1. [p.4] I do not see why a derotation stage is not required.  It seems to me that the theta-phi pickoff introduces rotation that has to be corrected.  Is this corrected by some other method?  
Add link to Alex’s slides and Anna’s Zemax model.
2. [p.4] Is the theta/phi pickoff the best choice?  I have not seen any real comparison between the theta/phi and the linear stage version.  It seems that the most significant difference between the two is the requirement for either camera derotation for the theta/phi version or path length adjustment for the linear version.  If derotation of the camera is not required that is a major advantage for the theta/phi version.  However, it seems to me that it might be easier to include a linear focus stage for the camera as opposed to rotating the entire assembly.  The linear focus stage could also provide high accuracy focus control allowing a less precise (cheaper) stage to be used for the entire unit focus.  It could also correct for the field curvature and focus across the field at low elevations.
KAON 562 was written for this purpose. The HIA r-theta mechanism looks a lot more complicated than the theta-phi mechanism.  Given that we don’t need de-rotation, this is quite a bit advantageous than a r-theta mechanism.
3. [p.8] Is the FWHM really always 2.355*RMS?  I assume this is only valid for Gaussian spots, and these spots may or may not be Gaussian.
4. [p.9] It would be nice to leave the spot diameter listings at the bottom of the figure.  

Already done in Version 1.1, the figures were cropped inadvertently. 

5. [p.10] I think this discussion is a bit misleading.  Due to diffraction, each  subaperture will have a spot FWHM of close to 240 microns.  I think its fine to talk about the 6 micron spot size to show the aberrations are small, but you should mention the spot size resulting from diffraction.  The other effect from the large aberrations is the offset from the chief ray for each subap spot, which should also be mentioned.

The idea is to show that the aberrations produced by the AO relay is small, and not to indicate the spots as seen by the Shack-Hartmann camera.

6. [p.11] I do not follow where some of these numbers came from or how the pixel/spot size parameter was chosen.  It appears that this was based on the diffraction limited spot size plus an expected tilt error.  Shouldn’t the spot size due to seeing be considered?  The figure shows a spot size for centroiding that is double what was used in the calculation.  It also seems like charge diffusion effects should be considered – I do not understand why they were left out.
Please see - NGAO Error Budget Version 1.48 
7.  [p15] It would seem that giving the LGS WFS all of the 0.25” error budget is a bad idea, especially since the AO relay is known to have significant aberrations for the LGS conjugate and is meant to be included in that 0.25” total.
Systems Engineering Team’s call

8. [p16] This math is very hard to follow.
This is just basic WFS design maths written to the NGAO LGS sensors
9. [p17] The spot sizes stated do match the given Zemax file – but the image plane is in the wrong position.  Moving the image plane closer to the last element by 0.601 mm produces spots that are much smaller at 2 microns RMS radius.  This does not match the spots given in figure 14.
Yes, I can get 7.2 um spots with the same design. One of the merit function parameters went haywire when I folded the beam train. Have uploaded corrected Zemax with session file. 

10.  [p19] The MMT experience with direct lenslet gluing has been very good.  I strongly support continuing with the no dot relay version, and hope that it is given the appropriate attention.

OK. We will explore this design in detail in parallel.
11. [p25] Have you investigated a version of the relay that is telecentric at the detector?  As it is, any small focus error in the relay will translate to a focus change in the sensed wavefront.  
We intend to make a mask and align to the mask followed by the detector. We plan to build jigs and use software that we have developed in-house that lets us align so that there is negligible focus.

12. [p26] States derotation is needed.  Is it?

No. This was a remanent from when we thought we needed a derotation.

13. [p.27] Figure 25 spots do not match quoted zemax file – and a simple focus adjustment to that quoted zemax file gives RMS spot sizes of 11 to 14 microns, depending on focus, although the spots are pretty astigmatic.
The astigmatism is small compared to aberrations produced by the AO relay, which in turn is small when viewed by each sub-aperture.
14. [p.31] There are five different glasses used in the lenslet and dot relay design – is it really necessary to have so many?  It means more AR coating runs and associated costs.  I assume you plan to make the doublets cemented.  You should check the stresses and distortions induced from the thermal expansion coefficient mismatches.  Doublet #1 with N-SSK8 and N-SF11 is probably ok, with expansion coefficients of 7.21 and 8.52, but doublet #2 with N-SF6 and N-LAK22 has expansion coefficients of 9.03 and 6.60 which doesn’t seem as good.  I also assumed the use of N-SF11 instead of SF11 which is an obsolete glass.
[Glass combinations were selected from commercial catalogs (or from a Patent), so they are standard. I am assuming that we get uncoated optics and have them coated in one (or a few coating runs). Will explore design changes with just two glasses after the  mini-PDR review]

