I. Original Requirements.

A.  Original Optical Design:

1. Fold Mirror 

a. 45mm below slit

b.  197.9056mm from the vertex  of  Lens 1.

c.  Elliptical mirror 8.125mm x 5.75mm.

2. Injection optics:  

a. ½ field angle of .01 degrees

b. distance from vertex of last element to slit 50mm

c. diameter of optical elements 22mm not including mounting fixture.

 3.  Guide Optics:

a. Off the shelf Edmund Optics 1:1 F/4 relay lens part number a45-760

b. Distance from Slit to Optical Can 25mm

c. Object to image track 127.6mm

d. Optic can diameter 25mm

e.   Optics off 45 degrees from injection optics but in plane.

B.  Mechanical Requirements:

a.  Current in-coming optic axis to Dewar face distance 7.7 mm (based on original   Dean layout 2-28-03)

b.  Dewar face to Window edge distance 14.1 mm (per Lesser drawing 1-31-03)

c.  Minimum Guide camera track 122mm

d.  Current distance from Top of dewar down to bottom injection lens can 9mm.

e. Required thickness of mounting canister for injection optics 3.4mm

f. Required thickness OCA to Edge diameter for holding ring 3mm

g. Detector must be on centerline of dewar.

C.  Revised Optical Requirements to alleviate mounting difficulties:

a. ½ field angle of  .0035 degrees minimally acceptable ( full field 25.2 arcsec).

b.  Maximum allowable vignetting 12 %.  (88% ray throughput)

c. Angular resolution must be < .45 arcsec 

II.  Resulting anomalies:

Required dewar faceplate cut, after modifying the required injection optics field of view to .0035 degrees.

1.  Required distance to dewar faceplate:

Optics


15.3mm

Retaining ring

  3.0mm

Mounting can

   3.4mm

Extra for air space
   2.0mm




------




23.7mm

Depth of Channel required 23.7-7.7= 16.0 mm

Width of channel required               = 44.8 mm 

NOTE:  THIS ALLOWS FOR NO EXTRA FOR ALIGNMENT ADJUSTMENT AND IT REACHES A DEPTH GREATER THAN THE WINDOW DEPTH OF 14.1.

2.  Required distance for the guide camera:

Optics can 

13.0mm

Extra for air space
 + 2  mm

Available space
-  7.7 mm




  -----




7.3  mm

3.  Original design would require the Dewar  be moved  up  3.5mm and the window must be decentered in the dewar face 

III   Optical Redesigns

1.  The first thing I looked at was recentering the dewar:

By tilting on axis and centering the dewar, there were some degradations in image quality at some of the wavelengths but they were still able to maintain the required RMS resolution by changing the focal distance and changing the detector tilt as follows:








Old

New

Nominal Distance  back of window to focal plane
7.0mm

7.4520

Nominal Detector tilt




-2.4314
2.72

Nominal Detector decenter  side/side


-.3474

-.3474

Nominal vertical Detector Decenter


3.5mm

0









After tilt

2.  Fold Mirror:

The fold mirror was adjusted in 1mm increments  and adjusted in size until the image degredation or vignetting factors became unacceptable.

New Mirror location:

52 mm from slit

190.9056 mm from vertex of lens 1

rectangular aperture 8.9mm x 6.8 mm

This is a movement of 7mm.  Moving further than this affects image quality  for the system, and the vignetting factors.  

3.  Injection Optics

There are two scenarios that were contemplated for the Injection optics.

A.  Moving the injection optics up 13 mm.

1.   This allows us to avoid cutting the face of the dewar, but enlarges the optics.  The required “aperture radius” exiting the injection optics is 11.8mm for the ½ field angle of .0035 degrees, and we have an available 14.7mm after movement of the fold mirror.  

2.  RISKS:  There is only 4mm space between the optics and the top of the dewar.  Since the optics must be larger if placed in this position, if measurements for the F/5 system are wrong, a larger cut may be required for the dewar later.

B.  Keeping the original design with the decreased half field angle of .0035 degrees, and maintain the current 50mm spacing to the slit.  This will require a 10.5 mm deep and 39mm wide cut in the dewar face plate.

Both of the above scenarios leave a minimum side-to-side clearance for the system.

4. Guide optics.

We would like to maintain an off the shelf system here.

After research into using a double achromat system available off the shelf, it was determined that this would not give us sufficient image quality.

Rolyn optcs was contacted to see if they had an off the shelf system that would meet our requirements.  The only system they had would have had a track distance less than our allowable minimum track distance, and would not fit in the available space.

For the price, it was decided to stay with the originally specified Edmund Optics relay lens, and try to coat the internal elements to increase the transmission.

By tilting the guide camera by approximately 2 degrees out of plane with the injection optics, we should be able to prevent cutting for the guide optics.

IV Conclusions

Scenario one for the injection optics was adopted until further information is available for the F/5 as installed.

Movement of the fold mirror by 7mm, and centering of the detector was adopted as the point to move forward from for the optical control document.  Further adjustment of the system may be required in the future to maintain compatibility with the MMT F/5 spectroscopic system 

