1/2)”? 

· The spacing indicates 60 sub-apertures, but Fried geometry supports only 59

· Sl. 13.  How do you know the charge diffusion?  Did Sean provide this?

· Nominal # used in the NGAO error budget spreadsheet. I personally will believe all camera specifications only when I measure them ;). 

· Sl. 14.  Not clear to me that you need or want to read 48 pixels/subap in 5x5 mode.  Note that we won’t be using a 4” diameter object in this mode.  So, likely could get away with a field smaller than 2” diameter.  

· It is to do with the fact that 48 is divisible by 4 and 50 isn’t. There is an advantage of using 4x4 and being able to switch to 2x2 without any read-noise penalty using on-chip binning.

· Sl. 14.  When you say 4x4 binning do you mean that you bin together 16 pixels or do you mean that after binning you have 4x4 effective pixels?  In the former case you would still have 12x12 pixels, after you binned the 48x48 original pixels, and hence a lot of read-noise.  In the latter case you would only have starlight on the central 2x2 effective pixels if you were using a 4” field. 

· I mean 4x4 effective pixels. Binning is done on-chip (using a summing well) and hence is noise-less.  Of course, in one case you’ll have 10x10 effective pixels vs. 20x20 effective pixel readout. With the 48x48 mode, you have the choice of optimizing for read noise or using the advantage of 4x4 pixels’ linearity and dynamic range at a small cost of losing minute amount of light from sub-apertures that are weighted less anyway (as they are partially filled to start off with).

· Sl. 17. You should think about putting both lenses after the lenslet on a common riser for improved stability and co-alignment.  Could be mounted in the same tube/mount.

· We can do this  [Action item: AD]

· Sl. 19.  Not clear what the point of this slide is.  Should have just started the presentation with f/19 instead of f/20.

· The pupil mapping business is not clear to most people in the project; its not clear if the requirements database captures this. I wanted to spell it out so that RTC and the control people understand why we are getting 63 sub-apertures worth of data off of which we only use some 59 sub-apertures of data at anytime.

· Sl. 21.  What can be done to shorten up this pathlength?  262 mm still seems a bit long to me.

· One needs to align the sensor, making it shorter (by making the lenslet pitch finer will make alignment a nightmare. The post-lenslet relay can’t be made much shorter.
· Sl. 21.  One of the items listed as shown in the figure seems not to be shown.  Either the lenslet or the singlet.

· The lenslet is shown, but is not bigger than the beam to be apparently visible. I can make it bigger. [Action Item: VV]
· Sl. 28.  Why does this slide look different that slide 21 between the singlet and doublet?

· In slide 28, the lenslet has been made bigger than the beam is more obviously visible.

· Sl. 34.  “What about pupil imaging mode?”  My answer would be: Just need to remove the lenslet and move the relay optics (singlet & doublet) & camera closer to the lenslet location.  Need to be able to move this assembly close enough.  Have you checked this?  Also need to be able to move the lenslet stage far enough to get to an open area.

· Has been done, please see Rev. 3. (slides 40-42)
· Sl. 34.  “Thermal issues”.  

1. At least for this reason but possibly also for the different f/# it is likely that a different FSM assembly is needed than we currently use.  For example, can the 850g or Renishaw encoders work at -15C?

2. Lenslets could be a concern at -15C, especially if they were plastic on glass.  Has anyone verified that we can get the lenslets we need for -15C?

· We are going to buy either Aerotech mounts or Newmark mounts – we will make sure that the encoders will work at -15 deg. C or else identify optical encoders that can be employed for this purpose. [Action Item: AD]
· We will buy all glass lenslets (no epoxy on glass). Between WFSI, SUSS and MEMS optical we can obtain the lenslets we need that is entirely made out of glass and has well defined edges (w/ little scattering)
· Sl. 34.  By default I would include baffles.  When we use the NGS WFS in LGS mode there could be scattered LGS light.

· Should we make the CCD window a sodium blocking dichroic? We can also add some baffles. [Action Item: AD]
· Sl. 36.  This QE curve looks really poor for 589 nm.  Is this the correct curve?  Is this the same CCD we would be using for the LGS WFS?  If this is not our CCDs QE then why show it?

· Both the detector slides are to indicate that NGAO is actively involved in detector procurement more than anything. I reckon one of the reviewers will definitely ask questions about our detectors. A technical KAON may be in order. Reviewers typically ask questions about QE, the process itself and the AR coating. I can hide those slides if a KAON will be written about this.
· Need to determine/show the pupil distortion at the lenslet.

· Please see Rev. 3 (Slides 30-33)
· Need to verify that the performance is adequate at different WFS focus positions.  The extremes would be with the ADC in (since the telescope focus must be pulled in to compensate) and with the interferometer dichroic in (since the WFS focus needs to be pushed out to compensate).  If the IF dichroic is ~ 20 mm thick then the NGS WFS needs to move to ~ +7 mm to compensate.  If the IR ADC is ~40 mm thick then the NGS WFS needs to move in to ~ -13 mm.

· I don’t remember seeing these modes implemented in the optical design in any configuration or them being implemented as separate configurations. I’ll try to simulate the effect and check NGSWFS performance after I work on the compliance matrix. [Action Item: VV]
· Need to perform and show some tolerance analysis for manufacturing & alignment errors.

· See preliminary tolerance analysis in Rev. 3 (slides 43-44)

· Don’t you need to show a field stop in your design?  Is a single field stop sufficient (i.e., does the same field size work for both modes)? 

· Alex is incorporating a field stop. I used the field stop as the system stop when I modeled for pupil mapping between the HODM and the WFS lenslets (what is referred to as pupil aberrations in your comments I suspect)

· Need to demonstrate that the WFS assembly and FSM assembly work together.  Can they get close enough together?  

· Alex’s presentation will show this. [Action Item: AD]

· Need to demo that the 40x60” field is passed.

· Alex’s presentation will show this [Action Item: AD]

· Need to demo that the whole package fits on the AO bench.

· Alex’s presentation will show this [Action Item: AD]

· Would be good to have a conclusion/summary slide.  Are all requirements met?  What are the remaining items that need to be addressed for PDR?

· Please see Rev. 3 (slides 45-46)