15.  [p40] The Honeywell switch part number is 8ls125, not 8sl125 – I initially had problems finding it.
Fixed in Version 1.1
16. [p41] More talk about (de)rotation of cameras.
Fixed in Version 1.1
17. [p41] Section 5.3.2 mentions 3.6 arcsec field stop.  Section 5.1.5 states FOV is 5.96 and 5.64”

The sub-aperture FoV’s are 5.96 and 5.64 arcsecs based on pixel scale. But the field stop will limit what they see to 3.6 arcsec.
18. [p41] Where does the focus stage go?  I can’t find it in any of the drawings.  I assume it moves the entire assembly – is 50kg really a large enough load rating for the whole assembly? 
It was not there yet…But I am considering resting the structure on three Delron Slides HPRSA4-9FB  rated each at 182 Kg for 225mm travel with a .00005mm repeatability and a straight line accuracy of .001mm/25mm travel. (Please see Delron Catalog p. 23) and to actuate the assembly using the Newport Stage ILS-250CC. Yes, it moves the entire assembly.
– is 50kg really a large enough load rating for the whole assembly? 

I estimate each channel to be around 14 Kg. We have 7 Channels, so the total assembly without structure would be around 100Kg. I am considering using Aluminum Honeycomb panels for the structure that would keep my weight down to 100 Kg for the structure itself (instead of 250Kg for welded steel. Total weight would be 200 Kg

General:

1. The limit tracks are different, odd shapes.  I don’t understand why they are not all the same.  Aren’t the probes offset in z to prevent collisions?  Can they access all of the field?

a. The internal Radius limits the range of the probe outside the 120” Fov

b. The External Ellipse limits the range of the probe across the 120” Fov 

c. You may want to look at this older design Video for better understanding.
I don’t understand why they are not all the same.

The 2 upper OSM (#2 & #3) do not have the option of symmetry due to packaging limitation so the track is limiting the cranck motor to a 180° rotation.

The lower OSM1 may rotate its full 360° if necessary.
Aren’t the probes offset in z to prevent collisions?  Yes
Can they access all of the field? Yes
2. I’m not sure if I’m reading the specs right, but the 8ls125 claims a pretravel of 63.5 mm – I think that is how far it has to be deflected before it actuates.  Perhaps I am nitpicking here, but $150 per switch seems expensive considering how many will be needed.  Are there alternatives?
That’s correct, but for a 7.5 inch wire, if I use an inch of it, it would trip after a half inch of travel.

3. I see the PI rotation stages work down to -20C.  Also need to include temperature range data for any other stages used.

Except the translation stage for the focus, all other stages are PI and are specified to -20 deg. Operating temperature.
4. I really don’t like the three screw adjustable lens mounts shown.  They do not seem appropriate for long term stability.
I think it depends on what stages you buy, we’ve used them for years in the Palomar laser with no trouble.
5. Why did you choose sapphire for several lenses?  I believe it is expensive and hard to polish.  Are there cheaper alternatives?

The performance is better with Sapphire, if the 0.25 arcsec requirement is relaxed, we could go with BK7. In my experience most projects costs are split 2/3:1/3 between engineering labor and hardware (excluding management), it isnot clear if $300components are going to be the limiting factor in a $2.7M system. We have used sapphire extensively in other systems we’ve built (we procured the finished product from VLOC and  Meller Optics can provide these parts for a reasonable price (1.5X compared to a BK7 lens). Birefringence  is an issue in larger parts (LIGO usually worries about it).
6. Since the lenses in the pickoff relay are shown to be in fixed mounts, I’d like to see something about the alignment procedure and assembly tolerances.

That documentation is scheduled to occur in the next phase of the project.

7. Need to verify that optics work for 594 nm as well as 589 nm.  For instance, the spots at the PNS cameras almost double in size at 594 nm.  They’re still only a few microns diameter, but this should be checked.

Valid point - the requirements don’t say that the performance must be the same at 589 and 594 nm; it just says that the sensor needs to operate between 589-594 nm. I’ll re-optimize the PnS sensor design to include both wavelengths. We must also add the requirement on specifying performance specs over the 5 nm range.
8. We need to see how the lenslets map to the LODM across the field to verify the registration requirement.  It would also be good to show what pupil aberrations are present.
[Need to do!]
9. Lots of TBDs need to be resolved in the bench requirements.
Will direct this issue to Systems Engineering team.

