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Spot at center of field about 9 x  13 mm 

Area about 90 mm^2
 
 For surface imperfections, something like .1 to .01% of area or .1 to .01 mm^2. 

That might be A = 1x.3 to 1x.1 or equivalently 5x.02 to 5x.04

It would make sense to call out a test region since about 1/3 of the prism face will be effective optically.

2) Make the object the origin of the global coordinate system and use the central field point, that is, the x = 0, y =  25 mm field position. The prism will make the image of that field position be at x = 0, y = -69 and z = 44 mm. With the prism in place, object and image will be symmetrical about the y axis at x = 0, y = +/- 69 and z = 44.

How well does the 90 deg angle have to be held? I initially did it the easy way and said it is 44 mm from prism face to image so an error in the ray angle of .001 mm/44 mm = 23 uradians would move the image 1 um, or a prism angle error of half that or about 2 seconds of arc. I would accept this as a reasonable answer.

Some people actually put the whole prism in their model. There are probably many ways of doing this, but the entrance face of the prism then has a y =  -25 mm center of field with the image at y = -25 and z = 138. If the first face is left alone and the second tilted about .0004 deg , ~ 7 uradians, the spot moves about 1 um. So the tolerance on the 90 deg angle is about 1.5 seconds of arc or 7 uradians or .0004 deg.

For pyramid error half the tilt is about both the y and z axes. Again we can leave the first face alone and tilt about y and z by about .0009 degrees, 15 uradians, or 3 seconds to move the spot 1 um out of plane without affecting the location in y or z. The total pyramid error would be about 4.25 seconds. This is kind of a tough problem to work through so I would give full credit for anything on the order of 3 to 5 seconds.

3)  Dec x does nothing


Dec y shifts in y same as decenter so .001 mm is max y dec

Dec z is change in thickness so defocuses.  If the prism is moved along the z-axis, that is, the thickness between the prism apex and the singlet is changed the spot location does not change but it goes out of focus and the image moves twice as the thickness changes. A 5 um shift in position increases spot size to about the acceptable limit. An answer here of 5 – 10 um is fine because it depends on what you use for a focus criterion. The main point is that it affects focus, not lateral position.

Tilt x by .0002 deg = 3.5 urad = < 1 sec moves y ~1 um

Tilt y by .00035 deg = 6 urad = > 1 sec moves x 1 um

Tilt z by .0008 deg = 14 urad = ~3 sec moves x 1 um

4) if both faces are non-flat by ~1 wave or 2 fringes spot grows about 1 um. Exact number difficult depending on assumptions but a reasonable callout would be 3/2 (1) or 3/1 (1) or something close to that. This applies over whole face, not the beam footprint where it would be much tighter.
5) a) .001 mm/69 mm = 15 urad so the surface slope would be half this or 7.5 urad or 1.5 seconds
b) the height error over half the surface would be 25 mm*7.5 urad = 188 nm, that is half the surface goes uphill to a 188 nm crest and then back down to zero at the other end.

c) Since we assumed the face length is 50 mm, the height over 1 mm would be 1/50th of the 188 nm or about 4 nm

d) Using the 5:1 rule the roughness should be slightly better than 1 nm rms and this is characteristic of a good pitch polish.

6) Since the adjustments have to be made to on the order of 1 um the roughness callout should be of the same sort of magnitude, that is, Rq ~ 1 um or on an English scale about 32 uinches. This is about as fine as you can grind glass so calling for those surfaces to be polished, what we would call an inspection polish, would also be an acceptable answer to me.

The tips of the adjustment screws should also be smooth to 32 uinches or better to provide repeatable results.

